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Pyrolysis studies of a fire retardant coating were conducted under isothermal conditions
by taking into account the kinetic data of the overall reaction and the heat transfer process.
The coating was made of polyurethane and chlorinated paraffin. A 160 um thick film was
heated by free convection from heated air, and conduction through the coating. Profiles of
temperature developed through the coating were obtained by calculation, as well as those
of loss in weight due to the thermal decomposition. The thermal conduction did not vary
because of the formation of a porous char resulting from the coating decomposition.

This work deals with the pyrolysis of a fire retardant coating by taking into con-
sideration the effect of several heat transfer processes taking place normally. An
attempt has been made to explain the mechanism of thermal degradation of the
coating when it is exposed to heated air, by the following steps:

{i) Heat transfer by convection from the heat source to the coating, through the
air-coating interface. This convection can be free when there is no air flow, and forced
when a stream of air is blown during experiments. Furthermore this convection rate
can be laminar or turbulent type, depending upon the values of some dimensionless
numbers such as Grashof and Prandtl.

(ii) Heat transfer by radiation from the heated source to the coating surface.

(ili) Heat transfer through the coating by conduction followed by an internal
reaction of pyrolysis.

(iv} Matter transfer of non-flammable gases from the coating to the heated air
responsible for a hindered diffusion of oxygen to the flame source.

The last step in our model was especially studied [1, 2] by making the following
assumptions: the fiuid is steady, laminar and non-radiative, the matter transfer is
governed by Fick s laws.

The main purpose of this work is to study the first two steps, combined together,
for a fire retardant coating exposed to heated air or nitrogen without motion. It was
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found that the behavior of a polyurethane film was the same when it is exposed to air
or nitrogen at temperature below 350° [3]. As the heat transfer by radiation is not
found to be substantial compared with that by convection [1, 2], the heat transfer is
obtained in our case by free convection through the air-coating interface and by con-
duction through the coating.

Very often, the problem can be more complicated, because of the change in the
thermal properties of the coating due to pyrolysis. We did not encounter any such
complication due to the fact that the thermal properties did not vary to a considerable
extent during the pyrolysis. This might have been due to several reasons e.g. the
degradation of the coating leaves a porous and crusty char having a thickness and
tHermal properties comparable to these of the coating; the temperature for the coating
was below the ignition temperature of the char in our experiments; the heat transfer
by free convection through the air-coating interface being very low with regard to that
by conduction through the coating, a change in the thermal conductivity of the
coating is not of great importance for our investigation.

The coating is comprised of polyurethane and chlorinated paraffin; upon heating,
it intumesces and leaves a crusty and perous char [3—5]. These coatings deposited on
wood panels were subjected to heated air in isothermal conditions. The profile of the
temperature and loss in weight developed through the coating were evaluated using an
explicit numerical analysis method [6, 7]. An important parameter such as the gas
temperature was especially investigated.

Experimental

Preparation of the fire retardant coating

Polyurethane coating in this work consisted of a reaction product of tenth-second
butyrate (Eastman Kodak Chemicals) and Desmodur-N (Mobay Chemicals). The fire
retardant coating contained Chlorowax-70 as fire retardant ingredients [5, 6]. These
components were blended together in the solvent. The following example of coating
composition was used:

Cellulose acetate butyrate 414
Desmodur-N 30
Chlorowax-70 ‘ 28
Mar and slip additives 0.6

The coating was applied to asbestos panels.

Pyrolysis experiments

Experiments were carried out under nitrogen or air in a furnace by using asbestos
panels covered with coatings of different thicknesses. The gas on contact with the
coating face was kept motionless and at a constant temperature.
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The temperature at the coating-asbestos interface was registered, as well as the loss
in weight.

Kinetic parameters

The kinetic parameters of the overall reaction of pyrolysis were determined by
thermogravimetry under isothermal conditions [3], and the following equation stands
for this overall reaction

d(AP) _E
e Kgl62 -- AP) exp ria (1)
T heoretical

Theoretical studies were conducted on both convection and conduction as succes-
sive stages. The heat transfer is given by the following equations:

213
Free convection: Gr = %p_ZL_ AT 8;
U
pr =£5 (3)
Nu=ﬁ7l\'—= a. (Gr: Pr)n (4)
i 9T _ N 22T
Conduction: 3t = b ax2 (6)

The equation 5 is transcendent and might be transformed for computer as follows:

A detailed figure for the mathematical treatment of heated nitrogen-coating is
presented in Fig. 1. Several possibie equations for this treatment were investigated and
those reported below were found to coincide well with experimenta! resufts obtained
with the vulcanization of thin and thick rubber sheets [6, 7].

The first equation for the gas-coating interface is given as follows:

1
Tis1,int = 37 INTjgas + (M =1 =N T ine # Tj 1] (6)
while for coating the following expression was found suitable

1
Tivtm = 37 Tiim-1 T M =2 T + Ti 1] (7)

where moduli M and N are equal to

_ {&x)2 pe

M="5N"%

(8)
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Fig. 1 Temperature and weight loss as a function of time. Gas temperature 329°. Initial tempera-
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ture of coating: 20°. Coating thickness: 160 um. 1: coating face, 3: coating midplane,
5: panel-coating interface

= haAx

x (9)

stands for the surface coefficient of heat transfer;
thermal conductivity;

acceleration owing to gravity;

density and

viscosity;

temperature potential;

coefficient of volumetric expansion of gas;
specific heat;

Ax and At are the increments of space and time.

Results and discussion

The numerical values for heat transfer and kinetics of reaction are in Table 1 and
Table 2.

As in our study, Gr * Pr =2 - 105AT, the free covection is in laminar range, and for
a vertical plane the Nusselt’s number is given as follows [8]:

Nu = 0.56 (Gr - Pr)0.25 (10)

Two experiments were carried out at two different temperatures for the gas phase
(329 and 424°), while the initial temperature of the coating and asbestos panel was

equal

to 20°.
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Table 1 Numerical values for heat transfer

h=2+10"%cal/cm? - 5 + deg N=10-2 M=4

Ax = 40 um At=4.10-35

A=55+10"%cal/ecm + 5 - deg coating
¢=0.4 cal/g - deg p=1.25

A=58+10~6 cal/cm - s - deg u=175-10—6 cgs air
a=1.29+10-3g/cm3 ¢=0.17 cal/g - deg

Table 2 Kinetic data for the overalil reaction of pyrolysis

kog=24- 1017 E = 50 kcal/mole

Temperatures were calculated at three positions: on the coating face, at the mid-
plane of the coating, and at the asbestos-coating interface. Temperature measurements
were done at the asbestos-coating interface, and they were found to be in agreement
with the calculated ones.

The values of loss in weight were calculated for different positions taken through
the coating:

1: on the coating face; 3: at the midplane; 5: on the asbestos-coating interface;
2 and 4 being at two intermediate positions. The total loss in weight was recorded,
and it was found to follow the mean value of the calculated losses in weight.

From data expressed in Fig. 2 at 329° and Fig. 3 at 424°, several results are worth
mentioning.
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Fig. 2 Temperature and weight loss as a function of time. Gas temperature: 424°. |nitial tempera-
ture of coating: 20°. Coating thickness: 160 um. 1: coating face, 3: coating midplane,
5: panel-coating interface
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(i) The free convection through the gas-coating interface is a limitation for the heat
transfer process.

(ii) A gradient of temperature is developed through the coating (about 100°/mm at
424°) and kept about constant for several minutes.

{iii} It takes the coating a definite time to start decomposing: about 100 s at 424°
and 250 s at 329°.

(iv) The rate at which the decomposition takes place is not the same through the
coating, as well as the corresponding loss in weight. Of course, the loss in weight is
constantly higher at the face where the temperature is higher.

The calculation was done by keeping constant the value of the thermal conductivity
during the coating decomposition. The results proved that this assumption is available.
Two reasons may explain this fact:

The convection through the gas-coating interface is very important and a variation
in the heat transfer by conduction through the coating is not very sensible with regard
to the heat transfer process. The other reason is concerned with the intumescence of
the coating. At the end of the reaction about 38% of the material remained. During
the thermal decomposition an expanded foam is farmed, composed of carbon char.
This char plays the role of another insulating barrier.

Conclusions

A scheme describing the behavior of a fire retardant coating during pyrolysis
allowed us to find results concerned with the temperature and loss in weight. Profiles
of temperature were proved to be developed through the coating, as well as profiles
of loss in weight.

The heterogeneity characterizing the temperature and loss in weight was not
negligeable, while the coating was heated through a free convection by a gas under
isothermal conditions. The free convection was proved to be a limitation for the heat
transfer and for the pyrolysis of the coating.

References

1 F.J.Pagni, Fire Safety J., 3 (1981) 273. 6 V. M. Bhatnagar and J. M. Vergnaud,

2 J. S. Kim, J. de Ris and F. W. Kroesser, Paintindia, 32 (3) (1982) 7.

Thirteenth Symp. on Combustion, The 7 A, Accetta, P. Le Parlouer and J. M.
Combustion institute, Pittsburgh, 1970, Vergnaud, Thermochim. Acta, 59 (1982)
p. 949. 149.

3 V. M. Bhatnagar, J. C. David, O. Riveros- A. Accetta, G. Gangniet, L. Vincent and
Ravelo, H. Dieu and J. M. Vergnaud, Fifth J. M. Vergnaud, 3rd Internat. Conf. Com-
Symp. on Analyt. Pyrol., Vail USA, 1982. puters and Chemica! Engineering, Paris,

4 V. M. Bhatnagar and J. M. Vergnaud, Fire 1983.

Safety J., 4 (1981) 163. 8 W. Mc Adams, in Heat Transmission,

5 V. M. Bhatnagar and J. M. Vergnaud, McGraw Hill, 1954,

Paintindia, 32 (1) (1982) 3.

J. Thermal Anal. 29, 1984



ABDUL et al.: ISOTHERMAL PYROLYSIS 1113

Zusammenfassung — Untersuchungen der Pyrolyse eines feuerretardierenden Uberzuges wurden
unter isothermen Bedingungen ausgefiihrt, wobei die Kinetik des Gesamtprozesses und der Prozef
der Warmeiibertragung Beriicksichtung fanden. Der Uberzug bestand aus Polyurethan und chlorier-
tem Paraffin. Ein 160 um dicker Film wurde durch freie Konvektion mit erhitzter Luft aufgeheizt.
Die sich im Uberzug ausbildenden Temperaturprofile und die durch thermische Zersetzung verur-
sachten Gewichtsverluste wurden berechnet. Verdnderungen in der Warmeleitfahigkeit treten nicht
auf, da als Zersetzungsprodukt eine pordse Kohle gebildet wird.

Pesiome — MccnepoeaHus nuponusa OrHECTOWKUX NOKPLITUA 6Gbiny NpoBeAeHbl B M30Tepmu-
YeCKMX YCNOBUAX, YYMTbIBAA KWHETUYECKMWE AaHHbie O6LLeid peakLnm v NpoLuece nepeHoca Tenna.
MokpbiTMA BblINM U3FOTOBNEHLI U3 NONUYPETaHA U XNIOPUPOBAaHHOro napaduHa. Mnenxka Tonwu-
HoWi 160 MMK Harpesanacb eCTECTBEHHOW KOHBEKLMEH ropAYero BO3ayxa u fpOBOAVMOCTLIO
ero uepe3 nokpeiTMe. BbiyvcneHsl TeMnepaTypHbie APOdUny, BOZHUKAWOLWNE Yepe3 NOKPbLITUE,
a TaKXe Temneparypa notepu Beca, O6YCNOBNEHHOrO TEPMUYECKUM PasnokeHuem. Tennonpo-
BOAHOCTb He W3MeHAnack, BCNeACTBME OGPa30BAHMA NOPUCTOTO OBYIMEHHOrO OCTaTKa, obpa-
3YIOLLErOCA NPK PA3NOXKEHNA NMOK PbITUHA.
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