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EDITOR'S FOREWORD

The conference “Earth in Trap?” began writing its history in 2006 with the main theme “Analysis of
components of environment”. The aim of the conference was to create a forum for the exchange of
knowledge and discussion of experts in the field of environment contamination solution. The event found a
positive response in the scientific community, both in research and practice. Each year of the conference
brought presentations of quality scientific work, stimulated discussion, opened new possibilities for
problem solving, new contacts were established and cooperation started on projects.

The year 2016 opened new era of the conference direction. Applications of analytical methods in
environmental engineering expanded also to fire engineering. Quality analysis is a basic element of
identifying and defining the problem and the basis of its solution. Protection of the environment, fire
protection of persons and property, fire and accident investigation, testing of new materials whose
dynamic development and use extends to all spheres of human life are areas where the need for quality
analytical methods is becoming more and more striking.

The aim of the conference is to provide a space for scientific and professional community to present
new knowledge and discussion on the use of modern analytical methods in fire and environmental
sciences, to point out to problems in developing new methods, innovation of classical methods to satisfy
the needs of science and practice. The organizational committee is glade that the contact of scientific
approach with the praxis has become a tradition of the conference.

The Book of Proceedings consists of scientific papers of authors from five countries, represents the
latest state of the knowledge at the area of applications of analytical methods in fire and environmental
engineering.

Organizational committee
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The influence of modification of spruce wooden sawdust on heavy
metal absorption

Magdalena Balintova?” — Stefan Demcak?

@Technical University of Kosice, Faculty of Civil Engineering, Institute of Environmental Engineering, Vysokoskolska 4, 042 00 Kosice,
Slovakia

Abstract

The contamination of wastewater by heavy metal is a world-wide environmental problem. For this purposes low-cost
adsorbents obtained from plant wastes or semi-products of various industries as a replacement of costly conventional methods
as precipitation, ion exchange, and adsorption are also applied. The removal of heavy metals by adsorption onto low-cost
waste materials has recently become the subject of considerable interest. Natural materials that are available in large
quantities, or certain waste products from industrial or agricultural operations, can be used as inexpensive adsorbents.

The aim of this article is a study of absorption properties of natural and modified spruce wooden sawdust. Modification of
spruce sawdust was carried out by sodium hydroxide and potassium hydroxide. The efficiency of heavy metals removal was
tested on the model solutions with concentration of 10 mg.L™ cooper, zinc, and iron, respectively. Changes of the functional
groups of sorbents was analysed by infrared spectrometry. Absorption properties of spruce wood sawdust and their two
modifications were studied by colorimetric method. Changes of pH values in solutions after the absorption experiments were
determined too.

Keywords: Biosorption; alkaline treatment; heavy metals removal

" Corresponding author. Tel.: +421-55-602-4274; fax: +421-55-602-4274; e-mail: magdalena.balintova@tuke.sk.
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1. Introduction

The discharge of various kinds of pollutants,
including heavy metals into the environment is still
large problem and in some areas of the world it has
even increasing character. The pollution of rivers
and water reservoirs due to the disposal of heavy
metals has been an increasing worldwide concern
for the last few decades [1]. Heavy metals are one
of the most dangerous environmental pollution.
They are a menace for both the people and the
whole ecosystem due to their toxicity and
mutagenic, immunogenic, carcinogenic, teratogenic
action [2]. Metals are accumulated very easily in
living organisms that is why their harmful effect
may appear even at very low concentrations [3, 4].
Most commonly used treatment processes heavy
metals removal are chemical precipitation,
membrane filtration, ion-exchange, adsorption,
absorption, and precipitation with adsorption/
absorption [5].

The cost effective alternative technologies are
important for removal of metals from contaminated
waste water. Natural materials that are available in
large quantities or have origin from waste products
at industrial or agricultural operations may have
potential as an inexpensive sorbents [6, 7]. Due to
their low costs, these sorbents can be used without
expensive regeneration in comparison to the
industrial sorbents. Cost is an important parameter
for comparing the sorption materials, but cost
information is seldom reported, and the price of
individual sorbents varies depending on the level of
processing and local availability [8]. In general, a
sorption can be assumed as a low-cost technology if
it requires minimal processing, sorbent is abundant
in nature, or is a by-product or waste material from
another industry. Improving of sorption capacity
may compensate the cost of additional processing.
Sorbents are insoluble materials or mixtures of
materials used to clean liquids through the
mechanism of absorption, or adsorption, or both.
Although they may be used as the sole clean-up
method in small contamination, sorbents are most

commonly used to remove final traces [4, 9].The
use of low-cost adsorbents like wood sawdust has
been investigated as a replacement of current costly
methods [10]. Sawdust is mainly waste by-product
of the timber industry that is either used as cooking
fuel or a packing material; however, it can be used
as a low-cost adsorbent of heavy metals, principally
due to its lignocelluloses composition. Natural
materials or waste products from certain industries
with a high capacity for heavy metals can be
obtained, employed, and disposed of with little cost
[8, 11, 12].

The paper deals with a study of natural and
modified spruce wooden sawdust absorption
properties for removal of copper, zinc and iron ions
from model solutions. The spruce wooden sawdust
was modified by 1 M sodium hydroxide and
potassium hydroxide, respectively and they were
used for comparison of absorption properties with
untreated wooden sawdust. The IR spectra of
natural and modified spruce sawdust were studied
for characterization of present functional groups,
which can be responsible for metal binding and for
study of the intensity changes of the selected
functional groups of alkali modified sawdust.

2. Material and methods

The wooden sawdust of spruce was dried and
sieved, and the fraction with particle size max. 2.0
mm was used for adsorption experiments and
modification by hydroxides. Modification of spruce
sawdust was carried out by 1M solutions of NaOH
and KOH, where 200 mL of the appropriate
hydroxide was mixed with 20 g of spruce sawdust
for 24 h. After 1 day the modified sawdust were
filtered, washed by deionised water and dried.

1 g of each dry adsorbent was mixed with 100
mL of each model solutions containing 10 mg.L™*
copper, zinc, and iron cations, respectively. The
model solutions were prepared by dissolution of
their sulphate salts in deionised water. Batch
adsorption experiments were carried out on static
conditions with interaction time 24 h. After
absorption, sawdust mixtures were filtrated.

0O N
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Concentrations of appropriate ions were determined
by colorimetric method by Colorimeter DR 890.
The pH values of solutions were also measured by
pH meter inoLab pH 730. The IR spectra of dried
spruce sawdust were studied for characterization of
present functional groups, which can be responsible
for metal binding by Bruker Alpha Platinum-ATR
spectrometer (Bruker Optics, Ettingen, Germany).
Also the efficiency of ion removal was calculated
using the following equation:
n = ((co — cc)/co) - 100%, @

where 7 is efficiency of ion removal (%), ¢, is
the initial concentration of appropriate ions (mg.L™?)
and c, is equilibrium concentration of ions (mg.L™).

3. Results and discussions
3.1. Infrared spectra of wooden sawdust

Metal adsorption capacity of wooden sawdust
could be influenced by various factors but is closely
linked to the surface structures of -COH, —COOH,
—NH, —NH,, and —-NHj3 functional groups which are
present in organic materials [11]. Functional groups
in spruce wood sawdust were determined using
FTIR spectroscopy. The IR spectra of natural and
alkali modified wooden sawdust are shown in
Fig. 1. According to literature [13] we can suppose
that the structure of wooden sawdust is mainly
formed by cellulose, hemicellulose, and lignin. The
FTIR spectrum of natural and modified sawdust
showed several major intense bands that can be
divided to 2 significant areas around wavenumbers
3,600-2,800 cmt; and 1,750-800 cm™.

The strong broad —OH stretching (3,650-3,000
cm) and C-H stretching of methyl and methylene
groups (3,000-2,800 cm™) are present in Fig. 1. The
ending of strong boarded peak centred at
wavenumber around 3,337 cm? could be also
attributed to amine (-NH) functional groups. For
the presence of hemicelluloses is the typical
stretching band around at 1,736 cm™ caused by
presence of C=0 from the acetyl groups [14].
Infrared spectra of lignin in wooden sorbent
materials revealed characteristic bands at 1,503 and

1,454 cm? (correspond to aromatic skeletal
vibrations of lignin) and at 1,320 cm™ (syringyl and
guaiacyl condensed lignin). The wavenumbers at
1422, 1367, 1315, 1153, 1024 and 894 cm?
appertain to cellulose that occurs in two forms in
crystalline (at 1315 cm) and in amorphous (at 894
cm?) [15].  Functional groups of aromatics,
carboxylic acids and alkyl halides were described at
wavenumber 829 cm [14].

The influence of the treatment have occurred
intensification of strong broad —OH stretching at
wavenumber centred at 3,337 cm and creating of
wide peak —OH deformation functional group at
wavenumber 3,337 cm*. The potassium hydroxides
considerably increase of hydroxyl functional groups
intensity of spruce wood sawdust. The differences
were also observed at wavenumbers of 3,000-2,800
cm?® where the asymmetric C-H stretch were
rearranged to symmetric, resulting in alignment of
the triple peak at the wavenumber 2,883 cm™.

100
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Fig. 1. Infrared spectra of natural and modified spruce wooden
sawdust.
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3.2. Adsorption experiments

Results of absorption experiments for solutions
with concentrations of 10 mg.L™ cations are shown
in Table 1. Authors [16] investigated of metals
removal by various sawdust adsorptions as appear
to be a promising adsorbent for metals removal
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from wastewater with potentially more economical
than current removal processes. Spruce wooden
sawdust used for absorption were capable to
removal the ions. The natural non-modified spruce
exhibits suitable effect on absorption of copper, zinc
and iron ions from solution with efficiencies about
80 %. The influence of alkali modification
enhanced the absorption efficiency of copper and
zinc ions from model solution. As it shown from
FTIR spectra, the sodium hydroxide considerably
increased of hydroxyl functional groups intensity

that it resulting to increasing of absorption
properties of spruce wooden sawdust to efficiency
about 88 % for copper and zinc ions. In case of iron
removal, the influence of hydroxides caused
significant decreasing of efficiency to values under
0.5 %. It was caused by forming of organic-metallic
dyes solved in solution without possibility of
sorption. Changes of pH values in solutions were
observed after sorption too. The alkaline
modification had the effect to significant increase to
pH values in all causes.

Table 1
Results of sorption experiments with spruce wooden sawdust (initial concentration of heavy metal ions in solutions co= 10 mg.L™)
Cu2+ Zn2+ Fe2+
Initial pH=5.8 Initial pH=5.4 Initial pH=5.4
Sorbent - - For Fov Feom
¢ M pH ¢ N pH Ce Ce Ce n H
[mg.L"] [%] [mg.L"] [%] [mg.L"] [mg.L?] [mg.L"] [%] P
Spruce 1.90 81.0 4.9 3.00 700 53 3 - 3 700 5
Spruce_NaOH 127 873 7.7 120 880 7.9 0.3 9.7 10 <05 75
Spruce_KOH 2.78 722 7.8 2.59 741 83 0.2 9.8 10 <05 7.6

4. Conclusions

Presented study showed that modification of
spruce wood sawdust by hydroxides increase
absorption capacity for copper and zinc ions. The
using of alkali spruce wooden sawdust modification
for iron ions removal from solution is not suitable
due to forming of organic-metallic dyes. This
pollution has a negative influence on water
treatment. Modified spruce wooden sawdust
increases the pH values in solution. It was caused
by releasing of the bonded hydroxides from the
modified sawdust.

The infrared spectrometry showed changes of
functional groups due to an alkaline modification of
spruce wooden sawdust. The potassium hydroxides
considerably increase of hydroxyl functional groups
intensity of spruce wood sawdust. The differences
were also observed at the wavenumbers about
2,883 cml, where the asymmetric C-H stretch in
natural spruce wooden sawdust was rearranged to
symmetric C-H stretch.
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Changes of expanded polystyrenes macromolecular characteristics
at thermal degradation

Martin Bednar® — Tatiana Bubenikova? — Danica Kaéikova? — Frantiek Kac¢ik®P

aFaculty of Wood Sciences and Technology, Technical University in Zvolen, T. G. Masaryka 24, 960 53 Zvolen, Slovakia

°Faculty of Forestry and Wood Sciences, Czech University of Life Sciences in Prague, Kamycka 1176, Praha 6 - Suchdol, 16521 Czech
Republic

Abstract

The study of expanded polystyrenes degradation is important because of their possible deterioration at higher temperatures.
The influence of thermal loading in the temperature range from 140 °C to 200 °C on the expanded polystyrenes EPS 100F and
EPS-Grey Wall (EPS GW) molecular weight changes was investigated. Size exclusion chromatography (SEC) with two PLgel
MIXED B columns and tetrahydrofuran as a mobile phase were used for determination of molecular weights, degree of
polymerisation (DP), polydispersity index (PDI) and molecular weight distribution (MWD). The degree of polymerisation
(DP) decreases at the temperature above 140 °C in EPS 100F, polystyrene EPS GW has relatively good stability up to
temperature of 180 °C, then its DP value rapidly drops. At 200 °C, molecular weight dropped by 90% for EPS 100F, and by
73% for EPS GW, respectively. At lower temperatures the polystyrene depolymerisation is slow and chain-end reaction
prevails, at higher temperatures (140 °C for EPS 100F, and 180 °C for EPS GW, respectively) the drop of molecular weight is
rapid and random cleavage of bonds is dominant.

Keywords: SEC; polystyrene; thermal degradation; degree of polymerisation; polydispersity index; molecular weight distribution

* Corresponding author. Tel.: +421 944 431 803; e-mail: bednar.mtn@gmail.com.
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1. Introduction

Polystyrene is in several countries most produced
material. The improvement of thermal stability and
flammability  performance of widely used
thermoplastics is a major concern both industries
and in an academic world. Consequently,
modification of polystyrene, being one of the most
commercialized thermoplastic, by addition of flame
retardants is crucial [1, 2].

Brominated flame retardants being compatible
and having small influence on mechanical
properties have been used in polymer industry
widely to reduce fire damage and harm. The most
common  brominated flame retardants are
polybrominated biphenyls, polybrominated
diphenyl oxides/ethers, tetrabromobisphenol-A and
polybrominated epoxy resins. However, evolution
of toxic brominated compounds during recycling,
incineration, or in fires of such materials, provoked
strong limitations in their use [3].

The nanoparticles can be used as flame retardant
additives or fillers for polystyrenes and the addition
of small percentage of nanoparticles with
conventional flame retardants seemed to improve
the flame-retardant performance. Addition of
nanoparticles not only affects flame characteristics
but also thermal behavior [2].

Expanded polystyrene is wide used material
well-known from many of application from
packaging of goods by household application to
construction. Expanded polystyrenes are used as
thermal insulation of buildings around the world.
There are many of application in construction, one
of the well-known is ETICS. One of the mostly
used type of polystyrenes used in Slovakia for
ETICS was EPS 100F it is white table of expanded
polystyrene, on the other hand today there is
modified polystyrene EPS Grey Wall (EPS GW)
which is modified by graphite nanoparticles. EPS
GW is a high quality expanded polystyrene of grey
colour. The graphite particles integrated within the
insulation reflects radiant heat and significantly
improves insulation capability of EPS GW than

traditional white EPS of the same thickness. Uhl
and Wilkie [4] observed by thermogravimetry that
modification  of  polystyrene by  graphite
nanoparticles has large impact to its thermal
stability.

Macromolecular characteristics of polymers (e.g.
polydispersity index (PDI), molecular weight
distribution (MWD) and degree of polymerisation
(DP)) have important influence on their mechanical
and chemical properties. The aim of this work was
therefore to investigate changes of macromolecular
characteristics at thermal degradation of expanded
polystyrenes.

2. Experimental

A 50 mm EPS 100F and EPS Grey Wall (EPS
GW) polystyrenes from Isover (Saint-Gobain
Construction  Products) in  self-extinguishing
rendering with a polymer-based retarder, designated
especially for outside systems of thermal insulation
(ETICS) with enhanced insulating capability, were
tested. Thermal loading of 0.1 g polystyrene
samples was performed in 20-mL headspace vials in
the temperature range from 140 °C to 200 °C and
compared with the sample treated at the temperature
of 20 °C using an Agilent Headspace Autosampler
7697A. Molecular weights (MW), polydispersity
index (PDI = Mw/M;,) and molecular weight
distribution (MWD) of polystyrene samples were
analysed by size exclusion chromatography (SEC)
using Agilent 1200 series equipment with two
PLgel 10 pum MIXED B, 300 x 7.5 mm columns
preceded PLgel 10um Guard column 50 x 7.5 mm
(Agilent), mobile phase tetrahydrofuran (flow rate 1
mL min), temperature 35 °C, diode array detector.
System was calibrated with polystyrene standards
with molecular weights from 500 to 1,110,000 g
mol? [5]. Measurements were performed on four
replicates.



__Earth

in-a _Trab?

16 Earthina Trap? 2018
Analytical Methods in Fire and Environmental Science

3. Results and discussion

Reduction in the polystyrene molecular weight
has been observed by several authors, whereas the
changes depended on its initial molecular weight
and thermal exposure (temperature, time). However,
thermal degradation of polystyrene is a complex
process. According to Kruse et al. [6] polystyrene
undergoes to numerous reactions, including bond
fission, chain-end B-scission, midchain B-scission,
1,5-hydrogen transfer, 1,3-hydrogen transfer,
radical addition, radical recombination, etc. As a
result, the molecular weight decreases, and low-
molecular compounds are formed. The formation of
hazardous substances at the thermal loading of
indoor polystyrene boards (e.g. styrene, a-
methylstyrene, toluene, xylenes, ethylbenzene) was
observed [7]. At higher temperatures, polystyrene
degradation is initially rapid as a result of random
cleavage of bonds, slowing down as it progresses,
with the monomers cleaving off of the ends of the
chain predominating [8-11]. From our results (Tab.
1, 2, Fig. 1, 2) is evident that degree of
polymerisation (DP) of EPS 100F polystyrene
decreases rapidly linear in the whole temperature
region over the temperature of 140 °C, on the other

Table 1

Changes of molecular weights (MW) (M, number-average MW; M, weight-average MW; M, z-average MW), M,.; z+1l-average MW),

hand DP of EPS GW show only little linear
decrease up to the temperature of 180 °C, following
with rapidly drop of its value. Molecular weights of
the original (untreated) samples were about 190,000
g mol, which is consistent with data published for
EPS 100F polystyrene, in the range of 150,000 to
300,000 g mol* [11]. At 200 °C, this weight
dropped to about 18,500 g mol, i.e. it changed by
90% for EPS 100F, and to about 50,800 g mol?, i.e.
it changed by 73% for EPS GW, respectively (Tab.
1, 2). At lower temperatures is polystyrene
depolymerisation slow and chain-end reaction
prevails, at higher temperatures (140 °C for EPS
100F, and 180 °C for EPS GW, respectively) the
drop of molecular weight is rapid and random
cleavage of bonds is dominant. The constancy of the
ratio of the average degree of polymerization
(DP,/DPy) is an indication of the homogeneity of
the depolymerisation [12, 13]. In our case, the ratio
remains fairly constant in whole temperature range
for both polystyrenes, which indicates that no
different reaction type, e.g. crosslinking, occurs.
This idea is supported by constant values of
polydispersity index (PDI) in both samples.

polydispersity index (PDI), and degree of polymerization (DP) in EPS 100F polystyrene

o Mn Mw Mz Mz+1

TCO) (g mol™) (g mol™) (g mol™) (g mol™) PDI DP

20 77,283 190,234 371,634 585,829 2.46 1,829
(2,076) (1,087) (251) (3,678) (0.05) (10)

140 61,422 155,733 302,536 478,324 2.55 1,497
(7,672) (4,871) (3,263) (6,255) (0.24) (7

160 36,705 86,377 156,860 242,601 2.35 830
(101) (943) (4,997) (16,628) (0.02) (9)

180 17,319 44,257 86,270 138,853 2.56 426
(13) (247) (739) (2,470) (0.01) o)

200 6,931 18,563 38,173 60,828 2.68 178
(389) (309) (240) (236) (0.11) 3)

Note: Data in brackets represent standard deviation.
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—EPS-20°C —e—EPS-140°C ——EPS-160°C ——EPS-180°C —+—EPS-200 ‘C

dw/dlogM
°
a

Fig. 1.
Molecular weight distribution (MWD) of EPS 100F polystyrene at
different temperature of thermal treatment

Table 2

—GW-20°C —-GW-140°C ——GW-160°C ——GW-180°C —e-GW-200°C

10

dw/dlogM

Fig. 2.
Molecular weight distribution (MWD) of EPS GW polystyrene at
different temperature of thermal treatment

Changes of molecular weights (MW) (M, number-average MW; M, weight-average MW, M, z-average MW), M,.; z+1-average MW),
polydispersity index (PDI), and degree of polymerization (DP) in EPS GW polystyrene

Mn Mw M.

Mz+1

(o]
TCO (g molt) (g molt) (g mol't) (g molY) PDI bP
20 83,098 191,171 342,095 521,441 2.30 1,838
(2,556) (1,538) (6,245) (19,764) (0.06) (15)
140 73,565 172,522 319,248 498,749 2.35 1,659
(672) (725) (4,514) (14,196) (0.03) ©)
160 68,761 165,284 306,973 482,219 24 1,589
(2,092) (1,207) (4,764) (16,516) (0.06) (12)
180 54,350 147,460 388,297 968,968 2.6 1,418
(1,263) (1,358) (13,569) (20,268) (0.26) (13)
200 17,389 50,821 107,691 179,674 2.93 489
(879) (1,098) (2,769) (10,264) (0.09) (11)
depolymerisation slow and chain-end reaction
prevails, at higher temperatures (140 °C for EPS
Conclusions 100F, and 180 °C for EPS GW, respectively, the drop

The influence of thermal loading in the temperature
range from 140 °C to 200 °C on the expanded
polystyrenes EPS 100 F and EPS GW molecular
weight changes was investigated. The degree of
polymerisation (DP) decreases linearly at the
temperature above 140 °C in EPS 100F, polystyrene
EPS-GW has relatively good stability up to
temperature of 180 °C, then his DP value rapidly
drops. At 200 °C, molecular weight dropped by 90%
for EPS 100F, and by 73% for EPS GW,
respectively. At lower temperatures is polystyrene

of molecular weight is rapid and random cleavage of
bonds is dominant. Polymer molecular weight
determination will play an important role in the
development of new polymer materials, ongoing
processing / production over the polymer’s lifecycle
and its performance in the finished product, thus
information obtained in this work may be useful for
further  utilization of  thermally  degraded
polystyrenes.
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Examination of Fuels of Selected Cellulose Materials on the
Basis of Determination the Flash Point Ignition Temperature
and Self-ignition Temperature
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aDepartment of Fire Engineering, Faculty of Security Engineering, University of Zilina, Str. 1. mdja 32, 026 01 Zilina, Slovak Republic

Abstract

Fire protection issues as part of public protection is justified in preventing and minimizing the likelihood of fires and their
consequences, and even in different categories of buildings sucha s.: industrial, manufacturing and technological buildings,
warehouses and others. In the technologies of production and processing of cellulosic materials, eg: paper - namely tissue
paper from basic raw materials, associated with treatment and disposal of unwanted printing dyes belongs, to the most risky in
terms of fire. During bleaching process contact of flammable input raw materials (e.g. waste paper, cellulose) with strong
oxidizing agent — hydrogen peroxide takes place. Hydrogen peroxide itself is not flammable but significantly supports burning
process and thus increases fire danger in pulping operation at pulp cellulose preparing and in technological process of
production tissue paper products: hygienic toilet paper, hygienic napkins and handkerchiefs. Used bleaching agent, hydrogen
peroxide, is possible to substitute by other more suitable and more fire safety substance in practice. This substance is an
enzyme that causes more effective enzymatic bleaching of waste paper input raw material. The goal of experimental
investigation was verification and comparison of effect of bleaching agents (hydrogen peroxide and enzyme) on cellulose
material inflammability. Subjects of tests werw input raw material samples — waste paper, wood pulp and intermediary
product — tissue paper. Namely, following fire technical parameters: flash ignition temperature and self-ignition temperature
of selected cellulose materials were determined and compared by method in STN ISO 871:1999 Plastics. Determination of
ignition temperature using a hot-air furnace. Theoretical and practical investigations based on experiments concerning
combustion of cellulose materials bring new knowledge.

Key words: burning of cellulose materials; waste paper; tissue paper; flash ignition temperature; self-ignition temperature
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1. Introduction

Protection of the population is a complex of
preparation and in emergencies and crisis situations
practically implemented measures. The measures are
in line with current legislation and ensure utmost
protection of health, life and animal population,
material and cultural values as well as the
environment, taking into account the economic
capacity of the state. Public protection measures are
carried out individual components Integrated Rescue
System, especially Fire and Rescue SR. Fire in the
different buildings and their subsequent localization
and disposal are also part of the complex issue of
public protection. Current legislation in force
stipulates that fire safety topic solved almost in each
building structure because it is necessary to secure
not only sufficient level of fire safety but also
protection of health and lives of people [1], [2].
Structural fire safety depends on many factors:e.g. on
amount and type of flammable products, materials
and substances placed in those.

In building structures and in technologies, too,
flammable cellulose materials are present frequently
[3-25], (for example wood, wood pulp, cellulose,
paper, waste paper, tissue paper, etc.) Presence of
cellulose materials as well as products significantly
influences burning process thus i tis important to
know their fire technical parameters [3-25], for
example the flash ignition temperature and self-
ignition temperature [9], [10], [12]. Values of the
flash  ignition temperature and self-ignition
temperature are determined by the standardized
method STN ISO 871:1999 Plastics: Determination
of ignition temperature using a hot-air furnace [9],
[10], [12]. Measured results can serve for comparison
and assessment of fire origin possibility in
technology of tissue products [3-25] production
focused on a bleaching process by two different
methods- the peroxide one and the enzymatic one.
Effect of used bleaching agents (hydrogen peroxide
and enzyme) on inflammability of completed tissue
products [3-25] will be evaluated: that finally affects
solving of fire protection topic in various building

structures, namely in technological process of tissue
product production [9], [10], [12].

2. Inflammability in a hot-air furnace

Fire technical characteristics - flash ignition
temperature and self-ignition temperature of selected
cellulose materials are to be determined and
compared by method of STN ISO 871:1999 Plastics:
Determination of ignition temperature using a hot-air
furnace. This standard STN 1SO 871 refers to the
laboratory method of determination of ignition
temperature using a hot-air furnace [3], [4], [9], [10],
[12], [26-32]. This method is not used for description
or evaluation of fire hazard nor fire risk of materials,
products or equipment under specific fire conditions.
Results of this test can be used as elements of fire
hazard estimation when all factorsb relating to fire
hazard estimation in any specific case are taken into
account. Tests carried out under this method
conditions have relevant significance at comparison
of relative flammability characteristics of different
materials. Obtained results represent the lowest
temperature  of ambient  atmosphere  when
inflammability of material occurs under test
conditions. Measured values allow arranging
materials according to their susceptibility for
inflammability under common use conditions.
Determination of inflammability in a hot-air furnace
is a suitable test also for polymeric materials on
cellulose base  [3], [4], [9], [10], [12], [26-32].

Flash ignition temperature (FIT) is the lowest
temperature at which, under specified test conditions,
sufficient flammable gases are emitted to ignite
momentarily on application of a pilot flame
[91.[10],[12],[14].

Spontaneous-ignition temperature (SIT) is the
lowest temperature at which, under specified test
conditions, ignition is obtained by heating in the
absence of any additional ignition source
[91.[10].[12],[14].

0 H-ON
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Fig. 1. Cross-section of the hot-air furnace [9]

A — thermocouple TC,, B — fire-resistant disc cover,
C - sealing ring, D — terminals of heating spiral,
E — support rod, F —thermocouple TC;, G — opening (diameter
25 mm), H — pilot flame,
| — thermocouple TCs,
J — air-flow meter, K — mineral fibre wool,

L — air-flow tangential to cylinder, M — specimen pan, N — 50-turns
of No 16 Nichrome wire in heat resistant tunnel, O — three distant
blocks to spice inner tube location and support it,

P —thermal insulation, R — inspection plug, S — metal fastening
clamps

2.1. Principle of the test, testing apparatus and
specimens

A specimen of the material (Table 1) is heated in
the hot-air furnace within a heating chamber using
various temperatures. Flash ignition temperature is
determined by is determined with a small pilot flame
directed at the opening in the top of the furnace to
ignite evolved gases. The spontaneous-ignition
temperature is determined in the same manner as the
flash-ignition temperature, but without the pilot flame
[9],[10],[12],[26-32].The hot-air furnace and its
cross-section is in Figure las a part of testing
apparatus  intended  for  determination  of
inflammability according to the STN ISO [9],[12].
The goal of investigation is verification and
comparison of bleaching agents (hydrogen peroxide
and enzyme) effect on inflammability of cellulose
materials. Subjects of test are specimens of input raw
materials — waste paper, and intermediary product —
tissue paper [12],[33],[34] detailed referred to in the
Table 1.

2.2. Preparation of tested specimens

Prior to the test, Specimens A, B, C, D, E were
adjusted in roll forms with the mass (3,0 + 0,2) g and
tied by a wire and conditioned at the temperature (23
+ 2) oC and the relative humidity (50 = 5) % for 40
hours in accordance with ISO 291 [12],[34].
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Essential data on cellulose material specimens [12],[33],[34]

Specimen identification

Essential
data

Note
(represented by)

A - input raw material

Mixture of waste paper; group quality
C?— input raw material; better quality
types

white newspaper; journals and

newspaper with minimum text, pieces of paper sheets and
cut white colourstripes printed by minimum text

B - input raw material

Mixture of waste paper; group quality
B? — input raw material; middle quality
types

journals and newspapers, pieces of paper sheets and cut
white up to yellow colour stripes printed by text

C - intermediary product
from 100 % wood pulp

Tissue paper —intermediary product
made from 100 % wood pulp

non-bleached tissue paper suitable for production of final
hygienic tissue products

D - intermediary product from
waste paper bleached by
enzyme

Tissue paper —intermediary product
made from mixtures of waste paper (C?
30 % + 70 %B?) by enzymatic bleaching

tissue paper made from mixtures of waste paper bleached
with enzyme and suitable for production of final hygienic
tissue products

E - intermediary product from
waste paper bleached by
peroxide

Tissue paper —intermediary product
made from mixtures of waste paper(C?
30 % + 70 %B?) by peroxide bleaching

tissue paper made from mixtures of waste paper bleached
with peroxide and suitable for production of final hygienic
tissue products

2 Note:

0 H-ON

Waste paper according to the standard STN EN 643 is divided into four main groups in which more subgroups are defined; the A group: types
of lower quality; the B group: types of middle quality; the C group: higher quality types; and the D group: types containing sulphates
[12],[33], [34].

B2 — mixture of waste paper from the B group: middle quality types, actually it was represented by old newspapers [12],[33],[34].

C?- mixture of waste paper from the C group: middle quality types, actually it was represented by a mixture of printing scraps wi th bright
multi-coloured colours [12],[33],[34].

3. Evaluation of experimental results and

discussion

material specimens are referred to in the table 2 and
shown in graphic from in the Figure 2 [12], [34].

Measured values of the flash ignition
temperature and spontaneous ignition temperature
of cellulose
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Table 2

Measured values of the flash ignition temperature and spontaneous ignition temperature of cellulose material specimens [12],[34]

23

Specimen - material

Essential data

Flash ignition
temperature
[°Cl

Spontaneous
ignition
temperature
[°Cl

A - input raw material

Mixture of waste paper;
group quality C* — input
raw material; better
quality types

310

430

B - input raw material

Mixture of waste paper;
group quality B* — input
raw material; middle
quality types

320

410

C-intermediary product from
100 % wood pulp

Tissue paper —
intermediary product
made from 100 % wood

pulp

270

420

D-intermediary product from
waste paper bleached by enzyme

Tissue paper —
intermediary product
made from mixtures of
waste paper (C*30 % +
70 % B?) by enzymatic

310

410

bleaching

Tissue paper —

bleaching

intermediary product
E-intermediary product from made from mixtures of

wast paper bleached by peroxide waste paper (C*30 % +

70 % B?) by peroxide

260 410

3.1 Discussion on experimental results — flash
ignition temperature

Measured values of the flash ignition
temperature (referred to in the Table 2 and the
Figure 2),result in following: the highest flash
ignition temperature value has the specimen B —
320 °C (mixture of waste paper; group quality B)
and the lowest one has the specimen E — 260 °C
(tissue paper made by peroxide bleaching). The
specimen A — 310 °C (mixture of waste paper;
group quality C) reaches value comparable with the
specimen B. Results of measured values of
specimens B, A, D, and C, actually B — 320 °C; A -
310 °C; D - 310 °C (tissue paper made by
enzymatic bleaching); and C - 270 °C (tissue paper
made without bleaching) are higher than the value
of the specimen E - 260 °C. The flash ignition
temperatures of the waste paper raw material —

specimens B - 320 °C and A - 310 °C reached higher
values probably due to presence of printing
colouring. The specimen D - 310 °C (tissue paper
made by enzymatic bleaching) reaches also high
value of the flash ignition temperature when
compared with specimen C - 270 °C (tissue paper
made without bleaching) and specimen E — 260 °C
(tissue paper made by peroxide bleaching. The
difference between the flash ignition temperature of
the specimens D vs. E is 50 °C that is not negligible
[12],[34]. Probably more intensive bleaching
processes at peroxide bleaching case may cause
lower flash ignition temperature values for the
specimen E; this means increasing of relative
flammability of the Specimen E comparing with the
specimen D that was bleached by enzyme. Based on
measured values, it can be supposed that enzymatic
bleaching of waste paper compared with the
peroxide one, decreases flammability hazard of
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tissue paper, material intended for further
processing and probably will decrease also
flammability of final tissue products. It can be also
stated that bleaching methods affect change of flash

ignition temperature values as well as significantly
change of relative flammability of all cellulose
material specimens if naked heat source (flame) is
used as an initiation source [3], [4], [12], [26-34].

500

Flash ignition temperature ['C],
Spontaneous ignition temperature ['C]

450 430

410
400

= 410 410

350

300

250
200
150
100

50

Vzorka A Vzorka B

Flash ignition temperature [°C],
Spontaneoues ignition temperature [°C]

Vzorka C

Semples of materials

Vzorka D Vzorka E

Fig. 2. Chart of measured values of the flash ignition temperature and spontaneous ignition temperature of cellulose material specimens

[12], [34]
3.2. Discussion on experimental results -
spontaneous ignition temperature

Measured values of the spontaneous ignition
temperature (referred to in the Table 2 and the Figure
2), result in following: the highest spontaneous
ignition temperature value has the specimen A — 430
°C (mixture of waste paper; group quality C);
followed by the specimen C — 420 °C (tissue paper
made without bleaching) and the lowest value of the
spontaneous ignition temperature reached specimens
B, D, and E; specimen B — 410 °C (mixture of waste
paper; group quality B); specimen D — 410 °C (tissue
paper made by enzymatic bleaching); and specimen E
— 410 °C (tissue paper made by peroxide bleaching).
Measured spontaneous ignition temperature values of
the input raw material — waste paper are higher in the
specimen A — 430 °C than this in the specimen B —
410 °C; the specimen A contains more printing
colourings than the specimen B that probably leads to

increasing of the spontaneous ignition temperature
value. This means that the specimen A will ignite at
higher temperature of the ambient air flowing around
than the specimen B. Tissue paper — intermediary
material being further processed in final hygienic
products reached the highest spontaneous ignition
temperature value for the specimen C - 420 °C
followed by identical values of specimens D and E —
410 °C [12],[34]. Based on resulting values of the
specimens D and E, it can be supposed that bleaching
processes do not significantly influence the change of
the spontaneous ignition temperature when compared
with resulting values of the specimens A, B, and C.
Values of samples D and E are only slightly lower
(by 10 °C up to 20 °C) when compared with the
specimens A, B, and C. It can be supposed that
applying bleaching methods (specimens D and E)
only slightly decreases the spontaneous ignition
temperature and thus slightly increases relative
flammability when compared with the specimen C



Earth

ina Trab?

0 H-ON

Earth in a Trap? 2018 25
Analytical Methods in Fire and Environmental Science

represented by tissue paper without any bleaching.
Overall, it can be quoted that bleaching methods have
not significant effect on change of spontaneous
ignition temperature values or on significant change
of relative flammability of all cellulose material
specimens if radiant heat source is used as an
initiation source [3], [4], [12], [26-34].

3.3. Discussion on experimental results

Comparison of determined parameter values: the
flash ignition temperature and the spontaneous
ignition temperature of cellulose material specimens
are referred to in the Table 2 and the Figure 2. The
flash ignition temperature values of cellulose
materials are within the range from 260 °C up to 320
°C; these flash ignition temperature values of
particular specimens A, B, C, D, and E are referred to
in the Table 2 and the Figure 2 — the graph.
Determined values of the spontaneous ignition
temperature of cellulose material specimens are
within the range from 410 °C up to 430 °C; these
values of particular specimens A, B, C, D, and E are
referred to in the Table 2 and the Figure 2 — the
graph. Measured values of the spontaneous ignition
temperature of cellulose material specimens A, B, C,
D, and E are by 110 °C up to 150 °C higher than
values of the flash ignition temperature of identical
specimens [12],[34].

Lower values of the flash ignition temperature can
be explained by naked direct ignition source (propane
flame) having higher initiation energy than indirect
ignition source — hot air flow (radiant heat) used for
determination of the  spontaneous ignition
temperature. Flash ignition, flame burning and
following extinction of the same cellulosic material
occur first, at lower temperatures than the
spontaneous ignition and continuous flame burning
[12],[26-34].

4. Conclusions

Determined values of the fire technical
characteristics: the flash ignition temperature and the
spontaneous ignition temperature were measured
according to the standard STN ISO 871[9], [12].

Based on determined results (Tables 1 and 2 and
Figure 2), it can be stated that input raw material
specimens - waste paper A and B, namely specimen
A — waste paper of quality group C and specimen B —
waste paper of quality group B, reached the highest
values of monitored fire technical characteristics: the
flash ignition temperature and the spontaneous
ignition temperature. It can be assumed that presence
of dyers, fillers, gluing agents and other additives
decreases relative flammability of waste paper. Based
on comparison of determined values of the fire
technical characteristics of the specimens D and E
(Table 2 and Figure 2), the specimen D — tissue paper
made by enzymatic bleaching; and the specimen E -
tissue paper made by peroxide bleaching, it can be
stated that tissue paper made from waste paper by
enzymatic bleaching is less flammable than that made
by peroxide bleaching. At the same time, it can be
assumed that also final tissue hygiene products made
by enzymatic bleaching are less flammable than
tissue products made by peroxide bleaching [12].

Applying of enzymatic bleaching method
(enzyme) during pulping when compared with
peroxide bleaching method (hydrogen peroxide)
decreases flammability of tissue paper and final
tissue products that consequently affects decreasing
of fire origin danger in the technological process of
tissue product production. Measured results will
contribute in practice to solving topic concerning
decreasing of fire origin danger in paper-processing
industry, namely at production of tissue paper and
tissue hygienic products — toilet paper, hygienic
handkerchiefs, napkins and dish-cloths. By suitable
technology arrangement and treatment of selected
characteristics of cellulose materials, fire danger
relating to their technology processing and storage as
well as flammability of final tissue products can be
reduced.

Investigation of fire technical characteristics of
treated products based on polymeric cellulose
materials can contribute to increasing of fire safety in
various  building  structures,  especially in
technological processes of production and storage
[31, [4], [12], [26-36].Study of properties, especially
fire-technical characteristics of different substances
and materials that are found in industry, it is possible
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prevent fires that are common undesirable

incidents [3], [4], [12], [26-36]. Adverse crises
situations are part of the solution to a complex issue

of

the protection of the population and critical

infrastructure protection [35],[36].
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Influence of the temperature on the load-bearing capacity of
timber connections with steel fasteners
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Abstract

This paper presents a summary of results from numerical studies on the fire behavior of timber connections with steel
members. The finite element software ANSY'S was used to make a three-dimensional thermal model of the connections. Then
the FE model was used to analyze the heat flow within the connections under standard 1SO-fire exposure. To estimate the
load-bearing capacity of the connections exposed to the standard fire, the failure modes from the literature were used. The
calculations take into account the reduction of the cross-section caused by charring and the reduction of steel strength at
elevated temperatures.
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1. Introduction

Timber is a building material often used in
constructions. The increasing use of wood in
structures has been recently noticeable. There are
many advantages of using this material, such as good
environmental influence, aesthetic values, high
energy efficiency and quick erection time. One of the
most important issues concerning the design of
timber structures is the fire safety requirement. The
fire resistance of timber constructions can be
determined using standard fire test, such as ISO 834
[1], it is calculated by methods included in EN 1995-
1-2 [2].

Timber connections are usually the weakest parts
in any timber structure, especially in fire conditions.
Heat is conducted deep into the wood cross section
from outside surfaces and primarily by the metal
elements. It causes faster charring of timber elements.
The fire resistance of timber connections depends on
the charring of the wood and on the reduction of
strength of the steel fasteners. The analysis of the fire
performance of timber connections is complex
because there are many parameters, such as geometry
of the connection, different fastener arrangements
and variability of the properties of wood and steel at
elevated temperatures.

Wood is a combustible material. When timber is
subjected to high temperature, it undergoes physical,
chemical and structural changes. At first, timber heats
up and the moisture will begin to evaporate. When
wood is exposed to high temperature, the pyrolysis
takes place when the temperature of wood is around
300 °C. These phenomena cause loss in mass and
they decrease the mechanical and strength properties.
The char layer is not able to carry any loads. In the
reduced section, the stress increases. At the same
time, the inner part of the cross section heats up,
which causes the decrease of material properties. EN
1995-1-2 [2] assumes a reduction in the cross section
by the charring while the charring rate is constant.
Therefore the remaining cross section which is still
load bearing can be defined.

Currently, prediction the structural behavior of
wood in fire conditions is gaining importance due to

the development of multi-storey timber structures [3].
Therefore, the numerical simulations using the finite
element method are effective tools to examine the
performance of timber structures exposed to fire. The
main issues in simulations of timber connections
under fire are modelling of the pyrolysis and the
influence of steel elements on the temperature
distribution. This paper focuses on wood-steel-wood
connections. In this type of joints, a steel plate is
slotted in the timber members and the connection is
held together with steel bolts and dowels. The
ANSYS [4] program was used to carry out the
thermal simulations. The connections were exposed
to the 1SO fire.

2. Heat transfer and thermal properties

In modeling the wood-steel-wood connections in
fire, three types of heat transfer processes should be
considered as:

e Heat conduction in the element

e Heat exchange between steel and wood
members

e Convective and radiative heat transfer
from fire to element boundary.

o
+

o
e

Conductivity [Wm'K™']
o o
T iy

| | | |
0 200 400 600 800

Temperature [°C]

o
o

i
1000

Fig. 1. Temperature-thermal conductivity relationship

for wood and the char layer, based on EN-1995-1-2 [2]
The transient heat conduction within the connection
members was modeled using three-dimensional linear
interpolation heat transfer element. The governing
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partial differential equation should be defined as
follows:

g(l}(ﬂj.ﬁ.i l ﬂ +g(ﬂzﬂJ+Q:pcﬂ
ox\ “ox) oyl Yeoy) o2\t oz ot

where T(K) is temperature, Axy. (W/mK) are thermal
conductivities in x, y, z directions, Q (W/m3) is
internally generated heat, p (kg/m°) is density, ¢
(J/kgK) is specific heat, and t (s) is time.

Thermal actions are given by the heat flux to the
surface of the member. In fire conditions, the net heat
flux should consist of heat transfer by radiation and
convection. The equation is given by:

q = hc (Tf _Ts) +(Dgeff U(Tf4 _Ts4)

where he (W/m2K) is the convection coefficient, ® is
the configuration factor, o is the Stefan-Boltzmann
constant, e is the effective emissivity, Ts (K) is the
surface of the member temperature and T; (K) is the
fire temperature. The convection coefficient hc for the
standard fire is 25 W/m?K [5]. In the standard fire
test, the configuration factor @ can be taken as 1.0.
The efficient emissivity e+ should be defined as:
gf gs

geff =

& +6‘S —&: &
where & is emissivity of the furnace, & is the surface
emissivity.
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Fig. 2. Temperature-specific heat relationship for wood
and the charcoal, based on EN 1995-1-2 [2]

For the standard 1SO 834 fire curve, the fire
temperature Tr (°C) at time is given by [6]:

T, = 20+345x log,, (8t +1)

Furthermore, the heat transfer between members
in FE model should be defined with proper contact
properties. Gaps between steel elements and wood
members are assumed to be sufficiently narrow. Heat
transfer between members is restricted to be radiation
and conduction through air:

ge =k, AT L 45TAT /[i+i— j

L gy &
where AT = Ty - T, Kair is the thermal conductivity of
air, L is the thickness of air layer, ¢ is the cold
interface emissivity and en is the hot interface
emissivity. The thermal conductivity of air is given as

[9]:
=0.024+7.05x10°T,, —1.59x10°T}

I(atir air air

where Tair is the air temperature (°C).
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Fig. 3. Thermal conductivity of carbon steel as a function
of the temperature, based on EN 1993-1-2 [7]

2.1. Thermal properties of wood

The thermal properties of wood are varied
considerably with temperature. Figures 1 and 2 show
the thermal conductivity and specific heat versus
temperature. The thermal conductivity values of the
char layer increase at temperatures exceeding 500°C.
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This is due to the effect of cracks and shrinkage of
the char layer. The large spike at 100°C represents
the heat required to evaporate the moisture in wood.
Moisture evaporates at about 100°C and wood turns
to char over 300°C. The density is not constant at
elevated temperature. It drops to about 90% when the
temperature reaches 100°C and to about 20% when
the wood turns to char when the temperatures
exceeds 300°C.

2.2. Thermal properties of steel

Thermal properties of steel at elevated temperature
are well researched. The thermal conductivity of steel
according to temperature is shown in Figure 3. The
specific heat of steel according to temperature is
shown in Figure 4. The peak value of specific heat at
about 735°C results from a metallurgical change.
The density of steel is remaining essentially constant
with temperature.

5000
4500
4000+

0 200 400 600 800 1000 1200
Temperature [°C]

Fig. 4. Specific heat of carbon steel as a function of the
temperature, based on EN 1993-1-2 [7]

3. Thermal analysis
3.1. Finite Element Model validation

Before using the model to conduct heat transfer
simulations, the wood material and thermal properties

at high temperatures implemented in the Finite
Element software should be validated. The evaluation

was conducted using the FE program ANSYS
Workbench. The fire tests of Konig [8] were used to
validate used software. Konig’s tests were performed
on four unprotected timber specimens. Wood
members had a moisture content of 12% and the
timber density was about 425 kg/md. Kénig
performed fire tests under 1SO 834 fire and
temperatures were measured in a depth of 6, 18, 30
and 42 mm from the exposed surface.

Figure 5 shows a comparison of the results
obtained from modeling with the results of the fire
tests of Konig. Modelling results are in good
agreement with Konig’s fire tests.

1000 :
— Konig tests
9007z ANSY:S 6mm /_,.__-—-
800 -
—_ T H8mm
0700 / 7~
£ 500+
g / 30mm,,
E 400/
= . / y
200+ / ;
0 e
0 10 20 30 40 50 60
Time [min]

Fig. 5. Temperature as a function of time at
different timher denths 1inder ISO-fire

3.2. Numerical study on heat transfer

The subject of the research are the wood-steel-
wood timber connections. The geometry of the
modeled connections is shown in Figure 6. The joints
are made of wood C20 class and steel fasteners M10
cl.4.6. The elements have the following dimensions
of the cross-section: 300 x 300 mm (a) 150 x 150 mm
(b).

The main objective of modelling the connections
using FE method was to determine the influence of
steel elements on the temperature distribution in
wood-steel-wood timber joints [9,10]. The ISO 834
fire was applied on four sides of the specimens.
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The temperature distribution of the timber member
with steel elements is shown in Figure 9. Due to the
high thermal conductivity of steel, the heat flux
through the steel elements leads to higher
temperatures of the wood interior. It causes a quick
reduction of the net section.

4. Mechanical analysis
4.1. Design methods according to Eurocode 5
EN 1995-1-2 [1] provides only some issues of

connection design due to fire conditions in timber
constructions. Design rules apply to laterally loaded

Timber
element

5x60=300

AR

Fig. 6. Geometry of the modelled connections:
a) connection 1, b) connection 2, ) cross-sections
1-1and 2-2

connections with various types of fasteners (bolts,
nails, dowels, etc.) exposed to the 1SO standard fire
[6]. According to Eurocode 5, the maximum fire
resistance time which can be determined is 60
minutes. EN 1995-1-2 [1] proposes two methods for
calculating the resistance of timber joints exposed to
fire:

e Application of simplified rules

e Reduced load method.

Fig. 7. Finite element heat transfer models of the
connections

According to the first approach, fire resistance of
unprotected joints with dowels is assumed to be 20
min. For connections with other connector types the
fire resistance is considered to be 15 min. Fire
resistance periods, greater than those above, but not
exceeding 30 minutes, can be achieved by increasing
the edge distance, as well as the thickness and width
of the side members.

The reduced load method assumes, that the load
bearing capacity of the joint exposed to fire is
achieved by reducing the room temperature capacity
via a conversion factor n. The conversion factor
includes the design fire resistance of the unprotected
connection and a parameter k, which depends on the
joint type.

Fig. 8. An example of a similar connection
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Specifications for calculations the resistance of
connections with axially loaded screws under
elevated temperatures are also presented. The above
take into consideration the configuration of the
connection, the edge distance and the embedment
depth of the screws.

a) b)

10 min

20 min

30 min 949 Max
846
743
640
Fig. 9. Temperature distribution in timber 517
members under ISO-fire exposure on four 134
sides: 33
a) cross-section 1-1 (300 x 300mm) 228
b) cross-section 2-2 (150 x 150mm) 125

22 Min

4.2. Failure modes

Wood-steel-wood connections loaded in tension
can fail in different modes. The failure modes
depends on connection types, geometry and the
number, diameter and configuration of fasteners.
Possible failure modes can be described as follows:

e Bearing failure
Net tension failure
Splitting of wood
Shear-out failure
Group shear-out failure

a) 2F, b) 2F, C) 2F,

- ]
b3 B
| 14 1

2Fy 2Fy 2Fy
MM ﬁ MM M
Fig. 10. Failure models of WSW connections in fire:
a) Mode | b) Mode 2, c) Mode Il1

The first failure mode takes place due to wood
embedment failure in the contact area, with steel
yield of fasteners. Other failure modes are brittle
[11]. Possible bearing failure modes for wood-steel-
wood timber connections is shown in Figure 10. In
many cases failure is a combination of different
modes.

In fire tests for WSW connections, first two failure
modes were observed as main failure modes:
elongation of fastener holes due to wood crushing
and deformation of fasteners [12,13]. This is due to
the charring of wood members and the rapid
temperature increasing in steel elements. The third
failure mode is of the least importance in this
analysis, because this destruction can occur when the
timber side elements are very thick.
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EN 1995-1-1 [14] gives simplified formulas:

Fv,Rk,I = fh,l,ktld

Fv,Rk,II = fh,l,ktld f dtlz 4
hLk

FaX
Forom = 213\/My,Rk frod + 4le

F Rk — min(Fv,Rk,I ) Fv,Rk,II ) Fv,Rk,III )

v

2+ 4My,Rk _1]+ Fax,Rk

Table 1

Load-bearing capacity per shear plane per fastener in fire
conditions

Load-carrying capacity per

D i .
uration fastener for the failure model [kN] Furi [KN]

of fire
[min]

Mode | Mode Il Mode Il

a b a b a b a b

0 81,5(39,3|345|17,8] 1521|151 [151]151

5 70,2 | 28,1 | 29,9135 14,3 | 14,3 | 143|135

10 |591/169|253| 98 |138|138]|2138] 98

15 478 42 | 209 45 |12,9|12,9[129] 45

20 |365] o |163] 0 |11,7|1,7|%L7| ©

25  |253| 0 |119] 0 |103]103]103| O

30 J141] o | 84| 0 |86 |86]|84]| O

Where Fyr«.i is the load-bearing capacity per shear
plane per fastener for i failure mode (kN), fn1x is the
embedment strength in timber member (MPa), t; is
the smaller of the thickness of the timber side
member (mm), d is the fastener diameter (mm), Myrk
is the fastener yield moment (KNm), and Faxr« is the
withdrawal capacity of the fastener (kN).

4.3. Load-bearing capacity of the connections in
fire conditions

The wood-steel-wood connections have to meet
the design rules and requirements of Eurocode 5. The
main functions used in strength equations are the
diameter, the yield strength and the embedment

strength of the fasteners. During fire exposure, the
timber section is reduced. Also steel fasteners reduce
strength. The steel vyield strength at elevated
temperatures is adopted from EN 1993-1-2 [2].

Table 1 contains load-bearing capacity per shear
plane per fastener for the failure models at time
intervals of 5 min in the I1SO fire exposure. As
expected, the first two are the main failure modes for
estimating the load-bearing capacity of the
connection in fire conditions.

Load-bearing capacity per fastener in

) fire
) a
216 .
il H
g_ 1
2212
<=
;510
g3 s
T E 6
27y
S0
0 5 10 15 20 25 30

Duration of fire [min]

Fig. 11. Load-bearing capacity per fastener in fire
conditions

5. Conclusions

In this paper, a thermal analysis of the timber
connections with steel elements were carried to
determine the influence of steel members on the
temperature distribution in timber cross-section under
fire exposure. The FE model can provide good
predictions of the temperatures within timber
connections with steel elements.

The dimensions of the wood side members have a
significant influence on the load-bearing capacity of
timber connections with steel members in fire
conditions.
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Abstract

Surface finish of the outer side of an external wall is not considered at its classification as a construction member, however itis
considered at demining clearances. It is considered when separation distances are determined. It is also taken into account
when the size of the partially fire open exterior wall area is determined in case if there is more than 100 MJ heat released from
1 m?. The paper discusses the impact of the surface finish of an external wall on the final separation distance. The comparison
of five alternatives was evaluated — mineral wool insulating system, 120 mm polystyrene insulation system, 200 mm
polystyrene insulation system, exterior siding - wooden and stone veneer placed on a part of the exterior wall. The procedure
of determination of separation distances is described in STN 920 0201-4. The standard states that separation distance from
the fire compartment is determined on the base of a length and height of the exterior wall due to the fire compartment, the
type of construction member, the ratio of the fire open exterior walls and fire risk.

| tis clear that the lowest values of separation distance were achieved by the alternatives whose surface finish was formed
from non-combustible materials (insulation system with mineral wool, exterior cladding from artificial stone). In case of the
alternatives where polystyrene was used, the separation distances vary. This insulation material suggest that beside the kind of
material used for surface finish, it is necessary to look at its thickness, density, calorific value and heat release per unit area
(HRRPUA).

Keywords: surface finish; separation distance; heat release per unit area; partial fire open exterior area
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1. Introduction

While dealing with the fire safety of a structure, the
fire spreadbetween individual compartments inside
the building is considered, but not meeting the
separation distances can also lead towards the
spread of fire to neighbouring structures.

By Mozer [5], from the viewpoint of separation
distances there are two ways how the fire is spread
— radiation heat thorough fire open exterior walls
or by falling embers from the burning construction.
The vital condition to eliminate the fire spread from
the burning building is stating separation distances
[4]. The Regulation of the Ministry of the Interior
No. 94/2004 defines separation distance as
a perpendicular distance between the surfaces of the
fire open exterior wall or between the surface of the
comparison plane of fire open exterior walls, a fire
compartment, or open technology area or open
storage to a fire risk area.

The separation distances are stated by the STN 92
0201-4 [15] norm. The procedure refers specifically
to:

e afire compartment

e a fire compartment made by a residential
unit in a residential building,

o afire compartment in a residential unit in
a accommodation building,

e open storage,

e open technological facilities.

The values of the separation distance for a fire
compartment are determined on the basis of [5]:

o the size of fire open areas in the fire
compartment,

e spatial density of the thermal flow from
the fire compartment (depending on the
fire risk),

e dimensions of the bordering constructions
of the fire compartment,

e the type of construction assembly
(increasing the value of the fire risk
depending on the type of construction
assembly),

e probability of the fire spread by the
firebrands from the burning constructions.

By Kucbel [3], the fire open area is the part of an
external wall or a roof shield, which does not limit
(or limits only partially) the heat spread and does

not restrain the fire spread away the structure or

a fire compartment.

STN 920201-4 [15] states that the fire open areas

can be completely or partially fire open areas or fire

open areas of the roof shield. Completely fire open
areas include areas of openings impossible to close
or openings which do not meet required criteria.

If the construction does not meet the requirements

of the fire resistance which are imposed on it, this

construction is also considered completely fire open
area.

Partially fire open wall area is according to STN

920201-4 [15] the area which includes:

a) external wall or its part or a roof shield which
meets the criteria of partially fire open area
according to STN 73 0855 [12];

b) external wall or its part which meets the fire
requirements but its outer side has flammable
surface and it is able to release bigger amount
of heat than 100 MJm2from 1 m?;

c) an opening closed by aconstruction which
meets criteria of the partially fire open area
according to STN 73 0855 [12].

This paper focuses on the requirement of the caser

b) in the above-mentioned definition for partially

fire open area. In practice, it means that the area of

the external wall where the insulation system with
combustible insulation materials or where there is

a combustible exterior siding are applied are

calculated in into the partially fire open wall area.

By Osvald a Falchbart [8], the application of the

combustible material on the facade means the fire

spreads faster in vertical as well in horizontal
direction.

2. Methodology
2.1. Methodology of calculation

The procedure of stating the separation distances is
described in STN 920201-4 [15] and in other
related literature. The procedure to determine
separation distances was summarised by Kucbel [3]
into the following points:
e the total area Sy of the external wall or roof
shield with length | and height hy is
determined,
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e the area of fire open areas Sy IS
determined,

e the ratio of the fire open areas to the area
of external wall in percent according to the
equation:

S
Do = —=2.100 (%)
Sp

where S, is the fire open area (m?);

Sp the area of the external wall (m?) which
includes the fire open areas.
In Table 3 in STN 920201-4 [15] the separation
distance is determined depending on height hy,
length I, ratio po,, and calculated fire risk py, or
equivalent time of the fire duration.
If there are completely fire open exterior wall areas
Spo1, partially fire open areas Spo2, and fire open
areas in roof shield, the total fire open area Sy, is
determined from the ratio of the heat flow density
of individual areas according to the equation [15]:

Spo = 9po1 + Spoz- k10 + 5p03- kll

where Syosize of fire open areas (m?);
Spot completely fire open area (m?);
Spo2 partially fire open area (m?);
Spo3 fire open area of the roof shield (m?);
k1o coefficient of partially fire open areas;
K11 coefficient of fire open areas of roof.
Fire open areas are defined according to the heat
spread limiting as follows [5]:

o completely fire open area is considered
that part of the external wall which does
not meet the requirements of fire
resistance according the class of fire
safety of the fire compartment which it
confines. At the same time, it also
includes all the openings which are
impossible to enclose against fire
(windows, doors, others).

Partially fire open area Syo2 is considered:

e the area of the external wall or closure if
they meet the requirements of partially
open as in

o the area of the external wall whose outer
side has surface finish from the materials
which are able to ignite and release more
than 100 MJ of heat from 1 m?.

The spatial amount of released heat from the
combustible materials in the outer surface is
calculated by this equation [15]:

]

Q =ZMi.Hi

where Q amount of heat (MJ.m?);

Mi spatial weight of the combustible
material placed on the outer surface
of the external wall (kg.m?);

H; calorific ~ value of the i-
thcombustible material on the outer
surface of the external wall.

Kupilik [4] mentions the possibility of fire spread
the cause of which is falling of firebrands of
burning  building  constructions made  of
construction member D3. In this case:

e the separation distance is determined based
on the previous equation,

e the value of 0.36-muiltiple of the height,
which is identical with the height of the
fall of a firebrand of the burning building.

The final separation distance is then considered the
higher one.

2.2. Description of the individual alternatives

The basis of the alternatives is created by the
structure with the identical layout and construction
arrangement which is made of construction
members of D1 kind and is included in the non-
combustible construction assembly. By STN 92
0201-2 [14], the surface finish is not considered at
classification of the construction member. The
difference of individual alternatives is particularly
in the surface finish treatment of the external wall
(see alternative description).

In the facility there is the shop with textiles,
adjacent storage room, office, hallway, kitchen and
toilets. The due fire compartment is imposed by
calculated fire risk 110 kg.m™.

The description of the external construction from
which the separation distance is calculated follows:
wall length 18 m, wall height 3.2 m,
plastic windows 1.5x1.5 m,

plastic doors 1.5x2.31 m,

exterior trimsaround the openings 350 mm
wide.

The description of the alternatives of surface finish
is following:

e Alternative 1 —the thermal insulation of
mineral wool is applied against the
complete area of the external wall (Fig.1).

e Alternative 2 -the contact insulation
system with polystyrene is appliedagainst
the complete surface of the exterior wall,

0 O N
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the polystyrene thickness is 200 mm
Fig.1).

e Alternative 3 -the contact insulation
system with polystyrene is appliedagainst
the complete surface of the external wall,
the polystyrene thickness is 200 mm

(Fig.1).

Alternative 4 — windows and doors are
framedwith32 mm thick wooden trim
(Fig.2).

Alternative 5 — windows and doors are
framed with the 25 mm thick stone
veneertrim Fig.2).

Fig. 1 External wall with the surface finish against the entire wall

Fig. 2 External wall with the surface finish placed only against a part of it

As Rumiantcev et al. [10] states the insulation
systems and decorative materials applied on the
outer side of the external walls have various
functional and constructional solutions and may
well demonstrate their properties also from the fire
safety viewpoint.

Thermal

insulation, decorative and exterior

materials are briefly described in Table 1.



_Earth -

in-a Trap?-

40 Earthina Trap? 2018
Analytical Methods in Fire and Environmental Science

Table 1
Properties of insulating and decorative materials [5], [12], [16]

. Thickness Density o Reaction to fire
Material Calorific value e
(m) (kg.m™3) classification
Expanded polystyrene 120 20 40 E
Expanded polystyrene 200 20 40 E
Mineral insulation 140 35 Al
Wood siding 32 470 17 D
Stone veneer siding 25 Al
Table 2
Spatial amount of released heat [5], [12], [16]
% B
z 8 E 5 g Eo
= L2 2 > gk T =
a = -
% ﬂg £ % £ g s 35 % =3
£ 2 ° 2 53 58
? = S gt i
] a8 3
= o
[ (%]
Mineral insulation 140 - - -
Polystyrene 120 20 40 2.40 96.00
Polystyrene 200 20 40 4.00 160.00
Wood siding 32 470 17 15.04 255.68
Stone veneer siding 25 - - - -

3. Results and discussion

Completely fire open areaSyo1 Which is made up by
the area of openings — windows and doors, is all
alternatives the same. It regards the same design
solution of the structure.

The differences in individual alternatives are caused
namely by the figure of partially fire open area Spo.
It refers to coefficient which respects also surface
finish of the external wall. As it is mentioned
above, surface finish is taken into account and
calculated in if it is possible to ignite and release
more than 100 MJ of heat from 1m? according to
STN 920201-4[15]. The data on the released heat
from the combustible material placed on the outer
surface are summarised in the Table 2.

Spatial amount of released heat depends on the
calorific heat of the combustible material and the
thickness of the surface finish. The influence of the
thickness the spatial weight M; and the spatial
amount of released heat Q is given in the Table 2.

Polystyrene with the thickness of 120 mm has M; =
2,4 kg.m? and Q = 96 MJ.m2. Polystyrene with the
thickness of 200 mm has M; = 4,00.m and Q = 160
MJ.m2,

If there is the insulation system with mineral wool
applied on the external wall, fire open areas are
created only by the area of openings (completely
fire open area). The insulation material is of Al
class of the reaction to fire, i.e. does not contribute
to fire development.

The main parameter of the insulation system with
polystyrene is the thickness of the insulation
material. In Table 3, there are given data about the
size of fire open areas. It is not found as partially
open area for the polystyrene of 120 mm thickness,
density of 20kg.m? and the calorific value of 40
MJ.kg™. The reason for this judgement is that this
surface finish does not release more than 100 MJ.m
2, The spatial amount of released heat for this finish
is 96 MJ.m?2,

The surface finish of 200 mm thick polystyrene of
20 kg.m density and calorific value 40 MJ.kg? is

0 R O N
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found as partially fire open area as it releases 160
MJ.m2,

The size of the fire open area is 28.26 m? for the
Alternative 3. The total sum of fire open areas
created by adding completely fire open areas and
partially fire open areas multiplied by the
coefficient kio accounting for 0.35.

When using polystyrene of the thickness below 120
mm, the separation distance is 3.5 m. When using
polystyrene of the thickness below 200 mm, the
separation distance is 3.5 m. As it has been
mentioned, the thickness of the material causes the
difference. By Mézer [5], the boundary thickness
for the polystyrene is 125 mm with 20 kg.m3
density and calorific value 40 MJ.kg™If the
thickness of the material exceeds the 125 mm then
the surface finish is taken into the calculations of
the partially fire open area.

According to Pastor et al. [9], ETICS (contact
insulation system with polystyrene) is purposefully
designed to improve the properties of constructions

Table 3

Separatione distance

from the point of thermal insulation. However, at
the same they mention that most of the materials
used is combustible and can considerably contribute
to the fire development and surface spread of fire.
In case of the ETICS use, i tis necessary to apply
fire barriers. Sternova et al.[11] remark that fire
barriers shall be of 200 mm height, from at leastA2
class of reaction to fire for insulation materials, in
contact system of insulation in at least A2-s1,d0.
Zhou at al. [18] investigated how horizontal fire
barrier influences further spread of fire across the
surface of the exterior wall.

Pastor et al. [9] investigated performance of
insulation materials under fire loading. The tested
materials were mineral wool and polystyrene. As
they state the mineral wool insulation kept its
properties under fire loading test, the temperature.

%) 4 S
% 8 g % 8 .
= 553 o
c = =3 o S I3 2
= £ e g g g = 2 =
2 £ = e g g
= et = I = 4 <
A S = B 2 o =
8 o = = = 3
L @ £ = 5] n
< g s £ g
2 (@) o
Mineral insulation 57.60 11.50 11.50 0.00 19.97 3.50
Polystyrene 120 mm 57.60 11.50 11.50 0.00 19.97 3.50
Polystyrene 200 mm 57.60 27.66 11.50 46.10 47.98 9.80
Wood siding 57.60 15.96 11.50 12.75 27.71 7.20
Stone veneer siding 57.60 11.50 11.50 0.00 19.97 3.50

The outcomes for the ETICS did not get such
favourable values [9].

A special chapter describes exterior and decorative
siding. These can be place against whole wall or
only its part. Also in this case, it is the material
which matters, its density, thickness, calorific
value. For alternatives 4 and 5, the exterior siding is
applied only against a part of the wall — 350 mm
along the opening (Fig.2). When wood is applied,
the material mostly refers to spruce wood. Some
authors (Cabalova et al. [1],Oremusova and Cepec
[6], Osvald et al.[7], Kacikova et al. [2])
investigated the wood behaviour under thermal

loading or under fire loading. The particular
material releases 255.68 MJ.m of heat. Fire open
areas are created by the completely fire open areas
and partially open areas, which only includes the
area of decorative wood siding.

In case of mineral wool surface finish and stone
veneer siding, the amount of released heat is not
considered because itis assumed that that materials
from Alclass of the reaction to fire it does not
contribute to fire. The fire open areas are created by
completely fire open areas. The separation distance
is3.5m.
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In all cases, asignificant factor influencing the
separation distance is presented by type of facility
which is present in the fire compartment (for a non-
manufacturing facility there is calculated a fire
risk).

4, Conclusions

Surface finish. regardless to the thickness. is not
considered in classification of the construction
member. The combustibility of the surface finish
material its flammability and calorific value is
therefore considered in stating the separation
distances. Their task is to stake the fire hazardous
space. Conformation to separation distances shall
prevent spread of fire between the structure and
surrounding objects.

Determining the separation distances, the type of
facility (fire risk) is taken into account, the length
and width  of external wall of the due fire
compartment and the ratio of fire open areas. | tis
the last parameter which considers the surface
finish of the external wall, in the item of partially
fire open area.

The paper dealt with the influences of the type of
insulating system and exterior siding on separation
distances. Apparently, the best results were
achieved by mineral insulation among the
insulation systems and stone veneer side from
siding materials. Itis caused by the class of reaction
to fire of these materials, additionally, they will not
ignite. ;From the point of view of separation
distances, the same results were achieved by
polystyrene 120 mm thick. It is questionable if the
insulation material will meet the requirements from
the thermal insulation point of view. The highest
values of separation distances were achieved for the
polystyrene of 200 mm thickness. The value of the
spatial amount of heat was lower than for the wood
siding, but contrary to the wood siding, this
material was applied against the whole wall.
Considering the choice of insulation material,
mineral wool presents a better option. It is non-
combustible material. Considering polystyrene, it is
necessary to look at its thickness. When applying
contact insulation system with polystyrene there
must be also applied fire barriers which are required
for A2 class of reaction to fire. In these
circumstances there must be placed the stripe made
of mineral insulation.

Choosing decorative and exterior siding it is
necessary to focus the attention on material
composition. Wood siding had the highest value of
spatial amount of released heat. When applying
such siding we should minimize the area of external
wall where it is applied.

Acknowledgments

This work was supported by the Cultural and
Educational Grant Agenca of the Ministry of
Education, Science, Research and sport of the
Slovak Republic on the basis of the project no
KEGA 009TUZV-4/2017.

References

[1] Cabalova, F. Kagik, D. Ka¢ikova, M. Oravec, Acta
Facultatis Xylologiae Zvolen 55(2) (2013) 59.

[2] D.Kacikova, F. Ka¢ik, P. Hrnéiarik, Delta 5(10) (2011) 16.

[3] J. Kucbel, Fire safety of buildings, vol.1, STU , Bratislava,
2003.

[4] V. Kupilik, Building structures from a fire aspect, vol. 1,
Grada Publishing, Praha, 2006

[5] V. Mozer, Bases of fire safety of buildings, vol. 1, EDIS,
Zilina, 2015

[6] M. Oremusové, R. Cepec, Delta 6(12) (2012) 8.

[7] Osvald, Wood Research 62(4) (2017) 565.

[8] Osvald, J. Flachbart, Crisis Management 2 (2017) 55.

[9] E. Pastor et al., International Conference on Applications
of Structural fire Engineering Location, Conf.., Dubrovnik,
15-16 Oct., 2015; Applications of  Structural Fire
Engineering-Series (2017)

[10] Rumiantcev, A. Zhukov, D Zelenshikov, A. Chkunin, K.
Ivanov, Y. Sazonova, 5" International Scientific
Conference on Integration, Patnership and Innovation in
Construction Science and Education, Moscow, 16-17 Oct.,
2016; MATEc Web of Conferences 86 (2016)

[11] Z. Sternova, P. Hlavenka, Principles of designing the
ETICS for fire protection in the renovation of buildings,
vol. 2, Jaga Group, Bratislava, 2015

[12] STN 73 0824 Fire protection of buildings. Heating value of
flammable substances (1992)

[13] STN 73 0855 Fire resistance test of external walls (1980)

[14] STN 92 0201-2 Structural fire protection. Common
regulations. Part 2: Building constructions (2017)

[15] STN 920201-4 Structural fire protection. Common
regulations, Part 4: Separation distance (2000)

[16] STN EN 13501-1 +A1/Z1 Fire classification of construction
products and building elements. Part 1: Classification using
data from reaction to fire tests(2017)

[17] The Regulation of the Ministry of the Interior No. 94/2004
of the Slovak Republic laying down the technical
requirements for fire safety in the construction and use of
buildings, as amended

0 O N



_Earth
in-a Trap?-

Earthina Trap? 2018
Analytical Methods in Fire and Environmental Science

[18] L. Zhou, A. Chen, X. Liu, F. Zhang, Springer
Science+Business Media 52 (2016) 649.

43



__Earth

in-a _Trab?

44 Earthina Trap? 2018
Analytical Methods in Fire and Environmental Science

Investigation of zones of fatigue falure of screws

K. Epifantsev®” - T. Mishura?

aSt. Petersburg State University Aerospace Instrumentation 190000, St. Petersburg, Russia. Bolshaya Morskaya Street 67

Abstract

In recycling technology screw - the main working element for processing waste machines - extruders. From the quality of its
production depends the productivity of the shop and the integrity of the machine body. When refining a multicomponent raw
material, which is Refuse Derived Fuel - this is the general name for alternative fuels obtained from recycling. As raw
material, almost any organic material is used: cellulose, rubber, plastic, leather, its substitutes. The study used an example
based on work with RDF-raw materials of the Janino Refuse Processing Plant. Leningrad region. It is when working with
such highly abrasive waste that it becomes necessary to increase the service life of screw augmentedly by using new
processing technologies, since metal components and hard-to-break silicates can occur in the composition of this raw material.
It research very important, because the priority project of the Russian Government, will be implemented from 2017 to 2025
with the key aim of reducing the environmental footprint from municipal solid waste disposal and mitigating environmental
risks of an accumulated environmental damage [4]. The priority project involves the construction of five environment-friendly
facilities for the thermal processing of municipal solid waste (waste incineration plants), four of them to be built in the
Moscow Region and one facility to be built in the Republic of Tatarstan.

An alternative to waste incineration is municipal waste recycling by moulding in extrusion machines to make pellets to be
further used in the fuel or construction industries. The profitability of a waste recycling facility is dependent on a sound
choice of extrusion equipment with the best value for money [5].

Keywords: fatigue failure; screw; refuse processing; deflected mode; mode of deformation
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1. Introduction

The development of non-destructive testing in
Saint-Petersburg State University of aerospace
instrumentation (SUAI) is reflected in the appearance
of new terms that are used in practice, scientific
papers and technical descriptions. Non-destructive
control increasingly contacts with adjacent areas
involved in assessing the actual technical condition of
the facilities, determining the possibility of their
further operation and the terms of safe operation
(resource problem). In this paper, the methods of
nondestructive testing of industrial objects, as well as
various types of this method, such as magnetic,
electric, which are used to create new laboratory
work in the educational process. In
In this paper, a finite element method was used to
study the auger in the program Cosmos Works[10].

2. Materials and study methods

When modeling extruders for waste processing,
much attention is paid to designing and testing the
work of the auger, the main working member
involved in grinding, heating and preparing for
molding a plastic mass. the mass through the matrix
(Fig. 1).

//////

0 ke/m3 b ‘
|

Fig. 1 — Graph of functioning of pressure in extruder screw

The auger compresses the mass to the
accumulation point m. Pp, after which, it becomes
possible to create the pressure pl necessary to pass
Only when there is a balance on both sides of the
extruder, the mass can come out of the die dies.
However, if the extruder is conventionally divided
into 4 work areas, at the moment of increasing
pressure P, MPa and the maximum loading of the
screw p kg / m3, a maximum pressure area is created
(in Figure 1 zone "2"), which is capable of deforming
the auger.

In an auger machine, an increase in mass
consumption requires an increase in the speed of the
screw, and a corresponding increase in the loading of
the screw by the material. At the same time, the
pressure (Fig. 1) rises to Pn, because the increased
feed rates lead on the same matrix to increased
friction in the die dies, which adversely affects also
the maximum abrasive area for screw turns. With the
auger manufacturing technology - welding the turns
to the shaft by welding in CO», cracks and loosening
of the screw turns (Fig. 2).

Fig. 2 — Screw defects - tears

Naturally during the operation for forming RDF
raw materials, it was assumed that the following load
acts on the extruder screw: the torque on the coupling
shaft produced by the engine is 5000 N.

The temperature of the raw material heating inside
the extruder reaches 500 C°. It is necessary to
determine the zones with the greatest accumulation of
load, displacement, deformation  (Fig. 3).
Thus, creating the parameters that are as close as
possible to the real operating conditions, it is possible
to detect the most loaded zones of the structure
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during the research and thus to improve the screw
design in the stage of design and selection of
materials.

Fig. 3 — Screwing the auger into a grid using the finite element
method, indicating the strength of the action on the screw.

3. Results and Discussions

The process of molding the biomass is
accompanied by a sufficiently high pressure, which is
necessary for the destruction of the residual fibers
and the compaction of the processed batch. Along
with the negative effect of pressure on the turns of the
auger, with an unbalanced, unbalanced shape of the
screw, the energy spent on molding.

The Solid works software allows to simulate
methods for diagnostics on the basis of application of
virtual measuring instruments with  minimal
systematic error. This creates ideal conditions for the
creation of new technologies in the field of
innovation and the development of tools for express
diagnostics of most technological processes.
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Fig. 4 — Results of testing screw.

Summary

In Fig 5 -6 will be see results of experiment.
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Thus the software allowed to identify the most
dangerous areas in the zone of bright red colors,
which can become a zone of fatigue destruction of
the screw and bring to the blocking of the machine.
In addition, these parts are subject to the most wear

and the process of highly abrasive action, which will
cause a decrease in pressure inside the machine body,
and thus deterioration in the quality of the molded
pellets.

The stress and strain are inversely proportional to
the displacement, which proves the maximum
coefficient of pressure on the screws in this region.
Therefore, the 7th and 8th turns must be welded
together with the additional reinforcement rib in
order to compensate the stresses
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Thermal analysis as a useful analytical tool in environmental and
civil engineering
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Abstract

Thermal analysis is a set of methods that are used for various purposes in a whole range of areas.
Recently, its importance and practical application also increase in environmental engineering. This contribution aims to
highlight the use of these techniques for research purposes on selected issues in the field of environmental science. The paper
presents an application of thermal analysis to study the durability of concrete in aggressive environments, to examine hemp
fibers prior to their application to light composites, or to analyze the resistance of polystyrene boards to thermal stress. The
results confirm that thermal analysis could be also used in non-traditional areas of research.
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1. Introduction

Thermal analysis includes a variety of physico-
chemical techniques to analyze a wide range of
materials including metals, polymers, food,
cosmetics, organic and inorganic substances,
biological molecules and biopolymers, soil and
geological samples. The analyzed material is
subjected to a selected temperature mode (heating,
cooling or constant temperature or a combination
thereof) and corresponding material properties such
as temperature, weight, dimensions and others are
monitored. The heat load of the can be dynamic
(heating or cooling) or static (at a constant
temperature depending on time).

For the study of solid materials, the most
commonly the dynamic methods are used where the
sample is heated or cooled at a constant temperature
rate according to a preset program. The test
specimens are exposed to a predetermined
temperature program in a special crucibles under the
specified atmospheric  conditions  (air, inert
atmosphere) while graphically recording the
temperature or time changes of the monitored
parameter. These dependencies, which are
characteristic of the behavior of each material, can be
used to analyze
e Structural changes (glass transition temperature,

melting / crystallization, evaporation, sublimation,

solid phase transition)

e Mechanical properties (elastic behavior, damping)

e Thermal properties (expansion / shrinkage,
specific heat capacity, melting / crystallization
temperature, coefficient of expansion)

e Chemical reactions  (decomposition  and
temperature  stability in  various gaseous
environments, chemical reactions in solutions or
gas phase, gas reaction, dehydration) [1].

Currently there are a number of thermal analysis
methods, among the most used are thermogravimetric
analysis (TGA), differential thermal analysis (DTA)
and differential scanning calorimetry (DSC). The
simplest method of thermal analysis is

thermogravimetric analysis. In this method, a small
amount of sample (milligrams to grams) is subjected
to heating, and a change in weight is monitored on a
precision balance. Thus, TGA can be used to evaluate
the thermal or thermal-oxidative stability of a
material. In a desired temperature range, if a sample
is thermally stable, there will be no observed mass
change. By analyzing the degradation steps of the
material it is possible to evaluate its composition,
moisture content, organic and inorganic matter
content [2].

Differential thermal analysis (DTA) combines the
ease of measurement of heating or cooling curves
with the quantitative features of calorimetry. The
principle of DTA is the observation of temperature
effects (exothermic or endothermic) in the sample,
which are associated with its physical or chemical
changes in continuous linear heating or cooling [3].
The sample under test is heated together with the
temperature-inert standard. Most of this is made of
alumina or other substances or compounds (e.g.,
potassium nitrite, potassium chromate, carbon
barium, quartz and others). Temperature is measured
continuously as for heating or cooling curve
determinations, and the differential temperature
measurement permits the calculation of the heat flow
difference between reference and sample, which are
kept in almost identical environments.

Differential scanning calorimetry (DSC) is one of
the most widely used thermal analysis methods with
both solid and liquid samples being tested in a very
wide temperature range. It measures endothermic
(heat flow to the sample) and exothermic (heat flow
from the sample) transitions as a function of
temperature. Transitions are characterized by glass
transition, melting, crystallization, kinetics, onset of
oxidation, and thermal capacity [4]. The DSC method
measures the differences between the amount of heat
supplied and the reference materials and sample
during the predefined temperature program. As
reference, an inert material (i.e., a material in which
no phase changes are made in the selected
temperature mode), typically an empty crucible, is
used.

Simultaneous measurement of multiple properties
during one experiment are also often performed.

0 H-ON
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Simultaneous thermal analysis (STA) is abbreviated
for the methods e.g. TG/DTA, TG/DSC etc.

Application of thermal analysis methods has been
reported in field of environmental engineering over
the vyears rarely [5-8]. Nowadays, the thermal
analysis technics are successfully used for a wide
range of research in environmental engineering such
as sludge characterization within the waste water
management [9,10], sediment investigation regarding
its environmental safety [11,12], soil quality
examining [13,14] or environmental properties of
materials and technologies [15,16].

The paper aims to report the other applications of
the thermal analysis in environmental and civil
engineering. The special attention was paid to
investigation of the cement composites and their
durability, hemp fibres and their applications into the
concretes as well as fire resistibility of polymer
materials in constructions.

2. Material and Methods
2.1. Thermal analysis

To investigate the thermal stability and thermal
behavior of various samples, STA 449 Jupiter F3
thermal analyzer (Netzsch, Germany) was used.
Temperature interval ranged from 25 to 1000 °C,
various heating rates from 2.5 to 40 K/min were
applied  (polystyrene),  however, most  of
measurements have been performed at the heating
rate of 10 K/min (concretes, hemp fibres). The
measurements proceeded under both nitrogen and
natural atmosphere using simultaneous thermal
analysis in DSC/TG mode. The Al,O3 crucibles
represented the reference inert material. The mass of
the samples analyzed varied in dependence on the
material properties from 7 to 40 mg.

2.2. Materials

Concrete composites of various compositions,
with various waste materials and supplementary
cementitious materials have been investigated using
thermal analysis. The incorporation of waste into

concrete allows saving the raw materials and natural
sources together with reducing the landfilled waste
amounts.

Hemp fibers original and chemically treated have
been analyzed prior their applications to the concretes
and built-in composites as well.

Expanded polystyrene (EPS) insulation boards
have been analyzed in terms of their thermal
resistance and stability.

3. Results
3.1. Concrete durability study

Thermal analysis was used to study potential
differences in thermal behavior of the concrete
sample before and after a corrosion experiment while
the sample was exposed to sulfuric acid of (pH = 3).
The record of the first derivative of the TG/TGA
curves - differential thermogravimetry (DTG) curves
of the concrete composite with silica fume addition

DTG X¥rtaln) ——— Before the experiment

rrrrrr After acidic suposurs
00 F
E-\\ L e
HERN e
P " i

02 e,
0.4 \
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o8 745°C, 0,71 %a/min | |

40

100 200 300 400 500 800 700 800 00
Temperature °C

Fig. 1. DTG curves of concrete composite with silica fume
before and after the acidic exposure.

under nitrogen atmosphere are presented in Fig. 1.
The DTG curve (Fig.1) consists of three peaks where
mass loss was recorded: 100°C - 150°C: release of
crystallized water and water dehydration from the
pores (C-S-H, etringit); 450 ° C - 550 ° C:
dehydroxylation of calcium hydroxide and
degradation of C-S-H gels, 700°C-850°C:
decarbonation of CaCOs. The DTG curve shows the
decomposition of concrete sample with silica fume
after sulfate exposure at a lower temperature
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(745 °C), compared to the sample before the
corrosion test (755 ° C). In this respect, the sample
after acidic corrosion was found to decompose
earlier.

This finding was clearly confirmed also by DSC
curves as it is seen in Fig. 2.

DSC {mWimg) Before the experiment

After the acdic exposure

i exo

02

" ‘\\ )
- " \_\\’/\\/

Fig. 2. DSC curves of concrete composite with silica fume
before and after the acidic exposure.

From the DSC curves, it is clear that the major
decomposition peaks in sample after acidic corrosion
are shifted to lower temperatures compared to the
sample before the experiment. This fact indicates a
lower thermal stability of the sample after acidic
exposure.

3.2. Thermal behaviour of hemp fibres

Another environmental approach is developing the
light composites based on natural plant materials
such as hemp. The study of thermal stability of hemp
hurds was very important due to its subsequent
incorporation into composite materials and use of the
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Fig. 3. DSC curves of referential and chemically treated hemp
hurds [17].

products thus prepared for various construction
purposes. Fig. 3 shows details of DSC curves of
hemp hurds in the most important temperature range
of 250-500 °C.

As seen from the DSC results, curves for modified
fibres have a different course in depending on the
used agents (NaOH — Sodium hydroxide, EDTA -
Ethylenediaminetetraacetic acid, Ca(OH), — Calcium
hydroxide) compared to the referential sample. In
case of all treated samples, the onset of temperature
degradation of the components of hemp hurds was
observed at higher temperatures in comparison to the
reference sample without any modification [17].

T

Endo

N

Heat flow / mW Exo-

-1
Vh =10°"Cmin

Fig. 4. DSC curves of referential and chemically treated hemp
hurds [18].

The thermal analysis performed under air
atmosphere provided different DSC curves of the
same hemp fibres, original and chemically modified,
as seen in Fig.4. In addition to the decomposition
peaks, the oxidation processes occurred. Thermal
stability and behavior of the hemp fibres was very
useful when considering the resistivity of the hemp
composites against a fire.

3.3. Polystyrene decomposition

Decomposition of the polymer materials is of
importance due to both stability and safety reasons.
Polymers, when decomposed, could release
dangerous pollutants to the air and thus negatively
affect human health. Thermal analysis is definitely
very important tool to assess their thermal resistance,
durability and potential risks. In our work, the
polystyrene insulation boards have been investigated
at different heating rates. Fig. 5 illustrate the
comparison of the DTG curves of polystyrene when
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Fig. 5. DSC curves of EPS heated at various heating rates.

heating at 2.5, 10 and 40 K/min under air
atmosphere.

As seen in Fig. 5, the rate of heating affects the
decomposition temperatures a thus the thermal
behavior of polystyrene is of great importance
regarding its application.

4. Conclusion

Three different application of thermal analysis
methods in environmental engineering have been
presented in the paper. Based on the results, it can be
concluded that the thermal analysis is a very effective
and valuable analytical tool which can actually
widely used for research in environmental, civil and
fire engineering.
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Compositions of volatile organic compounds emitted from natural
and synthetic polymers
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Abstract

Analysis of volatile organic compounds (VOCs) is an important method for understanding the chemical processes involved in
polymer degradation and for the identification of materials. Many times is this type of analysis closely connected with thermal
degradation during processing or during unwanted conditions. VOCs emitted during thermal treatment of plastics were
analyzed to indicate compounds which can caused unpleasant odor. In this work were compared different techniques for
analyzing VOCs from ligning and lignin composite. Identification was focused on comparison emitted sulphuric compounds.
Screening analysis were made at 80, 160 and 200°C by different atmospheres. To confirm which compounds are emitted from
samples, experiments were conducted and volatile organic compounds (VOCs) emitted from samples were trapped by
Tenax/Carbograph adsorption tubes and analyzed by TD-GC/MS or directly analyzed by py-GC/MS. In the present study
rubber, lignin/PLA/PHB composite and lignin were tested.

Keywords: TD-GC/MS; VOC; polymers; thermal desorption
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1. Introduction

Thermal desorption (TD) is a highly sensitive
alternative to conventional sample collection
procedures for volatile and semivolatile compounds,
such as solvent desorption tubes. It is more efficient
than other extraction methods and allows the
selective concentration of target analytes, making it
ideal for trace-level analysis by gas chromatography
(GC/MS) across a wide range of applications.
Thermal desorption is a process of collection and
desorption of analytes from solid sorbents using heat
and a flow of inert gas, rather than solvent extraction.
Analytes are then focused on a cold trap prior to
entering the analytical column, resulting in higher
responses and narrow, more symmetric peaks. This is
accomplished by interfacing a thermal desorption unit
with a GC/MS. TD is highly sensitive and can
significantly lower detection limits, by as much as
10%, as it allows water to be purged, further
facilitating the selective concentration of the
compounds of interest. Thermal desorption tubes can
be sampled actively with a sampling pump, or
passively with a diffusion cap, which are also
reusable.

Plastics are extremely diverse in terms of chemical
composition, properties and possible applications,
and are widely distributed in the society and the
environment. In the last two decades the global
annual production has doubled, reaching 245 million
tons in 2008. Several of the chemicals used to
produce plastics are hazardous for human health and
the environment. These, and their degradation
products, may be released during the life cycle of a
plastic product. The plastic polymers are not
considered as toxic, but in plastic products there may
be present non-bound residual  monomers,
polymerization chemicals, degradation products, and
additives which have toxic properties [1-3].

Study of volatile organic compounds (VOCs) brings
outputs/outcomes in several levels:

1) Environmental (toxicity, emitted hazardous
compounds)

2) Processing (stability, bonding, efficiency of
selected processes)

3) Conversation (preservation of
heritage artefacts)

4) Degradation (study of degradation and
stabilization process)

5) Recycling (secondary usage of materials,
converting waste materials into new
materials and objects)

cultural

At every level of this distribution is useful VOCs
analysis. Dependence of purpose is necessary to
change the conditions and process of emitting and
collecting VOC:s. In case of polymer stability study is
necessary to simulate typical conditions of material
purpose.

Generally isolated kraft lignins have a potential to be
a substance for bioplastics. Lignin acts as filler which
is suitable replacement of carbon black in quite wide
range of concentrations in rubber blend - the highest
reinforcing effect was observed in case of lignin.
Lignin improves rubber-to-metal and rubber-to-
polyesters adhesion. Lignin and lignosulfonates has a
great potential as antioxidant of rubber blends [1,4].

2. Experimental

In this article is shown possibilities of using some
of capturing and analyzing VOCs from three types of
polymers (rubber and lignin/PLA/PHB composite).
Capturing right into the absorption tube (Tenax +
Carbograph) in first and second case was used. In
third case releasing of VOCs by analytical pyrolysis
was used.

Conditions at capturing VOC’s from rubber: 80°C,
atmosphere — air, flow 60ml/min, duration 2hod

Conditions at capturing VOC’s from composite
(lignoplast): 160°C, atmosphere - CO2, flow
70ml/min, duration 2hod.
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Conditions at capturing VOC’s from lignin:
200°C, atmosphere — He, flow 70ml/min, duration
30sec.

2.1. Py-GC/MS analysis

The pyrolysis was performed with a Pyroprobe
5150 Series (CDS Analytical Inc.). The pyrolyzer
interface temperature was 150°C. Approximately 1.5
mg of sample was inserted into the glass liner and
placed immediately in the pyrolyzer probe. The
pyroprobe temperature was initially set and held for 5
sec s at 60 °C, and then ramped at 10 °C/ms to a final
temperature and held for 5 sec.

2.2. TD-GC/MS analysis

Sorbent tubes were thermally desorbed by a
thermal desorption unit (Unity 2, Markes, UK)
coupled to a gas chromatograph (GC 7890A gas
chromatograph Agilent Technologies, USA) with ion
trap mass spectrometer detector (MSD 5975C,
Agilent Technologies, USA). Thermal desorption of
sorbent tubes was carried out in a two-step mode. In
the first step, collected compounds were desorbed
from sorbent tubes for 4 min at 320 °C and a flow
rate of 50 mL.min-1 of He, carried through a 100 mg
Tenax™ TA cryogenic internal trap, cooled at -10
°C. Thereafter, in the second step, the trap was
desorbed at 300 °C for 1 min with fast heating (900
°C min).

For GC/MS analysis, a GC 7890A gas
chromatograph Agilent Technologies was used. The
separation was made on a 30 m x 250 um x 0.25 um
i.d. fused silica capillary column HP-5MS. The oven
temperature was held at 40°C for 2 min, and then
heated by ramp 20 °C/min to 300°C. The final
temperature was kept for 5 min. The injector
temperature was 250°C with splitless mode. Helium
was used as the carrier gas with flow 1,2 ml/min. The
end of the column was introduced into the ion source
of the Agilent Technologies model 5975C series
mass selective detector (MSD) operated in electron
impact ionization mode. The data acquisition system
used ChemsStation E software and analyzed

compounds were identified with NIST and Wiley
electronic libraries.

3. Results and discussion

It is possible to focus analyses according to which
parameter is desired: for polymer stability,
identifying toxic or odor compounds, checking
polymerization process, identifying of compound
which were used as catalyst/antioxidant/plasticizer
during polymer production. The main purpose of the
analysis of rubber was to identify compounds which
can be toxic or may cause unpleasant odor. On the
basis of identificated compounds is possible to
execute sensoric evaluation of pure compounds and
determinate compounds which generate unpleasant
odor. The toxicity of compound can be evaluated
according to known properties of each compound.
Main emitted compounds from rubber sample were:
aniling, cyclohexanone, 1,2-ethandiyl-bis(2-
methylacrylat), N-cyclohexyl-1-phenylmethanimin,
N-benzylidenaniline, etc

Table 1

Main compounds identified from lignin at 160°C

Mol.

RT Area . ¢ CAS
(min) (Ab*s) Hit Name Weight Number
(amu)
Carbon 000124-38-
1443 | 71777163 Carbon 43,99 2
1,767 | 2952397 Unk Unk Unk
2,032 1265122 Butanal, 3- 88,052 000107-89-
hydroxy- 1
2085 | 850631 Ethanethiol | 62,019 000015'08'
2,882 890485 Butanal, 3- 86,073 000590-86-
methyl- 3
2953 | 632508 Benzene 78,047 0000;1-43-
Furan, 2,5- 000625-86-
3374 | 1008712 dimetng, | 96058 :
3776 | 79318503 | DMEWl | gg g, | 000067-71-
sulfone 0
4022 | 9377160 Toluene 92,063 000128'88'
4391 | 593067 Hexanal 10%,08 0000?6-25-

*Unk — unknown
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Main compounds identified from pyrolysis of rubber at 80°C

RT Mol.
. Area . . CAS
(min) - Hit Name Weight
(Ab*s) (amu) Number

5,408 | 12789125 | Cyclohexanone 98,073 | 000108-94-1
Ethylidene

5,875 | 1502906 norbornene 120,19 | 16219-75-3

6,134 | 2455993 Benzaldehyde 106,042 | 000100-52-7

6,244 | 92926129 | Aniline 93,058 | 000062-53-3

7262 | ges3ee | L-Methylene-2- 108,094 | 006196-78-7
vinylcyclopentane
Cyclohexane,

8,376 | 3267892 isothiocyanato- 141,061 | 001122-82-3
2-Propenoic acid,

8,83 14684930 | 2-methyl-, 1,2- 198,089 | 000097-90-5
ethanediyl ester
3-Hexene, 2,5-

8,953 611879 dimethyl-. (E)- 112,125 | 000692-70-6
Phenol, 2-(1,1-

9,128 1669792 dimethylethyl)-4- 164,12 002409-55-4
methyl-

0,303 | 447277 | Undecene, 10- 168,188 | 022370-55-4
methyl-

9,335 572574 2-Tetradecene, (E)- | 196,219 | 035953-54-9

9,387 1021485 1-Octanol, 2-butyl- | 186,198 | 003913-02-8
Cyclopropane, 1-

9,931 | 468310 (1-methylethyl)-2- | 210,235 | 041977-39-3
nonyl-
Cyclohexanamine,

10,573 | 2193801 N- 187,136 | 002211-66-7
(phenylmethylene)-

11,214 | 2534039 | Benzenamine, N- g1 4eq | g00538-51-2
(phenylmethylene)-

In case of identification VOC s products from
lignoplast, the aim was to search compounds which
can caused unpleasant odor.

This study measured the odor and VOC emissions

of natural and synthetic polymers. Figure 1 shows the
volatile odor compound emissions of precipitated
lignin as an organic filler in case of third sample
(composite). Purpose of this comparison was to show
differences of emitted VOCs.

Odor production of the bio-composites can be
caused by the matrix polymer or the natural-filler, or
by a combination of the two. The matrix polymer can
emit unwanted odors, caused by residual monomers
or by decomposition products that occur in the
production process of bio-composites due to the non-
optimized heating temperatures [5-7].

Analytical Methods in Fire and Environmental Science

Fig. 1 TD-GC/MS analysis of VOCs from lignin at 160°C

o

X

Fig. 2 TD-GC/MS analysis of VOCs from rubber with addition of
stabilizer at 80°C

i
e o,

Fig. 3 Py-GC/MS analysis of VOCs from lignoplast at 200°C
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Sulphuric content is the one of mains reason for
generating the odor emitted by the bio- composites
consist of kraft lignin. These compounds can be
produced from natural-filler materials rich in
aromatic  polymer from wood. Lignin and
PLA/PHB/lignin can emit odors caused by the
thermal degradation due to the low degradation
temperature. Tables 1 and 3 list the emission
compounds, as detected by TD-GC-MS, of various
VOCs from lignin and lignin/PHB and PLA bio-
composites. The various VOC emissions of these bio-
composites were mainly caused by the oxidation of
the matrix polymer and the thermal degradation of
natural polymer. In case of lignin analysis and
biocomposite material made from lignin it is possible
to observe lower emittion of sulphuric compounds
which are undesirable by-products of biocomposite
production.  Methanethiol,  Dimethyl  sulfone,
Dimethyl sulfoxide were identified in final material.

Table 3

Main compounds identified from pyrolysis of lignoplast at 200°C

(rii-lr;) (ﬁgi‘z) Hit Name V\%ioglht CAS Number
(amu)

2,021 6743 Carbon dioxide 43,99 000124-38-9

2,465 76549 Methanethiol 48,003 000074-93-1

3,226 | 24424 Dimethyl sulfone 94.01 000067-71-0

4,882 | 52826 | Dimethyl sulfoxide | 78.01 000067-68-5

6,581 6743 Unk Unk Unk

*Unk - unknown

4, Conclusions

The objective of this work was to analyze emissions
of VOCs from the lignin, rubber and
lignin/PHB/PLA composite. It has been found that
for lignin the main identified emission at temperature
160°C consists of sulphuric compounds which are
undesirable. At the highest temperatures were
identified substituted phenol and benzene. After
desorption from tubes was determined odorous
substances from lignin. The main substances were
identified as: methanethiol and dimethyl sulfone,
methanethiol and dimethyl sulfoxide. This

information allows us to use suitable treatment for
elimination of that substance from lignin. Based on
the results obtained from bio-composite VOC’s the
content of sulphuric compounds is still parameter
which has to be solved. Application of these results
can lead to the creation of rubber-lignin composites
and application of compound which can act as
emission stoppers. Recyclability and biodegradability
of these composites are important part of future
development in natural and synthetic polymer
industries.

Acknowledgments

This work was supported by the Slovak Research and
Development Agency under the contracts No.
APVV-15-0052 and APVV-0393-14. This article was
realized also thanks to the support for infrastructure
equipment by the Operation Program Research and
Development for the project "National Center for
Research and Application of renewable energy
sources” (ITMS 26240120016, ITMS 26240120028)
for the project "Competence center for new materials,
advanced technologies and energy"(ITMS
26240220073) and for the project "University science
park STU Bratislava" (ITMS 26240220084), co-
financed by the European Regional Development
Fund. The authors would like to thank for financial
assistance from the STU Grant scheme for Support of
excellent Teams of Young Researchers under the
contract no. 1663.

References

[1] Héz, A., Jablonsky, M., Sladkova, A., Feranc, J., & Surina,
I.: Key Engineering Materials, 688 (2016)

[2] Delilah Lithner, Ph.D. thesis, Environmental and health
hazards of chemicals in plastic polymers and products (2011)

[3] Kubagkova, J., Ferenc, J., Hudec, L, Suty, S., Jablonsky, M.,
Annus, J., & Pret'o, J.: Elastomery, 17(3), 21-27 (2013).

[4] Feldman, D. (2002). Lignin and its polyblends—a review.
In Chemical modification, properties, and usage of lignin (pp.
81-99). Springer, Boston, MA.

[5] Kim, H. S., Kim, S., Kim, H. J., & Kim, H. G. (2006).
Physico-M echanical Properties, Odor and VOC Emission of
Bio-Flour- Filled Poly (propylene) Bio- Composites with

0O N



_Earth -

in-a Trap?+ 2
'I 4 1
1S ‘s
Earth in a Trap? 2018 %9
Analytical Methods in Fire and Environmental Science
Different Volcanic Pozzolan Contents. Macromolecular [7] Hodéasova, L., Jablonsky, M., Skulcova, A., Haz, A.: Wood
Materials and Engineering, 291(10), 1255-1264. Research 60.6: 973-986 (2015)

[6] Suty, S., Haz, A, Lauko, T., Feranc, J., Plavec, R..
Identification of odorous substances in kraft lignin for
bioplastics. In PMA 2015 & SRC 2015, 56-59 (2015)



__Earth

in a_Trab?

60 Earthina Trap? 2018
Analytical Methods in Fire and Environmental Science

Comparison of Forces and Means at the Fire of Selected
Petroleum Large-Capacity Tanks
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Abstract

Fires of petroleum in large-capacity storage tanks belong to the most demanding fire interventions from the viewpoint of
deploying the sufficient amount of forces and means. The article deals with forces and means necessary for a successful
suppression of such fires for three real bulk storage tanks. The selected tanks are of a similar make but of different
dimensions. The forces and means are calculated for the two most complicated scenarios. The calculations were performed
according to the Regulation of the President of the Fire and Rescue Corps of the SR No. 39/2003. The results given in the
table show that the necessary amount of forces and means grows directly with the dimensions of the tanks. In the present, it is
not possible to exclude the risk of a real fire; therefore, it is necessary to consider the necessary deployment of the forces and
means already at the beginning of its construction and/or installation.

Keywords:fire scenarios; fire suppression; large-capacity storage tank
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1. Introduction

Currently, there are several variants of the large-
capacity petroleum storage tanks in operation. The
comparison of fire safety of individual tank types and
possible solutions of fire suppression of these tanks is
not definitely settled yet, at least in some European
countries.

In Slovakia, petroleum is stored in large-capacity
tanks whose storing capacity ranges from 30,000 to
100,000 m3. At the pumping station in Tupa (in the
proximity of Sahy — 6 km) there are large-capacity
storage tanks in the above-ground make where the
maximum content of the stored petroleum is 320,000
m?3. There are six tanks of the 30,000 m* capacity and
two tanks with the capacity of 70,000 m®,

The MERO Company (the Czech Republic) has
the maximum capacity of 1,550,000 m? at the central
supplies of petroleum in Nelahozeves. It consists of
four tanks with the storage capacity of 50,000 m?, six
tanks with the capacity of 100,000 m® and six tanks
with 125,000 m® capacity. Compared to the storage in
Tupa, it stores five times bigger amount of
petroleum.

Double-shell large-capacity tanks are in an above-
ground make, standing, cylinder shaped, steel parts
welded — all metal. They have chamber floating roof
which floats on the surface of the stored liquid. The
roof is also welded from steel parts. Created air cells
enable floating of the roof on the surface of the stored
liquid [1].

The main task of the fire forces arriving first to the
scene is to perform the necessary measures to control
the spread of fire. It mainly means to cool down the
fire affected tanks, to cool down neighbouring tanks,
measures to prevent ignition of vapours in
neighbouring tanks, collection tanks (outer shell of
the tank), pipelines, sewage, and technology piping.
When neighbouring tanks are being cooled down,
especially those tanks which are directly affected by
flames from the burning tank are being cooled down
on the adjacent side. Cooling the tanks placed on the
sides or downwind in the distance equalling to the
diameter of a burning tank is performed in the second
step [2].

Considering that each storage tank at the PS4 (a
pumping station) in Tupa (Figl) and in Nelahozeves
(Fig.2) would have at least two neighbouring tanks
within the distance of two diameters of the burning
tank, it is necessary to consider at least two
neighbouring tanks to cool down. To simplify the
comparison of calculations, the 30,000 m® storage
tanks neighbouring the burning tank (applied also for
the central supplies in Nelahozeves) are considered.

Fig. 1 Satellite image of the pumping station in PS4 in Tupa
[author’s archive]

Fig. 2 Satellite image of the petroleum central
supplies of the MERO company in Nelahozeves
[author’s archive]
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Cooling down is executed via deluge guns or solid
stream nozzles. The advantage of the deluge guns is
their higher reach and output.

The Regulation of the President No. 39 does not
define the cooling down of the neighbouring tanks;
therefore, only storage tanks are considered.

2. Methodology and calculation

Possible fire scenarios:

1 A fire in between the roof and outer shell of
the tank — S1 scenario.

2 A fire of the collection tank and the space
between the roof and the shell of the tank —S2
scenario.

3 A fire of the storage tank — complete
surface (when floating tank roof is submerged) —S3
scenario.

4 A fire of an accident tank (when floating
roof of the storage tank submerged and shell of the
storage tank is damaged) - S4 scenario.

5 A fire of the accident tank (the space
between the inner and outer shell of the tank) — S5
scenario.

The most complicated fires seem to be the
scenarios S3 and S4. The forces and means are
calculated for S3 scenario for the storage tank with
the capacity of 30,000 m®, the other results shall be
recorded in the table for the comparison. In case of
S4 scenario the cooling down of the accident tank
(60 I.m2.min.™) shall be used for the calculations.

D — diameter of the storage tank (42.8 m)

Dy — radius of the accident tank (53.6 m)

Sh— area of the petroleum rim in the storage tank
(1439 m?)

Shh— area of the petroleum rim in the accident tank
(2 256 m?)

lp — required volume of the extinguishing agent
(heavy foam) (75 L.m2.min.?)

1 — required volume of the water supplies to cool
down the burning tank (30 I.m™.min.?)

1%ns — required volume of the water supplies to
cool down the tank when storage tank is burning (60
[.m™min.?)

Q", — required volume of the water supplies to
cool down the neighbouring tank (12 I.m™.min.)

— required supplies of an extinguishing agent
(I.min.")

The necessary supply of the extinguishing agent
can be calculated from the relation (1):

h
Q, =95, xI
PP ey

Q" = 1439 x 75 =107 925 I.min."t = 108 m3.min. !
(foam)

The volume of the necessary solution is
determined by the ratio of the foam and the
expansion rate. The expansion rate is within the
interval of 0 to 20, the value of 7.5 was used for our
calculations. It is the ratio of the created foam to the
foaming solution from which the foam was created.

The volume of the foaming solution was
calculated by the relation (2):

Qpr = Vp
)

Vp — required volume of the extinguishing foam
l.min.?

Cn — expansion rate for the selected stream (or
other device) 7,5

Qpr =107 925:7,5=14 390 l.min.?

The foaming solution consists of the water and
foam concentrate. The percentage of adding the foam
concentrate depends on the kind of the used foam
concentrate, foam generator and mixing device. The
foam concentrate producer suggests the suitable ratio
of mixing, which usually is a few volume percents.

The amount of required volume of the foam
concentrate was calculated by the relation (3) for the
foam concentrate Sthamex — AFFF 1% F-15 with 1%
ratio of mixing given by the producer.

0 H-ON
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Vo =Qp x Py )

Vp— required volume of the foam concentrate per
minute
Pp— percentage of mixing 1% — (0.01)
Vp=14390 x 0,01 =143.9 = 144 |.min.!

To ensure the successful suppression of fire it is
necessary to secure uninterrupted delivery of foam
for 10 minutes.

The necessary amount of foam concentrate shall
be calculated from the relation (4):

Vp =N, xQ, xt, XZ 4

V, — foam concentrate amount (1)

npr — number of foam making nozzles (pcs)

gp — flow of an individual foam — making nozzle
(I.min%)

t» — required time of suppression — 10 min.

z— foam concentrate supplies — 3

Deducting the foam concentrate amount from the
required foaming solution the required volume of
water supply to suppress the tank per minute
according to the relation (5):

QV = Qpr _Vp 5)

Qv — required amount of water per minute during
extinguishing by foam
Qpr — volume of foaming solution for the

Qv=14 390 — 144 = 14 246 L.min. >

Amount of water required to cool down the water
tank shall be calculated by the following relation (6):

Q. =7zxDxI}

p p (6)

Q% — required amount of water to cool down the
particular tank (I.min"%)

D — tank diameter (m)

1° — required amount of water for cooling (I.m"
Lmin?)

° =3.14x42.8 x30 =4 034 l.min.!

The water supply necessary for cooling down the
neighbouring tanks shall be calculated by the relation

(7):

Qo =mx05x7zxDx1) o

Q% — necessary amount of water for cooling
neighbouring tanks (l.min)

m— number of cooled tanks (they must be of the
same diameter)

D — diameter of the cooled tanks (m)

1° — required amount of water for cooling (Il.m"
Lmin?)

Q% =2x0.5x3.14x42.8.12=1614 L.min*

The total supply of water per minute shall be
calculated by the relation (8) as the sum of necessary
water supply for suppression (without foam
concentrate) and water supply to cool down the
burning and neighbouring tanks.

QC :Qg +Qv ®)

Qc= 14246 +4 034 +1 614 =19 894 |.min.

To calculate the supplies, the Ambassador Monitor
(Fig 3) shall be used. There are two in the firefighting
equipment of the Fire Brigade in Tupa. The design of
the mentioned monitor enables its use during a real
fire threat.
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Fig. 3 Ambassador Monitor

Multi-purpose monitor Ambassador with high,
controllable performance is designed to suppress the
large-scale fires. It concerns especially fires in the
petroleum industry, where there are required big
amounts of extinguishing agents necessary to deliver
for bigger distances and heights in many cases. The
monitor is manually controlled with the adjustable
performance in the range from 3,700 to 22,700 I.min~
! at the pressure of 0,7 MPa. The intake of water for
the monitor is provided by 4x150 mm ready for
connecting of A type hoses. The 100 mm diameter
hose can add foam concentrate or foam powder in the
monitor.

To control the device, the producer recommends 5
people, the others are necessary to ensure continuous
supplies of water and foam concentrate. It should be
positioned in distance of 35 — 75 m from the fire sire
depending on the diameter of the tank being
extinguished [3]. The reach of Ambassador for
different flow rates and connectors is given in Table
1.

Table 1

The reach of Ambassador

2 connectors 7400 l.min.* Reach of 70 m
3 connectors 14800 I.min.* Reach of 90 m
4 connectors 22 700 I.min.* Reach of 120 m

The number of streams to suppress the fire is
calculated from the equation (9):

h
N _&

pr—q 9)
pr

NPor — number of streams to suppress the fire (pcs)

Q", — necessary amount of extinguishing agent to
suppress the fire (I.min?)

gpr — flow rate of the nozzles (I.min)

The number of the nozzles necessary to suppress
the fire can also be calculated from the relation (10):

Nh _ Sp
pro— (10)
S

Sp — area of fire or the area of suppression (m?)
Spr — area which can be suppressed by one nozzle
(m?)

The number of nozzles for protection (for cooling)
can be calculated from the relation (11):

v -
A pr

N°: — number of streams necessary for protection
- cooling (pcs)

Q% — necessary amount of water for cooling
(I.min')

gpr — flow rate of the nozzles (I.min)

11)

The total number of streams can be calculated
from the relation (12):

h
I\Ipr :Npr+Ngr (12)
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The number of firefighting vehicles (pumper
trucks, water tender) is determined from the relation

(13):
Q
NA:_L(B)
A

Na — number of firefighting vehicles (pcs)

Q. — total necessary amount of water (I.min)

ga — supply of one vehicle (I.min')

The number of necessary firefighters is
determined from the relation (14):

N, :(ang +3xn) )x125 (g

n°% — number of ,,C* nozzles (two firefighters per
one nozzle)

nb, — number of ,B* nozzles (three firefighters per
every nozzle) [4].

3. Results and discussion

To cool down the affected tank the turntable
deluge gun WR30 with the nozzle diameter of 30
mm, flow rate of 1,660 l.min" at the pressure of 0.8
MPa, distance of the reach 60 m and height of the
reach 45 m, while there are two firefighters counted
to operate the deluge gun WR 30 according to the
Regulation 39/2003. To cool down the neighbouring
tanks the intervention was designed for nozzles of B
type with the nozzle diameter of 18 mm at the
pressure 0.4 MPa and flowrate 400 l.min.t. The
number of water tenders/pumper trucks (CAS)
necessary at the site is determined from the relation
(13), while the calculations were made under the
condition of the long-term supply of one vehicle
3,000 I.min. without the need of remote of shuttle
transport of water (an ideal case) including the
corporate fire water piping and hydrant network with
the sufficient flowrate and pressure. The calculated
values of the observed parameters are given in Table
2.

Four firefighters in the turnout gear resistant to
radiant heat were counted per one mobile
Ambassador Monitor. Two firefighters in protective
gear were counted per one turntable deluge gun WR
30. The number of intervening firefighters in
protective gear is the sum of the number of
firefighters to operate Ambassadors and the number
of firefighters necessary to cool down the affected
tank with the deluge gun WR 30.
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Table 2
The calculation of forces and means
Calculated tank 29062 m? 72803 m® 124 968 m?
volume
Scenario S3 s4 S3 s4 S3 S4
Tank diameter (m) 42.80 53.60 66.00 80.00 84.47 90.47
Suppression area 1439 2 256 3421 5027 5604 6428
(m?)
Foam 107 925 169 200 256 575 377 025 420 300 482 100
(I.min. %)
Foaming solution 1 4 39, 22 560 34210 50 270 56 040 64 280
(I.min. %)
Foam concentrate 144 226 342 503 560 643
(I.min. %)
Necessary foam 4320 6780 10 260 15 090 16 800 19290
concentrate (1)
Necessary water
(L.min.) 14 246 22334 33868 49 767 55 480 63 637
Cooling of the
burning tank 4034 10103 6220 15080 7961 17 053
(I.min. %)
Cooling of 1614 1614 1614 1614 1614 1614
neighbouring 6 6 6 6 6 6
tanks (I.min. %)
Cooling total 5648 11717 7834 16 694 9575 18 667
(I.min. %)
Water total 19 894 34051 41702 58 921 65 055 82 304
(I.min. %)
Number of 1 1 2 3 3 3
Ambassadors
Necessary 3 7 4 10 5 1
WR 30 cooling
top tank
8 300 18 260
Water for the
number of WR 30 4980 11 620 6 640 16 600
Number of B 4 4
streams 4 4 4 4
Water for number 1600 1600 1600 1600 1600 1600
of B- streams
Number of CAS
10 12 18 29 26 30
Number of
equipped

firefighters 14 18 16 32 22 34

0 H-ON
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poziarov ( transl. - The Regulation of the Prezident of the Fire
4. Conclusion and Rescue Corps of the SR on Content and Procedure for
Documentation of Fire Suppression), ¢. 39.Bratislava. 2003

To successfully suppress the fire, the firefighting
technique and means were chosen so that there is the
least demand for the intervening firefighters in the
dangerous zone of radiant heat. The mobile monitor
Ambassador was introduced for its sufficient reach
and flow rate parameters. As the final results showed
(Table 2), Ambassador is one of the most suitable
alternatives for suppression of fires in large-capacity
tanks.

During the calculations, we assumed there is
always only one burning tank while there were
chosen the scenarios which are more difficult for fire
suppression. The tactic exercises are usually aimed at
only one tank; however, it is not excluded that there
can be the fire of more tanks as the fire can shift to
other neighbouring tanks or the same ignition source
can ignite other tanks as well. The deployment of
firefighters in specialized gear protective against
radiant heat (Table 2) suggests the high demand of
intervening firefighters. The initial intervention
should be carried out by the firefighters at the
corporate fire brigade. Their number is, at present,
rather low at the Fire Brigade in Tupa.
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Abstract

The forest wheeled skidder has been developed from its beginnings as a single-purpose machine for the needs of skidding in
the forest. The paper deals with the analysis of input factors that predispose this type of construction to ensure the transport of
water supply in case of fire brigades in forest fires. The input factors for the use of LKT mainly include analysis of the terrain,
which is capable of this type of equipment to move, analyze the appropriateness of placing the adapter for the transport of
water, the selection of appropriate materials, design and construction solutions. The aim of these analytical procedures is to
conservation the original features and to extend the target use of special machines.

Keywords: forest wheeled skidder; adapter; duty of water; forest; forest fire fighting

* Corresponding author. Tel.: +421-45-5206826; fax: +421-45-5330027; e-mail:chromek@tuzvo.sk.

1 LKT: Forest Wheeled Skidder,
2 CAS: Pumping appliance.
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1. Introduction

Design and development of pumping appliance for
fire-fighting in inaccessible forest fire areas collides
with high costs from point of view of development,
and also with limited possibilities of mass production
(piece production). The last question is utilization of
such a one-purpose machine, mainly number of uses
in relation to working life of the machine. This is the
basic problem, that creates a room for alternative
solutions. In this paper the solution is based on
analysis of the terrain in which the machine operates,
selection of a machine that exists in present, and is
suitable for this environment, design of a body —
adapter, based on water tank, selection of suitable
materials from point of view of strength and low
weight. Another criterion is a shape of the water tank
with accent on conservation of native travel abilities
of the base vehicle.

In the case of any forest fire, forest land in the
conditions of the Slovak Republic, is characterized by
under-dimensioned availability of the space.
Recommended norms in relation to forest road
network, for flat terrain 15 m*ha?, for hills 22.5
m=*ha, and for mountain conditions 27.5 m*ha*, are
based on the needs of optimal forest management,
where it is possible also include fire protection [1].
According to data from the Green Report 2015 [2],
this status is basically persistent. In 2015, the share of
1L roads was only 17.35%, with the use of 1L
foreign roads not more than 24%. More details are
given in Table 1.

As it can be seen from these data, the basic space
for the transport of water in the case of forest fires are
mainly ground paths of class 3L + TPC and the forest
background itself, with a high average stocking,
characterized by windfall, gully, creating terrain
inequalities even at relatively small altitudes outside

alpine and mountain areas. In this area, it is possible
to move only field vehicles with an emphasis on all
aspects of accessibility, not excluding sloping
accessibility, but also maneuverability in a limited
space. This type of terrain is at least suitable for the
movement of basic types of fire-fighting equipment,
including the most advanced CAS?, which is the
TATRA 815-7 CAS 30 6x6 [3].

The main disadvantage of this machine is the high
weight (25 t) and in particular the length of the
vehicle, exceeding 9 meters (9.4 m). These two
parameters, despite the amount of fire extinguishers
onboard (9,000 1), significantly reduce the use of this
type of vehicle, predestined for forest fires to
maneuver outside the forest road network. Similarly,
the CAS on the T 148 and T 815 chassis.

2. Material and methods

The main task of LKT? is to move wood from the
forest to the place of further manipulation. In the case
of a transport of an extinguishing agent, it is a change
of the basic working algorithm. The space remains,
the direction of movement changes only. For this
reason, considering how to use LKT for these
purposes, the following concepts of its use are taken
into account:

1) the use of LKT in the form of a pulling device
to increase the CAS’s accessibility (Figure 1),

2) the use of LKT as a pulling device for pulling
a one-axle or two-axle trailer (Figure 2)

3) the use of LKT as a carrier for the transport of
water — a special purpose machine (Figure 3)

4) the use of LKT as a carrier for a removable
water transport superstructure (Figure 4).

Table 1
Forest opening with the transport network
Year 2014
Types of road .
Length (km) Density (m.hal)
Haul forest roads class 1L (carriageway) 6 516 33
Own roads
Haul forest roads class 2L (metalled road) 15051 7,7
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Earth forest road 3L + TPC 16 039 8,3
All 37 606 19,3
Foreign roads — haul forest roads 1L 3212 1,6
All (own a foreign) 40818 20,9
As it can be seen from concept 1, LKT is used as a

traction device to increase the uptake of fire-fighting Concept 2

equipment in the forest terrain. In this case, the MB
UNIMOG CAS is drawn. Similarly, in the past, the
traffic ability of CAS vehicles on ZIL 131 or Praga
V3S chassis has increased. However, this solution is
at the limit of the possibility of this technique with
the risk of its damage or destruction.

Concept 1

Pumping appliance (CAS)

Fig.1 Utilization of LKT in the form traction gear to increase the
endurance distance of CAS

Concept 2 hits a limited capability of the trailer, in
relation to its stability when crossing the terrain
(churning up the road, the tracks on the road, the
stones or the root stones and the tires).

1 LKT: Forest Wheeled Skidder,
2 CAS: Pumping appliance.

Water tank
Trailer

Fig.2 Utilization of LKT in the form traction gear to increase a

one-axle or two-axle trailer

Concept 3

Water
tank

Fig.3 The use of LKT as a carrier of a fixed superstructure for

water transport — a special purpose machine
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The concept 3 shows the uniqueness of such a
machine, which significantly increases the costs of its
production and operation. Small-scale or piece
production does not ensure its presence in the area, in
the event of a forest fire.

Concept 4

Fig.4 The use of as a carrier of detachable body for water transport

Under concept 4, the original purpose of LKT is
preserved, with minimal constraints on driving
characteristics. With a volume of carried fire-
extinguishing material, approx. 2000 | replaces
vehicles based on P V3S or MB UNIMOG chassis. In
this way, the original LKT function is retained with
minimal delay when applying the superstructure to
the rear LKT shield. After transporting the
superstructure into the space, the superstructure may
be used as a water reservoir, with the possibility of
possible aviation addition (top cover), or can be
reused for LKT supply. Such an extension may also
include accessories for the placement and transport of
other technical means for the needs of firefighters in
action.

3. Results

The design of the fire-fighting body must be
adapted to the parameters of base machine LKT. The
LKT will be carried on the inclinable rear log arch.
The fire-fighting body must be further mobile, so it
can be dismantled. The proposed fire-fighting body
with its equipment will meet the criteria for forest fire
interventions and monitoring of forest area.

The basic technical parameters for the fire-fighting
body on LKT will be:

= water volume of about 2,000 liters,

= fire-fighting body equipment (high-pressure
motor pump, fire extinguishing box),

= anchorage of the fire-fighting body on the
inclinable rear log arch,

= the protective frame that ensures fire-fighting
body handling (tank transfer, tank lifting),

= independent extinguishing after disconnecting
the base-machine,

= possibility of transportation of parts to build a
lake system of water relay of forest fires-
fighting.

Based on the fact that the proposed fire-fighting
body is to be used in the complicated terrain of
mountain forests, its weight must be monitored in its
design. In order to increase capacity weight base
machine, but also to ensure maximum handling a
four-member operator is therefore allowed for

lightweight construction tanks of composite
materials. [4]
Composite materials play an increasingly

important role today in the selection of material for
the production of specific parts. Their use comes
mainly from the effort to replace steel and other
metals, increase strength, reduce weight, chemical
resistance, corrosion resistance, and so on. Composite
material parts have excellent properties that
impossible of achievement with other materials.
Their use is very universal. They are mainly used in
the aerospace, marine and automotive industries.
Other applications are in electrical engineering,
electronics, power engineering and mechanical
engineering.
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Fig. 5 SEM images of composite sandwich material (fiberglass)

According to [5], the properties of the fiberglass
are given by the type of resin used and the type of
reinforcement, the proportional share of glass fibers
in the total volume and their arrangement. Strength
increases with increasing fiber content and their
arrangement in one direction. Good interaction of the
glass fibres with the matrix in the form of epoxy is
proved on the base of the conclusions of mechanical
testing and subsequent results of the electron
microscopy [6]. As early as in the design stage, the
individual components are dimensioned to withstand
many times greater loads and stresses than it is
envisaged for operational conditions [7]. The analysis
was needed to assess the suitability of the material
proposed by the tank in terms of its strength and
possible material savings in its production. The
microstructure of the fibers of the composite used is
shown in Figure 5. For this reason, the water tank
does not exceed 130 kg. In the future we also see the
possibility of producing composite water tanks using
natural fibers, which are currently devoted to various
authors in their research [8]; [9]; [10]; [11]; [12];
[13]; [14]; [15]; [16]. Replacing of the synthetic
fibres by the natural ones has a lot of benefits which
can be rationalized also by means of an ecological
equilibrium [8].

For transport safety and prevention of vertical and
horizontal movement of water in the water tank
during transport, as shown in Figure 6, we considered
the construction of internal wave-breaks. These
breakwaters are part of the construction of the water
tank itself, thereby increasing its overall strength. To
simplify maintenance has been undertaken to
construct a removable lid.

1 LKT: Forest Wheeled Skidder,
2 CAS: Pumping appliance.

Fig. 6 Design of water tank construction with built-in wave-breaks
[17]

Requirements for the transport of the tank in the
forest terrain and the possibility of its damage
required the structure of the protective frame (Fig. 7),
which performs a protective function during
transport, but also when manipulation the water tank
outside the transport. In addition, in an emergency, it
can serve as an improvised trailer for transporting
other materials (fire hoses, pumps, etc.).

Fig. 7 The resulting design of an adapter for water transport

On the basis of the resulting amorphous model as
a finite element mesh, we started the draft supporting
frame of the fire-fighting body. The supporting frame
will carry a fire-fighting body consisting of the
composite water tank, the protective frame, the pump
and the fire-fighting equipment. The resultant shape
of the carrier frame is shown in Fig. 8. [18]

Fig. 8 Design of the supporting frame for the fire-fighting adapter
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Based on FEA analysis (Fig. 9), we simulated the
load on the supporting frame from the full water tank
while the load was at an acceptable level.

Fig. 9 FEA analysis — max Von Mess Stress 347 MPa, max z
displacement 1,355 mm

Additional equipment of the portable water tank to
the demands of accepted practice:

= water pump (suction head 8 m / total head 80 m
/ capacity -1 500 L.min"* / suction and discharge
port diameter 2°),

= 2" suction hose with strainer — length 0,25 m,

= hose "C" (fire hose with connector) 20 m and
hose "D" (fire hose with connector) 20 m,

= dividing breeching 2xC+1xD,

= hand branchpipe ("C" Profi, "D" Profi),

= ball valve "C" with connector,

= the ax-hoe, the spade and the shovel.

This equipment is intended to ensure an
autonomous capacity to refill the tank from the
nearest natural water source, as well as to manage the
intervention itself in a complicated terrain. The final
version of the design is shown in Figure 10.

Fig. 10 The final version of the adapter design

4, Conclusions

In conclusion, we can say that at the present time
the representation of LKT type machines is
predominant in the Slovak forest but they do not have
a similar fire-fighting body proposed in the present
submission. Based on the above analysis, it would be
appropriate to process the proposal, on the basis of
which a fire-fighting body of the said structure would
be incorporated into the fleet. The fire-fighting body
would be quickly adaptable to the LKT base machine
and would provide an effective fire-fighting tool,
especially in difficult forest terrains.
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Reduction of fire risk indicators at oil and gas industry companies
by use modified water-gel compositions for thermal protection of
oil products tanks
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Abstract

There are represented the researching physical properties of modified hydrogel, prepared by polymers of acrylic acid marked
«Carbopol ETD 2020», in conditions of thermal and electrophysical modification by the variable frequency modulated
potential (VFMP). Data on changes of hydrogels density was came into the procession of gelling agent concentration, thermal
and electrophysical modification by VFMP. Determined, that comparative time of modified hydrogels heating increases with
increasing gel agent concentration in conditions of VFMP, also the comparative time of heating increases with thermal
influence for modified hydrogels near the critical temperature value 4 °C. Concluded, that modified hydrogels may be used to
improve the efficiency of the thermal protection of oil products tanks.

Keywords: hydrogel; electrophysical and thermal modification; thermal protection; variable frequency modulated potential; oil products fires;
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1. Introduction

When eliminating fires of oil products in tank
farms accompanied by significant heat release due to
flaring combustion of steam-air mixture, it is
necessary to cool and provide thermal protection of
technological reinforcement of tanks adjacent to the
burning [1].

Extinguishing of such fires is complicated by the
fact that boiling and release of oil products is possible
due to long heating of the tank walls [2]. For the
purpose of thermal protection of the burning and
adjacent tanks use standard fire-technical equipment
(mainly manual and fire monitors trunks) [3].

Water is most often used as a cooling agent in case
of fires in warehouses of oil products. Water is the
most affordable fire extinguishing and cooling agent,
with good thermophysical characteristics. However,
low viscosity and low adhesion properties do not
allow efficient use of water for thermal protection of
metal structures of tanks.

Hydrogels have better adhesion to wood, metals,
polymers and other materials than water, low
corrosion activity and good performance [2]. In this
regard, the development of technologies for obtaining
effective water-gel compositions with improved
technical and economic indicators is relevant.

2. Statement of research problem

In conditions of flaring combustion, the maximum
average surface density of the flame torch radiation
of the burning tank grcan be determined by the
formula [4]:

Q: = (335 +7112/d,) - m,, - 10

where d,, is the diameter of the burning tank; m,, is
the mass rate of liquid burnout.

Modeling of the tank heating process with oil
products in case of fire in the adjacent tank is
described in [5]. Assuming that the roof and walls of
the tank are heated evenly, the bulk of the heat is
transferred from the burning tank to the neighboring

one by radiation, the amount of heat energy Q,for
heating the metal wall and the roof of the tank by
temperature T, is described by the ratio:

dQy = Si 8¢ pc .- dTy

where S, 8., p¢, ¢. — the area, thickness, density
and heat capacity of the steel material of the tank,
respectively.

In the conditions of application of thermal
insulating substances on the outer surface of the tank,
the amount of heat Q, consumed by the heating layer
of the protective substance at a temperature T;, can be
determined by the ratio:

dQy; = Sp*6ppncpdly

where Sy, &n, pn, i 1S the area, thickness, density
and heat capacity of the insulating substance,
respectively.

Thus, the method of increasing the efficiency of
protection against heating of vapor-gas mixture and
liquid inside the tank in the conditions of external
heat exposure, can be a change in the values of
thermal capacity of hydrogels. The solution of this
problem is possible with the modification of
hydrogels with the help of temperature and
electrophysical effects on water and gel-forming
component included in its composition.

In the case of electrophysical influence on water
systems, insignificant in its energy parameters
influence can lead to changes, which increase the
effect of influence by many times [6].

One way electrophysical impacts on the water
system is frequency modulated potential (VFMP) [7].
In [8] the increase of oxidative-reducing potential of
distilled water samples is noted, as well as the
increase of pH of water-salt solutions in the
conditions of electrophysical influence.

Application of extinguishing agents (AEA),
modified with impact VFMP, in terms of the already
developed diagrams of extinguishing fires is
considered in [9]. It is established that the modified
AEA can be applied in standard diagrams of fire
extinguishing, do not demand change of a design of
the standard equipment.
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It is known that some anomalies are characteristic
for water, in particular, the heat capacity of water
decreases with temperature rise up to 40 °C, the
viscosity of water decreases at a temperature from 0
to 25 °C. this allows using these properties for
modification of water systems.

To assess the possibility of using modified water-
gel compositions in thermal protection installations,
the results of studies of molecular structure, heating
dynamics under convection conditions for water-gel
compositions modified under electrophysical and
thermal action are presented.

3. Research materials.

Distilled water and hydrogels based on it were
used as materials for the research. A lightly
crosslinked acrylic polymer (LCAP) of the brand
"Carbopol ETD-2020"was used as a gel-forming
component.

In this research, the technology of water treatment
included the impact VFMP with parameters 220 V,
50 Hz for 30 min. for 4 °C and 20 °C. Further, in the
container of water was added to the sample LCAP in
a concentration of from 0.1 to 1.0 wt. %. During the
period of gelation (12 hours) continued impact
VFMP. Stabilization of the hydrogels was carried out
by introducing into a dispersion of 20% aqueous
ammonia solution at a concentration of 0.1 — 1.0
wt.%.

4. The density of the modified hydrogels

Measurement of density of the hydrogels was
carried out by measuring the mass of a substance
using an analytical balance brand of "VIBRA
LN3202CE" in a fixed volume of fluid. Data on the
density of hydrogels depending on the concentration
of LCAP are given in Table 1. A decrease in the
density of hydrogels with an increase in the
concentration of the gel-forming component was
noted. When exposed VFMP a decrease in the
density of the hydrogel.

Hydrogels obtained on the basis of water at 4 °C,
as a rule, have a higher density than samples obtained
at 20 °C. This effect can be explained by reducing the
density of water with an increase in temperature [10]
and fixing the structure of water with LCAP. The
impact VFMP also contributes to a slight (0.2 — 0.3
percent) decrease in density of the hydrogels, due to
additional electrostatic forces in the cross-linked
polymer chains LCAP [11].

The heating time of the modified hydrogels to the
maximum temperature increases with the increase in
the concentration of the gel-forming component. The
time of heating the hydrogel at a concentration of
LCAP from 0.1 to 0.2 wt. % less time heating the
distilled water by 30 — 50 %, while at higher
concentrations of the modified hydrogels are heated
much more slowly, with better results for gels with a
concentration of LCAP 0.25 to 1.0 wt. %. For all
samples of hydrogels, structured on the basis of water
at a temperature of 4 °C, there is a significant (up to
60 %) increase in the heating time of the liquid [12].

Investigation of the mechanism of heating and
boiling of modified hydrogels under thermal action

Researches of the mechanism of heating and
boiling of hydrogels and determination of
dependence of thermal conductivity on a method of
modification of hydrogels and concentration of
LCAP were carried out at chair of Safety of
technological processes and productions of Saint
Petersburg University of State Fire Service of
Emercom of Russia [12].

Figure 1 presents data on the maximum
temperature of modified hydrogels and distilled
water, as well as the heating time to boiling point.
From the above data, it can be concluded that the
maximum heating temperature of hydrogels in the

Fig. 1. Maximum temperature and time to reach the
temperature of hydrogels, °C.
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conditions of electrophysical and
modification is reduced.

temperature

Table 1

Physical parameters of the modified (VFMP) and unmodified
(nonmod) hydrogels

Parameters Density, oH Heat capacity,
Sample name kg/m? KJkg-C
0,25% VFMP (20 °C) 1048 5,97 16,88
0,3% nonmod (20 °C) 1045 8,46 8,17
0,3% VFMP (4 °C) 1042 7,06 5,6
0,3% VFMP (20 °C) 1041 7,06 13,57
0,4% nonmod (20 °C) 1040 5,76 10,08
0,4% VFMP (20 °C) 1038 5,97 11,77
0,5% nonmod (20 °C) 1033 5,73 7,61
0,5% VFMP (20 °C) 1029 5,06 19,44
1,0% nonmod (20 °C) 1016 6,18 27,64
1,0 % VFMP (20 °C) 1010 4,96 33,47
water nonmod (20 °C) 1000 - 43
water VFMP (20 °C) 998 - 4,55

Figure 2 presents the comparative dynamics of the
heating of the hydrogels (with a concentration of 0,25
LCAP masses. % ) modified and unmodified. From
the obtained data, it can be concluded that the
temperature increase of hydrogels modified under the
conditions of VFMP exposure is slower, which
allows using them as a thermal insulation material to
block the transfer of energy from the heat source to
the protected material [13-14].

Fig. 2. Kinetics of heating of modified and unmodified
hydrogels at the concentration of LCAP from 0.25 mass%.

Tigel 0,25mass%(VFMP 4°C)  Oigel 0,25mass%(VFMP 20°C)  Cigel 0,25 mass%(20°C)
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5. Conclusions

1. Key electrical and thermal modification are the
terms of use VFMP, structural building of water at a
temperature corresponding to the gelation process.

2. Application of electrophysical and temperature
modification allows to change thermophysical
characteristics of hydrogels that can be used for
increase of efficiency of installations of thermal
protection, both for increase of speed of removal of
heat from a heating surface, and for providing
thermal isolation of object of protection in the
conditions of the hydrocarbon fire.
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Environmentally Sustainable Access: Research Developments
with a Focus on Softwood Bark Waste/By-products
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Abstract

In recent times, focus on waste bark research has increased all over the world and a large number of evidence has collected to
show immense potential of bark waste used in various pharmacological, food or protection systems. Over the last few years,
researchers have aimed at identifying metabolic plant-derived substances which can be used as drugs or as leads for drug
discovery. Phytochemical compounds, particularly polyphenols, are the most active compounds that are naturally present in
softwood barks and show a unique combination of chemical, biological, and physiological, antioxidant, antibacterial, anti-
inflammation, and cytotoxic activities.

Keywords: bark; softwood; waste; by-product
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1. Introduction

Waste is defined as any substance or object that
the holder discards or intends/is required to discard
[1]. In a broad sense, biowaste is the waste derived
from living organisms or of organic origin (such as
sewage, agricultural or forestry waste, manure,
sawdust, or food scraps), which is composed chiefly
of organic matter.

The total annual arising of biowaste in the EU is
estimated at 76.5-102 million tonnes of food and
garden waste included in mixed municipal solid
waste and up to 37 million tonnes from the food and
drink industry [2]. In legal language, valorisation is
defined as the process of creating value from
knowledge by making it suitable and/or available for
economic and/or societal use and translating it into
competitive products, services, processes and
entrepreneurial activity [3]. In the field of biomass
and biowaste processing, valorisation can be broadly
defined as the concept that covers such areas as
cutting-edge research and experiences on the
conversion of waste and biomass to energy, fuels and
other useful materials, with particular focus on
environmental indicators and sustainability goals [4].

Translated into more easily understandable and
simpler words, valorisation of biomass and biowaste
means creation of surplus value and/or increase in
value of biomass and biowaste through their partial
purposeful decomposition to obtain value-added
materials, substances or compounds with required
properties enabling their real or potential utilization.

The amount of lumbered roundwood worldwide is
estimated at 3,591,142,000 m?, while the estimated
amount of bark resulting from wood processing is
10% from the wood mass [5]. Valorisation is a key
component of an economic and environmental
lignocellulosic biorefinery [6,7]. Lots of works
during the last decades have focused on the extraction
of bioactive compounds from different types of
biomass or bio-waste, especially nutraceuticals as
polyphenolic bioactive substances. Phytomass, such
as bark and needles, plays a vital role in the
prevention and cure of various diseases.

2. The use of the bark

With increasing industrialization, industrial by-
products (wastes) are continuously accumulated,
raising environmental and economic concerns related
to their disposal and usability. The primary utilization
of bark waste lies in its direct use. The simplest and
least economical way is to combust it in order to
obtain energy or to use it for surface mulching.
However, particles of softwood bark have been also
used as an insulation filling material for the thermal
insulation of a timber frame wall [8]. In addition,
they can be used for the production of particle- and
fibreboard or plywood. Bark may also have utility as
a source of adhesives and other chemicals (e.g.,
tannins, dyes, and waxes), or for environmental
protection applications (e.g., absorption of spilled oil,
industrial wastes, and sewage effluents). Bark is a
source of compounds soluble in different non-polar
and polar solvents, such as fats, saturated and
unsaturated fatty acids, resins, resin acids, waxes,
phenolic and polyphenolic compounds, stilbenes,

flavonoids, terpenoids, alkaloids and ligands.
Bioactive substances show antioxidant, antimycotic,
cytotoxic, antiviral,  antitumor, antimalarial,
insecticidal, antimutagenic, tumorigenic,

pharmacokinetic activities and other properties. The
recovery of extractive compounds present in bark is
affected by temperature, time and pressure of the
extraction agent used (in terms of the nature of the
characteristics - polar, non-polar), as well as by the
choice of the solvent, the particle size and the content
of water. The choice of a suitable method for
obtaining chemicals from waste biomass depends on
the objectives pursued [9]. One of the objectives is to
obtain the largest possible content of compounds
from waste, as well as to acquire biologically active
substances. The assesment of biological activity
represents a key tool for determining the choice of
acceptable methods. In a recently published work,
237 bioactive compounds were identified in the bark
of softwood. These compounds, especially
polyphenols, present different biological actions and
have been characterized with regard to their
properties using the data available in the literature
and by computation of ADME (Absorption,
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Distribution, Metabolism, and Excretion) [10]. It has
been established that the amount and nature of the
extracted substances is highly dependent on the
isolation method adopted. While today most of the
hundreds of millions tons of bark collected per year
are incinerated, landfilled or used for thermal energy
production, without being valorised, softwood and
hardwood bark has been reported to comprise a wide
variety of antioxidants, of which phenolic
antioxidants are of particular interest from the point
of view of fine chemicals products. Typical phenolic
antioxidants comprise flavonoids, phenolic acids,
stilbenes, tannins, lignans and lignin. Extraction is a
fundamental process for separation and recovery of
bioactive compounds from plants. Commonly used
extraction methods include microwave assisted
extraction (MAE), supercritical fluid extraction
(SFE), pressurized liquid extraction (PLE),
ultrasound assisted extraction (UAE), pulsed electric
field assisted extraction (PEF) and enzyme assisted
extraction (EAE). These techniques are known for
their short extraction time, reduced volume of organic
and hazardous solvents, ease to use, as well as the
fact that they allow achieving a higher extraction
yield with lower energy consumption [11]. A
promising technology is the use of deep eutectic
solvents as extractants [12]. The development of
modern, environmentally friendly technologies and
products utilizing wood waste as a source of
extractive substances to develop value-added
products has a high commercial potential. Nowadays,
the utilization of extractives obtained from different
types of biomass is widespread. The reason mainly
lies in their broad spectrum of application in the food
industry due to their antimicrobial, antibacterial, anti-
inflammatory, antifungal, insecticidal or antioxidant
effects. These extractive compounds may be also of
great importance in the fields of nutrition, healthcare
and medicine, where they may find application.

3. Conclusion

An environmentally appropriate approach to the
use of bark should be to extract its bioactive

substances, and thus turn the bark into value-added
products. The extractive compounds of bark have
high potential to be used in the production of special
pharmaceutical preparations or of fine chemicals.
Meanwhile, large bark particles may be used for
production of particle- and fibreboard plywood, or
filling materials.
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Effect of aging on reaction-to-fire of fibreboards
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Abstract

This paper theoretically describes the observation process of changes in reaction-to-fire of fibreboards as insulation materials
exposed under natural conditions of buildings. Samples are modified with flame retardant "Ohiiostop”, that have proved to
enhance their reaction-to-fire. Research focuses on monitoring the ability to preserve this attribute in time.
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1. Introduction

Fibreboards as insulation materials are being
widely used in various constructions all over the
world. We might expect increased use of natural-
based insulation materials assumed by the latest eco-
friendly trends in general. Fibreboards have proved as
insulation materials in time but questions about their
fire resistance properties and behaviour in fire occur.
Their classification of reaction-to-fire is set in class
E, which shows the need to modify them in order to
improve fire resistance properties.

After a successful experiment that improved their
classification of reaction-to-fire to D class by using a
water-based flame retardant “Ohisiostop”, this
research is focused on the aging process and ability to
preserve fire resistance properties in time, using this
flame retardant. During this experiment, samples will
be exposed to natural conditions of building.

Observing of the preservation ability of samples
will be assessed by the mass loss rate of the samples
tested in different time lapse. All the methodology
and specifications of the experiment and used
materials are closely described in following chapters.

2. Basic fibreboard specification and flame
retardant application

Fibreboard is a large-scale material made of wood
fibres, using mostly spruce tree as a source (applies
for central Europe). We recognize these three basic
types of fibreboards according to their density [1]:

e Insulation fibreboards - 250 to 400 kg.m
e Medium density fibreboards - 480 to 850 kg.m
e Hardboard — over 850 kg.m®

Samples of the lowest density level, out of the
mentioned types, will be used for the experiment.
Their dimensions will be 90x80x60 stated in
millimetres.

80

00 60 I

Fig.1 Dimensions of the samples

There are two basic processes of production of
fibreboards. In this case samples were made with so
called wet process, which is more energetically
demanding than the dry one. Wood fibres are soaked
in the water with binding additives like glue and
hydrophobic additives like paraffin. Boards are
pressed under low pressure which causes that their
strength is lower than other types of fibreboards. This
means that they can not be used as independent
construction materials, however they outmatch other
types of fibreboards in features such as thermal or
acoustic insulation [2].

Some of the basic properties of insulation
fibreboards are shown in Table 1. Vapour resistance
factor is stated without unit because It is a measure of
the material’s relative reluctance to let water vapour
pass through, and is measured in comparison to the
properties of air.

Table 1
Density, thermal conductivity, specific heat capacity and vapour
resistance factor of insulation fibreboards [3]

p 250 - 400 kg.m

) 0,038 — 0,050 W.mLK
c 1630 - 2510 J.kgL.K*
H 5-10

3. Methodology of natural aging simulation and
flame retardant application

Experiment includes 50 samples of insulation
fibreboards in total. These are evenly divided into 5
groups, each by 10 samples according to their time of
exposure to natural conditions. Groups are marked
with letters A-E, where E group is exposed for the
longest time period. Samples included in group A
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will be tested right after the drying process of flame
retardant application and every next group will be
tested after a 6 month period.

Placement of the simulation is set in the
countryside area of north-west Slovakia. Samples
will be placed outdoors on a spot protected from
direct sunlight, rain and snow. The spot is located in
the environment of real house to achieve genuine
conditions. Samples will be separated by gaps to
avoid contact with each other so conditions are equal
for all samples regardless the position. Weight of the
samples will be measured on a weekly basis in order
to monitor its changes in time of exposure.

For the enhancement of fire resistance properties a
flame retardant “Ohnostop” will be used. It’s a water-
based flame retardant containing inorganic salts.
Three ways of applications including spraying,
coating and soaking have been examined. Out of
these, soaking turned out to be the most effective way
of application, therefore it’s been chosen for this
experiment as well. [3].

Samples will be soaked 15mm deep into the
flame retardant and left to absorb it for 15 minutes.
Leaving the samples for longer could help to absorb
more of the retardant, however there’s a risk of
damaging the sample structure. Every sample will be
loaded with a sinker to prevent it from floating and
improve the absorption process. Samples will be
weighed before and immediately after application to
find out how much of flame retardant has been
absorbed. After the soaking samples will be left to
dry out for two weeks and placed on the exposure
placement afterwards, where it will undergo
influence of natural conditions for estimated time.
Samples will be weighed again after the drying
process.

4. Data collection and calculations

The main data collected will be the mass loss rate
values. During the experiment each sample will be
exposed to flame with direct contact for 2 minutes
after which the source of flame will be removed.
Weight of the sample will be recorded in 15 second

intervals during the time of exposure and for
subsequent 8 minutes after the flame source removal.
These data have following characteristics:

e Primary

e Real

e Periodical

e Complete

e Experimentally gathered

All the collected data will be stored in tables in
Microsoft Excel for further analysis and calculations.

4.1. Mass loss rate and burning rate calculatioOns

Mass loss rate will be the decisive factor in this
experiment. By gathering its values for each sample
separately and comparing the results between groups
of different time lapses, we will be able to identify
whether aging has significant impact on the fire
resistance properties of fibreboards. Burning rate is
an important factor as well in this case as it expresses
velocity of the combustion process in examined
samples. Following formulae will be used for these
calculations:

m(t)-m(t+4T1)

Oy (T) = - 100

(t) — mass loss rate in time (1) [%],
(t) — weight of sample in time (t) [g],
m(t + At) — weight of sample in time (t + 47) [g].

m(t)

Sm

jF—
T At

vr — burning rate [%/s],
&m — mass loss rate in time (t) [%],
At — time interval of weight recording [s]

4.2 ANOVA

Analysis of Variance is a statistical technique that
assesses potential differences in a scale-level
dependent variable by a nominal-level variable
having 2 or more categories. [4] Asingle factor
ANOVA will be used it this research to verify
hypothesis whether different times of exposure cause
changes in mass loss rate. For evaluation of ANOVA
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a Microsoft Excel tool will be used. As this is a draft,
random fictional values were used to create and

example of ANOVA outcome showed in the
following figure.
Anova: Single Factor
SUMMARY
Groups Count Sum Average Variance
A 10 11,2753 1,12753 0,13969
B 10 14,4647 1,44647 0,21011
C 10 14,7993 1,47993 0,17049
D 10 12,3969 1,23969 0,18094
E 10 12,2485 1,22485 0,21029
ANOVA
Source of Variation S§ df MS F P-value F crit
Between Groups 0,92791 4 0,23198 1,27247 0,29486 2,57874
Within Groups 8,20371 45 0,1823
Total 9,13162 49

Fig. 2 Analysis of Variance of mass loss rate

From the results we can see the the P-value score
is high, which means, that differences between values
are rather stochastic than dependant, what was
naturally expected as input values for this example
were chosen randomly.

4.3. Correlation between mass loss rate and time
exposure

Correlation between these factors will be
evaluated through Microsoft Excel as well. The value
of correlation will be assessed by the correlation
coeficient R and atrendline which will show the
predicted ongoing trend. Name of groups are
transefered into numbers according to amount of
months between the flame retardant application and
testing to make the comparing factors both
quantitative.

As we can see the correlation is inconsiderable
and the trendline shows that mass loss rate remains
approximately constant over time, which would mean
that aging does not effect it.

__1.5000

o

% 1.0000

E 0.5000 y =0.0031x+1.1542

9 R?=0.0208

© 0.0000

% 0 10 20 30
= Exposure time [month]

Fig. 3 Chart of correlation between mass loss rate and exposure
time

However input values were fictional like in the
previous calculation, because no real values have
been gathered so far. The chart is just an example and
should not be considered relevant for any further use
except for illustration of evaluating.
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Tropical wood facing material under fire conditions
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Abstract

This article describes the flammability of selected tropical wood. Data required for analysis are outputs of laboratory tested
small wood samples. Experimental equipment was non-standardized laboratory equipment using a flame source of higher
intensity (flame burner - propane-butane) affecting the test sample in an open environment. The above-mentioned laboratory
outputs are presented by numerous clear graphs. Statistical analysis of dependence of important parameters and use of an
appropriate analytical method reveals important parameters in assessing the flammability of the test sample.
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Introduction

The use of tropical woods as cladding of building
structures in interiors and exteriors is rapidly rising.
The demand for foreign wood materials is mainly
related to their more colorful design, which is
significantly different from domestic.

Trees growing in the tropical climate zone have a
different structure. These changes in the structure
create better physical and mechanical properties [1].
From a fire security point of view, it is necessary to
mention their high content of lignin, because
alleviates the total flammability [2].

In this paper, we evaluate the flammability of the
selected tropical wood. Results are based on data
measured by laboratory tests of small test samples.

1. Laboratory testing

Samples used in laboratory tests were made of
tropical wood called Merbau. This timber grows in
the southeast Asia and is characterized by exceptional
stability and hardness. When it swells and dries, only
very small changes occur. It is a wood that has
mostly straight fibers and gently shines [3].

Ten samples were made from the wood species
described. Each sample had a size of 100x150x20
mm. The construction of a laboratory equipment
consisted of scales, the sample holder, the holder of
the Bunsen burner and the gas bomb (propane-
butane) is on Fig. 1

notebook

~ \< sample

flame —-4 5~

i] | ~—holder of

ya i sample

holder of
bumer

— scales

0,000

Fig. 2. Scheme of the laboratory equipment

Each sample was tested in the same manner,
which lasted 10 minutes. During this time, sample
changes were observed and every 15 seconds the
weight loss was caused by continuous burning of the
flame sample from the burner.

2. Processing results

The weight loss recorded during the test was
adjusted to a relative burning rate v, based on the
relative  weight loss Omr, UuSing appropriate
relationships. The resulting average values are
presented in the figure 2.
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Fig. 1. Average values v, and &,

In the graph, we can be seen that on average the
relative weight loss reached about 5,34 %, which
does not represent a significant amount of the burned
part of the material.

The samples burned with an average speed of
0,07 %.s. For each sample, we notice a significant
increase in the rate of flame at the beginning of the
60th second, which either decreased and re-appeared
around in the 150. second, or burning continued so
that the values oscillated about the aforementioned
average speed.
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3. Spearman correlation

For ordinal variables, analysis of dependence
based on comparison between units in a set, was
performed. We have selected Spearman’s rho
(Spearman correlation) from several procedures, i. €.,
a correlation coefficient that is based on a sequence
of variables and can be also applied to data that are
not normally distributed. The coefficient will rise in
the case of an indirect dependence from -1 to 0 and in
the case of a direct dependence from 0 to 1. The very
first step of the dependency determination process

Table 1

was to define hypotheses. In our case, for the zero HO
and the alternative H1 hypothesis, the following was
true:

HO — The variation in weight loss of the Merbau
sample depends only on its relative burning rate.
H1 — The variation in weight loss of the Merbau
sample does not depend only on its relative
burning rate.

Next step was to determine the normality of
samples. The Kolmogorov Smirnov test was used to
verify it. Results interprets the Table 1 [4].

Verifying the normality of the distribution of values

One-Sample Kolmogorov-Smirnov Test

Vr [

I 41 41
Norma! Parameters Mean 05 99

Std. Peviation 01 98
Most Extreme Differences  Absolute 26 07

FPosttive 20 A7

Negative -25 -07
Kolmogorov-Smirnow Z 1,69 46
Asymp. Sig. (2-taifed) [ o0& G987]

In this table, the level of significance which can
be found in the last row is very important. This
argument is true only for burning rate, not for relative
weight loss. Based on the results of the test, we have

Table 2
The resulting values of Kenall’s tau

Symmetric messures.

found that data are not normally distributed, although
the rule only belongs to one of the parameters and
therefore, we have used Kenallovo tau (Table 2) [4].

Categery Statistic Value  Asymip. Std. rrer Approx. T Approx. Sig.
Ordinal by Ordinal Kendall's tau-b 36 .15 2,42
Kendall's tau-c 39 L1 2,42
Spearman Correlation .39 .18 2,63
Interval by Interval  Pearson's R L2 .23 1,56
N of Valid Cases 41
Directional measures.
Cateqory Statistic Type Value Asymp. Std. Error  Approx T Approx Sig.
Mominal by Interval  Eta Ve 1,00 .
Bor .68

The result consists of two tables. In the first one
Kenall’s test shows outputs of different statistical
method, the values of which differ from each other.
These differences are because each method uses a
different calculation equation. Therefore, the lowest
value rule is used for the final evaluation. Since the
values are not high because they are closer to 0 than

1, the relationship of the parameters exists, but is not
very strong [4]. However, if we consider the
dependence of the weight loss on the rate of
degradation in general, then the value of the
coefficient Eta = 0,68 in the second table shows a
relatively strong relationship. Squaring the value to
the second power and after conversion to the percent
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we can state, that 46,24 % of variability from Omr
depends on v.

In the H1 hypothesis, we have argued that the
variation in weight loss of the Merbau sample does
not depend only on its relative burning rate, which
has been confirmed, and therefore the H1 hypothesis
is accepted and the HO hypothesis is rejected.

Conclusion

Laboratory tests results indicate low flammability
of tropical wood Merbau when its exposed to an open
flame for ten minutes. This statement is based on the
recalculated weight loss om and its subsequent
relative burning rate v:.

Since measured and recalculated values were so-
called ordinal variables, the dependence analysis was
performed. The result of this analysis was an
approval of the hypothesis H1. It has been argued that
the variation in weight loss of the Merbau sample
does not depend only on its relative burning rate,
since it depends only on 46,24 % of variability.
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Abstract

The article presents the results of the review of a workplace-related mortality record provided by the International Labour
Organisation. More than 240,000 fatalities have been found to be caused by human error. The article contains examples of
managerial and engineering solutions aimed at increasing the employee's accountability in the work process and describes the
algorithms of interaction between portable multifunctional equipment and various personal protective equipment types used
by employees. A universal structure has been determined for the equipment designed to control the use of personal protective
equipment with 17 indicators that characterise the possibility of using and implementing a communication system based on
portable multifunctional equipment for control of the employees' working activity.

Keywords: working activity; PPE; ILO; equipment; working conditions; arrangement of working time; statistics; labour.
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1. Introduction

According statistics provided by the International
Labour Organisation, workplace-related mortality
totals 2.3 million per 3 billion people a year. Figure 1
shows main causes for employee mortality in 2017
caused by occupational diseases and fatal accidents

[1].

Infections 670487

Malignancies 583720

Blood circulation disorders 476586
Accidents G 57 045
Respiratory diseases NN 140296

Psychoneurological disorders BN 40 464
Gastrointestinal diseases M 20 300

Urogenital system M 13159

Fig. 1. Work-related mortality

Major occupational health and safety challenges:

- the highest mortality rates are due to work-
related occupational diseases (exposure to harmful
substances causes 651,279 deaths a year);

- the construction industry experiences an
incommensurately high level of accidents;

- the review of the age of the injured shows that
the most vulnerable groups are young and elderly
workers.

A reduction in the number of deaths caused by
industrial factors through the use of proper technical
safeguards is one of the most popular and effective
approaches and fosters:

- development of machines, tools, and
technologies which minimise accident probability
and

- development and implementation of special
safeguards to protect, guard, and inform people of
work-related hazards.

According to the statistics provided by the
International Labour Organisation, about two thirds
of accidents (about 240,000 fatalities a year) are not
related to the operation of machinery or processes but
are due to the worker's behaviour in the workplace.
Failure to comply with occupational health and safety
rules, safety misconduct in the workplace, and failure
to use personal protective equipment are primarily
caused by poor workplace management, otherwise
speaking, human factor [2-3].

Such events mainly occur either through no fault
of people or when workers are forced to violate rules
in specific circumstances. Apparently, such incidents
can be prevented solely by proper managerial and
engineering measures implemented to [4]:

- enhance theoretical competence of personnel
(training);

- focus on the severity of the consequences of
wilful wrongdoing (increased price of mistakes for
the community, company, and family); and

- fight tolerance to hazards and any needed or
forced non-compliance with the occupational health
and safety rules which have not entailed severe
consequences (tolerance to violations).

Apart from main causes, there is a whole bunch of
individual (personal) factors, which are mainly
psychological:  bravado, lack of discipline,
understatement of risk, lack of interest to work done,
family problems, etc. [5]

Consequently, potential errors (hazardous actions)
can be identified in a timely manner and duly
prevented by enhancing the technical capabilities of
the employee's personal protective equipment (PPE).

It is also worth noting that existing PPE is passive
equipment without any controlled protective
properties. Furthermore, the reliability parameters of
PPE as technical means of protection also change
during their use and their protective properties
worsen as a result of misuse [6-8].

2. Method

The experiment was conducted with the following
objectives:

Research has been conducted at Cambridge
University to demonstrate the incredible efficacy of
placing personal video recorders at the police
officers' chest level. The use of these cameras
resulted in a 93% decrease in the citizens' complaints
against policemen over a year. Researchers believe
that such cardinal changes could have not been
achieved in any other way [9]. Russian police officers
adopt this practice and road traffic police has been
equipped with personal recorders since 2017 (Fig. 2).
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Fi. 2. A road traffic police officer with Dozor video recorder on a
lapel pocket

These are compact devices which are transparent
for users and resistant to misuse. They can record
video and sound (Fig. 3).

Fig. 3. Kapkam and Dozor video recorders

The use and development of this practice in the
industrial ~ environment by using  personal
multifunctional equipment to control the employees'
working activity will facilitate effective prevention of
wilful misconduct. The improvement of this
equipment and expansion of its functionality will
support the correct use of the PPE issued to
employees [10-12].

Let us consider the general structure of
PPE/human/environment interaction to protect the
human body against exposure to harms and hazards
shown in Figure 4. In this case, environmental
elements are understood as industrial infrastructure,
production environment, aerodynamic and thermal
characteristics, specific production factors, and so on.
The PPE complex is understood as technical
equipment intended to minimise exposure to adverse
factors. The properties of the environment formed
between the PPE and the employee's body result from
the interaction between PPE protective properties and
functional body systems. The parameters of this
environment and their changes determine the degree
of the employee's comfort and safety.

Environment Personal Environment in the Employee's
protective * employee PPE space * functional body

equipment svstems

complex [+
t |

Fig. 4. General structure of PPE/human/environment interaction

Therefore, there is a risk of emergencies with the
use of passive PPE due to lack of control over:

- correct use of PPE;

- changes in environmental parameters;

- changes in environment parameters in the
PPE/employee space; and

- changes in the parameters that characterize the
employee’s health status.

Control of the above will increase the employee's
accountability for working operations, reduce risks of
the failure to use PPE, ensure control over working
operations, and enable to identify causes of an
emergency or accident involving an employee [13].

This can be technically implemented by using
digital equipment based on advanced nanotechnology
that support the smallest possible size of developed
equipment, low power consumption, and relatively
low cost with significant computational capacity.

The aforementioned properties of cutting edge
equipment enable to design and use control units
based on the transparency principle in relation to a
PPE user. It means the minimum possible influence
on the employee to ensure convenience. An employee
must not be involved in the maintenance of these
control units. The interaction between an employee
and control unit must exist only in an emergency
when the employee is alerted of an alarm or a hazard.
Figure 5 presents the structure of a PPE control unit
which is universal and unambiguous in relation to

Environment Uhits used to accumulate and store
* < control results
jad
- - z Emplovee alarms
Environment in the & -
P Z
employee PPE space Z =} P §
- = 4 Employee positioning devices
w 2
'g i le—» Means of evaluating the employee's
- = motions and spatial position
Emplovee's =
finc l— =
functional body =
systems Wireless communication inferface
- e o

Fig. 5. Universal structure of a PPE use control unit
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A control unit and its features depend on PPE
purpose. The type of gauges and their location in the
PPE space depend on the aggregate of tasks the
control unit is intended to solve (e.g., atmospheric
composition gauges). PPE location on an employee
predetermines the ability of a control unit to record
the activity of functional body systems. Processing
and managing hardware is omni-purpose and its
functions implement the algorithm related to the
control over specific PPE use and contribute to the
reduction of risks caused by PPE abandonment,
control over working operations, and identification of
causes of an emergency or accident involving an
employee. Such universal properties include units
used to accumulate and store control results,
emergency alarms, as well as  wireless
communication interface between PPE and control
units.

A control unit can be equipped with employee
positioning devices based on GPS or GLONASS
(when using PPE in the open air) and hardware used
to evaluate the employee's motions and spatial
position to obtain additional information on the
employee's productivity. A control unit does not have
any speciality elements, which could be provided
additionally (e.g., intercom for verbal communication
between employees via wireless interface).
Moreover, wireless interface with alarms intended for
employees (sound and/or light alarm) can be used to
generate a distress signal over the radio to find an
employee among rubble, in cavities, etc. [14]

All control units mounted on various-purpose PPE
used by the same employee are combined into single
hardware and information space via a distributed
computer network. However, this combination for
specific PPE can be achieved using wired connection
with processing and managing units based on such
standard protocols as SPI, 12C, USB, and COM, and
for several PPE, via Zig Bee Pro network protocol
(IEEE 802.15.4 standard) [15]. ZigBee technology
enables to create a fairly complex structure with
many PPE units which quantity varies. Figure 6
shows an arrangement option for the network that
combines the PPE complex mounted on an employee
to form unified information space.

PPE control unit 2

<+— To other network elements

PPE control unit 1

[ 121001 NV

PPE control unit N

Fig. 6. Arrangement option for the network that combines the PPE
complex mounted on an employee to form unified information
space

Portable multifunctional equipment (PME) can be
used as a local area network (LAN) router. It is
issued to an employee before the start of a work shift
and contains information on the organisational
features of a production process (start of shift, routine
breaks, end of shift, etc.).

Employee identification at the time of issuing
PME can be an additional motivation factor that
enhances the employee's accountability in the work
process. Furthermore, PME is the main LAN device
that  supports PPE  troubleshooting, time
synchronisation of control units on all PPE units,
accumulation and  assessment of  controlled
information received from a PPE complex,
emergency or accident identification, and generation
of an alarm or emergency alert. The transfer of all
functions from the PPE control unit to PME can
significantly simplify its structure and optimise the
set of elements required to support a specific task. An
employee returns PME at the end of each shift. The
information accumulated over the work shift is read
by a controller using stationary hardware, evaluated
using relevant control algorithms, and provided to
controlling bodies in a document that determines the
results of controlled information evaluation, type of
violations, and time distribution over a completed
work shift. [16-17]

3. Results

The use of proposed equipment aims at improving
the effectiveness of PPE use by employees in the
work process. The challenge stipulates fairly tough
requirements for the design of control units for the
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PPE mounted on one employee or a number of
employees. Hardware must support:

1. automatic troubleshooting of equipment and
generation of information on identified faults before
the start of and during a work shift;

2. generation of astronomical time and time
synchronisation with LAN units;

3. recording of the given set of parameters;

4. processing and evaluation of recorded
information;

5. accumulation of control results in an energy-
independent memory;

6. generation of an alarm and emergency signal
in extreme conditions;

7. identification of unauthorised access to PPE
control unit elements;

8. effective information exchange between PPE
and PME/PME and a number of employees in the
control process;

9. optimisation of energy consumption and
continuous functioning using off-line power sources
over an operation period;

10. modular design to enable prompt changing of
a hardware structure;

11. use of Plug and Play technology to change a
set of gauges;

12. prompt reprogramming of functions to meet a
specific control objective;

13. prompt and ergonomic attachment to PPE
elements;

14. explosion- and environment-proof design;

15. easy maintenance during scheduled and day-
to-day examination, repair, and decommissioning;

16. minimum dimensions and weight; and

17. salvation of control results in case of a disaster
(explosion, fire, flood, etc.).

It is worth noting that proposed PPE control units
can be upgraded by improving control methods
without changing hardware (through software update)
and by reconfiguring the structure of used technical
elements and their replacement whenever required.

4, Conclusions

The employee's safety can be improved in various
production areas if control units based on state-of-
the-art sensors are used additionally to passive PPE
to characterise the environment, environment in the
human/PPE space and parameters of various
functional systems of the human body, as well as to
ensure control over the correct use of PPE in various
production processes. Cutting edge recording and
processing units for the information in question and
alarming employees have characteristics to meet the
challenge subject to compliance with the
transparency principles with regard to employees
using PPE which makes the control procedure
effective in standard and emergency conditions and
during rescue operations required during emergency
response.When choosing fabrics to make special
clothes, including miner's overalls, clothes
contamination during use must be taken into account.
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Abstract

The paper deals with monitoring the temperature of the plastic kettle. The simulated fault has been induced on the kettle
thermostat, which has led to its gradual overheating to the state of thermal degradation of its vessel. Non-contact temperature
fields measurement and their visualization were performed using the FLIR i7 thermal camera. Monitoring has lasted 17
minutes. The maximum pot surface temperature reached approximately 154 ° C.
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1. Introduction

Thermovision offers relatively wide application
possibilities. We can detect locations with elevated
temperature by means of thermal cameras, which can
pose a potential fire risk in the event of a
malfunction. In fire and rescue practice, in fire
interventions as well as in prevention, the thermal
camera is used quite often. With the ability to
visualize temperature fields, it can provide
information about the magnitude of the fire and
reveal its hidden sources. Helps people search in
confined spaces, identify free escape routes, and
search for lost people in disarranged terrain [1]. An
important place is also in the field of fire prevention
(electrical equipment, heat distribution, mechanical
parts of machinery, landfills of bulk materials). The
monitoring of technical devices with the thermal
camera enables the detection of high temperature
locations in time. This will give the broader scope to
decide whether it is a failure or just a short-term
overload of the device [2,3]. The heat generated in
many types of devices does not pose any immediate
danger unless the temperature exceeds the pre-load
values. With its disproportionately large increase, it
usually means overload or failure, which can cause
damage to the device and, in the extreme case, fire
[4]. Thermal imaging will instantly reveal
temperature anomalies and conditions that could lead
to serious disruptions and fire in the future. Thermal
imaging can be processed on a computer and then
analyzed.

2. The basics of thermovision

Thermovision uses electromagnetic radiation
emitted by each substance with a temperature above
absolute zero (-273.15 ° C). In particular, infrared
radiation (IR) forming part of the electromagnetic
spectrum with wavelength above 780 nm is exploated
(Fig.1). The area of IR wavelengths is usually
divided into several smaller bands - near infrared
(0.7-1.4 pm), short wave IR (1.4-3.0 pm), medium
infrared (3-8 um) and distant (8-1000 pm) [5].

Sometimes a long-lived area with a range of 8-15 pm
is inserted in front of the remote zone.

A body with a temperature of several hundred to
thousands of degrees Celsius radiates part of the
energy even in the visible area of the spectrum
(Figure 2 - vertical colour strip in the graph). For this
reason, we see, for example, glowing metal objects in
red to white.

However, In the infrared range of the spectrum up
to 105 times more energy is emitted, which is
preferably used in thermovision. The theoretical
foundations relating to body radiation are described
by several laws. Planck’s radiation law expresses the
dependence between the amount of energy radiated
by the body, its temperature and the wavelength of
electromagnetic wave radiation. As can be seen in
FIG. 2, the increase of temperature growes the
intensity of the radiation and its maximum of which
is shifted to the shorter wavelengths (Wien's shift
law). The amount of radiated energy increases with
the fourth power of temperature (Stefanov -
Boltzmann Law). As a result, it is possible to
determine the temperature uniquely from the
electromagnetic wave, radiated by the heated body.
However, the surface temperature of the object is not
directly measured. Temperature is calculated based
on measured infrared radiation and specified
boundary conditions). The most important boundary
condition is surface emissivity (g). It is a
dimensionless number from interval 0 (glossy
surfaces) to 1 (absolute black body). It represents the
ratio of the energy emitted by the object to the energy
emitted by the ideal body (the so-called black body)
at a given temperature. Other boundary conditions
include the distance between the subject and the
camera, atmospheric permeability, relative humidity
and air temperature [5]. Thermal cameras effectively
translate heat - that is, thermal energy - into visible
light to analyze surroundings. The colour picture
displaying of temperature fields provided by the
thermal camera is called the thermal image. The
device, which only allows display of temperature
fields, is called thermovision. When the thermal
image also contains the temperature of the measured
surface, it is a thermometry. The range of
commercially available thermal cameras covers a
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temperature range from —40 to +2000 °C, with a
sensitivity of better than 0.05 °C. The main parts of
the thermal camera are shown in Fig. 3.
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Fig. 1 Electromagnetic radiation spectrum (modified according to [6])
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Fig. 3 Block diagram of the thermal camera [8]
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3. Material and methods

The measuring object was a 1.2 liter Solac electric
kettle. The heating element in the kettle is a resistive
helix with a power of 1000 W, which includes a
wound conductor made of a high resistivity material
located in a protective anti-corrosion tube. By passing
the electric current through the conductor there is
produced a heat which heats the water inside the
kettle. The kettle is equipped with a thermostat with a
thermal fuse. The thermostat will ensure safe
shutdown when boiling. Danger can arise if the kettle
is switched on without sufficient volume of water. In
this case, the thermal fuse responds and the current to
the spiral is interrupted. Before the experiment, a
fault was purposely caused on a thermal fuse and a
thermostat to simulate one of the common faults in
practice. A manual FLR i7 camera with a 120 x 120
pixel resolution to monitor and record the
temperature fields was used. The camera has a
temperature sensitivity below 0.1 °C with emissivity
correction from 0.1 to 1 (we used 0.95 for our
measurements). The temperature range is from -20 °
C to +270 ° C. Thermal images are displayed on the
2.8-inch colour display and stored on a 2 GB SD card
[9]. The 16 MPix Kodak FZ151 camera was used to
visualize the experiment.

Fig. 4 Kettle and thermal camera i7 [9]

Prior to the start of the monitoring, the kettle was
water filled, completely covering their heating body,
and was placed on a horizontal pad. At a distance of
1m, a thermal camera and camera were placed on the
tripod. The surface of the plastic container of the
kettle (the area of the heater and the gap under the lid
of the kettle) was monitored. The experiment began
when the power switch was turned and the camera
and thermal camera were started. Images were stored
at regular intervals (5 s). After destruction and self-
disconnection from the electricity, monitoring was
terminated. Ambient air temperature during the
measurement was + 8 °C.

4. Results and discussion

Attached thermal imagines displayed the
temperature at a given location and time. In FIG. 5
(left side of the picture) is the thermal image recorded
at the time of commissioning (connecting the power
cord to the wall socket). The right part of this image
shows the stage obtained at the end of the first minute
of the measurement. The surface temperature in the
heater area increased approximately threefold (to
46.6 °C) from the initial temperature. The
temperature under the cover rose to 12.7 °C). At
the end of the second minute (left part of Figure 6),
we recorded a rise in temperature at both observation
points (64.5 °C and 26.1 °C). The temperature in both
observed places has steadily increased. At the end of
the third minute it reached 82.3 °C and 97.7 °C (right
part of Figure 6). The same trend continued as shown
in Fig. 7 (the area around of the heater element was
heated from 90.9 ° C to 135.1 ° C, area under the
cover from 107 ° C to 151.1 ° C). We found the
highest temperature at the end of the 11th minute
when it rose to 135.4 ° C in the heater area and even
to 153.8 ° C under the cover (left side of Figure 8).
The next period of the measurement had changed the
temperature. At the end of the 13th minute we found
that the value decreased at both of the monitored
points (right part of Figure 8). The ambient
temperature of the heating element decreased to
114.5 °C and the temperature below the cover at
106.6 °C). The decrease in the temperature measured
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values confirms the assumption that between 12 and
13 minutes there was a burning of the conductor of
the heating coil and thus the interruption of the
electricity supply. As a result, the temperature had
steadily declining trend (Figure 9). This finding has
led to an experiment being terminated.

Sp115.7

The demaged kettle was dismantled after cooling and
disposed into bins for recyclable waste. Thermal
images and videos of the exposed heater immediately
after the experiment is completed are shown in Fig.
10 and 11.
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Fig. 5 Thermal images at startup and at the end of first minute from the beginning of the experiment
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Fig. 6 Thermal imaging at the end of 2nd and 3rd minutes
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Fig. 7 Thermal images at the end of 5th and 10th minutes
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Fig. 8 Thermal images at the end of 11th and 13th minutes
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Fig. 9 Thermal images at the end of 15th and 17th minutes
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Fig. 10 Thermal images of the uncovered heater immediately after the experiment
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Fig. 11 View of an uncovered heater element immediately after the experiment
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Fig. 12 Time dependence of temperature on the observed points

In Fig. 12 is a graphical representation of the time
course of temperature on the observed points of the
kettle surface.

5. Conclusions
As can be seen from the measured values, the

temperature at both observation points had an
initially upward trend. The reversal occurred only

when the power supply was interrupted [10]. Thermal
protection malfunctions caused a gradual increase in
temperature. In the event that the power supply is not
interrupted, it can be assumed that the temperature
would continue to rise, creating the conditions for the
fire eventually. A kettle is an appliance that is used
several times a day in almost every household. A
similar type of malfunction that has been deliberately
triggered in our case may result in the occurrence of
large-scale damage or endanger the health and life of
its users.
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Current trends in flame-retardant treatment of selected polymers —
a review
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Abstract

Polymer based materials are used as in industry as in households. They are rapidly developing. Due to their cost, they often
replace the traditional materials. The disadvantage of its use, both natural and synthetic polymers, is their sensitivity to flame
because of their main constitute element, i.e. carbon. In general, the flammability of polymer materials depends on their
chemical composition. Their flammability can be reduced by interfering the combustion process at any stage. A common
approach to improve the flame-retardant properties of polymers is to apply the flame retardants. Those are used to prevent,
minimize, suppress or stop the combustion process of polymer materials. They act to break the self-sustaining polymer
combustion cycle and consequently reduce the burning rate or extinguish the flame in several ways. This paper compiles
current research findings and results related to wood and wood composites, fabrics and PU/PUR foams flammability
reduction, applying the flame-retardant treatment.
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1. Introduction

The number of high rise building fires and the
resulting loss has been fast increasing over the past
decade. The most recent shocking example is the
Grenfell Tower fire on 14 June 2017, resulting in at
least 80 deaths and over 70 injuries. Other significant
high-rise building fires include the 2005 Winsor
Tower fire in Madrid, the 2015 residential fire in
Baku, the 2009 CCTV tower fire in Beijing, the 2010
Shanghai Jingan fire, the series high rise building
fires in Dubai in 2016 and 2017, etc.

The rapid spread of those fires is situated along the
external facade, which is almost all traced to the
cladding systems, which include combustible
insulation materials, such as the commonly used
wood and wood-based materials, foams of
polyurethane (PU/PUR), polystyrene (PS) and
polyisocyanurate (PIR); and constitutes potential fire
hazards. Its flammability and fire risk have drawn
increasing attention from both scientific and
industrial communities.

For the residence fire, bedding and upholstered
furniture are the first item ignited in roughly 19% of
fatal fires. In a white paper launched at the EU
parliament in 2014, entitled “Europe is playing with
fire”, Fire Safe Europe called on the European
Commission to act to improve fire safety in
buildings.

When talking about the of fire protection in
buildings, the optimal level depends on a large extent
on the amount and type of flammable materials and
substances that occur in them. As mentioned above,
flammable materials, which are relatively common in
building sites, include polymeric materials (e.qg.
wood, wood-based materials, plastics, linen and
upholstery fabrics).

Some polymers, especially porous polymers with
a large specific surface area, such as polyurethane
foam [1-3], fabrics [4-7], and wood [8], burn easily,
releasing a large amount of heat, flame and smoke in
association with generation of many droplets during
the burning process, and thereby threatening people’s
lives and property.

A common approach to reduce the flammability of
polymers is to apply the flame retardants.

But, there are still some problems also in the use
of the flame-retardants themselves. Those are mostly
used in the form of additives with relatively high
potential toxicity to human health and environment
[9-15].

Therefore, also  highly  effective  and
environmentally benign flame-retardant techniques
are attracting research attention increasingly.

Thus, not only the improvements of the chemical
flame-retardant properties, but also the ways of
application to polymers are urgently needed [16, 17].

2. Polymers and their flame-retardant treatment

When we talk about polymers, we exactly mean
matters, which consist of several ordered monomer
repeated units, the molecules of which have
molecular weight in the range of several thousand or
more.

Polymers, in general, are widely used in everyday
life. Among the polymers belong also wood, fabrics,
plastics. Those materials we can find in buildings,
e.g. in furniture, building constructions, insulation,
flooring; in industry, e.g. aerospace, automotive,
packaging; but also, outside the buildings, e.g. in
streets, parks, etc.

Most of these polymers are combustible materials
and thus increase fire hazard [18], so their
flammability should be critically considered and
limited in practical applications [19].

To reduce the flammability of polymers, three
typical strategies have been mainly developed and
used [18], including the use of inherently flame-
retardant polymers [20-22], flame retardants [23-34],
flame-retardant nanocomposites [34-44] and surface
treatment/coating [17, 46-52].

First, the halogen containing flame retardants were
applied to reduce the flammability of polymers. They
were mostly used in furniture, mattresses and
electronics [53, 55]. The disadvantage of their use
was the fact that those halogenated compounds
produce carcinogenic substances in the combustion
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process, which are harmful for human health, and for
environment [54].

To enhance this situation new flame retardants, i.e.
halogen-free flame retardants, were developed. Those
involves phosphorus, nitrogen, silicone, boron, zinc,
iron and aluminum flame retardant additives.

The principle of phosphorus-containing flame
retardation lies in a fact that they can undergo
dehydration and carbonization to form protective
carbon layers and thereby effectively reduce the
polymers flammability [17, 55-59].

Nitrogen-containing flame retardants absorb heat
and produce non-combustible gases to dilute the
concentration ~ of  combustibles  during  the
decomposition process of polymers [58, 60-62].

Silicone-containing flame retardants form an
insulating layer on the polymer surface upon burning.
Thereby, they are effectively impeding the
transmission of oxygen, heat and mass and reducing
the flammability of polymers [17, 63-65].

Quite limited in engineering is the application of
boron, zinc, iron and aluminum-containing flame
retardants. They can suppress smoke and retard flame
only to some extent. They have also the other
disadvantages: increasing viscosity, high loading and
potential toxicity to human health and environment
[54, 65, 67-73].

Nowadays demands for eco-friendly materials
requires also application of "green" fire-retardancy
treatments,  which  offer  opportunity  for
implementation of nanotechnologies.

Various application ways are being used to
enhance the flame retardancy of polymers. Among
the basic belong soaking [74], coating [76], spraying
[77-79], preparing one (e.g. sol-gel) or more layers of
flame retardant treatment. The most progressive
approach, the layer-by-layer method seems to be [17,
51, 78, 80].

As mentioned by Qiu et al. [17], compared with
the traditional flame retardant method, the layer-by-
layer method offers several advantages: the flame
retardant multilayer films are constructed between a
substrate and the exterior, which can directly interfere
with the combustion process and eliminate the
challenges associated with processing or adversely
modifying mechanical behavior when incorporating

flame retardants into the substrate itself; if the
positively and negatively charged functional
polyelectrolytes or nanoparticles are properly
selected, the layer-by-layer method, which is simple
and versatile, can be readily adopted to fabricate
multilayer  films  with  controllable thickness,
composition, and function. In addition, the layer-by-
layer method relies on mild experimental conditions
such as room temperature, atmospheric pressure and
a low concentration of to-be-assembled materials
(bellow 1 wt%), which often means it is a cost-
effective route for fabricating coatings.

Further, we introduce the flame retardants types
and application ways used for the polymer material
such as wood and wood composites, fabrics and
polyurethane foams. This information is completed
on review of current research works focusing the
flame/retardant issue and concerning the selected
types of polymers.

There are introduced only those included in Web
of Science citation database.

3. Wood and wood composites flame-retardant
treatment

Wood is one of the most sustainable, esthetically
pleasing and environmentally benign engineering
materials, and is often used in structures found in
buildings. Unfortunately, the fire hazards related to
wood are often limiting its application. In addition,
for example, the mechanical properties of wood have
up till now been impaired by the most common
flame/fire retardants, and therefore, the investigation
of wood modification with not-weakening flame
retardants is essential currently.

In general, we distinguish among the five essential
mechanisms of flame retardants for wood: 1.
changing the pyrolysis of wood; 2. protecting the
surface of wood with isolating layers; 3. changing the
thermal properties of wood; 4. reducing combustion
by diluting pyrolysis gases; 5. reducing combustion
by inhibiting the chain reactions of burning

Practical techniques for flame/fire retardance of
wood include: 1. pressure impregnation; 2. surface
treatments (intumescent varnishes and paints and
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non-intumescent coatings); 3. addition of a fire
retardant during manufacturing process; and 4. other
flame/fire  retardant treatment methods (e.g.
nanocomposite systems, boron gas treatment or
modification of wood using e.g. the chemoenzymatic
method for modifying cellulose materials.

There are further introduced several current works
which focus on flame retardancy of wood and its
testing.

Altun, Dogan and Bayramli [81], used red
phosphorus (RP) to improve the fire performance of
wood flour - low density polyethylene (LDPE)
composites containing ammonium polyphosphate

(APP). The fire performance of LDPE-based
composites was investigated by using limiting
oxygen index (Lo, UL-94 standard,

thermogravimetric analysis, and cone calorimeter.
The addition of 30 wt% APP increased the LOI value
from 17.5 to 24.2 and still burned to clamp (BC) in
UL-94 test. The RP showed beneficial effect when
combinedly used with APP. The maximum beneficial
effect was seen at ratio of 5:1 (APP:RP) with the
highest LOI value of 27.2 and UL-94 rating of VO.
RP showed its beneficial effect via increasing the gas
phase action of the flame-retardant system.

Bogdanova, Kobets and Kirlitsa [61] studied the
factors exerting a significant influence on the
termination of the combustion of natural materials
(wood and peat) with the use of synthetic nitrogen-
and phosphorus-containing fire retardants with
different efficiencies. With the use of a mathematical
experimental design method, it was confirmed that
the inhibition of gas-phase radical processes by
volatile  nitrogen-containing  products is the
predominant process of combustion suppression. It
was found that the synergism of the nitrogen-
phosphorus flame retardants is determined by their
complex action:  phosphorus  mainly enters
organomineral structures in the condensed phase, and
nitrogen inhibits reactions in a gas phase.

Carosio et al. [82] used the transparent cellulose
nanofiber (CNF)/clay nanocomposites, with unique
brick-and-mortar structure, as a sustainable and
efficient fire protection coating for wood. Fire
performance was assessed by cone calorimetry.
When exposed to the typical 35 kW/m? heat flux of

developing fires, the time to ignition of coated wood
samples increased up to about 4.30 min, while the
maximum average rate of heat emission (MARHE)
was decreased by 46% thus significantly reducing the
potential fire threat from wood structures.

Elvira-Leon et al. [29] investigated the effect of
epsomite as flame retardant for wood has been
investigated and compared it with a commercial
boron salt. Both flame retardants have been
introduced into wood samples by vacuum
impregnation. Flame retardancy was evaluated by
means of the limiting oxygen index, the dripping test
and the exposition to a direct flame (Bunsen test).
The results showed that the addition of epsomite
increases the limiting oxygen index, delays the time
to ignition and the evolution of the temperatures
trough the wood.

Chambhare, Lokhande and Jagtap [62] synthetized
multifunctional phosphorus and nitrogen containing
tris-diethanolamine  spirocyclic ~ pentaerythritol
bisphosphorate reactive diluent (TDSPBRD) for
epoxy acrylate oligomer  from  spirocyclic
pentaerythritol bisphosphorate diphosphoryl chloride,
diethanolamine, and allyl chloroformate. The
synthesized reactive diluent was utilized to formulate
ultraviolet (UV)-curable wood coating. The weight
fraction of reactive diluent in the coating formulation
was varied from 5 to 25 wt% with constant
photoinitiator concentration. The molecular structure
of the reactive flame retardant was confirmed by
Fourier transform infrared (FTIR), H-1 nuclear
magnetic resonance (NMR) and P-31 NMR spectral
analysis and energy dispersive spectroscopy (EDAX).
Further, the effectiveness of the flame-retardant
behavior of the coatings was evaluated using the
limiting oxygen index and UL-94 vertical burning
test. Thermal stability was estimated from
thermogravimetric analysis and differential scanning
calorimetry. The effects of varying the concentration
of TDSPBRD on the viscosity of the coating
formulation along with the optical, mechanical and
chemical resistance properties of the coatings were
evaluated. The coatings gel content, water absorption
behavior, and stain resistance were also studied.

Gao and Xu [83] treated the wood with guanyl
urea phosphate (GUP) to impart flame retardant. The
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flame retarding behavior of samples was valued by
cone calorimeter and thermalgravimetric analysis.
The flammability parameters, including rate of heat
release (RHR), total heat release (THR), total mass
loss (TML) and mass loss rate (MLR), yield of CO
and CO,, smoke production rate (SPR) and total
smoke  production  (TSP)  were  recorded
simultaneously. By analyzing these data, it was
concluded that most combustion parameters of wood
were decreased by the treatment.

He et al. [84] studied the poplar samples, which
were impregnated with ammonium polyphosphate
fire retardant at various pressures and durations after
they were pretreated with microwave heating. The
effects of the pressure and duration on the flame-
retardation and smoke-suppression properties were
investigated with cone calorimeter analysis. The peak
heat release rate (pk-HRR), total heat release (THR),
and total smoke product (TSP) of treated woods were
measured for samples of pretreated and untreated
with microwave. After the impregnation, the poplar
wood showed the significant improvement in its fire
resistance. Compared with non-impregnation wood,
the pk-HRR, THR, and TSP of wood impregnated
with ammonium polyphosphate at pressure of
0.4MPa and duration of 10 min were 48.29%,
35.58%, and 68.64% less, respectively. The pk-HRR,
THR, and TSP of microwave pretreated wood was
15.89%, 5.69%, and 13.59% less than those without
microwave pretreated sample. They stated that the
microwave pretreatment of wood can increase fire
retardant effectiveness of ammonium polyphosphate-
impregnated wood.

Jin and Chung [85] tested the combustive
properties of Pinus rigida specimens treated with the
mixed phosphorus (P)-nitrogen (N) additives. Each
Pinus rigida specimen was painted three times with
15 wt% mixed P-N additive solutions at room
temperature. After drying the specimen treated with
chemicals, the combustive properties were examined
using a cone calorimeter (ISO 5660-1). The time to
ignition (TTI) for the specimens treated with the
mixed additives was in the range, 70-109 s. The
specimens treated with the mixed P-N additives
showed a lower peak heat release rate by 3.8-25.5%
and lower total heat release by 6.1-22.1% than those

of the samples treated with the pure P-N additives.
The effective heat of combustion (EHC) for the
sample treated with the mixed P-N additives was
15.68-18.70 MJ/kg, which was lower than that of the
pure P-N additive plate. Among mixed P-N additives,
N,N'-piperazine bis(methylene phosphonic acid)
(PIPEABP)/pyrophosphoric  acid  (PP)/4ANH(4)(+)
(2:1) had the highest fire performance index (FPI)
and lowest fire growth index (FGI). The fire risk of
all the samples treated with the P-N additives except
sample 2 is much smaller than that of untreated
sample and it shows improved fire safety.

Lahtela and Karki [86] investigated the effects of
melamine impregnation and heat treatment on the fire
performance of Scots pine (Pinus sylvetris L.). The
treated samples were tested with a cone calorimeter,
and the following features were studied: time to
ignition, heat release, smoke production, and mass
loss. The heat-treated samples became more
homogenous about the results of fire performance.
Some of the examined fire behavior values decreased
because of heat treatment, while the same values
increased after the combination of melamine
impregnation and heat treatment. The smoke
production was reduced the most for the samples that
were both impregnated and heat treated. Although the
influence of treatment on the fire behavior properties
of solid wood was relatively marginal, it was
assumed that these treatments will not have a
negative impact on the fire-resistance properties of
pine wood.

Merk, Chanana and Gaan [87] studied the
precipitation of CaCO3 mineral in Norway spruce
and European beech wood by alternating
impregnation with aqueous and alcoholic electrolyte
solutions. Microstructural imaging by SEM and
confocal Raman microscopy showed the distribution
of calcite and vaterite as two CaCO3 polymorphs,
which were deposited deep inside the cellular
structure  of the wood. The  confined
microenvironment of the wood cell wall seemed to
favor a formation of vaterite, as visible by XRD and
Raman spectroscopy. In view of a practical
application, they stated that the mineralization of
wood opens ways for sustainable wood-based hybrid
materials with a significantly improved fire
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resistance, as proven via pyrolysis combustion flow
calorimetry and cone calorimetry tests. Beyond that,
this versatile solute-exchange approach provides an
opportunity for the incorporation of a broad range of
different mineral phases into wood for novel material
property combinations.

Makovicka Osvaldova et al. [88] were
investigating the influence of density while
evaluating the efficiency of wood flame retardants.
They pointed out the fact that test methods evaluating
wood flame retardant efficiency are comprised of a
parameter, which is often considered to be an
evaluation criterion, and its calculation includes the
weight of the test specimen or considers the change
of its weight during the test. In such a case, the
overall result may be affected not only by the weight
of the test specimens, but also by their density.

Seo et al. [89] tried to improve the flame-retardant
performance of wood-based materials through the
development of a coating material using carbon-
based materials. The coating materials were applied
to the surfaces of wood-based materials used for
interior materials and furniture. They measured fire
characteristics of the coated wood-based materials
using a cone calorimeter. The coating materials were
prepared by the mixing of carbon materials, such as
natural graphite, expandable graphite, and exfoliated
graphite nanoplatelets, in water-based coating
materials. TG analysis revealed that water-based
coating materials/carbon material-blended
composites had good thermal durability in the
working temperature ranges. The flame-retardant
performance was confirmed through cone calorimeter
experiments, and the result of the experiment
satisfied the standard for flame-retardant performance
in 1SO 5600-1.

Wang et al. [90] studied the new flame-retardant
plywood that was manufactured by adding expanded
vermiculite (EVMT) in the adhesive and by surface
treatment as a flame-retardant coating. They
discussed the effect of EVMT to the limited oxygen
index values of samples. The thermal degradation
process of plywood samples has been investigated by
thermal analysis. The result showed that EVMT
increased all the limited oxygen index values of the
treated samples and decreased the thermal activation

energy at a high degree of degradation. Scanning
electron microscope (FEI, Holland, The Netherlands)
images showed that EVMT could form a protective
coating, which improved the flame retardancy of
plywood.

Wang et al. [91] studied thermal degradation and
fire performance of plantation Chinese fir wood
treated with low molecular weight phenol melamine
urea formaldehyde (PMUF) resin, boron compounds
(BB), and the mixture of PMUF/BB (PMUF-BB).
The fire performance and thermal degradation of
wood was measured by limiting oxygen index
instrument, cone calorimeter, and simultaneous
thermal analysis. The results showed that the limiting
oxygen index increased to 50.7%, 43.5%, and 55.0%
for BB, PMUF, and PMUF-BB samples,
respectively. The PMUF resin decreased the heat
release rate of wood but increased the total heat
release compared with the control samples. The
thermal analysis results demonstrated that PMUF
resin enhanced the thermal stability of wood,
however, had little impact on the residual chars.
Combinative treatment with boron compounds could
substantially reduce the fire risk for PMUF-modified
wood, making them especially useful for application
in public settings.

Altuntas, Karaogul and Alma [71] studied the
effects of fire retardants on the fire, thermal and
mechanical properties of wood plastic composites
using recycled fibers. They compared the effects of
boron-based fire retardants and synergistic influential
compounds used in medium-density fiberboard waste
(MDFw) filled high-density polyethylene (HDPE)
composites. The aim of the study was to improve the
use of boron based and fire-retardant materials in
wood plastic composite. Fiber waste, HDPE and
boron-based compounds were used to produce wood
plastic composites. Mechanical thermal and fire
properties of the produced composites were
investigated. The results pointed out the fact that,
when fire retardants were used in composites, the
mechanical properties of composite with MAPE
increased slightly, also the modulus of elasticity of
composites increased considerably. Boron-based fire
retardants and other  synergistic  influential
compounds decreased the burning rate and limiting
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oxygen index (LOI) properties of the composites. The
use of the zinc borate in the MDFw-based wood
plastic composite had the best results on the
mechanical and fire-retardant properties.

Altuntas, Narlioglu and Alma [70] investigated
synergic effects of different fire-retardant compounds
and zinc borate on wood-plastic composites filled
with  polypropylene (PP) and medium-density
fiberboard (MDF) waste fibers. For this purpose, zinc
borate, synergic compounds (antimony trioxide,
ammonium phosphate, and magnesium hydroxide),
and a coupling agent, i.e., maleic anhydride-grafted
polypropylene (MAPP), were used in the production
of wood-plastic composites (WPCs). The composite
samples were characterized in terms of the burning
rate and limiting oxygen index (LOI) analyses,
thermal gravimetric analysis (TGA), and differential
scanning calorimetry (DSC) along with mechanical
tests, i.e., flexural properties, tensile properties,
elasticity modulus, and impact strength. It was found
that the synergic influence of the combination of zinc
borate, antimony trioxide, and magnesium oxide on
WHPCs increased the heat resistance according to the
burning rate, LOI, TGA, and DSC tests. Also, the
mechanical properties of the WPCs decreased
slightly, but their elasticity modulus increased.

Chu, Mu and Zhang [92] studied the improvement
of the W-HT, Populus beijingensis W. Y. Hsu wood
properties, using the nitrogen-phosphorus (NP) fire
retardant (10% aqueous solution). The effects of the
combined NP treatment and HT were also observed.
Control groups included native wood and samples
from W-HT200 °C,W - 120 min and W-HT220
°C,W- 120 min. The surface color, dimensional
stability, and combustion properties of the treated
samples were examined. NP pre-treatment intensified
the effectivity of HT150 °C, where the treatment time
decreased by 75%. The decomposition and catalytic
dehydration of NP treatment enhanced the
dimensional stability and darkened the wood surface.
After HT, the NP fire retardant was transformed from
dispersive particles into a uniform layer on the inner
surfaces of wood. The heat release rate (HRR)
decreased by 60.3% and the residual mass (RM)
increased by 61.1% in W (NP, HT) compared to
normal W-HT200 °C poplar.

Fu et al. [93] used nanostructured wood hybrids,
prepared by clay impregnation into the cell wall, for
fire-retardancy. Balsa wood (Ochroma pyramidale)
was delignified to form a hierarchically structured
and nanoporous scaffold mainly composed of
cellulose nanofibrils. This nanocellulosic wood
scaffold was  impregnated  with  colloidal
montmorillonite clay to form a nanostructured wood
hybrid with high flame-retardancy. The nanoporous
scaffold was characterized by scanning electron
microscopy and gas adsorption. Flame-retardancy
was evaluated by cone calorimetry, whereas thermal
and thermo-oxidative stabilities were assessed by
thermogravimetry. The location of well-distributed
clay nanoplatelets inside the cell walls was confirmed
by energy-dispersive X-ray analysis. This unique
nanostructure dramatically increased the thermal
stability because of thermal insulation, oxygen
depletion, and catalytic charring effects. A coherent
organic/inorganic charred residue was formed during
combustion, leading to a strongly reduced heat
release rate peak and reduced smoke generation.

Li et al. [94] studied the smart thermo-responsive
wood that was developed by depositing
thermochromic materials on wood surfaces. The as-
fabricated wood composites can reversibly change
their colors with the changing temperature. The
scanning electron microscope showed that the wood
surface was made up of even spherical particles. The
attenuated total reflectance Fourier transform infrared
spectroscopy  spectra  demonstrated that the
thermochromic materials were successfully settled
onto wood surfaces, and the cross-cut test results
further proved that all samples can meet general
application in the furniture industry. As the
concentrations of thermochromic materials increased
from 0 to 4.0%, the total color changes (Delta E*) of
samples remarkably increased from 1.81 to 39.56,
exhibiting a good thermo-responsive property. TG
results showed that the sample had the excellent
thermal stability below the temperature of 216 A °C.
Furthermore, the accelerated UV-aging tests
demonstrated that the thermo-responsive property of
the samples was highly efficient when it was exposed
under the UV irradiation for 100 h.
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Lokhande, Chambhare and Jagtap [52] studied
synthesis and properties of phosphate-based
diacrylate reactive diluent applied to UV-curable
flame-retardant wood coating. The diacrylate reactive
diluent was synthesized by reacting glycidyl
methacrylate, piperazine, and cyclic ethylene
chlorophosphate. The synthesized reactive diluent
was utilized to formulate UV-curable wood coating.
The weight fractions of reactive diluent were varied
from 0 to 25% in coating formulation with constant
photo initiator concentration. The molecular structure
of reactive flame retardant was evaluated by FTIR,
mass spectroscopy, (PNMR)-P-31, and (HNMR)-H-1
spectral analysis. The flame-retardant behaviors of
the cured film were evaluated from limiting oxygen
index and UL-94 vertical burning test. Thermal
stability was estimated from thermogravimetric
analysis and differential scanning calorimetry. The
effects of varying concentrations of reactive diluent
on the viscosity of the formulation along with optical,
mechanical, and chemical resistance properties of
coatings were evaluated. The gel content, water
absorption behavior, and stain resistance of coatings
were also studied.

Luneva et al. [59] developed a flame retardant for
wood impregnation based on a magnesium complex
containing phosphorus and nitrogen. As they stated in
their work, it considerably reduces the wood loss in
fire tests. Application of the flame retardant in an
amount of 300 g/m2 allowed preparation of materials
with the fire performance corresponding to group | of
materials. The mechanism of the fireproofing action
of the flame retardant on wood and the thermal
degradation of the impregnated wood were further
studied.

Gasparik et al. [95] focused flammability
characteristics of thermally modified oak wood
treated with a fire retardant. The flammability
characteristics were determined for oak wood
(Quercus robur L.), which was thermally modified at
160, 180, and 210 °C. Subsequently, the thermally
modified and unmodified wood was treated with a
fire retardant. The effect of the thermal modification
(TM) and fire-retardant treatment (FRT) on the
weight loss (WL), burning rate (BR), maximum
burning rate (MBR), and time to reach the maximum

burning rate (TRMBR) were evaluated. The FRT had
an expected positive effect on all the flammability
characteristics, where the WL, BR, and MBR
decreased, and the TRMBR increased. The TM
temperature did not have a clear effect. As the TM
temperature increased, the WL and BR decreased.
The highest differences were found at 160 and 180
°C. As the TM temperature increased for the wood
without the FRT, the TRMBR decreased. During the
burning of the thermally modified wood with the
FRT, the trend was the exact opposite.

Guidice and Canosa [96] in their study formulated,
developed, and determined the performance of flame-
retardant systems for wood protection. Flame-
retardant systems involved wood impregnation and
intumescent coating application. The impregnation
was made in two retention levels using silanes of low
and high hydrophobicity (methyltriethoxysilane and
n-octyltriethoxysilane, respectively); these silanes
were conducted to polymerize by sol-gel process in
wood pores. The intumescent coatings were
formulated with a polymeric binder (hydroxy-
functional acrylic resin) modified with n-
octadecyltriethoxysilane in two w/w ratios to
combine the individual characteristics of each film-
forming material. In this research, Pinus radiata
panels were selected to study the performance of
quoted flame-retardant systems. The results indicated
excellent flame-retardant performance of some
studied systems in two-foot tunnel, in oxygen index
cabin, and in horizontal-vertical chamber.

Grzeskowiak [97] studied effectiveness of new
wood fire retardants using a cone calorimeter.
Analysis was conducted for two preparations, Al
containing guanidine carbonate and A2 with urea, in
accordance with the standard 1SO 5660-1 and
nonstandard method using Mini Fire Tube. Samples
of Scots pine (Pinus sylvestris L.) wood were
protected using the above-mentioned mixtures
applied under vacuum. Recorded results for pine
wood impregnated with the tested preparations at a
concentration of 15% showed that they have high
fire-retardant effectiveness at the intensity of the
radiant heat of 35kW/m?2, An increase in the number
of nitrogen atoms in the preparation provides greater
fire-retardant effectiveness of the agent.
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He et al. [98] used the silica sol (SiO sol) and
K2COs as flame retardants for wood. The synergistic
effect of SiO; sol and K,COs3 on the flame retardancy,
leaching resistance, and thermal properties of wood
was investigated. The limiting oxygen index results
revealed a significant improvement in the flame
retardancy and leaching resistance of the wood
sample treated with K,CO3 and SiO; sol using the
double bath technique. The thermal analysis results
showed that the synergistic effect of K,CO3 and the
SiO2 sol effectively prolonged the degradation of the
wood sample during the charring stage and improved
the stability of the char residue. The
thermogravimetry-mass spectrometry analysis and
scanning electron microscopy results showed that
K,CO3 catalyzed the degradation reaction of the
wood sample at lower temperatures resulting in an
increase in the water and carbon dioxide output, and
the SiO; sol formed a compact and melted barrier on
the surface of the char residue, which hindered the
transfer of heat and combustible gases in the
condensed phase. Thus, the combination of K,COs;
and SiO; sol they proved to be a promising flame-
retardant system for wood.

Milanko et al. [99] used the sodium silicate as a
fire-retardant coating of wood. The aim of study was
to determine the resistance to flame action of wood
coated with protective material alkaline silicates
(water glasses).

Mitterova, Zachar and Majlingova [100] focused
the assessment of the chemical substance with
fireproof function application effect on the thermal
resistance of spruce wood. The results showed the
change in effect of the protective substance at varying
concentration and method of application (coating,
retting), and thus also the different values of observed
variables (weight loss, time of ignition) of tested
spruce samples.

Wang et al. [101] investigated the effects of water
bath temperature, dye concentration, flame retardant
concentration and dipping time on dye uptake and
limited oxygen index of simultaneously dyed and
fire-retardant-treated  fast-growing poplar wood
veneer. Through comprehensive analysis, an
improved process was obtained and wood with these
improved properties was prepared. Analyses of

chemical structure and thermal stability of prepared
wood samples were conducted, as well as
crystallinity and microscopic morphologies using
Fourier transform infrared spectroscopy,
thermogravimetric, plus X-ray diffraction and
scanning electron microscopy and energy-dispersive
X-ray spectroscopy. Results showed that dye uptake
and limited oxygen index had a similar increasing
tendency with increased water bath temperature and
dipping time. Moreover, dye uptake improved upon
addition of flame retardant, while limited oxygen
index decreased as dye concentration increases.
Flame retardant combined with the wood fiber and
was in the absence of chemical reaction with the dye
used. Dye and flame-retardant molecules diffused
into the cell cavity, wood vessel and aperture.
Furthermore, the fire-retardant properties and
crystallinity of wood simultaneously treated with dye
and flame retardant were both improved.

Wu, Wang and Guo [102] studied the synergistic
flame-retardant effects of different zeolites on
intumescent fire-retardant coating for wood. To
investigate  the  fire-retardant  properties  of
intumescent fire-retardant coatings of wood modified
by different zeolites, tests were conducted by a cone
calorimeter with poplar samples whose surfaces were
covered by an intumescent fire-retardant coating
modified by 3A, 4A, 5A, 13X zeolites, respectively.
Results indicated that the ignition time (TTI) of the
intumescent fire-retardant coating modified by 3A
zeolite was prolonged 120 s, while the total smoke
production (TSP) increased 60.1% as compared with
the untreated group. The intumescent fire-retardant
coating modified by the 13X zeolite had a smaller
smoke production rate (SPR) and was the last to
reach the peak-SPR. Its TSP remained in a very low
state until 410 s and decreased 25%. Thus, 3A zeolite
and 13X zeolite were of complementarily synergistic
effects on improving the fire-retardant properties of
an intumescent fire-retardant coating for wood. They
suggested the alternative types of zeolites for flame-
retardant coatings.

Zhang et al. [103] studied effect of biochar on
mechanical and flame-retardant properties of wood.
Biochar/wood/plastic composites were prepared with
different biochar content by the extrusion method,
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and the mechanical properties and flame-retardant
properties were tested. They indicated that with the
increase of biochar content, the mechanical properties
of the composites tended to rise at first and then fell.
They also found that the appropriate amount of
biochar can promote the mechanical properties of the
biochar/wood/plastic composites. Both Mg(OH). and
AI(OH); could improve the flame-retardant
properties of the material evidently. Mg(OH)
obtained better results than AI(OH)s. When the
adding amount of Mg(OH), is 40 wt%, the flame-
retardant effect is the best. AI(OH)s can reduce the

mechanical properties of the material, while
Mg(OH), could evidently promote the tensile
strength and impact resistance strength of the
material.

4. Fabrics flame-retardant treatment

Fabrics play an important role in everyday life.
One of their main drawbacks refers to their structure,
as they are mainly made of organic polymers, which
conversely, if not inherently flame-retarded, they are
flammable and potentially dangerous. The ease of
flammability of fabrics has been faced by designing
and synthesizing suitable flame retardants, i.e.,
additives that are able to suppress or delay the
appearance of a flame and/or reduce the flame-spread
rate (flame retardants) or delaying ignition or
reducing the rate of combustion when needed (fire
retardants).

Depending on the chemical composition and on
their thermal and fire properties, textile fibers and
fabrics need substances such as halogen, sulfur,
phosphorus, nitrogen, boron, metals, etc. to attain
flame retardancy [104, 105]. These additives can be
directly introduced into synthetic fibers during the
spinning process or can be deposited on the synthetic
or natural fiber/fabric surface [106, 107].

These surface treatments can be performed either
using finishing or coating techniques: the former
involve the impregnation of the fabric in a
solution/stable suspension of the flame-retardant
additive; the latter involve the application of a

continuous or discontinuous layer/film on both the
outer surface and back of the fabric [51].

Further, we introduce results of current research
focusing the fabrics flame retardants issue.

Cayla et al. [108] introduced, that the possible way
to improve sustainable development for the textile
industry is using the bio-based polymers to replace
the polymers from petrochemicals in the manufacture
of textile fibers. Polylactic acid (PLA) is one of the
available bio-based polymers. A way to improve the
fire behavior of this bio-based polymer is to add an
intumescent formulation mainly composed of acid
and carbon sources. To optimize the amount of bio-
based product in the final material composition,
lignin from wood waste can be used as the carbon
source.

Chen et al. [109] focused on development and
further application of intumescent flame-retardant
and self-healing superhydrophobic coatings on cotton
fabric. While, the flame-retardant and self-healing
superhydrophobic coatings are fabricated on cotton
fabric by a convenient solution-dipping method,
which involves the sequential deposition of a trilayer
of branched poly(ethylenimine) (bPEI), ammonium
polyphosphate ~ (APP), and  fluorinated-decyl
polyhedral oligomeric silsesquioxane (F-ROSS).
When directly exposed to flame, such a trilayer
coating generates a porous char layer because of its
intumescent effect, successfully giving the coated
fabric a self-extinguishing property. Furthermore, the
F-POSS embedded in cotton fabric and APP/bPEI
coating produces a superhydrophobic surface with a
self-healing function. The coating can repetitively
and autonomically restore the superhydrophobicity
when the superhydrophobicity is damaged. The
resulting cotton fabric, which is flame-resistant,
waterproof, and self-cleaning, can be easily cleaned
by simple water rinsing. Thus, the integration of self-
healing superhydrophobicity with flame retardancy
provides a practical way to resolve the problem of
washing durability of the flame-retardant coatings.
The flame-retardant and superhydrophobic fabric can
endure more than 1000 cycles of abrasion under a
pressure of 44.8 kPa without losing its flame
retardancy and self-healing superhydrophobicity,
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showing potential applications as multifunctional
advanced textiles

Chan et al. [33] synthesized the series of boron-
nitrogen polymers (PEIPAs) to provide a green
alternative for flame retardant finishing on cotton
fabrics.

Cheng et al. [110] applied a novel phosphorus-rich
hybrid organic-inorganic silica coating for improving
the flame retardancy of silk fabric, which was
prepared using naturally occurring phytic acid as
phosphorus precursor and catalyst for the hydrolysis
of tetraethoxysilane. In addition, they added three
silane coupling agents in the hybrid sol as cross-
linkers, with the aim of developing hydrophobic
coatings and improving the washing durability of the
treated silk fabric.

Dong et al. [34] successfully synthesized a novel
antibacterial and flame-retardant agent,
monochlorotriazine  triethylphosphite  guanidine
(MCTPG). The chemical structure of MCTPG was
characterized by FTIR and H-1 NMR. The flame
retardancy of treated cotton fabric was evaluated by
limiting oxygen index (LOI), the vertical burning test
and cone calorimeter, respectively. The treated cotton
fabric obtained good flame retardancy with a LOI
value of 31.2%, and the char length decreased to 8.5
cm. The ignition time increased, and the values of
total heat release, heat release rate, mass loss
decreased. The thermal stability and surface
morphology of treated cotton fabric were investigated
by thermogravimetric analysis and scanning electron
microscope (SEM), respectively. The results showed
that MCTPG played a protective role in the
degradation of cotton fabrics, hindered the formation
of volatile species and favored the formation of char.
Furthermore, the antimicrobial activity of treated
cotton fabrics was tested. And it showed that the
inhibition zone of the treated cotton fabrics base to
Escherichia coli and Staphylococcus aureus reached
to 2.9 mm and 2.8 mm, respectively.

Feng et al. [111] synthesized a plant-based non-
formaldehyde flame retardant containing high
phosphorus ammonium phytate (APA) for cotton
fabric. The char length of treated cotton sample
decreased to 31 mm from the original 300 mm. The
LOI value of finished cotton fabric was of 43.2%,

and after 30 laundering cycles, it remained of 30.5%,
suggesting that APA could be used as an effective
semi-durable flame retardant. The TG analysis in air
demonstrated that the thermal oxidation stability of
treated fabric was significantly improved. Cone
calorimetry results showed that the peak of heat
release rate and total heat release of treated sample
reduced obviously, comparing with reference sample.
The SEM morphologies suggested that the APA
molecule penetrated the inner space of cotton fibers.
FTIR spectra implied the APA molecule grafted onto
cotton fibers. Then, the effective flame-retardant
APA has significant potential in practical application.

Jimenez et al. [112] studied an innovative way to
improve fire-retardant properties of different
polymers by applying intumescent coatings on their
surface has been studied. Two polymers have been
investigated: polypropylene and polycarbonate. The
surfaces were first subjected to a flaming treatment to
clean them and to increase their wettability and thus
improve the adhesion of the coatings. Two different
formulations were then applied: a transparent
intumescent varnish, based on an acrylic resin, and an
intumescent coating based on polyvinyl acetate resin.
Different parameters have been obtained using
several fire tests. The cone calorimeter, the limiting
oxygen index and UL94 tests have been carried out to
evaluate the fire-retardant properties obtained for
both the intumescent coating and the intumescent
varnish. Results clearly showed an outstanding
improvement of the fire-retardant properties using
intumescent coatings without any incorporation of
flame retardants in the bulk.

Liu et al. [113] tested and evaluated the
combustion performances of pure cotton fabric,
respectively, enriched with graphene oxide,
phosphorus-doped graphene oxide, and nitrogen-
doped graphene oxides. The results show that
phosphorus-doped graphene oxide acts as the most
promising flame retardant, which can effectively
reduce the burning rate and heat release rate of the
combustion  process, with  excellent smoke
suppression effect. Based on the relevant parameters
obtained from the experimental results of
phosphorus-doped graphene oxide, Simtec simulation
was performed to demonstrate vertical combustion of
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thin fabric before and after flame-retardant treatment,
and the results were consistent with the trend of the
experimental results and suggest a magnifying effect
of phosphorus-doped graphene oxide.

Rehan et al. [114] addressed an innovative
approach for benign development of environmentally
synthesis of chitosan-based nanocomposite. The
synthesis involved the inclusion via interaction of
AgNPs and clay with chitosan (Cs) giving rise to
Cs/AgNPs and Cs/AgNPs/clay nanocomposites
which when applied independently induce super
functionalities. Comparison was made among the two
nanocomposites with respect to their intimate
association with the in-depth cotton fiber-fabric
surfaces and the onset of this on the multi-
functionalization of cotton fabrics. They emphasized
that  Cs/AgNPs/clay  nanocomposites  prove
unequivocally that its use in one-step treatment
process for cotton fabrics results in imparting very
appreciable good technical properties which, in turn,
are reflected on all the gained functionalities of
cotton fabrics: high strength, uniform morphology,
increased thermal stability, successful deposition of
the composite on the surface of cotton fabrics, high
water absorption, antimicrobial activity, flame
retardant, controlled release of fragrance and UV
protection. The data obtained indicated that the
treatment  for  cotton  fabrics with  these
nanocomposites is stable against washing even after
20 washing cycles. Based on encourage data, the
environmental benign synthesis of Cs/AgNPs/clay
nanocomposites was considered as a promising
nanocomposite for the multifunctional finishing
textiles.

Shan et al. [115] prepared and tested a novel
flame-retardant monomer DDPSI-FR, containing
organophosphorus and silicon. The chemical
structure of DDPSIi-FR was characterized by Fourier
transform infrared spectroscopy (FT-IR) and X-ray
photoelectron spectroscopy (XPS). Subsequently,
after treating the wool fabrics, the effects of the
monomer on the flame retardancy, thermal stability,
and mechanical properties were studied. The flame
retardant and thermal properties were evaluated by
conducting vertical flame tests, limiting oxygen index
(LOI) determination, and thermogravimetric analysis

(TGA). The results showed that improved flame
retardancy and thermal stability were achieved.
Notably, the flame retardancy was retained even after
15 washing cycles. The mechanical properties were
evaluated using the bursting strength, and the results
indicated that DDPSi-FR treatment improved the
breaking strength.

Zope et al. [116] reported on the development of
water-based flame-retardant coating based on
phosphonitrogen combination for cotton fabrics. A
one-step spray-on process was employed to coat the
fabrics by taking advantage of the spontaneous
reaction between para-phenylenediamine (PDA) and
tetrakis  (hydroxymethyl) phosphonium chloride
(THPC) resulting in an instantaneous precipitation of
poly[1,4-diaminophenylene-tris(dimethyl
hydroxymethyl)phosphine] (PApP) on the fabric
surface. The effectiveness of PApP in improving the
flame-retardant properties like ignition resistance and
lateral flame spread were evaluated in accordance
with ASTM D6413 and BS EN ISO 15025
flammability tests. Despite the early (thermal)
decomposition, the onset for coated fabrics under
both oxidative and pyrolytic conditions, remarkably
the self-extinguishing behavior (<3 s) without any
lateral flame spread was observed. Possible reaction
scheme was also proposed to correlate flame
retardant mechanism of the coated fabrics with the
observations. Additional analysis via pyrolysis
combustion flow calorimetry and vertical flame
testing before and after washing showed that flame
retardant efficiency did decrease with washing, but
the overall performance was still promising.

Zhang et al [117] developed a method to impart

polyacrylonitrile  (PAN) fabric durable flame
retadancy. PAN fabric was modified with
hydroxylamine hydrochloride (HA) to prepare

amidoxime PAN fabric (A-PAN) followed by
phosphorylation with phosphoric acid (PA) to obtain
flame-retardant PAN fabric (P-A-PAN).
Thermogravimetric  (TG)  analysis, differential
scanning calorimetry (DSC), microscale combustion
calorimetry (MCC) and pyrolysis-gas
chromatography-mass  spectrometry  (Py-GC/MS)
were used to analyze the thermal degradation process
and flame-retardant mechanisms. The structure of the
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fabrics was characterized by Fourier transform
infrared  spectroscopy  (FTIR) and  X-ray
Photoelectron Spectroscopy (XPS). The surface
morphology of fabrics was observed by scanning
electron microscope (SEM). Moreover, the flame
retardancy of fabrics before and after washing was
evaluated by Limiting oxygen index (LOI) and
horizontal burning test. The results showed that the
P-A-PAN possessed an excellent thermal stability
with the highest LOI value of 34.1% and the highest
char residue of 55.67% at 800 °C. Most importantly,
the P-A-PAN possessed a wonderful flame-retardant
durability with a little decrease of LOI after 20
washing cycles. When they were ignited, the P-A-
PAN fabrics before and after washing were both
nonflammable due to the char residue formation of
modified fabric.

5. Polyurethane foam flame-retardant treatment

Recent trends in flame retardancy of polyurethane
foams (PUR) and, in general of polymers, have been
deeply influenced by regulation requirements and by
the concept of "sustainable development" which
implies that the fire retardants should present a low
impact on human health and environment during the
whole life cycle of the polymer; it concerns then also
the toxicity and the density of smoke developed
during burning of the materials. Therefore, the
reduction of the amounts of brominated compounds
used in flame retardancy formulations is one of the
main aims of the research in this field, although this
reduction is not very easy because of their very high
effectiveness [118].

Modesti et al. [118] reviewed and discussed novel
halogen-free flame-retardant systems for
polyurethane foams. They studied the charring
compounds which may lead to the development of
different char morphologies: compact, intumescent
and "glassy-like" char layers. The advantages and
disadvantages of each system on fire behavior and
thermal stability of polyurethane foams was
analyzed. Attention was put on possible synergistic
effects arising from suitable mixing of them. In the
flame retardants analyses, there were involved the

phosphorus-based compounds (phosphates,
elementary phosphorous and novel hypophosphites),
intumescent systems (for example expandable
graphite) as well as glass precursors like borates,
alumino-silicates and glass modifiers. The recent
interest in nanocomposites, potential application and
benefits of layered silicates on fire behavior and
thermal stability of PUR foams was also reported. To
assess the effectiveness of the systems considered in
enhancing the fire behavior and thermal stability,
PUR and PIR-PUR (polyisocyanurate-polyurethane)
foams containing different amounts of them were
prepared and tested in several ways. The thermal
stability, both in inert and oxidizing atmosphere, and
fire behavior through the limiting oxygen index
(LOI) and use of cone calorimeter (CC) were
analyzed. Some results of SBI (Single Burning Item)
test were also reported. Also, the char morphology
and composition were studied using scanning
electron microscope (SEM) and elementary analysis
(EDX, Energy Dispersive X-ray spectroscopy).

Yang and Nelson [65] developed flame retardant
flexible polyurethane foams through four different
approaches including the utilization of inorganic
flame retardant, phosphorus-containing  flame
retardants, a combination of phosphorus compounds
and inorganic additives, and the combination of
phosphorus compounds and reactive silicone. Cone
calorimetry results of the obtained flexible foams
strongly supported "synergism" among the combined
systems. With 15 pbw of phosphorus flame-retardant,
Antiblaze (R) 230, an alkyl
arylphosphate/phosphonate, in PUR, the peak heat
release rate was reduced by 23% However, the
combined use of Antiblaze (R) 230 with zinc stannate
(ZS) reduced the PHRR of the resulting PUR foams
by over 40%. Moreover, the combined use of ZS or
zinc hydorxystannate (ZHS) with Antiblaze (R) 230
significantly reduces smoke generation. Flame
retardant flexible foams are also successfully
obtained with functionalized silicone component, and
with the combination of silicone and phosphorus-
containing flame retardant, which follow a different
flame-retardant mechanism.

Hu and Wang [119] prepared two series of
polyisocyanurate polyurethane (PIR PUR) foams
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(i.e., EG foams filled with different amounts of EG
alone and APEG foams containing different amounts
of expanded EG and APP), using expandable
graphite (EG) and ammonium polyphosphate (APP)
as flame retardants, and evaluated the effect of the
additives on the physical mechanical property, fire
behavior and thermal stability of the foams based on
compressive strength test, limiting oxygen index
(LOI), cone calorimeter test, thermogravimetric
analysis (TGA) and scanning electron microscopy
(SEM). The addition of EG alone or both EG and
APP into the foam greatly influences the physical
mechanical property. The compressive strength of
APEG foams was closely related to the apparent
density. The LOI value showed good improvement in
both EG and APEG foams. The addition of APP in
APEG foams gave better fire behavior than the EG
foams with an obvious decrease in PHRR and
increase in residue. In addition, the TGA curves
illustrated that APP might be an effective charring
agent to promote char formation. The SEM results
showed that the incorporation of APP and EG
allowed the formation of a cohesive and dense char
layer, which inhibited the transfer of heat and
combustible gas and increased the thermal stability of
PIR-PUR.

Chen and Jiao [26] studied smoke suppression
properties and synergistic flame-retardant effect of
ferrite  yellow (FeOOH) on flame retardant
thermoplastic polyurethane (TPU) composites, using
ammonium polyphosphate (APP) as a flame-retardant
agent. Smoke suppression properties and synergistic
flame-retardant effect of FeOOH on flame retardant
TPU composites were intensively investigated by
smoke density test (SDT), cone calorimeter test
(CCT), scanning electron microscopy (SEM), and
thermal-gravimetric analysis (TGA). Remarkably, the
SDT results showed that FeEOOH can effectively
decrease the amount of smoke production with or
without flame. On the other hand, the CCT data
revealed that the addition of FeOOH can apparently
reduce heat release rate (HRR), total heat release
(THR), and total smoke release (TSR), etc. Here,
FeOOH was an effective smoke suppression agent
and a good synergism with APP in flame retardant
TPU composites, which can greatly improve the

structure of char residue realized by TGA and SEM
results.

Liu et al. [120] successfully synthesized three
types of ferrites zinc ferrite, copper ferrite and nickel
ferrite via coprecipitation. The morphology of ferrites
and foams was studied by X-ray diffraction (XRD),
transmission electron microscopy and scanning
electron microscopy. The flame retardancy and
potential smoke and toxicity suppression effects of
ferrites on flame-retardant polyurethane-
polyisocyanurate (FPUR-PIR) foams  with
dimethylmethylphosphonate and tris (2-chloropropyl)
phosphate were investigated by thermogravimetric
analysis (TG), limiting oxygen index, smoke density
rating (SDR), cone calorimeter and X-ray
photoelectron spectroscopy. Meanwhile, the detailed
reaction between ferrite and phosphonate, ferrite and
polyurethane-polyisocyanurate was examined by
thermogravimetry coupled with FTIR
spectrophotometry, XRD, TG and FTIR. The results
showed that ferrites significantly decreased the
smoke production of FPUR-PIR, and reduced SDR
per unit mass by 25.1-41.6 %. Notably, ZnFe204
(ZF) showed an excellent performance in smoke and
toxicity suppression in this study. Moreover, ZF not
only can restrained the release of groups containing
phosphorus and kept more P in condensed phase, but
also can accelerated the dehydration of PUR-PIR and
facilitated the crosslinking of pyrolysis fragments to
form thermal oxidation stable char layer. This study
has provided insight into possible modes of smoke
and toxicity suppression action in FPUR-PIR
incorporated ferrites.

Liu, He, Yang [56] prepared a series of flame-
retarded PIR-PUR foams, using a novel phosphorus
containing flame retardant, 9,10-dihydro-9-oxa-10-
phosphaphenanthrene 10-oxide (DOPO)-Mg. The
thermal stability and pyrolytic gases of the PIR-PUR
foam with and without DOPO-Mg were detected by
TG and TGA-FTIR. The results indicated that
DOPO-Mg can significantly reduce the combustible
gases released during decomposition of the PIR-PUR
foams, such as carbonyl group containing, methyl
and methylene containing flammable gas. The Py-
GC-MS results proved that DOPO-Mg changed the
thermal degradation process of the PIR-PUR foam
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and prevented a highly toxic flammable gas from
being generated. The flame retardancy of the PIR-
PUR foams was tested using the LOI and cone
calorimeter test. The LOI and heat release rate values
of the PIR-PUR sample without DOPO-Mg were
21.2 % and 190.7 kwW/m?, respectively. 25 phr
DOPO-Mg incorporation into the PIR-PUR foam
resulted in a LOI value of 23.2 %. In addition, 5 phr
DOPO-Mg incorporation into the PIR-PUR foam
resulted in a peak heat release rate of 154.9 KW/m?.
The foams with DOPO-Mg showed more compact
residues. The SEM test showed that spherical
material formed on the surface of the char to hinder
flame and heat transmission, which can be used to
explain the flame-retardant effect.

Liu et al. [121] also investigated the catalysis of
boron phosphate (BP) on the thermal stability and
char forming in flame-retardant PUR-PIR foams with
dimethylmethylphosphonate (DMMP) and tris(2-
chloropropyl) phosphate (TCPP). The flame-retardant
performance and thermal stability of FPUR-PIR were
evaluated by cone  calorimetry  (CONE),
thermogravimetric analysis (TG) and microscale
combustion calorimetry (MCC). Gas-phase products
of FPUR-PIR during the thermal decomposition were
investigated via thermogravimetric analyzer coupled
with FTIR and mass spectrometry (TG-FTIR-MS).
Elemental composition and content of the charred
layer in detail were analyzed by X-ray photoelectron
spectroscopy (XPS). It was observed that the
incorporation of 3 mass% BP in FPUR-PIR decreases
the heat release rate, total smoke released and CO
production. Meanwhile, the addition of 3 mass% BP
advances the release of gaseous products and lower
the production of smoke and toxic products like -
NCO compounds, PO* and cyanic acid in the gas
phase. It can accelerate the dehydration of hydroxyl
compounds and promote the char formation of -NCO
compounds. This can improve the thermal and
oxidation resistance of condensed phase. The
catalytic behavior of the dehydration and char
formation of BP in the thermal degradation of FPUR-
PIR is attributed to Bronsted and Lewis acidic sites
on BP.

Lorenzetti et al. [122] compared several
expandable graphites (EGs), differing in expansion

volume but with the same mean size, used as flame
retardants in polyurethane (PUR) foams. Not only
common  sulfur-intercalated  graphites  were
investigated, but also a new one intercalated with
phosphorus. They studied the properties of EG,
which are important for its flame retardancy
effectiveness in PUR foams. Thermal stability,
flammability, and fire behavior were analyzed
through limiting oxygen index and cone calorimeter
tests. Detailed characterization of the phosphorus-
intercalated graphite was also provided as well as
physical-mechanical characterization. The results
showed that the well-known sulfur-intercalated
graphites and the one with phosphorus both enhance
the residue yield, induce a protective layer, and thus
efficiently flame-retard PUR foams. While the
expansion volume of the EGs had a surprisingly
limited influence on the performance of the foams, at
least in the range tested, the most important feature
controlling the effectiveness of EG in terms of flame
retardant PUR foams was the type of intercalant. The
presence of EG affected the physical-mechanical
properties of the foams; however, no significant
effect of the expansion volume or intercalant type has
been revealed on the physical-mechanical properties
of the foams.

Yue et al. [123] focused the utilization of
sustainable forestry waste resources in the production
of polyurethane (PU) foam, which seems to be a
promising green alternative to the use of un-
sustainable resources. They reported the liquefaction
of waste pine wood at different reaction temperatures
and its application in synthesizing a melamine
phosphate modified wood type polyurethane foam
(designated as MWPU). Their strategy was to obtain
liquefied pine-based polyol at an optimum reaction
temperature and apply the polyol in synthesizing a
flame retardant (MWPU) foam via the incorporation
of a melamine phosphate (MP) filler. Spectroscopic
and microscopic analyses were conducted to
investigate the structure characteristics and the
morphology of the liquefied waste pine wood polyol
and the synthesized (MWPU) foam. An optimum
liquefaction temperature of 160 °C was obtained and
the glass transition temperature (T-g) for 10 wit%
incorporated MP foam was 43.8 °C. The as-prepared
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(MWPU) foam showed higher glass transition
temperature and storage modulus than pine wood-
based PU foam without MP. The MWPU foam
withstood heating at 300 °C without significant
degradation and exhibited a higher thermal stability
and limited oxygen index (LOI) value than pine
wood-based PU foam. These results provided an
insight into the physical and structural properties of
the as-prepared bio-based foam and paved the way
toward preparing bio-based PU foam, which could
further expand its potential applications.

Byard et al. [32] used the phosphorus-containing
epoxides to generate several oligomeric polyether
diols, which were in turn utilized in the preparation of
model polyurethane (PU) samples, either as
comonomers in the polymerization (Prep samples) or
solvent blended into a priori prepared PU (Blend
samples). The resultant samples were evaluated for
heat release reduction potential using micro
combustion calorimetry. Several variables were
investigated in the oligomerization of the original
epoxides, such as presence of initiator, epoxide
comonomer, and solvent. The oligomer mixtures
were thoroughly characterized, using NMR, mass
spectrometry (MS), elemental analysis, and viscosity
measurements. The final PU Prep samples were
carefully analyzed to demonstrate and evaluate the
degree of chemical incorporation of the polyether
diols into the PU main chain. Results from the heat
release studies demonstrated that incorporation of the
phosphorus-containing diol did lower flammability,
but the structure of the original epoxide, as well as
the oligoimerization conditions, influenced heat
release reduction.

Eceiza et al. [72] reported on the fire behavior of
isophorone diisocyanate-based polyurethane foams
containing different conventional flame retardants
(FRs) such as melamine, ammonium polyphosphate,
aluminum hydroxide, expandable graphite, and their
combinations. The foams were obtained in a
laboratory scale and characterized in terms of their
morphology, density, thermal stability, and fire
behavior. According to atomic force microscopy, the
incorporation of FRs decreased the phase separated
domain size. The cellular structure of the foams was
examined qualitatively by scanning electron

microscopy while the quantitative analysis of the
surrounding skin was performed by optical
microscopy and Image J. The flame retardant
containing foams showed more and smaller cells. The
thermogravimetric analysis showed that the flame
retardants had no influence in the initial degradation
temperature of the foams. However, the obtained
residue values were higher than the theoretical ones,
indicating that there was some type of interaction
between the flame retardants and the foams. The fire
behavior of polyurethane foams was studied by the
cone calorimeter and the data showed that the
introduction  of  expandable  graphite  and
combinations of ammonium polyphosphate/melamine
to the reference foam gave rise to a significant
reduction in the total heat release.

Wang et al. [124] synthesized and characterized a
phosphorous-nitrogen intumescent flame-retardant,
2,2-diethyl-1,3-propanediol  phosphoryl melamine
(DPPM) by Fourier transform infrared spectroscopy
and nuclear magnetic resonance. Flame-retardant
rigid polyurethane foams (RPUFs) with DPPM
(DPPM-RPUF) as fire-retardant additive were
prepared. Scanning electron microscope (SEM) and
mechanical performance testing showed that DPPM
exhibited a favorable compatibility with RPUF and
negligibly negative influence on the mechanical
properties of RPUF. The flame retardancy of DPPM
on RPUF was investigated by the limiting oxygen
index (LOI), wvertical burning test and cone
calorimeter. The LOI of DPPM-RPUF could reach
29.5%, and a UL-94V-0 rating was achieved, when
the content of DPPM was 25 php. Furthermore, the
DPPM-RPUF exhibited an outstanding water
resistance that it could still obtain a V-0 rating after
water soaking. Thermogravimetric analysis showed
that the residual weight of RPUF was relatively low,
while the charring ability of DPPM-RPUF was
improved greatly. Real-time Fourier transform
infrared spectroscopy was employed to study the
thermo-oxidative degradation reactions of DPPM-
RPUF. The results revealed that the flame-retardancy
mechanism of DPPM in RPUF was based on the
surface charred layer acting as a physical barrier,
which slowed down the decomposition of RPUF and
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prevented the heat and mass transfer between the gas
and the condensed phases.

6. Conclusions

The paper gives an overview on current state of
research focusing the flame retardancy of natural and
synthetic polymers, especially wood and wood
composites, several fabrics, as well as PU/PUR
foams. It was created as a compilation of current
scientific works included in Web of Science database.
In compilation totally 124 literature sources were
involved.
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Specification of a representative value for fire load density
accumulated in building compartment
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Abstract

Two alternative approaches to the specification of fire load density representative for the considered fire zone are considered
in this paper. The first approach is based on the direct inventory of combustible materials stockpiled in the fire zone. Here the
nominal value obtained by direct measurements constitutes the measure of sought density. The possible inventory taking
methods and the interpretation of results obtained are described in detail. The second approach is based on the statistically jus-
tified characteristic value. This measure seems to be more universal in application, though not so individualized as the first
one. It is calculated as the appropriate quantile of the fire load density probability distribution, treated as the random variable.
Procedure of this type takes into account the statistical variation of densities determined in zones used in the same manner.
Thus the obtained value is interpreted as authoritative for fire zone of particular type, instead of being associated with ana-
lyzed zone in a specific building.
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1. Introduction

Fire load of a fire zone Q[MJ] is usually inter-

preted as quantitative amount of energy which, at the
combustible materials stored in the zone and consti-
tuting potential fuel, will be released during the antic-
ipated fire. Accompanied by opening factor O [m®°],
which characterizes the geometry of considered zone
and quantifies the possible exchange of exhaust gases
with surroundings, i.e. the ventilation of such a zone,
it determines the course of the authoritative fire, and
more precisely the heat release rate HRR, which in
turn directly affects the effective fire intensity. In the
design practice precise specification of the total
amount of this energy would be useful in estimating
the safety level of zone users changing during fire
only after unequivocal specification of fire material
distribution within this zone is obtained. It is im-
portant to specify, whether the combustible materials
are distributed rather evenly over the whole area, or
clustered generating local maxima substantially ex-
ceeding the averaged reference value. Because of this
the fire load should be expressed with respect to the

floor area of analysed fire zone A,[m?], and there-
fore the fire load density should be given as
qs [NIJ/mz]. Thus:

Q
= 1
= 1)
The density g, should be in the quantitative sense

distinguished from the density q, [MJ/mZ] related to
the total surface area of all partitions delimiting the
fire compartment A [m?] (i.e. both floor and ceiling

as well as walls). Both quantities are used inter-
changeably in the subject literature, however the rela-
tionship:

A
- 2
of qt[ A )
always holds, while also:
Q Q
== =—— 3
qt A 2A, +HC ®)

where H and C denote the height and circumfer-
ence of the considered fire zone, respectively.

At least two qualitatively different approaches to
the specification of fire load density q, (and the cor-
responding density q,) authoritative for fire safety
analysis may be found in the literature. The first one
is based on detailed inventory of contents contained
within the analyzed zone and determination of the
nominal value q,, while the second one is based on

the statistically justified characteristic value q,, iden-

tified for the assumed density probability distribution
treated as random variable g, and estimated with re-

spect to homogenous and representative population
of fire zones used in a similar manner. The presenta-
tion and comparison of both approaches constitutes
the basic objective of current paper.

2. Specification of nominal fire load density based
on the detailed inventory of a fire zone

According to the code PN-B-02852:2001 [1], and
Appendix E to the code EN 1991-1-2 [2], in order to
estimate the fire load Q one should take the invento-
ry of combustible materials gathered in the consid-
ered fire zone, give the mass m;[kg] and assign the

effective combustion heat value H, ; [MJ/kg] for

each of these materials. Consequently, with n mate-
rials taken into account, one obtains:

Q= émiHu,eﬁ,i [MJ] 4)

The adjective “effective” is related to the imper-
fect conditions of combustion in fire, where the re-
duction H, ;= xH,; occurs, with y; <1. The per-

fect conditions occur only during laboratory calorific
experiment, during which the net combustion heat
value H,;[MJ/kg] is measured. In the engineering

practice the coefficient y; is usually disregarded in

calculations (c.f. for instance the example [2]). This
may be justified by difficulties in unequivocal deter-
mination of its value, but the simplification of this
type leads to unnecessary overestimation of Q value
determined from (4), though one has to admit, that

this results in the estimate located on safe side. One
has to admit as well, that the energy Q estimate is
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made subject to the assumption that all the materials
taken into account are perfectly dry. If this is not true,
and the humidity of i-th material expressed as a per-
centage of its dry mass is equal to u, one should per-
form the correction according to the formula:

H,; = Hyo,; (1—0,01u)-0,025u (5)
where the value H ; is determined for perfectly
dry material.

The quantity Q is currently specified in terms of

energy units expressed in the Sl system in MJ. In
older elaborations the interested readers may find the
units like calories, or even kilograms of dry normal-
ized wood. Expressing the so calibrated values in
terms of currently obligatory units results in many
ambiguities, especially if a large diversity of materi-
als is considered in the analysis. Detailed discussion
of these issues would require a separate elaboration.
The papers [3] and [4] seem to represent an interest-
ing introduction into this problem.

The basic methods of collecting data used in the
inventory of the fire zone in question include:

e the direct weighting method - according to
which the masses of identified combustible ma-
terials are determined by simple weighting, and
subsequently appropriate combustion heat is as-
signed to them,

e the indirect inventory method — in this method
the masses sought are determined via volumet-
ric measurements of objects containing combus-
tible materials, subsequent assignment of au-
thoritative density, which yields an estimate of
mass, later on the values of combustion heat are
assigned,

e the questionnaire method — identified combus-
tible materials and their masses are determined
based on the questionnaire delivered by the di-
rect user of the compartment to an expert,

o real estate website review — estimation of com-
bustible materials and their masses based on
photos or videos taken in the fire compartment.

In order to assure sufficient reliability, the code [5]
requirements allow for application of only those data
gathering methods in which direct presence of an ex-
pert is required during data acquisition. Let us note,
that when the questionnaire method is used, an expert
analyzes the data gathered by a third party not neces-
sarily competent in evaluation. On the other side ap-

plication of videos or photographs is of very limited
reliability as well, as even the best video represents
only a part of the reality. Thus the reliable estimation
of mass or volume of analyzed object may be diffi-
cult. Both methods recommended by the code [5], i.e.
the direct weighting method and the indirect invento-
ry method have many limitations. First of all, it may
be difficult to weigh many combustible materials
gathered in the fire zone in real life. This is especially
true in case of combustible materials built into the
bearing structure. On the other hand, in the case of
movable combustible objects it may be much easier
to estimate the mass than the volume. For instance,
how a chair should be dealt with, which is in part
made of metal, and in part of man made materials?
Taking into account all the limitations listed above, it
is assumed, that a combined method merging the in-
direct inventory method with weighting offers the
best solution.

Based on the recommendations of the code [5],
while making an inventory of the real fire load char-
acterizing the fire zone under consideration, a distinc-
tion is made between:

o the density of movable fire load — for instance
furniture, books, carpets, curtains and similar
objects are assigned there,

o the density of fixed fire load — the combustible
structural materials and for instance materials
used to finish the floors, walls, ceilings and sim-
ilar are assigned to this group.

As it has been indicated above the fire density val-
ue obtained from inventory is understood as the nom-
inal value q,, specific to the analysed fire zone.

3. The idea of statistically based estimating the
representative quantile of random fire load
density in a fire zone

Practical application of the formula (4) in the case
of analyzing the safety level in fire, related to a spe-
cific building, with fire zones of different character,
is undoubtedly tedious and in addition not very use-
ful, as during the service time the users may change
the way the individual rooms are used and almost
certainly will change individual furniture or compo-
nents of the interior design during the useful life of
the building. Because of this fact replacement of the
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traditional deterministic approach by the statistically
based one supplemented with components of risk
management is postulated. The change of this type
results in replacement of the value qy,, specified in-

dividually for each considered case, by the related to
this value characteristic value ¢, determined as sta-

tistically justified quantile of suitable probability dis-
tribution. In order to do that the fire zones subjected
to analysis are grouped into zones of similar charac-
ter, especially having the same function or being used
in the same way. Subsequently appropriate values of
Qs are assigned to each group. The determination of

sought quantile results in the need to determine the
distribution type of random variable ¢, the central

value of this distribution and at least one dispersion
parameter. In order to perform such analysis the first
step must be taken, which is to gather a homogeneous
and reliable data population related to each of the
identified groups. It turns out, that the mode of gath-
ering such data directly affects the obtained results
[6]. The quantitative differences obtained during the
analysis of the fire zones belonging to the same group
using all the methods mentioned above are often very
significant [7]. C. Culver [8] paid attention to these
differences in results for the first time.

4. The factors affecting the distribution of
statistical sample within the homogenous research
group

The statistical data analysis technique selected to
estimate the authoritative fire load density generates
the need to specify the homogenous research groups,
i.e. sets grouping the particular fire zone types, hav-
ing similar designation and service mode. The group-
ing of this type must be performed very carefully, as
it critically affects final evaluation of fire safety. One
may find many recommended grouping methods in
the bibliography on the matter, very often substantial-
ly divergent. Two of these methods have to be distin-
guished, as they were included in normative acts
commonly used in engineering practice. In the Annex
E to the code EN 1991-1-2 [2] dwellings, hospital
rooms, libraries, offices, classrooms, shops and shop-
ping centers, cinemas and theaters, as well as facili-
ties for transportation services (for instance such as

railway and bus terminals) are defined as separate
groups. On the other hand the code NFPA 557 [5]
designates in this case:
offices and business occupancies,
religious properties,
eating and drinking establishments,
educational buildings,
facilities that care for the sick,
stores and mercantile buildings,
o places where people sleep, other than homes,
o other public assembly buildings.

In the second case dwellings are not distinguished
as a separate group, this is probably a result of the
specific US fire regulations.

On the other hand the analysis of combustible ma-
terials should be grouped and generalized. Usually
these materials are assigned to one of three (or four)
basic groups such as: paper or wood (often combined
into one group as manufactured materials on cellu-
lose base), man made materials and textiles. The
groupings listed above are not perfect due to obvious
reasons. The detailed analysis of office spaces indi-
cates that typical offices and conference rooms des-
ignated for meetings of many people should be dis-
tinguished [9]. Additionally an important difference
between the skewness of fire load density histograms
obtained for offices operating in private and public
sectors has been documented in [8]. American esti-
mates made in late seventies of previous century [8]
reported, that the share of paper and wood in the fire
load of office spaces accounted for 99,8%. The simi-
lar value (i.e. precisely 98.7%) is given by S. Kumar
[10] for offices located in India in mid nineties.
Meanwhile the most recent research only a few years
old, cited for US conditions by E. Zalok and J. Eduful
[6] suggest the following distribution: cellulose mate-
rials 70% (including 24% paper and 46% wood), man
made materials 22%, textiles 8%. Substantial increase
in the share of man made materials is an obvious re-
sult of the presence of computers, printers, TV sets,
radios and similar devices in the contemporary offic-
es. So are the estimates obtained a few decades ago
still reliable, especially in the era of ever faster social
and cultural changes?

Detailed analysis of rooms intended for housing
constitutes another example well illustrating the am-
biguity in the estimation of parameters describing the
fire load density distribution in a homogeneous statis-
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tical sample. The authors of paper [11] cite the re-
search of C. Holm and P. Oksanen [12] dating back
to the early seventies of previous century. They indi-
cate the differences in the sought density, should the
living room, bedroom and kitchen be considered sep-
arately instead of an apartment being treated as a
whole. The comparison of proposed distributions
with distribution related to the whole apartment and
recommended currently by the code [2] shows, that in
current times the fire load of apartments is substan-
tially higher. The conclusion of this type is confirmed
by the comparison of a distribution obtained in 1970
for apartments located in the USA [13] with much
later distribution, obtained in 2004 for apartments lo-
cated in Canada [14].

The area of a fire zone represents an additional
factor determining the distribution of fire load densi-
ty. In general it is indicated [8], that the fire load Q

in fire zone increases with increasing area A; only

up to the area approximately equal to A, =30m?,
and drops substantially in bigger spaces.

5. The question of fitting appropriate probability
distribution to random fire load density

Awvailability of appropriate statistical data set, con-
stituting an uniform sample, allows for representative
analysis. In order to do that the histogram and cumu-
lative empirical distribution of analyzed variable are
generated after an assignment of the results to the a
priori defined classes and analysis of each class size.
Matching the empirical distribution thus obtained in
the most precise way to one of the continuous proba-
bility distributions described by mathematicians con-
stitutes the primary task of the evaluator. Usually the
probabilistic moments are applied to do that, while
the moments of the sample (the mean value and the
standard deviation) are treated as estimators (prefera-
bly compatible, unbiased and the most effective) of
the moments of distribution against which the empir-
ical distribution is compared. The graphical colloca-
tion method at the limit point may be applied to this
purpose and rectify the empirical cumulative distribu-
tion on subsequent probabilistic meshes or seek the
maximum possible likelihood, out of these calculated
during the comparison of empirical distribution to

subsequent probability distributions [15]. Both S.
Kumar with C. V. S. K. Rao [10] as well as A. C.
Bwalya with M. Sultan and N. Benichou [16] report
good fitting of the results obtained during research
with the log-normal probability distribution. The ob-
servation of this type would indicate, that common
logarithm of random fire load density distribution
conforms to the normal distribution, On the other
hand, as the fire is an extraordinary occurrence, and
thus an infrequent one, which should not occur more
than once during the whole service life of the build-
ing, it is postulated to assign the properties of one of
the distributions specified for the extreme values,
such as the Gumbel distribution [17] or the Weibull
distribution [18] to the fire load density. It was
shown, that in the case of both of these distributions
the fitting is sufficiently good, though the Weibull
distribution yields the best fitting (in the sense of
Kolmogorow — Smirnov test) when the indirect inven-
tory method is applied, and the Gumbel distribution is
better when direct weighting method is used. The
skewness of empirical distributions obtained during
the inspections seems to favor the distribution of the
extreme type.

6. Interpretation of the characteristic value of
random fire load density in fire compartment

Both in the Eurocode [2] and in the code [5] the
random fire load density in fire compartment g, is

characterized by the Gumbel probability distribution.
This means that its characteristic value g, has been

defined as the quantile of this distribution determined
at the level of probability of not exceeding p. In or-

der to specify this value one should first determine
the average value g, and standard deviation oy Of
the sample, using the following formulae:

=0, +0rc (6)
and

o =\/O_§f,f +O—:f,c )
where the density ¢  is related to the combustible

materials representing the fixed fire load, and the
density q; . with the potential fuel representing the
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contents fire load. In the subsequent step these pa-
rameters are transformed into the corresponding pa-
rameters of Gumbel distribution, i.e. the modal value
d; (in other words the most probable value in the

reference period assumed for analysis) and the Gum-
bel standard deviation u,, . After application of the

classical method of probabilistic moments [15], one
obtains:

I B —
gs =0 —0,57770qf =q; — 0,450 (8)
as well as:
J6
Uqf :70'qf :0,780qf (9)

where the coefficient 0.577 represents the so called
Euler constant. The sought quantile ¢, , i.e. such
value of the random density q;, which in random

realization may be exceeded with given probability
g (and this in turn means that this value will not be
exceeded with probability p =1-q), is determined
by the following formula:
Ao = G — Uyt In[—ln(p)]z
& - Y00, 0577+ (o))

Thus, now the authoritative level of not exceeding the
probability p has to be determined. In the Annex E
to the Eurocode it was assumed, that the characteris-
tic value gy, represents such level of random density

(10)

q; , which will not be exceeded in random realization

with warranted probability of 80%, this means that
p=0.8, and thus q=1-0.8=0,2. Such arbitrary

decision raises doubts, as in reality the value of prob-
ability p should be specified based on the detailed

analysis of fire initiation risk. Let T, denote the re-
turn period of the characteristic value, i.e. the mean
time (expressed in years) between subsequent times
when the value g, is exceeded. Then, subject to the
assumption, that the probability g does not change in
time, the following holds:
1
a="P(a, >qfk)=T— (11)

r

in turn yielding:

1
p=Pla; <ay)=1-q=1-= (12)
The value g should at the same time measure the

failure probability, usually understood as exhaustion
in fire of the capability to safely support the external
loads applied to the structure accompanied by the
loads generated by the restrained thermally induced
expansion. However, not every case when the charac-
teristic load g, is exceeded ends up in structural
failure. Should one prefer the probability q to cover
such failure scenario, due to the fire, which has been
initiated in the considered fire zone, then this proba-

bility has to be expressed as the product of fire initia-
tion probability g, , and a conditional failure proba-

bility q,,;,, subject to the condition that the failure

occurred as a consequence of this fire. The value of
probability q,, is determined by the frequency of

fires f,, expressed in number of fires per year per

square meter of fire zone used in a given manner.
One has to keep in mind, that the frequency f, refers

to the so called structurally significant fires, jeopard-
izing the safety of the bearing structure, and not small
and local fire incidents. This frequency should be de-
termined based on the representative statistical analy-
sis. Should the value f, be replaced by the value

fi, such that f = f A;, where A; is measured in

square meters of the floor area in specific fire zone
located in the considered building (see the formula
(1)), then the number of fires per year will constitute
the measure of f . Thus:
1

Oini = f_ = Ginig (13)
Let us note, that with this approach the probability
Gini = Giniz Should be interpreted as probability refer-

ss 1

ring to a single so called one year long unit period
and not to the whole service time of a building. Of
course, should one assume that the value q;; is con-
stant in time and the service period is equal to m
years, the probability referring to that time period
Ginim May be expressed as:

Qinim = (qini,lyn (14)
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On the other hand, the regulations contained in the
code [5] assume that the measure of conditional
probability q,, is expressed by the risk, that the

bearing structure would fail in a fire that was earlier
initiated in the considered fire compartment. This risk
is denoted by the symbol R and, if the detailed data

is missing, is set at the constant level of 1-10° per
year. Thus, finally:

R
4= Gini 1A = f_s (15)
SS
and after taking into account the formula (11), one
may state that:

rote

r RS
The combination of formulae (10), (11), (12) and (16)
leads to the estimate of the characteristic value qy,,

(16)

listed in the code [5] as:

Q=0 - @aqf {0,577 + In{— In[l—%ﬂ} (17)
T ss

The frequencies f  authoritative for each fire zone
type and given in that code have been empirically es-
timated as follows:

o offices and business occupancies — six fires per
one million of square meters per year,

o religious properties — six fires per one million of
square meters per year,

e eating and drinking establishments — eighty one
fires per one million of square meters per year,

o educational buildings — ten fires per one million
of square meters per year,

o facilities that care for the sick — sixteen fires per
one million of square meters per year,

e stores and mercantile buildings — sixteen fires
per one million of square meters per year,

o places where people sleep, other than homes —
forty three fires per one million of square meters
per year,

e other public assembly buildings — ten fires per
one million of square meters per year.

These values, before application in the formula
(17) have to be corrected to the value fg = yf due
to the type of the structure and fire protection scheme

applied. The correction factors y are listed in the

appropriate tables of the code [5] assigned to the
types of authoritative fire zones.

7. Concluding remarks

This paper is an extended version (preceded by
papers [19], [20] and [21]) of authors’ comments to
the procedures used in engineering practice to specify
the representative value of fire load density in a fire
compartment, authoritative for forecasting the real
safety level in fire. However in the case of a particu-
lar fire compartment the traditional inventory taking
seems to be the advised procedure to follow, as it
yields in the common sense the most reliable value,
i.e. the nominal value coming out of direct measure-
ments and thus taking into account the materials ac-
tually gathered in the considered compartment and
the real spatial distribution of these materials, the ob-
servation of this type may not always be true. It has
been shown, that the inventory taking method applied
directly affects the results obtained. This influence is
so large, that in any case it should not be disregarded.
Therefore preparation of unequivocal guidelines in
this domain, recommended for application in the de-
sign practice, seems to be pressing. Let us note as
well, that the quantitative estimate obtained during
inventory, i.e. in a direct manner, will be valid only
for a relatively short time span after. Any change in
the fire compartment use, and even only a resupply of
the combustible materials gathered in the fire com-
partment would result in making the prior results out
of date. In view of the arguments listed above the tra-
ditional procedure seems to represent a rather imprac-
tical and undoubtedly tedious approach. The alterna-
tive solution, recommended for application by the
recommendations and regulations pertaining to the
evaluation of fire safety, especially in the codes [2]
and [5], is by substitution of the conventional deter-
ministic approach with analysis of the probabilistic
character. This allows for well justified statistical cal-
ibration of characteristic value for fire load density,
treated in this case as random variable. One has to
take into account the fact, that this authoritative value
is representative for formally homogeneous group of
fire compartments, subjected to the same service reg-
imen, and not for a particular fire compartment, se-
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lected in the analyzed building. Nevertheless, the re-
liability of results obtained this way has been posi-
tively verified experimentally many times, though
this is only a confirmation in the statistical sense. In
considering the probabilistic procedure recommended
for the use in this field, the authors tend to recom-
mend the American algorithm, formalized in the code
[5]. In contrast to the analogous approach proposed in
Europe [2], it takes into account the failure risk esti-
mated on a sufficiently large statistical sample, and
understood as exceeding in the random implementa-
tion of the previously specified characteristic value.
This risk is differentiated depending on the use of the
fire compartment, the type of the bearing structure
defining and delimiting the fire compartment as well
as the applied fire protection scheme against direct
fire exposure. The simple direct transfer of American
risk estimates of this type to Europe seems to be very
risky, though. The specifics of material and structural
solutions used in Europe, the social and cultural con-
ditions affecting the way buildings are used as well as
the legal regulations are different. In addition, due to
the obvious reasons mainly of economic nature, the
unified requirements should not be drawn for all Eu-
ropean countries which differ substantially in be-
tween. Introduction of the slightly expanded risk
analysis into the algorithm for action recommended
in the Eurocode [2] would result in the need for prior
preparation of the statistical material adapted to Eu-
ropean reality. This would undoubtedly raise the reli-
ability of obtained estimates, but on the other hand,
such relatively small, complication of the computa-
tional procedure could raise the objections within the
group of experts dealing with evaluation of safety in
fire. The transparency of interpretation of the authori-
tative characteristic value q,, requires two additional

simplifying assumptions. At first, one should assume,
that the value arrived at via statistical calculations (or
in any other manner justified by the nature of the
phenomenon) is evenly distributed over the whole
considered fire compartment, and this in reality usu-
ally is not true. Secondly, it is assumed, though this
assumption is a conservative one, that all the materi-
als taken into consideration when this value is deter-
mined would actually burn in fire, and this may not
necessarily occur.
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Alternative approaches to critical temperature evaluation for
axially compressed steel column exposed to fire

Mariusz Maslak?® — Michat Pazdanowski® — Maciej Suchodota?

2CracowUniversity of Technology, Warszawska 24, 31-155 Cracow, Poland

Abstract

Four alternative procedures used to estimate the critical temperature of axially compressed steel column exposed to the direct
action of a fully developed fire with equalized temperature of combustion gases in the nearest vicinity of this column are
presented and compared in detail. The first two procedures are based on the recommendations of the code EN 1993-1-2 with
application of the so called degree of utilization, computed for the accidental load combination rule. The difference between
the first and the second method lies in the fact, that the critical temperature is determined without and with application of an
iterative algorithm. The third procedure, applied by the authors to verify the results obtained by the analytical approaches
presented above is based upon the application of nonlinear numerical analysis performed within the ANSYS computational
environment for a column model discretized with 3D finite elements. In the last approach a purely bar model of the column is
analyzed, but the conventional stability analysis is replaced by a second order bearing capacity analysis conducted for an
imperfect element and taking into account the amplification of initially assumed bow imperfections.

Keywords: Axially compressed steel column; fully developed fire; critical temperature; degree of utilization; iterative procedure; numerical
analysis; bow imperfection; second-order bearing capacity analysis.
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1. Introduction — description of the steel column
analyzed in the example

In the design practice the time during which, after
engulfing by fire, the structural element, in spite of
the weakening due to increasing temperature, will be
able to safely resist the external loads applied to it
and the additional internal forces induced by the
restrained  capability to  undergo  thermal
deformations, is considered to be the measure of fire
resistance. However, the value of this type may
hardly be considered objective, unequivocally
assigned to the considered element. In this sense the
fire resistance depends on the characteristics of acting
fire, and especially on the course and intensity of
heating. Each change in the reference fire taken into
account would result in this approach in an
immediate change in the estimated fire resistance.
Therefore the classical fire resistance, expressed in
the units of time is replaced in the calculations by an
alternative, and in the authors’ opinion more
universal value, interpreted as the critical temperature
correlated with the analyzed element reaching the fire
resistance limit state [1]. One has to keep in mind,
however, that the sought temperature in general will
not be determined unequivocally. The obtained result
will depend on the numerical model applied, and this
will be shown in a present paper.

Let us consider the axially compressed column,
pinned on both ends, and having the height of
H =6.0 m. This column is made of S235 steel and a
HEB180 I-beam for which the cross sectional area is

equal to A=65.3cm?®. This cross section conforms
to the requirements of class 1 both for the persistent
as well as for the accidental fire scenario. In order to
fulfill the requirement of constant load effect Eg

during the whole fire, it was assumed, that the
considered column may extend in the longitudinal
direction in an unconstrained manner. This is ensured
by allowing for the unconstrained displacements in
the vertical direction at the top support. Thus no
additional internal forces are generated in the
considered column heated by the fire action. It is also
assumed, that this column is loaded by a perfectly
axially applied compressive force comprising of a

constant load having the characteristic value of
G, =100 kN, and by a single additional live load
having the characteristic value of Q, =250 kN . Thus
the ratio of Q, /G, =2.50.

It may be easily shown that the considered column
is capable of safely resisting the loads applied to it in
the conditions of persistent design scenario. In this
case the bearing capacity will be exhausted by the
flexural buckling along the so called ,weak™ axis of
symmetry of the cross section (i.e. the ,,z” axis). As
for the HEB180 i, = 4.57 cm, thus the slenderness:

S __ 600
* 457.939

Should one assume the buckling curve ,,c”, for
which a =0.49, one obtains

=1.398 1)

9, =0.5:[1+0.49(1.398-0.2) +1.398 | =1.771
)
resulting in the authoritative buckling coefficient:

-1
7, = (1.771+\/1.7712 —1.3982) =0.339 3)

and thus:
4 235 -10°

N,z =0.339-65.3-10 =520.21 kN (4)

This bearing capacity is sufficient, as:
Ng, =1.35-100+1.50-250 =510 kN < N, ., (5)

2. Specification of the critical temperature for
considered column according to the code

In the safety analysis the fire is considered as an
accidental design situation. Thus the authoritative
effect E,, =E{3¢"™ is determined according to
the rules holding for the accidental load
combinations.  Therefore, having the value
E,, = E{™" determined in traditional analysis for
persistent design scenario, without taking the action
of fire into account, one may express the sought value
of E;y, in terms of E, =EX™" using the

formula:
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LT (6)

Let us note, that the relation (6) will hold,
provided that the effect E;,  would be created by

the same components, which were accounted for in
the effect E, ,, and this in turn would be true only if

during fire no additional internal forces would be

generated in the considered structural components.

Thus then E;,,=E;,,=const. In this approach
o o Ifl

the coefficient 7, represents a conversion factor

between the persistent and the accidental design
situations. According to the recommendations
contained in the code EN 1990 [2], during the

selection of the authoritative component y,, for the

leading live load, and associated with its quasi-
permanent value (this corresponds to the
recommendations of Polish national annex), in
general case the following holds:

ZGM + ZV/Z,iQk,i

77 _ j=1 i>1 (7)
fi =
Z?’G,ij,j +7Q,1Qk,1 +ZVQ,i’/’0,iQk,i

j=1 i>1

In the scenario, where one has to deal with only
one dead and a single live load, and both these loads
act in the ,congruent” manner increasing the
authoritative effect of action, i.e. when one may
assume that y,; =1.35 and y,; =1.50, the formula

(7) may be simplified to the following:

Qua
10+y,, —
Gy +1,.Qu1 2t

i 135G, +1.50Q,,

Gk
o, (8)

k

1.35+1.50

Should one consider now the accidental design
scenario related to the fire acting on the considered
column, then beginning with (8), in the considered
example the following was obtained:

1+y,-250  1+2.50p,
©1.35+1.50-250  5.10

ur )

As the analyzed live load is a payload, in the
following calculations the coefficients w, were

associated with the consecutive coefficients ,,

attributed to the quasi-permanent values of this load,
and  subsequently  with  coefficients
accompanying the analogous frequent values.
Obviously the wvalues of assumed coefficients
correspond to the load categories, according to the
recommendations of the code [3].

During the calculations conducted for fire
conditions one should take into account the changes
in effective column slenderness induced by the
progressive weakening of steel used to make it. This
occurs according to the formula:

k 0.5
Jo = Z(k—J (10)
E,0

where the coefficient k , is a measure of the
reduction in nominal yield limit f, of structural steel
subjected to fire temperature ®, , and the coefficient
ke o - @ measure of the reduction in longitudinal limit
of elasticity E, for the said steel. The values of both
coefficients, corresponding to the selected values of
temperature ®, for typical low-carbon steels are

listed in the table 4.6 of the code [4]. The
authoritative buckling curve specific for the fire
conditions, according to the code [4], is determined
as:

1

Xie = ,  —
Poo T\ Poo — o

where y., stands for the buckling coefficient
determined for fire conditions, while:

(11)

Pro = o.5[1+ 0.65 %z@z] (12)
y
Finally:
fy
Ny ord = Zﬁ,@Aky,@ (13)

M i
The critical temperature of the considered column
will be estimated in this case in a manner

0= O N
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recommended in the code [4], thus directly from the
formula:

0, =39.19In ;3833—1 +482[°C]
' 96744,°

(14)
where 4, represents the degree of utilization

determined for the structural components assigned to
the class 1, 2, or 3 in fire conditions based on the
ratio:

Efi,d,t

. (15)

Hy =

fi,d,0

where E; ., represents the design value of the
authoritative load effect, specified for the moment t;

of the forecast fire, while R, , stands for the design

bearing capacity of the considered structural
component, determined for the fire initiation moment,
ie. t,=0, and thus not taking into account the

reduction of bearing capacity in fire temperature.
While complementing the values necessary to
determine the coefficient x, based on the formula
(15), one may at first determine the value of
correlated parameter u equal to the ratio
Neg /NPors - The symbol NZDo o, denotes the

bearing capacity of the column determined as it
should be done for the accidental fire scenario and in

its initial moment t, =0, and thus simply for the
temperature ®, =20°C, assumed to represent the

room temperature. Because of various forms of the
formula (2) typical for the persistent design scenario,
and corresponding formula (12) applied during fire

related calculations the value of N, ., will be
quantitatively different than the value of N, .,

calculated earlier, based on the formula (4). For the
column analyzed in the example the following holds:

P50 = 0.5[1+ 0.65 /5—221.398+1.3982] =1.931

(16)
this in turn, based on (11), yields:

Ao = L -0306  (17)
1.931++/1.9312 —1.398?

and subsequently:

6
ng,zgi),G),Rd =0.306-65.3-10* % — 18)

=469.57 kN < N, oy =520.21kN
Finally:

N 510

— New _ ~1.086 19
HEN®, T 46957 (19)

The above equality does not indicate, that the bearing
capacity of the column, even at the room temperature,
is insufficient to safely resist the applied axial
compressive force, as in order to analyze the fire
safety the coefficient s, =#,u < u is authoritative.
Should one for instance assume that
W =W¥,, = 0.6, which according to [2] corresponds

to the live load belonging to the category C or D, one
would obtain 7, =0.490 based on (9), and this in

turn yields gz, =0.490-1.086 =0.532 <1.0, which

after application of (14) leads to the following
estimate for ®, . =574.6 °C. A complete range of

results obtained after application of consecutive
values of coefficient y; is listed in the table 1.

At last one should verify how reliable are the
estimates obtained this way. In order to do that for
each value of the temperature ®, . listed in the table

a,cr
1 it has been checked in the classical manner, i.e. in
accordance with the recommendations contained in
the code EN 1993-1-2 [4], whether the fire resistance
limit state has been reached. The results of the
performed verification are listed in the table 2. The
design value of the resultant compressive force in the
column, authoritative for the fire scenario and
consecutive values of the coefficient ., has been

determined by the formula:
Ne g =G+ Qx (20)

As may be easily observed, the temperature ®

determined directly from the formula (14) and related
in the table 1 to successive values of the coefficient

a,cr
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v, considered in the example in any way may not be

treated as the critical temperature of the considered
column. This temperature could not be correlated
with the column reaching the fire resistance limit
state. The design value of the column resistance

N, iore Proved to be substantially insufficient to
safely resist the computational loads N ;, applied

to it. This means, that the forecast fire resistance, and
thus the warranted fire safety estimate is overly
optimistic. The overestimated bearing capacity in
many cases was in excess of 30%, and this in
principle disqualified the obtained estimates.

Table 2

Table 1
Estimates of critical temperature 0, for the column considered

in the example, obtained directly from (14) for various categories
of live load, with authoritative values of coefficient . =y, and

alternatively =y, ..

Live load A c A c
cateqor and and E and and E
gory g D B D
v, Vi=Vu Vi=Va
' 05 07 0.9 0.3 0.6 0.8
N4 0441 0539 0637 0343 0490 0588
Ly 0479 0586 0692 0373 0532 0.639
®a,cr
5015 5585 5280 630.7 5746 5431

(]

Verification of the critical temperature @_ estimates listed in the Table 1 for the column considered in the example based on the classical,

code based approach according to the recommendations [4].

0RO N

Vs O Ko Keo o Lowo Mhnow e e
[C] g © " [kN] [kN] Ny, 1010
05 5915 0.496 0.335 1.703 0.231 17558 225 128
Vi, 07 558.5 0.599 0.430 1.649 0.242 222.28 275 124
0.9 528.0 0.693 0519 1.616 0.249 265.11 325 123
03 630.7 0.396 0.255 1.744 0222 135.17 175 1.29
V., 06 574.6 0.549 0.384 1672 0.237 199.67 250 125
08 543.1 0.646 0.475 1.631 0.246 243.88 300 123

used to derive this formula does not hold. While
looking for the critical temperature specified for the
axially compressed steel column engulfed by fire, the
safe load transfer condition develops into [5]:

3. Code procedure taking into account iterations

Explanation of the differences between O, R P
! fi,d,t z,fi,®0
temperature estimates obtained by direct application Hy < R, ve @) (22)
of the formula (14), and those obtained in an f.d.0 2o

alternative manner by associating this temperature
with the fact that the considered column reached the
fire resistance limit state is in this case relatively
simple. The formula (14) should not be applied here,
as in the fire resistance limit state the equivalence:

(21)

The buckling coefficient y, ;o here relates to the
accidental fire condition, thus its value does change
following the changes in temperature ®, . The value
buckling coefficient &P s

determined for the moment of fire initiation. This
means, that this value remains constant regardless of
the considered fire exposure time. In addition, as it

of analogous

ILIO = ky,@
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has been shown before, these two coefficients are
differentiated by the way the ancillary value ¢, is

determined, thus indirectly affecting the shape of
buckling curve assumed for analysis. The level x4 to

which the bearing capacity is used is determined for
the moment t, =0, thus it remains constant for the

whole fire exposure time, and so it remains
unaffected by the changing temperature of structural
steel. As a result of the correction described by the
formula (22) the bearing capacity reduction level of
the considered column in fire conditions is no longer
directly proportional to the corresponding reduction
in strength of the structural steel used to make it. It is
now somehow increased by the value of an
authoritative buckling coefficient y, ., which
decreases with the increasing steel temperature. This
in turn means, that the k . reduction factor value,
acceptable from the safety standpoint must be
appropriately raised, according to the inequality:

(20)
X260

I(y,E') Z /uo
X210

(23)

Thus, since the value of the critical temperature
0O, =574.6 °C presented in the Table 1 and
obtained subject to the assumption that
Wi=y, =06, proved to be substantially
overestimated after the verification performed in the
Table 2, the iterative procedure will be applied now
to get a more precise estimate of it. For the

temperature ©, ., =574.6 °C and for corresponding
data listed in the Table 2, the formula (19) yielded:

KETO) > 053223% _ o687 =
: 0.237 (24)

=0,, =530.0 °C
At this temperature:
kED9 =0.513 (25)

as well as:

—(530.0) 0.687
A =1.398,—— =1.618 =
© \0.513 (26)

(530.0)

= Y ne =0.249

which in turn yields:

6
NG9 = 0.249.65.3.10 -0.687 % = o1
=2625kN > N, ; , =250 kN

The critical temperature ©, . =530.0 °C obtained in

this step is evidently underestimated. Subsequent

application of the formula (22) vyields the
temperature:

kO > 053223% _ o654

' 0.249 (28)

=0,, =540.6 °C
for which:
k&2 = 0.482 (29)

and

—(540.6) 0.654
Ae =1.398,—— =1.628=
© \ 0.482 (30)

= 759 =0.247
thus finally yielding:
235-10°

N98) | =0.247.65.3-10*-0.654-

=247.9kN <N ;, =250 kN
31)
The above inequality indicates, that the resultant
temperature ©, ., =540.6 °C is close to reality,
though again overly optimistic. In the subsequent
step the following have been obtained:

k0O > 0.53223% _ 650
, 0.247 (32)

=0,, =539.0 °C
thus meaning that:

kE2O — 0,487 (33)

and
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2590 _1 398 [9659 _ 1 606
\0.487

(34)
= 250 =0.247
finally, as the result:
235-10°
N2 =0.247-65.3-10*-0.659- ——— =
b, fi,®,Rd 10 (35)
=249.8 KN < N ;4 =250 kN
In the authors’ opinion the estimate ®, . =539.0 °C

a,cr
may be assumed as relatively reliable. The difference
between the column bearing capacity determined for
this temperature and the effect of actions of loads
applied to it and summed according to the rules
holding for the accidental load combinations is now
very small.

Juxtaposition of analogous estimates for the
critical temperature of the considered column, and
obtained by the iterative procedure for the remaining
cases listed in the Table 2 is shown in the Table 3.
Table 3

Estimates of the critical column temperature for the case
considered in this paper, obtained via iterative procedure for
various categories of live load and authoritative values of
coefficients corresponding to frequent or quasi-permanent values
of this load, listed above in the Table 1.

Imposed A c A c
load and and E and  and E
category B D B D
Vi=Vi1 Vi =V
Vi
0.5 0.7 0.9 0.3 0.6 0.8
®a‘CI'
b56.6 521.1 4659 5920 539.0 5033

]

Comparison of critical temperature estimates for
the considered column with respect to the initial
relative slendernesses A =A,, , those obtained after
application of the iterative procedure described above
and listed in the Table 3, with those shown before in
the Table 1 and determined for the same
slendernesses after direct application of the formula
(14) with no iterations applied, are shown in the Fig.
1. The compared curves are related to the values of
W =W¥,, =0.6 assumed in the example. As may be

observed the differences in

results are very

substantial, especially in the case of relatively slender
columns, for which the buckling coefficient
decreasing in fire with decreasing steel strength plays
a decisive role. In Fig. 2 the influence is depicted of
the selected category of live loads and of the way the
computational effect of combining actions applicable
in the case of accidental fire scenario exert on the
critical temperature of the considered column. The
knowledge of this type in the computational model
described above is determined by the properly
assumed value of the coefficient v .
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Fig. 1 Estimate of the critical temperature @__ for the column

considered in the example at various initial slendernesses
1. = A, Obtained via direct application of formula (14) and after
application of the iterative procedure. The factor y . =y,, =0,6

was assumed. The results obtained in presented calculations are
indicated.
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Fig. 2 Influence of the live load category and load combination
specific to the accidental fire scenario applied during calculations
on the estimates of critical temperature for column considered in
the example, obtained after application of the iterative procedure.
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4. Estimate of the critical temperature for the
column obtained by application of the numerical
analysis

A 3D numerical model has been developed in the
ANSYS computational environment [6] in order to

verify the estimates of the critical temperature O,

obtained for the column analyzed in this paper by
application of analytical procedures. Obviously the
same column geometry and the same heating
conditions have been applied during numerical
analysis. The shell elements of the Shell181 type
have been used, allowing for geometrically and
physically nonlinear analysis. Finite elements of this
type allow for taking into account the local
phenomena such as local yielding in the wall of the I-
beam undergoing analysis by appropriate selection of
the number of integration points. An elastic plastic
material model exhibiting kinematic hardening has
been assumed for the structural steel subjected to
analysis. The dependence of yield limit f, and the

longitudinal modulus of elasticity E, for the steel on

the temperature ©®, has been introduced into the

model according to the recommendations [4]. An
initial bow imperfection conforming to the first
global form of instability for the considered column —
obtained by the conventional local buckling analysis
(LBA) has been also introduced into the model. The
size of this imperfection has been assumed according
to the recommendations contained in the code [4], at
the level of L/1000, where L stands for the column
height. The boundary conditions at both ends of the
column completely restricted the displacements in the
plane perpendicular to the column longitudinal axis
(i.e. Uy as well as Uy), and in addition at one end of
the column the displacements along the longitudinal
axis (U;) have been blocked as well. In order to

determine the critical temperature O, . the loads

a,cr

have been applied to the column in sequence, in two
steps. During the first step the static load having the
value of N ., had been applied, and in the second
step, after stabilization of deformations, the column
has been monotonically heated with the temperature
©, increasing in time, until the column lost the
capability to safely resist the loads applied to it. Thus
the numerical calculations have been terminated

when the limit point on the static equilibrium path
delimited in the space by the axes: averaged
temperature of the column cross section at the mid
height of the column — horizontal displacement of the
column axis at the mid height has been reached. In
Fig. 3 the static equilibrium paths are depicted in
detail, these obtained for selected models after
conducted simulations with values of critical

temperature  © listed along the curves

a,cr
corresponding to the models loaded by forces N ;4

having the values of 175 kN, 250 kN and 300kN,
respectively (see Table 2 for w =, ). The shape

of obtained equilibrium paths allows for estimation of
the temperature ©,, above which the plastic
deformation of structural steel started to dominate the
situation.

The complete juxtaposition of critical temperature
estimates for the column considered in the example,
both those specified for w; =y,, and depicted in

Fig. 3, as well as those relating to the assumption that
W =W, s listed in the Table 4. There these results

are compared with analogous estimates obtained by
the purely analytical approach, with application of the
iterative procedure recommended by the authors, and
presented above in the Table 4.
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Fig. 3 Static equilibrium paths obtained after simulation conducted

for three numerical models of the column considered in the
example, loaded with three values of axial force Ng ;, : 175 kN,

250 kN and 300kN, accompanied by the values of critical
temperature determined in each case.
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5. Alternative critical temperature specification
method for a column based on a second order
analysis with the amplification of initial bow
imperfection

In this approach the conventional stability analysis
is replaced by the second order bearing capacity
analysis of a column with imperfect geometry and
taking into account the amplification of initial bow
imperfection, assumed in an analogous manner as
before in the numerical model described in the
preceding chapter of current paper [7]. The condition
for safe transfer of loads in fire conditions assumes
the form of the following inequality:

N . N, .
E,fi,d +77® E,fi,d Slo (36)
Afy,@ pl "y.©

Table 4

where the parameter 7, stands for the amplification

coefficient, and is determined via the following
formula:

1
Mo = N (37)
1— Efid
Ncr,(—)
In order to simplify the considerations, it is assumed
during the analysis that the amplification is made
based on the purely elastic Euler critical force, and
not on the critical force specific to the elastic—plastic
buckling, thus:

2
oz E.oJ,
cr,0 — Lz

N (38)

Estimates of the critical temperature for the columns considered in the example, obtained after application of the second order analysis
juxtaposed with analogous estimates obtained by iterative analytical approach and numerical simulations.

Imposed AandB Cand D Aand B Cand D E
load category
Vi=Vi1 Vi =Va
Vs
0.5 0.7 0.9 0.3 0.6 0.8
0, [C] 553.6 521.5 480.7 587.6 538.4 505.1
[Cla [c] 594,6 568,5 542.4 632.1 581.6 555.5
e, [C] 599.6 575.0 550.1 638.3 587.3 562.5

In the presentation of this computational approach
one has to underline, that the fire temperature affects
not only the yield limit of the structural steel, but also
the accompanying changes in the flexural rigidity of
the considered column.

The replacement of inequality (36) by the equality
related to the considered column reaching the fire
resistance limit state allows for the determination of

the temperature @ related to this state.

a,cr
Juxtaposition of the temperature values obtained for
all the cases considered in current paper is presented
in the Table 4 as well.

6. Concluding remarks

Juxtaposition of the critical temperature estimates
specified for the columns analyzed in the example
considered here, and arrived at via different
computational methods for the same heating
conditions allows for quantitative comparison of
these results, and drawing more general conclusions.
As one may easily observe, the values of the critical

temperature ©, . derived by the analytical iterative
approach, for each of the considered cases proved to
be by at least 40°C lower than the estimates ®,'

obtained after application of the second order bearing
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capacity analysis or application of the numerical
analysis. This proves, that the iterative procedure
based on the conventional analysis of the stability
type usually yields very safe, and thus relatively
conservative results. The key parameters of this
method, i.e. primarily the classical buckling
coefficients are calibrated for fire conditions in such
manner as to yield the results located always on the
safe side. Should one assume, that the most precise
estimates of the sought critical temperature are
yielded by the analysis of the appropriate numerical
models developed for the considered columns, one
would have to admit, that the corresponding results
derived by the application of relatively simple in use
second order analysis are relatively close.
Overestimates in the range of 5°C to the detriment
of the safety do not seem to have any practical
importance in this case. Thus it seems, that all the
computational approaches considered in present
paper, within the scope of analysis performed, proved
their reliability and applicability for practical use in

analysis of safety related to the accidental design
scenario of a fully developed fire.
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Abstract

The process of waste reuse also leads to a significant saving of natural resources, energy and, finally, efforts to ensure a
clean environment.

An interesting solution in this regard is the recycling and processing of Tetra Pak (beverage cartons) for products that find
use in the construction of tile boards, or so-called dry construction products. It is precisely the type of product that has become
our study object, to find out what properties of the Tetra Pak boards, such as the Tetra K standard board, have in terms of fire.
For this purpose, experiments were carried out, where samples of the material were subjected both to the ignition testing
according to STN EN 1SO 11925-2 and evaluated for their ability to spread a flame on their surface, as well as a non-standard
testing method for the detection of mass loss and ignition time. The work methodology and the results achieved are the
content of the paper.

When, on the basis of the same evaluation criteria (mass loss, ignition time, flame propagation) and constant testing
conditions, we mutually compare the Tetra K boards with e.g. OSB boards, having a similar use, we can say that both
materials at the same time of thermal loading have the relative mass loss: Tetra K board of 70.3 + 6.9 % and OSB board of
67.7 + 5.6% on average; average ignition time: Tetra K of 81 + 14 s and OSB of 63 + 11 s. The both materials, according to
STN EN 13501-1 + Al, met reaction to fire classification criterion Fs < 150 mm in 60 s. This means that the two materials do
not differ significantly from the point of view of the comparison of the fire properties. The advantage of the Tetra K board is
probably a lower price.

Keywords: Flame spreading; mass loss; one-flame source; radiant source; recycling; Tetra Pak boards
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1. Introduction

Beverage carton also popularly called "Tetra Pak",
has become an indispensable part of our households
as it is packed with ordinary foods - milk, dairy
products, juices, baby drinks, etc. Around 1,500,000
beverage cartons are sold in Slovakia a year and
approximately 9,000 tonnes are marketed each year
[1].

Cardboard packaging is one-off packaging. Their
re-use on food packaging is excluded, therefore the
empty ones ends in waste and can be disposed of or
used other way.

Drinking cartons belong to the so-called
multilayer composite materials. All carton layers,
which are the paper fibres (more than 70%), polymer
(more than 20%), and sometimes aluminium (4%)
can be recycled by simple processes and this way to
give them a new life.

The process of recycling beverage cartons is also
known as pulping, in which paper fibres are separated
from the polymer and aluminium. The fibres are long
and firm, which means they are especially suited to
different paper products. Polymer and aluminium are
separated by pyrolysis. In this process the polymer
changes to gas, the aluminium scales are pressed into
briquettes and further used as a raw material to
produce various aluminium products [2].

Another and interesting solution is the recycling
and processing of "Tetra Pak" for products that are
used in construction in the form of tiles and panels -
dry construction.

Right this way the of waste reuse caught our
attention, and respecting the use of those products,
we have decided to implement own experiments to
find out the fire properties of the “Tetra Pak™ boards,
particularly the Tetra K standard boards.

Tetra K standard “Tetra Pak” board

The producer of this board is the Slovak company
Kuruc Company Ltd., and it belongs to its basic
products. The sorted waste from the beverage cartons
used is washed, the raw material is crushed to the

desired fractions and subsequently pressed to the
boards at the specified temperature, defined humidity
and high pressure, without the addition of adhesives
or other binders. The surface of the boards can be
adjusted according to the customer's requirements
(washable, furniture, etc.).

The boards are characterized by good strength,
flexibility and low absorption. However, they are not
suitable for use in spaces where they may be exposed
to a long-term effect of moisture and direct exposure
to water. According to the input raw material, they
are environmentally, health and hygienically
harmless, characterized as recyclable material [3].

They are used for the construction of light
structures and shelters. In conjunction with the
insulation material - PUR foam. the Tetra K panels
are made of these, which can be used in less loaded
structures such as partitions and prefabricated walls.
In combination with EPS, they are used as facing
panels for internal and external insulation [4, 5].

2. Experiment

Tetra Kboards from the abovementioned
manufacturer were subjected to two testing methods
for the fire performance evaluation: the ignition test,
according to STN EN 1SO 11925-2 [6] (Figure 1a),
and the non-standard test method using the radiant
heat source (Figure 1b). The observed parameters
were: flame propagation over the surface of the tested
samples, mass loss and ignition time.

Testing samples

According to the requirements of the
selected testing methods, the Tetra K ,,Tetra Pak*
board samples dimensions were of 90 x 250 mm for
the ignition test and of 50 x 40 mm for the radiant
source test. The sample thickness was of 10 mm, i.e.,
such as these boards are commonly produced.
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Testing apparatus used

a)

b)

Fig. 1 Schematic representation of testing apparatus used

a)  For the ignition test [6]

b)  For radiant heat source test
1- infrared, 2 — metal stand, 3 — scale protection, 4 —
electronic scales, 5 — testing sample, 6 — samples holder

Testing methods

The ignition test - the principle is the effect of a
small flame (20 mm height) on the vertically oriented
samples for 15 s or 30 s (depending on the
classification class). If the flame application time is
of 15 s, the total duration of the test is 20 s from the
moment the flame starts. If the flame application time
is 30 s, the total duration of the test is 60 s from the
moment the flame occurrence. The tests may be
performed by exposing the main surface and / or by
exposing the side surface (edge) of the samples to the
flame.

During the test (20 s or 60 s - depending on the
classification class), it is observed whether the
sample was ignited, the flame peak is 150 mm above
the flame attachment point and the time at which it
occurs, the physical behaviour of the tested sample is
also observed.

The Radiant Heat Source Test — the experiment
consists of exposing the test samples to the effect of a
1000 W thermal infrared heater, at a distance of 30
mm from the surface of the radiating body, for 600
seconds. During the test, the mass loss of the test
material is recorded at regular 10-s intervals, and
ignition of the samples is monitored visually, with a
time-record being performed if the phenomenon
would occur.

The evaluation criterion for the test is the relative
mass loss, according to the following equation [7]:

5,(7)= m(T;])(; r)n(f)*loo (%)
Where: O

0, - relative mass loss over time (r) [%6]
m(z, ) - original sample weight [g]
m(z) - sample weight over time (z) [g]

3. Results

Results of the ignition test according to STN EN ISO
11925-2

This evaluation is documented in Tab. 1 and 2,
where the results of two exposures (surface, edge) of
samples to the flame, with a loading time of 30 s and
a total test duration of 60 s, are introduced.
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Tab. 1

The results of the evaluation criteria for surface loading

sample ignition Reaching a height of 150 mm above Meeting the Classification Criterion

Sample the flame attachment point Fs<150 mmin60s
ves/no (STN ENS0 11925-2) (STN EN 13501-1 + A1)
1 4
2 5 no no met
3 6
Tab. 2

The results of the evaluation criteria for edge loading

sample ignition Reaching a height of 150 mm above Meeting the Classification Criterion

Sample the flame attachment point Fs<150 mmin60s
yes/no (STN EN 1SO 11925-2) (STN EN 13501-1 + A1)
1 4
2 5 no no met
3 6
graphical representation of the mass loss over time of
Radiant source test results the samples tested.

The evaluation is documented in Tab. 3, which
shows the results of the total mass loss as well as the
ignition time of the samples tested. Figure 3 is a

Tab. 3

The results of the evaluation criteria for test with a radiant source

Samples
Criteria Mean
1 2 3 4 5
Mass loss (%) 59.15 74.97 73.93 68.14 75.43 70.3+6.9%
Ignition time (s) 97 82 80 86 60 81+11s
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Fig. 3 Dependence of mass loss on time of the Tetra K board samples

4. Discussion

The ignition test, we used to evaluate the Tetra K
“Tetra Pak” board is one of the valid methods for
evaluation of construction products from the reaction-
to-fire point of view. Its results are used for
classification of construction products into the
reaction-to-fire classes.

In this test, the Tetra K board did not spread a
flame on its surface (see Figure 4a), and that is why it
met the Fs < 150 mm in 60 s classification criterion.
According to STN EN 13501-1 + Al [8], the
compliance with this criterion is one of the
requirements for classification into the classes B, C
and D (see Tab. 4).

The manufacturer of the “Tetra Pak” board reports
its evaluation wusing the invalid degree of
flammability C1, which is currently class C
classification according to NA.1 of the National
Annex to the standard EN 13501-1 + Al.

However, we cannot clearly confirm this
classification, because according to the classification
requirements of the STN EN 13501-1 + Al standard,
in addition to meeting the Fs criterion < 150 mm in
60 s (according to the ignition test), the Tetra K
boards would have to meet the test criteria according
to STN EN 13823 [9] - see tab. 4.
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Tab. 4

Classification criteria and test methods for reaction classes B, C
and D — selection from Table 1 of the 13501-1 + Al standard [8]

Testi
Class esting Classification criteria
method
FIGRA <120 W/s
s | e
P Smoke
THRee <75 M) production
B 6005 = £ and burning
EN ISO drOp!Ets /
particles
11925-2
Fs<150 mmin 60 s
loading = 30
s
FIGRA <250 W/s
v |
P Smoke
THReo < 15 M) production
C 0005 = and burning
o bt
11925-2 P
Fs<150 mmin 60 s
loading = 30
s
EN 13823 FIGRA <750 W/s
Smoke
EN ISO production
D 11925-2 and burning
Fs<150 mmin60s droplets /
loading = 30 particles
3

In evaluation of the radiant source test we found
that the “Tetra Pak™ board samples lost on average of
70.3 + 6.9% of their original mass over the 600 s
period (this variability we assign to the structure of
the recycled material), and they were ignited in a

relatively short time (81 + 14 s). In Fig. 4b, there is
shown how the structure of the material has changed
after the thermal loading against the original
structure. The samples were very fragile. There
remined only the remains of the aluminium foil, as
mentioned in the introduction, the beverage cartons
contain.

—

-9

Fig. 4 Photo documentation of Tetra K samples after the test
a) Inthe ignition test (exposed area and edges)
b)  In the radiant source test

m
p—
bl
e |

b)

When comparing the results of the Tetra K board
and e.g. OSB board (mass loss: 67.7 £+ 5.6%, ignition
time: 63 £ 11 s, Fs criterion < 150 mm in 60 s),
evaluated by Vyletelova in her work [10], we can
state that both materials under constant test
conditions had not achieved very different results,
i.e., that the two materials do not differ significantly
from the fire safety point of view.

5. Conclusions

Recycling is important for the environment in
many respects, in particular it provides many
significant ecological and economic benefits. It
prevents, e.g., storage of materials in landfills, re-use
reduces the need for new resources, and usually the
re-use of raw materials requires less energy than their
recovery.

The fact that even “Tetra Pak does not have to be
a waste is evident from this paper. We introduced a
product of a Slovak company that has been engaged
in the recycling and processing of beverage cartons
for a long time and which supply the market with
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“Tetra Pak” boards, which are used as building or
insulating elements in the construction industry.
However, our objective was to evaluate how such a
material, the Tetra K “Tetra Pak” board, will behave
in the conditions of thermal loading.

Experiments have shown that this material, when
exposed to a heat source, does not spread a flame on
its surface, and therefore is not supposed to
contribute to the development of the fire. On the
other hand, it loses the bulk of its weight (70.3% on
average in time of 600 s) and becomes fragile.

For comparison, we also reported the results of the
OSB board (material with a similar use in
constructions), and we can conclude that the Tetra K
and OSB boards had similar results in terms of the
same evaluation criteria, but with the difference that
the OSB board remained more compact after the test.
The decision, which of these materials choose, if
necessary, remains on the customer. The favour of
Tetra K boards a lower price may indicate.
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Comparison of synthetic and natural sorbents in engine oil spills
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Abstract

The leak of petroleum substances has harmful effects and negative impact on the ecosystem. The most frequent petroleum
pollutants with a small range (up to 1 dm?3.h%) or spills which do not exceed 1 m? and thickness of 1mm, include leakage due
to various accidents or negligence. Prevention or intervention that employs sorbents to handle oil leakage situations. The
paper is focused on sorbents in bulk state and on their quantitative use by leakage of petroleum substances, especially in
traffic accidents on roads. Bulk sorbents were chosen based on their origin: natural and synthetic. Synthetic sorbents include
Absodan plus, PeWasS Sorb, Sorp Reo and Spilkleen Plus. Sawdust, leaves residues, needles and mosses were used as natural
sorbents. Sorbents were tested for sorption capacity according to standardized method ASTM F 726. Sorbent samples were
tested for engine oil 10W 40, which is the most commonly used oil in motor vehicles. According to the sorption properties
due to the standard, sorption capacity of adsorbents were measured in the short term. Based on the obtained results, it was
found that synthetic sorbents have better sorbtive capacity represented by Sorbtive Grass Reo with a value of 14.98 g/g.
Among natural sorbents, leaves residues of 7.43 g/g have better capacity. In the accordance of obtained results, synthetic
sorbents have higher sorption capacity than natural sorbents as they are manufactured for sorption purposes.

Key words: oil spills; natural sorbents; synthetic sorbents; ecosystem
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1. Introduction

Leak of petroleum substances has a negative effect on
the ecosystem [1]. Petroleum can mainly leak out in
various traffic accidents, but it is important to point
out that under certain conditions, even small
guantities can cause severe damage to individual
components of the ecosystem, particularly water, soil
and air. Petroleum products are a product of
petroleum processing, which is processed and
transformed into a variety of products. The best-
known oil products include lubricants, oils and fuels,
which are very common in practice. In practice, we
can quite often come across the leak of petroleum
substances in various traffic accidents.  These
substances usually include the working fluids in
motor vehicles. There are several ways and
technologies for extracting petroleum from nature
[2]. These techniques and processes for removing or
purifying the environment from petroleum can be
divided into biodegradation, chemical or manual
removal[3], [4], [5], [6]. Different types of sorbents
are used on a natural or synthetic basis as a cleaning
agent for petroleum substances.

2. Sorbents

Sorbents are substances of a solid state, which can
absorb gaseous or liquid substances due to their
physical and  chemical  composition.  The
characteristic property of sorbents is the ability to
absorb a certain amount of liquid in relation to its
own weight [7]. The sorbents are divided according
to the form into the bulk sorbents and those made of
microfibers like a fabric. Other criterium for sorbent
distribution is their origin: natural or synthetic
sorbents. Also, sorbent structure is very important for
its sorption capacity. The capacity of the sorbent
mainly depends on the size of the surface area to
which the dangerous substance, oil product can
adhere as well as surface type (surface structure). The
size of the surface of the sorbents and the increase in
their sorption capacity is influenced by various cracks
such as pores and capillaries. The average surface
area of the sorbent is expressed in units of area (m?)

per unit mass (g, kg). Sorbents have a surface area
most often about 1 000 000 m? - kg [8]. Sorbents are
considered to be good with such a surface and
effective. Because of the size of the surface, sorbents
have the ability to bind both physically and
chemically on their surface and also into the pores,
capillaries and substances of organic or inorganic
origin.

The principle of sorption substances can be
described as follows. Adsorption consists of several
processes, which take place at the same time. In
particular, it is a saturation of the sorbed substance on
the surface and into the pores directly in the beads or
granules and the saturation between the various
granules. By adsorption in a monomolecular layer,
only a small amount of liquid can be collected on the
surface of the solid. The amount of liquid can be
increased by surface enlargement of the solid
particles. Figure 1 shows the mechanism of
adsorption.

Step 1: Diffusion to
Adsorbent Surface

Step 2: Migration into
Pores of Adsorbent

Step 3: Monolayer
Buildup of Adsorbate

Contaminant Molecules.

s

L LA SRR S,
BIRS

Fig. 1 Mechanism of adsorption
(https://iwww.slideshare.net/VivekKumar36/adsorption-
regenerationvivek-kumarneeri) [9]

At present, most of the commercial sorbents are
synthetic materials and are of a hydrophobic nature,
due to their excellent sorption capacity for a variety
of oil-based materials [10]. To remove leaked
working fluids, it is also possible to use materials in
the vicinity of the leakage, which are natural sorption
materials in the case of leakage of operational fluids
in forestry or leakage during handling of wood in
forest stores. When some substances leak into the
environment, natural sorbents are preferredfor their
biological degradability. Many other authors dealt
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with the use of various inorganic and organic natural
sorbents to remove oil stains [11], [12].

2.1. Natural sorbents

Natural sorbents include wood sawdust, peat,
hedges, leaves residue, sand, and others. They
generally have low absorption capacity and are
suitable only for small leaks. On the other hand, they
are affordable because they are in sufficient quantity
in the natural environment at the site of intervention.
Subsequent ecological disposal is difficult, because
syntheticly produced and prepared sorbents are are
favoured. Both natural and synthetic sorbents can be
modified by so-called hydrophobization, which
increases the absorption of non-polar liquids such as
oil and petroleum products [13].

2.2. Synthetic sorbents

Synthetic sorbents include ash and coconut dust.
They were not intended for sorption purposes and
absorbency of oil or water based liquids, but were
only a side effect due to their pore-containing
structure. These by-products of production have
begun to be processed into high-quality sorption
materials. As a result of the above, the substances
based on rocks (perlite, clay, limestone), cellulose
and plastics (polypropylene, polymer) were also
produced. Synthetic sorbents are deliberately
manufactured and treated for the purpose of
removing petroleum products or for chemical
contamination. They can be chemically treated
similarly to natural sorbents by hydrophobization.
This treatment makes the sorbents hydrophobic and
oleophilic. Sorbents are used in the industry but also
in the Fire and Rescue Services intervention.

Sorbents are further divided according to the bulk
and textile form. Bulk sorbents have a varied form of
preparation such as granules or powder. The size of
the loose sorbents is most often from 0.1 mm to 5
mm. The structure is porous and contains different
pores and cracks. An important sorbent parameter is
the surface size. The advantage of loose sorbents is
the possibility of use on broken surfaces but their
disadvantage is dustiness and inappropriate use in

strong winds. Textile sorbents are usuallymade from
polypropylene or polyethylene and are produced in
the form of fibers or other fibrous forms. Use is
similar to bulk sorbents. Textile sorbents have several
advantages, e.g. they are dust-free, they can be used
in stronger wind and they can be reused.

3. Materials and methods

The selection of the material for examination is
represented by synthetic and natural sorbents as
follows: Synthetic sorbents - Absodan plus, PeWaS
sorb, Sorp Reo and Spilkleen Plus.

Natural sorbents - sawdust, leaves, needles
and mosses.

Selected sorbents were tested for engine oil
10W40, which is one of the most common oils for
small spills up to 1 dmi.h?, or the spill does not
exceed 1 m? of film formed by a thickness of 1 mm.

Samples of both natural and synthetic sorbents
were tested in the original state of Fig. 2.

£

Fig. 2 Synthetic sorbents
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Prior to testing, their shape and shape were
preserved. The natural sorbents were surface-picked

and untreated. see Fig. 3.
-

Fig. 3 Natural sorbents

The sorption capacity of the sorbents was
determined according to the standard adsorbent
adsorption assay method (ASTM F 726). The
sorption capacity of the individual sorbents in the
bulk state will be reported in the graphical
comparison below.

4. QOil sorbent sorption capability tests

Sorbents were tested according to the American
Society of Testing and Materials F 726 Standard Test
Method for Sorbent Performance of Adsorbents.

This test method describes laboratory tests that
describe the "Short-term Oil-Absorption Test" and
other non-emulsion floating, non-emulsion liquids
from the water level. Type Il adsorbents (loose) were
tested according to the method. sorbent test
specimens were conditioned at a temperature of 23 +
4 ° C and a relative humidity of 70 + 20% for at least
24 hours. before testing in a completely uncovered
state without overlapping to allow the samples to
obtain a balance with the laboratory environment
(ASTM F 726).

5. Results and discussions

Both natural and synthetic sorbents were
conditioned and weighed to a weight of 4g. A
crystallization vessel of adequate diameter was filled
with a layer of engine oil at least up to 2.5 cm. The
dry mesh basket was immersed in the oil for a
specified time and left to drip. This slight
modification is not a part of the method, but it has
produced more accurate measurement results because
the differences in trapping oil on the trays of the
basket have been eliminated. The repeatability of the
individual sample measurements was three times.
The values obtained were averaged by the mass of
the adsorbed petroleum in the adsorbent. The
sorbents were used after testing, and the oil was
ecologically discarded.

In order to represent the average values of the
maximum sorption capacities of selected natural
sorbents for engine oil, we used a graph. see. Fig. 4.

i 3
1
0
needles saw dust moss

leaves residues
Fig. 2 Average sorptive capacity of natural sorbents

n oo o~ o

@ a - average sorptive capacity of the petroleum to
adsorbent weight [g /g]

From the ASTM F 726 tests, it was found that the
best sorption capacity reached leaves residue of 7.43
[o/g]. Among the good natural sorbents we can
include a moss that has a value of 6.06 [g/g], needles
with a value of 4.38 [g/g]. As the least effective
natural sorbent, sawdust has a value of 3.25 [g/g ].
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Fig. 5 shows the average values of the maximum
sorption capacities of synthetic sorbents for engine
oil.

Pa [g/g]i:

Abs PeWas5 sorb

Absodan plus Sorp Reo Spilkleen plus

Fig. 3 Average sorptive capacity of synthetic sorbents

The graphical representation is the most efficient
Sorptive Grain Reo with an average adhesion of
14.98 g / g of adsorbent. Sorp Reo is treated by
hydrophobic treatment and is therefore suitable as an
intervention for leakage of hydrocarbon greases in a
wet environment or directly on water surfaces. The
second in the order of 4.37 g / g is PeWas sorb. Less
efficient sorbents include Spilkleen plus with 1.44
and Absodan plus at 1.13 g /g.

6. Conclusions

The contribution is aimed at comparing synthetic
and natural sorbents, which are a means of
eliminating escaping petroleum substances that have
an adverse environmental impact on the environment.
In the case of rapid deployment of sorption agents,
greater leakage of petroleum substances will be
avoided and also the size of the negative
environmental impact will be reduced. For testing
according to the chosen method, 10W 40 engine oil
has been selected and used, which has a large
quantity of small quantities of operating fluids from
motor vehicles. Selected types and types of sorbents
were compared to sorption capacity according to the
standard ASTM F 726 test method according to
which the maximum short-term sorption capacity was
found. From the measurement results we can
conclude that the sorbent is usable and suitable for

Fire and Rescue Services interventions. By sorbent
comparison and testing it was found that with the
sorption ratio of the synthetic sorbents the sorptive
Sorptive Grain Reo sorbent has the best sorption
properties with 14.98 g of adsorbed oil per 1 g of
adsorbent. Said synthetic sorbent is treated by
hydrophobic treatment, which means that it improves
the properties of sorbent and allows its use on water
surfaces. In case of leakage in the forest environment,
it is possible to use selected natural sorbents. With
the ratio of natural sorbents, the sorption capacity of
the leaves of sorbent with the value of 7.43 g of
absorbed used oil per gram of adsorbent has the
highest sorption capacity.

Other natural as well as synthetic sorbents tested
have good sorption capacity. Compared to natural
and synthetic sorbents, synthetic sorbents are more
efficient because they are specially formulated and
modified for sorption purposes. Another possible
advantage of synthetic sorbents is their ability to
retain the absorbed substance in its content as
opposed to natural sorbents where the possibility of
subsequent leakage due to mechanical action on the
sorbent used is possible. On the other hand, natural
sorbents have the advantage of being near leakage
and economically unattractive. The choice of a
suitable sorbent depends on the amount of oil
escaping and the complexity of the leakage situation.
A suitable sorbent selection can quickly and
efficiently prevent leakage and spreading of the oil
into the environment. Sorbent comparison is
important in terms of suitability for use,
biodegradability and other important factors that are
important for the effective removal of hazardous
events with the presence of a hazardous substance.
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Evaluation of selected food dusts from the standpoint of fire safety

Eva Mrac¢kova?® — Emilia Orémusova? — Michal Danek?

aTechnical University in Zvolen, Masaryka 24, 960 53 Zvolen, Slovakia

Abstract

The article deals with dust — air mixtures of selected food dusts and the determination of their selected fire - technical
characteristics. The aim of this thesis is to experimentally determine the lower explosive limit of food powder samples
consisting of smooth flour, powdered sugar and cocoa using the VK 100 explosion chamber and the gross calorific value
measurement using the IKA C5000 calorimeter according to the methodology given in STN ISO 1928. State exams belong
analytical methods used in fire and safety engineering. By conducting experiments and evaluating samples, it was concluded
that all samples of food dusts examined are explosive and present a high risk of explosion and fire in technologies. The test
sample of cocoa showed the most reactive, with the lowest lower explosive limit and the highest gross calorific value. Gross
calorific value values contribute to the spread of fire, therefore the manufacturing operations of food products must be assured
by the design elements of the explosion protection.

Key words: dust explosion; lower explosion limit; explosion chamber; gross calorific value; calorimetric apparatus
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1. Introduction

One of the main issues that we can encounter in
the food industry but also in industry in general is the
issue of occurrence of flammable dust. It is result
from graining, grinding and machining of material
[1]. The dust is a major, side product or waste in
many industry sectors. It comes into air by mutual
relative movement of air particles. Solid particles of
dust are dispersed and floating in the air - so called
air particle (aerosol) [2]. The sedimentation time of
solid dust particles in relatively quiet environment
depends on their weight and size [3].

The dust dispersion has significant impact on its
flammability and explosiveness. Dispersed dust has a
large surface, a lower self-ignition temperature, and
the dust mixture has extensive intervals of
explosiveness [4].

Production in the food industry in terms of raw
material but also from the view point of processing
technology is various [5]. The share of the food
industry in industrial production of Slovakia at
present is 4.6%. Processing of raw materials such as
grain, sugar beet and cocoa beans creates a dispersive
environment with the risk of explosion [6].

The aim of the work in article is to evaluate
selected fire-technical characteristics of food dusts
[7]. The lower explosive limit and the gross calorific
value were selected for experimental determination
from the fire-technical characteristics (flash point,
burning point, ignition temperature, caloricity, gross
calorific value and concentration limits of
explosiveness) [8, 9]. We determine selected fire -
technical characteristics of food dusts using the
explosion chamber VK 100 in accordance with the
methodology of the manufacturer of the equipment
and the automatic calorimeter IKA C5000 according
to Slovak Technical Standard STN 1SO 1928 [10].
The fire - technical properties are not physical
constants except for exceptions, but conventional
quantities whose reproducibility depends to a great
extent on the quality of material, the method of
execution of tests, and on conditions of testing itself.

2. Methodology of the work and material

From Selected samples of food dusts were
experimentally tested by two methodologies in
devices described below.

2.1. Explosion chamber VK 100

The laboratory equipment, the explosion chamber
VK 100, is designed to determine the lower explosion
limit of dusty flammable substances dispersed in the
air [2]. The explosion chamber is a cubic container
having its length (height) less than or equal to twice
its diameter d:1 < 2:d. The laboratory equipment, the
explosion chamber VK 100, is designed to determine
explosive limits of dusty or liquid flammable
substances dispersed in the air. The main parts of the
explosion chamber VK 100 are the explosion
chamber itself and control device. The measurement
methodology was  performed according to
manufacturer's instructions, which is in accordance
with global agreements of measurements in cubic
vessels. The experiment was repeated three times for
each charge of the food dust sample due to statistical
evaluation of results.

2.2. Automatic combustion calorimeter IKA C5000

The calorimeter IKA C5000 is a compact semi-
automatic calorimeter determined to measure the
gross calorific value and caloricity of solid and dust
samples. The heat released in burning of the material,
together with the physical properties of the material
and the influence of surrounding environment
indicates the ability of the material to spread the
flame, so significantly affecting reaction of material
to fire, gross calorific value indicates the maximum
possible heat that is chemically released from the
substance. It is the physical - chemical constant of
particular material, which can be calculated as the
sum of combining heats of products of combustion of
individual elements contained in particular material.
Gross calorific value is the amount of the heat
released in perfect combustion of the weight or
volume unit of the substance in pure oxygen at
certain pressure, while the water produced in
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combustion is in the liquid state. The measurement
was performed with using of adiabatic method
according to the Slovak Technical Standard STN 1SO
1928, Solid Fuels. Determination of gross calorific
value by calorimetric method in the pressure vessel
and calculation of caloricity [10].

The total gross calorific value is expressed in
MJd.kg? or in Jkg! An automatic calorimetric
apparatus will evaluate total gross calorific value
directly in the apparatus and resulting value of total
gross calorific value will be displayed as a result of
measurement. The total gross calorific value is
calculated by following relation:

E(Tm—Ti+c)—b
m

Qpcs = @
where:

Qrcs — total gross calorific value, (MJ.kg™)

E — water equivalent of calorimeter (MJ.kg™)

Ti - initial temperature, (K)

Tm — maximum temperature (K)

b - correction needed to take into account the
gross calorific value of additional fuels
(MJ.kgh)

¢ - correction factor of temperature (K)

m - the weight of the test sample (kg) [10].

2.3. Experimental material

We used for experiments samples of the smooth
flour T650, the powder sugar and the cocoa powder.
The reason to select used food dust samples was that
they had comparable size of fractions and they are the
most frequently used in the food industry. Examined
food dusts, according to statistical records from
previous years represent a high risk of the danger of
explosion, followed by spreading the fire [11, 12].

The smooth flour T650 is floured inner part of the
cereal grain with a smaller portion of the bran
particles. It consists from saccharides, the farina is
on main place (70-80% of the weight) and proteins
which in combination with water form so called
gluten. The wheat flour contains 10-12% of proteins.
The water content in the flour is about 14.5%
(according to the Decree of the Ministry of
Agriculture and Rural Development of the Slovak

republic on the edible grain and the mill products
from the grain may not exceed 15%). The flour also
contains a small amount of fat (1-2%) and fibres (1-
2%), which are formed from cellulose and other
polysaccharides, in addition to mentioned
ingredients. It contains important minerals, so called
ash (0.4-1.8%), further it belongs here especially
calcium, phosphorus, magnesium, potassium,
sulphur, selenium. The flour also contains vitamins,
mostly from the B-complex, which are dissolved in
the water (B1, B2, B3 and B6). It is mainly vitamin E
from among vitamins soluble in fats.

The powder sugar as the natural sweetener
consists from 99.7 % of the pure sucrose. It consists
from one molecule of glucose and one molecule of
fructose. We know it in the pure state as a white
crystalline substance having the sweet taste. The
sucrose is very widespread in nature, and it is an
important metabolic product of all green plants where
it serves as a transport soluble saccharide. The starch
(3%) is often added into the powdered sugar as an
anti-nodulizing substance [13, 14]. The sucrose is
made from the sugar beet in Slovakia, it contains
17% of sucrose on average, it is more than in the
sugar cane.

The basic raw material for production of cocoa are
cocoa beans. They grow in the tropical climatic zone
at an altitude of up to 600 m. It needs a temperature
of 20-35 ° C, it can grow freely in nature up to height
of 15 m, but the height is modified to 6-8 m. Fruits
having weight of 300-500 g have a shape of a rugby
ball, they grow to the length of 30 cm and to the
width of 12 cm. Their colour is gradually changing
by maturing from green to brown. There are 20-50
beans in five rows inside the fruit. 100 g of the
content of cocoa powder contains 10.5 g of fat, 23.5 g
of saccharides, 33.5 g of fibre, 23.5 g of proteins and
2.9 g of salt. correct design of the suction equipment
[15].
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3. Results

3.1. Experimental results of determination of the
lower explosive limit of selected food samples of dust

We have proceeded from higher weights of the
food samples of dust to lower when determining the
lower explosive limit. We recalculated concentration
for the each weight of the dust sample. We visually
evaluated the course of experiments with individual
samples of the smooth flour, powdered sugar and
cocoa by observation through inspection holes in
walls of the explosion chamber VK 100 and after
bursting of the paper membrane we recorded results
into the Table 1.

Table 1

The lower explosive limit of selected food samples of dust

3.2. Experimental results of determination of the
gross calorific value of selected food samples of dust

Particular weights of test samples of the food dusts
weighed before the experiment were listed in the
Table 2 together with measured values of the gross
calorific value determined using of calorimetric
apparatus IKA C5000.

We calculated the mean value of the total gross
calorific value within the sense of the Slovak
Technical Standard STN 1SO 928 from the first and
the second experiment of measurement the gross
calorific value of the smooth flour T650. Colours are
highlighted in the Table 2, where the high value of
the gross calorific value of the cocoa powder is
obvious, while values of the gross calorific value of
the smooth flour and powdered sugar are comparable.

0 H-ON

Results of tests

Results of tests

Results of tests

The smooth flour The powder sugar The cocoa
N-negative, N-negative, N-negative,
Measurement Charge Concentration P-positive P-positive P-positive
(@) (g.m®) The number of The number of The number of
No. ; ! !
the experiment the experiment the experiment
1 2 3 1 2 3 1 2 3
1 6 60 P P P P P P P P P
2 5.2 52 N P P P P P P P P
I | G O R G
4 3 30 N N N P P P P P P
5 2 20 N N N P N P P P P
6 15 15 N N N N N N P N N
7 1 10 N N N N N N N N N

It is possible to evaluate from results of the
experiment, that the lower explosive limit ranges
from 40 g.m-3 for the smooth flour, 20 g.m-3 for the
sample of the powdered sugar and 15 g.m-3 for the
cocoa powder; it shows, that all dust samples in the
swirly condition represents the danger of explosion in
the food industry. Resulting concentration of the low
explosive limit are shown in the Table 1.

Values of lower explosive limit of selected food
dust samples and their values of gross calorific value
after series of measurements in the explosion
chamber VK 100 and the calorimeter IKA C5000 are
shown in Figure 1. These values were used as input
data for compilation of diagram, where the
dependence of low explosive limit on the value of
gross calorific value is shown.
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Table 2
Gross calorific value of selected food samples of the dust
The smooth flour Gross calorific | The powder sugar Gross calorific Cocoa Gross calorific
Experiment No. The weight (g) value The weight value The weight value
Qpes (3/9) (@ Qpes (3/9) (@ Qpes (3/9)
1 9.9016 16 221 9.9026 16.488 9.9008 21492
2 9.9012 16 298 9.9019 16 413 9.9014 21449
The average 9.9014 | 16221 | 9.9022 16 450.5 9.9011 214705

Comparison of value of the lower
explosive limit and values of gross calorific
25 000,00
21470,50 L &0

= 20000,00 o
- 16259,50 16 450,50 g
‘% 15 000,00 - ;
g E
E e
= 10000,00 =
. )
: :
& 5 000,00 4 B

—

0,00 -
Smooth flow Powder sugax Cocoa

Figure 1 Comparison of value of the lower explosive limit and values of gross calorific of investigated dust
samples

We experimentally determined the lower
explosive limit for the flour sample to 40 g.m=3, the 4. Conclusion
lower explosive limit for powdered sugar represents
value of concentration of 20 g.m= and the cocoa had -
determined the lowest explosive limit of 15 g.m= and
it represents the highest risk of explosion. Values of -
gross calorific value for these materials ranged from
16 259.5 to 21 470.5 J.gt, where the cocoa powder
clearly manifested the highest potential of the gross -
calorific value and it contributes the most to
spreading of fire from investigated samples of food
dust.

selected experimental food flammable powders
are of organic origin,

samples of food dust particles are classified by
departmental and corporate standards into classes
according to size of particles,

the lower explosive limit of the smooth flour
having the lowest value of gross calorific value
of 16 259.5 J.g! reaches the highest value of the
lower explosive limit
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- of 40 g.m®, which can be attributed to its 14.5 %
of water content,

- samples of powdered sugar showed a higher value
of gross calorific value

- of 16 450.5 J.g*, but lower value of the lower
explosive limit of 20 g.m™3,

- the highest value of gross calorific value was
measured at the sample of cocoa having

- 21 4705 J.g*%, its value of the lower explosive
limit represents only 15 g.m, Specified values
correspond to the difference of the content of the
cocoa which contains fats and there is minimum
content of the fat in other food flammable dusts,

- we attribute specified lowest value of LEL to the
finest composition of the dust fraction of the
cocoa sample,

- the experiment is included into original results,

- assumed dependence of the lower explosion limit
on the value of gross calorific value , i.e. the
lower concentration of the lower explosive limit,
the higher value of gross calorific value was
confirmed after evaluation of measurement
results,
it is clear from measured results that cocoa has
been shown to be the most reactive food dust
among rated food dusts, it represents the highest
risk of explosion and subsequent spreading the
flame in the food industry,
values of gross calorific value contribute to
spreading of fire, so it is necessary to secure
operations for processing and production of these
foodstuffs with structural components of the
counter-explosion protection [10].
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A scientific approach to determination of the cause of fire
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Abstract

The paper deals with a scientific approach to determination of the cause of fire. It focuses on one of the most important tasks —
collection of veritable information relevant to proposing versions of the causes of fire. The first part of the paper deals with
the tools for documentation and digitization of the fire scene. The second part of the paper focuses on sampling, laboratory
investigation and subsequent elaboration of a Fire-Technical Expertise. The also paper mentions non-destructive X-ray
testing, which is a great contribution in investigations.
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1. Introduction

A Regional Fire Rescue Service performs state fire
inspection duties according to the Section 26 (2) b)
and § 31 of the Act No. 133/1985 Coll., on Fire
Protection, as amended [1]. Determination of the
causes of fires is one of the tasks of the state fire
inspection, which is carried out for legal persons,
business individuals, ministries and other state
bodies, municipalities and natural persons. Specifics
concerning determination of the causes of fires are
defined in the Section 50 of the Regulation No.
246/2001 Coll., on Determining terms of fire safety,
and duties of the state fire inspection (Fire Prevention
Regulation) [2]. Fire is considered to be any
undesired burning that kills or injures humans or
animals, damages properties, belongings, or
environment. It also means an undesired combustion
where persons, animals, properties or environment
are under an immediate threat [2]. A fire within the
meaning of this definition is also considered to be an
explosion of a mixture of flammable gases or vapours
of flammable liquids or dusts with gaseous oxidant.
A physical explosion, an explosion of explosives if
there is no subsequent burning after the explosion, is
not considered to be a fire [3].

The General Directorate of the Fire Rescue
Service of the Czech Republic ensures
implementation of fire-technical expertise. Therefore
a workplace was set up at the Population Protection
Institute to carry out expert activities for determining
the origin of a fire. The expert group operates
nationwide and assists with explaining the cause of a
fire at a fire scene. The assistance is provided during
inspecting, documenting and digitizing fire scenes,
taking samples for laboratory examinations,
determining hypothesiss of fire causes, and
laboratory examination of samples from fire scenes.
Subsequently, conclusions are processed into fire-
technical expertise in the form of a professional
statement that is part of a fire report.

2. Scientific approach to determining the cause of
fires

A key requirement for a fire to originate is
presence of a flammable substance, initiating source
and oxidizing agent, called a flammable triangle. The
energy of the initiator source must be sufficient
enough to be able to ignite a flammable substance in
ambient conditions (free oxygen / fired oxygen). In
the event of an explosion, the so-called flammable
triangle is transformed into the so-called explosive
pentagon, where the effect of the environment (vessel
shape) and particle dispersion also arises.

In order to determine the cause of fire or
explosion, it is necessary to collect all required data
concerning the emergency situation. The collected
data need to be analysed and evaluated. Only then
feasible hypothesis of the fire causes can be
established. When verifying the hypothesis of the fire
cause, fire investigators have to rely on obtained data
and information. They must not confuse the obtained
information and their assumptions or speculations.
Similarly, they must not adjust proven facts to
proposed hypothesis.

Testing the hypothesis is carried out by comparing
an assumed development of the fire (development
scenario) with the evidence found at the fire scene.
The assessment is done for all proposed hypothesis.
In the process of verifying the hypothesis, each
hypothesis must be gradually ruled out on the basis of
found evidence rather than its nonexistence. If the
hypothesis does not comply, it can be excluded and
other hypothesis can be verified. There may also be a
situation that no proposed hypothesis will fully
correspond to any possible fire scenario, i.e. it is a
time to re-collect or complete the data, and re-
evaluate and design new hypothesis. Should there be
additional hypothesis that explains development of
the fire and damage caused by it as well as the
previous one, a more detailed assessment is required.
This procedure is repeated until all available
hypothesis are reviewed. Ideally, there will be only
one hypothesis that corresponds to all the facts and is
the only possible cause of the fire. The general
procedure reported in NFPA 921 [4] is illustrated in
Fig.1
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Fig 1 Scientific procedure for determining the cause of fire
according to NFPA 921 [4]

3. Collection of relevant data

In order to properly determine the cause of fire,
the first step should be a systematic reconnaissance of
a fire scene. All the evidence obtained at the fire
scene should then be documented, not only using a
camera but also video cameras, thermal cameras,
drones, lidar, spatial scanners, etc.

If a burner accelerant is suspected, it is possible to
use a trained dog that is able to detect presence of
substances that are commonly used as flame
accelerants. The process is followed by taking
samples, which were marked by the trained dog. The
obtained samples are sent to one of the designated
laboratories of the FRS CR, where they are analysed.

Should an electrical installation or use of electric
appliances be suspected as the cause of fire, it is
possible to use multimeters to measure physical
values; as well as portable X-ray systems. After the
sampling, it is possible to carry out further technical-
physical examinations in the designated laboratories
of the FRS CR.

Attention should be paid to witnesses’
observations and statements. Thorough interviews of
witnesses who could provide useful and accurate
information concerning development of the fire, or
activities that took place before the occurrence of the
fire, must be conducted. Investigators must further
address the facts and activities that were carried out
prior to the occurrence of the fire. Various
operational documentation, work procedures and
standard specifications are suitable for this task.

3.1. Dokumentation of the fire scene

A digital camera is currently standard equipment
of fire investigators. One of the ways to achieve a 3D
image view is to use spherical images. Spherical
imagery can generally be obtained directly by using
spherical camera or panoramic heads on which the
digital camera is positioned.

The Population Protection Institute specifically
utilizes two instruments, an automatic panorama head
and a spherical camera.

The fully automatic panorama head allows both
sector-scanning or full sphere panoramic scanning.
The automatic head accelerates and simplifies the
process of image capture and subsequent image
processing. It also ensures that the images concur and
overlap sufficiently. It also offers cutting-edge
features such as HDR photography or exposure
bracketing.

A spherical camera enables users to capture a
spherical 360 ° x 137 © + 5 ° photo in HDR quality.

HDR capture is highly suitable for fire
documentation of places with considerable
differences in  exposure  (large  luminosity

differences); thereupon in places where there is a
dark corner and sunny sky, or where bright light goes
through the window, door, or missing structures. The
resulting spherical images taken with a spherical
camera or camera combined with a panoramic head
can be published in a same way as a standard photo.
It is also possible to cut a segment from the spherical
image with a detail of the fire.

Each spherical image is then merged into a virtual
walk-through, which connects individual places and
rooms of the scene of a fire.
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3.2. Digitalization of the fire scene

Spatial ground laser scanning method is a suitable
and proven technique of a precise, detailed and well
documented scene of fire.

Spatial scanning is a geodetic method of
measuring spatial coordinates. It is based on
automatic and precise tracking of a large number of
points that define an area in the tri-axial coordinate
system. These points are generally called a point
cloud, where every point is defined by coordinates X,
Y, Z. The system is capable of obtaining up to
976,000 spatial points per second from the
surrounding area. In this way it is possible to define
an object, room, multileveled house, street, and even
an entire city. When using this type of scanner, the
measuring is performed at a distance of 130m from
its location and it locates everything within its direct
visibility. The scanner is stationary and during
scanning it is statically placed on a tripod and can be
ejected up to 4,5 meters high.

The spatial scanner operates in a contactless
manner. It emits a laser monochromatic beam at a
wavelength of about 1550 nm. The beam falls on a
rotating oblique mirror; the angle of incident is 90°,
which ensures scanning the area in the vertical
direction. Scanning in the horizontal direction is
provided by rotating the scanner around its own
vertical axis. The laser scans the area horizontally

(360 degrees) and vertically (305 degrees), or a sector
specified by the operator. The scanner is also able to
scan in an inverted mode by 180 °, i.e. upside down,
and thus digitizes the space beneath.

The accuracy of the data collection directly
depends on the reflectivity of the materials the
scanned objects are made of. The worst precision of
the scanner is defined as +/- 2 mm at a distance 25 m
at 90% reflectivity of the surface.

The outputs are standard 3D data appearing in the
infrared spectrum in a shade of grey. The scanner has
a built-in internal camera, which is also able to
document colour information from the visible
electromagnetic spectrum. The resulting colour
photograph, which when processed is applied to the
3D data, is then at a resolution of up to 70 million
spatial points (megapixels). The mentioned spherical
camera is also fully compatible with the scanner,
which allows users to implement a better quality
color photo to precisely obtained 3D data.

To scan complete data, site scanning is performed
and the resulting data are merged into one final
project. The output is an accurately documented
scene of an accident (fire scene), created 3D
digitization of a fire scene, and virtual measurements
obtained from the 3D data. At the same time, it is
possible to perform surface measurements. The Fire
Investigator herewith acquires accurate 2D scale
plans, orthogonal views, 2D slots, and ground plan
views.
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This measurement system greatly improves the
process of surveying the scene of a fire. It is not
necessary to complicatedly re-measure the rooms,
technology within the fire scene, and manually sketch

them. A comprehensive visual information that is
represented by a virtual tour in an HTML forms
another outputs.

Fig. 5: Sample of a building section with an enclosed scale [5]

4. Evaluation of appliance and wiring
4.1. Sampling

Where necessary, samples, which are considered
to have an effect on the origination of the fire, are
taken from the scene of a fire. This paper will further
deal with samples of electrical equipment, wiring,

etc., which can be further subjected to physical-
technical testing.

All electrical power installations (e.g. power grids,
transformers, dynamos), low-voltage electrical
appliances (home distributions, etc.), electrical
appliances (e.g. TVs, refrigerators, heaters) and
electrical installations such as switchboards, faxes,
etc. can be submitted to testing and detecting for their
defects.

It is possible to carry out basic investigation
concerning a physical-technical field directly within
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the scene of a fire, for example using multimeters to
test circuit closing, or perform thermodiagnostics, etc

More frequently samples are taken from the scene
of a fire and sent to an expert workplace, such as the
Population Protection Institute.

Samples at the fire scene are collected by trained
members of the Czech Fire Rescue Service or by
police officers of the Czech Police. On-site samples
are taken after a risk of electric shock during
collection of samples is eliminated. Subsequently,
samples must be collected in a correct way. To
prevent collecting an inappropriate electrical
equipment, reconnaissance of the fire scene is
conducted with a focus on V-patterns, arc mapping,
unusual heating, ground faults and damaged electrical
cables [6].

Arc mapping is an investigative tool that can
provide information on the direction of fire spread. It
relies on determining where electrical arc and other
faults occurred during the fire. Evidently the
electrical circuit involved had to be energized at the
time of the fire for the arcing to occur. Faults to
ground inadvertent connections to any grounded item
are one of the most common sources of electrical
fires. Uninterrupted runs of copper wires or electrical
cable very rarely cause fires unless the wire or cable
is damaged. Investigators have to look for potential
points of damage, for sharp bends and places where a
nail or staple may have been driven into the wire.

For electro technical investigations it is also
essential to know the chronological course of events,
description of the wiring, the building structures,
determine forensic and fire point of origin, collect
electrical equipment and obtain the review reports. If
the sample is only sent for analysis, it is necessary to
know the exact location where the sample was
collected, its  placement in relation with the
surrounding objects, the position of the sample, its
orientation and photographic documentation.

The data on the sampling site must always be
collected. Such data include the patterns produces by
the fire, which is a visible or measurable physical
change or identifiable shape formed by the fire effect
(mass loss of material, char, spalling, colour changes,
melting of materials, thermal expansion and

deformation of materials, deposition of smoke on
surfaces, e.g.)

4.2. Laboratory testing

The laboratory tests will assist the investigator in
making an accurate assessment of the condition of
appliances or wiring and the contribution they may
have made to a fire. For instance, whether a switch
was on or off at the time of the fire, examination of
the contacts, housing and switch mechanism.

In the laboratory testing, it is possible to carry out
analysis of electrical conductors using methods of
optical microscopy, electron microscopy, energy
dispersive X-ray spectrometers, diffraction X-ray
analysis, infrared spectroscopy and Raman
spectroscopy.

When handling the sample, it is important to
know how the sample has been manipulated with
throughout the whole time. Further damage to the
sample must be avoided. It is necessary to examine
the sample using available methods and when
combining them proceed from non-destructive to
destructive methods. However, destructive methods
are frequently used in laboratories to separate off the
burned parts so that only the connecting elements of
the appliance themselves remain

Non-destructive testing is indisputably very
important. Non-destructive methods of laboratory
examination include x-ray analysis, which can reveal
important points for further investigation without
causing additional damage to the sample.

An X-ray analysis uses not only changes in
absorption of X-ray radiation through different
materials, but also ray bending, diffraction, etc. Thus,
it is possible to determine for instance structure, or
surface tension. However, an absorption is the most
frequent method. An X-ray absorption occurs in
materials according to an atomic number of each
element. The second factor influencing absorption is
the thickness of the material at the radiation site. Two
basic method, depending on the way of use, are
prevalent today: radiography and radioscopy.
Radioscopy works within real time. An examined
object is placed between an X-ray lamp and an image
converter (which converts X-rays into a visible light
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area, vacuum image amplifiers, flat panels). The
manipulates rotates the object, so it is possible to
evaluate the object immediately and within the real-
time. [7].

X-ray tomography is considered to be a higher
level of radioscopy. The technique looks similar to
the standard radioscopy method. A semiconductor
panel is almost exclusively used as a sensor
nowadays and is more accurate. When you rotate an
object, several hundred images are taken from which
the software reconstructs the image. While in the
standard image the value of each pixel corresponds to
the blackening value, for tomography the value of
each voxel (three-dimensional pixel) corresponds to
the absorption value at a given point. Unlike a
conventional X-ray image, where we see the darkness
immediately when viewed, we need a software to
view a tomography image. With its help we can
examine each layer, make cuts.

At the Population Protection Institute, a study was
carried out to verify usability of X-ray radiation for
the purpose of examining samples of electrical
appliances damaged by fire. A better option is to use
an X-ray cabin in which a sample is placed rather

X-fay Output - a sample of a burned iron [5]

than using a portable X-ray apparatus used at the fire
scene (similar to a device used by the Police of the
Czech Republic for pyrotechnics). When using an X-
ray cabin, more accurate results are obtained and the
X-ray system is referred to as a small source [8].

If a small portable X-ray system is used in an X-
ray cabin, the cabin is usually designed in a way to
allow the X-ray system to be removed and used in the
field. However, to use an X-ray system outside the
cabin is legislatively more complicated. While an X-
ray system (irrespective of its size, even 450 kV) is in
the cabin, it is classified as a so-called small source
and the user is only obliged to report its use to the
State Office for Nuclear Safety. If an X-ray system
device is used outside the cabin, in the field, it is
classified as a so-called simple source. In this case a
number of requirements have to be fulfilled e.g. the
user must be accompanied by a qualified person
certified by the State Office of Nuclear Safety, and
must have an approved emergency plan, a
monitoring plan, a controlled area, etc. [8].

Fig. 7: Picture acquired using an X-ray system - details of kettle
connection [5]
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Fig. 6: An X-ray Output - a sample of a burned socket [5]

5. Conclusion

The paper focused on one of the most important
steps for determining the cause of fire, namely the
collection of correct relevant information. Facts and
information about the incident are collected through
direct observations, measurements, photographs,
evidence collection, testing, experimentations. All
collected data should include the documentation of
the property, construction and occupancy, fuel
loading, the preloading and layering of the debris and
evidence as well as the extinction of the heat and
smoke patterns, char depths and calcination, and the
application from electrical arc mapping surveys
where relevant. This includes, among other things,
also high quality photographic documentation and
digitization of a fire scene.

If fire-technical expertise is to be performed
correctly, the samples must be collected in a correct
way. The relevance of fire-technical expertise outputs
depends on many factors. First of all, it is the correct
sampling of the fire scene, its packaging, and the
documentation of all the details at the scene of fire.
After considering all the possibilities and risks, the
method of packaging and transportation of the sample
to the laboratory can be decided. The laboratory
subsequently verifies physical values, and carries out
non-destructive and destructive testing. The results of
the laboratory testing are presented in the Fire

Fig. 8: Illustration of a 3D model of burned sockets using CT [5]

Technical Expertise, which is consequently sent to
the Investigators of the Regional Fire Rescue Service.
The investigators will then include the information
from the Report into the data obtained, on the basis of
which he is able to propose and verify the hypothesis
of the cause of the fire.
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Abstract

The aim of the thesis is to determine the content of mercury in soil and in plants grown in contaminated soil with the addition
of Alginite. Samples of soil contaminated with mercury were taken from locality of Malachov and then mixed with Alginite in
a1l:3and 1: 1 ratio. In these substrates, we performed an experiment with Brassica napus L. var. napus. (rape). Plant and soil
samples were analyzed on a dedicated spectrophotometer - AMA 254. In the samples of substrates used for growing rape we
found a mercury content from 0.0929 mg.kg to 2.9085 mg.kg. The mercury content in the above — rape biomass from
0.0425 mg.kg™ to 03302 mg. kg-1. The sorption properties of Alginite were most pronounced in the above — mentioned rape
biomass when a drop-in mercury content of 0.2005 mg.kg-1 was recorded. We compared the resulting values with the limit
values that were exceeded in many cases. From the values we have found, we can say that Alginite has confirmed its sorption
properties, which can be further used in the treatment of the physical — chemical properties of lighter soils, the
decontamination of soils devastated by anthropogenic activity.

Keywords: mercury; Alginite; Brassica napus L. var. napus; AMA 254
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1. Introduction

With the increasing number of inhabitants on the
planet, problems arise with the production of
agricultural crops, which are further processed into
food. To keep the hygiene limits in these crops, the
state of the environment (soil, water, air) is very
important. Risk factors that negatively affect the
quality of the environment include heavy metals,
including mercury. Mercury in the form of organic
compounds is used as a pesticide and fungicide. The
environment comes in the form of many objects and
chemicals, batteries, thermometers, agrochemicals,
pharmaceutical products, dental metals and others.
Due to the low solubility of most inorganic
compounds, mercury is not the usual pollutants in
waters hazard but are industrial accidents and
formation of soluble organic compounds as volatile
substances thus becoming the atmospheric pollutants.

2. Issues

Mercury in the medium occurs in three oxidation
states (0, + I and + 1) and seven stable isotopes (196
Hg, 198 Hg, 199 Hg, 200 Hg, 201 Hg, 202 Hg and
204 Hg). The largest inorganic forms are mercury
(Hg + and Hg2 +). Mercury salts (e.g., HgCI2) are
soluble in water, whereas organic Hg compounds are
insoluble and do not react with weak acids and low
carbon sulphide-containing bases. Mercury contained
in soil and in the atmosphere can be in different
forms in plants [1]. The dominant form of mercury in
the atmosphere is the gaseous elemental force (HgO)
[2]. Atmospheric mercury is obtained in the plants
through the trickles, trichomes or cracks in the
curriculum, the role of sheet morphology is also
important. An important form of accumulation of
mercury in the plant organism is the entry of wet and
dry deposits of meruti from the atmosphere [3]. The
soils and sediments of watercourses, seas, oceans and
reservoirs belong to those substrates that are of great
importance in the mercury cycle. The content of
mercury in sediments often points to the overall
contamination of the site better than the instantaneous

concentration in water [4]. Exposure to mercury
plants reduces the effectiveness of photosynthesis,
transpiration rate, water absorption, and chlorophyll
synthesis. Organic and inorganic forms of Hg have
been shown to cause potassium, magnesium and
manganese loss in the plant, and reduce iron
accumulation [5]. At present, there is a high
environmental burden on anthropogenic activity. For
this reason, interest in different ways of cleaning and
decontaminating devastated soil is also increasing.
One of the possibilities of recovery is the use of
available natural resources. Alginit is an organic-
mineral rock that has a realistic perspective of wide
use in the rich locality of Lucenec. Alginite contains
fossil algae that formed a continuous sediment in the
Pannonian lake system during volcanic changes 3-4
million years ago, along with eroded rocks [6].
Alginit from locality of Pincina is a clay-rich rock
rich in organic matter. Its main suppliers were the
yellow-green algae Botriococcus braunii, which lived
in the colonies in the forested zone of the Maar lake,
and after the death they fell to the bottom where they
were deposited together with the clay material. fallen
from the engraving maar ring. The high content of
organic matter, enhanced by the presence of the clay
smectite minerals, is associated with an important
Alginite property - a high water absorption capacity
[7].

3. Material and methods

To carry out our research, soil contaminated by
mercury must be secured. Since manipulation with
elemental mercury can cause a health hazard as well
as damage to laboratory equipment, soil samples
containing mercury were collected at locality of
Malachov, where cinnabarite was harvested in the
past - from which the bulk of mercury is extracted,
only significantly smaller quantities of schwazite -
tetrahedrity furthermore from ores containing
mercury.
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3.1. Samples of soil

Soil samples were taken in October 2016 (autumn) at
the end of the vegetation period in accordance with
STN 48 1000 (Sampling and Preparation of Forests
for Forest Health Surveys). We took it to locality of
Malachov site, where we predicted an increased
concentration of merkte in the soil. Soil samples are
taken from 10 - 30 cm depths using hoe and rice into
plastic bags. Subsequently, the soil could dry at room
temperature for several days. After drying, we
removed the rough skeleton, organic residues from
the soil, and then we had to homogenize soil samples.
Their form was significantly varied and could
consequently cause distortion of the results.

3.2. Samples of Alginite

Alginite samples were taken at locality of Pincina
deposit near Lucenec in February 2016 (winter). To
obtain a representative sample of Alginite, we have
followed standard laboratory procedures for
sampling. At the selected collection site, we set a
square-shaped area with a length of one side of 5
meters. This was then divided into partial squares
measuring 30 x 30 cm. From each square we
removed the same amount of Alginite using a blade.
The thus obtained Alginite sample could dry at room
temperature. Since Alginite is characterized by its
high-water adsorption, the drying time of the Alginite
was significantly longer than in the soils. Alginite
samples also had a diverse form, so we had to
homogenize them similarly to soil samples.

3.3. Realization of container experiments

Modified soil samples and Alginite were used to
grow test plants. In our research, we have decided for
Brassica napus L. var. napus. (rape). This plant is the
most widely grown crop in Slovakia with the largest
representation and utilization. When growing rape we
have prepared four different substrates in gardening
containers, namely - horticultural substrate freely
available for sale, soil naturally contaminated with
mercury taken at locality of Malachov site,
contaminated soil with the addition of Alginite in the

ratio 1: 1 and 1: 3. To the substrates thus prepared,
we sowed 2 g of seed, which was evenly distributed
over the entire surface and then covered with a small
layer of substrate and poured. We repeated this
procedure three times for each substrate.

After drying, the above-ground portions were
homogenized with a mill and analyzed on a single-
purpose atomic spectrophotometer AMA 254. The
substrate samples were removed from the plants in
which the plants were grown. The substrates were
also homogenized in the mortar, sieved through a 2
mm sieve, and then quartz was performed to obtain
an average sample which was subsequently analyzed
on a single-purpose atomic spectrophotometer AMA
254,

After performing the previous steps, we proceeded to
analyze the samples. We analyzed each sample at
least three times. The weights of the individual
samples ranged from 30 mg to 60 mg. Samples of
substrates containing naturally contaminated soil
from Malachov were weighed in combination with
sand, to add approximately 2 mg of substrate to the
sand to give a final weight of about 50 mg. For
samples of above-ground parts of plants, we set the
times for the individual phases of analysis as follows:
drying 45 s, thermal decomposition 150 s and
temperature adjustment 45 s. We used different times
for substrate samples: 45 with drying, 180 with
thermal decomposition, and 45 with temperature
adjustment.

The AMA 254 analyzes in two ranges, among which
it selects the software automatically so that the
absorbance value is not exceeded by 0.8.

4. Results and discussions

4.1 Concentration of mercury
biomass

in above-ground

The value of the arithmetic average of the total
mercury content in the above — ground plant organs of
the rape is 0.1721 mgkg? + 0.1137 mg.kg?. The
measured values of mercury concentration (Fig. 1) in
above — ground rape biomass measured in individual
growing substrates decrease in the following order
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contaminated soil from Malachov > contaminated soil
with Alginite in a ratio of 1: 3 > contaminated soil
with Alginite in a 1: 1 ratio > horticultural substrate
freely available on sale.

0,4
0,35
03
0,25
0,2
0,15

Concentration Hg (mg.kg 1)

1 2 3 1 2 3 1 2 3 1 2 3

Garden substrate | Contaminated soil | Contaminated soil | Contaminated soil
freely available on |  from Malachov with alginite in with alginite in
sale proportion 1:3 proportion 1:1

Growing substrate

Fig. 1 Concentration of Hg in above-ground rape biomass

The highest mercury concentration was recorded in
the above — ground parts of the rape grown in the
substrate — contaminated soil from Malachov. The
concentration value is 0.3302 mg.kg™? + 0.0593 mg.kg
L. This concentration is directly related to the ancient
extraction of mercury in Malachov. The lowest value
of mercury concentration was recorded in the above —
ground rape organs grown in the substrate — the
garden substrate is freely available on the market. The
concentration value is 0.0425 mg.kg? + 0.0106
mg.kg®.

The mercury concentrations of 0.1858 mg.kg? and
0.1297 mg.kg* = 0.0382 mg.kg™? and 0.0181 mg.kg*
were measured in the above — ground parts of the rape
cultivated in the substrate - contaminated soil with the
addition of Alginite in the ratio 1: 3 and 1: 1.
Compared with contaminated Malachov soil, these
concentration values are smaller by 0.1444 mg.kg?
and in the other case by 0.2005 mg.kg™, so we can
assume that Alginite has shown its sorption properties.
In above — ground rape biomass, the maximum
allowable amount (NPM) for other foods (0.05 mg.kg
1y was exceeded for all substrates contaminated with
Malachov soil. This value was maintained in biomass
grown in the garden substrate. Also, NPM for feed
materials (0.1 mg.kg™?) were exceeded in the above —
ground rape organs on substrates using contaminated
soil from. When adding Alginite to this soil ina 1: 1

ratio, we have achieved a result approaching this
value.

4.2 The concentration of mercury in the used growing
substrates

The mean value of the total mercury content of the
growing substrates used for rape production is 1.7979
mg.kg? £ 1.2079. Mercury concentrations (Fig. 2)
found for individual growing substrates used to grow
barley fall in the following order — contaminated soil
from Malachov > contaminated soil with Alginite in 1:
3 ratio > contaminated soil with 1: 1 Alginite added >
gardening substrate freely available on sale.

0o
1|/2|3|4(|5|1|2|3|4(5|1|2|3(4|5|1|2)|3|4)|5

Concentration Hg (mg.kg )

Garden substrate freelylContaminated soil from Contaminated soil with Contaminated soil with
available on sale Malachov alginite in proportion | alginite in proportion
13 11

Growing substrate
L

Fig. 2 Content Hg in growing substrates used for the cultivation of
rapeseed - Brassica napus L. var. napus

The highest value of mercury concentration in
growing substrates was recorded at the substrate —
contaminated soil from Malachov. Its value is 2.9085
mg.kg! £ 0.2138 mg.kg™. To the above — ground
parts of the rape grown on this substrate was
accumulated 0.3302 mg.kg? + 0.0593 mg.kg™. The
lowest value of mercury concentration in growing
substrates used for rape husbandry was recorded at
the substrate — the garden substrate, freely available
on the market. The concentration value in this
substrate reached 0.0929 mg.kg™ + 0.0113 mg.kg™.
Gardening substrate, freely available in the market,
should be suitable for growing different crops and
should be hygienically safe, which has been
confirmed.

For contaminated soil with 1: 3 and 1: 1 Alginite, we
used mercury concentrations of 2.6318 mg.kg?! =
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0.5665 mg.kg* and 1.6218 mg.kg™ + 0.1637 mg.kg™.
These values are lower by 0.2767 mg.kg™ and 1.2867
mg.kg? compared to contaminated soil from
Malachov. In this case, we have also confirmed the
sorption properties of Alginite, and we can conclude
that when Alginite occurs in contaminated soil, it can
absorb more risk factors than our mercury.

5. Conclusions

This work provides partial information on the
determination of the concentration of mercury in
above-ground biomass of rapeseed - Brassica napus
L. var. napus. From the measured values, the applied
substrate directly influences the concentration of
mercury in the above-mentioned plant biomass. From
the values we have found, we can also say that
Alginite has confirmed its sorption properties, which
can be further used in the treatment of the physico-
chemical properties of lighter soils, the
decontamination of soils devastated by anthropogenic
activity.
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Abstract

This work focuses on research of the biological degradation of the agricultural substrates, namely the cattle manure and the
corn silage. We evaluated the suitability and on the contrary unsuitability of the selected substrates in the process of the
biodegradability. Research methods used activated sludge from the wastewater plant to evaluate the potential of selected
substrates in the process of the biodegradability. The significant indicators, which include Oz, CO2, BODs and CODcr were
used for analysis on biological degradability of agricultural substrates. The corn substrate achieved the highest decomposition
rate. Used tests and deviations between them, confirmed the requirements for a combination of the different tests of
biodegradation. It was problematic to have only respirometric assays that showed a very similar pattern, although the
percentage of biodegradation was different.

According to determination of selected indicators, corn silage and cattle manure can be defined as average biodegradable
substrates. Addition of the active sludge made degradation faster of both samples.

Keywords: manure; anaerobic digestion; biodegradability;corn silage
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1. Introduction

Generally, biodegradability refers to the breaking
down of a product via microbial activity. This can
be realized by aerobic catabolic pathways, during
which are producing CO, water, and biomass or
anaerobically, producing CO; and CHg4 [1].
Composting process together with anaerobic
digestion are examples of aerobic and anaerobic
biodegradation processes respectively, resulting in
the formation of gases (e.g. CO2, CHsand N:0),
water and compost or digestate [2].

The residue of anaerobic digestion, called digestate,
is used as soil amendments, and its biological
stability is an important indicator of the
environmental risk posed by the digestate [3]
Difference between the aerobic and the anaerobic
process is from stoichiometry of degradation
biomass [4].

Composting has been used mostly in treating
municipal sewage sludge, but has also been used to
treat several industrial solid wastes. These include
industrial  wastewater treatment sludge, food
processing wastes, and some industrial wastes
containing low levels of pesticides [5, 6].

The production of biogas is widely used by modern
society for the treatment of livestock manure and
slurries. Biogas is today standard technology for
stabilisation of primary and secondary sewage
sludge, for treatment of organic industrial waste from
food-processing and fermentation industries as well
as for the treatment of the organic fraction of
municipal solid waste [7].

Biogas is one of the important renewable energy
resources [8], which contains in general about 60%
methane (CH.), and about 40% carbon dioxide (CO,)
[9], while the hydrogen sulfide (H2S), as a
malodorous and sour impurity gas in biogas, which is
spanning from 100 to 2400 ppm. [10].

Generally, biogas can be produced from nearly all
kind of biological feedstock types. European
agriculture handles more than 65% of livestock
manure as slurry, a liquid mixture of urine, feces,
water, and bedding material. Another agricultural

substrate suitable for anaerobic digestion s
represented by energy crops, of which most common
are grain crops, grass crops and maize. Maize silage
is among the most promising energy crops for biogas
production [11].

2. Methods

Before evaluating of biodegradability was necessary
characterization of initial agricultural substrates,
which includes analysis of total solid (TS) and COD.

To evaluate of biological degradability of agricultural
substrates were used significant indicators, which
includes BODs and CODc, (Table 1) [12, 13].

To evaluate the potential of selected substrates in the
fermentation process were chosen testing method
using activated sludge from the wastewater treatment
plant. Supporting indicators in the analysis of
biological degradability are O;, CO,, BODs and
CODc; [14].

Change of BOD was observed during 28 days of
incubation with determination of BODn and CODc;.
Substrates were leached according to values of COD.
Substrates were leached 24 hours with shaking
followed by filtration of samples.

BOD was measured in interval 5, 10, 15 days with
manometric method according to STN EN 1SO 5814
(Water quality).

Determination of degradation was occurred during
one-time cultivation with constant stirring. For
evaluating of biological degradability with addition
of active sludge were used 2 L wvessels in
concentration of substrate 400 mg COD/I and active
sludge 100 mg/I.

In chosen time interval were taken samples for
determination of COD (figure 1, 2) according to STN
1SO 6060 (Water quality).

The respirometric analysis was performed with
manometric OxiTop Control¥ system (WTW,
Germany) according to STN EN 1SO 9408: 2001.
Main advantage of this method is that can be
performed without dilution of samples with
modelling condition like by biological treatment.
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3. Results and discussion

Characteristics of substrates can be found in Table 1.

Table 1

Determination of the dry matter and COD of the maize silage and
cattle manure

Agricultural substrate Dry matter (%) CODc, (mg/l)
Maize silage 31 100 000
Cattle manure 14 81 000

In maize silage was observed higher value of COD.
Both values of COD can involve biodegradable
substrates.

Measuring of BOD and CODc¢, was occurred in the
same interval time (each 5 days). The results first
analysis of biodegradability represents Table 2.

Table2

BOD and CODc¢, of the maize silage and cattle manure during
incubation

Agricultural substrate BOD,(mg/l) CODc; (mgf/l)

Maize silage 40 0002 96 000
42000° 96 000
43000°¢ 95 000

Cattle manure 27 000° 79 800
27 500° 79 000
28 000° 78 500

25 days

10 days

€15 days

Maize silage Cattle manure

BOD, [mg/1] CODc¢ [mg/l] | BOD, [mg/l] CODc, [mg/l]

40 000* 96 000 27 000* 79 800

42 000** 96 000 27 500** 79 000

43 000*** 95 000 28 000*** 78 500

*5 days; **10 days; ***15 days

After 15 days was observed higher increase of BOD
in maize silage. After 15 days of incubation was not
observed important changes.

During incubation of maize silage BOD/COD ratio
was moving in range 0.45 to 0.42. During incubation
of cattle manure BOD/COD ratio was moving in
range 0.34 — 0.35. These values are defined for
average biodegradable substrates.

Influence of added active sludge in process of
biodegradability represents Figure 1 and 2.

start of degradation 5 15

Time of anaerobic degradation [hours]

Fig.1. COD during one-time cultivation of the maize silage with
the addition of activated sludge

5 15

start of degradation

Time of anaerobic degradation [hours]

Fig. 2. COD during one-time cultivation of the cattle manure with
the addition of activated sludge

Addition of active sludge contributed to faster
degradation both of samples.

During respirometric assay was observed changes of
consumption of oxygen under aerobic condition

(Fig. 3).
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200
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100

50 —@— Maize silage

Cattle manure

Consuption of oxygen
[mg/1]

0 10 20 30
Time of incubation [d]
Fig.3. Respirometric assay of biological degradability

The maize silage reached sharper curve consumption
of oxygen (Fig. 3). The maize silage can be
considered as better biodegradable substrate in
comparison with the cattle manure.
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Abstract

Activity of Honey bees (Apis mellifera) has many beneficial properties, which make them particularly suitable for
environmental biomonitoring. Examination of vital signs, chemical analysis of collected and stored materials, such as pollen,
honey, propolis and wax provide us lots of information for evaluation of environmental status. For this purpose University of
Sopron started a new project in 2015. We are developing an environmental monitoring system based on bee families. Our
target is to establish the basic parameters and methods of a novel monitoring network, which is appropriate for fast, reliable
indication and detection of contaminants with relatively low costs. Concerning the forgoing results Polycyclic Aromatic
Hydrocarbons (PAH) were correlated with the pollution originated from waste combustion, while in case of metal content
significant effects of road traffic were found. Our future plans include installation and development of “smart beehives”
equipped different measuring instruments in order to implement real-time environmental biomonitoring.

Keywords: biomonitoring; bee; honey; propolis; wax; heavy metal content
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1. Introduction

Nowdays increasing social awareness is observable to
focus on our environmental status, regarding to
prevent and reduce different pollution processes
(Lagadic et al. 1997). Protection of clean and
sustainable environment became a major aim not
only for civil society organizations but also for
industrial sector. Lot of technologies and methods
were developed to measure the negative effects.
Emission limits, alert thresholds are existing,
although alterations of the ecosystem react more
sensitively to the adverse impacts compared to the
instrumental apparatus in many cases. Today
University of Sopron’s new project, as GreenBee has
two installed apicultures at industrial partners and
there is a control area in botanical garden of main
campus. The aim of this project is to establish a
honey bee-based biomonitoring system, which is able
to support the evaluation of environmental reliability,
throughout  extension  of  experiences on
environmental effects.

It is necessary to select suitable and practical
bioindicators and determine their reactions to the
pollutants (Kargar et al. 2017). Honey bee (Apis
mellifera) plays critical role in agriculture and the
global ecosystem by pollinating plant, while
producing bee products with high economic value (Li
et al. 2015). Beehive matrices (pollen, honey, wax,
propolis) can be used as bioindicators of the presence
and levels of pesticides, (Rissato et al. 2007) heavy
metals (Leita et al. 1996) and other environmental
pollutants (Ponikvar et al. 2005). They represent
good witness of environmental health and their
presence could be considered as highly informative
(Badiou-Bénéteau et al. 2013).

This research focuses on measurement of polycyclic
aromatic hydrocarbon (PAH) content and elemental
analysis. PAH compounds are a large groups of
organic chemicals containing two or more aromatic
rings and belonging to the food and environment
contaminants (Lambert et al. 2012). PAHs generally

occur in complex mixtures which may consist of
hundreds of compounds. Among these compound
sixteen were identified as a priority by United States
Environmental Protection Agency (US EPA). In this
study we performed the analysis with the respect of
these 16-EPA listed PAHSs.

2. Material and methods
2.1. Sample collection

Samples were originated from the north part of
Transdanubia area, county of Gyoér-Moson-Sopron,
Hungary. Two sampling zone were chosen: an urban-
industrial and an agricultural area.

In case of PAH analysis the sampling period was
March, 2016, for heavy metal content determination
samples were collected in March, 2017.

During the sampling procedure honey, propolis,
pollen and wax samples were stored frozen, then
delivered to the laboratory.

2.2. Sample preparation and PAH analysis

After sample collection the frozen samples were
prepared at once.

Liquid extraction from matrix was the first step of
sample preparation, which is determined by the
chemical feature of sample. In case of honey after a
dilution of distilled water the PAH compounds were
transferred from the hydrophilic phase to the
hydrophobic phase by liquid-liquid extraction (LLE)
of ethyl acetate and cyclohexane (ratio of 1:1) solvent
mixture (Sigma-Aldrich Ltd.). In case of preparation
of samples with low water content (pollen, wax,
propolis) first step was dilution with cyclohexane-
acetone (ratio of 1:1) (Sigma-Aldrich Ltd.). LLE and
organic solvent extraction were performed by
intensive stirring with magnetic mixing during 6
hours. Next step was purification, we have separated
the interfering matrix components, and samples were
concentrated by solid phase extraction with Enviro-P
column. After desorption gas chromatographic
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measurement was executed. lIdentification of PAH
compounds was done by 16 element-standard
solution (suggested by EPA), while quantitative
measurement was performed by internal standard
method. The applied instrument was Shimadzu GC-
MS QP-2010.

2.2. Measurement of heavy metal content

Determination of heavy metal content from the
samples after a HNO3s-H,0, destruction was applied
by ICP-OES instrument (iCAP 6300 Duo ICP-OES),
which is wild-use method in practise. Qualitative
determination was done by standards, quantitative
analysis was performed by calibration method.
Following standards were applied for determination:
Multi-element standard solution for ICP, Ref.No.
M8A96.K1.5N.L1, (CPAchem Ltd.).

3. Results and discussion
3.1. PAH compounds

The highest five of PAH compounds concentration
from quantitative analysis (executed by EPA 610
polinuclear aromatic hydrocarbons mixture) are
shown in Table 1. Among the examined samples
propolis contained the highest concentration
regarding to the total value of 16 PAH compounds.
Lowest levels were observed in honey samples. This
is explained that honeybees collect the propolis from
resinous, gummy products of plants, such as tree
buds, pine resins, etc. This sticky raw material binds
well the airborne dust particles and related organic
materials, such as PAH compounds.

Anthropogenic effect can be found by comparing the
sampling areas. PAH concentrations of samples from
urban area exceeded the levels from agricultural area

in all cases, which suggests the artificial origin of
PAH compounds.

PAH compounds are originally found in products of
combustion, in fume gases and exhaust gases, as a
result of incomplete combustion (Veyrand et al.
2007). Another sources could be the petrol industry
related to the oil-refinery process. They spread in the
air and sediment to the soil and water, which explains
their appearance in propolis samples.

3.2. Elemental analysis

During the elemental measurements, the composition
of pollen samples showed the highest concentration
values related to all of the elements (Table 2, 3). This
observation can be explained by plan physiology,
different elements are absorbed from the soil, thus
pollen is the best indicator.

Significant anthropogenic effect was found in case of
Zn, the highest difference was measured between the
urban and agricultural fields. The reason of that can
be the application of Zn-containing surface treatment
by industrial company from urban area.
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Concentrations (ugkg™) of detected PAH compounds from honey, pollen, propolis, wax samples from agricultural and urban sampling area
(BDL-below detection limit)

Table 2

naphthalene  acenaphtelene fluorene pyrene benzopyrene Total
honey agriculture BDL 0.45 BDL 0.30 BDL 0.75
pollen agriculture 0.31 BDL 0.70 0.25 0.34 1.60
propolis agriculture 0.84 BDL 1.50 BDL 0.70 3.05
wax agriculture BDL 1.10 0.37 BDL BDL 1.63
honey urban 0.08 0.28 0.53 BDL BDL 0.89
pollen urban 0.41 0.57 1.95 1.03 0.18 4.34
propolis urban 0.51 2.33 141 0.27 0.54 7.73
wax urban 0.32 1.57 0.76 0.66 BDL 4.95

Concentrations (mgkg?) of heavy metals from honey, pollen, propolis, wax samples from agricultural and urban sampling area (BDL-below

detection limit)

Al B Ba Cd Co Cr Cu Ga
honey agriculture 8.0 10.2 6.8 0.90 BDL 0.08 2.65 0.70
pollen agriculture 66.2 14.2 49 433 BDL 0.36 7.15 BDL
propolis agriculture 162 37 113 353 044 086 342 0.31
wax agriculture 15.2 4.7 5.8 4.14 0.16 0.34 2.66 0.58
honey urban 6.1 6.3 8.0 242 BDL 0.08 4.19 BDL
pollen urban 22.0 17.4 8.0 2.08 BDL 0.29 14.2 BDL
propolis urban 28.7 4.1 40.2 BDL  0.02 0.98 5.36 0.35
wax urban 11.9 6.0 8.3 BDL BDL 0.78 3.12 0.10
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Table 3

Concentrations (mgkg-1) of heavy metals from honey, pollen, propolis, wax samples from agricultural and urban sampling area (BDL-below

detection limit)

Li Mn Mo Ni Pb Se Sr Zn
honey agriculture BDL 091 BDL 0.25 0.63 0.18 2.04 6.4
pollen agriculture BDL 2233 0.19 0.66 1.22 BDL 5.27 61.2
propolis agriculture 0.56 1.45 060 0.26 1.79 BDL 338 259
wax agriculture 0.04 1.19 0.25 0.05 1.52 BDL 232 34.8
honey urban BDL 0.60 BDL 0.12 0.56 BDL 245 134
pollen urban BDL 2316 010 057 1.16 BDL 454 841
propolis urban BDL 4.22 0.22 0.44 2.64 BDL 2.87 98.2
wax urban BDL 1.48 0.08 0.23 1.25 BDL 2.27 46.1
pine tree leaves, and propolis. Chemosphere. 186 (2017) 140-
150.
4. Conclusion el Ié?g:”ldf;::ciuelr_s” er? agziil)xiz.c;log;?: Ii(ibe(is(: .%oﬁnadrzamd:r;ta&,
Paris:Masson (1997) 419
Based on our preliminary results, chemical [4] Lambert, O., Veyrand, B., Durand, S., Marchand, P., Bizes, L.

analysis of different beekeeping products provides an
indication method of various anthropogenic pollution
impacts. In case of organic contaminants propolis
appears to be the most efficient accumulator, while
highest concentration of elements were detected from
pollen samples. Further researches are needed in
order to follow the alterations of vegetation period.
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Automatic Control of Using Safety Helmets by Workers
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Abstract

The article addresses ways to automate the process of controlling compliance with the rules for safety helmet use to improve
the safety of employees working in harmful or hazardous conditions. Authors have proposed to consider the employee/safety
helmet system as a physical object/biotechnical system. It has been shown that in cases when only the information that
characterises a physical object is controlled, the information can be imitated by unprincipled workers. It has been resolved that
the process should be complemented with the information that characterises the employee's activity (as a biological object). A
suggestion has been made that proposed information spaces should be combined to improve the reliability of a control result.
The article offers a method to generate a decision rule that integrates the assessment obtained based on the review of
information from different sources. A structure of information process interaction has been developed to solve the task. The
scope and purpose of main hardware that implement long-term automatic control over compliance with the rules for safety
helmet use have been determined.

Keywords: occupational safety; Industrial safety helmets; smart PPE; safer equipment; health; safety.
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1. Introduction

In accordance with national standard of the
Russian Federation 12.4.011-89, Occupational Safety
Standards System. Means of Protection. General
Requirements and Classification, personal protective
equipment (PPE) should be used by employees when
work safety cannot be provided by equipment design,
process flow, architectural and planning solutions or
collective protective equipment.

Head injury prevention is based on the use of
industrial safety helmets that meet relevant
requirements taking into account working conditions
for separate jobs. According to Rosstat, 10% to 20%
of all industrial accidents occur due to a failure to
wear PPE or the low quality of PPE. Head injuries
are relatively common and account for 3% to 6% of
all accidents. They are sometimes severe and cause
significant loss of work time due to disability lasting
up to three weeks [1]. Injuries are caused by:

— objects with sharp angles, such as tools or
attachment bolts, falling from a height of several
meters;

— hitting the head on the ground or against fixed
objects when falling.

There is a risk of head injury at all industrial sites.
Slippery oily floors, falling building materials or
objects near workers, mechanisms and equipment are
just a short list of causes of accidental loss of health
and disability. The right head protection used in the
right way and worn during the work day is a simple
and reliable solution to handle the problem.

The review of accidents among builders who wear
safety helmets show that head injuries occur if impact
energy exceeds 100 J. Other injuries are less common
but should also be taken into account. Such injuries
include burns caused by splashing hot or aggressive
liquids, melt metals, or injuries caused through
accidental contact of the head with current-carrying
elements. It is worth noting that up to 30% of
workplace accidents is the result of a lateral rather
than a vertical impact, e.g. when a worker collides
with hard objects. The list of affected jobs is long.
The risk of a lateral impact is more common in
personnel involved in the repair of various equipment
at facilities, e.g. in freight handlers. Hazards are

known to be intrinsic in handling of large-sized
equipment, with the presence of many protruding
parts, permanent body movements and change of
posture when carrying out different operations.
Furthermore, a significant share of head injuries is
observed during falls at industrial sites and in case of
accidental blow on the head during construction and
repair and when performing work in the constraint
environment. Therefore, the risk of blows, contusion,
and falling is significant and the need to protect the
head (including lateral blow protection) is well
justified.

Pursuant to Order of the Ministry of Healthcare
and Social Development of the Russian Federation
No. 290n dated 1 June 2009 on the approval of inter-
industry rules for providing employees with special
clothes, special shoes, and other personal protective
equipment, an employer shall ensure proper control
over the issuance of PPE within an established period
of time. The employer makes sure its employees use
PPE when they: work in harmful or hazardous
working conditions and are exposed to special
temperatures or contamination [2]. Structural unit
managers appointed by the employer and
occupational health and safety specialists control the
correct use of PPE, its timely replacement,
inspections, and testing.

In reality, the use of PPE, including safety
helmets, involve a number of formalities and
compromises related to the human factor.
Responsible employees are not always conscientious
enough and do not punish others for not using PPE
and so on.

A relevant occupational safety challenge is to have
transparent remote control over employees and
prevent human factor impact on performance. This
requirement is an important area for the improvement
of methods and the upgrade of hardware aimed at
ensuring employee safety in the environment
presenting increased hazards for human health. An
effective solution will ensure continuous control over
compliance with mandatory requirements for PPE
use thus increasing the level of employee safety in
the working process.
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2. Materials and Study Methods

The employee's head and a safety helmet together
form an information space which is the aggregate of
two sources that contain information required to
control safety compliance when wearing the safety
helmet in the industrial environment. The worker's
head as type 1 source of information is regarded a
physical object with specific geometrical proportions,
mechanical properties, volume, and substances filling
this space.

The sources of information that consider the
employee/safety helmet system as a physical object
include:

- changes of dielectric properties of the object;

- changes in the optical conditions in the object;

and

- change in the characteristics of an ultrasound
signal passing through the object.

The information on the presence of this physical
object in the internal space of the safety helmet can
be extracted with sensors that respond to changes in
the characteristics. The following information can be
recorded:

- changes in the dielectric permanent environment
in the safety helmet space when the said object is
present;

- interruption of a light beam by an object
geometry;

- changes in the characteristics of an ultrasonic
transmitter caused by the impact of mechanical
properties and substances in the object;

and so on.

The benefit of the considered method of control
over safety compliance is the relative simplicity of
head identification in the safety helmet space using
such sensor systems but the method disregards a
subjective factor, such as the possibility of an
unprincipled worker to impact a control result
artificially by substituting a physical object. This
requires an additional source of information (type 2
information) that would reduce the probability of a
false control result.

The second proposed source of information is the
information generated by an employee as a biological
being and a working process participant.

The sources that characterise the details of the
employee/safety helmet status as a biotechnical
system include;

- changes in the rhythmic activity of body
systems in a biological object;

- changes in heat exchange conditions between
the biological object and the environment; and

- spontaneous and organised motor activity of a
biological object.

In this case required assessment control criteria
generated based on the review of type 1 information
are complemented with adequate factor-based
criteria, which are significantly hard to imitate. The
type of recorded information is selected based on its
value and potentially comfortable implementation of
the recording process (which does not affect

productivity).

It may include:

- rhythmic activity of core functional body
systems (cardiovascular system and external

respiratory system);

- main vital constants (body temperature, oxygen
blood content, etc.);

- electrical brain activity;

- spontaneous and organised (professional) motor
activity;

- heat exchange with the environment;

and so on.

Since these processes are hard to imitate, it is
almost impossible to generate false information about
the use of a safety helmet.

Furthermore, in accordance with the theory of
reliability of technical systems, two technical systems
used simultaneously and independently for the same
purpose are properly backed up and significantly
improve sustainability.

Reliable recording of required information forms a
basis for its reliable assessment. The basis for this
assessment is the generation of decision rules and
their relevant algorithms. Type 1 information can be
presented in the analogous and discrete form. A
change in the dielectric permanent environment
inside the safety helmet caused by the employee's
head inside it is analogous information and entails a
change in the electric capacity formed by a dielectric
material and capacitor coating inside a safety helmet
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structural element. The electronic circuit of the
impulse generator where the condenser in question is
a time-setting element can change an impulse
sequence period. It is an informative sign used in the
decision rule. If an optoelectronic method is used to
identify the employee's head inside the safety helmet,
assessed information is discrete. In both cases, the
result of assessment must be discrete (e.g., Y1 = 1
means that the employee's head is not inside the
safety helmet; Y1 = 0 means that the employee's head
is inside the safety helmet).

The decision rules used to analyse biomedical
information are normally more complex but are
finally transformed into a discrete code (e.g., Y2 =1
means that the employee's head is inside the safety
helmet; Y, = 0 means that the employee's head is not
inside the safety helmet).

The assessment, which includes decision rules
obtained during the review of type 1 and type 2
information, forms the aggregate of logic equations
solved to obtain more reliable additional information
on the employee/safety helmet system (e.g., Fi= Y;
Y, = 1 corresponds to the double confirmation that
the safety helmet is on; Fo= Y1 Y, corresponds to the
double confirmation that the safety helmet is off).

The assessment of mandatory safety helmet
wearing rules cannot be adequate enough if not "tied-
in" with the working process stages. In such
conditions, it is crucial to record the astronomical
time at the point when a safety helmet is put on (tpoi)
(where i=1,2,3....n means the number of time
intervals of active safety helmet use) and the time
when its use ends (a safety helmet is taken off) (ti).
The review of safety helmet use time intervals (€ =
(tpoi, twi)) helps to establish control over the adequate
use of/failure to use head protection (stipulated by the
rules and regulations in specific process areas) in the
working time. Therefore, the aggregate of decision
rules must be complemented with continuous
generation of a time sequence which helps to export
to the decision rule information on the legality of the
employee/safety helmet system status at different
stages of the work shift.

When the safety helmet is used in the wrong way,
the situation is corrected in two ways. First, an
employee is informed on the current violation as soon

as possible with a sound message generated as a
verbal or sound alarm. This message motives the
employee to correct the situation. Second, the time
intervals corresponding to the employee/safety
helmet system status during the work shift are saved.
The result of the posterior estimation of saved
information can include additional social and
disciplinary measures taken by relevant control
departments.

3. Results

Processes combined in a common information
space help to handle employee safety challenges

(Fig.1).
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Fig. 1 Structure of the process of automatic control over
compliance with the rules for safety helmet use.

In each production case, a specific set of functions
and relevant processes can be determined to address
the challenge. Automatic control over adherence to
the rules for safety helmet use is possible using
hardware specifically aimed at improving the
following three areas:

1. Control over compliance with the rules for
safety helmet use in the working process.
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2. Information exchange between the employee/
safety helmet system and a stationary computer
hardware (SCHW) after process completion and
return of safety helmets for storage.

3. Processing of information from the SCHW in
accordance with the regulator's requirements

This hardware must consist of a set of control
units (CUs) mounted in the structural element of the
safety helmet worn by each employee involved in the
process and in the SCHW installed in the area where
safety helmets are stored after work completion. All
CUs in the SCHW form a common information space
shown in Fig. 1 which supports a number of
operations, such as:

- transfer of the information accumulated during
control from the CUs to the SCHW upon request;

- transfer of internal information on the element
status of each CU to SCHW; and

- receipt of management information from the
SCHW to prepare each CU for the next operation
period.

While processing the information from CUs, the
SCHW supports:

- generation of a database with controlled data on
safety helmet use by each process participant;

- assessment of controlled information based on
given criteria; and

- submission of assessment results to relevant
control services in a convenient format.

Automatic control over compliance with the rules
for safety helmet use implies that the procedure is
implemented independently from the employee over
a long period of operation. Based on task conditions,
each automatic control unit must operate from a self-
contained power source over a given period of time
(as long as possible), so that the selection of hardware
for a self-contained control unit is limited and the
optimisation of energy consumption is required
through hardware and algorithm solutions, apart from
the optimisation of overall hardware support.

At the hardware level, optimisation involves the
selection of a process element base for a self-
contained control unit. State-of-the-art elements are
equipped with long-term  functional energy
consumption saving option. Energy consumption can
be further minimised by selecting an active control

principle in discrete time points. The time interval
between two adjoining active control moments (Ton)
is selected in a way to rule out continuous control, on
the one hand, and to prevent the loss of significant
portion of controlled information, on the other hand.
If the total time required per single control procedure
is Ty, the total active time of operation of a self-
contained control unit during a work day will be:

Tw = K- Tw= (Tp/ Ton) Tu 1)

If there are Ty work days in a year, the total time
of active work will be:

Twi =Tg Tw 2)

This period of continuous operation will be
supported by a source with energy capacity E, Ah,
equal to:

E=Tw In (3)

Where: I, means current consumed by the unit
during active operation.

Further optimisation of energy consumption is
related to the control of a charge level by a self-
contained control unit used and control of energy
reserves when supporting and maintaining the
hardware in general.

Each CU has its unique number which is analysed
by SCHW in a special room designated for safety
helmet storage after the process. The concept
proposed implies that information exchange between
CU and SCHW is independent from the user and is
done automatically. For this purpose, the hardware
consisting of CUs exchanges information as initiated
by the SCHW server using a virtual main line (e.g.
Wi-Fi). Once the transfer of information accumulated
in each CU is completed, their hardware switches to
the energy-saving (sleep) mode until the next shift.

The information transferred to the SCHW is saved
in a database and analysed using developed
algorithms. The intactness of the hardware in each
CU is assessed together with data accumulated over
the previous operation period. A log of past events is
generated and the user's actions are evaluated for a
monitored period.
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Conclusions

Continuous automatic control over compliance
with the PPE use requirements is key to work safety
improvement. A special focus is on control over the
protection of such vital organs as brain. A safety
helmet connected to the employee's head becomes a
source of information which can be used to control
compliance with the rules for PPE use in various
industrial environments.

For control purposes, it is recommended to use the
information sources considering the employee/safety
helmet system both as a physical object and a
biotechnical system. The information received from a
physical object is shown to be relatively easy to
record and does not require complex decision rules to
identify the violation of the rules for safety helmet
use. However, this control method disregards the
ability of an unprincipled worker to impact the
control result by substituting a physical object. This
method of identification is considered a basic
(necessary) one and should be complemented with
the review of information received from an employee
as a biological object thus forming the aggregate of
inimitable information flows. It is proposed to
improve identification reliability by creating a
backed-up system which must improve the credibility
of the control procedure in question.

A resulting information field may be recorded and
processed with hardware in the analogous and digital
form but the decision rule must yield a discrete
response based on the assessment of information
from considered information sources and measured
working process stages.

It is demonstrated that the violations of the rules
for safety helmet use must be promptly reported to an
employee to motivate corrective actions and later to
relevant control services for post hoc review.

Developed interaction principles between various
information processes can be implemented using
state-of-the-art hardware to be operated automatically
independent of an employee to ensure the long-term
operation of all control unit elements. The authors
have proposed processes, instrumentation, and

algorithms to minimise energy consumption during
automatic control.
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Abstract

This paper deals with air emissions modeling of exhaust gases associated with a standard parking house during its operation.
The dispersion study evaluates the immission load from the mobile sources of air pollution and from stationary sources of air
pollution (operating air-conditioning). The pollutants were evaluated as CO, NO2, SOz, PM1o and benzene. The authors also
point to the possible side effects associated with ototoxicity of CO and NO:2 (as a part of a group of asphyxiants within
ototoxic substances) and benzene (as part of solvent group within ototoxic substances). Outputs of the modeling software did
not detect the exceedance of the limit values under the legislation on human health protection.

Keywords: exhaust gases; emissions modeling; MODIM; ototoxicity; parking house
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1. Introduction

The objective of this paper is the air emission
modeling of pollutants associated with the operation
of a typical parking house.

In this dispersion study we assess the immission
impact associated with the operation of the model
parking house at the level of the immission burden
from the transport (mobile sources of air pollution)
and the controlled exhalations discharge from the
building of the parking house through the air-
conditioning device (stationary sources of air
pollution).

The assessment is in the results interpreted as an
immission contribution, which is evaluated as a
percentage of the legislation limit value for each
pollutant.

2. Characteristics of the Assessed Building Object
of the Parking House

2.1. Layout

For purpose of immission modeling, a model of a
typical parking house was developed based on the
study and documentation of existing parking houses,
especially in the Slovak Republic.

The object of a typical parking house that is the
subject of the study has two parking levels at the ends
of which is a walking exit to the surrounding
reinforced areas. The upper parking level is opened.
The lower parking level is closed and ventilated
through air-conditioning system (see Chapter 2.2 for
details) [1].

The following number of parking places are
available within the considered typical parking house
[1]:

o 85 parking places - lower parking level;
e 84 parking places - 1st floor (upper parking level)

Together, the parking house has a capacity of
169 parking places.

The dimension of parking place is considered in
accordance with STN 73 6056/22 [2].

2.2. Operating Air-conditioning

The requirement for ventilation of underground
garages is based on the technical standard STN 73
6058 [3]. Based on this, the amount of exhaust air is
300 m®h? per parking place. The total required
ventilation quantity for the modeling of a typical
parking house is 85 x 300 = 25,500 m3h? The
parameters of the air-conditioning system are
summed up in Table 1.

Ventilation is proposed as axial fans located on the
side walls of the building of the parking house, so
that the fans on one side of the building provide
a supply and on the other side the air outlet [1].

Table 1

Parameters of air-conditioning system

Unit Air volume
Input mé.ht 25000
Outlet mé.ht 25 00
3. Methodics

The objective of immission modeling is to
evaluate the contribution of a standard parking house
to ambient air pollution (immission concentrations)
during its operation. The dispersion study evaluates
the immission load from the following sources:

o mobile sources of air pollution (movement

of vehicles);

o stationary sources of air pollution (operating air-
conditioning - polluted air from the lower parking
level).

3.1. Modeling Software

The MODIM computation program, developed by
Envitech Slovakia, is used to model the immission
load. The program is based on the US EPA-ISC2
methodology (ISC 2 Dispersion model).



__Earth .
in-a Trap?

196 Earth ina Trap? 2018
Analytical Methods in Fire and Environmental Science

In the immission load modeling process, the
modeling for the annual average concentration field
is performed under neutral dispersion conditions
(Pascal-Gifford's D stability class) and average wind
speed over the year in terms of used wind rose (see
Figure 1) [4]. As a model a wind rose for city of
Zvolen is used.

bt 5 Pl

5
Figure 1 Wind rose for city of Zvolen

Table 2

3.2. Evaluated pollutants

The resulting numerical values of the immissions
are compared with the current legislative limits of the
immission impact in accordance with the Decree of
the Ministry of Environment of the Slovak Republic
no. 244/2016 Coll. on air quality, which is
documented in Table 2 [5].

For the field of maximum short-term
concentrations, the calculation is carried out at the
most unfavourable dispersion conditions for all wind
speeds in the C-stability class (slightly labile) [4].

Limit values for human health protection and deadlines for their achievement [5]

Pollutant Average Time Limit Value

24 hours 50 ug.m?
PMyp 2 ne

1 year 40 pg.m?

1 hour 350 pg.m*
SO, £

24 hours 125 pg.m3

1 hour 200 pg.m*
NO,

1 year 40 pg.m3
co 8 hours 10000 pg.m?
benzene ® 1 year 5ug.m?

2 PMy, is a 83% fraction of solid particles smaller than 10 um. The PM;, concentration will be 0.83 times the concentration of the solid

particles (the MODIM program calculates the solid particles as PMy).

® Benzene produced by automotive transport is evaluated as part of volatile organic compounds (VOCs), which make up 1 % of all VOCs

Regarding the pollutants listed in Table 2,
it should be noted that some of them have the
potential to cause toxic effects on the structures of the
inner ear in long-term exposure, which often results
in irreversible hearing loss. These chemicals are the
so-called ototoxic substances [6].

Specifically, CO and NO; (generally NOx), as the
main components of exhaust gases, which are
included in the group of asphyxiants (ototoxic
substances) are characteristic of preventing the body

from using oxygen. The ototoxicity of these
substances is explained as a consequence of hypoxia
(oxygen deficiency) in the cochlea [7, 8].

Carbon monoxide, as opposed to CO, is lighter
than air, and in enclosed spaces it can accumulate in
the upper layers of the space. In the case of long-term
exposure to ototoxic substances, this leads to health
issues. It is important to note that, according to the
World Health Organization (WHO), up to 1/3 of all

0 FH-ON
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registered occupational diseases within the EU is
associated with hearing loss [6, 9].

The confirmed ototoxic substance within the
pollutants listed in Table 2 also include benzene
(within the group of solvents). Combustion of fossil
fuels is one of the most important sources of this
carcinogen in the environment [10, 11].

3.3. Categorization of source of air pollution

According to Act No. 137/2010 Coll. the mobile
sources of pollution (movement of vehicles during
parking house operation) and stationary sources of air
pollution (representing by ventilation of exhaust
gases from the lower level of parking) are assessed as
sources of air pollution. The upper level of parking is
opened and therefore the emissions from this space
are not diverted by controlled exhaust to the
surrounding environment [12].

We do not consider any energetical or
technological source of air pollution in the parking
house. The only sources of emissions are exhaust
gases produced by vehicles - it is a small source of air
pollution according to legislation [12].

3.4. Computing Area

The object of a parking house is not situated into
defined area, because it is not strictly necessary for
the purpose of immission evaluation. However, the
immission characteristics are influenced by the
airflow character represented by the wind rose, which
was described in Chapter 3.1 as a model for the
purposes of this dispersion study.

For the immission modeling process, the
calculation area is 1,000 x 1,000m in 50m
increments in both (x, y) directions.

3.5. Input Parameters for Modeling

Mobile Sources of Air Pollution

The transport contribution for the operation of the
parking house is based on the increase in the number
of vehicle passes through the parking house (arrival,
parking and departure of vehicles). Operating hours
are considered between 7:00"M and 10:00°M

(16 hours per day). The transport balance, which is
documented in Table 3, was carried out with
a conservative estimate in order to obtain the most
unfavourable variant of the immission load.

Table 3

Estimated frequency of daily traffic associated with operation of a
model parking house

Parameter Value

Number of parking places 169

Estimated frequency of vehicle replacement

. 1 vehicle/4 hours
on 1 parking place

4 vehicles/1 place

Total daily frequency on 1 parking place a day

Total daily frequency of parking house 676 vehicles / day

Total daily frequency of parking house

(80 % capacity of parking house) 540 vehicles / day

Emission parameters of mobile sources of air
pollution (emission factors or mass flow of
pollutants) are integrated directly in MODIM.
Stationary Sources of Air Pollution

The upper parking level is designed as opened
with natural ventilation, and in terms of legislation it
has the character of a line, respectively area emission
source.

Lower parking level is considered enclosed with
forced ventilation by operating air-conditioning
system and it is a point source of air pollution.

The requirement for ventilation of underground
garages is based on STN 73 6058 [3]. Based on this,
the total amount of airflow is 25,500 m3.h? The
ventilation is considered by axial fans located on the
side walls of the building, so that fans on one side of
the object provide air extraction and clean air will be
drawn through the ventilation holes on the opposite
side of the building. According to the prevailing wind
directions, air flow in the east — west direction is
considered.

We are considering the simplest suction solution
in three separate sections of a parking house. In each
section, the exhaust will be provided with a single
axial fan designed to provide the maximum required
amount of exhaust air exiting directly through the
wall on the building facade, respectively. to an
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appropriate  height of 3.0 m above the terrain.
Horizontal direction is, in terms of pollution
dispersion, a more adverse variant compared to the
vertical orientation of exhaust because the initial air
flow rate increases the effective stack height.
Horizontal discharge is a frequent technical solution,
and we consider this as the most undesirable variant
for the needs of dispersion.

According to the available data from air-
conditioning manufacturers, the exhaust diameter at
the capacity of airflow 8,500 m3.h" varies from 500
to 700 mm [1].

Under the exhaust air parameters for dispersion
study purposes, we understand the concentration of
modeling pollutants under standard conditions and
the exhaust air temperature. In the dispersion study,
we must make the most favourable estimate because
we do not have measured data and an estimate based
on average vehicle emissions would be burdened by a
large uncertainty of input data. In this case, the most
unfavourable estimate is based on the assumption of
the maximum concentration of pollutants in garage
(even assuming that the ventilation system is at full
capacity) which does not cause a health hazard to the
customers and to the operating personnel of the
parking house.

The Maximum Permissible Exposure Limit
(MPEL) for individual pollutants (see Table 4) is set
out in Government Regulation no. 355/2006 Coll. on
the protection of workers from the risks related to
exposure to chemical agents at work. Specially for
the benzene, because of its carcinogenic effect, the
MPEL is expressed as a technical guideline value
[13].

@ The MPEL for gases, vapors and aerosols with toxic effects are
determined independently of temperature and pressure in ppm and
dependent on these variables in mg.m™ at 20 °C and 101.3 kPa.

® For benzene, the technical guideline value is used instead of the
maximum permisseible exposure limit.

¢ MPEL short-term is the time-weighted average (TWA) of the
concentrations measured over the 15-minute reference period to
which employees may be exposed at any time during work change
(up to 4 times for change and only for systemically active
substances).

The input parameters of the parking house as
a stationary source of air pollution are summarized in
the following Table 5.

Table 3
Summary of parameters of stationary source of pollution
Value Unit
Number of exhausts 3 -
Orientation of exhausts axial -
Helg_ht of the exhausts above 30 m
terrain
Exhaust diameter 700 mm
Maximum airflow by one 8,500 m2 pd
exhaust
Flow rate at maximum flow  6.13 m.s?
Total airflow 3x8500=25500 mht
Air temperature 20 °C
The maximum permissible 3
CO concentration 70 mg.m
The maximum permissible 4 mam3
NO; concentration g-
The maximum permissible 3
SO, concentration 21 mg.m
The maximum permissible 3
PM;, concentration 10 mg.m
The maximum permissible 3.5 mg.m

benzene concentration

Table 2
Maximum permissible exposure limits for the pollutants
MPEL?
Pollutant CAS Long-term Short-term ¢
ppm mgm®  ppm  mg.m?®
co 630-08-0 30 35 60 70
NO, 10102-44-0 2 4 - -
SO, 7446-11-9 0.5 13 1 2.7
benzene ® 71-43-2 1 3.25 - -
PMyo - - 10 - -

Mass flow of pollutants for 1 exhaust

Cco 0.165 gst
NO, 0.009 g.st
SO, 0.006 gs?
PMyo 0.024 gst

benzene 0.008 gs?t

0 HON
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4, Results

The immission load from the operation of the
standard parking house as mobile source of pollution
is summarized in the following Table 6. The
pollutants were evaluated as CO, NO; and benzene
and the data express the maximum values of the
pollution concentration in the entire computing area.

Table 6

Immission load from the parking house operation - mobile sources
of air pollution

Comparison with the
limit value for the

Immission
concentration prOteCtiOn of human
Pollutant [pg.m?] health
[% of limit]
Average Maximum  Average Maximum
co - 7.33(8h) - 0.08
NO, 0.40 0.98 (1 h) 1.00 0.49
benzene 0.13 - 2.60 2.60

From the data presented in Table 6, it is clear that
the contribution of the parking house as a mobile
source of pollutants is only minimal, at most 2.6 % of
the limit value for benzene.

The result of the immission assessment for
a parking house as a stationary source of air pollution
is documented in Table 7. Pollutants were evaluated
in the form of CO, NO,, SO,, PM1o and benzene.

The calculated values of the immission
concentrations are compared and reported as a
percentage of the limit value for the protection of
human health. These are data of the maximum
detected short-term concentrations and average
values of immissions in the entire computing area.

Table 7

Immission load from the parking house operation - stationary
sources of air pollution

Comparison with the
limit value for the

Immission
concentration protection of human
Pollutant [pg.m?] health
[% of limit]
Average Maximum Average Maximum
687.72
- - 0,
co (8h) 6.88 %
NO. 6.35 56.81 (1h)  15.88 % 28.41%
4.24
(Lyear) 0 0
SO, 20.08 37.88 (1h)  16.06 % 10.82 %
(24h)
20.71
0 0,
PMio 311 (24h) 7.76 % 41.42 %
benzene 1.25 25.00 %

From the above-mentioned results it is obvious
that the operation of the building of the parking house
does not exceed the prescribed health protection limit
values for stationary sources.

It is necessary to emphasize that this is
anumerical simulation of the most unfavourable
variant in terms of the proposal of stationary sources
of air pollution, which is described in Chapter 3.5.
The highest immission concentrations, especially in
the case of maximum short-term concentrations,
practically occur in all the pollutants considered only
in the immediate vicinity of the building of the
parking house, at a distance of approximately 50 to
100 m (this is due to the low height of the exhausts
above the terrain and also the low temperature of the
exhaust air). At the remote points of the computing
area, significantly lower pollutant concentrations can
be observed.

5. Conclusion

According to results there is no exceedance of the
assessed limit values set in the field of human health
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protection during the operation of model parking
house. The increase of immission concentrations can
be considered to be acceptable with respect to the
calculated values.

However, the interpreted results of the immission
modeling should be seen primarily in the context of
the existing pollution of the site (background
concentrations), especially with the emphasis on air
quality management regions where the immission
contribution of the parking house itself should not be
negligible and in addition to the existing pollution it
is possible to exceed the relevant legislation limits.

The emphasis on the location of a similar building
of a parking house should also be placed on the
location of the nearest settlement units and public
areas, as evidenced by the maximum contribution of
the immission concentrations listed in Table 7.

It is also necessary to take into account inverse
situations which significantly increase the ground
concentration levels of pollutants, which cannot be
sufficiently objectively captured by numerical
simulation.

In the next period, it will be necessary to focus on
research into the exposure of the parking house
operating personnel to ototoxic substances. This
scientific area has not yet received any closer
attention within the Slovak Republic, especially for
ototoxic substances in the form of CO, NOx and
benzene, which are provably contained in exhaust
gases from combustion engines.
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Human thermal comfort in miner’s overalls
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Abstract

The article presents the results of the experimental surveys of the thermal conductivity of two types of fabrics used to make
special clothes for mine workers (miner's overalls) depending on the degree of clothes contamination with coal dust.
Thermographs of the cooling process have been obtained and a thermal conductivity factor has been calculated for each
sample. The impact of miner's overall contamination on the miners' thermal comfort has been reviewed.

Keywords: human ressources; Arctic; special clothes; safety; corporate social responsibility coal dust; thermal comfort; fabric thermal
conductivity
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1. Introduction

Jobs at mining companies and particularly in the
Arctic climate involve hard work that demands high
concentration and stamina. For mining companies to
show good performance, management is expected to
care for and attend to the needs of their workers. This
implies both compliance with necessary basic legal
requirements and search for and use of additional
methods to ensure occupational health and workplace
safety which are part of the corporate responsibility
programme. These methods include improvement of
special clothes for miners to provide them with
thermal comfort.

The main function of human clothes is to maintain
the thermal balance between the environment and the
human body. This requirement applies both to
everyday and special clothes and is essential for work
in coal mines due to small confined spaces and high
energy input when carrying out work [1,14,20].

The quality of special clothes is assessed by a
number of requirements but the main indicator is its
thermal insulation capacity that ensures thermal
comfort under the clothes [2].

Thermal insulation properties of fabrics have been
extensively studied [3,4,16]. These surveys address
the overall process of heat transmission from the
human body through a special clothes package to the
environment and facilitate the calculation of thermal
resistance of the clothes package depending on the
environment. However the surveys conducted do not
take into account the contamination of special clothes
in real operational environment. Coal dust
contaminates the surface of the miner's overalls and
penetrates fabric fibres thus increasing its thermal
insulation properties.

Excessive thermal insulation of special clothes
impairs mental and physical performance, results in
rapid fatigability, reduces mental alertness, and leads
to active sweating [5,15]. In this case, a person feels
discomfort which may result in partial or complete
abandonment of special clothes [18]. The results of
the surveys conducted at coal companies in Russia
show that 48 % of mine workers fail to use personal
protective equipment for short-term activities and 4%
of workers do not use personal protective equipment

at all [19]. The main reasons for the abandonment of
special clothes is the worsening of their protective
properties (more than 33 %) and increased
temperature and humidity in the workplace (over 60
%) [6]. A failure to wear special clothes results in
micro-injuries and purulent skin diseases of various
degree up to temporary disability [7].

The main indicator of thermal comfort and an
indirect indicator of human thermal condition is the
density of a thermal flow from the human body
through special clothes to the environment. One of
key factors influencing the thermal flow is the
thermal conductivity factor of the fabric the miner's
overalls are made of [8]. However, a fabric thermal
conductivity factor is currently determined for new
fabric samples only and its change during real-time
use of special clothes is disregarded [9].

Therefore, the survey aims at the experimental
assessment of a change in the thermal conductivity
factors of the fabrics used in miner's overalls
depending on the degree of their contamination with
coal dust.

2. Method

Obijectives of the experiment:

1. Determine the temperature fields on the
surface of studied fabric samples subject to cooling.
2. Calculate a thermal conductivity factor for

the samples of the fabric used to make miner's
overalls.

3. Identify a correlation between the thermal
conductivity factor of fabric samples and fabric
contamination with coal dust.

Two fabrics were sampled for the surveys:
Gorizont T40 and FAS: the summary of their
characteristics is provided in Table 1.
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Table 1
Characteristics of Gorizont T40 and FAS

Gorizont T40

Characteristics - FAS fabric
fabric
Density, g/m? 370 390
. 75% cotton and
0,
Composition 250 polyester 100% cotton
Particles Y Y

confinement class

Gorizont T40 is the main fabric used to make
miner's overalls in Russia. It meets GOST 12.4.110-
82, Miner's Overalls for Protection against
Mechanical Impacts and Overall Industrial
Contamination [10].

FAS is one of the most popular fabrics used to
make special clothes in European countries, including
special clothes for the mining industry. It is certified
in Russia as per GOST 12.4.142-84, System of
Occupational Health and Safety Standards. Fabrics
for Special Protective Clothes. Classification of
Particles Confinement Norms, and GOST 12.4.110-
82, Miner's Overalls for Protection against
Mechanical Impacts and Overall Industrial
Contamination [11].

The methodology developed at the Industrial
Thermal Energy Department of Kosygin Moscow
State Textile University (Methodology for the
determination of thermal and physical characteristics
is based on non-stationary thermal mode methods for
the experimental assessment of the thermal properties
of materials clothes are made of through regular
thermal treatment based on free cooling of a heated
sample in a gaseous environment (air)) [12] was used
to determine the thermal physical characteristics.

The surveys were conducted in the quality control
laboratories of Kovcheg Highly Efficient Home
Laboratory company in Chelyabinsk. A laboratory
unit is shown in Figure 1.

Y L RN

Fig. 1. Thermal vision system to determine the thermal and
physical properties for fabrics:
1 — laptop for data processing 2 — FLIR E60 IR chamber; 3 —
IR chamber tripod; 4 — protective screen; 5 — fabric sample; 6
— heating surface; 7 — insulated cabinet

Source parameters for the experiment:

o emissivity of a reference object (emissivity factor)
—0.95;

e ambient temperature — 25°C;

o distance between the object and the thermovision
chamber — 30 cm;

o relative air humidity — 27%.
Characteristics of FLIR E60 IR chamber:

e a temperature measurement range: -20°C to
650°C;

e detector: uncooled microbolometric  matrix,
320x240 elements;

e temperature sensitivity threshold is less than

0.05°C at 30°C;
e temperature measurement error: +2°C;
e spectral range: 7.5 t0 13 um;

image sweep frequency: 60 Hz (9 frames per

second).

Main experiment stages:
1. Heat a fabric sample on a metal plate to a fixed
temperature of 100°C (a smaller fibre deformation
temperature).
2. When the temperature field is evenly distributed
over the sample surface, disconnect the electric heater
(control the uniformity of heating of a studied sample
using FLIR E60 IR chamber).
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3. Record thermographic images of the sample
cooling process at a rate of one frame per second.

4. Replace clean fabric samples by a sample
contaminated with coal dust and repeat
measurement steps.

Samples were contaminated with coal dust with a
particle size of up to 100 um, which corresponded to
the most common values for the production units at
Russian mines [13]. Contamination involved the
following stages:

e preparation of a white paper sheet sized to match a
tested fabric sample;

e weighing of a fabric sample using laboratory
scales accurate to 0.01 g;

e a required amount of coal dust was weighed using
laboratory scales (+0.05-0.08 g taking into account
loss during contamination and depending on a
fabric sample size);

o dust was evenly distributed across the white paper
sheet with a blade;

e a prepared fabric sample was put with its face
down onto the sheet of paper with coal dust and
turned with the sheet over;

e a 300 g glass cylinder was used to roll the sheet of
paper ten times;

o the sample was turned again, the sheet of paper
was separated and re-weighed, and the degree of
contamination was determined based on the
difference between the weight of a clean and
contaminated sample;

e if a required contamination degree was achieved,
measurements  were  started; if  required
contamination density was not achieved, the above
steps were repeated and more coal dust was added
if necessary.

3. Results

The experiments yielded thermographic images of
the sample cooling process. They were processed in

FLIRTools software. Cooling thermographs were
built based on the average values across the fabric
sample area thus minimising any error due to
potentially uneven contamination of the samples
(Fig.2).

Once cooling thermographs were received, the
thermal conductivity factor was calculated for each
sample. The first stage involved the determination of
the reflecting power for each sample since the
reflecting degree changed depending on the level of
fabric contamination with coal dust. Results obtained
for each sample were used to build a semilogarithmic
cooling chart. A straight section on the curve
corresponds to the regular mode. Six points with
relevant coordinates were marked on this straight
line.

«. ~§5.0 °C _

Fig. 2. Processing of sample cooling thermographs in FLIR
Tools software.

Then formula 1 was applied to determine a
cooling rate for each of the five selected sections and
formula 2 was used to find the mean cooling rate for
the entire sample.

Invy—Inv
m, = n ntl -1 (1)
Tn+1~Tn

where,
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vl is the difference between the temperature in this
point and the external environment at time point t1;
v2 is the difference between the temperature in this
point and the external environment at time point 2.

_ mq+tmoyt+mz+my+ms -1
mcp - 5 Y (2)

A fabric sample conditionally takes the form of a
rectangular block with L1, L2, and L3 edges,
therefore a fabric form factor was determined using
the following formula (3):

1
R o
where,
L1 is sample width, mm;
L1 is sample length, mm;
L3 is sample height (fabric thickness), mm.
Temperature conductivity was determined using

the following formula (4), m?/s:

_ K—mcp

a= 4)

106

The overall density of samples was determined
using the following formula (5), kg/m?:

y== )

L3

where,
M is sample surface density, g/m?.

A fabric thermal conductivity factor was
determined using the following formula (6),
W/m-deg:

A=axcx*y (6)
where,

¢ is fabric specific conductivity, kJ/kg deg.

The specific thermal capacity of the samples was
calculated as thermal conductivity of an even mixture
of substances. Gorizont T40 (75% cotton, 25%
polyether) s =1.35 kJ/kg deg; FAS (100% cotton)
s=1.3 kd/kg deg [17].

The results for the calculated thermal conductivity
factor of source samples and samples contaminated
with coal dust are shown in Fig. 3.

—#—Gorizont T40 fabric  —fll—FAS fabric

g 2 2 2 2 2
2 B 8 B 8 R”

£}

Themnal conductivity factor, W/m°C

Q 10 20 30 40 50 60
Coal dust contamination density, g/m?

Fig. 3. Correlation between a thermal conductivity factor
and degree of contamination with coal dust

4. Discussion

The analysis of obtained results showed that fabric
thermal conductivity changed depending on the
degree of its contamination with coal dust. Minor
contamination results in a reduction of the thermal
conductivity factor. Then, with contamination density
of 10 to 25g/m? the thermal conductivity factor
increases but starts to decrease without achieving
source values in proportion to an increase in fabric
contamination density.

Heat transfer is facilitated by the thermal
conductivity of fibres, air and convection via through
pores, radiation of heat by pore walls. Therefore,
resulting thermal conductivity factor values
characterise material capacity to transmit thermal
energy by convection and heat radiation additionally
to its thermal conductivity.

We have these results since the fabrics used to
make miner's overalls are not homogeneous layers
despite their high density, but are systems consisting
of many fibres separated by air-filled pores of various
forms and sizes. When a fabric is contaminated with
coal dust, air is displaced from fabric pores and as air
has a low thermal conductivity factor, fabric heat-
conducting capacity increases. With more intensive
contamination, fabric becomes thicker and its thermal
conductivity =~ factor  decreases,  respectively.
Therefore, contamination of miner's overalls with
coal dust slows down heat loss by workers and
prevents normal evaporation of moisture from the
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skin surface which affects thermal comfort and leads
to full or partial abandonment of miner's overalls in
the work process.

Conclusions

1. Mining companies and especially those operating
in severe environmental conditions of the Arctic
need to focus on the miners' thermal comfort.

2. Contamination of miner's overalls with coal dust
results in a reduced heat flow from the human
body to the environment which may affect the
worker's thermal comfort.

3. When choosing fabrics to make special clothes,
including miner's overalls, clothes contamination
during use must be taken into account.

4, The use of 100% cotton in miner's overalls, even
when they are contaminated with coal dust, brings
less thermal discomfort than when a blended
fabric is used.
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Abstract

The article deals with the defining of the parameter influencing the ignition and the speed of the fire spreading in the
woodland area. The aim of this paper is to experimentally define gross caloric value using the calorimeter IKA C200. The
procedures of measurements were carried out according to the STN ISO 1928. Spruce wood and beech wood was used for the
experiment. Samples from selected tree species were extracted in the area of Zvolen. Roots, trunks and branches were
examined. The representative samples were dried at the temperature 103 + 2 © C before the testing to ensure humidity 0 %.
The highest gross caloric values were observed with spruce wood branches ( 21 150 J/g), spruce wood roots (20 939 J/g), and
a spruce wood trunk (20 386 J/g). The representative samples of beech wood (root, trunk and branches) showed lower gross
caloric values than spruce samples. The results confirm that soft wood (like spruce) shows remarkably higher gross caloric
values than hard wood. Based on obtained results, it can be said that spruce wood is easily combustible and shows higher
values of gross caloric value and thus more dangerous according to forest fires than beech wood.

Keywords: Beech; Forest fires; Gross caloric value; Spruce
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1. Introduction

Slovak Republic is one of the 7 most forested
European countries. Wood is the strategic raw
material in our economy. Approximately 42 % of the
country area is forested and forests are considered to
be the most valuable part of the state fortune. The
overall yeld of hard wood is 59 % and of soft wood
41 %. The most common are beeches (31 %), spruces
(26,3 %), oaks (10,9 %), pines (7,2 %), hornbeams
(5,7 %) and firs (4,1 %) [1].

Vast complexes of woods and forests close to
residental areas are important part of air regeneration
and the oxygen production. They also minimalise
harmful effects of pollution and dust. Moreover,
diversity and complexity of colours during the season
is considered to be aesthetic and relaxing [2].

However, besides positive qualities forest
ecosystems bring threat of forest fires. This fact is
confirmed by cases from the past years. Climatic and
geografic changes create environment inclinable to
frest fires. In the past occurred destructive fires
caused by lightning strikes or self combustions.
However it can not be stated that in general forest
fires bring only negative effects. During a forest fire
enormous amounts of nutritive substances are freed,
what is inevitable requirement for growing and
regeneration of various types of wood species.
Smoke and heat caused by fire helps the seeds to
germ. Nowadays the most forest fires are caused by a
people. Especially it is careless using of free flame
(grass  burning, hiking, camping, smoking).
According to these facts forest fires are nowadays
considered to be an anthropogenic harmful element
or an harmful natural element [3,4].

Not only fire, but also wind is one of the natural
elements that can lead to damage of an individual
tree, tree groups or vast forests (natural disasters). As
a reason of perishing of crown canopy as a
consequence of natural disasters microclimatic
conditions are changed — more rainfalls, sunlight and
heat reach the soil and more intensive exchange of air
occurs.

As a consequence of wind throw disaster and fire
as well some soil qualities change. Micro topography
of the area is changed, elevations and depressions
occur, in which organic material, water etc. can be
accrue.

Windtrhows as results of strong wind lead to soil-
forming process changes (slowing down or fastening
of the processes — e. g. organic material changes) or
to mixing of the soil horizonts [5,6].

These changes occur mosaically, a forest fire
influences full-area and can influence physical,
physically-chemical or biological qualities of soils
(hydrophobiness, soil structure, volume weight,
colour, soil pH, amount and quality of organic
material, nutritiens supplies, biomass and retreat of
microbial communities etc.) in accordance with
burning intensity and the length of fire [7].

In last decades te amount of forest fire increases
worldwide. It is assumed nowadays, that
approximately 600 000 ha of forests are damaged or
destroyed by forest fires [8].

One of the wood advantages is, that when stored
properly it preserves its energy content. In first two or
three years is the energy content comparatively
higher. It is caused by drying of wood. This fact is
very important because humidity in wood is released
only when burning whereas caloric power lowers.
While humid wood burning the burning temperature
lowers as well and it leads to abnormal oxidation of
all burning elements and it leads to smoking [3,4].
While burning at optimal wood humidity, wood burns
almost without smoke and it is easily flammable.
During manipulation are no dirts and little ash
(approximately 1 % of original weight) which can be
used as fertilizers [9,10].

Forestry produces biomass for energy use
primarily in form of wood chips. Wood chips were
among the first renewable fuels used to substitute
fossil fuels, as they are similar to solid fossil fuels in
many ways and thermal energy plants can be
relatively easily adapted for their use. Wood chips are
a product of chipping wood with size up to 120 mm
(STN 48 60 0057 2004; STN 48 0058 2004) with
varying calorific value, moisture content, bark
content, and impurities content [11].



__Earth
in-a Trap?

210 Earth ina Trap? 2018
Analytical Methods in Fire and Environmental Science

Gross caloric value is an amount of heat that is
released during fully burning of weight or volume
measure of flammable material in pure oxygen at
specific pressure. Water included in flammable
material is released in liquid condition.

The aim of this work is to determine and evaluate
gross caloric value of some of the most grown wood
species in Slovak Republic. For soft woods it is
spruce and for hard woods beech. The goal of the
experimental part is to set gross caloric value for
wood, root and branches on their own.

2. Material and methodology
2.1. Beech (Fagus sylvatica L.)

Beech is non-nucleated wood species and false
nucleus occurs very often. Beech (Fagus sylvatica L.)
is the most economically important deciduous wood-
species in Central Europe. Red heartwood and its
forms are important factors which influence the
quality of trunks and products made from them, the
pricing of these wood products, and due to its
negative effect on quality is responsible for economic
losses in silviculture and in the wood processing
industry [12]. Root system creates a shape of heart.
Young bark is brown or brown-gray and it evolves in
light grey rhitydome. Branches are usually angle-
wise to trunk. A runk is thin. Leaves are petiolated,
egg-shaped or eliptic, very slightly irregularly lobed,
almost solid. The age of beech is 200 to 500 years.
Beech tree is rarely seen in urban areas because it
cannot grow in the atmosphere rich in carbon
monoxide.

2.2. Spruce (Picea abies L.)

Spruce is the most common and economically
important soft wood in our country. Spruce can grow
24 to 30 meters tall and spread 7,5 to 12 meters.
Small-diameter branches sweep horizontally from the
straight trunk which can grow to four feet thick.
Branchlets droop from the branches toward the
ground in a graceful, weeping fashion forming a
delicate pyramid. Many small-diameter roots

originate from the base of the trunk and they are often
found fairly close to the surface of the soil. The root
system is shallow and often dense, particularly close
to the trunk which makes growing grass difficult.

Wood is without visible nucleus and shortly after
cutting a zone of adult wood can be seen. The color is
white or white-yellow, it gets more yellow in light.
Age-bands borders are sharp, thin summer wood gets
gently to thick summer wood. Resin canals are small,
scattered, can be seen with naked eye only at length
wise well trimmed cuts as slight, darker shiny tears.
Fir-needles are square spiky and they grow on the
whole twig [13].

2.3. Determination of the gross caloric value

Gross caloric value is defined as a heat released by
the fully burning (oxidation of active elements of
fuel) 1 kg of fuel and cooling of residues of
combustions and ash to the initial temperature
(20°C).

During forest fires all parts of trees are
combustible. Our representative samples are roots,
trunk and branches. When setting the gross caloric
value 3 measurements were carried for each of the
samples. The weight of samples was from 0,63 to

1,23 g.
To determine the gross caloric value IKA C200
oxygen bomb  calorimeter (IKA  Werke,

GmbH&CO.KG, Staufen, Germany) was used. The
process of measurements was carried out in
accordance with STN ISO 1928: 2003-07: Solid fuels
— setting of the gross caloric value by calorimetric
method in a pressure vessel and calculation of
calorific value [14].

Prior to testing the samples were dried at the
temperature 103 + 2 © C to reach desired humidity
0% and consequently were kept at desiccator at
temperature 20 + 1 °C during 24 hours. The prepared
sample is placed in a loop holder. A cotton fuse is
attached to the fuse wire (a standard fixed part of the
bomb calorimeter). If the sample material does not
burn fully, it must be briquetted. Pressure which
ensures the briquette’s compactness is sufficient. If
the measured material has very low calorific value,
the sample is mixed with benzoic acid. The ratio of
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individual components corresponds to the expected
calorific value of the tested material During testing a
weighed sample is burnt in a pressure vessel of
calorimeter filled with oxygen at pressure of 3 — 5
MPa. The results show the average value of these
measurements.

3. Results and Discussion

Our representative samples are roots, trunk and
branches. When setting the gross caloric value 3
measurements were carried for each of the samples.
Samples of hard wood (beech) and soft wood
(spruce) were compared.

Firstly we interpreted gross caloric value of beech
and spruce. The results show the difference between
gross caloric value of the roots, trunks and beech
branches. The lowest values of spruce wood were

measured on the samples of trunk and the highest
values were measured on the sample of branches.
Graphical representation can be seen in the Tab. 1.

The results seen in Fig. 1 show the difference
between approximate gross caloric value of beech
and spruce wood.

Spruce samples reached the highest numbers of
gross caloric value in branches 21 150 £ 103 (J/g).
The second highest numbers occurred in root samples
21204 + 500 (J/g) and the lowest measured numbers
are in a trunk with results 20 426 = 90 (J/g).

Beech wood reached the highest gross caloric
value numbers in trunk samples 19 845 = 20 (J/g).
The second highest numbers occurred in branches
19 515 £ 10 (J/g). The lowest gross caloric value was
measured in beech roots, 19 320 £ 5 (J/g).

Tab. 1
Gross calorific value of selected wood species
Gross calorific value J/g
Wood species Root Trunk Branches
1. 2. 3. 2. 3. 1. 2. 3.
Beech 17611 19875 20065 19807 19845 19837 19511 19515 19488
Spruce 21204 20938 20675 20332 20426 20401 21246 21051 21154
%Root mTrunk mBranches various wood species (spft and hard as well). Their
21500 results are comparable with ours and confirm that
21000 Z spruce wood (belonging to soft wood) shows higher
[<5) .
= _. 20500 5 gross caloric value numbers than beech wood (hard
(=]
.E Z\, 20000 wood type). o
S ; 19500 - The authors indicate [23,24] that hard wood shows
8= | 5 lower gross caloric value (20 J/g) than soft wood
S5 19000 - : .
83 ocno (20,5 - 21 J/g). This theory was confirmed in our case
S T .
o as well. The values of gross caloric value of spruce
18000 - ‘ ‘ ‘ wood (soft wood) are higher than values of hard
Beech Spruce
wood (beech).

Fig. 1 Gross calorific value (average)

The authors [15,16,17,18,19,20,21,22] were
concerned with establishing the gross caloric value of

Dry wood heating capacity values are approx. 18.7
MJ kg™ for conifers and 18.4 MJ-kg™ for broadleaf
species. These data allow us to assume that it is
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moisture content, not the respective tree species,
which will affect the heating capacity of energy
woodchips most significantly. The difference in
heating capacities of individual dendromass
components or tree species respectively, is to a major
extent caused by the existing moisture content in
wood [25]

The highest risk is in crown fires but root systems
cannot be underestimated as well. Underground fires
can cause significant damages since the localization
is much more difficult. Because of these facts it is
important to pay attention to protection and
maintaining of the forest economy.

4. Conclusion

The aim of this experiment was to assest gross
caloric value of branches, trunk and roots of chosen
wood species at 0 % humidity. According to
measurements we can confirm the significant
difference between gross caloric value temperatures
of chosen tree parts. This finding is important when
characterizing of combustible (wood) which burns
during forest fires represents a risk of forest fires.
Based on obtained results, it can be said that spruce
wood is easily combustible and shows higher values
of gross caloric value and thus more dangerous
according to forest fires than beech wood.
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Reaction to fire of facade heat insulating materials
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Abstract

Nowadays the most important requirements for construction of buildings are energy economics and heat saving. The market
offers many thermal insulation materials used in the external thermal insulation composite systems of buildings which also need
to comply with the requirements of the fire safety. In the paper are evaluated two samples of the insulation cork boards and
boards from the expanded polystyrene (EPS) from the point of view of the reaction to fire. The reaction to fire is the basic
coefficient of their possible use in the external thermal insulation composite systems of renewed buildings. For both thermal
insulation materials were used the testing method for evaluation of ignitability according to the standard STN EN 11925-2 and
for the determination of the gross calorific value according to the standard STN EN 1716. Based on the results of the test of
ignition were both materials ranked in the class of reaction to fire E. With the expanded polystyrene EPS sample appeared
extensive deformation of shape. Higher or in other words less favourable values of the gross calorific value were detected with
the samples from EPS. Cork insulation boards reached from the overall evaluation of their reaction to fire more favourable
results than the boards from the expanded polystyrene. The cork boards had better results also in the regard of the gross calorific
value evaluation. The average rate of the gross calorific value of two different cork boards in the reference state i.e. considering
actual humidity varied from 25 711 J/g to 29 248 J/g. Meanwhile, the EPS samples had markedly higher average rates of gross
calorific value namely from 40 673 J/g to 40 839 J/g.

Keywords: reaction to fire, cork boards, expanded polystyrene, ignitability, gross calorific value, external thermal insulation composite systems
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1. Introduction

The most widely used thermal insulation materials
in the market of the external thermal insulation
composite systems (ETICS) are mineral wool and
expanded polystyrene. The mineral wool thermal
insulation composite system corresponds to the class
A2;1.40 and second one on the basis of polystyrene to
the class Bsiqo. This classification directly affects
usage of the materials with the regard to the fire height
of the building and the thickness of the thermal
insulation layer.

The external thermal insulation composite systems
with the flammable thermal insulation such as
expanded polystyrene EPS then naturally pose a
higher risk of fire spreading in the thermal insulation
system and consequently also through the facade of a
building. Therefore, it is very important to deal with
mentioned materials and examine their fire-technical
characteristics. One of the flammable materials, which
is currently used in the constructions of thermal
insulation composite systems of buildings, is cork.
However, current manufacturers of the cork insulation
materials do not have clearly stated their class of
reaction to fire. Only a few of them declare fire class
E but mostly they state fire class B2 according to the
German standards. We have chosen to compare these
materials on the basis of results of the ignition test
according to the standard STN EN 11925-2 [1] and at
the same time gross calorific value test according to
the standard STN EN 1716 [2], which are among the
European test methods used to classify materials into
the classes of reaction to fire.

2. Experimental part

Two sorts of insulation materials were subjected to
testing: cork board (facade and insulating) and
expanded polystyrene (EPS and Perimeter). These are
flammable materials in practice classified into the
class of reaction to fire E in terms of classification
standard STN EN 13501-1 + A1/O1 [3]. The

experiments were carried out at the testing laboratory
of the Department of Fire Protection at the Faculty of
Wood Sciences and Technology of the Technical
University in Zvolen, Slovakia.

2. 1 Tested material

Facade cork board (Fig. 1) is made out of the natural
insulation material from selected cork bark which is
compressed by exposure to the high temperature of the
water vapour without the usage of any bonding
materials other than its own resin. Expansion reduces
bulk density, reduces absorption (0-3%) and improves
thermal insulation capacity. It is free of expanding
ingredients. Then it is processed and cut to the required
measure and weight.

Fig. 1 Facade cork board

It is used as system tested diffusion insulation board
for external thermal insulation (according to ETAG
004) and it is designed for older buildings as well as
for new buildings. The boards are attached to the base
either by adhesive on the basis of cement or
mechanically with connecting elements. The bulk
density is 100 - 120 kg / m3according to standard EN
1015-10. The coefficient of thermal conductivity at the
temperature of 23 ° C and 50% of relative air humidity
is 0.056 W/m.K. Concerning the content or release of
dangerous substances, according to the manufacturer's
data, the insulation boards do not contain dangerous
substances [4].

Insulation cord board (Fig. 2) is an expanded cork
board which has remarkable anti-vibration properties
for its elasticity. It is made out of cork pulp linked
permanently by elastic bonds on the basis of resin.
Thanks to the high content of waxes contained in the
wood pulp structure it retains long-term technical
stability.
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Fig. 2 Insulating cork board

In the building industry, the antivibration insulation is
used under industrial machines and devices, under
road girders, on top of the bridge dilatations, rail tracks
and into floor structures in civil, residential and
industrial buildings. In households is damping down
of oscillations and vibrations useful for people
suffering from rheumatism and sore joints. The bulk
density varies from 170 to 255 kg / m®, depending on
the recommended compressive stress. Depending on
the bulk density, the thermal conductivity coefficient
is at 20° C degrees 0.047-0.052 W / m.K [4].
Expanded polystyrene (Fig. 3)

Polystyrene EPS EPS 70 F (Polyform) samples of the
thickness 10 and 50 mm were made from expanded
polystyrene. Another sample from expanded
polystyrene was the new type of EPS 200 with
increased solidity made also from recycled parts of the
thickness 30 mm. This type of polystyrene we can find
in our market under the name Perimeter (Polyform).

Fig. 3 Expanded polystyrene

Polystyrene EPS 70 F has the optimal use for thermal
insulation of the external thermal insulation composite
systems. The coefficient of thermal conductivity is A =
max. 0.038 W/ m.K and bulk density ranges between
14 and 18 kg / m?[5].

EPS 200 Perimeter is designed for thermal insulation
of building constructions that reach the ground,
especially for thermal insulation of constructions of
the depth from 3 to 6 m. The coefficient of thermal

conductivity is A = max. 0.032 W/ m.K, bulk density
ranges between 29 and 32 kg /m3. It has lined surface
for faster and more precise division [5].

2. 2 Testing methods

Test of ignition

The testing procedure is defined according to the
standard STN EN 11925-2 [1]. The testing method is
determining ignition of the construction products
subjected to the direct exposure of guided single torch
flame burning under the conditions of zero added
radiation using samples tested in a vertical orientation.

During this test of a small flame, the samples are tested

also in the area of surface and edge of the sample. The

testing time determined by the regulation is 15 or 30

seconds according to the requirements of the test

requester.

In the course of the testing the following attributes are

observed:

o ifthe sample ignites after application of flame and
ignition time,

e in a case, that sample ignites, if the flame is
expanding by more than 150 mm in the vertical
direction from the point of flame attachment,

e the time when this limit is reached and in a case
of short-term burning is this time recorded,

e the time of the forced sample spraying and the
behaviour of the sample in the case of ignition,

o whether the filter paper located at the bottom of
the testing device is ignited,

e weight loss of samples.

All tested samples were tested in the surface area only,

both cork boards of 3 pieces of samples and samples

from the expanded polystyrene of just 2 pieces of
samples, although the test standard prescribes at least

6 representative samples. The samples had prescribed

dimensions of 250 x 90 mm (height x width). When

the thickness is less than or equals to 60 mm the
samples are tested using their actual thickness, as in
our case. The flame application time specified for the
classification of the material in the class of reaction to

fire E according to the standard STN EN 13 501-1 +

Al / O1 [3] is 15 seconds. In a case that the sample

ignites during this time, the flame spread must not

exceed the borderline of 150 mm. The overall duration
of the test is 20 seconds from the moment when the
application of flame begins.
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In order to be able to register the changes and
differences appearing on the samples resulting from
flame application, the samples of cork boards were
tested also within the time frame of 30 seconds, that is
the time determined by the standard for the
classification into the class D and also a non-standard
time of 300 seconds. All tested samples of the
expanded polystyrene were exposed to the application
of fire for the duration of 15 seconds. Before each
measurement, the flame attachment border line was
marked 40 mm above the lower edge of the sample.
After weighing, the tested samples were fastened to
the holder that was inserted into the combustion
chamber. During the testing on the surface area of the
sample the flame was applied to the axis of the sample.
After the ignition of the flame torch, the desired flame
height was set to 20 mm +0,1 mm using the flame
height measuring device. In the horizontal direction
the flame torch (at the angle of 45°) was shifted to the
sample. At the moment, when the flame of the torch
reached the sample the digital stopwatch started to
measure the time. After the determined time of flame
application expired the troch was pulled away and the
required parameters were monitored. The test was
performed in the room under standard laboratory
conditions. The testing device is shown in the Fig. 4.

Fig. 4 Testing device according to STN EN 11925-2 [1]

Test of the gross calorific value

The gross calorific value was set in a full-automatic
IKA C 5000 control calorimeter in an adiabatic
working mode in terms of the STN ISO 1716 [2]
designated for the construction products and manual
of the device [6]. The basis of determining the gross
calorific value lies in the total burning of the sample in
a calorimetric pressure vessel in the oxygen under the

pressure of 3 MPa, in measuring of the water
temperature increase in the calorimetric vessel and in
determining corrections to heat. When the measuring
has finished the software of the device calculates
automatically the rate of gross calorific value
according to the formula:

_ CAT-Qz
- m

Ho @)

where:

Ho - rate of gross calorific value in the reference state
of analytic humidity [J/g],

C - heat capacity of the calorimeter [J/°C],

AT - increase of the temperature in the device during
the combustion experiment [°C],

Qz - excessive ignition energy [J],

m - mass of the combusted substance [g].

3. Evaluation of the results

In the following subchapters, the results of both
tested materials will be shown in the form of tables,
figures and graphs.

3.1. The cork boards ignition testing results

Facade cork board

During the testing of the flame application on the
area of the surface no ignition occurred in none of the
tested samples, just on the sample number two a clear
flame appeared, which after pulling the torch away
immediately went out. On the samples and the spaces
where the flame was applied appeared only black areas
without any deformation, that means, there was no
reason why even the ignition of the filter paper did not
occur. Inthe Fig. 5 is shown the sample of the facade
cork board during the testing. Recorded results: weight
loss in grams Am, percentage weight loss M, ignition
(yes/no) are shown in the tab. 1. The differences in the
results were manifested in weight loss, which naturally
increased with longer flame duration. During the time
of 15 seconds of fire application the average weight
loss was measured of only 0.15 g (0.11%), during the
time of 30 seconds the average weight loss was
increased to 0.25 g (0.17%) and the average weight
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loss that occurred during the time of 300 seconds was
0,52 g (0,34 %).
Insulating cork board

In the Tab. 2 are recorded results from the testing
of insulating cork board that was tested on the surface
of the sample. While with the facade cork board no
ignition was recorded in any of the six samples, three
spontaneous combustions were observed in the
samples of insulating cork board that were tested on
the surface of the sample. In the 5Sminute test, no
burning was observed, just in the contact area with
flame appeared smoked spots, but there were no
hollows due to flame exposure. During the time of 15
seconds of fire application the average weight loss
occurred of 0,22 g (0,1 %), during the time of 30
seconds the average weight loss was increased just to
the value of 0.25 g (0.17%) and the average weight
loss that occurred during the time of 300 seconds was
0,52 g (0,34 %). In the Fig. 6 is pictured sample of
insulation cork board in the course of testing.

Tab. 1 The testing results of the facade cork board

The main result of the cork boards testing with a single
flame source performed according to the standard EN
11252 [1] is that on none of the tested samples flame
did not reach the border 150 mm within the given time
and also none of the samples caused ignition of the
filter paper, which means, that the classification
criteria were met for the categorization into the class
of reaction to fire E in terms of STN EN 13 501-1 +
Al1/01 [3]. While we mutually compare the weight
loss results of both tested samples, during all the tested
times (15 s, 30 s, 300 s) when measuring was done on
the surface of the sample the bigger weight loss was
recorded in the insulating cork board than in the facade
cork board.

Samples of facade cork board
Time 15s 30s 300s
Sample number 1 2 3 4 5 6 7 8 9
Weight loss A m(g) 0,130,148 | 0,14 | 0,34 | 0,23 | 0,19 | 0,56 | 0,44 | 0,57
Percentage decrease M (%) 0,09|0,13| 0,12 | 0,23|0,26 | 0,12 | 0,38 | 0,3 | 0,33
Ignition (yes/no) no no no no no no no no no
Tab. 2 Testing results of the insulating cork board
Samples of the insulating cork board

Time 15s 30s 5 min
Sample number 1 2 3 4 5 6 7 8 9
Weight lossAm(g) 0,2 /015|0,31 0,26 | 0,24 | 0,26 | 0,53 | 0,79 | 0,62
Percentage decrease M(%) 0,09 | 0,07 | 0,15 | 0,12 | 0,12 | 0,12 | 0,26 | 0,39 | 0,31
Ignition (yes/no) no | yes | no | yes | yes | no no no no
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Tab. 3 Testing results of the expanded polystyrene EPS

Type of the Spontaneous | Reaching Ignition
expanded Sample ma(@) | mag) | A M combustion of border of filter
polystyrene marking 9 2(9) | Am(9) (%) of the line 150
sample mm Paper
EPS70F | EPS.501 | 14,38 | 14,38 0 o inthe 10th |
second
EPS70F | EPS 502 | 14,41 | 14,41 0 no inthe 10th |
second
EPS 200 Perimeter 1 | 21,94 | 21,94 0 no no no
EPS 200 Perimeter 2 | 22,62 | 22,62 0 no no no

Fig. 6 Insulating cork board in the course of testing
(ignition of the sample with the bright flame)

3.2. The results of the ignition testing of the expanded
polystyrene EPS

The following test results were recorded during the
measurements: sample weight before the testingmy,
sample weight after the testingm,, weight loss Am,
percentage weight loss M, spontaneous combustion of
the sample (yes, no), time for reaching the border line

of 150 mm and ignition of the filter paper (yes, no),
that are stated in the tab. 3. In the Fig. 7 and Fig. 8 is
the documented behaviour of individual samples
during testing. For samples of expanded polystyrene
EPS 70 F, that has special retardation treatment, no
spontaneous combustion occurred during the
determined time which was set by the standard (Figure
7). Likewise, the EPS 200 Perimeter has reached good
results, although in practice it is mainly used for
thermal insulation of structures that are in contact with
the ground. Its positive result is that the resulting
deformation did not reach the border line of 150 mm
in the time of thermal stress for 15 seconds (Fig. 8). In
none of the tested samples of the expanded polystyrene
occurred the ignition of the filter paper during the
testing.
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determined after drying of the samples in the oven
dryer at (103 £ 2) ° C: EPS 200 and EPS 70 F -
humidity 0.45%, CO-F - humidity 2.86%, CO-I -

Fig. 7 Sample EPS 70 F during the testing
(reaching of the border line of the 150 mmm without spontaneous
combustion)

Fig. 8 Samples EPS 200 Perimeter in the course of the testing
(sample after the pulling away of flame without spontaneous
combustion)

3.3. Testing results of the gross calorific value of cork
boards

The results of average rates of the gross
calorific value are displayed graphically in the Fig. 9.
Each material was measured on the basis of three
samples. The gross calorific values of all individual
tested samples are shown in the graph for the reference
samples, i.e. at their actual moisture content

Humidity 4, 85%.

50000

40000 -
30000 -
20000 -
10000 -~

0 -

EPS200EPS70F CO-F -

sample

gross calorific value (J/g)

Fig. 9 Gross calorific value of polystyrene
and cork boards

The gross calorific value represents the maximal
amount of heat per unit of weight, that the material is
able to release during the complete combustion in the
oxygen when the water is produced in the liquid state.
The results show that considerable higher values of the
gross calorific value reached the EPS samples in the
average of 40 756 J / g, while the difference between
the individual types of polystyrene boards was only
166 J/g. The higher value of 40 839 J/ g was reached
by the sample EPS 200, EPS 70F had the value of 40
673J/g. Fricke [7] is stating the gross calorific value
of the polystyrene 40,000 J / g, Walters et al. [8] 41
960J/g.

The cork boards reached in average the rate of the
gross calorific value of 27 479 J/g. The differences in
results were more differentiated between the
individual types of cork boards. Higher gross calorific
value rate of 29 248 J/g was reached by facade board
CO-F despite the higher value of ash - 1,22 %, while
the insulation cork board CO-I had average gross
calorific value rate of 25711 J/g and of ash 0,53 %.
Mateus et al. [9] and [10] state the value of the cork
waste of 21.6 MJ / kg, but at the humidity of 20%.
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Conclusion

When we want to compare cork boards and
expanded polystyrene from the ignition point of view
according to STN EN 11925-2 [1], the overall result,
that is, the categorization in the reaction class of fire E
has come out the same. In relation to their use in the
external thermal insulation composite systems, both
materials can be used for additional thermal insulation
of facades up to fire height of 22.5 m. However, the
specific behaviour of both materials during the testing
was different. There was no ignition and no visible
deformations observed on the samples of the facade
cork board even with prolonged times of flame
application. In comparison with the results of EPS,
significant deformations have already occurred even
in the initial flame application on the samples.
Different results of the tested EPS and cork materials
mainly resulted from their totally different origin and
composition. Regarding to the inconsistency and
ambiguity in stating of the reaction to fire of cork
boards from the side of manufacturers, therefore our
intention is to test this material thoroughly according
to STN EN 13823 [11].

The testing results of gross calorific value have
shown that considerably higher values were reached
by EPS samples. The gross calorific value of cork
boards was much lower, therefore, more favourable
values. The cork boards generally achieved a much
better result by both testing methods. By comparing
these materials, we wanted to point out that with the
same classification into the class of reaction to fire,
different materials can behave differently and may
have a different effect on the possibility of spreading
the fire in the thermal insulation system.
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Effective Prevention of Hazardous Waste Industrial Dusts
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Abstract

Development of new technologies along with the use of new materials also requires new approaches to risk assessment. In
practice, it means that by processing new materials, particular types of waste with characteristics involving environmental, as
well as health and safety risks emerge. This paper deals with technologies related to the occurrence of abrasive dusts from
processing of plastics related to the environmental protection, health protection of workers and explosion protection. These
seemingly different fields require common and complex approach to protection solutions. It is proven that only by testing of
dust characteristics and by determining their most significant hazards which have shown to be explosion characteristics as
well, it is possible to suggest effective technological measures.
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1. Introduction

Industry 4.0 is the name for the current trend of
automation and data exchange in manufacturing
technologies. It includes cyber-physical systems, the
Internet of things, cloud computing [1] [2] [3] [4] and
cognitive computing. Industry 4.0 is commonly
referred to as the fourth industrial revolution [5],
which also significantly relates to the Slovak
automotive industry.

New technologies bring new materials and hazards
necessitate new assessment of hazards. Abrasive
processes from plastics and composites with the help
of CNC machinery lead to the occurrence of dust
matters which might be explosive [6].

Dust belongs to the most common injurants to
which humans are exposed to in ordinary life as well
as at their work activities. The scope of harmful
effects of dust on humans is very broad. Their
assessment depends on the origin, characteristics and
size of the dust particles, its concentration in the air,
the length and conditions of its action and the
individual sensitivity to dust. In this matter, there is
extensive legislation which encompasses legislation
on the working environment, the external
environment as well as indoor living spaces [7].

Therefore, it is an essential prerequisite to know
the materials used for work as well as the physical
and chemical properties along with safety
characteristics which also predict health and
environmental properties of waste.

2. Industrial dust hazards

From a health point of view, industrial dust is a
polydisperse solid aerosol created by human activity
during the mechanical processing of solid materials
[8]. The size of dust particles is 1 to 100 um, the
particles larger than 30 um are referred to as coarse
dust and they sediment rapidly. The size of particles
is determined by the actual or aerodynamic diameter.
Particles larger than 10 pm are settled in close
proximity to the source site after a few minutes of
their origin (or re-emergence). Therefore, particles

smaller than 10 pum predominate in contaminated air.
Particles with the size of 1 um settle only very slowly
and particles smaller than 0,1 pm almost do not settle
at all [9], [10].

Depending on the external conditions, dusts act
bimodally, they can burn and they may also have
explosive properties in the whirled state [11]. Dust
explosions in the industry might arise from many
sources of initiation including friction and burning or
smouldering materials [12].

In general, all types of dust are harmful and can
cause serious health problems. Particles smaller than
10 pm are especially dangerous for humans as they
can penetrate deep into the airways and by inhaling
of air they get into the Ilung alveoli. For
measurements in practice, it is functional to divide
dust into two size fractions (i.e. components) —
respirable and non-respirable [13].

While the larger particles (above 10 pm) can only
cause upper respiratory irritation with coughing and
sneezing and irritation of ocular conjunctivas, smaller
particles can enter lower airways and particles of
below pod 2,5 pm can permeate into lung passages
and either settle in lungs or penetrate into the blood
stream. Based on this aspect, the dust indicator can be
divided into:

- Total Suspended Particle — TSP,

- Particles smaller than 10 pm (Particle Matter —
PM10),

- Particles smaller than 2.5 um (PM 2.5) [14].

PARTICLE STREAM

Figure 1 Example of dust generation during powder
handling [16]
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The mechanisms that generate dust and keep it
suspended in air arise from aerodynamic forces [15].
Any dust that is generated can be carried away to
another place as a result of air currents. Ventilation
air flows or air streams generated during material
drops act on fines in the material (dust), and separate
them from the main stream, Figure 1. Thus, even if
dust generation may occur at one location, dust
problems may be experienced at another location,
away from the source [16].

In terms of explosion hazard, combustible dust is
comprised of small solid particles in the air that settle
down by their own weight or might remain
suspended in the air for some time. In general,
particle size is defined by two dimensions smaller
than 500 um [17].

With particles of mean size larger than 400 pum,
most dusts can no longer be initiated by standard
energy. However, an addition of 5 to 10 % by weight
of fine dust particles with a mean particle size of
approximately 40 um and the mixture can again
become explosive. It is important to bear in mind that
when handling dust, larger particles become smaller
as a result of abrasion [18].

Risk management is a decision-making process
that is based on the result of the risk assessment and
aims to reduce risk while:

- an objective assessment of the safety risk of dust
explosion is a thorough method encompassing
identification of all hazards, the probability of their
occurrence and severity of their potential
consequences,

- health risk assessment is a process of assessing the
probability and severity of a harmful effect on
humans resulting from an exposure to a risk factor
under defined conditions and from defined sources of
risk consisting of hazard identification, exposure
assessment, dose and effect relationship assessment
and the characterization of the risk assessment
uncertainties [19].

The first step is to determine the predisposition of
equipment and technology to explosion of the
equipment and consequently, take precautions to
avoid the explosion (Figure 2).

Depending on the level of danger that potential
explosions threaten, additional steps may be needed

to safeguard nearby equipment and personnel from
unlikely, yet calamitous, explosions that transpire in
spite of preventive techniques [20].

The dust and its suspending atmosphere must
exhibit several characteristics. If any of the following
fire conditions is not present, a dust-cloud explosion
cannot occur:

- the dust must be combustible,

- the oxygen content of the surrounding atmosphere
must be sufficient to sustain combustion,

- the dust concentration must be within the upper and
lower explosion limits,

- the particle-size distribution must be capable of
supporting energy,

- an ignition source of sufficient energy must be
present to initiate explosion [17], [18].

3. Materials and methods

The industrial dust sample was made of a
composite plastic material in combination with resin.
As this was an industrial environment, the
representative sample was taken from several
locations at the CNC 5-axis machining plant, type
MX 5, used not only for machining of plastics but
also composites. The machining area was secured by
continuous suction into a single central suction
system. The filter elements were cleaned by
compressed air.

3.1. Sieve analysis of dust sample

The sieve analysis is a fractional or separation
technique of particle size analysis. It is based on the
use of a set of sieves with a particular size of
openings which is assembled in the direction of
gravitational transfer of the analysed matter into the
block with a gradually decreasing size of openings.
After completion of fractionation, each sieve contains
a particular portion of the original sample within the
ranges determined by the size of the upper and lower
sieve openings. The residues on the sieves are then
weighed and evaluated. The sieve analysis was
carried out on a RETSCH AS 200 in accordance with
STN ISO 3310-1: 2007-03 (25 9610). Coarse

0O N



_Earth -
in-a Trap?

0 R O N |

Earth in a Trap? 2018 225
Analytical Methods in Fire and Environmental Science

Is you dust combustible?

Explosion screening test

l yes

Do you operating conditions put you at risk of explosion?

Flammable atmosphere tests

yes \| yes | yes
/

Implement preventive measures

Ventilation

Minimum ignition sourse

Limit oxygen concentration

l

Are future measures necessary?

Explosion severity test

l

Protective measures

yes

Explosion relief venting

Explosion supperession

Containment

Figure 2 Procedure for applying preventive measures [19]

impurities were removed by fraction separation of <
0,400 mm, using a sieve set of openings between
0,040 mm and 0,400 mm. Once sieve analysis was
completed, the analytical balance (KERN PLT 450-
3M) was used to measure the weight of each sieve
fraction which gave us information about the
percentages of the particles present in the analysed
sample [21].

3.2. Thermal analysis of dust sample

Thermogravimetry (TG) and differential scanning
calorimetry (DSC) were used. These are analytical
methods as the weight of analysed samples is in
milligrams. These methods find application in
observations and  comparisons of  thermal
decomposition of matter and in the observation of the
changes of conditions of the course of chemical
reactions.

Thermogravimetry (TG) studies the course of
thermolysis and polymer burning and records the
changes in the weight of the heated sample.
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Determination of these characteristics, with the
exception of the cubic constant, is not yet possible;
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Differential ~ scanning  calorimetry  provides
information on endothermic and exothermic
processes  during  the  controlled  thermal

decomposition.

By means of differential scanning calorimetry, the
reaction heat dissolution temperature of the test
sample was identified in the temperature interval of
35 -600 °C in a dynamic air atmosphere.

3.3. Combustible dust characteristics

With regard to the fire and explosion prevention,
the following parameters can be considered as dust
safety characteristics:

- lower explosive limit (LEL),

- maximum explosion pressure Pmax,

- maximum rate of pressure rise (dp/dt)max,

- explosion constant Ks:.

The cubic constant allows assessment of the
effects of the explosion in the given closed vessel and
is the basis for classification of dust explosion
according to classes St 1, St 2 and St 3 (Table 1).

Table 1
The industrial dust explosion classes based on KST value [22]

K (bar.m.s™)

Explosion class

Stl <200
St2 200 - 300
St3 > 30

The Kst value is calculated from the Cubic law
according to a defined relationship between (dp /dt)
max and the volume (V) in which the explosion
occurs:

Kst = (dp/dt)max . V 1 1)

Where:
Ks - cubic constant for the mixture of dust and air
(bar.m.s™)
(dp/dt)max -  maximum rate of pressure rise
(bar.s?)
V - volume of the cubic container (m?%)

therefore the most reliable results are determined
experimentally as well as for the needs of the
practice, in the accredited laboratory. If the matter
composition is known, we can roughly determine
these characteristics, for instance from tables. In real
practice, in cases of new materials and their changes,
these characteristics must be determined to ensure the
correct design of the suction equipment [23].

4. Results
4.1. Results of the sieve analysis

The results of the sieve analysis of the dust
particles smaller than > 0,400 mm show that their
weight representation is 93,8 %. The average size of
dust subjected to the sieve analysis was (0,049 +
0,01) mm. This uncertainty is standard expanded
uncertainty, corresponding to 95% confidence level.

4.2. Results of thermal analysis - Thermogravimetry
(TG)

The sample was stabilized for 24 hours under
standard conditions; the test was carried out on a
Mettler TA 3000 with TC 10A processor and TG 50
thermogravimetric weights module in the air and
flow rate of 200 ml.min,

The thermogravimetric analysis was performed in
the heat interval of 35 — 600 °C and based on the
results of the measurement in the dynamic
atmosphere, the individual degrees of decomposition
and corresponding resistant residuals of the analysed
test samples were defined. The results of
measurements are shown in the Figure 3 and Table 2.

The thermal decomposition of the industrial dust
took place in two stages. The active dust
decomposition phase was conducted at 510 °C. Thus,
it can be noted that the amount of dust sample that
was not subject to degradation in the first stage of
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Table 2
Temperature characterization of individual degrees of decomposition of industrial dust sample by TG analysis [15]
Sample weight Degrees of Heat interval Weight loss Trax Resistant C
pie WElg decomposition C) (%) C) (%)
I. degree 139 - 407 22.40 350 75.93
10.095 mg I1. degree 407 - 584 34.41 511 4152
Residual weight 0.175 mg
Note: For temperature calibration, materials with given Curie temperatures were used: Isatherm (144.5 °C), Nickel (357.0 °C), a Trafoperm
(748.0 °C).
Accuracy of test equipment was determined from calibrations: (-2.4 to + 8.2) %
57/16 Sivy prach File: 02062.001 TG  METTLER 04-Jul-16
10.095 mg Rate: 10.0 *C/min Ident: 1.0 PTEU MV SR ]
g Priloha protokolu c.57/2016/1 | @
_‘ ?C—-—-—-._
: 139°C
o~ -
E Step Analysis 1
Height —-2.26 mg 407°C [
4 -22.40 X e
ResiC. 7.67 mg K
i 75.93 X o
& Dpeak 350.0°C !
«: Step Analysis 2 i
J Height -3.47 mg Y
-34.41 X L
- ResiC. 4.19 mg p-
) 41.52 % o
n- . Q
Dpeak 514.0°C maqcc b
| Start temp. 35 “c 4 L
{ End temp. 600 °"C
- { Spcmeer scemie s "l’ b pRafis Weloms e ‘l""]"' S peipae foed ¢ — = rf‘l ek ke doeden I‘ e T T ] T St pahy Desmel S _T o
100. 200. 300. 400. 500. G
Figure 3 TG a DTG analysis of the industrial dust
Table 3

Dependence of changes in reaction enthalpy of industrial dust samples on temperature

sample, bank sample Heat interval (°C) Change of Ziagﬂfn enthalpy  Maximum ptz?(lé)temperature

Industrial dust 190 - 458 3997.9 (ex0) 435.9
4.560 mg 458 -596 5175.0 (exo) 537.2
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thermal decomposition was decomposed in the
second stage at much higher temperatures where the
highest weight loss was recorded.

4.3. Results of thermal analysis - DSC results
The DSC method was used to measure changes in

the reaction enthalpy of the fuel forming and thermal
generation processes in thermal decomposition of dust.

In the chosen interval of exothermic reactions, the
reaction heat was determined and the maximum heat
generation rate was characterized by the maximum
exothermic peak temperature on the thermal analytic
curve in the temperature range of 35 — 600 °C in a
dynamic air atmosphere (Table 3).

§7/16 Sivy prach File: 02148.004 DSC METTLER 22-Feb-17
4.560 mg Rate: 10.0 "C/min Ident: 1.0 PTEU MV SR
=
“14
's Integration 1 Integration2
4 Delta H18230 mJ Delta H23598 mJ
d 3897.9 J/g 5175.0 J/g
Peak 435.8°C Peak 537.2°C
A 22.3 mwW 40.1 mW
O
D
C;H .
= 1 2
.7 start temp. 35 °C
o~ End temp. 600 °C
D
11 Pan Type 1
-r L T T I T T T T I T T T T I T ] 1] T '[ 1 1 L} L} I 1 1 L T ! -
100. 200. 300. 400. 500. ‘c

Figure 4 DSC analysis of industrial dust

In the chosen interval of exothermic reactions, the
reaction heat was determined and the maximum heat
generation rate was characterized by the maximum
exothermic peak temperature on the thermal analytic
curve in the temperature range of 35 — 600 °C in a
dynamic air atmosphere (Table 3).

By the use of DSC, temperature intervals of the
exothermic reaction were observed, the course of the
reaction enthalpy during heating without endothermic
reactions is shown in Figure 4.

The reaction enthalpy changes determined by this
means are not consistent with enthalpy measurements
in a calorimetric bomb, but provide substantial
information about the heat release in thermal
degradation process and allow us to collect
information about the thermal colour reactions in the
individual degrees of thermal decomposition of the
test sample.
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4.4. Results of safety characteristics

The explosion characteristics of industrial dust are
shown in Table 4, including comparisons of similar

industrial dusts. In terms of explosion class, industrial
dust sample is classified as explosion class 1.

Table 4
Explosive characteristics of industrial dusts
LEL dp/dt K
Type of dust Pmax (dp/dit)me B Explosion class
(g.m?®) (bar) (bar.s? (bar.m.s®
Industrial dust 20 5.9 213 58.0 St1
Polyester dust - 9,3 237.0 St2
Black coal 70 9 147 120.0 St1
Toner 40 9.1 255 164.0 St1
- prevent the formation of continuous layers of
dust with thickness greater than 1mm by suitable
cleaning regime,
5. Discussion - the operational filter unit must be designed for

The average particle size of 0,049 mm points out
the fact that particles can settle, but it is important to
ensure that there is no excessive accumulation of a
dust pile and no explosive concentration is reached,
especially by primary or secondary dust leakage from
equipment.

- Primary dust leakage can be caused by opening
of equipment which is a part of a routine
technological process, i.e. opening due to filling or
removing of the material but also from all open
places from which dust can escape the equipment.
Premises of CNC machinery and storage containers
of filter units are the most critical.

- Secondary leakages, on the other hand, represent
occasional opening for the purpose of taking samples,
control, e.g. changing of the filter cartridges on filter
units, maintenance and repairs of equipment in case
of breakdowns, cleaning and control openings in
pipelines.

The results acquired by testing should be
implemented in the form of technical measures using
engineering instruments into real technology or
supplemented with further testing.

- provide sufficient suction from the grinding
process,

suction of combustible dusts and dimensioned to the
explosion characteristics of the collected dust,

- the filter unit and pipping must withstand
maximum explosion pressure in accordance with
STN EN 14460 [24], alternatively, explosion-
proofing equipment or explosion suppression
equipment must be installed,

- separating explosion on the supply line from the
filters must be ensured (to prevent the transmission of
an explosion through pipeline to operator crew,

- develop explosion protocol.

The results from TG and DSC methods
demonstrate that industrial dust releases sufficient
energy and is, therefore a suitable waste to be used
for energy recovery by combustion. However, it is
important to acquire enough information about the
actual amount of generated waste, the exact chemical
composition of the product of thermal combustion
(including dust captured from the filter) and propose
the mode of transport, i.e. pre-treatment by e.g.
tableting.

Dustiness in the workplace, caused by dust
generation, has detrimental effects on the human
organism [25] and represents one of the basic
problems in the field of occupational safety and
health at the workplace. In terms of health risk, a
more detailed analysis of the operation with the aim
of particle PM 2.5 and PM10 particle capture in the
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operator's respiratory zone and to assess the length of
exposure at the workplace.

6. Conclusion

This article pointed out the fact that new
technologies bring new risks, whether safety,
environmental or health. Creation of new components
brings waste which cannot be just classified as waste
but needs to be assigned a catalogue number since it
can cause an explosive atmosphere in the form of
dust and, in the form of respirable fractions it also
exhibits negative effect on human’s health in case of
long-term exposure. In particular, in the CNC
machining process, all available testing techniques
must be used to obtain the necessary information for
the design of suitable suction technologies, in this
case suction system suitable for potential explosive
atmospheres.
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METAL flammable dust as dangerous substances

Miroslava Vandlickova?

aUniversity of Zilina, Faculty of Security Engineering, 1st May Street 32, 010 01, Zilina, Slovak Republic

Abstract

A number of industrial technologies are accompanied by the presence of flammable metal dust, which can occur in the seated
or whirled state. From the point of view of occupational safety, their fire-technical characteristics, their impact on workers'
health and the environment must be taken into account. This article deals with the properties of chosen flammable industrial
metal dusts, especially from the point of view of fire safety, anti-explosion protection and environmental risk. The group of
toxicological properties of metallic dusts is also included in the article as mankind is also an inseparable part of the
environment. The conclusion of this article deals with preventive measures to prevent fire and explosion of such flammable

metal dusts as effectively as possible, and also to prevent acute and chronic diseases caused by human exposure to metal dust
in factories or at another possible space.

Keywords: metal; flammable dust; environmental hazard; fire; explosion; occupational safety; dangerous substances
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1. Introduction

An explosion of dust can be defined as a rapid
combustion of fine particles suspended in the air,
particularly in an enclosed location. It can appear
where any dispersed powdered combustible material
(flour, sugar, cinnamon, wood, cellulose, coal, zinc,
magnesium, aluminum, titanium, etc.) is present in
high enough concentrations in the atmosphere.
Flammable dust can be defined as a set of pulverized
particles of the solid substance which exist in the
gassy environment. These dust particles have the
dimensions lower than 0,5 mm. Dusts as products in
the branch of industry arise in the process aimed, for
example, at food production, or can arise as
secondary raw materials at the solid substance
processing. [1] The metal dusts can be generated by
the activities like grinding, sawing, cutting, sanding
or brushing. The combustible metal dusts present
extra risks and hazards to workplaces, and setting up
tandards to mitigate those risks is crucial to ensuring
the safety of a location. [2] But still combustible dust
is a topic that remain on the periphery of fire safety in
many industry areas in spite the fact that the
consequences of such fires and explosions can have a
catastrophic impact on material values, technology
and, of course, workers' health and lives. That is why
it is important to know the biological, environmental,
physical, chemical and fire - technical properties of
the industry metal dust it has been working with.
Finer particles burn readily when their ignition point
is reached, and tend to ignite the coarser particles as
well. Examples of potential sources of ignition are
open flames, welding equipment and cutting torches,
matches, and cigarettes, faulty electrical equipment
and static electrical discharges. Such conditions must
be avoided in areas where dust producing operations
are carried out. [3]

The mechanisms that generate dust and keep it
suspended in the air arise from aerodynamic forces.
Any dust that is generated can get carried away to
another place as a result of air currents. Ventilation
air flows or air streams generated during material
drops act on fines in the material (the dust), and
separate them from the main stream as it is possible
to see at Figure 1. Thus, even if dust generation may

occur a tone location, dust problems can be
experienced at another location, away from the
source. [4]

FARTIC_E STRZAM Al 3 AGGHE Al CRG
F¥ P&RTICI = STRFAM

AR ANC FME PART CLES
ARE SCRCED TO ZSCAFE
WIOLENTY A% FLOWING

J STRIAM IZ BLOCKED

Fig. 1. Example of dust generation during powder handling. [4]

2. Properties and fire — technical characteristics of
particular combustible metal dust

Metal dusts have many similar chemical and
physical properties, but still some of them are
depending on the particular metal.. In the Figure 2 it
is possible to see, for example, various colour of
metal dust at their burning. Some of them are used
e.g. in pyrotechnics and fireworks.

boron/aluminum zirconium

methane aluminum

Fig. 2. Chemical properties of metal dusts - colours of particular
metal dusts [5]

In general, combustible metals are more prone to
ignition and produce a faster burn, with higher peak
pressures than the other combustible dusts. Resulting
deflagrations and explosions can be much more
violent and special precautions must be taken.


https://en.wikipedia.org/wiki/Combustion
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Aluminum, magnesium, and titanium are by far the these values are of the character of intervals,

most common combustible metals. [6]

In order to cause explosion of flammable dust, the
following elements are present at the same time:
flammable dust, ignition source, oxygen (air),
dispersion of flammable dust particles and their
occurrence in a closed space (e.g. in a container, etc.).

COMBUSTIELE DUST

Fig. 3 Fire triangle and explosion pentagon [7]

Experimental examinations can provide information
on many basic fire - technical characteristics of dust,
among which we list, for example, lower explosive
limit, maximum explosion pressure, maximum rate of
pressure increasing, deflagration index Ks;, maximum
explosive pressure, minimum ignition energy,
ignition temperature of the settled dust, ignition
temperature of the whirled dust, limiting oxygen
content, minimum explosible concentration, etc.
Deflagration index is the maximum rate of pressure
increasing, maximum explosive pressure means the
highest pressure created by a dust explosion in an
enclosed vessel. The lowest concentration of dust
required for the combustion is known as minimum
explosible  concentration.  Minimum ignition
temperature is value of the lowest temperature which
is able to ignite a dust cloud or dust layers on a hot
surface. Minimum ignition energy is the lowest
energy electric spark required to ignite a dust cloud
and the lowest percent oxygen concentration that can
support combustion of a dust is limiting oxygen
concentration. [8].

For a large number of flammable dusts, these fire -
technical characteristics can be found in tables or
literature. However, it should be remembered that

therefore they should be understood just as
approximate values. The safety parameters of
flammable dusts depend on the specific technology
and handling of the substance (metalworking,
energetics, woodworking, waste processing, etc.) [9].
For example it is possible to see burning and
explosion behavior and properties of nanotitanium in
the next Figure 4

Fig. 4. Burning and explosion behavior of nanotitanium [10]

In metal working and recycling operations,
processing machines such as cutting tools or metal
shredders constantly generate heat and often sparks,
which can cause ignition. Even in the absence of
sparks, the dust can spontaneously ignite if the
temperature of the dust or a surface reaches the dust’s
minimum ignition temperature. While this is true for
all combustible materials, the risk of fire and
explosions is higher with metal dusts because the
processes that generate metal dusts are more likely to
create conditions leading to self-ignition. Even with a
wet dust collection system, a water-based cooling
emulsion could react with the metal dust and generate
hydrogen, which has a very low ignition energy and
could lead to self-ignition. Metals and metal dusts
have a much higher energy content than organic
materials. This leads to a very long burning time and
a higher burning temperature. Also, a regular
extinguishing agent such as water or sodium
bicarbonate can’t be used for a metal dust fire
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because it could generate chemical reactions with the
metal and actually accelerate combustion. Only a
Class D extinguishing agent is effective. However,
even a Class D extinguishing agent can only keep a
metal fire under control; it can’t completely
extinguish the flame because the heat is too great.
[11] Experimentally obtained values of explosibility
of many metal dusts according to Jacobson, Cooper
and Nagy are seen in the Table 1. [12]

The lungs are protected by a series of defense
mechanisms in different regions of the respiratory
tract. When a person breathes in, particles suspended
in the air enter the nose, but not all of them reach the
lungs. The nose is an efficient filter. Most large
particles are stopped in it, until they are removed
mechanically by blowing the nose or sneezing. Some
of the smaller particles succeed in passing through
the nose to reach the windpipe and the dividing air
tubes that lead to the lungs. These tubes are called
bronchi and bronchioles. All of these airways are
lined by cells. The mucus they produce catches most
of the dust particles. [13] Dust generally is able to

Table 1

cause a damage to the lungs and the respiratory
system, but some types can cause cancer, too. Major
diseases associated with inhalation of hazardous dust
are, for example, benign pneumoconiosis which
means the disease caused by inhalation of seemingly
harmless dust that settle in the lungs to such extent
that it is visible in X-ray examination. The dust does
not cause damage to the lung tissue and therefore the
disease does not lead to a disability or to a serious
health damage. Such condition is most commonly
associated with metal dust such as iron and tin.
Pneumonitis, or inflammation of lung tissues or
bronchioles, is caused mainly by the inhalation of
dust of certain metals. Symptoms are similar to
pneumonia, but vary in severity, depending on the
fact which metal is inhaled. This disease is most
often caused by the cadmium and beryllium dust.
[14]

Experimentally obtaine values of explosibility of metal dusts according to Jacobson, Cooper and Nagy [12]

Ignition temperature [°C]

Material

Minimum explosive

Maximum rate
of pressure rise

Minimum ignition

energy for dust cloud Index of

Maximum

Cloud Layer concentration [oz/cu ft] [md] pressure [PSIG] [PSIs] explosibility
. . 650 760 0,045 50 73 20 000+ >10
Aluminum, atomized
Q:g;"”“m'magnes'”m 430 480 0,02 80 86 10000 >10
. 620 490 0,04 40 90 9000 >10
Magnesium
Thorium hydride 260 20 0,08 3 60 6500 >10
L 20 190 0,045 15 55 6500 >10
Zirconium
Uranium hydride 20 20 0,06 5 43 6500 >10
- 330 510 0,045 25 70 5500 >10
Titanium
. 20 100 0,06 45 53 3400 >10
Uranium
. 270 280 0,075 5 48 3300 >10
Thorium
Titanium hydride 480 540 0,07 60 96 12000 6
Zirconium hydride 350 270 0,085 60 69 9000 37
. - 670 / 0,04 60 74 7500 3,6
Aluminum-silicon alloy
. I 540 540 0,06 150 73 13000 2
Calcium silicide
320 310 0,105 20 41 2400 16
Iron, carbonyl
370 400 0,14 80 53 9500 13

Ferrotitanum
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Boron
Aluminum-nickel alloy
Aluminum-lithium alloy
Aluminum-cobalt alloy
Ferromanganese
Aluminum-copper aaloy
Chromium

Manganese

Tantalum

Tin

Zirconium alloy
Aluminum-iron alloy
Zinc

Gold-bronze
Ferrosilicon

Vanadium

Antimony

Cadmium

Iron ore, pyrite
Ferrovanadium
Ferrochromium

Lead

Manganese ore (sulfide)
Tellurium

Nickel ore (sulfide)
Molybdenum

Cobalt

Copper ore (sulfide)
Tungsten

Lead ore (sulfide)
Beryllium

Copper
Aluminm-bronze alloy
Beryllium-copper alloy
manganese-bronze alloy
Nickel

Selenium

Stainless steel

Earthina Trap? 2018

Analytical Methods in Fire and Environmental Science

470

950

470

950

450

580

460

630

630

420

870

680

370

860

500

420

570

420

440

790

710

320

550

720

760

730

910

700

400

540

400

570

290

830

400

240

300

430

340

750

460

190

490

330

250

400

670

270

300

340

340

360

370

390

470

<500

540

990

910

<100
0,19
<100
0,18
0,13
01
0,23
0,125
<200

0,19

05

0,425

0,22

0,42

60

80

140

100

80

100

140

305

120

80

30

720

960

400

60

1920

4000

400

90

79

96

78

47

68

55

48

50

37

43

62

48

44

50

48

2400

10000

3700

8500

4200

2600

4000

2800

2600

1300

300
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3. Fire and explosion safety

In the field of explosion protection, prevention is
divided into active and passive. The first group
includes measures that prevent the explosion itself
from exploding, while passive protection includes
construction measures, which limit the effects of the
explosion of flammable dust to a safe level. Active
protection can be performed as:

» Primary protection — measures to prevent or to
minimize the formation of an explosive mixture, it is
to eliminate at least one of the factors necessarily
present in the explosion of flammable dust.

« Secondary protection - measures to prevent ignition
of the explosive mixture.

To eliminate an explosive dust-oxygen mixture it is
possible to use industrial vacuum cleaners or adding
inert substances (e.g. nitrogen, carbon dioxide, water
vapor, limestone) to areas with an explosive
atmosphere to keep the oxygen concentration below
the limit (eg in mills, dryers, etc.).

Secondary protection is the elimination of initiating
resources, which may be, for example, hot surfaces,
flame, hot gases, mechanical sparks, electrical
operating equipment. The particular initiation source
is eliminated by complete exclusion from the
explosive atmosphere, by alternative substitution and
by the choice of more appropriate initiating source or
by an adherence of stringent safety measures when
operating in an explosive atmosphere. In the case of
the impossibility of using active protection, the
devices must be designed in such way that the effects
of the explosion are limited to the safety level. Such
measures include the explosion-durable construction
of a device, then explosion-easing, explosion-
suppression or preventing of flame and explosion on
other parts of the device and the environment. The
explosion-endangered part of the device must be
constructed with a certain pressure resistance that
corresponds to the expected explosive pressure in the
relevant part of the device.

4. Conclusion

Safety in industrial installations with the
appearance of flammable metal dust is linked to the
observance of principles, including a detailed
analysis of the relevant technological process and
consideration of the possibility of emergencies. The
practical application of all legislation applicable to
the relevant technological operation can greatly
prevent the occurrence of extraordinary events
associated with the explosion of flammable metal
dust, thereby saving the human lives, protecting the
health of workers as well as specific technological
facilities and operations.
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Safecast bGeigie Nano as a tool for teaching students to
understand monitoring environmental radioactivity
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Abstract

Safecast is a volunteered geographic information project based on the public participation in data collection and upload to a
publicly available online database. This paper provides brief introduction to the Safecast database and bGeigie Nano device,
with the detailed information available in the relevant references. While the main purpose of the Safecast database and
bGeigie Nano is to provide publicly available data on the environmental radioactivity, we believe, that this concept is also a
valuable tool for teaching university students to understand the complex aspects of environmental radioactivity monitoring,
through unique personal experience. Proposed activities have a potential to become a part of the education process for the
course of Radioecology. We intend to provide the opportunity for students to use the bGeigie Nano device to collect data and
participate in the worldwide environmental radioactivity monitoring network. This experience itself would be a valuable asset,
besides the obvious benefit of contributing to the database with our own new data.
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1. Introduction

Safecast is a volunteered geographic information
project based on the public participation in data
collection and upload to a publicly available online
database. [1] The database is freely available under
Creative Commons license and GPS tracked data can
be displayed on the interactive online map. Device
used to collect data is a bGeigie Nano, which is
basically a digital Geiger Miller counter with GPS
tracking and data logger.

Safecast project was initiated after Fukushima
Daichi Nuclear Power Plant disaster, which occurred
in March 2011. The inadequacy of the available
information on the radiological situation from the
government and power plant operator has led to the
creation of volunteer based group devoted to
monitoring and openly sharing information on
environmental radiation. Since then the group has
implemented participatory, open-source, citizen-
science-centered  radiation  mapping  solutions
developed through a process of collaborative open
innovation [2].

Even though the main purpose of the Safecast
database and bGeigie Nano device is a monitoring of
environmental radioactivity and sharing of the
obtained data, we believe it has also a high potential
as a teaching tool for university students. This paper
briefly describes the properties of the bGeigie Nano
device and Safecast database, and aims on its
possible use for teaching environmental radioactivity
related courses.

This paper aims on the process of teaching
students of environmental engineering at the
Technical University in Zvolen, Slovak Republic, in
the field of radioecology and environmental
radioactivity. Technical education at the Technical
University in Zvolen, Slovak Republic is constantly
evolving, integrating several new approaches, such as
interactive methods [3], development of conceptual
thinking by the use of video analysis [4] and other
new methods [5]. Proposed course is part of the
subject called Radioecology provided by the
Department of Environmental Engineering at the
Faculty of Ecology and Environmental Sciences. The

main purpose of the course is to familiarize students
with environmental radioactivity.

2. Material and methods

2.1. Safecast database

My

Fig. 1. Safecast map with results of measurement

The database serves two primary purposes. One, it
is intended to provide an archive of independent data
that can be freely used by anyone for any purpose.
Two, it is used to generate the widely accessible
visualizations, primarily maps, that Safecast
publishes. [2] Details of the data processing
methodology, including schematic diagrams, are
openly available online. [6]

Growth of SAFECAST dataset
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The database has grown rapidly since its first
deployment and it is now considered to be the largest
publicly available database of environmental
radiation measurement data.

2.2. bGeigie Nano

The Safecast bGeigie Nano is a mobile, GPS
enabled, logging, radiation sensor used by anyone
that wants reliable radiation readings including
scientists, first responders and citizens. It is designed
for mounting on the outside of a car window but can
be used on bicycles, trains, planes, and other modes
of transportation. [7] bGeigie Nano is available as a
kit from KitHub web based e-shop. It is possible to
purchase also fully assembled device for significantly
higher price. As a kit it provides unique opportunity
to assemble the device by the enthusiast volunteers
who are the main target group. However, assembly
can be provided by any skilled technician.

The core part of the device is a state of art Geiger
Miuller tube from one of the leading manufacturers of
radiation detectors — LND, INC. Oceanside, New
York, USA.

Device measures counts per second, which is then
converted to equivalent dose rate in uSv.h?
according to calibration.

Fig. 2. Safecast bGeigie Nano assembled in protective case

bGeigie Nano units have periodically been put
through stringent calibration tests at QualTek in the
US, at the Julich Research Centre in Germany, and at
the IAEA testing laboratory in Seibersdorf, Austria.
In all cases the measured accuracy has been shown to
be compatible with the SAFECAST specifications
(Accuracy: +/- 10% typical, +/- 15% maximum) [8].

Table 1
Basic parameters of the LND 7317 pancake GM detector

Parameter Value Unit

Type of detector G-M pancake

End window material Mica

End window areal density 2.0 mg.cm?

Gas filling Ne + Halogen

Diameter 53.6 mm
Operating voltage 475 - 675 \Y%

Minimum dead time 40 us

Gamma sensitivity ©Co 58 CPS/MR/HR

Data available from manufacturer [11]

Research [9] recently published describes how the
standard Safecast static transformation function
overestimates the official measurements because it
fails to capture the presence of two different Cesium
isotopes and their changing magnitudes with time.
However, the difference is minor and can be
corrected by the published methodology. Another
paper [10] compares the Safecast data with official
authoritative data collected by U.S. authorities and
the conclusion is, that the two datasets are highly
correlated, with Safecast data slightly lower values.

2.3. Student activities

Safecast bGeigie Nano provides all features of a
modern digital GM counter with data logging,
enhanced with the GPS geo-referencing the
measurement results. Besides the obvious use as a
handheld GM counter, it can be used as a static
device with the time series measurement. However,
the most powerful feature is the GPS module
integrated in the device. Based upon the availability
of the bGeigie Nano devices, the proposed student
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activities may vary but following is the basic
proposed concept.

Exploring the Safecast system

Students are expected to familiarize with the basic
principles of operation and basic parameters of
bGeigie Nano, as well as with the Safecast database.
The whole topic is divided into subchapters, based on
the number of students working groups. Each group
prepares a short presentation on the topic and after
the presentation a short moderated discussion guides
students to find answers to a prepared set of
questions.

Design of the monitoring plan

Each student group is required to prepare a
preliminary  measurement plan, based upon
availability of the devices and local conditions. Map
with the previous data readings is consulted. The
basic rules on how to use the device must be a part of
the plan.

Measurement and data upload

Students make the measurement. The data can be
collected either in the school campus, or on the
voluntary basis even during the weekend trip home or
other convenient location. Data upload is performed
with the teacher assistance through a single purpose
account. Students acquire the data for further
analysis.

Data analysis

Data analysis will be a part of the activity report.
It can be done by simple spreadsheet software. As a
part of the educational project, we are preparing a set
of virtual experiments using MatLab software
environment for various lab experiments.

3. Conclusion

Open source and public volunteer initiatives play
an important role in our society. Safecast is a unique
intersection of open source data, volunteer science
project and environmental radiation monitoring.

In our neighbor country Czech Republic, the
official National Radiation Protection Institute have
lunched a project [12], based on the use of bGeigie
Nano mobile devices, as well as designing their own
static devices to create a monitoring network. They

(1
(2]

(3]

(4]

(5]

obtained 30 bGeigie Nano devices and supplied them
to participating schools and other institutions to
collect data. In the map shown in Fig. 1 it is clearly
visible that the resulting data coverage in Czech
Republic is far superior compared to Slovakia.

We intend to provide the opportunity for students
to use the bGeigie Nano device to collect data and
participate in the worldwide monitoring network.
This experience itself would be a valuable asset,
besides the obvious benefit of contributing to the
database with new data.
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Study of forest fire behaviour under the meteorological conditions
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Abstract

In recent years, the forest fires issue has been addressed by many experts, who contributed a development of knowledge on
forest fire behaviour. For forest fire behaviour modelling, it is especially important to have the information on meteorological
conditions, weather conditions and the influence of fuel and topography. The main objective of this work is to describe and
evaluate the effect of selected meteorological and weather conditions on the area of the fire site. For modelling and
simulation, we used the data on forest fire that occurred in the Ko¢ locality, situated in the National Park Slovensky raj, in
2007. In the FARSITE programme, the input data related to the air temperature, wind speed, precipitations totals were
changed to study the effect of the increasing values of meteorological factors studied. The forest fire behaviour was modelled
for the first 24 h of its duration. The computer modelling results and analyses of the courses of fire site area growth showed
that with the increasing wind speed the fire site area grows. However, wind speed had the most significant influence on the
development of the fire during the day. During the night the area of fire site was growing very slowly (only few m?/h),
probably because the fire intensity significantly decreased. There was almost no effect of change in air temperature on forest
fire behaviour. When studying the effect of precipitations totals on forest fire spreading, we also considered the impact of the
time of precipitations occurrence, either from 5.00 a.m. to 7.00 a.m. or from 12.00 p.m. to 14.00 p.m., before the fire ignition,
except the precipitations totals. Larger fire site area occurred in the case of precipitations totals of 0 mm/m?/h than 3
mm/m?/h and when the precipitations occurred before the fire initiation, i.e. from 12.00 p.m. to 2.00 p.m. When considering
the precipitation totals of 8 and 40 mm mm/m?/h, the fire was not initiated in FARSITE programme, due to the high moisture
content of forest fuel available in the study area. We also performed a correlation analyses between wind speed (precipitations
totals) and fire site area to statistically confirm the dependency between the meteorological factors change and the fire site
area growth. The results showed the very tight dependence between all the meteorological factors considered and the fire site
area growth.

Keywords: forest fire; modelling; FARSITE; fire behaviour; meteorological conditions
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1. Introduction

From the social point of view, the most important
feature of large forest fires is their potential to
seriously and irreversibly harming of areas of
significant importance. The extent and severity of
such fires can also significantly affect the population
and the environment in adjacent areas [1]. An
increasing number of forest fires is not only due to
global warming, but according to the FAO [2], the
most frequent cause is intentional and unintentional
human activity. According to Cohen [3], the fires
most often occur at the interface of the wildland-
urban area. This area is defined as the transition zone
between wildland, urban and industrial environment
[4].

Modelling and simulation of forest fires spread is
an interesting domain that is used to understand and
predict possible fire behaviour. The fire models are
categorized to different types: to stochastic and
deterministic models, i.e. empirical model, or to
physical models [5]. In the world, there are several
systems used to model and simulate forest fires such
as FARSITE, FlamMap, BehavePlus and Wildland
Fire Dynamic Simulator (WFDS). Their outputs are
the data showing the fire site area and perimeter, the
speed and direction of fire spread, flame length and
fire intensity. To predict the fire behaviour, it is
especially important to have the information on effect
of changing meteorological conditions  (air
temperature, relative air humidity, fuel moisture, as
well as speed and direction of the wind), fuel
(models, types, volume, spatial distribution) and
topography (elevation, slope, aspect) [6].

The moisture content of fine fuel is a key element
affecting forest ignitability and closely related to the
probability of fire occurrence. It further also affects
the intensity and the severity of the fire [7-8].

Boer et al. [9], in their study, indicated that forest
fire danger assessment systems should be based on a
reliable prediction of the fuel moisture content, the
so-called critical moisture threshold of the fuel
represented by the moisture of extinction. They came
to this value based on research carried out in central
Portugal in June 2017, where catastrophic forest fires

broke out, shortly after the region's fuel had dried to
the so-called threshold value of critical humidity.

Prat-Guitart et al. [10] investigated the influence
of moisture content and peat density on the horizontal
propagation of smouldering fire in laboratory
conditions. The results showed that the moisture
content had a greater effect on the spread rate than
bulk density.

Fang et al. [11] investigated the impact and
contribution of weather, topography and vegetation
on the size and severity of fire in the Chinese
coniferous forest ecosystem. The results showed that
the main causative factor of the size of the fire was
weather, while vegetation and topography had a
stronger impact on the severity of the fire. The size of
the outbreak (< 130 ha) is mainly influenced by
vegetation, but in the case of outbreaks (> 200 ha),
they are more affected by extreme weather
conditions. Also, their study has suggested that fuel
modification will have little effect on reducing the
range of fire, but it can work to mitigate the severity
of future fires.

Mendes-Lopes et al. [12] examined how the flame
affects the tree trunk, especially at the bottom of the
tree under windy conditions to include this
information in the model and into the cells due to
computational modelling of fire spread. Fernandez-

Alonso et al. [13] in the modelling deal with the
influence of the wind on the severity of the fire. They
report that more intense fire occurred more frequently
in areas with high simulated wind speed and more
pronounced in the case of wind-driven fires.

Bar Massada et al. [14] considered the risk of fire
at the wildland-urban interface. For the spatial
mapping of the probability of occurrence of the fire,
they performed 6,000 simulations. Simulations have
been conducted under normal and extreme weather
conditions to assess the impact of weather on fire
spreading, the likelihood of burning and the risk for
buildings. The results highlight the fact that extreme
weather conditions not only cause a higher risk of fire
than normal weather, but also change the location of
high-risk areas in the country, which has major
importance for fire management in wildland-urban
interface areas.
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The main objective of this study is to describe and
evaluate the impact of changes in air temperature,
relative air humidity and precipitation totals on forest
fire spreading during the 24 h of fire duration.

The subject of this study was the fire behaviour of
forest fire that occurred in the locality of Koc,
situated in the Slovensky raj National Park, in 2007.
For modelling and simulation of fire behaviour the
FARSITE programme. The modelling results were
further used to create trend of fire site area growth
during the 24-hours period and to determine the
dependence between the evaluated factors and fire
site area in the STATISTICA 10 programme.

2. Methodology
2.1. Model forest fire

The modelled fire belongs to the most extensive
forest fires in Slovakia. It occurred in the National
Park Slovensky raj, in the locality of Ko¢ over
Stvrtocka pila, in the cadastre of Vernar village of
Vernar, in Poprad district. The forest fire damaged
forest area with extent c.a. 18 ha. This area was
represented by mixed forest stands, composed mostly
from fir, spruce, pine, beech tree species, 70 - 160
years old.

The fire was initiated on 22.7.2007 at 2.45 p.m. by
employees of the Vernar Municipality Administration
Office, who at that time cleaned the tourist footpath,
in the Predna Hola locality. The forest fire occurred
in a rugged mountain terrain at an altitude of 930
m.a.s.l. With the use of aerial attack and the pond
water transport system to the fire, the fire-fighting
activities were terminated after five days, i.e. on
29.7.2007 at 9.00 p.m. The most likely cause of the
forest fire was the lightning which affected a tree
crown on the top of the hill on 21.7.2007 at 2.45 p.m.
[15].

The fire site area consists of the following fuel
models: PM 25 - Herbs up to 15 cm, PM 29 - Grass

and herbs up to 30 cm dry SLT series D and PM 30 -
Grass and herbs up to 30 cm wet SLT series D.

The most represented fuel model on a fire affected
area was PM 30 - Grass and herbs up to 30 cm wet
SLT series D.

2.2. Experiment

In the FARSITE programme, input data relating to
air temperature (together with relative air humidity),
wind speed, precipitation totals were changed. The
impact of the individual parameters on the resulting
fire site area (ha) was analysed and evaluated. The
impact of the amount of precipitation at the
individual air temperatures on the ignition and
consequent spread of fire was also evaluated. The
proposed model conditions (air temperature,
precipitation totals, wind speed, relative air humidity)
entering modelling were such as introduced in Table
1.

In modelling the forest fire behaviour was studied
at different combinations of meteorological factors
values. The only independent variable was the air
temperature, i.e. the other meteorological factors
change was studied in dependency on specified air
temperature value (20 °C, 25 °C, 30 °C and 35°C).
The fire burning period was represented only by the
first 24 h period of fire duration. It was simulated
from 22.7.2007 from 2.45 p.m. until the next day,
23.7.2007 to 245 p.m. In modelling, the
precipitations occurrence period was set either from
5.00 a.m. until 7.00 a.m. or from 12.00 p.m. to 14.00
p.m. The following input data were required to work
with the program: terrain data, meteorological data
and the data on fuel volume, spatial distribution and
fire properties. The results of modelling in FARSITE
were used to determine the dependency between the
fire site area and individual meteorological factors at
a given time step from the fire ignition. This analysis
was processed in the STATISTICA 10 program.
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Table 1

FARSITE input weather and wind values at individual air temperatures

Considered meteorological and fuel factors

Considered air temperature values (°C)

Maximum temperature (°C) at 3.00 p.m. 20 25 30 35
Minimum temperature (°C) at 5.00 a.m. 5 12 15 20
Precipitations totals (mm/m%h) 0 0 0 0

Maximum air humidity (%) at 3.00 p.m. 65 60 55 50
Minimum air humidity (%) at 5.00 a.m. 55 50 45 40
Fuel moisture content of herbal fuel (%) 100 90 80 65
Fuel moisture of woody fuel (%) 75 75 75 70
Precipitations totals (mm/m?h) 3 3 3 3

Maximum air humidity (%) at 3.00 p.m. 70 65 60 55
Minimum air humidity (%) at 5.00 a.m. 60 55 50 45
Fuel moisture content of herbal fuel (%) 110 100 95 75
Fuel moisture of woody fuel (%) 90 90 85 80
Precipitations totals (mm/m?h) 8 8 8 8

Maximum air humidity (%) at 3.00 p.m. 80 75 70 65
Minimum air humidity (%) at 5.00 a.m. 70 65 60 55
Fuel moisture content of herbal fuel (%) 140 140 140 130
Fuel moisture of woody fuel (%) 100 100 95 90
Precipitations totals (mm/m?h) 40 40 40 40
Maximum air humidity (%) at 3.00 p.m. 95 90 85 80
Minimum air humidity (%) at 5.00 a.m. 85 80 75 70
Fuel moisture content of herbal fuel (%) 220 220 220 200
Fuel moisture of woody fuel (%) 130 130 125 120
Wind speed (km/h) 0 19 38 -

3. Results and discussion

3.1. Effect of increasing wind speed on forest fire
behaviour

In the analysis focusing the effect of the wind
speed changed on forest fire spreading, we focused
the correlation between the influence of wind speed
and fire site area (ha). The effect of wind speed on
fire site area growth was studied based on fire site
area data obtained from modelling in 1 h intervals. A
graphical representation of the course of the fire site
area growth in relation to the wind speed at air
temperature of 20 °C is shown in Figure 1.

From the course of the individual curves, shown in
Figure 1, we see a gradual increase of the fire site
area from the fire initiation at 2.45 p.m., until 7.45
p.m. In the upcoming hours, the size of the fire area
at windless (0 km/h) was growing very slowly, due to
the decreased fire intensity during the night. At 7.15
a.m., next day, after the sunrise, the fire intensity
increased, and the area of the fire site increased too.

At a wind speed of 19 km/h, the fire spread rate
increased again at 6.15 a.m., the second day of fire
duration. At a wind speed of 38 km/h, the fire site
area growth increased at 5.45 a.m. In the next hours,
until 2.45 p.m., i.e. the end of fire duration, the fire
site area continually grew up. The largest fire site
area was reached at wind speeds of 38 km/h (137.05
ha). At the wind speed of 19 km/h the fire site area
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after 24 h of fire duration was of 92.55 ha. The
smallest fire site area was at wind speed of 0 km/h
(59.37 ha).

It should also be noted that the area of the fire site
proportionally grew up with the increasing wind
speed. With increasing wind speed also the fire
intensity in the morning increased earlier.

The reason why the fire site area was growing up
slowly during the night was the lower air
temperature, increased relative air humidity and this
way also the moisture content of forest fuel available.

Gradual spread of fire occurred in the early morning
hours, when forest fuel began to lose moisture was
due to the increase of the air temperature and a
decrease in relative air humidity.

Based on this fire behaviour results, we can state
that the wind speed has a significant impact on the
development of the fire site area, especially during
the day.
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Fig. 1 Course of fire area development depending on wind speed

Using the statistical analyses, the correlation
coefficients between wind speed and fire site area
were calculated for all the wind speeds at given air
temperatures and for the time steps 2, 5, 17, 20, 24 h
from the fire initiation.

The results of the correlation analysis between the
wind speed and fire site area, at air temperature of
20 °C, are shown in Table 2.

Based on the results of the correlation coefficients,
which determine the tightness of the correlation, it is
obvious that it is a very close dependency between
the wind speed and the area of the fire site. Similar

results of the correlation analysis were also at air
temperatures of 25 °C, 30 °C and 35 °C.
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Table 2

Correlation matrix representing the dependency between the wind speed and fire site area

W'("kdmslﬁ;*d 0 19 38
0 0.995860 0.991038
19 0.995860 - 0.999012
38 0.991038 0.999012

3.2. Effect of the precipitations totals increase and
time of occurrence on forest fire behavior

When studying the effect of precipitations totals
on forest fire spreading, we focused on evaluating the
dependency between the precipitations totals and fire
site area (ha) of the model fire. We had also
considered the impact of the time of precipitations
occurrence, either from 5.00 a.m. to 7.00 a.m. or from
12.00 p.m. to 14.00 p.m., before the fire ignition, on
22.07.2007.

We studied the effect of precipitations totals on fire
site area growth during the first 24 h of fire duration.
In Figure 2, there is shown the course of fire site area
growth in dependency on precipitations totals
occurring from 5.00 am. to 7.00 am., at air
temperature of 20 °C.

N w H ul (2]
o o o o o
I I I I I

Fire site area (hectares)

[ERN
o
1

A

— — — — c—

0123

= — (0 mm

4 56 7 8 91011121314151617 18192021 222324
Fire time (h)

3 mm

Fig. 2 Course of the fire site area grow thin dependency on the precipitations occurring from 5.00 a.m. to 7.00 a.m.
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From the course, shown in Figure 2, is evident the
gradual increase in the fire site area at precipitations
totals of 0 mm/m?/h and 3 mm/m?h, in period from
the initiation of the fire (2.45 p.m.) up to 7.45 p.m.,
i.e. 5 h after fire initiation (for 0 mm/m?/h), and 6.15
p.m., i.e. more than 3 h after the fire initiation (for 3
mm/m?/h). In the next hours, the fire site area was
growing very slowly (only in m#h), until 7.15 a.m.
(for 0 mm/m?h), when the fire intensity grew up
again, and the fire site area was gradually increasing
again. At a precipitation totals of 3 mm/m?2/h, the fire
intensity grew up from 8.45 a.m., i.e. after 18 h from
fire initiation. An explanation of the reason, why the
area of the fire site was not spreading as intensively
as during the day has been already mentioned in
Section 3.1. Further, we can notice that the spread of
the fire did not occur immediately in the morning, but
in the afternoon. It was caused probably because we
modelled the fire at wind speed of 0 km/h.

The total area of fire site after the 24 h of burning
was of 59.37 ha at precipitations totals of 0 mm/m?h
and 18.17 ha at precipitations totals of 3 mm/m?/h.
The difference was of 41.20 ha.

In the study we focused also the precipitations
totals of 8 and 40 mm/m?h. Those precipitations
totals were too high to initiate the fire in the study
area and therefore it was not possible to model and to
get the data on fire site area from the FARSITE
programme. That is the reason, why we do not
introduce the results for those precipitations totals,
too.

A similar course of the fire site area growth in
dependency on changed precipitations totals value,
occurring from 12.00 p.m. to 2.00 p.m., at air
temperature of 20 °C, is shown in Figure 3.

Similar courses were also observed at air
temperatures of 25 °C, 30 °C and 35 °C.
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Fig. 3 Course of the fire site area growth in dependency on the precipitations occurring from 12.00 p.m. to 2.00 p.m.

In this case, it is necessary to note that larger area
of fire site occurred in the case of precipitations that
appeared in the time from 12.00 p.m. to 2.00 p.m.
The fire site area at precipitations totals of 0

mm/m?/h was the same as in previous case (59.37
ha), but it was of 22.27 ha at the precipitations totals
of 3 mm/m?/h.
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When considering the other air temperature
values, i.e. 25 °C, 30 °C and 35 °C, a larger fire site
area was observed in the case of precipitations that
occurred in the morning (from 5.00 a.m. to 7.00
a.m.).

According this fire behaviour results, we can
conclude that the precipitations totals and the time of
occurrence of precipitations has a significant impact
on the development of the fire and the resulting fire
area.

In the statistical analysis, the correlations were
calculated for both above-mentioned precipitations
totals occurring from 5.00 a.m. to 7.00 a.m. and from
12.00 p.m. to 2.00 p.m., at specified air temperatures
and fire site area at specified time steps (2, 4, 19, 22,
24 h from the fire ignition).

Table 3

Here, we present only the results of the correlation
analysis between precipitations totals and the fire
area at air temperature of 20 °C. Similar results of the
correlation analysis were also observed at air
temperatures of 25 °C, 30 °C and 35 °C.

In Table 3, there are shown the results of the
correlation analysis between precipitations totals
occurring from 5.00 a.m. to 7.00 a.m. and the fire site
area, at air temperature of 20 ° C.

Table 4 shows the results of the correlation
analysis between precipitations totals in the time
from 12.00 p.m. to 2.00 p.m. and a fire site area at
temperature of 20 ° C.

Correlation matrix introducing the correlation coefficients expressing the tightness of the dependency between precipitations totals occurring

from 5.00 a.m. to 7.00 a.m. and fire site area

Precipitations totals
(mm/m?/h)

0 3

0

0.993187

3

0.993187

Table 4

Correlation matrix introducing the correlation coefficients expressing the tightness of the dependency between precipitations totals occurring

from 12.00 p.m. to 2.00 p.m. and fire site area

Precipitations totals
(mm/m?/h)

0 3

0

- 0.993541

3

0.993541 -

Based on the results of the correlation analyses,
which determine the tightness of the correlation
between the precipitations totals and the fire site area,
it is obvious that it is a very close dependency.

4, Conclusions

The forest fire behaviour modelling results,
considering the change in the selected meteorological
factors, were used to study the effect and dependency
of change in meteorological situation on forest fire
behaviour. Based on the results obtained, we should
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confirm the following facts. With the increasing wind
speed also, the fire site area is increasing. This fact
was confirmed also by the correlation analyses
results. the area the fire site is increasing. The effect
of wind speed on the fire spreading is most evident
during the day. During the night the fire site area
grows slowly due to the low fire intensity. We can
also assume that the fire behaviour in the night is
probably also influenced by the moisture content of
the forest fuel, which is over the critical value of
moisture of extinction as stated e.g. Cohen [16].

Results of forest fire behaviour modelling under
the changed values of precipitations totals and the
different time of their occurrence showed the fact,
that a larger fire site area occurred in the case of
precipitations occurring before the fire initiation,
from 12.00 p.m. to 2.00 p.m. When considering the
precipitation totals of 8 and 40 mm mm/m?/h, the fire
was not initiated in FARSITE program due to the
high moisture content of forest fuel available in the
study area.

The effect of air temperature changed was not
very significant. The courses of fire site area growth
were very similar.

In the future, it will be necessary to study more the
effect of precipitations totals depending on the period
of their occurrence, but also in relation to the fuel
moisture content change.
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Assessing the adsorbents suitability for removing of solid surface
oil pollution
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Abstract

The article is dealing with the assessment of the effectiveness of selected adsorbents to remove oil pollution. The aim was In
the experiment was simulated leakage of diesel oil and engine oil on a solid surface. On the oil compounds were three kinds
of adsorbents (Cansorb, Josyp Plus and Experlit) applicate. Application of selected adsorbents determines the effect of
kinematic viscosity on the efficiency of adsorption. The influence of the origin of the adsorbent was also confirmed. It was the
most effective adsorbent of organic origin CANSORB applied at leakage of engine oil and even diesel. Adsorbent of natural
origin JOSYP PLUS with an efficiency of 55.86% not recommended for use to remove escaped diesel from a solid surface.

Key words: adsorbent; engine oil; diesel oil; solid surface; oil pollution
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1. Introduction

Oil products and crude oil are the basic raw
material for industrial purposes. Their impact on all
components of the environment is not negligible.
Contamination of the components of the environment
(air, soil or aquatic ecosystem) there is a leak from
the leakage of equipment, various accidents or
mishandling them. In relation to the ecosystem of
hydrocarbons characterized by the following risk
factors: negatively affect aquatic fauna and flora, in
contamination of the soil layer they affect the
vegetation, the air is contaminated by volatile
fractions, causing unpleasant odour effects, threaten
and devalue drinking water sources and causing fire
risks [1-2]. Already mentioned accidents have an
adverse impact to living organisms and ecosystems.
Question of emergency prevention has become was a
topical issue for the whole society, which for this
purpose creates adequate legislation [3].

Waste disposal causes potential danger to the
environment. It constitutes the basic expenditure of
excessive funds. Incineration of oils has a negative
effect on air cleanliness and thus also to ecosystems
and significantly negatively affects people’'s health.
Various components of mineral oils are considered
carcinogenic and that's why it is important to know
the destination and persistence of these substances in
nature [4]. Traffic accidents on roads are often
associated with leakage of fuel, operating fluids.
They pose adanger for contamination of soils and
groundwater. Therefore, it is necessary to prevent
their further escape and team to eliminate other
negative consequences for the environment.

Sorbents are special substances and materials,
which are capable of binding many liquid
contaminants, pollutants and thus reduce the negative
impact on the environment, e.g. oil products [5].
When disposing of the accident the most important
sorbent property is its sorption property. Assessment
sorption capacity should be considered, its
applicability to a solid surface or on water. From the
point of view of environmental protection, whether
the absorbed substances are not released mechanical
handling of the sorbent. Another important factor is

the volume, their dustiness, the rate of reaction with
the pollutant, easy of removal and as well as their
method of disposal [6].

Sorbents can be natural or synthetic. Natural
adsorbents are divided into organic materials such as
peat or wood based products; and inorganic
vermiculite or clay. The synthetic sorbents are made
of polypropylene, polyurethane.

Adsorbents are available in bulk form, such as
granules, powder, flakes and cubes, they are often
packed in bags, meshes or sacks. They are also
available in the form of tampons, rolls, pads.
Currently, modern sorption materials are used, which
are characterized by a high sorption capacity. By
origin are divided into sorption means for natural and
synthetic [7].

Absorption is mainly used for the isolation of
unsaturated hydrocarbons obtained by cracking, or to
separate the methane by absorption in the
hydrocarbon absorbent. There is a great deal on the
market. In the presented article we are dealing with
the experiment evaluation of the effectiveness of
selected types of absorbents.

2. Material and Methods

For adsorption process it is important to have an
adsorbent with the largest active surface, which is
created by the developed porous structure.
Adsorbents are used in the form of beads or granules
with dimensions from 0.1 mm to 6 mm, optionally in
the form of a powder.

Here are some of the best-known industrial
adsorbents. Most often are separated by adsorption
polar and nonpolar compounds. The most commonly
used the non-polar adsorbent is activated carbon, on
which nonpolar substances are captured the better,
the higher the mole weight. From polar adsorbents
are used natural or synthetic aluminosilicates,
alumina and others.

Frequently used adsorbents are molecular sieves
with characteristic dimensions of cavities and canals.
In addition to capturing multiple gaseous impurities
they allow them to separate from each other. In the
experimental part in laboratory conditions was
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simulated leakage of selected oil products on a solid
surface.

The used contaminants were: diesel oil and engine
oil.

Diesel fuel is a fuel for diesel engines. The
baseline data is shown in Table 1.

Table 1

Physical and chemical properties of Diesel fuel [8]

Physical and chemical properties

State Liquid
Colour Clear, colourless to yellowish
Odour Specific

Density (g.m%) 0.820 - 0.845 at 15°C

Kinematic viscosity 2-45mm2s?tat 20°C

Engine oil is specially designed for use in
combustion engines. The basic data are shown in
Table 2.

Table 2

Physical and chemical properties of Engine oil [9]

Physical and chemical properties

State Liquid
Colour Amber
Odour Weak

Density (g.m?) 0.840 at 15°C

Kinematic viscosity 69.9 mm2s?at 40°C

To remove oil pollution were used the sorbents:
CANSORB, EXPERLIT and JOSYP PLUS A. As a
solid surface were used concrete cubes with
dimensions 20 x 20 cm. Hard surface contamination
was performed under laboratory conditions. The
assay was evaluated gravimetrically.

A concrete cube was weighed. Concentration of
the contaminant on the solid surface was 1000 g of
contaminant per area of 1m? After the time has
passed from the surface took off the applied sorbent
and concrete cube was reweighed. From the
difference in weight was calculated contaminant
residue on a solid surface unabsorbed sorbent.

a—JOSYP PLUS b - CANSORB ¢ - EXPERLIT
Fig. 1 The contaminated solid surface after application of
sorbents

3. Results and discussions

In the solid surface contamination experiment
there were performed three repetitions of the
simulation of contamination of the concrete surface
motor oil and diesel (each separately). Before
contamination concrete cubes with petroleum
products all concrete cubes dared and their mass was
recorded. The solid surface of the concrete cube was
contaminated by concentration 14 grams of
contaminant to an area of 144 cm? (conversion to the
desktop from selected initial contamination of 1000
g.m?).

The sorbents JOSYP PLUS, CANSORB
A EXPERLIT were applied on the surface of the
concrete cube, each separately.

The sorbents were removed from the surface after
adsorbing oil products and contaminated concrete
cubes were again weighed. From the weight
difference  from  contamination and  after
contamination and after removing the sorbent from
the surface the remainder of the contaminant was
calculated not captured adsorbent. The amount of
adsorbents, which were applied to the site, was not
determined on the basis of its weight or volume, but
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its sufficiency was assessed visually. Sorbent created
the entire surface sites applications continuous layer.
The periods of action of the sorbent on the
contaminant the following were chosen: diesel fuel -
3 minutes and engine oil 10 minutes [10]. Adsorbents
used in experiments are commonly used substances
during the interventions by the Fire and Rescue
Service units, which also provided them with us.
From the results shown in Table 3, the highest
efficiency had sorbent CANSORB. This is a sorbent
of organic origin, which is made of fiber peat moss. It
is fully biodegradable with the ability to absorb
quickly and efficiently hydrocarbons and it is also
able to repel water. These properties make it ideal for
removing hydrocarbon contamination as a dry, also

on the water surface [11-12].
Table 3

Satisfactory results were obtained also with the
adsorbent Josyp plus, whereby the manufacturer
indicates the sorption capacity of the substance: 1
liter of the sorbent collected 0.46 liters of oil [13].

The lowest sorption efficiency was determined
after use of Expertlite, natural material produced by
expanding volcanic rock of perlite, of inorganic
origin [14].

Evaluation of solid surface decontamination of engine oil and diesel fuel

Engine oil Diesel fuel
Adsorbent Residue after Efficiency, % Residue after Efficiency, %
removal (g) removal (g)
JOSYP PLUS 2.77 80.21 418 70.14
CANSORB 2.04 85.43 3.75 73.21
EXPERLIT 3.63 74.,07 3.83 72.64

Based on the experimentally obtained results we
can say:
differences in sorption power between diesel fuel
and engine oil were caused by their different
density and viscosity (diesel fuel applied to a solid
surface occupied a larger area with less thickness
than engine oil),
engine oil is better adsorbed on all sorbents used
than diesel fuel,
from sorption preparations were the best results
used at CANSORB, it was confirmed for both
contaminants,
the highest efficiency, 80.2%, was, when the
JOSYP PLUS sorbent was used in the experiments
with engine oil,
sorptive efficiency of EXPERLIT was in both
experiments comparable (difference of 1.7%).

For the quality of the environment and human
health is not so much important content of hazardous
elements in soils, as their mobile and mobilizable
share. It can get into the water, it can receive plants
and then enter into the food chain. Natural
contamination is equally dangerous as a
contamination from the air pollution.

4. Conclusion

To address emerging crisis situations, such as
accidents, various environmental accidents are
deployed the units of the Fire and Rescue Service
who are involved in the removal of hazardous
substances. Oil products, due to anthropogenic
activities one of the most widespread substances,
affect the atmosphere, lithosphere, hydrosphere and
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biosphere. They are characterized by risk factors,
which adversely affect aquatic fauna and flora.
Contaminants of the soil layer affect the vegetation,
the air is contaminated by volatile fractions. They
cause unpleasant odor effects, threaten and degrade
drinking water sources and cause fire risks. Based on
our results more attention needs to be paid selection
of sorbents for the purpose of their use, e.g. in
relation to a particular dangerous substance.
Interventions by the Fire and Rescue Service in case
of extraordinary events to mitigate environmental
pollution hazardous materials, substances, which
include oil products. The use of sorbents solves
surface contamination. Because that the present
brings with it many repeated interventions, especially
during accidents, leakage of petroleum substances
occurs into the environment. This results to the
cumulation of dangerous substances in the
environment. Hydrocarbons have negative effects on
the flora and fauna in the water, cause changes in
microbial biodiversity in the soil. Through the food
chain may also adversely affect human health and so
it's the issue it required in the future sufficient
attention.
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Impact of foaming agents on vegetation
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Abstract

In the article, we have reported about experimental monitoring of the effects of foaming agents on plant organisms. Three
kinds of foaming concentrates (protein, synthetic and AFFF) were used for low-expansion foam production. Prepared low-
expansion foam was applicate on grass samples. Visual changes in grass samples and changes that have led to grass samples
drying have been observed. The seasonal effects of meteorological factors were also observed in the experiment. We
determined massive differences between foam stability of AFFF foam in the summer and winter time (foam was compact in
December 20 times longer than in August). Also the impact of AFFF foam on the grass samples was influenced by the
surrounding temperature conditions (extinction of grass after 2 days in summertime and 6 days in wintertime).

Key words: aqueos film forming foaming agent; protein foaming agent, synthetic foaming agent, low-expansion foam, grass
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1. Introduction

The using of new materials, such as plastics,
composites, carbohydrate fuels and other oil products
necessitates the use of other extinguishing media in
the case of fire. The history of foam is known from
the end of 19" century. From that time on the
methods of foam preparing and producing and, of
course, also the composition of foaming agents has
been improved. Nowadays the surface active
compounds — tensides present the main foam forming
substance, which are widely used in households and
in industry.

Surfactants are diverse group of compounds built
of polar, water soluble, and nonpolar, carbohydrate
chain, part. Residual surfactants are after use
discharged into sewage or directly into water and
contaminate various components of environment
(water, sediments, soil). [1]

Tensides are made of natural and petrochemical
raw materials.

Surfactants are compounds with significant
biological activity. Anion surfactants may bind to
bioactive macromolecules, such as peptides, enzymes
and DNA. Binding to proteins and peptides may alter
polypeptide chain and surface molecule charge. This
causes the change of biological function. Cation
surfactants attack cytoplasmatic membrane of
bacteria. Non-ionic surfactants exhibit antimicrobial
activity by binding to various proteins and
phospholipid membranes. This binding increases the
permeability of the membranes and the vesicles
resulting in the leakage of low molecular mass
compounds. The result is cell death or damage
through ion or amino acid loss. Concerns about
surfactants ecotoxicity stem from their enormous use
in everyday life. A large part of these compounds is
degraded in sewage treatment plants, but a certain
amount ends in surface water, soil or sediment. There
is also concern about the accumulation of surfactants
when cleaning waste sludge [1, 2]

It seems that surfactants, even at low
concentrations, may significantly alter the physical
and chemical properties of the soil environment and
have a significant impact on soil biological agents.

Surfactants primarily affect roots, with a relatively
low inhibition of wheat shoots. The use of water
contaminated with detergent for cultivation reduces
photosynthetic rate and chlorophyll content in plants.
Continuous deposition of anionic surfactant on soil
enhanced acid and alkaline phosphatase activity and
allyl sulfatase activity, while soil dehydrogenase
activity increased with continuous LAS exposure. [3,
4]

The chronic and sub-lethal toxicity of anionic and
non-ionic surfactants for aquatic animals occurs at
concentrations typically higher than 0.1 mg/L.
Unfavorable biological effects on aquatic organisms
occur especially when surfactants occur at relatively
high concentrations. The effects of surfactant
exposure can be clearly displayed in various organs
such as the glands, the liver, the kidney and the
spleen. Exposure to a high concentration of
surfactants leads to epithelial balls breaking, causing
subsequent asphyxiation or nebulous failure, while
exposure to sub-lethal concentrations of surfactants
causes epithelial radiation hyperplasia, oxidative
stress and mucus membrane damage that predispose
to microbial attack. [3, 5]

The objective of this paper is to observe impact of
various kinds of fire-fighting foams on the
environment. We will observe changes of grass
samples after application of protein, synthetic and
AFFF low-expansion foam.

2. Material and methods

As a sample of the plant material was used Grass
Forestina grass, which is excellent for growing new
lawns or for trimming bare spots. It is a universal mix
that is tailored to our climatic conditions.

Three types of foaming agents were used to
observe the effects on plant organisms: Schaumgeist
protein foam agent, Fomtec synthetic aqueous film
forming foam agent and synthetic foam agent
Sthamex.

Schaumgeist is a protein-based high-foaming
agent based on natural renewable protein carriers,
foam stabilizers and anti-freeze mixtures. It is used to
produce low-expansion foam. According to the
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manufacturer, it is physiologically harmless and
biodegradable [6, 7], but it can cause damage to
aquatic fauna when leaking into surface water, it can
damage activated sludge (bacteria) and foam
formation at the sewage treatment plants. When
released into the soil, the mixture is mobile and can
cause groundwater pollution.

Fomtec AFFF is an aqueous film-forming foam
concentrate  consisting of  fluorocarbon and
hydrocarbon surfactants mixed with various solvents,
preservatives and stabilizers. It is very important that
a large amount of concentrated product does not
accumulate in the sewage system and near water
courses [7]. The foam agent is intended for use in the
firefighting of Class B fires — hydrocarbon fuels such
as oil, diesel and aviation fuels. It can be used with
suction or exhaust discharge lamps. Fomtec AFFF is
formulated using raw materials specifically selected
for their fire performance and their environmental
profile. It is biodegradable. The foam agent does not
contain PFOS or PFOA. [8]

Sthamex foam agent is included among synthetic
agents made as a viscous liquid based on 2-
butoxyethanol, hydrocarbon surfactants and synthetic
AFFF surfactants. The mixture is not classified as
dangerous for the environment but contains hardly
bio-degradable fluorinated surfactants. If leaked into
water, it can cause damage to aquatic fauna, it can
damage activated sludge in sewage treatment plants.
[9]

By mixing of water and foam agent the 3 %
foaming solution was formed. Subsequently, low-
expansion foam was produced using a Foambox. By
connecting the low-expansion foam nozzle to the
Foambox it was possible to apply foam on the grass
samples.

Foambox is a Sthamer device. The device is
designed to test foaming agents. The pack contains

two wells one for low-expansion foam and the other
for medium-expansion foam, a foaming solution
container, a compressor, a power supply, a pump,
connecting hoses. The pump pressure is manually
adjustable via the pump bypass valve. [39]

Two seasons were selected for the experiment to
observe changes of grass samples after foam
application due weather conditions.

The first part of experiment began in June, when
grass was planted in 40x30 cm plastic crates. The
first foam was applied after two months, in August at
an air temperature of 37 °C. Protein (Schaumgeist)
and synthetic (Fomtec) foam agents were used

The second part of the experiment began in
October, when grass was planted in 40x30 cm plastic
crates. The foam was applied after two months, in
December at an air temperature of 3 °C. In this part
were used only synthetic foam agents.

The aqueous film forming foam agent Fomtec was
used in both of experiment variants to observe the
effect of ambient conditions on the effect of foam on
plant samples.

3. Results and discussion

The aim of the tests was to determine the impact
of selected foaming agents on the environment (plant
organism). Solutions of the same concentration were
used for the preparation of foams, and grass samples
were covered with the prepared low-expansion foam.
The tests were realized in August and in December,
what allows us to consider impact of weather on the
foam stability and on the foam influence.
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Table 1

The comparison of changes of grass samples after application of protein and synthetic foam in August.

. Fomtec Schaumgeist
The visible change
20 min 2 hours 20 min 2 hours
Foam degradation - + + +
Yellow color of
+ + - -
grass
Dry up of grass + + - +

Changes on the
soil bottom

Straw degradation -

“+” with change
“-* without change

Table 1 shows the results of observations during
the summer period. The foaming concetrate forming
water film (Fomtec) and protein foaming agent
(Schaumgeist) were used. Differences can be seen
with the stability of the applied foam when the
Schaumgeist foam has been degraded after 20
minutes after application. Degradation of Fomtec
foam appears after 2 hours.

Changes of grass samples were observed
visually. The first changes (yellow color of grass)
appeared when the Fomtec foam influenced 20 min.
Schaumgeist foam did not have this effect. We can
assume that it was the action of tensides, as they are
the main component of Fomtec foaming agent.
Grass samples were dried 2 days after application of
both kinds of foam.

In the second experimental part in December we
compared two synthetic foaming agents — Sthamex
and aqueous film forming foam Fomtec. We can see
in the table 2 that the stability of foam was better
and time of foam degradation was larger than in
August.

Comparison of Sthamex and Fomtec shows more
stability for aqueous film forming foam, the time of
foam degradation was longer of Fomtec foam than
Sthamex foam, where the foam was degradeted
after 7 hours after application.

Visible changes of grass samples (yellowing of
grass blades) could we see earlier after application
of Fomtec foam. Sthamex foam caused only little
color differences. Grass samples were dried after 6
days (Fomtec) respective 8 days (Sthamex) after
foam application.
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Table 2

The comparison of changes of grass samples after application of synthetic foam in December.

- Fomtec Sthamex
The visible change
7 hours 9 hours 7 hours 9 hours
Foam degradation - + + +
Yellow color of grass + + + +
Dry up of grass - + - +

Changes on the soil bottom -
Straw degradation -

“+” with change
“-“ without change

Based on the comparation of results of AFFF
Fomtec we can say that the surroundings temperature
(temperature of the atmosphere) influences behavior
and impact of foam on the vegetation. We can see in
the tables 1 and 2 massive differences between foam
stability in August (foam degradation 20 min) and in
December (foam degradation 7 hours). We can
assume that the weather could affect the changes of
grass samples. At 37 °C the samples were dried faster
and the degradation of the foam appeared faster.

Based on the results in Tables 1 and 2, it can be
argued that surfactant-containing foaming agents,
especially AFFF, significantly negatively affect the
environment. According to Montagnolli [10]
research, the presence of AFFF in the soil causes a
decline in plant growth, when seed germination of
lettuce and rucola were observed and seeds exposed
to AFFF did not germinate even after 240 days. A
high risk of surfactants is highlighted by research in
Australia and Finland, where fluorinated tenzides
have been determined in blood and urine of
firefighter, which used to use fire extinguishing
foams for training or fire suppression. [11, 12]

4. Conclusions

In the article, we have reported about experimental
monitoring of the effects of foaming agents on plant
organisms. Visual changes in grass samples and
changes that have led to grass samples drying have
been observed. The seasonal effects of

meteorological factors (extinction of grass after 2
days in summertime and 6 days in wintertime) were
also observed in the experiment.

There is impossible to get away tenzides from our
life because of their widely using in household,
industry and last but not least for fire suppression.
Taxing the advantageous effects of surfactants and
adversely impacting on the environment, we can
ensure as little damage as possible to water, soil and
living organisms.

Acknowledgements

This work was supported by the Slovak Scientific
Grant Agency VEGA under contract No. VEGA
1/0806/17 (50%) and by the Slovak Research and
Development Agency under the contract No. APVV-
14-0468 “Development of an auxiliary device and its
technological employment to increase the efficiency
of extinguishing forest fires* (50%).

References

[1] T. Ivankovic, J. Hrenovic. Ssurfactants in the environment.
University of Zagreb Faculty of Science. Arh Hig Rada
Toksikol 2010;61:95-110. DOI: 10.2478/10004-1254-61-
2010-1943

[2] H. Hybska, D. SameSova. Ecotoxicology. Zvolen. Technical
University in Zvolen, 2015. - 164 p. ISBN 978-80-228-2750-8

[3] S. Rebello,A. K. Asok, S. Mundayoor, M. S. Jisha.
Surfactants: toxicity, remediation and green surfactants.
Environ Chem Lett (2014) 12: 275.

0 R O N



_Earth -

inaTrap?/ 5
0
1
8
Earth in a Trap? 2018 263
Analytical Methods in Fire and Environmental Science
[4] H. Hybska, D. SameSov4, H. Ollerova. Impact of organic and plant growth during natural attenuation of perfluorinated
pollutants on the environment. Zvolen : Technical University compounds. ISSN: 1382-6689. Environmental Toxicology
in Zvolen, 2015. - 186 s. and Pharmacology 50 (2017) 119-127.
[5] D. SameSova, H. Hybskd. Water technology. Technical [11] A. Rotander, L.-M. L. Toms, L. Aylward, M. Kay, J. F.
University in Zvolen, 2015. - 170 p. ISBN 978-80-228-2816-1 Mueller. Elevated levels of PFOS and PFHXS in firefighters
[6] SCHAUMGEIST: Technical sheet exposed to aqueous film forming foam, Environment
[71 FOMTEC AFFF 3%: Technical sheet International 82 (2015) 28-34. ISSN 0160-4120.
[8] STHAMEX AFFF 1%: Technical sheet [12] J. A. Laitinen, J. Koponen, J. Koikkalainen, H. Kiviranta.
[9] FoamBox: FoamGenerators/PicoFoamGenSTHAMER- Firefighters exposure to perfluoroalkyl acids and 2-
/TM1000peratingInstructionsFoamboxenglish.pdf butoxyethanol present in firefighting foams. Toxicology
[10] R. N. Montagnolli, P. R. Matos Lopes, J. Matos Cruz, E. M. Letters 231 (2014) 227-232. ISSN 0378-4274.

Turini Claro, G. M. Quiterio, E. D. Bidoia. The effects of
fluoride based fire-fighting foams on soil microbiota activity



_Earth -

in-a Trap?-

264 Earth in a Trap? 2018
Analytical Methods in Fire and Environmental Science

Research of fabric air permeability for miner’s overalls

Oksana A. Vigelina® — Irina V. Andreeva? — Andrei Nikulin® —

Lyudmila V. Stepanova® — Anni Yu. Nikulina®

aSt. Petersburg State University of Industrial Technologies and Design, 18, Bolshaya Morskaya Str., St. Petersburg 191186, Russian
Federation

bSaint-Petersburg Mining University, Saint Petersburg, Russian Federation

Abstract

The article describes an algorithm of fabric contamination with coal dust and presents the results of the experimental surveys
of the air permeability of two types of fabrics used to make special clothes for mine workers depending on the degree of
clothes contamination. The peculiarities of coal dust particle distribution in material fibres have been identified and the impact
of contamination on fabric physical and hygiene properties has been evaluated.

Keywords: human ressources; safety; Arctic; corporate social responsability; PPE; coal dust; fabric air permeability; fabric; OHSAS; labor.

=



_Earth -
in-a Trap?;

0 kBl N

Earth in a Trap? 2018 265
Analytical Methods in Fire and Environmental Science

1. Introduction

The miners' arduous working conditions in the
Acrctic severe climate require from mining companies
to care for and attend to the needs of their human
resources to retain workforce. The corporate social
responsibility programmes of the companies with
operations in the North aim at reducing industrial
injuries and occupational disease rates. This is driven
by research focused on the enhancement of the
protective  properties of personal protective
equipment and special working clothes.

The main properties of fabrics used to make
special clothes include physical and hygiene
properties, which ensure normal thermal regulation
within the workers' bodies in the course of work.
With optimal values of these properties, workers feel
comfort which is possible when a specific ratio of
heat generation and heat loss is maintained in the
human body [1]. Apart from providing thermal
comfort, the hygiene property of clothing materials is
related to the need to eliminate the waste products of
the human body from under the clothes [2].
Metabolic products are excreted through the
respiratory tract and from the skin surface to the
environment as gas and drops of liquid [3]. These
products may have adverse and even toxic effects on
the human body which may result in a change in
fabric properties and irritation of skin [18-19].

Hygiene requirements increase for the materials
used in special clothes worn at coal mines due to
confined space and performance of high-energy work
[4, 16]. One of the ways of heat loss during intensive
physical exercise is convection. Therefore fabric air
permeability is one of the most important properties
to be taken into account when making special clothes
for coal miners. Apart from physical and hygiene
properties, special clothes must have protective
functions and protect employees against industrial
contamination and especially coal dust [17]. It means
that additionally to a high air permeability level,
fabrics must have low dust permeability.

The most comprehensive research of fabric air
permeability is presented in the works by N.A.
Arkhangelskiy who introduced as one of property
characteristics an air permeability factor with a

specific given pressure differential and a technical air
permeability factor with a pressure differential of 1
mm WG and developed a classification for textiles
based on their air permeability including a wide list
of materials from the most permeable (gauze or net)
to the densest ones (thick cloth or woollen cloth).
N.A.  Arkhangelskiy studied how structure
characteristics, in particular through porosity,
impacted the air permeability of thin cotton fabrics
with a plain or twill weave [5].

Later, research focused on the influence of various
factors on fabric air permeability: the study of fabric
density on air permeability, the nature of fibre
distribution in a material, type of fabric weave, fibre
geometry, temperature influence, and degree of fabric
wear [6-11]. However, a change in the air
permeability of fabric contaminated with coal dust is
still understudied. The air permeability of fabrics is
measured in standard conditions which are
significantly different from real operation conditions
which may lead to results that do not correlate to
these properties in real conditions.

An experiment has been conducted to study this
subject with the aim to assess changes in the air
permeability of the fabrics used in special clothes
worn by coal miners depending on the degree of their
contamination with coal dust.

2. Method

The experiment was conducted with the following
objectives:

e Sample and contaminate fabrics with coal dust of
various density;

o Determine air permeability of each sample; and
Identify a correlation between fabric air
permeability and the degree of fabric
contamination with coal dust.

Two fabrics were sampled for the study: Gorizont

T40 and FAS(Table 1):
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Table 1
Characteristics of Gorizont T40 and FAS

Gorizont T40

Characteristics . FAS fabric
fabric
Surgace density, 370 390
g/m
. . 75% cotton and
0,
Fibre composition 250 polyester 100% cotton
Particles Y, Y,

confinement class

Gorizont T40 is the main fabric used to make
miner's overalls pursuant to GOST 12.4.110-82,
Miner's Overalls for Protection against Mechanical
Impacts and Overall Industrial Contamination. It
meets the requirements of the Technical Rules of
Procedure of the Customs Union on the Safety of
Personal Protective Equipment [12-13].

FAS is one of the most popular fabrics used to
make special clothes in European countries, including
special clothes for the mining industry. The fabric is
certified in Russia as per GOST 11209-2014, Fabrics
for  Protective Clothing. Technical General
Requirements. Methods for Testing [14].

Preparation for tests:

o A total of five FAS samples and six Gorizont T40
samples were collected in accordance with GOST
20566-75, Fabrics and Textile Items. Rules for
Acceptance and Sampling Method.

e The fabric samples were contaminated with coal
dust as follows: A required quantity of white paper
sheets sized to match a tested fabric sample was
prepared. Then, each sample was weighed using
laboratory scales accurate to 0.01 g, a required
amount of coal dust with particles sized 0 to 80
pm was weighed using laboratory scale (+0.05 to
0.08 g taking into account loss during
contamination and depending on a fabric sample
size) and distributed evenly across the white sheet
of paper. A prepared fabric sample was put with
its face down onto the sheet of paper with coal
dust and turned with the sheet over using a glass
cylinder with a weight of 300 g. The sheet of
paper was then rolled for ten cycles and the fabric
sample was then overturned, separated from the
paper and weighed. If required contamination

density was achieved, measurements were started.

Otherwise, the contamination procedure was

repeated.

o A total of five fabric samples were prepared with
contamination density of 10, 20, 30, 40, and 50
g/m2.

Air permeability was tested in the testing
laboratory of Univers-Test of the St. Petersburg State
University of Industrial Technologies and Design
based on GOST 12088-77, Textile Materials and
Articles of Them. Method of Determination of Air
Permeability [15] using FF-12 (Fig. 1)

Fig. 1. FF-12 used to measure air permeability

The main process flow chart for the device is
shown in Fig. 2.
6 7 8 4

Fig. 2. Device components: 1 — electrical fan, 2 — needle valve, 3 —
connecting tubes, 4 — variable area flowmeter handles, 5 — variable
area flowmeter floats, 6, 7, 8, and 9 — variable area flowmeters, 10
— replaceable table, 11 — fabric used, 12 — counter ring, 13 —
micropressure gage, 14 — vessel with distilled water [15].
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Replaceable table 10 with an area of 10 cm? was
used for testing. The testing involved depression
under the spot sample of 49 Pa. A variable area
flowmeter was selected based on fabric air
permeability. Number of tests: 10.

y=-0,1921x + 65,653 Gorizont T40 fabric
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Fig. 3. Correlation between a thermal conductivity factor and
degree of contamination with coal dust
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Fig. 4. Correlation between the air permeability of FAS fabric
and degree of contamination with coal dust

A test result was a mean air permeability value
from all measurements per spot sample.

Mean air permeability values for fabric Q in
dm®m? from each spot sample are calculated using
formula 1.

100V

Q= @)

36%S

where,

V is the arithmetic mean of an air flow from all
spot sample measurements (variable area flowmeter
readings), dm*/hour;

S is a tested area, cm?.
The result was calculated accurate to 0.1 dm®/m?s.
The results were used to build a correlation
between fabric air permeability and contamination
density. Relevant data is shown in Fig. 3 and 4.
Figures 5 and 6 show pictures of each fabric
sample with various contamination density made
using MBS-9 microscope.

a) b) c)

d) e)

Fig. 5. Pictures of FAS fabric with various contamination
density under the microscope: a) clean fabric b) 10 g/m? c) 20
g/m2d) 30 g/m? e) 40 g/m?

d) e) f)

Fig. 6. Pictures of Gorisont T40 fabric with various contamination
density under the microscope: a) clean fabric b) 10 g/m? c¢) 20 g/m?
d) 30 g/m? e) 40 g/m? f) 50 g/m?
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4. Discussion

The results obtained certify that air permeability
decreases when fabric samples are contaminated with
coal dust (Fig. 3 and 4) since air permeability
indicators, i.e. the number of pores in the structure
and their size, are affected by material porosity. With
minor contamination, pore size decreases, while more
significant contamination reduces their number
(Table 2).

Moreover, when air passes through fabric pores, a
portion of energy is consumed for air friction against
fabrics and it decreases with minor fabric
contamination with coal dust, which makes fibres
more oiled. Larger contamination density increases
fabric resistance to airflow and therefore impairs
fabric air permeability.

Therefore, contamination of miner's overalls with
coal dust slows down heat loss by workers and
prevents normal evaporation of moisture from the
skin surface which affects thermal comfort and leads
to full or partial abandonment of miner's overalls in
the work process.

5. Conclusions

1. Miners employed by the companies with
operations in the Arctic work and live in severe
environmental conditions and their employers
must be very sensitive to their needs. One of the
essential areas for corporate social responsibility is
provision of safe and comfortable working
conditions.

2. Contamination of miner's overalls with coal dust
results in a reduced heat flow from the human
body to the environment which may affect the
worker's thermal comfort. It is especially relevant
during high-energy works.

3. When choosing fabrics to make special clothes,
including miner's overalls, clothes contamination
during use must be taken into account.

4. The test has revealed that the air permeability of
Gorizont T40 fabric changes depending on the
degree of contamination from 70 dm¥m? s to
50 dm®¥/m? s (a 25% reduction), while respective

figures for FAS fabric are 16 dm¥m? s to
14 dm®/m? s (a 15% reduction). It means that the
air permeability of Gorizont T40 is larger but its
reduction is more expressed as compared to that
for FAS fabric.
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Abstract

Agroforestry systems can increase resource efficiency, enhance productivity, and improve the overall resilience of agro-
ecosystems. Agroforestry has a long tradition, however their widespread use has been interrupted by introduction of industrial
agriculture and in some countries by political changes connected with collectivization and land consolidation. As reflection to
unsustainable use of land by post-communist co-operations/enterprises, agroforestry has become a rediscovered practice of
mainly family farmers in the countries of Central Europe in the last years. Traditional agroforestry systems in this region
represent traditional land use systems with a high environmental and cultural value. This region also has a high potential for
establishment of modern agroforestry systems which could be a great source of inspiration to learn about interactions,
symbioses, biodiversity and agroforestry strategies and practices in such multifunctional systems under adaptation to climate
change. The paper gives a general overlook of the role of agroforestry in Hungary, Slovak Republic, Czech Republic and
Poland with special regard on the following issues:

— the main reasons that make it necessary to investigate the potential of modern agroforestry practices and

technologies to alleviate/mitigate the environmental problems in the Central European region

—  the new initiatives with the aim of preserving traditional and establishing modern agroforestry systems

— main drivers and barriers regarding the adaptability and legalisation of agroforestry systems

— the potential of agroforestry practices in sustainable land management.

Keywords: agroforestry; sustainable land use; efficiency, productivity
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1. Introduction

Agroforestry (AF) is the land use practice of
integrating woody vegetation with crops and/or
livestock systems to optimise the benefits from their
ecological and economic interactions. As multi-
purpose mixed and integrated system, agroforestry
has thousand of types with different combination of
woody, herbaceous and animal components, adapted
to local conditions. Furthermore, AF practices may
vary both by spatial and temporal point of view.
(Mosquera-Losada et al., 2016)

A recent study from EU-JRC compared the
ecological benefits of eighteen of the EFA elements!
and found agroforestry highest in almost all countries
surveyed. (Tzilivakis et al., 2015). In the
Ricardo/IEEP study published recently (Martineau et
al. 2016), in total 22 mitigation actions were assessed
in a meta-review of mainstreaming climate action in
the Common Agricultural Policy (CAP) and
concluded that agroforestry is among the mitigation
actions having the greatest potential. Also new results
of project SOLMACC? (Guttinger, 2016) proves that
it is possible to reduce GHG emission from
agriculture practices such as agroforestry, improved
on farm nutrient recycling, or improved crop rotation
and among all agroforestry had the highest record in
greenhouse gas saving. The FP5® Silvoarable
Agroforestry for Europe (SAFE) research project
(2001-2005) used field experiments and modelling to
show that agroforestry could increase land resource
use efficiency by up to 40%, relative to “standard”
monoculture arable or monoculture woodland
systems (Dupraz et al., 2005).

1 An Ecological Focus Area (EFA) is an area of land upon which
agricultural practices that are beneficial for the climate and the
environment are carried out by using six EFA options on their own
or in combination: fallow land, buffer strips, field margins, catch
crops, green cover, nitrogen-fixing crops

2 SOLMACC (Strategies for organic and low-input farming to
mitigate and adapt to climate change) is a LIFE-co-funded project
that runs from 2013 to 2018. Web: http://solmacc.eu/

% Fifth Framework Programme (set out the priorities for the
European Union's research, technological development and
demonstration activities for the period 1998-2002)

The introduction of agroforestry practices can
greatly contribute to increase the sustainability of
farming and diversifying production (e.g. fruits,
woody biomass, fibres) making farms more resilient
to market changes and more profitable. All these
aspects are key to recognize the important role that
AF has to play as a technique for mitigation and
adaptation of rural areas to climate change. To reach
the goals of maintaining and protecting national
resource services may be possible through
agroforestry programmes carried out in cooperation
with rural populations. (Szedlak, 1993).

2. State of Agroforestry in Central Europe

Agroforestry has been practiced from the
beginning of agriculture in the whole of Europe.
Despite of its presence as a traditional land use
practice in the Central region of Europe as well, it has
been regressed and disappeared from large areas of
the countryside during the last decades. This is
mainly due to the mechanization and intensification
of agriculture in the second half of the 20th century
as a result of which majority of tree components,
such as protective green belts and hedges from
agricultural land had been removed, leading to
gradual disappearance of agroforestry from the
landscape of the Central European post-communist
countries.

Today, there is limited information available on
the extent of agroforestry in the Central region,
especially as regards the modern practices. At the
same time recent studies (Hartel and Plieninger,
2014; den Herder et al, 2016) implies that
agroforestry — both in traditional and modern form —
might be present to a notable extent in the landscape
of this region.(Table 1)

The remnants of traditional agricultural systems
can be seen in the landscape of all the examined
countries. Silvopastoral systems exists in whole of
Central Europe but varies by countries. In the Czech
Republic the extensive fruit orchards grazed by sheep
, cattle, or deer are among the most widespread
practice used in areas less favourable for intensive
agricultural activity (e.g. mountains — regions of
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White Carpathians and Bohemian Forest). (Zelba et
al. 2015) Large part of mountain areas in Polish
Carpathians and to some extent on lower areas is
covered by traditional varieties of fruit trees, growing
individually or in clumps on mid-field bulks or as
orchards nearby households, here often grazed by
cattle or sheep. Recently, there is a growing interest
in planting traditional varieties of fruit trees across
Poland (e.g. by projects of AgriNatura Foundation)
and new silvopastoral orchards started to appear as
well. Herzog (1998) defines it as fruit trees dispersed
on cropland, meadows and pastures in a rather
irregular pattern. Woodpastures including also forest
tree species and wild fruit trees are important
landscape elements in all four countries.
(Zajaczkowski 2005; Varga-Boloni, 2009; Vityi —
Varga 2014; Bobiec and Koziarz 2017; Jankovi¢ —
Caboun, 2017) These semi-natural ecosystems are
usually grazed or mown while trees have several role:
provide shade, wind protection, fodder and fruit
while at the same time offering habitat to a great
variety of insects and birds e.g. hermit beetles,
bumblebees, little owls and hoopoes. By shade and
wind protection, trees reduce heat stress of animals
and subsequently reduce food requirements, improve
numbers of calves and intervals between calves
(Quam et al. 1994). Providing additional leaf foliage
or fruit deliver plenty of valuable nutrients and
substances increasing resistance, they are also
important in times of drought (Smith et al. 20123, b).
High-quality meat products (beef, lamb) can be
produced here. Therefore, these systems have high
economic, environmental and cultural value and
serve as in situ conservation of traditional
germplasm.

As regards traditional silvoarable systems, Central
European countries are characterized again by a high
degree of variation. In the Czech Republic and
Poland the intercropped fruit orchards present in the
landscape but to a lower extent. Mainly organic
farmers are interested in re-implementation of this
practice. This kind of practice — in a smaller scale - is
also used in household gardens or kitchen gardens
recently be considered as agroforestry systems. This
is commonly used in the Czech, Hungarian, Polish
and Slovak rural areas where mixed fruit and

vegetable gardens with grazing animals are part of
traditional households. Apart from these typical
agroforestry systems, scattered trees and small
woodlots on farmlands are found commonly in many
areas. The fragmented structure of farms and diverse
topography favour the presence of small groups of
trees on agricultural land, especially in the central
and eastern parts of Poland or the hilly areas of
Hungary. (Borek, 2015; Vityi et al. 2017)

The use of hedges and live fences along the field
borders, streams and slope contours has also a long
tradition in the Czech Republic and similarly
windbreaks in agricultural lands, buffers along
watercourses and lakes as well as along linear
infrastructures (roads, channels etc.) in Czech
Republic, Hungary, Poland and Slovakia. (Vityi et al.
2015; Frank - Vityi 2016, Kedziora 2015;
Zajaczkowski 2005) Unfortunately, the era of
collectivization led to their drastic reduction,
however remnants can still be found. The importance
of these systems for biodiversity conservation (so
called ecologic networks or green infrastructure),
environmental protection and climate adaptation is
now recognized (Ryszkowski 2001) and therefore
new establishment or conservation of these landscape
elements is supported from various programs at
different levels (e.g. RDPs* , greening subsidies or
local grants) depending on the country.

Other agroforestry systems such as intercropping
of forest trees and forest farming/gardening can also
be found in the landscape of the region but with
lower extension. Intercropping of forest trees
involves interplanting trees in forest during first years
after establishment. It was practiced in various forms
until the 19" century and even promoted by foresters
e.g. in Southern Moravia and Hungary. Currently the
system is practiced only in small part of floodplain
forest in the Czech Republic and in few sites in
Hungary where crop cultivation helps weed reduction
and protection of seedlings against extreme weather
and wild animals. (Vityi et al. 2016)

We can find also a few examples of forest
farming/gardening in each countries, however,

4 National Rural Development Programs
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usually as hobby farming or experimental plots based
on classification of land and ownership (on forest
land is illegal to let graze livestock in Poland and
Czech Republic). Nevertheless breeding of game
animals in fenced areas mainly on forest land for
improvement of trophies for hunting has a long

273

tradition (Barto$ et al, 2010). The collection of wild
fruits, mushrooms and medicinal plants is widespread
in Czech, Hungarian and Polish forests; however, it is
not managed as agroforestry and therefore is not
considered as AF in this region.

Table 1
Estimation of the extent of AF systems in the examined CE-countries (based on den Herder et al. 2016.)
Estimated
T_otal_ U_tlllsed High value Livestock Arable All proportion Estlmat_ed
Country | territorial Agricultural tree aaroforestr agro- aaroforestr of total proportion
area area (UAAS) agroforestry g y forestry 9 y territorial of UAA
area
1000 ha 1000 ha 1000 ha 1000 ha 1000 ha 1000 ha % %
cz 7887 3484 7.2 458 0.0 45.8 0.6 13
HU 9302 4686 20 36.1 20 38.1 0.4 0.8
PL 31268 14447 14.3 97.5 29 100.4 0.3 0.7
SK 4904 1896 2.0 41.9 2.0 43.9 0.9 2.3

> Source: Eurostat online data sources: Farm structure statistics (2010)



_Earth -
in-a Trap?-

21 Earth in a Trap? 2018
Analytical Methods in Fire and Environmental Science

Currently, no data are available about extension of
modern agroforestry systems, as these are rather rare
and non-formal. Among systems recognized as
modern agroforestry alley cropping for quality timber
production (e.g. wild cherry, walnut) and wood
biomass (e.g. poplar) exists in the countries of the
Central region. During the last years a growing
potential and interest appeared in establishment of
timber production agroforestry systems as well as in
short rotation coppice systems (SRC) based on fast-
growing species of willows and poplars (as well as
black locust in Hungary). These systems provides
energy biomass or quality wood besides the annual
yield of agricultural crops grown in alleys of SRC but
can be also combined with animals (eg. poultry,
chickens and pigs) for quality meat and organic egg
production. Czech and Hungarian experiments prove
the multiple positive effects of animals on tree
growth (eg. increase of soil nutrients and decrease of
some harmful pest insect’s development stages) and
the favourable effects of trees and tree fodder on
animal welfare (eg. shelter against predatory birds,
improvement of fodder quality).

3. Perspectives

Increased emphasis on the environmental aspects
of agriculture is one of the most significant changes
in the new common agricultural policy (CAP) of the
EU.(Lawson et al., 2015) Agroforestry systems seen
in the context of "green economy" ensure the
efficient use of natural resources and effective
management to prevent environmental degradation
and minimize waste. Effective use of natural
resources will undoubtedly be a decisive factor of
competitiveness in the private sector too. In
agriculture, when switching to green economy
principles, agroforestry systems could play an
important role in solving current challenges such as
climate adaptation, biodiversity conservation, water
cycle improvement (Ellison et al. 2017) and
sustainable use of marginal and erosion-prone areas.
In addition, trees and agroforestry systems are more
carbon-safety (Zomer et al. 2016) than conventional
agricultural systems, they can provide higher incomes

for farmers, give job opportunities to rural people,
and thus help solve the negative consequences of the
persistent rural depopulation trend.

The recent shift in the European and the national
agricultural policies leading to more environmentally
friendly agricultural production and sustainable rural
development could support tree growing on
agricultural land. Therefore, it is crucial to raise
awareness of policy makers and practitioners to
agroforestry systems where trees can play number of
positive roles. The EURAF is striving for
agroforestry systems to play an important role in
agriculture, with an ambitious goal to use
agroforestry in Europe by 50 % of farmers until
2025.
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Abstract

This paper focuses on the possibility to use attenuated total reflectance - Fourier transform infrared (ATR-FTIR) spectroscopy
in fire engineering. The key advantages and limitations of this technique are discussed. As examples, the study of thermal
degradation of PUR foam, and wood are used. The assignment of characteristic absorption bands in the investigated materials
is presented. Additionally, the changes in spectra due to thermal degradation of examined materials were discussed. In the
case of PUR foam, the degradation of NCO, formation of new carbonyl groups, loss of CHz groups, and the loss of aromatic
rings were observed. In samples of wood the structural changes in lignin macromolecule as well as the degradation of
polysaccharides, mainly hemicelluloses were occurred.
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1. Introduction

Attenuated Total Reflectance (ATR) is currently
the most widely used FTIR sampling tool. This
technique requires minimal or no sample preparation
prior to spectral measurements. Whereas there are
also portable devices, it allows you to get quick
results even in the field.

Attenuated total reflectance is based on measuring
the changes that occur in a totally internally reflected
infrared beam when the beam comes into contact
with a sample (Fig. 1). An infrared beam is directed
onto an optically dense crystal with a high refractive
index at a certain angle [1]. The beam penetrates a
fraction of a wavelength beyond the reflecting
surface and when a material that selectively absorbs
radiation is in close contact with the reflecting
surface, the beam loses energy at the wavelength
where the material absorbs. The resultant attenuated
radiation is measured and plotted as a function of
wavelength by the spectrometer and gives rise to the
absorption spectral characteristics of the sample [2].

The depth of penetration of the infrared beam into

Evanescent wave

—

IRE element

Reflected beam Incident beam

Fig. 1. Scheme of a single reflection ATR-FTIR [1]

the sample at the contact position is given by the
following equation [3]:
DP = 1/[2nWn(sin20-n?s) 2] €))]
Where DP is the depth of penetration,
W is wavenumber,

0 is the angle of incidence,
nc is refractive index of crystal,

Nsc |S the ratIO nsample/ncrygtal.

From the equation above, it can be concluded that:

- The penetration depth increases at lower
wavenumbers (longer wavelengths). This implies
that, the peak intensities at the low-wavenumber
side of the ATR spectrum are higher than in the
transmission spectrum.

- The penetration depth decreases as the angle of
incidence increases.

- If the same sample is measured using crystals of
different refractive index, the depth of penetration
is lowest for the crystal with the highest refractive
index. Therefore, as n. goes up, the depth of
penetration goes down.

The crystals used in ATR cells are made from
materials that have low solubility in water and are of
a very high refractive index. The properties of
commonly used materials for ATR crystals are
summarized in Table 1. It is important to choose the
correct ATR crystal for agiven application. When
selecting a suitable crystal, it is necessary to focus on
its refractive index, wavenumber range, pH
sensitivity, durability and toughness.

According to [3] diamond is in some ways the
excellent ATR crystal material. Diamond is
chemically inert, impervious to strong acids and
bases. Diamond is the hardest substance known to
man, so samples will not scratch it. Due to its tough
even under great pressure the diamond crystal will
not break.

ATR enjoys a number of advantages compared to
the other sampling techniques. It is a fast and easy
technique to measure many different types of samples
including liquids, semi-solids, polymers, powders,
and solids. Only gases cannot analyze using ATR
technique. This accessory provides for the non-
destructive measurement of samples with little or no
preparation. Liquid samples can be applied directly to
the ATR crystal, one drop is enough to analyze.
Other samples can be directly applied to the ATR
crystal without time-consuming dilution with
matrices such as Nujol or KBr [3, 4].
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Table 1

Properties of infrared crystals

Useful

Material range for mfgictlve pH range '(_:Z:gzeis) Remarks
ATR (cm) P

Diamond 4200200 24 1-14 7000 very hard, withstands high pressure,
chemically inert

Ge 5500-675 40 1-14 550 hard-& brittle, good ATR material, temp.
sensitive

KRS-5 20000-400 237 5.8 40 deforms under pressure, conventional ATR
material

ZnS 17000-950 2.2X 5-12 178 good ATR material, withstands shock

ZnSe 20000-650x X 5-9 137 hard & brittle, good ATR material

Semi-solids (e.g. paste, viscous liquids) can
simply smear on the ATR crystal, and after analyze
the crystal it is needed cleaning with an appropriate
solvent. Spectrum of any polymer sample, including
polymer films, pieces, pellets, and parts, can be
obtained if it is clamped to the ATR crystal. All
solids will generally need to be clamped to the ATR
crystal to promote good contact of the sample with
crystal surface. In the case of powders, high pressure
is needed to flatten samples so they make good
contact with the ATR crystal surface. This much
pressure can bend or break softer ATR crystals,
therefore for powder analyze the diamond crystal is
recommended.

For all its advantages ATR technique has
important disadvantages. The crystal must be scratch-
free. Problem can be in the case of softer ATR
crystals such as ZnSe that can be scratched by some
samples. Another issue with ATR is its limited
wavenumber range. Many ATR crystals absorb in the
mid-infrared region. For example, diamond absorbs
between 2200 and 2000 cm™ and ZnSe absorbs below
700 cm?t, masking sample features in these regions.
Another disadvantage of ATR is its lack of
sensitivity. In general, ATR can only detect
molecules present in concentrations greater than
0.1 %. Finally, ATR is probably the most expensive
FTIR sampling technique available. Especially, this
concerns about diamond ATR accessories [3].

In fire engineering, the ATR-FTIR can be used to
identification of materials from fire debris, study of
thermal degradation of materials, detection of flame
accelerators (ignitable liquids) or observing the effect
of fire retardants on material properties [5, 6, 7, 8, 9,
10, 11].

The purpose of this paper is to demonstrate the
possibility to use ATR-FTIR spectroscopy for
analysis of thermal degradation of two various
materials — polyurethane (PUR) foam and wood.

2. Materials and methods
2.1. The thermal degradation of PUR foam samples

The samples of PUR foam (Penosil Premium
Foam) were heat-loaded in laboratory experimental
equipment. The heating was achieved by two heating
spirals. The temperature in the reaction zone was
controlled by a digital thermometer. The samples
were heat-loaded for 15 min at temperatures 180 °C,
200 °C, and 220 °C.

2.2. The thermal degradation of wood samples

Air-dried lumber from a common ash trunk
(Fraxinus excelsior L.) was used to prepare samples
with dimensions 32 mm x 32 mm x 120 mm. The
samples were conditioned in a chamber at 20 £ 2 °C
and 65+5% relative humidity to the moisture
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content of about 12 %. Test samples were heat treated
in a laboratory oven at temperature of 220 °C under
atmospheric pressure in the presence of air for 150
minutes. One group of control samples was left
without treatment (20 °C) and compared to thermally
modified samples.

2.3. ATR-FTIR analysis

The samples of PUR foam as well as of wood
were analyzed using ATR-FTIR spectroscopy. The
measurements were performed using a Nicolet iS10
FTIR spectrometer equipped with a Smart iTR
attenuated total reflectance (ATR) sampling
accessory with a diamond crystal (Thermo Fisher
Scientific, Madison, WI). The resolution was set at
4 cm~1 for 64 scans for each steaming technique and
following analysis. The wavenumber range varied
from 4000 to 650cm ! Four analyses were
performed per sample. OMNIC 8.0 software (Thermo
Fisher Scientific, Madison, WI) was used to evaluate
the spectra.

3. Results and discussion
ATR-FTIR analysis of PUR foam

On the Fig. 2 the FTIR spectrum of original
sample of PUR foam is depicted. The wavenumbers
of the most representative absorption bands are
marked. Band assignment was made according to the
references [12, 13, 14], as shown in Table 2.

05]|PUR_20

1533
1508

"1306

K
85

Absorbance
2928

2869
2276

/3338
2969

3500 3000 2500 2000 1500 1000
Wavenumbers (cm-1)

Fig. 2. FTIR spectrum of untreated PUR foam

Table 2

Assignment of infrared absorption bands in spectrum of PUR foam
[according to 12, 13, 14]

Wavenumber  Spectral characteristic

(cm™)

3338 N-H stretching

2969 C-H in CH; and CHj stretching

2928 C-H in CH; and CHj stretching

2869 CH; and CHjs stretching

2276 NCO stretching

1709 C=0 non-bonded urethane stretching, associated
urethane and isocyanurate ring stretch

1596 C=C aromatic

1509 H-N-C=0 Amide Il combined motion

1411 isocyanurate ring

1228 C-0-C

1077 ester C-O-C stretching

FUR_20
06|PUR_180

PUR_220

Absorbance

3500 3000 2500 2000 1500 1000
Wavenumbers (cm-1)

Fig. 3. Comparison of FTIR spectra of untreated
(PUR_20) and heat treated (PUR_180, PUR_200,
PUR_220) PUR foam samples

From the evaluation of the obtained spectral
records (Fig. 3), it can be stated that during the heat
treatment of PUR foam, firstly the degradation of
NCO was observed. This is evident from the decrease
in the intensity of absorption band at 2276 cm™ in the
spectrum of PUR foam treated at 180 °C and its loss
in spectra of PUR foam treated at higher
temperatures. At temperatures above 180 °C key
observations are loss of the N-H groups (peaks
around 3338 cm?, and 1509 cm™), loss of CH; and
CHs groups (peaks between 2969 and 2869 cm),
formation of new carbonyl groups (peak around

0O N



_Earth -

inaTrap?/ » '
: 0
4
8
Earth in a Trap? 2018 281
Analytical Methods in Fire and Environmental Science
1772 cm?), loss of urethane linkage (peak around Table 3
1709 cm™), loss of aromatic rings (peak around 1596 Assignment of infrared absorption bands in wood spectrum [15,
cm?), and loss of isocyanurate rings. According to 16]
Yarahmadi et al. (2017) the formation of new Wavenumber  Spectral characteristic
carbonyl groups together with the loss of CH> groups (cm?)
provides a clear indication of the thermo-oxidative 3352 O-H stretching
degradation processes taking place in the soft 2886 Symmetric/ asymmetric C—H stretching in — CH,
segment of the PUR foam. In addition, the loss of and CH,
aromatic rings suggests that there are changes also in 1732 Unconjugated C=0 stretching of acetyl, carboxylic
the hard segment. The degradation of hard segment groups and aldehydes
of PUR monomer is more pronounced at 1650 Conjugated C=0 stretching, absorbed water

temperatures of 200 °C, and 220 °C.

1593 Aromatic skeletal vibrations in lignin
ATR-FTIR analysis of wood 1505 Aromatic skeletal vibrations in lignin
1460 C—H deformations in lignin and carbohydrates
In the FTIR spectra of wood (Fig. 4) absorption 1422 C-H deformations in lignin and carbohydrates
bands appertaining to all wood components 1371 C-H in-plane bending in carbohydrates
(cellulose, hemicelluloses, lignin, extractives) are 1327 OH in-plane bending, CH, wagging in cellulose,
observable. Assignment of them according to syringyl ring
literature [15' 16] is in the Table 3. 1233 Syringyl ring and C-O stretch in lignin and xylan
1156 C-0O-C asymmetric bridge stretching
§ g 1032 C-O stretching in polysaccharides
“ﬁ I"‘I\I 897 Stretching at the B-(1,4)-glycosidic linkage, and

C-H deformation in cellulose

2085
123
1188

| L flf 8 In infrared spectrum of wood most of the specific
o/ I SV | AR B vibrations in the fingerprint region (from 1800 to
e w w W W 700 cm?) are presented. There are also considerable
changes due to heat treatment (Fig. 5).

Absorption band at 1732 cm™ corresponds to the
unconjugated C=0 stretching vibrations. According
to [16] its increasing and shifting to smaller
o N\ (| wavenumbers due to heat treatment may be due to an
IN increase of carbonyl or carboxyl groups in wood

[\ H components by oxidation. Their  formation
contributes to the darkening of thermally loaded
wood [17]. On the other hand, the decrease in
intensity of absorption band of conjugated carbonyl
= groups at 1650 cm™ was observed. The increase of
the band at 1732 cm™ in relation to 1650 cm™* means
that non-conjugated C=0 groups increased in relation
to conjugated groups. Similar results were described
by other authors [16, 18].

From comparison of FTIR spectra of untreated
and heat treated ash wood samples the increase in

I

Fig. 5. Comparison of FTIR spectra of untreated (Ash
wood_20) and heat treated (Ash wood_220) ash wood
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intensity of characteristic absorption bands of
aromatic rings in lignin at 1593 cm™ was observed.
This can be due to an increase in the percentage of
lignin in treated wood [16, 19]. Furthermore, the
shifting of the maximum of absorption band from
1505 cm? to about 1512 cm? was observed. This can
be due to structural changes in lignin macromolecule.
Whereas at about 1505cm?the vibrations of
hardwood lignin (guaiacyl and syringyl units), at
about 1512 cm? the vibrations of softwood lignin
(guaiacyl units) are proved [20]. The shifting to
greater wavenumber can be due to decrease of the
methoxyl groups in lignin which would lead to a
lignin more similar to softwood (guaiacyl units).

Due to heat treatment also the degradation of
polysaccharides was observed. This is evident from
the decrease in intensity of their characteristic
absorption bands at 1371, 1327, 1233, and 897 cm.
In the spectrum of untreated wood it is evident the
overlapping of two absorption bands around 1233
cm® One of them (at1233 cm™) represents the
vibrations of hemicelluloses (xylan), and second (at
1264 cm) the guaiacyl ring breathing with C-O
stretching. We suggest that the decrease in its height
due to heat treatment might be caused by degradation
of thermally labile hemicelluloses, and its broadening
by formation of new groups.

4. Conclusions

This paper deals with the possibility to use ATR-
FTIR spectroscopy in fire engineering. ATR is a fast
and easy technique to measure many different types
of samples including liquids, semi-solids, polymers,
powders, and solids. This accessory provides for the
non-destructive measurement of samples with little or
no preparation. In our experiment we demonstrate the
use of ATR-FTIR technique for analysis of thermal
degradation of natural and synthetic polymeric
materials. We have analyzed the untreated and heat
treated samples of PUR foam as well as wood. There
are assigned the vibrations of characteristic groups of
both materials. Additionally, the changes in FTIR
spectra due to thermal degradation of examined
materials were discussed.
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Abstract

The environmental risk study of the gudron’s dump

The technological stream, which is the most environmentally harmful during the refinery production, are wastes from acid
refining - gudrons. Gudrons are produced in the processing plant at the treatment and pretreatment of crude oil by the use of
sulphonation technologies. In the past, gudrons have been landfilled without security, and the problem of contamination remains
as an environmental burden. The risk of contamination spreading has some migration pathways in general: land, surface runoff,
groundwater, air. The aim of the paper is to assess the potential risk of dumps by means of ecotoxicological tests (acute toxicity
test on daphnias - Daphnia magna and the growth inhibition test of the root of the higher cultural crops - Sinapis alba) of the
aqueous and solid waste phases. There was evaluated the dependence of inhibition and immobilization on the concentration of
the oil which was defined as unpolar extractable oil content (NEL). The results show that the waste is toxic to both aquatic and
terrestrial organisms. In terrestrial tests, 50% inhibition was confirmed at NEL values of 79 mg.I"* for the solid phase and 0.2
mg.I" for the aqueous phase. In the aqua test, 50% immobilization was confirmed at NEL concentrations of 5.4 mg.I** (solid
phase) and 0.1 mg.I"* (aqueous phase).

Key words: ecotoxicity, dump, environmental risks
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1. Introduction

The technological stream that has the most
environmental burden during refining of the petroleum
fractions are acid refining residues - gudrons.

In the past, they were mostly landfilled without
security and the problem of environmental
contamination persists to this day.

This wastes are produced in the processing plant for
the treatment and processing of crude oil by the use of
sulphonation technologies.

These are processes in which the concentrated sulfuric
acid is used for the sulfonation of the compounds. The
sulfuric acid allows easier separation and regeneration
of benzene, toluene and xylene fractions, modification
of hydrocarbon materials [1], benzene refining, re-
refining and white oil production [2].

Gudrons are a thick, highly viscous substance with a
pungent, acidic odor [3], with a high degree of
mobility [4], which gradually separates sulfuric acid
[5].

These wastes have been deposited without
modification in the natural environment, into artificial
or naturally created lagoons.

In this way, landfills of hazardous industrial waste
were originated (Predajna | and Predajna Il) in the

municipality of Predajna in the Slovak Republic [6].

Gudron waste dumped in landfills is a mixture of
sulphonic acids, mineral oils, sulphonates (Ca, Na),
chlorides, free sulfuric acid and water.

There is a three-phase stratification process according

to a different specific weight:

1. the oil layer is the topmost, it consists of the
various oils found in the waste,
2. the aqueous layer is below the oil phase, it is

composed mainly of aqueous sulfuric acid, water and

water-soluble  substances (detergents, chlorides,
sulphates),
3. the solid layer is at the bottom of the dump

where all the solids forming the polymers are
deposited [7].

Landfills of the hazardous industrial waste (acidic
gudrons) Predajna | and Il represent high risk sites in
the Slovak Republic.

In the framework of the systematic identification of
environmental burdens loads, they have been included
among the high risk area.

Landfills Predajna I and 11 lie in the protection zone of
the Low Tatras National Park with a second degree of
protection.

The volume of gudron landfills represents about
225,000 m® of solid waste phase and several thousands

of m of liquid waste.

2. Methods

Preparation of model samples

The ecotoxicological tests were performed in the
leachate from the solid layer and in the aqueous layer
of gudron waste from the landfill Predajna Il.

A sample of the bottom layer was taken from a depth

of approximately 0.5 m.

The water layer was collected from the surface into the
relevant samples according to the instructions for the

sampling of waste water [8].

0= O N
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The basic physical and chemical characteristics of the

individual layers are shown in Table 1.

Table 1 Selected physico-chemical indicators of

gudrons from landfill Predajna Il

Dr Residue
y after ChSKer conductivity
Samples | matter I pH Y 1
[%] annealing [mg.I"] [mS.m1]
[%]
37,71 1,14 2,38 | 49 320,00 0,53
Water 1,62 012 | 2,10 | 18560,00 2,70

Ecotoxicological tests

Toxicity tests are experimental methods for
determining toxic effects of stressors (toxins) on
natural organisms [9-10].
Onwurah (2007)1 in his study, states that aquatic and
terrestrial organisms (bio-organisms) have a high
sensitivity to oil and petroleum product compounds,
and therefore are suitable for assessing the toxic effect
of gudron waste.
Gudrons as petroleum products contain a significant
proportion of non-polar extractable substances .
The following bioassays were used to determine
ecotoxicological properties:

e Terrestrial root growth inhibition test of

higher cultural plant Sinapis alba

e Agquatic toxicity test on Daphnia magna

In view of the effect of the content of petroleum
substances in the gudrons, which were identified as

non-polar extractable substances (NES) and their

cumulative properties, the dependence of inhibition
and immobilization (stimulation) were evaluated in
the baseline test.
Determination  of extractable
substances (NES)

The sample was extracted with organic solvent S-316.

non-polar

The polar and nonpolar substances pass into the
organic phase during extractions. The extract is dried
over anhydrous sodium sulfate after separation of the
aqueous and organic phases

The removal of polar substances from non-polar
materials from the extract is carried out by sorption on
activated silica gel.

The determination of NES in the IR region uses
valence vibrations for the CHz bands at 2960 c¢m 1, for
the CH, bands at 2925 cm ! and at 3055 cm ! for
aromatic hydrocarbons using an organic solvent (S-
316) [12-13].

This determination is a group determination of
petroleum substances, which is permitted under the
Water Act No. 364/2004

The terrestrial root growth inhibition test of higher
cultural plant Sinapis alba

The effect of water on seed germination and growth of
white Sinapis alba roots is tested in the early stages of
development.

The test is based on a comparison of a cultivation of
the seed on substrates saturated by investgated
substance with controlled-test (seeds grown on a
dilution water) [14-15].
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The acute toxicity test on water fleas

The acute toxicity test is the most commonly used
aquatic immobilization test for small crustaceans of
the Daphnia magna (petrified) crustaceans that belong
to primary consumers.

The principle is to determine the concentration which,
immobilize 50% of the exposed individuals under
defined conditions, within 24 and 48 hours [15-16].
Daphnia magna water scabs are exposed to the test
samples in the aquatic toxicity test according to STN
83 8303.

Processing of results

The program STATISTICA 12 was used to evaluate
the results of the basic tests. We used an advanced
non-linear estimation method with self-regression
using the non-linear function y = 100 * (1 — [7**¥).
2D graphs were used to plot the % inhibition
(immobilization) dependending on the NES

concentration (mg.I%).

3. Results and discussion

The terrestrial root growth inhibition test of higher
cultural plant Sinapis alba

The values determined by the preliminary root growth
inhibition test of the higher cultivated plant Sinapis
alba confirmed a positive result for both the solid and
the aqueous layer of waste.

The test is positive with respect to the determined
values and the evaluation of the test according to STN
83 8303 because inhibition of root growth is > 30%

(stimulation < 75%) as compared to control as in our

case. The inhibition of root growth was > 50%
compared to the control, therefore we determined the
IC50 value of the aqueous extract, and we performed
the baseline test [15, 17]. We proposed 5 suitable
dilutions with the corresponding measured NEL

content in mg.I"2 (Table 3) in the baseline test samples.

Table 3: NES content [mg.I"Y] for individual dilutions

and set pH values

Solid waste layer Water layer of waste
Dilutin NES S NES
pH [mg. ] Dilution | pH [mg. "]
50 2,00 | 123,20 5 3,55 0,47
100 2,61 61,72 10 4,42 0,24
500 3,45 12,40 25 6,43 0,09
1000 4,70 6,17 50 6,45 0,04
2000 6,20 3,09 75 6,50 0,03

The values determined in the basic test for the water
and solid layer are graphically represented by
nonlinear regression (Figures 1 and 2). Calculated
IC50 values (from nonlinear equations) for individual

samples are given in Table 4.

Table 4 Overview of tested concentrations that inhibit
50% of the tested individuals

NES [mg.I"]
Solid layer -
the leachate Water layer
T_erest_rlal test 76 0.2
Sinapis alba
Acute toxicity
Daphnia magna 5,4 0,1
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The acute toxicity test on water fleas Daphnia
® : magna
o 8 The preliminary test, in which the fleas were exposed
) to undiluted samples, showed a positive result for both
% g test layers.
o} s During the test, a mortality or immobilization of >
§ 50% of the fleas occurred in comparison with the
i l control, in this case, it is necessary to set the EC50
& value and to continue to set the basic test [9, 18, 19].
00 02 04 06 08 10 1 2_ 14 |“ 6 18 20 22 24 28

il At the same time, we performed a control test where

dilution water [15] was used instead of the sample. The
Figure 1: Graphical representation of the % inhibition in of

o number of mobilized subjects was evaluated after 24
aqueous layer samples of gudron (Sinapis alba root growth

. and 48 hours. In the baseline test, were used the same
inhibition test)

dilutions as in the previous bioassay (Table 3). The set

EC50 values for solid and water samples are given in

s Table 4 and the values are graphically recorded in
& Figures 3 and 4.
i)
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Figure 2: Graphical representation of the inhibition (%) /
according to NES (mg.I'Y) in solid-layer samples (root ol
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growth inhibition test) NES (mgl)

Figure 3 Immobilization dependence (%) of NEL (mg.I"%) in
samples of solids leachate (Daphnia magna acute toxicity
test)
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Figure 4 Immobilization dependence (%) of NES (mg.I"%) in
samples of the aqueous layer of gudron (acute toxicity test

on Daphnia magna)

Conclusion

Based on the results, we can conclude that the
analyzed samples are toxic to aquatic and terrestrial
organisms. In terrestrial tests (Sinapis alba), 50%
inhibition was confirmed at higher NEL values (76
mg.I"%) and in the aquatic test 50% immobilization was
confirmed at concentrations of 5.4 mg.lI"* compared
with control.

We suppose that the toxicity of the water layer sample
is primarily influenced by a different indicator as NEL
because the concentration that causes 50% of the
immobilization of individuals in the upper water layer
is 0.1 mg.I"%, which is the limit value of NEL in surface
water [20].

External environmental impacts that can cause toxic

compounds may significantly affect ecotoxicity.

We assume the significant impact of dilution and
leaching due to precipitation, but also the formation of
toxic compounds by the influence of solar radiation.
Landfills are high in toxicity and further analysis is

needed to assess the overall landfill risk.
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JEDNORAZOVE HYGIENICKE MATERIALY

- nova vyzva pre Cerpanie a Cistenie odpadovych vod

KlUpelné mesto Dudince trapil problém
sUvisiaci s Cerpanim odpadovych vod
dihé roky. Velka koncentracia bytovych
domov, hotelov, socialny dom a pra-
Covna maju za nasledok zmenu Stan-
dardného zloZenia odpadove] vody.
Okrem beznych problémov musel
prevadzkovatel verejnej kanalizacie na
takmer kazdodennej baze riesit prob-
lém upchatych cerpadiel v CS na stoko-
vej sieti a prevadzkoveé problémy, ktoré
sa Casto posunuli az na producentov.

K

Cistenie upchatého cerpadia

Obyvatelia aj hotelovi navstevnici totiz,
podobne ako aj v inych mestach, kana-
lizaciu vyuzivaju ako odpadkovy kos
pre bavinené poplastované produkty,
najma hygienické vyrobky a obvazy. Pre
Stredoslovenskd vodarenskd prevadz-
kovU spoloCnost, a.s. (StVPS, a.s.) to
znamenalo neustale zasahy a manual-
ne Cistenie upchatych Cerpadiel.

Upchavanie cerpadiel je dnes velmi
aktudlnou témou a zaroven vyzvou
v oblasti Cistenia odpadovych vod.
Nové druhy hygienickych vyrobkov
a materialov, ktoré su zlozené z bavl-
ny a plastu (ako napriklad jednorazove
utierky, plienky, vatové tycinky, vihcené
obrusky) obsahuju vo vode nerozlozi-
telné zlozky, ktoré beznym Cerpadlam

PRAKTIKPUMP, s.r.o.

v €erpacich staniciach a na COV spdso-
buju vyrazné problémy.

Na slovenskom trhu vsak pdsobia aj
firmy, ktoré poznaju rieSenie. Je nim
unikatna hydraulika Cerpadla, ktora si
vie s uvedenym problémom poradit.
Obezné koleso Cerpadla a sacia dos-
ka tvoria v spojeni s Cepelou z karbidu
wolframu Specialny rezaci mechaniz-
mus, ktory zabranuje upchatiu sacej
Casti Cerpadla problematickymi pevny-
mi zlozkami v odpadovej vode. Ak pride
vacsi zhluk pevnych casti, toto zariade-
nie ho rozreze tak, aby jednotlivé pevné
Casti bez problémov presli Cerpadlom a
zaroven nespdsobovali svojimi rozmer-
mi upchavanie v naslednych vytlacnych
potrubiach. Tato skutocnost je pre pre-
vadzkovatela velmi doblezita z hladiska

Cerpadilo so Standardnym rezacim zariadenim

identifikacie a odstranovania upchavok
na vytlacnych potrubiach, najma vac-
Sich dIzok, ktoré su zle pristupné. Z hla-
diska kontinuity prevadzky, podstatne
nizsich nakladov na udrzbu Cerpadiel,
mensej narocnosti na personal a mini-
malizacie preruseni odvadzania odpa-
dovych vod predstavuju tieto Cerpadla
svetovu Spicku a vyznamne prispievajd
k prevencii vzniku uvedenych problé-
mov.

JE VYHRADNYM ZASTUPCOM TSURUMI

NA SLOVENSKOM TRHU

& +421(0)45 524 9011
W4 predaj@praktikpump.sk
@ www.praktikpump.sk

R rrakTikpump

&

Firma PRAKTIKPUMP, s.r.o. sa zaobera
ponukou a dodavkami Cerpadiel, ako aj
servisnymi a opravarenskymi ¢innosta-
mi v ramci vodarenskych spolo¢nostf,
ale aj priemyslu. Skusenosti kombinuje
s najmodernejSimi rieSeniami v oblasti
Cerpania kalovej aj Cistej vody. V pripa-
de problému, ktory trapil mesto Dudin-
ce a prevadzkovatela verejnej kanaliza-
cie, firma na zaklade analyzy problému
spolo¢ne s prevadzkovatelom nahra-
dila staré Cerpadla novymi Cerpadlami
TSURUMI so Specidlnym rezacim za-
riadenim. K vymene doslo v decembri
2013 a do dneSného dna StVPS, a.s.
nezaznamenala jediny vyjazd spojeny
s jeho upchanim. Na zaklade tychto
skusenosti StVPS a.s. spolocne s fir-
mou PRAKTIKPUMP, s.r.o. riesila tymto
spdsobom aj dalSie Cerpacie stanice
ako napriklad CS Tajov, CS Mlynska, CS
llias a pod. Aj vdaka takymto rieSeniam
firma PRAKTIKPUMP realizuje dodavky,
opravy a servis Cerpadiel v prevaznej
vacSine vodarenskych a priemyselnych
spolo¢nosti v Slovenskej a Ceskej re-
publike.

Hydraulicka cast TSURUMI so Specidlnym
sekacim-trhacim zariadenim s vysokou

priechodnostou
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