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ABSTRACT: To determine the effect of chain length of linear amine curing agents on the
thermal and mechanical properties, standard epoxy resin, diglycidyl ether of bisphenol A
(DGEBA) was cured with diethylenetriamine (DETA), triethylenetetraamine (TETA) and
tetraethylenepentaamine (TEPA) in a stoichiometrically equivalent ratio. From this work, the
effect of linear amine curing agents on the thermal and mechanical properties was signifi-
cantly influenced by chain length of curing agents. In contrast, the results showed that the
DGEBA/DETA system had higher values than the DGEBA/TETA and DGEBA/TEPA
system in the density, shrinkage (%), thermal expansion coefficient, tensile modulus, and
flexural strength. Whereas the DGEBA/DETA cure system had lower values than the
DGEBA/TETA and DGEBA/TEPA cure system in the maximum exothermic temperature,
conversion (%), and T,. These findings imply that the differences in the maximum conver-
sion about the chain length of curing agents affect the thermal and mechanical properties.
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Figure 1. Chemical structure of the epoxy and amine
curing agents: (a) skeleton structure and (b) calculated
structure obtained by HyperChem 5.0 software.

7 Tosho Co., e.e.w.=24.3 g/eq.), tetraethylenepenta-

amine (TEPA 2% Tosho Co., ee.w.=27 g/eq.)
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Figure 2. Chemical reaction mechanism of the epoxy/
amine cure systems.
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Figure 3. DSC thermograms of the untreated sample
in the DGEBA/amine systems.
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Figure 4. TGA thermograms of the DGEBA/ linear

amine cure Asystems:_ (a) preliminary-cured and (b)
post-cured.

oX
ox
o
0
i3

otx.7]

u

o o
e
o=
oX Mg o
g
20
qq’ ()
r&E gy EN,_
ky (BN
12 4o
i~ ii.
o

P A
2

o
!
)
Of
e
2
2
>
=

) )-l-ﬂ

Ac)
fn)
o> 2
f
o
2
)
9]
2
1114
2

S borr
rlr
2oor =
IR
ot o
1o
N
rfLoox
kN
iy
2 of
re z%
ne oo o

> oY
o M1 oy

2oud 4y
re

re
g i
L ool ox
)
2 lo k

Az

U,

o
fru
X

po
fu

lo £ n
hu
r%i{
r 0
rﬂﬂ%
v

Figure 4(a)& DGEBA/o}%
A2, B FHd =
o] HE (Abeol)d e
aHolt ztzte] ZFaAE two stepo g
a8he dxg ARdgE BY

BspolAe] TGA

ve 42 ¥ gady

AR

Polymer(Korea) Vol. 24, No. 2, March 2000



DGEBA/A® olu A siA| o] Fd 234

Figure 4(b)= DETA, TETA, 2&]2 TEPA¢|
EASA NN F4 Exol £ T4 ¢ gadd
o] M%7t ARG E FAAA ol Atke A E BAF
Aot Asizdd g AL B BY, F
Ho] A}&Zol7} 2 TETAS TEPAY AsilE &
A28 A7) 7453 FeHot Aol 4
oy F49 Al&Zel7t 7+ &S DETA 33t
A 433 A7) du|Fse A v g
& Jepidh &, d¢EA B He 27198
B ext ou7sie A, DETA. TETA, 18
1 TEPA ztzt 324, 330, 22]3 335 Coldout
$7Aske] AS, 320, 348, L3 348 TolUL, T
3 AAA e vehllE= A d¥H2xs AguFE 3
o} A<, DETA, TETA, 22lx TEPA 7z} 324,
330, 1ela 335 Coldou FAste] A, 320,
348, 12la1 348 Col).

olZAlolere] MEtg Mg Y5t FT-IR £4.
| Z A /obql AsAle] o8] FT-IR 2 ZAE=24
70 wgE a0 ¥aE 1510 cm oA YRl
o] B3 Azt Fddix] 7] G o EA}
olzo| Afge AMNE o 7|F a2 ogE.

)
=

o

9 gaga Avel U Y WH A7
C-0 sl=m9} #AL= 1000cm™2} 1200 cm™ A}ojol]

et mlehg o ZAlol= B 913em oA U
gt #4879 FT-IR dae 42728 24
2 A8, YwAez a3 4ol 2P os
L2l A At AFAIE T2 AL o FAjo]
£o) RBEL AVY & Ydl AL olde] Azt
2t

( Ags >
o= 1 Aisiofeuwed
: ( Ags )
A1510 liquid.mixture
714,  AgsH Ao olEAlol=gt WEH

C-Hel 5|32 & Yehdtth

Table 1& ZsiAle] F4o] x3d 22 ¢ 24
Ao A (AHEZe]) et ZAstxol DGEBA/<}
g A sAlel M9 o] ZAjol=e] A@-E vA = IF
& RAFh ouiFsiel F7se] W3R EEL
DETA, TETA % TEPAS9] FspAldlA 27} 84}
90%, 913 95% % 949} 97%oldth. Bz

Table 1. Physical Properties of DGEBA/Linear Amine Cured Systems

item curing condition

preliminary-cured
post-cured
liquid mixture

conversion (%)

density (g/cm”®) preliminary-cured
post-cured
. eliminary-cured
shrinkage (%) prefimnary-cur
post-cured
thermal expansion coefficient  preliminary-cured
(tm/mC) post-cured
glass transition temperature preliminary-cured
(c) post-cured
. liminary-cured
tensil modulus (GPa) preiiminary-cure
post-cured
. limi _
tensile strength (MPa) preliminary-cured
post-cured
flexural modulus (GPa) preliminary-cured
post-cured
liminary-
flexural strength (MPa) preliminary-cured
post-cured

DETA TETA TEPA
(MW.=103g/mol) {(MW.=146g/mol) (M.W.=189 g/mol)
- 84 91 ' 94
90 95 97
1.148 1.171 1.159
1.200 1.192 1.176
1.190 1.180 1.188
45 1.8 15
37 0.8 25
199 186 175
177 148 150
97 107 107
99 123 123
39 3.4 34
36 2.8 26
42 43 31
38 39 45
43 39 34
34 3.0 35
131 127 119
119 103 114
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Figure 5. The fracture surface ( X 120) of resin castings obtained by flexural test: (a) DETA/DGEBA, (b) TETA/
DGEBA, and (c) TEPA/DGEBA preliminary-cured systems.
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Figure 6. The fracture surface ( x 120) of resin castings obtained by flexural test: (a) DETA/ DGEBA, (b) TETA/
DGEBA, and (c) TEPA/DGEBA post-cured systems.
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