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ABSTRACT The influence of the behavior, mechanism, product structure and relation of structure
with properties for co-curing reaction of epoxy resin and cyanate ester system catalyzed by transition
metal acetylaceton, etc. was studied. The results show that the accelerator can obviously accelerate
the co—curing reaction of the resin system and decrease the cured temperature and curing time. The
reactions involved in the co—curing are: cyclodimerization and cyclotrimerization of cyanate, polyether-
fication of epoxy group and cyclotrimerization of cyclic dimmer, as well as the formation of oxazolidone
rings. In the lack of cyanate functional groups, the main structures of cured compounds are oxazolidone
and polyether structure in the cured resin, and the triazine ring structure is of minor importance. In the
excess of cyanate functional groups, the main structures are triazine ring and oxazolidone structure in
the cured resin, and the polyether structure is of minor importance. The reactive activation energy and
frequency factor of the co—curing resin system increase with enhanced concentration of cyanate. The

*ERNANTIH R 863-410-7-5 R AEWM LB FERNNESEREHE.
2003 4 6 A 20 HWBIWIH; 2003 4& 12 A 5 HWEBkHE.
AR BT, B, KEY 116012, JOEH T REE TR R



266 I A N I ¢ 18%

thermal stability and dielectric properties of the cyanate and epoxy resin curing system are also found
to increase with enhanced concentrations of cyanate in the same cured condition.

KEY WORDS organic polymer materials, structure and property, co—curing reaction, epoxy resin,
cyanate
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Table 1 Gel time and storage life of cyanate/epoxy resin cured system Sample

Sample Gel time/s Storage life time/d
140 C 150 C 160 C 170 C 180 C
A 2620 1500 840 425 245 B >60
Ao.a - - - - 352 >60
B 2280 1500 630 360 190 >60
Bo - - 9300 4700 2400 >60
C 1560 900 480 310 160 >60
Ay - - - - 1021 13
As — — - - 285 6

Bl 1 3%9], & F Mt(acac)n {EHERIHY 3 FHELIK R 3 Mk, RE&H Mt(acac)n {&
HER BT E A R R B — AR X R=1 89 B LR R T Mt(acac)n 514 0.1%.
0.2%. 0.3%. 0.4%. 0.6% # DSC FE{LBFIT#EHH, BEE Mt(acac)n FI BN, FE LV EZ L
Tt, DSC B Ig e FERE K, 3 BT 88 A = A e d. 33X 3% BRI SRR B I GE A g

[ A e 2 A R — SORT R, {5 FC B T S 7 i o 3 S 1 S, B R TR IR IR R E LR
o7 .

& 5
A 0
360 420 480 540 580 35 30 25 20 1% 10
TIK v110%em?
B 1 A, B.Bo# CWigkRaERTE DSC 2 B k&E{L 8 min # FT-IR
R4k B 22

Fig.2 FT-IR spectrum of cyanate/epoxy

Fig.1 DSC curing curves of cyanate/epoxy resin system cured after 8 min

resin system ($=10 ‘C/min)
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Table 2 FT-IR bands of the chemical groups in the cyanate/epoxy system
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REWEIR LA, SR H SR AT RRBA A S0 SRR, WG SR S A SR,
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Table 3 The exothermic peak temperature (Ty) of DSC curing curves of epoxy/cyanate ester

cured system at different rate of heating

System Rate of heating/°C -min~?! Tmi1/K Tm2/K Tm3/K
5 425.5 453.6 482.0
A 10 439.4 466.8 494.5
20 452.45 - 510.7
5 422.9 448.5 474.9
B 10 436.6 460.3 489.0
20 447.4 - 504.6
5 419.9 443.8 461.9
C 10 433.2 457.6 475.9

20 k 44.7 - 494.6
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Table 4 Kinetic parameters for epoxy/cyanate system

System E,/kJ-mol~1 A/min~1 Kygo/min~! Kigpoc/min~1t
A 91.7 2.07x10° 1.77x10~7 5.58x 1072
B 84.9 4.92x108 6.55x 107 8.06x1072
C 73.6 4.52x107 5.74x 106 0.148

MR 4 T, B TR o B3, PR FURR BRI 4 S 2R i 0 R L
E, MIETERE T A A RMIE. X5 HIRERL RN = B 41 4 XY = 56
AR VTG B A SR E SRR Y B EE B A AR . MBS 05
EFHE) 1.3 B, H Kasoo M 5.74x 1076 FREZ] 1.77x1077, T Kigoec M 0.148 TFREF] 5.58x 1072
Kasec M Kisooc [EIHEHZRN 140 28 B4 W7 (58 PSR ol T A TG 0 738 B 33K /465 R A 4R
BN B A0 8 o 34 T A S 2R 0 MR I PR A R 1R T 1 AL SRS B, 3 LB % SRR IS
BRBYIEIN, X FRREZ K. HR E AR R MR B RN L S R A BB R R T
FEEAGRETEARBSHTENRERR. X RI T BT/ S E IG5 Rtk B b 5
Z O PIR AR B, R R RIS R E LR SRR 10,
2.4 NEMIESRBRELE L HERSHEENXR

R 5 RY], LB SR EY Mt (acac)n] HALIEHEAE B PR A L5 B MR B LB L4
RAMRHEEHRE. RIS RO, E1L7=4) 8 b 24 Gk R AT AR R BE 2 3875,
BRIEMIREE S EMIERE SRR (BR) LS, KRR IEE RS, EERUN, MER
R o B0, OB AL o SRR R Y SR TE L = R SR At b 2 b, AT 8 A B Hh 3 i

RS FEGHRESLE LR

Table 5 The properties of cured compound for epoxy/cyanate ester co—cured system

Properties A B C
Electrical properties:
Dielectric loss factor(x10~2) 0.21 0.38 0.57
Dielectric constant 3.1 3.3 3.8
Volume resistivity /Q-m 1.38x 1014 8.6x10'3 4.2x10%3
Thermal properties:
Temperature index/C 178 173 158
Heat distortion temperature/'C 205 196 155
Mechanical properties: '
Flexural strength/MPa 98 101 110
Flexural mould/GPa 4.0 3.9 3.8

Break elongation/% 2.08 2.26 2.89
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MR SRR L= DSC BT (B 4). SERE LR S #5834, (1/Ry)
RIXT S RITHRE T HEECR (B 5) MBS EHE B M SHReEsEs B/ SHENX
% (B 6) AILAG IS RIS LB T,(DSC)MY | #8347 S x AR EE R T, (electric)*12 Fsh
SR Y Ty(mechanical)'2(F 6). 3 6 "I, FIRFE BRI LRGN T, FA,
{ERHAIMES AR, AEEILEERPERE S BN, ERRE IR

Mcal/s
J
vs]
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Temperature/ °C : 7(x10E3)
B4 FESRRELEMTYH DSC a7 5 A BT A X B A X IR B I B B
HEE KA
Fig.4 DSC curves for epoxy and cyanate es- Fig.5 Relationship between curves conduc-

ter co—cured compound tivity and reciprocal temperature
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Fig.6 DMA measurements for epoxy and cyanate co—cured compound
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Table 6 Glass transition temperature () of cured compound of epoxy/cyanate ester co-cured

“system by means of DSC, electric and dynamic mechanical methods

Sample Tg(DSC)/C . Tg(electric)/C Tg(mechanical)/C
A 162 168.5 196.7
B 153 160 ‘ 192.7
C 137 ' 126 166.7
3 &

{2 R 25 AV A SR R B, 49 6 T A S R ). A A R N AR P e R R B A A H
RV R =R (ZHF), RE R RSB M = F, SRR TR R B
BE, BJE iR BRI SRR M PR R Y A s M. TERRER K RE9AM T, A EE LB
MeEE R R B A AL, SRR, TERRIGE RS BAR AT, EB k=M wg ke
BRI LELAL, RBEGSHIMR . TEARR A B AL (R T, BEE SRR & Bed 8o, SEE k=1 s rkRe
AT R R RER
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