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Abstract: The effect of latex particle size on rheological and electrical properties of latex—blended
polystyrene (PS)/multi—walled carbon nanotube (MWCNT) nanocomposites was investigated. Mono—
dispersed PS particles synthesized either by emulsifier—free emulsion polymerization or by dispersion
polymerization were mixed with MWCNTs under ultrasonication, and freeze—dried to prepare the
nanocomposites. As the MWCNT content increased, storage modulus, complex viscosity and electrical
conductivity were substantially increased. The increase of storage modulus and complex viscosity was
higher for larger PS particles. The effect of particle size on electrical properties was different depending on
MWCNT content. With lower MWCNT content, the nanocomposite prepared by smaller PS particles
showed higher electrical conductivity, but the opposite result was given as the content increased.
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Table 1. Preparation of 500 nm PS Particle by Emulsifier-free
Emulsion Polymerization

Chemicals Amount
Styrene 40 mL

KPS 0.3676 g
Ethanol 43.2 mL
Water 360 mL
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PS/MWCNT Li-=8iE Mz e PS dakel MWCNT
(CM—100, Hanwha Nanotech, Korea) 7} #2F Yr-BsAg = 2}
A 7168 o] 83slo] AEBIitE MWCNTE] I EAdell 9aks v
A T Qe 8AE FAsl] S8 AU IAE ARSI AL S5
Zrol] @] 223} #2471 (VC 505, Sonics, USA) & 20 kHz T3,
20 W 75 307t wrkslglnt. 24to] o] o)zl MWCNT 24t
of ThEAE PS YA &tete] 289 Ehhs TUs 0% 308
ZF O] AAJsE vhe AR FRIAR $ 52871571 (FD—-1000,
Eyela, Japan) & ARE310] 7138 vheigh B8S At ofF e
B3 0 180 Colk] 5 Bt g5t 741 1~2 mm, 27
25 mmQ! T2 Fejo] MER Alxste] FRIEY W A 29 S
48 Ao ARSI Figure 12 w4 PS 4&kel MWCNT
£ o835 e Els Alx S vk Zloltk

E4 EM 4 Y. T3 38 ST EoR ARk Wi
AFPS b Bl FAAEE PS/MWCNT vt el te] REeA=
FAPIAFAN A (SEM: JSM 5200; FE—-SEM: JSM 6700F, Jeol,
Japan) 0% #Hs13131, A7 PS (IR0 BAR tetrahydrofuran
S carrier £7|2 ARSI refractive index detector”} F-218 gel

permeation chromatography (GPC: Waters Breeze System, Waters,

Table 2. Preparation of 5 um PS Particle by Dispersion Polymeri-
zation

Chemicals Amount
Styrene 40 mL
AIBN 04¢g
PVP 16¢g
Butanol 210 mL
T
L}?: ®, @ 09
e®e e
MWCNT PS latex

Freeze-dried powder

l Molding

Nanocomposite sample

Figure 1. Schematic procedure for the preparation of PS/
MWCNT nanocomposite sample by latex technology.
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Figure 2. SEM micrographs of PS particles: (a) 500 nm size; (b)
5 pm size.
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Figure 3. FE—SEM micrographs of PS/MWCNT freeze—dried
nanocomposite powder: (a) PS(500 nm)/MWCNT 3 wt%; (b) PS
(5 um)/MWCNT 3 wt%.
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Figure 4. SEM micrographs of fracture surface of PS/MWCNT
nanocomposites showing the nanotube dispersion and network
structure: (a) PS(500 nm)/MWCNT 3 wt%; (b) PS(5 um)/
MWCNT 3 wt%.

A MWCNTE st dE 5= SRR & AR
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FEje] PS APE wlA] 2 wakele] Qs @S Kolal Sl
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o} 7. Felle] MWCNT7F Flo] 8=X]vk MWCNTS] Zol7}
PS ¢J7e] §1AHT} Zo} shte] PS ¢ile] 43S MWCNT 7L &3¢
B S Hol Tk T oheg s Al o ® vlwsl] 1, 500
nm 712 PS Aol 4k MWCNTE= WreFH7F B33 (stretched)
FelE Jepk= W, 5 um 3719] PS $iRjel] ik MWCNT=
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Figure 5. Rheological properties of PS(500 nm)/MWCNT nano—
composites: (a) storage modulus; (b) complex viscosity.
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Figure 6. Rheological properties of PS(5 ym)/MWCNT nano—
composites: (a) storage modulus; (b) complex viscosity.

Table 3. Low-frequency Slopes for PSMWCNT Nanocomposites
(measured at freq.=0.03/s)

Sample name G'vs freq. G”vs freq. i’ vs freq.

PS(500 nm) unmodified 1.31 0.92 —0.075
PS(500 nm)/MWCNT1% 0.15 0.24 —0.752
PS(500 nm)/MWCNT2% 0.10 0.15 -0.902
PS(500 nm)/MWCNT3% 0.10 0.15 -0.902
PS(5 pm) unmodified 1.78 0.98 —0.002
PS(5 pm)/MWCNT1% 0.13 0.08 —0.852
PS(5 pm)/MWCNT2% 0.10 0.09 —0.877
PS(5 pm)/MWCNT3% 0.10 0.12 —0.877
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Figure 7. Effect of MWCNT content on storage modulus vs. loss

modulus of PS/MWCNT nanocomposites: (a) PS(500 nm)/MWCNT;
(b) PS(5 pm)/MWCNT.
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Electrical conductivity(S/m)
3
Ién
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T T T T
0.0 0.5 1.0 1.5 20 25 3.0

MWCNT (wt%)

Figure 8. Effect of latex particle size on electrical conductivity
of PS/MWCNT nanocomposites (*Data under 4 X 107 $/m: beyond
the measurable range).
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(c) (d)
Figure 9. Schematic diagrams showing the effect of latex particle
size on MWCNT network structure: (a) small PS particle and low
MWCNT content; (b) large PS particle and low MWCNT content;
(c) small PS particle and high MWCNT content; (d) large PS
particle and high MWCNT content.
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