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Phase Structure and Impact Toughness of Benzoxazine Modified by Polyaryletherketone

Zhang Ming, Liu Lipeng, An Xuefeng, Yi Xiaosu

( National Key Laboratory of Advanced Composites Materials, Beijing Institute of Aeronautics Materials, Beijing 100095, China )

Abstract : The benzoxazine modified by polyaryletherketone ( PAEK )were selected as raw materials in this study.The scanning

electron microscope was employed to detect the phase structure of the brittle fracture section.The size of the phase morphology

was measured manually.The digital impact testing apparatus and the dynamic mechanical thermal analyzer was then carried out

respectively to obtain the impact toughness and heat resistance.The results suggested that the spinodal phase decomposition occured

in the curing procedure of the modified benzoxizine, leading to the self-similar wavelength varying from 0.49 p m when the

thermoplastic content was 5 phr to 0.22 w m when the thermoplastic content was 35 phr. In the high thermoplastic content system,

the generated tiny phase structure ( less than 0.5 um ) might not produce a strong effectiveness of the crack pinning to improve the

impact toughness because of the dislocation bypassing.The single and stable DM A peak value declared an excellent compatibility and

thermal-resistance maintenance of the blended system.

Keywords : benzoxazine ; polyaryletherketone ; phase morphology ; impact toughness

HI LR — MR R B I R, E AR
TR GE A IR R4 (4 BELRA T BE AN AL~ R P B
111 HBARERIE e R RS 3 ORT R4
TR PSR, R ik AT AR TCHEA R A 50 B
e, BNt o R, OB E g2
VRS R IRP A iy g S N RE o S NN R o 2 1 N
FHLT R R AT,

(E I W0 ELAT PR IE Y Bk, B L, 78 SE B B
JHAE 2 A TR . SR AT E R PR REA I
B U 2 R R T By —
RIFBEER ( PAEK ) J&—FPPEREDL R AT R AR IR PR
Jig . BAT RAF AR T 220, B T 3R 4R
BEBR O Ul AR R e

SEF UTIAYE PAEK BUVE S PEAT PR IR

FR G, AT 055 ( SEM ) WA T etk
FOr ARG ARG A I X A0 £ 53 B, FH Bh A 34
B3 AT ( DMA ) ARS8 207 A o S 1 el
PR I GE 5 IR A i B A b o v, AR5 Rl AR 2R
B SOV A T 550 R0 2 S s B0 M ) C R IR R AR R 1Y
UCHENLEE, R i S e R L R e 2% |

1 SKIEES

1.1 JRAt#

ARFFEERNG : AC LS ORI B 5

* [H 52 973 IHEII H (2010CB631101 ). [H B A} 47 8k 906 28 5
431 H (9140C4405031002 )

R 5K B, TR, F=ZERSE 7 1] R e A 3 52 5 41
BRI T2

Wk HIH : 2012-05-09



10 TRESEAER H

2012 4F 55 40 4,55 7 #i

ik 225.97°C,
FARR

PAEK : JDPEK, 3% % fk % 75
o1k 58984, %ﬂti’w?iﬁ 42435,
%o
1.2 BB REXE

SEM : S-4800 %, H A H 37/ 5

B bt RESIL AU, 7 KR] Cwast /A A ;

DMA {¥%: Q800 %!, 3% [& Thermal Analysis &
Rheology Instruments 23 F] .

1.3 RXAEH &

P34G35 PAEK 43 5145 5,15,25,35 4 9 H &
ERIEBER R SSE MR T 100 CHE THEPETUIR
45 min, S5 7E —ARAEEHL EVUKIR & 2 H W
SRk TRA G R R ATV A FH o

W IR G P IR 1A R CEE AR s L 130°C
FECAS A BR AU, B E O L R P 185<C
lﬁlﬂ: 3 h E AT ISR IR De F A
1.4 HgemX

SEM WLEE K- 1 T A 70 Y0 280 T W T, 7 22 % ot
B il A DY AWK R r 220 ik 48 h, TR R VR 4
(JZJE R 30 ~ 50 nm ) AbBE, ] SEM #4152, Jinsk
HLRBEE N 15 KV,

i RS GB /T 2571-1995 i3k, il FE R~
4 80 mm x 10 mm x 40 mm, JG&k T, 2 GE &= N
27,

DMA % #r: $f U8 i K in T A 60 mm x
12.5 mm x 3 mm BIFESE, F DMA {3 S 2R
TR I A A T R (RURE DRI B ), SR FH N g 4 il A
3, AR 1k 0.5 NLHI N 1.0 Hz, THEHEUR N
5% / min,

2 GR5iITE
2.1 SEM MLE

&l 1 45 AN [F] PAEK FH £ i 2R I8/ PAEK
R Z W SEM B /o & 1 o] LLE Y, i & PAEK
FHAE BN, AE AT T aURE 22 30 B AR — BT i
S, RS H IR R R MG, TR ST A
AN — U] 55 L% X 5 2 i T 4 05 P L B G, R
A BT, T OBk B, f 2 R . AR T,
PAEK & TE 5 DL BRI & A & 2 Frs e 19
LRAR B 1 I BN S A A5, U % PAEK
FHA 3G 0, 25350 / PAEK 19 AH 8] AR LR AE
B (4,) A

R T E— ST 4, 5 BRI R B
PAEK # i Z [H] 5, W 1 Hriy A, #7483,

(a) (a")

(b) (b"

(d) d"
a,a—51M; b,b—15%¥; c,c—25%y; d,d—351r
a,b, ¢, &K 500 %5 K 50 000 i

K1 AN PAEK IR R0 / PAEK & 22 11) SEM U

~nn ]|

I

CET

(a) (b)

; a, b, ¢,

a—HE LA S BELER, bR Lo 4 B (004 S 44 P T
2 AR B R

gL LR 3, m K 3 W LLE & PAEK HHAY 4,
FhE, i E R IR 4, 1 PAEK & 5 B
0.49 pm FFEACE] 35 3 AY 022 wm. I

/ PAEK S W 175 S AH 43 B SR~ 52 2 3 72, 32 AT
PR B A [ A S N B A AR 2 oA Bl T 2R A
B NEE , 1 PAEK &8 AR A% FiRH



SRH1,AF - ROTRABR YA B I AR S 5 nh i VERERT T 11

AN, 5 AH I B At A2 AL, F i S 2
] A, BIZ2E5
0.71

0.6
0.5

g }\\%\%

A,/ pm

0.2
0.1
0.0

s s 25 3

PAEKHIH /

B3 AAMRUEREA A 4, B PAEK A48 1L

2.2 FEIE

Kl 4 7% R RIEC B R F % 5/ PAEK R & 11
rhifrm A E. MR 4 nTLUE 1, B PAEK =)
B, — 5 TR Z A b R R AT B (R AR
W S —J7 1, BEE PAEK R B3, whiliom B Y
B 2278 K, UL I PAEK J& K 2 4 F127EfiE
Fase s 2, X vl B 5N PAEK Ji AR} 0 286 13 184
TSR T T2 EA L

35 -

T30 ¢
g
.25t
o
i 20 /}\E/ }\
®qogs L
=
=10t
£ 5|
0 L L L L |
0 5 15 25 35
PAEKH& / fiy

&l 4 A[EIEC LA E R / PAEK (AR A ohilisi

R 22 S A R SR AL B AL HLER ') Y5 — A
TR b R R B AR B, A AN KT
e — 5 UK ] 5 RS EE RIS, 57 R 2R A fie 2 il 3]
—E R R AR Y “ETHL BT, B, )
AL R (FE[RIRE AR 53 B8, A8/ N U A 1]
)N ) B4R R T A AR AR B, A e 4 iR
FEFE G, ANk 25 AL A/ SRR HILHI A o4
LML, anE 5 Frs o (HGE FH R BRI A9 ok R
SRR, — B 03 ~400 wm. BEARSE/N
T 0.3 o (1788 4 SfoRL A HE L4 (IR 2 65 5o 1Y) 7
Gl DAR B ELAT 8 R B 1N ) 46 TP 3, T H
400 wm BRH R AR, B H 15 22 1 ZERRL A X
N I EE RN i B B AN R

i P 3 AT, Y 2RI / PAEK R R &
N FAAYES S, A AR AT S K E1E 0.5 pm

AN

ﬁl& ik

= MARD

4 Q\ ® ® ~@

- KT *[ - T
é q @®

— i b5F ' -

s AR LR HLA
[270 NNL= E70 9 NS <8 B o 5 Rl ke 2B S |
b, 55—, W A 12 53 LA SOk 55 A5 4 T
I 0 B ISP A% T AL 4 T 2 v 1
W “ETFL” 00 B, 40/ A R AT g
PR CETEL” SOV AR S B B SR k(3R] 2
FIE 4 PR PAEK 2 R 2 AR R SH i/ ME
FIPERE R AN K2R
2.3 dpdHE

I X R IR i e AT B A 1 R AN B AN L T
etk , DMA B T2 0 H TR 2 A R B g 5L
AT APERE. B 6 45 T AR PAEK 2 i 2%
JF W / PAEK 1K & 1Y 3t #E A 1FE Y1 ( tand ) — il JiE
Kl & 6 AT LA, i % PAEK &9 3S n, 78
tand— i ] bt L B — A4 e, FL XA B S
ARG B AR 4 7E 220°C A AT, 3X — D7 THI
B PAEK 528 We AR A TR 3CUT, O3 — 7 TR G
W] PAEK BUMEAT A8 I AR B AR g 14 22 114 it 44
PEo

0.8
06| o Ay
B 25t
< 2% 5
L R
§ 04 1565 &%
i
0.2} ;5
00 T L L y
50 100 150 200 250 300

TREE / C

% 6 AR PAEK JHHERI S IFEME / PAEK Y tand— i 5]
3 &g

(1) PAEK BCPEM R I MR B AR 1A 3R & A T e
TTERAR 53 B Y BUOSGE ZEARZE L), B R IR
HE A AR K 4, 1 PAEK 4 5 (009 049 pm
FEARE 35 (3 0.22 pm ;

(2) 5 PAEK % AR RIE B T 4/ N AR
S ONT 05 wm), (157 5 SE a1 vl BE LIk B
IR “ETHL” RO, B IR IR R I EIPETR S s



12 TR R

2012 4F 55 40 4,55 7 #i

FERUIN
(3 )PAEK 51 MM A A PRI A -, et T

MBS 2R IF AR PAEK AN R AR i S8

S & Xk

(1] B/, Ely, [, 45 R0 et e ke [ 1 ], rp R
Ki71,2010,19 (12) : 59-62.

(2] M5, R, ARSI, 45 36 FHF RTM A A7 B i e b o 5
AGERARIATSE [T ], TRV T.22,2006,36 (5) : 27-33.

[3] FOWH], 23, FM 2 . — Pl B RS —— R R AR 1
WFEdERe [ 1], T EBCRI,2006,15 (6) : 42-46.

[4] Ghosh N N, Kiskan B, Yagc Y. Polybenzoxazines

New high
performance thermosetting resins : Synthesis and properties [ J |.
Prog Polym Sci,2007,32 : 1344-1391.

[5] Santhosh K S, Reghunadhan N C P, Sadhanr R, et al. Benzoxazine-
bismaleimide blends : Curing and thermal properties [ J ].
European Polymer Journal,2007,43 (12) : 5084-5096.

[6] Santhosh K K S, Reghunadhan N C P, Ninan K N. Investigations

on the cure chemistry and polymer properties of benzoxazine-

cyanate ester blends. J ]. European Polymer Journal,,2009,45( 2 ):

494-502.

[7] Sarawut R, Chalinee L, Sunan T, et al. Thermomechanical
characteristics of benzoxazine-urethane copolymers and their
carbon fiber-reinforced composites [ J . Journal of Applied
Polymer Science,2009,113 (6 ):3823-3830.

[8] Tiptipakorn S, Damrongsakkul S, Ando S, et al. Thermal

degradation behaviors of polybenzoxazine and silicon-containing

B R EFRINEMITIER VLR FIHIET B

I AR MR T A8 w DU I A AR A R
ol (IR ) 5 BB RIS B AT, SO AR DU B
{off P S IR R AT HEAE ] 58 4 A ) 9 i SRR I A AR TR Sk
WA LI CELAE T r S3R AT ) R B Si3) o I, 2L w4k 5)
A HENC AR IR . Ry AT AL 3 3 AT PR, 1A
WANC6 ~ 8 F ) A7 B o MK ko b el A SUB i X
R ARG HVEAHLIEL,

e #E AR R P T E RN R R X AT
A 1w AR — A DX ] g 2 2R R T R A S I A rh 3R
th, ERFEHIAR T A H i 38 ROstt RS 5T
g2 A, AT E IRy b7 5 SR AT LSO ek
EANE i nIE RS DS

E 3T SRR A L S K Xl 45/ B 671 52 A Tobias Haber
T 387 0 U b DX 3 e A AL 3 I o /0 iR = SRR A
HVE AR . IEPRA AN, BT I A 5 AR A T A
BEIER 2 T ARZHENETH o DAHERC AR S A A
BLEE I, A BT ISR R 19354, L DAER T & E +-
HE, N = AR 7 AR A T, O oW s TR —
A R AW

polyimide blends [ J . Polymer Degradation and Stability, 2007,
92 (7):1265-1278.

[9] Hajime K A, Keiko O. Studies on new type of phenolic resin :
Curing reaction of bisphenol-A-based benzoxazine with epoxy
resin using latent curing agent and the properties of the cured
resin [ J].  Journal of Applied Polymer Science,2008,109 (2 ) :
1248-1256.

[10] Yi Xiaosu, An Xuefeng, Tang Bangming, et al.Ex-situ formation
of periodic interlayer structure to improve significantly the impact
damage resistance of carbon laminates [ J |.Advanced Engineering
Materials, 2003,5 (10 ) : 729-732.

[11] An Xuefeng, Ji Shuangying, Tang Bangming, et al. Toughness
improvement of carbon laminates by periodic interleaving thin
thermoplastic films [ J |. Journal of Material Science Letters,
2002,21 : 1763—1765.

[12] Long Wei, Xu Yahong, Yi Xiaosu, et al. Preliminary study on
resin transfer molding of high-toughnessed graphite laminates
by ex-situ method [ J ]. Journal of Material Science,2004,39 :
2263-2266.

[13] FEMflg WU R BEE AL NR B2 S AT R Es A BB 5T [ D .
M - BVTRE 2007

[14] SRBT, 222288 XISE ), 45 | 0 as SRS RHZ AR 10 5 SR L 75
T3 EIEE L) ], E AR, 2009,28 (6) @ 13-18.

[15] Takashi Inoue. Reaction-induced phase decomposition in polymer
blends [ J ] .Prog Polym Sci, 1995,20 : 119-153.

[16] AkT . aE2RH [ M ] dbat: w4 Tolk i, 2000.

VR 8 s sh i —38 43, BRIUAE TR AT EL 307 e et X a4
YT —RINEEHE WGP TR ERE B HIE
NERRIEH e XS LU N 0 535 R
T, BAREE T I A E B AR i —— e
R 8y 3 T T, AR U T B3k AU F-F.AT]
H & R TRATN T e M 22 55 et A
MR PRI, FRAEH w24 RENS S e 5 1 TR A B I3
H.” TARUL.

SRR 7 AR B DL 3 25 7 A e e, LT 223
I J2 AR Y 23 47, R MR R fE A R, AL
KR R AE RS T THFE R AR IR, 3 Sk HE O
AT A i oSS beAb

VBN ERTT A YA 3R A i i e il , B R 2
BT S8 R T HEAE 0T 58 4 2R W B A D 6 L AL dE T DL
KA PN P AS N W AS Y Ecoflex™ Al Ecovio® (EFLERAIIL
G ENTRESSAL AN TRk oA AL SRR
WAy TE, TR A LRI 3% 28 Tl e AR S b A 7 A B, o7
WA AL 3 s A% o B BV AT N TR e A . PRI, i1
A ML AC B T, (5 AT HEAD | ] 58 42 A ) I it ) SRR AR
AT Ml HE AT Y 400 T A e 20T (PUWORLD )





