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Research on Physicochemical Properties of Graphene Oxide (GO) and
Reduced Graphene Oxide (R-GO)

Moo-Sun Kim*, Ho-Yong Lee*, Sung-Woong Choi**'

ABSTRACT: The manufacturing technology of composite material is applicable with filler characteristics maintaining
low cost, flexibility, and easy process to develope the various functional composite materials. To realize functional
composites, various researches on the high performance of composite materials using graphene as a filler is being
actively conducted. In this study, physical and chemical properties were investigated using graphene to improve high
functional properties. Graphene oxide (GO) was prepared using graphane nanoplatelet (GNP), and reduced graphene
oxide (R-GO) was formed by reducing GO. The physical properties of GO and R-GO were analyzed, and the
reliability of the manufactured method was reviewed by comparing that of GNP results. As a result of analysis by
Raman spectroscopy, in the case of R-GO, it was confirmed that the intensity of D-peak and G-peak decreased
compared to GO, and an increase of 0.08 was observed through the ratio of ID/IG. For the FTIR results, GO and R-
GO has a repeating C-C and C=C connection structure unlike GNP. GO and R-GO show clear peaks for C-O bond,
C=C bond, C=0 bond, and O-H bonding. As a result of X-ray diffraction analysis, GNP showed a wide diffraction
peak at 25.86° of (002) plane characteristics, whereas GO and R-GO showed peaks corresponding to (001) and (100)
planes. It was also found that the interlayer distance of GO increased by about 2.6 times compared to GNP.

E E:EAE AZ 7S AuE, F94 2L olFt 7t T2 A E FAISHEA e (filler) o] 54
= Folshs S ARl Qo bl 716 SR AR o] FojR|aL Stk 75 Sk S o
&l5lo] Z12fj W (Graphene)& 2| = AHE-8h= B &9 1453 A47F 2ds] AP E L QU & Aol A=
N B L 9 wol ASEE 20 o §oho] Bel Shhx BN E LR o E 2 filers]
graphane nanoplatelet(GNP)-2 AF8-3}0] 1| £A}o] = (graphene oxide, GO)S A| 23} 1 1 H 2AF0]=(GO)
FYIA]A reduced graphene oxide(R-GO)E FASFALE ZH7] Al2%H GO} R-GO2| BEA A& —‘f'r_-éjé‘]'ﬁ";\ﬂ 0]%

GNP A ket vlarstel Al 2 W o 412 4dS HESHITE Raman 3 of] &f gk £4 A3 R-GO2| 4

of| B]8l| D-peak®} G-peak] 7= o] F4E el 4= 211aL ID/IGE| HIE F3 0. 08«1 S7h k= # &’l%t} FTIR
< 0] 83 GNP, GO ¥ R-GO2] 87| K4 A3} C-C, C=CY] yHEEE= 7 ;L2 E 7}2] GNPLI= thE 4 GO 2
R-GO2] -2 ®3}3} peakS E3) C-O Ag}, C=C A3}, C=0 2% ¢ O-H AL &2 4= 9t Xray 3|2 &
4 A3} GNPE (002) HH E49] 25.86°0 4] Y- 3] 49| peakS ¢l ¥HH GO} R-GOX (001), (100) 8 Hol| 3l
Foke peaks = = QUL GOL) SHA = GNPo] u]] oF 2.64] 2713k AS shelst 4 gloit.

Key Words: 7|54 3}#)] & (Functional composite), 1.2} H (Graphene), ZL2}] T 2-A}0] = (Graphene oxide), £+ 18] 2
(Reduced graphene oxide)

e

Received 30 May 2023, received in revised form 3 June 2023, accepted 5 June 2023

*Korea Railroad Research Institute, Urban Railroad Research Department
**IGyeongsang National University, Department of Mechanical System Engineering, Corresponding author (E-mail: younhulje@gnu.ac kr)



168 Moo-Sun Kim, Ho-Yong Lee, Sung-Woong Choi

1. =2

o] HPAR AZY 5B AL, DHUE, A&
Y AEAL 5 2L SEA) Y BE AR 22, v
o|ZRAIA, AFAA, HA7) G 5F 5 ulA] 24 A%
o2 HFE I olrk. olelat Ak 7% A AL uX
DREHES BEE TR A, AN Estet I B
2Q] 7)%5-& P WO o 2ojx 1 glom[1,2] of

o FuadrlE R FH/1E st Ao YFH

o

=
=
gl B4 Holx gtk

2
=
&

Aok 7154 245 714 2ol thet 71548 74
AHEES EUT /15 BAAR Fe = AL 9l

= &-8sto] 2ulA 7154 FE2E Al
A7A &7t el ek

E == 7] A A (matrix) 9} 2 2] (filler) 0] ol wha}
TFEEH, o] F LA B EE vfo|AR B Yl A
719] de(fille)E 7] FEANQ AL =X o] FL3H
HAMA A A 23 D EA B e 22 Q7o
el Avlg, o4 2ejaL ol 7t 5= A= 1+
2|5t A 2 (filler) o] SA4& Folot= HH o &2 ookt
71578 E4A IR o]FolX| AL Sl 7154 S -
A} T sto] ghau; e B (CNT)[3], 123 (Graphene)[4],
EkA -9 (Carbon Fiber, CF)[5], 2354~ (Boron nitride, BN)
(6] &2 A &S A&t AbEl 5-0] STt o] 5 2004
Addre Geim¥} Konstantin Novoselov 1 Z& oz B
B 2} Ho|ZE o] &sto] gt AARbe| e Biat FE]
& g5ohe 349 Aol Had o]l I A =
53 244 %t A4, B8 A §40] o4 9 A
Hog ANEHA T 9 Abololls gAaA Ule &7
FollA o] Bt A7 L2 EE A RO A
sto} A Eds] =l lek7].

T2 sp2 A of ot S+ wjH & o] Fof %l 23}
A AR T FaAE S tE FAAL} vl st
S HEHAS A B2 7AA =, E kA 1
H7) AEAT 2S4S AT olehs9) LT &A1
0] = (graphene oxide, GO)+= graphiteZ 5-¥| 31353 A3}
A7) e A2 sgholn TN e o4 iquid
phase) ol 4] T =¥ A 4Fel7] glaked AQHE W] % slutol
oh SRR Pt A o7 B9t S AAE T
i AL AT 9IS W ohjet Tefu Zizte] Zof uh
g 24A 218 (van derWaals force)x} 1}o|-u}o] A7 (n-
x stacking) R4:50] o8} A= Fejo] ezl AAlo] A3t
= Qlrt. o ggt EAIH O R el SAS ARSAlA L
ol E A= Sl o] 2 RE A|E 3 A FE 9
GOE vFe| Al A EATN S Aol Wi o] Al =5 aL Qi)

lﬂmk?l‘

o|Z A wrEolA GO= 7PdAte] e} 714 Hol| E 7f 2] Ak
715 7HA AL k= AollA e at 2pol7f glow 1A
2 Q1 42/ (aqueous) FAFo] 7Hggh A& 74A| AL QlTH10,
11]. sPA|RE AbA7) = dld B4 9] A4S S7HA7]= o
H SAlel sp2 Y ER 9] Adte] &4 WAYAA H7A
T 59 2 a9 Ao FolE= ©@ho] qitt. o]
A3 FHES sdstr] 3 W e 2= 2 (reduction)
& A (thermal) - ¥
Utk o] & 53] 44

SIS A7z o] S E 2 S| E(r-
GO)E gA3l= 714 7hasla delel yhi oz giEEx

B AToIAE 7154 B A 99 Wol ALeE
L 2o g o) getol B2l shald B4AE DA,
224 filler?l graphane nanoplatelet(GNP)-& A&-3}o] 1
2 2A}0| = (graphene oxide, GO)E A|Z3}H GOE 3t
A7 9 17 S AL E(RGO)E B AT 2]
A28 GOSt R-GOS| B4 S BASIUT o] S GNP &
N7z} vl wato] AlxE e AzHS dEshec

tlo K

2.4 #
21 B ¥ HxE Wy

H oLof| A= filler?] GNP(graphen nanoplaete)Q} | &
K5} HRS510] 20121 GO(graphene oxide), GOZ FHI3t R-
GO(Reduced graphen oxide)E Z}7; AME-31$i ).

GNP(xGnP-M-5, XG science Corp., USA)= Fig. 104 &
2+ Q50| multi-layer graphite filler2 7| 6-8 nm, U]H]
5-25 um, EH A 120-150 m*/g¢l powder FEj2] GNPE A}
gahict.

GOx= Hummers®} Offeman(12]9] ¥ o2 #2451
o £ AEe] 3 g9 graphite?} 1.5 go] AR FEE (sodium
nitrate, 99.0% NaNO,, Sigman-aldrich)& 150 mL®] 3}AF
(sulfuric acid, 98.0% Samchun, Korea)of] £AFA|Z] & 2 g9]
ZAN}E & (sodium acetate)S 1027F 8-FA| AT 34 &
oof| -7 HARA-E (potassium permanganate) 9 g= €1l
1087} 250l 5 AR Apefol 4 12474 98-8 Aok,
219 Z54h 9] WIAZL 5 20 mLe| TALs}L

 PareWave™ Grapheo®
GRN850-p-20201 1094

l 10,0 grams Powder

Fig. 1. GNP Powder
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Fig. 2. GO solution before and after reduced treatment
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Fig. 3. Raman shift of GNP
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