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Abstract — Graphene has a wide spectrum on its application field due to various and excellent physical properties.
However, it is very difficult to apply that graphene exists as lump or fold condition in general organic solvents. Besides,
graphene was difficult to maintain as uniform condition due to chemical inert and distributions with various size and
shapes. Therefore, this study was focused to study dispersion and modifying methods of aggregated graphene. The dis-
persion methods contain as follow: i) physical milling using glass bead, ii) co-treatment of glass bead and ultrasonic
waves, iii) dispersion in organic solvents, iv) modifying with dry-ice. Milling using glass bead with size 2.5 mm was
effective to be size decrease of 36.4% in comparison with control group. Mixed treatment of glass bead (size 2.5 mm)
and ultrasonic waves (225W, 10 min) showed relative size decrease of 76%, suggesting that the size decrease depends on
the size of glass bead, intensity of ultrasonic waves and treatment time. Solvents of Ethyl acetate (EA) and Isoprophyl alco-
hol (IPA) were used in order to improve dispersion by modifying surface of graphene. IPA of them showed a favorable
dispersion with more -CO functional groups in the FT-IR analysis. On the other hand, the oxygen content of graphene
surface modified by dry-ice was highly increased from 0.8 to 4.9%. From the results, it was decided that the favorable
dispersion state for a long time was obtained under the condition of -CO functional group increase in IPA solvent.
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1. Introduction

e A FH o7 g e RIS X Shs 9EF 9 shol
th A= A oAl oflu =24 ZA] o] SE AT A2 A
AAA o2 gEjse] ik 7]0] ol A-gel| whhA s
7he-t] 7P Fu|Eag- 7ke] 2A7E H QT 2EES el
EABH 714, @], 71AsH] o & Holdk EAS VFERITH].
T ] S-gatokEE A i A HlFA], 79 A5,
£ txFeo] 52 Az A o] A A glom[2-4] 483}
Aol o] 2 gtk Bgt W A E= 57) 9 7k bk o] a1
A AT 7IAIE BEESE weke FE7] §-F, AX= £,
7157 A 8E71A] o184 ¢ Qe Ul A B A E )
g AE  QIuH5). ey 2S00 7 EAAT)=
Helle shels 2 (CVD)F 2ol a7tke] gn gl Aldo] - g sttt
sk ks flallale 5] Aksl s [6]o] o] Fofx|aL Q. 71
2L} o]2] gk WS Zafl Aake 1S B3 dAbo] Asjtt o]
A S sldsl] flgh AlEEA 2R e] AR 1S Sl8l
T S AT o] o] 45 a1 it Z1Eel COOH
U COH7|E £ 5797 nbgA)S sk Ak, o7 71
7182 B3 et WA, nnd S, FAAY, e AskE et

S ol &gk nFf 71e s, 183l &3] o] fsh= ANEEAE
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T3] Holdk A714 SAE A7l Y’lo] H=
th 2EA B Aol PojgE e 1Hds BeE S
7¥ate] W] Guljel] EARA 7] 3L Egojoto] ~E A gsto] 1
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bebol] Ak E Aaf|57) So] o715 AT o R A S
PIA 7N eSStk Aty -78 °CE vl W EE &
AR R Eefolofo] s 27hS Guljof Wi= =1 W E S 3
e JAE G A Faes AR 2] s T s
Zoth, £ QI oflA] g EA Tsfd 24 s Bl A
AR A= &% 189S FPdTn 22 FYe dxkaA 22
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2. Materials and Methods

2-1. REH|ES 0|2t 24k

2 Aol AR 2 (Incubation alliance. INC, € )
3~1058] Z2H el E whEolxl et 2HES T IEit
2]R] = 2.5(:0.2 mm), 3.00.3 mm), 2.5+3.0 mm(th 3+SHE- 50 ml
FHel 300714 Wi e BE-S 20 mgs A Esto] edobAE
O]E(EA, Extra pure level, #|Z2A}: Junsei, Y+) 27l 30 miol] Z}2¢
7138 T} B voltex 7] 7] (Vortex genie-2, A Z=A}:Scientific
Industries, USA)E ©|-8-3to] 124 A3tA mRiAZ13L 51718 242t
103] WFE3kaL % WA 7] Q=57 7] (Zeta-PSA; ELS-8000,
A|ZAF: Otsuka Electronics, Y41)E ©]8310] YA+ =715 S743194tt

2-2. S2|H|EL} =2U|E 0|5 EAHRY
Jojg] AHE SAlsks 28 1dES dAH 07 fEH|=

7} spatz] s AN A 793

25 mmE Y1 B3 237 A2]7](750WH, Sonictopia, th3H1
E o] &35t o] AX 2T AE(IPA, Extra pure level, A=A}
Junsei, D) 57180 WollA] BAAZ 3 AZA) 7] = WS <= 3
HHEslo] Bubake] gl o 7 A %8lo] ARkt alu| =9}
Z23 A2HHOZ 2.5 mm 719 F2H]=E 50 ml tubeol] 200
71 €31 IPA 30 ml2t 20 mg®] 19 BEE Wil ASrxol
30,75, 225,375 W 220k A7) 2 1087 HEletala, 225 W
ol 0, 10, 30, 60, 120 23+] Z23F A ] AR 2715 gt
Z7F AR F QR E 57 7] (Zeta-PSA; ELS 8000)= o] 43}
of 29 Aol 2715 S4skar 2 AvE BrsIelc.

2-3. 97| S0l(Ethyl acetate, Isoprophyl alcoho)S 0|25t HM
THE

T8 E o] 43le] 1S AAF17] S18IA EAS) IPAFY
S = AREEFSITE el Ak e o R 2.5 mm 719
FEHIEE 50 ml tubeol] 200714 WA W1 EAS} IPAE 717} w2
30 mP 531 20 mge] AZE TeEs Y 1Y 259 7R
225 W AI7| & 23, Voltexing 17} 53] WHE-alo] FALA 7L}

2-4. E2I0[0[0|A(Dry ice)E O|ETH =M JHE!

HHE 253 A271E ol8ato] EAg el efo]oo] A=
Frgfoloto] oA ek A2 Frste] A3t o835t
2 F4=o] o] 43T, 50 ml tubee]l IPAEv 30 mlE 512 20 mg
o) Az 1S ¥ 5 B 25971712 225 wel A=
S AEAT = Sl Efolofo] 2~ 27bs HUbeIgih 1L
Voltexings 1527t AAISH= 249E 53] REE3ISITE

2-5. 717|&M

2-5-1. High Resolution Transmission Electron Microscope

Dry ice A 2|3} graphene oll&h-g-oll A5 FAAZ] £ 2] 12
Tof okt A|7]1 & 2 A %38}o] FE-TEMC. & (TECNAI™, F-20,
200 kV) 763 w2 S}rjsto] A skt Hgk 214 A5 £l5he]
Energy dispersive X-ray spectroscopy= EDAXE ©|-2-5}3iT},

2-5-2. X-ray photoelectron spectroscopy

Graphene 3£ 8] A14~7] 23743 o F-5 Yolr7] 9134 XPS(X-ray
photoelectron spectroscopy) =21& AA15H1 2.7 7]7]= MultiLab
2000(Thermo electron corporation, England) < ©]-2-3}31t}. 4] A] 9]
%82 1x10™ mbar, X-raysource: AlKa, X-raypower(anodevoltage
14.9 keV, filamentcurrent 4.6A, emissioncurrent 20 mA, X-ray power
298W), Pass Energy : 50 eV(Survey), 20 eV(Core level spectra),
Dwell time : 100(ms), step size 0.5 eV(Survey), 0.05 eV(Core level

spectra), Cls 285 eV 7]& 0.2 #4331t

2-5-3. Scanning electron microscope

28] %¢] GrapheneF EHIE dfetstaxl AAWE FARAA AR A
Cold Field Emission Scanning Electron Microscope(#|Z2A} : Hitachi,
Japan), Model : S-4700 ©]-8-3to] L3Ie]lt. golgt s 93
A 2 EEE &g A3t $efl carbon tapeE 0183510 11
slo] FSIATE.
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2-5-4. Fourier Transform Infrared Spectroscopy

e e s Ao R-E Bhlety] 98l A e FeEd]
S

1z

(Infrared Spectroscopy, IRPrestige-21, Shimadzu, Japan) 235 4
AlBFATE IR spectrum< 400-4,000/cm?] 382 50/cm T2 #
235} Fourier transform= ©]-8-5}01 w27 F3-8-& e &=
> HSAZICE

o

2-5-5. Atomic Force Microscope

Sefolotol 2z el 1eHle] FAS Belah] 915k} 94
& 7] 7 (Atomic Force Microscope, XE-100, Korea, Park system) -
4g AnET,

3. Results and Discussions

3-1. fEH|=E 0|88 2ok

Z}7) A717F ke fEn|=E o] geto] e e iRk A
& B7FE sk3ieh. 1 A, Table 1011419} o] AE]abA] b2 o
Z72) e Hy 2717} 1.847 ume] 1T}, o] uf 2.5 mmeol| A=
1.175 um% 7431 36.4%2] A7) A4 5392 B9tk 3.0 mm2)
FEREE 23 2.9%2] G3E F7] 7ol 2371 A gt
0= 3.0 mme] 2] B =2] YRRt F=rell vls) 2Ee QIR L
Z7] Wil Ao E As T 24 7ES E3het AHl A = 31.2%E
3.0 mm 507 A7 g AR g&o] 9kt YR S (data
not shown)oll A TheFst 3712] Tejlo] FyA| &4 shs o=
A QI ] B wesh B2 Sl Qg Ao el
G2 7] Fells F AWt eSS AT

3-2. REH|EL =SUIE 0|8 2o
s 2] Sl 25uke] A
G T o8t 253 Ae] st AR A A

P Eeke) )
of ehele] ATl gol A1 S0l ejme] BE Bojey

9131 A2] Alzte] LojAH Ui e A7 AR FfAo] Wolx|
7] Wz}, o)) &3 A2 Aok A7k £AE Belajo] W

Table 1. Graphene size treated with glass bead

Glass bead size Control 25mm  3.0mm 2.5+3.0mm
Particle size (um) 1.847 1.175 1.793 1.270
Relative decrease of
particle size (%) 0 36.4 2.9 31.2

Fig. 1. Dispersion of graphene according to ultrasonic intensity (a:
0 hours, b: After 72 hours).

Korean Chem. Eng. Res., Vol. 53, No. 6, December, 2015

]

o
N

e

Table 2. Particle size of graphene according to ultrasonic intensity

Ultrasonic intensity (W) 0 75 225 375
Particle size (nm) 387.5 341.8 3025 21619
ARE AAekar 24 218 skt sksitt. WA Fig. 19142k
o] thakst 253 R A3 T 72417 A Fo ARRlLE #
33T Table 2= &= A3 A2 253} 2] 291 0 WollA]
Fat 238 9=} A7) 387.5 nm 7). O} 75, 225 WellA] ok
i FAE Boltir) 375 WollAi= 238]8 oF 5.64] A% A3E
YePATE 0]9} 2 #AAE Fig. 1914 712417 A3} Fofl 375 W=
2]3to] {7 Ash= A3 #do] 9l A3t AX|sh= Alo)

ok 25k e A A S 2 iR A7) el g9k
A Flolahs AL SIIAIN AAIR A3 Arps 23]y YAt 27
7t AA L FAVIE WA= AAE ATt o] tigt Fst o
Q1 jFgoll= A7} QAN A7) 33 2291 22 2 Qs 2
27 2 JRFEe] FAIAZE F1E Hhdnkagl o 2 A A gtE o
ARF 2717 AR = vt ThefekS Ao R FSEnt, Bsk 1
e F e 2L A2 EAE W Fabdo] Holum Ui 24
WA A 79 23818 ko] Wolx|m 2k qiakE B AlAsH
31 YR EARBR 7RIS A37o] qlvks ®ar[12pF Al

Fig. 2& A7 AHS-E 2 A 2] 9] 183 A SEMS.2
T Zlojnt. JEivlo] T3] glon Yolgle] 277} wie]a
2R QAL E S gl & 5 Uik 220k A Aw A
HollA 225 Wolld #4F S37) 71 H o] wo P = oollA 12087
2] Ag] ARks gElsto] 2539k AAISISITE Table 304191 o]
it AAF 7] 1636.2 nmo] A Fo] Zuk A AI7F 108 L )
3924 nmE 7|7} oF 428 7 G392 BT 2eh 1H A o)
A= AR 2591 7] AlRto] Sl whet 123 e] YAt 7]
Aol & JTE 71AA Kohs 210 Bt

oe} 22 A= Fig. 30419} o] A AlzE 103 & o] Gzt
o] fAEE @S vERlE 23 22 Atk 60 X
3k A3} 1205 223 19 S TEMO. 2 B4 5ko] #hzket Ax
Fig. 4()elA gk o] 1413 A2jst e oy Hoz T34 A
o] o] RIS ot 2417 X E gk 12 Fig. 4(b)e} 2ol vl%
FE2 AN Fo] g2 gfolxl RS gl o] Az =

CON 15.0kV 12.0mm x15.0k SE(V)

Fig. 2. SEM image of untreated graphene used in this study (mag-

nification of 15,000).
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Table 3. Particle size dispersion of graphene according to ultrasonic treatment time at 225 W

Ultrasonic treatment times (min) 0 10 30 60 120
Particle size (nm) 1636.2 3924 923.6 776.8 11209
Relative decrease of particle size (%) 0 76.0 43.6 52.5 31.5

0 10 30 60 120

Fig. 3. Dispersion of graphene according to ultrasonic treated times
(a: 0 hours, b: After 72 hours).

Fig. 4. TEM images treated by ultrasonic during 1 hour (a; magni-
fication of 50,000) and 2 hours (b; magnification of 12,000).

83} A7) BTk 245 A2 Alzte] Lold5R el 7))
Z7heh= Waker ol -2 W 4 SR, He) Bt 3 Alzte]
Aol A 5% 238 Too] ol H3hE TP 2L S

e,

3-3. 87| E0l(Ethyl acetate, Isoprophyl alcoho)S O0|2%t FEM
THE

TS EekErh A2l oA oL 7] Srfinke ' i) A
gfate] 9 TS & < olelel thalA Aeisint 718l Re
EAS} IPAS ©]-8-53it}. 2AAIZL 5= &l wjell M o] T1efjso] EAell
vlal] PACIA “GAIRE 370 8kA] Q¥ar 4] ¥ Qlek. Bk 24ke 1l
AE GllE AT F AF2AA FTIR 45 Fato] 19 714 4
B Selstoint. 71 A3, O #-87] 2181080 em™)o] A2] 51°]
Z el vlEl IPA A 2late] AA S/ AL CH 2H8-7] 9H
(900 cm™y2 EA *]g]to] IPAT-HU} U S71E 9l th(Fig. 5).

3-4. E2|0[0j0|A(Dry ice)S 0|3EH =M JHE
ATl A= Sl el A ] FAd S $I8te] A AkA
Zal=nlg s eH13]. B Aol Safoloto] A
Z29 Al s 3 a9 1 AAS AAE] £ AyE vl

Transmittance (%)

2000 1800 1600 1400 1200 1000 800 600
Wave numbers (cm™')

Fig. 5. FT-IR analysis of graphene dispersed in IPA and EA.

Table 4. XPS analysis of carbon and oxygen content before and after
plasma and dry ice treatment

Conditions C (%) O (%)
Before plasma treatment 97.02 2.99
After plasma treatment 89.02 10.98
Before dry ice treatment 95.91 4.09
After dry ice treatment 92.14 7.86

skelch. aka Zefzet A2l Beto] 1w /N E 189S XPS
B4 Ak gRERo] 22l A 2.99%014 xia] % 10.98%= iﬂl
7RIt Eefoolo]AF o] gate] 253 XAl 2ed
TEM 48 53 3~10522 /45 o] 918 =< gRlslgiom, EDS
A FA A7, A A ARREEO] 0.80 %o A7 $- 4.90%
o)1, XPS #4147 2] A 4.09%, AT 5 7.86%%E Sefo]o}
o] Aol rq_ br 3Rk A8t S ER1EQITH(Table 4).
FTAX 2INE FAATN7] Y8 E3] 25 AEE TS
=, 0] JMOﬂH Calojoto| 25 Hrlehd 251k a4 o
2l3)] =elololo] a8 o|iksletart Ft2 547 AdHIE el
o Agsl 7sde] s AR ATt o= SIS s
gy o] Wi e oA Elx) milolololAE Sl Bilef W
I GAIZE Aot F O Z2A FI2EAV R V) FslE 2 Alxst
STk Hai[14]e) A-keisict. Eetoloto] ~E Hreto] 253} A
23+ A3}, Fig. 62 2o A2akA] 2 1282 1PA Sl el
30i B el o] gho] X AFeiSl o 244]7to] 2}
SR} i 7o) F[lar 48417t0] A Bl wl= Aol B
Al 1Y FEgick vkl Eefolofo] 2~ X e Ak A5
FE 48717 Aol = 2 Ak AJEIE fA518 e o]zist AJE)
= oF 30 o A&
Cejolotol A A T hS TEMEEANS 31 A7) gk wAko =
eI o AgAovt BRE = TR PgRiel e Fo) Fal
SHA FRAE| Q). & AellA] ARSI 3~105 0% IH
U 189 0% TEM AR OM & 2~7% A2 215 9 chFig.
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Fig. 6. Dispersion state in isopropanol of untreated graphene and
dry ice-treated graphene according to the elapsed time (a: 0
hour, b: 0.5 hour, c: 24 hours, d: 48 hours).

7(a)). 2B 3 F2] FA= 0.35 nm FEO|Y AFM -4 A3}
A& O 1 nm ol8ke] FAE et g 5 oo w EAst
£ Ao gRIFSItHFig. 7(b)).

oju 12l el FFEHASLE T AR S
7] 915t EDS 2418 Al sk A7 Fig. 89} 2o X7 el
I]7(0.98%)7F A2 AEA] ko) Efojoto] A
] - 4.09%% Ak F7H Ak 935 )1 &
o|ZH Eetojoto]x A gt e ol 72847
Ao 7 PE et wE 7287 YA FHE FTHIR
7} A8 ehFig. 9). 7 A3} CO #-8-7] 374(1380 em”
glolotol A A& B3l oK S7sISict.

A AT131914 100 WollA] 208 EoF Ak4 Z8}=n} = 2] 3k
o] A A 2.99%04] 22| F 10.98%% ul-¢- F S7FFS
Holrh ek Eetolofo] A A sk 1] A9-oX = A A
4.09%eN4 2] F 7.86%% Atao] S7hE 21E glskltt &=
S, AE] A3 2] 89 YR Eell H9lE Ay Hede] 1
A2 E9lof wgl o} “efoloto] 2~ HelH 1 97 Eoll 7F
giokortt. o] 24 Etooto] A XE]E Fate] s el o] U
Ar= S & e o] gA i JeeS Eolvk
Sl tlellA el 4k JElE fA1ske 218 ER1sISIT

1o

ox 32 &l o
W)
=B %

ST V)
ox 32

A

v

J
S o

[ o 82

)

0
o
N

(@)

(o)

Fig. 9. FT-IR analysis of dry ice-treated graphene.

4. Conclusions

TS AR o] g5l SeiM = g @ A=) W
& 7]%z0] Rk ojoRst sttt oo EejH A Wi o fep|=s)
Z53te] A2l ARES 2ejste] A7kt A7 28] 2.5 mm
oA ZZIPIE 275 WellAl 10 A 2] Al Z123j9e] 1A} 277} 7
2¥ QAL A AR A= A E Qlek Grfel] whE A
7t M= IPA Eullel|A] 2ido] vk em o= FR-IR #4143 C-
0 (1080 cm™)ZH87]7} IPAZ:0] Z7}ol| Wb 71 07 whhect, 1)
A xo) A flE) mefolotol gl 2535 Aelet A7) =ejo]
olo] A9l CO7} W Tl AAas Ikl B A ga=
EDS, XPS¢} FT-IR A2 E & = 13tk Eefo]ofo]l A~ A A

© 90

Fig. 7. TEM image (a; magnification of 760,000) and AFM image (b) of dry ice treated-graphene.
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4.09%7}F A 2] F- 7.86%%2 Akl S7lekl e COo #87] v
(1,380 em™)o] A5H AT & A7 AR I 1gRs o849 1
A AeeRY ST B A AR O R 1889 s
& 3sk=tl 71998 = Q1S g
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