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Abstract: The effect of CNT dispersion method on rheological and electrical properties of polystyrene/carbon nanotube
(PS/CNT) nanocomposites via latex technology was compared. The nanocomposites were prepared through freeze-drying
the dispersed suspension comprised of CNTs and PS particles. In this study, physical dispersion method, either sodium
dodecylsulfate (SDS) addition or polyvinyl pyrrolidone (PVP) wrapping, was employed to prevent the deterioration of
intrinsic properties of CNT caused by chemical modification. The physical method applied to latex technology was very
effective in CNT dispersion. With SDS addition, the enhancement of rheological properties was low compared to PVP
wrapping because the properties of matrix were deteriorated due to the incorporation of low molecular weight SDS. The
electrical percolation threshold of PS/SDS-stabilized CNT and PS/PVP-wrapped CNT nanocomposites was 0.23 and
0.90 wt%, respectively. The enhancement of electrical conductivity was low in the case of PVP wrapping because the
non-conducting PVPs wrapped around CNT restricted the electrical connection between CNTs.
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Figure 1. Schematic procedure for the preparation of PS/CNT nano-
composite samples by latex technology.
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Figure 2. Schematic representation of noncovalently surface-mod-
ified CNTs via physical treatment: (a) SDS-stabilized CNT; (b)
PVP-wrapped CNT.
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Figure 3. Thermogravimetric analysis of raw-CNT, PVP-wrapped
CNT, PVP and SDS (N, atmosphere; heating rate: 10 °C/min).
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Figure 4. FE-SEM images of freeze-dried PS/CNT nanocomposite
powders showing the extent of CNT dispersion: (a) raw-CNT
3 wt% stabilized with SDS (wt. ratio of SDS/CNT=2); (b) PVP-
wrapped CNT 3 wt%.

o7 ZHF Y Holi= WhA, PVP-wrapped CNTS] 739
o= PS Y} ®Hol PVP-wrapped CNT7} 214 2150
ACER JUH O ONT G ot Holal Aol ZAn
dsHA EEXH A Bl AAFog 2 u e 7)
Holl 243 F 7B B2)a Bk wy BE ONTE) Hab
v E3AQl Ao ket

PS/ICNT H=SgEe] fHEM. PS/IONT =3t &
15 Y22 AP Y=E3A s tigk s
2k YA 2] FHEAS Frke Ak
ol we}t JEks o g Rabgol Axz g

o
ox o
mlo i

5

o Rl A

2 4 2t} Figure 5= SDS-stabilized CNT 3 7}ol| wh& 1}
=ESARS] T (o) A APl TE A% BE(G)

<

I A& A=(pE vebd 2 2Z o] AL, Figure 6 PVP-
wrapped CNT F7tol] & W=EdR 59| G n* 2efzo]
ok T 72 ONT 9 71l et 32314 (solid-like)
E4o] At A BR G F7FkaL Tk CNTE 3H7Fst

Polymer(Korea), Vol. 37, No. 4, 2013



530 23 .

10° 3
105
© 3
Q@ 104 5
» E
E -
= 10° =
© E
o ]
E 102
[} E
o ]
g 4o 4
o o,
2 3 —e— PS/SDS-CNT 0%
2 . —o— PS/SDS-CNT 1%
10° 3 —a— PS/SDS-CNT 2%
1 —e— PS/SDS-CNT 3%
1071 TTTTT T T T T T T T ooy T T T IrrT
10" 100 10" 102
Frequency (1/s)
(a)
107
E —eo— PS/SDS-CNT 0%
N ] —o— PS/SDS-CNT 1%
@ 106 - —&— PS/SDS-CNT 2%
& —e— PS/SDS-CNT 3%
:}: ]
G 10° 3
o 3
3] ]
2] ]
>
x 10% 5
Q =
[=% ]
g
3
3 104
10? ~rrrr——rrrr——rrr——rr |
101 100 10" 10¢
Frequency (1/s)
(b)

Figure 5. Rheological properties of PS/SDS-CNT nanocomposites
(wt. ratio of SDS/CNT=2): (a) storage modulus, G'; (b) complex
viscosity, 77*.
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Figure 6. Rheological properties of PS/PVP-CNT nanocomposites:
(a) storage modulus, G'; (b) complex viscosity, 7*.
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SDS-CNT 0% 1.29 0.94 -0.07
SDS-CNT 1% 0.18 0.38 -0.81
SDS-CNT 2% 0.12 0.18 -0.89
SDS-CNT 3% 0.07 0.06 -0.93
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Table 2. Low-Frequency Slopes in PS/PVP-wrapped CNT
Nanocomposites (at @=0.03s™)

Sample code G'vs. o G"vs. o 7 vs. @
PVP-CNT 0% 1.29 0.94 -0.07
PVP-CNT 1% 0.15 0.16 -0.85
PVP-CNT 2% 0.13 0.11 -0.87
PVP-CNT 3% 0.16 0.11 -0.95
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Figure 7. Storage modulus, G' vs. loss modulus, G" of PS/CNT
nanocomposites: (a) SDS-stabilized CNT; (b) PVP-wrapped CNT.
The dashed line is a guidance to G'=G".
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