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Effect of Curing Accelerators on the Curing Reaction and
Vitrification of Epoxy Resin

Chang-Sik Ha®, Seung-Ha Lim**, Do-Hyun Kim*** and Won-Jei Cho****

ABSTRACT

The effect of curing accelerators on the curing reaction and the vitrification of epoxy
resin was investigated using differential scanning calorimeter(DSC). For this work,
diglycidylether of bisphenol A(DGEBA) and methylene dianiline(MDA) were used as
epoxy resin and hardner, respectively. Two kinds of accelerators were tested for the
study ; tris(dimethylaminomethyl) phenol(DMP—30) and 3— (3, 4—dichlorophenyl) —
1, 1—dimethyl urea(DIURON). From the parameters calculated by the generalized
WLF equation coupled with DSC data, it was concluded that DMP—30 shows better
catalyzing effect than DIURON.
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Table 1. Materials and Their Characteristics
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Fig. 1 Variation of Ty vs. Conversion for

DGEBA(828)/MDA Systems.
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Fig. 2 Effect of DMP-30 content on the con-

version changes measured from DSC for
the curing reaction of DGEBA(828)/
MDA(scan rate : 10C/min).

Table 2. Lattice Energy Ratio and Segmental
Mobility Ratio for Epoxy Systems

(DGEBA(828)/MDA/DMP-30 :  1/1
/X*)
X, wt.% E/Em Fi/F
5 0.62 0.58
10 0.80 0.49
15 0.78 0.34
20 0.32 0.22

# Xi wt.% of MDA wt. (g)

Table 3. Lattice Energy Ratio and Segmental
Mobility Ratio for Epoxy Systems

(DGEBA(828)/MDA/DIURON :  1/1
/X*)

X, wt.% E/Em Fo/ F

5 0.26 0.38

10 0.33 0.46

15 0.50 0.32

20 0.40 0.29

% X5 wt.% of MDA wt.(g)

Fig. 2& &Xxo] u& 73lxd u]x+= DMP-30

geke] 4 8kg Bl A2 g DMP-30 ko] Zv}o
w2l FY AsTe o2 2RV ¥E 2ER
o] E(shift) 38 & & 5 9lvh. DIURONS] A-$%
FrAbe Adrg Bl o) F &304 2] A5 A4 3]
3338}l7] $18) Table 4¢] DSC thermogram”d2]
bdF Ao JA&E(onset temperature) S T
2= (peak temperature)E ®I Alatddc), o]
FE A A FA)/elnl 101 weke] 7% DMP-303%
DIURON®} 5§ 749 25 1 @sfo] F7}15ke] ufa}
w8 22 .‘.z]x] ]t &Uﬂﬁ.i’}i VL_Q. .Q_E&o_g_
o] %351t DMP-30¢] 7-%7} DIURONS] 7-$-xrth
2= o]Fe] o & & ¢ F . & DGEBA
(828)/MDAA = DMP-302] &v]&57} DIURON
o AFH di & Ae & § sz,
HIZLE Fofl ¥ls) A= e Al Ho ki
netics Aol o] &5l Hx @& 2xE H2Y

ZheAdel ke Aol F5¥ Zar) o7l
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Table 4014 MALx= 2% FAA F=F HE
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Z 5 .
=35 DGEBA(828)/MDA 1 : 14 ¢ =& DMP-30
%} DIURONE 5-20wt. % A}-4-3+91-& w 2] Dynamic
DSC A# (scan rate 0.5C/min=—20C/min 8 $1) ]l
ojste] We 2= $le]l 24 DGEBA(828)/MDA
JEAAZES E9E ubg F Yopkge 78
Axsag10,16]. F 34 A5 25 A€d
el AE P& scan rated| A= T EAFAe]
Vel Zeg 3ol o FA]—opulzke] Fik
ol9je} Bulge dojuix] @ Aoz FIHT
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(oligomerization) - H-ub-go] dojudriy B
g vl i), zElv E2AA L weAde AHE H
A Q) FFol] w9 A} X ZA
o}&s)y] wWel AP enc) o] ¥ scan rate®
thermograme %¢ AS(HEHEE w¢ =7
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Aoz AR, olg o FA—ohul—EAA
Apole] wkg w7l Eel dslME HPLC 5% ©l
23 wo A4 dFr Bestel= A=
AA 2 #HTo| Fedtke[191= DGEBAA A1 ter-
tiary amine®] glycidyl ether® 2w #4717
1}, &< glycidyl ether2t &7 cooligomerized &
Bg v} sk,
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Table 4. Onset temperature(T..s) and Peak tem-
perature(T,) obtained from DSC ther-

mogram{Epoxy : Amine=1 : 1), scan
rate 5 10C/min
accel. DMP—-30 DIURON
COMENE | 1 () | To(E) | Tam(C) | To(©)
(wt. %)
0 103.0 | 1658.0 | 103.0 | 158.0
5 101.9 | 151.2 | 100.1 156.7
10 99.8 150.5 98.2 151.0
15 97.0 | 149.5 98.0 | 150.0
20 96.0 140.8 97.7 148.5

Table 5. Gel Time of DGEBA(828)/MDA Sys-

tems(1 1 1/X*)

System X, wt.% | Gel Time(min)

No Accelerators 0 8.9

5 5.7

DMP—30 10 4.7

15 3.8

20 2.4

5 6.6

DIURON 10 5.8

15 5.2

20 5.0

% X: wt % of MDA wt.(g)

Wiggins®= DGEBA o &9} <§4k2] diethylto-
luene diamineAll41¢] BF; - MEA, 712844k,
249, 719, 13 ol L 2xks} 3%} o}vl T2
A zRA 9 e ndsgded 9 A AF
BF; - MEAZ} 718 E57} & S34A¢-& 2usts
st 201,

2 A7 systemell d}s]4 = DMP-30 DIURON
ol9]9] T Z3AS EE Hr) A 1IE
Pear} gledzr AR,

Table 5= DGEBA(828)/MDA 1: 1A =}
DMP-305}+ DIURONE 5-20wt. % AH4-3-51-8 = <]
A 5472 A28 Aolch. DMP-305% DIURON
7% 1% geke] Flel mel AgA|zke] FHast
odon, ALY @HEIE DMP-308] A7t
ta o ¢ o4 F Uk

3-3. 2] 3+ (Vitrification) &3}l vlA]=
Ex1A) o] A

Dynamic DSCell ©] 3]l parameters 7371 91314
scan rate(S)-& Estd (D2
G A E

ar S, eXp(_E’f)

2} o] k. Kim3 Kim®) 70l w=th dubshsl
WLF 41(2), ()3 2¢4 48 FH52] A4 para-
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Temperature(T)
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Fig. 3 Dynamic DSC exotherms :

meterg-< A3 HolE(T, X, dx/dT)¢} T,—X2|
¥4 52 23¥ Marquardt®] Multivariable nonli-
near regression method[2112} Runge-Kutta®] =
TS 8t T2 S gleon Pk 1119
DGEBA(828)/MDA 7% A=2.08, B=1.5 4 D=
0.02.2 FolZ 3 WA nd L4, FA o
2 E& 25.91kcal/mole® Fo] At}

¥4, Fig. 3% DGEBA(828)/MDA 1: 174l
A3l scan rate® 2elstHa] 2L DSC thermo-
grame YER Zolt}h, o] oA AL Ay
oA 2& ZEolw AL scan rate’} VF 8
AgHes 73 71 9lo] 4(2)-(DF o143k
HEAH(simulation) 3¢ @& wdF Aot Kimd
Kim[7]°] <173 DGEBA(828)/triethylene tetra-
mine(TETA) A S 2% 1T/min olstel A $l3
HAg FAsg o} £ a4 98 DGEBA
(828)/MDA 7% scan rate 0.001C/min ©] 8}el] 4]
23 FAe #AZL 5 et 18T Aol
DGEBA(828) ¢l &A]¢] th3 MDASH TETAS ¥
54 Aelel] 71dgTn AR F ofnly n
+4 #5719 S(N)7F 2 TETAN=47} 57
F7t A& MDA(N=2) 2t} ] o) &2 As}

N "-r‘ =

i simulated data from the reaction kinetic equation

the unit of the numeric on the figure is C/min

$40] & d 71k o] =3 Di Beneditto
parameterE< EJ/E.% F/F, oAz o aslct
(DGEBA(828)/triethylene tetramine(TETA) 7] <]
A% E/E.=0.3% F/F.,=0.2; DGEBA(828)/
MDA 7% E/E.=1.21%} F/F,=0.7D.

frelstell & A3urse dAA Ade Y
vl DSC 2dF449 olF F4(dual peak)-&
Donnellan¥ Roylance[22]¢] 93] X35 u} ¢},

DGEBA(828)/MDA 1: 174 ] 3] DMP-303}
DIURONE 20% AM&-3191-& o $jo} e wpyjo s
FAEE A3 DMP-30 7% 0.1C/min®] scan rate

° 4] DIURON 7 0.01C/min °]3}9] scan rate
oA frelste] o3t o]F FAlo] FAFHE Aoz
velstth, olake] At DMP-30¢1YF DIU-
RON®] A4 Zwlazto] o5 o]&& AM&3x
2ok el wle AEEE 2T T S
731217k (Table 5 F2)& F5A17]9 o}-ge] S
== el A f2] 87} YeluE scan rates w24
vehA she e A4dd, =g DMP-309)
73%7} DIURONe| ule] ©f 7 &zpr} £ zlog
vhebsicl
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