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Effect of Electrode Shape on Progress of Electric Discharge

Vliv tvaru elektrod na priibéh elektrického vyboje
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Abstract

Minimum ignition energy (MIE) is determined as a one of the parameters when assessing the hazards of a given
dust sample. This value indicates the sensitivity of the given sample to electrostatic energy. The legislation
determines the procedures and the requirements for the equipment used to determine the MIE. Among other things,
it lists requirements for the electrode used such as its material, diameter and pointed spike shape. The CSN EN
ISO/IEC 80079-20-2 standard valid on the territory of the Czech Republic also provides the possibility of using a
rounded electrode spike. This formulation leads us to the question of whether the shape of the electrode spike can
affect the electric discharge progress and in what way. Within the sequence of measurements carried out, a detailed
examination of the impact of the electrode shape on the formation of electric charge was provided, using the MIE-
D 1.2 apparatus. Four different electrode spikes shape were used, together with a high-speed camera able to take
210,000 pictures per second. The results show that from the four types of the electrode spikes, the fastest electrical
discharge is occurring when a standard pointed spike is used.

Keywords: minimum ignition energy; spark ignition; electrode geometry; dust clouds; dust explosion

1 Introduction 1 Uvod

Iniciaéni energie je jednim z dilezitych
a podstatnych parametrd v oblasti hoteni
avybuchu. Dopliuje oxidaéni prostfedek

Ignition energy is one of the important and
essential parameters in the field of combustion
and explosion. It completes the oxidizing agent

and flammable substance into the so-called fire
triangle. If these three components are in the
correct ratios and sufficient concentrations,
a combustion process may follow. Conversely,
if at least one of these components is absent
or restricted, no combustion or explosion may
occur. In the context of dust burn, the conditions
to dust dispersion in the air must also be met,
the particle size must allow the propagation of
the flame and the dust concentration must be
within the explosion range.
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a hotlavou latku do tzv. trojuhelniku hoteni.
Jsou-li tyto tii slozky ve sprdvném poméru
a v dostatecnych koncentracich, muze
nasledovat proces hoteni. Je-li naopak alespon
jedna ztéchto slozek nepfitomna nebo
omezena, nemuze dojit k hofeni, pfipadné ani
k vybuchu. V souvislosti shotfenim prachu
musi byt splnény také podminky rozvifeni ve
vzduchu, velikost castic umoznujici Sifeni
plamene akoncentrace prachu musi byt
vV mezich vybusnosti.
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In the context of dust explosions, we talk
about the so-called explosive pentagon. This is
an extension of the fire triangle, and in addition
to the three parameters mentioned, conditions
for the explosive dust dispersion within the
range of explosion must be also met, and the
dust must be dispersed in a closed space [1-3].
If an explosive mixture is ignited, the explosion
can be characterized by parameters that are
important indicators for the field of safety and
explosion protection. Maximum explosion
pressure and maximum pressure rise rates are
basic indicators in this area. Another parameter
is the limit oxygen concentration and explosion
range. Practically, in connection with the dust
explosion, we work only with the lower
explosion limit, as the concentration can vary
due to gravity, due to dust settling, but at the
same time, its concentration is variable as it
dispersion in a given space [2,4].

One of the last questions is then the
possibility of ignition for the given mixture. The
standard CSN EN 1127-1 defines the possible
sources of ignition to be considered. In total,
there are 13 selected sources, including hot
surfaces, mechanically generated sparks,
electric devices or static electricity [5].
Concerning ignition, the ignition properties of
the evaluated explosive atmosphere must be
determined. Important data include the
determination of the minimum ignition
temperature of the dust layer and the explosive
atmosphere, as well as the determination of the
minimum ignition energy. The minimum
ignition or initiation energy (hereinafter called
MIE) is defined as the lowest electrical energy
accumulated in a condenser, which is sufficient
for the discharge to ignite the most readily
flammable mixture under the specified test
conditions. It can be said that the result indicates
the sensitivity to electrostatic electricity
(initiation) [6,7]. MIE lies between the highest
energy (E1) in which the sample has not been
ignited, and the lowest energy (E2), which on
the contrary has ignited the sample (1).

V kontextu s vybuchy prachti se hovoii
0tzv. vybuchovém pentagonu. Ten je
roz$itenim hotlavého trojuhelniku, a kromé ti
zminénych parametri musi byt splnény jesté
podminky rozvifeni  vybusného prachu
vV mezich vybuSnosti a uzavieni v prostoru
[1-3]. Dojde-li kiniciaci vybusné sm¢si,
vybuch Ize charakterizovat parametry, které
jsou dilezitymi ukazateli v oblasti bezpe¢nosti
aochrany pied vybuchem. Mezi zakladni
ukazatele patii znalost maxima vybuchového
tlaku a maximalni rychlosti jeho narustani.
Dalsimi jsou poté limitni obsah kysliku a meze
vybusnosti.  Prakticky se v souvislosti
s vybuchy prachti pracuje jen s dolni mezi
vybusnosti, jelikoz koncentrace mize byt
proménliva v disledku plsobeni gravitace,
a tedy usazovani prachu, ale zaroven i jeho
rozvifovani v prostoru [2,4].

Jednou z poslednich otazek je poté moznost
iniciace posuzované smési. Norma CSN EN
1127-1 definuje mozné zdroje iniciace, které je
nutno brat vvahu. Celkem se jednd o 13
vybranych zdrojii, mezi néz patfi naptiklad
horké povrchy, mechanicky vznikajici jiskry,
elektricka zafizeni nebo staticka elektiina [5].
Co se tyka iniciace, musi byt stanoveny zapalné
vlastnosti posuzované vybusné atmosféry.
Mezi dilezité udaje patii stanoveni minimalni
teploty vzniceni vrstvy prachu a vybusné
atmosféry, a také stanoveni minimalni zapalné
energie. Minimalni zapalna neboli iniciacni
energie, dale jen MIE, je definovana jako
nejnizsi elektrickd energie, nahromadéna na
kondenzatoru, kterd je pii vyboji praveé
dostatec¢na pro zplsobeni vzniceni nejsnadnéji
zapalné smesi za stanovenych zkuSebnich
podminek. Lze fici, ze ve vysledku udava
citlivost na elektrostatickou elektfinu (iniciaci)
[6,7]. MIE lezi mezi nejvyssi energii (Ei),
energii (Ez), u které naopak doslo ke vzniceni
vzorku (1).

E, < MIE <E, (1)

Its determination is subject to current
standard methods [8,9]. In the future, a new
standard test method could be issued to
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Jeji stanoveni je podminéno soucasnymi
standardnimi metodami [8,9]. V budoucnosti by
mohla byt vydana nova standardni zkuSebni
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determine MIE for dust clouds. This would
define the design of the equipment, the
conditions of the explosion vessel, the dust-
dispersion system, the synchronization method
and other areas. Regardless of the equipment
selected, it would have to meet several
requirements for the inductance of a discharge
circuit, ohmic resistance, electrode material, its
diameter, the gap between the electrodes, and
other conditions concerning the capacitor [10].
European standard EN 13821 [8] defining
equipment and specifying the procedure for
determining the MIE for the air-dust mixture.
The determination of MIE is based on
dispersion a specified amount of dust in the
testing chamber. The energy spark is then
created between the two electrodes. A visual
assessment of the ignition inside the transparent
chamber follows - the propagation or,
conversely, non-propagation of flame. The
main factors influencing the recorded values of
MIE are:

e The delay between dust dispersion and
igniting the spark

e The way of the dust dispersion— nozzle
size and shape

e Spark properties — duration, energy

e The amount of the dust tested and its
dispersion from the bottom of the
device [11].

It is possible to use several available devices
to determine the MIE. Usually, it is a device
with a Hartmann glass tube and a volume of 1.2
litres. In the lower part of the tube, there is a
system for the dust dispersion of a "mushroom
type", around which the sample is placed freely.
Dust development follows standard, done with
a compressed air pressure of 7 bar, and this
dispersed dust is then ignited after a set time
delay, using a spark between two electrodes.
During the measurement, there are changes in
the test sample concentration, delay time and
the changes in the ignition energy [8].

Several devices compiled for the
determination of MIE comply with the
applicable standards. The results between the
devices may differ in some cases. This is
demonstrated, for example, by a study carried
out by Janes et al. [11], who assessed the
differences between the devices MIKE 3

Delta 2019, 13(2):5-16

metoda pro stanoveni MIE oblaku prachti. V té
by byla definovana konstrukce zafizeni,
podminky  vybuchové nadoby, systém
rozvitovani prachu, synchroniza¢ni metoda
a jiné. Bez ohledu na to, jaké zafizeni by bylo
vybrano, muselo by spliiovat nékolik
pozadavkl na indukcnost vybijeciho obvodu,
ohmicky odpor, material elektrody, jeji pramér,
mezera mezi elektrodami a dal$i podminky
tykajici se kapacitoru [10]. Na tizemi Ceské
republiky je implementovana Evropska norma
EN 13821 [8] definujici zafizeni a uvadéjici
postup pro stanoveni minimalni zapalné energie
smési prachu se vzduchem. Stanoveni MIE
spo¢iva v rozvifeni stanoveného mnozstvi
prachu ve zkuSebni komotfe. Mezi dvéma
elektrodami je poté vytvofena energeticka
jiskra. Nasleduje vizudlni posouzeni iniciace
uvniti priahledné komory — Sifeni nebo naopak
nesifeni plamene. Hlavnimi faktory, jez
ovlivituji zaznamenavané hodnoty MIE, jsou:

e Zpozdéni mezi rozptylenim prachu
a vyvinutou jiskrou

e Zpusob rozvifeni — velikost trysky, tvar

e Vlastnosti jisker — doba trvani, energie

e Mnozstvi zkouseného prachu a jeho
rozvifeni ze dna zatizeni [11].

Pro stanoveni MIE je mozné pouzit n¢kolika
dostupnych zafizeni. Z pravidla se jedna
0 zafizeni s Hartmannovou sklenénou trubici
s objemem 1,2 litr. V dolni ¢asti trubice je
umistén systém ,hiibovitého typu“ pro
rozvifovani prachu, kolem n&hoz je vzorek
volné ulozen. Rozvifeni prachu je dle normy
provedena naporem stlaceného vzduchu
0 hodnote tlaku 7 bar a tento rozviteny prach je
poté iniciovan, po stanovené dobé zpozdéni,
jiskrou mezi dvéma elektrodami. V samotnych
sériich meéfeni dochazi ke koncentracnim
zméndm zkousené¢ho vzorku, doby zpozdéni
a zmé&nam iniciaéni energie [8].

Nekolik zafizeni sestavenych pro stanoveni
MIE je vsouladu se zminénymi platnymi
normami. Vysledky mezi danymi pfistroji se
mohou v nékterych ptipadech lisit. To dokazuje
naptiklad studie, kterou proved! Janes a kol.
[11], ktefi hodnotili rozdily mezi pfistrojem
MIKE 3 (Kiihner) a HARTMANNOVOU
sestavou (Cerchar). Na pfistrojich testovali

.....

energiich. Z vysledkd méteni vyplynulo, Ze
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(Kiihner) and HARTMANN (Cerchar). They
tested different types of dust on the devices
monitoring different ignition energies. The
measurement results showed that the MIKE 3
was able to determine lower values than the
HARTMANN apparatus. The differences in the
determination of MIE by various instruments
were also researched by Lepik et al. [12]. In
their study, they even worked with and
compared three different devices. As in the
previous case, the MIKE 3 device was used, and
then MIE 111 (Chilworth Technology Limited).
The third device used to determine MIE was
MINOR 1 (ANKO Company). On these
devices, five types of dust have been tested,
under the conditions laid down in the standard
[8]. Similarly, as for the study [11], the MIKE 3
showed lower results than the two remaining
assemblies in the measurement of the yeast
Torula and powder paint. With MINOR 1
and MIE 111 devices, comparable results were
reached. For samples of toner and black coal,
the results were identical for all devices. The
lowest values were measured by the MIE 111 in
potato starch, where the remaining two devices
had a higher but comparable value.

For comparing the results between different
devices, the recalculation from the given range
of the MIE specified in the formula (1) is used,
to a uniform value called static minimum
ignition energy with the indication Es, which is
stated in the following equation (2).

E;= 10

Where:

e | —positive test

e NI - negative test

e | [E2] — the number of dust
concentrations with ignition

e (NI+1) -[Ez] — a total number of
dust concentrations tested [8].

Another of the devices that can be used to
determine the minimum ignition energy is MIE-
D 1.2, a Czech company OZM Research, which
complies with the stated standards [8]. As
already mentioned above, in general, the
instruments used must meet the parameters
related to inductance and discharge. Other
requirements are related to the electrodes that
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ptistroj MIKE 3 dokazal stanovit nizs§i hodnoty,
nez HARTMANNOVA sestava. Odli$nosti ve
stanoveni MIE rGznymi pfistroji sledovali také
Lepik akol. [12]. V jejich studii pracovali
a porovnavali dokonce tfi rozdilné pfistroje.
Stejn€ jako v predchozim pfipadé byl pouzit
ptistroj MIKE 3, dale MIE III (Chilworth
Technology Limited) a poslednim pfistrojem
pro stanoveni MIE byla sestava MINOR 1
(ANKO Company). Na téchto pristrojich bylo
testovano pét druhi prachi za podminek
stanovenych normou [8]. Podobné, jako
u studie [11] vykazovalo zatizeni MIKE 3 niZsi
vysledky, nez dvé zbylé sestavy u meéfeni
prachu kvasnice torula apraskové barvy.
Ptistroje MINOR 1 a MIE III méli v téchto
meéfenich srovnatelné vysledky. U vzorku
toneru a ¢erného uhli byly vysledky totozné pro
vSechna zafizeni. Nejniz§i hodnoty naméfil
ptistroj MIE III u bramborového Skrobu, kde
zbyla dvé zatizeni méla vyssi, ale zaroven mezi
sebou srovnatelné hodnoty.

Pro srovnavani vysledkd mezi riznymi
zafizenimi se pouziva piepocet z daného
rozmezi MIE uvedené ve vzorci (1) na
jednotnou  hodnotu  nazyvanou  staticka

.....

uvedena v nasledujici rovnici (2).

logE;

I[Ez]-(log Ex—logEq) (2)
(NI+D)-[Ez]+1 (mJ)

Kde:
e | —pozitivni zkouska
e NI —negativni zkousku
e | [E2] — pocet koncentraci prachu
S iniciaci

e (NI + 1) - [Ez] — celkovy pocet
zkousSenych koncentraci prachu [8].

DalSim z pfistroja, ktery lze vyuzit pro
1.2 c¢eské firmy OZM Research, jenz je
v souladu suvedenymi normami [8]. Jak jiz
bylo zminéno vyse, obecné musi pouzivané
pristroje  splilovat parametry  souvisejici
s induk¢nosti a s vybijecim obvodem. Dalsi
pozadavky souviseji s elektrodami, které jsou
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are the source of the ignition of the dispersed
dust. The electrodes should be of stainless steel,
tungsten, copper or brass with a cylindrical
electrode diameter of 2.0 mm (+ 0.5 mm). The
air gap can be adjusted smoothly between the
electrodes, which must be at least 6 mm. The
electrode should be of a pointed shape.

During MIE determination, the values that
affect the results are changed. These values
include the change in the ignition delay, the
ignition energy and the tested sample
concentration. These changes will affect the
results, whether the ignition of the mixture
inside the cylindrical tube will take place or not,
and thus, in the final phase, it is possible to find
the lowest energy that can ignite the mixture [8-
10]. As was already stated, the standard [8]
indicate the use of a pointed shape for the
electrode spike. However, the CSN EN ISO
80079-20-2 standard [13], valid on the territory
of the Czech Republic, also offers the
possibility of using electrodes with rounded
spikes. It is this very option that brings us to the
guestion of whether the shape of the electrode
can affect of an electric discharge progress, in
what way, or even how the results in
determining the MIE can be affected.

2 Material and methods

As part of the experimental measurement,
carried out at the Faculty of Safety Engineering
at VSB — Technical University of Ostrava, the
determination of MIE was done, using different
electrode spikes [14]. During the measurement,
a basic characteristic of the test dust sample was
first determined. This dust was Lycopodium,
used as a standard for calibrating the device for
the determination of MIE. For the sample, a
grain size analysis was done, and humidity was
determined. MIE measurement itself took place
using the already mentioned apparatus MIE — D
1.2, which is available at the Faculty of Safety
Engineering. To ignite the mixture, three types
of electrode spikes were used:

e Pointed
Flat — a perpendicular area to the
electrode axis

e Oblique — under a 45° angle.

The basis for comparison was the
determination of MIE using commonly used
electrodes with pointed spikes according to the
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inicianim  zdrojem rozvifeného prachu.
Elektrody mohou byt z korozivzdorné oceli,
wolframu, médi nebo mosazi s primérem
valcové elektrody 2,0 mm (+ 0,5 mm). Mezi
elektrodami je mozné plynule nastavit
vzduchovou mezeru, kterd musi byt minimalné
6 mm. Elektroda by méla byt Spicatého tvaru.

Béhem stanovovani MIE jsou ménény
hodnoty, které ovlivituji vysledky. Mezi tyto
hodnoty patfi zména doby zpozdéni iniciace,
inicia¢ni energie a koncentrace vzorku, ktera je
zkouSena. Tyto zmény ovlivni vysledky, kdy
dojde a kdy naopak nedojde k iniciaci smé&si
uvnitt valcové trubice a v konecné fazi diky
tomu nalezneme nejmensi energii, kterd je
schopna smés jiz iniciovat. [8-10]. Jak bylo
zminéno, norma [8] udava pouziti $picatého
tvaru jako hrotu elektrody, aviak norma CSN
EN 1SO 80079-20-2 [13] platna na Gizemi Ceské
republiky uvadi také moznost pouziti elektrody
se zaoblenymi hroty. Pravé tato moZznost nas
zavadi k otazce, zda a jak ovlivni tvar elektrody
prabéh elektrického  vyboje, popiipadé
i vysledky pfi stanovovani MIE.

2 Material a metody

V ramci experimentalniho méteni na Fakulté
bezpe€nostniho inzenyrstvi Vysoké Skoly
baiiské — Technické univerzity Ostrava bylo
provedeno stanoveni MIE za pouziti odliSnych
hrott elektrod [14]. Béhem méfeni byla nejprve
provedena zakladni charakteristika zkouseného
vzorku prachu. Timto prachem bylo
Lycopodium, které je pouzivano jako standard
pro Kalibraci zatizeni pravé pro stanoveni MIE.
U vzorku byla provedena sitova analyza
a stanovena vlhkost. Samotné meéfeni MIE
probéhlo na jiz zminéném piistroji MIE — D 1.2,
kterym Fakulta bezpecnostniho inzenyrstvi
disponuje. Pro iniciaci smési bylo pouzito tii
riznych hrott elektrod:

o Spicaté
e Ploché — kolma plocha k ose elektrod
o Sikmé — zesikmeni pod thlem 45°.

Zakladem pro samotné srovnani bylo
stanoveni MIE za pouziti béZzné pouZzivanych
elektrod se Spicatymi hroty dle normy [8].
Béhem sérii meétfeni byla pouzita navazka
prachu v rozmezi 150 — 3 600 g / m® a zpozdéni
iniciace 60, 90 a 120 ms. Pro ploché a Sikmé
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standard [8]. During the measurements, the dust
batch was used ranging from 150 to 3600 g/ m®
and ignition delays of 60, 90 and 120 ms. For
flat and oblique electrodes, the ignition delay of
only 90 ms was used, as with this delay of MIE
was determined for pointed electrode spikes.
The results obtained showed that the lowest
MIE was determined for electrodes with a
pointed spike. To compare the results, the
recalculation from the equation (2) was applied,
where the resulting value is Es = 8.03 mJ. For
the two remaining electrode shapes, the
determined energy exceeds the value of 10 mJ.
For a flat electrode spike, the value is 13.5 mJ,
for a oblique design it is 11.05 mJ. If we include
these results into the sensitivity analysis
concerning the electrostatic ignition [11], we
conclude that the sample is very sensitive to
electrostatic initiation. The energy obtained
within the range 3 mJ<MIE<10 mJ and, at the
same time, 10 mJ<MIE<30 mJ falls into this
category.

Three different electrode shapes were used
in this experimental measurement [14] -
pointed, flat and oblique. The standard [13]
states that electrodes with rounded spikes can
also be used. Rounded spikes are recommended
to reduce the impact of the corona, which can
occur on pointed electrode spikes, influencing
the values of the energy spark. Following this
premise, the rounded electrode spike was added
to the measuring set. Since this spherical spike
is not defined, the electrodes with pointed
spikes have been rounded using sandpaper.
Material and Methods should be described with
sufficient details to allow others to replicate and
build on published results. You can see all types
of electrodes used in the following Fig 1.

pouze 90 ms, jelikoz pfi tomto zpozdéni byla
u Spicatych elektrod stanovena MIE. Ze
zjisténych vysledkll vyplyva, Ze nejnizsi MIE
byla stanovena u elektrod se Spicatym hrotem.
Pro moznost porovnani byl pouzit pfepocet ze
vzorce (2), kde je tedy vysledna hodnota Es =
8.03 mJ. U dvou zbylych tvari -elektrod
prevySovala zjisténa energie hodnotu 10 mJ.
U plochého hrotu elektrody odpovidala
hodnotal3,5 mJ, u Sikmého provedeni poté
11,05 mJ. Zatridime-li tyto vysledky do
hodnoceni citlivosti na elektrostatickou iniciaci
[11], dojdeme k zavéru, Zze vzorek je velmi
citlivy k elektrostatické iniciaci. Jelikoz ziskana
energie vrozmezich 3 mIJKMIE<10 mJ
a zarovein 10 mJ<MIE<30 mJ spada pravé do
této kategorie.

V tomto experimentdlnim meéteni [14] byly
pouzity tfi rozdilné tvary hroti elektrod —
Spicaté, ploché a Sikmé. Norma [13] tika, ze
mohou byt pouzity také elektrody se
zaoblenymi hroty. Zaoblené hroty jsou
doporuceny z divodu snizeni vlivu korony,
ktera by mohla vznikat na Spicatych hrotech
elektrod, a kterd by mohla ovlivnit hodnoty
energie jiskry. V zavislosti na tomto sdéleni
bylo provedeno doplnéni této sady metfeni prave
o tento zaobleny tvar elektrody. Jelikoz neni
tento hrot kulovitého tvaru definovany, bylo
u elektrod se Spi¢atymi hroty provedeno jejich
zaobleni smirkovymi papiry. VSechny typy
pouzitych  elektrod mulzete vidét na
nasledujicim Obr 1.

111

Fig 1. Electrode spikes

Obr. 1 Jednotlivé hroty elektrod

Delta 2019, 13(2):5-16
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Energy is evaluated in relation to the spark,
but also its duration. To evaluate the duration of
the electric discharge spark for these four
different electrode spikes, a high-speed camera
FASTCAM SA-Z was used. With its help, it is
possible to capture the course of electrical
discharge, its duration, and also its extinction.
During the measurement, the electrodes were
placed into the MIE-D 1.2 device and tested.
A high-speed camera recorded an electric
discharge at 210,000 frames per second and
thanks to this, it was possible to analyse the
flashed over was monitored, as the device used
movable and static electrodes. The energy of
sparks in detail. The distance between the
electrodes in which a spark-electric discharge
electrical discharges of 1000 mJ, 300 mJ, 100
mJ and 30 mJ were tested, and these energies
were recorded in the number of ten repetitions
for each shape of the electrode spike.
Subsequently, the data were compared,
evaluated and conclusions drawn from them.

3 Results and discussions

Depending on the specified energy, an
electrical discharge flashed over, which could
be captured using a high-speed camera. Thanks
to its high scanning frequency, it was possible
to monitor how pulsation occurs during the
lifetime of the spark electric discharge. These
discharges were always of a different shape,
which is due to the gaseous environment
through which the discharge passes. Some
examples of the passage of electrical discharges
by the environment are shown in Fig 2.

— —

V souvislosti s jiskrou je hodnocena jeji
energie, ale také doba trvani. Pro moznost
hodnoceni doby trvani jiskry elektrického
vyboje u téchto c¢tyf odlisSnych zakonceni
elektrod bylo pouzito vysokorychlostni kamery
FASTCAM SA-Z. Diky ni je mozné zachytit
pribéh vzniku elektrického vyboje, dobu jejiho
trvani, a také jeji zdnik. Behem provedené sady
meétfeni byly elektrody umistény do zafizeni
MIE-D 1.2 a bylo provedeno jejich testovani.
Vysokorychlostni  kamera  zaznamenavala
elektricky vyboj s rychlosti 210000 snimkut za
sekundu a diky tomu bylo mozné vzniklé jiskry
detailn¢ hodnotit. Byla pozorovana vzdalenost
mezi elektrodami, pti které vznikne jiskrovy
elektricky vyboj a nasledn¢ doba jeho trvani.
Vzdalenost, pii které dojde k preskoceni
elektrického vyboje, byla sledovana, protoze
pouzity pfistroj pouzivd pohyblivé a statické
elektrody. Testovany byly energie elektrickych
vyboji 1000 mJ, 300 mJ, 100 mJ a 30 mJ, kdy
byly zaznamenany tyto energie v poctu deseti
opakovani pro jednotlivy tvar elektrodového
hrotu a nasledn¢ mezi sebou porovnavany,
hodnoceny a u¢inény zavery.

3 Vysledky a diskuse

V zavislosti na stanovené energii dochazelo
k pfeskoceni elektrického vyboje, ktery bylo
mozné zachytit pomoci vysokorychlostni
kamery. Diky jeji vysoké frekvenci snimani
bylo mozné sledovat, jak dochazi k pulsovani
béhem Zivotnosti jiskrového elektrického
vyboje. Tyto vyboje byly vzdy riizného tvaru,
coz je zpusobeno plynnym prostfedim, kterym
vyboj prochazi. Ne&které priklady prichodu
elektrického vyboje prostiedim jsou zobrazeny
na Obr. 2.

»

—_——

Fig 2. Typical electrical discharges progress

Obr. 2 Typické projevy elektrickych vyboja

In the case of higher energy, a plasma effect
was observed, into which a strong electrical
discharge gradually passed. With higher energy,
the duration of the electric discharge was also

Delta 2019, 13(2):5-16
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U vyssich energii byl pozorovan vznik
plazmatického efektu, ve ktery postupné piesel
silny elektricky vyboj. S vys§i energii byla
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evident in addition to the light effect. It was
possible to determine the length using the
recordings. In the following sequence of
illustrations, Fig 3, the course of the formation
and subsequent termination of the electric
discharge at the pointed electrode spike was
displayed, with an energy 1000 mJ. As has
already been stated, after the first occurrence of
the electrical discharge, there was a more
intense course recorded, and at the same time,
there was flickering observed. Then, the electric
discharge ceased while the plasma effect
occurred.

krom svételného efektu patrna také doba trvani
elektrického vyboje. Bylo mozné z potizenych
zaznamu tuto délku stanovit. Na nasledujicim
sledu obrazkd, Obr. 3, je zobrazen pribéh
vzniku a ndsledného zéniku elektrického vyboje
u Spicatého hrotu elektrod s energii 1000 mJ.
Jak jiz bylo feceno, po prvnim objeveni
elektrického vyboje doslo k zintenzivnéni jeho
priabéhu a zaroven dochazelo k problikavani a
nasledné elektricky vyboj zanika za vzniku
plazmatického efektu.

Fig 3. Electrical discharges, 1000 mJ
Obr. 3 Elektricky vyboj, 1000 mJ

For lower energies, the plasma effect was no
longer at such a scale or was not frequently
observed at all. In these cases, the spark was less
energetic at first sight, its duration was
considerably shorter. However, there have been
several cases when the energy of 1000 mJ
showed rapid electric discharge. It was possible
to monitor the length of the electrical discharge.
This parameter has been evaluated for the given
energy and various types of electrode spikes.
The duration of the discharge was calculated
from the first appearance of the spark electric
discharge to its extinction, or eventually, to the
occurrence of the plasma effect. From this point
of view, this was a purely subjective evaluation
based on the visual observation and the
estimation of the interruption of the electrical
bond between the two electrodes. The following
Tab. 1 summarizes the average values of these
two parameters, which resulted in an electrical
discharge  occurrence.  The  minimum
requirement for the electrode gap size is 6 mm.
The movable electrode moves towards the static
electrode and at some point, the electric spark
flashes over. This starting point was used to
measure the size of the gap between the
electrodes.

Delta 2019, 13(2):5-16
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U nizSich energii jiz nebyl vznik
plazmatického efektu v takovém meétitku, nebo
nebyl mnohdy ani pozorovan. Jiskra byla
v téchto piipadech na prvni pohled méné
energicka, doba trvani byla o poznani kratsi.
Avsak bylo zaznamenéno nékolik ptfipadd, kdy
i u energie 1000 mJ doslo k rychlému prib&éhu
elektrického  vyboje.  Délka  vzniklého
elektrického vyboje byla hodnocena jako dalsi
parametr pro dané energie a rizné typy hrotii
elektrod. Délka trvani vyboje byla pocitana od
prvniho objeveni jiskrového elektrického
vyboje az po jeho zanik, poptipadé, kdy vznikl
plazmaticky efekt. Z tohoto hlediska se jednalo
o Cist¢ subjektivni vyhodnoceni na zakladé
vizualniho pozorovani a odhadu preruseni
elektrické vazby mezi dvéma elektrodami.
Nasledujici Tab. 1 shrnuje prumérné hodnoty
téchto dvou parametrd, pfi kterych dochazelo ke
vzniku  elektrického  vyboje. Minimalni
pozadavek na velikost mezery mezi elektrodami
je 6 mm. Pohybliva elektroda provadi pohyb
smérem ke statické¢ elektrodé a v urcitém
okamziku dojde preskoceni elektricke jiskry.
Tento vychozi bod byl pouzit pro méfeni
velikosti mezery mezi elektrodami.
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Tab. 1 Average values of gap lenght between electrodes and dutation of electrical discharges

Tab. 1 Primérné hodnoty velikosti mezery mezi elektrodami a doby trvani elektrického vyboje

Pointed Spike/Spicaty hrot

Oblique Spike/Sikmy hrot

Flat Spike/Kolmy hrot Rounded Spike/Zaobleny hrot

Energy/Energie  Gap Lfanght/ Duration/Eas Gap Lfenght/ Duration/Cas Gap L?“Bht/ Duration/Cas Gap '-f"ght/ Duration/Cas
[mJ] Velikost [ms] Velikost [ms] Velikost [ms] Velikost [ms]
mezery [mm] mezery [mm] mezery [mm] mezery [mm]

1000 10,37 0,484 9,26 0,504 10,17 0,505 6,87 0,362
300 9,70 0,298 8,42 0,279 7,59 0,319 6,92 0,331
100 11,29 0,114 10,51 0,113 8,52 0,113 6,33 0,144
30 8,23 0,047 6,92 0,069 6,87 0,043 6,48 0,045

As can be seen in Tab. 1, the pointed spike Jak je mozné vidét v Tab. 1, u $picatého
electrode showed much larger gaps for the spark hrotu elektrody dochéazelo k preskocéeni
flashes than the other shapes types. Conversely, elektrické jiskry ve vétSich mezerach, nez
the smallest distance between the electrodes u ostatnich. Naopak nejmensi vzdalenosti mezi
showed a rounded spike electrode, when the elektrodami  vykazovala  elektroda  se
spark flashed over almost after the movable zaoblenym hrotem, kdy dochazelo k preskoceni
electrode was fully ejected. The largest distance elektrické jiskry téméf az po Gplném vysunuti
between the electrodes in which the electrical pohyblivé elektrody. Nejvétsi vzdalenost mezi
discharge occurred, was recorded for the elektrodami, pfi které doslo ke vzniku
electrode with the oblique spike. This was a gap elektrického  vyboje, byla zaznamenana
of size 13.20 mm when the energy 1000 mJ was u elektrody se Sikmym hrotem. Jednalo se
used. By contrast, the smallest distance between 0 mezeru o velikosti 13,20 mm, kdy byla
the electrodes was recorded when the electrode pouzita energie 1000 mJ. Naopak nejmensi
was fully ejected, in this case, the electrode with vzdalenost mezi elektrodami byla zaznamenana
rounded spikes. Comparing the length of the pii uplném vysunuti elektrody, v tomto ptipadé
electric discharge, we can see almost identical se zaoblenymi hroty. Srovname-li délku
results in the case of 100 mJ energy. For elektrického vyboje, muzeme si v§imnout témét
pointed, oblique and flat spikes, the average shodnych vysledku v piipadé energic 100 mJ.
duration of the electric discharge was recorded U $picatého, Sikmého a plochého hrotu byla
0.114 ms or 0.113 ms. In the case of a rounded zaznamenana  prumérna  délka  trvani
electrode spike, there was a short extension of elektrického vyboje 0,114 ms, respektive
the discharge to the 0.144 ms. The shortest 0,113 ms. V ptipadé zaobleného hrotu elektrod
duration of electrical discharge during this doslo ke kratkému prodlouzeni délky vyboje na
energy was detected at the flat electrode spike hodnotu 0,144 ms. Nejkratsi délka trvani
with a time of 0.024 ms. This was the shortest elektrického vyboje pii této energii byla zjisténa
recorded time of the electric charge duration u kolmého hrotu elektrodu s ¢asem 0,024 ms.
from all used energies. If we compare the size Jednalo se celkové o nejkrat§i zaznamenanou
of gaps for the given energies, we find out that dobu trvani elektrického vyboje ze vSech
in all cases there was an electric discharge in the pouzitych energii. Srovname-li velikosti mezer
longest distance between the electrodes with a pro dané energie, zjistime, ze ve vSech
pointed spike. By contrast, the shortest distance ptipadech dochazelo ke vzniku elektrického
between electrodes at the time of the electrical vyboje v nejdelsi vzdalenosti mezi elektrodami
discharge was recorded on the rounded se Spi¢atym hrotem. Naopak u zaobleného typu
electrode type. The duration of the discharge elektrod byla zaznamenana nejkratsi vzdalenost
itself had already differed depending on the size mezi elektrodami v dobé vzniku elektrického
of the energy as seen from the Tab. 1. When vyboje. Délka trvani samotného vyboje se jiz
using the largest energy1000 mJ, the longest lisila v zavislosti na velikosti energie, jak je
discharges were recorded in the flat electrode patmmé z Tab. 1. Pfi pouZziti nejvEtsi energie
spike and the smallest for the rounded spike. 1000 mJ byly zaznamenany nejdel$i vyboje

Taking into account that MIE uses different u plochého hrotu elektrody a nejmensi pro
concentrations and energies to find the lowest zaobleny hrot.
energy, it is possible that the electrode spike Vezmeme-li vpotaz, 7ze MIE pouziva

riznych koncentraci a energii, aby byla
13
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shape itself will affect the result as well as the
various devices and assemblies by which this
energy value is monitored. The results show that
electrical discharges are the fastest and most
likely the easiest when using a pointed electrode
spike. This shape is commonly used and is
designed for the determination of MIE. If a
rounded spike is used, the results may be
distorted due to a delay in the initiation of the
time as determined by the duration of the
electrical discharge.

4 Conclusion

The article summarizes the results of the
experimental measurement, during which the
various shapes of the electrodes used to ignite
the dust mixture were examined in detail during
the determination of the MIE. In the
experiment, electrodes with rounded, oblique,
flat and pointed spikes were manufactured.
These were compared to each other thanks to
high-speed camera recordings. Since the used
MIE determination device uses a static and
movable electrode, the gap size parameter was
monitored, which is flashed out by an electrical
discharge. The easiest way, hence, the greatest
distance between the electrodes, showed the
spark occurrence in the case of a pointed spike
electrode. Conversely, the worst results were
achieved when using a rounded electrode spike,
when the electric discharge occurred only after
the electrode was completely ejected. Another
parameter observed in the measurement was the
duration of the electrical discharge. In this case,
different values were recorded depending on the
amount of energy used. From the records, it is
possible to conclude that the use of different
spikes of electrodes would cause divergent
results, as well as in the case of the use of
various instruments for the determination of
MIE. During the determination of MIE, there
are concentration changes in the sample and the
delay of ignition from the beginning of the
sample distribution. In this case, the size of the
gap in which the electrical discharge occurs is
likely to play a role. At the same time,
a different spark duration was observed. Of the
ten repetitions, there were several cases where
the duration of the electrical discharge was
decreased. The smallest value fluctuations were
achieved with lower energy sizes, such as 30
mJ, but also 100 mJ. Following these results, it
would be advisable to make MIE determination
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praveé tvar hrotu elektrody ovlivni vysledek
stejné tak, jako rizné zafizeni a sestavy, kterymi
je tato hodnota energie vyhledavana. Vysledky
ukazuji, Ze nejrychleji a pravdépodobné
i nejsnadnéji dochéazi ke vzniku elektrického
vyboje v pfipadé pouziti S$picatého hrotu
elektrody. Tento tvar je b&zné€ vyuZivany
Vv zafizenych pro stanoveni MIE. V piipadé
pouziti zaobleného hrotu by mohlo dochazet ke
zkreslovani vysledki zplisobené zpozdénim
doby, kdy dojde K iniciaci i, jak bylo zjisténo
dobou trvani elektrického vyboje.

4 Zavér

Clanek sumarizuje vysledky
experimentalniho méteni, béhem kterého byly
detailn¢ zkouméany rtizné tvary hrot elektrod
pouzivanych pro iniciaci prachovzdusné smési
béhem stanovovani MIE. V ramci pokusu byly
vyhotoveny elektrody se zaoblenymi, Sikmymi,
plochymi a $picatymi hroty. Ty byly mezi sebou
diky zadznamidm z vysokorychlostni kamery
porovnavany. Vzhledem k tomu, ze pouzity
pristroj pro stanoveni MIE vyuziva statickou
a pohyblivou elektrodu, byl sledovan parametr
velikosti mezery, pfi které dojde k preskoceni
elektrického  vyboje.  Nejsnadn&ji, tedy
Vv nejveétsi  vzdalenosti mezi  elektrodami,
dochazelo ke vzniku jiskry v ptipadé Spicatého
hrotu. Naopak, nejhorSich vysledki bylo
dosazeno v ptipadé pouziti zaobleného hrotu
elektrod, kdy vznikl elektricky vyboj az po
kompletnim  vysunuti elektrody. Dal$im
parametrem  pozorovanym v realizovaném
meéfeni byla doba trvani elektrického vyboje.
V tomto pfipadé¢ dochazelo k zaznamenani
riznych hodnot v zavislosti na velikosti pouzité
energie. Ze zaznami je mozné soudit, ze by
pouziti odlisnych hrotli elektrod zapficinilo
odlisené¢ vysledky, stejné tak jako v ptipadé
pouziti riznych aparatur pro stanoveni MIE.
Béhem stanovovani MIE dochazi ke
koncentratnim zménam vzorku a dobé
V tomto piipadé by mohla hrat roli pravé
velikost mezery, pfi které dojde ke vzniku
elektrického vyboje. Zarovenl byla pozorovéana
rozdilna doba trvani jiskry. Z deseti opakovani
doslo k nekolika pripadim, kdy byla snizena
doba trvani elektrického vyboje. Nejmensich
vykyvii hodnot bylo dosazeno u nizSich
velikosti energii, jako u energie 30 mJ, ale také
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using different spikes of electrodes to compare
the actual effect of MIE with the type of
electrode spike. Predominantly, rounded spike
electrodes should be used, as stated in the
standard CSN EN ISO/IEC 80079-20-2.

Acknowledgement

This article was written in connection with
project Institute of clean technologies for
mining and utilization of raw materials for
energy use - Sustainability  program.
Identification code: LO1406. Project is
supported by the National Programme for
Sustainability 1 (2013-2020) financed by the
state budget of the Czech Republic.

u 100 mJ. V navaznosti na tyto vysledky by
bylo vhodné provést stanoveni MIE s pouzitim
odlisnych hroti elektrod a porovnat tak
skutecné ovlivnéni MIE s danym typem hrotu
elektrod. Prevazné poté pouziti zaoblenych
hrott elektrod, jak umoziuje norma CSN EN
ISO/IEC 80079-20-2.
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Abstract

Reducing  social  vulnerability in

the energy sector is important as it is a part of critical infrastructure.

Many of the flammable liquids are important for the energy sector as energy, raw materials and operational
resources. However, they represent also a threat for it. This paper is focusing the description of dangerous aspects
of flammable liquids expressed by determination and comparison of important physico-chemical properties and
fire-technical characteristics of flammable liquids of petroleum origin such as: oil, petrol, kerosene, diesel and
motor oil. These properties and characteristics have a significant impact on safety and fire protection in the storage,
handling, transportation, processing and production of petroleum-based fluids.

Keywords: Security and fire protection; Flammable liquid; Fire-technical characteristics of flammable liquids

1 Introduction

The security, economic and social stability
of the state, its functionality, but also the
protection of citizens' lives and property is
dependent on the proper functioning of many
state infrastructure systems. Its disruption
caused by various emergencies can increase
the vulnerability of society and the state with
a social, economic, economic, socio-health
impact not only on the population, their
standard of living, but also on security and
public order. Energy is a key sector of the
economy that affects all sectors of the
economy. Energy security is part of national
security and is one of the tools to ensure the

sovereignty, political independence and
economic security of the state.
Reducing social wvulnerability in the
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1 Uvod

Bezpecnost, ekonomicka a spoloCenska
stabilita $tatu, jeho funkénost, ale iochrana
zivotov amajetku obCanov je =zavisla od
spravneho fungovania mnohych systémov
infrastruktiry S$tatu. Jej naruSenie spOsobené
rozliécnymi mimoriadnymi udalostami moéze
viest k zvySeniu zranitelnosti spolocnosti
astatu  so  spolocenskym, ekonomickym,
hospodarskym, socialno-zdravotnym dopadom
nielen na obyvatel’stvo, jeho Zivotnu Groven, ale
aj na bezpeCnost averejny poriadok.
Energetika je klI'icovym sektorom ekonomiky,
ktory ovplyviuje vSetky odvetvia hospodarstva.
Energetickd  bezpeCnost  je  sucastou
narodnej bezpecnosti a je jednym z nastrojov
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energy sector is important as it is a part of
critical infrastructure not only in Slovakia but
also in other developed countries. Many of the
flammable liquids such as: oil, gasoline,
kerosene, diesel, motor oils and many others
are important for the energy sector as energy,
raw materials and operational resources.

The combustion of flammable liquids is
a homogeneous combustion characterized by
a flame. In Decree of the Ministry of Interior
of the Slovak Republic no. 96/2004 Coll. the
principles of fire safety for handling and
storing flammable liquids, heavy fuel oils and
vegetable and animal fats and oils are laid
down. The decree defines the terms:
flammable liquid and low-boiling flammable
liquid.

The aim of the paper is to determine,
determine and compare some physico-
chemical properties and fire-technical
characteristics of flammable liquids of
petroleum origin such as: oil, petrol,
kerosene, diesel and motor oil.

2 Material and Methods

These properties and characteristics have a
significant impact on safety and fire
protection in the storage, handling,
transportation, processing and production of
petroleum-based fluids. Petroleum liquids:
Petroleum, petrol, kerosene, diesel and motor
oil, in terms of their physicochemical
properties, are mixtures of hydrocarbons
having different lengths of hydrocarbon
chains, whose composition cannot be
expressed by a precise chemical formula. The
density of these liquids is generally less than
water — 1,000 kg-m-3, with a minimum density
of petrol - about 660 kg-m= and a maximum
density of oil - up to 1,000 kg'm3, so they
floating on its surface and in water are almost
insoluble. The boiling point of oil fluids
ranges from a minimum of approximately
30 °C for oil to a maximum of approximately
360 °C for engine oil. Their vapor density is
higher than the air, ranging from a minimum
of about 2.8 for gasoline to about to a
maximum 8 for engine oil; the vapours are
heavier than air and therefore stick to the
ground, there is a danger of flammable and
explosive mixtures. The physicochemical
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properties of flammable liquids based on
petroleum depend strongly on the origin,
k zabezpeceniu suverenity, politicke;j
nezavislosti a ekonomickej bezpecnosti Statu.
Znizovanie spolocenske;j zranitel'nosti
Vv energetike je dolezité nakolko je sucastou
kritickej infrastruktary nielen na Slovensku, ale
aj v inych rozvinutych krajinach. Pre energetiku
maju vyznam ako energetické, surovinové
a prevadzkové zdroje okrem inych, mnohé
horlavé kvapaliny ako napr.: ropa, benzin,
petrolej, nafta, motorové oleje a mnohé iné.

Horenie horlavych kvapalin sa povazuje za
homogénne horenie, ktorého charakteristickym
znakom je plameii. Vo vyhlaske MV SR ¢.
96/2004 Z. z. si stanovené zasady
protipoziarnej bezpecnosti pri  manipulacii
a skladovani horlavych kvapalin, tazkych
vykurovacich olejov a rastlinnych a zivo¢isnych
tukov a olejov. Vyhlaska definuje pojmy:
horlava  kvapalina ahorlavd  kvapalina
S nizkym bodom varu.

Ciel'om prispevku je zistovanie, stanovenie
a porovnanie niektorych fyzikalno-chemickych
vlastnosti a poziarno-technickych charakteristik
horlavych kvapalin ropného pdvodu ako su:
ropa, benzin, petrolej, nafta a motorovy ole;j.

2 Material a metody

Dané vlastnosti a charakteristiky maja
vyznamny vplyv na bezpecnost’ a ochranu pred
poziarmi pri skladovani, manipulécii, preprave,
spracovani a vyrobe kvapalin na baze ropy.
Kvapaliny ropného pévodu: ropa, benzin,
petrolej, nafta amotorovy olej zpohladu
svojich  fyzikalno-chemickych  vlastnosti
predstavuju zmesi uhlovodikov, ktoré maji
rozne dizky uhlovodikovych retazcov, ich
zloZenie sa neda vyjadrit’ presnym chemickym
vzorcom. Hustota danych kvapalin je vo
vieobecnosti mensia ako vody 1 000 kg-m?,
pricom minimalnu hustotu ma benzin cca
od 660 kg:ma maximalnu hustotu ma ropa cca
do 1 000 kg.m?, preto plavaji na jej povrchu
a vo vode su takmer nerozpustné. Bod varu
ropnych kvapalin sa pohybuje od minimalnej
cca 30 °C pre ropu po maximalnu cca viac ako
360°C pre motorovy olej. Hustota ich par
Vv porovnani so vzduchom je vysSia, pohybuje
sa od minimalnej cca 2,8 po maximalnu pre
benzin po cca 8 pre motorovy olej, pary st
tazsie ako vzduch a preto sa drzia pri zemi,
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composition of the crude oil, the raw material
from which it is produced by fractional
distillation, its processing methods and the
temperature distillation curve during which
the product is obtained by different boiling
points.

3 Results and Discussion

The fire-technical characteristics of oil,
gasoline, kerosene, diesel and motor oil are
influenced by their physico-chemical
properties. Flammable liquids based on
technical practice and in terms of their
flammability are assigned to the appropriate
hazard classes based on the fire-technical
characteristics of the flash point. Oil is
divided into 1. or exceptionally II. and III.
hazard class has a flash point mostly less than
21 °C but can also be higher up to about 100
°C, gasoline is classified into hazard class I,
has a flash point mostly less than 21 °C,
kerosene belongs to Il. hazard class has a
flash point mostly more than 21 °C, diesel is
divided into I11. hazard class has a flash point
of more than 55 °C, engine oil belongs to I'V.
has a flash point of approx. 200 °C. Fire-
technical  characteristics, the ignition
temperature ranges from a minimum of
approximately less than 220 °C for petrol and
oil to a maximum of approximately 400 °C for
kerosene and engine oil. Based on the ignition
temperature, flammable petroleum liquids are
assigned to appropriate temperature classes.
Temperature class T3 based on the ignition
temperature above 200 °C to 300 °C is
divided into: oil, petrol and diesel.
Temperature class T2 based on ignition
temperature above 300 °C to 450 °C is
divided into: kerosene and motor oil. The
explosion limits of the given flammable
liquids are relatively narrow, the lower
explosion limit is from about 0.6 to 1.1 vol %
and the upper explosion limit is from about
6.5 to 8 vol %. The explosion limits of the
given flammable explosion limit is from
about 0.6 to 1.1 vol% and the upper explosion
limit is from about 6.5 to 8 vol %. The widest
range of concentration limits of explosion is
about 0.6 - 8% by volume of gas and diesel
and engine oil are about 0.6 - 6.5% by volume.
The lower explosion limit of the liquids is
very low, i.e., a combustible assembly such as
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hrozi nebezpecenstvo vzniku horlavych
avybuSnych  zmesi.  Fyzikalno-chemické
vlastnosti horlavych kvapalin na baze ropy
silno zavisia od pdvodu, zlozenia ropy,
suroviny, z ktorej sa vyrabaju metodou frakénej
destilacie, spdsobov jej spracovania a najméd
destilacnej krivky teplot pocas, ktorej sa dany
produkt ziskava na zaklade rozdielnych bodov
varu.

3 Vysledky a diskusia

Na poziarno-technické charakteristiky ropy,
benzinu, petroleja, nafty a motorového oleja
maju vplyv ich fyzikalno-chemické vlastnosti.
Horlavé kvapaliny na zaklade technickej praxe
a zpohladu ich horlavosti, sa zadeluju do
prislusnych tried nebezpecnosti na zaklade
poziarno-technickej  charakteristiky  bodu
vzplanutia. Ropa je zadelena do I. alebo
vynimocne II. aIIl. triedy nebezpecnosti, ma
bod vzplanutia vicsinou menej ako 21°C, ale
moéze byt aj vyssi az do cca 100°C, benzin je
zadeleny do I. triedy nebezpecnosti, ma bod
vzplanutia va¢Sinou menej ako 21°C, petrolej
patri do II. triedy nebezpecnosti, ma bod
vzplanutia vacsinou viac ako 21°C, nafta je
zadelena do III. triedy nebezpecnosti, ma bod
vzplanutia cca vyssi ako 55°C, motorovy olej
patri do IV. triedy nebezpecnosti, ma bod
vzplanutia cca vy$$i ako 200°C. Poziarno-
technicka charakteristika teplota vznietenia sa
pohybuje od minimalnej cca menej ako 220°C
pri benzine a rope po maximalnu cca viac ako
400°C pri petroleji a motorovom oleji. Na
zéklade teploty vznietenia sa horlavé ropné
kvapaliny zadel'uja do prislusnych teplotnych
tried. Do teplotnej triedy T3 na zaklade teploty
vznietenia nad 200°C do 300°C su zadelené:
ropa, benzin a nafta. Do teplotnej triedy T2 na
zaklade teploty vznietenia nad 300°C do 450°C
si zadelené: petrolej a motorovy olej.
Koncentratné medze vybusnosti danych
horlavych kvapalin st pomerne uzke, dolna
medza vybusnosti sa nachadza od cca 0,6 do 1,1
0bj.% a horna medza vybusnosti sa nachadza od
cca 6,5 do 8 o0bj.%. Najsirsi interval
koncentracnych medzi vybusnosti méa benzin
cca 0,6 - 8 0bj.% a najuzsi interval maji nafta
a motorovy olej cca 0,6 — 6,5 0bj.%. Dolna
koncentratnda medza vybuSnosti danych
kvapalin je vel'mi nizka, to znamena, ze horlavy
stbor ako zmes vzduchu apar horlavej
kvapaliny sa mdze rychlo, 'ahko vytvorit, ¢o
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a mixture of air and vapor of a combustible
liquid can quickly, easily form, which
increases the risk of fire and explosion when
appropriately initiated by a source of enough
activation energy. In terms of fire protection,
the most hazardous oil-based flammable
liquids are oil and gasoline alone, and the
least risky are diesel and motor oil.

4 Conclusions

Each flammable liquid is characterized
by its individual physico-chemical properties,
fire-technical ~ parameters  and  other
characteristics. In common practice, industry,
agriculture, but also households, flammable
liquids occur and are used frequently, for
example: in the form of fuels, lubricating oils,
dyes, thinners or raw materials. Flammable
liquids are stored in large-capacity tanks -
containers, but also in small containers -
containers of different volumes. They can be
pumped and transported by piping. In normal
practice, but also in technological processes
of production, processing and handling in
production and storage areas, when pumping
and transporting flammable liquids, there is a
danger of emergencies, especially fire or
explosion, failure to observe safety,
operational-technical regulations and laws on
fire protection. The risk of fire or explosion as
an undesirable event may arise especially
when working with flammable liquids at
higher pressures and temperatures close to
their boiling point. Under given conditions,
flammable liquids evaporate more intensively
and form dangerous, flammable and explosive
mixtures more easily. Qil-based flammable
liquids are used throughout the economy,
including in the energy sector, which is a key
sector of critical infrastructure. Reducing the
level of social vulnerability in the energy
sector strengthens the security, economic and
social stability of the state, increases its
functionality, but also protects the lives and
property of citizens.

Delta 2019, 13(2):17-22

20

zvySuje nebezpecenstvo vzniku poziaru a

vybuchu pri vhodnej inicidcii zdrojom
zapalenia o dostatoCnej aktivacnej energii.
Z hladiska ochrany pred poziarmi

najrizikovejSimi horlavymi kvapalinami na
baze ropy s samotna ropa a benzin, najmene;j
rizikové st nafta a motorovy ole;j.

4 Zaver

Kazda horlava kvapalina je
charakterizovana, svojimi individualnymi
fyzikalno-chemickymi vlastnostami, poziarno-
technickymi ~ parametrami  a aj inymi
charakteristikami. V beZnej praxi, v priemysle,
v pol'nohospodarstve, ale aj v domacnostiach sa
horlavé kvapaliny vyskytuju a pouzivaju Casto,
napr.: vo forme paliv, mazacich olejov, farbiv,
riedidiel alebo surovin. Horlavé kvapaliny sa
skladuji vo velkokapacitnych nadrziach -
zésobnikoch, ale aj v malych obaloch —
nadobach rézneho objemu. Je mozné ich
precerpavat a  prepravovat  potrubnymi
rozvodmi. V  beznej praxi, ale gj
v technologickych procesoch vyroby, pri
spracovani a manipulacii vo vyrobnych
a skladovacich priestoroch, pri precerpavani
a preprave horlavych kvapalin, vsade hrozi
nebezpecenstvo vzniku mimoriadnych udalosti
najmé poziaru alebo vybuchu, pri nedodrzani
bezpec¢nostnych, prevadzkovo-technickych
predpisov a zakonov o ochrane pred poziarmi.
Nebezpecenstvo vzniku poziaru alebo vybuchu
ako neziaduca udalost’ méze nastat’ najma pri
praci s horlavymi kvapalinami pri vysSich
tlakoch a teplotach blizkych ich bodu varu. Za
danych podmienok sa horlavé kvapaliny
intenzivnejSie vyparuju a lahSie vytvaraju
nebezpecné, horlavé a vybusné zmesi. Horlavé
kvapaliny na baze ropy sa pouzivaju v celom
hospodarstve, a to aj v energetike, ktora patri ku
kl'aicovym sektorom kritickej infrastruktiry.
Znizovanie miery spolocenskej zranitelnosti
Vv energetike posiliiuje bezpecnost, ekonomickt
a spoloCensku stabilitu S§tatu, zvySuje jeho
funkénost’, ale iochranu zivotov a majetku
obcanov.
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Abstract

Buildings play a very important role in energy consumption and in releasing emissions into the air [2]. Therefore,
one of the most important challenges in constructing new and reconstructing older buildings is to reduce the energy
consumption used to heat or cool them. This paper presents the fire-technical and acoustic properties of insulating
panels made of recycled technical textile Senizol AT XX2 TL60 treated with two liquid retardants (Isonem Anti-
fire solution and HR Prof) as well as a carbon fabric that was mechanically attached to the surface of the insulation
panels. Ignitability of building products subjected to direct impingement of flame and calorific value was studied.
Results of measurement confirmed the classification into the Class E reaction to fire. After fire protection of insu-
lating panels with retardants and carbon it can be classified in a lower class of reaction to fire but must be confirmed
by performing a Single Burning Item (SBI) test. Fire treatment with liquid retardants has also been shown to be
effective in the radiant heat test as it has prevented complete thermal degradation of the samples. Results of sound
absorption measurements show that liquid retardant treatment is preferable to carbon fiber treatment, as the differ-
ence from the original absorbency of the panels were minimal.

Keywords: Recycled textiles, Flame retardant, Reaction to fire, Combustion heat, Sound absortion

1 Introduction ,
1 Uvod

Today we must face various problems such V sic : , selif 1o blé
as global warming, ozone depletion, waste ac- sucasnosti musime Celit roznym probie-

cumulation and so on [1]. Buildings play a very mom, ako sd gl%balne oteplovanie, na“éseg“e
important role in energy consumption and in re- ozénovej vrstvy, hromadenie odpadu a podobne

leasing emissions into the air [2]. Therefore, one [1]. Budovy zohravaju velmi dlezita ulohu

of the most important challenges in constructing \é spotrgb(ve.energle a tieZ pri uvolfiovani emisii
new and reconstructing older buildings is to re- 0 ovzdusia [2]. Preto je jednou z najdoleZitej-

duce the energy consumption used to heat or Sich vyziev pri kon$truovani novych a rekon-
cool them. By choosing the right thermal insu- Struovani starSich stavieb zniZovanie spotreby
lation material and the right application, it is energie, ktora sa vyuziva pri ich vykurovani
possible to reduce energy consumption by 50 — alebo ochladzovani. Na tieto ucely sa vyuzivaju
70 % [3]. For this can be izolacné materialy, ktoré pri spravnej instalacii

avhodnom druhu used thermal insulation
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panels made of recycled technical textiles from
automotive industry.

This paper deals with fire-technical and
acoustic properties of insulating panels made of
recycled technical textiles (Fig. 1). Used mate-
rial consists mainly of synthetic materials and is
classified in Class E reaction to fire. In view of
this, it’s necessary to propose its treatment with
a suitable flame retardant, which must not ad-
versely affect other technical, hygienic or aes-
thetic properties [4] required for use in building.

mozu znizit' spotrebu energie az o 50 — 70 %
[3]. Ukazuje sa, Ze na tepelnu izolaciu je mozné
vyuzit panely zrecyklovanych technickych
textilii, ktoré pochadzaju z automobilov.

Tento prispevok sa zaobera poziarnotechnic-
kymi a akustickymi vlastnostami izola¢nych
panelov zhotovenych z recyklovanych technic-
kych textilii (Obr. 1). Pouzity material pozos-
tava prevazne zo syntetickych materialov a je
zaradeny do triedy E reakcie na ohenl. Vzhla-
dom Kk tomu je potrebné navrhnut’ jeho upravu
vhodnym retardérom horenia, ktory nesmie ne-
gativne ovplyvnit’ iné technické, hygienické, ¢i
estetické vlastnosti [4] poZzadované pri vyuziti
v stavebnych konstrukciach.

Fig 1. Insulating panel samples intended for experiments.

Obr. 2 Vzorky izola¢nych panelov uréenych na experimenty

2 Material and Methods

Senizol AT XX2 TL60 was used for research
purposes. Material consists of pulped and repro-
cessed textile material. Samples were dimen-
sionally prepared according to the conditions of
each test method and treated with two liquid re-
tardants (Isonem Anti-fire solution and HR
Prof) as well as a carbon fabric that was me-
chanically attached to the surface of the insula-
tion panels. The liquid retardant treatment was
done by soaking both sides of samples in poly-
propylene container and the excess liquid was
let to drop off.

Tests which were used to determine the fire-
technical properties were STN EN ISO 11925-
2:2011: Reaction to fire tests — Ignitability of
building products subjected to direct impinge-
ment of flame — Part 2: Single-flame source test
[5]. Next was the test method EN ISO
1716: 2010 - 12. Reaction to fire tests for
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2 Material a metody

Na tcely vyskumu bol pouzity material Se-
nizol AT XX2 TL 60. Material pozostava z roz-
vlakneného a prepracovaného textilného mate-
rialu. Vzorky materialu boli rozmerovo pripra-
vené podla poziadaviek jednotlivych skuasob-
nych metdd a upravené pomocou dvoch kvapal-
nych retarda¢nych latok (Isonem anti-fire solu-
tion a HR Prof) a tiez uhlikovou tkaninou, ktora
bola mechanicky pripevnena na povrch izolac-
nych panelov. Uprava kvapalnymi retardérmi
bola vykonana tak, ze vzorky boli v nom
Z oboch stran namacané a nasledne sa preby-
toc¢na kvapalina nechala odkvapkat’. Pouzité re-
tardéry boli polypropylénovej nadobe.

Pre zistenie vplyvu pouZitého retardéra ho-
renia na poziarnotechnické vlastnosti skima-
ného materialu bol pouzity test jednoplameno-
vym zdrojom. Test vychadzal z poZziadaviek
uvedenych v norme STN EN ISO 11925-
2:2011: Skusky reakcie na ohe.
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products — Determination of the gross heat of
combustion (calorific value) [6]. The last test
for completion the fire characteristics of the ma-
terial was a non-standard radiant heat test.
Method to evaluate the absorption properties of
the examined material was used STN EN ISO
10534-2: Acoustics — Determination of sound
absorption coefficient and impedance in imped-
ances tubes — Part 2: Transfer-function method

[7].
3 Results and Discussion

After ignitability test, the raw material was
found to be easily ignitable and the flame
spreads rapidly across the sample surface. How-
ever, the limit of 15 cm was not exceeded during
the prescribed test time. After the sample’s
treatment with HR Prof, local heating of the
samples was observed without further flame de-
velopment. At material treated with Isonem
Anti-fire solution samples didn’t ignite, and
smoke formation was also significantly reduced
compared to previous modification. The last
modification was samples protected with a car-
bon fiber. In this case, samples didn’t burn, only
local charred due to the high temperature on the
opposite side of the carbon layer was observed.

Evaluation of the mass loss that was carried
out by the radiant heat test is given in Tab. 1.

Delta 2019, 13(2):23-28
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Zapalite'nost’ stavebnych vyrobkov vystave-
nych priamemu pdsobeniu plamenového hore-
nia. Cast’ 2: Skugka jednoplamefiovym zdrojom
[5]. Druhym testom bolo stanovenie spalného
tepla podl'a normy STN EN ISO 1716:2010-12.
Skusky reakcie na ohen. Stanovenie celkového
spalného tepla [6]. Poslednym pouzitym testom
bola nenormova skiska sadlavym zdrojom tepla.
Na hodnotenie zvukovej pohltivosti skimaného
materialu bol vyuzity postup podl'a normy STN
EN ISO 10534-2: Akustika. Urcovanie koefi-
cienta zvukovej ponhltivosti a akustickej impe-
dancie v impedanénych trubiciach. Cast’ 2: Me-
toda transformacnej funkcie [7].

3 Vysledky a diskusia

Po vykonani sktsky zapaliteI'nosti sa zistilo,
Ze neupraveny materidl je lahko zapalitelny
a plamen sa po povrchu vzorky rychlo $iri. Po-
Cas predpisaného ¢asu skusky vSak ani v jed-
nom pripade vrchol plamena nepresiahol vysku
15 cm. Po uprave vzoriek latkou HR Prof bolo
pozorované lokdlne zahorenie vzorky bez
d’alsieho rozvoja plamena. V pripade materialu,
ktory bol upraveny latkou Isonem Anfi-fire so-
lution nedoslo k zapaleniu vzoriek a tiez bola
znacne obmedzena tvorba dymu v porovnani s
predchadzajucimi modifikaciami. Poslednou
upravou bola ochrana povrchu vzorky uhliko-
vou tkaninou. V tomto pripade nedoslo k zaho-
reniu vzorky, len klokalnemu zuholnateniu
vplyvom vysokej teploty na opaénej strane uh-
likovej vrstvy.

Priemerny hmotnostny ubytok upravenych
a neupravenych vzoriek materialu pri pésobeni
salavého zdroja tepla je uvedeny v Tab. 1.
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Tab. 1 Mass loss after radiant heat test

Tab. 1 Hmotnostny ubytok po skuske salavym teplom

Sample modification/

Average original sample

Average mass

Modifikacia vzorky (-) mass/Priemerna povodna  l0ss/Priemerny hmotnostny
hmotnost’ vzorky (@) ubytok (%)
Original state/ Bez Gpravy 21.72 2.17
Isonem Anti-fire Solution 33.2 12.51
HR Prof 31.84 10.23
Woven carbon layer/ 22.918 1.97
Tkany uhlik

Mass loss of samples are higher when they
are treated with liquid retardants due to in-
creased initial mass and release of bound sub-
stances from retardants. In contrast, degradation
of the material by high radiant heat was bigger
on untreated samples and samples with woven
layer, which remained only as a dark melt.

Results of the combustion heat test are
shown in Tab. 2. Values show that the combus-
tion heat of evaluated material is lower than that
of other polymeric materials.

Values of the sound absorption coefficient of
insulating panels, which were performed at dif-
ferent frequencies in the large Kundt’s tube, are
given in Tab. 3.

Tab. 2 Combustion heat
Tab. 2 Spalné teplo

Vysledné hodnoty hmotnostného ubytku st
vysSie pri uprave kvapalnymi retardérmi co
bolo spdsobené zvySenim pociatoénej hmot-
nosti a uvolfiovanim naviazanych latok z retar-
dérov. Naopak, degradacia materialu salavym
teplom sa prejavila viac na vzorkach bez tipravy
a vzorkach s upravou tkanym uhlikom, pricom
Z panelov ostala len tmava tavenina.

Vysledky zo skusky spalného tepla sa nacha-
dzaju v Tab. 2. Hodnoty dokazuju, ze spalné
teplo hodnoteného materialu patri k nizSim
V porovnani s inymi polymérnymi materialmi.

Hodnoty koeficienta zvukovej pohltivosti
izolacnych panelov, ktorého merania sa usku-
tocnili pri roznych frekvenciach vo velkej Kun-
dtovej trubici st uvedené v Tab. 3.

Sample mass/
Hmotnost’ vzorky (g)

Combustion heat of insulation
panel samples/ Spalné teplo

Amount of ash/
Mnozstvo popola (%)

vzorky izolacného panelu

(MJ/kg)

0.4458 22.66 0.29
0.4568 22.48 0.26
0.4507 22.53 0.26
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Tab. 3. Sound absorption coefficient of materials before and after flame retardant treatment

Tab. 3. Koeficient zvukovej pohltivosti materialov pred a po uprave retardérom horenia

N/ Modification/ Spasob p
Por , o ()
&islo upravy (kg'm?)
f (Hz) 250 500 1000 1500

1. Original state/ Bez Gipravy 59.41 0.41 0.82 0.93 0.89
2. HR Prof/ Uprava: HR Prof 76.60 0.40 0.81 0.93 0.89
ISONEM Anti-Fire Solu- 7554 039 079 092 089

tion/ Uprava: ISONEM
4. Woven carbon layer/ 62.26 0.34 0.70 0.80 0.83

Uhlikové vldkno

4 Conclusions

In conclusion, results of measurement ac-
cording to STN EN 13501-1+A1 methodology
confirmed the classification into the Class E re-
action to fire [8]. After fire protection of insu-
lating panels with retardants and carbon fiber
has been carried out, it can be classified in a
lower class of reaction to fire but must be con-
firmed by performing a Single Burning Item
(SBI) test. Fire treatment with liquid retardants
has also been shown to be effective in the radi-
ant heat test as it has prevented complete ther-
mal degradation of the samples. Results of
sound absorption measurements show that lig-
uid retardant treatment is preferable to carbon
fiber treatment, as the difference from the orig-
inal absorbency of the panels were minimal.
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Abstract

The paper is focusing the application of progressive computer aided modelling techniques to study the fire
dynamics in and mainly the influence of fire ventilation on working environment of intervening firefighters during
the road tunnel fire. To model the fire behavior, the Fire Dynamic Simulator was used, because it is the most
widely used Computer Fluid Dynamics (CFD) model in fire engineering. The main factor of the influence of
ventilation on the fire and smoke conditions in the tunnel tube was the smoke dissipation. In modelling, the
direction of the ventilation and the wind was identical from the left to the right. In case of the fire scenario with
the ventilation switched on, in about 170 s after the ventilators are switched on, a half of the tunnel tube was
vented. After another 80 s, the remaining part of the tunnel tube was vented, up to the point of the fire. In the fire
scenario without the ventilation switched on, the entire tunnel tube was full of smoke already at the point of 600 s
and it remained so until the end of simulation.

Keywords: Fire; Fire Modeling; Fire Ventilation; Road Tunnel; Smoke Dispersion

1 Introduction 1 Uvod

We selected Fire Dynamics Simulator (FDS) Pre modelovanie spravania sa poZiaru vo
computer program to model fire behavior in the vybranom tuneli sme si zvolili pocitatovy
selected tunnel Sibenik. The reasons for program Fire Dynamics _Slmulator (I:VDS).
choosing this program include its popularity, it Tento program sme zvolili z dovodu, Ze je
is the most widely used CFD model in V inzinierskej praxi najuznavane)sim .CFD’
engineering and is freely available and allows modelom ~ aziroveh je volne Siritelny
for valuable graphical outputs. This is a aumoziiuje vytvarat' cenné grafické vystupy.
computer model based on the Navier-Stokes Jedna sa o pocitatovy model zaloZeny na baze
equations applied to low-speed gas flow during Navier-Stokesovych rovnic aplikovanych na
a fire, thermal dissipation through radiation and nizkorychlostné pradenie plynov pri poZiari,
also an estimation of the concentration of Sirenia tepla prostrednictvom radiacie a takisto
individual substances released by the fire [1]. It odhadu ~ koncentricie jednotlivjch litok
solves differential equations describing the uvol'nenych pri pozZiari [1]. Riesi diferencialne
development of fire through input data from a rovoice, ktoré popisyu - vyvoj  poziaru
text file called a source code. Commands prostrednictvom vstupnych dat z textového
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must not be arranged in a certain order in the
source code, but in terms of clarity, it is
advisable to follow a certain logical structure in
creating the source code [2].

2 Material and Methods

2.1 General model information

This is basic simulation information, e.g. its
name, ambient temperature before the start of
simulation, basic material parameters, etc. The
preset ambient temperature is 20 °C but can be
changed to any temperature.

2.2 Calculation of time and area

It defines the time and area where the
simulation takes place. The time counts in
seconds, and it is possible to set practically an
unlimited length of time. Regarding the
calculation time, we set a 1800 second period.
For the time tO, we used the starting time of fire,
and the fire extinction occurred after 1500 s
from the beginning of the simulation.

Since the FDS program uses rectangular
geometry, for its calculations and division of the
calculated space into cells that make up a
rectangular calculating grid, the tunnel
geometry, which has a circular cross section at
the top, has to be adapted to these requirements.
In order to achieve the most accurate shaping of
the space, a grid of 0.5 x 0.5 x 0.5 m was chosen,
i.e. after recalculation, the difference between
the real conditions and the rectangular geometry
used in the calculations was only 0.97%. The
total number of calculating cells was 617,808
for the whole tunnel, and in a 10-meter radius of
fire, a grid with a cell size of 0.25 x 0.25 x 0.25
m was chosen for more detailed modeling.

2.3 Materials and boundary conditions

Their correct definition is the basic
parameter for the relevant course and the results
of the whole simulation. For all solid bodies
which are located in or bounded by the burning
space, it is necessary to determine, in particular,
their  thermal and fire  performance
characteristics, such as their thermal
conductivity coefficient, bulk density, thermal
capacity, and emissivity. Regarding the
boundary structures, their thickness, color and
temperature should also be determined. Lining
of the tunnel is designed as reinforced concrete.

Delta 2019, 13(2):29-34
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suboru nazyvaného zdrojovy kod. Prikazy
nemusia byt v zdrojovom kdde usporiadané v
urCitom nemennom poradi, avSak z hladiska
prehladnosti  je vhodné pri  vytvarani
zdrojového kodu postupovat’ podla urcitej
logickej struktiry [2].

2 Material a metody

2.1 Vieobecné informdcie o modeli

Jedné sa o zékladné informacie o simulacii
ako je napr. jej nazov, okolita teplota pred
zacCiatkom simuldcie, parametre zakladného
materidlu a pod. Prednastavena okolita teplota
je stanovena na 20 °C, je vSak mozné ju nastavit’
na akukol'vek teplotu.

2.2 Vypoctovy cas a oblast

Definuje sa doba a oblast’, pre ktort bude
simuldcia  prebichat. Doba sa  pocita
v sekundach a podl'a potreby je mozné nastavit’
prakticky neobmedzene dlhy casovy usek. Za
vypoctovy Cas sme stanovili casovy usek 1800
s. Za cas to sme uréili ¢as zaciatku poziaru
a dohorievanie poziaru nastalo v ¢ase 1500 s od
zaciatku simulacie.

Kedze program FDS na svoje vypocty
pouziva pravouhli geometriu a deli vypocétovy
priestor na bunky, ktoré tvoria pravouhlu
vypoCtovu mriezku musela byt geometria
tunela, ktora ma v hornej Casti kruhovy prierez,
prisposobena  tymto  poziadavkdm.  Pre
dosiahnutie ¢o najpresnejSieho vytvarovania
priestoru bola zvolena mriezka o rozmere 0,5 X
0,5 x 0,5 m, tzn. po prepocitani bol rozdiel
medzi realnymi podmienkami a pravouhlou
geometriou pouzitou pri vypoctoch len 0,97 %.
Celkovy pocet vypoctovych buniek bol pre cely
tunel 617 808, pricom v okruhu 10 m od poziaru
sa pre jeho detailnejSie modelovanie zvolila
jemnejSia mriezka s rozmermi bunky 0,25 X
0,25 x 0,25 m.

2.3 Materialy a okrajové podmienky

Ich spravna definicia je zakladnym
parametrom pre relevantny priebeh a vysledky
celej simulécie. Pre vSetky pevné telesd, ktoré
zvolili  ultra-rychly rozvoj poziaru, kedy
maximalny vykon predstavujuci 6,25 MW bol
dosiahnuty za 85 sod zaciatku poziaru.
Maximalny vykon poziaru bol udrziavany
pocas celej doby simulacie az po ¢as 1 5005,
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2.4 Solid bodies

Ventilators and automobiles, located in the
tunnel tube from its beginning to the point of
fire, have been designed as solid bodies
influencing the flow of combustion products.
Tunnel ventilation has been designed as
longitudinal with three sets of ventilators in
each tunnel tube. Turning on the ventilators is
set to 600 s after the simulation of fire starts. To
compare the fire behavior in the tunnel, we have
the fire with the same properties and boundary
conditions and we let it operate with the
ventilation switched on as well as without
turning on the ventilation. However, since the
state of absolute windlessness is unusual in the
exterior and almost impossible in the tunnels, in
both cases (with the ventilation switched on and
without the ventilation switched on), we set the
air flow rate to 0.5 m.s™,

2.5 Source of fire and fire definition

As a source of burning, we can use any liquid
or solid substance. In the case of using solid
combustible substance, it is also necessary to
define an initiating source which will serve to
start the pyrolysis process. If we select a liquid
for a combustible substance, we do not need to
describe the initiating source, the substance will
start to burn by itself. We chose the diesel fuel
as it is a common fuel and its smoke is dark,
heavy and toxic. We determined the area from
which the diesel fuel burnt away at 5 x 2 m,
which is approximately the size of one smaller
truck. The maximum fire performance that was
maintained throughout the simulation period
was 6.25 MW, which we can imagine as a fire
of two passenger cars or one smaller truck.
Regarding this paper, we chose the ultra-fast
fire development, where the maximum power of
6.25 MW was achieved in 85 s from the
beginning of the fire. The maximum fire
performance was maintained throughout the
simulation period up to 1500 s when the fire
performance was linearly falling down to zero.
Both fire scenarios (without the ventilation and
with the ventilation switched on) had, due to
further comparison of the results, the same
thermal performance of fire.

2.6 Measurement devices

Since the main purpose of simulating the
effect of fire is to find out how a fire is behaving
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kedy vykon poziaru linearne klesal az k nule.
Obidva poziarne scenare (bez zapnutia Sa
nachadzaju v  priestore horenia alebo ho
ohraniuji sa  stanovuji  najmi ich
tepelnotechnické a poziarnotechnické vlastnosti
ako napr. sucinitel’ tepelnej vodivosti, objemova
hmotnost’, merna tepelna kapacita a emisivita.
Pre ohraniCujiice konstrukcie je potrebné
stanovit’ aj ich hrubku, farbu a teplotu. Ostenie
tunela je navrhnuté ako Zelezobetdnové.

2.4 Pevné telesa

Ako pevné telesa ovplyviujuce tok splodin
horenia boli navrhnuté nielen ventilatory ale aj
automobily, ktoré su umiestnené Vv tunelovej
rare od jej zaciatku az po miesto poziaru.
Vetranie V tuneli bolo navrhnuté ako pozdizne
S tromi sadami ventilatorov v kazdej tunelovej
rare. Zapnutie ventilatorov sme nastavili na 600
S po zaciatku simulacie/poziaru. Pre porovnanie
spravania sa poziaru v tuneli sme pozZiar
srovnakymi  vlastnostami  a okrajovymi
podmienkami nechali pdsobit’ so zapnutou
ventilaciou ako aj bez zapnutia ventilacie.
Kedze vsak stav absoliutneho bezvetria je
vexteriéri  ojedinely avramci tunelov
V podstate nemozny, v oboch pripadoch (pri
zapnutej ventilacii aj bez zapnutej ventilacie)
sme nastavili rychlost’ pradenia vzduchu na
hodnotu 0,5 m.s™.

2.5 Zdroj horenia a definovanie poziaru

Ako zdroj horenia mézeme pouzit
akukol'vek kvapalni alebo tuhu latku.
V pripade pouzitia tuhej horlavej latky je nutné
definovat’ aj iniciacny zdroj, ktory bude sluzit
na zacatie procesu pyrolyzy. Ak za horlava
latku zvolime kvapalinu, iniciacny zdroj
nemusime popisat, latka zaCne horiet’
samovolne. Rozhodli sme sa pre motorova
naftu, nakolko sa jedna o bezné palivo a jeho
dym je tmavy, tazky a toxicky. Plochu z ktorej
nafta odhorievala sme stanovili na 5 x 2 m ¢o su
priblizne  rozmery  jedného  menSieho
nakladného automobilu. Maximalny vykon
poziaru, ktory bol udrziavany pocas celej doby
simulacie predstavoval hodnotu 6,25 MW, ¢o si
mozeme predstavit’ ako poziar dvoch osobnych
automobilov  alebo  jedného  mensSieho
nakladného automobilu. Pre prispevok sme
zvolili ultra-rychly rozvoj poziaru, kedy
maximalny vykon predstavujuci 6,25 MW bol
dosiahnuty za 85s od zaciatku poziaru.
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in a defined space, what maximum temperatures
can be reached, how the smoke can spread
through the space and the rate of fire over time,
we can monitor these and other variables by the
means of four options [2]:

- define devices that will monitor the
temperature, smoke, air flow rate,
composition  of combustion products,
etc.,

- view the distribution of particular
monitored quantity in the space or in the
selected cutting plane,

- to show the distribution of monitored
quantity on the surfaces of the bodies,

- to create a spatial isosurface that joins all
points with the same value of the selected
guantity throughout the monitored space.

In tunnel fires, one of the most important
parts of the tunnel is fire ventilation. Its main
function is to remove the combustion products
from the site of the fire outside the tunnel tube
and to ensure the appropriate living conditions
for escaping persons and the firefighters.

3 Results and Discussion

As the main factor of the influence of
ventilation on the conditions in the tunnel tube
at the event of fire, we have chosen to visualize
the tunnel tube smoke dissipation. Figure 1
illustrates the tunnel tube smoke dissipation
with the ventilation switched on after 600 s, 770
s, 850 s, and 1800 s. Figure 2 shows tunnel tube
smoke dissipation after 600 s, 770 s, 850 s, and
1800 s but no longer with the effect of the
ventilation switched on.
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Maximdlny vykon poziaru bol udrziavany
pocas celej doby simulacie az po ¢as 1500
s, kedy vykon poziaru linearne klesal az k nule.
Obidva poziarne scenare (bez zapnutia
ventilacie a so zapnutou ventilaciou) mali kvoli
d’alS$iemu porovnaniu dosiahnutych vysledkov
priebeh tepelného vykonu poziaru rovnaky.

2.6 Meracie zariadenia

Kedze hlavnym cielom simulacie ucinku
poziaru je zistenie ako sa poziar sprava
v definovanom priestore, aké maximalne
teploty moze dosahovat’, ako sa méze §irit’ dym
priestorom a rychlost’ postupu poziaru v Case,
moézeme tieto a eSte dalSie veliCiny sledovat’
pomocou §tyroch moznosti [2]:

- definovat zariadenia, ktoré budu
bodovo sledovat’ teplotu, dym, rychlost’
prudenia vzduchu, zlozenie splodin
horenia a pod.,

- zobrazit' rozloZenie urcitej sledovanej
veli¢iny v priestore alebo vo vybranej
rezovej rovine,

- znazornit  rozloZenie
veli¢iny na povrchu telies,

- vytvorit’ priestorovi izoplochu, ktora
v celom sledovanom priestore spoji
vSetky body srovnakou hodnotou
vybranej veliciny.

sledovanej

Pri poziaroch v tuneloch je jednou z
najdolezitejSich Casti tunela poziarna ventilacia.
Jeho hlavnou funkciou je odvéadzat splodiny
horenia z miesta poziaru mimo tunelovej rury a
zabezpeCit  vhodné  Zivotné  podmienky
unikajicim osobam a zasahujucim hasicom.

3 Vysledky a diskusia

Ako posledny faktor vplyvu ventilacie na
podmienky v tunelovej rure pri poZziari sme si
zvolili vizualizaciu zadymenia tunelovej rary.
Obr.1 ilustruje zadymenie tunelovej rury so
zapnutou ventilaciou v ¢ase 600 s, 770 s, 850
s a 1800s. Obr. 2 ukazuje zadymenie tunelovej
rary tiez v ¢ase 600 s, 770 s, 850 s a1 800s ale
uz bez vplyvu zapnutej ventilécie.
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Fig 1. Visualization of the tunnel tube smoke dissipation at different times from the beginning of the
fire (with the ventilation switched on): a) 600 s, b) 770 s, ¢) 850 s, d) 1 800 s

Obr. 1 Vizualizacia zadymenia tunelovej rary v roznych ¢asoch od zaciatku poziaru (pri zapnutej
ventilacii) v ¢ase: a) 600 s, b) 770 s, ¢) 850s,d) 1 800 s
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Fig 2. Visualization of the tunnel tube smoke dissipation at different times from the beginning of the
fire (without the ventilation switnched on): a) 600 s, b) 770 s, ¢) 850 s, d) 1 800 s.

Obr. 2 Vizualizacia zadymenia tunelovej rary v roznych ¢asoch od zadiatku poziaru (bez zapnutej
ventilacie) v Case: a) 600 s, b) 770 s, ¢) 850 s, d) 1 800 s

Figures 1 and 2 show the entire length of the
tunnel tube. We can see the effect of ventilation
and wind direction on the smoke dissipation of
the tunnel tube. The direction of the ventilation
and the wind is identical from the left to the
right. In case of the fire scenario with the
ventilation switched on, in about 170 s after the
ventilators are switched on, half of the tunnel
tube is vented. After another 80 s, the remaining
part of the tunnel tube is vented, up to the point
of the fire. In the fire scenario without the
ventilation switched on, the entire tunnel tube is
full of smoke already at the point of 600 s
and it remains so until the end of simulation.

4 Conclusions

When comparing the effect of ventilation on
smoke dissipation in the tunnel tube, it is clear
that ventilation helps the firefighters in the
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Na obrazkoch 1 a 2 je zndzornena cela dizka
tunelovej rary vratane portilov. M6Zeme na
nich vidiet vplyv ventilacie a smeru vetra na
zadymenie tunelovej rary. Smer ventilacie ako
aj vetra je zhodny ato od lavého portalu
Kk pravému. Pri poziarnom scenari so zapnutou
ventilaciou za priblizne 170 s po zapnuti
ventilatorov je odvetrana polovica tunelovej
rary. Po d’al$ich 80 s je odvetrana aj zvysna Cast’
tunelovej rary az po miesto poziaru. Pri
poziarnom scenari bez zapnutej ventilacie bola
cela tunelova rura zadymena uz v ¢ase 600 s a
uplné zadymenie pretrvavalo az do ukoncenia
simuléacie.

4 Zaver

Pri porovnani vplyvu ventilacie na zadymenie
tunelovej rury je zrejmé, Ze ventilaicia pomaha
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event of fire as well as the evacuated persons
because the ventilation of combustion products
increase visibility. On the other hand, it
significantly increases the temperature of
combustion products, especially under the
ceiling in the direction of ventilation. This
means that the ventilation against the direction
of the air flow significantly improves the
condition for firefighting intervention and
therefore it is necessary for the rescue team to
arrive from the portal which is opposite to the
direction of the ventilation.
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Abstract

The aim of the present paper is the results of the granulometric composition of the creating chips and dust
focusing on fine and dust fraction, from longitudinal milling and sanding of thermally modified oak and
spruce wood in the dependence on treatment temperatures of 160, 180, 200 and 220 °C. When milling oak
with increasing temperature of wood treatment, the share of these fractions increase, the share of dust fraction
from 0.40% (natural sample) to 3.63% sample treated at 220 °C, for natural spruce, these particles were not
recorded and for treatment temperature of 220 °C the dust content increased to 4,64%. The sanding showed
the opposite trend, namely the decrease of the fraction of dust with increasing treatment temperature. For oak
heat treated at 220 °C the decrease was 21.04% compared to natural wood and for spruce the decrease was

24.43%.

Keywords: Granularity, Milling, Oak, Sanding, Spruce, Thermowood

1 Introduction

Thermowood is nowadays material that is
use in various areas in which it meets the
conditions, especially physico-mechanical.
Its advantages are absence of chemicals for its
treatment, decreasing of moisture absorption,
dimensional and biological stability and
durability [11]. But Thermowood is known
also by its disadvantages especially by
changes of chemical, physical and mechanical
properties [3, 5, 10, 11], that resulting in
decrease in its mechanical properties, which
results in more fragile wood as stated by [1,
2, 10, 11]. Based on these facts, [6, 10] state
that during woodworking at higher
temperatures fine fraction or sawdust can be
produced.

The aim of the present paper is to compare
the effect of machining technology of heat
treated wood, spruce and oak
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1 Uvod

Thermowood je v sucasnosti material,
ktory sa pouziva v rdznych oblastiach,
v ktorych spita podmienky, obzvlast
fyzikalno-mechanické. Medzi jeho vyhody
patri absencia chemikalii pri jeho uprave,
znizZenie hygroskopicity, rozmerova
a biologicka stabilita a trvanlivost’ [11].
Thermowood je znamy aj svojimi
nevyhodami, najmid zmenami chemickych,
fyzikalnych a mechanickych vlastnosti [3, 5,
10, 11], ktoré vedu k zniZeniu jeho vybranych
mechanickych vlastnosti, ¢o vedie k tomu
ze drevo je viac krehkejSie, ako je uvedené
v [1, 2,10, 11]. Na zéklade tychto skuto¢nosti
[6, 10] sa uvadza, ze pri obrabani dreva
upraveného pri vysSich teplotich sa moze
vytvarat’ jemna a prachova frakcia.

Cielom predloZzeného prispevku je
porovnanie vplyvu technoldégie obrabania


mailto:martin.kucerka@umb.sk
mailto:alena.ockajova@umb.sk
mailto:martin.kucerka@umb.sk

13(2): 35-39, 2019

ADelta

FIRE PROTECTION & SAFETY Scientific Journal

DOI: 10.17423/delta.2019.13.2.65

(treatment temperatures 160 °C, 180 °C, 200
°C and 220 °C) by milling and sanding on the
share of fine fraction particle size <0.125 mm
and on dust, particle size < 0,08 mm, which
may present both a health and a safety hazard.

2 Material and Methods

2.1 Experimental samples

Sessile oak (Quercus petraea) and Norway
spruce (Picea abies) were used for
experiment. The precise method of samples
preparation and thermal modification
(temperature of 160, 180, 200 and 220 °C)
methodology of samples is published in the
paper of [7, 9].

2.2 Machinery

JET JSG-96 (JPW Tool AG, Fillanden,
Schwitzerland), narrow belt sander, cutting
speed of 10 m.s, HIOLIT XO P 80 grinding
belt with a grain of 80.

Spindle  milling  machine  ZDS-2
(Liptovské strojarne, Slovensko), with
feeding equipment Frommia ZMD 252/137
(Maschinenfabrik Ferdinand Fromm,
Fellbach, Nemecko). Tool — milling head FH
45 Staton SZT (Turany, Slovakia), with
parameters: cutter body diameter - 125 mm,
cutter body diameter with extended knife 130
mm, number of knives 2, rake angle y = 25°,
cutting speed vc = 40 m/s, feed speed vi = 15
m /min, depth of cut =1 mm.

2.3 Granular analysis

Samples for the granular wood dust
analysis were taken isokinetically from the
suction pipe of the machines in accordance
with STN 9096 (83 4610). 200220 g sample
was taken for each treatment.

Granularity was studied by sieving, with
standard kit of several sieves ordered
vertically, placed on the vibrating stand of the
sieving machine (Retsch AS 200c), (Retsch
GmbH, Haan, Germany), in accordance with
STN 153105/STN ISO 3310 — 1. As much as
30 g heaps of material were analysed in each
treatment. Each treatment was exposed to six
sieving.

tepelne upraveného dreva, smreku a duba
(teploty 160 °C, 180 °C, 200 °C a 220 °C) pri
frézovani a braseni na podiel jemnej frakcie
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s vel'kostou cCastic < 0,125 mm a prachovej
frakcie s velkostou ¢astic < 0,08 mm, ¢o
moze predstavovat nebezpeCenstvo pre
zdravie aj bezpecnost’ prevadzky.

2 Material a metédy

2.1 Experimentalne vzorky

Na experiment boli pouzité vzorky duba
zimného (Quercus petraca) a smreka
obycajného (Picea abies). Presnd metodika
pripravy vzoriek a tepelna Uprava (pri teplote
160, 180, 200 a 220 °C) wvzoriek je
publikovana v prispevkoch [7, 9].

2.2 Strojné zariadenie

Uzkopasova briska JET JSG-96 (JPW
Tool AG, Fillanden, Svaj¢iarsko), rezna
rychlost’ 10 m.s™, brisny pas HIOLIT XO P
80 so zrnitost'ou 80.

Spodna  vretenova  frézka  ZDS-2
(Liptovskeé strojarne, Slovensko). Podavanie
bolo realizované pomocou podavacieho
zariadenia  Frommia  ZMD  252/137
(Maschinenfabrik Ferdinand Fromm,
Fellbach, Nemecko).Nastroj — frézovacia
hlava FH 45 Staton SZT (Turany, Slovensko),
s parametrami: priemer telesa frézy — 125
mm, priemer telesa frézy s vysunutym nozom
130 mm, hrabka telesa frézy 45 mm, pocet
nozov 2, material noza — ocel MAXIMUM
SPECIAL 55: 1985/5, uhol ¢ela y = 25°.
Rezné podmienky — rezna rychlost ve = 40
m.s, posuvna rychlost’ v¢ = 10 m.min, hibka
uberu = 1 mm.

2.3 Granulometricka analyza

Vzorky pre granulometrickll analyzu boli
odoberané izokineticky z odsavacieho
potrubia v stulade s STN 9096 (83 4610). Pre
kazdu tepelnu upravu bolo odobraté 200+220
g vzorky.

Granulometrické zlozenie sa zistovalo
sitovanim, na ktoré sa pouzila Specidlna
suprava nad sebou zoradenych  sit
umiestnenych na  vibratnom  stojane
sitovacieho stroja (Retsch AS 200c), (Retsch
GmbH, Haan, Germany), v stlade s STN
153105/ STN ISO 3310 — 1. Pre kazdy variant
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3 Results and Discussion

sa robili tri sitovania a vysledky st dané ako

Analyses results are introduced in Tab. 1 ich priemernd hodnota.

and 2. 3 Vysledky a diskusia
Vysledky analyz st uvedené v Tab. 1 a 2.

Tab. 1 Milling

Tab. 1 Frézovanie

The share of fine particles (particle size < 0.125 mm)/Podiel jemnej frakcie (velkost’ ¢astic <0.125 mm)

Oak natur/Dub prirodny 1.20 % Spruce natur/Smrek prirodny 0.53 %
Oak/Dub 160 °C 4.94 % Spruce/Smrek 160 °C 0.62 %
Oak/Dub 180 °C 6.13 % Spruce /Smrek 180 °C 0.70 %
Oak/Dub 200 °C 6.11 % Spruce/Smrek 200 °C 5.44 %
Oak/Dub 220 °C 13.18 % Spruce /Smrek 220 °C 11.29 %

The share of dust (particle size < 0.08 mm)/ Podiel prachovej frakcie (velkost’ ¢astic < 0.08 mm)

Oak natur/Dub prirodny 0.40 % Spruce natur/Smrek prirodny 0.00 %
Oak/Dub 160 °C 1.14% Spruce/Smrek 160 °C 0.00 %
Oak/Dub 180 °C 1.64 % Spruce/Smrek 180 °C 0.00 %
Oak/Dub 200 °C 1.36 % Spruce/Smrek 200 °C 1.36 %
Oak/Dub 220 °C 3.63% Spruce/Smrek 220 °C 4.64 %

Tab. 2 Sanding
Tab. 2 Brasenie

The share of fine particles (particle size <0.125 mm)/Podiel jemnej frakcie (velkost’ ¢astic <0.125 mm)

Oak natur/Dub prirodny 99.20 % Spruce natur/Smrek prirodny 99.36 %
Oak/Dub 160 °C 96.28 % Spruce/Smrek 160 °C 99.77 %
Oak/Dub 180 °C 97.97 % Spruce/Smrek 180 °C 96.35 %
Oak/Dub 200 °C 98.61 % Spruce/Smrek 200 °C 97.68 %
Oak/Dub 220 °C 91.96 % Spruce/Smrek 220 °C 95.98 %

The share of dust (particle size < 0.08 mm)/ Podiel prachovej frakcie (velkost ¢astic < 0.08 mm)

Oak natur/Dub prirodny
Oak/Dub 160 °C
Oak/Dub 180 °C
Oak/Dub 200 °C
Oak/Dub 220 °C

94.72 %
92.10 %
94.53 %
93.17 %
73.68 %

Spruce natur/Smrek prirodny
Spruce/Smrek 160 °C
Spruce/Smrek 180 °C
Spruce/Smrek 200 °C
Spruce/Smrek 220 °C

86.11 %
92.63 %
84.44 %
76.09 %
61.68 %
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The obtained shares of fine fraction as well
as of dust are different for milling and
sanding, as these are very different
woodworking technologies.

When milling oak and spruce, the share of
fine fraction as well as dust fraction with
treatment temperature rises and the highest
values were recorded at treatment temperature
of 220 °C, which corresponds to the authors
claim to reduce selected strengths of heat
treated wood [6, 10].

When sanding, most of the resulting
particles fall within the fine and dust
fractions. While the shares of fine fraction do
not change very much, whether sanding oak
or spruce, the shares of dust fraction decrease
with increasing treatment temperature. This
process is interesting, and we assume that the
impact of density decreases of heat-treated
wood has a greater impact than the decrease
of mechanical properties in the wood sanding
process. Similar results for sanding are given
by [4, 8], based on their experiments, did not
confirm an increase in the inhalable and
respirable fraction with increasing wood
treatment temperature, i.e. higher dust
generation due to wood heat treatment.

4 Conclusions

When milling the heat-treated wood with
increasing temperature, the shares of fine
fraction and dust increases due to the reduced
mechanical properties of the heat-treated
wood.

When sanding, the share of dust is reduced
due to the reduced density of the heat-treated
wood.
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Ziskané podiely jemnej frakcie a prachu su
rozne pre frézovanie a brusenie, pretoze ide
o velmi odlisné technoldgie spracovania
dreva.

Pri frézovani duba a smreku sa podiel
jemnej frakcie, ako aj prachovej frakcie so
zvySujucou sa teplotou upravy zvysSuje
a najvysSie hodnoty sa zaznamenali pri
teplote upravy 220 °C, ¢o zodpoveda tvrdeniu
autorov o znizeni vybranych mechanickych
vlastnosti tepelne oSetreného dreva [6, 10].

Pri braseni vacSina vyslednych Ccastic
spada do jemnych a prachovych frakcii.
Zatial' ¢o podiely jemnej frakcie sa vel'mi
nemenia, ¢i uz ide o bruseny dub alebo smrek,
podiely prachovej frakcie sa so zvysujucou
teplotou upravy znizuju. Tento proces je
zaujimavy a predpokladame, ze vplyv
znizenia hustoty tepelne upraveného dreva ma
vacsi vplyv ako pokles mechanickych
vlastnosti pri briseni dreva. Podobné
vysledky z procesu brusenia su uvedené v [4,
8], kde na zaklade experimentov sa nepotvrdil
zvySeny podiel inhalovatel'nej a respirabilnej
frakcie so zvySujucou sa teplotou Upravy
dreva, t. j. vy$Sou tvorbou prachu v dosledku
spracovania tepelného upraveného dreva.

4 Zaver

Pri frézovani tepelne upraveného dreva so
zvySujucou sa teplotou sa podiel jemnej
frakcie a prachu zvySuje v dosledku
znizenych mechanickych vlastnosti tepelne
upraveného dreva.

Pri bruseni sa znizi
v dosledku  zniZenej
upraveného dreva.

podiel
hustoty

prachu
tepelne
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Abstract

To be known the kinetics of combustion reaction of biomass is required not only because of having information
and distinguish between different energy potential of wood and crop biomass, but also for biomass pyrolysis
modelling purposes. In this paper, there are introduced the values of activation energy, often used often for
expression of combustion reaction kinetics, which were calculated for three different fast-growing tree (Paulownia
tomentosa, Populus x euroamericana, Salix viminalis) and two different energy crop species (Arundo donax, Mis-
canthus x giganteus). The activation energies calculated by different methods showed significant differences,
which were caused by application of different approaches to determination of thermal degradation process and
different equations for setting the activation energy. Those are still developing to find an approach which will be
more appropriate and precise and will exclude the known errors which present methods include. The overall
difference of activation energy calculation results was of F 38.46 kJ-mol-1 on average.

Keywords: Activation energy; ASTM-E698-05; Kissinger-Akahira-Sunose; Ozawa-Flynn-Wall;

1 Introduction 1 Uvod

In recent years, renewable energy resources V poslednych rokoch sa obnovitelné zdroje
have become widely accepted to help solve the energie stali Siroko akceptovanymi zdrojmi,
world’s potential energy crisis. Perspective of ktoré mozu napomoct pri niesent p'oten01a1nej
the exhaustion of fossil fuels has accelerated the svetovej energeticke] krizy. Z hladiska vycer-
search for new alternative sources of raw mate- pania fosilnych paliv sa urychlilo hfadanie no-
rials for industrial and energy use. Another vych alternativnych zdrojov surovin na priemy-
stimulus is also indicative targets set by the selné a energetické vyuzitie. DalSim stimulom
EU's renewable sources of energy (RES) that st aj indikativne ciele stanovené obnovitel'nymi
among other things, assume that RES will pro- zdrojmi energie EU (OZE), ktoré okrem in¢ho
vide 20 % of the total energy needs of the EU. predpokladaju, ze OZE pokryje 20 % celkovjch
These renewable sources should have energetickych potrieb EU.

40
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irreplaceable share of energy from biomass
(fast-growing trees and energy crop).

To be known the kinetics of combustion reac-
tion of biomass is required not only because of
having information and distinguish between dif-
ferent energy potential of wood and crop bio-
mass, but also for biomass pyrolysis modelling
purposes.

In this paper, there are introduced the values
of activation energy, often used often for ex-
pression of combustion reaction kinetics, which
were calculated for three different fast-growing
tree (Paulownia tomentosa, Populus x eu-
roamericana, Salix viminalis) and two different
energy crop species (Arundo donax, Miscanthus
X giganteus).

2 Material and Methods

The kinetics of the combustion reaction for
the biomass samples was described in terms of
the activation energy (J-mol-1), calculated using
three different iso-conversional kinetic meth-
ods: Ozawa-Flynn-Wall [1], Kissinger-Aka-
hira-Sunose [2] and ASTM-E698-05 [3]. Those
methods application require first to perform the
thermogravimetry (TG/DTG) and differential
scanning calorimetry (DSC) analyses to derive
the input parameters for calculating the activa-
tion energy.

Application of the Ozawa-Flynn-Wall
method requires the TG/DTG curves to be used
simultaneously to determine the activation en-
ergy values of biomass samples. When applied
the Kissinger-Akahira-Sunose method, the peak
temperature from the DSC curve and heating
rate for several thermal analysis curves must be
used, correlated and applied in the activation en-
ergy calculation. When applying the ASTM
method, the reciprocal of temperatures at which
the reaction peaks occur as a function of the log-
arithm (log) of respective heating rates are plot-
ted and the parameters entering the activation
energy calculation have derived from this plot.

3 Results and discussion

Thermal behaviour of Miscanthus x giganteus
and Arundo donax studied Jeguirim et al. [4].
Thermogravimetric analyses were performed at
temperature of 5 °C-min™! under air atmosphere.
The thermal degradation rates in devolatiliza-
tion and combustion steps, the initial degrada-
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Tieto obnovitel'né zdroje by mali mat’ nenahra-
dite'ny podiel energie z biomasy (rychlo ras-
tuce dreviny a energetické plodiny).

Je zname, Ze kinetika spalovacej reakcie bio-
masy nie je potrebna len z dévodu disponovania
informaciami a rozliSeniu medzi ré6znym ener-
getickym potencidlom drevnej a rastlinnej bio-
masy, ale tiez na ucely modelovania pyrolyzy
biomasy.

V tomto ¢lanku st uvedené hodnoty aktivac-
nej energie, ktora sa ¢asto pouziva na vyjadrenie
kinetiky spalovania, ktoré boli vypocitané pre
tri r6zne druhy rychlo rasttcich drevin (Paulow-
nia tomentosa, Populus x euroamericana, Salix
viminalis) a rozliéné druhy energetickych
plodin (Arundo donax, Miscanthus x gi-
ganteus).

2 Material a metody

Kinetika reakcie spalovania vzoriek bio-
masy bola opisana z hl'adiska aktivacnej energie
(J-mol?), vypocitanej pomocou troch réznych
izokonverznych kinetickych metod: Ozawa-
Flynn-Wall [1], Kissinger-Akahira-Sunose [2] a
ASTM-E698-05 [3]. Aplikacia tychto metdd
vyzaduje, aby sa najskor vykonala termogravi-
metria (TG / DTG) a diferen¢n skenovacia ka-
lorimetria (DSC), aby bolo mozné odvodit’
vstupné parametre na vypocet aktivacnej ener-
gie.

Pouzitie metédy Ozawa-Flynn-Wall vyza-
duje, aby sa na stanovenie hodndt aktivaénej
energie vzoriek biomasy pouzili su¢asne krivky
TG/DTG. Pri pouziti metody Kissinger-
Akahira-Sunose sa pri vypocte aktivaénej ener-
gie pouziva maximalna teplota z krivky DSC
a rychlost’ zahrievania pre niekol’ko kriviek te-
pelnej analyzy. Pri pouZziti metédy ASTM sa vy-
nesu recipro¢né hodnoty teplot, u ktorych sa vy-
skytuju reakéné vrcholy v zavislosti od loga-
ritmu (log) prislusnych rychlosti zahrievania
a z tohto grafu sa odvodia parametre vstupujtice
do vypoctu aktivacnej energie.

3 Vysledky a diskusia

Tepelné spravanie Miscanthus x giganteus a
Arundo donax Studovalo Jeguirim et al. [4].
Termogravimetrické analyzy sa uskutocnovali
pri teplote 5 °C-min v atmosfére vzduchu. Sta-
novena bola miera tepelnej degradacie v devo-
taliza¢nych a spalovacich krokoch, po¢iato¢na
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tion temperature, and the residual weight were
determined.

Results showed that the initial degradation
temperature for Arundo donax under air atmos-
phere was lower than for Miscanthus x gigan-
teus. However, the thermal degradation rate was
higher for Miscanthus x giganteus. Apparent ac-
tivation energy was calculated as for devolati-
lization as for char oxidation phase. In the de-
volatilization phase Arundo donax apparent ac-
tivation energy was of 107.2 kJ-mol™ and of
253.6 kJ'mol™ in the char oxidation phase. Ap-
parent activation energy value for Miscanthus x
giganteus was of 96.4 kJ-mol™* in the devolati-
lization phase and of 279.9 kJ-mol* in the char
oxidation phase.

In our study, the activation energies were
calculated for second stage of thermal degrada-
tion process. The activation energy of Arundo
donax was calculated to 115.35 kJ-mol™ and of
Miscanthus x giganteus to 102.80 kJ-mol?, ap-
plying the Kissinger-Akahira-Sunos method.

The activation energy of the Populus sp. cel-

lulose studied also Liang et al. [5]. For its deter-
mination, they applied the Kissinger-Akahira-
Sunose method. The mean activation energy
value of poplar in their experiments was calcu-
lated to 176.20 kJ-mol-1. The activation energy
values of Populus x euroamericana calculated
by the means of four different methods ranged
from 119.72 kJ-mol? (Kissinger-Akahira-
Sunose method) to 209.70 kJ-mol? (Ozawa-
Flynn-Wall method).
Kinetic parameters, i.e. activation energy (Ea),
pre-exponential coefficient (A), rate constant (k)
of thermolysis in torrefied and raw willow wood
(Salix viminalis L.), as well as the effect of ther-
mal modification conditions on the kinetics pro-
cess was also studied by Walkowiak and
Bartkowiak [6]. Samples of raw and torrefied
willow wood in a steam atmosphere were ana-
lysed. The samples were subjected to thermo-
gravimetric analysis under isothermal condi-
tions. Analyses were conducted in an atmos-
phere of helium at 270 — 330 °C. TG and DTG
curves were recorded. The thermal characteris-
tics of the samples were based on thermogravi-
metric analysis under dynamic conditions at a
temperature of up to 600 °C. Based on the data
obtained from the TGA analyses, the kinetic
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degradacia a zostatkova hmotnost’.

Vysledky ukézali, ze pociato¢na teplota
degradacie pre Arundo donax v atmosfére vzdu-
chu bola nizsia ako pre Miscanthus x gi-
ganteus. Rychlost’ termickej degradacie bola
vsak vysSia pre Miscanthus x giganteus. Akti-
vacéna energia bola vypocitana ako pre devotali-
za¢nu ako aj pre fazu oxidacie uhlika. Vo faze
devotalizacie bola vypocitana aktivana energia
pre Arundo donax 107,2 kJ-mol? a 253,6
kJ-mol™ vo faze oxidacie uhlika. Hodnota akti-
vacnej energie pre Miscanthus x giganteus bola
vypo¢itanad na 96,4 kJ-mol! v devotaliza¢nej
faze a 279,9 kJ-mol™ vo faze oxidacie uhlika.

V naSej Studii sa aktivacné energie pocitali
pre druht fazu procesu termickej degradacie.
Aktivacna energia pre Arundo donax bola pou-
zitim metody Kissinger-Akahira-Sunos vypoci-
tana na 115,35 kJ-mol* a pre Miscanthus x gi-
ganteus na 102,80 kJ-mol™.

Aktiva¢ni energiu celuldzy Populus sp. Stu-
doval tiez Liang a kol. [5]. Na jej uréenie pouzili
metodu Kissinger-Akahira-Sunose. Priemerna
hodnota aktiva¢nej energie topola v ich experi-
mentoch bola vypo¢itana na 176,20 kJ-mol™.
Hodnoty aktiva¢nej energie pre Populus x euro-
americana vypo¢itané pomocou $tyroch roz-
nych metéd sa pohybovali od 119,72 kJ-mol*
(metdda Kissinger-Akahira-Sunose) po 209,70
kJ-mol? (metoda Ozawa-Flynn-Wall).

Kinetické parametre, t.j. aktiva¢na energia
(Ea), pre-exponencialny koeficient (A), rych-
lostna konstanta (k) termolyzy v torefikovanom
a surovom vibovom dreve (Salix viminalis L.),
ako aj vplyv podmienok termickej modifikacie
na ki neticky proces Studovali aj Walkowiak
a Bartkowiak [6]. Analyzovali vzorky surového
a torefikovaného vibového dreva v atmosfére
pary. Vzorky boli podrobené termogravimetric-
kej analyze za izotermickych podmienok. Ana-
1yzy sa uskuto¢novali v atmosfére hélia pri 270
- 330 ° C. Zaznamenané boli krivky TG a DTG.
Tepelné charakteristiky vzoriek boli zalozené
na termogravimetrickej analyze za dynamic-
kych podmienok pri teplote do 600 ° C. Na za-
klade udajov ziskanych z TGA analyz sa vypo-
citali kinetické parametre. Proces tepelného
rozkladu surového a torefikovaného vibového
dreva prebiehal v ramci jedného teplotného roz-
sahu aktivnej termolyzy.
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parameters were calculated. The process of the
thermal decomposition of raw and torrefied wil-
low wood takes place within one temperature
range of active thermolysis. In the areas of the
active thermolysis of the experimental material,
two temperatures each were established for the
maximum decomposition rate. One, contained
within the range of 260 — 269 °C, may be related
to the pyrolysis of the carbohydrate compounds
of the lignocellulosic materials, while the other,
covering the range of 333 — 334 °C, to the ther-
molysis of the aromatic compounds of the raw
material. Moreover, at the above-mentioned
temperatures, maximum decomposition rates
and percentage mass loss were also established.
The kinetics of the thermal decomposition of
the willow wood (Salix viminalis L.) the raw
willow wood lost 77.5 % of its initial mass. Un-
der identical conditions, the mass loss in the tor-
refied willow wood was in range 72.6 — 76.1 %.
The calculated values of activation energy for
the tested material (raw and torrefied willow
wood) with respect to selected kinetic models
were in the range from 138.1 kJ-mol™ to 227.3
kJ-mol. The highest activation energy values
were calculated for raw and torrefied willow
wood at a temperature of 200 °C in 24 hrs.

In our study, the thermal degradation process
of Salix viminalis was divided to three stage.
The second stage of thermal degradation pro-
cess, i.e. pyrolysis, took place in the tempera-
ture region from 160 °C to 380 °C. In this stage
the ash content was 1.9 w% on average, consid-
ering the different heating rate used in the ther-
mal analyses. The mass loss values were in
range 72.39 — 74.71 %. The activation energy
values were in range 113.96 — 193.16 kJ-mol?,
in dependence on the calculation method used.

Jeguirim and Trouvé [7] studied the activa-
tion energy of two energy crops: Arundo donax
and Miscanthus x giganteus, in the devotalisa-
tion and char oxidation steps. Activation energy
for the Arundo donax was set to 107.20 kJ-mol-
1 and to 96.40 kJ-mol™? for Miscanthus x gigan-
teus. Quite different results achieved Kok and
Ozgiir (2013), who applied the Ozawa-Flynn-
Wall, Kissinger and ASTM methods to calcu-
late the activation energies of Populus sp. and
Miscanthus x giganteus samples. The activation
energy values for Populus were calculated as
follows: by the Ozawa-Flynn-Wall method was
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V oblastiach aktivnej termolyzy experimen-
talneho materidlu sa stanovili dve teploty pre
maximalnu rychlost’ rozkladu. Jedna, ktora sa
nachadza v rozsahu 260 - 269 ° C, sa mo0ze vzta-
hovat’ na pyrolyzu sacharidovych zlucenin lig-
nocelulézovych materialov, zatial ¢o druha,
ktora pokryva rozsah 333 - 334 ° C, s termoly-
zou aromatickych zluc¢eniny dreva. Okrem toho,
pri vyssie uvedenych teplotach boli tiez stano-
vené maximalne rychlosti rozkladu a percentu-
alny ubytok hmotnosti. Kinetika tepelného roz-
kladu viby (Salix viminalis L.) surového dreva
viby stratila 77,5 % svojej pévodnej hmotnosti.
Za identickych podmienok bola strata hmot-
nosti v torefikovanom vibovom dreve v roz-
medzi 72,6 - 76,1 %. Vypocitané hodnoty akti-
vacnej energie pre testovany material (surové
a torefikované vibové drevo), s ohladom na vy-
brané kinetické modely, boli v rozsahu od 138,1
kJ-mol? do 227,3 kJ-mol™. Najvyssie hodnoty
aktivacnej energie boli vypocitané pre surové
a torefikované vibové drevo pri teplote 200 ° C
pocas 24 hodin.

V nasej studii bol proces termickej degrada-

cie Salix viminalis rozdeleny do troch stupiiov.
Druha etapa procesu tepelnej degradacie, t. j.
pyrolyza, sa uskutociiovala v teplotnej oblasti
0od 160 ° C do 380 ° C. V tomto Stadiu bol obsah
popola v priemere 1,9 hmotnostnych %, beruc
do uvahy rozdielnu rychlost’ zahrievania pou-
zitu pri termickych analyzach. Hodnoty tbytku
hmotnosti boli v rozsahu 72,39 - 74,71 %. Hod-
noty aktivacnej energie sa pohybovali v roz-
medzi 113,96 - 193,16 kJ-mol?, v zavislosti od
pouzitej metody vypoctu.
Jeguirim a Trouvé [7] Studovali aktivaénu ener-
giu dvoch energetickych plodin: Arundo donax
a Miscanthus x giganteus v krokoch devotaliza-
cie a oxidacie uhlika. Aktivacnd energia pre
Arundo donax bola stanovena na 107,20
kJ-mol? a na 96,40 kJ-mol* pre Miscanthus x
giganteus. Uplne rozdielne vysledky dosiahli
Kok a Ozgiir (2013), ktori na vypodet aktivac-
nych energii vzoriek Populus sp. a Miscanthus
X giganteus pouzili metody Ozawa-Flynn-Wall,
Kissinger a ASTM. Hodnoty aktiva¢nej energie
pre Populus sp. boli vypocitané nasledovne: po-
mocou metody Ozawa-Flynn-Wall 229,40
kJ'mol?, Kissingerovou metédou 135,80
kJ'-mol! a pomocou metody ASTM 143,2
kJ-mol™.
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of 219.20 kJ-mol?, by the Kissinger method of
129.20 kJ-mol™ and by the ASTM method was
of 138.1 kJ-mol™. The Miscanthus x giganteus
activation energies: by the Ozawa-Flynn-Wall
method was of 229.40 kJ-mol?, by the Kissinger
method of 135.80 kJ-mol™? and by the ASTM
method was of 143.2 kJ-mol™.

In our study the Arundo donax reached the
activation energy values ranging from 115.35
kJ-mol? (Kissinger-Akahira-Sunose method) to
201.75 kJ-mol?* (Ozawa-Flynn-Wall method).
The activation energy values of Miscanthus x
giganteus were in range 102.80 kJ-mol? (Kis-
singer-Akahira-Sunose  method) - 191.50
kJ-mol* (Ozawa-Flynn-Wall method).

4 Conclusions

The activation energies calculated by differ-
ent methods showed significant differences,
which were caused by application of different
approaches to determination of thermal degra-
dation process and different equations for set-
ting the activation energy. Those are still devel-
oping to find an approach which will be more
appropriate and precise and will exclude the
known errors which present methods include.
The overall difference of activation energy cal-
culation results was of ¥ 38.46 kJ-mol* on av-
erage.

Although, those results confirmed the suita-
bility of energy crops to be used as a renewable
energy source. Their advantage, compared to
woody biomass, are their higher and mostly an-
nual yields with very similar energetic proper-
ties.
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V nasej $tadii dosiahol Arundo donax hod-
noty aktivacnej energie v rozmedzi od 115,35
kJ-mol* (metoda Kissinger-Akahira-Sunose) do
201,75 kJ'mol? (metéda Ozawa-Flynn-Wall).
Hodnoty aktivac¢nej energie Miscanthus x gi-
ganteus boli v rozmedzi 102,80 kJ-mol? (me-
toda Kissinger-Akahira-Sunose) - 191,50
kJ-mol* (metoda Ozawa-Flynn-Wall).

4 Zaver

Aktivacné energie vypocitané rozdielnymi
metodami ukazali vyznamné rozdiely, ktoré
boli spdsobené pouzitim réznych pristupov k
ur¢eniu procesu termickej degradacnej analyzy
a roznych rovnic na nastavenie aktivacnej ener-
gie. Tie sa stale vyvijaju, aby nasli pristup, ktory
bude vhodnejs§i a presnejsi a vylucia zname
chyby, ktoré predstavuji metody. Celkovy roz-
diel vo vysledkoch vypoctu aktivacnej energie
bol v priemere 38,46 kJ-mol™.

Tieto vysledky potvrdili vhodnost’ pouzitia
energetickych plodin ako obnovitel'ného zdroja
energie. Ich vyhodou v porovnani s drevnou bi-
omasou su ich vysSie a vicSinou ro¢né vynosy
s velmi podobnymi energetickymi vlastnos-
tami.
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Abstract

The article deals with the effect of flammable substances on the combustion of the selected types of protective
clothing in a car repair shop. The experiment measured and evaluated flame spread rate on vertically placed
samples of selected types of working clothing used in garages which meet flammable liquids. Five types of
flammable/operating fluids - petrol, diesel, engine oil, brake fluid and hydraulic oil - were applied onto the test
samples using a paintbrush, 2 ml per each liquid. The average flame spread rate of clean test samples was 0.033
m/s. This flame spread rate was a default value. Other flame spread rate are as follows: gas samples 0.074 m/s,
diesel samples 0.063 m/s, engine oil samples 0.035 m/s, brake fluid samples 0.045 m/s and hydraulic fluid samples
0.042 m/s. The highest flame spread rate was reached for gas samples, which was twice as much as the average

flame spread rate for clean samples.

Keywords: Automotive industry; flammable liquid; protective clothing; flame spread rate; flammability

1 Introduction

The article deals with the effect of
flammable substances on the combustion of the
selected types of protective clothing in a car
repair shop. The experiment measured and
evaluated flame spread rate on vertically placed
samples of selected types of working clothing
used in garages which meet flammable liquids
according to STN EN ISO 6941: 2004
Flammability. Measuring the flame spread rate
on vertically placed samples. [1] The most
frequently used flammable liquids in a car
repair shop include petrol, diesel, engine oil,
brake fluid and hydraulic fluid. The experiment
evaluates the flame spread rate on vertically
placed samples - trousers.
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1 Uvod

Clanok sa zaoberd problematikou vplyvu
horlavych latok na horenie vybranych
ochrannych odevov v autoservise. Cielom
experimentu bolo namerat’ a vyhodnotit’
rychlost  Sirenia  plamena na  zvisle

umiestnenych vzorkach vybranych pracovnych
odevov pouzivanych v autoservisoch
s horl'avou kvapalinou podl'a normy STN EN
ISO 6941: 2004. Textilie. Horlavost. Meranie
rychlosti  Siremia  plamefia  na  zvisle
umiestnenych vzorkdch. Medzi najcastejSie
vyuzivané horlavé kvapaliny v autoservisoch
patri benzin, nafta, motorovy olej, brzdova
kvapalina a hydraulicka kvapalina. Vykonanim
experimentu na skasobnych vzorkach pracov-
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2 Material and Methods

A pair of trousers, which a mechanic uses as
a part of his working clothes, was used for the
experiment. The trousers are 100 % cotton.
Before the experiment itself, sewed joints and
pockets had to be removed to make the
experiment as accurate as possible and to make
each test sample identical. The dimensions of
the test samples for the experiment - 560 x 170
mm - are stipulated by the standard. For our
experiment, three clean test samples and three
test samples for each type of fluid were
prepared. At the same time, one extra sample
was needed for each type of fluid. The samples
for the experiment were as follows: clean
sample - M1, M2, M3, petrol samples - M4, M5,
M6, diesel samples - M7, M8, M9, engine oil
samples - M10, M11, M12, brake fluid samples
- M 13, M14, M15, hydraulic fluid samples -
M16, M17, M18. [2].

The measurement was carried out according
to STN EN ISO 6941: 2004 Flammability.
Measuring the flame spread rate on vertically
placed samples. The standard specifies the
laboratory conditions in which the experiment
can be carried out. i.e. relative humidity of the
air in the room, which must range between 15%
and 80%, and the air temperature which must
range between 10 °C and 30 °C [1, 2]. The air
humidity in the room was 30 % and the air
temperature was 21 °C during the experiment.

Five types of flammable/operating fluids -
petrol, diesel, engine oil, brake fluid and
hydraulic oil [3] - were applied onto the test
samples using a paintbrush, 2 ml per each
liquid. This quantity was applied onto the test
sample until there was no fluid left. It was
crucial to apply the liquid onto the same spot.
The spot was delimited by marking threads
which can be seen in Figure 1.

Each sample is individually lit using a flame,
which was put to the sample for 10 seconds - the
time representing the ignition time of the
sample and its subsequent combustion. The
samples were then observed and the time (in
seconds) from applying the flame until it
reached the first, second and third marking
thread was measured.
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nych nohavic sme vyhodnotili rychlost Sirenia
plameiia na zvisle umiestnenych vzorkach.

2 Material a metédy

Vzorky pre experiment si z pracovnych
nohavic, ktoré zamestnanci autoservisu
vyuzivaju ako sucast pracovného odevu.
Pracovné nohavice su zlozené z materialu (100
% bavlna). Pri priprave vzoriek sme si museli
z pracovnych nohavic odstranit’ presité spoje
avreckd na to, aby bol experiment Cco
najpresnejsi, a aby kazda sktiSobna vzorka bola
identickd. Velkost skuSobnych vzoriek pre
experiment je stanoveny normou ato o0
rozmeroch 560 x 170 mm. Pre nd$ experiment
sme si pripravili tri Cisté skuSobné vzorky
a potom tri skuSobné vzorky na kazda jednu
prevadzkovi kvapalinu. Zaroven na kazdl
prevadzkova kvapalinu sme potrebovali jednu
rezervni  vzorku. OznaCenie vzoriek pre
experiment bolo nasledovné: ¢ista vzorka — M1,
M2, M3, vzorky s benzinom — M4, M5, M6,
vzorky snaftou — M7, M8, M9, vzorky
s motorovym olejom — M10, M11, M12, vzorky
s brzdovou kvapalinou — M 13, M14, M15,
vzorky s hydraulickou kvapalinou — M16, M17,
M18. [2].

Meranie sme vykonali podl'a normy STN EN
ISO 6941: 2004 Textilie. Horlavost. Meranie
rychlosti plamenia  na  zvisle
umiestnenych  vzorkach. ~ Norma  presne
stanovuje laboratorne podmienky pri akych sa
modze experiment vykonat. Konkrétne je to
relativna vlhkost’ vzduchu v miestnosti, ktora
musi byt’ v rozpéti od 15 % az do 80 % a teplota
ovzdusia, ktora musi byt v rozpéti od 10 °C do
30 °C [1, 2]. V case experimentu vlhkost
vzduchu v miestnosti bola 30 % ateplota
ovzdusia v miestnosti bola 21 °C.

Na jednotlivé skuSobné vzorky sme

Sirenia

nanaSali pomocou Stetca pdt druhov
horlavych kvapalin - benzin, naftu,
motorovy  olej, brzdova  kvapalinu

a hydraulicky olej [3]. MnozZstvo horl'avej
latky, ktort sme nanaSali bolo 2 ml z kazde;j
kvapaliny. Toto mnozstvo sa nanasalo na
skuSobnu vzorku, kym sa neminula.
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To calculate the flame spread rate, the
distance between each marking thread was
recorded - see Table 1. To make the calculations
more accurate, we created all combinations of
distances that may occur between the first,
second and third marking thread.

Tab. 1 Distances between the marking threads

Tab. 1 Vzdialenosti znad¢kovacich niti

Kazda vzorku zapalujeme samostatne
pomocou plameiia, ktory sa prilozil na 10
sekind - je to cas, ktory predstavuje cCas
zapalenia vzorky a jej nasledné horenie. Vzorky
sme nasledne sledovali amerali cas
v sekundach od priloZenia skiSobného plamernia

po prehorenie po prva, druht a tretiu
znackovaciu nit’.

Pre potrebny vypocCet rychlosti Sirenia
plameiia sme zaznamenali vzdialenosti

jednotlivych znackovacich niti - vid’ tabul’ka 1.
Pre spresnenie vypoctov sme si vytvorili vSetky
kombinacie vzdialenosti, ktoré mohli nastat’
medzi prvou, druhou atretou znackovacou
nit'ou.

First to second thread/

Prva az druha nit’

Second to third thread/
Druha az tretia nit’

First to third thread/
Prva az tretia nit’

Track/Draha [m] 0.15

0.3 0.15

3 Results and Discussion

The average flame spread rate for all the test
samples was calculated using the ratio of
distance between the marking threads and the
difference in time when the marking threads
burnt through. The average flame spread rate is
the arithmetic mean of all flame spread rates,
which was calculated for each fluid separately.
Table 2 shows the average flame spread rates
calculated using the burning times between the
marking threads. The results were compared
with the flame spread rate of the clean test
specimens M1, M2, and M3 which is 0.033
m/s.

We can say that the other spread rates
measured and calculated in the experiment are
higher than for the clean sample, and therefore
we can say that all flammable liquids used in an
experiment contribute to the spread of flame.
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3 Vysledky a diskusia

Priemerné rychlosti Sirenia plamena na
vsetkych skusobnych vzorkach sme vypocitali

podielom drahy  medzi  jednotlivymi
znackovacimi nitami a rozdielom casu medzi
prehorenim znackovacich niti. Priemernt
rychlost  Sirenia plamena sme ziskali

z aritmetického priemeru vSetkych rychlosti
Sirenia plamena, ktoré sme vypocitali pre kazda
jednu kvapalinu samostatne. V tabulke 2 su
zobrazené priemerné rychlosti Sirenia plamenia,
ktoré sme ziskali z nameranych casov horenia
medzi jednotlivymi zna¢kovacimi nitami.

Ako porovnavaciu rychlost’ Sirenia plamena
sme si uréili rychlost’, ktord bola namerana
a vypocitana pri Cistych skuSobnych vzorkach
M1, M2 aM3 ato je rychlost 0.033 m/s.
Mobzeme konStatovat, Zze ostatné rychlosti
namerané a vypocitané v experimente st vyssie
ako vzorova rychlost’, a aj preto mdzeme tvrdit’,
ze vSetky horlavé kvapaliny vyuzité pri
experimente prispievaju  k rychlosti Sirenia
plamena.
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Tab. 2 Average flame spread rates for all the test samples

Tab. 2 Priemerné rychlosti $irenia plamena na vsetkych skisobnych vzorkach

Type of fluid/
Druh pouzitej kvapaliny

Average flame spread rate
Priemerné rychlosti Sirenia plamena [m/s]

Clean sample/ Cista vzorka (M1-M3)
Petrol/Benzin (M4-M6)

Diesel/Nafta (M7-M9)

Engine Oil/Motorovy olej (M10-M12)
Brake Fluid/Brzdova kvapalina (M13-M15)

Hydraulic fluid/Hydraulicka kvapalina (M16-M18)

0.033
0.074
0.063
0.035
0.045
0.042

The highest flame spread rate was recorded
for petrol - 0.074 m/s - which is more than twice
the flame spread rate of the clean sample, and
therefore petrol is the most dangerous
flammable substance used in the experiment. It
was followed by diesel - 0.063 m/s which is
twice the amount of the clean sample. Flame
spread rate for diesel was a bit lower than for
petrol, but we can conclude that it is a
substance, which significantly contributes to
combustion. Third and fourth flame spread rates
were evaluated simultaneously, as the values
are nearly the same. The flame spread rate for
brake fluid was 0.045 m/s, which is only 0.012
m/s more compared to the clean test sample.
The flame spread rate for hydraulic fluid was
0.042 m/s, which is only 0.09 m/s more
compared to the clean test sample. These
flammable liquids have similar physical and
chemical characteristics and therefore they
achieved almost identical results. The resultant
flame spread rate of the two flammable
substances do not put mechanics in such danger
in comparison with petrol or diesel, even though
they increase the flame spread rate. We can then
conclude that brake fluid and hydraulic fluid
promote burning and thus increase the flame
spread rate. The lowest flame spread rate was
recorded for engine oil, where the rate was
0.035 m/s, which is only 0.002 m/s more
compared to the clean test sample.

Delta 2019, 13(2):46-50

49

Najvicésiu rychlost’ Sirenia plamenia dosiahol
benzin a to rychlost’ 0.074 m/s, ¢o predstavuje
viac ako dvojnasobnu rychlost’ Sirenia plamena,
apreto moézeme tvrdit, ze benzin je
najnebezpecnejsiu horlavou latkou, ktorti sme
pouzili pri experimente. Druht najvacsiu
rychlost’ Sirenia plamena dosiahla nafta a bola
to rychlost 0.063 m/s, c¢o predstavuje
dvojnasobnti  rychlost’ Sirenia plamenia ako
u ¢istej vzorky. Nafta dosiahla sice 0 nieco
mensiu rychlost’ §irenia plamena ako benzin, ale
mobzeme 0 nej rovnako tvrdit, Ze je to latka,
ktora vyrazne prispieva Kk horeniu. Tretiu
a Stvrtu najvacsiu rychlost’ Sirenia plamena sme
vyhodnotili suc¢asne, ked’ze ide o skoro rovnaké
rychlosti $irenia plamena. Brzdova kvapalina
mala to rychlost’ Sirenia plamena 0.045 m/s, ¢o
je iba 0 0.012 m/s viac ako u Cistej skusobne;j
vzorky. Hydraulicka kvapalina, mala rychlost’
Sirenia plamena 0.042 m/s, ¢o je iba 0 0.009 m/s
viac ako u Cistej skuSobnej vzorky. Tieto
horlavé kvapaliny maja podobné fyzikalno-
chemické vlastnosti, a aj preto dosiahli skoro
rovnaké vysledky. Vysledné rychlosti Sirenia
plamena tychto dvoch horlavych latok
nepredstavuju  také nebezpeCenstvo  pre
zamestnanca autoservisu ako benzin ¢i nafta, no
stale predstavuja zvySenu rychlost’ Sirenia
plamena, aaj preto tvrdime, Ze brzdova
kvapalina a hydraulicka kvapalina prispievaju
k horeniu a tym zvySuju rychlost Sirenia
plamenia.
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4 Conclusions

The average flame spread rate of clean test
samples was 0.033 m/s. This flame spread rate
was a default value. Other flame spread rate are
as follows: gas samples 0.074 m/s, diesel
samples 0.063 m/s, engine oil samples 0.035
m/s, brake fluid samples 0.045 m/s and
hydraulic fluid samples 0.042 m/s. The highest
flame spread rate was reached for gas samples,
which was twice as much as the average flame
spread rate for clean samples. The lowest flame
spread rate was reached for engine oil samples
which was higher by only 0.002 m/s compared
to the clean samples. It can be thus concluded
that, in the case of fire and its spread, the riskiest
situation for a mechanic wearing working
clothes is being stained with petrol. In such a
situation the flame spread rate doubles
compared to clean working clothes.
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Abstract

In the present, the fire protection of materials and structural elements can be carried out by various methods. A
method to enhance the fire safety of materials is their flame-retardant treatment. The research provided in the
framework of this paper focuses on protection of wood and wood-based materials by means of chemical substances
- fire and flame retardants which inhibit flammability. The experiment was carried out in laboratory conditions.
The protection coating according to manufacturer § recommendations was applied by using a brush on the surface
of OSB board samples with the dimensions of 50 mm x 40 mm. The retardant substance was applied in one and
then in two layers and in non-diluted concentration and diluted by water. The reference samples were untreated
samples of both materials. There were five samples made of type of material. The measurement of mass loss of
samples was provided by an unstandardized method. The results presented here regard the assessment of spruce
wood and OSB board treated by the retardant ISONEM ANTI-FIRE PAINT. The retardant effect on retardation
efficiency which was observed focuses on the thermal resistance of the materials, the changes in mass loss,
concentration levels influence and the number of applied coatings.  Based on the overall assessment, it can be
stated that ISONEM ANTI — FIRE PAINT is recommended to apply undiluted (in 100% concentration) and in two
layers. Discussing the foundation material, the better effect was achieved on the spruce wood than on OSB board
boards

Keywords: spruce wood; OSB board; retardation treatment; fire protection coating; mass loss; radiation heat

1 Introduction 1 Uvod

The increasing demands of safety and ZvySujuce sa poziadavky na bezpeCnost’ a
protection of human life, property, and the ochranu Tudskych Zivotov, majetku a
environment result in increasing requirements zivotného prostredia vedi zaroven aj K
on fire protection in work as well as home zvySujucim sa narokom na ochranu pred
environments. This, therefore, implies that poziarmi  ako v pracovnom, tak aj
there is a constant need to carry out various Vv sikromnom prostredi. Z uveden¢ho preto
fire protection measures inevitably including vyplyva neustala potreba vykonavania
the search for effective methods of modifying roznych protipoziarnych opatreni, ktorych
properties of flammable materials. It might be neoddelitelnou sucastou je aj hladanie
said that searching new methods of fire efektivnych metéd modifikacie vlastnosti
protection treatments of materials and in horlavych materidlov. MoZno povedat’, Ze
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general, changing the flammable materials
into non-flammable id one of the most
challenging aims of fire science.

In the present, the fire protection of
materials and structural elements can be
carried out by various methods. From the
viewpoint of the applied technology, these
methods can be introduced: coatings
(intumescent, sublimation), wet-application
system (fire renders and heat  resistant
plasters, spray-on coatings) or board and
casing systems (siding by non-flammable
materials) [1]. According to the authors [2, 3],
quality and functional system of protection
does not depend only on the choice of suitable
retardant and appropriate application method
but also on correct assessment of exposure
condition of the material /structural member
being protected, and on foundation condition
where the protective coating shall be applied
including drying time if it concerns a paint
etc.

The research which we work on also deals
with fire protection treatment of flammable
materials. The research focuses on protection
of wood and wood-based materials by means
of chemical substances - fire and flame
retardants which inhibit flammability.

The results presented here regard the
assessment of spruce wood and OSB board
treated by the retardant ISONEM ANTI-FIRE
PAINT. The retardant effect on retardation
efficiency which was observed focuses on the
thermal resistance of the materials, the
changes in mass loss, concentration levels
influence and the number of applied coatings.

2 Material and Methods

The experiment was carried out in
laboratory conditions. The protection coating
according to manufacturer $
recommendations was applied by using a
brush on the surface of samples with the
dimensions of 50 mm x 40 mm. The retardant
substance was applied in one and then in two
layers and in  non-diluted  (100%)
concentration and diluted by water (75%)
concentration. The reference samples were
untreated samples of both materials. There
were five samples made of type of material.

The measurement was executed by an
unstandardized method in the following
procedure. The samples were exposed to
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hladanie novych sposobov upravy
poziarnotechnickych vlastnosti materidlov
a celkovo premena horlavych materialov na
nehorlavé je jednym z najnarocnejsich cielov
poziarnej vedy.

V sucasnosti mozno protipoziarnu ochranu
materialov/konstrukénych prvkov realizovat
viacerymi spdsobmi. Z hladiska vykonanej
technologie sa moze jednat o naterové
systémy (intumescentné,
sublimujtice), systémy na baze mokrej
technologie (protipoziarne omietky, nastreky)
alebo systémy na baze suchej technoldgie
(obklady z nehorlavych materialov) [1].
Podra autorov [2, 3] kvalitny a funkény systém
ochrany zavisi nielen od vhodného vyberu
retardéra horenia a vhodnej aplikac¢nej metody,
ale aj od spravneho  zhodnotenia
podmienok expozicie chraneného
materialu/konstrukéného prvku, tiez od stavu
podkladu na ktory sa bude ochranny systém
aplikovat’, resp. aj od casu schnutia ak sa
jedna o naterovu latku a pod.

Vyskum, ktorému sa venujeme tiez suvisi
s  protipoziarnou  upravou  horlavych
materialov. Zameriavame sa predovsetkym na
ochranu dreva a materialov na baze dreva,
prostrednictvom  chemickych  latok -
retardérov  horenia, ktoré napoméahaju
k znizovaniu ich horlavosti.

Vysledky, ktoré prinaSame sa konkrétne
tykaju hodnotenia smrekového dreva a OSB
dosky, oSetrenych horenie spomalujicim
naterom ISONEM ANTI-FIRE PAINT.
Sledovali sme vplyv uvedenej retardacnej
latky na termicku odolnost’ danych materidlov
a na zmenu ich Ubytku hmotnosti a tiez vplyv
meniacej sa koncentracie a poctu
aplikovanych naterov na retardacny uc¢inok
tejto latky.

2 Material a metody

Experimenty boli realizované
V laboratornych podmienkach. Na povrch
skusobnych vzoriek s rozmerom 50 mm x 40
mm sme pomocou Stetca aplikovali ochranny
nater v mnozstve podl'a odporucania vyrobcu.
Retardacna latka bola nandsana v jednej
a Vv dvoch vrstvach a v neriedenej (100 %)
koncentracii  ariedend vodou (75 %
koncentracia). Porovnavacimi vzorkami boli
cisté vzorky oboch materialov. Z kazdej
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an infrared heater with an output of 1,000W
at 30 mm from the surface of the radiant
heater. The electronic scales were used to
monitor and record the mass loss every 10 s
and the time length until the ignition of the
samples.

3 Results and Discussion

The main evaluation criterion was the relative
mass loss calculated according to [4], an
additional criterion was the time of ignition of
the tested materials. The results are given in
the following table.

varianty bolo pripravenych pat skasobnych
vzoriek.

Meranie prebichalo podla nenormovej
testovacej metody tak, ze po dobu 600 sekund
sme na skuSobné vzorky  pdsobili
infraziariCom s vykonom 1 000 W, pricom
vzdialenost’ vzoriek od povrchu ziariaceho
telesa bola 30 mm. Prostrednictvom
elektronickych ~ vah na ktorych  boli
vzorky polozené bol kazdych 10 s
zaznamenavany ubytok hmotnosti, sledované
boli aj ¢asy do zapalenia vzoriek.

3 Vysledky a diskusia

Hlavnym hodnotiacim kritériom bol
relativny ubytok hmotnosti, vypocitany podla
[4], dopliiujucim hodnotenim bol ¢as
vznietenia testovanych materidlov. Vysledky
su uvedené v nasledujucej tabulke.

Tab. 1 Mass loss and ignition time of untreated and treated samples of spruce wood and OSB

BOARD by thermally loaded source

Tab. 1 Ubytok hmotnosti a Gas zapalenia &istych a retardaéne upravenych vzoriek smrekového
dreva a OSB dosky, termicky zatazenych salavym zdrojom

Relative mass loss/ Ignition time/
Surface treatment/ Relativny ﬁbytOk hmotnosti éas Zapé]enia (S)
Povrchova tiprava Spruce wood/ | OSB board/ | Spruce wood/ | OSB board/
Smrekové OSB doska Smrekové OSB doska
No treatment/ 91.06 58.92 66.2 53.4
Bez upravy
1-layer, 100 % concentration/
L-vrstvovy, 100 % nater 81.18 54.12 107.4 91.8
1-layer, 75 % concentration/
1-vrstvovy, 75 % nater 78.64 51.25 106.8 96.8
2-layer, 100 % concentration/
2-vrstvovy, 100 % nater 66.71 48.89 95.4 90.4
2-vrstvovy, 75 % nater 70.82 46.83 97.2 113.8

Note: The values in the table are means of measured values
Poznamka: v tabul'ke st uvedené priemerné hodnoty nameranych velic¢in
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The results allow us to state that the fire
protection paint ISONEM ANTI - FIRE
PAINT contributed to the mass loss of both
tested materials, however, its effect was
diverse. The evaluation resulted in the finding
that the spruce wood sample achieved better
results. The spruce samples achieved the
maximal mass loss of 24% compared to
untreated samples, while OSB board achieved
only 12%.

The experiment showed that the effect of
the retardant changed when its concentration
changed; yet, more remarkable changes were
caused by the number of applied layers.

If the effect of the retardant concentration
is analyzed, it can be stated that even though
there were recorded some differences
between the diluted and undiluted solution,
the more remarkable differences regarding the
mass loss, did not occur. However, if the paint
was diluted with water, it resulted mostly in
somewhat lower values in mass loss (2-3%)
for both tested materials.

Regarding the dependence of the mass
loss and the number of layers, undoubtedly
better results were achieved by application in
two layers. Under this treatment, both tested
materials lost the least mass compared to their
original mass. The influence of the number of
layers on mass loss for spruce wood samples
manifested itself more in an undiluted
concentration (the difference of
approximately15% between one-layer and
two-layer coating, when diluted the difference
was 8%). Describing OSB board samples,
two-layer coating, compared to one-layer
coating, caused approximately 4-5% decrease
for both applied concentrations.

Another evaluation criterion was the
ignition time of the tested materials. The
measurements show that the retardation
treatment of the materials enhanced to
postpone the ignition time by 30 to 60 seconds
compared to untreated samples, while the
ignition times did not differ significantly for
the concentration and the number of layers.

4 Conclusions

Based on the overall assessment, it can be
stated that ISONEM ANTI — FIRE PAINT is
recommended to apply undiluted (in 100%
concentration) and in two layers. Discussing
the foundation material, the better effect was
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Z vysledkov je mozné konStatovat’, ze aj
ked protipoziarny nater ISONEM ANTI —
FIRE PAINT prispel Kk znizeniu ubytku
hmotnosti oboch testovanych materialov, jeho
uc¢inok  bol  rozdielny.  Z hodnotenia
vyplynulo, Ze pozitivnejsie vysledky dosiahli
vzorky smrekového dreva. Pri tychto sme
zaznamenali maximélne zniZenie ubytku
hmotnosti oproti nechrdnenym vzorkdm 24
%, u vzoriek OSB dosky to bolo len 12 %.

Ukézalo sa, Ze kzmenam v ucinku
aplikovanej retardacnej latky dochadzalo
jednak s jej meniacou sa koncentraciou,
vyraznejSie vSak s meniacim sa poctom
nanasanych vrstiev.

Ak porovname vplyv pouzitej
koncentracie na U¢inok retardacnej latky
mozeme povedat, ze aj ked boli zaznamenané
ur¢ité rozdiely medzi riedenou a neriedenou
formou, Kk vyraznej$im zmenam, ¢o sa tyka
ubytku hmotnosti nedoslo. Ukazalo sa vsak,
ze pokial bola latka riedena vodou, povécsine
zabezpecila u oboch materialov o nieCo nizsie
hodnoty  Ubytku  hmotnosti  (2-3 %)
v porovnani s neriedenou latkou.

Co sa tyka zavislosti ibytku hmotnosti od
poctu nanasanych vrstiev, jednoznacne
pozitivnejsie vysledky boli dosiahnuté pri
aplikacii retardacnej latky v dvoch vrstvach.
Pri tejto TUprave stratili oba testované
materialy najmenej zo svojej povodnej
hmotnosti. Rozdiel bol vtom, ze pri
smrekovych vzorkach sa vplyv poctu naterov
na ubytok hmotnosti viac prejavil pri aplikacii
latky v neriedenej forme (rozdiel cca 15 %
medzi jednovrstvovych a dvojvrstvovym
naterom; pri riedenej forme bol tento rozdiel
8 %). Pri OSB doskach dvojvrstvovy nater
zabezpecil voci jednovrstvovému nateru cca
4-5 %-né zniZenie ubytku hmotnosti pri oboch
pouzitych koncentraciach.

Dal§im vyhodnocovanym kritériom bol
c¢as zapalenia testovanych materidlov.
Z merani vyplynulo, Ze retarda¢nd uprava
materialov Vv porovnani s neupravenymi
pomohla oddialit’ Cas zapélenia o 30 az 60
sekund, pricom tieto ¢asy sa vplyvom pouzitej
koncentracie a poctu naterov vyrazne nelisili.

4 Zaver

Vychadzajic z celkového hodnotenia
konstatujeme, ze latku ISONEM ANTI -
FIRE PAINT je vhodné aplikovat’ neriedent
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achieved on the spruce wood than on OSB (v 100 % koncentracii) a v dvoch vrstvach
board boards. aco sa tyka podkladového materialu,
pozitivnejsi ucinok preukazala pri ochrane
Acknowledgments smrekového dreva ako pri OSB doske.
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Abstract

In spite of extensive research to prevent and mitigate dust explosions in the process industries this risk still
exists. The goal of this study was to determine the wood dust particle size and maximum explosion
parameters. The research was realised using the samples of wood dust taken from a company that is the
largest manufacturer of coniferous wood in Slovakia. It processes 98% of spruce wood. There were tested
the samples of spruce wood dust from the grinder (small particle sizes) and the collecting container (different
particle sizes). The sieve analysis was performed using the Analytical sieve machine AS 200 basic and
statistically evaluated in Statistica 12 applying a two-factor ANOVA test. Determination of explosion
characteristics of dust clouds was performed in the VA-20. According to results of the analyses we can state
that the type of sieve and sampling from technology (sampling from the grinder and from the central
exhausting, i.e. from the container) showed a significant dependency with the fraction weight.

Keywords: Norway spruce; dust particle size; maximum explosion parameters

1 Introduction 1 Uvod

Worldwide, flammable dust explosions Na celom svete sa vyskytuju vybuchy
occur. [1] Wood dust is one of the most horl’avého prachu. [1] Drevny prach je jednou z
common occupational exposures with fire and najbeznejsich pracovnych expozicii pri poZiari
explosion, with about 3.6 million of workers a vybuchu, s priblizne 3,6 milionmi
in the wood industry in Europe.[2] An pracovnikov v drevarskom priemysle v Eurépe.
explosion of a fuel in air involves the rapid [2] Vybuch paliva vo vzduchu zahffia rychlu
oxidation of combustible material, leading to oxidaciu horPavého materialu, ¢o vedie
a rapid increase in temperature and pressure. k rychlemu zvyeniu teploty a tlaku. [3, 4]
[3, 4] In spite of extensive research to prevent Napriek rozsiahlemu vyskumu na prevenciu
and mitigate dust explosions in the process a  zmiernenie  vybuchov  prachu v
industries this risk exists. [5] Experimental spracovatel'skom priemysle toto riziko existuje.
determination of fire-technical characteristics [5] Experimentilne stanovenie poZiarno-
is prescribed by the prescriptive requirements technickych  charakteristik je predpisané
set forth n safety Standard_s- [6] As poziadavkami stanovenymi v technickych
a prevention, we detect fire-technical normdch. [6] Prevenciu zaistujeme stanovenim

characteristics that include minimum
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concentration, maximum
explosion pressure, maximum rate  of
pressure rise, limiting oxygen
concentration, ignition temperature, add
amount of inert dust necessary to prevent
flame propagation. [3] Scientific works,
which is focused on the determination of
granulometry in the world, evaluates that
experimental mechanical sieving and machine
vision methods produced comparable particle
size distribution. [7] Granularity was
determined by sieving dust samples from
classic narrow belt sanding machine at
sanding of native beech, pine and spruce
wood samples in the dependence on wood
species. [8] Interesting research was devoted
to thermally modified oak sawdust. [9] For
accurate particle size distribution analysis
they developed an Image J plugin that extracts
of disjoint particles after identifying their
shapes and determines their particles size
distribution. [10] In  another study,
researchers presented the correlations among
the tested dust samples were calculated with
variables. [11]

The fire-technical characteristics of the
explosion parameters (maximum explosion
pressure, deflagration index and minimum
explosible concentration) of two torrefied
wood samples, and comparison of their
reactivity to the untreated biomass and to
Kellingley coal was done in study of
[12]. The explosion ability of wood
dust was characterized by a 20 L explosion
sphere (Kuhner) in study [13]. Between the
calculations and the experiments, scientists
found that there was a good agreement. The
effect of particle size on the maximum
permissible oxygen concentration to prevent
dust explosions was a research object of study
[14]. Factors influencing and a statistical
method for describing dust explosion
parameters were described in study [15]. To
improve methods for predicting explosion
development in real industrial plant has been
one major challenge. Progress has also been
made in other areas, e.g., ignition source
prevention. [16]

explosible

2 Material and Methods

The wood waste of the processed spruce
was collected from the suction equipment
from the glued parts grinding line. The second
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poziarno-technickych  vlastnosti, ktoré
zahffiaj  dolnt medzu  vybuSnosti,
maximalny vybuchovy tlak, maximalny

narast vybuchového tlaku, minimalnu
koncentraciu kyslika, teplotu vznietenia,
minimalne mnozstvo inertného prachu

potrebného na zabranenie §irenia plamena. [3]
Vedecké prace, ktoré sa zameriavaji na
stanovenie granulometrie vo svete, ich
hodnotia, S$pecializovanymi pristrojmi, ktoré
meraju vel'kost” a distribuciu velkosti Castic vo
vzduchu, pouzivaji nepriame metody, ktoré
zahfnajl rozptyl svetla, akustickl
spektroskopiu  a laserova  difrakciu [7]
Granulometriou sa zaoberali autori Ockajova,
Banski, stanovovali sitovanim vzorky prachu
z klasického pasového brusneho stroja pri
braseni pdvodnych  vzoriek  bukového,
borovicového a smrekového dreva
a porovnavali vyslekdy v zavislosti od drevin.
[8] Zaujimavy vyskum sa venoval tepelne
modifikovanym dubovym pilindAm. [9] Na
presni analyzu distribiicie velkosti castic
vyvinuli doplnok Image J, ktory po identifikacii
ich tvarov vyberie disjunktné Castice a urci ich
distribuciu velkosti Castic. [10] V inej Stadii
vedci uviedli, Ze korelacie medzi testovanymi
vzorkami prachu boli vypocitané
s premennymi. [11]

V stadii [12] autori stanovili poziarno-
technické vlastnosti parametrov vybuchu
(maximalny vybuchovy tlak, index deflagracie
a dolna medza vybuSnosti) dvoch vzoriek
suSeného dreva a porovnanie ich reaktivity na
neosetrent biomasu a na uhlia typu Kellingley.
Vybusnost’ drevného prachu sa vyznacovala v
20 L autoklave (Kuhner) v §tadii [13]. Medzi
vypoCtami a experimentami vedci zistili, ze
existuje dobra zhoda. Vyskumnym predmetom
stadie bol vplyv velkosti Castic na najvyssiu
povolenu koncentraciu kyslika na zabranenie
vybuchu horlavého prachu [14]. V §tadii boli
opisané  faktory  ovplyviiujuce  faktory
a StatistickA metdoda na opis parametrov
vybuchu prachu [15]. Jednou z hlavnych vyziev
bolo zlepSenie metod na predpovedanie vyvoja
vybuchu v realnych priemyselnych zavodoch.
Pokrok sa dosiahol aj v inych oblastiach,
napriklad v prevencii inicia¢nych zdrojov
zapalenia. [16]
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sample was from the waste generated during
the surface treatment of the wood parts, which
is ensured by means of central exhausting
from individual machinery (grinding and
profiling cutters). All spruce wood dusts
particles are collected in the collecting
container. To shorten the description in the
results, we present only the grinder and the
container wood dust testing results.

2.1 Sieve analysis of wood dust

The sieve analysis was performed using
the Analytical sieve machine AS 200 basic.
The AS 200 series analytical sieve machines
are used in research for any loose product to
eliminate larger particles of wood dust, a
sieve with a mesh size of 0.5 mm and a dust-
collecting bottom must be used and then
placed on the vibrating part of the machine.
Sieves of 0.5 mm, 0.063 mm, 0.450 mm,
0.040 mm and 0.032 mm apertures were used.
The sieve analysis results were statistically
evaluated in Statistica 12 applying a two-
factor ANOVA test.

2.2 Determination of maximum explosion
parameters of wood dust

The experiments were based on a technical
standard STN EN  14034-2+A1:2012
Determination of explosion characteristics of
dust clouds. Part 2: Determination of the
maximum rate of explosion pressure rise
(dp/dt)max of dust clouds. The VA-20 was
used to determine the explosion parameters of
dusts, gases and hybrid mixtures.

3 Results and Discussion

The results of the analysis of variance are
presented in Table 1. Type of sieve and
sampling from technology (sampling from the
grinder and from the central exhausting from
the container), exert a significant interaction
on the fraction weight (p = 0.000). The effect
of the interaction of two factors (sieve and
sample sort) on the weight of a sample of
spruce wood dust taken from the duct entering
the container and leaving the grinder is shown
in Figure 1. From the Box and Whisker plot
we observe that the type of sieve is
statistically significant and also the type of
sampling from the technology.

In Figure. 1, we present 95% confidence
intervals of the population mean weight of
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2 Material a metédy

Odber drevného odpadu spracovaného smreka
oby¢ajného bol vykonany z odsdvacieho
zariadenia z linky na brisenie lepenych dielcov.
Druhd vzorka bola z odsavania odpadu
vzniknutého pri povrchovej uprave dielcov,
ktord je zabezpecend pomocou centralneho
odsavania od jednotlivych strojnych zariadeni.
(brusky a profilovacich fréz). Vsetky odsaté
drevné Castice su zhromazdené v kontajneri. Na
skratenie opisu vo vysledkoch uvadzame iba
vysledky testov na brusenie a prach z dreveného
kontajnera.

2.1 Sitova analyza drevného prachu

Sitova analyza sa uskuto¢fiovala pouzitim
analytického sitovacieho pristroja AS 200
basic. Analytické sitovacie stroje série AS 200
sa pouzivaju pri vyskume akéhokol'vek sypkého
produktu na odstranenie vacsich Castic prachu.
Musi sa preto pouzit’ sito s velkost’ou otvorov
0,5 mm a dno na zachytavanie prachu, ktor¢ sa
potom umiestni na vibracni Cast’ stroja. Pouzili
sa sita s otvormi 0,5 mm, 0,063 mm, 0,450 mm,
0,040 mm a 0,032 mm. Vysledky sitovej
analyzy boli statisticky vyhodnotené v Statistica
12 pouzitim dvojfaktorového testu ANOVA.

2.2 Stanovenie maximalnych vybuchovych
parametrov drevného prachu

Experimenty boli zaloZzené¢ na technicke;j
norme STN EN 14034-2+A1:2012 Stanovenie
vlastnosti zvireného prachu pri vybuchu. Cast
2: Stanovenie maximalnej rychlosti narastu
tlaku (dp/dt)max pri vybuchu zvireného prachu.
Vybuchovy autoklav VA-20 sa pouziva na
stanovenie parametrov vybuchu prachu, plynov
a hybridnych zmesi.

3 Vysledky a diskusia

Vysledky analyzy rozptylu st prezentované
v Tabulke 1. Druh sita a obder vzoriek
z  technologie (odber  vzoriek  zo
vzduchotechniky z brusky a z kontajnera),
pOsobia na hmotnost frakcie Statisticky
vyznamne Vv interakcii (p= 0,000). Vplyv
interakcie dvoch faktorov (sita a druh vzorky)
na hmotnost vzorky smrekového prachu
odobraného Z0 vzduchotechniky
vchadzajiuceho do kontajnera a vychadzajice;j
the fraction for each combination of two
factors — sieve type and sample type.
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Significant differences between the samples
from the container and the grinder are
observed with a sieve size of 0.063 to 0.032.
There is also a significant difference in the
sieve size up to 0.5 mm. For the 0.032-0.001
fraction, they are the same due to the overflow
of all the smallest particles collected at the
bottom of the sieves.

od brusky je znazornena na Obrazku 1. Z
krabicového grafu sledujeme, Ze druh sita je
Statisticky vyznamny a aj druh odberu vzorky
z technologie.

Na Obrazku 1 porozujeme 95%-né intervaly
spol’ahlivosti pre priemerni hmotnost’ frakcie
pri jednotlivych kombinacidch dvoch faktorov
— druhsita a druh vzorky. Signifikantné zmeny
medzi vzorkami z kontajnera a brusky
pozorujeme pri velkosti sita 0,063 az 0,032.
Vyznamny je i rozdiel pri site o velkosti do 0,5
mm. Pri frakcii 0,032 — 0,001 s rovnaké
z dovodu prepadu vSetkych najmensich Castic
zhromazdenych vo vzorkach na dne sit.

Tab. 1 Results for each dependent variable sample from container and grinder

Tab. 1 Vysledky pre kazdu zavisli premennt drevného prachu vzorky z brusky a kontajnera

Source/Zdroj DF*/stupne  SS*/ Sucet  MS*/ Priemer  F-statistic/ p-level/
menlivosti vol'nosti Stvorcov Stvorcov F-test p-hodnota

sort of sieve/ 11 3210.98 291.90 5765.16 0.000
druh sita
sort of sample/ 1 0.24 0.24 4.74 0.034
druh vzorky
1 *
sieve*sample/ 11 80.76 7.34 145.01 0.000
sito*vzorka
Error/Chyba 48 2.43 0.05
Total/Celkom 71 3294.42

DF* - the degrees of freedom in the source; SS* - the sum of squares due to the source; MS* - the mean sum of
squares due to the source/DF* - stupne vol'nosti v zdroji; SS* - smerodajna odchylka vzhl'adom na zdroj; MS* -
priemerna hodnota smerodajnej odchylky; 95 % confidence intervals of the population mean weight of the
fraction/ 95 %-né intervaly spolahlivosti pre priemernt hmotnost’ frakcie; Current effect/Stcastny efekt: F

(11.48)=145.01, p=0.00

95% confidence intervals of the population mean weight of the fraction
Current effect: F(11. 48)=145.01, p=0.000

30

25

20

15

10

weight fraction (g)

do 0,5 do0,18 do0,125 do0,075 do0,045 do 0,032

do 0,25 do 0,15 do 0,09
sort of sieve (mm)

do 0,063 do0,04 do0,001

=& container
—&- grinder

Fig 1. Box and Whisker plot

Obr. 1 Krabicovy graf intervalov spolahlivosti na priemerni hmotnost’ frakcie
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Note: Sort of sieve/Druh sita, Container/Kontajner, Grinder/Braska, Weight fraction/Hmotnost’ ¢astice

Figure 2 shows a graph of the maximum Obrazok 2 zobrazuje graf maximalnych
explosion parameters for spruce wood dust from vybuchovych parametrov pre smrekovy
the grinder. The left figure shows the maximum dreveny prach z brasky. Obrazok vlavo
explosion pressure versus concentration. The zobrazuje maximalny vybuchovy tlak v
explosion autoclave software calculated the zavislosti na koncentracii. Softvér vybuchového
mean maximum explosion pressure, graphically autoklavu  vypocital stred maximalneho
represented by a red point, between the vybuchového tlaku, graficky znazorneny
concentrations of 1,000 g.m=and 1,250g.m™. In Cervenym bodom, medzi koncentraciami 1 000
the right part of Figure 2, the graph depicts the g.m3a 1250 g.m?3. V pravej Casti obrazku 2 je
maximum rate of explosion pressure rise from graf znazornujuci maximalnu rychlost’ narastu
the concentration. The software determined by tlaku vybuchu v zavislosti na koncentracii.
calculation the mean maximum burst pressure Softvér stanovil strednii hodnotu maximalneho
between the concentrations of 1,750 g.m and vybuchového tlaku medzi koncentraciami 1 750
2,000g.m, which is graphically represented by gm? a 2 000 g.m3, ktory je graficky tiez
a red point. znazorneny ¢ervenym bodom.

Overview of the results of the maximum Prehlad vysledkov maximalnych
explosion parameters of spruce wood dust is parametrov vybuchu smrekového drevného
introduced in Table 2. Wood dust tested was prachu je uvedeny v tabulke 2. Testovany
collected from grinder. drevny prach sa ziskal z brasky.

_ Pm % dP/dt

E g I

%—; F 10, }" - + 200
D= =
2z B2 [ 150
5% ° 2

>
é E a g - 100
] =
S E o & .
=2 55
125 500 750 1000 1250 1500 1750 2000 2250 125 500 750 1000 1250 1500 1750 2000 2250
Concentration of spruce dust/Koncentracia Concentration of spruce dust/Koncentracia
drevného prachu smreka oby¢ajného (g/m3) drevného prachu smreka oby¢ajného (g/m?)

Fig 2. Graphs of maximum explosion parameters in relation to the concentration of wood dust
from the grinder.
Obr. 2 Grafy maximalnych parametrov vybuchu vo vztahu ku koncentracii drevného prachu
z brusky
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Tab. 2 Maximum explosion parameters of spruce wood dust from grinder.

Tab. 2 Maximalne vybuchové parametre drevného prachu smreka obycajného z brusky

Max. explosion pressure/

+ 0
Maximalny vybuchovy tlak Pmax 0.7 MPa 10%
Max. rate of pressure rise/
X . +209
Maximélny nérast tlaku (dp/dt)ma 19.9 MPa/s 20%
Product specific constant/
X . . :|: 0
Kubicka konstanta K 34 mMPa/s 20%
Lower explosion limit/ LEL 70 g/m? L 10%

Doln4 medza vybusnosti

Figure 3 presents plots of maximum explosion
parameters for spruce wood dust from a
container. The left part shows the dependence
of the maximum explosion pressure on the
concentration, the average maximum explosion
pressure on the concentration of 1,250 g.m=.
Similarly, on the right side of the figure, the
calculation determines the maximum rate of
explosion pressure rise at a concentration of
1,500 g.m3, where they are graphically
represented by red points.

In Table 3, there are introduced the results
of the maximum explosion parameters of
spruce wood dust taken from the central
exhausting device, i.e. from the container.

The results of the maximum explosion
parameters of spruce wood dust are included in
Table 4, where they are classified in the
combustible dust class St1.

- 2,5

500 750 1000125015001750200022502500

Max.explosion pressure/Max.vybuch.tlak (bar)

Concentration of spruce dust/Koncentracia
drevného prachu smreka oby¢ajného (g/m®)

Obrazok 3 predstavuje grafy maximalnych
parametrov vybuchu pre smrekovy drevny
prach z kontajenra. Lava cast’ zobrazuje
zé&vislost’ maximalneho vybuchového tlaku od
koncentracie,  priemerného  maximalneho
vybuchového tlaku od koncentracie urCenej na
1 250 g.m>3. Podobne na pravej strane obrazku
vypocet ur¢il maximalnu rychlost’ narastu tlaku
vybuchu pri koncentracii 1 500 g.m?, kde su
graficky znazornené ¢ervenymi bodmi.

V tabulke 3 su wuvedené vysledky
maximalnych parametrov vybuchu prachu zo
smrekového dreva odobratého z centralneho
odséavacieho zariadenia, t.j. z kontajnera.

Vysledky maximalnych parametrov
vybuchu smrekového dreva st uvedené
v Tabulke 4, kde su zatriedené do triedy
horl’'avého prachu Stl.

dP/dt

- 200

- 180

- 50

500 750 1000125015001750200022502500

Concentration of spruce dust/Koncentracia
drevného prachu smreka oby&ajného (g/m3)

Max.rate of pressure rise/Max.narast vybuch.tlaku (bar/s)

Fig 3. Graphs of maximum explosion parameters in relation to the concentration of wood dust
from the container

Obr. 3 Grafy maximalnych parametrov vybuchu vo vzt'ahu ku koncentracii drevného prachu
z kontajnera

Delta 2019, 13(2):56-64
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Tab. 3 Maximum explosion parameters of spruce wood dust from container

Tab. 3 Maximalne vybuchové parametre drevného prachu smreka obycajného z kontajnera

Max. explosion pressure/ Prax 0.74 MPa £10%
Maximalny vybuchovy tlak
Max. rate of pressure rise/ (dp/dt)max 59.9 MPa/s +30%
Maximaélny nérast tlaku
Product specific constant/ K max 4.3 m-MPa/s £30%
Kubicka konstanta
Lower explosion limit/ LEL 300 g/m? £10%
Doln4 medza vybusnosti
Tab. 4 Classes of combustible dust
Tab. 4 Triedy vybus$nosti horl'avého prachu
Class/ Kst Pmax Kst Dust Pmax Kst
Trieda (MPa'm-s?) Dust/Prach (MPa)  (MPa'm's?) (MPa) (MPa'm's™)
Wood/ 0.70 5.4
PVC 0.85 9g  Dreve |
st1 0-20 G
PE 0.88 13.1 Wood/
Drevo_ 074 43
C*
Celulose/Celuloza  0.98 22.9
St2 20-30
Wood/Drevo 1.05 23.8
Pigment 1.07 34.4
St3 > 30
Aluminium/Hlinik  1.25 200.0

*(Dust, Wood-G* means the grinder and Wood-C* container) / *(Prach, Drevo-G* vzorka z brisky a Drevo-C*

kontajner)

4 Conclusions

- Type of sieve and sampling from technology
(sampling from the grinder and from the central
exhausting, i.e. from the container) showed a
significant dependency with the fraction
weight;

- the lower explosive limit value of the grinder
wood dust is lower than the container wood
dust, the reason is the lower fraction of wood
dust particle size obtained from granulometric
analysis;

- by evaluating the results of the maximum
explosion parameters of wood dust from the
grinder, we conclude that it is more reactive
than wood dust from the central exhausting
system.
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4 Zaver

- Druh sita je Statisticky vyznamny a aj druh
odberu vzorky z technolégie;

- medzi pouzitim druhu sita a hmotnostou
vzorky smrekového prachu odobraného zo
vzduchotechniky vchadzajuceho do kontajnera
a vychadzajucej od brusky je interakcia;

- dolnd medza vybusnosti smrekového prachu
odobrata z brasky je niz8ia ako vzorka odobrata
z kontajnera, dovodom je nizSia frakcia velkosti

Castic drevného prachu ziskana
z granulometrickej analyzy;
- vyhodnotnim vysledkov maximalnych

vybuchovych parametrov drevného prachu
z brusky konStatujeme, Ze drevny prach je
reaktivnej$i ako drevny prach z centralneho
odsavacieho zariadenia;
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Abstract

The Fire Rescue Service investigates the causes of fires and in some cases, when there is proof of abnormal
development of a fire by explosion or spreading of a fire at high speed, it is necessary to consider the possibility
that high-energy materials were present at the site of the fire. Various instruments that employ various methods
are used to determine whether a given material is an industrial explosive or a substance capable of deflagration or
detonation. One of them is also the FIDO X3 instrument which is based on the Amplifying Fluorescent Polymer.
The possibilities of FIDO X3 instrument involvement in fire and explosion investigation is demonstrated on

example of two case studies in this paper.

Keywords: Fire Danger; Fire Statistics; Exhaust Gas Temperature; Agricultural Crops

1 Introduction

Integrated Rescue System units are aware of
the increased risk of terrorist attacks using
explosives or explosive traps. As a result,
Integrated Rescue System units have developed
a typical joint intervention for “STC 03/IRS
Threats using explosive traps or finding of
explosive traps, suspicious objects, munition,
explosives and explosive objects”. This
document gives a detailed account of the
principles of cooperation at the site of the
incident and delineates the competences and
tasks of each unit. The safety measures and
intervention site segmentation were developed
with the aims of maximum elimination of
possible negative consequences and maximum
efficiency in intervention implementation.

Delta 2019, 13(2):65-69
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1 Uvod

Slozky integrovaného zachranného systému
si uvédomuji nartist hrozeb teroristického titoku
prostfednictvim  vybusnin ¢i  nastraznych
vybusnych systémi. Z tohoto divodu byla
vypracovana typova ¢innost slozek
integrovaného  zachranného systému  pfi
spoleéném zasahu STC 03/IZS Hrozba pouziti
NVS nebo nalez NVS, podezielého predmétu,
munice, vybusnin a vybusnych predméti. V
uvedeném dokumentu jsou podrobné stanoveny
zéasady spoluprace na mista udalosti, vymezeny
kompetence, tUkoly jednotlivych slozek.
Stanovena bezpecnostni opatfeni a clenéni
mista zasahu tak, aby se co nejvice eliminovaly
mozné negativni nasledky a zasah byl proveden
co nejefektivnéji.
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The Fire Rescue Service investigates the
causes of fires and in some cases, when there is
proof of abnormal development of a fire by
explosion or spreading of a fire at high speed, it
is necessary to consider the possibility that
high-energy materials were present at the site of
the fire. There is justifiable reason to expect
these materials in premises and workplaces
where these materials are produced or
processed. These substances may also be
legitimately present in apartments or houses
where the users legally own weapons such as
hunting weapons and produce ammunition
themselves.

Various instruments that employ various
methods are used to determine whether a given
material is an industrial explosive or a substance
capable of deflagration or detonation. Table 1
gives an overview of portable analytical
instruments and methods capable of detecting
organic and inorganic explosives [1].

Hasi¢sky zachranny sbor provadi zjistovani
pricin vzniku pozaru a v nékterych ptipadech,
kdy bylo prokazano nestandardni rozsifeni
pozaru vybuchem nebo Sifeni pozaru vysokou
rychlosti, je tfeba se zabyvat i verzi, ze na misté
pozaru byly pfitomny energetické materialy.
Tyto materialy miZzeme opodstatnéné ocekavat
v prostorach a provozech, kde se s témito
materidly pracuje (vyroba a zpracovani
vybusnin a trhavin). Opravnény vyskyt téchto
latek muze byt i v byt¢ nebo rodinném dome,
jehoz uzivatelé jsou legalnimi drziteli zbrani
napftiklad loveckych a sami si vyrabéji strelivo.

Pro urceni, zda se jednd o primyslovou
vybusninu, ¢i latku, kterd je schopna deflagrace,
detonace se pouzivaji rizné pfistroje pracujici
na riznych metodach. Pro informaci je v tabulce
¢. 1 uveden prehled prenosnych analytickych
pristrojii, pouzivanych metod, které jsou o
schopny detekovat organické ¢i anorganické
vybusniny.

Table 1 Portable instruments to be used in fire and explosion investigation
Tabulka 1 Pienosné pfistroje aplikovatelné v zjistovani pficin vzniku pozarii a explozi

Portable analytical technique/P¥enosné
analytické techniky

Ability to analyze organic and/or Inorganic
explosives/ Schopnost analyzovat organické a
anorganické vybuSniny

Organic/organické Inorganic/anorganické

lon mobility spektrometry (IMS)/ Metoda
iontové mobility - spektrometrie

Yes/Ano Yes/Ano

Gas chromatography couped with IMS (GC-
IMS)/Plynova chromatografie spojena s IMS

Yes/Ano No/Nie

Gas chromatography couped with mass
spectrometry (GC-MS)/ Plynova chromatografie
spojena s hmotnostni spektrometrii

Yes/Ano No/Nie

Gas chromatography couped with
chemiluminescent detector (GC-CL); Thermal
energy analyzer (GC-TEA)/ Plynova
chromatografie spojena s chemiluminiscenénim
detektorem (GC-CL); analyzator tepelné energie
(GC-TEA)

Yes/Ano No/Nie

Gas chromatography couped with a surface
acoustic wave detector (GC-SAW)/Plynova
chromatografie spojena s povrchovou
akustickou vinovou (GC-SAW)

Yes/Ano No/Nie

lon chromatography (IC)/ Tontova
chromatografie

No/Nie Yes/Ano

FTIR spectroscopy?/spektrokopia

Yes/Ano Yes/Ano

RAMAN spectroscopy?°/spektroskopia

Yes/Ano Yes/Ano

a.b Techniques only amenable to bulk analysis (not trace material)/
P1MS detection limited to nitrate-based inorganic explosives only/
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The Fido X3 explosives trace detector

The FRS CR and the Population Protection
Institute have recently purchased a explosives
trace detector FIDO X3.

The technology used in the FIDO X3 is
based on the Amplifying Fluorescent Polymer,
which works on the principle of chemical
sensors that are bonded to a polymer chain.
When a target molecule of a high-energy
material reacts with a chemical sensor, the
fluorescence (fluorescence gain or attenuation)
of the whole chain on which the sensor is bound
changes. This allows the system to achieve
ultra-high sensitivity, since the interactions of
each target molecule cause a higher-order
response than non-cross-linked chemical
sensors. [2]

This instrument enables fast identification of
threats posed by high-energy materials. This
instrument is typically used to protect buildings
and people. It can also be used to examine
premises, buildings and vehicles to assess the
potential presence of improvised explosive
devices (IED). The FIDO X3’s ultra-trace
sensitivity enables detection of secondary
contamination, which is the contamination of
surfaces that have been recently exposed to
explosives. This can be useful during
investigation and detection of preparations for
a terrorist attack or criminal act using IED.
Where monitored individuals are suspected of
such activity, the instrument can prove whether
or not they have come into contact with
explosives during the past few hours.

Case study 1

A Fire Rescue Service investigator was
summoned to an investigation of the cause of an
explosion with a subsequent fire in a family
home. According to the user’s statement, when
placing fuel into the solid fuel furnace she added
black powder residues.

Outputs from the individual measurements
are as follows:

1. FIDO X3 explosives trace detector —
military explosive

2. MX908 high-pressure mass spectrometer
for detection of hazardous substances —
explosive, specifically black powder

Delta 2019, 13(2):65-69
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Detektor ultra
vybusnin FIDO X3

HZS CR, Institut ochrany obyvatelstva v
poslednich letech poftidil pfistroj na detekci
ultra stopovych casti vybuSnin. Konkrétné se
jedné o vyrobek firmy FLIR, a to FIDO X3.

Technologie pouzita v modelu FIDO X3 je
zalozena na zesilovacim fluorescen¢nim
polymeru, ktery pracuje na principu
chemickych senzord, které jsou vazany k
polymernimu fetézci. Cilova molekula vysoce
energetického materidlu reaguje s chemickym
senzorem, pak zméni se fluorescence (zesileni
nebo zeslabeni) celého fetézce, na kterém je
senzor vazan. To umoziuje systému dosahnout
velmi vysoké citlivosti, protoze interakce kazdé
cilové molekuly zptisobuji reakci vyssiho radu
nez nesesiténé chemické senzory. [2]

Tento pfistroj umoziiuje rychlou identifikaci
hrozby vysoce energetického materialu.
Obvykle se pfistroj vyuzivd pro ochrany
objektl a osob. Zatizeni mize byt také pouzito
k prozkoumani prostoru, budov a vozidel z
hlediska skladovaci kapacity IED. Ultra-
stopova citlivost zafizeni umoziuje detekci tzv.
sekundarni kontaminace. To znamena, ze
kontaminace povrchd, které se s vybusSninou
setkaly v neddvné minulosti. To muize byt
prospesné pii  vySetfovani a odhalovani
probihajicich pfiprav na teroristicky utok nebo
trestny ¢in s pouzitim IED. Je-li podezieni na
kontrolované osoby, lze prokazat, zda byly v
poslednich hodinach vystaveny vybusnine.

stopovych koncentraci

Piipadova studie 1

Vysettovatel hasi¢ského zachranného sboru byl
privolan k Setfeni pfiiny vzniku vybuchu s
naslednym pozarem v rodinném domé. Dle
sdéleni uzivatelky pfi prikladani paliva do kotle
na tuha paliva pridala i zbytky ¢erného prachu.
Na obr. ¢. 1 je zobrazena dievéna bedna se
zbytky ¢erného prachu.

K detekci a analyze odebraného vzorku byly
pouzity tyto analyzy na pfistrojich a vystupy
jsou nasledujici:

1. Detektor wultra stopovych koncentraci
vybus$nin FIDO X3 - vojenské vybusnina

2. Vysokotlaky hmotnostni spektrometr pro
detekci  nebezpecnych latek MX908 -
vybusnina, konkrétné ¢erny prach

3. ED-XRF spektrometr SER-01 Elva X
(rentgenovy laboratorni pfistroj) -
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3. EDXRF spectrometer, SER-01 Elva X
model — identified potassium 99.240%, sulphur
0.119%, iron 0.641%

4. Spatula flame test — the substance sparked,
then burned with an orange flame, which is
evidence of an explosive (fuse, black powder).
On the basis of the above conclusions, it was
determined that the collected sample was indeed
black powder. [3]

Case study 2

In the second case there was an explosion
with a subsequent fire in a building that was
used for business activities. On the ground floor
there was a locksmith’s workshop and on the
second above-ground floor there was a shop
selling paints and varnishes. During the
explosion and subsequent fire, the load-bearing
wall separating the workshop from the corridor
on the first above-ground floor was damaged.

Outputs from individual measurements:

1. GC/MS analysis

A) None of the identified substances confirms
the presence of fire accelerants or explosives in
the provided sample.

B). The presence of a flammable liquid was not
confirmed.

2. Detection of explosives with Fido X3 — The
presence of explosives was not detected.

3. Detection of explosives with the MX908
detector — No substances registered in the
instrument library were identified.

4. FTIR Analysis — By comparing the measured
spectrum with the spectra in the instrument
library, nitrocellulose was identified in the
sample. It is an extremely flammable and
explosive substance.

5. Characterization tests

a) Spatula test — after exposure to flame, the
substance immediately burned with a bright
yellow, odourless flame, orange sparks were
observed in the flame. The substance burned
without any combustible residues.

b) Solubility in water and selected organic
solvents. Solvents were selected according to
the literature [4] describing the properties of
nitrocellulose. Based on the solubility in
individual solvents, it was concluded that
nitrocellulose was present.

Based on the above conclusions from
individual methods, it was determined that the
sample contained nitrocellulose. [3]
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identifikovany prvky draslik 99,240%, sira
0,119%, zelezo 0,641%

4. Terénni analyza latek neznamého sloZeni
soupravou PCHL-CO, 2. dil (kopistkovy test) —
latka zajisktila, dale hofela oranzovym
plamenem — pozitivni dikaz vybuSniny
(zapalnice, Cerny prach).

Na  zaklad¢ uvedenych zavéri  bylo
vyhodnoceno, ze odebrany vzorek byl skute¢né
¢erny prach. [3]

Pripadova studie 2

V druhém ptipadé doslo k vybuchu s
naslednym pozarem v objektu, ktery slouzil k
podnikatelské ¢innosti. V pfizemi se nachazela
zamecnicka dilna, v 2. nadzemnim podlaZzi se
nachdzel prodej barev a lakii. Béhem vybuchu
s naslednym pozéarem doslo k poskozeni nosné
stény oddélujici dilnu od chodby v 1. NP.

Vystupy z jednotlivych méfeni:

1. GC/MS analyza

A) Zadna z identifikovanych latek nepotvrzuje
ptitomnost akcelerantii hofeni a vybusSnin v
dodaném vzorku.

B). Head-space s technikou SPME - P¥itomnost
hotlavé kapaliny nebyla potvrzena.

2. Detektor FIDO X3 — nebyla identifikovana
pritomnost vybusniny.

3. Detekce vybusnin detektorem MX908 -
nebyla identifikovana pritomnost zadné latky
obsazené v knihovné pfistroje.

4. FTIR analyza - porovnanim naméfeného
spektra se spektry v knihovng pfistroje byla ve
vzorku identifikovana nitroceluléza. Jedna o
extrémné hotlavou a vybusnou latku.

5. Charakterizacni testy - analyza
neznamého slozeni soupravou PCHL-CO
a) Kopistkovy test - po iniciaci plamenem latka
hoti okamzité¢ jasné Zzlutych plamenem bez
zapachu, v plamenu jsou pozorovany oranzové
jiskry. Latka shofti bez spalitelnych zbytkt, tedy
pozitivni diikaz vybusniny.

b) Rozpustnost ve vodé a vybranych
organickych  rozpoustédlech - Volba
rozpoustédel podle odborné literatury [4], ve
které jsou popsany vlastnosti nitrocelulozy. Dle
rozpustnosti v jednotlivych rozpoustédlech byl
uren zaver pozitivniho dikazu pritomnosti
nitroceluldzy.

Na zaklad¢ uvedenych zavéru z jednotlivych
metod bylo vyhodnoceno, Ze odebrany vzorek
obsahoval nitrocelulézu. [3]

latek



FIRE PROTECTION & SAFETY Scientific Journal
A@ eém 13(2): 65-69, 2019
DOI: 10.17423/delta.2019.13.2.70

Evaluation of the method of identification of
explosives

Due to the fact that detection instruments and
methods can falsely identify materials as
explosives, it is advisable to combine several
methods to avoid false identification. The
potential of false negativity, where the
explosive may not be detected during analysis,
is a more serious risk. The ultra-trace sensitivity
of the instrument guarantees a sizable chance of
detecting explosives even in extremely small
quantities. False negativity occurs with
explosives which the instrument cannot detect
or due to incorrect sample collection.

False positivity occurs when a chemical
sensor is activated by harmless substances with
a similar chemical reactivity to the screened
explosives (aromatic nitro compounds in
perfumes, sulphur and peroxides in commercial
products, naphthalene, repellents, etc.) or, for
example, in medical use of substances detected
as explosives (nitro-glycerine).

Conclusion

In order to determine the causes of a fire, it
is important to determine whether there were
any high-energy materials present at the site of
the fire, which can contribute both to the
initiation and the intensive spreading of the fire.
Explosion of some of the high-energy materials
can cause damage to firewalls and consequently
uncoordinated spread of fire in the building.

As part of state fire safety supervision, fire
brigades carry out investigations of causes of
fires and, in appropriate cases, collect samples
from the site of a fire. The Ministry of the
Interior, DG FRS CR, prepares expert opinions
as part of fire investigations. Detection of high-
energy materials is therefore essential to the
correct determination of the causes of a fire.

References / Literatura

Vyhodnoceni metody identifikace vybus$nin

Vzhledem k tomu, ze i pfistroje, resp.
detekéni metody mohou faleSné oznacit
materidly jako vybuSniny, je vhodné provést
kombinaci nckolika metod, tim se zajisti
vylouceni falesné identifikace. Vys§im rizikem
je vyskyt faleSné negativity, kdy vybusnina
nemusi byt detekovana béhem detekce. Ultra-
stopova citlivost piistroje zarucuje velkou Sanci
zachytit detekovatelné vybusSniny i ve velmi
malych mnozstvich. Falesna negativita se
vyskytuje u vybusnin, které pfistroj nedokaze
detekovat nebo u nespravného vzorkovani.

Falesna pozitivita nastava, kdyz je chemicky
senzor aktivovan neSkodnymi latkami s
podobnou chemickou reaktivitou na detekované
vybusniny (aromatické nitroslouceniny v
parfémech, sira a peroxidy ve vyrobcich,
naftalen, repelenty atd.) nebo naptiklad pfi
Iékatském pouziti detekovanych latek jako
vybusniny (nitro-glycerin).

Zavér

Pro urCeni pficiny vzniku pozaru je dilezité,
zda se na misté pozaru vyskytovaly energetické
materialy, které mohou jednak pfispét k iniciaci
pozaru, ale také k jeho vyraznému rozvoji.
Vybuchem casti energetickych material mtze
dojit k poSkozeni pozarné délicich konstrukei a
nasledn€ k nekoordinovanému $ifeni pozaru v
objektu.

Hasic¢ské zachranné sbory provadéji v ramci
statniho pozarniho dozoru zjistovani pficin
vzniku pozari a v oduvodnénych pripadech
energetickych materidlu je proto nezbytnad ke
spravnému stanoveni pfic¢iny vzniku pozaru.
Prestoze se obvykle detektory ultra stopovych
koncentraci vybusnin pouzivaji k
preventivnimu  vyhledavani  pfitomnych
vybusnin, lze je vyuZit i v ramci provadéni
pozarné technickych expertiz.

[1] Beveridge, A.:Forensic Investigation of explosion, 2nd ed. ISBN 9781420087253.CRP Press 2011.
[2] Fido X3 Administrator Training Jan 2016. 2.62. Wilsonville: FLIR, 2016.
[3] Krykorkova, M.: Fire technical expertise, GFRS, PPI, 2018

[4] Merck Index (11th ed.). p. 8022.
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Abstract

This paper is focusing the description of the X-ray radiation for fire investigation purposes. The advantage of the
X-ray radiation technology involvement arises from the fact that the objects can be studied from various aspects
through the selection of the power output and suitable information recording mechanisms, including subsequent
processing and interpretation. The most important properties of X-ray radiation include the ability to penetrate any
matter, in which radiation is attenuated to a greater or lesser extent. During 2017-2018 a study was conducted at
the Population Protection Institute to verify the applicability of X-ray methods for examination of evidence of
electrical appliances damaged by fire. The use of a stationary X-ray station in which the evidence is placed was
assessed as the best option after also considering a portable X-ray instrument that would be used at the fire site.

Keywords: Fire Danger; Fire Statistics; Exhaust Gas Temperature; Agricultural Crops

1 Introduction

More than one hundred years have passed
since the discovery of ionizing radiation. In the
ensuing years the effects of radiation on
irradiated objects were first studied, and
subsequently, as technology developed,
ionizing radiation began to be applied to a
variety of fields. Using X-ray radiography,
examined objects can be studied from various
aspects through the selection of the power
output and suitable information recording
mechanisms, including subsequent processing
and interpretation. This variability puts ionizing
radiation in a unique position among all other
physical examination principles for examining
the inner volume as well as the surface of
analyzed objects.
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1 Uvod

Od objevu ionizujiciho zateni uplynulo jiz
vice jak sto let, béhem kterych se nejprve
zkoumaly ucinky zafeni na ozatfované objekty,
a nasledné s rozvojem techniky se mohlo
ionizujici zafeni uplatnit v riznych oblastech
lidské cCinnosti. Vlastni RTG prozatovani
dovoluje zkoumat rizné aspekty zkoumanych
objektd nejen volbou generovaného vykonu, ale
i vhodnym zplsobem zaznamu informace
vCetné  jejiho  nasledné  zpracovani a
interpretace. Tato variabilita dava pouziti
ionizujiciho zafeni unikatni postaveni mezi
vSemi ostatnimi fyzikalnimi principy zkoumani
nejen objemu, ale i1 povrchii zkoumanych
objektd.
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X-ray radiation is generated through a
reversed photoelectric effect, where the kinetic
energy of a moving electron is converted into
photon energy. This occurs inside a special
electronic device, the x-ray tube. The process
that transforms electrical energy into photon
energy is relatively inefficient, as only 1-2% of
the electrical energy is converted into radiation
energy. The remaining 98-99% is dissipated as
thermal energy.

The cathode is heated to a temperature of
about 2,000 °C as the electric current passes
through it. This causes free electrons to be
emitted from the cathode. The quantity of
emitted electrons depends on the amount of the
filament voltage. High voltage ranging from
tens to thousands of kilovolts is applied to an
anode, which creates a huge potential difference
between the anode and cathode. The electrons
emitted by the cathode are thus accelerated and
obtain significant kinetic energy. These
accelerated electrons hit the anode at high
speeds and 3 types of radiation are generated
through sharp braking. The anode voltage can
be used to control the penetration of the
resultant radiation. [1]

The most important properties of X-ray
radiation include the ability to penetrate any
matter, in which radiation is attenuated to a
greater or lesser extent. The attenuation of
radiation depends primarily on three factors.

The first is the quality of the radiation. In
general, the shorter the radiation wavelength,
the greater its energy and penetration, which
means less attenuation.

The second factor includes the atomic
characteristics and the thickness of the
irradiated material.

The third factor is the fact that the some of
the rays are scattered as they pass through the
material and are deflected from their original
direction.

During absorption, all the energy from the
X-ray quantum is transferred to the atoms or
molecules of the irradiated material as
excitation or ionization energy. The intensity of
the transmitted radiation decreases
exponentially depending on the material
thickness x. As mentioned above, absorption
takes place mainly due to ionization or
excitation. The greater the wavelength, the
greater the absorption co-efficient. Attenuation
of X-rays as they pass through a material has a
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Samotny vznik rentgenového zafeni je
dasledkem obraceného fotoelektrického jevu,
kdy se kineticka energie pohybujiciho se
elektronu pfeménuje na energii fotonu. Tento
déj probihd ve specialni elektronce tzv.
rentgence. Samotny proces premeény elektrické
energie na energii fotoni je pomérné
nehospodarny, jelikoz pouze 1-2 % elektricke
energie se premeni v energii zafeni.

Katoda je pruchodem elektrického proudu
zhavena na teplotu piiblizné 2 000 °C. Tim
dochazi k emisi volnych elektrond z katody.
Mnozstvi emitovanych elektronti zavisi na
hodnoté zhaviciho napéti. Vysoké napéti, které
se muze pohybovat v fadech desitek az stovek
kilovoltd, pfivedené na anodu vyvola velky
potencialovy rozdil mezi anodou a katodou.
Katodou emitované elektrony jsou tak
urychlovany a ziskavaji zna¢nou kinetickou
energii. Takto urychlené elektrony dopadaji
velkou rychlosti na anodu, kde prudkym
zbrzdénim vznikaji 3 druhy zafeni. Anodovym
napétim lze regulovat pronikavost vysledného
zareni. [1]
patii schopnost pronikat jakoukoli hmotou, ve
které je zateni vice ¢i méné zeslabovano. Mira
zeslabeni zafeni zavisi zejména na tiech
faktorech.

Prvnim z nich je kvalita zafeni. Obecné plati,
ze ¢im je krat$i vlnova délka zafeni, tim ma
vetsi energii, tim je pronikavéjsi, a je tedy
nejmén¢ zeslabovano.

Druhym faktorem jsou atomarni vlastnosti a
tloustka prozafovaného materialu.

Tretim pak fakt, ze prichodem hmotou je
¢ast paprskli rozptylovana a dochazi tak k jejich
odchylovani od ptivodniho sméru. Pfi rozptylu
se uplatiuje jak klasicky rozptyl, tak
Comptonuv jev. Pfi Comptonové rozptylu
dochazi k energetickym zménam. Letici foton
paprsku X dopada na nehybny elektron ve sféie
atomu, pficemz dojde k vychyleni fotonu od
jeho ptivodniho sméru. Foton pfi interakci preda
cast své energie elektronu, ktery se nasledné
zacne pohybovat. Tim se snizi energie
rozptyleného zafeni, a tedy dojde ke zvétSeni
vlnové délky zafeni.

Pfi  absorpci je  vSechna  energie
rentgenového kvanta pfedana atomum ¢i
molekulam prozafovaného materialu jako
excitatni nebo ionizacni energie. Intenzita
proslého zateni klesa exponencialné s tloustkou
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broad spectrum of applications. The most well-
known areas of application include medicine,
security X-rays and material composition
analysis.

Laboratory tests help to take an accurate
assessment of the condition of the appliances or
wiring and of other circumstances that may
have contributed to the fire. Laboratory tests can
focus on examination of the wiring using optical

microscopy, electron microscopy, energy
dispersive  X-ray  spectroscopy,  X-ray
diffractometry, infrared spectroscopy and

Raman spectroscopy.

Correct evidence handling during the entire
duration of laboratory tests is important. Care
must be taken to avoid further damage to the
evidence. The evidence must be examined using
available methods and it is necessary to proceed
from non-destructive to destructive methods.
However, destructive methods are most used in
laboratories to separate the burned parts of the
evidence so that only the connecting elements
of the appliances remain.

Non-destructive investigation plays an
important role. Non-destructive methods of
laboratory examination include X-ray analysis,
which can help identify important areas for
further examination without damaging the
evidence.

Two basic methods of irradiation are
distinguished today, namely radiography and
radioscopy. Radioscopy operates in real time.
The examined object is placed between the X-
ray lamp and the image sensor (which converts
X-rays into the visible range, vacuum image
amplifiers, flat panels). The object is manipula-
by the handling device and thus the object may
be evaluated immediately in real time. The
image is magnified. If the object is located
halfway between the X-ray source and the
image converter, the magnification ratio is 1: 2.
The magnification increases as the object is
moved closer to the X-ray lamp. Specialized X-
ray devices have a magnification factor in the
order of thousands.

During 2017-2018 a study was conducted at
the Population Protection Institute to verify the
applicability of X-ray methods for examination
of evidence of electrical appliances damaged by
fire. The use of a stationary X-ray station in
which the evidence is placed was assessed as the
best option after also considering a portable X-
ray instrument that would be used at the fire site.
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vrstvy Xx. Absorpce nastava zejména diky
ionizaci nebo excitaci. Se vzristajici vinovou
délkou roste i soucinitel absorpce. Zeslabovani
rentgenovych paprski pti prichodu hmotou ma
velmi Sirokou Skalu vyuziti. K nejzndméjsim
aplikacim  patfi medicina, bezpecnostni
rentgeny, analyza slozeni materialu.

Laboratorni testy pomohou provést presné
posouzeni stavu spotifebicl nebo
elektroinstalace, zda mohly zpisobit pozaru.
Laboratorni zkoumani je mozné provadét
zkoumanim vodict elektroinstalace pomoci
riznych  metod:  optické  mikroskopie,
elektronové mikroskopie, energeticky disperzni
rentgenova spektrometrie, difrak¢ni rentgenova
analyza, infraervené  spektroskopie a
Ramanovy spektroskopie.

Po celou dobu laboratorniho zkoumani je
dalezité, jakym zplisobem je se vzorkem
manipulovano. Musi se dbat na to, aby nedoslo
k dalsimu poskozeni vzorku. Je tieba zkoumat
vzorek dostupnymi metodami a pfi jejich
kombinaci postupovat od nedestruktivnich k
destruktivnim metodam. Nejcastéji se vSak v
laboratofich pouzivaji destruktivni metody,
kterymi se oddeluji spalené casti, tak aby
zustaly pouze samotné spojovaci prvky
spotiebicil.

Vyznamnou roli ma  nedestruktivni
zkoumani. Mezi nedestruktivni  metody
laboratorniho zkoumani patii RTG analyza,
ktera nam miiZze odhalit diilezita mista pro dalsi
zkoumani bez mnozného poskozeni dodaného
vzorku.

Podle zptisobu pouziti se dnes rozliSuji dva
zékladni zplsoby prozafovani, a to radiografie
a radioskopie. Pfi radioskopii se pracuje v
realném case. Mezi rentgenovou lampou a
prevadéCem obrazu (ktery prevadi rentgenové
zafeni do oblasti viditelného svétla, vakuové
zesilovace obrazu, ploché panely) je umistén
zkoumany objekt. S objektem manipulator
nataci a tim je mozné okamzité v realnim Case
objekt vyhodnocovat. Zde se pracuje se
zvétsenim. V piipad€, Ze je zkoumany objekt v
poloviné mezi zdrojem zafeni a pfevadéCem
obrazu, je zvétSeni 1:2. Pfi posunu objektu
smérem k lampg je zvétSeni vétsi. U specialnich
rentgend je zvétSeni az v fadu tisict.

Na pracovisti Institutu ochrany obyvatelstva
byla provedena v letech 2017 -2018 studie k
ovéfeni vyuzitelnosti RTG zafeni pro ucely
zkoumani odebranych vzorki el. spotiebicu ted
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More accurate results are obtained with the
X-ray station and the X-ray equipment is
classified as a minor source of ionizing
radiation according to the Atomic Law [2].

The station is designed in such a way that the
examined object is located between the X-ray
lamp and the image sensor (which converts X-
rays into the visible range, vacuum image
amplifiers, flat panels). The dimensions of the
detector are 41 x 41 cm. The investigators work
with the projected image of the examined object
on the screen of the detector. The evidence can
also be geometrically enlarged. The examined
evidence is moved around with a handling
device operated outside the X-ray system. The
handling device supports shifting, tilting and
rotation.

The projection of the examined object can be
recorded on several imaging devices. Selection
of 1imaging devices depends on system
requirements and the funds available for
acquisition.  The imaging devices can be
classified into systems providing only a single
image from one scan (radiography) or images
transmitted in real time (radioscopy). The
described X-ray station ensures a scanning rate
of at least 1 frame per second.

High energy is not required for analysing
small objects, objects composed of light
elements or thin metal objects. An X-ray source
that achieves a power output in the order of
dozens of kVs, usually between 40 and 60 kV,
is sufficient. For examining objects made of
light metals or bulky objects made of plastics or
similar materials, X-ray acceleration voltage in
the range of 80 to 120 kV is typically used. X-
rays with a micro or mini focus are used
depending on the sensitivity of the detector.

The two sources of ionizing radiation used at
the Population Protection Institute are: a
primary X-ray source of 7.5-160 ekV with a
lamp current of 5-11 mA and focal spot of 0.4
mm /1 mm.

As a secondary X-ray source, we use a 40—
120 ekV source with a lamp current of 0.05-0.3
pA and focal spot of 0.05 mm.
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poskozenych pozarem. Jako nejlepsi varianta
byla vyhodnocena varianta pofizeni stacionarni
RTG kabiny, do které¢ se umisti odebrany
vzorek, oproti variant¢ prenosného RTG
pfistroje, ktery by se pouzil na pozafisti. Pti
pouziti RTG kabiny jsou dosazeny pfesnéjsi
vysledky zkoumani a rentgen je oznacovan dle
atomového zakona jako drobny zdroj [2].
Kabina je navrZena tak, ze zkoumany objekt je
umistén mezi rentgenovou lampou (zdroj) a
prevadééem obrazu (ktery prevadi rentgenové
zafeni do oblasti viditelného svétla, vakuové
zesilovace obrazu, ploché panely). Tento
detektor je o velkosti 41 x 41 cm. Pfi zkoumani
pracujeme s projekci zkoumaného objektu na
stinitko detektoru. Zkoumany vzorek lze i
geometricky zvétsit. Se zkoumanym vzorkem
se pohybuje pomoci manipulatoru ovladaného
mimo  rentgenovy systém. Manipulator
umoziuje posun, naklapéni a rotaci.

Projekci objektu je mozné zaznamenat na
vétsi mnozstvi médii. Tato volba souvisi s
pozadavky na systém a finance na potizeni
zaznamovych prvkl.  Podle zaznamovych
prvki délime na systémy poskytujici pouze
jeden snimek z jednoho prozafovani
(radiografie) nebo snimky prenasené v realném
case (radioskopie). V ptfipade této popisované
kabiny je zabezpeCena rychlost snimani
minimalné 1 snimek za sekundu.

Pfi analyze drobnéjSich predméti nebo
predméta slozenych z lehkych prvki a tenkych
kovovych predméti neni tfeba vysokych
energii. U rentgenového zdroje nam postaci
energie v desitkach kV, bézné€ od 40 do 60 kV.

Pro zkoumani objektl z lehkych kovi nebo
objemnéjSich pfedmétid z plasti a podobnych
materialti se vétsSinou pouzivaji uz urychlovaci
napéti na rentgence v rozsahu 80 az 120 kV. V
zavislosti na citlivosti detektoru pouzivame
rentgeny s mikro nebo mini ohniskem.

V Institutu ochrany obyvatelstva jsou
konkrétn€ pouzivany dva zdroje zafeni, a to
primarna zdroj zafeni 7,5 -160 kV, proud lampy
5-11 mA, ohnisko 0,4mm/1 mm. A dale
sekundarni zdroj zafeni 40-120 kV, proud
lampy 0,05-0,3 pA a ohniskem 0,05 mm.
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Figure 1. Evidence of fire scene — X ray [3]

Obrazek 1. RTG snimek vzorku z pozaristé

Conclusion

The described X-ray station has been used
since January 2019 at the workplace of the
Population Protection Institute for non-
destructive examination of evidence from fire
sites. The still images or video sequences taken
during the laboratory examination are part of
fire investigation expertise (Figure 1 [3]).
Samples taken from the origin area do not need
to be removed from the sealed safety packaging
and can be placed directly in the X-ray station.
The evidence is imaged in real time, so it is
possible to study the evidence in different
positions or tilt and from different sides. For
better contrast, the image can be colorized for
easier identification of different materials. After
calibration to adjust for the distance between the
evidence and the lamp, the system enables
measurements in the order of tenths of
millimetres. This system is a unique device
available to the FRS CR and continues to push
the boundaries of physical and technical
investigations.
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Popisovand RTG kabina je vyuzivéna od
ledna 2019 na pracovisti Institutu ochrany
obyvatelstva za U¢elem nedestruktivniho
video potizené béhem laboratorniho zkoumani
jsou soucasti pozarné technickych expertiz
(obrazek 1). Odebrané vzorky z pozaristé
nemusi byt vyjmuty ze zapeceténcho
bezpe¢nostniho obalu a je mozné je ihned
umistit do RTG kabiny. Na snimany vzorek se
zobrazuje v realném case, tedy je mozné
sledovat vzorek v jednotlivych polohach ¢i
naklonéni a z jednotlivych stran. Pro lepsi
kontrast je mozné ziskané snimky ,,obarvit®, a
tim zvyraznit i rGzné materidly. Tento systém
umoznuje po provedené kalibraci pro danou
vzdalenost vzorku od zdroje provadét méteni
rozméri s presnosti na desetiny milimetru.
Tento systém je unikatni u Hasicského
zachranného sboru a nadale posouva hranice
moznosti fyzikalné technickych zkoumani.

[1] Halliday, D., Walker, J., Resnick. R. FYZIKA 1,2 VUTIUM. 2013. ISBN 978-80-214-4123-1
[2] Act no 18/1997 Moderate use of nuclear energy and ionizing radiation
[3] Nejtkova, M.: Fire technical expertise, ECUD 5319006138, GFRS, PPI, 2019
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Abstract

The Fire Rescue Service of the Czech Republic investigates the causes of fires and explosions. During these
investigations, it determines the possible causes of the fire or explosion, including the circumstances affecting the
spreading and consequences of the given fire. It also identifies the locality, site and time at which the fire or
explosion started and decides whether any violations of legal regulations occurred. The results and conclusions of
fire cause investigations are stated in expert opinions that serve for further proceedings. For the purposes of this
article, two real cases of explosions with subsequent fires were used. One occurred at a family home and the second
at a manufacturing facility. The fire cause investigations included an examination of the site of the incident and
subsequent documentation and digitalization of the fire site.

Keywords: 3D digitalization; 3D model; analysis deformation; explosion; fire investigation; laser scanner

1 Introduction 1 Uvod

Expert opinions concerning fires also Do odborného vyjadieni k pozaru se také
include detailed graphic documentation, and zpracovava detailni obrazova dokumentace,
topographic documentation is also developed. zaroven se vytvaii takzvana topograficka
Topographic documentation includes sketches dokumentace. Spadaji pod ni nacrtky potizené
made at the inspection site and site plans created na misté ohledani a planky vytvorené klasickym
by hand or using various drawing programs. zpusobem nebo za pomoci ruznych kreslicich
Special types of graphic documentation include programli. Do zvlaStnich druht obrazové
the creation and presentation of spherical dokumentace patfi oblast vytvafeni a prezentace
images and 3D digitalization of the inspection sférickych snimkGi a metoda nazyvanad 3D
site. digitalizace mista ohledani.

Spatial digitalization is a process during Prostorova digitalizace je proces, v ramci
which the visual aspects of the documented site kterého se snima do digitalni podoby vizualni
or building are captured in digital form. 3D stranka dokumentovaného mista ¢i budovy. Pii
digitalization also records spatial information, 3D digitalizaci se zaroven zaznamenavaji
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i.e. the dimensions of the building and distances
between objects and particular buildings in the
surrounding area. This information always
corresponds to the current conditions as at the
date of the spatial digitalization. Scanning is a
digitalization process during which the visual
aspects of an object are translated into virtual
numerical form. The result of 3D spatial
scanning is a point cloud, where the location of
every point in relation to the scanned position
(the scanner’s focal point) is known. The
number of points depends on the scanning angle
and selected resolution. A complete 3D image
cannot be created from a single scan taken from
one position because only part of the space or
the buildings is visible from the focus point and
other parts are concealed. Therefore, buildings
are scanned from multiple locations, i.e. from
different angles and/or elevations. [3]

Examination of a site where an explosion
with a subsequent fire has taken place differs
from other examinations due to the extent of
damage and often also the site and complexity
of the examination. Examination,
documentation and investigation of the effects
of an explosion require expertise and
experience. The site of the incident, the site
examination and documentation are the most
important, valuable and irreplaceable sources of
information during clarification of the incident.
As a rule they serve as the starting points and
the location of clues and other court evidence.

The quantity and quality of information
depends directly on the examination and scope
of collection of criminal clues and knowledge
about the course of the explosion from the
incident site. Generally, this is primary and
irreplaceable information that immediately sets
the direction for further procedures and
clarification. This information is later specified,
expanded or refuted based on investigation into
other related facts. In contrast to other methods,
spatial digitalization enables documentation of
a large quantity of necessary information and
creation of a quality archive as a tool for further
investigation or analysis.

After the work at the incident site and
collection of spatial data, basic registration and
rough cleaning of the 3D data (the point cloud)
is performed on the digital archive. A copy of
the spatial data is always used and the original
data are strictly archived in raw form.
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prostorové informace, tedy rozmér samotného
objektu, ale i vzijemné vzdalenosti mezi
pfedméty a zajmovymi objekty v okoli. Ziskané
informace vzdy odpovidaji aktualnimu stavu k
datu prostorové digitalizace. Skenovani je
proces digitalizace, pii kterém se pievadi
vizualni stranka pfedmétu do numerické
virtudlni podoby. Vysledkem 3D prostorového
skenovani je mrac¢no bodi, kdy pro kazdy bod
je znama jeho poloha vuci skenované pozici
(poloze ohniska skeneru). Pocet bodti zavisi na
uhlu sniméni a na nastaveném rozliSeni. Jeden
sken z jedné pozice nepostacuje pro uplné 3D
zobrazeni, nebot’ z ohniska je viditelna pouze
cast prostoru ¢i objektl a jina Cast je v zakrytu.
Z tohoto ditvodu se skenuji objekty z vice mist,
tedy z raznych uhla, ptipadné vysek. [3]

Ohleddani mista vybuchu s néaslednym
pozarem je specifické svym rozsahem $kod a
¢asto i1 plochou a slozitosti ohledani. Ohledani,
dokumentace a zkoumani ucinkti vybuchu
vyzaduje jak znalosti, tak zkuSenosti. Misto
¢inu, jeho ohledani a dokumentace jsou

'''''' a nejcenngj$i nezastupitelné
zdroje informaci o objasniovani udalosti. Jsou
zpravidla vychozim bodem a naleziStém stop a
jinych soudnich dikazi.

Mnozstvi a kvalita informaci pfimo zavisi na
prabéhu  ohleddni a  rozsahu  sbéru
kriminalistickych stop a poznatkll z mista ¢inu
o pribéhu déje vybuchu. Jedna se zpravidla o
prvotni a nenahraditelné informace, které
bezprostfedné udavaji smér dalsiho postupu a
objasiovani. Pozd&ji jsou tyto informace
zptesiiovany, rozSifovany ¢i vylucovany na
zéklade¢ vySetfovani dalSich souvisejicich
skute¢nosti. Metodou prostorové digitalizace je
oproti jinym metodam zdokumentovano velké
mnozstvi potfebnych informaci a vytvoien
kvalitni archiv, podklad pro dalsi vySetfovani ¢i
analyzu.

Po praci na misté ¢inu a sbéru prostorovych
dat se na vzniklém digitdlnim archivu dat
provede zakladni registrace a hrubé ¢isténi 3D
dat (takzvaného mracna bodt). Plati z4sada, ze
se vzdy pracuje s kopii prostorovych dat a
puvodni data jsou striktné archivovana
vV nezménéné podobé.

Po zakladni pfipravé dat se tato data
exportuji do virtualnich prohlidek a ptikladaji se
ke spisu o pozaru. Pokud to okolnosti vyzaduji,
pfistupuje se k zpracovani dat metodou
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After basic data processing, the data are
exported to virtual inspections and attached to
the fire investigation file. If required by the
circumstances, the data are processed using
spatial modelling, hereinafter referred to as “3D
CAD modelling”.

When creating a spatial model, either a BIM
CAD model or the basic, simplified CAD model
can be used.

2 Material and Method

In the two cases described above, simplified
modelling was used and only the exterior walls
and one internal wall of the family home and the
load-bearing internal wall of the manufacturing
facility were modelled.

In these specific cases, only the spatial data
obtained at the sites of fire were used for 3D
modelling. Thus, no construction drawings or
other additional resources were used. The
resulting CAD model uses coordinates and
dimensions from the 3D point data. We focused
mainly on the damaged part of the wall, which
suffered substantial damage when compared to
its original state.

The first step was taking a 2D cross-section
of the wall in its current state. In the destroyed
part, the contours were projected to the original,
now only a virtual point, by extending the lines.
The direction of the lines was determined from
the existing corners and parts of the original
masonry. Using the scanned window openings,
it was possible to reconstruct the width of the
exterior walls. Using the “extend” CAD
function, a 2D cross-section was obtained by
extending the scanned 3D point cloud along the
z-coordinate. In this way, the basic 3D
reconstruction of the building was obtained.

The next step consisted in visual verification
of the alignment of the newly created simplified
CAD model against the scanned 3D data. We
also verified the number and size of
construction elements. Because the CAD
modelling used the point cloud directly, the
verification was only a formal exercise as the
CAD model created during the modelling
inherited all of the properties (dimensions and
location) from the point cloud.
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prostorového modelovani dale nazyvanou 3D
CAD modelovani.*

Pii tvorbé prostorového modelu je mozné
volit mezi variantou tzv. BIM CAD modelu
nebo pouziti zdkladniho, zjednoduseného CAD
modelu.

2 Material a metédy

Ve vyse zminovanych dvou pfipadech bylo
pfistoupeno ke zjednodusenému modelovani, a
to pouze ve smyslu modelovani obvodovych
stén a jedné vnitini pficky rodinného domu a
nosné vnitini stény vyrobniho objektu.

Pfi 3D modelovani se v téchto konkrétnich
ptipadech vychéazelo pouze z prostorovych dat
ziskanych na pozafistich. Tedy nebyly pouzity
z4dné stavebni vykresy ani jiné dopliujici
zdroje. Vznikly CAD model tedy piebira
soufadnice a rozméry z 3D bodovych dat.
Hlavni zajem byl vénovan ponicené ¢asti stény,
kterd je oproti pilivodnimu stavu znacné
destruovana.

Prvnim krokem bylo provedeni 2D fezu
skute¢ného stavu. V destruované casti byl
proveden prumét obrysi do piavodniho, nyni
virtualniho bodu, protazenim ¢ar. Smér Car byl
ziskan ze stavajicich rohil a z ¢asti piivodniho
zdiva. Diky naskenovanym okennim otvortiim
bylo mozné zrekonstruovat $itku obvodovych
zdi. Nasledny 2D carovy fez byl CAD funkei
Lvysunuti“ vytazen v zetové soufadnici dle
ziskaného 3D mra¢na bodi na pozadi. Timto

zpisobem byla provedena zakladni 3D
rekonstrukce objektu.
Dalsim krokem bylo vizudlni ovéfeni

zarovnani nové vytvoreného zjednoduseného
CAD modelu s naskenovanymi 3D daty. Ovéftili
jsme také pocet a velikost konstrukénich prvk.
Protoze modelovani CAD pfimo vyuzivalo
cloud bodl, ovéfeni bylo pouze formalnim
cviCenim, protoze CAD model vytvofeny
béhem modelovani zdédil vSechny vlastnosti
(rozméry a umisténi) z cloudu bodu.

3 Vysledky a diskusia

Krok visudlni kontroly neodhalil vyrazné
problémy na CAD datech, modelovéani bylo
dostatecné.

Naslednou komparaci CAD zjednoduseného
modelu — pivodni stav a bodového mra¢na —
stav po vybuchu, bylo vytvofeno barevné
schéma odchylek prezentované na obrazku ¢. 2.
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Through a subsequent comparison of the
CAD simplified model of the original state and
the point cloud showing the state after the
explosion, a colour-coded image capturing
deviations was developed and is presented in
Figure 2. The comparison was performed by
subtracting the coordinates of the point cloud
points from the virtual points lying at the foot of
the CAD model perpendicular line. Most the
point cloud points were subtracted this way. The
resulting colour-coded image thus represents
the magnitude of deviations — the distance of a
given point after the explosion from the virtual
point at the foot of the perpendicular line.
Selected limits of the colour range, i.e. the
measuring range, are +/-1,000 mm. For the
green area, i.e. the control area, limits of +/- 50
mm were chosen to accommodate unevenness
commonly found in the exterior masonry.

Figure 2 shows the green area, which
represents the area where the point cloud
coordinates and the CAD model coordinates are
in alignment within the given tolerance limit.
Yellow to red identifies areas with distinct
deformation. Detailed information about the
size of a given deviation can be obtained by
referring to the colour scale, where the size of
the deviation corresponds to a particular shade
of colour. In this way, a deformation zone map
was created.

Komparace  byla  provedena  metodou
vzajemného  odecitdni  soufadnic  bodu
Z bodového mracna a virtualniho bodu leziciho
na paté kolmice CAD modelu. Takto byla
vétSina bodi bodového mracna. Vysledné
barevné schéma tedy reprezentuje velikost
odchylek — vzdalenost bodu po vybuchu od
virtudlniho bodu na paté kolmice. Barevny
rozsah, méfici §kala, byla zvolena v rozsahu +/-
1 000 mm. Zelena oblast — kontrolni byla
zvolena v rozsahu +/- 50 mm z divodu bézné
kiivosti obvodového zdiva.

Na obrazku €. 2 je patrna zelena oblast, ktera
Vv dané toleranci prezentuje shodnost bodového
mracna a CAD modelu. V barvach zluté az
cervené jsou zietelné oblasti vzniklé deformace.
Pro detailni rozmér odchylky je mozné nalézt na
barevné skale s hodnotami korespondujicimi
S danym odstinem barvy. Timto zplsobem
vznikla mapa z6n deformaci.
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Figure 1. Deformation range — 2D measurements
Obrazekl. Rozsah deformaci — 2D méfeni
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Figure 2. Range of zone 3D deformations
Obrazek 2. Rozsah zonovych 3D deformaci

Conclusion

The selected method of 3D real data
processing is universal. It can also be used in
other cases of deformation or deformation
magnitude measurements, for example to
determine the penetrative power of military
artillery ammunition. Other outputs, such as
calculations of volume deformation or material
loss after an explosion, documentation and
calculation of the impact zone size, or
calculation of the size and extent of the impact
crater, can also be obtained.

The method will also enable validation of
data from spatial simulations of pressure wave
effects in the ANSYS simulation environment
in future research projects.
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Zavér

Zvolena metoda zpracovani 3D realnych dat je
univerzalni. Je mozné ji vyuzit i jinych
piipadech meétfeni deformaci ¢&i  velikosti
deformace, naptiklad pii zjistovani priiraznosti
armadniho dé¢lostieleckého stieliva. Umoznuje
také dalsi vystupy vcetné objemového vypoctu
deformaci, ¢i ubytku materialu po vybuchu,
dokumentaci a vypoctech rozsahu dopadové
zony Ci pii vypoctech velikosti a rozsahu
dopadového krateru.

Metoda také umozni v budoucich vyzkumnych
projektech validovat data z prostorové simulace
pusobeni tlakové viny v simula¢nim prostiedi
ANSYS.
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Abstract

To test the fire and thermal properties of PUR foams several standardized and progressive analytical methods are
deployed. In this paper, there are introduced the methods, procedures and results used to determine the thermal
properties of selected types of flame retardant treated and untreated upholstery foams. To study the fire and thermal
properties of PUR foams, we used the thermal analysis methods — thermogravimetry (TG/DTG) and differential
scanning calorimetry (DSC), according to STN EN 1SO 11358, STN EN ISO 11357-1 and cone calorimetry
method according to 1ISO 5660. According to the thermal analyses and cone calorimetry results, we can state that the most
fire hazardous seems to be the non-treated foam V 4010, followed by N 5063, VF 6020, KF 5560 and DEFLAMO KF 4545.

Keywords: Cone calorimetry; Differential scanning calorimetry; PUR foam; Thermal analysis

1 Introduction 1 Uvod

Combustible insulation materials, such as the HorTavé izolatné materidly, ako napriklad
commonly used wood and wood-based materi- bezne pouzivané drevo a materidly na baze
als, foams of polyurethane (PU/PUR), polysty- dreva, peny z polyuretinu (PU / PUR),
rene (PS) and polyisocyanurate (PIR); and con- polystyrénu (PS) a polyizokyanuratu (PIR);
stitutes represent potential fire hazards for life a predstavujil potencidlne nebezpecenstvo
and health of residents. Their flammability and poziaru aohrozenia Zzivota a zdravia
fire risk have drawn increasing attention from obyvatefov. Ich horfavost’ a riziko poZiaru
both scientific and industrial communities. For putajil Coraz vacsiu pozornost vedeckych aj

priemyselnych komunit. Pokial’ ide o poziare
v stavbach, postel'na bielizen a caluneny
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the residence fire, bedding and upholstered fur-
niture are the first item ignited in roughly 19%
of fatal fires [1]. In a white paper launched at
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 [2].

Recent trends in flame retardancy of polyure-
thane foams (PUR) and, in general of polymers,
have been deeply influenced by regulation re-
quirements and by the concept of "sustainable
development" which implies that the fire retard-
ants 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 com-
pounds 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 [3].

To test the fire and thermal properties of
PUR foams several standardized and progres-
sive analytical methods are deployed. In this pa-
per, there are introduced the methods, proce-
dures and results used to determine the thermal
properties of selected types of flame retardant
treated and untreated upholstery foams. To de-
termine the thermal properties of the PUR
foams the TG/DTG, DSC and CC calorimetry
analyses were provided.

2 Material and Methods

The objective of the experiment was to study
the differences in fire and thermal properties of
selected retardant treated and untreated uphol-
stery PUR foams and to assess the fire risk
based on the thermal analysis and cone calorim-
etry results.

Among the PUR foams tested belonged soft
foam types KF 5560 (PUR1), DEFLAMO KF
4545 (PUR 2) - with reduced flammability,
high-elastic VV 4010 (PURS3), high-elastic VF
6020 (PUR4) with reduced flammability and
standard N 5063 (PURD).

To study the fire and thermal properties of
PUR foams, we used the thermal analysis meth-
ods — thermogravimetry (TG/DTG) and differ-
ential scanning calorimetry (DSC), according to
STN EN ISO 11358 [4] and STN EN ISO anal-
yses were provided.
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nabytok su prvymi polozkami zapalenymi pri
zhruba 19% smrtelnych poziarov [1]. V Bielej
knihe publikovanej v parlamente EU v roku
2014 s nazvom ,,Eurépa sa hra s ohnom" vy-
zvala spolo¢nost’ Fire Safe Europe Eurdpsku
Komisiu, aby prijala opatrenia na zlepSenie po-
ziarnej bezpecnosti v budovach [2].

Najnovsie trendy v oblasti retarddcie horenia
polyuretanovych pien (PUR) a vo vSeobecnosti
polymérov boli hlboko ovplyvnené regulac-
nymi poziadavkami a konceptom ,.trvalo udrza-
telného rozvoja®, ktory znamena, ze retardéry
horenia by mali mat’ maly vplyv na l'udské zdra-
vie a zivotné prostredie. pocas celého Zivotného
cyklu polyméru; tyka sa to tiez toxicity a hus-
toty dymu vznikajuceho pri horeni materialov.
Z tohto dévodu je znizenie mnozstva bromova-
nych zlucenin pouzitych vo latkach spomaluju-
cich horenie jednym z hlavnych cielov vy-
skumu v tejto oblasti, hoci toto znizenie nie je
vel'mi jednoduché dosiahnut’ z ddévodu ich
vel'mi vysokej ucinnosti [3].

Na testovanie poziarnych a termickych
vlastnosti PUR pien sa pouziva niekol'ko Stan-
dardizovanych a progresivnych analytickych
metdd. V tomto ¢lanku st predstavené metody,
postupy a vysledky pouzité na uréenie termic-
kych vlastnosti vybranych typov penovych - re-
tardérom horenia upravenych a neupravenych
¢alunnickych materialov. Na stanovenie termic-
kych vlastnosti PUR pien boli aplikované vy-
brané kalorimetrické analyzy TG/DTG, DSC a
CC.

2 Material a Metédy

Cielom experimentu bolo Studovat’ rozdiely
v poziarnych a termickych vlastnostiach vybra-
nych retardérom horenia oSetrenych a neosetre-
nych ¢alinnickych PUR pien a vyhodnotit’ po-
ziarne riziko na zaklade vysledkov termickej
analyzy a vysledkov z kénického kalorimetra.

Medzi testované PUR peny patrili typy
mikkej peny KF 5560 (PUR1), DEFLAMO KF
4545 (PUR 2) - so znizenou horl’avost'ou, vyso-
koelasticka V 4010 (PUR3), vysokoelasticka
VF 6020 (PUR4) so znizenou horlavostou a
Standardna N 5063 (PURS).

Na stadium poziarnych a termickych vlastnosti
PUR pien sme pouzili metody termickej ana-
lyzy - termogravimetria (TG/DTG) a diferenc-
nej skenovacej kalorimetrie (DSC), podl'a STN
EN ISO 11358 [4] a STN EN 1SO 11357-1 [5],
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3 Results and discussion a metoda konického kalorimetra podla ISO
Applying the thermogravimetric method 5660 [6].

(TG/DTG), we have obtained important data on

the course of thermal degradation of each sam- 3 Vysledky a diskusia

ple tested. The resulting values for the PUR

foams are introduced in Table 1. Pouzitim  termogravimetrickej metody

(TG/DTG) sme ziskali dolezité udaje o priebehu
termickej degradacie kazdej testovanej vzorky.
Vysledné hodnoty pre PUR peny su uvedené
Vv tabul’ke 1.

Table 1. Summarized thermogravimetry analyses results

Tabul’ka 1. Sumarizované vysledky termickych analyz

Sample T CO) Tuax (°C) Te (°C) Te-T) CC)  CR C600 (%)
/Vzorka
PUR1 100 323 671 571 1.14
PUR2 110 304 620 510 0.30
PUR3 133 323 694 561 0.46
PUR4 119 334 570 451 0.35
PUR5 100 272 694 594 0.25
Average 112+ 14 311+24 650 £ 54 537157 0.50£0.37
[Priemer

* Note/Poznamka: T, — initial temperature/pociato¢na teplota; Twax — temperature at which mass loss peak was
achieved/ teplota, pri ktorej bol zaznamenany najvys$$i ibytok hmoty; Te — final temperature/kone¢na teplota; CR
— carbon residue/uhlikovy zvysok.

According to the results achieved, we can state Na zaklade dosiahnutych vysledkov mo-
that the initial thermal degradation process was zeme konStatovat’, Ze proces termickej degrada-
initiated at temperature of 113 °C. At this tem- cie bol zapocaty pri teplote 113 °C. Pri tejto tep-
perature, the TG curves begin to point out a lote krivky TG zacinaju poukazovat’ na mierny
slight mass loss. The maximum mass loss oc- ubytok hmotnosti. Maximalny ubytok hmot-
curred in the second stage of thermal degrada- nosti nastal v druhej faze procesu termickej deg-
tion process, except the PUR4 and PURS5 sam- radacie, s vynimkou vzorick PUR4 a PUR5. V
ples. In the case of PUR 4 sample, it was found pripade vzorky PUR 4 sa zistil v tretej etape a v
in the third stage and in the case of PUR5 sam- pripade vzorky PURS uz v prvej etape procesu
ple already in the first stage of thermal degrada- termickej degradacie. Teploty, pri ktorych sa
tion process. The temperatures at which the dosiahol maximalny ubytok hmotnosti, boli
maximum mass loss was achieved were close or blizko alebo v teplotnom rozmedzi 304 - 334
within the temperature range of 304 — 334 °C, °C, s vynimkou vzorky PURS5, kde sa maxi-
except the PURS sample, where the maximum malny ubytok na hmotnosti bol dosiahnuty pri
mass loss was achieved at temperature of 272 teplote 272 °C.

c. Z DSC analyzy vzoriek PUR pien sme zis-

In the DSC analysis of the PUR foams sam- kali kvantitativne vysledky v priebehu procesu
ples, we obtained quantitative results on the ich termickej degradacie. Tieto vysledky, t. j.
course of their thermal degradation process. porovnanie pociato¢nej a kone¢nej teploty, hod-
Those results, i.e. comparison of initial and final noty zmeny entalpie a hodnoty uvolnen¢ho
temperatures, enthalpy change values, and the tepla, stt uvedené v tabul’ke 2.
amount of heat released values are introduced in
Table 2.
82
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Table 2. Summarized DSC analyses results

Tabul’ka 2. Sumarizované vysledky DSC analyz

Enthalpy Enthalpy
Heat released change change
Sample T Tr Tax /Uvolnené peak/Naj%yééia peak/Najg/y§§ia
Nzorka (0 (0 Q) teplo hodnota zmeny  hodnota zmeny
Jgh) entalpie 1 entalpie 2
(g% (-g%)
PUR1 254 595 349 6,515 3,315 3,199
PUR2 259 595 592 6,538 3,179 3,359
PUR3 243 595 343 5,696 3,878 1,818
PUR4 214 595 380 7,393 4,070 3,323
PURS 244 595 322 7,299 4,200 3,099
Average 243 £ 17 595 397+110 6,688 £ 691 3,728 £ 457 2,860 £ 700
[Priemer

From the results is clear that the initial
temperatures of the samples were comparable.
The PUR1 and PUR2 samples showed the
existence of a retardation treatment because the
samples had a higher initial temperature. The
reason of only one value of final temperatures
for all samples was the fact that thermal
degradation process was not completed since
the maximum temperature of the measuring
apparatus was reached during the testing. The
DEFLAMO retardant treated (PUR2 sample)
released the highest amount of heat at
temperature of nearly 600 °C. The lowest
amount of heat was released by the PUR3
sample.

From the cone calorimetry we obtained the
information on ignition time, peak heat release
rate, peak heat release rate time, the effective
combustion heat (EHC) and the total heat
released (THR). All the PUR foam samples
were ignited at lower incident heat fluxes. All
of them showed two-stage course of thermal
degradation process, which was also described
by Pitts (2014) [7], Ezinwa et al. [8], Lefebvre
et al. [9] and Xu et al. [10]. The summarized
cone calorimetry results are introduced in Table
3.
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Z vysledkov je zrejmé, Ze pociato¢né teploty
vzoriek boli porovnatelné. Vzorky PURI a
PUR?2 preukazali existenciu retardacnej upravy,
pretoze vzorky mali vyssSiu pociato¢nu teplotu.
Dovodom iba jednej hodnoty konecnych teplot
pre vsetky vzorky bola skutocnost’, Ze proces
tepelnej degradacie nebol dokonceny, pretoze
maximalna teplota meracieho pristroja bola
dosiahnuta pocas skusky.

Retardérom horenia upravena vzorka
DEFLAMO (vzorka PUR2) uvoltovala
najvyssie mnozstvo tepla pri teplote takmer
600 tepla bolo
uvol'nené zo vzorky PUR3.

[N

Z vysledkov konického kalorimetra sme
ziskali informacie o dase Vvznietenia,
maximalnej rychlosti uvolfiovania tepla,
maximalnej dobe uvolnenia tepla, uc¢innom
spalovacom teple (EHC) a celkovom
uvolnenom teple (THR). Vsetky vzorky PUR
peny boli zapalené pri nizSich zapalnych
tepelnych  tokoch.  Vsetky  vykazovali
dvojstupiiovy  priebeh  procesu  termickej
degradacie, ktory opisali aj Pitts (2014) [7],
Ezinwa a kol. [8], Lefebvre a kol. [9] a Xu a kol.
[10]. Sumarizované vysledky konickej
kalorimetrie st uvedené v tabul’ke 3.



ADelta

FIRE PROTECTION & SAFETY Scientific Journal
13(2): 80-85, 2019
DOI: 10.17423/delta.2019.13.2.73

Table 3. Summarized cone calorimetry results

Tabulka 3. Sumarizované vysledky konickej kalorimetrie

. Peak Peak HRR

sample /Hvr\g‘:glr:st, Time/Cas  EHC /Najvyssia ~ time THR

IVzorka (s) (MJkg?)  hodnota HRR /Cas dosiahnu- (MIm?)
) (KW-m?) tia najvyssej
hodnoty HRR

PUR1 8.00 20-37 28.50 390.01 165 24.10

PUR2 15.50 5-57 24.50 363.90 270 39.79

PUR3 14.70 4-163 28.60 683.07 130 51.13

PUR4 11.00 19-176 25.50 417.29 140.00 32.80

PURS 7.90 5-123 31.90 417.49 105.00 27.02
Average 27.80 + 45435+ 35.00 +
/Priemer 11.42 +3.59 - 292 129 80 162.00 + 64.10 359

According to data introduced in Table 3, we
can state that the longest time to ignition
showed the samples PUR1 and PURA4. Both
were treated by flame retardant. We expected
similar behaviour by sample PUR2, which was
also treated with flame retardant but it had
comparable time to ignition values like the non-
treated PUR foam samples. The maximum
value of HRR was recorded by the PUR 5
sample, representing the normal type of PUR
foam without any flame-retardant treatment.
The lowest value of HRR was recorded by
PUR2 sample, which also reached its HRR peak
latest (after 270 s).

From the THR point of view, we can stet that
the maximum amount of heat released the
PUR3 (V 4010) sample.

4 Conclusions

According to the thermal analyses and cone
calorimetry (time to ignition, HRR peak and
THR) results, we can state that the most fire ha-
zardous seems to be the non-treated PUR foam
PUR3 (V 4010), followed by PUR5 (N 5063),
PUR4 (VF 6020), PUR1 (KF 5560) and PUR2
(DEFLAMO KF 4545).
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Podla tudajov uvedenych v tabulke 3
modzeme konStatovat, ze najdlhsi cas do
zapalenia preukazali vzorky PURI a PURA4.
Obe boli upravené retardérom horenia. Podobné
spravanie sme ocakavali i v pripade vzorky
PUR2, ktora bola tieZ upravena retardérom
horenia, ale tito mala porovnatelné hodnoty
Casu do zapalenia so vzorkami retardérom
horenia neuravenej PUR peny. Maximalna
hodnota HRR bola zaznamenana pri vzorke
PUR 5, ktora predstavuje normalny typ PUR
peny bez akejkol'vek upravy retardérom
horenia. Najniz§ia hodnota HRR bola
zaznamenana pri vzorke PUR2, ktora tiez
dosiahla najvyssiu hodnotu HRR najneskor (po
270 s). Z hladiska THR mozeme konStatovat,
7ze maximalne mnozstvo tepla uvolnovala
vzorka PUR3 (V 4010).

4 Zaver

Vychadzajuc z vysledkov termickej analyzy
a konickej kalorimetrie (¢as do zapalenia, naj-
vyssia hodnota HRR a THR) m6zeme konstato-
vat’, ze najviac nebezpecnou z hl'adiska vzniku
poziaru sa zda byt retardérom horenia neupra-
vena vzorka PUR3 peny PURS3 (V 4010), nasle-
dovana PURS (N 5063), PUR4 (VF 6020),
PURL1 (KF 5560) a PUR2 pena (DEFLAMO KF
4545).
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Abstract

The flammability of wood was assessed based on fire performance characteristics: the gross calorific value (GCV)
and limiting oxygen index (LOI). Those parameters were also studied in the framework of this paper. The Scots
pine wood test specimens with dimensions of 120 x 10 x 10 mm were used for LOI determination and specimens
with dimensions of 15 x 10 x 10 mm for GCV determination. There was also studied the effect of fire-retardant
treatment which was done by the foaming fire retardant based on phosphates (ammonium polyphosphate) applied
as two-layer coating or as 24-hour impregnation. Higher gross calorific values were measured for specimens
without any fire retardant treatment — 22 298 + 131 J/g; the coating resulted in decreased value of GCV to 22 048
+ 242 J/g (by 1.12 %), and the impregnation caused decreasing in the GCV to 21 679 £+ 104 J/g (by 2.78 %) if
compared to the non-treated specimens. However, the fire-retardant treatment was influenced more by the limiting
oxygen index than by the gross calorific value.

Keywords: Scots pine, fire retardant, gross calorific value, limiting oxygen index

1 Introduction 1 Uvod

Wood is one of the most important natural Drevo je jednym =z najdolezitejSich
materials that is constantly used in many areas prirodnych materialov, ktory neustale nachadza
of today's modern world. Its important position uplatnenie v mnohych oblastiach aj dne$ného
is due to a number of its positive qualities. moderného sveta. Za svoje vyznamné
Thanks to its excellent material properties and postavenie vdaci celému radu pozitivnych
desirable effect on the environment, wood is vlastnosti.  Vdaka svojim  vynikajacim
widely used in construction and furniture materialovym vlastnostiam a ziaducim u¢inkom
production [1]. However, its significant na Zivotné prostredie sa drevo vo vel'kej miere
negative property is flammability. uplatiluje v stavebnictve a pri vyrobe nabytku

A possibility how to suppress this negativum [1]. K jeho vyraznym negativam vSak patri
is to modify wood by fire retardant treatment. horlavost.  Vyrobky z dreva zvySuju
Flame retardants reduce the flammability of nebezpecenstvo poziaru.

materials by physical or chemical ways, most
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often by a combination of them [2, 3]. There are
three ways how to reduce wood flammability:
the surface coatings, impregnation, and
lamination [4].

The paper deals with the effect of fire
retardant treatment on flammability of wood.
The economically important pine wood (Pinus
sylvestris L.) was chosen for the experiments.
The wood density was 654 kg/m?® (the density in
absolute dry state).

The flammability of wood was assessed
based on fire performance characteristics: the
gross calorific value (GCV) and limiting
oxygen index (LOI) according to the STN ISO
1928 [5] and STN EN 1SO 4589-2 [6] standards.

2 Material and Methods

The tested wood was cut into test specimens;
the specimens with dimensions of 120 x 10 x 10
mm were used for LOI determination and
specimens with dimensions of 15 x 10 x 10 mm
for GCV determination. The gross calorific
value was determined by three measurements.
For determination of the limiting oxygen index,
at least 15 samples were required. In the LOI
determination, the longitudinal section and
cross section of the samples were distinguished.

Fire retardant treatment was done by the
foaming fire retardant based on phosphates
(ammonium polyphosphate) applied as two-
layer coating or as 24-hour impregnation. Gross
calorific value was determined for the
specimens dried into the moisture content of 0
%, limiting oxygen index was determined at the
actual moisture content of the pine specimens of
8.69 %.

Due to fire retardant treatment, the weight of
the specimens increased if compared to the
untreated specimens: coating — longitudinal
section by 5 %, cross section by 12 %;
impregnation — longitudinal section by 6 %,
cross section by 21 %.

3 Results and Discussion

Gross calorific values are shown in Fig. 1.
Higher values were measured for specimens
without any fire retardant treatment — 22 298 +
131 J/g; the coating resulted in decreased value
of GCV to 22 048 + 242 J/g (by 1.12 %), and
the impregnation caused decreasing in the GCV
to 21 679 £ 104 J/g (by 2.78 %) if compared to
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Moznost'ou ako potlacit’ toto negativum, je
drevo modifikovat retardatnou tpravou.
Retardéry horenia znizuju horlavost materialov
fyzikalnou ¢i chemickou cestou, najéastejsie ide
0 ich kombinaciu [2, 3]. ZniZovanie horlavosti
dreva je mozné prakticky troma postupmi:
povrchovymi natermi, impregnaciou,
a laminovanim [4].

Prispevok sa zaobera vplyvom retardacnej
upravy na horlavost’ dreva nasej hospodarsky
vyznamnej dreviny Borovice lesnej (Pinus
sylvestris L.). Hustota vzoriek bola 654 kg/m?
(hodnota hustoty stanovena v absolutne suchom
stave vzoriek).

Horlavost’ bola posudzovand na zéaklade
poziarnych charakteristik spalného tepla (GCV)
a limitného kyslikového Cisla (LOI)
stanovenych v zmysle noriem STN ISO 1928
[5]a STN EN ISO 4589-2 [6].

2 Material a metédy

Vzorky dreva boli narezané na rozmery (120
x 10 x 10) mm pre stanovenie kyslikového ¢isla
a (15 x 10 x 10) mm pre stanovenie spalného
tepla. Spalné teplo jednotlivych typov vzoriek
bolo stanovené 3 meraniami, pri kyslikovom
Cisle bolo potrebnych minimalne 15 vzoriek
zkazdého typu. Pri kyslikovom Cdisle sme
zarovei rozlisovali pozdizny a prieény rez
vzoriek.

Retarda¢na  uprava bola realizovana
penotvornym retardaénym pripravkom na baze
fosfatov, konkrétne polyfosfore¢nanu
amoénneho, aplikovanym formou
dvojvrstvového nateru a 24 hodinovej
impregnacie. Spalné teplo bolo stanovené
uvzoriek vysuSenych do 0 % vlhkosti,
kyslikové ¢islo bolo stanovené pri referenc¢nej
vlhkosti vzoriek borovice 8,69 %.

Vplyvom modifikacie vzoriek retardacnou
upravou sa ich hmotnost zvysila oproti
neupravenym vzorkam: nater - pozdizny rezo 5
%, prieény rez o 12 %, impregnacia - pozdizny
rez o 6 %, priecny rez o 21 %.

3 Vysledky a diskusia

Hodnoty GCV st znazornené na obr. 1.
Vyssie hodnoty GCV boli dosiahnuté u vzoriek
bez retardacnej Upravy - 22 298 + 131 J/g,
naterom sa hodnota znizila 0 1,12 % na 22 048
+ 242 J/g aimpregnaciou sa hodnota znizila
02,78 % na 2l 679 + 104 J/g oproti povodnej
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the non-treated specimens. The difference in the
GCV between the two treatments (coating and
impregnation) was 1.67 %. Alakangas [7]
reports the GCV of 22 360 J/g for Scotch pine.

vzorke. Rozdiel vhodnotach GCV medzi
upravou naterom a impregnaciou predstavoval
1,67 %. Alakangas [7] uvadza hodnotu GCV
pre Scotch pine 22 360 J/g.

22400
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22000
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1600

N

21400

Gross calorific value (J/g)
Spalné teplo (J/g)
N N

21200

NT

Sample
Vzorka

C |

Fig 1. Gross calorific value of pine wood (NT — no treatment, C — coating,
| — impregnation)
Obr. 1 Spalné teplo borovicového dreva (NT — bez tpravy, C — povrchova tprava,
| — impregnacia)

The fire-retardant treatment affected not
only the gross calorific values but also the
resistant residue (ash). The ash values were:
samples with no treatment — 0.13 %, samples
with coating — 0.66 %, impregnated samples —
0.79 %.

The fire-retardant treatment influenced the
limiting oxygen index more than the gross
calorific value. LOI values are shown in Fig 2.

Retardacnd tGprava ovplyvnila nielen
hodnoty spalného tepla, ale aj rezistentného
zvySku (popola). Popol dosiahol nasledujuce
hodnoty: vzorky bez pravy - 0,13 %, nater —
0,66 %, impregnacia — 0,79 %.

Viacsi vplyv mala retardacnd tUprava pri
poziarnej charakteristike kyslikového ¢isla.
Hodnoty LOI st uvedené na obr. 2.

m | ongitudinal section

= Cross section.
Pozdlzny rez Prierez

NT

Limiting oygen index (vol. %)
Limitné kyslikové ¢islo (obj.
%)

S

Cc |

Sample
Vzorka

Fig 2. Limiting oxygen index of pine wood
Obr. 2 Limitné kyslikové ¢islo borovicového dreva
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The fire-retardant  treatment caused
increasing the LOI several times if compared
with the untreated samples. Specimens with no
treatment showed the LOI value of 23.6 + 0.4
vol. % in the longitudinal section and 23.8 + 0.4
vol. % in the cross section. The coating caused
increasing the LOI by 132 % in both sections;
the impregnation caused similar increasing the
LOIl in the longitudinal section. In the
impregnation, the effect of the cut direction was
more pronounced; in the cross section, the LOI
increased by 177 %. Wang et al. [8] determined
LOI for Chinese fir for 3 various fire retardants:
50.7 vol. %, 43.5 vol. %, and 55.0 vol. %.

4 Conclusions

The gross calorific value is the highest
amount of heat that a material is able to deliver.
In terms of fire protection and safety,
respectively flammability, it is important that
the gross calorific value of materials is as low
as possible and the limiting oxygen index as
high as possible. The higher is the LOI of a
material, the less flammable material it is. The
presented results show that the chosen fire-
retardant treatment lowered the flammability of
pine wood, if evaluated on the base of the gross
calorific value and the limiting oxygen index.
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Abstract

The paper focuses the impact of flame source effect on the mass loss, flexural strength and impact strength in
spruce wood bending. In the experiment also mass loss was measured as the difference of weights before and after
the test expressed in percent as an additional evaluation criterion. The results confirm that the radiant heat, as well
as the distance, have an influence on the measured parameters. It is possible to conclude that observed values can
form a statement regarding the burning and ignition of wood, in our case, particularly, spruce wood. The change
in mechanical properties seems to be important information on wood behaviour.

Keywords: smrekové drevo, tepelné zat'azenie, pevnost’ v ohybe, razova hiizevnatost’ v ohybe

1 Introduction

Thermal degradation influences the wood
in a complex way; i.e. it causes the alteration
of its properties (weight, volume, shape, and
colour), as well as the changes of mechanical
properties. The aim of the research was to
examine the changes of strength in bending
and impact strength in bending of spruce
wood under the influence of flame heat of P5
source and P10 source outputs.

2 Material and Methods

The position of the sample towards the
heat source was constant at 50 mm. The mass
loss measured as the difference of weights
before and after the test expressed in per cents
was an additional evaluation criterion. The
results confirm that the radiant heat, as well
as the distance, have an influence on the
measured parameters.
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1 Uvod

Tepelna degradacia komplexne ovplyviuje
drevo, ¢o spdsobuje zmeny jeho vlastnosti
(hmotnost’, objem, tvar a farba), ako aj zmeny
mechanickych vlastnosti. Cielom vyskumu
bolo skiimat’ zmeny pevnosti v ohybe a razovej
huzevnatosti v ohybe smrekového dreva pod
vplyvom plamenového tepla zo zdrojov P5 a
P10.

2 Material a metédy

Poloha vzorky smerom k zdroju tepla bola
konStantna vo vzdialenosti 50 mm. Dalgim
hodnotiacim kritériom bola strata hmotnosti
merana ako rozdiel hmotnosti pred a po teste
vyjadreny v percentach. Vysledky potvrdzuja,
ze teplo plamenného zdroja, ako aj vzdialenost’,
maju vplyv na namerané parametre.
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3 Results and Discussion

The average measured values of the
selected evaluation criteria in (%) are shown
in Figure 1.

3 Vysledky a diskusia

Priemerné namerané hodnoty vybranych
hodnotiacich kritérii v (%) su uvedené na
obrazku 1.

[

=]

Difference inwvalues (%)

20,00 I
000  — mm N

F5 F10

Mass loss

.
| o)

Difference in values / Rozdiel v hodnotach (%)

F5

Flexural strength
[MFPa)

15
| i m20

F10 F5 F10

mpact strength in
bending (J/cm2)

Figure 1. Average measured values of the selected evaluation criteria
Obrazok 1. Priemerné namerané hodnoty vybranych hodnotiacich kritérii

The trends of changes in flexural strength
and flexural impact strength as a function of
weight loss at source P5 and P10 are shown in
figure 2 and 3. As shown in Figure 2 and 3,
the value of the heat source significantly
affects not only the mass loss, but also the
mechanical properties of the wood. Especially
for the dynamic property of the impact
resistance in bending. Logically, the duration
of exposure of the source at 2, 5, 10, 15, and
20 minutes is of significant significance at
both calf source values.
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Trendy zmien pevnosti v ohybe a rdzovej
huzevnatosti v ohybe ako funkcie ubytku
hmotnosti u zdroja P5 a P10 st znazornené na
obrazku 2 a 3. Ako je znazornené na obrazku
2 a 3, hodnota zdroja tepla vyznamne
ovplyviiuje nielen stratu hmoty, ale aj
mechanické vlastnosti dreva. Najmid pre
dynamickt vlastnost’ rdzovej huzevnatosti v
ohybe. Logicky je doba expozicie zdroja po 2,
5, 10, 15 a 20 minutach vyznamna pri oboch
hodnotach tepelného zdroja.
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Figure 2. Changes in flexural strength and flexural impact strength as a function of weight loss at
source P5

Obrazok 2. Zmeny pevnosti v ohybe a razovej htizevnatosti v ohybe ako funkcia ubytku na
hmotnosti pri zdroji P5
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Figure 3. Changes in flexural strength and flexural impact strength as a function of weight loss at
source P10

Obrazok 3. Zmeny pevnosti v ohybe a razovej htizevnatosti v ohybe ako funkcia ubytku na
hmotnosti pri zdroji P10
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4 Conclusions 4 Zaver

It is possible to conclude that observed Je mozné konstatovat, ze pozorované
values can form a statement regarding the hodnoty mozu tvorit doleziti informaciu
burning and ignition of wood, in our case, tykajucu sa zapalenia a horenia dreva, v naSom
particularly, spruce wood. The change in pripade smrekového dreva. Zda sa, ze zmeny
mechanical properties seems to be important mechanickych  vlastnosti st dolezitou
information on wood behaviour. Therefore, it is informaciou o spravani dreva. Preto sa
recommended to conduct the experiment with odporuca vykonat’ experiment s inymi druhmi
other wood species, various retardation dreva, rb6znymi retardatnymi uUpravami.
treatments. The recommendation also includes Odporacanie zahfia aj tropické dreviny a
tropical wood species and the thermally treated tepelne osetrené drevo.
wood.
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Abstract

The paper brings the assessment of the medium-scale test of fire resistance of two samples of external wall
assembly of a timber building which differed in the thermal insulation material. One thermal insulation material
was hemp insulation material and the other insulation material was made of wood fibers. The fire resistance was
tested using the ceramic radiant heater with the maximal output of 50.5 kW/m? and maximal temperature to reach
935°C. The experiment results suggest that the type of natural thermal insulation and its properties in construction
elements of timber buildings have an impact on the fire performance in a fire and can influence the fire resistance.

Keywords: timber building; structural member; natural thermal insulation, fire resistance

1 Introduction

Nowadays, natural thermal insulation is
being applied more and more frequently in the
building industry. It is used most often in
structural elements of timber buildings in
which they act as not only thermal insulation,
sound insulation and ecological function,
however they can also provide a required fire-
resistance function on the condition the
construction (e.g. external wall) has a suitable
assembly.

The paper brings the assessment of the
medium-scale test of fire resistance of two
samples of external wall assembly of a timber
building which differed in the thermal
insulation material. One thermal insulation
material was hemp insulation material and the
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1 Uvod

Prirodné tepelné izolacie maju v su¢asnom
stavebnictve  Coraz  vdc¢Sie  uplatnenie.
NajcastejSie sa pouzivaju v konsStrukénych
prvkoch drevostavieb, v ktorych zastavaju
nielen tepelnoizolacnu, zvukovoizola¢ni a
ekologicku funkciu, ale mézu pri vhodnej
skladbe konstrukcie (napr. obvodovej steny)
zaroven  zabezpeCovat aj pozadovanu
protipoziarnu funkciu.

V prispevku st vyhodnotené vysledky
strednorozmerového testu poziarnej odolnosti
dvoch vzoriek skladby obvodovej steny
drevostavby, ktoré sa odliSovali materidlom
tepelnoizolacnej vrstvy. Jedna vzorka mala
konopnu tepelnti izolaciu a druhd vzorka
tepelnu izolaciu z drevovldkna. Modelovy test
poziarnej odolnosti sa uskutocnil S pouzitim
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other insulation material was made of wood
fibers. The fire resistance model test was carried
out with the radiant heat source which was
provided by a ceramic radiation panel with the
maximal output of 50.5 kW/m?2,

Wood fiber insulation is a safe, natural and
highly efficient alternative of synthetic
insulation materials that are available on the
market. The wood fiber insulation materials
consist of 95% of wood fibers. The presence of
carbon is therefore much higher than in
insulation materials based on mineral fibers or
foam insulation materials [1]; thermal
conductivity coefficient A= 0,040 W/m.K. One
of the variations of thermal insulation based on
wood fibers is wood waste which is blown or
manually poured between the individual posts
in the construction by Cetiner and Shea [2].

The hemp insulation belongs among the
most ecological insulation materials currently
available. According to Shahzad [3], it
substitutes thermal insulation of glass fibers.
Except for the excellent thermal insulation and
sound insulation properties, the hemp insulation
is pleasant to touch, and it also smells of natural
scent of hemp. It is highly vapor-permeable
(diffusion-open), it provides high protection
against cold in winter and prevents overheating
in summer. Hemp fiber manages moisture
without any degradation of its thermal and
technical properties [4]. The statement is also
confirmed by Kadlicova et al. [ 5], who state that
this insulation exhibits the ability to repeatedly
release the absorbed moisture and together with
high permeability it maintains sound microflora
of the building. However, Freivalde et al. [6]
contradict this with the statement that untreated
hemp used for insulation is more flammable.

2 Material and Methods

The mainsupport structural elements of
the external wall assemblies are wooden
KVH (originally from German Konstruktions-
vollholz, in English Solid Structural Timber)
studs (140 x 60 mm). The sample 1was
constructed with the thermal insulation of wood
fibers which were placed between the KVH
studs. Sample No.1 was made with the wood
fiber thermal insulation, which was placed
between the studs in the cavity, behind the
interior gypsum board wall. The load-bearing
element (KVH studs and thermal insulation)
was sided with OSB boards on both faces.
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salavého zdroja tepla, ktorym bol keramicky
radia¢ny panel s max. vykonom 50,5 kW/m?..
Drevovlaknita izolacia je bezpecna, prirodna
avysoko efektivna alternativa namiesto
syntetickych izola¢nych materialov dostupnych
na trhu. VécSina drevovlaknitych izolacii ma
viac ako 95 %-né zastupenie drevovlakna.
Zastupenie uhlika je preto omnoho vyraznejSie
ako uizolatnych materidlov na  baze
mineralnych vlékien alebo penovych izolacii
[1]. Koeficient tepelnej vodivosti A= 0,040
W/m.K. Jednou z alternativ tepelnej izolacie na
baze drevovlakna je aj drevny odpad (wood
waste), ktory sa podl'a Cetiner a Shea [2] medzi
jednotlivé hranoly v konStrukcie manudlne
nasype alebo nafuka.

Konopna izolacia patri medzi
najekologickejSie izolacné ateridly dneSnych
¢ias apodla Shahzad [3] nahrddza tepelnu
izolaciu zo sklenych vladkien. Okrem
vynikajtcich tepelno-izolaénych a zvukovo-
izolaénych parametrov je konopnd izoléacia
prijemna na dotyk, vonia prirodnou arémou
konope. Je vysoko paropriepustna (difuzne
otvorena), zabezpeCuje vysokil ochranu voci
chladu v zime, ale zabraniuje aj prehrievaniu v
lete. Konopné vlakno vyborne reguluje vihkost
bez toho, aby sa narusili jeho tepelno-technické
vlastnosti [4]. Tento fakt potvrdzuje aj
Kadlicova akol. [5], ktori tvrdia, Ze tato
izolacia disponuje schopnostou opatovného
uvolfiovania absorbovanej vlhkosti a spolu s
vysokou priedusnostou zachovava zdrava
mikrofloru stavby. AvSak podla Freivalde
a kol. [6], su ale neupravené izolacie z konope
horlavejsie.

2 Material a metédy

Hlavnymi nosnymi prvkami navrhnutych
skladieb obvodovej steny su drevené KVH
hranoly (140 x 60 mm). Vzorka ¢.1 bola
zhotovena s tepelnou izolaciou z drevovlakna,
koré bolo umiestnené medzi KVH hranolmi a v
inStalacnej medzere za vnutornou
sadrokartonovou doskou. Nosna cast’ vzorky
(KVH hranoly + tepelnd izolacia) bola
z obidvoch stran oblozena OSB doskou.
Z vonkajsej strany bol obklad z lisovane]
drevovlaknitej dosky, omietnuty fasadnou
omietkou.

Vzorka ¢. 2 mala rovnaku skladbu, tepelna
izolacia v inStalacnej medzere a medzi KVH
hranolmi vSak bola z konopnych vlakien.
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exterior side was completed with pressed wood-
fiber board, facade rendering.

Sample No. 2 had the identical composition
and placement, however the thermal insulation
was made of hemp fibers. According to the
classification standard STN EN 13 501-1 +
Al/Z1 [7] declared by the manufacturer, the
wood fiber insulation has the reaction-to-fire
classification of E and hemp insulation holds
class Dsi do.

The ceramic radiation panel is a source of
heat which generates the thermal energy from
the combustion of propane-butane gas. The area
transmitting the radiant heat has the dimensions
of 48 x 28 cm. The maximal output of the heater
is 50.5 kW/m?, maximal temperature of the
radiation panel is 935°C. Test samples were
exposed to radiant heat at 200 mm from the
radiation panel. The temperature values were
recorded by the thermocouples placed on the
surface and inside the sample, between the
individual layers of the samples. There were 10
thermocouples placed in every test sample. The
thermocouples can measure the temperature up
to 1,200°C. The temperature development of
the thermocouples on the test samples is
illustrated in Figures 1 and 2. Temperature
development on thermocouples TO, T1, T2, T7,
T8, T9 meged into one curve; therefore, they are
not visible in the graphs in Figures 1 and 2.

3 Results and Discussion

Graphical illustration of the temperature
development pointed at the dissimilar behavior
of the samples during the experiment. The
plasterboard resisted the effects of the radiant
heat longer, however the inner temperature rose
more markedly at the sample No.2. This
difference is caused by the fact that hemp
insulation placed inside the service cavity is less
resistant against thermal loading than the
insulation made of pressed wood fibre placed in
the sample No. 1 with the lower coefficient of
thermal conductivity A= 0,036 W/m-'K. During
the 60th minute, the temperature on the OSB
surface at the test sample No.1 was 234.9° C, at
sample No.2, the temperature was 325.8°C. The
temperature difference of 90.9°C on the OSB
surface s illustrated in the graph by
thermocouple  No.4. The higher thermal
insulation between the KVH studs, even the
KVH stud itself, were not degraded to any
extent and remained entirely intact.
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Drevovlaknitd izolacia ma v zmysle
klasifikaénej normy STN EN 13 501-1 + A1/Z1
[7] vyrobcom deklarovanu triedu reakcie na
ohen E, konopna izolacia ma triedu Ds1,d0.

Keramicky radiacny panel je zdrojom tepla,
ktory ziskava tepelnti energiu zo spal'ovania
propan-butanu. Plocha, cez ktoru odovzdava
salavé teplo, ma rozmery 48 x 28cm.
Maximdlny dosiahnutelny tepelny vykon je
50,5 kW/m2, maximalna teplota radiacného
panelu je 935°C. Skuasobné vzorky boli
vystavené salavému teplu zo vzdialenosti 200
mm od radiacného panelu. Hodnoty teplot sa
zaznamenavali pomocou termoclankov
rozmiestnenych na povrchu aj vo vnutri, medzi
jednotlivymi vrstvami vzoriek. V kazdej vzorke
bolo umiestnenych 10 ks termoclankov z NiCer,
ktoré st schopné merat’ teplotu az do 1200°C.
Priebeh teplot na jednotlivych termoclankoch
skuasobnych vzoriek je znazorneny na obrazku 1
a obrazku 2. Priebehy teplot na termo¢lankoch
TO, T1, T2, T7, T8, T9 splynuli do jednej
krivky, preto v grafoch nie su viditeIné.

3 Vysledky a diskusia

Grafické znazornenie priebehu teplot
poukazalo na odlisné spravanie sa vzoriek v
priebehu experimentu. Sadrokartonova doska
odolavala dlhsie ucinkom salavého tepla pri
vzorke ¢. 2, avSak vnuatorna teplota stapala
vyraznejSie pri vzorke €. 2. Tento rozdiel je
spOsobeny tym, Ze konopna tepelna izolacia,
ktora sa vo vzorke €. 2 nachadzala v instala¢nej
medzere, bola menej odolnd voci tepelnému
namahaniu, ako tepelna izolacia z lisovanej
drevovlaknitej dosky v in$talatnej medzere
vzorky €. 1 s niz§im koeficientom tepelnej
vodivosti A= 0,036 W/m.K. V Case 60 minut
mal povrch OSB dosky pri vzorke ¢. 1 teplotu
234,9 °C, pri vzorke ¢. 2 bola teplota 325,8 °C.
Teplotny rozdiel 90,9 °C na povrchu OSB
dosky v grafe znazoriuje termoclanok ¢. T4.
Vicsie tepelné namahanie OSB dosky pri
vzorke €. 2 spoOsobilo aj vyraznejSie
poskodenie jej povrchu. Co je viak pozitivne,
ze tepelna izolacia medzi KVH hranolmi, ani
samotny KVH hranol neboli Ziadnym
sposobom degradované a ostali vo vzorke tplne
neporusené. Pri vzorke ¢. 1 bola v 60. minute
teplota na povrchu hranolu 64 °C a pri vzorke
¢. 2 bola teplota 81,8 °C. Na zéaklade ziskanych
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Regarding test sample No.1, the temperature on
the stud more markedly at the sample No. 2.
This difference is caused by the fact that hemp
insulation placed inside the service cavity is less
resistant against thermal loading than the
surface in the 60th minute was 64°C and on test
sample No.2 it was 81.8°C. The temperature of
the KVH stud at the test sample No.2 began to
increase more dramatically which could lead to
its ignition. Based on the gained results,
assumed fire resistance of the test samples can
be stated uniformly including defining the
construction element; that is 60 REI/D3.

Temperature/Teplota (°C)

vysledkov, mozeme klasifikovat
predpokladant  poziarnu odolnost’ skiiSanych
vzoriek jednotne, a SurCenim druhu
konstrukéného prvku, a to 60 REI/D3.

T2 T3 e

Time/Cas (min)

T8 -]

Figure 1. The illustration of the temperature development for sample No. 1
Obrazok. 1 Graficky priebeh teplot pri vzorke ¢. 1

Temperature/Teplota (°C)

00,0

Time/Cas (min)

—_—T ——T1 - -T2 R —

—— T —TT  — —e—%

Figure 2. The illustration of the temperawre uevelopment for sample No. 2
Obrazok. 2 Graficky priebeh teplot pri vzorke ¢. 2
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4 Conclusions 4 Zaver
The experiment results suggest that the type Vysledky experimentu poukézali na to, ze

of natural thermal insulation and its properties druh prirodnej tepelnej izolacie a jej vlastnosti

in construction elements of timber buildings v konstrukénych prvkoch drevostavieb maji

have an impact on the fire performance in a fire vplyv na ich spravanie sa v podmienkach

and can influence the fire resistance. poziaru a modzu ovplyvnit' ich poziarnu
odolnost’. Teplota nosného KVH hranolu pri

Acknowledgments vzorke ¢. 2 sa ku koncu experimentu zacala
intenzivnejSie zvySovat, ¢o by mohlo viest

This work was supported by the Slovak k jeho zapaleniu.

Research and Development Agency under

contract No. APVV-17-0005 (70 %) and by the Pod’akovanie

grant agency of the Ministry of Education, . , ) .

Science, Research and Sport of the Slovak Tato praca bola podporend Agentirou na

Republic and the Slovak Academy of Sciences podporu vyskumu a vyvoja na zaklade Zmluvy

- VEGA project No. 1/0493/18 (30 %). ¢. APVV-17-0005 (70 %). Tato praca bola

podporena Grantovou agentiirou MSVVaS SR
a SAV - VEGA ¢. projektu 1/0493/18 (30 %).

References / Literatdra

[1] Steico: drevovlaknita prirodna izolacia [online]. [cit. 2019-10-10]. Available at: https://tepore.sk/

[2] Cetiner, 1., Shea, A. D.: Wood waste as alternative thermal insulation for buildings, Energy &
Buildings, 2018, 168, pp. 374-384.

[3] Shahzad, A.: A study in physical and mechanical properties of hemp fibers, Advances in Materials
Science and Engineering, 2013, 9 p.

[4] Nature Does It Best: Gutex Wood Fiberboard Insulation [online]. [cit. 2019-10-10]. Available at:
https://foursevenfive.com/blog/the-gutex-wood-fiber-board-primer-vapor-open-continuous-insulation-
wrb/

[5] Kadlicova, P., Makovicka Osvaldova, L., GaSpercova, S.: Environmental impacts of thermal
insulation materials, Acta Universitatis Matthiae Belli, 2016, 18 (2), pp. 56-67.

[6] Freivalde, L., Kukle, S., AndZs, M., Buk$ans, E., Gravitis, J.: Flammability of raw insulation
materials made of hemp, 2014, 67, pp 510-514.

[7] STNEN 13501-1 + A1/Z1: 2017. Klasifikacia poziarnych charakteristik stavebnych vyrobkov a
prvkov stavieb. Cast’ 1: Klasifikacia vyuzivajuca udaje zo skiisok reakcie na oheii (Konsolidovany text)

99
Delta 2019, 13(2):95-99


https://tepore.sk/
https://foursevenfive.com/blog/the-gutex-wood-fiber-board-primer-vapor-open-continuous-insulation-wrb/
https://foursevenfive.com/blog/the-gutex-wood-fiber-board-primer-vapor-open-continuous-insulation-wrb/

ADelta

FIRE PROTECTION & SAFETY Scientific Journal
13(2): 100-105, 2019
DOI: 10.17423/delta.2019.13.2.77

Assessment of Fire Danger of Agricultural Crop based
on the Temperature of Agricultural Machinery Exhausts
Measurements — Case Study

Posudenie nebezpecenstva vzniku poZiaru
poPnohospodarskych kultur na zaklade merania teploty
vyfukovych plynov — pripadova Studia
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Abstract

The initiation of fires in the natural environment is accompanied by various factors that interact with each other.
In the natural environment, the fuel is represented mostly by vegetation. The aim of the experiments performed
was to assess the fire danger based on the measurements of the exhaust gas temperature of selected agricultural
machines and their subsequent evaluation. Exhaust gas temperature measurements were performed using a
thermocouple and the exhaust system surface temperature measurements were performed using an infrared
thermometer. The results showed that the highest temperatures were obtained for tractor engines that did not have
exhaust treatment and were subjected to high loading. We found that the application of the exhaust system
treatment features results in a reduction in the temperature of the exhaust gases.

Keywords: Fire Danger; Fire Statistics; Exhaust Gas Temperature; Agricultural Crops

1 Introduction

The initiation of fires in the natural
environment is accompanied by various factors
that interact with each other. In the natural
environment, the fuel is represented by
vegetation, which is classified as the A fire class
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1 Uvod

Vznik poziarov v prirodnom prostredi je
sprevadzany roznymi faktormi, ktoré sa
navzajom ovplyviuji. Za palivo sa v prirodnom
prostredi povazuje vegetacia, ktora sa

klasifikuje do triedy poziarov A - tuh¢ horl'avé
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- solid combustible matter. These plant
substances can reach different flash point
temperature, which depends on their quantity,
moisture content, oils and various minerals
content. Among the key factors belong the
meteorological conditions and topography of
the site [2].

Fire in the natural environment is interfered
with by heat convection and radiation. The heat
transfer by radiation is dominant when fuel is
burning at lower levels, at the height of grass
and shrubs located on flat surfaces. The heat
accumulated from the fire is transmitted by
convection from lower levels to higher levels,
where the level of branches and tree crowns is
affected [2].

Agricultural crops are classified as terrestrial
(surface) combustible fuels, which
characteristics affect the rate and intensity of
fire propagation. The decisive factor is the
phase of their maturing or drying, when it is
easier to ignite them and they can significantly
influence the propagation and culmination of
the fire [2].

2 Statistical data on fires

Collection and evaluation of statistical data
on fires during the harvest and forage harvest
season is provided by the Fire and Research
Institute of the Ministry of the Interior of the
Slovak Republic. Here, we introduce the data on
agricultural fires number for the last 10 years
(Figure 1).

According to the data, it can be concluded
that there occurred 1,394 fires in total in the
harvesting seasons, which represents 139 fires
per year on average. The most frequently
occurring fires in the harvesting season are the
straw fires on rows, stubble fires (922 fires),
grain on the root fires (190 fires), fires of a stack
of straw from a new crop (127 fires), straw fires
when stacking, straw package fires respectively
(95 fires). During this period, there was a fire of
the grain harvester in 30 cases. During the
forage harvest season, there occurred totally
270 fires, i.e. 27 fires per year on average. The
most common fires during this season are the
field forage harvest fires (68 fires), forage
warehouse fires (58 fires), stacked forage, hay
bale fires (52 fires) and forage stack fires (48
fires).
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latky. Tieto rastlinné substancie mozu
dosahovat’ r6znu teplotu vzplanutia, ktora je
limitovana ich mnozstvom, obsahom vlhkosti,
olejov a roznych minerdlov. Medzi kldcové
faktory je mozné =zaradit meteorologické
podmienky a topograficki charakteristiku
geografickej polohy zivotného prostredia [2].

Poziar v  prirodnom  prostredi  je
interferovany konvekciou a radiaciou tepla.
Prenos tepla radiaciou je dominantny pri horeni
paliva v nizSich urovniach, vo vyske travy
a krovia nachadzajiceho sa na rovinatych
plochéch. Teplo kumulované z poziaru je Sirené
konvekciou z nizsich urovni do vyssich, kde je
zasiahnuta uroven konarov a kortn stromov [2].

Pol'nohospodarske kultiry sa radia medzi
pozemné (povrchové) horlavé paliva, ktoré
svojou charakteristikou ovplyviiuju rychlost’
a intenzitu Sirenia sa poziaru. Rozhodujiicim
faktorom je faza ich vyzretia, pripadne
vysu$enia, kedy st l'ahsie zapalitelné a moézu
vyrazne ovplyviiovat’ propagaciu a kulmindciu
poziaru [2].

2 Statistika poZiarovosti

Statistické sledovanie poziarovosti
v zatevnom obdobi a v obdobi zberu krmovin je
zabezpecované Poziarnotechnickym a

expertiznym Ustavom Ministerstva vnutra
Slovenskej republiky (Obrazok 1).

Ziskané udaje ohladom poziarovosti sa
vzt'ahuju na sledované obdobie za poslednych
10 rokov. Podl'a udajov je mozné usudzovat’,
ze k poziarom v zatevnom obdobi doslo celkovo
1 394 krat, ¢o v priemerne predstavuje 139
poziarov za rok. Medzi najpocetnejSie poziare
v zatevnom obdobi sa zarad'uje poziar slamy na
riadkoch, resp. strniska (922 poziarov), obilia
na koreni (190 poziarov), stohu slamy z novej
urody (127 poziarov), slamy pri stohovani, resp.
balik slamy (95 poziarov). Za uvedené obdobie
doslo k poziaru obilného kombajnu v 30
pripadoch. V obdobi zberu krmovin doslo k
poziarom celkovo 270 krat a v priemerne doslo
k 27 poziarom za rok. NajCastejSie sa
vyskytujuce poziare pocas uvedeného obdobia
st poziare pri zbere krmovin na poli (68
poziarov), skladu objemovych krmovin (58
poziarov), krmoviny pri stohovani, baliku sena
(52 poziarov) a stohu krmovin (48 poziarov).
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Figure 1. Number of harvesting and forage harvesting fires in period 2009 to 2018

Obrazok 1. Poziarovost’ v zatevnom obdobi a v obdobi zberu krmovin za roky 2009 az 2018

3 Material and Methodology

The constructive sources of ignition of
agricultural machines include hot exhaust
system surfaces. The exhaust system diverts the
exhaust gases from the engine and also serves
as an emission control system. A catalytic
converter having a surface temperature between
316 ° C and 538 ° C during normal operation is
located in the exhaust system. In a normally
functioning motor vehicle, the potential hazard
is the contact of the exhaust surface and the
catalytic converter with combustible materials.
The exhaust temperature depends on several
parameters such as engine type, vehicle weight,
engine speed, load, slope and more. Under
normal operating conditions, the temperature in
the exhaust pipe may vary between 250 ° C -
300 ° Cand 900 ° C-950°C[1].

Agricultural ~ machines  (tractors  and
harvesters) have many hydraulic components
which hydraulic fluid can leak from. Non-
lubricated
or worn bearings can ignite flammable dust or
liquids deposits due to overheating. The exhaust
gases temperature of agricultural machines is
mainly influenced by an exhaust gas treatment
system such as variable geometry turbochargers
(VGT), selective catalytic reduction (SCR),
exhaust gas recirculation (EGR), diesel
oxidation catalyst (DOC) and concentric air
system
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3 Material a metédy

Medzi konstruktivne zdroje iniciacie poziaru
pol'nohospodarskych vozidiel sa zahriiuju
horice  povrchy  vyfukového  systému.
Vyfukovy systém odvadza vyfukové plyny od
motora a zaroven sluzi ako systém pre kontrolu
hodnoty emisii. Vo vyfukovom systéme je
umiestneny  katalyzator, ktorého rozsah
povrchovych teplot poc¢as normalnej prevadzky
dosahuje hodnoty od 316 °C do 538 °C.
V normalne fungujucom motorovom vozidle je
potencionalnym nebezpeCenstvom  kontakt
povrchu vyfuku a katalyzatora s horlavymi
materialmi. Teplota vyfukovych plynov zavisi
od viacerych parametrov, ako je typ motora,
hmotnost’ vozidla, otacky motora, zatazenie,
sklon terénu a dalSich. Za normalnych
prevadzkovych  podmienok, teplota vo
vyfukovom potrubi moéze kolisat medzi
hodnotami 250 °C — 300 °C a 900 °C — 950 °C
[1].

Pol'mohospodarske stroje (traktory
a kombajny) maji mnoho hydraulickych
komponentov, kde mobze dojst k tUniku
hydraulickej kvapaliny. Nenamazané alebo
opotrebované loziska mézu vplyvom prehriatia
zapalit' horlavé nanosy. Teplotu vyfukovych
plynov pol'nohospodarskych strojov
ovplyviiuje predovSetkym systém Gpravy
vyfukovych plynov ako je VGT (variable
geometry turbochargers), SCR (selective
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(CAYS). By design adjustments, it is possible not
only to reduce the value of the flue gas emitted
from the exhaust system, but also to reduce the
thermal radiation [1].

The aim of the research performed was to assess
the fire danger based on the realised
experiments, i.e. measurements of the exhaust
gas temperature of selected agricultural
machines and their subsequent evaluation.
Exhaust gas temperature measurements were
performed using a thermocouple and the
exhaust  system surface  temperature
measurements were performed using an
infrared thermometer [1].

4 Results and discussion

An overview of the results of the exhaust gas
temperature and the exhaust system surface
temperature measurement is introduced in
Table 1.

catalytic reduction), EGR (exhaust gas
recirculation), DOC (diesel oxidation catalyst) a
CAS (concentric air system). Konstrukénymi
upravami je mozné dosiahnut’ nielen zniZenie
hodnoty spalin emitovanych z vyfukového
systému, ale aj zniZenie tepelného vyzarovania
[1].

Cielom  vykonaného vyskumu  bolo
posudenie poziarnecho nebezpeCenstva na
zaklade experimentalneho merania a stanovenia
teploty  vyfukovych  plynov  vybranej
pol'nohospodarske;j techniky, pomocou
meracich  pristrojov a  nasledne ich
vyhodnotenie. Meranie teploty vyfukovych
plynov sa vykonavalo pomocou termoclanku
a meranie teploty povrchu vyfukového systému
sa vykonavalo infra¢ervenym pristrojom [1].

4 Vysledky a diskusia

Sthrn vysledkov merani teploty vyfukovych
plynov a teploty povrchov vyfukového systému
je zobrazeny v tabulke 1.

Table 1. Overview of measured exhaust gases and exhaust surface temperatures

Tabulka 1. Sthrn vysledkov merani vyfukovych plynov a teploty povrchov vyfukového systému

Endine Exhaust Exhaust
0 gration/ Treatment system/ 92563 surface
Machine/Stroj P , L Y temperature/  temperature/
Cinnost Systém upravy
motora Teplota Teplota
plynov [°C]  povrchu [°C]
Harvesters/Kombajny
New Holland CX 8070 (2009) 'Z‘;i“i'zngl VGT 280.3 302.8
New Holland CX 8070 (2015) loading SCR 238.5 190.7
New Holland CS 540 idling/ VGT 167.3 178.9
vol'nobeh
Tractors/Traktory
Fend 1050 Vario idling VGT. SCR. CAS 199.4 131.3
Fend Farmer 308 LSA loading VGT 155.7 124.8
ValtraN 114 loading VGT. SCR. DOC 191.1 141.9
New Holland T 6050 loading VGT 188 1375
Zetor Major CL 80 loading VGT. EGR. DOC 136.2 135.9
Zetor 50 Super loading no treatment 193.5 132.3
Zetor 7245 loading no treatment 238.7 130.2
The results showed that the highest Z nameranych vysledkov vyplyva, ze

temperatures were obtained for tractor engines
that did not have exhaust treatment and were
subjected to high loading. We found that the
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najvyssie teploty boli dosahované pri motoroch
traktorov, ktoré nedisponovali  Upravou
vyfukovych plynov a podliehali vysokej zatazi.
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using of VGT, EGR and DOC devices in the
exhaust system results in a reduction in the
temperature of the exhaust gases. [1]

There is a high level of dustiness during
harvesting. The swirling cereal dust forms an
easily flammable mixture with air. In internal
combustion engines, fuel is converted into heat
due to the chemical reaction, which is
discharged to the air, along with the combustion
products, after the work has been carried out.
Heat is also transferred to the surroundings
through the walls of the exhaust system,
creating a hot surface, which then reaches high
temperatures. In case, when the flash point
temperature of operating fluids or solid
combustible materials is reached, parts of the
exhaust system may cause a fire. The exhaust
system temperature measured by us on some
agricultural machines has exceeded a critical
point at which the temperature is high enough
to be able to initiate machine operating fluids or
solid combustible materials deposited on the
exhaust system components. The flash point
temperature of operating fluids is as follows:
diesel of 220 ° C, engine oil of ca. 360 ° C, gear
oil 0of 360 ° C. Ignition temperature of deposited
dust of solid combustible materials on hot
surfaces is: hay of 333 © C, wheat straw of 310
° C, mixed grain dust of 290 - 300 ° C, wheat
grain of 290 ° C, oats of 350 ° C, fine corn grain
dust 0of 280 ° C, coarse dust of corn grain of 410
°C.

5 Conclusions

From the fire safety point of view, it is
recommended to make the necessary
adjustments to prevent sparks from escaping
from the exhaust system, for example by
installing a spark arrester that significantly
reduces the possibility of unwanted combustion
of surrounding combustible material during
agricultural ~ works.  Another  important
component is the EGR system, which cools the
temperature of the exhaust gases and reduces
nitrogen oxides. The SCR system is another
equivalent that allows lowering the exhaust gas
temperature and converting nitrogen oxides to
nitrogen and water when
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Vyskumom bolo zistené, ze aplikaciou
zariadeni VGT, EGR a DOC vo vyfukovom
systétme, dochadza k znizeniu teploty
vyfukovych plynov [1].

Pocas zatvy dochadza k vysokej prasnosti.
Rozvireny obilny prach tvori so vzduchom
lahko zéapalni zmes. V spalovacich motoroch
sa vd’aka chemickej reakcii premiena palivo na
teplo, ktoré je po vykonani prace odvadzané
vyfukovym systémom spolu so splodinami
horenia do ovzdusSia. Teplo sa odvadza do
okolia aj prostrednictvom stien vyfukového
systétmu, ¢im vznikd horuci povrch, ktory
nasledne dosahuje vysoké teploty. V pripade, ak
dojde
k dosiahnutiu teploty vzplanutia prevadzkovych
kvapalin alebo tuhych horlavych materialov, na
Castiach vyfukového systému, moéze dojst
k vzniku poziaru. Teplota vyfukového systému
uréitych pol'nohospodarskych mechanizmov
prekrocila bod, v ktorom je teplota dostatoCne
vysoka na to, aby bola schopna iniciovat
prevadzkové kvapaliny vozidla alebo tuhé
horlavé materialy, usadené na komponentoch
vyfukového systému. Teplota vznietenia
prevadzkovych kvapalin: motorova nafta 220
°C, motorovy olej okolo 360 °C, prevodovy olej
360 °C. Teplota vznietenia usadené¢ho prachu
tuhych horlavych materidlov na horticom
povrchu: seno 333 °C, pSeni¢na slama 310 °C,
zmieSany obilny prach 290 — 300 °C, pSeni¢né
obilie 290 °C, ovos 350 °C, jemny prach z
kukuriéného zrma 280°C, hruby prach z
kukuri¢ného zrna 410 °C.

5 Zaver

Z hladiska poziarnej bezpeCnosti sa
odpori¢a vykonat potrebné upravy na
zamedzenie vyletu iskier z vyfukového
systému, ato napriklad instalaciou lapaca
iskier, ktory podstatne znizi moznost
nechceného zahorenia okolitého horlavého
materialu pocas polnohospodarskych prac.
Dalsim dolezitym komponentom je systém
EGR, ktory ochladzuje teplotu vyfukovych
plynov a redukuje oxidy dusika. Systém SCR je
dalsi ekvivalent, ktory umoziuje znizovanie
teploty vyfukovych plynov a premenu specified
exhaust gas temperature is reached [1], [3].
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Abstract

The aim of this paper is to define and to interpret gross calorific value, net calorific value and ash content when
considering chosen wood species that are used in woodworking industry the most often — spruce and oak wood.
Gross caloric value was measured by calorimeter system IKA C 5000 according to STN ISO 1928 Solid fuels [6].
Samples of spruce, oak and their mixtures were tested for gross caloric value in dry conditions. Consecutively the
gross caloric value was converted to humidity w = 8 % according to STN 1SO 1928 Solid fuels. Calorimetric rating
of gross caloric value and net calorific value were measured on three samples of each wood species. The results
showed the highest average gross caloric value achieved by sample of oak wood dust
(19,202 J-s-1). It means that oak wood dust released the biggest amount of heat when burning. Average values of
gross caloric values and net calorific values were comparable.

Keywords: Ash content; Gross calorific value; Net calorific value; Oak; Spruce

1 Introduction 1 Uvod

Wood is a natural material often used in Drevo je prirodny material, ktory sa Casto
building industry. When processing wood, fire vyuziva v stavebnom priemysle. Pocas
protection is crucial. Wood dust as a side prod- spracovania drevn¢ho materidlu, treba klast’
uct of wood working (sawing, planning, milling velky ~ doraz na  dodrziavanie  zasad
and grinding) is a natural part of timber pro- protipoZiarnej bezpecnosti. Drevny prach je
cessing factories. Wood dust is posing much neodmyslitelnou  stcastou  drevarskych
higher risk than a compact wood. Wood dust prevadzok, vznika pri mechanickom opracovani
from grinding is extremely flammable and in dreva (pileni, hoblovani, frézovani a braseni)
certain conditions it can create explosive dust- a z hl'adiska rizika vzniku poZiaru je podstatne
air mixture. When storing the wood properly, it nebezpecnejsi ako kompaktné drevo. Drevny
preserves its energy content. prach, ktory sa vytvara najmé pri bruseni, je

It is considered as a main advantage of this prudko horlavy a méze za urcitych okolnosti
material. Its energy content is relatively higher vytvarat’ so vzduchom vybusni zmes.
in first 2 — 3 years because of process of drying. Velkou vyhodou dreva je fakt, Ze pri sprav-

nom skladovani si zachovava svoj energe-
ticky obsah.

106
Delta 2019, 13(2):106-110


mailto:xszirmaiova@is.tuzvo.sk
mailto:kacikova@is.tuzvo.sk
mailto:stefan.galla@minv.sk

ADelta

FIRE PROTECTION & SAFETY Scientific Journal
13(2): 106-110, 2019
DOI: 10.17423/delta.2019.13.2.78

This fact is very important, because humidity in
wood is being released only while burning and
net calorific value is decreasing. When com-
busting dump wood, the combustion tempera-
ture is lowering as well. This leads to oxidation
of all of the flammable elements and fuming oc-
curs [1]. If combusting at the optimal tempera-
ture, the wood burns almost without smoke and
it is easily flammable. There is no dirt when ma-
nipulating the wood and little of ash is produced
(approximately 1% of the original mass). The
ash can be used as a fertilizer [2,3].

Woodworking industry is one of the most
mined out branches of industry. This fact lead
to a number of studies focused on physicochem-
ical and fire-technical properties of wood dust
(maximum explosion pressure, pressure rise
rate, minimum ignition energy, amount of re-
leased energy during the explosion, weight-
shortage, parameters influencing combustion
heat) in the last three decades to prevent break-
ing out the fire and explosion in woodworking
industry [4,5].

The aim of this paper is to define and to in-
terpret gross calorific value, net calorific value
and ash content when considering chosen wood
species that are used in woodworking industry
the most often.

2 Material and Methods

For coniferous wood were chosen spruce and
for hard wood oak as the representative sam-
ples.

Gross caloric value was measured by calo-
rimeter system IKA C 5000 according to STN
ISO 1928 Solid fuels [6]. Samples of spruce,
oak and their mixtures were tested for gross ca-
loric value in dry conditions. Consecutively the
gross caloric value was converted to humidity w
=8 % according to STN ISO 1928 Solid fuels.
Calorimetric rating of gross caloric value and
net calorific value were measured on three sam-
ples of each wood species.

Based on grain size analysis, the most nu-
merous fraction was chosen, which is5 - 1.0 um
from each sample. Measurements were done on
samples of pure wood and mixtures of wood and
bark as well.

The procedure for ash determination was
based on the requirements of the standard STN
Pocas prvych dvoch az troch rokov je jeho ener-
geticky obsah pomerne zvyseny. Je to spdso-
bené skuto¢nost’'ou, Ze drevo v tomto obdobi sa
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susi. Je to dblezita skutocnost’, pretoze vlhkost’
v dreve sa uvolniuje len pri spal’ovani, kedy na-
opak vyhrevnost’ klesa. Pri spalovani vlhkého
dreva sa znizuje aj teplota spalovania, ktora ve-
die k nespravnej oxidacii vsetkych horlavych
prvkov a dochddza k dymeniu [1]. Pocas spal’o-
vania pri optimalnej vlhkosti dreva, sa drevo
spal'uje prakticky bez dymu a je I'ahko zapalné.
Pocas manipulacie s nim sa netvoria necistoty a
vznika z neho malo popola (priblizne 1% po6-
vodnej hmotnosti), ktoré sa mdze pouzit ako
hnojivo [2,3].

Drevarsky priemysel patri medzi najvytaze-
nejSie odvetvia priemyslu, a preto sa pocas po-
slednych troch desatro¢i mnohé stidie zamerali
na skumanie fyzikalnochemickych a poziarno-
technickych vlastnosti drevného prachu (maxi-
malny vybuchovy tlak, rychlost’ nérastu tlaku,
minimalna energia vznietenia, minimalna tep-
lota vzplanutia, mnozstvo uvolnenej energie
pocas vybuchu, ubytok hmotnosti, parametre
ovplyvilujice spalné teplo), aby sa predislo
vzniku poziaru a vybuchu v drevarskom prie-
mysle [4,5].

Ciel'om prace bolo urcit’ a vyhodnotit’ spal’o-
vacie teplo, vyhrevnost’ a obsah popola vybra-
nych druhov drevin, ktoré sa najéastejsie spra-
covavaju v drevospracujucom priemysle.

2 Material a metédy

Spalné teplo bolo merané kalorimetrickym
systémom IKA C 5000 podl'a normy STN ISO
1928 Tuhé paliva [6]. Zistované boli hodnoty
spalnych tepiel pre skuSobné vzorky zo smreko-
vého, dubového dreva a pre ich zmesi v abso-
lutne suchom stave. Nasledne sa vykonal prepo-
et spalného tepla na vlhkost w = 8 % podla
uvedenej normy. Kalorimetrické stanovenie
spalného tepla a vyhrevnosti bolo uskuto¢nené
na troch vzorkach z kazdej dreviny.

Na zéklade sitovej analyzy bola vybrana pre
potreby stanovenia najpocetnejsia frakcia a to
frakcia 0,5 — 1,0 um z kazdej vzorky. Merania
sa vykonavali na vzorkach Cistého dreva ako aj
na vzorkach zmesi dreva s korou.

Pri stanoveni obsahu popola sme postupo-
vali podl'a poziadaviek normy STN ISO 1171:
2003 (44 1378): Tuhé mineralne paliva - Stano-
venie popola [7]. Podstatou metddy je spalova-
nie vzorky, ktora sa zahrieva na vzduchu pri
teplote 815 ° C + 10 ° C, je Specifikovana
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ISO 1171: 2003 (44 1378): Solid mineral fuels-
Determination of ash [7]. The principle of the
method is the incineration of the sample, which
is heated in air at a temperature of 815 °C £+ 10
°C, specified at a rate and maintained at that
constant temperature. The ash content is calcu-
lated from the mass of the residue after incin-
eration.

3 Results and Discussion

Results of the gross calorific value analysis
are illustrated in the Figure 1.

rychlostou a udrziavana pri tejto konstantnej
teplote. Obsah popola sa vypocita z hmotnosti
zvysku po spaleni.

3 Vysledky a diskusia

Vysledky analyz zameranych na stanovenie
spalovacieho tepla st znazornené a na obrazku
1.
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Figure 1. Gross calorific value (average) at humidity 0 %

Obrazok 1. Priemerné hodnoty spalného tepla pri vlhkosti 0 %

The comparison of average values of wood
dust samples (Figure 1) shows that gross caloric
value and net calorific values of given wood
species are not basically different. The impact
of humidity (Table 1) is significant, whereas
values of gross caloric vales of absolutely dry
samples were more than 18,000 J-s™X. When ris-
ing humidity, measured values decreased.
When humidity w = 8 %, values of gross caloric
values achieved approximately 17,000 J-s.

Similar results were observed by Giinther,
absolutely dry samples of spruce wood shown
measured value 18,600 J-s%, for samples of oak
wood was measured value 19,126 J-s [8].
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Zo vzajomného porovnania priemernych vy-
slednych hodnét jednotlivych vzoriek prachu
(Obrazok 1), vyplyva, ze hodnoty spalného
tepla ako aj hodnoty vyhrevnosti sa pre jednot-
livé druhy drevin zasadne nelisia. Vyrazne sa
ale prejavil vplyv vlhkosti (Tabulka 1), ked’ze
absolutne suché skusobné vzorky zo vSetkych
drevin mali hodnoty spalného tepla viac ako 18
000 J-s. So vzrastajiicou vlhkost'ou klesali aj
namerané hodnoty. V pripade vlhkosti w = 8 %
hodnoty spalného tepla dosahovali cca 17 000
J-st

Podobné vysledky vo svojej praci zazname-
nali aj d’alsi autori Glinther, pre absolttne suché
sktsobné vzorky smrekového dreva zazname-
nal hodnotu 18 600 J-s-1, pre skiSobné vzorky
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Table 1 Results of the calorimetric rating

dubového dreva zaznamenal hodnotu 19 126
J-s1[8].

Tabulka 1 Vysledky kalorimetrického stanovenia

Wood Gross Calorific Value [J-57] Net Calorific Value [J-5™] Ash content

species with bark without bark with bark without bark with | without

/s korou /bez kory /s korou /bez kory bark bark

Is /bez

koérou kory

w=0 w=238 w=0 | w=8 w=0 | w=8 w=0 w=2_8 w% w%

[%] [%] [%] [%] [%] [%] [%] [%]

Oak 18,434 | 16,960 | 19,202 | 17,666 | 17126 | 15561 | 17872 | 16 247 | 0.46 0.31

Spruce 19,177 | 17,643 | 18,543 | 17,060 | 17847 | 16224 | 17191 | 15620 | 0.21 0.34

Mixture | 19,066 | 17,540 | 18,896 | 17,385 | 17746 | 16 131 | 17555 | 15955 | 0.17 0.24

The highest ash content was shown in sam-
ples of oak with bark. The values of ash content
were in range of 0.46 + 0.18 mass %. The lowest
ash content was observed in the mixture of se-
lected woods with bark in Table 1 (0.17 = 0.15
mass %).

Calorimetric rating of gross caloric value
and net calorific value according to STN 1SO
1928 was measured on the most numerous frac-
tion 0.5 — 1.0 um for all the wood dust samples.

4 Conclusions

The results showed the highest average gross
caloric value achieved by sample of oak wood
dust (19,202 J-s1). It means that oak wood dust
released the biggest amount of heat when burn-
ing. Average values of gross caloric values and
net calorific values when speaking about fire
safety are comparable.
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Abstract

The paper is focusing the calculation of the values of activation energy needed to ignite selected coniferous trees
(Norway spruce, European silver fir, Scotch pine) using the Arrhenius equation. A total of 10 samples from each
species were tested. The lowest air temperature at which the sample ignited within 600 s was recorded as the
spontaneous ignition temperature. The spontaneous ignition temperature was determined according to STN 1SO
871:2010. For the statistical dependence between the induction period and the inverse value of the thermodynamic
temperature, exponential equations were derived from the measured values. The pre-exponential factor in the
derived equations was numerically identical to the pre-exponential factor A required to calculate the ignition
activation energy. Mass loss data of individual wood species were obtained using the non-standard method. The
results of measurements showed that the activation energy values of the tested conifer species were in the range
0f 53,661 + 3,490 J-mol™. Also, differences in mass loss during the thermal loading of individual tree species were
found. The results showed that the greatest mass loss was achieved in the Scotch pine (59.04 %).

Keywords: Activation energy; Coniferous wood; Mass loss; Spontaneous ignition temperature

1 Introduction 1 Uvod

In many countries, forest biomass is the best V mnohych krajinach je lesnd biomasa v
choice in terms of its potential compared to porovnani s inymi obnovitelnymi zdrojmi
other renewable energy sources [1]. Of the energie najlepSou volbou z hladiska jej
lignocellulosic materials, wood is beneficially potencialu [1]. Z lignocelul6zovych materialov
used because of its high density (high energy sa drevo vyhodne pouZiva pre svoju vysoku
content per volume), low ash content and low hustotu (vysoky energeticky obsah na objem),
nitrogen content [2]. Knowledge of the thermal nizkemu obsahu popola a nizkemu obsahu
properties of biomass is also important in terms dusika [2]. Vynimajuc poznatkami o
of fire protection [3]. For this reason, fire dostupnych zdrojoch biomasy na energetické
initiation is a key phase. It results from the fact vyuzitie su informacie o tepelnych vlastnostiach
that without initiation, the fire cannot occur [4]. materidlu dolezité aj z hl'adiska protipoZziarne;
Significant effects on the combustion process, ochrany [3]. Z tohto hladiska je iniciacia
fire initiation and thermal degradation of poziaru klIti¢ovou fazou. Vyplyva to zo
lignocellulosic materials have activation energy skutocnosti, Ze ak neddjde k iniciacii, nemoze
of the material [3]. Generally, the activation dojst k samotnému poziaru [4]. Vyznamny
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energy can be defined as the minimum quantity
of energy which the reacting wood must possess
in order to undergo a specified reaction. The
most frequently tested properties of wood
materials are the flash point temperature and the
spontaneous ignition temperature [4]. These
parameters together with the induction period
are required for the evaluation of materials in
terms of fire dynamics under thermal loading
(fire initiation) [5]. Also the activation energy
values are closely related to the process of
efficient industrial combustion of fuel -
biomass.

The main goal of this paper was to calculate
the values of activation energy needed to ignite
selected coniferous trees (Norway spruce,
European silver fir, Scotch pine) using the
Arrhenius equation. We completed the study
with mass loss data of individual wood species.

2 Material and Methods

For the research were used samples of the
coniferous trees from the territory of the
University Forest Enterprise of the Technical
University in Zvolen.

The spontaneous ignition temperature was
determined according to STN 1SO 871: 2010 in
a hot air furnace using a modified test
procedure. Samples in the solid form measuring
20 x 20 x 10 mm and weighing 2.0 g + 0.2 g
were used. All samples were dried in a hot-air
oven to a moisture content of 9.27% + 0.94%.
The density of individual wood species was as
follows: Norway spruce (455.06 kgm?),
Scotch pine (526.17 kg'm-3) and European
silver fir (454.08 kg-m™). Prior to the tests, the
samples were conditioned at 23 °C+2 °C and
50% =+ 5% relative humidity for 40 hours
according to 1SO 291: 2008.

A total of 10 samples from each species were
tested. The lowest air temperature at which the
sample ignited within 600 s was recorded as the
spontaneous ignition temperature [6,7].

The ignition time was determined using the
Setchkin Furnace test. First, the minimum
spontaneous ignition temperature and the time
to ignition were derived. Subsequently, the
temperature was increased by 10, 20, 30, 40, 50,
60, 70, 80, 90, 100 °C from the initially
determined spontaneous ignition temperature.
The ignition time was measured for each wood
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vplyv na proces spalovania, inicidciu poziaru a
tepelnu degradaciu lignocelul6zovych
materialov ma 1udaj tykajuci sa aktivacnej
energie materialu [3]. Vo vSeobecnosti mozno
aktivacnu energiu definovat ako minimalne
mnozstvo energie, ktoré je potrebné na
uskutocnenie  chemickej reakcie. Medzi
najCastejSie testované vlastnosti pri drevnych
materidlov patri teplota vznietenia a teplota
vzplanutia [4]. Tieto parametre spolu s
indukénou peribdou st nevyhnutné pre
hodnotenie materidlov z hl'adiska dynamiky
poziaru pri ich tepelnom zatazeni, t.. pri
iniciacii poziaru [5]. Taktiez hodnoty aktivacnej
energie Uzko suvisia s procesom ucinného
priemyselného spalovania paliva — biomasy.

Cielom tejto prace bol vypocet hodndt
aktivacnej energie potrebnej na vznietenie
vybranych ihli¢natych drevin (smrek obycajny,
jedla biela, borovica lesna) pomocou
Arrheniovej rovnice. Stadiu sme doplnili
udajmi o ubytku na hmotnosti jednotlivych
druhov drevin.

2 Material a metodika

Na vyskum boli pouzité vzorky ihlicnatych
drevin Z0 zaujmového uzemia
Vysokoskolského lesnickeho podniku
Technickej univerzity vo Zvolene.

Teplota vznietenia bola stanovena podla
STN ISO 871: 2010 v teplovzdusnej peci
pomocou modifikovaného skisobného postupu.
Pouzili sa vzorky vo forme granul s rozmermi
20 x 20 x 10 mm s hmotnostou 2,0 g = 0,2 g.
Vsetky vzorky boli vysusené v teplovzdusnej
peci na obsah vlhkosti 9,27 % + 0,94 %. Hustota
jednotlivych drevin bola nasledovna: Smrek
obycCajny (455,06 kg-m-3), Borovica lesna
(526,17 kg'm-3) a Jedl'a biela (454,08 kg-m-3).
Pred testami boli vzorky kondiciované pri
teplote 23 °C £ 2 °C a relativnej vlhkosti 50 %
+ 5 % po dobu 40 hodin podl'a ISO 291.

Celkovo sa testovalo 10 vzoriek z kazdej
dreviny. Ako teplota vznietenia sa zaznamenala
najnizsia teplota vzduchu, pri ktorej sa vzorka
zapalila do 10 minut [6,7].

Cas do vznietenia vzorky bol stanoveny
pomocou testu v teplovzdusnej peci. Najprv
bola odvodena minimalna teplota vznietenia
a Cas do vznietenia vzorky. Nasledne sa teplota
zvySovala o 10, 20, 30, 40, 50, 60, 70, 80, 90,
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sample at the specified temperature. Each
measurement was repeated 5 times and then the
time was calculated as an average value.

For the statistical dependence between the
induction period and the inverse value of the
thermodynamic  temperature,  exponential
equations were derived from the measured
values. The pre-exponential factor in the
derived equations was numerically identical to
the pre-exponential factor A required to
calculate the ignition activation energy.

Mass loss data of individual wood species
were obtained using the non-standard method.
The method consists in exposing the samples to
a thermal load of a 1000 W radiation panel
located 30 mm far from the sample for 600 s.
The mass loss of the samples (g) was recorded
every 10 s.

3 Results and Discussion

Table 1 presents the following results, the
average value of the induction period, the
average value of the spontaneous ignition
temperature, the pre-exponential factor A and
the value of the activation energy of the
individual species.

100 °C oproti pdvodne stanovenej teploty
vznietenia. Cas do zapélenia sa meral pre kazdu
vzorku dreviny pri stanovenej teplote. Kazdé
meranie bolo opakované 5 — krat a nasledne sa
¢as vypocital ako priemernd hodnota.

Pre statisticki zavislost medzi indukénou
periddou a inverznou hodnotou
termodynamickej teploty boli z nameranych
hodnét odvodené exponencionalne rovnice.
Pre-exponencionalny faktor v odvodenych
rovniciach bol numericky totozny s pre-
exponencionalnym faktorom A, ktory je
potrebny na vypocet aktivanej energie
vznietenia.

Udaje o tbytku na hmotnosti jednotlivych
drevin boli ziskané pouzitim nenormovej
metoédy. Metoda spociva vystaveniu vzoriek
tepelnému zat'azeniu radiacnym panelom s
vykonom 1000 W nachadzajucim sa vo
vzdialenosti 3 cm od vzorky po dobu 600 s.
Hmotnostna  strata  vzorieck  (g) sa
zaznamenavala kazdych 10 s.

3 Vysledky a diskusia

V tabul’ke 1 st uvedené nasledovné vysledky
t. j. priemerna hodnota indukénej periody,
priemernd hodnota teploty vznietenia, pre-
exponencionalny faktor A a hodnoty aktivacnej
energie jednotlivych drevin.

Table 1. Overview of activation energy and its calculation input parameters values

Tabul’ka 1. Prehl’ad aktiva¢nej energie a hodnoty jej vstupnych parametrov vypoctu

. Spontaneous . Activation energy
Induction S Pre-exponential
X ignition of spontaneous
Wood period factor N
: . .,  temperature ., ignition
species /Induk¢na Teplota /Pre-exponencialny I Aktivacna eneroia
/Drevina doba -plota faktor vacna energ
2 (s) vznietenia AC) vznietenia
T (K) Ea (J-mol?)
Norway
spruce 276 705.48 0.015 57,598
/Smrek
obycajny
Scotch
Pine 266 696.39 0.031 52,440
/Borovica
lesna
European
silver fir 288 702.65 0.047 50,944
/Jedl'a biela
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As shown in Table 1, the Scotch pine
reached the lowest induction period, followed
by Norway spruce and the European silver fir.
Also the lowest spontaneous ignition
temperature was reached at Scotch pine
followed by European silver fir and the highest
temperature was reached at Norway Spruce.
The above results shows that the lowest ignition
temperature may not immediately mean the
lowest activation energy.

Similar results were obtained by Martinka et
al. [4]. This study reported the effect of different
form of Norway spruce on activation energy.
Reported activation energy values were as
follows: 44,097 J-mol* (dust sample), 48,106
J-mol? (granular sample) and 59,044 J-mol?
(pellet sample). According to the author value
of the ignition activation energy appears to be
more suitable for evaluating the resistance of
materials compared to the spontaneous ignition
temperature because method according to STN
ISO 871: 2010 allows the determination of the
ignition temperature of the sample to the nearest
10 °C, whereas it is possible to measure the
basic input quantity for the calculation of
activation energy (ignition time) with the
accuracy of 1s.

Other study of the Norway spruce activation
energy value were obtained by Zachar et al. [5]
where reported value was 67,150 J-mol?, which
represents a difference of 14.22%. These
differences can be attributed by the complex
composition of spruce wood and also the
procedure for achieving the individual variables
necessary for the calculation of the activation
energy according to Arrhenius equation.

Figure 1 shows the mass loss (%) during the
thermal load of the sample over 600 s. The
development of the curves of the individual
samples shows the Scotch pine achieved the
greatest mass loss (the balance of 40.96 % of the
sample mass), while the smallest mass loss was
reported in the Norway spruce (the balance of
46.22 % of the sample mass).

Delta 2019, 13(2):111-116
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Ako je uvedené v tabulke 1, najniz$i cas
vznietenia sa dosiahol pri Borovici lesnej,
nasleduje Smrek obycajny a Jedl'a biela. Taktiez
najniz8ia teplota vznietenia sa dosiahla pri
Borovici lesnej, nasledovala Jedl'a biela a
najvysSia teplota sa dosiahla pri Smreku
obyc¢ajnom. Vyssie uvedené vysledky ukazali,

cvwe

cvwe

Podobné vysledky ziskal aj Martinka a kol.
[4] pri testovani vplyvu formy smrekového
dreva na aktivaénti energiu vznietenia. Ich
namerané hodnoty aktivacnej energie boli
nasledovné: 44 097 J-mol? (vzorka z prachu),
48 106 J-mol? (vzorka vo forme granule)
a 59 044 J-mol* (vzorka vo forme pelety). Dalej
autori uvadzaju, Zze hodnota aktivacnej energie
vznietenia sa pre porovnavanie odolnosti
materidlov javi ako vhodnejSia v porovnani
s teplotou vznietenia, pretoze metoda podla
STN ISO 871: 2010 umoziuje stanovenie
teploty vznietenia vzorky s presnostou na
10 °C, pricom na meranie zakladnej vstupnej
veli¢iny pre vypocet aktivaCnej energie (Cas
vznietenia) je mozné s presnostouna 1 s.

Iné wvysledky hodnét aktivacnej energie
u Smreka obycajného ziskali Zachar a kol. [5],
kde ich hodnota predstavovala 67 150 J-mol?,
¢o predstavuje rozdiel 14,22 %. Tieto rozdiely
mozno pripisat komplexnému  zloZeniu
smrekového dreva a tiez postupu na dosiahnutie
jednotlivych  premennych potrebnych na
vypocet aktivacnej energie podla Arrheniovej
rovnice.

Obrazok 1 nam zobrazuje percentudlny
priebeh ubytku na hmotnosti pocas tepelného
zatazenia vzorky pocas 600 s. Vyvoj kriviek
jednotlivych vzoriek ukazuje, Ze najvacsi
ubytok na hmotnosti sa dosiahol u Borovice
lesnej (zostatok 40,96 % hmotnosti vzorky),
zatial Co najmensSia strata hmotnosti bola
zaznamenana u Smreka obycajného (zostatok
46,22 % hmotnosti vzorky).
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Figure 1. Mass loss of tested coniferous wood species

Obrizok 1. Ubytok na hmotnosti testovanych ihli¢natych drevin

4 Conclusions

The results of measurements showed that the
activation energy values of the tested conifer
species were in the range of 53,661 + 3,490
J-mol®. Also, differences in mass loss during
the thermal loading of individual tree species
were found. The results showed that the greatest
mass loss was achieved in the Scotch pine
(59.04 %), followed by European silver fir
(56.97 %) and the wood species with the least
mass loss was Norway spruce (53.78 %).
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Abstract

Changes in chemical components of wood cause not only the changes in wood surface, but also degradation of
some of its mechanical properties. The paper is focusing the changes in ash wood lignin during thermal loading
monitored by ATR-FTIR spectroscopy. In this research, the samples of Common ash (Fraxinus excelsior L.) wood
were heat treated in a laboratory oven under atmospheric pressure in the presence of air. The treatment was per-
formed for 3 h at three different temperatures of 160, 180, and 200 °C. The changes in lignin structure due to
thermal loading using ATR-FTIR spectroscopy were studied. Based on the results of the experiment, it can be
concluded that even at temperatures of 160 to 200 °C there are changes in the structure of the lignin macromole-
cule, while the intensity of the changes increases with increasing temperature of loading. Since lignin binds to
hemicelluloses (especially xylan), it can be assumed that degradation of the lignin macromolecule also results in
disruption of the lignin-saccharide complex and facilitates the release of hemicelluloses.

Keywords: ATR-FTIR spectroscopy; Hardwood; Lignin; Thermal loading

1 Introduction 1 Uvod

Wood is a natural material that can be used for Drevo je vSestranne vyuziteny prirodny
many applications because of its many excellent materidl, a to vdaka svojim vynikajicim
material properties, such as a good strength to materidlovym vlastnostiam, ako je napriklad
weight ratio, easy workability or aesthetic ap- dobry pomer pevnosti k hmotnosti, T'ahka
pearance. However, compared to other building opracovatelnost’ alebo esteticky vzhlad. V
materials, it also has a number of disadvantages, porovnani s inymi stavebnymi materialmi ma
i.e. low resistance to heating and flammability. vSak aj niekolko nevyhod, napriklad nizku
The thermal stability of wood depends on the odolnost’ voc¢i ohrevu a horlavost. Termicka
proportion of chemical components in the wood stabilita dreva zavisi od podielu jeho
Species. chemickych zloziek.

Wood is composed mainly of polysaccha- Drevo sa sklad4 hlavne z polysacharidov a
rides and lignin. These are not insulated in the ligninu. Tieto zlozky nie su v drevnej hmote
wood mass, but linked together, thus forming izolované, ale s navzajom poprepajané,
a lignin - saccharide complex. ¢im sa vytvara tzv. lignin-sacharidovy

komplex. Lignin je aromaticky systém s
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Lignin is an aromatic system with high molecu-
lar weight and amorphous character. It is com-
posed of phenyl propane units which are held
together by ether and carbon-carbon bonds.
There are three types of lignin monomers
- guaiacyl (G), syringyl (S) and
p-hydroxyphenylpropane (H) units [1]. These
differ in the number of methoxyl groups on the
aromatic ring. The content of each unit is varied
with plant types. Softwood lignin is composed
mainly of guaiacyl units, while hardwood lignin
is composed of both guaiacyl and syringyl units.
The content of lignin in wood ranging from 10%
to 30%, whereby in softwoods is higher than in
hardwood species [2,3].

Changes in chemical components of wood
cause not only the changes in wood surface, but
also degradation of some of its mechanical
properties. Under high-temperature conditions,
a series of complex chemical reactions take
place in the wood cell wall, such as oxidation,
degradation and condensation reactions [4,5].
These reactions are in progress not only in a de-
veloped fire, but also in its early stages. Even in
case that wooden constructions or products are
not directly affected by fire but they are only ex-
posed to the heat from a nearby fire, the chemi-
cal components of wood may be irreversibly
changed. The extent of these changes depends
on conditions of thermal loading (duration and
temperature) as well as on wood species.

2 Material and Methods

In this research, the samples of Common ash
(Fraxinus excelsior L.) wood with dimensions
of 32 mm x 32 mm x 120 mm (width x thick-
ness x length) were heat treated in a laboratory
oven under atmospheric pressure in the pres-
ence of air. The treatment was performed for 3
h at three different temperatures of 160, 180,
and 200 °C. One group of samples was left with-
out treatment (control sample). The dioxane lig-
nin was isolated from 10 g of each sample in
200 ml of a dioxane-water mixture (9:1) for 5 h
at the temperature of 80 °C [6]. The changes in
lignin structure due to thermal loading using
ATR-FTIR spectroscopy were studied. The
FTIR spectra were recorded on a Nicolet iS10
FTIR spectrometer equipped with the Smart
iTR attenuated total reflectance (ATR) sam-
pling accessory with diamond crystal (Thermo
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Existujt tri typy monomérov ligninu - guaj-
acyl (G), syringyl (S) a p-hydroxyfenylpropan
(H) [1]. Tieto sa lisia poctom metoxylovych
skupin na aromatickom jadre. Obsah spomina-
nych monomérov je variabilny u jednotlivych
rastlinnych druhov. Lignin ihli¢natych drevin sa
sklada hlavne z guajacylovych jednotiek, zatial
¢o lignin listnatych drevin sa skladd priblizne z
rovnakého podielu guajacylovych a syringylo-
vych jednotiek. Obsah ligninu v dreve sa pohy-
buje od 10 % do 30 %, pricom v ihli¢natych dre-
vinach je vyssi ako v dreve listnatych drevin
[2,3].

Zmeny chemickych zloziek dreva pri termic-
kom zat'azeni sposobuju nielen zmeny povrchu
dreva, ale aj zhorsenie niektorych jeho mecha-
nickych vlastnosti. Pri zvySenych teplotach pre-
bieha v bunkovych stenach rad chemickych re-
akcii, ako su oxida¢né, degrada¢né a konden-
zaéné reakcie [4,5]. Tieto reakcie prebichaju
nielen pri rozvinutom poziari, ale aj v jeho po-
¢iatocnych fazach. Chemické zlozky dreva sa
moézu nezvratne menit’ aj v pripade, Ze drevené
konstrukcie alebo vyrobky nie su priamo za-
siahnuté poziarom, ale su vystavené iba teplu z
blizkeho ohna. Rozsah tychto zmien zavisi od
podmienok termického zatazenia (Cas a tep-
lota), ako aj od druhu dreva.

2 Material a metody

V tejto praci boli vzorky dreva jasena Stih-
leho (Fraxinus excelsior L.) s rozmermi 32 mm
x 32 mm x 120 mm (3irka x hrubka x dizka) ter-
micky zatazené v laboratornej peci pri atmosfé-
rickom tlaku v pritomnosti vzduchu. Uprava
prebiehala 3 hodiny pri troch r6znych teplotach,
a to 160, 180 a 200 °C. Jedna skupina vzoriek
bola ponechana bez zatazenia (kontrolna
vzorka). Dioxanovy lignin bol izolovany z 10 g
kazdej vzorky v 200 ml zmesi dioxan-voda (9:
1) pocas 5 hodin pri teplote 80 °C [6]. Zmeny v
Strukture ligninu spésobené termickym zat’aze-
nim boli pozorované pomocou ATR-FTIR
spektroskopie. FTIR spektra boli zaznamenané
na spektrometri Nicolet iS10 vybavenom Smart
iTR néstavcom s diamantovym krystalom pre
meranie spektier metodou zoslabenia uplné¢ho
odrazu (Thermo Fisher Scientific, Madison,
WI, USA). Spektra boli merané v rozsahu
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Fisher Scientific, Madison, WI, USA).spectra
were measured in the wavenumber range from
4,000 to 650 cm*. A resolution of 4 cm™ and
64 scans per sample were used. Six measure-
ments were performed per sample and the aver-
age spectra were determined and evaluated. The
OMNIC 8.0 software (Thermo Fisher Scien-
tific, Madison, WI, USA) was used for evalua-
tion.

3 Results and Discussion

From the comparison of FTIR spectra of di-
oxane lignin isolated from untreated and ther-
mally treated wood (Figure 1) we can see the
most significant changes in the wavenumber
range 1,800-1,630 cm™, which is characteristic
region for carbonyl and carboxyl groups. The
maximum of peak, which in the case of un-
treated wood leaves at 1,719 cm., shifts with
increasing treatment temperature to smaller
wavenumbers. In the spectra of lignin isolated
from wood treated at temperature of 200 °C it
leaves at wavenumber 1,709 cm™. This suggests
that during thermal loading new C=0 groups
are formed [7]. Furthermore, the intensity of
this peak noticeable increases with simultane-
ously decreasing in intensity of peak at 1664
cm-1 when treatment severity increases. The
observed changes in this region of the FTIR
spectra can be explained by thermal cleavage of
B-arylether groups and subsequent side-chain —
C=0 rearrangement from o- to §-. That means
increasing in non-conjugated carbonyl groups
in relation to conjugated groups [8,9,10]. The
ratio of intensity of its characteristic absorption
bands H1719/1664 are in Table 1.

vlno&tov 4 000 - 650 cm™, pri rozliSeni 4 cm™.
Pri kazdom merani bolo uskutocnenych 64 ske-
nov. Kazda vzorka bola analyzovana Sestkrat, z
tychto analyz boli zhotovené a vyhodnotené
priemerné spektrd. Na hodnotenie sa pouzil
softvér OMNIC 8.0 (Thermo Fisher Scientific,
Madison, WI, USA).

3 Vysledky a diskusia

Porovnanim FTIR spektier dioxanového
ligninu izolovaného z termicky zat'azenych ako
aj nezat'azenej vzorky dreva (obrazok 1) mozno
pozorovat' najvyznamnej$ie zmeny v oblasti
vlnoctov 1 800-1 630 cm? ¢o je
Charakteristicka oblast pre karbonylové
a karboxylové funkéné skupiny. Maximum
absorpéného pasu, ktoré sa v pripade
nezat'azeného dreva objavuje pri 1719 cm-1, sa
so zvySujucou sa teplotou zataZenia posuva
smerom k niz§im vinoctom. V spektrach ligninu
izolovaného z dreva zat'azeného pri teplote 200
°C sa nachadza pri vlnoc¢te 1 709 cm?. To
naznacuje, ze pocCas termického zatazenia sa
tvoria nové C=0O skupiny [7]. Okrem toho,
intenzita tohto absorpéného pasu sa zretelne
zvySuje za suCasného znizovania intenzity
absorp&ného pasu pri 1 664 cm™, ked’ sa zvySuje
intenzita termického zat'azenia. Pozorované
zmeny v tejto oblasti FTIR spektier sa daji
vysvetlit' Stiepenim B-aryléterovych skupin
a naslednym preSmykom C=O v postrannom
ret'azci z a- do B- polohy. To znamena zvySenie
nekonjugovanych  karbonylovych  skupin
v porovnani s konjugovanymi skupinami
[8,9,10]. Pomery intenzit uvedenych
charakteristickych absorpénych pasov
H1719/1664 su v tabul’ke 1.

Table 1. Ratio of intensity of non-conjugated to conjugated carbonyl peak Hi719/1664

TabulPka 1. Pomer intenzit absorpéného pasu nekonjugovanej ku konjugovanej karbonylovej skupine

Ha1719/1664
Control 160 °C 180 °C 200 °C
Hai719/1664 0.800 0.871 1.111 1.438
119
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Figure 1. FTIR spectra of isolated dioxane lignin from untreated (control) and thermally treated (160

°C, 180 °C, 200 °C) ash wood

Obrazok 1. FTIR spektra dioxanového ligninu izolovaného z nezat’azeného (control) a termicky zat’a-
zeného (160 °C, 180 °C, 200 °C) jasenového dreva

The characteristic absorption band for hard-
woods lignin, that contains guaiacyl and sy-
ringyl units, leaves at wavenumber 1,505 cm™.
It is assigned to C=C stretching of the aromatic
skeletal vibrations. The maximum of this band
due to treatment shifts to about 1,509 cm™,
which is a characteristic wavenumber for soft-
wood lignin contained mainly from guaiacyl
units. This suggests the cleavage of methoxyl
groups in lignin which results in a lignin more
similar to softwood or the loss of syringyl units.
Compared to guaiacyl units, syringyl units con-
tains more methoxyl groups, are less condensed
by C-C bonds and more easily released at high
temperatures [9,11,12].

The loss of syringyl units due to thermal
loading is evident also from decreasing in inten-
sity of its other typical bands at 1,326, and 1,121
cm™. Table 2 shows the relative intensity of
mentioned absorption bands. In other study [13]
it was found that low content of methoxyl
groups reduces the heat capacity (Cp) of lignin.
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Charakteristicky absorpény pas ligninu list-
natych drevin, ktory obsahuje guajacylové aj
syringylové jednotky, lezi pri vlnocte 1 505 cm-
!, Prirad’uje sa vibraciam C=C vizieb v aroma-
tickom jadre. Maximum tohto pasu sa vplyvom
termického zataZenia posuva k hodnote 1 509
m, o je charakteristicky vlnocet pre lignin ih-
li¢natych drevin, ktory pozostava hlavne z guaj-
acylovych jednotiek. Tento posun naznacuje
Stiepenie metoxylovych skupin v lignine alebo
ubytok syringylovych jednotiek, v dosledku
¢oho je lignin viac podobny ligninu ihlicnatych
drevin. V porovnani s guajacylovymi jednot-
kami obsahuju syringylové jednotky viac meto-
xylovych skupin, si menej kondenzované viz-
bami C-C a Tahsie sa uvolfuju pri vysokych
teplotach [9,11,12].

Ubytok syringylovych jednotiek v dosledku
termického zatazenia je zrejmy tiez z poklesu
intenzity dalSich charakteristickych absorp-
¢nych pasov, ato pri 1 326 a1 121 cm™. V ta-
bulke 2 st uvedené relativne intenzity spomina-
nych absorpénych pasov. V inej §tadii [13] bolo
zistené, ze nizky obsah metoxylovych skupin
znizuje tepelni kapacitu (Cp) ligninu.
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Table 2. Relative intensity of absorption bands characteristic for syringyl units

Tabul’ka 2. Relativne intenzity absorpénych pasov charakteristickych pre syringylové jednotky

Control 180 °C 200 °C
Ha326/1505 0.396 0.368 0.312
H1121/1505 1.582 1.419 1.202

4 Conclusions

Based on the results of the experiment, it can
be concluded that even at temperatures of 160
to 200 °C there are changes in the structure of
the lignin macromolecule, while the intensity of

4 Zaver

Na zaklade vysledkov experimentu mozno
konstatovat’, ze aj pri teplotach 160 az 200 °C
dochadza k zmenam v Struktire ligninovej mak-

the changes increases with increasing tempera-
ture of loading. Since lignin binds to hemicellu-
loses (especially xylan), it can be assumed that

degradation of the lignin macromolecule also  (naimi xvlanmi y dpokladat’. >
results in disruption of the lignin-saccharide zami (najmd xylanmi), mozno predpokladat, ze

complex and facilitates the release of hemicel- degradiciou ligninovej makromolekuly docha-
luloses. dza k naruseniu lignin-sacharidového kom-

plexu, ¢o napomaha uvolnovaniu hemiceluloz.

romolekuly, pricom intenzita zmien sa zvySuje
so zvySujucou sa teplotou zat'azenia. Kedze
existuju vézby medzi ligninom a hemicelulo-
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Abstract

The paper is focusing the comparison of the sorption capacities of currently most commonly used sorbents by the Fire and
Rescue Corps in Slovakia, i.e. Absodan plus, Expanded perlite, Eko dry plus and Reo Amos. The sorption capacity was deter-
mined in accordance with ASTM F726-2012 and the real sorption capacity on concrete and asphalt surfaces. The results
showed that when testing the sorption capacity of sorption substances used for disposal of petroleum substances,
it is important whether we focus on values of the maximum sorption capacity determined in accordance with
ASTM F726, or on the real sorption capacity on rigid surface, in our case asphalt and concrete, for which the
sorption values are of a lower order (10 — 16 % for Absodan plus, 1 — 4 % for Ex perlit, 12 — 17 % for Eco dry
plus and 39 — 25 % for Reo Amos) compared to the maximum sorption capacity.

Keywords: Sorbents; Engine oil; Diesel fuel; Sorption capacity

1 Introduction

Nature protection is currently highly topical
issue. Substantial sources of pollution include
crude oil and its products mainly hydrocarbon
fuels, lubricants and plastic products. As a
source of environmental pollution (natural or in-
dustrial) we also consider traffic accidents ac-
companied by leaking operating fluids from
cars. Pursuant to the legislation, operating fluids
belong among dangerous substances that must
be captured when leaking and subsequently eco-
logically disposed of. Sorbents are used to cap-
ture those dangerous substances. Loose
sorbents are used as the main means of dispos-
ing of petroleum products such as fuels (petrol
or diesel fuel) and lubricants (engine, gear or
hydraulic oil) leaked from vehicles on a rigid
surface [2,3,8]. Sorption capacity is one of the
most monitored parameters of sorbents [4,5].
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1 Uvod

Ochrana Zivotného prostredia je vysoko
aktualna problematika suCasnosti. Medzi
nezanedbatel'né zdroje znecistenia patri ropa
ako samotna surovina a jej produkty, kde
moézeme zaradit’ hlavne uhlovodikové paliva,
mazivd a plastové vyrobky. Ako zdroj
znecistenia  prostredia  (prirodného alebo
industrialneho) radime aj dopravné nehody, pri
ktorych dochadza k tniku prevadzkovych
kvapalin automobilov. V zmysle legislativy
prevadzkové  kvapaliny radime  medzi
nebezpecné latky, ktoré je pri ich uniku nutné
zachytit’ a nasledne ekologicky zlikvidovat’. Na
zachytavanie nebezpecnych latok sa vyuzivaji
sorbéné latky. Sypké sorbenty sa vyuzivaji ako
hlavné prostriedky pri likvidacii uniknutych
ropnych produktov, ako su pohonné hmoty
(benzin a nafta) amaziva (motorovy,
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The aim of this contribution was to
compare the sorption capacity determined
in accordance with ASTM F726-2012 and
the real sorption capacity on concrete and
asphalt surfaces.

2 Material and Methods

When testing the sorption capacity, we used
engine oil 10W 40, diesel fuel and currently
most commonly used sorbents by the Fire and
Rescue Corps, i.e. Absodan plus, Expanded per-
lite, Eko dry plus and Reo Amos.

The sorption capacity was stated by the
standard testing method of sorption properties
of adsorbents ASTM F726 [6]. The mentioned
testing method refers to the laboratory testing of
sorbents’ properties to remove oil substances
and other floating, non-soluble liquids that do
not form emulsions.

The tested sorption materials were condi-
tioned at 23 + 4 °C and a relative humidity of
70 % = 20% for 24 h before the actual testing as
per ASTM F726. Every measurement was re-
peated three times as stated in the standard [6].

3 Results and Discussion

In Figure 1, it can be seen that the sorption
capacity of the sorbent Reo Amos is the highest
of all evaluated sorbents, with a value of 9.24
(g9/g) for engine oil is higher than the sorption
capacity of sorbent for diesel fuel with a value
of 8.52 (g/g). In case of the Eco dry plus sorbent,
the sorption capacity is also higher for sorbed
oil than diesel fuel. Contrary to that, the sorption
capacity of sorption materials Ex perlit and Ab-
sodan plus was higher for diesel fuel than en-
gine oil. Ex perlit reached a value of the sorption
capacity for oil 3.33 (g/g).
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prevodovy a hydraulicky olej) z dopravnych
prostriedkov na pevhom povrchu [2,3,8]. Medzi
hlavné sledované parameter pri sorbcnych latka
patri hlavne sorb¢na kapacita sorbentov [4,5].

Ciel'om bolo porovnanie sorb¢nej kapacity
stanovenej v zmysle ASTM F726-2012
a realnej sorbCnej kapacity na betonovom
a asfaltovom povrchu.

2 Material a metody

Pri testovani bol pozity motorovy olej
10W 40, motorova nafta a v sucasnosti najcas-
tejSie pouzivané sorpéné latky v HaZZ, medzi
ktoré patri Absodan plus, Expandovany perlit,
Eko dry plus a Reo Amos.

Sorp¢na kapacita bola stanovena Standardnou
testovacou metédou sorpénych vlastnosti adsor-
bentov - ASTM F726 [6]. Spomenuta testovacia
metdda sa vzt'ahuje na laboratorne testovanie
vlastnosti sorbentov pouzivanych na odstrane-
nie ropnych latok a inych plavajucich neroz-
pustnych kvapalin, ktoré netvoria emulzie.

Testované sorpcné materialy boli kondicio-
nované pri 23 =4 ° C a relativnej vlhkosti 70 %
+ 20 % pocas 24 h pred skuto¢nym testovanim
podla ASTM F726. Kazdé meranie sa opako-
valo trikrat, ako sa uvadza v norme [6].

3 Vysledky a diskusia

Na obr. 1 mézeme vidiet, Ze sorpcna kapacita
sorbentu Reo arnos je najvyssia z pomedzi vSet-
kych hodnotenych sorbentov, s hodnotou 9,24
(g/g) pre motorovy olej je vyssia ako sorpcna
kapacita sorbentu na motorovu naftu s hodnotou
8,52 (g/g). Taktiez v pripade sorbentu Eco dry
plus bola sorpéna kapacita vyssia na sorbovany
olej ako naftu. Naopak pri sorpénych latkach Ex
perlit a Absodan plus bola sorpéna kapacita vys-
Sia pri motorovej nafte ako pri motorovom oleji.
Ex perlit mal hodnotu sorp¢nej kapacity pre olej
3,33 (9/9).
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Figure 1. Maximum sorption capacity of sorbents in accordance with ASTM F726
Obrazok 1. Maximdalna sorp¢na kapacita sorbentov podl'a ASTM F726

Similar result for expanded perlite (2 - 4 g/g) is
reported by [7]. The lowest sorption capacity for
oil and diesel fuel had Absodan plus with
a value of 1.06 (g/g). Even lower sorption ca-
pacity of Absodan plus (approx. 0.52 g/g for
used oil, 0.50 g/g for biodiesel and 0.41 g/g for
Verva - diesel) was reported by [1], who tested
sorption capacity of zeolites based sorbents.
These differencies in the sorbents tested by us
can be possibly explained by different structure
of sorbents that relates to the sorption ability
(adsorption / absorption). Sorbents have differ-
ent structure which can be decisive for the sorp-
tion capacity for petroleum products. Contrary
to larger pore surface (mesopore surface area)
which strongly correlates with the oil sorption
capacity, it seems that specific surface area does
not affect oil sorption [1].

The real sorptiom capacity was determined
based on testig procedure proposed by us. On
a platfrom with concrete and asphalt surface
with dimensions (600 x 600 mm) with an area
of 3,600 cm?, 50g of petroleum substance (pet-
rol or diesel) was applied, and was let to spill
spontaneously over the surface for 2 min + 15 s.
Subsequently, a sorbent was applied on the sur-
face, the sorbent weight was adjusted according
to the maximum sorption capacity determined
in line with ASTM F726.

Delta 2019, 13(2):123-128

125

Podobny V}'/sledok pre expandovany perlit 2 -
sorpénu kapacitu na olej aj naftu maI Absodan
plus s hodnotou 1,06 (g/g). Este nizsiu sorpcnu
kapacitu Absodanu plus (priblizne 0,52 g/g pre
pouzity olej, 0,50 g/g pre bionaftu a 0,41 g/ g
pre Verva - nafta) uvadza [1], ktori testovali
sorpcnu kapacitu sorbentov na baze zeolitov.
Moznym vysvetleni tychto rozdielov pri nami
testovanych sorbentov moze byt odlisna struk-
tura sorbentov, ktora suvisi so schopnostou sor-
bovat’ (adsorpcia / absorpcia). Sorbenty maju
roznu $trukturu, ¢o moze byt rozhodujlice pre
sorp¢nu kapacitu ropnych produktov. Na roz-
diel od povrchu vicsich poérov (plocha povrchu
mezopodrov), ktory silne koreluje so sorpcnou
kapacitou olejov, sa zda, ze Specifickd po-
vrchova plocha neovplyviiuje sorpciu olejov
[1].

Redlna sorp¢na kapacita bola stanovena na za-
klade nami navrhnutého testovacieho postupu.
Na platiiu z betonovym a asfaltovym povrchom
s rozmermi (600 x 600 mm) o ploche
3 600 cm? sa aplikovalo 50 g ropnej latky (ben-
zin, resp. nafta), ktora sa nechal samovol'ne roz-
tiect’ po povrchu po dobu 2 min= 15 s. Nasledne
sa na povrch aplikovala sorp¢na latka, hmot-
nost’ sorbentu bola upravena podl'a maximalne;j
sorpénej kapacity stanovenej v zmysle ASTM
726.
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To the spilled petroleum substance a sorbent
was applied and let to act for 1 minute + 15 s.
Subsequently, the sorbent was mixed together
with petroleum substance and it was again let to
act for 1 min £ 15 s. This procedure (mixing of
petroleum substance and sorbent on the testing
surface) was repeated 3 times. The sorbent was
then collected and weighed.

Figure 2 shows the real sorption capacity of
sorbents on asphalt and concrete surface. Based
on the mentioned values, it is evident that the
Reo amos sorbent has the highest value of the
real sorption capacity of all sorbents, regardless
of sorbed substance (oil on asphalt 5.63 g/g and
oil on concrete 5.15 g/g) or type of surface (die-
sel fuel on asphalt surface 6.41 g/g and diesel
fuel on concrete surface 6.63 g/g). Absodan plus
and Eco dry plus can be included among
sorbents with low sorption capacity. The lowest
value of the real sorption capacity was found for
Absodan plus for oil on concrete surface 0.98
g/g and also for Eco dry plus 1.15 g/g. In terms
of the real sorption capacity, it can be concluded
that the Ex perlit sorbent on asphalt surface is
more suitable for sorption of diesel fuel 5.08 g/g
than sorption of oil 2.91 g/g. The measurement
shows that Ex perlit has higher sorption capac-
ity for diesel fuel than for oil, like Reo Amos.

7.00
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0.00

%93 02 05

Absodan plus

Real sorption capacity
Skutocnd sorpcné kapacita(g/g)

5.08
4.28
291 3.27

Ex perlit

Na rozliatu ropnt latku sme aplikovali sorpcna
latku a nechali posobit’ 1 min + 15 s. Nasledne
bol sorbent premiesany spolu s ropnou latkou na
povrchu a znovu bol ponechany 1 min + 15 s
sorbovat’. Tento postup premieSania (ropnej
latky a sorbentu na skuSobnom povrchu) bol zo-
pakovany 3 krat. Nasledne bol sorbent zozbie-
rany a odvazeny.

Na obr. 2 mdézeme vidiet, redlnu sorpcnu kapa-
citu sorbentov na asfaltovom a beténovom po-
vrchu. Z uvedenych hodnét je zjavné, ze sorbent
Reo amos méa spomedzi vSetkych sorbentov naj-
vyssiu hodnotu realnej sorpcnej kapacity a to
bez ohl'adu na sorbovanu latku (olej na asfalte
5,63 g/g a olej na betone 5,15 g/g) alebo druh
povrchu (nafta na asfalte 6,41 g/g a nafta na be-
tone 6,63 g/g). Medzi sorbenty s nizkou sorp-
¢nou kapacitou mozeme zaradit’ Absodan plus a
Eco dry plus. Najnizs$iu hodnotu reéalnej sorp-
¢nej kapacity sme stanovili pre Absodan plus
pre olej na betonovom povrchu 0,98 g/g a tak-
tiez Eco dry plus 1,15 g/g. Z pohl'adu realnej
sorpcénej kapacity pri sorbente Ex perlit na as-
faltovom povrchu sme dospeli k zaverom, Ze je
vhodnejsi pri sorbovani motorovej nafty 5,08
0/g ako pri sorbovani oleja 2,91 g/g. Z uvede-
nych merani vyplyva, ze Ex perlit ma vyssiu
sorp¢nu kapacitu pri nafte ako pri oleji, podobne
ako Reo Amos.

6.41 663

5.63
| 5.15

Reo amos

1.84 191

1.13I1.15

Eco dry plus

Sorption substance/Sorpcna latka
m Asphalt Oil = Asphalt Diesel

Olej na asfalte

Nafta na asfalte

Concrete Diesel
Nafta na beténe

Concrete Oil
Olej na betone

Figure 2. Real sorption capacity of sorbents on asphalt and concrete surface

Obrazok 2. Realna sorpcna kapacita sorbentov na asfaltovom a betonovom povrchu
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4 Conclusions

Our measurements show that when testing the
sorption capacity of sorption substances used
for disposal of petroleum substances, it is im-
portant whether we focus on values of the max-
imum sorption capacity determined in accord-
ance with ASTM F726, or on the real sorption
capacity on rigid surface, in our case asphalt and
concrete, for which the sorption values are of a
lower order (10 — 16 % for Absodan plus,
1—4 % for Ex perlit, 12 — 17 % for Eco dry plus
and 39 — 25 % for Reo Amos) compared to the
maximum sorption capacity.

Sorbents are used to capture oil product leaks in
general, their wide application predetermines
them for quick and effective intervention in traf-
fic accidents, and our results confirm the suita-
bility of their use on the asphalt surface, where
comparable results were achieved between
maximum and real sorption capacity. By the use
of suitable sorbents in the escape of dangerous
liquids, e.g. the use of automotive fluids in road
accidents is a major benefit for ecology and the
environment, but is not least important for their
subsequent ecological disposal.
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4 Zaver

Z nasich merani vyplyva, Ze pri hodnoteni
sorpcnej kapacity sorpcnych latok pouzivanych
pri likvidacii ropnych produktov zohrava dole-
zit Glohu, ¢i sa zameriame na hodnoty maxi-
malnej sorpénej kapacity stanovené podla
ASTM F726, alebo na realnu sorbént kapacitu
na pevnom povrchu, v nasom pripade asfalt a
beton, kde st hodnoty sorpcie rddovo nizsie v
intervale (10 — 16 % pri Absodane plus, 1 -4 %
pri Ex perlite, 12 — 17 % pri Eco dry plus a 39 —
25 % pri Reo Amos), oproti maximalnej sorp-
¢nej kapacite.

Sorpéné latky sa vyuZzivaji na zachytenie
unikov ropnych produktov vo v§eobecnosti, ich
Siroké uplatnenie ich predurcuje na rychli a
efektivny zasah pri dopravnych nehodach, aj
nase vysledky potvrdzuju vhodnost  ich pouzitia
na asfaltovom povrchu, kde boli dosiahnuté po-
rovnatel'né vysledky medzi maximalnou a real-
nou sorp¢nou kapacitou. Nasadenim vhodnych
sorpcnych latok pri iniku nebezpecnych kvapa-
lin, napr. prevadzkovy kvapalin automobilov
pri dopravnych nehodach je velkym prinosom
pre ekologiu a zivotné prostredie, v neposled-
nom rade je vSak dolezitd ich nésledna ekolo-
gicka likvidacia.
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