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Direct Liquid-Phase Exfoliation of Graphite to Produce Defect-Free Graphene

Shi Mengyan, Zhang Xiaofeng, Wang Xiaoying, Wang Wenzhu, Jiang Xiaoging
(School of Chemistry and Materials Science, Nanjing Normal University , Nanjing 210097 , China)

Abstract ; Graphene has attracted much attention due to its excellent physical and chemical properties. Development of a
method to obtain graphene with high quality and high yield is crucial for the investigation and application of graphene in
future. The direct liquid-phase exfoliation of graphite to produce graphene is a potential method to produce high quality
graphene on an industrial scale. The method prepares graphene in some appropriate medium, by using the ultrasonication
to exfoliate graphite to form a colloidal solution of graphene. The exfoliation efficiency can be effectively increased by
screening the medium (including solvent and auxiliary reagent). In this review,we mainly introduce the recent progress
made on the preparation of graphene by direct liquid-phase exfoliation and discuss the qualities and yields of graphene
prepared in different mediums or under different conditions, aiming to provide references for the further development of
liquid-phase exfoliation of graphite to produce graphene, such as developing more effective exfoliation systems or new
methods to prepare high quality graphene more effectively.
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Table 1 The comparison of exfoliation effect of graphite in different pure organic solvents

SRR FlE a1 A1 IR B E =BG
- B P AL PR .30 min;
;l% \ ) )
AR +NMP B.0>:500 r/min, 90 min 0.01 mg/ml 17
. - ARPT L ALFE 320 W,20 min;
s . a : , H )
AREH0.1 mg/mL) +PIBE 850> :4500 t/min, 10 min 0.025 mg/ml. 24
i‘fﬁia(microcrystallinc Graphite ) EWQ{?}%@, ~2 mg/ml, 25
oA 2R (25 mg/mL) + SR 025000 r/min, 12 h
A BUZIRA 5 (microcrystalline synthetic graphite ) B KA1 25 FAM (cup-horn ) #R A ) AL FHE .30 min; 0.02 ~0.03 me/mL 2%
(expanded graphite) (500 mg) +45 4 (ODCB) (100 mL) B0 :4 400 r/min,30 min ’ -V° mem
=y .
FEH(S me) +HEERHFIRAA(1 mL) HRILI 13 WL s 0.05-1 mg/ml. 27
K IR 1% F IR A1 58 (natural flake graphite ) 5% &5 B 7Y ey ‘
P4 47 % (HOPG) (50 mg/mL) +C, Hy/Cq Fy AR 50 mg/ml. 28
FBH (30 mg/mlL) RERE 17 B 16 W48 b 0.01 ~0.5 mg/mL 29

.0 :500 ~5 000 r/min,45 min
£k £ ( Titanium horn ) AR AL B
RIRGEFIRATH (10 mg) +E LM (15 mL) SO °CL50 W2 hy ~10% 30
ZL>:1 000 r/min,5 min

. R DA AT .2 e
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Table 2 The comparison of exfoliation effect of graphite in different organic solvent/assistant systems

Jst FI B A A1 AR IRVR BE EZ P TN
5 1 2% (flakes graphite) (50 mg) + HFE AL 1.5 hy
AHLF (10 mL) + Ak NaOH B> :3 000 r/min,60 min 0.05 ~0.07 mg/ml. 34
e 7 7] P A1 5 (HOPG) (100 mg) +VKBE R+ FEFIRAL IR 4 b FERUAUE R RS IR 48 h; 10 3
+ ek — IR AL E% (CTAB) (0.5 mol/L) B5.0>:20 000 1/min,45 min ¢
F85(0. 1 mg/ml) +4U T BE(TBA) (10 mg/ml) + AL 30 min; 0.05 me/mL 36
MM (0. 1 mg/ml) +NMP B5.0>:500 1/min,90 min S0 mem :
AH5(30 mg) + —H AL (DMSO) (3 mL) + AP AL 100 W,2 h; 0.72 me/ml. 1
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Table 3 The comparison of exfoliation effect of griphite in aqueous solutions with different surfactants

SR JERL FE %M BRI EE= PN
A 30,1 ~ 14 mg/mL) + T e AR 24 (SDBS) BT AT 30 min;
(5~10 mg/mL)+7/K (25 mL) B4.0>:500 /min 90 min 0.022 ~0.05 mg/mL 39
TR M (100 mg/mL) +Pluronic P-123 AR AL 2 ~5 hy 0.9-1.5 L 3
(0.5 ~ 1% R T 4 He ) SCHO A 6 7 35 450 B5.0>:5 000 t/min,5 min -9 =15 mg/m
i EBHY (250 mg) +3= B FIK (50 mL) + AU AR 135 W,9 h; 0.1 mg/ml. 20
R NFEMEE IR (PVP) (1 g) B> :1 500 r/min,30 min - mEm
A1) (0. 1mg/mL) +Py-NH, 5 Py-S0, A ALFE .0 °C 130 W,1 h; ul
(0.4mg/mL) +E & FK B0 24 000 r/min,20 min -
- , AR AL B .80 W ,430 h;
185 (5 mg/mL) +NaC(0. 1 mg/mL) +7K (400 mL) B5.0:500 ~ 5 000 /min 30 ~90 min 0.05 ~0.3 mg/mL 42
AT ATER (2 mg) + DU UG E (RB) (0.5 mg) + AP P AL I :250 W,6 ~ 10 h; o
109% —H 3L 2Tk ( DMA ) 7K B0 :500 ~9 000 1/min,20 ~30 min 12% (BRREH ST IE ) =
1758453 (100 mg) +TE R (PCA) (16.5 mg) + A PALEE 45 min+] d; . N
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AR ALEE .0 °C 24 hy
A BN (5 me/L) +4- BB NRER S (STC) (3 mg/L) B.02.90 min >7.1 mg/mL 46
HFEPEALEL .0 °C |15 min;
KA 58 (2 mg) +20 mL 5 ZHE( DCE) : ZEBE(EOH) (1:1) B4.0>: 1000RCF ,45min;; >13 pg/mL 47
WSS L : 18000RCF, 20 min
- . H A AL .30 min;
1 5845 (500 mg) +100 mL 0. 1 mg/mL JHEZHH(SC) - : ’
T oo UURE—m , B2 20 mL ~26 pg/mL 48
T AP (IGEPAL) K B0 ;1 500 t/min, 90 min
ABFEPRAL B .25 °C 24 h;
E#%(ZOO mg/ml.) HRH MﬂHBM%N(STC) (3 mg/ml.) E>:5 000 r/min,90 min 12 mg/ml. 49
FREN(6 o) +IIRHN(SC) 2% I/RBYE 70 mLy IO S92 W ~ %
[ESH N
MK A B (1 mg) +2 mg+7,7,8,8, —PUBUHE S 0 F AR s .
(TCNQ) (2 mg)+0. 5 ml, — P HEIFHL( DMSO) + AL R 90 min 15 ~20 pg/ml. 51

5 mL ZE T 7K (50 mg KOH)
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(750 W) ,5 ~10 min —NEB1. SREH7 L 1 000 1/ min 3 B0 20 min, B3 H &6 4 B0 F 20 FISH,
R B LR 2 A o A SR MR BE 4 0,95 mg/mL" . Bt A, HoAth A 5l 55 7 W BH 5 - 15 TV
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3 IR A AR PR R R SR
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BT 75 B 0] T DL VA A SRR R AR F 4 BT HIMH 6 R R E B A 85 58 H B R
?‘(@i MK HMIH MS /z%\ FF' , @ﬁ ﬁ E ( 1 ﬁ%ﬁ ﬁ}“ I ) 5%— Table 4 The yield of graphene in ionic liquid( HIMH) under
TR 43 5 7 3,7 A 78 10 7 (orent sonfeatlon e

VIR, 4 45 9 T HIMH oh ] 5 S [ )
REFFRN O BT R R, 6.5 0.238
{14 4 TR H, fE 475 AT 24 J5 71 BB 1.5 1640
24 2.332

WeBERTIA3 2,332 mg/mL, W JE MR 0.5 h Y
200 fi5 A L. {H3E IR 75 B R — R FERT RERE , JEAN BRI FH B SCPR 25 s AN, 88 75 A B [R] 5 K iR
S8 B0 RST KIS, AT 5 220032 5T

AL B Ty % BB RS 3 K SR 0% 2 (AT R o 3 5 i, DT 48 vo A B M 1 7= R Sk i Ak i o
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SPUBS I S0 T A AR A RO #% . SRR AE 350 °C RN R T 2R AR B2 B (K 5 4 R R
HIEHR 9:1) , XRD FdE /4 R WA BB AZ I 23PN 5.71 A, A BZRIATLEE S8 0, UEW Mk
SEEMIL T2 R ER A YIAE e b 30 min, {47 880 0BG HLIE b BT AY Ar SR R Y K P
B2 R 50 nm, JEE R 0.4 ~10 nm, BIASE] T 802 H/0 2 047 4.
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