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ABSTRACT: The investigation of cure kinetics of biphenyl-type epoxy (4,4-diglycidyloxy-3,3,
5,5-tetramethy! biphenyl)/phenol novolac resin system with triphenylphosphine catalyst was
performed by differential scanning calorimeter using an isothermal approach. The cure reac-
tion of the system could be explained by considering the formation of epoxy-phenol-catalyst
trimolecular active complex and effectively described by combining autocatalytic and #th
order model. To describe the cure reaction in the latter stage, a diffusion factor has been used.
By combining the proposed kinetic model with a diffusion factor, it is possible to predict the
cure kinetics over the whole range of conversion.
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This Study
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Figure 1. Isothermal conversion rate as a function of
(a) reaction time and (b) epoxy conversion at several
isothermal temperatures. The legends show the iso-
thermal curing temperatures.
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Figure 2. Cure mechanism of biphenyl-type epoxy/
phenol novolac hardener with TPP,
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Table 2. Kinetic Parameters of Biphenyl-Type
Epoxy/Phenol Novolac Resin System Obtained
from Each Isothermal Test

curing temp. &y k;
(C) (103xs") (1073%xs) ™ "
100 0.14 4.07 173 2.05
110 0.26 5.92 1.54 1.83
120 0.47 7.89 134 159
130 0.75 1138 114 143
140 1.20 16.72 094 132
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Figure 3. Relationships between (a) active complex
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Figure 4. Plots of reduced epoxy conversion rate as a
function of reduced fractional epoxy conversion at sev-
eral isothermal curing temperatures.

Table 3. Kinetic Parameters for Epoxy Conver-
sion Region Following nth Order Kinetic Model of
Biphenyl-Type Epoxy/Phenol Novolac Resin
System

curing temp. (C) k(1073xs) n
100 0.59 0.81
110 113 0.81
120 2.04 0.79
130 371 0.79
140 6.95 0.81
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Figure 5. Active complex conversion as a function of
reaction time at several isothermal curing tempera-
tures.

7t Nzbel wet Yoz FuistA ® HLe[Fig. 3
(a) =] 4d3og & ¥§ 2% (150-200 C)
o 7]lg oz AztEn, g AFo|re}t 2ol
€ 257t AdiFez @ Ao 4 (6)¢ A
g  gus A ¢ 7 AUk

2272 el A2 HE= active complex A9
e wFUEE & 4 g1’] 9&e] Biernath}
Soane] ¥Hg £x A& £ AF9 biphenylAl-PN
AN2ddes ZAd3os J4E 5+ Qe R S
Ak Y b3 2 F 7Y F48 3R
& 4dg F U

@® AZEAI-PNe 73} wg-2 A Fofsle] ot
g2 ofRgt whgo] sPHo] wetr active
complex?] gake Zr}3A4 §lB 2 active complex
o] PAo] A7l =7 ARNE ALHA Fojvt &
7¥atAl o oA zpH Zofglel] ojgh whg-mt fAMG
AFE& BolA Ho.

@ Active complex2] EAo] ¢a5H o EA-
HE vrge nxl ghgol 9sled zgh=y.

19 ZH2HE oEZA-PN Al2dle] 733 ¥t
< a0t Hd7} He o8 7IE02 o] A AN
Eof ghg BEE, o] FollE nal N 7S g
o9 7HRe £ don, ten g oz Y

Polymer(Korea) Vol. 23, No. 4, July 1999



Active Complex B4& 1% Biphenyldl o] ZA/3E 288 $7 2489 A8 &5 v

Active cmplex conversion, @ac

024 «—— Initial Degree of Conversion
of Active Compiex

0.0 T T T
0.0 0.2 04 086

Epoxy conversion (ae)

Figure 6. Active complex conversion as a function of
epoxy conversion.

Curing Temperature = 120C
204
o154 i
- Maximum Conversion
&2 . of Active Compiex
[~} ) ~
= o
X
3 1.04
< \
d
s R
S *
O  Experimental AN
05+~ ... mth order kinetic modet * . O
- - - - Autocatalytic modei N oA
Autocatalytic model 3
+ nth order kinetic mode} ‘o
0.0 T T T y e
0.0 02 0.4 06 08 1.0
Qe
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Table 4. Generalized Values of Kinetic Parameters in Eq. 10 and Eq. 11 for Biphenyl-Type Epoxy/Phenol
Novolac Resin System

t tant .
; te(r:r;arature dependence of rate oox;slza(rl s m, valie n, value
n
4.73x10% 1.30x 107
- .681-0.010T 2.07
exp (-75 k] mole™!/ RT) exp (-68 k] mole!/ RT) 5681
temperature dependence of rate constant of ky (s™') n, value
0.80

5.48 x 10%exp (-78 k] mole™!/ RT)

dae/ dH{x 10% 1)

1.5

1.0

0.5

dae/dt(x 10%" 1)

0.0

120C

0.0

0.2

04 -

de

(c)

06

dae/dt( % 10%"- l)

dae/di(x 10% 1)

0.8

o Experimental

------ Calculated from eq. (10) and (11)

Calculated from eq. (12)

110¢C

0.0

T T T T

0.0 0.2 04 0.6 08 1.0

Qe

(d)

Figure 9. Comparisons of the experimental epoxy conversion rate with the calculated values at different curing

temperatures.
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Table 5. Values of the Constant C and Critical
Conversion, g at Different Temperature for Bi-

phenyl-Type Epoxy Resin Composition

temperature ('C) C a
100 32 0.79
110 37 0.84
120 38 0.88
130 37 091
140 35 0.93
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