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Thermal decomposition of a system consisting of epoxy resin and 
butadiene-acrylonitrile rubber with blocked carboxyl end-groups

Summary — The rate of thermal decomposition and the kinetic parameters 
for diglycidyl ether of bisphenol A (DGEBA)/4,4'-methylene dianiline 
(MDA)/MDA-endcapped carboxyl terminated butadiene acrylonitrile rubber 
(CTBN) system were investigated using the data of thermogravimetric (TG) 
and derivative thermogravimetric (DTG) analyses and the Kissinger and 
Flynn & Wall expressions. The rate constant of thermal decomposition was 
decreased and the activation energy increased by the addition of MDA-end- 
capped CTBN. It means that the thermal stability of the DGEBA/MDA sys­
tem was improved by the MDA-endcapped CTBN.
Key words: epoxy resin/butadiene — acrylonitrile rubber system, activation 
energy of thermal decomposition, rate constants of thermal decomposition.

Syntheses of advanced polymers and the thermal sta­
bility of polymers have been studied by many workers 
due to increasing demands for heat-resistant polymer 
materials. Many expressions have been proposed to esti­
mate the thermal stability of the synthetic polymers; 
amongst them the Flynn & Wall, Kissinger, Toop's, and 
Freeman & Carroll expressions are well-known [1-12], 
with the assumption that the thermal decomposition 
rate of the polymer was proportional to the rate of 
weight loss.

In this study, the characteristics of thermal decompo­
sition for a cured epoxy resin were studied using the 
Kissinger expression [1—4], written as
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where (3 is the heating rate, T„, the temperature at 
which maximum decomposition rate took place on the 
derivative thermogravimetric (DTG) curves, E d the ac­
tivation energy of thermal decomposition, R  the gas 
constant, and A d the pre-exponential factor. The rela­
tionship of -ln(P/T„,2) vs 1 /T„, was plotted to get the E,, 
and A d values.

The Flynn & Wall expression [4, 6 ] was also used as 
follows
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where E d, P and R  have the same meaning as in the Kissin­
ger eq. (1 ) and T l was the reciprocal of absolute tempera­
ture at a selected weight loss fraction. The linear rela­
tionship of log P vs T l at a selected weight loss fraction 
was plotted and the E d value was calculated from the 
slope. The selected weight loss fractions varied from 0.05 
to 0.4 and the E d value for each weight loss fraction was 
obtained. These values were compared with the results of 
Kissinger eq. (1).

EXPERIMENTAL

Diglycidyl ether of bisphenol A (DGEBA, Epon 828 
grade) supplied by Shell Co. was used as a base resin, 
and 4,4'-methylene dianiline (MDA) was used as a cu­
ring agent. MDA was also called as 4,4'-diaminodiphe- 
nyl methane. Carboxyl-terminated butadiene acryloni­
trile copolymer (CTBN) manufactured by B. F. Goodrich 
Co. under the trade name of Hycar 1300x8 was used as 
a toughener [1, 5, 10].

The end chains of CTBN were capped with MDA to 
give better compatibility between epoxy resin and CTBN 
particle. The CTBN and MDA was linked by the forma­
tion of amide group through the condensation reaction 
between the carboxyl groups of CTBN and the amine 
groups of MDA. The procedure to synthesize the MDA- 
endcapped CTBN was as follows. CTBN and MDA were 
well-mixed in the reactor at the molar ratio of 1  to 2 .
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The mixture reacted at 160°C for 1 hr with removing 
the condensed water by vacuum pump. The synthesized 
compound was stored at -5°C.

DGEBA, MDA (30 phr) and MDA-endcapped CTBN 
(0, 5, 10, 15 and 20 phr) were well mixed under 80°C 
and cured at 150°C for 1 hr after curing at 80°C for
1.5 hr. The cured sample was analyzed by thermal gra­
vimetric analyzer (TGA) at the heating rates of 5, 10, 
15 and 20°C/min. Nitrogen gas flowed into the sample 
tube at the rate of 40 ml/min to prevent the oxidation 
of the sample. The obtained TGA data were introduced 
into the Kissinger and Flynn & Wall expressions, and 
the activation energies of thermal decomposition and 
pre-exponential factors were calculated.

R E SU LT S  A N D  D IS C U S S IO N

TG and DTG curves for DGEBA/MDA/MDA-end- 
capped CTBN (10 phr) system at two different heating 
rates are shown in Fig. 1. It is seen that the sample 
maintained its stability to thermal stress until about 
300°C and abruptly decomposed at about 350°C. Shapes 
of TG curves are similar regardless of the heating rate, 
however the curve at the rate of 15°C/min appeared at 
higher temperature than that of 5°C/min. Decomposi­
tion temperatures Tj for 5 and 15°C/min were 356.4 
and 376.1°C, respectively. Tj could be obtained from
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the point where weight loss abruptly increased. By the 
derivation of TG curves, DTG curves could be displayed. 
Shapes of the DTG curves are similar and only one 
peak of DTG curve means that the thermal decomposi­
tion took place in one stage regardless of the heating 
rates.

DTG curves for DGEBA/ MDA/MDA-endcapped 
CTBN (10 phr) system at various different heating rates 
are shown in Fig. 2. All curves were similar, i.e. the
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thermal decomposition occurred in one stage. The ma­
ximum values of the DTG curves were increased with 
the increase of heating rate and the temperatures, at 
which the maximum DTG values appeared, occurred at 
higher points. To get the activation energy and the pre­
exponential factor for thermal decomposition of the sy­
stem, the relationship between -ln(p/T„,2) and 1 0 3 /T,„ 
was listed in Table 1 and displayed in Fig. 3. The linear 
expression was as follows:
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The activation energy could be obtained from the 
slope and the pre-exponential factor was calculated from

T a b l e  1. -ln(p/Tm2), 103/ГШ and kinetic parameters for D G E ­
BA/MDA/MDA-endcapped C T BN  (10 phr) system using the K is ­
singer expression

P, °C/min Tm' K -ь(Р/г;,) l O f f ,  К '1 A lf sec"1
kj/mol

5 638.55 11.309 1.566
10 650.05 10.652 1.538

3.59xl012 182.1

15 657.65 10.269 1.520
20 664.15 10.001 1.506
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the intersection. The activation energy was found to 
be 182.1 kj/mol, i.e. within the range of covalent 
bond energy, and the pre-exponential factor was 
3.59xl01 2  sec"1, as shown in Table 1.

DTG curves for DGEBA/MDA system without MDA- 
endcapped CTBN at four different heating rates are 
shown in Fig. 4. The thermal decomposition occurred
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in one stage regardless of the heating rate. However, 
the curves were shifted to higher temperature and the 
DTG value was also shifted to higher values with the 
increase in heating rate. The temperatures at which the 
maximum rate of thermal decomposition took place we­
re listed in Table 2 at the various heating rates. The 
values of -ln((3/ Т ш2) and 103 /Г,„ were also calculated 
and listed in Table 2. To get thermal decomposition 
kinetic parameters, the relationship of -ln(P/T,„2) vs

T a b l e  2. -1п(р/Тш2), 103/ГШ and kinetic parameters for DGE­
BA/MDA/MDA-endcapped CTBN (0 phr) system using Kissinger 
expression

P, °C/min V -H W T l) 103/Г^К-1 Ad,se c l Ed, kj/mol

5 635.95 11.301 1.572
10 648.75 10.648 1.541

7.49 x 1010 161.6
15 660.25 10.277 1.514
20 662.35 9.996 1.510

103 /Г„, was plotted in Fig. 5. The straight line expression 
was as follows
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The activation energy was calculated from the slope 
(19.43xl03 K) multiplying by the gas constant (8.314

1.48 1.52 1.56 1.60

( 1 /T m M O 3 , K ' 1

F ig . 5 . K is s in g e r  p lo t  f o r  D G E B A /M D A /M D A -en d c a p p e d  
C T B N  (0  p h r )  sy s tem

300 400 500 600

T e m p e r a t u r e  ( °C

F ig . 6. D T G  c u rv e s  f o r  D G E B A /M D A /M D A -en d c a p p e d  
C T B N  (2 0  p h r )  sy s tem



688 POLIMERY 1998,43, nr 11-12

J/mol-K), and pre-exponential factor was obtained from 
the intersection which was equal to - ) n ( A f R /E f ) .  Ej = 
161.61 kj/mol and = 7.49xl010 sec' 1 were obtained, 
see Table 2.

The DTG curves for DGEBA/MDA/MDA-endcapped 
CTBN (20 phr) system at various heating rates are 
shown in Fig. 6 and the relationship of the heating rate
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on the temperature of the maximum decomposition 
from the DTG curve is shown in Fig. 7. The activation 
energy for the system was 192.7 kj/mol and the pre- 
-exponential factor was 4.27xl013 sec"1.

The kinetic parameters for DGEBA/MDA system 
with various MDA-endcapped CTBN are shown in Tab­
le 3. To compare the rate constant of thermal decompo-

T a b l e  3. Kinetic parameters for DGEBA/MDA system with 
various MDA-endcapped CTBN

MDA-endcap­
ped CTBN, phr Ad, s e c 1 Eri, kj/mol к at 300°C,sec4

0 7.49xl010 161.6 1.39X10-4
5 7.83xl015 222.6 0.40x10^
10 3.59xl012 182.1 0.90xl0"4
15 1.58xl013 188.5 1.03xl0"4
20 4.27xl013 192.7 1.16x10-*

sition for the systems, the activation energies and pre­
exponential factors obtained by the Kissinger equation 
were introduced to the Arrhenius equation

k  =  A d e x p ( - E d/R T )  (5)

The rate constants, к  at 300°C were calculated and 
compared in Table 3. The rate constants of the system 
with MDA-endcapped CTBN were lower than that of 
the system without MDA-endcapped CTBN. It means 
that the thermal stability of the DGEBA/MDA system 
was improved by the addition of MDA-endcapped

CTBN, however the decomposition rate was increased 
with the inrease of MDA-endcapped CTBN content. It 
is due to the presence of CTBN domains formed during 
the cure reaction. When the sample is heated, the do­
main absorbs the heat by flowing, however it decom­
poses at lower temperature than the matrix.

The TG curves for DGEBA/MDA/MDA-endcapped 
CTBN (10 phr) system at the heating rates of 5, 10, 15 
and 20°C/min are shown in Fig. 8 . The curves shifted 
to right-hand side with the increasing heating rate. The 
temperatures at the conversion a=0.05 for the different

F ig . 8. T G  cu rv e s  o f  D G E B A /M D A /M D A -en d c a p p e d  C T B N  
(1 0  p h r )  sy s tem  f o r  F ly n n  &  W all ex p r ess io n

heating rates were measured from the cross points of 
dotted lines and the TG curves. The following values 
were obtained; 347.42°C, 353.46°C, 366.13°C, and 
377.36°C at 5, 10, 15 and 20°C/min, respectively. These 
data were converted to log (1 and 1 0 3/T  to get the 
activation energy of thermal decomposition shown in 
Table 4. The data at other values of a  were also in Tab­
le 4. The fixed conversions have been selected within 
the range from 0.05 to 0.4, because the values at a lower 
than 0.05 are affected by volatilization of some low 
molecular weight molecules.

To get the activation energy of thermal decomposi­
tion, the relationships of log p vs 1 0 3/T  were plotted in

T a b l e  4. The relationship between log |3 and T1 for DGEBA/MDA/ 
/MDA-endcapped CTBN (10 phr) system
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the Kissinger expression, calculated at T m, and those 
from the Flynn & Wall expression, obtained from the 
temperatures at a selected weight loss fraction throug­
hout the entire conversion.

Fig. 9, and the expressions of the straight lines for va­
rious a  were obtained, as it is shown in Table 5. The 
activation energy was increased steeply in the initial 
stage of thermal decomposition and then it was slowly 
increased. It means that the molecules of weak bond 
resistance to thermal stress were destroyed in the initial 
stage, and then the strong-bond molecules were respon­
sible for the high activation energy values.

The activation energies for the systems with other 
contents of MDA-endcapped CTBN were calculated 
using the same method, see Fig. 10. The activation 
energies for other contents of MDA-endcapped CTBN 
were also increased steeply in the initial stage and then 
they were slowly increased for higher values of a. With 
the increase of MDA-endcapped CTBN content, the ac-

T a b l e  5. Activation energy of thermal decomposition for 
DGEBA/MDA/MDA-endcapped CTBN (10 phr) system using the 
Flynn & Wall expression

a Linear expression, Fig. 9 Activation energy, kj/mol

0.05 Y = -8.333 + 14.183 151.60
0.10 Y = -9.524 + 15.838 173.26
0.15 Y = -10.000 + 16.480 181.92
0.20 Y = -10.309 + 16.886 187.55
0.25 Y = -10.417 + 17.000 189.51
0.30 Y = -10.753 + 17.441 195.62
0.35 Y = -10.638 + 17.191 193.53
0.40 Y = -11.111 + 17.822 202.14

tivation energies were increased. There was a little dif­
ference between the activation energies obtained from

CONCLUSIONS

The thermal decomposition of the DGEBA/MDA/ 
/MDA-endcapped CTBN system took place in one stage 
regardless of the MDA-endcapped CTBN content. The 
rate constants of the system with MDA-endcapped 
CTBN were lower than that of the system without MDA- 
endcapped CTBN. The activation energy increased ste­
eply in the initial stage of thermal decomposition and 
then was slowly increased, due to the high bond 
strength of decomposing molecules. In the case of the 
system with MDA-endcapped CTBN, the decomposition 
rate increased with the increase of MDA-endcapped 
CTBN content.

A C K N O W L E D G M E N T :
T h is  w o rk  w a s  su p p o r ted  b y  S K  g r o u p  in  K orea .
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Problematyka ochrony środowiska 
w przetwórstwie tworzyw sztucznych

W dniu 5 października br. w Instytucie Francuskim w Warszawie odbyło się francusko-polskie 
seminarium poświęcone problematyce ochrony środowiska w przetwórstwie tworzyw sztucz­
nych, zorganizowane z inicjatywy Stowarzyszenia Polskich Przetwórców Tworzyw Sztucznych 
i Federation de la Plasturgie.

Patronat nad Seminarium sprawowało Biuro Radcy Handlowego przy Ambasadzie Francji w 
Warszawie.

Na program Seminarium złożyły się trzy sesje:
P ro b le m a ty k a  z u ż y ty c h  w y ro b ó w  z  tw o rz y w  s z tu c z n y c h
-  p. Jallon, Federation de la Plasturgie — P rz ep isy  i n o rm y  U n ii E u ro p e jsk ie j. Z a g a d n ien ia  

te c h n ic z n e  i a s p e k ty  s tra teg ic z n e
-  p. Henn, ELF ATOCHEM — M eto d y  z a g o sp o d a ro w a n ia  z u ż y ty c h  w y ro b ó w  z  tw o rz y w  sz tu c z n y c h
-  p. Lanfranchi, CGEA — S y stem y  z b ió rk i i s o r to w a n ia  o d p a d ó w  tw o rz y w  sz tu c z n y c h

P ro b le m a ty k a  o c h ro n y  ś ro d o w is k a  w  z a k ła d a c h  p rz e m y s ło w y c h
-  p. Lestage, ADEME (Agenqa ds. Środowiska i Gospodarki Energetycznej) — O b o w ią z u ją c e  

p r z e p is y  i n orm y . P lan  o c h ro n y  ś r o d o w isk a  w  p rz e d s ię b io r s tw ie
-  p. Jallon, Federation de la Plasturgie — A D E G E  ja k o  in ic ja ty w a  fr a n c u s k ie g o  p rz e tw ó r s tw a  

tw o rz y w  sz tu c z n y c h

P o d e jś c ie  e k o lo g ic z n e  w  p ro je k to w a n iu  w y r o b ó w  z  tw o rz y w  s z tu c z n y c h
-  p. Jean, ECOBILAN -  P o jęc ia  p o d s ta w o w e  i z a sa d y
-  p. Couchoud, ELF ATOCHEM — P o d e jś c ie  e k o lo g ic z n e  w  p r z e m y ś le  o p a k o w a ń  z  tw o rz y w  

sz tu c z n y c h
-  p. Jean, ECOBILAN — E IM E  - N a r z ęd z ie  u w z g lęd n ien ia  w y m o g ó w  śro d o w isk a  n a  e t a p ie  p r o je ­

k to w a n ia  w y ro b ó w

Podsumowania Seminarium dokonał Prezes Polskiego Stowarzyszenia Przetwórców Tworzyw 
Sztucznych doc. P. Szewczyk, który podziękował francuskim gościom za przybycie i doskonałe 
przygotowanie referatów. Wyraził też nadzieję na dalszą owocną współpracę.

W godzinach popołudniowych uczestnicy Seminarium mieli możliwość wymiany doświadczeń 
z francuskimi przedstawicielami przetwórców tworzyw sztucznych w specjalnie zorganizowa­
nym Spotkaniu.


