Ak T ooE % Ok Vol. 44, No. 7
2017 4 7 H CHINESE JOURNAL OF LASERS July, 2017

HL A 25 ol T 5 A = B JE e FL AR PR T i 108 i
Tk 267, AR

R R A Y R 58 R 2B, W4k 2RI 430072

FE  OSERAOALR ZEGUR AR B I R B A LB R TEAR RE AR A L TR DL R S
BRI 2 SUSCE T R 88T RS . A0 S8R Y 7l A 77 — B BT [ B _E AR R R BTSSR . A SR Y
AR R S R e s W E RS A P G SIS S S 28 Wl A T S o2 S = S U R PR
A R 4 0 SRR NS SRR AR (BN A MoS, ) B WF 52 HE 8  JF X LR LB E AT T 3 RS A R T 0
SR TE O R T i P U A A 52 SR AL A L i XA SR MR AT R AT TR

RER MR SR Al AR R SRR

HESES 0646 MHERFRIRES A

doi: 10.3788/CJL201744.0703007

Research Progress in Preparation of Graphene from Electrochemical
Exfoliation and Its Optoelectronic Characteristics

Ping Yunjie, Gong Youning, Pan Chunxu
School of Physics and Technology, Wuhan University, Wuhan, Hubei 430072, China

Abstract As a new kind of 2D carbon nanomaterial, graphene has wide application prospect in many fields such as
energy storage device, electronic device and composites, due to its excellent physical, chemical and mechanical
properties. Industrialized production of graphene is one of the researching hotspots in materials science all over the
world. Among the variant methods for preparing graphene, electrochemical exfoliation owns advantages such as
fast, efficient, and environment friendly, etc., and it provides a probability to realize industrialization. Firstly, this
paper reviews the latest research processes in preparation of graphene and graphene-like (BN and MoS, ) material
from electrochemical exfoliation at home and abroad. And the reaction mechanisms are discussed. Then, the
research status and applications of graphene in the field of optoelectronic device are briefly introduced. Finally, the
further expectation of graphene is proposed.
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Fig. 1 (a) Experimental set-up diagram of graphene preparation with electrochemical exfoliation;
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Fig. 2 Schematic illustration of the mechanism of graphite from electrochemical exfoliation

with sulfate ion intercalation™"

Guo ZE1 DT BAE N B . B WA 0.5 mole L™ 'AY H,SO, ¥, I 4chn 1 V B JEAFE 10 min £7
SRR G RRAR B 2R 4 2 A B A B2 RS R TR R 10 V E# 1 min, S E i AT
BRI RSF R 40 pm 19/ R U2 A 805 . Zhang 457 ] Na, SO, FIH A 1Y) 43 J B 19 £5F A Ha, fife 57 341

B AR B TR A A BRI A M, O /7 380 55 R 3 B8 47 B8R 52 A bR 0L B4 H b 1) 1F A £
W b o F A LA #5010 B A DA SR E G P R
22 EEBRBEAPBEFEE

10K 1 e AV oAy — ol 910 5 - 3 T 9% e 91 0 g i ) b A7 )2 A B 2R ) R AR B A AR . H TP R AR B
T BB AR A BE AT DASE YA 2 ), ST RAVE SRR 1 R N M L B Ok T A B R R & . Wang
PR 1 mmole LT 2R 20 i B2 40 (PSSO W WRAE Ry AR, TSR AETE R 5 V N B A 8820 min, R
N TR TR AR B 10 55 7 B0 R0 B AR 114 47 38 43 22 TR0 A ) 8 4 o S 3 T 8 B9 i A )2 & A PHAR 3% ¥ i 31
AT AR FFEEHE 4 h 5S84 RIS, BE A0 TR R TN 1~2 pm iy £ &
W, o=k 1590 (Bl 3) . Kuila S 0.1 mg 1 6-2k-4-#2 36-2-Z8 MR A1 1 mol- L'/ KOH ¥ 1E
LR AETE R 20 VT HLfE 10~12 h, [A] B 55 BE4E R IR AR 25~30 °C e & BAM A 2558 2 J il , B A8 1
B B REN 1.3 nm A SR, Li S50 R A T b BORR R 4 (SDBS) AF y H fif 5T, ZEH JE 30 V
TR 48 h B REE R 1.2 nm B A M.

P13 A 00 i 2 0 2 o R
Fig. 3 Diagram of the apparatus for synthesis of graphene via electrolytic exfoliation
23 FEFEEFEABBEFRE
FETH I PR A L A A )2 2 A A A B AR A, B AT LA 1R A AR R )2 AT SR L AR OB AR DA HE

0703007-4

[21]

r?}[
s



H # ot

T 5 T 0% M 00 T AR v 0 AR R T 0T B . Alanyalioglu 2579 ] 0.1 mole L'+ k2 BB R M (SDS)
A A HL A 5T B 2 DA AT SRR R A , SDS HL Ak 24 4 22 30F A 7 B8 2 R JE i SDS/ 1 88 52 5 0 s SR U5 A B i i
FE R B IE RS S 1) SDS/ 1 55 I 8 17 W s B S5 78 B0 AL F = e RS 3 h, 19 8 A B R H ok (B 4). Wan
S50 R S AT HE— 2B B WFSE ABATTEL 0.1 mole L 'SDS /E My B BT .7 V HL R N A AR 188 T
LR B A B, T REE A (TBAOH) s ki = H IR 8 (CTAB) | 1 b 56 K 1% R
(SDBS)"**! 45 R T 13 P4 70 4 Sy vl fff 00 010 285 A B b BEAS 300 0k 0 1) A A s

graphite

+ 4
A~~~ §DS

—e” l oxidation
SDS-

intercalated
graphite

+e” 1 reduction

w st s w o ol 111110 graphene/SDS
——————  suspension

4 HL AL B A AT RS / SDS Rl
Fig. 4 Representative view of electrochemical exfoliation to produce graphene/SDS suspension!

2.4 HBREEIHAETEER

TSR i1 T B AT - T 25 4 7T AR RO A6 J2 A A 8 TERR IR MR W T NO, 2 H K HUIE i
NO; FEM A AT 200 G, 77 A & L FTIT 0 26 7 2 AL R 30 & e AR B IR A SR 45 B 5= . A
il TR AR 125 4 J2 A W] ARG B B s 380 N B B A AR T BRI T — A Jr . Lu ST LI 70 00 (R
I3 80 B RIS WA E S AL TE 2.2 V IR T R BA R AT 58 2 h, e R S BV A B 20 B0 o O T 9
i dn s Won T EAF R PERE . Hamra %5 BFGE TSR] v BE FIAS [7] 28 10 (4 2 187 3 14 700 15 S0 Ak 70 20 & 0 0 r
2B A BRI, L A5 E 0.1 mol- L' SDBSIF W, H 1 molL ' A HNO, £ N & L7, 7
10 VLR T AL 5 30 0 1 B8 05 7 i . Song 457 7E 1 mol-L ' KNO, P fig A 88 . R 1.9 V
PEI LR A5 3] T INREA A SR AR . SRR B T MUK 2 T 2 HEA A A5 )2 ][RI 7 AR O, F CO, 55U A
BT e e 2 0 24 (8 5).

- ﬁ‘ : 11 I.V 7 :
GF
’ gas
exfoliation NO,— 2

»H

5 R H AL A B A B AR LB R R R
Fig. 5 Graphical mechanism for electrochemically partial exfoliation of graphene sheets from graphite foil™*"
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Fig. 9 Schematics of the electrochemical exfoliation graphene mechanism of NaOH/H,O,/H; O system
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Table 1 Graphene preparation from electrochemical anode exfoliation in different eletrolytes

Electrolyte Voltage Current Quality of graphene Reference
(NH,),S0O, 10V >85% <3 layers [16]
PSS 5V <5 layers [21]
SDB 2V Thickness 1 nm [24]
KNO, 1.9V Thickness 7 nm [29]
(NH,), HPO, 0.6 A Thickness 3 nm [31]
DMC/NaClO, 6V 75% 2~3 layers [33]
Na, WO, 10V Thickness 1 nm [35]
NaOH/H,0,/H,0 1V+3V 95% <5 layers [37]
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Table 2 Graphene preparation from electrochemical cathode exfoliation in different eletrolytes

Electrolyte Voltage Quality of graphene Reference
LiClO,/PC (15+5) V 70% <5 layers [40]
NaCl/DMSO 5V Thickness 3.1 nm [41]
BMPTF, N 20V 2~5 layers [42]
(NH,),S0O,/KOH 60 V 3~7 layers [43]
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