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Abstract: Polystyrene (PS)/multi—walled carbon nanotube (MWCNT) nanocomposites were prepared
via latex technology and the effect of nanotube length on rheological properties were investigated.
Monodisperse PS particle was synthesized by the emulsifier—free emulsion polymerization and two
types of MWCNTs were used after surface modification to improve dispersion state and to remove
impurities. Final nanocomposites were prepared by the freeze—drying process after dispersing the PS
particles and the surface—modified MWCNTSs in a ultrasonic bath. The effects of MWCNT content and
nanotube length on rheological properties were evaluated by imposing the small—amplitude oscillatory
shear flow. The PS/MWCNT nanocomposites showed that rheological properties were enhanced as
the amount and length of MWCNT increased. It is speculated that the rheological characteristics of
nanocomposites change from liquid—like to solid—like as the MWCNT amount increases, and the
critical concentration to achieve network structure decreases as the nanotube length increases.

Keywords: multi—walled carbon nanotube, nanocomposite, monodisperse polystyrene particle, latex
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Figure 1. Schematic procedure for the preparation of PS/
MWCNT nanocomposite sample by latex technology.
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Figure 2. FE—SEM micrographs of MWCNTSs used in this study:
(@) short MWCNT (S—CNT) having the number—average tube
length of 0.71%£0.39 um; (b) long MWCNT (L—CNT) having the
number—average tube length of 0.97 £0.28 um.
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Figure 3. FE—SEM micrographs of freeze—dried PS particles
containing 3 wt% of MWCNT with different tube length: (a)
PS/S—CNT; (b) PS/L—CNT.
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Figure 4. Effect of MWCNT content on storage modulus of
PS/S—CNT and PS/L—CNT nanocomposites prepared by latex
technology.
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Figure 5. Effect of MWCNT content on loss modulus of PS/S—
CNT and PS/L—CNT nanocomposites prepared by latex tech—

B kR e Holwal et ol 1At 8847 Kol
£ AgZel 7ot} 3 MWCNT o] S718% ¢ 3} 7

T F7kekaL glom o] el nisl S71%e] ¥ ), o=
MWCNTE #7ste] meh e gdAlze] fRigrdo] s 54
o 1AE AR wssla e 2nIsht 5 MWCNT g
o] S7FE= CNT-CNTZH] HIEQ A 727} A} T8 3
Au)= Ao olafdt = gtk E3), Ugk deke) MWCNTS
713t 739 AFleelM Q] AAT 7 TS uFuR ol uh
2} x} haslar Qi) o)A thREe| fa) FAE Bl vE
A3 T2 HYE St s 2Tl FEe] v
EARL] U vl Welel] wizeltt A7 o MWCNT
o] shgo] F7FE AFuls S8t 9 (terminal region) ofl412]
G2 7k ehkst ele] 718718 A YA ol 7t Ak ik Al
T vER= 7187171 091 Sefel] sl AdS HolFal §)
Tk PS/MWCNT theB3ige] 553 aE8S iefrrt
EQA 725 8K Aol wet thEA Yepdolar wsk 4= Q)
t} U3 gFe] MWONTE ARS8 L3l goll ] vhefy 2
o7} B0 w|R= 9J3ES B L-CNTS AR 4971 S—
CNTE ARESE A9-Hr) 973t FHEAS HolFal Qi) o=y
EE oyt 71 79 MWCNTZE A& 9 J7lo] Aish= wivr)
7kl whtoltk.

Figure 6= 0.03 rad/s® Fal5elA] 745k =57 PSE] Grell o
3 PS/MWCNTS] 2] H]S MWCNTO] gegol ule} =A138 12
ot} A¥sh BE dlol] AA L-CNTE A3 L aka 27}
S—CNTE AR eighillgwn ¢ Z7P) dAshs gklst =
3k L-CNTE ARSH U533 CNT-CNTRF MEY A
2 (network—like) T%% k= AAEE7F S-CNTE AH&
3 e ol vlel] B Ag Wl 2=k

Figure 72 PS/MWCNT B3k 5.0] Fujdo] mke &7
I (complex viscosity) 77 ZIHEZ, MWCNT gl 710 uje}
ol TRk 93-S vERACE = PS2] 739 AFulgrer] M=

Polymer (Korea), Vol. 34, No. 6, 2010



538 e

105
E | |
] =
10°3
3 A
] -
A
o 10
o ]
© 101; 4
10°9 ® PS unmodified
E m  PS/L-CNT
] A PS/S-CNT
10-1|||||||||||||||||||
1 2 3 4
MWCNT content(%)

Figure 6. Relationship between MWCNT content and normalized
storage modulus of PS/S—CNT and PS/L—CNT nanocomposites
at a frequency of 0.03 rad/s with that of unmodified PS.
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Figure 7. Effect of MWCNT content on complex viscosity of
PS/S—CNT and PS/L—CNT nanocomposites prepared by latex
technology.
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Figure 8. Effect of MWCNT content on storage modulus vs. loss
modulus of PS/MWCNT nanocomposites prepared by latex
technology: (a) PS/S—CNT nanocomposite; (b) PS/L—CNT nano—
composite.
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