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Abstract: Polystyrene/single-walled carbon nanotube (PS/SWCNT) nanocomposites were prepared by latex
technology and the effect of surfactant (SDS) on nanotube dispersion, rheological and electrical properties was
investigated. The nanocomposites were prepared through freeze-drying after mixing PS particles and aqueous
SWCNT/SDS suspension. As the SDS content increased, the storage modulus and complex viscosity of the
nanocomposites were increased due to enhanced dispersion of nanotubes, but if the content excessively increased,
the modulus and viscosity began to decrease due to low molecular weight of SDS. The electrical conductivity
sharply increased with the addition of SDS, and then did not show significant changes. This result is speculated to
be the competition between the increased dispersion of nanotubes and the deterioration of electrical conductivity by
SDS adsorption. An optimal ratio of SDS to SWCNT for improving electrical conductivity and end-use properties
was 2. With this ratio, the electrical percolation threshold of SWCNT was less than 1 wt%.

Keywords: nanocomposite, carbon nanotube, dispersion, rheology, electrical conductivity.

N B

(modulus), “d(steel)2] 1008]l 3l F3}l= “F=(strength), T

21417] et sl Eoke] izl A8l g
=37 B (carbon nanotube, CNT)+= 19851 Kroto®} Smalley
7} fullerene BHAZE o] %, 1991'A Tijima7} ©] & EA4 3l

o A% Ao A v]FEETE!? ONTE 2] WA
g3l A4S Ho] F=d, 1 TPa ©1%32] Young ©HA &

"To whom correspondence should be addressed.
E-mail: sjlee@suwon.ac.kr

364

2]d¢] 1000u] ol Eat= 7] A EE(electrical conductivity),
tjojolE =9} F53 9 A= (thermal conductivity), 7
FollA 2800°C7HA] A4 4= = & 4 (thermal stability)
T2 7 EAE dEA Ukt olelg Hojd EAo=
CNTE 7|& A9 EAS BasAY &dA1717] 9%
Ui HA7HAZ 853 Ak ONTE H7HZE ARS-S
FTEAF YB3 5= 19943 Ajayan 5°] B3 o)
theket Bops tido 2 A7 A=

CNT FoM = 71A14, 714, @24 4 F3H4 4] 7t
2 ol S drady e} R H (single-walled CNT,

L



SWCNT)o|t}. A Z7HA] SWONTE &-&-3lo] 28 -85
[e)

2 (purity)2} E-2H(dispersion)©] T} 0213 2918 s A s17]
A5ked o3l 318h4 7)1 A (chemical functionalization) 2
E2]% "9 (physical method)S &3k k2 F vy
Zo A 384 JAL SWCONTS EAHE ol &5 E
AL F e AHE JdLL) SWCNTS] 44 & +
ZE WA IHF S A 7= dHol Aukb o
=4 g2y =5 H (multi-walled CNT, MWCNT)2] 7 -$-
o= 7o s FHA T A Yx=fH Fxo WY
EHol Atto 2 Qg MWCNTY 43 71412 B4 3
A7) AEw7F Aty 45 bl AE S84 S AL8-5he
E2 4 WHE SWONTE #4212 w] SWCNTS] &Hejef
I EAS FAAZIHEA I FEE s 7= A
o2 geEA Uk

A Fo] CNTE 247

IR

o

o 2= AdnkAl
& 91 (solution mixing),” 8§ £ H(melt blending),"
23 (in situ polymerization)” ©]<]el] 2} ~5 ©]-8-3}
|%(latex technology)°] 2Ath. o] W2 CNTE FEo|=
SLERE YAl EARA 7= W 02 X CNTF S 20| =
2F SRR} QA S AT o] FolX B il
A o] A2 & ONTE ARS8l A
il o] S UTH= o] Uk

ZHONT Y=B 55

e rr

]

ok
o M
R

o

i

o)
ol
A
[e]
9]
PN
T

N
rlo

_{

¢

2
7
&

N o ox ox rff X oo

o

%1‘
et
¥

bt
s
ojf
il

J'

o o
1o,
O;
=)

o=
= Ea o
A z3t7] fsiA = CNT7F 4k 74 g8 FHls)of
SlaL o] & T FRo|= Ao I EAL YAke}t #H A i
ZRA| Ao gt} o] ZJ9-oll = A 7]k nie} Zho] AkAE,
7172 5 sekA 7Rl vlsl] 82 WA AHE3A
£ 7Kk B4kske WS ONTe] 2173 248 A
T Atk CNTE] 24kl A ghgt A SAA 2= o242
sodium dodecylsulfate(SDS), H]©]-24J <l octyl phenol
ethoxylate(Triton X-100), ¥¥ol-2d<l cetyltrimethylammonium
bromide(CTAB) 5-°] ¥ed#] U354 AHEGA]| & A}
&3l CNTO] T4 ol =] A7 AEE7t 34
= 894E B F AT FFE JUEs A5 AR
Fo] AHGAAARE Qg M E- 29 E40] 7hastA H
o =BG A 5 AME EAE Sold ¢ or= HF
o] S AHslfof gt
JEAF YA} ONTE A= Y EgdA| 5ol 53
ste 49 g4 oF e SRl A IEA YA dE
A= (monodispersity)2} CNT2] E4F F=o] &3 St} &
Ao = FEA Z2] 2E d(polystyrene, PS) A<}
SWCNTE e 593 e B 5] 17 AEES
FEAT717] flste] 7Hd Bol AMg-ete AlHEA A
SDS 7}l we EE2X], fFredet 27 dzre W
stoll tisllA 228 ar, H k= SWCNTe| o gk SDSe]
HA =5 AU SWCNTO| tid spse] #34
H &S AR 2 A9 Adde e T/ AHEIA
o= Ago] 7 Ao=R 7|t}

N
>
ic]
Of

_0|L
K
M

FH bR gAES] fuA, 4712 B NAE 9% 365

4 H

o

Aok 2 TZ. PS YA Aol ARSSE 2E] "l SR =
2FA 38k (Samchun Chemical)oll Al T4 ste] =7 W
202 T XA E AAS th AREskith 493 2
71¢] THEAF PS YAS A Z2317] 98l E(deionized water)Zt
oS FA4F AR ARSI, W WA 2 84
N A1 A 21 KPS(potassium persulfate) S AH&-3F T PS YA}
o} 238 SWCNT+= ¢kslub =l (Hanwha Nanotech, Korea)
oA F+UZ ASA-100FS AH&-SH3iT. SWCNT9| Z4Hd
S FA717] Y AFE3E SDSE Sigma-Aldrichol| A -

EHEAE PS Xt HY. TR o] 473 500 nm =719]
PS YA= A E HUtelA 2 FsA frekedd
(emulsifier-free emulsion polymerization)2 AF8-3lo] A4
st TE2® WA, E 50mLel KPS 0.3676 g= =<1 KPS
FEae Fojs FAT & 310mLe} o E-E 432mL,
ZEH 40 mLE $HF ¥24717F F-2HE 1000 mL 834 3
o] F A Whg-7lol YL HA E9)7] st Aol
308-7F 300 pm o2 wHHEth ko] Bt ok oA
FH gk KPS F8&A& H7tate] 70°ColA] 24417+ &?F
300 pm o2 F3EIA T 3ol B Hele muks &
FA 5o ETES AAS] st F9dE dgde o
B 3 B2 7b7 334 4R A S AX HETHS
2 AAE PS JAE At

PS/SWCNT LI=S§ME M=, et X 7|&s &85l
PS/SSWCNT W=E3tA 22 Az e o3 2.
WA, & 40 mLol SWCNTS}F SDSE Bl &thZ H713 o
%223 #27](VC 505, Sonics, USA)E 20 W 740l A
3087 B4kslAt) o] SWONT &4t ghAd 8k ch2it
PS RS F7tete tiA] 229 @72 3087 #Aks)
Atk 2™ th, PS YAF9} SWCNTS] #4te] fA€E 4
glo| A Axd Az Fd H 5AHAZ7](FD-1000, Eyela,
Japan)= SAZ HFE AX PS/SSWCNT Hi=5¢ &
TS AU o]FA 42 I9d= E AF7IZ 180°Ce]
A 120~160 kgdem® $F8 o8 5827F t=ste] A& 25 mm,
7 1mme] T2 FEj o] Al HS A2 vy FHEY S
A7 A Ao AHE-3H3 T Figure 1= PS/SWCNT
U B3 55 Alzste 348 YeRd 8 xo|th

2M 2 22X pPS YAk, SWCNT, PS/SWCNT Ui -3t
22 YB3 8 gubie] RE2X s FARAEY|
7 (FE-SEM: JSM 6700F, Jeol, Japan) A}-&3to] &<2la}
ATt PS YAke] EA}#L tetrahydrofurans carrier 8- 2
AF8-3}97 refractive index detector’} 2% gel permeation
chromatography(GPC: Waters Breeze System, Waters, USA)
2 =243 th SWONTS] RE2A &= 229 272 ¥
2EA1ZI SWCNT/SDS 574 @& dlols 7] $]o

oy

.{

B B =1
29 =Rste] BRSNS =t A E HHRe oA
A2 FAL WaE ABS 21H0R sl 2]

Polymer(Korea), Vol. 36, No. 3, 2012



366 AN

|

Ultra-
sonication

——

Compression

—

molding Nanocomposite
sample

Figure 1. Procedure for the preparation of PS/SWCNT nanocompos-
ite sample by latex technology.
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Figure 2. FE-SEM images of SWCNTs: (a) as-produced SWCNTSs;
(b) SDS-stabilized SWCNTs (wt. ratio of SDS/SWCNT = 2).
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Figure 5. FE-SEM images of fracture surface of PS/SWCNT 3%
nanocomposite samples showing nanotube dispersion: (a) as-pro-
duced SWCNTs; (b) SDS-stabilized SWCNTs (wt. ratio of SDS/
SWCNT=2).
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Figure 6. Rheological properties of PS/SWCNT 1% nanocomposites
with SDS content ranging from 0 to 32 wt%: (a) storage modulus; (b)
complex viscosity.
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Figure 8. Rheological properties of PS/SWCNT nanocomposites with
SWCNT content, where the weight ratio of SDS to SWCNT is 2: (a)
storage modulus; (b) complex viscosity.

Table 1. Low-Frequency Slopes for PS/SSWCNT Nanocomposites
(at @ =0.03 rad/s)

Sample name G' vs G" vs n*vs @
PS/SWCNT 0% 1.31 0.92 -0.07
PS/SWCNT 1% 0.57 0.71 —0.34
PS/SWCNT 2% 0.32 0.48 —0.66
PS/SWCNT 3% 0.27 0.38 -0.71
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