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10*Pa-s, %% p = 1.2 g/em’ ; SEK PGk — Ak
£ (Si0, ) #i¥-, Degussa 2\ ®] 4277, 45 R A200,
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L2 XEEH&E

PMMA \PS 54>k Si0, ki FH17F 70°C H.25 Mt
FATHE AT 8 h J5, R ] Haake ILIR B4 45
PMMA {&F50 40k 10% ~ 90% () PMMA/PS 3t
IRY) 91K Si0, R+ 58 5 4308 5 vol% F1 7
vol% [¥) PMMA/PS %), JLIRIE Y R 200°C
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Table 1

Comparison of co-continuity interval of PMMA/PS before and after annealing at 200°C for 20 min, determined by solvent extraction

method , PS remaining after PMMA was removed by formic acid extraction (in volume percent of PMMA in blends)

0 vol% SiO,

Filler contents

5 vol% Si0, 7 vol% Si0,

Continuous PMMA volume fraction 30% ~60%

(‘solvent extraction before annealing)

Continuous PMMA volume fracti
ontiuous volume Iraction 40% NSO%

('solvent extraction after annealing)

20% ~70% 20% ~60%

30% ~60% 30% ~60%

2.2 FEsiEsE
TESL RN, BAT e S A S5 A A AN A 25
ILVR PP EHE N TR it aok 7 b AT A8 4l i e
SHARERE B B AZE. N T REH 410 TR ASAH
IR TE S G5, A7 5 T H B 2+
AsPERE. B 1 Sk 200°C iiF PMMA (PS L) &2 PMMA/
PS (50/50) .PMMA/PS (50/50)-5 vol% SiO, Fii
PMMA/PS (50/50)-7 vol% SiO, dLiBKRNE S
B (") MHBERLE (G) XA (w) FTEMIA.
MEIHRTLUE H, PS ZEARAA X 0 © .G BT
PMMA ; PMMA/PS (50/50) 3R & B2 1Yy n* A T
PMMA .PS 2 [a], T G’ W& F PMMA \PS i G, H.
ATLUE Y G AR X el B SR Y R A T
—O-PS
—O—PMMA
—— PMMA/PS(50/50)

—7—PMMA/PS(50/50)-5 vol% SiO,
—< PMMA/PS(50/50)-7 vol% SiO,

¥

n*(Pas)

<
&
G
—O—-PMMA
- —A—PMMA/PS(50/50)
—7—PMMA/PS(50/50)-5 vol% SiO,
10_2 - ——PMMA/PS(50/50)-7 vol% SiO,
I I I
107 107" 10° 10' 107
o(rad/s)
Fig. 1  Rheological behavior of PMMA, PS and PMMA/PS

(50/50) blends at 200°C

a) Complex viscosity; b) Elastic modulus

X R IR Y EA LSS RN S vol%
7 vol% >k Si0, ki H) A #l %¥ PMMA/PS
(50/50) LR R B ARIFERRM S, n° M6
KA RIEZSEm. K25 T o =0.01 rad/s
IR AR AR K. 40K Si0, R BT A R R
T K PMMA/PS JLR AR 5 A i 22 1 RE , 4
K Si0, R i ey, AT X IR L i
K, G WZEHHEIIF 2B SRR 5.
Table2 7" and G’ of PMMA,PS and its blends at w =0. 01 rad/s
and 200°C

Materials 7" (Pa-s) G' (Pa)
pPS 4.686 x10°  4.45x107?2

PMMA 1. 125 x 10* 2.010

PMMA/PS (50/50) 1. 092 x 10* 30. 062
PMMA/PS (50/50)-5 vol% SiO,  9.861 x105 7.523 x10°
PMMA/PS (50/50)-7 vol% SiO,  2.365 x107  2.260 x 10°

2.3 ghk Sio, M TFIEFRIR NG HEERES
iR A= b=

B2 ok 5894k Si0, i1 1Y A AH %
PMMA/PS (50/50) 3t iR 1A 2 4> #2234 0,10 .20
H130 min Y K [E] S A9 SEM BB f. R &t iR
K] PMMA/PS (50750 ) iR R 2 o 2 % 22 AH 45
¥, G0 2 (a) FoR s it #S iR k Z 5, HR
R ZANTE R K T JATY AR AR A [ A Y i 224
JEA, QB 2 (b, e Fl d) iR, X — W EE 45 R AL bk
VAR SE G AT UESE . (R, R 2 ATLAE HBEE
1R R] A HE K, b 3% 22 25 4 1) FL AR (D) 3% i 3
K, X R ERAIR KA R A A AHZS PMMA/PS
(50/50) LR AR & 1% I % 2 AH 45 0 e A ™ R
1k.

Y4k Si0, ki T3 78 X KN AH ¥ PMMA/PS
(50/50) IR A 2 7E i A R i L3 S AR 45
kg sErERy s m, WK 3 A& 4. Af LE 1, % T
Yk Si0, LT B AR R, AR KT g, IR
KHIEAAHZS PMMA/PS (50/50) SRR K & 4k
RGBS AR 25 0. WNEI T LR, 5 5 vol%
AN SiO, A RN T A HHZS PMMA/PS
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Fig. 2 SEM micrographs of neat PMMA/PS (50/50) blends after mixing at 50 r/min for 5 min at 200°C followed by annealing for (a) 0
min, (b) 10 min, (¢) 20 min and (d) 30 min at 200°C

All images show PS remaining after PMMA was removed by formic acid extraction.

Fig. 3 SEM micrographs of PMMA/PS (50/50) blends with 5 vol% SiO, nanoparticles after mixing at 50 r/min for 5 min at 200°C
followed by annealing for (a) 0 min, (b) 10 min, (c) 20 min and (d) 30 min at 200°C

All images show PS remaining after PMMA was removed by formic acid extraction.

Fig. 4 SEM micrographs of PMMA/PS (50/50) blends with 7 vol% SiO, particles after mixing at 50 r/min for 5 min at 200°C followed by

annealing for (a) 0 min, (b) 10 min, (c¢) 20 min and (d) 30 min at 200°C

All images show PS remaining after PMMA was removed by formic acid extraction.

(50/50) LRI R I BCHELE SR R (ERLAC R I
B2 R 5 TR B, 440K Si0, BT 35 Bt B33k 7 LT o5 volvsio,
Vol i 44K S0, K10 I AT A R il 7 R o a7 vol% i,

17 PMMA/PS (50/50) JLiRA R AHALBIS,
XRWIGK Si0, KT/ T AF A PMMA/
PS (50/50) MR MR IELANSH B HLAL .

K S SHARIEE R MK Si0, kT IH SR A
FHZ PMMA/PS (50/50) LRI R FLAR (D) BE

D (pm)

N
A\

B K] () 8 LA B 45 . IS TR e T e
iy, TS IR AR, R ok B N6 S K Anncaling time (min)
Si0, *J?iﬁ?ﬁﬂ@%*ﬁ%} PMMA/PS (50/50) 3B

Fig. 5 Pore diameter (D) versus annealing time for the

RZ, IS M 5 R FLAER (D) Bt 1B k PMMA/PS (50/50) blends unfilled and filled with 5 vol%
Bof [) () SIE A 177 38 R, (HIE 78 T 99 K Si0, 6 1 1) and 7 vol% S$i0, at 200°C
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LI A FOH AL R B 18, JF H gk Sio, kit
TECF0 O B0 R, 37 S A 445 A 1% AL Ak T 3 R R %
P, Al UL, oK Si0, R A BE A A5 HE 3 i AN AH
7% PMMA/PS (50/50) iRy i4 S0 AH 25 4 75 i
AR T AL S, R T ARSE R R RS e
.
2.4 44K SiO, M FEFEHXBERLELEBEN
R EHLIE

IRSEIREE R IR, 4K Si0, K F A
ARG T A2 PMMA/PS (50/50) dLiRK
FRALE LRSS R B R AL R AN A A TR AR R
TE LA S A R i A T2 B A7 TR AR R A A s
DA ST 5K T B e pR i AR T RE TN dR g ok
Si0, ki e AR TAAH A IR YR R RSk, T
T, K5 AR A A DG 2 i 22 AH 45 A6 AH Ak o A 1Y 3
WL I, 255 1 3R 00 T A8 M R A R 0 B b
DL R BRI BR ) XK Si0, ki1 e R AR R Ak
ARG R AT

H A, RN RS YRR R i 22
AHES R AL A2k 72 1 BRI A8E AU = B DU WA, 2
— PR AR S TR AR R I SRR S5 M AL R
38 J& Tomotika #& 1Y B 40 A F2 (capillary
instabilities ) S S, A AR Y
R RS AR ST A, 7 S A 45 A A R
PG R R  ARK J) SR S AR B B AR T s
il Hei S AL S S5 i AL 2 dR/de 572 1E
J da/de B 36K R A T 5 Bh DL B
Tomotika #H 1) & 40 AS & B8 v DAAS 21 A0 R )
(D B R, fLEREER) SR KWHE (1) FCHR:

D

DoRem (1)
o kAR, B R
ko= (ay/R,) ZHAP) (2)
27,

K /Ry Kt = 0 BFYUIE 5 4 4E AR LU A,
o MRS, n, NIGELAHNEE QA p) 5
Bl (A) MBEEELL (p =ny/n.,mq SR ARG
) £ KM Tomotika pREL. A I 3Cn] AT R R
k 5 L1 5K J1 o Tomotika pREL Q(A,p) 55 B IE
b, 15 LA B UIREBE . U L. 2(A,p)
WERE L L p BRI/ . 4ok Si0, kT
NG EBEPER 4370 £ PMMA A, 5:30 PMMA 4
() %eh B3 KT PS AR RGN LT AR IR R A Bh B
FEE K. FIrLA L, QA ,p) BEE 9K Si0, RT3 &1

RN, RSk ) o F1PS MHASEEE 0, —
FE RGO HLAL B 2k RGN K Si0, KL F &Y
BT 9]

BB REHALIRAERE S AW
(complex interface) Af Doi-Ohta B i FH 3 BA
I 34 S AH 45 1 10 2R AR R 0 A R R
Pl E S R ko, B SRk Rk gk
AASSF AL 30T LUK R

% - QLO v (3)
3 Qo IR KINTA] ¢ = O I i Lb ST FR ( specific
interfacial area) , ¢, b S5KRFECH 1) RS
sBASHE, n MR EVIFE, c.o/nh
SR G R pR AL A, 170 5 R UE L.
XTI 50750 AR A ILIRIA R, ¢, = 0.07. 7]
UL AR k5 R T o BUE T S R g
L.

2 (2) F1(3) WA, RS E IR T, R
G YR Y I8 S AR S5 TR AR S AR L
FIE—AEE, B S SR I BUE L, 05 R
B L. FH AR DU ) 45 SR AT, B 440K Si0, A+
FrEE R HE N, SN AH 2 PMMA/PS LR K & 1)
R L U R R HA0K Si0, KL 5 &l S
vol% I}, S FE AN AHZS PMMA/PS JHRIK R n” 2
KRIEFNRZRI n° 1990.3 £%, 6"y 250. 3 £%; 1M
MK Si0, R TS 7 vol% i, T A M A
PMMA/PS IR AR R 1Y~ MR RIETIA R B
2166. 6 %, G H:Z K 7516. 6 5. LL L AR A9
K Si0, i T BIMAXS A ZE PMMA/PS 4 R ik
FNFEPE YA TTER , X 3 0 TTER SR, HLBREA K
Si0, R i A R DTk K. 48 SCHk e 18 3 %
SEAHZEAE (%) AH B e 20 B2 52 b 1k AR 58 1 3 ) A
FHT MRS R, ik Si0, ki T
T TR A 22 (0 0 B I 35 1 R B0 T ML TR
DD U 7 T A 2 11%) 2T 2 7 28 ] 4 S5 st
IR X SRR A SEM 5 HY 1 SE 6 45 S HL
ARG —FrE. B2, b b i PR e m]
1, PR ARYIS H pE TR B X A AR SR 3t
e SLAH AR AR AL R A 52 ), I 25 I R
Xof S 2 R 2 R LG T 30 8 S ) AT DG S XN
AHAS IR W 4 S AR 251 (AL AL R 1) e A 1
T BsE.

TE 53— J7 T, 8 SCHR A 18 B2 40079 PMMA/PS
AR YR F 00 Ui sk S (EACA 102 mN/
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m" " AT P AT A [ kA e
() PMMA/PS NAHZ ILIR PR 2 0 1o sk 16 R
1.40 mN/m. 2444k Si0, ki ¥ & S m i, 5
PER 2 A 72 PMMA i H (90K Si0, ki FIR% 5
R a4 B RS PMMA AR A AL 5t (il
PR AT M 4 L AT 4 [l 4k A
DL AT 5K 0y AR M FH R B 2 PMMA/PS/
Si0, PR &R B AT 5K F7. BRI, A SO R & G 5
T 7k 0 0T S S A 2 AL A S i AR R AR AL
AR AR FUHOE PE RS, Elias 257070 S
G3 AR FE FL T AL ISR K 0K Si0, kLT il 3 Rk &R
L3 e P 1 AR, A YRR R A STk
/N ABSE, #E PMMA/PS LR R b, S5 K Mg oK
Si0, i THE AR TEN P 1) PMMA AR A PR
A Si0, J& 1A 22 5 T 5k 3 07 12 2 FEAR PR 15 R A
AL R RN

LEA 25 R A RTR AR 2R 1 20 B RN LT 5K T X
SLATSE R4 (AL AR 6 B 52 ), A SCIA A I A SR 7K
PEYK Si0, ki J5 PMMA/PS RAI AR IR R 1Y
Sk FEASA AR K, %o i B2 A 45 44 i A5 1R Ak

S AR RLAEE AR SE MRAT B/0N A K Si0, #iE
T P EOLR AR BB SR A O R R e R
Py SRR 25 AR K I AL A R A ) 2 K]
=.

3 #ig

TEAAHZE PMMA/PS {4 2 (9 L S A 25 b vh
IMAZAR Si0, Fi5~ n] DA #5245 e TR A
it P R A 2 AT R A2 24 1) R S8 0/, 1] A
M L SEAR SR R 5 X BT K Si0,
K7 0] AR R A A PMMA/PS JHR YR & 3L %
SAANESER ACIRZS T AR EVE. X P RP R 5 1)
IR ILESAN ST AL A S 5 SR 45 A E
A M TR, 90K Si0, BT R G W3R Y
REOE RS RO R R A YR Y I E AR S
TS R AR ST (AL A T R e/ 2R R
MG S0, A7 )5 M 5 F 1 5K 1 522 A )
SEFELEARSE AL TR A g LR T A RLALBUR A
Wi N TR/ )N
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INFLUENCE OF SILICA NANOPARTICLES ON THE COARSENING OF
CO-CONTINUOUS PMMA/PS BLENDS DURING ANNEALING

KONG Miqiu, HUANG Yajiang, LIU Wenjuan, LI Guangxian
( College of Polymer Science and Engineering, State Key Laboratory of Polymer Materials Engineering ,
Sichuan University, Chengdu 610065 )

Abstract The influence of hydrophilic SiO, nanoparticles on the stability of co-continuous structure in
poly ( methyl methacrylate ) /polystyrene (PMMA/PS) blends under quiescent melt annealing was investigated.
It was found that the filled blends displayed broader co-continuous interval and less coarsened structure than
those of unfilled blends after annealing. The result indicated that the morphological stability of co-continuous
blends can be improved effectively by the addition of SiO, nanoparticles. Rheological measurements showed
that the viscosity and elasticity of filled PMMA/PS blends, which were associated with the destruction process
of the co-continuous structure such as breakup or retraction, were enhanced significantly. The influence of the
change in the viscoelasticity and interfacial tension of blends upon the addition of SiO, nanoparticle was
analyzed qualitatively based on two available theories describing the coarsening process of the co-continuous
structure of polymer blends. It was proposed that the change in the viscoelastic properties of PMMA/PS blends
instead of the interfacial tension plays a dominant role in the coarsening rate of the co-continuous structure
during the quiescent annealing in melt state.

Keywords PMMA/PS blends, SiO, nanoparticles, Co-continuous structure, Stability





