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Figure 3 DSC curves of epoxy resin/DICY curing
systems with different contents of LB-A
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Table 1 The storage stability and the gelation time of the DGEBA/DICY curing systems with various CDI-Cu (II)
complexes
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(c¢)—viscosity change during storage at the ambient temperature measured.
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erator long-chain tertiary amine
TC 8 2 WS 0 [ A A2 R 0] 3 S 78 BURUKE Y 73
wh g | B A T A g 1 A 2 R A AN o
3 WA OBU UM /20 SR 2R 1 i A7 Rl P R 17 0 R
AR R 0 [ AU BE o 38 o A i i B 5], RS Y [

PR BE B A 0T DL IK B 120 °C, {HE FH 9 4 4 s S
— AN I T S IR K 3 3 AT
Pl JBE 22 18] 9 Gt — , 2 XU 2 [ A 790 R ok & Jig 1Y
KA



4 B A5 < B ORI P O 2R 3 A 500 BT 5 0

139

1.2 MR RA & & Bz

i 17 5 e 25 LA 300 22 S W, 5 30 S8 i 1) A
TR TP B A W B R 0 B0 R
B PR TR A S5 o AEL O bR M 2K AR R P 3 1
VLT M AR A SRR g B R R R S PR T AN L
B AR AR . L, e 28 AR5 £ T 2 W i
P 2 3 Ak o ol BRSO B Ak A R A TR,
T B I X R 0 B 2 A A A R AT R T, DA R AR Bk
G He A g R BTG M o W A R SR AL . 2
Jiie 5 B B A A 0 I, T TSI e 5 668 S 2 6 s
[
1.2.1 [ RE2E

IR 107 % 22 W 149 2 35k 5 T S 0 A 0 1 3 L 3 ok
A% N R K A TR IV i R 2% T U A TR I B 1
TR RKREAL, NI & T AA R et (WK 6) .
i IV e 55 2 A B TR A T R A A iR &R TE R IR
R R T B PR 5T R R &R RN I RS 25 kA AR
b, B KR BB, 2 AR ZR v 4 R I B AE
IR AE LT 43 2 B 195 B AR, 5 v i iy e 5 206 41
AR g s vz T 1 Ak T 58 4 7 L AR R ) UL Sy 4

S5 B A AR R
0
R—C—R,+H,N—R,==—="R—C=—=N—0R,+H,0

R,
El6 IR & A&
Figure 6 Synthetic route of ketimine
H T A= SR P i 4 B A RT3 B R PR B T Ak
R R H S AT AR O3 e, DT R AR R A AR A
Shy B g 2K 1R AT, T b ) o I IV i P 3 AR 2 R

GO

OH
~CS0--Fe™*--H,PO,

Promote adsorption

0-Fe’"H,PO,

Epoxy adhesive

JH R v B4 T L, DA/ A7) v e 1 B B (HX
i W NS B N P TN T S G Pl A
BORS o 2 1 DA SR AT B e ke i o S AL A o Ak
B T — R P TR 2K U i (MXDA) Y B 5
iz, JOT FH B4 A R S5 T3 R R (MIBK) L2, 4-—
F-3- 1% B (DIPK) | 2- 1% Bl (MIPK) A1 N il (ACE)
S5 5 e B A F R S T R 1 TSI e e LA
(1) fiff A7 Fi 2 1 0 1Ak S Ry 3 M L 4 R AR
1F 58 S 56 1 — 25 X6 5% i B R S T R R I e 1 A
R AT THERER KB A BUR W Jie 1) & 38 5 25 A
Sy Wl Bl B R L 5+ 1O il BE 170 °C R BN ] 4 b
i) ST fH (%) K St Sz oz 3o 8, IV SO Jg 1) S5 O 9% P
J2 T IV e [ 1 B 48U i e R e EE A AR b o T e
(18 52 17 T3 1 A6 1 A A 2R 100 i A7 e A gl A e, (1
A 1 B ] S0 R K 5 A Bz TSI R %) s 7 9 2 v
AR 2 10 G A7 e Mk 2 7T 8 K T Ak %) Bs) [ R AH
N . B SRR T B AR R p B X R
5 R AL G A AR EM T, BT
I, Li S0 & T A BB 0 - — I 8k (GO-Fe) il
b A7 BB - R — A8k (GO-Fe-P) 94 K 52 & 41K, IF
N FLAE Sy 1 /W AR R ) AR IR . S5 R &
B, & A 100 O & 2 B0 B AL 3 35 i [ A ik & 7
ERT TS h 25 24 WG, B4k 5 I ) B 5 45
B, H 60 KN MG AERE AR fL AN K. SR LI
(WL T7) KB, 8 =B Es T o st i ik A 880,
B AT AW s 25 A5 rp (4 7K 43 DA R TG e 149 43 i, X
R R Rl R R i Bl R ot st B oA = R N |
Ak B R 35 P T A 0 ) A I A AS 5 5% R A4 R 1) A A

Fa e .
’ OOAir

@® Waterinthe air

@ Waterin the epoxy adhesive
\ GO-Fe-P in the epoxy adhesive

Decomposition

CH, m

& L H,N NH
AN : z
0+ (1RGNN e e, 1

0]
Q\e ")
~ V O / '
Initiate curing reaction

B7 RIMIIEEL GOk E &+ BHES OCRTCEA Bk & Rz & 1 K # ) =
Figure 7 Possible mechanism for the improvement of curing reaction activity of OCRTCEA by the addition

of functionalized GO nanocomposite
1.2.2 fhideds
DU e U | 4 ) TR R 1) B Bk e iR I T
22 e 4 B0V UL A, DA K B S8R i A A 2R Y
fiff A 300 o 1% O 1 U 2 ) A 0 ER R AR i iR 2
IR R A S 108 T X R 22 B AR R S A R

VA7 N e 0 P ) 35 P T R0 DG vk S B S T
P fik , DR AR A R A TR ORI 5 T AR I £ Ah B3R
8 CANAS Ol VR AR ) BRI 3BT BRI A BE 1) B R B
BRCIA , R H 1) I A 50 5 Y A B oz [T A o 4 BE Bl IR
(3 2y R JEE , R E 1 T A 1A 2R 8 o (O30 AR 5 I 5 4



140

MRBFTE SR 20254E55 19 555 1

JIT LARE B 1 0 B R O
ol e B 1) 4% F R BB T 1930 4F 4L 45 Bt R
BN o B SN SR A S| R B
/2% WL 2) . Hh WA RN TS 5E
T ALF A BN T o 2R K
R BT — e A LIRS — R
zaéﬁyk@{flm/&mﬁ%ﬂ% BN IR RN
V700 32 0 DI R 28 & . Pittala 257058 i R 2Kk
‘?£,EEIJJ%U%TLJEZ,‘I%IEH§%H§ﬂanHY951ﬂl
AR 1LY 556 At A . LA PMMA Ry BE B4 1Y 34 4

5 Mg B 1 A0 500 f e 2 e R R (LKL 8) o i Tl
S RE R BB VE R, DN A 2 A F 2 AT AR B 1Y) i
fEfEYE, oI N F A& . Mariel % DL R K -
FH R - = SR U A Ah 7 AR BRI 5 0E T B 4 K
LSRN SRR /R R N i P e I L K A
A il 5 PR SN T 4 [ I SR FH XL -1 0] 2
KL (PAH-MC) , L3R H L T5 s 1R W IR ol 7e 14, X
e R PR N AR 2 e LA D 1R AT RS Ak
JIT A5 2 1 R i AR R Bt 104 A A28,
IRt TE M AR RIZMT T,

K2 BREMBEAERESS

Table 2 Preparation methods and characteristics of microcapsules
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Figure 8 Schematic view of epoxy resin microcapsules and curing agent microcapsules
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Progress in Latent Curing Agent for Epoxy Resin

LV Kun,FENG Yujun, YIN Hongyao
(Polymer Research Institute/State Key Laboratory of Polymer Materials Engineering, Sichuan University, Chengdu
610065, China)

Abstract: Epoxy resins are vital thermosetting materials known for their excellent mechanical properties, electrical insulation,
adhesion, heat resistance, corrosion resistance, and minimal curing shrinkage. Thees attributes have enabled their widespread
application across diverse industries, including aerospace, automotive, electronics, and construction. The curing agent plays a
crucial role in epoxy resin systems, influencing not only the curing behavior, but also the ultimate performance of the material.
In conventional two-component epoxy resin systems, active curing agents react with epoxy resin at room temperature,
necessitating storage of the components and leading wo logistical challenges. In contrast, latent curing agents in single-
component epoxy resin systems offer extended storage stability when mixed with epoxy resin. This feature broadens the
application scope of epoxy resin while providing advantages such as ease of use, environmental friendliness, and suitability for
large-scale production, garnering significant interest in recent years. The curing mechanism of epoxy resin relies on the
reaction between epoxy group and curing agents. Consequently, reducing the curing rate involves substantially lowering the
activity of the curing agent, a key approach to extending the shelf life of single-component epoxy resin systems. This review
explores recent advancements in latent curing agents, focusing on dicyandiamide, aliphatic polyamines, aromatic polyamines,
and imidazoles, emphasizingboth physical and chemical modification strategies. It also identifies critical challenges facing single-
component systems and discuss potential directions for future research and development in this field.

Keywords: epoxy resin; latent curing agent; single component system; chemical modification; physical modification; storage

stability
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