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Effect of amine curing agents on curing behavior of epoxy resin and
properties of cured compounds

TAN Jiading, CHENG Jue, GUO Jing, ZHANG Junying
(Key Laboratory of Carbon Fiber and Functional Polymers, Ministry of Education, Beijing University of
Chemical Technology, Beijing 100029, China)

Abstract; The structure of curing agents has an significant impact on curing behavior of epoxy resin and
properties of cured compounds. Three amine curing agents, polyether amine (D-230), alicyclic amine
isophorone diamine (IPDA), 3, 3'-dimethyl-4,4'-diamino-dicyclohexyl methane (DMDC) were used for
curing a self-made low viscosity epoxy resin A. The curing process of the epoxy resin system cured with the
curing agent under different curing times and curing temperatures were monitored by viscosity analysis,
infrared (FTIR) spectroscopy, and differential scanning calorimetry analysis (DSC). The influence of
curing temperature on tensile strength and elongation was investigated by universal testing machine. The
results showed that curing reaction activation energy (E,) of the three epoxy resin/hardener systems were
59.6 kJ « mol™', 50.9 kJ » mol™! and 54. 9 kJ * mol™!, respectively. Compared with aliphatic amine curing
agent D-230, the products cured with alicyclic curing agents IPDA and DMDC showed higher reaction
activity and could result in higher degree of curing, higher tensile strength and greater elongation.

Furthermore, curing agent DMDC with bicyclic structure could provide even more excellent toughness.
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BARBEME (W0 D-230, D2000) RAFHH#E,
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P IREE ., {E R 2 B B AL B iR T 3
HWMEEH (&0 DDS, DDM) R A Rt % 5H
Gt EIREAMIRE YR A EHERKER, H
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BREEIRE . B, FEAMIRERKIRENTER
HRAEFEK, X R — R AR
I‘E]@[]Ilz]o

R 3F i e 2 B AL (in 505 /R B — 2, TPDA)
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EREWBT ARG S REMAET 5. B,
KT e SRR R B 4657 49 Rl 25 5 1 R A B ST 4R E
BOU, MIRRH AN S EAT R, HEEERX
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1 ZRMHET®

1.1 ZLREFES

WEMEARR A, TREHE, FEAERH
0.60, REGCEROEWHMME, FHEN 795.4
mPa - s (25C); HEERE D-230, Tk, BefHb
315mg KOH « g™, #EH 9.4 mPa-s (25C),
BASF A#]; R#M/RE_ (IPDA), {hZEZHKN
SERME=FERDK, HX2FREN 1703,
W% 659 mg KOH » g7', $E X 18 mPa + s
(25°C), BASF 47]; 3,3-— B #&H4,4-—H%x —
WO EH £ (DMDC), X 4FE &N 238. 41,
BefE % 470 mg KOH « g~', #FE X 120 mPa » s
(25°C), BASF A #,

1.2 ZTRHHNE
Visco88 4t/ 4k # 3 BE 1, ¥ EH Malvern {X

mERAF; fHE B SR TR 6L DHG-9070A,

tHE—fEREARAR; E% THR4% DZF-6020,
EE—EREERAF; KRR Instron
1185, #H. ZREHEHRSMHN (DSO), £H
PERKIN ELMER 72+ #); 44 (FTIR) i i 1%
nexus FT-IR670 B Y%, 3£ H Nicolet A #]; H
F B A4S ISM-5610LV, HAHAH.

L3 AWMBEREHS

BT R A Visco88 M/ R & F 1L,
MAELA ERMBRABGEARNBERGTH
HE.

AMEIE T B RIR A& AT B 4k A9 B L B B
BBR, R A BT EES T, HEFE
BH (5,/S;, S, N FTIR A *%ﬁﬁ 915 cm™!
MER, S, HFEMR A FTIR & 1580~1610 cm™
ZEERFF RN EFD .

ERAMBRSI (DSC): 44 g/ E LYy
ERERTAREAY ORI LETRE, £ER
2 300°CHM, FRFEEN5~20C » min™', BR
HEHNE,

B iR: 588 GB/T 2568—1995 i# 17, #
B, BEXH S0 mm, XBHEEHN 2 mm
min~',

iR, S8 GB/T 2571—1995 i#47, %
e e, FRMK, BER 60 mm,

1.4 XBAHE

L41 BRIZ ¥WEASEENER—-EH
RLBEAYS, RAESTRETESHRSINKE
(KR, BAKAES, #E 12 h, HABRBBEL.
BBMEEH TR,

1.4.2 MESELMRSEILEBLLEHFE BIE
HRERASEREESERRMITENEERRS E L
FIELHE W, KB L5, BEIL
FRHEWwH, RE1,

2 ERERE®

2.1 ELEMGINERR

4513 & A/D-230, A/IPDA, A/DMDC 4 &
EANMFBEETE LK DSC #i, WHE 1 Fx.
M 1A LA 2 & B/ B L IR R A ) FHE 3 R
THEREE T, BTRE T,. £1LEE T.
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Fig.1 DSC curves of three epoxy resin/curing agent systems
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Table 1 Composition of samples

Entry Resin system Hardener Proportion of resin to hardener

1 epoxy resin A D-230 100 ¢ 35
2 epoxy resin A IPDA 100+ 25
3 epoxy resin A DMDC 100 : 35

R H Kissinger 7t [R ()] HEMIE/Ek
k& B IS L EE E,

dlln(p/T,)] __E, Sy
d/T,) R

BERQ, B—In@g/T2) 3t 1/T, B, HFLHEM
ABHE—E,/R, HEARNIEIEEE., WE
2, X2Him.
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Fig. 2 Kinetics analysis of system A/D-230,
A/IPDA and A/DMDC

F2 SHEEBAREELE
Table 2 Curing reaction activation energy (E.) of

three epoxy resin/hardener systems

Resin /hardener Proportion of epoxy

system resin A to hardener Eu/KJ « mol™
A/D-230 100 ¢ 35 59. 6
A/IPDA 100 25 50. 9
A/DMDC 100 : 35 54.9

MFE2AUFH, A/IPDA fkF B kR BLIE b
BERAE, REKRMERERK, A/DMDC KR ES,
A/D-230 k7 B R BLHE BB B R, SR A
Mo XREN, EH D230 f THEBRSMM
¥, FELBRVIBHERIER, EBFRHHERE,
EHR, mERREHEE LA IPDA, DMDC K51
BENENRE, SREATHRE, BWERARE
i RIEDOE

BT RSB R, B g 8 TR X B E
DSC FHE E Z g9 3% i+ 5, 1 35 A AR / B L 5
FERERIHEXTRBORET B, WHFARE
R0, MLRA T ESERBEMERNER
BEHLRE, BEREMRERLRF . M3LES3
MARWMIE/ELNKREN T,. T,. T 5FHEE
ZHEAKR.

BERELNED =0, BEELKFENER
BEMLEE, FRAES.

£3 WE/ELCEROEABERF
Table 3 Curing temperature program of

resin/curing agent systems

Resin/hardener Proportion of resin

system and hardener T/C /T T[T
A/D-230 100 ¢ 35 36.69 107.44 208.20
A/IPDA 100 : 25 30.36 87.03 145.96
A/DMDC 100 ¢ 35 36.35 104.41 252.41

MFE 3 ALAF W, EHERE KM A/IPDA k%R
B BRSO, 1S AR BN A/D-230 M
A/DMDC A RELRER; MAERLSEH A/DM-
DCHRZEMMNT A/D20 KA EEFHNBRERH
FHRLE W A DMDC K 5 FEEBR BB E RN
HE .
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Fig. 3 T-B curves of three epoxy resin/hardener systems
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MDA R = ORGSRl SRR BE 0 IR T
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Fig. 4 Viscosity dependence of epoxy resin/hardener

mixture on reaction time cured at 25°C

ME 4 FRILE R, EHERKG A/IPDA k&

BER ) B PR, £ 1 h B ENIREE
A F) 2000 mPa » s £H; A/DMDCEE 2 h
PN 6 B B2 38 K B 2000 mPa « s £ T
RAKH A/D-230 (A RZEERM KA B EE N EEEL
AHE.
2.2.2 BABESKREZREMAG Y% FHAT
WANTIES RS EREE, KK 6 g BEHS
MR ELREANMARNEEER, BTSH
2, HIMER MK A2, 451k 80, 100,
120°CF e atIE], BRI E 4,

MEAAUF L, E£BMERS, A/D230 K
BLHE MR IK, KRB ZE1M®, A/DMDC 7 &,
A/IPDAR M iEH &R, RuKHR. X5HEE L
R REAY A .

R4 ZHRE/BEUANERERRRE THERKNE
Table 4 Gel time of three resin systems heated
at different temperature

Gel time/min

Resin/hardener system

80°C 100°C 120°C
A/D-230 41. 4 16. 2 8.0
A/IPDA 10.5 7.5 2.4
A/DMDC 21.3 12.5 3.4

2.2.3 grsbhskarmlaX  BEE BILR B MHELT, W
fe/BURAKRT MR ATREAORREH B, K
P15 B % b B 4L il 5 A RS T R 20 R AR A i
B EARTER AR, AEWBERNELR
BIRREEN . B 5 K 3 MR/ B ik RAEBOCT
BRI 6 h GELLAMER . WE S aTLIEL, 5
REAHRAWEHEL, BAYEHL D, c. dP
915 cm™" &b A 3R 4 2 A R Ko e TED ARG B B, R
B E R EEAE KRB .

6 & 3 At fig /B AL & R 7 80°C T E LK
FEEH S ER B HEALRE, WE 6 TTIUEF
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Fig.5 FTIR spectra of three resin systems before
and after cured at 80°C for 6 h
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Fig. 6 Influence of curing time on epoxy index

of cured compound (80°C)
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Fig. 7 Influence of curing temperature on epoxy

index of cured compound (6 h)

, FEAE BELERR R, B3 a e B,
B6hLIEHRERYHRBAEE. B6hER
A/D-230, A/IPDA, A/DMDC # g/ B 1L 7] & &
HFF A 35 B4 H1 24 0.130, 0.077 #1 0.092, Stk
KELKIFERIE A B EIEL 0. 590, ATLIHH
H A/D-230 AR AR EIEBEET 78%, A/IPDA
R T 87%, A/DMDC BR{ET 84%, A WJ5
FHkRABEALETS; B 723 Fahs/ELR
EEMIFEEESAEEMBE (B 6 h) K
xR, NB7HLIEL, 7 100C LR, BEH
B, BEBHEREK, BLBRBIES, 7 100CK
JG, BEBAMBRENAE, RERBEAATHE
%, BhBERMERK. XEANELSHRET,
FERPEFRE MR, £ B2 E EAST B R
FHAER, BRAAKMELEH, HYF—-RNE
R, HRGEZAN—ERARA KA EM,
HE T A BE #4738 Bk B AL 21

2.2.4 BAHNLEHSEABAHEIE (T) #¥
" B/ EAAEREABRES, XEBERS,
W T, hEE, B LLES W E DSC 8 & B i
T, R#E T, AW EAAKELYHELTLE
B, &5, X6 &M RERRIREAR F &t [
HARNEAFEARERGTEANELDH

T, fH. ARFWLIFES, 80°CT A [H Lt E &
B, T, EHK, XMAEREHEHEKMEEL
R RS — B MREEBLREAR,
EhYfy T, HE& &, HELEEN 100~
110CH, B#ARELDHE T, H4HNEBEK,
LEMREREA RN, EEYH T ARXTER
R R R, R A B L 3R Ak 2R 45 1 R T A 52
2, BICBETH, X5 ERashtikemes st &
OEABRESEABENEUABREE 2~
B,

£S5 ZHIAAME/BAPEREHERRE
REAE BT T,
Table 5 Glass transition temperature (T,) of three
resin/hardener systems being cured at different

time for the same temperature

Heating T/ C
temperature/C  2h 4h 6h 8h

Resin/hardener

system

A/D-230 80 45.86 48.06 48.17 48.30
A/IPDA 80 87.75 95.30 98.69 99.80
A/DMDC 80 82.47 90.30 95.02 97.56

£6 ZHARBME/ELFERERRME
AEBEEHTH T,
Table 6 Glass transition temperature (T,) of three
resin/hardener systems being cured at the same time

for different temperature

Resin/hardener Heating T,/C

system time/h 90°C  100C 110C 120C
A/D-230 6 49,60 52.67 57.55 50.13
A/IPDA 6 104. 41 110.17 111.17 103.92
A/DMDC 6 98.80 105.60 48.31 50.99

2.3 By hEEs

B 8 MM 9 & 3MIERERRIRET 4 5Bk
6 hBRMELYHRHEREMSARBKESEL
RMBEMER.

ME 8 T LUEH, 3 FhikF By o i i B
W% : A/TIPDA>A/DMDC>A/D 230, H 80°C
T A/IPDA #1 A/DMDC & Z F hiL i 52 J 88 i 3
70MPalAt. FIEBLBEMNIARE, A/D230 @
AL hL MR B R AR FF AT, T A/IPDA f1 A/
DMDC kR Eh Wt E ELREAR
EARBRENREK, TEHTRRTBEAKRRE
Puls'd s Jude AN ST I Ol - Rz EA R
BT, pgERME—-8. NEITLIES, 3/
GARBAY KRG KEIRFYN: A/DMDC>A/
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Fig. 8 Influence of curing temperature on tensile
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Fig. 9 Influence of curing temperature on elongation

of resin systems (cured for 6 h)
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BrE i R K BEN LA B, REERRE
fiem, ERETRAREANRMERAX. &
Z, NE 8HE 9 WLLE M, KA N8Ik E 4 H
IPDA 7 DMDC [& & # 55 &4 B R i B B0 1
5 BT RO R AP R

3 & #

(1) &L DSC #ika 4, B3 A/D-230, A/
IPDA, A/DMDC Z# 5 & & i B 1k 57 3% 1k BE 4

#H59.6, 50.9, 54.9k] » mol™', LEAE. 4
SREEST. RAEEEUR T, WA, W LS5
3 FE 4L 7 (9 5 $4 5 7 8 IPDA>DMDC>D-230,

(2) 5pgRiiEE b D-230 Mk, RANEHE
[ fk 7 IPDA, DMDC [k i 5 €4 B & 16 27 7] B
BEABREMEHE, WIREHH E LR DMDC
RERtEROIME.

# 5 K B
E,—— i B 4678 o 7 BB 5 7 05 L BB
kJ » mol !

R—BE/RS KM, 8.3145] » mol™! « K!
51,8, —45k FTIR & h FE k& 915 cm ' B
LA 1580~1610 em™ 2 [A] % 5 4 1iF 1§ 9
i 8
T, »T,» T,—DSC # X, W Ig/BE b3 & & &K H A
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