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Preparation and Performance of Benzoxazine
Modified Cyanate Ester Resin

ZHOU Hui', WANG Fan'?, LIU Rong-peng®, ZHU Ya-ping', QI Hui-min'*

(1. School of Materials Science and Engineering, East China University of Science and Technology,
Shanghai 200237,China; 2. Key Laboratory of Specially Functional Polymeric Materials and Related
Technology of Ministry of Education, East China University of Science and Technology, Shanghai
200237, China; 3. Shanghai Composite Material & Technology Co. Ltd, Shanghai 200120, China)

Abstract: Benzoxazine (BO) resin modified cyanate ester (CE) resins excluding catalyst was prepared by
solvent blending method. Their curing behavior was studied by differential scanning calorimetry (DSC).
Their curing shrinkage was investigated by density measurement. The thermal properties, hygrothermal
resistance and mechanical properties of the modified resins were mainly investigated. The results showed
that the modified resins offers good processability which could be cured without any catalyst. Their onset
temperature of curing reaction decreased more than 25 “C with outstanding autocatalysis. The resins cured
with no shrinking but little swell to form low density cured resins. The heat resistant performance of the

cured resins slightly decreased compared to the cyanate ester resin. The glass-transition temperature (T,)
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and onset decomposed temperature (Ty;) of 5wt% benzoxazine modified cyanate ester resins decreased 20
°C, and the char yield increased by 0.2% at 1 000 ‘C compared to the cyanate ester resin. The water
uptake rate of the cured resins was lower than 3% after 72h in boiling water. Flexural strength of the
cured resin was reach to 144MPa, and flexural modulus was 4.44 GPa. The retention rate of flexural
strength was 63% after wet and heat aging and the flexural modulus raised to 4. 62 GPa.

Key words: cyanate resin; benzoxazine; zero shrinkage
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Xy A BYER R IR (CED (A2 AR B TR 2% AP BE R g (BODY « | il s S W ke - 43 A 4l b Z8 I RH B
e A BRA .
1.2 Wik 5RE

ZE 7R A 2 PAL(DSC) 431« R FH A 4 R B C 1) A FR 2> /) DIAMOND DSC 2275 49 4 52 #UUAE
RAA T AT FREUD 5 A 5 (7~ 10 mg) i # T 33 v, I BE S L Dy 30~350 °C L FHR % 10
C/min; ST (TGA) R EE TA A A B SDT Q600 7Y #4347 A% o 4 [ Ak 14 B i BIF s Bl /N J5UR )
FREL— 2 o7 5 YA i (8~ 15 mg) B THE b L rh, LA W R PSR R4 70 mL/min, R #2410
C/min, AR B B =R 2 1000 °C s 25 vk ae I« >R 10 A I35 AL kA ki 25 i 1k g AR 4l GB/ T
2567—2008 FEATIR , KE 5 RS2 80 mm X 15 mm X4 mm., 3 HEE Iy 60 mm, ik 3 FF & 2 mm/min, 4
HZED 5 AFE, WOV BE ; #415 [F AL di 4 5% 003K . 3l 2 25 5 2 00 3 4 R 1 46 ik 45 %, >R il METTLER
TOLEDO ME204E #4 % £ 4% 43 531 i A% i 1 46 17 5 1) 25 52
1.3 EHEEIEEEE (BO/CE) RS &l & & &4

DL I WEGE B g (BO) % 50 R fig B g (CED #E 47 2l M 153 8 — R 51 BO Fi i /- AR TR (590.10% 1500 .
20 %) i BO/CE # g . 4+ il 45 4 4 BO-5,B0O-10,BO-15,B0-20, L BO-5 ®hg K . il & B0 T -

7E 100 mL BeFF iboim A 2R I WE RS AR (K 2 g, 5 B8 50 mL, B bl 2 8 I WE R R AR 50 42 i, 15 31 %
FEEEGER IR R A R . E S — RN 250 mL SIS BE BREUSUER BE A BE 38 g, B 5 18] A I

AR RIS BO/CE i .
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BO/CE # I§ & {b 15 BE A : 140 °C/2 h-+160 °C/2 h+180 ‘C/2 h, 53 &K 210 °C/2h+230 °C/2h,
[ £k A B4 €, % i ] 4
1.4 BO/CE #4858 #Y B £ ¥ 45 2= izt

SR FH %5 3 v 00 3k e o AR O P AR 4 2R L O vk e R T o FH HE 7K 7 D3t R e % L A W 1
B AR A TR A R s L AR e A SR

vy, =0 _£
01

KL VORISR B R . Y0500 WG EAL Y E g/ cm? 5 00 R AR EALB IR AR, g/ cm?
1.5 BO/CE #iRg Byt % # 1% 68

A AR T O BB AE 80 X 15 X4 AR A LR AT, S AR SR E T 50 CC ML T 240, R 1S
FRi BUHEIC N wo s 7E 2 LR TINAZ) 2 L KFRIF A 2 b i W HE 50 B T A A 24 h &F% 2 h
B FE b DOBEAR B KR A R T K 3 T 5 PR w3 1T 24 h 5 . AR 24 h B FRER AR G 0 IO
R M, A (2O

M, (%) = 2~ «100% (2)
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2.1 BO/CE #isHIELITH

2.1.1 BO/CE #ig#9 DSC 547 il id 228 S0 i 250 M 0F TSR i 00 [T AR 5 1k o 1&T 1 Jr /s 2 2R O
it r MO R 9 BO/CE BCrER IR 9 DSC 2k, 32 1 X8 e 17 4 IR0 it B 0 S0R W) 19 BO/CE Bt B is /9
DSC FHAEECHE . o AT LA L A 6 5 WG g8 W] S0 [ G 07 1 s 1 [ Al s 1 2 0y 3L B2 S I e R e i R i
J7 10 3% 3l BO/CE B i i) B i e i ik B2 HE 205U R B I B AR 1 25 "C L 9 FL I 35 248 W W2 ok i 50 11 344
TN A ARG o 10 P S ) i R o i 48 5 MR 1 ok 3 65 4% 80 6 BO-20 48 i 9 R B A T 4 7R i
f49°50 20 » U BH R I E 88 9 0 A B AR 1 S22 B 3% AL RE . 3K J2 Hh T BT A B R O W R AR AR A 0K R AR AR A
TE W 2 2 L RE AL TR T A PR = SN o [l INE  ZE AR A PR T 2R I B W AR i 2 — 20 & A O 30 345 B JE A
M e ok — 20 AL SRR TR 4L

R 1 RIFREGE M FRR R I DSC %l

CE S/ \ Table 1 Temperature corresponding to DSC of BO modified CE
2 M e
&5

BO-0 AN

BO-15

Sample AH/(J+g™"
Onset Peak End
. CE 205 233 278 642
BO-20
BO-5 178 230 273 618
B
BO-10 167 214 254 525
L | | | | | |
50 100 150 200 250 300 350 BO-15 154 200 235 459
T/C
BO-20 139 196 229 302
5 3 i M4 s e ke DSC B

Fig. 1 DSC curves of BO modified CE

2.1.2 BO/CE #Rgey Bl & BO/CE MR AL Wcds R a3k 2 Fros . ] LU 31 400050 15 i A T
PR A 2. 1106 A7 WY A F) T] A MC 4 5 0 2 T I8 A i ) 351 £ e 4 34 0. 2406, B AR ML 4R A% . BO/
CE e A i 1A% 2% 181 1 I A7 7 A [ BE 1) B2 Jik » EL G ARV A R 349/ T S SRR I8 W TS IO AR BV A3 . BO/
CE SO iR 1A 25 14 152 i 3 Bl 25 25 5 W 8 Joi o 0 B30 vy 384 I i B T o WL WY IR [T e i I 9 4 B AR A T AR
B BO/CE St i 4 B R T 2l WURR 5 A4 I 1) 26 5 o X8 T YA 11 4 9 14 4 2 ml L& B Se vk g s 1 16 4
F1% 5 2 HRAR T A N5 1) 4 88 o Lk — 20 W 5 B« eSO RS T i A VR T 70 80 ) 394 o K
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2.2 BO/CE #4t g Bl ¢ 4 0 #4 14 B8 %% 2 BO/CE #Jiis iy [ 1k i 45 %

2.2.1 #h&HMHH(DMA) &l 2 B R 4 B o AR Table 2 Shrinkage of BO/CE resin

I g AP 50 R TR R A B B RE AR B L BUAE L 5 tan O Semple Density/(g + mL =) Shrinkage,
M4 AR EAHE e 3 s . AR Al LUE L 7E IR IR before cured  After cured

T ORI WE R 1Y) i AR AR B S R TR IR R A (H Bl CE 1. 208 1.234 2.11

T E B TR R IR RE R AE 170 C A it et i 2 R R BO-5 1.227 1.216 —0.90
OB T IR IR TR mE R i A A . SR BO-10 1. 239 1.224 —1.23
JIES V) £t R it I o A 1 I R ) O A T 58 3 2 v — T T BO-15 1.245 1.225 —~1.63
H TR IR A B (1 i A RE R B, D) — 5 I, B T RO BO 1.231 1.234 0. 24
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Fig. 2 DMA spectra of BO modified CE resins
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Fig. 3 TGA and DTG curves of BO modified CE
3 IR GE OE AURR R B R P il R
Table 3 Thermal properties of BO modified CE
Peak temperature/C
Sample T,/C E(50 C)/GPa  Loss modulus peak/MPa Tas/C Y./ %
Tp: Tp:
CE 278 2.79 296 421 40. 0 433 503
BO-5 256 2.74 286 403 40. 2 430 504
BO-10 260 2.97 305 381 37.9 424 499
BO-15 251 3.33 310 356 37. 4 419 496
BO-20 247 3. 40 307 332 37.1 413 495
BO 170 4.73 401 338 47.2 405 473

2.3 BO/CE ¥ EH g B9 RS 14 BE

R I W G A IR T R O A A il 2R P 4 BN . AR SR 0 0L B B I R L Sk BT 48 b
Jo R R IR AR TT IR G218 b T B R SRR A X U [R] BG4 R il 2T LA L AR S 5 )
1 ASTRI AR R W A A2 B BT 72 hoJE BRI W R R A R B SR R . 3R 4 02 TR R C LE A B
RS 0 A A [] B 18] 5 5 A IR 38 R W] LA 76 7 S 30 A O i i CRIT 12 b o W 8 55 e ey ) o8 P ) S 0 9 R
AR o 3o 2 T R R P O ) [T 3o e o B A T T W R 5 8 ) P AR I v R TR R T 1Y
S 7 B gy EL AT B g P SR LA TORAE R S . B IR A 1 AT L SR W SR ) 45
32 BN o iy T B 1 AW R AR i A B ELAT S5 /K P 1% 5 25 () o RS R T B 2R 5 AL T 008 i e 45 Y A vl 1) A0 1

BRI B0 3G T SRR R S K SR T B B B R R A, BRI RO & 72h J5 L BO-5 B R K
6 -
= —BO-5
e —BO-10
ST 4—BO-I5 e
) 4 BO/CE B i W 3 1 BE K4
% 4r Table 4 Water uptake of BO/CE resin
-
% 3L Water uptake/ %
z Sample
% 12 h 24 h 72 h
=2
BO-5 1. 50 1.99 2.77
1 BO-10 1.43 1.89 2.86
& 1 1 1 ] BO-15 1.42 1.92 2. 85
0 100 200 300 400

Time /h

El 4 BO/CE B Jfig W i i £&
Fig. 4 Water uptake curve of BO/CE resin
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BO/CE M 8 22 45 R 1 25 il M G in 38 5 i Table 5 Flexural properties of BO/CE resin
Ze el B g BO/CE #5090 25 th o B 5 25 ph A & Sample  Flexural strength/MPa  Flexural modulus/GPa
FEONS 21 T T B S A B A 88 oy (EL R D I IR % ¢ 19 CE 97.2 3.70
ST BT S B AR R B S PERE T R X R T BO-5 144.6 4.44
KIS RS I e I 1 LA A L4 TS TR BO-10 18, 4 4.70
T T 1 [ B8 4 O RS R / 90 R TG 3k SR AR &85 4 vh OB g BO-5S 91.4 4. 62

W2 IR AR R MR R B B TR k. (HE R

AR IR S B I 7 A e 1 R A S W i R RT R 5 IR R B A K A R BN R B PR R
TR S I R AR, B MR B N . WK 72 hJE B HCE ALRE S BO-5S 25l s B ] T B L AR
BN 6300 X UEHTIK G0 M SHE A IR T 3R W0 14 S8 B0 ) 24 5 0 1 385 1 S IR AR 0% v S 1 P T L (A DR 5 1
25 BE T R TR R T K R MAEAE R TR W g3 1 1) 0 I RS BT A B A L DR R B
Je O RE ah 2 il R RS AT L T

3 & it

b R 5 R IR A i L 2R L A T A B L RO R 0 R RE R /R R (BO/ CED B PE A g
PR Z ST T WA 1 B A0 A T XA B 4 T 440k 8 , W i M RE 5 2R MR RB IEA T T FSR

(1 M LR EE - BO/CE SCH: A I 1) [ fb A 4R 1R B RRAIR T 25 °C LA b 5 B R I WE R T 2 0 01 14
T s [P P A G TR B I =2 AR I 8 T 2 O W g o I T A O 61 b o 7 LA B P R SR

(2) BO/CE gt 0 B [ 4k J5 e U 45 » %2 B /N » PR AR fb 32 35 /N 4l MR e A B BT R A i RT R
P 5 [, BO/CE SCHE A Bg [ Ak 9 %5 B AR 9 Rl i 1614k 90 . A R 1 61 Rk i A

(3) BO/CE Bt 4 i i $4 1 4 0 BR WY B A5 BT B, 40 7 BO-S Wi, T, 5 T FFET 25 20 °C,1 000
C i R B 4R 0.2,

(4) BO/CE MM g BLAT SR W 2% il /K % 24 h R IR A8 /NTF 200, /K & 72 h J5 IR R 3/
F3%.

(5) BO/CE g PEA fS B K 1) 25 i 3 B2 AT 3k 144 MPa, 25 i #& 4. 44 GPa, 2R E k)5 25 il o s
k%] 91MPa, i 4. 62 GPa,
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