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An intumescent fire retardant coating can effectively control fire spread and damage. Its 
dual purpose is to confine the surface spread of flame to the boundaries of an already 
established fire, and to retard the penetration of heat and flame to and through the coated 
surface. Our composition expanded and provided an insulation layer between the flame 
source and the combustion substrate, and liberated a quantity of primarily non-flammable 
decomposition products which tended to extinguish the flame. The main ingredients of the 
coating were cellulose acetate butyrate and HMDI (Desmodur N) for polyurethane, and 
Chlorowax-70 (chlorinated paraffins) as fire retardant component. This fire retardant 
coating was applied to wood panels, and tested in a 2-foot tunnel, its flame spread rating 
being measured. The effects of three parameters of interest were investigated: the type of 
wood used, the percentage of Chlorowax, and the coating thickness. It was found of interest 
to study the oxidation of the coating using different techniques, e.g. flash pyrolysis under 
oxygen and GC/MS for analysis of the decomposed products. Combustion studies of the 
coating were also conducted using DSC and thermogravimetry, either with the scanning 
mode or under isothermal conditions. Comparisons were made between the results obtained 
from pyrolysis and combustion. 

When wood  is exposed to  external  heating, i t  undergoes thermal  degradat ion giving 

o f f  f lammable  or combust ib le  gases and leaving behind a charcoal residue. Flaming 

takes place if the rate of  emission of  these gases or volat i les is suf f ic ient  to  fo rm a 

combust ib le  m ix tu re  w i t h  the surrounding air. Ign i t ion  of  wood  usual ly occurs at 

surface temperatures of  300 to  430 ~ depending on the t ype  of  wood  and the distance 

of  the ign i t ion source f rom wood  surface. 

An  intumescent  f i re retardant  coat ing can e f fec t ive ly  cont ro l  f i re spread and 

prov ide suf f ic ient  t ime fo r  the evacuat ion of  personnel. Its dual purpose is to  conf ine 
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468 BHATNAGAR et al.: STUDY OF THE COMBUSTION 

the surface spread of flame to the boundary of the already established fire, and to 
retard penetration of heat and flame to, and through, the coated surface. The scheme 
showing the behaviour of a fire retardant coating when exposed to fire, is given in 
Fig. 1. Two transfers take place from the fire to the surface of the coating: a heat 
transfer responsible for the heating of the coating and the wood, and a mass transfer 
responsible for the combustion when associated with oxygen. Decomposition of the 
coating, or rather part of it, takes place with a low endothermic effect and non- 

Wood 
Fire retardant coatirKj 

pyrolysis 
gases ] i Heat 0 transfer 

Flame source 
Fig. 1 Scheme of a substrate and fire retardant coating exposed to the flame 

flammable gases are given off. These gases hinder oxygen diffusion and transfer to the 
coating surface and reduce the exothermic reaction of the combustion. Another 
interesting phenomenon takes place with an intumescent fire retardant coating: 
when the end of pyrolysis is drawing near, a swollen crust remains on the solid 
material surface, with a low heat transfer conductivity. This puffed up or intumesced 
crust is not flammable and provides further protection of the wood against the fire. 
Of course, the coating is not sufficient to withstand a large fire. However both these 
effects (non-flammable gas production and the low heat transfer of crust) retard the 
propagation of the fire, and this delayed fire effect is of great interest in fire tech- 

nology. 
Thus the main object of this work is to study a clear fire retardant coating having 

application characteristics of a high quality coating. The main ingredients of the 
composition are: cellulose acetate butyrate and Desmodur N for PU, and Chlorowax-70 
a chlorinated paraffin as the fire retardant [1, 2]. This composition was found [3] to 
expand and provide an insulation layer between the flame source and the combustion 
substrate. On decomposition, the coating liberated a quantity of non-flammable 
products which tended to extinguish the flame or slow its advance. 

The coating applied to wood panels was tested in a 2-foot tunnel. The flame spread 
rating was measured and the effect of 3 parameters of interest i.e. the type of wood, 
the percentage of Chlorowax, and the coating thickness were investigated. 

DSC and thermogravimetry experiments were performed either with the scanning 
mode or under isothermal conditions. The coating was also subjected to oxidation 
using flash pyrolysis under oxygen, and the decomposition products were analysed 
by GC/MS. 
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Experimental 

I. Preparation of  fire retardant coating [3, 4] 

The main ingredients of the coating were cellulose acetate butyrate and HMDI for 
the PU, Chlorowax-70 (Diamond-Shamrock Chemical) as chlorinated paraffin, and 
methyl isobutyl ketone as solvent. Desmodur N was used instead of HMDI in this 
work; it resulted from the reduction of 3 moles of HMDI with 1 mole of water and 
the release of 1 mole of CO2. Cellulose acetate butyrate is a resin suitable for coating 
purposes. Dibutylin dilaurate and Desmorapid were added to improve the drying 
slip properties of the coating. The chlorinated hydrocarbon and cellulose acetate 
butyrate were blended together in the solvent as component A, and the polyiso- 
cyanate was added as component B. 

Component A Cellulose acetate butyrate 48 
Chlorinated paraffin 18 
Mar and slip additive 0.6 

Component B Desmodur N 33.4 

The coating dried tack-free within 1 hour or less, and required about 2 days to reach 

maximum hardness. 

2. Fire retardancy test 

A 2-foot tunnel [5] was used to test the coated panels. The sample holding rack 
utilizes a 30 in. by 4 in. specimen and is inclined at 30 ~ to the horizontal. The coating 
was subjected to the flame for 4 minutes. During this time, the length of the flame 
front as it spread along the surface was recorded every 20 s. The flame spread rating, 
FSR, was calculated from the maximum front advance on the panel surface as com- 
pared with that of red-oak and asbestos millboard, which are arbitrarily assigned 
values of 100 and 0, respectively: 

Lsarnpl e - Lasbestos 
FSR = 1 0 0 - -  

Loa k - Lasbestos 

where L was the average maximum length of the flame front on the chosen material. 

3. Thermogravimetry 

TG studies were conducted using an Ugine-Eyraud G 70 (Setaram) thermobalance 
under isothermal conditions. Measurements were carried out in air. The sample 
weighed about 200 mg. The loss in weight was recorded continuously. 

4. Calorimeter 

A DSC 111 (Setaram) differential scanning calorimeter was used. About t0 mg of 
sample was deposited on the aluminium holder. Measurements were made in the 
presence of air. 
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5. Flash pyrolysis system 

For this study, the coating samples were employed in different ways: scraping of 
a dried coating layer deposited on a glass surface, or soaking the pyrolysis wire with 

the coating solution and evaporating the solvent. In both cases, about 0.5 mg of the 

sample was inserted into the pyrolyzer. 
A CDS Pyroprobe was coupled to a Varian 3700 GC and a Varian 1440-Mat 112 

spectrophotometer. The experiment was carried out at 400, 600 or 800 ~ The temper- 
ature of the pyrolysis chamber was 94 ~ The rate of heating was about 10.000 deg/s 
for the wire, wi th a pyrolysis time of 10 s. The amount of air circulated in the 
pyrolysis chamber was more than needed for the oxidation. 

The GC was equipped with a 50 cm Tenax precolumn and a 150 cm column con- 
taining 3% SE 30 supported on a carrier. In other experiments, a 5 cm zeolite pre- 
column followed by a 150 cm Porapak Q column was used. The carrier gas was helium 
(16 cm3/min). The temperature conditions were 230 ~ for the injector and 320 ~ 
for the detector. The temperature programme of the column was started at 60 ~ and 
than raised gradually, at 20 deg/min, up to 300 ~ 

Results 

1. Fire retardancy measurements 

The effects of three parameters were investigated: the type of wood used, the 
percentage of Chlorowax-70, and the coating thickness. 

-- Ef fec t  o f  type o f  wood 

Our coating formulation was tested on several types of wood, using a dry f i lm 
thickness of 0.24 mm (10 mils) as shown in Table 1,The relative decrease in the FSR 
was roughly the same for the different kinds of woods. 

Table 1 Dependence of the FSR on the kind of wood 

Wood Uncoated Coated Relative decrease 

Poplar 128 65 0.53 
Red oak 100 50 0.50 
Douglas fir t 15 45 0.61 
Birch 110 43 0.59 
Masonite 90 41 0.54 
Asbestos 0 --- -- 

-- Ef fect  o f  Chlorowax-70 content  

Results are illustrated in Fig. 2, which shows the FSR against the proportion by 
weight of Chlorowax-70, in the range 0-40%. While it might appear logical that in- 
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Fig. 3 FSR as a function of coating thickness (mil). Poplar. 20% Chlorowax-70 

creasing the amount of Chtorowax-70 wil l  provide more insulation or foam thickness, 

Fig. 4 shows that this is not always the case. Beyond a value of 17%, increase in the 

Chlorowax-70 content did not decrease or affect the FSR to any appreciable extent. 

- E f fec t  o f  coat ing thickness 

Figure 3 shows a significant increase in flame retardancy properties wi th increase 

in the number of coats. The opt imum f i lm thickness was 5---6 mils; beyond this, any 
increase in thickness had only a relatively small effect on the FSR. Attempts were 
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made to develop a first-order equation covering all the values. Table 2 gives the ratio 
of the relative decrease in the FSR to the coating thickness. In principle, our ex- 
perimental values agreed with the equation, but the accuracy was not so good as 
desired. 

Table 2 Variation of K with coating thickness 

Thickness (mil) 1 2 3 4 5 6 
K 0.25 0.22 0.18 0.16 0.14 0.12 

d__LFSR] 
FSR = K  ~ [coating thickness] 

2. TG studies 

- TG results under dynamic condit ions 

Typical curves are given in Fig. 4 for the PU and the coating (PU + Chlorowax) 
wi th heating at 4.5 deg min -1 in air. Comparison of these curves with curves obtained 
under the same conditions but in an inert gas or in vacuum revealed that the degrada- 

6C 

Temperature ~ ~ 
ZOO 300 z, O0 __j00 

I ~ I 

Fig. 4 Thermal curves of the PU and the coating in air with a heating rate of 4.5 ~ 

t ion actually took place in two different steps, depending on the temperature of 
pyrolysis. For temperatures below 350--400 ~ , the degradation was controlled by 
pyrolysis and the curves obtained in air were almost the same as those determined 
in nitrogen or in vacuum. The behaviours of the PU and the coating were quite dif- 
ferent since the loss in weight started at about 150 ~ for the coating and at 200 ~ for 
the PU alone. This result could be explained by the higher volati l i ty or decomposition 
rate of Chlorowax. Throughout the loss in weight range 5-55%, the curves were 
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Fig. 5 Isothermal TG of the PU and the coating in air 
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Fig. B Pyrolysis rate as a function of weight loss of PU and coating, for kinetic treatment 

almost parallel, bu t  for  a higher weight  loss (around 65%) at 400 ~ these curves 

intersected. 
A t  temperatures around 450 ~ a d i f ferent  process contro l led the degradation, since 

combust ion took  place for  both PU and coating samples. The rate of weight  loss was 

part icular ly fast in this stage. This was the main observed dif ference between the 

curves studied in nitrogen and in air. 

- -  TG resul ts  u n d e r  i s o t h e r m a l  c o n d i t i o n s  

Figure 5 compares the isothermal degradation in air of the PU alone and the coating 

at d i f ferent  temperatures, For temperatures be low 400 ~ , at the start of  degradation 
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for a time less than 10 minutes, the rate of weight loss for the coating was higher than 
for the PU alone. All these isothermal curves displayed an asymptotic tendency at 
high degradation times. Asymptotic values were lower for the coating (60%) and 
higher for the PU alone (80%). For temperatures around 450 ~ and higher, the rate of 
degradation was very fast for both the PU and the coating as the reaction was near 
completion. This decomposition in air therefore differed considerably from the 
pyrolysis in nitrogen. 

Kinetic studies were carried out on the decomposition of the coating and the PU 
by plotting the rate of decomposition against the loss in weight, as shown in Fig. 6. 
The overall degradation was found to obey a first-order reaction. 

3. DSC studies 

The behaviour of the PU alone and the coating in air is shown in Fig. 7, where 
DSC was programmed from room temperature up to 500 ~ at a rate of 10 deg/min. 
These curves were quite different. The coating showed a peak at around 270 ~ and a 
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Fig. 7 DSC of the PU and the coating in air. (a) PU, weight; 8.57 mg, dT/d t  = 10 deg/min, at- 
mosphere: air; (b) PU + Chlorowax; weight 8.41 mg 

A 
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Fig. 8 DSC of the  coating in air and argon. PU + Chlorowax, weight: 8.41, dT/dt = 10 deg /min ,  
(a) in air; (b) in argon weight: 8.99 mg 
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slight thermal effect above 430 ~ The PU alone showed a very large peak at around 
380 ~ located between two smaller peaks at 350 and 450 ~ A comparison is made in 
Fig. 8 between DSC curves obtained in air and in argon for the coating. A peak at 
270 ~ is observed in both curves. However, a difference between these curves appears 

at 430 ~ . 
Two conclusions were derived from these qualitative data: the PU alone began to 

ignite or burn quickly at 380~ the coating did not burn as soon as the PU did and 

the ignition temperature was higher, at around 420 ~ . 

4. Flash pyrolysis studies 

The combustion products of Chlorowax-70 at 600 ~ are shown in Table 3, while 

those of the coating are given in Table 4. 
The study showed that for the Chlorowax-70, only a part of the degradation was 

achieved at 400 ~ The same decomposition products were formed at 400 and 600 ~ 
except that for at 600 ~ nitrogen derivatives as acrylonitri le and imidazole were also 

found (Table 5). 
Another complementary analysis was carried out on the degradation products at 

400 and 600 ~ Several oxygen-bearing compounds such as ketone, acetic acid, e t c , . . .  

Table 3 Combustion products of Chlorowax at 600 ~ 

CO 2 
Chloroethylene + chloroethane 
Chloroethane + HCI + dichloroethylene 
Chloroethane 
Chlorobenzene 
o-m-p-Dichlorobenzenes 
Trichlorobenzene 

Table 4 Combustion products of the coating at 600 ~ 

CO 2 + CH2=CHCI + CH3-CH2CI 
CO 2 + 1-butene + isobutylcyanate 
Benzene 
Methyl isobutyl ketone 
Chlorobenzene 
Ethylbenzene + o-m-p-xylenes 
o-m-p-Chlorotoluenes 
o-m-p-Dichlorobenzenes 

were observed (Table 6). It was also clearly evident that the coating began to degrade 
at 400 ~ but it evolved combustion products at 600 ~ with a large amount of CO2 at 
a more rapid rate. 

The last experiment was conducted at 525 ~ followed by a 800 ~ study (Table 7). 
It shows that almost complete combustion was obtained at 525 ~ 
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Table 5 Combustion products of the coating at 400 ~ and 600 ~ successively 

400 ~ 600 ~ 

CO2 
CO 2 
Propylene 
Chloromethane + propane + CO 2 
H20 + vinyle chloride 
I -butene 
H20 § ketone + propanol 
H20 + acetic acid 
H20 + acetic acid 
Chloropropane 
Methylethyl ketone 
Butanoic acid 

CO2 
CO 2 
CO 2 + methyl isobutyl ketone 
Methytisobutyl ketone 
Toluene + methyl isobutyl ketone 
Monochlorobenzene 

Table 6 Combustion products of the coating at 400 ~ and 600 ~ , successively 

4O0 ~ 600 o 

N 2 + CO 2 + little 02 
CO 2 + H20 
Propane + propene + air -F CO 2 

+ chloroethane 
Chloroethane + methyl ethyl ketone 
Benzene 
Methyl isobutyl ketone 
Methyl isobutyl ketone 
Methyl isobutyt ketone + toluene 
Chtorobenzene + toluene 
o-m-p-Dimethylbenzenes (xylenes) 

+ toluene + 2.5 diethylfurane (C8H]20) 
2, 3, 4, 5 Tetramethylfurane 
Dichtorobenzene 
Trichlorobenzene 

N2 
CO2 
CO2 
Acrylonitrile (CH2=CH-CN) 

+ imidazole (C3H4N 2) + propane 
Chloroethane + methacrylonitrile 

+ 1-butene 
Benzene 
Methyl isobutyl ketone 
Methyl isobutyt ketone 
Toluene + methyl isobutyl ketone 
Monochtorobenzene 
o-m-p-Xylenes + monochlorobenzene 
o-m-p-Chlorotoluenes 
Trichlorobenzene 

Conclusions 

Some differences appeared in the results obtained by the d i f ferent  techniques. 

They resulted mainly f rom the fact that  some techniques, e.g. flash pyrolysis and 

DSC, were employed under dynamic condi t ions as far as the temperature was con- 

cerned, whi le others, e.g. isothermal TG, were conducted under steady condit ions. 

These techniques provided useful and complementary data on the degradation and 

combust ion of the coating. Pyrolysis was fo l lowed by GC/MS analysis of  the degrada- 
t ion products. TG and DSC scanning mode gave the temperature range of degradation 
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Tabel 7 Combustion products of the coating at 525 and 806 ~ successively 

477 

525 ~ 806 ~ 

CO2 
1-Butene + chloroethane 
H20 
HCI + isobutyl alcohol 
l-Chloropropane 
Propylenediamine + acetic acid 
Acetic acid 
Benzene + N,N-dimethylformamide C3HTNO 
Methyl isobutyl ketone 
Toluene 
Butanoic acid 
Chlorobenzene 
5-Cyano-l-hexene + o-m-p-xylenes 
o-m-p-Dichlorobenzenes 
Trichlorobenzene 

N2 
CO2 
Chloroethane + HCI 
HCI 
Benzene 
Toluene 

and combust ion.  The results obta ined f rom isothermal TG led to  kinetics data for  

the overal l  react ion of  degradat ion and combust ion.  

A l l  these results and more were needed fo r  evaluat ion of  the t ime at which a 

substrate reached the ign i t ion temperature when covered w i th  a f i re retardant  coating. 
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Zusammenfassung -- Ein schwellender feuerhemmender 0berzug kann Ausbreitung und Schfiden 
von Feuer wirksam einschr~nken und wird zwei Zwecken gerecht: Verhinderung der Ausbreitung 
von ausgebrochenem Feuer und Schutz der iiberzogenen Oberfi~che vor Hitze- und direkter Flam- 
meneinwirkung. Die beschriebene Komposition quil lt und bildet eine Isolationsschicht zwischen 
der Flammenquelle und dem brennbaren Material, liefert zugleich abet auch eine gewisse Menge 
von nichtbrennbaren, die Flamme erstickenden prim~ren Zersetzungsprodukten. Die Haupt- 
bestandteile des 0berzugs sind Celluloseacetat und -butyrat und HMDI (Desmodur N) f~ir Poly- 
urethan sowie Chlorowax-70 (chlorierte Paraffine) ats feuerhemmende Komponente. Dieser feuer- 
hemmende 0berzug wurde auf Holzplatten aufgebracht und in einem 2ft-Tunnel getestet, wobei 
die Flammenausbreitungsgeschwindigkeit gemessen wurde. Der EinfluE von drei interessierenden 
Parametern wurde untersucht: Typ des benutzten Holzes, Anteil von Chlorowax und 0berzugs- 
schichtdicke. Es erwies sich als interessant, die Oxydation des 0berzugmaterials mit verschiedenen 
Techniken zu untersuchen, z.B. dutch Schnellpyrolyse und Analyse der Zersetzungsprodukte 
mittels GC/MS. Verbrennungsuntersuchungen des 0berzugmaterials wurden auch mittels DSC 
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und Thermogravimetr ie entweder nach der scanning-Arbeitsweise oder unter  isothermen Bedin- 

gungen ausgefLihrt. Die bei Pyrolyse und Verbrennung erhaltenen Ergebnisse werden miteinander 

verglichen. 

Pe3~oMe - -  BcnyHHBaHHe OFHeCTO~KHX nOKpblTHH MO)KeT Cfly)KHTb 3Cl)I~eKTHBHblM KOHTpOTleM 

pacnpocTpaHeHHR rl~aMeHH H Bbl3blBaeMblX HM noBpe>KAeHH~. Bo-nepBblX, TaKOe BcI3yHHBaHHe 

orpaHHqHBaeT rlOBepXHOCTb pacFIpOCTpaHeHHR rlJlaMeHH K FpaHHI~aM y>Ke yCTaHOBHBWeFOCR 

FITlaMeHH, a BO BTOpblX -- 3aAep>KHBaeT npOHHKHOBeHHe Tenna H rlJ3aMeHH K rlOKpblTO~l nO- 

BepxHOCTH H Hepe3 Hee. r]pe/]~lO)KeHHbll4 aBTOpaMH COCTaB nOKpblTHFI 06ecne~HBa~ H paCLUHpRTI 

H3OJ'IHpylOLLLH~I CTIO~I Me)KAy HCTO4HHKOM rlflaMeHH H rOpRLLLHM cy6cTpaTOM, a BbI~e~IRIOLLLeecR 

KOJlHqeCTBO nepBHClHblX HeBocnnaMeHRIOLLtHXCR npo~yKTOB pa3no)KeHHR Bbl3blBaTIO FaLUeHHe 

nJlaMeHH. I-NaBHlalMH KOMnOHeHTaMH nOKpblTH~l RBJ3RrlHCb aLLeTaT- H 6yTHpaT t~e~K)JlO3bl H 

X M ~ H  (~ecMo~yp H) AnR norlHypeTaHa H XnopOBaKC (XflOpHpOBaHHble napa~0HHbl) B KaqeCTBe 

3aMeARHTeJ1R nnaMeHH. TaKoe nOKpblTHe 6blJ30 Hcrlo/lb3OBaHO Ha /~epeBRHHblX naHenRx H HC- 

FIblTaHO B ~ByXd~)yTOBOM TOHHe~Ie, r/~e 6blna H3MepeHa CKOpOCTb pacrlpOCTpaHeHHR rlTlaMeHH. 

['lpH 3TOM HCCYIeAOBaHO BnHRHHe Tpex napaMeTpoB: THFI HCrlOTIb3yeMOFO ~epeea, FIpOLLeHT XJ1opo- 

BaKCa H TOTILLLHHa nOKpblTHR. H3yHeHO OKHCJleHHe rlOKpblTHR C HcrloJlb3OBaHHeM pa3flHHHblX 

MeTOAOB, KaK, HanpHMep, nJ3aMeHHblVl nHponH3 B aTMoc~epe KHcNopoAa C nOCJ3e/~yK)LLLHM Fa3- 

XpOMaTOI'pa(~0HHeCKHM H MaCC-CrIeKTpOCKOrlHHeCKHM aH~ITIH3OM Ilpo/~yKTOB pa3J30)KeHHR. VJCCrle- 

~OB~IHHe npo~ecca FopeHHR rlOKpblTHR 6blTIO rlpOBeAeHo MeTOAOM ~ C K  H TepMoFpaBHMeTpHH 

CO CKaHHpOBaHHeM VIJ*IH )~e B H3oTepMHHeCKHX yCNOBHRX, r]poBe/~eHo conocTaBneHHe pe3yYlbTa- 

TOB, no~lytleHHblX MeTO~OM FIHpOJ3H3a VI I'opeHHR. 
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