% 638 [ S =N No.6
19964 12 ACTA POLYMERICA SINICA Dec., 1996

R ERER Y SEIRIETIH S g 1L RE T R
— g [ R | AR RS R RS

wEE KeHE THIL EEL
HEA BEEF £ & HEETH

(BAKFRER K@ 30007)

B F AATIARSTRENEBENY SERU), HAES ORI R E L5 E
Rtk RH RIS, VLo HERE SIS R B EAMAN THBET T HE. 5RE
H: &S TRAONRZ _FEARMT R / SEME [ RamEE LR nER
EREATENE  AARERAKRERT TRAEZSR. EntEaSma@®i 29t
WRMELE VHEROREEEEFAZT TR RO _BERDI TRENE R, FAW
g/ TER ) RARERREOC FTRANWEL~ 2K

XA Y. VER. FERE REUE EE

N TRRERIAEYHE RIS R E R AR, HAHIT:

R, H H R,
SN—C—N—R—N—C—N~
R ™R,

CH, CH
| [
ﬁmm,&ﬁﬁg.kﬁ4:}<n4:}{;j&}ijZM%ﬁﬁm%%ﬁ

WIRR AR B MO RNEEN RSN, EhHE BRI EREE RS
FEfERE. HEMSAEMBHEERE, MERARRRFEXE SREMNafT
B HERT —RASARS TERZ “BEEENT &R, UEHEHSUEEILR
LR ER IR R T YRR Y FLEAERE, ORI SR RN TR R R TE 4, AT
XA RN S SN EEEE, EEERREAEERT TRARR, #2505
THRPRESRT FRRYVERT ESU EESERRAKNXER.

1 LI

1.1 FEEH
WERIB(E-51), FFEMEN 051, FRLL; 4F&R4 5 A 106, 400, 600, 1000
WEZ_B(PEG) ¥yhib2a, AMHYF 0T FTASB K 8k BE R FEKAE

* 19940907 Wi 19950318 5



698 s 4 T % # 1996 4

(TDI) (80 /20) b4k 2 4, FIRTZIR, e 110 ~ 111 T /532Pa ff 53 WE MK
(DICY) Jpfbortl; —HRKEHEA T,
1.2 ¥ERMEH, MR
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Tab.1 Physical properties of chain—extended ureas

Code of ureas (U} U, U, U, U, U,
Molecular weight of the
flexible chain (PEGHM} 0 106 400 600 1000
Color and state white white white light yellow light yellow
powder powder viscous lig. viscous lig. viscous lig
Melting point (T ) 185 78 — . = —
Viscosity (CPx 107 — — 2.13 5.52 1.68
Yield (%) 94 92 91 90 90
1.3 WikAHZ*

1.3.1 DSC {34 F# K F{L3E) CDR-1 8, HArfERERIE.
1.3.2  ZhAEaEy A4 DDV -I1-EA %, # 5 ##& R % 3x0.2x0.02cm.
1.3.3 bt A CHARPYSCI — 500 R pp it 4L, #E45 GB-1043-79 M.
1.3.4 b BRI R LA

KRR EES WS - #4457 H 4 HITACHI X-50 HARKE FEHE
TWE.
1.3.5 B 7EtEfEmit HEZL 7 REHEOTEXT -2 RIEREF B E TR E N 2
S0 C FEHRERNE [ PEEMR / DURIUBRIR & 16 0K BE BB (e 9 42 1.
2 #R5E
2.1 E-51/U, /DICY kBRI REEH
211 ¥ EER U RS T E-51 /U, /DICY KR RN IEHERZ R

1 DSC f #48 E—51 /DICY =100 /8(g /g & E~51 /U, /DICY=100 /15 {8(g |
mmol / g) BRI BLR . i EETRAT R ERE(T) R& 2.

R, E-51 /U, /DICY (k% MR ¥ E-51 /DICY hRREML 60 C 4,
%80 U tt E-51 /DICY k&M RV E A M BN E#ER,;, BHeHERREFESE
B RN FRIX.
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Tab.2 Temperatures of DSC peak [Tp) for E—51 {DICY and E-51 /U, /DICY

System E—51 /DICY =100 /8(g /2 E-51 /U, /DICY =100 /15 /8 (g /mmol / g)
U — U, U, U U, U,
T(T) 188 125 132 131 132 130

DSC scanning rate : 5 C /min

212 PR U &M E-51 /U /DICY £ RNEEHEMH

M U /£ E-51 /U, /DICY &y & &, i DSC {3 Ml 45 3 B 1k )2 5y ¥ T i A2
(T)(E 1)

E-51 /U, /DICY $k % ¥ &g 3 E ey 3.68 mmol 3 KF) 11.04 mmol i}, HKZEM
R ESH U SR nmEm MYy SRS BERNN, SEEANENESER
AHZLL.

2.1.3 E-51/U, /DICY & MR LR N s H%¥

e Kissinger® f9FIS R, ST HEMIEEMLR R, & LnV;=Lnd~E, /RT,,
Hep Vo AFHREE, T, 4 DSCEWBE. E AEERMELEE RATEER AR
JEHEF. W8 E-S1/DICY=100 /8 (g /o) KR M9EfLAE R 146.7KT [mol, 3¢ F
E-51 /U /DICY=100 /15 /8 (g /mmol /g & E—51 /U;=100 /15 g /mmol) —{k%&
HIEfLEEAr B 3. K 4.

AR, ZAEFLUE~5] /DICY hZME RS, E-51 /U KRR, X8
FHBRAZHEFMA E-51 /DICY &£ 5 B B R T XU UL B A6 30 B0 B B S B T8
LEE.

2.1.4 E-51/U, /DICY KR {FHAELE
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Fig1 Relations of the temperatures of DSC peak (T)
to the content of U, for the E-51 /U, /DICY .
E-51 /U, /DICY system on time
[100 /content of U, /8 (g /mmol /g)] system.
scanning rate: 5 /min E-51 /U, /DICY [g /mmol /g]
LU 22U 34U 41 1. 100 /146 /8: 2 100 /74 /8 3 100/37/8

Fig2 Dependence of the viscosity () of
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Tab.3 Kinetic data of E—51 /1, /DICY [100 /15 /8 (g /mmol /g)]
system determined by Kissinger’s method

U, U, U, U, U, U,
E,(KJ /mol} M1 9.1 93.4 94.8 90.4
7 ~0.9972 ~0.9960 —0.9928 ~0.9950 —0.9970

Tab.4 Kinetic data of E—51 /U, / [100 /15 (g /mmol)]
system determined by Kissinger's method

Uu Ua UI U2 UJ Uo
E,(KJ {mol) 412 4.1 H“.4 43.8 41.8
? —1.0000 —-0.9930 —0.9920 —0.9908 =0.9912

T & @Kyt E-51 /DICY AR HEREAMR(E 2), FHm U ARE
£% E-51 /U, /DICY R RITFFHRE, %IKAT 50 C TR a0 A 2.
mER R, E-51/U, /DICY fkF AN FrfFEE U, 7R b i3 819w 2 g
fn.
2.2 E-51/U, /DICY B{ERENEHETH
221 RHrFEX E-51 /U, /DICY kR shE NF RN ZR
E-51 /U, /DICY=100 /15 /8 (g /mmol /g) B{LEKREMHERHIEHNEI &
HHRRmIERE RERRES

Tab.5 Relaxation temperatures and modulus for the cured E—51 /U, /DICY system’

U T,(T) T,(T) T.(C) E(xE™) E(xE™)
(-150T) 20T )
U, 151 —d44 — 514 2.41
L 147 -4 ~ 120 5.01 233
U, 141 -5 —118 4.18 21
U, 125 _u —118 4.18 1.95
U, 17 _47 1 3.8 1.68

* The samples of E-51 /U, /DICY system were precured for 1h at 80 C and postcured for 2h at 120TC

AR, E=51 /U, /DICY Bi{bAZ NS RACRB(T,) My &R FHREERERE
BATEMNBIMGEMEE S, i FilHEN Ay Bl BEARZ U 4 TEK
W, XEHT AHERCH— EH_ CH,— O BEEZE AT B, WO y fAsh I

H
—(CH,— CH,— O)— HEBMEHFH XTUNE U & PEG X + 7] & &2 0
E-51 /U, /DICY E{kik ZF v #ib, M4 U, +F % PEG £HMRBE(U)HZER T
y BN E. AR SETE N, BMETERTTEHHEM, E-51 /U, /DICY &£
45 B T B
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Fig.3 Dynamic mechnical specira of the E—51/U,/DICY  Figd Dynamic mechnical spectra of the E— 5l /U,/DICY
system precured for 1h at 80 C and postcured for 2h
at 1207 E-51 /U, /DICY =(g /g /g
1100 /5/8: 2. 100 /10 /8; 3. 100 /15 /8:
4. 100 /20 /8: 5 100 /25/8

222 RUEFEXE-51 /U /DICY (kR &N FHERESIE N
B E-51/U, /DICY KR, UERFUKER MAZRABEHSHREA
(F4). B &R ERERYIT X 6.

Tab.6 Relaxation temperaturcs and modulus as function of the concentration of U, in the
cured system E_51 /U, /DICY [100 jcontent of U, /8 (g /g /@]

system precured for 1 h at 80 T and postcured for 2h
al 120TC E-51 /U, /DICY =100 /15 /8(g /mmol /g

LUs 20, 3U: 4uU: 5,

U, /E-51 7, (T) T,{T) T.(T) E(xE™) E(xE™")
(g /100g) (—150T) @r)
5 142 -4 —1i8 41 220
10 151 —a7 _ 1R 418 2.08
15 13 —47 —18 4.25 241
0 127 -5l -1 3.84 1.88
5 126 -4 -8 .50 1.7

* The samples of E—51 /U, /DICY system were precured for 1h at 80 € and posteured for 2h at 10T

HREN, EUSRH 0%, BEEN T AERAHE. XARRY U, §&
BAR(5%) it KRR EERE, ERFMOEAAETHRRELSAZS. BiE T,%
. i U, &858 10% L LN, BEekRP R PEG B A, Wik R LR
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(T,) and impact strength to the molecular weight of
PEG contained in U for E-51 /U, /DICY system

precured for 1h at 80C and postcured for 2h at 120T
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Fig.6 Relations of the glass transition temperatures

(T;) and impact strength to the content of U, in the
system E—51 /U, /DICY [100 /content of U, /8 (g /g /9]
precured for lh at 80 © and postcured for 2h at 120C

Impact strength (kJ/m’)

X FEETEL, Y EKPRERREBRD T8N 400 RHER MH hdi 38 18R
U R 8BRS T2 5.5, M 7,058 140, arlh, FHESLTEHA 400
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R AR
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FFRERGEEOTEREEARRTHSETH E-51 /U, /DICY hRREBREEMN
HERHERR
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Fig.7 SEM micrographs of the fracture surface of the impact specimen for E-51 /U; /DICY
system precured for 1h at 80T andpmtcumdforZhatl?ﬁC
E-51 /U, /DICY =100 /15 /8 (g /mmol [g): a. U; e.

Fig.8 SEM micrograpns of the fracture surface of the impact specimen for
E-51 /U, /DICY system precured for thr at 80 C and postcured for 2h at 10T
E-51 /U, /DICY =(g /mmol /g): a 100 /5 /8: b. 100 /10 /8; «c. 100 /20 /8
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B 8% E-51 /U, /DICY=100 /content of U, /8 (g /g /g} hZh U, & &R R
HidFEfr G HEABARERR, P U, 85 10% (S HE 220
FAFIE.

8 * X ®

1] %8, ® B ®ERS. BH7ER 199, 0: 39
{2] Wissman H G, Rand L, Frisch K C, J Appl Polym Sci, 1964, 18:297)

[3] Kissinger H E. Anal Chem, 1957, 29 172
[4] Ochi M, Okazaki M, Shimbo M. J Polym S, Polym Phys Ed, 1982, 20: 689

THE STUDY ON THE PROPERTIES OF EPOXY RESIN
TOUGHED BY CHAIN —EXTENDED UREAS CONTAINING
FLEXIBLE SPACERS

—— THE STUDY ON THE PROPERTIES OF THE EPOXY RESIN /CHAIN-
EXTENDED UREAS | DICYANDIAMIDE SYSTEM

ZHANG Baolong, ZHANG Huigi, DING Peiyuan, YOU Yingeai,
DU Zongjie, ZHOU Xingdi, WANG Tao, HUANG Jifu
{Department of Chemistry, Nankai University, Tianjin 300071)

Abstract A series of chain—extended ureas containing polyethylene glycol (PEG)
spacers with different molecular weight were synthesized and the reactive activity, im-
pact strength, the dynamic mechanical behavior, the motphology and the storage
property of the epoxy resin /U, /dicyandiamide system were studied. Experimental re-
sults revealed that the impact strength of the epoxy resin /chain—extended urea con
taining PEG flexible spacer with molecular weight 400 /dicyandiamide system was sev-
en times higher than that of the epoxy resin /dicyandiamide system, and the SEM
micrographs of the impact fractured surface showed the tough fracture characters. Re-
sults also showed that the molecular weight of PEG flexible spacers in
chain —extended ureas basically had no influence on the reactive activity of the ureas.
The storage life of epoxy resin /U, /dicyandiamide systems at 50 C was one to two
days.

Key words Toughness, Chain—extended urea, Dicyandiamide, Epoxy resin,
Morphology



