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Abstract: Graphene-coated polymer particles have attracted research interests due to their emerging applications derived
from their controlled structure and morphology. To control the properties of graphene oxide (GO)-polystyrene (PS) com-
posite particles, the adsorption time and instantaneous adsorption conditions were investigated by varying their mixing
method. Polystyrene particles prepared by emulsion polymerization were modified to have positive surface charge by
adsorption of polyethylene imine (PEI) on the surface of PS particles. GO prepared by the chemical exfoliation method
had negative surface charge from the oxygenated groups. The adsorption of the negatively charged GOs onto the pos-
itively charged PS particles was successfully completed, and it was found that a longer adsorption time and a greater dif-
ference in the instantaneous relative concentration led PS-GO particles to have more homogeneously coated surfaces
without aggregation.

Keywords: composite particle, graphene oxide, adhesion behavior, mixing method.

ISSN 0379-153X(Print)
ISSN 2234-8077(Online)

N B2 Aall H& Al 8 2 T = TUE o2 dit=a
UTh 53] FE Ax7)7] Alge] dol ZA4E AR Q)
AEAAEA] B ke 2 B9t ol o3 Solg = o], I4] H& A5 oA =S (anisotropic conductive
o= Qe FHE g9 B HAS WA ) o] B3 film)C 22X AEA YAZF v E 20 FAkE o )= E3A)
T4 YmngoA] mlo]ARu]E Alo|e] A AL zka F(conductive particle-embedded composite material)’} =&
Foj4d FREA Zn YAb el HEA =4o] A W7 QITES AR g o] Thssial i, 32 At A
A= RS 5o st 1 2 7|2 g 54 vjEE 5 =Y F vk AHol ] 71e4 7A7F A &
2= Yof FAke] Bolste] A HE Ay 7)1, b T AT
v} 219 ¥, ESD(electrostatic discharge)T® ol AH&-% ol =R FAA A JTe ke A7) A=A
A= 53 JA= 7P sk o] e Al 25 AEE 2R
HEEA|, LCD 2 2ot 7)7149e] 343k 47 dies 24 PR E U AL T4 220] AaEAke) XIske
7} EA] g¥of o] E

"To whom correspondence should be addressed.
E-mail: leexx303@gmail.com

162

. L.
PgHolA Rate] Arke] P4
o] H7 k. FEHG T

2
Y5 Yol H54 S5 Bl Abgol ¥



AueRE 2 s FYEe] EAE AR 7 Ao
= Zo] Aol BarE v} glom BB o2 e Fx W g
o] ¥gkE 7[Rk m EAdAlo] B 2 S-8rolA e Al
2L 7Fsdo] ANEJ. o2 st 79 o] BHe &
ZHel SEA 7k BEQiAtelA 2 2 2 AkskE
(graphene oxide; GO)2| &2 F& A|oi7} EHiAte] 4
Aol Fa3k M7t & Zlolg} o datlar, Lefds i
b JAE Eftete FFolAM dolxle W e AAE
gt 7 7] F2 A o] A Aol A
Art.

olo] £ AFdME Felede B
(PS) T YA} EH e FoIslal, GOdle 7had7],

fu)

2
By
%
o
A
b
iU
')

Ay
— arn
2ES @ F, 2 woEs A58 K T gREe &
F2AS bl WshiA QoA 2 A9t GO
UAe] B W AY JUE H5, Dof 2

2
)

>
ot

Alef. B A& ol A3 2B (>99%, Aldrich), ZFeHikz
F(KPS, >99%, Aldrich), 72FSP}EF(NaOH, 3 mm flake,
97%, Aldrich), Z2]o€#o|T1(PEIL, branched, >99%, Aldrich),
SHH,S0,, >95%, Junsei), HrFlA~(H,0,, 35%, Junsei), &
AHHC, 35%, Junsei), 347 H2-E(KMnO,, >99%, Yakuri),
2g|o}=Z Ak ol (©}d 10~11%, YakuriyS F71491 AA 24
glo] ARSI 512 ¥ FEf9] Asbury 3772 grades
AESIGeH, A3el A8¥ BE B2 Yol E ARSIt

PS ®X} MZ=. 1 N NaOH &< 200 mLE 500 mL 37+
Sk Eekael] @il davks 32948 FEl AZE B
ALAES A AT T 70 °CE 71EE 400 ripmOZ wHls}
Ak FH3] 257t P StEE ZEHoF=AF ©191(0.25 mM)
ZE(0.96 M) E=5 FYstaL oddo] dAE + 3
2 ZH3] WA 3 10 mL 2ol KPS(0.73 mM)
=20 8L FYstd TES Il 6r7He]
kS o] F wWEA W7l MEES FEEY AE2 o~
HEgloz 7Y% T35k A ST

st F74 PEI 1 wi% 843 9 Alz=€ PS YA}

10 mg/mL F@4E 5:1 FoH| 2 S8k 300 rppm S =

24X7F akslT). 1§ 1587F 25000 rpme] 2314 G4
W E FEl FHskE Z= PS dAE ETh

Graphene Oxide(GO) M| =. GO+ modified Hummers

i bt

ot

e L

1=k
2

[e)
o ukA (.85 g2 H,SO, 23 mLe} SHA| 8A]7F o]
F 20°C VRe] £=2 FAI8A KMnO, 3 g2 AA43] 7}
STh ThEo 2 EFES 40 °ColA 308, 70°CollA 455
s o] 2 46 mLE ¥ol 3HAIA F1 100 °Coll
308 Bt wkslGith L H AR o2 AAE] WAl

g AN, FUY AEZos YHuARICR 707 4 4
A, 0% EFES AF P37 1500mL7t B A

go|l 255 st AR H, oS o83ty 40°C7t
HA @A sHEA 150 W, 307 23425 B3 GO
0.05 wt% it S At

GO-PS S&IX =8, =3 Wiol A= thE Al 7H49
TS A AXRA AtEHE FEsth LA T oF
0.2 wi%sl, FHsE Ad PS YAkl At o) A ek
0.02 wt%2!, GO FEAFNS 1:2.59] FIH|2, i) A ¥
3L vortex shaker(Maxi Mix II, Fisher)oll 24X])7F EE0]FA
, =2 i) PS AN S &7] Hols il wytelFH GO
EAS M8 Tl AY, B2, dil) GO At S &7]
Holsal wRke|Fm PS 24kl S AA1E] THsll AT

2. 9 PS JA}F GO2| Z719} AE 9= dynamic
light scattering(DLS, ELS-Z2, Otuska Electronics)>. 2 =% 3}
%Atk DLS 4ol AR QJA} 4tele] 5= 1 mg/mlE
ZHBIAAL AR 9= 25 °CollA 53] S48 BA7kS AR
Pt TSk PS kel GO-PS E-3iAte] i del= FE-
SEM(JSM-6701F, JEOL)©. 2 #5151t} FE-SEM 52 o]
AREE AE2 H,S0, H,0,9] 7:3 F-3H] Eghg-ole] 30
7 @7HRATL gol 2= AIFE lem x 1em 2719 A
T glolwol] EdUA} wAklS: g 7 kg HolrE 70°C
A Q20X 247 o) 7AxEte] Azt AlZ2E GO
o] Y3} F7= atomic force microscopy(AFM, Nanoscope
I, Asylum)E 53l H]HS REZ 24319t AFM 4
of AREHE A1ZLS 1 cem x 1 cm 3719 71323 FHe] &3
(Pucotech, V1 grade)ell & 7 W-&2] GO FAYS Hojrt
U AR Axste] Alxsii

#n U =8

e doR Al PS Aol A7) 5 EE= DLS
298 B3l SR18IT). Figure 1(a)PlM & 5 A%e] Hit
7] 182 nm, EFHA} 39.6 nmE- 7R T4 PSE E &
sha sl g oz FEsIT. Figure 1(b)yE ¥ SEM
o7 #zE pS TFAZF AZE 120nm =] FAHS W
ol&d], DLSS] ZZeh= oF 60nm AEe] 7] 2pol2 B
o} DLS®| A3k YAF A7 <] XAl vlsh]

Polymer(Korea), Vol. 37, No. 2, 2013



164 AL - o - ol

Mean Diameter : 182.2nm

Std. Dev. : 39.6

0] (a)
— B
2
=
£
[=]

24

o T T T T e

Diameter (nm)

Figure 1. (a) DLS spectrum; (b) SEM microphotograph of PS particles.
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Figure 2. Schematic illustration of surface charge conversion of PS
particles.
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Figure 4. (a) Digital camera image of prepared samples by simultaneous shaking (left), dropwise addition of PS dispersion into GO dispersion
(middle), dropwise addition of GO dispersion into PS dispersion (right), and SEM images of GO-PS hybrid particles prepared by (b) simul-
taneous shaking; (c) dropwise addition of PS dispersion into GO dispersion; (d) dropwise addition of GO dispersion into PS dispersion.
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