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PMMA.PS 55 Si0, ¥i-f-7E 70°C H A B AH o+
1% 8 h J5, KM Haake FLIRE B 45 1 £ PMMA X
S0 10 vol% ~ 90 vol% ¥ PMMA/PS L4 LA
J Si0, Ty N 5 vol % A1 7 vol % ] PMMA/PS/
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Table 1 Surface tensions of PMMA, PS and SiO, at 200°C!21-23

(3)

Yap = Ya+ 7 —

Surface tension (mN/m)

Material
Total Dispersive component  Polar component
PS 27.8 23.1 4.7
PMMA 27.4 19.7 7.7
Si0, 257.7 94.7 163

2.1.2  PARVEE PR SEM EE o #r &
IEWE ST Si0, B 78 PMMA ¥ ¥ 22 47 4 I A B,
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RIAR, 45 Si0, 70 A /e PE PMMA o, 24 Si0,
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JLRAE R tand-o 126 B 1RV 1% H 75 {1 A 0
B B 1O H T PS/PMMA/SIO, -5 vol % FE iR AR R
1) tand-w MK, b PMMA & #AKT 70 vol %
B D 2 1 Al tH W T A (R AR, IR I Sio,
PMMA AR 73 E3 85 T 6 vol% . 1E Si0, % &
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FEAR X BB A 0D | R, R85 52 54 R
WARAT A FRATT AT LLE M B Sio, BT = EE A
7E PMMA AHH B 1Ce) ) SEM BB 7R, ZIik pS 4H
Ji R BT T B — S ) DX R
PMMA AH W7 1 A 5 H A7 A6 £ 848 2 1+ 14
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O~ OOy Y
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PMMA (vol)

o-10% —>-60%
-0-20% —<-70%
2-30% -0-80%
-~40% -0-90%

l 1 The tand-w profiles of (a) PMMA/SiO, blends with the
volume fraction of SiO, ranges from 1 vol% to 7 vol% and (bh) PS/
PMMA/Si0,-5 vol% with the volume fraction of PMMA ranges from 10
vol% 1090 vol% at 200°C; (c) SEM micrographs of PMMA/PS/SiO,
(50:50:5, V/V) blends after the extraction of PS phase

2.2 SiO, R F X PMMA/PS A & HiEESE B AY
Al

2.2.1 SEM A HH B 2 1 LB & AT A )T
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RN AEAEVE 2 P YR A5 ), B Lo g i 3 A L BF
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1R P A S A ok 3503 (1 151 L 45 4, BRI DAL 3% 48 45
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A2 M 40 vol% ~ 60 vol% PMMA . M 3 Fil
4 [FFE AT LAA 2 TN 5 vol% T 7 vol % Si0, i

T [¥ PMMA/PS 4 2 1) 3438 8230 [ 20 93 29 0 20

vol% ~ 60 vol % F1 20 vol% ~ 70 vol% PMMA, K[l 3L
T S5 TR R (1) 8 o 32 A

Fig. 2 SEM micrographs of PMMA/PS blends

a) 30/70 blend: b) 40/60 blend; c¢) 60/40 blend; d) 70/30 blend: Images (a) ~ (b) show PS remaining after PMMA was removed by formic acid

extraction and (¢) ~ (d) show PMMA remaining after PS was removed by cyclohexane extraction

Fig. 3 SEM micrographs of PMMA/PS blends

a) 20/80 blend: b) 50/50 blend: c¢) 60/40 blend: d> 70/30 blend: Images (a) show PS remaining after PMMA was removed by formic acid extraction

and (b) ~ (d) show PMMA remaining after PS was removed by cyclohexane extraction

Fig. 4 SEM micrographs of PMMA/PS blends
a) 20/80 blend: b) 50/50 blend; ¢) 70/30 blend: d) 80/20 blend: Images (a) show PS remaining after PMMA was removed by formic acid extraction

and (b) ~ (d) show PMMA remaining after PS was removed by cyclohexane extraction
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M 5 Elastic modulus of PMMA/PS/SiO, blends as a function of
MA volume fraction at 200°C
a) PMMA/PS/Si0,-0%: b) PMMA/PS/Si0,-5%: c¢) PMMA/PS/
Si0,-7%
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- 6  Continuity of PS and PMMA in PMMA/PS/SiO, composites
a) Without SiO,; b) With 5 vol% SiO,; ¢) With 7 vol% SiO,
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FAT LIRS 0 R ORI &5 R — 30 it AR 2
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PMMA H', 320 PMMA AH 1065 7 %6 15 A v 35 4
KIEEHE i Cw = 0.01 rad/s SN 7 vol % Fi T4
ARIGERL TR RN ¢ BN 50 1%, " Ik 5
F5 )5 INTTTREE T B IR 3% 4582 28 H) 1) 2T 4 W 284 i ]
Arai b B2, S ORI A AR R L sV

L5 SEM iR T FE LA S5, AR 0045 1)
PMMA/PS/Si0, 4 F 11 3 3% 232 91 [ Bifi $ 1~ 75 o5t 11
Bl WARAE X AN 7 vol % ] Si0,

K1~ J5 » PMMA/PS 4 2 (58 VA5 B 1T I3 50 1%
I HAR R B R RS vy, 5 B S il b AE e b
IR [R) PH. 2 Jim 5 2 B A R sth I 1) A4 BE T 46 3t
AR AR I i I ) Ak T v il s MAOTR 3
I, AL S 45 M AR 25 2y A5 S 5K ) i 3R 8l R &
ARHACFIRIERYE , R A 2 (3 S S A2 7%, 1IX 5
R FEAA R E B &5 RAE 45 A0 B IR AT
WAL AT e HEANTE & HI R AT kE 5~ e Ak R G I
AR R ILE S B W 255 TR 3 FhdL
TR IR 7 VK R AE I R AN A 45 R, AT
FEZE 3 R EE T A% T DR T vk G i R
HIPE.

Table 2 Comparison of co-continuity intervals determined by three

methods (in volume percent of PMMA in blends)

Methods 0 vol% Si0, 5 vol% Si0, 7 vol% SiO,

SEM 40% ~60% 20% ~60%  20% ~70%
Solvent Extraction 30% ~60% 20% ~60%  20% ~70%
Rheology (G0 30% ~70% 30% ~60%  20% ~50%

Table 3  Comparison of three methods in detecting co-continuity

Method Advantages

Disadvantages

Intuitive and  simple; Can  determine  both
SEM boundaries of co-continuity; Can also determine
the phase size
. The co-continuity interval can be determined both
Solvent Extraction . o

qualitatively and quantitatively

Measure structure in three dimension; Both
Rheology (G’ ) boundaries of co-continuity interval can be

determined

Reveal the co-continuous structure in two dimension
Require a long time in dissolving the component; Difficult to find
selective solvent; Result depends on sample size

Morphology may change during test due to annealings particularly for
filled systems

3 it

R I DL R B 5 3 Fhk
TEJ7 46, WE9T T 9 K — A Tk kL 1 19 m A Rt
PMMA/PS 74 & 1) 3L SL36 FE R 52, JFLLAE T 3 Fib
MR VEAE R AR % SV A 2R 3% 42 45 44 5 T R A
SN T ARIH TS PMMA/PS AR 5, 3 Bl VLA 1)
LS S AR — B X TS PMMA/PS 7R R,
SEM V2RI 1 e £ 25 11 25 L 35 3¢ W B 1 5 1
(R340, FEVE AR 2R 1 0% 43 TR AR 0, X R

TRk Si0, K ik PEPE IR AE AR PE PMMA 1,
FECPMMA AH R 0K 2R 2 A7 DR i FE (1 42
T, INTTTREE T AR 32 8 45 g P 2T 4 Wiy 64 k] 4
SEFA L FE | 5 SEM 32 RNV A Sk A B, ARV
MUESINPASCES eNGe] ek amies =e: bl IR R =SS e}
R AT DRI A AR S 36 v R 1 o 482 45 ) n] DAAE 3t
115K 77 F R Bl T & AR RIRB R Aof 149 4L 48 I i
A PR T Si0, R I 78 O 2wk 7
O PMMA/PS 7R F K0, SEM I 412 Ll
ARVE T IE A R A W LI IE S

REFERENCES

Potschke P, Paul D R. Polymer Reviews, 2003,43(1): 87 ~ 141

[ I S

Veenstra H> Verkooijen P C Js van Lent B J J; van Dam J> de Boer A P> Nijh A P H J. Polymer, 2000, 41(5): 1817 ~ 1826

Galloway J A»Jeon H K- Bell J R» Macosko C W Polymer, 2005, 46(1): 183 ~ 191
Yuan Z H; Favis B D.J Polym Sci Part B: Polym Phys,2006,44(4): 711 ~
Harrats C, Fayt R, Jerome Rs Blacher S.J Polym Sci Part B; Polym Phys, 2003,41(2):202 ~ 216

721



559

&k

6 XISCUREE: 0K Si0, 3FE PMMA/PS & &4 34 3% 8230 [l i

6 Gubbels F; Blacher S, Vanlathem E; Jerome R Deltour R Brouers F; Teyssie P. Macromolecules, 1995, 28(5 ): 1559 ~ 1566
7 Cheah K, Forsyth M Simon G P.J Polym Sci Part B: Polym Phys,2000,38(23):3106 ~ 3119

8  Calberg C; Blacher S, Gubbels F» Brouers F Deltour R Jerome R.J Phys D: Appl Phys; 1999,32: 1517 ~ 1525

9 Steinmann S; Gronski W, Friedrich C. Polymer, 2001,42(15):6619 ~ 6629

10 Mekhilef N, Favis B D Carreau P J.J Polym Scis Part B: Polym Phys, 1997, 35(2):293 ~ 308

11 Kailasnath M, Sreejaya T S; Kumar R» Vallabhan C P G. > Nampoori V P N, Radhakrishnan P. Optics and Laser Technology»2008,40(5): 687 ~ 691
12 Vinckier I, Laun H M. Rheol Acta, 1999,38(4):274 ~ 286

13 Chaput S; Carrot C; Castro M; Prochazka F. Rheol Acta,2004,43(5):417 ~ 426

14 Weis C; Leukel J, Borkenstein K> Maier D Gronski W Friedrich C> Honerkamp J. Polym Bull, 1998, 40(2):235 ~ 241
15 Galloway J A» Macosko C W. Polym Eng Sci»2004,44(4):714 ~ 727

16  Chuai C Z, Almdal K; Lyngaae J. Polymer, 2003,44(2):481 ~ 493

17 Lee ] K; Han C D. Polymer; 1999,40(23): 6277 ~ 6296

18 Yu J, Hu S, Wang J, Wong G.K S; Li S, Liu B, Deng Y» Dai L Zhou Y» Zhang X. Science» 2002,296(5565):79 ~ 92
19  Elias L Fenouillot F» Majeste J» Cassagnau P. Polymer, 2007, 48(20): 6029 ~ 6040

20 Sumita M Sakata K, Asai S, Miyasaka K, Nakagawa H. Polym Bull, 1991,25(2):265 ~ 271

21 Wu S. Polymer Interface and Adhesion.2™ ed. New York: Marcel Dekker, 1982.1121 ~ 1123

22 Wu S.Polym Eng Sci» 1987,27(5):335 ~ 343

23 Pukdnszky B, Fekete E. Adv Polym Scis 19995 139: 109 ~ 153

24 Ferry J D. Viscoelastic Properties of Polymers.3™ ed. New York: Wiley, 1980.9 ~ 11

25  Jeffrey A; Galloway C W M. Polym Eng Sci» 2004, 44(4):714 ~ 727

26 Steinmann S; Gronski W Friedrich C. Rheol Acta,2002,41(1):77 ~ 86

27 Steinmann S, Gronski W, Friedrich C. Polymer, 2002, 43(16): 4467 ~ 4477

INFLUENCE OF NANO SILICA ON THE CO-CONTINUITY INTERVAL
OF PMMA/PS BLENDS

LIU Wenjuan, HUANG Yajiang, WU Dongsheng, GAO Linggiang, YANG Qi,> LI Guangxian
( College of Polymer Science and Engineerings Sichuan University State Key Laboratory of Polymer Materials Engineering,> Chengdu 610065)

Abstract Rheologys solvent extraction and scanning electron microscopy (SEM) were employed to investigate the
influence of hydrophilic nano-SiO, on the co-continuity interval of immiscible poly( methyl methacrylate) (PMMA)/
polystyrene (PS) blends. For unfilled systems; the co-continuity intervals of PMMA/PS blends measured by the three
methods were nearly consistent. However for filled blends, SEM and solvent extraction means showed that increasing
the filler content will broaden the co-continuity interval . The preferential distribution of hydrophilic SiO, particles in
more affinitive PMMA phase led to a strong increase both in melt viscosity and elasticity of PMMA and further
slowed down all relaxation processes associated with the destruction of the co-continuous structure such as breakup or
retraction . However, the co-continuity interval obtained by rheology was found to be narrower than that by SEM and
solvent extraction, which was contrary to unfilled system. It was proposed that the enhancement in the melt viscosity
and elasticity of PMMA/PS blends due to the incorporation of hydrophilic nano-SiO, particles could significantly
prolong the relaxation time of sample loaded before beginning the theological tests. When the sample was subjected to
high temperature for a long time before test, its co-continuous structure would be easily coarsened and disintegrated
under the driving of interfacial tension. Furthermore; the higher filler content the more time consumed, which might
seriously destroy the co-continuous structure. It was proposed that SEM and solvent extraction might be more suitable
in detecting the co-continuity interval of filled PMMA/PS blends than rheological test. Finally, the advantages,
disadvantages and applicable range of three methods were compared and summarized.

Keywords Immiscible polymer blends; Nano-SiO,, Co-continuity interval





