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5T BoH, A4 B4 SET 49 BYS 27 s T 0] AT Bus) AU, Al 31 ey
2l Hummer’s B3 -&-8-5t0] 1E2 9] Ak} T 1) 84t 7Hs 42 AESHATH 2 AolAl = Akst 1w o) Az
off S1o1H HAZA, 24 T, WHTAL LRS00, BULAERE) H71, WS 2, W AILE et E,
Az Atst 1w o] £4-& &7 Y8l F2]of] Mgt 2] QA E3F-EA(fourier transform infrared spectroscopy, FT-IR), 2FaHE3
7] (raman spectroscopy), £} A} & 1|7 (transmission electron microscopy, TEM)= 0]-85} 0.0, 244 &0 7H £2
F4E5 UEtiSlth Az Aret T w JAE 218 771-8E ARSI H, o | A4k 844 R (energy-dispersive
X-ray spectroscopy, EDS)E 0] §:5}0] 2413 A} Aol 22 814|212 o83t GA17} &F ekt 0] 257} A) Qoieh.
Ao A AAIRE A4S} T A2 HT 778 E o]-&5 AAl= Bk A AN IR g BE, WY, YA 5wt
At ofo] 880 7Hsd Ao = A E

FHOf 1, AhekE , sfehaErE, {718l g A

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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T2 (graphene)> HAUFH S S48 AR5 71X BHL
2 W © p’2A ©h 9 22 HUAER EET B4
B &2 71AH BA(~1 TPa), 2 HIEHZ(2630 cm g'), &2
M2lo] Ol EE(~ 10,000 cm? Vs'), ©28} FETIE (~ 97.7%)9}
S8t HEE(3000 ~ 5000 W mK)S o 95t S-S
&-go e W AvF 2] JPE I A 1-8).

E5] I8jHE &8 Sl U7y SAA(fillen)E
Aok ARAR IEA FA0] SHAE FLT AVE &
PAJA A 23 EGA| 9] AS- 7129 RA SR HTE 7] A A,
3ok, 94 E4o] aA FgE B3, vlolA & 3719 F
A Bt Yl 3719] SHAE XIS 4% 71Ey &=
v 2o ZAA 9 gHutogw 37 pAE BAS Ueh
45, B, W= A], A5, ZYA 5 o ARl Eoko A
7159 EFAES AR&o] ZIHETH9,10].

gl AxEEE A S99 o8t ZIAA Y
(mechanical cleavage), 31514 B}2](chemical exfolation), o] I
eld XA (epitaxial growth)@} 3}8}7]AFE2k(chemical vapor
deposition) 52 ol ATH11-21]. o] weh ohgrt At
Hol A5ty £kl e Axre FE FV|NSE
oy oo el g g o &oHAT B 48 H-83} i
Yikel FAIR sl A 55 A-83to] ofgfgo] Utk

JjE o] AE8E YaiMe Ies I oA
dAAo|t} ofo] & AFoA 7P 2 HHolgt whegt
Az ohehd v o s A9 AlR-gde &%
wgolct. ol2fgt slehd RS 2041719] Schfhaeutl®}
Brodie BIAFS A|ZFO. 2 Hummer’s, Staudenmaier} Offeman
5o] we 77k 44w9ith 1 % Hummerse] 8k} el
wpo] WA A4H o= Apslo] AMste] AHgE L 9
o o] WS AR W A AL A E A
4 BAZ} Z9] 270 AHAElol, 37k o) 6~ 12 ASE
oy 230 E4= A B9 & & Ak ESE AR Al AF
3t Jwe] W S|EFAIZ]Y oFA77F 2 EX 5t
o| glo= =HE7], 7IEEAY] 5 BFe A8717F SAT
oj2fgt A-g7|E52 AR Qs I WY IfF EL HiFE
ARG AR} Tju o] A-87]E ol&sf ®HE H Sto]
B s o I &8 §-54A Az 7Fsstt o]
2o EA= ok A Eofo] ARgo| 7hsstth TR, A
3t 2 HE oA FEA| 52 ol&S EEE AIH & &
|77 A=, 71&9] 1Ay FARE §/4d0] UE AR
ol E&sl= A7t EUSHA AP JH22-25].

£ dAolA= 7HAE Hummer's WS o]8oto] 519
TRt W2 geYste] Ak IduE Alxsile, o
oA Hep a0 4ke} 1WAl Rof A9t SAY} 11
92 AS ASetaAt sholeh £33, AFagolA = A
ol gt Sas AR HEAEES ARESh Abshat
oA ZF Na®, NOy, Mp*T G o] R ARSE T1EfH o] A
S0l A AYsH= thgo] w4 E A HAo = Qg T Y
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2.1, NS 2 =

2 dAfoMe A e AFAE AFEE HASA
(graphite), A4 SA(crystalline graphite)?} 3359 (expanded
graphite)> YRF=7]7} 20 ~ 50 um w91 Aldrich AF9] A&
ARE519 o, 7 HARZE (potassium persulfate, 98%)3} AL
(sulfuric acid, 98%)2 ) g3HFH(DAEJUNG) Ate] AEL A-&
519ict E5E FARFE B(sodium nitrate, 98%), S55>(distilled
water), IHAFSI4x(hydrogen peroxide, 30%)= SAMCHUNA}S]
A& ARE&sHATH

At} o) AR & 2AYSE W A A 9 T Ao et
A= 9718091 HEoE A E(methyl ethyl ketone, MEK), &
&F-2(1-butanol), TJH|EZoluto] =(dimethylformamide, DMF),
B E g}5}o] & & F Y (tetrahydrofuran, THF), Ao]ZZ 3 A<l
(cyclohexane), S1A|Ql(n-hexaney2 AldrichAle] A& AME-513ATY.

2.2. M35t T2 mH(graphene Oxide)2| X|Z&
2 A7 Abs} Ao A= JHAE Hummerso] M
= 3&3to] AFE APsAT. A 1 g AAHEF 1 ¢ ¥

g4t 50 mLg HEE7]0] Eal wHkARIG o] wkgolA At
B4 1,50,9% H50; ©] 0] HAL| &7t F& Atolo] A}
o] £9lo] 27+e WA} oleiat AlshteL BATRE &4
AZIA 3L 9] F3hE ©<es] STHAIZIAl HH, ofuf A
SEE AERS B9 Hug WA 98 @ite
S S & o|FoAA Tt
WA EY Ake] T ankSS 405k 8] W
£5 0 C2 44T F IHEES AR S Fol o
2 234 wro] 9o Yolon, of oA ppgzhitt
FAE] SR B 10,0, R 100, 7 FAG APAH Hl
S-golo] M2 sMYg Uehfe 13} 45y} FRE
KMnO, + 3H,S0,— K"+ MhO, + H,O" +3HSO, )
MhOJ + MO — M, O, 2)
2H,0+ MnO; + 3¢~ —> MO, +40H 3)

o] & ¥k 150 mLe] FFFE H7kotH ol 4249
A 270N A 221 AtStE Jegeith 84 49] Mho; & B3
HS-S MnOS Aot 84| M2 ZAS Yehdtt. vh-g
TH & WIEeAE Yol FH Mh, 0,3 Mho; £} ¥
Mpy O] O] 202 TFEHA §HO] M2 Y= =S T o]

2Mn O, +5H, 0, +6H —2Mn** +50, +8H,0 4)
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Table 1. Synthesizing conditions of graphene oxide preparation

H,S0, KMO,

NaNO,

Residence time, Residence time, Residence time,

0C 40 C 96 C
(mL) © © ® ® (it
Graphite 50 12 1 24 30
Crystalline graphite 50 28 2 72 30
Expanded graphite 50 10 1 12 30
5 St o= T8 =
£
[
= === — g
e 1 £
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.

2.3. R7|20HE 0|3t Lot 12| HA|

AzE AF J3W 8A3 §7]-&ulj(methyl ethyl ketone,
1-butanol, dimethylformamide, tetrahydrofuran, cyclohexane,
n-hexane)& 1:2 H|E&E 3% & 1 h 5%F 1000 RPMOE W
HEeE & oF 40 T FL2F0A 24 h 5 sttt &)
4 227 = A Eo] AT AS AT 4 AT ol
T JAELE AR NA BEE= ol AR Are} 1

24. £ Y 24U
2.4.1. 5019 ZRO| M2 A3t 2Ol MR 24

Az Akst T1EjE o] 2-87] 22l sl ARESE FEof ¥
3t 2 QA E33A|(fourier transform infrared spectroscopy, FT-IR)
BAC Bruker IFS-66/S 22 (Bruker)S AFE310m, AFLo]A]
500~ 4000 cm'9] Z W9l SOl 2L ARG o0,
59 5743 ASl W9 disorder X defectES EHQ15}7]
98 2t E347](Raman spectroscopy)S ©]-&3to] EA519
t}. ZH]E= LabRam HR 800 UV Raman microscope (Horiba
Jobin-Yvon)& AME-SHAITH ES 519 FFE 4k} 1w o]
T 2 2715 gRlsk] s £ AR @H|H(transmission
electron microscopy, TEM)S ArE-5}3t}. TEM2 JEM-2100F
(JEOL)E AR&stlom, TEM £4& s AlxH 4ts}t 13
1 &2 AXEFY] T ol A & HFste] E42 HA

Figure 2. FT-IR spectrum of graphene oxide: (a) Graphite@GO,
(b) Crystalline graphite@GO and (c) Expanded graphite
@GO.

2.4.2. R7|8ME 0|83t A3} 2| FH| =4

F718HWE ol&al FAE Ast Jue] YA E w2
TAUA 9 stk o] tigh R4S ol oA A &
SJ-E A H (energy-dispersive X-ray spectroscopy, EDS)= ©]-&-3]
2743513tk FH|= JEM-2100F (JEOL)S AR50, At}
JEe] AlgE QB 40 C)oA FES AR T A A4
St

]

-

=

3. At =

3.1. 390| Z=0j| 2 T2 T(graphene oxide)2| EA1 £

Figure 2= A5, 244 54 2 BH5AY &0z &
HEHHS UEW ok 2E HE0A SEH 2R 3200~
3600 cm™ofA] O-H peak, 2850 ~3000 cm™'of|A] sp’C-H peak,
1600 ~ 1680 cm™'o| 4] sp?C =C peak, 1100 ~ 1350 cm™ acyl and
phenyl C-O peakE &1 & 4= Uglow, A4/ SA9 B+
27} 2100~2250 cm'of|A] sp C=C peak, 1640~ 1810 cm™'o]|
A9 C=0 H=2E ZRIT 5= Utk 59 F7E At Zpo]
g Helow, thEEe] Ftirh AR Ak TS £
< 5 Ak
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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
1,/1,
1.005
0.234
0.965

Lolls
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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3 G2l Afo] TSR 2lo] BA(C) T827%, AHA(0) 27.33%,
HS) 040% trehl 3, 74 A7 FEgiom cugEot
ofo]E= BhA 80.96%, A4 16.83%, & 2.07%, TZHMn)
0.13%= U T3} wzk] A7} o] 20lA] A AT 5 9]
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7.68%, WA 14.09%2 A olRolxA ke R 2l

8718512 B Aksk 1) HA) Aol qlolA] AkskL
e gojo] IR As) EFTA ek e} ool

(;:(I)T;Iils%;) f](?;?:ili}:e Tetrahydrofuran 1-butanol Cyclohexane n-hexane Meli};i/(l):;hyl
C 80.96 40.01 53.37 78.27 28.81 45.12
(0] 16.83 45.04 38.53 21.33 52.56 47.17
S 2.07 14.09 8.10 0.40 13.67 7.68
K - 0.68 - - 3.26 0.08
Mn 0.13 - - - 1.55 -
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