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Abstract

Wood is a hundred-year proven building material with positive physical and mechanical properties, long life and
high aesthetic standards. It is an ecological and at the same time the only "growing" building material. As its
weakness is its flammability, the issue of wood fire protection is one of the key areas of its research. The paper
generally deals with forms of wood protection against its degradation factors (biotic and abiotic). Briefly, there
are presented methods of structural, physical, chemical modification, treatment, used for its protection. Particular
attention is paid to fire protection and the mechanism of action of protective (retardant) substances. An important
part of the paper is the introduction of results of experimental work, which were focused on the study of the
effect of concentrations (100%, 75% and 50%) and layers number of selected fire-retardant PLAMOR OK
V2026 coating on sample mass loss. The individual concentrations were applied in one or two layers. The results
pointed out the 2-layer coating with 75% concentration of flame retardant to be a good choice for customers, for
both applicability and efficiency.
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1 Introduction 1 Uvod

Wood is a material that has an irreplaceable Drevo je mater.iél, ktory ma v sta\{ebnictve
place in the building industry and is still an nezagtl}pltel’né miesto a aj dnes je Coraz
increasingly used building element today. CastejSie vyuZivanym stavebnym prvkom.

The phenomenon of wood architecture in Fenomén drevnej architektary v mmohych
many European countries does not only mean a kraj 1néch Europy neznamena len navrat 'k
return to traditions and to original values. tradimém a k pévodn}'lm hodnotam. Drevo je
Wood is also positively perceived thanks to its pomtivnp vnimané aj Vd’.aka vynikajucim
excellent mechanical properties, thermal mechgmck}'/m Vla.stnostlam, tepelnoj
properties and overall low energy balanse. technickym vlastnostiam a celkovo nizkej
It is easy to work and bondable, which, in energetickej bilancii. Je 'ahko opracovatel'né a
conjunction with previous features, spajatelné, 'éo v spoieni s predchadzajiacimi
predetermines wood for the construction of Vlastnosjc’arm preduréu]e' drevo na stavbu
economical and energy efficient buildings ekonomickych a energeticky uspornych budov
[1, 6]. [1, 6].
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Wood as a natural material is composed of
three basic organic polymers - cellulose,
hemicelluloses and lignin, that are more or less
prone to damage by abiotic factors (UV
radiation, water, sun, oxygen), biological pests
(fungi), insects, bacteria) and degradation
processes at higher temperatures - fire. That is
the reason why its fire protection is considered
to be required [2, 3].

Presently, wood protection can be
implemented with a set of measures that can be
combined in practice. According to Reinprecht
[3], the basic principles of wood protection
include: structural protection (e.g. using more
durable wood species), physical protection
(e.g. by sterilizing wood by radioactive or UV
radiation), chemical protection (substances
with biocidal, UV-sorption, hydrophobic,
flame retardant and other directional effects),
modification protection (thermal, chemical and
enzymatic treatment of hemicelluloses,
cellulose, lignin and / or extractive substances
in wood cells), fire protection (most often
chemical flame retardants).

The flame retardants can be characterized
as substances that suppress various reaction
events in the thermal load induced material [4].

They slow the thermal decomposition and
burning of wood in various ways [3, 5]:

- Prevent oxygen from entering the wood
surface.

- Insulate the wood substance from the heat
source by forming a solid insulating layer
(e.g. carbonated foam) or charcoal.

- Dilute the pyrolysis gases - dilution of
combustible gases generated during
thermal decomposition of wood with non-
combustible gases.

- Reduce the oxygen concentration - in the
active wood pyrolysis zone by chemical
reaction with oxygen.

- Activate endothermic reactions - especially
dehydration reactions in cellulose and
hemicelluloses, releasing water molecules
while supporting the formation of charcoal
and, on the contrary, suppressing the
formation of combustible gases.

- Prevent carbon oxidation in the charcoal
layer to carbon dioxide - preventing
charcoal.
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Drevo ako prirodny material je zloZeny z
troch zakladnych organickych polymérov —
celul6zy, hemicelul6z a ligninu, ktoré su viac
alebo menej nachylné na poskodenie
abiotickymi vplyvmi (UV Ziarenie, voda,
slnko, kyslik), biologickymi $kodcami (huby,
hmyz, baktérie) a degradacnymi procesmi pri
pOsobeni vyssich teplot — ohna. Vzhl'adom k
uvedenému, nevyhnutnou poziadavkou je jeho
ochrana [2, 3].

V sucasnosti mozno ochranu dreva
realizovat’ siborom opatreni, ktoré sa v praxi
daju vzajomne kombinovat’. Podla
Reinprechta [3], medzi zakladné principy
ochrany dreva patri: konStrukéna ochrana
(pouzitim trvanlivejSich  druhov  dreva),
fyzikalna ochrana (napr. sterilizaciou dreva
radioaktivnym alebo UV Ziarenim), chemicka
ochrana (latkami s biocidnym, UV-sorpénym,
hydrofobiza¢nym, ohniovzdornym a inym
smerovym ucinkom), modifikacnd ochrana
(termické, chemické a enzymatické upravy

hemiceluldéz, celuldézy, ligninu a/alebo
extraktivnych latok v bunkach dreva),
protipoziarna ochrana (najcastejsie

chemickymi latkami — retardérmi horenia).

Retardéry horenia mézeme charakterizovat
ako latky potlacajuce rozne reakéné deje v
materiali vyvolané tepelnou zatazou [4].

Co sa tyka dreva spomal'ujii jeho termicky
rozklad a horenie r6znymi spdsobmi [3, 5]:

- zabranuju pristupu kyslika k povrchu dreva

- tepelne izoluyju drevnu substanciu od
tepelného zdroja — vytvaranim tuhej
izola¢nej vrstvy (napr. skarbonizovanej
peny) alebo drevného uhlia,

- riedenim pyrolyznych plynov — riedenie
horlavych plynov vznikajucich pocas
termického  rozkladu dreva  plynmi
nehorlavymi,

- znizovanim koncentracie kyslika — v zone
aktivnej pyrolyzy dreva formou chemickej
reakcie s kyslikom,

- aktivizuju  endotermické  reakcie —
predovSetkym dehydrataéné reakcie v
celuloze a hemicelulézach za uvoliiovania
molekal vody a za stcasnej podpory
tvorby drevného uhlia a naopak potlacania
tvorby horl'avych plynov,

- brania oxidacii uhlika vo vrstve drevného
uhlia na oxid uhli¢ity — brénia Zeraveniu
drevného uhlia.
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aqueous flame retardant
systems are used, either as concentrated
solutions of suitable inorganic  salts
(ammonium phosphates, ammonium sulphates,
ammonium chlorides, boric acid, chlorides:
magnesium, calcium, zinc, etc.) or as aqueous
dispersions of suitable polymers with the
addition of retardant and foaming agents
(intumescent coatings) [1, 3].

In particular,

In terms of the protection technology used,
we can talk about protection systems based on
wet technology (plastering, spraying, coating),
dry technology (tiling) or coating systems [6].
Practical  techniques for wood flame
retardation include: pressure impregnation,
surface treatments, and addition of a fire
retardant during manufacturing process, and
other flame/fire retardant treatment methods
(e.g. nanocomposite systems, or chemo-
enzymatic method for modifying cellulose
materials [4].

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

Bogdanova, Kobets and Kirlitsa [7] studied
the factors exerting a significant influence on
the termination of the combustion of natural
materials (wood and peat) with the use of
synthetic nitrogen- and phosphorus-containing
fire retardants with different efficiencies. With
the use of a mathematical experimental design
method, it was confirmed that the inhibition of

gas-phase radical processes by volatile
nitrogen-containing products is the
predominant process of  combustion

suppression. It was found that the synergism of
the nitrogen-phosphorus flame retardants is
determined by their complex action:
phosphorus mainly enters organomineral
structures in the condensed phase, and nitrogen
inhibits reactions in a gas phase.

He et al. [8] studied the poplar samples,
which were impregnated with ammonium
polyphosphate fire retardant at various
pressures and durations after they were
pretreated with microwave heating. The effects
of the pressure and duration on the flame-
retardation and smoke-suppression properties
were investigated with cone calorimeter
analysis. The peak heat release rate (pk-HRR),
total heat release (THR), and total smoke
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Uplatiuju sa predovsetkym vodné systémy
retardérov horenia, bud’ ako koncentrované
roztoky  vhodnych  anorganickych  soli
(fosforeCnany amoénne, sirany amonne,
chloridy amoénne, kyselina borita, chloridy:
hore¢naty, vapenaty, zinoc¢naty a pod.) alebo
ako vodné disperzie vhodnych polymérov s
pridavkom retardanych a penotvornych
zloziek (intumescentné naterové latky) [1, 3].

Z hladiska pouzitej technologie ochrany
mozeme hovorit’ o systémoch ochrany na baze
mokrej  technoldgie  (omietky, nastreky,
obetonovanie), suchej technoldgie (obklady)
alebo naterovymi systémami [6]. Medzi
praktické postupy retardacie horenia dreva
patria: tlakova impregnacia, povrchové Upravy,
pridanie retardéra horenia pocas vyrobného
procesu a iné sposoby spracovania retardujuce
plamen/horenie (napr. nanokompozitné
systémy alebo chemo-enzymaticky sposob
modifikacie celul6zovych materialov [4].

Dalej uvadzame niekolko aktualnych prac
zameranych na retardaciu horenia dreva a jeho
testovanie.

Bogdanova, Kobets a Kirlitsa [7] sktimali
faktory, ktoré maji vyznamny vplyv na
ukoncenie horenia prirodnych materidlov
(drevo a raSelina) s pouzitim syntetickych
retardérov horenia s obsahom dusika a fosforu
s roznou ucinnostou. Pouzitim metody
matematického  navrhu  experimentu  sa
potvrdilo, Ze inhibicia radikalovych procesov v
plynnej faze prchavymi produktmi
obsahujucimi dusik je prevladajucim procesom
pri potlaCani horenia. Zistilo sa, ze synergicky
uc¢inok dusika a fosforu je urfeny ich
komplexnym podsobenim: fosfor vstupuje
hlavne do organomineralnych S$truktur v
kondenzovanej faze a dusik inhibuje reakcie v
plynnej faze.

He et al. [8] Studovali vzorky topol’a, ktoré
boli impregnované retardérom horenia —
polyfosfore¢cnanom amoénnym pri réznych
tlakoch a trvani po ich predaprave
mikrovinnym ohrevom. Uginky tlaku a Gasu
pOsobenia na vlastnosti retardacie horenia a
potlacenie dymu sa skumali analyzou
konického kalorimetra. Maximalna rychlost’
uvolnovania  tepla  (pk-HRR),  celkové
uvolnené teplo (THR) a celkové mnozstvo
produktov horenia (TSP) modifikovanych
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product (TSP) of treated woods were compared
for samples of pretreated and untreated with
microwave. After the impregnation, the poplar
wood showed the significant improvement in
its fire resistance. Compared with non-
impregnation wood, the pk-HRR, THR, and
TSP of wood impregnated with ammonium
polyphosphate at pressure of 0.4MPa and
duration of 10 min were 48.29%, 35.58%, and
68.64% less, respectively. The pk-HRR, THR,
and TSP of microwave pretreated wood was
15.89%, 5.69%, and 13.59% less than those
without microwave pretreated sample. They
stated that the microwave pretreatment of
wood can increase fire retardant effectiveness
of ammonium polyphosphate-impregnated
wood.

Merk, Chanana and Gaan [9] studied the
precipitation of CaCOs mineral in Norway
spruce and European beech wood by
alternating impregnation with aqueous and
alcoholic electrolyte solutions. Microstructural
imaging by SEM and confocal Raman
microscopy showed the distribution of calcite
and vaterite as two CaCOj3 polymorphs, which
were deposited deep inside the cellular
structure of the wood. The confined
microenvironment of the wood cell wall
seemed to favor a formation of wvaterite, as
visible by XRD and Raman spectroscopy. In
view of a practical application, they stated that
the mineralization of wood opens ways for
sustainable wood-based hybrid materials with
a significantly improved fire resistance.
Beyond that, this versatile solute-exchange
approach provides an opportunity for the
incorporation of a broad range of different
mineral phases into wood for novel material
property combinations.

Gasparik et al. [10] focused flammability
characteristics of thermally modified oak wood
treated with a fire retardant. The flammability
characteristics were determined for oak wood
(Quercus robur L.), which was thermally
modified at 160, 180, and 210 °C.
Subsequently, the thermally modified and
unmodified wood was treated with a fire
retardant. The effect of the thermal
modification (TM) and fire-retardant treatment
(FRT) on the weight loss (WL), burning rate
(BR), maximum burning rate (MBR), and time
to reach the maximum burning rate (TRMBR)
drevin  boli  porovnané so  vzorkami
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predupravenymi a neupravenymi mikrovinnym
ohrevom. Po impregnacii vykazovalo topol'ové
drevo vyrazné zlepSenie termickej odolnosti. V
porovnani s drevom bez impregnacie, pk-HRR,
THR a TSP dreva impregnovaného
polyfosfore¢nanom amoénnym pri tlaku 0,4
MPa a trvani 10 minuat boli o0 48,29%, 35,58%
a 68,64% nizSie. Hodnoty pk-HRR, THR
a TSP dreva predupraveného mikrovinnym
ohrevom boli o 15,89%, 5,69% a o 13,59%
nizSie ako hodnoty vzoriek neupravenych
mikrovinnym ohrevom. Autori uvadzaju, Ze
preduprava dreva mikrovinnym ohrevom moze
zvysit  UCinnost’  samozhaSania  dreva
impregnovaného polyfosfatom aménnym.

Merk, Chanana a Gaan [9] Studovali
zrazanie mineralu CaCOs v smreku obyCajnom
abuku lesnom striedavym impregnovanim
vodnym a alkoholovym elektrolytovym rozto-
kom. Mikrostrukturalne zobrazovanie
pomocou SEM a konfokalnej Ramanovej
mikroskopie ukazalo distribaciu kalcitu a
vateritu ako dvoch polymorfov CaCOs, ktoré
boli ulozené hlboko v bunkovej Struktare
dreva. Zda sa, Ze uzavreté mikroprostredie
steny drevenych bunick podporuje tvorbu
vateritu, ¢o je zrejmé z XRD a Ramanovej
spektroskopie. S ohladom na praktické
uplatnenie autori uviedli, Ze mineralizacia
dreva otvara cestu pre trvalo udrzatené
hybridné materialy na baze dreva s vyrazne
zlepSenou poziarnou odolnost'ou. Okrem toho
tento postup vymeny rozpustnych latok dava
moznosti na zaclenenie Sirokej Skaly roznych
mineralnych faz do dreva za ucelom ziskania
novych kombinacii materialovych vlastnosti.

Gasparik et al. [10] sa zamerali na §tidium
charakteristik horl’avosti tepelne
modifikovaného dubového dreva oSetreného
retardérom horenia. Charakteristiky horlavosti
boli stanovené¢ pre dubové drevo (Quercus
robur L.), ktoré bolo tepelne modifikované pri
160, 180 a 210 °C. Nasledne bolo tepelne
modifikované a nemodifikované drevo
oSetrené retardérom horenia. Vyhodnoteny bol
vplyv tepelnej modifikacie (TM) a oSetrenia
retardérom horenia (FRT) na ubytok hmotnosti
(WL), rychlost horenia (BR), maximalnu
rychlost’ horenia (MBR) a ¢as na dosiahnutie
maximalnej rychlosti horenia (TRMBR).
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were evaluated. The FRT had an expected
positive effect on all the flammability
characteristics, where the WL, BR, and MBR
decreased, and the TRMBR increased. The TM
temperature did not have a clear effect. As the
TM temperature increased, the WL and BR
decreased. The highest differences were found
at 160 and 180 °C. As the TM temperature
increased for the wood without the FRT, the
TRMBR decreased. During the burning of the
thermally modified wood with the FRT, the
trend was the exact opposite.

Grzeskowiak [11] studied effectiveness of
new wood fire retardants using a cone
calorimeter. Analysis was conducted for two
preparations, Al containing guanidine
carbonate and A2 with urea, in accordance
with the standard ISO 5660-1 and nonstandard
method using Mini Fire Tube. Samples of
Scots pine (Pinus sylvestris L.) wood were
protected using the above-mentioned mixtures
applied under vacuum. Recorded results for
pine wood impregnated with the tested
preparations at a concentration of 15% showed
that they have high fire-retardant effectiveness
at the intensity of the radiant heat of 35kW/m?.
An increase in the number of nitrogen atoms in
the preparation provides greater fire-retardant
effectiveness of the agent.

He et al. [12] used the silica sol (SiO» sol)
and K,COs as flame retardants for wood. The
synergistic effect of SiO; sol and K,COs on the
flame retardancy, leaching resistance, and
thermal properties of wood was investigated.
The limiting oxygen index results revealed a
significant improvement in the flame
retardancy and leaching resistance of the wood
sample treated with K»COj; and SiO; sol using
the double bath technique. The thermal
analysis results showed that the synergistic
effect of K»COs and the SiO; sol effectively
prolonged the degradation of the wood sample
during the charring stage and improved the
stability of the char residue. The
thermogravimetry-mass spectrometry analysis
and scanning electron microscopy results
showed that K,CO; catalysed the degradation
reaction of the wood sample at lower
temperatures resulting in an increase in the
water and carbon dioxide output, and the SiO,
sol formed a compact and melted barrier on the
surface of the char residue, which hindered the
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FRT mal ocakavany pozitivny ucinok na
vSetky charakteristiky horl’avosti, kde WL, BR
a MBR klesali a TRMBR réastol. Teplota TM
nemala jasny ucCinok. Ked sa teplota TM
zvySila, WL a BR sa znizili. Najvyssie rozdiely
boli zistené pri 160 a 180 °C. Ked’ sa teplota
TM zvysila pri dreve bez FRT, TRMBR sa
znizil. Pocas spalovania tepelne upraveného
dreva s FRT bol tento trend presnym opakom.

Grzeskowiak [11] Studoval ucinnost
novych retardérov horenia dreva pomocou
kénického kalorimetra. Analyza sa uskuto¢nila
pre dva  pripravky, Al  obsahujuci
guanidinkarbonat a A2 s mocovinou, ato v
sulade s normou ISO 5660-1 a s nenormovou
metodou s pouzitim Mini Fire Tube. Vzorky
dreva borovice lesnej (Pinus sylvestris L.) boli

oSetrené  vySSie  uvedenymi  zmesami
aplikovanymi vo vakuu. Vysledky testov
borovicového dreva impreg-novan¢ho

uvedenymi pripravkami v koncen-tracii 15%
ukazali, ze uvedené pripravky maji vysoki
ucinnost’ spomalujucu horenie pri intenzite
salavého tepla 35 kW/m?. ZvySenie poltu
atomov dusika v pripravku poskytuje vysSiu
ucinnost’ latky retardujucej horenie.

He et al. [12] pouzili roztok oxidu kremicitého
(8i0,) a K»COs, ako latky retardujiice horenie
dreva. Skimany bol synergicky G¢inok SiO»
roztoku a K»COs na retardaciu horenia,
odolnost’ proti vyluhovaniu a tepelné vlastnosti
dreva. Vysledky limitného kyslikového ¢isla
poukazali na vyznamné zlepSenie odolnosti
voCi horeniu a vylthovaniu drevnej vzorky
oSetrenej K,COs a SiO; s pouzitim techniky
dvojitého kupela. Vysledky tepelnej analyzy
ukazali, ze synergicky t¢inok K,COs3 a roztoku
SiO, G¢inne predizil degradaciu vzorky dreva
pocas S§tadia zuholnatenia a zlepSil stabilitu
zuholnateného zvySku. Vysledky termogra-
vimetrickej hmotnostnej spektrometrie a
skenovacej elektronovej mikroskopie ukazali,
ze KoCO; katalyzuje degradacnu reakciu
vzorky dreva pri nizSich teplotach, ¢o vedie k
zvyseniu uvolfovania vody a oxidu
uhli¢itého a roztok oxidu siri¢itého vytvara na
povrchu kompaktnu a roztavent bariéru, ktora
brani prenosu tepla a horlavych plynov v
kondenzovanej faze. Kombinacia K,CO; a
SiO; roztoku sa teda ukéazala ako slubny
systém retardujici horenie dreva.
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transfer of heat and combustible gases in the
condensed phase. Thus, the combination of
K>,CO; and SiO: sol they proved to be a
promising flame-retardant system for wood.

Mitterova, Zachar and Majlingova [13]
focused the assessment of the chemical
substance with fireproof function application
effect on the thermal resistance of spruce
wood. The results showed the change in effect
of the protective substance at varying
concentration and method of application
(coating, retting), and thus also the different
values of observed variables (mass loss, time
of ignition) of tested spruce samples.

2 Material and Methods

We have subjected the experiment to
samples of spruce (Picea abies), representing
the most widely used wood in structures. The
50 x 40 x 10 mm samples were free of
anatomical and other errors and their humidity
ranged from 8.2% to 8.7%.

The samples of spruce wood were treated
with PLAMOR OK V2026 fireproof coating
produced by CHEMOLAK spA. It is a one-
component, water-dilutable coating based on a
flame-retardants mixture in a polyvinyl acetate
dispersion, with the addition of auxiliary
additives. In the combustion process, by its
thermal decomposition on the wood surface, it
forms a thick foamed layer that insulates the
surface of the treated material from the heat
source.

The application of the substance was done
with a brush, in amount of 0.8 g/ one sample /
one coat (calculated according to the
manufacturer's instructions, who recommended
the amount of 400g / m?) and in various
concentrations: in undiluted - 100%
concentration and diluted with water at 3:1 and
1:1 ratio. The substance at the concentrations
indicated was applied in the form of a single-
layer and two-layer coating, with a time
interval of 24 h, left between the individual
coatings. Five representative samples were
prepared for one testing set.

The test method used for evaluation and the
schematic representation of which is shown in
Fig. 1, is a non-standard method. It allows to
measure the mass loss of the test sample
underthe effect of radiant heat loading.
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Mitterova, Zachar a Majlingova [13] sa

zamerali na hodnotenie chemickej latky
s protipoziarnym  U¢inkom na  termicka
odolnost  smrekového dreva. Vysledky

preukazali zmenu v ucinku ochrannej latky pri
meniacej sa koncentracii a sposobe aplikacie
(nater, macanie), a tym aj na roézne hodnoty
pozorovanych veli¢in (ubytok hmotnosti, ¢as
zapalenia) testovanych vzoriek smreka.

2 Material a metédy

Experimentu sme podrobili vzorky smreka
obyCajného (Picea abies), reprezentujlice
najviac pouzivani drevinu v konStrukciach
stavieb. Vzorky s rozmermi 50 x 40 x 10 mm
boli bez anatomickych a inych chyb a ich
vlhkost’ sa pohybovala od 8,2% do 8,7%.

Vzorky uvedenej dreviny boli povrchovo
upravené protipoziarnym naterom PLAMOR
OK V2026 od vyrobcu CHEMOLAK a.s.
Jedna sa o jednozlozkovd, vodou rieditelnt
naterova latku na baze zmesi retardérov
horenia v polyvinylacetatovej disperzii, s
pridavkom pomocnych aditiv. V procese
horenia vytvara svojim tepelnym rozkladom na
povrchu dreva hrubu napenenu vrstvu, ktora
izoluje povrch oSetreného materialu od
tepelného zdroja.

Aplikacia latky bola vykonana pomocou
Stetca, v mnozstve 0,8 g/jedna vzorka/jeden
nater (prepocet bol vykonany podla navodu
vyrobcu, ktory odporuca 400g/m?) a v roznych
koncentraciach: v neriedenej — 100 %
koncentrécii a riedena vodou v pomere 3:1 a
1:1. Latka v uvedenych koncentraciach bola
nanasana formou  jednovrstvového a
dvojvrstvového nateru, priCom ¢asovy odstup
medzi jednotlivymi natermi bol 24 hodin. Pre
jeden skuSobny subor bolo pripravenych pat’
reprezentativnych vzoriek.

Testovacia metdda, ktord bola pouzita pre
hodnotenie, a ktorej schematické zndzornenie
je na obr. 1, je nenormova metdéda. Umoznuje
merat’t hmotnostny  ubytok testované¢ho
materialu pri  posobeni salavého tepla.
Experiment spoc¢iva vo vystaveni skiSobnych
telies G¢inku tepelného infraziarica s vykonom
1000 W po dobu 600 sekiund, vo vzdialenosti
30 mm od povrchu Ziariaceho telesa. Pocas
skasky sa v pravidelnych 10 — sekundovych
intervaloch zaznamenava ubytok hmotnosti
avizualne sa sleduje pripadné vznietenie
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The experiment consists in subjecting the
sample body to the effect of infrared heater
with a power of a 1,000 W for 600 s, at 30 mm

vzoriek, s vykonanim ¢asového zaznamu, ak
uvedeny jav nastane.

Z nameranych hodnoét sa vypocita relativny

from the surface of the heater body. During the
test, mass loss is recorded at regular 10 s
intervals, and any sample ignition is monitored
visually, with a time recording if the
phenomenon occurs.

ubytok hmotnosti (1) a relativna rychlost’
odhorievania (2) [14].

From the measured values, the relative
mass loss (1) and the relative burn-off rate (2)
are calculated [14].

b, (e)= 2010 g o (1)
) :|5m(r)—5m(r+ﬁrl (%~s'1)
g At (2)

Where: 6,,(t) — relative mass loss over time (1) (%); v, — relative burning rate (%.s™); m(zg) — sample original
weight (g); m(t) — sample mass at time (t) (g); om (t + t A) — relative mass loss over time (7 + Az) (%); At — the
time interval at which weights (s) are read.

Kde: d,(t) — relativny tbytok hmotnosti v ¢ase (1) (%); v- — relativna rychlost’ odhorievania (%-s™); m(zy) —
p6vodna hmotnost’ vzorky (g); m(z) — hmotnost’ vzorky v ¢ase (1) (g); om (t + T A) — relativny Gbytok hmotnosti v
Case (7 + Az) (%); At — Casovy interval, v ktorom sa odc¢itavaju hmotnosti (s).

Fig. 1 Testing method for evaluation of mass loss
Obr. 1 Testovacia metoda na hodnotenie hmotnostného ubytku
1 — infrared heater / infraziari¢, 2 — metal stands / kovové stojany, 3 — scales protection / ochrana véh, 4 —
electronic scales / elektronické vahy, 5 — tested sample / skiiSobna vzorka, 6 — sample holder / drziak vzorky

3 Results and Discussion 3 Vysledky a diskusia

Pri skaske salavym teplom bol hodnoteny
ubytok hmotnosti skasobnych vzoriek.

Mass loss of the test samples was evaluated
in the radiant heat loading test.

Kone¢né hodnoty tubytku na hmotnosti
testovanych  vzoriek uvadza tab. 1.

The resulting mass loss values of the tested
samples are introduced in Tab. 1.
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Tab. 1 Resulting mass loss values of non-treated and treated spruce samples
Tab. 1 Vysledné hodnoty ubytku hmotnosti neoSetrenych a retarda¢ne upravenych smrekovych

vzoriek
Mass loss of tested samples / Ubytok hmotnosti testovanych
Application / Aplikacia vzoriek (%) Average /
Priemer
1 3 4 5
Non-treated samples / Neosetrené vzorky 89.02 89.84 90.40 92.36 93.68 91.06
1-layer 100 % 1 x 36.75 21.94 28.09 26.81 28.96 28.51
coating /
1 vrstvovy 75 % 1 x (3:1 ratio) 28.67 35.75 36.44 31.18 30.65 32.14
At
rater 50% 1 x (1:1 ratio) 64.76 67.94 61.00 67.46 6427 65.09
2-layer 100 % 2 x 15.98 15.37 12.38 13.73 14.20 14.33
coating / 2
vrstvovy 75 %2 x (3:1 ratio) 17.49 22.03 20.59 17.20 21.38 19.74
at
fatet 50% 2 x (1:1 ratio) 2737 29.77 3123 30.57 48.19 33.43

The table of final mass loss values for
spruce wood samples clearly shows that the 2-
layer 100% coating was the most effective.
This way treated samples had the lowest mass
loss values from all test groups (on average
76.7% lower than untreated samples). Very
good values were also found in samples with
2-layer coating with concentration of 75 %,
whose mass loss was only slightly higher,
(about 5.4%) compared to a 2-layer coating
with concentration of 100%. After the non-
treated samples, samples with 1-layer coating
and 50% concentration of flame retardant
reached the worst (highest) mass loss values.

Fig. 2 shows a graph of the relative mass

loss of spruce samples over time.
100
£ so
Z
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@ 0
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Tabulka kone¢nych hodnoét ubytku hmotnosti
vzorieck smrekového dreva jednoznaéne
ukazuje, ze 2 vrstvovy 100% nater bol
najucinnejsi. Vzorky stouto upravou mali
najniz§ie hodnoty Ubytku hmotnosti zo
vSetkych testovanych skupin (v priemere
0 76,7% nizsie ako neoSetrené vzorky). Velmi
dobré hodnoty vykazovali aj vzorky s 2
vrstvami  75%  nateru, ktorych ubytok
hmotnosti bol len o nieCo vyssi (cca o 5,4%)
v porovnani s 2 vrstvovym 100% naterom. Po
neosetrenych vzorkach mali najhorSie hodnoty
ubytku hmotnosti vzorky s 1 vrstvou 50%
nateru.

Na obr. 2 uvadzame graf zavislosti ubytku
hmotnosti smrekovych vzoriek na Case.

400 600

Time / Cas (s)

100 % 1x

100 %o 2x 75 % 1x

50% 2x

Fig. 2 Dependence of mass loss over time on non-treated and retardant treated spruce samples
Obr. 2 Zavislost’ ibytku hmotnosti na ¢ase neupravenych a retarda¢ne upravenych smrekovych

vzoriek
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From the course of the curves in Fig. 2 is
evident that the mass loss values of untreated
samples and samples treated with 1-layer
coating with concentration of 50% started to
increase more rapidly after the first minute of
the test. We note that the time of rapid increase
in weight loss corresponds to the time of
ignition of the samples (in case of untreated
samples, the ignition occurred on average in 66
s, and in case of samples treated with 1-layer
of 50 % concentration coating ignition
occurred in 92 s on average). With regard to
other treatments, the retarder has formed a
sufficiently effective protective layer to
prevent the ignition of samples and thus a rapid
increase in mass loss values. The graph shows
that the best protection was provided by a 2-
layer undiluted coating, a slightly worse result
was achieved by application of 2-layer coating
with concentration of 75%. Samples with
100% concentration 1-layer coating showed
increased mass loss values mainly after
seventh minute. Samples with 1-layer coating
with  75% concentration achieved results
comparable to those of 2-layer coating with
50% concentration, indicating the same
efficiency.

The protective function of the retardant
used was to form a foam layer that isolated the
treated spruce samples from the heat source. In
Fig. 3, which shows the samples after the test,
we can see that the foaming height and thus the
protective function depended on the number of
coating layers and the dilution ratio. The
greatest foaming occurred when applying 2
layers coating with concentration of 100%,
somewhat less foaming was observed when
applying 2 layers coating with concentration of
75%. As the results showed, these two
applications gave the tested samples the best
protection and thus provided the lowest mass
loss, too.
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Z priebehu kriviek na obr. 2 vidiet, zZe
hodnoty Ubytku hmotnosti neoSetrenych
vzoriek a vzoriek oSetrenych 1 vrstvou 50%
nateru zacali rychlejSie narastat’ uz po prvej
minute testu. Konstatujeme, ze Cas rychleho
narastu ubytku hmotnosti koreSponduje s
Casom vznietenia vzoriek (pri neoSetrenych
vzorkach doslo k vznieteniu priemerne v ¢ase
66 s; pri vzorkach osetrenych 1 vrstvou 50%
nateru priemerne v ¢ase 92 s). Co sa tyka
ostatnych uprav, retardacna latka vytvorila
dostatoéne uc¢inni ochranni vrstvu, ktord
zabranila vznieteniu vzoriek a tym aj rychlemu
narastu hodndét ubytku hmotnosti. Z grafu
vidiet’, ze najlep$ia ochrana bola zabezpecena
2 vrstvovym neriedenym naterom, o nieco
horsi vysledok bol dosiahnuty aplikaciou 2
vrstiev 75% nateru. Vzorky so 100% naterom
vjednej vrstve vykazovali zvySené hodnoty
ubytku hmotnosti hlavne po siedmej minute.
Vzorky s 1 vrstvou 75% nateru dosiahli
vysledky  porovnateIné s vysledkami 2
vrstvového 50% nateru, ¢im poukazali na
rovnakil u¢innost’.

Ochranna funkcia pouzitej retardacnej latky
spocivala vo vytvoreni penovej vrstvy, ktora
izolovala oSetrené smrekové vzorky od
tepelného zdroja. Na obr. 3, ktory zobrazuje
vzorky po teste vidime, ze vySka napenenia
atym aj ochranna funkcia zavisela od poctu
nanaSanych vrstiev aod pomeru riedenia.
vrstiev 100% nateru, onieCo menSie
napenenie bolo zaznamenané pri aplikacii 2
vrstiev  75%  nateru. Ako  vyplynulo
s vysledkov, tieto dve aplikdcie poskytli
testovanym vzorkdm najlepSiu ochranu a tym
zabezpecili aj najnizsi ubytok hmotnosti.
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Fig. 3 Photo documentation of spruce samples after thermal loading
Obr. 3 Fotodokumentacia smrekovych vzoriek po termickom zat’aZeni

4 Conclusions

The aim of the experiments was to
determine the influence of the concentrations
and number of layers of the selected flame
retardant coating on the mass loss of spruce
wood samples.

Based on the results of the study, we can
state the following:

- The use of a flame retardant resulted in a
decrease in the mass loss of the treated
samples against untreated.

- Regarding the dilution effect on retardant
efficiency, we can conclude that efficiency
decreased with increasing dilution ratio.

- Similar statement can be applied when
comparing the effect of the number of
coating layers on the treatment efficiency,
i.e. PLAMOR OK 1-layer coating gave
less protection than 2-layer application.

It is also possible to see from the test results
how the dilution and the number of layers of
coating affects the efficiency of the flame
retardant and the importance of the fire
protection and fireproof treatment of wood
material and wooden constructions.
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4 Zaver

Cielom experimentov bolo zistit' vplyv
koncentracii apoCtu  vrstiev  vybrané¢ho
protipoziarneho nateru na ubytok hmotnosti
vzoriek smrekového dreva.

Vychadzajac z vysledkov S$tudie modzeme
konstatovat’ nasledovné:

- pouzitim ochrannej latky doSlo k poklesu
ubytku hmotnosti oSetrenych vzoriek voci
neosetrenym,

- Co sa tyka vplyvu riedenia na ucinnost
retardacnej latky, mozeme konstatovat, ze
ucinnost’  klesala so zvySujucim sa
pomerom riedenia,

- podobné konStatovanie plati aj pri
porovnani vplyvu poétu nanasanych
vrstiev na aCinnost  ochrany, tzn.
jednovrstvovy nater latky PLAMOR OK
poskytol slabsiu ochranu ako pri aplikacii
v dvoch vrstvach.

Z vysledkov testovania je mozné tiez vidiet’
ako ovplyviluje riedenie a pocet vrstiev
naterovej latky jej ucinnost a vyznam
protipoziarnej ochrany a protipoziarnej tpravy
konsStrukcii z dreva a drevenych materialov.
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According to the test results, a good choice
for the treatment of spruce wood with
PLAMOR OK V2026 is its application in
undiluted form and 2 layers. Application of
this substance at 75% concentration and 2
layers was also advantageous, although it has a
somewhat weaker effect compared to the
undiluted form. It may be a better choice over
the undiluted form in terms of applicability
(spread ability), with the formation of lumps.

Very important role in case of fire plays
time, i.e. time to evacuate persons, animal and
valuable things, structures fire resistance time,
time to take effective action. This time can be
gained just by fire protection of structures
using flame retardants.
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