10 TR KR

2010 4F, %5 38 5,45 10

7k 3

ERELEARE SR BRENE R RTR

REE A

A %

(1. K RFH AR XA TR AR, Y2 710064; 2. 5 MRS MR 5402 AL T2 3, 9700 215021)

WE RN WAL AMEF A% ( POSS) A R B A —HLEE 55 ( BADCy) , BT % T R Bl 4849 POSS 3 BADCy %

MY B NE RE 8 % v, A
G A~ b bk A RS T e i IR AR Ak
MR AR EP R X 34 B AR AR

KEEIR WEB A ZfEmEE EASFRAR

TR MR ( CE) J2 H 1w e g 2 2 5 4
BB B FEAR 1 — A F5E A . CE B e [ 1k 2
o7 1 HP O A = SR ER R N, JE R B R 1 W
= R A, T CE (i A P RE L R
RERITHEAMERESE " L S 4h, CE & B A BIFRY IR
AU TR RE, 36 H T i 00 550 B Rl 4% 2 A ( PCB) 3
TR ARL L P BB A 4 R M RE B 2 A R A5 R B
BTSSRI, B EEACERA = BRGEAL (0[5 AL W R e
PR, S HAERE R Az N . Ik, B R
ZXF CE #7389 etk . 40T CE 2ot 5 i 1R
%, B A P RE St 8 R IR S AR
L1 R NSl O i SO 1 YA L 5| D ol 5/ g
gl

TIAE L BE( POSS) SRR T A o T 450
(RSi0,,,) , B9—RFER A VLEEIL &9, 7S T R 454
RH AR R R L POSS 2y TR
A A A R T L A A b AR T R R
HIA FPERE, AN A L IE A R AT DL e 5 e
FEARM A K5I A B8 4y 75 ko, w1l LU
WAERE E 5 09 5 F 90 BL/JE AL 2% 1k 4 R, A I
POSS 1 H &5 43 1 ARk i HE 0] ok Az 2T 6
L ARG AR R A L T 2 R POSS LA W,
I HIABIRFEIM PSR

= PERE PCB Y S A4b Ak 225k HLAT I A vl 40
ARG A HL A5 RE AIDIE S 178 T A R T A2 A 6, ok 2
fE CE #BAEM W™ o SR BE 75 Ha T 2R A9 /N5 £k
T A R B B AL | o Rk S A B R BE A
e R 3 1 SR B AR Y & e, X L AR R T R
Mgk O T CE ROEBE, B H R A
HH 5L POSS X ek, 5% TR Al CE/POSS 4% 4k 41
B B PE AR RE IR RE DL AR AR BE, B TR
AT EAT 57 A H 1 BE NS B PR fE AY PCB 2 {R #1

FAAE 2ovb & 2 SPRHEALHE 2T BADCy/POSS Ze Attt 469 KB4, B4 T BADCy/POSS % {4+
2R &Y, BADCy/POSS 4 # 4+ £ 7 vk BADCy 4% 69 /& 7 4, A 2 A 4

M A Bk

#te
1 XEH
1.1 EZRHMHH

XL A —FUR & ( BADCy) : 4l [ KT 99. 5%,
v BB B PR A

HBE = 2SR SR ik o 4l R T 97 %, R M LT
FEAE TA R
1.2 BEARESE

HE ST AR 2T AF 3% (FTIR) {L: WQF - 300
I [ e ==Y & I I

PR TE (TG) 23 Hril: DTA - TGA2960 1, 3 [
TA Nl

AR FEI K AN S914 AY, | BN H TR &
HBRAH
1.3 XA &

M 0.3 mol H 3L = Z HILEELEH A 1 mol 1Y
JCIK L BEFN 2. 4 mol Y ZE1F /K, % il NaOH %5 ¥ I
5 pH H % 8 ~9,50°C FHH I TE 48 h, 152 4 {4 F
STRIEZS R/ 7 7 e X E N SR ) 5 RN RN
POSS,

£ POSS 5 BADCy #3 1 Bl H iR A, F 100C
T Rl AL B 2 S 5 B 120 °C 1E I H %R
A B A A B, 90 ~ 100 °C Rl %5 20 min, %
120°C/1 h +150°C /1 h +180°C /2 h + 200°C /4 h i#
Tk, AR H B, R )5 BT RF

®1 FEAGRGERAR

M5y MCO MC1 MC2 MC3 MC4
BADCy 100 % 99% 95% 90 % 80%
POSS 0 1% 5% 10 % 20%

o W SRR A e - SR H (20090450102) (K&K
2R 9T 3 5T ) BE B 1 H (CHD2009JC083)
i 8 H 351 2010-07-10



SR HEOF, S T8 AT A R SUb OrE URR ISR IR A% AL B R 5T 11

1.4 Mgk

SR FTIR AT 2 PRI 5% 5 SR TG 43 X
HEAT PR RN G SR A o RE 03 A aE A7 A f
REM .

X JE bR 2 K [ A — %2 B ) S BB AR IR R ik 1T
FTIR M13K . DAZEFR 1503 em ™' Ab A4 W2 0 08 4 74 g,
Al —OCN Fl 2R 3 1 5 1 5 —OCN 7E4T: — [ 4k
B2 b o T A (1) -

H(t) 5, ¢« H(ty) 1503
o=l _HEL(?)“M H((t; 1503 t
K H( 1) 02 H( 1) 1503 53990 J2 S IR A —OCN 3 4]
FIZE I A W8 3, H (1) o H( 1) 1500 5750 R ¢ B Z)
—OCN I [ FIZE A 1 0 7
2 BR5E
2.1  BADCy/POSS Z& 14t 46 5 M

BADCy (1) [E 4k 52 Jit J& B AR 72 55 1 F &k Ak
SRR RN, T i AR LA X RS R )
o 1M POSS 5] AW RETE— & 2B 520 BADCy
A [ Ak S 7, B S P o 4% BADCy/POSS Z& 4k #1
BHE B AL R 210°C R EAT FTIR 45 B4k R .
1 BADCy 45 kA9 FTHR 35 &l ( MC1.MC2 .
MC3 fil MC4 Z2fb#1 B #) FTAR 5 BADCy X))
m 1 AL, BE G [ Ak R R AT, 2272 em ' Ab
—OCNZHE F1 (1Y) 7 538 W B K, 283 210 min (1Y [ N
J&i, BADCy ¢ 4[4k

t...«-ﬁ;e',w‘n‘ ‘
=
s

4000 3000 2000 1000
PR/ em !
B 1 BADCy M4 i1k FTIR %

G AN [ 22 AL B4 BHE FTIR 3% B 26473155, 15
FIAS (AR 2 00 45 T 3 Ak 5 A% Bl B ) 09 22 Ak, I 5]
2. M2 AW, AR 0 R AR RE TR, SR )
—OCN [ % Ak 48 B S 7 Isf ) fr) 385 T 2 4 25, 30
min LS, B K2 0 2R A7 55 10 53 0y 38 3 W A2 12
RGBT —NREMNE. R LIE I, KR T
POSSE 1t 14 748 Ak ) &% Ak 32 1 5% i A W] &, B POSS
B IAXT BADCy Y S 52 e AN K, XA 1 T4 &
[ Ak T2 A il 22 o

POSS 73 & —Fh B A A B/ WL AL 4544 1 244

fit

KBE ek, S YA B AT AT LA 5 H 55 R B AR 2
P, RERS M IR 2 (A AR B 23 K

1.0

gee==s
0.8+ fgﬁ a
Z/O
L /f

I
/

it

o
=N

bR

0 56 160 130 260 250
MfTR] / min

o—MCO0 o—MCl A—MC2 v—MC3 »>—MC4

B2 % 1 2R 25 R T AL A 6 AL o B ] 19
2.2 BADCy/POSS Z bt 469 I & bk 58

% 3 7~ i BADCy /POSS Z% Ak 44 78 I 2 4 R

i1 MHz B HLH () A LB A A IE U0 (tan B)
5 POSS M LR, e &N FTE S g il
PO 1) — A~ 7 0 P, LR /INBR e A 5 1Y)
PE. M E 3 AT, B POSS & AR, MEHAY &
SR B L R L POSS LA R T
RIZERY, e R ( 25 2. 1), b BADCy 1 e( £ 3.0)
k. POSS WM A b 23 BEARM B & T340, A
3] LLE H, POSS F 2 5/, Bl A & B R,
e BT B, M POSS & i Ut — 38k, A RE)
sMIREMRE TP % . X2 H T POSS & i mh, 2
W3k BADCy B ML % V0 &5 ¥ XF FR vk, & S50 o 1
Ko

3.10

N 10.0065

o \ 10,0055
<
2.80 | /

o 10.0045
e/
2.65 ; . : : 0.0035
0 4 8 12 16 20

POSSF 53758 / %
53 BADCy/POSS Z44k #4 k1Y /i PEBE S POSS & R K &

A FLRE 19 R/ NI T SR 5 W 43 I AR M R AR
PR35 P B 25 8, A M A K, e 3R AT ) o K, A
B FE A K. K 3 ST LLE L, b POSS st
AU tan 85835 19 K, 1 H B POSS & & Ay it —
HER, tan S Z HE K . X JE BT POSS 19 in A B
INT BADCy f45 FRL RV, {1 43 155 ¥4 T FAHK, 5
T W s R Bl A8 15 25 5, DT i 1 A i B2 A ot
EAFE T 5, tan 833G K. A3t 24 POSS Jii & 43 5l ik
20% I, tan SR Mt 0.006, 7] LLFE iy, POSS (N



12 TR KR

2010 4F, 45 38 %45 10

AT DA AR B &, 1004 tan SHE A7 35 K, [ 1tk
BADCy /POSS 4 1k #4 kL A B2 FH AF i 1 B8 PCB 1Yy 2
(USZRS
2.3 BADCy/POSS Zs b1 4t 9 # bk 48

[l 4 & BADCy/POSS Z2fb A1 &L TG k. W]
PLSR T TG 4 it S5 e ) 4 bk 4 43 fife it BE T, ( 2R
5% I I FE) Rl R 24 5 i IR 4 38 (AR R 800 C
BF) Sk A RL 1 S BE . i B 4 WL, Bl POSS
SRR, 2L MR T, TR . 24 POSS JR &
Bk 10% B, R R T, L4 g 7R RIS T 50°C,
] BF 8 W] LA M, A Rk A i 28 I A 5 3 s I 3 Y
K, POSS it /050l 10% I ( MC3) , f 2 A 47
KL BADCY #2755 1 7.5%

100 -

80 -

60

Bt PR3 / %

40

20

260 460 660 860
M/ C
1—MCO; 2—MC1; 3—MC2; 4—MC3; 5—MC4
|5 4 BADCy/POSS Z2fb ¥ KL 19 TG il £
2.4 BADCy/POSS Z& b4} 64 a2 214 4
CE KI5 A MR K G 23 X0 18 2 P g dn A &
S KA L PR RE SF R R RS ., B, BT 5
BADCy /POSS Z4fb b B K S 2 E L. &
5 JE AR POSS & 1 22tk Rk Rl 2.
[ 5 AT LLF i, BADCy /POSS 24 1k b4 KL 1 Wk % 5
4l BADCy #H HE B N B3 53 8h, WK AR BE A oK 2
Ji) 2EE T 184 K B o BE L f TR 18 . B H AN, X T
RESZ RN POSS 4> T H A Y8 K R, m DL 55 5
A A B2 T TR B B8/ 4 TRT B v, R R 1l 44
RO/ o 5346, POSS i 43 800 1% W ( MC1) 41 K
W K SR B AIG, B2 POSS 25 5 A3 i, 44 R Y 1% /K

2571

WK / %

% 20 40 60 80

JKAISE] / h
o—MC0O0 o—MCl 2—MC2 v—MC3 ©—MC4
KI5 BADCy/POSS Zfb bk WLk

100 120

RBWH K, 2 POSS Ji 80N 20% B MC4)

MK AR P AT T 48 BADCy B K A

3 #ig
(1) H 3L POSS AU AN BADCy 5N T 5

AR, A TR R AL T Z R 7E o
(2) POSS WA ] DL & F# X BADCy 1 & [

I tan 2 MEA T
(3) BADCy/POSS 7% fb & & 0y #4482 2 Pk bl %5

POSS &5 BEAY 3 R M7 5 35 42 o 2 POSS & B fE —

SE U B PAIRE, AR B TR e BE 4R v
(4) BADCy/POSS Z& ALt BEA LA REY & 1

HEA BRI LS ERE, A 2 AR PEBE PCB 2RI

A EE

2 £ 3 #

[ 1] Hamerton I, Hay J N. Recent developments in the chemistry of cy—
anate esters| J| . Polymer International, 1998, 47( 4) : 465 - 473.

[2] Reghunadhan N C P, Mathew D, NinanK N. Cyanate ester res—
ins, recent developments[ J]. Advance in Polymer Science, 2001,
155:1 -99.

[3] Kasehagen L J, Macosko C W. Structure development in cyanate
ester polymerization| J] . Polymer International, 1997, 44: 237 -
247.

[4] Fang T, Shimp D A. Polycyanate esters: Science and applications
[ J]. Prog Polym Sci, 1995,20:61 —118.

[5]  EZ5 R U R R AR JE 0K ot Je = & M ki BF 581 D 7
2 PG AL Tk K2, 2006.

[6] Karad S K, Jones F R, Attwood D. Moisture absorption by cyanate
ester modified epoxy resin matrices: Part II. The reverse thermal
effect] J] . Polymer, 2002, 43: 5643 - 5649.

[7] Liang Guozheng, Zhang Mingxi. Enhancement of processability of
cyanate ester resin via copolymerization with epoxy resin[ J] . Jour—
nal of Applied Polymer Science,2002,85(11) :2377 —2381.

[8] Chaplin A, Hamerton I, Herman H, et al. Studying water uptake
effects in resins based on cyanate ester /bismaleimide blends[ J] .
Polymer, 2000, 41:3945 - 3956.

[9] Srinivasan S A, Megrath J E. Amorphous phenolphthalein-based
poly( arylene-ether) modified cyanate ester networks: 1. Effect of
molecular weight and backbone chemistry on morphology and
toughenability[ J]. Polymer, 1998,39(12) :2415 —2427.

[ 10]  Borrajo J, Riccardi C C, Williams J J, et al. Rubber-modified
cyanate esters: Thermodynamic analysis of phase separation [ J] .
Polymer, 1995,36( 18) :3541 - 3547.

[11] Fan Jing, Hu Xiao, Yue Chee Yoon. Static and dynamic me—
chanical properties of modified bismaleimide and cyanate ester
interpenetrating polymer networks[ J| . J Appl Polym Sci, 2003,
88:2000 -2006.

[12] Fang Zhengping, Wang Jianguo, Gu Aijuan. Structure and prop—

erties of multiwalled carbon nanotubes/cyanate ester composites



SR HEOF, S T8 AT A R SUb OrE URR ISR IR A% AL B R 5T 13

[ J]. Polymer Engineering and Science, 2006,46: 670 - 679. characterization of cage octa ( aminopropylsilsesquioxane) [ J] .
[13]  Ganguli S, Dean D, Jordan K, et al. Mechanical properties of Journal of Applied Polymer Science, 2007, 103 ( 4) : 2608 -

intercalated cyanate esterdayered silicate nanocomposites | J | . 2614.

Polymer,2003,44(4) : 1315 - 1319. [ 18] Zhang Zengping, Liang Guozheng, Ren Penggang, et al. Ther—
[ 14]  Baney R H, Itoh M, Sakakibara A, et al. Silsesquioxanes[ J] . mo-oxygen degradation mechanisms of POSS/epoxy nanocompos—

Chemical Review, 1995,95( 5) : 1409 - 1430. ites[ J] . Polymer Degradation and Stability, 2007, 92(11) : 1986
[15] Lichtenhan J D, Vu N Q, Carter J A, et al. Silsesquioxane-si— - 1993.

loxane copolymers from polyhedral silsesquioxanes|[ J]. Macro— [19]  Lu Tingli, Liang Guozheng, Kou Kaichang, etal. Synthesis and

molecules, 1993,26( 8) : 2141 -2142. characterization of cage octa ( cyclohexylsilsesquioxane) [ J] .
[16]  JSEf, P EIE, kA, & S ann B a8y Journal of Materials Science,2005,40:4721 - 4726.

[J] .75 5y T4z, 2004( 1) : 15 - 20. [20]  TEZ5R, REIE, B 52, % w50 ekl 4 % AR s 40 A R 3%
[17]  Zhang Zengping, Liang Guozheng, Lu Tingli. Synthesis and R IE 52 3E L )] . b Sk 2004, 18(3) 1 1 - 6.

STUDY OF POLYHEDRAL OLIGOMERIC SILSESQUIOXANE MODIFIED
CYANATE ESTER RESIN HYBRID MATERIALS
Zhang Z(:ngpingl , Liang Gu()zh(',ng2 , Pei ,Jianzh()ng] , Chen Shuanfa'
(1. Key Laboratory for Special Area Highway Engineering of Ministry of Education, Chang’an University, Xi’an 710064, China;
2. College of Chemistry, Chemical Engineering and Materials Science, Soochow University, Suzhou 215021, China)

ABSTRACT Methyl polyhedral oligomeric silsesquioxane ( POSS) was incorporated into bisphenol A dicyanate ( BADCy) to
prepare organic /inorganic hybrid materials. The effects of POSS content on the structure and properties of BADCy were studied. The
reactivity of the hybrid materials was investigated by using Fourier transforms infrared. Besides, the dielectric properties, thermal sta—
bility and hot/wet resistance were investigated. Results indicated that POSS/BADCy hybrid materials having low dielectric constant was
a promising PCB matrix material.

KEYWORDS bisphenol A dicyanate, polyhedral oligomeric silsesquioxane, hybrid material, modification
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