$335 H3 M A S Vol. 33 Iss. 3
2016 43 A CHINESE JOURNAL OF APPLIED CHEMISTRY Mar. 2016

R E TR RS A 2 B B L 72

AR R BRE RTET AHET
(C"HMREM BB S TR, B IR A MR E SR K& 130025,
rp E R B BN LA T S T S E R A SR K 130022,
‘R EBEBERY: Jbat 100049)

B B R IINRETIT 7AW IR R A R i e # o O 1 43 A i A9 ik
ZRAF BRI 1AL AR AR X R R AU T BB R B IS SR 52 o 3RS IR AR S A L[] £k
TR PR AR SRR I T M s TE A ) ) [ o B ] A R L F) A8 PR AN ], e G248 1, 85 it e 44
W GARIE N2 6 (5 B AR FIRFE LI 1) A8 Ak BETE A ] B B 1922 A 5 o AL BE 1y AR A AR, AR H1 i
B BUFE RS i 10 i PR 3 5 55 30 BE 9 S R A B R 1 T5 AL RE LA 27. 2 &/ mol ; B [ A 3L BE T 55, 35
SR IR A BB AL [ P 5 4 T 149 Ik T il (] S B 2200 £t T 7 B Ik T (i AR i

REEIR I AR [ Al s TRAL P RE

HiE 43255 . 0631.2 SCHRPR RS . A 25 1000-0518 (2016 ) 03-0299-08

DOI:10. 11944/j. issn. 1000-0518. 2016. 03. 150230

HRER S IEAE & A PIAS B0 P LB B BRI A HLAE & 1, 2 — 26 40 3 A AT e A
gt R IE D A BLAF RN DA DRESE e HUIE o R 2 Gtk B 1 2 R RE LA B AR 1 4k
e 4 AR 4 45 PTG S PR BB e 0l T B SR L 7 VR A A P R R P AR R T2 O
I,

FRAEURS IS 7E A I AR P, — B A ) R SRR o DRI, b T B A0 1 o 3k e e R 5
A mEEmE . BT, T IR AR A BT R TS A R . SR R 2R
P (DSC) J7i M L e, HIi S (i B DSC 48 i 5 THE L RF 8 T 3R 8 IS B Ak d 72 14 3 g 2%
i AR DSC oy B BE TS BN AR G B4 [ Akt A L A R B S B  f et A v R R i s 1R o
TR ARSI 1 o AR T RS ER AR I A [ AR A 0 L A AR R RORG BE BE BEA hE
FFEBHRG AL, i, Cafimero-Martinez 251" Xof 3420 3 P s B W I 1 £ 3k 7 o 0 B R L 100 G
i RORG FE A8 AEA T T IFE

I A FAR B PR 3 S TR R 2 TR e W R B L 2 A P T A o 7 S 4% 15 T4 98
SRR LI, T B A 3 RS B IR EL T L S A R R AR (BRI B IR ) B |
IR I T R i AR B 1] 45 R AG IR L 5 5 70 e AR A L v 98 07 0 P 4 40 L2 199 B S 480 Bl
S il 4 LB TR PR AR IR B L o TR A B LT I PR S B AR B L REAR B8 L FR S i L
[ A3 A P ) A T R 5 T 45 A0 PRI 5 ) PR S e A L By i 1 28 e TR AR L
) AL P O e T e AT I — g SCEE TR AT TRSE " o AR SO TS 27 5 1 0o PR S0 Bl AR A B L
(¥ B AL FEHEA TRFSY

2015-07-06 ify ,2015-09-01 f& 7] ,2015-12-03 4%

[ 2K 98 Bl 2 2k 4 BT W) 0 (21274152, 51473168, 21234007, 21174146 ) 5 [6] 52 H 5 3 ill OF 52 % Jg ML X (973 31 &) 3@ H
(2010CB631100) % Bl 5 WA BHE TR R R RIT H (20120319 ) 5 35245 Y7 it 538 T2 G SEF R B FE T H (2012362)

IR Bk TR, 2082 ; Tel:0431-84968881; Fax:0431-88999985 ; E-mail : weyao@ jlu. edu. en; RFFE7 4] : 5 43 T4 BAI AL 2%

FEEE IR A AR, DF5E 55 Tel :0431-85262309; Fax:0431-85262969 ; E-mail : tfshi@ ciac. ac. cn; BFFEH7 1]« 554> F



300 I 5533 %

1 SLEeEssy

1.1 R{FFLER
RN ARAAE I 1 IR R XU 73 31 S8 Rl HX4603 (I 1 I i E B B AR BR A A |
A T R A BUBR RN , A IR AN R 1 s, B 400 R AR, 2 2 oo

O— CH,—CH—CH, O—CH,—CH—CH,
Y o)
/ CHZ /
CH/—C—CH, CH,— C—CH,
0 0
N\
L O—CH,—CH—CH, 1 O— CH,—CH—CH,

K1 PR E HX4603 H A 24173 1k 24544 50
Fig.1 Chemical formula of A component of epoxy resin HX4603

AR B [ Aot R v A PR RE B8 fR I 26 B TA A W) AR P 9 AR-2000EX Y AR AR 47 JEA 3K o
FiERge B R @ il 25 mm BFF TR e H o 1 A8 45148 IR A AR 3 10 rad/s; SIS IR MR H
NS 0. 2% AFiFEA 0.1 ~200 rad/s; B4R AR IS 1,10 F1100 rad/s, BRAFHI LA AL, B4
AR IE 10 rad/s, WA SE 0. 2% o BF5T IR X B A g AR ACHE B B B Ak i BR A SE A SR T 3 MR
A3 B 15 .25 140 °C.,

1.2 {EFENS&

PR 11 AT LUK IR R A LA R SER R B AR A, SR G FE B IR Fp A 5 min, %

HRAMIREYIA] . BAJG ST EIZE AR-2000EX HUFEASY #4715

2 FRHHE

2.1 METHMER
WREMRE5E e ELE , EEACIRA: , Jot a7 B AR, PRI A ST PR E IR A 40 F1 B 4150 1R

ARIPIMCRATE S min 7247) #9477 RZEE L,
HCAE R 2 B R e

AR PR 2 128 ST L B M £ 25 AR D oco
WAL B RS (O30, GRRERERE 6 RIBRERE [ o e, e
B GBS N, B BT K, R 5 g, e e
B AE 0 DI 00 FAT AS PE R 5 st © o e
i RO BERERLRE G RISRERTR, GV BE R i RN
BB, BV B T RIS M FRR ol i
RIS 2 B 7 LN £ 573 81— e - = o
e, SRR B A 3 B "%

REREE: G AITERTRE O/ FIVKH BUB/ N gh, o 192 IIXA003 ST A A3 A0 B AL £k
RAREMERE ' RIBURERLE: "R/, Oy T
R R X B 50 O B0 S RAIE 25 1 0 it

strain for HX4603 after mixing A and B components



553 1] FRACKATF AR I AU A L 0 ] fd 301

B A2 LU I R TG 0 A2 5 0. 2%
2.2 FAFMEXMIRE REZN

AN T BB IR G N TR S E R A 3 s o FMR N 1 rad/s S8 1% 100 rad/s {1
FEH, G A G IR R R K B — B A RE AR G 38 B e AL 14 Pk 22102 — S04 ( BRI AE 5 B PR I ]
Je—2) , HAEREAE L R b ¢ F G AR (- S A=A R 9 o PRI, AT LSS 0 ) AN [ 0
WFFEER AR IR AR IB R L A [ AL R B R o BT RL, DRSS 3R IR AR 2B B B[ {3l 2 id 7
I FOR T — R0, B 10 rad/s,

—a— Irad/s 10 —=—15°CG e
F —o— I radss —a— 15 °C G" o rd
—a— 10 rad/s —4=25°C G ‘-’O,OW
[ —a= 10rads 10°F —a—25°C G 4 J 5
£ P —v— 100 radis £ —e— 40 C G' $ AR
S —v= 100 rad/s 5 —o—40°C G //é" y/ //
G 105 O 10 7
e T oo
Y a/. E‘Q.All—
10k ;:A"—Aeﬁiﬁu’ﬂ‘ - 104 l___/__—-A:A_A——A-A—A/‘/A
i% e
10! l(l)z ]l03 lIOJ 10! 10 10° 10*
Time/s Time/s
13 HX4603 B4 I 7E A ) 41 00 2R T flf BE AR K4 HX4603 BRI 1EA Rl T i RER i 67
G AIHRAFERE . G B IE Al  T AE 1 FIBFERE A G BB ] A I 7] ) 2% 1
Fig.3 Storage modulus G' and loss modulus G” versus Fig.4 Storage modulus G’ and loss modulus G” versus
reaction time for HX4603 at different sweep frequencies reaction time at different temperatures for HX4603

The temperature is 40 °C ,the strain is 0.2%

2.3 REXZEKEML B F N

Bl 4 250 TAFERREE T G'F1 GFl LB [ A AR 4k o G/l G i [ 4k B[] i A8 A6 RMERT LA 43R 3 A~
BrEco 25 1 ASBrBost L EA AT, G F G BRI A ] 1 28 A K, I B BT LATA 2 48R B, 7
X — B BER AT AR IS AEA T T AN (2 o 45 2 B B [ Ak P, A8 X — B BE G G P
i, B G /N CERRT 6 X — B BeaT LI & EIEFE AR B, 26 3 B BOsh i [ A6 AN , 78
X BB, G R GG HISE R RE R G & Wik B KAE, AR & G788 8 e KA G &Rk, it
A, Bl G TR R AL, [T b5 ) e () i i 8 4

MG 4 1451 htk— 20153 6" G B RIE BUE (v,,,, , Pa/s) LUK G' I G128 SR 1 1Y)
] ¢, (s) 5 BRI Z B SC R, QN S s M4l &1 SA FEl 5B w] A1, BE & A B i 7,0, 22
K, A8/ BB, PEAN TR ) AR TREE T [ Ak 5 80 P R 2 AN T 7 1A 30 P8 v, [ A 50 A R pe o A
PEBTiE e S A 5

E
K:Aexp(—ﬁ) (1)

AP KOS SO R, A DR AT 1, £, 9 BTe e S il AL RE , R W BE /R AN, T 122 iRE.
MR ETAE ) S A KFRATrT AT 2 AR T T e, S o 7 50 1 0 K22 K, IO i A e e i/, 5
ARSCHY SRR AT RAAY) 5 o K20 (1) PO ROrT AR 2] -

E
InK =lnAd - = (2)

RT
FH 0, RARERAR R B R0 w4 K 15
K = cv (3)

max




302 N AL o 5533 %

E
InK=Ilnc+lno,, =1nA—R;, (4)

1 =IlnA -1 Ea—lC E, (5)
Ny = InA —dne—opy =lIn € -0

K, e, CIZHEE W In v, 5 /T SRR SRR R ARG AGEE E, o AR T M o,
5 V/THRZWE SC PR, GR G In v, 5 1/T FEEI#TS B — 26008 B2, HARRRITRARTR, X
BIFRATH In v, F 1/ T SRARR B SO IE AL RESS A H A o MR G 2% BRI P9 ( - 3272) 143 E,
=27.2 kJ/mol .

RIS k5 4B RE AR Bk (19 58 250 o, 1T LA (DL BRI R AR i 2 o, B 1 P 7 v T sk, W[l 5B
Bz, FLREAS 1 2 (A AR [ Ak 52 4 Tl O IR TR) ¢ (5 SR REASE I G 38 B e RABL I 7 BB TR)h 1) o AR
W& 5D AI s Bl o B9 IN A FR B AL 58 4 TR BRI ) ¢ S SR TR Ry U AR A, A R S5 o, 4 il
18, ¢ S0, AT 5 B8 A58 42 e (e I ) ¢ 52 25 35

105 E
4 . B
10°F
o 10°k .
“." . ;
< ~
S &
R . 10°L
[ ] G'
.
e
]02 L
102 L L L 1 1 1
285 300 315 280 290 300 310 320
T/K T/K
8.0
¢ @ s000k P
. o
fitting curve
M 30000F
5 slop: —3435+148 2
=1 r 5
slop: —3110+
slop: —3110%176 20000k .
6.0F
I 10000+

0.0032 0.0034 0.0036 0 5000 10000 15000 20000
T-1/K! I./s

KIS HhAERERCE: G RIBRERE i ™15 3 1Y) die RS N8R v, Rl BE B AOBOC 2R (A) 50, %0l BE AR G &
(B) ;5 Inw, K /T BRI R (C) 5 BALTE R BTG AR ¢ X ¢ KR (D)

Fig.5 Reaction temperature dependence of the maximum growth rate v, obtained from storage modulus G’ and loss
modulus G"(A) ; reaction temperature dependence of ¢, (B) ; In v, dependence of 1/T. T is the reaction temperature

(C) ; the time needed to finish the curing reaction ¢; dependence of ¢, (D)

2.4 ZEREMLH 3 MR

HEM IR HX4603 A F1 B A0S 5 #F AR SR B O o [ AL R b, R SRR 25 ) 22 Ak mT
VASE S PN [ SR B BE PR PRI R T 1 R 45 SRR W . Anl&T 6 Firvm, [ kbl , fl e it G/ 784>
T SA 36 405 A /N TARAE RS iE 67, B, PR R A S8 K AGA AR TR R LA IRAOIR S (9 3R 5 Bt 5
PR TE] R SE I, it REASS f2 R REARE T 24020 W O, U A 28 ) S 6 i it 3 [T 4 S B ) R4 T 38 T 1 22, 52
HRRREE WL R o I, TEARARX. G > G TE X, G < G, 33 i (R Ay 1A 2 AR AA st g i) 385 00, {ELIE 95007
JRGE 5 1A P00 45 45 ) o B [ A B I PR ok — AP R AT, M AR HE TIOR8 A a0 R 5 L P



553 1] FRACKATF AR I AU A L 0 ] fd 303

G'>G" iR RIE I T = 4ERLIREEAS IR R B A8 w305 G305 ¢
ﬂ[ﬁH = o —u—3200s G'—a—3200s G"
_ v, —e—7600s G'—o—7600s G"

2.5 BE#hFE 107F —A= 156005 G'=a= 156005 G" | | yachacbbebebed
& fL R B IR A IR E A P — A R £ AA4Aﬂﬂﬁgﬁiﬂwﬂﬁwﬂ
R T SE RMEBFIOR R (AR S O] e o

M, . EeIRV N O > 2 e "

FLEH b 7 10 3 7 2 3 B, 5 AR X R 19000002 SCan -
(20,2829 10°

Y- GG’I(t) —GG,’UO) (6) 10k . | |

max (t()) 10-" 10° 10! B 10
A, G (o) MNITE R « AGRERLE, G (1)) A Frequency/(rad - s™1)
=1 Yy Sl i EL 1o = = b A

E&;Ej?ﬂ%1ﬁﬁb*ﬁi , Gmaxj‘jfiﬁjﬂﬁ'iqjﬂijtﬁgfﬁ B 6 ARINE TRk ¢ R GRS
REFR i HHREN AL

ANFERREE T, B B, FAEFR RS X B97224E Fig. 6 Storage modulus G’ and loss modulus G of
W7 Frse MRIEE T BgES, v LIS 3], AEE 4L samples at different stages versus angular frequency
JEREE R, Bl 15 C (|| 74),25 C (|® 7B),40 C The reaction temperature is 25 °C and the strain is 0. 2%
(7€), LRI, FACEERE X (EAR/N HAB AN K
A Y], AR EE X SR s AR, BACFRRE X Bk 3] 1, X R IR A AR i it T o o 55
PN — 2 A BRI T, BRI — B B, AR EE X AR /N HASAEAS R, X B0 A8 IR 201 7t T S5 A
AR AL 2 S5 A R R AR B PR BE o [ T 2 AT, AT LA Sfe Xof B AR B R it A6 S5 B AR P s ) gl
K ATEER R A0 E AL WL AT L3R n G AL A Kamal [ 44 B2 07 [k, Kamal 3 4 A0AR 7R 55 K ) 45

107
107 4 11 B 11
{0.1 105k 0.1
& o £ 0.01
£ {001 = & R
O
" 10°F 40.001
43 40.001
o 40.0001
"o 70.0001 10'°F w
10°L L L L L L L 0.00001
10? 10° 10* 10? 10° 10*
Time/s Time/s
10 ¢ 11
]O(" ¢ '0.1
g o X
o {001 =
5
10 0o &.._n"
o a® 40.001
» ="
10 =
° ) . 40.0001
10? 10 104
Time/s

BT TR 0BRGP AL REE X X S LI ) AR 5C 2% , 18T v Y R 2 27 (o] 1o 3 3 g RIS Y Bz
TR

Fig.7 Reaction time dependence of loss modulus G” and curing degree X
A. the reaction temperature is 15 °C ; B. the reaction temperature is 25 °C ; C. the reaction temperature is 40 °C. The short dash line

represents the curing degree as curing speed is the most fast



304 N AL o 5533 %

BRSO AT S, RN 2817 — 2 I ), 3 B Ak dme KA o ZEAR TR IR IR JEE T, HX4603 A4 433 48
RS i T A o A B bR ( RIBEREAS R G734 K dme R ) IR 220, ) 7 A [T AL R E X 247 0.3 o PRIt , ZEAS [R] 9
T T PRER IR 00 [ R A7 A — 2 O 30, T AR SR i ) [ 4 3l ) 2 B2 )& T Kamal B LA

Fpy[10,13,30]
= o

j: N
3 én v

PSR 5 7 0 LA OSSR R B AR A B RO T . 8 i B o R G
SR GBI LI I S KT L0 3 B0 B 4257 1 BB, G0 G A s 155 2 B Bt 6
A1 GBI, FL G4 HUNT GBI T G5 155 3 BB, GV G A IF VIR 28 11 S R A LRE G ST
SKEI AN BOREHEIE GBI T AR 4R 'R GRS A M K 0 IR 2 ) X R
T B S5 UM S 1AL EL IO UL (LA £,29°% 27. 2 K/ mol, B TR HO 4, 16 72 206 4
BTN UG RLEBAT K T TR S B R 5

P 5T LRGSR 5 A 9 LB L 5 A T, T, T B AR R R S0
SEFTBRAE T T o S T I (LI EE SRS , T BLR L 86 B B Tk s o T 7
ORI AR, T LU PRI B AR Y i

& % x #

[1] XIE Haian. Research Status of Modification of Epoxy Resin[ J]. Plast Sci Technol ,2007,35(1) ;:82-85(in Chinese).
L. BRAMNR S ERT S REE [T ], AR ,2007,35(1) :82-85.

[2] WANG Wei. The Research Development of Curing Technology and Curing Agents for Epoxy Resin[ J]. Thermoset Resin,
2001,16(3) :29-33(in Chinese).
Eff. FREMNE EHOAR S E AR OF A e [T ], # B A A ,2001,16(3 ) :29-33.

[3] LIU Ye, DU Ming. Research Progress in Modification Techniques New Methods and Mechanism of Toughening Epoxy
Resins[ J]. Chem Adhes,2007,29(3) :197-200(in Chinese).
XIEF, FEBH. RS E 9 B0 MR AR TS 1k AR T3 0k S HALBE [T ] AL 5 55 454-,2007,29(3) :197-200.

[4] GUO Zhansheng,DU Shanyi,ZHANG Boming,et al. CURE Kinetics and Chemorheological Behavior of Epoxy Resin Used
in Advanced Composites[ J]. Acta Mater Compos Sin,2004 ,21(4) :146-151 (in Chinese).
SR, A3 SO, BRI, 5. Sl B AR IR A s A [ AL RO A" # i A2 [T ], B 64 52 4R, 2004,21(4)
146-151.

[5] ZENG Xiaoliang, LIU Jia, XIONG Yuanqin,et al. Progress in Research on High Heat Resistance of Epoxy Resins[]J].
Chem Ind Eng Prog,2009,28(6) :986-990(in Chinese) .
/NG X BRIER, 4. R AR ER S AR ORI ST kS [ ] AL T3t J& ,2009,28(6) :986-990.

[6] BAI Yunqi,XUE Limei, LIU Yunfu. Advance in Modification of Epoxy Resin[J]. Chem Adhes,2007,29(4) :289-292(in
Chinese) .
e, B, =k REMIRRSERITE)]. o5 5 #54-,2007,29(4) :289-292.

[7] HONG Bin,WANG Tianzhen. Market Analysis of Epoxy Applications [ J]. Thermoset Resin,2011,26 (3):54-58 (in
Chinese) .
M, BRI PREMAR I ST 047 [ T]. 2 B AR ,2011,26(3) :54-58.

[8] LI Bailin. Study on Key Technologies of Slush Mould Preparation and Slush Forming Process [ D]. Changchun; Jilin
University 2014 (in Chinese) .
PAARR. IR S T2 RBBORIITE [ D], KA AR OC# 2014,

[9] WU Wei,LIU Mingchang, CHEN Yu,et al. Shifting of the Curing Kinetic of E-51 Epoxy Resin[ J]. Acta Mater Compos
Sin,2011,28(4) :1-6(in Chinese).
RME XIS BRE, . E-ST IRAMRECR N 3 e A2 [T]. A4 53R ,2011,28(4) :1-6.

[10] ZHANG Jing, HUANG Pei. Research Advances in Epoxy Resin Curing Kinetics[ J]. Mater Rev,2009,23(7) :58-61 (in

Chinese) .
K3, . IRERIRIE AL S 1 ORI RE LT ], A 4R ,2009,23(7) :58-61.



553 1] FRACKATF AR I AU A L 0 ] fd 305

[11] XIE Hongfeng,LIU Binghua,SUN Qing,et al. The Influence of Vapor-Grown Carbon Fibers on the Cure Reaction of Epoxy
and the Curing Kinetics of the Composites[ J]. Acta Polym Sin,2005,6:891-895(in Chinese).

G XA I, 3. AR A SCBRET AEX B4 i (846 SOy 2 e S 2 G A sh 72200158 LT ). @7
53R ,2005,6 :891-895.

[12] GAN Li,SUN Zhijie, GU Zhizhuo, et al. Epoxy Resin Curing Reaction Studied by Dynamic and Isothermal Model Free
Kinetics[ J]. Acta Polym Sin,2010,8:1016-1021 (in Chinese).

T, PN Bk L, . TR 5 AR IR AR R RL B ) 2 W S S A R AL S i [T ] & % F 5 41,2010,8:1016-
1021.

[13] MAO Youan,TONG Yiqing. A Study of the Curing Kinetic of Epoxy Resin by DSC[ J]. Polym Mater Sci Eng,1991,3:18-
22(in Chinese).

B, HLHF. T DSC FRAEMIRE S 1= [T]. &oTHAA %5 £42,1991,3.18-22.

[14] Skordos A A,Partridge I K. Cure Kinetics Modeling of Epoxy Resins Using a Nonparametric Numerical Procedure[ J].
Polym Eng Sci,2001,41(5) :793-805.

[15] Cafimero-Martinez P, Fernandez-Garcia M, Dela Fuente J L. Rheological Cure Characterization of a Polyfunctional Epoxy
Acrylic Resin[ J]. React Funct Polym,2010,70(10) :761-766.

[16] CHEN Xianhua, SHEN Guiping, ZHANG Xu, et al. Rheological Characteristics of Epoxy Asphalt Binders and Their
Allowable Reserved[ J]. J Highw Transp Res Dev,2010,27(6) :29-33 (in Chinese).

WRIGHE LA 5K, 3. BRACII T 45 GORE A T8 5L 5 0 T 78 BRI TR S0 [0 ] A% 5@ A4 44,2010,27(6) -
29-33.

[17] WANG Zhen, LI Qingxuan, GAO Lianxun,et al. Rheological Behavior of Themosetting Polyimide Resins[J]. Chinese J
Appl Chem ,2005,22(5) :538-550(in Chinese).

T2, A, SN, . IRE PSRBT B AR AR 1R A AT O [T]. 2 R4k ,2005,22(5) :538-550.

[18] Zhao C,Zhang G C,Zhao L. Effect of Curing Agent and Temperature on the Rheological Behavior of Epoxy Resin Systems
[J]. Molecules 2012 ,17(7) :8587-8594.

[19] Palomo B,Habas-Ulloa A ,Pignolet P,et al. Rheological and Thermal Study of the Curing Process of a Cycloaliphatic Epoxy
Resin; Application to the Optimization of the Ultimate Thermomechanical and Electrical Properties[J]. J Phys D Appl
Phys,2013,46(6) :065301-065310.

[20] Ramis X, Cadenato A,Morancho J M, et al. Curing of a Thermosetting Powder Coating by Means of DMTA, TMA and DSC
[J]. Polymer,2003,44(7) ; 2067-2079.

[21] ZHANG Huanhuan,XU Donghua, GUAN Dongbo, et al. Rheological Properties of Two-Component Silicon Rubber During
Cross-Linking by Addition Reaction[ J]. Chem J Chinese Univ,2015,36(4) :788-793 (in Chinese).
TRAOU, VPR AR, 4. XU 3 IR B AR R S Bk B AL s AR I T A8 22T 9T [T ] & 3 A AL 5 5 4R, 2015,36
(4).788-793.

[22] SHI Minghui. Epoxy Resin Adhesive with High Thixotropy[ J]. Adhes China,2008,29(11) :19-22(in Chinese).

AU, R AR PERR R R R R I WFFE [ D ] #5245 ,2008,29(11) :19-22.

[23] LI Jia,JT Tiezheng, CHEN Lixin. Study on Epoxy Resin Adhesive with High Temperature Curing[ J]. China Adhes 2011,
20(11) :18-21(in Chinese).

A, FRBROE BRI R E AR AR IR IR BT SE T ). B AR A ,2011,20(11) :18-21.

[24] Davidson E A,Janssens I A,Luo Y Q. On the Variability of Respiration in Terrestrial Ecosystems: Moving Beyond Q(10)
[J]. Global Change Biol,2006,12(2) :154-164.

[25] Nishinari K. Some Thoughts on the Definition of a Gel [J]. Prog Colloid Polym Sci,2009,136.87-94.

[26] Dela Caba K, Guerrero P, Eceiza A ,et al. Kinetic and Rheological Studies of an Unsaturated Polyester Cured with Different
Catalyst Amounts[ J]. Polymer,1996,37(2) :275-280.

[27] Boey F Y C,Song X L, Yue C Y, et al. Modeling the Curing Kinetics for a Modified Bismaleimide Resin[ J]. J Polym Sci,
Part A ; Polym Chem ,2000,38(5) :907-913.

[28] Martin J S,Laza J M,Morr s M L, et al. Study of the Curing Process of a Vinyl Ester Resin by Means fo TSR and DMTA
[J]. Polymer,2000,41(11) :4203-4211.

[29] Djabourov M, Leblond J,Papon P. Gelation of Aqueous Gelatin Solutions. I . Structural Investigation[ J]. J Phys France,
1988,49(2) :319-332.

[30] Turi E A. Thermal Characterization of Polymeric Materials| M]. Vol. 2. New York:Academic Press,1998.1382-1451.



306 A 5533 %

The Curing Process of Epoxy Resin Tooling Board for
Slush Mold at Different Temperature

ZHANG Huanhuan”‘, XU Donghua’, GUAN Dongbo”, YAO Weiguo"" , SHI Tongfei’"
(“Key Laboratory of Automobile Materials ,Ministry of Education ,College of
Materials Science and Engineering , Jilin University , Changchun 130025 , China ;
"State Key Laboratory of Polymer Physics and Chemistry ,Changchun Institute of
Applied Chemistry , Chinese Academy of Sciences , Changchun 130022 , China
“University of Chinese Academy of Sciences , Beijing 100049 , China )

Abstract The curing process of epoxy resin tooling board for slush mold with different temperature was
studied by the rheological method. To find the suitable test condition, the influence of strain and oscillatory
frequency on the curing process of epoxy resin tooling board for slush mold was investigated firstly. During the
process of curing, the degree of curing becomes larger with time. However, for different stages, the curing
rate is different, from slow to fast and finally becomes slow again until plateau. This variation trend is also
similar with the storage modulus and loss modulus. On the basis of the relation between the maximum
increasing speed of modulus and the reaction temperature, the activation energy of epoxy resin tooling board for
slush mold is calculated to be 27. 2 kJ/mol. As the reaction temperature increases, the curing rate of the two-
component epoxy resin for slush mold speeds up and less time is needed to finish the curing reaction of the
epoxy resin. At the same time, the time which can be used to handle the epoxy resin for making mold becomes
less with the increase of temperature.
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