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Abstract : Research is being conducted on graphene to provide graphene having both excellent physical as well as electrical
properties in addition to unique physical properties. In this study, Hummer’s method, which is a representative method for
chemical exfoliation, was applied in order to investigate the possibility of the mass production of high-quality graphene oxide.
Three types of graphite (graphite, crystalline graphite, and expanded graphite) were used in the preparation of graphene oxide
with variations in the amount of potassium permanganate added, reaction temperature, and reaction time. Then a Fourier
transform infrared spectroscopy (FT-IR), a Raman spectrometer, and a transmission electron microscope (TEM) were used to
measure the quality of the prepared graphene oxide. Of the three types of graphite used in this experiment, crystalline graphite
showed the highest quality. The prepared graphene oxide was then purified with an organic solvent, and an analysis conducted
using energy dispersive X-ray spectroscopy (EDS). From the results of the residual values, we were able to confirm that both acid
wastewater and wastewater were best purified using cyclohexane. The method for manufacturing graphene oxide as well as the
method of purification using organic solvents that are presented in this study are expected to have less of an environmental
impact, making them environmentally friendly. This makes them suitable for use in various industrial fields such as the film
industry and for heat dissipation and as coating agents.
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Z12 H(graphene)2 HHFH S 43 AAE 7l BEo
2 W © p’2A ©h 99 221 HUAER EET B4
T E2 71AIF E4(~ 1 TPa), Z HIEHH (2630 cm g'), &2
F{]o} o] B (~ 10,000 em® Vs™), S8t FEIE(~ 97.7%) 2%
O 25 GHAEE(3000 ~ 5000 W mKH)S o9 2535 EAZS
Sggt e W A7h Ee] KL QITH1-8].
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>~H;l

PAJA A x2S EGA| 9] A5 7129 RA SR HTE 7] A A,
sehd, g4 E4do] aA FgE B3, volA& 3719 F
AA Bt Y 3719 SHAE ZF19E 5 7189 T
u] Fo FAA 9 ggmto gy 37 FAHE EAS e
H AE, TE, B A|, A5, Z-A 5 ohFe AFdEokol A
-5 EFAZ] ARgol ZIHiETH9,10].

JejHe] AREEE A 59 o83t 7IAA vy
(mechanical cleavage), 3}5+4] B}2](chemical exfolation), ©f I
eld XA} (epitaxial growth)@} 3}8}7]AFE2k(chemical vapor
deposition) 59 o] ATH11-21]. o] weh bt At
ol EAstY 1= I Axes F= IASE
ol o o el d S o &SRRt w2 A Q88T i
Yikel FAIR sl thAkS 55 A-83to] ofgfgo] Utk

J9e] AEskE foiAe 1= IE tfRgAR
dAAo|t} o]o] & A4 7HF T HHolgt wegt
Az ohehA v o s A9 Ah-gde &%
wgolct. ol2fgt slehd WS 2041719] Schfhaeutl®}
Brodie HIAFS A]ZFO 2 Hummer’s, Staudenmaier®} Offeman
5o we 7sh 44w 9ith 1 % Hummer'se] 8k} el
o] A7 A&H o R AtE|o] JfAsto] AMEEL 3
o} o] WL ZFAhE N dl ARSI R S-S Atstel ARt 214
4 EA7E 59 Sl AdEo], 33 1Al 6~12 A0E
Solu 223 B4= A 5 & 4 Aok B, Al A A
3t 2w e] W S|EFA7]Y} oFA77F FE EX 5t
o| glo= =HE7], 7IEEAY] 5 BFe A8717F SATT
oj2fgt 2-g7|E2 EARE Qs THHY IfF EL HiFE
ARG AR} T u o] A-87]E ol&s ®HNE H Sto]
B EIE 5o 29 &8 §-54A Ax7F 7Fsstt o]
A3t Bl TRt A Rofol ARgo] 7hssitt. EaE, At
3t I WS oA EEA| 52 ol&S EEES AIH 2 &
|77 A=, 71&9] 1Ay} FARE §/4d0] UE AR
o|F &-&ot= AT EESHA AP IrH22-25).

£ dAolA= 7HAE Hummer's WS o]85t] 519
TRt W2 geste] Ak IduE Alxsiled, o
IOl A Hrh o] AbS} T Aol At A 1
92 AS HASetaAt sholeh £33, AFagolA = A
ol gt Sas% AR BRI ES ARgSh Abskat
oA X7 N, NO;, M F o2 B AL T1EH ] A
oA st the] H 9 A HAo g Q9 T

¢

)

P

ol oxt

ok
re
o
du
2
&
i
",
&
[
i)
(e
1o
>
BN

g,
o
é
it
of
<t
Al
ox
re
4
P
@

o] $AHT}. £ AT AL o]t BALAL WA 919
s

2.1, A 2 =

2 A= A I AFAE AFEE HASA
(graphite), A4 S-A(crystalline graphite)?} 359 (expanded
graphite)> JAFF7]7} 20 ~ 50 pm =]|9HCl Aldrich AFQ] A&
ARE519 0, F7 AR (potassium persulfate, 98%)3} AL
(sulfuric acid, 98%)2 1A 5-2(DAEJUNG) Ate] AZS AM&
5199tk 5 FARGE F(sodium nitrate, 98%), SF5(distilled
water), IHAFSIG=4x(hydrogen peroxide, 30%)= SAMCHUNA}Q]
A& ARSI

At} o) AR & RS W A A 9 T Ao et
A= 71809 wE o2 7| E(methyl ethyl ketone, MEK), &
&F-2(1-butanol), TJH|EZo}uto] =(dimethylformamide, DMF),
B E g}s}o] & & F Y (tetrahydrofuran, THF), Alo]Z 23 4|2l
(cyclohexane), SA|Ql(n-hexaney2 AldrichAle] A& ARE-o13ATY.
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Table 1. Synthesizing conditions of graphene oxide preparation

Residence time, Residence time, Residence time,

HQSLO4 KMhO, NaNO, 0C 20 C 96 C
(mL) © © ® ®) (i)
Graphite 50 12 1 24 30
Crystalline graphite 50 28 2 72 30
Expanded graphite 50 10 1 12 30
5 St o= T8 =
£
]
E— ——— = 2
[Frvomss | £
I £
. m g
s
l—ﬂ —
4000 3500 3000 2500 2000 1500 1000
—— ! wavenumbers (cm ')

Figure 1. Optical images of graphene oxide solution by (a)
graphite@GO, (b) crystalline graphite@GO and (c)
expanded graphite@GO at different reaction time.
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Figure 2. FT-IR spectrum of graphene oxide: (a) Graphite@GO,
(b) Crystalline graphite@GO and (c) Expanded graphite
@GO.
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Figure 3. Raman spectrum of graphene oxide: (a) Graphite@GO, (b) Crystalline graphite@GO and (c) Expanded graphite@GO.

Table 2. Intensity ratio of D-, 2D- and G-bands obtained from
Raman spectra of graphene oxide
Iy/1,
1.005
0.234

Lo/l
0.160
0.525
0.250

Sample
Graphite@GO
Crystalline graphite@GO
Expanded graphite@GO
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Figure 4. TEM images of graphene oxide: (a) Graphite@GO, (b)
Crystalline graphite@GO and (c) Expanded graphite@
GO.
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Figure 5. Optical images of organic solvent purification : (a)
Dimethylformamide, (b) Tetrahydrofuran (c)1-butanol,
(d) Cyclohexane, (¢) n-hexane and (f) Methyl ethyl
ketone.

Table 3. Relative polarities and density of solvents

Solvent Relative Polarity Density (g mL™)
Non-Polar Solvents
Hexane 0.009 0.655
Cyclohexane 0.006 0.779
Polar Aprotic Solvents
Tetrahydrofuran 0.207 0.721
Methyl ethyl ketone 0.327 0.805
Dimethylformamide 0.386 0.944
Polar Protic Solvents
1-butanol 0.586 0.810

Table 4. Elemental analysis of organic solvent purification

Figure 6. EDS spectrum of organic solvent purification: (a)
Dimethylformamide, (b) Tetrahydrofuran (c) 1-butanol,
(d) Cyclohexane, (e) n-hexane and (f) Methyl ethyl
ketone.
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