®sH
2002 4F 10 A

F';_'J_‘ 6} ? % ﬁ No.5

ACTA POLYMERICA SINICA Oct., 2002

& REEE FE 5E Y 3 5% N o Y 34 S AR / 00 A T B
B R ERERT R

IR & B AHS

£ B HFRA

REL

CHFXREAEER ERARIERS FHHERESAXRE XB 300071}
CREBRXEHRRESTIE¥E XHB  300072)

B E ART-FASARATEREREAR(PPORHRIBENT #R, FEEE T S Ru R EH
0 E-SU/ R (diey) Bl A E MBI MEENE SIS DETRH PHEEERNNAEESSH FXEREWN
e ESEWESNBNFTHNZAMERFTTHRIT SREWH UHERBLRNEHABRRAE.E
R RIS LR B T 190CREKE 140C, B R M EME LS 145.5 K/mol &
F 70~ 80 k/mol; M MEERMGEEN BT, K& PPC EHEEHS TR 1000 M5 8 BRMEM E-51/diey
HEMERERRHEN ES/dig RKRRAT SF Hht NN RNEANESAFTHEMN DB RFIE, &
WRAHMEENNTFESH THRERTTREEERE.

@R FEHE, VR, A, ik, BESEHR

K5 AR BN A ERIEEREA B
7 BB ESFNAEEAS R SRR E6E
ZRAHRE T ERIERMRER T 2R
ANGrFIEME TR B A3, SR L S T K
BT HER, RIATRIT . ART—#
FHRHE LR (PEG) R FR MY #RIEN
WA W R B R (R, IS SRR T
IR B RS E-51/dicy A&, (8 B LA R Ay E 4L
A EHBRE, W HEd T PEC £ ERaEE
ABTHERSEH, 2D - E0RPER.
BR BT PEC SHEM 88 HEFERE, AT
P 45 P 3 AN BE 7= A SROULAE 20 B8 LR B PI AH P 4R A
¥, T PR A P 245 55 4 %) A G BR T K 0 B b R R R
ERBHFEARE, Xl RIFIFAWIEEEHE
HE SRS AR, A CEULENE
Wiz bR SHER RN FERERT PEC K
PPG N EEBERIFRGE, & T — M3 A PPG Al fR &
AT 4 B 1 O 31 A Al 1B Al e e R R, RS
BRMGT, AL SRR AR E-51/dicy K &, —
FEEERNEER N EEHSRS; A —-E,
BT R AL A A B9 R A ST B P AR A A B A
AUKHEEHERS THERIENhERE, MA
RETHEANENSER SEENSE. £330

SRR R 0 BAL BN TE A (B S S E R b
fe W REEEESWEF@HET M HZEHA, FHX
ENZEMEEXRRIT T HiT.

1 S

1.1 FEEH

EHENS PPG( 5T & 45128 1000.2000.
4000) THE, REOm ) ,ASRKBERT#
A 2,4-P ¥ 7R FBA(TDI) (80/20) H
AFEO,SRWEERE, WE 110~ 111TC/532 Pa
184y —HIRE(35% ~ 40% K EE ), CP; 35 E 8 B
E51 & {E % 0.5t, & M4k L) XA W
{dicy) ,CP.
1.2 NBRMILHE

CDR-1 B7R BB HM(DSC), EiKFAL
2% A% AR MGE & IE s DDV-II-EA BRI ZH AR, 3 %
£, B 4 Toyo Baidwin S F 4 HamRTA3.0cm
x0.20em x 0.02 cm, FHR B E N 2 K/min, & %5 55
HK 11 Hz, BBEAEEE M - 150 ~ 250C; £ R L
Charpry XCJ-500 &), b R MR fi A R L LT,
6 mm x4 mmf ¥ # 5%, & GB-1043-79 41 HE 2 17
5L ; Hitachi-650X B8 7 5 3 BE (SEM), H ZX H 31
AEEFR E G A RE e 5 A SEM IR

*2001-09-24 . 20001 - EFH  BEF AR YE S (XL E sU) M EBRTARBFEES (XL 5 983603111 BN B ; »= @il

KEA



58 A A% A R () R B Y o IR B LR A U DU (A R R RE B 3T 583

ERHESEW.
1.3 FHRNEHNESHELER
M (PPG) 2,4-F X _ R F A (TDL) .

CH,

CH,

“HRESRT S RBARENT &K, BHRRF
ARIREefEdtR  HEMRERR:

CH, CH;,
| 1 1 [
N y
/N—C—NHfRle-HCfO—FCHz(IZH()—)TC—NH-"R*NI-HCfN\ HbRrRX% @/ . @
CH, CH,

AkG MMe 2 MM s] . e T SRR InR 1 iR,

Table 1 Physical properties of chain-extended ureas

Code of samples( U} Uy U, U, Us
Molecular weight of the flexible chain in PPG 0 1000 2000 4000
Color and state White power Yellow viscous liquid  Yellow viscous liquid Yellow viscous liquid
Yield( % ) 95 98 9 98
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Table 2 Temperature of DSC peak{ T,) and kinetic data determined by
Kissinger " s method for E-51/dicy and E-51/dicy/U; curing systems

E-51/dicy/U,{ 100 g/6 g/20 mmal)

Formula E-51/dicy
(100 g/6 ¢) Ve U, U, U,
T (T 198.0 140.0 137.0 144.0 145.0
E (kJ/mol)® 145.5 71.9 8.6 79.8 79.3

* DSC scanning rate: 5 K/min; ® Activiation energy of caring reaction
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Fig. 1 Effect of the content of chain-extended urea on the

DSC peak temperature for E-51/dicy/U, ( 100 g/6 ¢/

x mmol) curing system
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Table 3 Relaxation temperatures and modulus( E} for various E-51/dicy/

U, curing systems ™

E-Sl/diey/U, T TaTa Ty E E

(g/g/mmol)} () (T) () (-130C) (20%7C)
100:6:0 176 -47 -121 5.07E10 .61E10
100:6:3 155 - 47 - 120 4.56E10 .57E10

1

i
-69,-47 -121 4.12EI10 1.43E10
-72,-41 -122 3.87E10 i.39E10
-71,-47 -121 3.38El10 1.24E10

100:6:10 162
100:6:15 159
100:6:20 156

" The samples of E-51/dicy/U, systems were precured for | h at 80C and
postcured for 4 h at 120C .
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Fig. 2 Dynamic mechmaical spectra for various E-51/
dicy/U; cunng systems { g/g/mmol } precured for 1 h at
80%C and postcured for 4 h at 120C

a) 100:6; b) 100:6:5; ¢) 100:6:10; d) 100:6:15;
e) 100:6:20
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Fig. 3 Efect of the molecular weight of PPG contained
in U, on the impact strength for E-51/dicy/U, [ 100/6/10
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Fig. 4 Effect of the content of U; on the impact strength

for E-51/dicy/U, systems [ 100/6/content of U, ( g/g/
mmol) ] precured for 1 h at 30°C and postcured for 4 h at
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Fig. 5 SEM of the fractured surface of various curing systems precured for 1 h at 80°C and postcured for 4 h at 120°C
a) E-51/dicy = 100/6; b) E-51/dicy/U, = 100/6/10; c) E-51/dicy/U, = 100/6/5; d) E-51/dicy/U, = 100/6/10;
e) E-51/dicy/U, = 100/6/15; ) E-51/dicy/U, = 100/6/20
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STUDIES OF THE PROPERTIES OF EPOXY RESIN/DICYANDIAMIDE
CURING SYSTEM TOUGHED BY CHAIN-EXTENDED UREA
CONTAINING FLEXIBLE SPACER

SHI Keyu', HOU Xin®, HE Shangjin' , SONG Xu', DU Zongjie' , ZHANG Baolong'

(! Department of Chemistry, The Siate Key Laboratory of Functional Polymer Matericls or Adsorption and Separation ,
Nankai University , Tianjin  300071)
(? School of Maierials Science and Engineering, Tianjin University, Tianjin  300072)

Abstract A series of extended-chain ureas{U;) containing pelypropylene glycol (PPG) spacers with different
molecular weight were synthesized. The reactive activity, dynamic mechanical behavior, impact property and
morphology of the U; modified E-51/dicy curing system were investigated systematically ,the relationships among the
dynamic mechanical behavior, impact strength and morphology were also discussed. Results show that the curing
activity of modified E-51/dicy curing system was so greatly enhanced that the curing reaction peak temperature
decreased from 190 to 140°C, and the apparent activation energy of curing reaction is reduced from 145.5 kJ/mol to
70 ~ 80 kJ/mol. The impact strength of the U, modified curing system was increased significantly, E-51/dicy/U,
(extended-chain urea containing PPG flexible spacer with molecular weight 1000 ) system was 8 times higher than
that of the unmodified E-51/dicy curing system, the fracture surfaces of the E-51/dicy/U, systems displayed tough
fracture feature , which is very different from that of the unmodified system.There exist two-phase mierostructure for
the modified curing systems . This leads to the significant increasing in impact strength.

Key words Epoxy resin, Extended-chain urea, Reactive activity, Impact property, Meorphology



