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 E . WIRG A (RTM) S T 202 — AR IR R T2, UM REDEH . LR BARBAL, %
HE RS . RSO G & — R & R i RE U S 1A LWL AR IR . ZEML A L R U A T2 A, |
HE5A%NS AR ZE, MBIk E, BONHI AL BN M FEEE, A SCLAZE I IERRA
JIE (PBZ) MR LA B (PAD) IR B ME I (18] = Z b 75 -FH L Ert be ) Wl (PSA), 1l 4% T3l AT RTM A Y
T AWMtk REB Ak i (PPA). it DSC. FTIR. WASAX . JEH: 2 T A 46 7 ¥ % PPA i 1 RTM
WIIT 2 B T N M B RE AT 04 . 45 E M. PPAMIIRAIN T8 1198, Wl LASCEE RTM BELAY H A%,
B AL = T PSA #ilig; PPA ARG A MEREIL S, JLr PPA-1 (PSA : PBZ : PAD ittt 1>l 5 ¢ 1 : 2) #ffig
ERAS =S h R 5% 1R (Tys) 43 94 585.4°C 1 568.3°C, 1000°C & {4 B K 0 51 Ny 88.3% F
26.0%. HAMEIIEIEREMEAR, AIELF 458 PPA WIEE A 41K (QF/PPA) J122PETERE PBZ & KA1
I E W, b QF/PPA-1 %R N2 3R 5 346.2 MPa, JZHIBYYJ3REF 21.4 MPa, %! QF/PSA & &
BB E T 120.6% 1 72.6%, 400°C #A %4k 2 h 5 B9 5 il 58 B A0 2 0] 87 U1 58 i 43 51 24 256.5 MPa I
17.1 MPa, 400°C #E1k 2 h J5 B 12 PERE - B 3B 1 70% .
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Modified silicone alkyne hybrid resin for RTM and its composite

HU Wenjie' , ZHANG Junjun?®, GAO Mingyu', JIANG Fengguang', LIU Min', ZHOU Quan™
(1. Key Laboratory of Specially Functional Polymeric Materials and Related Technology (Ministry of Education), School of
Material Science and Engineering, East China University of Science and Technology, Shanghai 200237, China; 2. Fuchen
(Shanghai) CO., LTD., Shanghai 200241, China)

Abstract: Resin transfer molding (RTM) forming process is a liquid closed mold forming process, which has a
smooth surface of the finished product, safety and environmentally friendly, low cost, and has great development
potential. Silicone alkyne hybrid resin is an organic-inorganic hybrid resin with excellent high-temperature
resistance, widely used in aerospace field, but its poor bonding performance with fibers and poor mechanical
properties of composites have become the main factors restricting its development and application. Poly(m-
diacetylbenzene-methylhydrosilane) resin (PSA) was modified by blending benzoxazine resin (PBZ) and amino
diluent (PAD) to prepare modified silicone alkyne hybrid resin (PPA) suitable for RTM molding process. The RTM
molding process, curing behavior, and heat resistance of PPA resin were analyzed by DSC, FTIR, rheometer,
rotational viscometer, and thermogravimetry. The results show that the processing window of PPA resin is wide,
which can achieve the goal of RTM molding, but the curing temperature is higher than that of PSA resin. The heat
resistance of PPA resin is excellent, and the temperature of 5% mass loss (Tg;) of PPA-1 resin (PSA : PBZ : PAD
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mass ratio 5 : 1 : 2) resin is 585.4°C and 568.3°C, respectively. The mass retention rates at 1 000°C is 88.3% and

26.0%, respectively. The mechanical property tests show that the mechanical properties of quartz fiber reinforced

PPA resin composites (QF/PPA) gradually increase with the increase of PBZ content. The flexural strength of

QF/PPA-1 at room temperature is 346.2 MPa, and the interlaminar shear strength is 21.4 MPa, which is 120.6% and

72.6% higher than that of QF/PSA composites, respectively. After thermal aging at 400°C for 2 h, the flexural strength

and interlaminar shear strength are 256.5 MPa and 17.1 MPa, respectively, and the retention rate of

mechanical properties after thermal aging at 400°C for 2 h exceeds 70%.

Keywords: silicone alkyne hybrid resin; blending modification; RTM molding process; curing behavior; thermal

performance; composites
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MBS, Corriu 2575 it — 2 B KL R4 Bl
B AR A Jot B A R B A R T — R A HLEE SR G
[—(SiR;R,),,—C=C—C=C—],, R H ¥ F1E
1000°C LA I A v T 459 21 /= 7= 2 (84%) 7% SiC 1Y
W % o Ttoh %5 B9 5 1l T 45 #) 8 —Si(R)H—C=
C— (R=Ph. CHj. H) & & J7 S g (MSP), H
FE R R BT LK 5% 1Y IR (Tys) 0 860°C,
1000°C Hf, #KREN 6%, =M% &I eIk
By E ISR, EARTRES T
500°C, 2R Ty ik 625°C, F b il 25 12
B—O 51 A B fk e 22 fb A B e, i B 00 Ak e e
LB BE (PEBS), 2 Tgs o 609°C, 900°C Jii i
TREE R Ny 89.3%, AR BE B AL A i LA 28 1)
fif b, RO R B, BRER R, [
Wi te K, WAR S L4y Rimss S A E, J1%%
PERBRI 2

) A5 i A U S s R R T T AR A e b 2
TERE R, HBR 2F 4 T300 5 56 52 45 R4k} 025 i o i
y 423.5MPa, JZ [A] 87 Y] 5 i O 29.53 MPa, ik
PERTAT BIEE T 74% 1 65%., Tong 251 5% B 59
T2 4 vk o P 52+ (MMIT) 15 1) A ML ol v 52 i
1 (OMMT), Jf# H 5% (] = £ e B8 -H L &
Rk %6 ) W s (PSA) B IS B MMT IR &, I il %
PSA/MMT Al PSA/OMMT 4k &2 & #1 kL, & &4
REY B B Ak 5% AR IR B = T 500°C, A B B K
P o ERUR A SR T 2 AR ) SRR
i s (BAPh-P) oit 14 fi S 24 L W4 lf PDMP, il £
T BT M R e 2k AL R PBA, A B £ 4 3 iR
PBA B i§ & & 41 B (QF/PBA) 5 i 1 24 ML fE 1 548
{5, 400°C 25 i 58 B 5 3k 330 MPa.

R} A% 38 45 98 (RTM) iR T 20 02 T 4 R PRkt

KRB — B A MRS R T 20 g gk
PR AR, R R R E R . RIEDGHE
WA, FFA SO ZE R RTM B A T
TR NG AE T IR E R W3 B AF 200~800 mPa-s
ZIE), DAGRUEA IR T sh ity , 760 12 i 358 i b Ak
HEBR AL, e 2 [ b i L P9

it — 20 B R A BR B A MR ) 2
PERE , A% R A A JF BE R (PBZ) Al 22 % B
(PAD) LR bl 3 (1] — 2 e 35 % - Y 5k S ik ot ) A
fig (PSA), il % 45 2 el 1k £ e 2 fL W G (PPA), Mff
5% PPA SRR IO EE . WIAAT O o TR REME L i A
PEIZ A MR T 2 1 fe 5 A g

1 KPR AE
1.1 FE#

R (A = P28 - S RE RS ) B B (PSA) 1
T ORIERIFWEE R R (PBZ), LR E AW, 45
B 1 s s s G OB ) (PAD), 43 A4k,
b AR A AR A R A F] s A S L 4R RS
(QF), WACIERI A e 3 B A A R A W)

C=CH

.[.CEC\O/C sc-s(,::i j- @Z{C}"“

(a) PSA (b) PBZ
1 3R (] = CIRFE- IS bE) BN (PSA) Rl ZRFEAIFIETE
Fig (PBZ) M4k
Fig.1 Structures of poly(m-diacetylbenzene-methylhydrosilane) resin

(PSA) and benzoxazine resin (PBZ)

1.2 PPA #t 5 % Bl 90 il &

Fe R 1RO IC L, 78 B8 1 Be R 43 i A
PSA B fis . PBZ B JIg Il PAD, =i FHFEHIE A
115 BN IR 1A PPA FHIR AR o

O3 99 Bk BUER 43 1 PSA FIT PPA B4 Jiig T H 3 b
Ak 1 i 24 180°C /2 h-200°C /2 h-220°C /2 h-250°C /
2h-300°C/2h, [Efb&5RIFEIR AR, HERA
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F1 AEEEHIRB R RIS (PPA) BLF7
Table 1 Modified silicone alkyne hybrid resin (PPA)
formula with different proportions

Resin mass ratio

Sample

PSA PBZ PAD
PPA-1 5 1 2
PPA-2 5 2 2
PPA-3 5 3 2

Note: PAD—Amino diluent.

1.3 ARFHIEERES &H B (QF/PPA) KyHl &

FEREE L URIR I ST AR, K A 5 2 A A
ABLE A, FELFY4E FARRA G B A . S
BB, R R ke AR, 6k ARG i O
AR E S, 7 40°C TP G, R)5TE
SRR, TS o¢ B S & B] 180°C/2h-200°C/2 h-
220°C/2h-250°C/2h [E b, [ fk 58 BUS B 2 % i
B 2 A MR H
1.4 MK 5 R

FTIR 73 # : i 3% B $4 H1 2\ W] Nicolet 6700
T fili LI 2T ARG RE AR PPA Bl 1) 45 44 1 [ 1k A7
HFEAT AT o RE SR KBr R A IR R, K
J5FE . 4 000~400 cm™,

ZnERiE T (DSC): 18 NETZSCH
7y ] 200 F3 A 22 s 4 1 A BT 3G PPA 4 A 11
WAL, ARG IR, THEH#E: 10°C/min,
TRENEH . 40~-350C,

B RE MR . NDJ-79 R e 5% 8 B 1 (1R 3%
HLEL ) 5K PPA B i A 286 8, 0 33 3 R 25°C
£ 40C,

WAE ST R 9% [ TA A W] Discovery HR-1
AR X PPA B4 i 114 286 B vl B 7 28 AR O
W3 I B Y . 40-180°C, TR EF . 2°C/min,

43 BT (TGA): #E H 1% E NETZSCH A H]
TGA 209F3 #4 5 43 #7 A I3 78 25 <F1 & < PPA
B i 11k P i o B R o THIR % . 10°C/min,
DR B . 30~1 000°C

ZAME TR . R SRR Tl R
A BR A F) E44/304 J7 BB S 0 ML K 5 A5 41
R At s EE RN [R) BY YD SR L A5 il 5 R e IR
GB/T 1449—2005"" 45 o W 42 , )22 18] BY 1) 56 i 44
18 GB/T 1450.1—2005 475 i3,

A RALH B (DMA):  3E H 55 [ TA 23 &
Discovery DMA 850 il i, QF/PPA & & #1 k. X356
M=, IRE: 50~500°C, FHEHE 5°C/min,
FES R SE 8 45 mmx10 mmx2 mm,

2 #R5TR
2.1 PPAWEBHIEEE

PSA #f ig Fll PBZ B} Ji5 76 & W T ¥ 2 = B W
&, PAD IR BRI, =FIRG 5B UK
R AW . PSA W ig F1 PPA B i 76 A ) it B2
MFERE SR 2 Fro . Wi N BEE PBZ & 3G in,
PPA 4 i i) 5 B2 32 ¥ 3 hn %) 4 000 mPa-s, FF & it
B, IR AR AR R R AL, YR B A B 40°C
iF, PSA Mg AYZE LM % 100 mPa-s; PPA-1, PPA-
2 fl PPA-3 [ 2 &£ 43 %I 230 mPa-s. 400 mPa-s fll
640 mPa-s, i £ RTM A 28 T 25 %F T 4 JIg 3
1 200~800 mPa-s 22 [i] f E 3K .

®2 PPARIBEMRE
Table 2 Viscosity of PPA resin

Viscosity/(mPa-s)

Sample

25C 30C 40C
PSA 740 350 100
PPA-1 1000 610 230
PPA-2 1700 1 000 400
PPA-3 4000 1800 640

2.2 RIMBEBETIZHR
HR A RTM Y T 20 (0 2R B 8 1 s i) 2%

BEHL PPA-3 4 i 0 3 JHL 7 AN (W) 3L B T 286 B o B (1)
ARG B, [ 2 N PPA-3 W JIis 6 5 I s 1A] 19 A5 4k
M. PPA-3 B 57 45 A2 N 26 B B Re ORI Ae
WA BRI, KRS, i
[ PR R AR B BE RS, B AR R PT DA 58 4 v O
FrariR Mg . Bk, %8 40°C 1E 4 PPA # fig
B9 RTM ALY T 25 ) 1 S

4
—a—25C
—e—30C
3L 40C
b
&
=
22l
o
2
>
1 -w

0 20 40 60 80 100 120
Time/min
&2 PPA-3 IR AR EE -Bif ] il £&

Fig.2 Viscosity-time curves of PPA-3 resin
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2.3 PPARIBEHIELITA
2.3.1 PPA W JIE 1Y DSC 43t

3}y PSA. PBZ il PPA # i§ 1Y) DSC i & .
AT LLE Y, PSA WIS TE 232.0°C A — A B i A ikt A
W, PSA WA & A RN I Y Si—H B, T
DL S P B A OB, BRAR T [ AL I (B R BE . PBZ
BN & A ER A, AR BT 52 A ) F 3R
PUE R, b —C=C— BB S, Figy
B 212.7°C . PPA B4 JIE 34 52 B 3 B — 1) [ £ 7k
g, AR S 2 PBZ A HE Y 3N 1) A IR
J s, U PBZ JF 35 7= Az () o #2356 mT DA REAIR
PPA W fig i [ FL TR o {H J& PPA B i 4 i 4k i 44
s Y3 B ¥4 755 T PSA 1 PBZ AR, JEUIA AT AE & PAD
MRIEEGERR P ORIEZ LA T RN, S5
T Ak R T

PPAS3 :247.2°C
. 250.8°C

PPA-2 -
1 | PPA-1 /&
o
>
|Sa] C

PBZ one

1 232.0C

50 100 150 200 250 300 350

Temperature/ ‘C

3 PPA ffigH) DSC ihi£k
Fig.3 DSC curves of PPA resin

2.3.2 PPA IR B 37 A28 40 Bt

PPA 14 5 1 i A2 it £& an &1 4 fir /s . PPA 4 il
TEH IR T 2R PR B e, FEERE e, B
BT, IREETHE 40°C 1), PPA M 4 266 B [
% 500mPa-s LT o R JETE 40~145°C Z 8], ZHEE
fa % 7£ 100~400 mPa-s, PPA-1. PPA-2., PPA-3 ##
B B2 S8 IR BE 73301 157.2°C . 149°C H1 145°C,
RUIR AR Tt A R SR G Iy, R BE PR ok
TG K A= BERC IR G, FbBE 98 1Y 1) kS 1R IR 2 Fili PBZ
B AT R, K W] PBZ W] LU R A
) 35 I 3
2.3.3  PPA W JIig i€ it (7]

PPA 4 i 76 /A 7] ek B2 7y 58 ¢ s ] 00 3 45 L
3 [T . PPA R i i) 56 i Bsf ] Bif 25 I8 B A 4
TZ W/, Horr, 78 160°C I, PPA 4 JiF 7Y 5k

JZ 15 8] 43 3] >4 23.5min, 20.1 min 1 18.2 min, 4
1 F+ 2 200°C B, T[] 43591 46 45 % 5.1 min,
40min F1 3.0min, ®] VL & B, #E K B} A BE &
PBZ 7t [ 34 0 22 302 sl /N ) i B, X 5 AR
I3t B DSC 145 F A0 1 X R o

1000
—=— PPA-1
800 | —e— PPA-2
PPA-3
D
95;/ 600
=
& 400 t
&
200 r
0 R AAAAAAMAAASEAS AR e h A bohededed o TIIIEY
40 80 120 160
Temperature/C
|51 4 PPA Rt 2e <k
Fig.4 Rheological curves of PPA resin
3 PPA RifSH0ERRATIE]
Table 3 Gelation time of PPA resin
Gel time/min
Sample
160C 180C 200°C
PPA-1 235 11.0 5.1
PPA-2 20.1 9.3 4.0
PPA-3 18.2 8.1 3.0

2.3.4 PPA B Iig B A [A] 3 B2 [ Ak 21 48 43 A

eI PPA-2 #4576 AS [6) L Ak, F 58
Ak 3k B2 B 25 4 A8 4k, PPA-2 A IS A [ I EE (]
fL Y FTIR & W& 5 ff s o R B 16 9 PPA-2
B #E 2 153 cm™ &b HE1E 1% ) —C=C—Afl Si—H

300C
t
250°C :

Transmittance

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™!

5 A E AR PPA-2 BINRLLAMA

Fig.5 Infrared spectra of PPA-2 resin at different curing temperatures
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B SR S W Ik, —C=CH Y F51F 04 H 3 7E
3290cm™, 3290cm™ &b ) —C=CH 5% 4 1§ %% ,
KR IEC 2 E L, & IR E T,
—C=C— P FFAF W 05 06 320 7 0 55, (HL I8 A 53
—C=C— R4 R, PAD H' —NH, A 45FF 14
PLAE 3400 cm™ Ab A9 BLIE, LG R R, Ul

C
N :
(a) Oxazine ring opening reaction

R, —NH, +

OH
C=CH —— \ﬁl\@/\

L.
o

(b) Hydroamination reaction

H
| [

—_— |
CH,

(c) Hydrosilicon addition reaction

H

|
ww—-sSi—C=C

(d) Diels-Alder reaction

\j

(e) Cyclotrimerization reaction

wWw—Si—=C=C

rMC=C
C=Cwvwvy
| _—
CH,

W —NH, 25 T B 2B . PBZ o ) 7 Jf: I
W1 C—O—C MYRFAE I W BLAE 1228 cm™ A4k,
Ak 5 4 AF W Y 2%, T R B 1 4R AE 06 B 7R
948 cm™, [ 4k J5 Wik 55 1H 2k, R PBZ iy
WER A O TR . 27 LTIk, i PPA A i &
b s AL An 1l 6 B s o

OH
N NN\
C=CH C=CH
R,
|
’N—C=C—
—Cc=C H H
H H
=Si=C=C

CH,

H
C=C C=ECVV
\©/ H \::/

CH,
|
= Si —N
H
wVu—~_SiH O

|
CH,

56 PPA WG E 1L W b

Fig.6 Curing reaction mechanism of PPA resin

2.4 PPA BfREROTH R M &E
PSA il PPA #f g [&] 1L %) TGA I3k 45 #4 an 1&] 7

32 4 i . PSA BHIETE RS
4 689.8°C Fl1 563.1°C, 1000°C [ 5 {4 83 Z 4% |

22
73
o

Y Tys 0
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Fig. 7 TGA curves of PPA resin
F 4 PPA WIS TGA ¥iR ) Tys S} 568.3°C, AHE: T PSA W Ig i 43 fir 42 7,
Table 4 TGA data of PPA resin PPA-3 ¥ I§ 1 Tys g 538.6°C, FF&IEEL N, i
Sample 2 Mass retention/% 4R B T e 2 21.66%, 5T I B PSA i i
Alr N Alr N dh Si CE AT, PBZ HI APA TR & %0,
PSA 563.1 689.8 31.26 91.36 e T U U= e
PPA-1 5683 6137  26.01 89.13 PPA I S‘l fﬁ AR, [ BE PSA WEE
PPA-2 5554 601.8 23.04 88.78 i R B R R, PPA MR U B S R R, {H SiJT
PPA-3 538.6 5959 21.66 88.74

Note: Tys—Temperature of 5% mass loss.

4 91.36% F1 31.26%, it #MEREAL 5+ . PPA 5 11
Tiif $A1: E Bif 5 PBZ 119 75 2 1 22 30T B R 3
Hrr, PPA-1 RIIRTE A ST HY Tys T %% 613.7°C,
1000°C Ay 4 B3 %k 89.13%, W PBZ Fll PAD
[ in A KT PPA B i 119 it $44: RE 7 Az R R Y 52
{H /& PBZ 1 APA 1119 Z B 3E0] DL 5 PSA W AR 11 &
FRIEAH B AZ Y B 1 AR 25 4, il PPA B I
5 8% F BL AR S it e e . 28 <P PPA-1 W fig

(2) [ RT
400°C
w00 | ] 1758 390.6
346.2
o
s
< 300 | 281.1
Z 256.5 2729
=
2
= 200 |
g 156.9
3
B 100.2
100 |
0
QF/PSA  QF/PPA-1 QF/PPA-2 QF/PPA-3

FX Tys sMANK, PPA AR Tas HIORFA BRI
2.5 QF/PPA £ &H B 1%EEE 2 7
2.5.1 QF/PPA & & M BHW 124V RE

8 & QF/PSA I QF/PPA & & ¥ B 1£ % I
(RT) 1 400°C #4k 2 h 5 1425 il 5% J3 0 2 R] 35 1)
SRIE . QF/PSA AR ZE IR SRl 156.9 MPa,
Jn A PBZ F1 PAD J& , QF/PPA & & #1 kY /124 vk
REMI 4R, Hd, QF/PPA-3 B &AM BN =R
i1 3% B ok 390.6 MPa, #H# T QF/PSA & & # kL 2
= 1 148.9%. 400°C & iR % fk 2h J5 [ QF/PPA

(b)  [ERT
© 30 f [_J4o0C
S 25.6
E 214
an .
5 19.8
z 207 17.1
Q
G
z 12.4
<
£ 93
E ot ;
5
E
0
QF/PSA  QF/PPA-1 QF/PPA-2  QF/PPA-3

RT—Room temperature
Kl 8 AT PPA PR AR (QF/PPA) Y25 i 82 15 J2 il BY D3

Fig. 8 Flexural strength and interlaminar shear strength of quartz fiber reinforced PPA resin composites (QF/PPA)



BASCAR A RTM SOtk ik R e AU iR B C A2 5 4 kL

<691 -

A RORNS il 5 BE Bl 5 PBZ 25 110 48 0 i 32 7
. AR AR R R T 70%, TE& R A
SRARFR I 0 2 i PR RE o )2 9] 55 5 B A AR Ak R1
A5 25 il 5m AR, QF/PPA-3 &2 4 1 K} 55 I
400°C #&fb 2 h J5nYJZ R 3 YI5R E 530k 27.3 MPa
#120.9MPa, #H LT QF/PSA & & 4 L 43 il #2 5
T 120.2% 1 124.7%. 458 KW, 5] A PBZ HEH]
VLA 8042 5 PSA 55 MBI 2 1 RE .
2.5.2 QF/PPA & & kH g

¥l 9 ° QF/PPA & & #1 KL ) DMA 14k, W] DA
Fili, QF/PPA & & M EHHAE M IEY] (tans) HhZk

28 0.06

(a) QF/PPA-1 composite

<
&)
3 24 F_//’j 0.04
=
=
= ES)
=} =1
£ . EE
(]
9 20 /v,,/w«*/\// 0.02
8
7

16— - - - 0

100 200 300 400 500
Temperature/ 'C
28 0.06
(b) QF/PPA-2 composite

53‘3 241
E -— 10.04
=
3 w
S 20+ =
g 8
o —
& 10.02
2 16F
7

12 - : : : 0

100 200 300 400 500
Temperature/ 'C
28 0.08

(¢) QF/PPA-3 composite

10.06

10.04

tand

Storage modulus/GPa

10.02

100 200 300 400 500
Temperature/‘C
tano—Loss tangent
¥9 QF/PPA E 3 h1HL) DMA HhZk
Fig.9 DMA curves of QF/PPA composite

£ 500°C FI AT H IR (E , 3R 0 O B 9 A0 i AR
T ) T 500°C, it MM RE S AF . QF/PPA-1 &
B R R fifs RERR R B R A /NIRRT, W
HAAW R As ik, RUIRE B R &, etk
i ; QF/PPA-2 & & M EHTE 400°C i fiff BB AL &2 41
g%, XU G0 EACRE R R, A MREEEE
PR RRRE , T 400°C J5 B BEA AT 4R R M, R
WA e/ TR B Z iz 8, BT iRekiat
TBE; QF/PPA-3 &4 kLRl 25 T FE TH v fiff BE AR it
Kigstmm, R —LE, 24646 HI
PRGN, FUIFLEA LS M e .

g itk — 5T QF/PPA B & M R E 2 P )
it P fEAR Ak, ¥ QF/PPA & 4 # R A 400°C 1
THELAS P #cE L 10h, X R AL RS 1940 AR
AR, APAR LN E 10 Ui, B ARk
Bl 5 s . FOR R Y QF/PSA & & M kL2
AR B A< B 65 (%) #5485, QF/PPA B & #4
R A PSA ¥ H 5, PBZ I ik,
B E . s, B AR IR SR,
QF/PSA B A AP R R IR, BTtk 4.28%,
JUIR 2 PSA MBI 55 27 4k 1 2 (R 45 A vk e R 22, 45
A 8%, ¥ 400°C F#A &1k 10h, PSA W R
HTUNYFER SR T 5, TR, &
A MRS AT AN, 2 BL4E B . QF/PPA
HEAEMERI/NS LA, BEDZHEA,
PPA fif fig 55 2F 4k 2% M1 45 & PR Re 4T, S5 M B0
W g BT i R B, A AR R R B 7E 3%
PLF, QF/PPA &G MPRHEAT BT Ay A M fE

3 4t

(1) R I FF W& B i (PBZ) #1440 3k i B¢ 711
(PAD) Bt P 5 (IH] — 2 H 36 7% -1 356 S0 RE o8 ) A4 i
(PSA), il £ 2l o & B 24 1k W i (PPA). PPA B Jii
R TR A AR WK, 40°C 1Y R AE 200~
800 mPa-s, Jf H 7£ 40°C BB & 5 1% 2 F ok 28 4 i
2h, WM RIS (RTM) B T 200 55 525
PRI B 0 3 S 225K

(2) PPA 4 fi5 [ £k e {6 B Bt %5 PBZ 7 f2: 1 3%
I 2 W AR, ORI R T, [ Ak A B PSAL
PBZ Fll PAD =41/ fFfEAH B I, 1T B & A 1
IV RS2 NS A iR 7 NN S e <N o 2 VAN
Si-H 5 J 5 1 f hn Bk s K ke 5 2 (8] (1) Diels-
Alder % ¥ IR = B o

(3) PPA 4 i 7 25 <R & Y o & 401 2K 5%



© 692 -

EEMRER

QF/PSA QF/PPA-1 QF/PPA-2

(a) Before thermal aging

QF/PSA

QF/PPA-1 QF/PPA-2

QF/PPA-3

(b) After thermal aging

€110 QF/PPA & HHE#EAL 10 h HJF SN L

Fig. 10 Appearance change of QF/PPA composites before and after thermal aging

&5 QF/PPA EAMKMREL 10h FEIRK
Table5 Mass loss of QF/PPA composites thermal aging

Sample Mass loss/wt%
QF/PSA 4.28
QF/PPA-1 2.06
QF/PPA-2 2.50
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