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The influence of the composition, mass correlation of its components and their chemical 
nature on thermolysis and combustion of the polymeric materials such as epoxy resins 
with phosphorous-contained fire retardant additions is studied. The investigations are car- 
ried out by thermal gravimetric analyses and high temperature pyrolysis which allow 
us to estimate the macro-kinetic characteristics of the processes at different heating rates. 
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INTRODUCTION 

An epoxy matrix hardened by low molecular polyamid with the trade 
mark PO-300, is characterized by high flammability. During combus- 
tion, a strong melt dropping is observed and mass loss amounts to 
about 76%. Besides, the oligomers which contain 35 and 45 m. u. of 
PO-300 (in comparison with pure epoxy oligomer), have large viscos- 
ity. This renders the filling of spaces and cavities difficult. Therefore, 
for decreasing of flammability of the material and improvement of its 
technological properties, the fire retardant addition (FR) containing 
dibutyl-phosphate, polybutyl-methacrylate and organic dye-stuff, is 
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96 E. V. MALTSEVA rt al. 

used. Preliminary experimental data allow us to conclude that this FR 
is the most effective for decreasing the flammability of epoxy polymers. 

An important stage of the combustion process is thermal and 
thermo-oxidizing destructive conversion of the polymer material in con- 
densed phase, because basically these processes determine total quan- 
tity of volatile products which come into the gas phase and become a 
((fuel)) for a combustion process. In addition, these combustion pro- 
ducts affect the intensity of smoke- and soot-formation. 

Thus, the influence of polymer composition, mass correlation of its 
components and their chemical nature on processes taking place in 
thermolysis and combustion of the polymer materials, is studied. The 
investigations are carried out by the method of thermal gravimetric ana- 
lyses and high temperature pyrolysis, which allow us to estimate the 
macro-kinetic characteristics of the processes at different heating rates. 
The flammability and combustion of polymeric materials has been 
the subject of numerous studies [ 1 ~ 51. 

RESULTS AND DISCUSSION 

The method of thermal gravimetric analyses (TGA) gives a possibility 
to estimate thermal destruction of the polymer at low heating rates. 
According to TGA data, obtained with the derivatograph (system of 
Paulic-Paulic-Erday) with the rate 1 O"C/min, initial temperature of 
thermal degradation of an epoxy composition is between 200-210°C 
depending on the quantity of hardener (see Tab. I). An addition of 
FR changes the material structure and behavior under action of high 
temperature. 

Independently on hardener quantity, compounds containing 10, 20 
and 30% of FR, are more thermo-stable, since their initial destruc- 
tion temperature (see Tab. I) is 20" higher than the temperatures of 
destruction for non-modified compositions. It is important, that they 
have low mass loss rates under thermal degradation (Fig. 1, Fig. 2). 
This allows us to assume that there is an interaction between a frac- 
tion of F R  and the epoxy polymer. With increasing of the fire retard- 
ant content (phosphorous), the thermal stability decreases and mass 
thermal degradation rates increase, that may be related to surplus of 
FR in the composition. 
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98 E. V. MALTSEVA et al 

FIGURE 1 Dependences of mass loss rate on temperature: 1 -ER + PO(35%), 2-ER 
+P0(35%)+FR(10%), 3-ER+P0(35%)+FR(20%),4-ER+P0(35%)+FR(30%). 

FIGURE 2 Dependences of mass loss rate on temperature: 1 -ER+P0(45%), 2-ER 
+~~(450/o)+FR(IO%),3-ER+P0(45%)+FR(20%),4-ER+P0(45%)+FR(30%). 

Yield of carbonized residue for phosphorous-containing compounds 
is significantly larger, than that for compositions without antipyrene. 
Therefore, the former compounds have higher fire retardancy. 
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EFFECT OF ANTIPYRENES ON COMBUSTION 99 

Under a combustion, heating rate of polymer surface can exceed 
300"C/min, so that to describe the polymer thermal degradation pro- 
cesses taking place in the combustion, it is not enough to have data 
obtained during degradation of polymer materials under low heating 
rates (i.e., TGA data). Thus, we use the method of high temperature 
pyrolysis. The device for study of high temperature pyrolysis allows us 
to carry out the process with small quantity of polymers (2- 5 * 10 -3 g) 
at high power of heat flow, synchronously registering both variation 
of polymer mass in time and the temperature of the polymer surface at 
the temperature of experiment 700°C. The data of the tests are process- 
ed by a special computer program and represented in Figures 3 - 5. 

The plots of the mass and temperature variations (curves 1 and 1') 
of an epoxy resin sample, hardened by 35 m. u. PO-300, are represent- 
ed in Figure 3. There we see that the polymer composition degrada- 
tion occurs in a few stages. The first stage of heating up to temperature 
390°C corresponds to polymer heating until destruction temperature 
7'destr. The small peak of the temperature plot corresponds to beginning 
of the destruction. The second heating interval is related to particular 
polymer destruction and cross-linked structure formation. The inflec- 
tion of the temperature plot (at 500°C) is connected with the end of 
formation of volatile products and coke residue. The plateau of the 

Timesec 

FIGURE 3 High temperature pyrolysis: 1 ~ ER + 35%PO(Am, YO), 1' - ER + 35% 
PO(T,"C), 2 ~ E R + ~ ~ % P O + ~ O Y F R ( A W I , % ) ,  2 ' ~  ER+35%PO+30%FR(T, "C). 
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100 E. V. MALTSEVA et a1 

Time ,sec 

FIGURE 4 High temperature pyrolysis: 1 - ER+ 35%PO(v, "C), 1' - ER + 35% 
PO(T,"C), 2 - E R + ~ S % P O + ~ O % F R ( V , " C ) ,  2'-ER+35%PO+30%FT(T,"C). 

Mass losses, % Loss rate, degreeisec 

Time, sec 

FIGURE 5 High temperature pyrolysis: 1 - ER + 35%PO(Am, %), 1' - ER + 35% 
PO(v,"C), 2 - E R + ~ ~ % P O + ~ O % F R ( A W Z ,  %), 2' - ER+35%PO+3O0hFR(~,"C).  

temperature curve showes that in this time interval the energetics of 
destruction reactions (endothermal) coincide with the reaction of 
carbonization (exothermal reaction). Further temperature increasing 
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EFFECT OF ANTIPYRENES ON COMBUSTION 101 

corresponds to oxidizing of formed coke. The very plateau describes 
total polymer degradation. 

Influence of antipyrene on degradation of the epoxy composition 
under the condition of high temperature pyrolysis is studied. Plots of 
mass and temperature variations of a sample of epoxy resin, hardened 
by PO-300, contained FR (curves 2 and 2’) are represented in Figure 3. 
Obviously, FR exerts significant influence on high temperature pyroly- 
sis of epoxy compositions. The inflection of the temperature plot at 
the beginning of destruction indicates the earlier formation of cross- 
linked structures of epoxy compound in the presence of antipyrene. 

A comparison of the plots 1 and 2 shows, that in the presence of 
antipyrene the compound degradation occurs with larger amount of 
coke. On the basis of the obtained data (Figs. 3,4,  5) we found the de- 
pendence of mass loss of sample (%) on time (sec.) under the experi- 
ment temperature 700°C (Fig. 6), the dependence of variation of 
polymer surface temperature (“C) on time (sec.) under experiment tem- 
perature 700°C (Fig. 7) and the dependence of polymer mass loss rate 
(%/set.) on polymer temperature (Fig. 8). 

Figures 6, 7 and 8 show, that during the same period a compound 
containing antipyrene FR has smaller mass losses (Fig. 6, curve 2) 
and lower temperature of surface (Fig. 7, curve 2 )  in comparison with 

Am, % 

t 
{OO - 
90. 
10.  
70- 
60 - 
50 - 
40 - 
30- 
eo- 
/o 4 6 4 f2 r5, - 

7,sec 

FIGURE 6 Dependence of mass loss (YO) on time (sec.): Experiment temperature = 

700°C. Curve 1 (no FR), curve 2 (with FR). 
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50: 

20' 

40- 

f00 
3 6 9 9 745 

r,sec 

FIGURE 7 
temperature = 700°C. Curve 1 (no FR), curve 2 (with FR). 

Dependence of polymer surface temperature (7) on time (sec.): Experiment 

t 

FIGURE 8 
ER+PO-35  m.f., 2-ER+PO-35m.f.+FR-35m.f.  

Dependence of mass loss rate (%/sec.) on polymer temperature: 1 - 
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EFFECT OF ANTIPYRENES ON COMBUSTION 103 

compound without antipyrene. Thus, we can conclude that the com- 
pound which has in its content a phosphorous-containing antipyrene, 
is more stable in combustion. 

A comparative analysis of thermogravimetric and high temperature 
pyrolysis data has revealed considerable difference in mass losses and 
in mass loss rate under the same conditions ( i e . ,  temperatures on the 
polymer surface). However, in both types of experimental study we 
noticed an essential influence of the antipyrene FR. 

In combustion of polymeric materials, there appears a carbonized 
layer on their surfaces, which reduces power of the heat flow directed 
onto degrading surface of the polymer material, changing heat 
exchange between the flame and the polymer and prevents yield of 
pyrolysis products into combustion zone. As a result, this decreases 
polymer flammability. 

Epoxy materials are typical carbonizing polymers. To decrease their 
flammability it is important to study thermo-protection properties of 
cokes and influence on them of FR phosphorous-containing additions. 
Thermo-protection properties of cokes are investigated by laser tech- 
niques. C02-laser with wave length 10,6 nm, beam diameter 12mm and 
radiation power 10 Wt/sm2 has been used. 

Figure 9 shows the plot of variation of the temperature on the back 
side of a sample with time for epoxy resin, hardened by 35 m. u. of 
lowmolecular polyamid PO-300 and containing 10, 20 and 30m. u. 
of FR. 

Comparison of the plots reveals the significant difference in thermo- 
protection properties (TPP) of cokes in the moment of formation. The 
plots have complicated shapes, each fragment of the curves corre- 
sponding to definite state of the system. Sharp increasing of tempera- 
ture at the initial moment corresponds heating of the composition 
before a coke layer is formed. Following this moment inflection of the 
curve is related to the beginning of formation and growing of the 
coke on the polymer surface. Slow temperature increase up to the sta- 
tionary value at the end of the plots 1 -4 indicates that the coke forma- 
tion process has finished by this time and the whole sample has turned 
into a coke. The shape of the curve 1 for epoxy resin composition, 
hardened by 35 m. u. of PO-300 without FR, shows that the coke for- 
mation goes very slowly, and the very coke forming during the reaction 
has low TPP (1 17°C in 150 sec.). 
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/- ER + 35 Yo PO +no 

.?- - - -  E R + 3 5 % P O + l O % F R  
j.---.-. ER + 35 % PO + 20 % FR 

ER + 35 % PO + 30 % FR 380- 

360 - 
,.-.2-4 

Y 
k-- 

340 - 

320 - 

300 
0 50 100 150 
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FIGURE 9 Variation of back side sample temperature with time. 

6 - - - -  E R + 4 5 % P O + 1 0 %  FR 

400 - 
Y 
+- 375 - 

350 - 

0 50 100 150 

t, s 

FIGURE 10 Variations of back side sample temperature on time. 
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EFFECT OF ANTIPYRENES ON COMBUSTION 105 

For the epoxy resin based composition, hardened by 35 m. u. of PO- 
300 and containing 10, 20, 30 m. u. of FR (plots 2, 3, 4, respectively), 
it is typical to find higher rates of formation and growing of coke in 
comparison with the composition without FR (Fig. 9, plot 1). TPP of 
the produced cokes is essentially higher and the effect of the influence 
grows with increasing of FR content. 

The established influence of FR on the processes of high and low 
temperature pyrolysis is confirmed by indicators of the material flam- 
mability (see Tab. I). 

With increasing of FR content from 10 m. u. to 30 m. u., mass losses 
in air combustion decrease from 42% down to 0.3% (for composi- 
tions hardened by 35 m. u. of PO-300) and from 70% down to 4,4% 
(for composition hardened by 45 m. u. of PO-300) (see Fig. 10). 
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