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Fig. 1 Electric resistivity (p) at room temperature ( hollow

symbols) and storage modulus (G') at 0.016 rad s ' at 200°C

(filled symbols) as a function of volume fraction of MWCNTSs

(@cnr ) for binary ( squares), ternary ( circles), quaternary

composites ( triangles)
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Fig. 2 TEM micrographs of ternary (@cyy =0 (a), 1.5 (c¢) and 4.0 vol% (e)) and quaternary composites (@cyy =0 (b), 1.5 (d)

and 4.0 vol% (f))

100 um

Fig. 3 SEM micrographs of ternary (@cyy =0 (a), 1.5 (¢) and 4.0 vol% (e)) and quaternary composites (@cyy =0 (b), 1.5 (d) and

4.0 vol% (f)) after removing PMMA by formic acid extraction



13 B H Z A% MWCNTs 55k 40K Si0, 375 PMMA/PS SR i 5 5 3 M 2247 91

M 13(8)
11(7)

W %)

10°G " (Pa)

'
>

10"G

o(rad-s™")

M 7®)
5(7)
M 4(6)
M 35
M 2(4)
1.5(3)

Ml@)
M 03D
M (n=0)

R L R R R L e e e L e e

107! 10° 10! 10%
o(rad-s™")

._.
<
)

@cnt (VOl%)
—D—O
—0—1
-2
——4

5
——7
——9
—o—11
——13

tans

o(rad-s™h)

d Penr (VoI%)
——()
—0—0.5
——1.0
1L ——1.5
10 N 2.0
—+—3.0
——4.0
—0—5.0
——7.0

tans

o(rad-s™)

£ Qo (VoI%)
B —D—()
—0—0.5
——1.0
1 ——1.5
10°F 2.0
r —<+—3.0
——4.0
—0—5.0
——7.0

tand

o(rad-s™)

Fig. 4 Storage modulus ( G', solid symbols) , loss modulus ( G”, hollow symbols) and loss tangent (tand) as a function of frequency ()

for the binary (a, b), ternary (¢, d) and quaternary composites (e, f) at 200°C
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Fig. 5 Storage modulus (G', a) and resistivity (p, b) as a function of time (¢) for the ternary (hollow symbols) and the quaternary

composites ( filled symbols) with ¢yy =3 vol% (circles), 4 vol% (up-triangles), and 7 vol% (down-triangles) annealed at 200°C

Also shown in (a) are the G’ evolution curves of the PMMA/(PS/MWCNTS) (hollow square) and the (PMMA/SiO, )/(PS/MWCNTS)

composites ( solid square) .
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Fig. 7 SEM micrographs of the ternary (@cyp =0 (a), 1.5 (¢) and 4.0 vol% (e)) and quaternary composites (@cxy =0 (b), 1.5 (d)
and 4.0 vol% (f)) annealed at 200°C for 8000 s

The micrographs were taken after removing PMMA by formic acid extraction.
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ELECTRICAL CONDUCTION AND DYNAMIC RHEOLOGY OF
MULTI-WALLED CARBON NANOTUBES AND
HYDROPHOBIC NANOSILICA-FILLED IMMISCIBLE
POLY(METHYLMETHACRYLATE)/POLYSTYRENE BLENDS

Zhen-zhi Huang, Yi-hu Song, Ye-qiang Tan, Qiang Zheng
(MOE Key Laboratory of Macromolecular Synthesis and Functionalization ,

Department of Polymer Science and Engineering, Zhejiang University , Hangzhou 310027)

Abstract Mulii-walled carbon nanotubes ( MWCNTs) and hydrophobic nanosilica ( SiO, ) were used as
conductive and nonconductive fillers to fill immiscible poly ( methylmethacrylate ) /polystyrene ( PMMA/PS)
(1/1 in volume ) blends to prepare ( PMMA/SiO, )/( PS/MWCNTs ) quaternary conductive polymer
composites ( CPCs). Conductive percolation at room temperature and melt dynamic rheology of the quaternary
CPCs were investigated and were compared with PMMA/( PS/MWCNTSs) ternary CPCs containing 5 vol%
Si0,. The ternary and the quaternary CPC exhibited similar percolation behavior with percolation threshold of
MWCNTSs volume fractions much smaller than that of PS/MWCNTSs binary CPC. SiO, particles could reduce the
phase size and improve the melt complex modulus without influence the time-dependent dynamic conductive
percolation during melt annealing. MWCNTs and SiO, have different effects on the time-dependent dynamic
modulus percolation during annealing of quaternary CPCs. It is believed that MWCNTs and SiO, accelerated
and decelerated the onset time for phase coarsening, respectively, while both significantly extended the time
interval of phase coarsening. Morphological observation revealed that degree of phase coarsening decreased with
increasing volume fraction of MWCNTs in ternary CPC during melt annealing. The presence of SiO, could
greatly restrain the coarsening in quaternary CPC.

Keywords Multi-walled carbon nanotubes, Hydrophobic nanosilica, PMMA/PS blends, Percolation,

Dynamic modulus percolation, Dynamic rheological properties



