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fE N, N-ZF B W RE/ U kg (DM Ac/THF ) 38 & % 50 b, 76 IE fE R £ BR (TEOS) f7 4 41 T, i
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1.2 H&EE&E
L2015 -8t vk J5 AL il 45 PEL/SIO, 44Kk &
AR

¥ PEL i fi T DMAc h, SR J5 i A& & 1Y
THF(DMAc F1 THF {& R Ry 36:54) K FIE K,
Be i PEL 3% W A . c ) A [7] L 51 9 DMAc/THF
RN, 5 —E R TEOS B 4. 785t b i & 14
R T R SRR RV W) PET R A
TN, T AT VS e 5 S 52 . TR 0 58 B Ak B 5] R
PPk 6 h.

TE P 0 5508 ) S 7 W i n ok o B
WIHE 60°C T FL25 T4 1 J8 15 2 8 (435 B 1 PEL/
Si0, YK A Mk
1.2.2 AW IE/PEL/ Si0, IR ¥y i il &

¥ PEL/SIO, 2 &M B R T =& P ke, #
Tia] V5 VRO — 2 B 10 P SR R R A Y A 1 T Ak
) DDS, it 4k 257 5 vk R 7S 1 bR KR AT
3 HEAE AT FHIR B4k (120°C /4 h,160°C /6 h).

1.3 Wik A*E
1.3.1 TEM

BB 10 V5 Mg - B e 3 1 AR 1) PEL/SIO, %5 VT
INENH ML, B2 T4 )5 A Hitachi H-800 32 5 #L
5 W EA T PEL 75 W %) KL A2 R A
1.3.2 SEM

T U 1) PEL/SIO, & & M OBHE WA PR U
30 min J& #E47 R T, FH S0 900 2 i T 1

[ 4k J5 1) B S i/ PEL/SIO, FE & 78 Wi A
Y U 30 min Ji5 IR AT T, P = 460 o 20 ok BB 1

Vg DB T AR TR S L AS WE 4, B JSML 7401 F
1 $ L B L2
1.3.3 DSC

S T FH ) 22 78 G B GO H A Shimadzu
NN DSC-60 , LA Jhy b o B i Xof A3 285 i B A AR
AR FARHRAREL 3 ~ 5 mg FE &L, TEA
SAEPF (30 mL/min) , P4 10 K/min ¥} R 3 %
M 50°C FHE 5 260°C , I 5 B B AL L AR R BE T,
1.3.4 TGA

afi PEL J H 52 44 i #42% 3 52356 7F Shimadzu
AN E ) DTG-60 | HEAT. FHAHHRFREL 3 ~5 mg £
f, TEA AR F (30 mL/min) , JE R DL 20
K/ min {9 7H 8 2 B2 T 2 800°C , il 2 44 43t I )
T,.

1.3.5  JAsik
A5 YR b 3 R v B AR O R R 0 8 R AR AR

Anton Paar Physica MCR301 i 28 {3 i) & . 5 ol 4
TRRFE S E TR BN 25 mm (P47 50 A A
SRJGURRE M ARBE S O 0.5 mm. £ 120°C | JF 4R
W, L850 K R 10 rad/s, JEAE R 0. 2% .

1.3.6  gha&J15 0 Hrilli (DMTA )

F] ] Anton Paar Physica MCR301 X [ 1k J5 £
st FR) it BEASE 2t 70 i 355 0 7 722 st 88 0 A 03K >R
FHAAL S, Wy 1 e, RS~ 15 ~
160°C , FHE # & & 2 K/min , #: 45 ] F 8 40 mm x
10 mm x4 mm.

1.3.7 i

FH XJID-5 H i ML A o 3K e

T RE S A 15 mm x 10 mm, TGk O wrdy.

2 H#R5W R

2.1 BR-BRERAME & PELV/SIO, E8Y
2.1. 1 PELWREXS Si0O, ML K oA i1 52 i

HAR PELR 42 5 Be-BE e 1) i 72 {2 iy
FHA TR, 5 T8 2 0 R 5 RN T
B e — 2 2, DT B2 I Si0, kL 1Y R AR K
Horfi. WK 1 iy TEM B R /] DLE 1, 72 4%
TEOS WREE[E 2 K 7.4 x 10 ° o/mL W 551, %
- R iR R A 51 A PET R (& 1(a) ),
SR A B Si0, R kL AE 2928 50 ~ 60 nm; B %5
PEIL ¢ i (#2850 , 145 19 Si0, kLT 1Y kr 428 12 1 1
K. G LS i ry ¥4 PET #kFE 4 0. 005 g/mL
MW 45 1 PEL/ Si0, &M EH(E 1(b)),
Horb Si0, A7/ RAR 2 80 nm.

2.1.2 SiO, 7£ PEI Hh 1y 408471 H

15 PET W b 75 5 - B e v 2 L9 oK Si0, ki
F 5, 8 2ok U0 vE R0 T Bt AT LLAS B PEL/SIO, 44
KA G HRE SRR X% 55 B4 BHY I I 1
Z05 1 i b Si0, B S5 T SEM WL %8 Ho
KT H) oA B0, B 2 (a) (b) XFRLRY Si0, fEE &
AR B BT 43R5 5 R 10 wi% Fil 20 wi% . W]
LLE 1, Si0, & fE7E 20 wi% i [l N B, 40 K kT
AT LLSE A 2] 43 0, IR BRI AR 24 Si0, & &
IKF) 25wt% if (B 2 (¢) ), 94 KA JF 4R 30—
FEFERE B, M Y Si0, & & 4k 28 3 R (&l 2
(d)),Si0, HEH] B MHRHE.

2.2 PEI/SIO, £ §# I 14 &E

ik DSC Hl TGA WF5E T Si0, & & X%f T PEI
) B 3 A AR B (T,) A R (T,) 13
me, X E5 SR 51 T 3% 1. DSC I & 45 R KW, B &
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Fig. 1 TEM images of SiO, in solutions of different PEI concentrations via sol-gel method: (a) 0 g¢/mL, (b) 0.005 g/mL, (c¢) 0.015 g/
mL and (d) 0.02 g/mL
The concentration of TEOS fixed at 7.4 x 10 ~* g/mL

Fig. 2 SEM images of fracture surface of PEI/SiO, composites (a) 10 wt% , (b) 20 wt% , (c) 25 wit% and (d) 30 wit%
Si0, were etched by HF, and the concentration of PEI was fixed at 0. 005 g/mL.

Table 1 DSC and TGA results for PEI/SiO, composites

PEI system A B C D E 100
Si0, weight

7.9 12.5 21.5 30

fraction (% ) e 80
T,(C) 212.8 232.7 235.3 2343 233.9 g
T," (C) 523.6  539.9 556.6 549.9  549.0 2 60
z
* T, was the temperature of 10% weight loss. '_g 40k /ed
2 ~
B SI0, B AL PEL 1 T, AT BR W BN G e

[\
[=]
T
o

R 12,5 wi% LU, Si0, A R AELRS T,
SRS . TGA MR 45 R an 181 3 frs, DLR ST TR T R TR
10% B 19 I B2 8 o0 MR B T, 25 R % TR 1 . Temperature (‘C)

BEE SiO, M5IA & &Yy ok il A W 42

T S D 12, 5% L T 8 S R KA weight fractions; (a) 0; (b) 7.9%; (c¢) 12.5%; (d)
556. 6°C ; 4k £ 34 finokr 7 & &, T, {5 [l V% £ 549°C 21.5%; (e) 30%

B 3T, I AN 5 BifRL 1 2 i A R T K AR ] A A

Fig. 3 TGA curves of PEL/SiO, composites with different SiO,
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TN, 31 ACKL -5 R B PEI (3% 8 4L #6725 i
i R IR AT, 2 th T Si0, 4RI T %
T A A Kb S W] LR PET 4y T
B B AT R — 5 9 2 R A D AR ) T B A
SRR R T 4y THE B B, TR A T
T, FREIL RS . MR T 3 — G
2t U LG KL T 1 R S EOLAE S
SR B0 R (OB T 1 RS 5 PRI %k
A P 5 925 5 Kt A 17 09020 I 40k 5 4 15
BT e B XS PRI 49 755 B 52 5 (3 00 R W) 3.
W TE R TV BB T, A T, [ FRGE , R
TR T o T2k B0 T % 9
2.3 PEI R PEU/SIO, EAHMBSRENEE S
ERIEAETA

/4 SR IR A IR (ER) /PET & 4 1K R 6 b
RO T3, FE b 4 () ohy oK 28 ik 20 o A B0 ) b7
LB 4(b) A HF 85 %0l 5 0 07 . 38 i 6F 1 20
AT IESE AT A, w(ER) /w(PEI) = 100/10
BT 2 b, AL JS PEL 8 42 A DL IR 4 A 10
515 A TE R R B AR g PEL/SIO, 4
B B IR A NG L O S BRSNS R il

o5 P 4 HRE LT B SI0, BLT ] AL PET

SIHORI R B LB AER A BIA SIO, 9 ER/

PEL{Z M0 4 (a) B %, 40 MO R o K T 1

s B2 10, Bt 931, 43 O IR 7

/N, 24 ER/PEL/SIO, & & K & 1 i & oy 100/

10/1.2 B WF 5 (b) 7% KB4 PET 5 HOHT 4
X -

b I um

Fig. 4 SEM images of the fracture surface of the
epoxy resin ( ER )/PEI composite, w ( ER )/
w(PEI) = 100/10: (a) Unetched and (b)
Etched by chloroform

BIE L pm IR M DEBTE 1 wm 2247, 5550, A
Kl 4(a) Al LWEZ 5] PEL & 4405 ER B AEMZ
] A 3 WA A 43 LT T PR S (b)) v 3 b ke S i D) A
PSRRI, SRR 19 51 A H 4 HOM 5 2544 9 Bt 1
YEHIAS 2058, 7T LA Sk, X & i F Si0, K
FERAEAE N T 5 R U R (0 A B A I 25 R

b l}lm

Fig. 5 SEM images of the unetched fracture surface of
the ER/PEL/SiO, composite; (a) w(ER)/w(PEIL)/w
(8i0,) =100/10/0.7 and (b) w(ER)/w (PEI)/w
(8i0,) =100/10/1.2

B 6 Sy AN AR 7 i i P AR R AR 120C R
] P 70 2 (ST 00 45 £ 286 B2 22 A 1 4. T 46 [ 4k
Jei o VAR 2% 285 8 BB B S 73 ek ) 38 0 AN 3 5
TE AL TT 4R 2 80 ~ 100 min [T, 2 B fh 2k F A
/N R B, 3k A R PET 5 4 Sy 23 BIOM 9 1A

)

Z 100/10/1.2]
2 1072208 100/10/0.7
< —
= 1.5 100/10/0
(o]
‘E’ 1 205
21050
= 70 50 100 150 200 250#4#
g 3 Time (min) y _- /-
O il §
10°

0 50 100 150 200 250
Time (min)

Fig. 6 Influence of SiO, particle concentration on the variation
of complex viscosity in the modified epoxy systems cured at
120°C

The Y-axis of the inserted graph was changed to linear

coordinate.
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Fh R A3 S A i S ot IR Sk I A A5
SR 2 ETE B S PEL & 4 A B b B &5 Of
Wedi 8 B PED 23 80K+ M6 B R T i &5 B2 1Y PET
IEEAR b 53 BT 143 AR R -, IR RS BE () 3R s
SRR B T S AR, T B F G RE (0 1 4 o R AR A
e Ja e T B L Il R A R B R A R i &
55 0 PRI B Al P A 2R AR R A A 1 4 AT ROR
A B8 R b . N Rl DUE Y Bl R & rpokE
T & T A 43 S B 1) B A B AT, BB SO,
YK R B A TE AR S T Ak SN B HEA T, T
TR A 5 B ) KA

6 A A BUZ ] 6 I 9N A bR AR 4 R 2k
PEARBR IS (A5 5. AT LIS A OULEE 3], A1 43 2 R A
Jei B A R PO S R ARG I A R 0 B R K
TR AT K, BIORL B AR R T Ak R N
FRIEPR e 7 5 s ] P Ik B B e 0 6 B Qi T
X R Si0, G4 KL B 48R Ak S A
BRALVE I A HE TR B AT I R
Th e 1) b B0 BEL 65 A 235 44 HHL Ak 09 2E 4T, A 45 40 4%
B T ke BT IR B R R Y M AR &R A
G5 A6 R Ak 3k R o A1 ) A R B B B, BT LA AR
Z 1) PET 43 SO RS kL7 5 AR 09 44 R 19 43
A IRE /)N,
2.4 PEI & PEI/SiO, E MBI IREME R
w14 BE B 7 M

7 (a) k4l A S AR AR 3R R0 AS [ R
WY PEL/ Si0, & & MR SCPE J5 19 14 5 1Y 6if B A
S i L AR R B il £ fh BT g0 2 AH R T
B R 0 i REASE 1 310 i T 4 P SRR R 1 £ e A
S, LR AR R RN e XA o A R A S B
TEHREAB M. ERERIERIERQSC)T
M e B S (E AN 3% 2 Firoi, Al DL B I A9 00 2% 31 3%
MR PED Kz Fvbon i i A K At 1) 42 55 1R
F. B 6(b) Sy b 3R R R A 451 FEASE Sk I T B 17 22 4k
MR . PR 00 FEASE o 0 B o T A R B B b O AR IR
WAHNTEFR 2, 5 40 0 A IR AH L, e iR & 1Y

T, {EHEAT 4.

2.40 x10°

2.00 x10°F

1.60 x10°}

1.20 xlo9

G' (Pa)

8.00 x10%

4.00 x108]

0.00 x108|

a 1
-20 0

20 40 60 80 100 120 140 160
Temperature (°C)
1.40 x10%

1.20% 108}
1.00 x 108}
8.00x107f
6.00x107%

G" (Pa)

4.00x107F

2.00%x10’

R
000l 100/10/0

20 0 20 40 60 80 100 120 140 160
Temperature (°C)

Fig. 7 The influence of PEI and the concentration of SiO,

particles on the results of DMTA (a) storage modulus and (b)

loss modulus

b T W% PEL, PEL/SiO, X ER {344 & H
4y B £ 4 ER,w (ER)/w ( PE1) = 100/10 .
w(ER)/w ( PEL)/w ( Si0,) = 100/10/0.7 . w
(ER)/w(PEI) /w(Si0,) =100/10/1.2 %5 4 Fhf
A B BRAE b B A HEAT o . 26 2 B K
4ERFE W, PELL PEL/SIO, (A KB4 5 71k
F I oo LR B TR AR EIAE .

X bl S IR 2R R B A R At 2 AR, T
PLE B A PEL/SIO, B0t ER 4 & 19 o i 5 B
YIS A0 AR R DA R B A5 3 T 4R L X R
HH PEL/SiO, 2t ER, [a] B 35 ) 7 3% fin 490 ¥ A0 42
e

Table 2 Mechanical properties of cured ER and the modified composites

w(ER) /w(PEI) w(ER) /w(PEI) /w(Si0,) w(ER)/w(PEI) /w(Si0,)
Sample ER
100/10 100/10/0. 7 100/10/1.2
Storage modulus at 25°C ( MPa) 959 1240 1680 1970
T,(%C) 119.5 122.6 124. 4 126.7
Impact strength (kJ/m?*) 15.9 22.1 19.4 21.6
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in situ PREPARATION OF PEIL/SiO, COMPOSITES
AND THEIR MODIFICATION FOR EPOXY RESIN

ZHANG Jing, SHI Weichao, XIE Xuming

( Laboratory of Advanced Materials Institute of Polymer Science and Engineering ,

Department of Chemical Engineering, Tsinghua University, Betjing 100084 )

Abstract Polyetherimide ( PEI)/SiO, composites were in situ prepared via sol-gel process in the presence of
tetraethyl orthosilicate ( TEOS) in a mixed solvent of N, N-Dimethylacetamide/tetrahydrofuran ( DMAc/
THF') . Electronic microscopy was used to check dispersion quality in transmission mode and scanning mode,
and the results showed that SiO, particles could be uniformly dispersed in the composite under a certain amount
(20 wt% ) and the average size of the particles could be controlled within a compass of 80 ~ 300 nm.
However, glomeration may occur if the concentration of SiO, particles was beyond this range. Results of
Differential scanning calorimetry ( DSC) and thermogravimetric analysis ( TGA ) showed that the glass
transition temperature (T,) and decomposition temperature ( T,) of PEI were improved by introducing SiO,
particles. The phase separation morphology of blends of 4 ,4’-diaminodiphenyl sulphone cured epoxy with PEI
or PEL/Si0, composite was investigated by SEM and it showed that the introduction of SiO, particles could
reduce the size of the dispersion phase (PEI rich phase). Dynamic rheological measurement of epoxyresin
(ER)/PEl/silica blends with different silica particle content was conducted at same isothermal temperature.
The onset time of phase separation decreased as silica particles in the blend system increased because the silica
particles could act as catalyst in the polymerization reaction and make the phase separation easier to occur.
After that,the viscosity of system with higher particle concentration grew faster and made the phase separation
process ends in an earlier stage. Dynamic mechanical thermal analysis (DMTA) and impact tests showed that
using PEI/Si0, as the modifier could enhance the modulus and toughness property of the epoxy resin system
simultaneously.

Keywords Sol-gel, PEI, Composite, Epoxy resin



