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A Study on the Effect of Graphene Substrate for Growth of Vanadium
Dioxide Nanostructures
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Abstract The metal oxide/graphene nanocomposites are promising functional materials for high capacitive electrode
material of secondary batteries, and high sensitive material of high performance gas sensors. In this study, vanadium
dioxide(VO,) nanostructrures were grown on CVD graphene which was synthesized on Cu foil by thermal CVD,
and exfoliated graphene which was exfoliated from highly oriented pyrolytic graphite(HOPG) using a vapor transport
method. As results, VO, nanostructures on CVD graphene were grown preferential growth on abundant functional
groups of graphene grain boundaries. The functional groups are served to nucleation site of VO, nanostructures. On
the other hand, 2D & 3D VO, nanostructures were grown on exfoliated graphene due to uniformly distributed
functional groups on exfoliated graphene surface. The characteristics of morphology controlled growth of
VOo/graphene nanocomposites would be applied to fabrication process for high capacitive electrode materials of
secondary batteries, and high sensitive materials of gas sensors.
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«This work (Grant No. 2017R1A2B4012576) was supported by the National Research Foundation of Korea(NRF)
funded Ministry of Science, ICT and Future Planning of the Korea government.

#Corresponding Author : Ki—Chul Kim(kckim30@mokwon.ac.kr)

Received August 30, 2018 Revised  September 17, 2018

Accepted October 20, 2018 Published October 31, 2018



%

A A8 A5

=
i

B

3l

2

o=
&3

96

N e Gl A M N R | O S T Sl
M.L_lL_! & 1cr.w Eﬁ\)ﬂa MEEiﬁ B! o boNd ﬂoﬂo!i MLC NN
T TR R S S-S T N
Ay = Hormoo) O o . 2 g T ®
W  HIEEEmEHE RUgRL TRowmg T
= o ~ 9 =0 63
%ﬂﬂoﬂ_%wﬁe@%W&Wmﬁ G EN P o ee®E T
1iﬁri$ﬂm@%2& ?ﬂ%m@iﬁmﬂJWW . do
A I -l N N T o (= SR e
_ %Jxogzo%ﬂﬂiﬁxloaomﬂlM@ﬂommaLmﬂﬂﬂvPga
HLC_LU:WD Nropp‘mu .AQ%O,I.A]LC#‘%EZ,I 5 S
%mnﬂzE%ﬂ%%i%ﬂﬂ?%mwme@OM%E_mu%GE]_
TO ik o0 . g = oy ~
%W%%%%ﬁz:%g%%w@é%%%%?&ﬂ%z%%
5 REENE ~1ﬂ]ﬂ_wbtu o} T LW T o i)
TR T B Iw ﬂ_@%%%W%ﬁ%%%%mM%
P RE M e TIAEN T o WS z
L B - S N - L B
p T Y e E T s B0t I G BED
Rl B BN S R AR
EEER RS IRTRTR AL T L E R LY
_ = _ Gl
oo ) S W Aok TR oo o w W N g & ool
BFew ®WEIFmTEJEwmET e Hxwmihzr T g I
uoﬂr,@uﬁﬂﬁmm%ﬂw@ﬂ%iam H%ﬂﬂ%@iﬂ
B ET - = TR TETERT 200 © 8 XM R - T
T T e SR SR
Cmd TR TR o Py = g F
PR R Rpeslns DT rig PETpe albld
I > S RSN 5o R wm B ET LR
BhrTrLiietizeiy _sISREDE
o o ol T W =) = X = o © o
T W UIRNG fOETE LT XgMESCT o
ol TH_ v psy ®oTar 4l
n ﬂ@ﬂﬂﬂ%%m«ﬁ%@ﬂ%mw i B S S
X S TEEERIREROwsY ol LROmLTE
A X O~ 00 — ™ 2y o 2 S
ol EAE XSS F LSS 2 BT
CE PR MR Ko <O TAaey T E W g w2
Eﬂ%meaaxoﬁr%ﬂﬁ.ﬁxe%%%hwm,%g@%
g@Laﬂﬁmmﬁﬂﬂaa&ﬂ%mnoﬂﬂm.wﬂrurwgh%
ﬁﬂdllﬁrﬂguﬂu%wm%@@&mﬂulmﬁlﬂ%wmﬂi o N
r_m]_!;o‘lr "N .MEL.HO]WS]Eﬂa 2 Qo </
X T o B N ow ™ N T T ) 8 < &>
o ma® . d e e b 82020 de® s
= R P O T o o N B #qumﬂcvoi&o o
M ~ o Fedb oo iodmoL & o =
™o~ T M X T_q < nr n,io%i zwo..m&o‘&ﬂ_;lbr
Wolkmm s P g @TgpayhEg g ~ o
ool MR T T B D EERBER D WD ER YD

Vacuum
Pump

Thermocouple
Gauge

Substrate

700°C  450°C

Vapor

o Powder
e

N

V,0, Powder

SHTHL-5] 2ol het

S

—

Az 2

-

Growth Pressure : 400 Pa (3.0 Torr)

a horizontal tube furnace system.

Ar (99.999%)

200~400 SCCM
Fig. 1. Schematic illustration of VO, nanostructures growth by vapor transport method using
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Fig. 2. Substrate configuration for growth of VOq
nanostructures by vapor transport method .
The CVD graphene was synthesized by
thermal CVD on Cu foil and transferred on
Si  wafer. The exfoliated graphene was
mechanically exfoliated by 3M Scotch tape
from HOPG.

Al
=2

o

o2

)

W A3} 22 Thermal CVD Al~8S
o]-g-3to] 1A YA E 7|3t 9lof] ol AbstuhtgE e
TEES 71 AR AAA AT oits)
s YTz 440 7132 Algd ad Y
AlE= Cu Foil 91l wjgta} 24 742~ E o]8ate] tid
Koz gA¥ CVD Z#id3H78] HOPG(Alfa Aesar,
#43334) ZHE] 3M 271 H 0| ZE o] g3te] V|AH o
=2 9y agas ARSI THeL CVD eiae g
I} FA7MAE 1I510SCEM) .2 83 7t~E S8H
2] 1000Col|A] 208 B¢ T35, PMMAR &3 =
H 3 0.1M] APS §HE o] gate] Fulads o A3
- AHE Sidlols 27 9ol HAFE AT & ARl A
AHEE CVD e e] gz 9 dAbzdS A B
Al AAEH 7lsEo] QATHI2l.
ojitshulvE Yket2ES ad 71 fd AH-
377171 $18te] Fig. 1ol vebd AXT 289 Y
AE 713 BB ] Y2 2R Y o]Asto] v A7),
3|H 9] Tdole £= 999%2] vluESAte|E 9T
(Sigma Aldrich, #215821)& <51y T7kd ¢l 20g ¥
oA XA HT ZHE PEE ol&st] AW ¥
T2 5 x 10* Tor ©8t2 AN ¥ 14% Ar
(999%9%) 7}2~5 o439 332 Purging 34< 3
SFAF AL, 200 ~ 400 SCCMS] 1% Ar 7}/\7} 2+
Aefol A 3EE 1000 T2 71E38te] vhE-SAle| =
SEE 7IEAAT 7131 a9 YA EY] 2%
700 ~ 450 CT7} H =5 7|3 &9 91X & =439
otshuhbie] 44%E ekel AWo) el e Aol

Fig. 1ol et

PPN
T geR

[

o

lmﬂﬁ\fdﬂ

X

15
=

Aate] 30 Torr® YA F-A A1 A o|uf
78] Eqel FaeA e EE A4S ¢
71858 A ] A)(Capacitance Manometer)Z
lJrv,_?-}_%o] AR 5

=
2 JE }'N
rlo

9

fo ob rff o |m
-

bt go ox oo 30 ol g

gd

&2
I U

&
o rE J

oltstuhtE 2B A% 7|RoR A
g YA EE CVD 2899 44 Fig. 22
Hah o] uFAe) vl o] Vd %
Az AAsA BEsta 9o, HOPGETEi 717
= vl 9w Fg 2] Q8% 73 2ol §i 7]
Qo] FEA o7 X5l 3, 2T YA EQ
o whe} zkzk g2 —’?—ﬂﬂ“ EASTA ‘E‘r, VO, thi=

o do
e
¥

I

O

i
i
[
;
JNJR
4ﬂr¥loé1~1

il

o

*Pi}ﬂ}ﬂrﬁ ‘Jr
4948 30 Torr(400 ), S
SCCM, AL 3 AZke. 2 F AL, VO, theT2
Eo] AALE agd 7)ge
HOPGeI| A ute] gl “1efjslo] dAbe 7|sho = tha s 4
o] AP At Fig. 3 (h)e] LEZ ojn|X|o|A & 4=
9l A Si 7|% Yol VO, gtolo] 7} e A
= A HzE 9AA VO, thestolole] S B
o S = ojghe] 2 920 ArATe) B3
sk Aol [13], Si 7] e ok 2} Quartz, Sapphire
719 5 ThEe 71 Slell A Akl A 7L

1—:8‘_‘:_L



98 FHAR=EA A A5s

Before VO, growth on graphene

After VO, growth on graphene

Fig. 3. Optical microscope image of graphene
substrate and as grown VOj nanostructures
on (a) CVD graphene/SiO2(300 nm)/Si, and
(b) exfoliated graphene/SiO,(300 nm)/Si
substrate.
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Fig. 4. FE—-SEM image of as grown VO
nanostructures on (a) & (b) CVD
graphene/Si02(300 nm)/Si, (¢) & (d)
exfoliated graphene/SiO(300 nm)/Si
substrate.
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Fig. 5. (a) & (b) FE—SEM image of as grown VO,
nanostructures on exfoliated
graphene/SiO2(300 nm)/Si substrate. (¢) &
(d) Raman spectra of as grown VO,
nanostructures on exfoliated graphene for
yellow boxed area of Fig. 5 (b).
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Fig. 6. (a) & (b) FE—-SEM image of as grown VO,
nanostructures on exfoliated
graphene/Si0,(300 nm)/Si substrate. (c) &
(d) Raman spectra of as grown VO,
nanostructures on exfoliated graphene for
yellow boxed area of Fig. 6 (b).
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