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Abstract:[Objective]A systemic investigation was performed to study the reduction process of

graphene oxide by hydrothermal method. [Methods] The reduced graphene oxide (RGO) was

XEHS.1005-9164(2014)03-0215-05

facilely prepared via a solid/gas reaction of graphene oxide (GO) and ethanol vapor in a self-de-
signed hydrothermal system. Ethanol was introduced into the hydrothermal system to improve
the reduction. The structure and property of graphene materials were characterized by trans-
mission electron microscope (TEM), X-ray diffraction analysis (XRD), X-ray photoelectron
spectroscopy (XPS),X-ray absorption near edge structure (XANES) spectroscopy and thermo-
gravimetric analysis (TGA). [Results]The oxygen functional groups were effectively removed
by the solid/gas interfacial reduction in a hydrothermal process,and the w-conjugated frame-
work of graphene was effectively recovered. The TGA results show that the thermal stability of
RGO is much better than that of GO. [Conclusion]This method offers a low-cost,effective and
eco-friendly route for large-scale production of grapheme.

Key words: graphene oxide, hydrothermal

reduction, solid/gas reaction

I 5 B #:2014-05-04

f& B A #.2014-06-15

EE BN PR PE(1982-) . 5 L W #4232 M 0 41Kk M kL K W]
SRR,

x EZEARB RS H (11105032) ) P4 S 8 F B WoE T
FRIUH (2013]GZ100) FJ™ V6 A 2% 52 46 8 1% 15 510 38 02 ol o 00
H (20120401 %1,

x x AIRVEH 2 251958, B, B, L4 S0, ZENF
BRE VAL | i R AL A A R RS — MR M. E-mail.

guojin@gxu. edu. cn,

JEAE 2014F6 A H21 K% 3 M

[(FARBXYAEM, —F IR DL sp® 2L iE
2 10 5 i J2A A I R A T A AR S I A
A1 ERPPRL B REA BT R R AR AR OB K
BLLASK , wl S B o B R0 ST 56 4 ARG BIF 5T A
ST R T HA V2 R A R R 0 R A
SFRRUEVELF P SRR AT 0 SR B Iz
TR ET St A% AR | RE A e AR Bl T AR 1F

215



SEUTT RN AT SR Y 1 22 T TE I SR BE S ML
(N 359 ST I = R 2 b I NS T E 4T =05
A SRR, DRI AT SR R BRL 0 5 3 1
AR ER A A1 82 M B RE T T R 1) R Tk ATF 5 0 5 B
A H B REEARZ 0, (BT AR 3 R4k
NATHE A S8 0 1O W #6 J7 THHUR: T IR 2 R e kT
T R DT A HUBOR B AN ARk
2 SOMUAR W L TR0AR 0 B9 3k D) R S AL O J
TEIXSE 7 v, DL AR Rk B o ) Sk T, BTl
o 5 AL S A £ 2R AT SR e R 2
JK Fl e R A S A AT B JRIR G AL B A 2806 4
W, e m S AL Sl B I E R A A SR . A ie
JEk A T2 e B R AR T i Rl A R
M (GO) By i T/ QLA T b 10 2 — 22 I T A4 A=
e KM 2 A S50 TR — R A ot . AR,
T i PO A A Al TR K5 D L S R el A = A
Bl A R B B B A R DR A R S A2 X B
B3 TS Y T L T B S O I S e ab
PG, T S 2 00 (225 | e ARG Al 27 3 IRBEAR ARAR 2+
B [ARBRR DN mK Gk 2 — PO 2 i 2%
0 B A1 SR 0 ] 45 7 15 L BERS AT BRI AR L 2R
Mo BEAb A7 S50 B P B ad Al DLy o 3 o A T
At EFEAT PR . H AT R 8 59K PO IR AL A S0
I R AE TR BEAT L 38 U 8 7 R AR b
SrEg ok AR R B 5 8 i) R 1oE i ek BLA
IKPGEJFIE L LLTGTE % 00 1 £ 83 0 38 B o [/
RS B A AT S50 9 — 2208 I kSR TR Al Y 23
5 Y M K G DR B RT 2 Uk E A AR
X7 R ARG R 2 B O RS ] 5 v ol A
R0 PR AT REYE

1 SEWHE

1.1 SUAEHNFHE

A S5 i T3] 04 S8 Ak A 85 0 2 B G Y Hum-
mers JEM R, BB 1L 5g A SHE] 35mL
JNA 0. 75g G TR B4 AV B R Th A B2 16, SR J5 13 LT
TA 4. 5g B & 4 BR B ORI 7E koK g % 2h, #EF
Kb iR A WARTE H il T ROV 3h R BHITA 200mL Y
VKoK B R B WO A B 98°C IF A ¥ 15min, i
Je AR ) 3 80K B — A b, RO S R R
R W R TR 10 %6 By R R R K & 1Y B T
K AT RS b e, BLRIVR OB T B R T AR A
F18 T 4% T 8
1.2 SHAEHAKRIER

SR T R A A B R — F R A B

216

FREP R B A NA — & 8 LB 1K
CEERM G S AR B, HoR BB E 1 fr
AN BAC BT O WA B EAR R i, $E R K
ARG B LR TR LA P R T B 180°C IR AR
£ 10h, 7EMPGS R, LW AR K77 H LR ZRIR
I5 A S R TR, SN 5E BE R R K R R
WA 5 R BT AR AR 09 R dh A KCER 2 R O
THE.

Pl T
. L
\_‘\_\_‘_ T _/_.—

——— e —

.,

S

e, .
e o
- =l
- N
e e

Lthanal saluriag

B 1 HF K HGAE T ) 2 R B R
Fig.1 Schematic drawing of the device for hydrothermal

reaction
1.3 MR

F| FH 3% 5 B 7 % 3 8% (FEI Tecnai G20, 3£ H
FED . X # £k fi7 5f 1X (CuKa, DSADVANCE, 7% [
Bruker) ,JGHL T AE 1% (AlKa, ESCALAB 250X1, 3 [H
Thermo Scientific) \AH 3 H7 (SDT Q600, %K E TA)
XA A R AR TR B 4 R RN PR R R AT T DU AR R
M. X 52RO (XANES) 5256 2 7 b 50 5 B
Yy B 5T U7 [R] 25 58 G 4% B (BRSF) K X 3F 2k 52 40 0
TR, A AR R A B AR,
ZXPER 5X10 " Pa, BT A WO AR = R 4
BCTEY ) A I 5 1, — b ox 3% T b 5 8% iy 45 0
B, SRR AR R 0. 2oV B ZEH IR NI, A
A5 1 WS AR T A S OGR4 T 7 IH — Ak

2 HEREHW

& 2(Ca) (b)) 43 9 R B AL A B8 0 (GO) TR i
A B RGO B B F BB (TEM) K, 7T LA
), [l e S B A BRI T B 3B I 2R 2
ARIEHEREA 2 LD %G X ek T A%
A5 25 1) 0 300 A A7 AE Rt 1 5 40 35 AT s i B T 5 |
. R it — A 5 A A S I SRR IS M 45 R AR 1L
FATIA X RE A HEAT T X B AT S (XRD) ML, an & 2
(O fiw. WK 2(o) AT LLE B, 1 857 20 2920 26. 5°
A4 B L B — AR R AR 2R 8 9 (002) T A7 5 0 L X 7
B2 EBE B4 0. 34nm, & AL Z 5. A EW

Guangxi Sciences, Vol. 21 No. 3,June 2014



(002) fH AT SR sh 8] T 20=11. 7°4b , R E LG
) 7 8 2 1) B 2L 3% K 2] 0. 75nm, iX i B 7F £ 88 )2
FHIATRKE C-OMC=0%&5EERkA. M5
S5 PR B IR, A K IR X Ak A B E AT I8
PSS 30 DA S0 B AT SR 06 S BAE 20=24. 2 B, iX
5 25 AT S 0GR BT A o 0 T i R 55 T
HARFS FEAk L 3 0 B K A BR A AR 47 1 38 Jt AR Ak A 58
s AR — 5 AU BELAEAE L AT 45 4 SR 0 )2
[i) 8 B K A 85 10 5 () Bsf A9 559 0 B b Ul B BT A5 A1
BRI ML AR | DL R T HE R AE
- "

fmardou |
|

Bl 2 LA S () A R A 845 (b) 1 TEM Bl LI &
78 R AT B A AT BRI B XRD 5 (o)
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