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Synthesis of graphene oxide nanosheets with ultrasonication-centrifugation process
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Abstract: Graphene oxide (GO) was prepared by modified Hummers method utilizing natural graphite
powders. The obtained GO was dispersed in water and broken into small pieces with different sizes by
ultrasonication. Then, the GO dispersion was separated by centrifugation. At last, more uniform graphene
oxide nanosheets were obtained. Through statistical analysis of the size of GO, based on vast of field
emission scanning electron microscope (FE-SEM) images, it is can be found that the size of GO could be
effectively controlled by adjusting ultrasonication power, ultrasonication time, centrifugation speed and
centrifugation time. With the optimized parameters of ultrasonication-centrifugation (UC) process, GO
nanosheets with an average size of about 100 nm were synthesized, and the content of GO nanosheets
smaller than 100 nm was more than 60%.
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A1 SR M T B BT 2 R ) T HERR AR B i TR R Y e SR R RO s R L DT
ZF) T MO E AN RIE . M4l AT 880 (graphene oxide. GO) & 75 R JH U638 It i i o A1 88 485 114 3 72
RS A BB AT LS T R R B A B — Rl A KRS AR MR A . GO By M ELL R 2
JETCIF I i BE A SP? BRI XA TR 3 A R L 4Ok RUBE i1 SP? B AR I F X . fERZ GO fk
FE R Lerf Klinowski (LK) BERLZ R K2 #3219 B BHA N 1E GO J J= N B AF7E A R i 1
TR SP* Z AR S5 DX 48 L P 460 B AR 0 50 B o T AE )2 1 30 5% 43 A1 36 R I SR /K IR B R LT o S
AL AR T T GO LR B XOCRRHE . ER X FOBCEYE XS GO B9 R 42 R BAT AR 38 g AR e . o 24
AN GO 1 R /T8 R EG A 2378 K AT 30 GO 189 35 7K M A8 g o 8 HE A ZKORHC At B M A5 B 7 vh L
AR 73 R PES o I fhy T3k 28 35 S0 BB AT A A7 A ik GO R IF iy AE A A Ve R4S GO B4
Oy AT R AL A MR AG  ME T GO TE A W OR HOR R K A Wy PR 2 45 U AT )32 19 L P R SR f
GOy RAFFEE] 100 nm LR X HAE 408 4 4 7 2 R |

FUAT » ) 25 RS/ T 100 nm (19 GO 942K Fr 19 75 12 520 PIRR  — B2 R TG RO seAR /I 69 JRORE . 4 44
KAT By B A BRSOy — AR R S AL B O v A0 Ay B 2 KR SF L R BRI AR /N Y
GO G 3t EJR ik e 7 R ARAFTE A TR L« A w8 B L DA 2 R G 7 B AE L #R AN I
KA B P A A 7= IR ZEAR R — A T2 5 R R im0 GO 0K il & T2

BRI JLAF B P A 2 TR A T A A 7 BB L BN R A SE 2R AOR BB B A T R YT R
BB L T A I8 3 S A B i H b A 3 B OB 25 A T A9 T B A A O A W BRUR R S B 2 TR 15t ]
AL R L I M I 2 A SRy F A AR e 1 TR R (24 5000 K20 MPa) , 3 1T AR £k 27 S B $i2 43 L
J7 W TE TR FOAh Y SO 2% 1 O AT LR H i S B0 . OF LR T L PR B 25 A A TR) I e 227 A
AR, PR I 2500 1A P D0 9 i 0 ) 2 A A0 IR 3l 28 0z A A S B

PEUL SR T AR B T2 e R O Hummers 3575 i 4 GO JK 43 B8O SR )5 RIS
HE XK GO BEAT AL BE L LAREAR GO B9 7 48 ROF NTIT R R4 i 1T GO 942K Jr 19 35 & fe o il i
B RITE o GO 9K B R S R . Xl GO G0k R #8420 AR L A0 17 B0 L 2R 7 Tl 03 L O
HBE M T2 AT X GO BEA7 RO AR B, B LRE RS GO 94K i 7= i R R4 . 2838 A H 4l v 7 1
B (SEMD X A -0 T2 A BTG GO R A8 RO AR et A7 WS . F itk — 2 XA R RSF GO i 8 647 48
THETE . B AL TR A TSR CELL R B0 I (8] 7S D) 25l A I R 2R 4T T8
SRIG R AL IS 1 L2280 3 5 GO AT AL B, 7380 T R 42/h T 100nm H 3% 5260201 GO 44K /K 43
U

1 ZWESyS

1.1 SXAEHNH&E
PARIR A Bk (~5 pm, B —UA B4 R D R R EGE R Hummers 3 #17 GO ByHl&. B
TR m CAHER) : m (YR 2 m GHALTREN) =12 0.7 419 LL ] AR BLZY &, 4K 5 0 A 386 &2 A9 ¥ A R
(9820) KUK BEFE 1 h, SRETHIR % 35 CURZdii+ 6 h, il A 100 mL 48K, IR % 95 C. 4k ik
Lh, RIEEEFEIRG . JNA—EBEMAK(H,0,,30 Y0 i £, R 5 B30 288 Bl . &5 2 & 0 ih iR
FZE AR RS VR B P e SRS R AT P R B s B0 5 B R A A 1 o 38 0 A 380 B O 1 48 Ak A 28 19 31 5t R GO
fR 7K 3 B
12 SUHAEHENKAHEHF
1.2.1 # F—# < (ultrasonication-centrifugation, UC) I ¥ K H 1L
B0 (UC) T2 A B Ut 20 5 i GO 7K 20 B0 S 1 5 T 3 1 R Sk 8 5 v ) B 75 7= AR 4R
14 155 B Tt 25 A A T RN IR 2l A T %o JE AT A 158, 4R 5 701 P v 30 00 8 75 S 1 GO 34T 43 85, T 45 31 R
SPNEH IS B R AN GO 9K . X H W KB DIE 4 >S50 80 e L B0 i ] 8 7S Ty 238 R
BEE] . S T 88 GO 90K il #8803 B e/ 4 ASS80AT Tk, ik 1, S 800040 i ¥ 4k hy
FE )8 R R I R] | B0 B A B0 B[] O ELOE R — SR A I DR AR A 2 B — B, Wt B0 B A AL
SR FEVAH () 78 7 oy 238 L P () B g0 B E) . SEER TR A B 4G GO WREEX A 1 mg/mL, ALk S50k
FE R A T EE 240 W R B[] 60 min, B0 3 R 8 000 r/min, .0 E] 24 60 min,
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Table 1 The selected parameteres of the UC technique

ZH R/ W AR /min BLOFEH/(re min D) BELOHE]/min
1 150 20 7 000 20
2 180 40 8 000 40
3 210 60 9 000 60
4 240 90 — 90

1.2.2 RAKALZHE GO KA

B 20 mL B EE R 1 mg/mL 1§ GO /K48 R AL AL G 18 75 2 81240 W, 60 min) Xf H 47
FERERE . ARG KR A R 1) GO KA OB AT i 3 5.0 (8 000 r/min, 60 min) , /NO IR EJZE FIE W, BI45
F UCHIEH) GO 9k k.
1.2.3 WX FAE

KM & A 1 - B (FE-SEM, HITACHT S-4800) 3R AE A7 850y J5URPRLAR | T ] 45 19 25 Fh FLA% GO
MR A2 KN KRR GO KA BRI 2 it AR TR UC T2 280 BG 19 GO 7K 43 HOR 04756 B 2R 05 6 L
WRTETC IS Ve T ¥ R b, B AR T . SRS 9 7 B 585 (TEM, TECNAT-20) R AE GO [ i 25 14
R R -7 B 308 (AFML, CSPM5500) i T 3R AE BT il 4 13 2119 GO LA R GO 9K i v )28 EE . R X g
A7 (XRD, RigakuD/Max-2500/Pe) 7E 20 =5°~40°3i [ I %t A1 2 . GO DL K GO 4K B #1700t

2 #ZR5iHR

K FE-SEM Jy 3= B9 R AL T Be L 43 Hr 245 A 88 45 A RE A2 K/ DL K 3 Bl ifF Hummers 325 i 45 4 JR
1 GO M FSECF B B LA RS GO M F 48 KN Hod B 48 40 A4 Ge b E 2 38 3 % 4 dfh v R 6] R 48 RF
GO W% 1T 51534 .

B 1y T A SR ER AR DG GO ) FE-SEM B UG At i i RF 40 A s B 1 Ca) Rl DUE L SE 5
BT SR FH A A7 BRI AR R ~5 pm T AE B 1Ch) Rl UE L 253 et Hummers 358 E4L )G - R R GO B F
F& RS B S A A A AE L E A K BDLABOKRTEE N . B 1(o By TEM BRI 1(dD Y AFM & Ha] A
A GO Frds A iy 2R S5 F RS 5T 50, o HLH R 2R S R

2 Tl
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Fig.1 FE-SEM image of (a)graphite powedrs and pristine GO, (b) TEM and (c¢) AFM of pristine GO,
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and (d)corresponding histograms for the size distribution
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T HRE GO gk 7/ i 4 2405w e UC il 4 1020 rb il 75 2 38 S i ) g0 47 1 A4k .

B2 irgg it TR GO i A W) 8 75 T 2 4 R B 18] (60 min) [ 88 75 il #4840 38 )5 1 SEM B4, LA B Ak
MG GO RRERS MG El . N SEM EMR AT LLE . GO 1Y RS Bl 25 88 75 Dy 28 1 385 K 38 8 42 /N, IF
R —, 35 RF/NF 100 nm (15 GO B7 (5 (9 e B A 23 %6 43 57 $2 = 31 1 33004826 ,47% .48 %,
XU 22 3k 8 P A BERT DAY S AR GO R AR RS, I FLR & 75 D 8 4 i i AR RO R ATy . (H Y
TR 210 W 2T 240 W B, GO 4k & EC %A B m. B b, @ L BT B ik e i s
RN 240 W,

(a)150 W (b)180 W (c)210 W (d)240 W

I FEIRMGO

E=150 W,60 min
1111 180 W,60 min
e 210 W,60 min
[EEEER 240 W,60 min

0- 1 100-200 200-500 500-1 000 1 000-5 000
F#/mm
(e) ARGtk fikRE

2 IWERLEBE SEMEGIMREESHE
Fig.2 SEM image of GO for different sonication power of (a)150 W, (b)180 W, (¢)210 W,

and (d)240 W,and (e)corresponding histograms for the size distribution

Kl 3 AR A D)3 240 W B, 43 il 248 30.60,90 min 18 75 A% 5 19 SEM IR SOt I is GO filz
WAL EE GO F i R Gt iyt R oA B . N SEM & vha] DL i Bl & S I (R 9 E K, GO 1 Fr 42
ROE AR /0N« I H R A2 43 A Bk Bk 4 v L 24 i R) ZE K 2 60 min BB A J5 GO 9 SEM F & H B & M AN
F| KT 500 nm i GO T, H/NF 100 nm () GO &k 8 17 47 % . 85 LA LR 7 D 2R B 18] 1) 2 55000 %
Lo & B, HAE %0k 240 W B[] R 60 min B 58 AT LA R FEAR GO R 42 RS 42/ F 100 nm 7 GO
R

(a)30 min (b) 60 min (¢)90 min
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Fig.3 SEM image of GO for different sonication time of (a)30 min, (b)60 min,

and(c¢)90 min, and(d)corresponding histograms for the size distribution

2.2 B0 e E AR

SR FH R B0 X Rk v T R R GO iEAT A3 B NI BRI GO 4k Fr. Bl 4 h g i T Ak
RIS R & o 4L 7 000.8 000.9 000 r/min B0 40 min A FEJE GO ) SEM B . M Har LLE &
WEE B, 285 = B O 1 LA RTINS GO 743 8500 40 5 B2 30, I LA 25 B9 0 5 1 1) 2 0, T 42 B O
1 GO Gk i & il 2, YA B0 53k 8 000 r/min B &0 40 40 min J5 MRS /NF 100 nm ) GO 44
KA ERBE T 62%, M YSHHERTEE 9 000 r/min B, GO 44K (& & T 89 A B 58 P AT DL sk B
8 000 r/min g Ak J5 1 B0
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Fig.4 SEM image of GO for different centrifugation speed of (a)7 000 r/min, (b)8 000r/min,

(¢)9 000 r/min, and(d)corresponding histograms for the size distribution
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B0 B[R] 0 R R B0 A B ORI — A E B SR, B 5 R A S GO R TR B O N
8 000 r/minff .43 B0 30,4060 F1 90 min J5 19 SEM B4 DL K2 %f £ A FE 5 H 42 RSF 89 88+ 43 A Ak
(Fl(e)). N SEM B Hr, o] LLE o B % B0 B RPN B4 & e B R i GO 42 R Wi/ 9F B4 oA
WiARZE . B0 HAE K E 40 min B, R5FRF 500 nm 19 GO & i 8% T, I A/hF 100 nm 19 GO 4
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Fig.5 SEM image of GO for different centrifugation time of(a)20 min, (b)40 min,

(¢)60 min, and(d)90 min, and(e)corresponding histograms for the size distribution
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18 2 F DA B B B0 L L B A B LT 2GR DR I E ) UC TZS 4.

®2 UCIEMRUESHE
Table 2 The optimized parameters of the UC technique

SRR I /W BRI /min - BLOEEE/(re min D) 0B [A] /min
RACE T 240 60 8 000 40

KHMALE B UC TESEOT L GO ST A H, B & A5 3] T A L F IR GO RSF 5 /N4 fii 55 3 — 1
GO 9k A i 6 (O H fifn . ME 6(a) H i SEM E /] DL 40k UC T 24 H )5, 23 GO & R
HEE/NE 300 nm LR H N 6 (b) ha] LA H . Sl A FRF R B GO 9ok 475 $ 2 254 . i &
6(o) PG T BRI AT LB UC 5 B GO 4k A A 95 % A4 B 7% /N T 200 nm. 3 HF 44 K
BRSFW/ANEZ R 100 nm, HAF L, /NF 100 nm B GO 4k B & it 7 60% .,



% 64 K OEFAREF-BOLLHNEANGEHALAR 133
2pm 12 nm
10 nm
8 nm
6 nm
4 nm
2 nm
0 nm
g
2 2 &
(a) SEME% (b) AFME&
a5 C FURAEA A B
a0l G A AR B
351
< 30
= 25
g 20+
15+
10+
5
0 0-5050-100100-200 200-500 500-10001000-5000
F#&/mm
(c) ARG

6 R GO AEFEM GO 41X F ) SEM #1 AFM Bl , AR F 5 HE
Fig.6 (a) SEM and (b) AFM images of GO nano sheets treated from pristine GO,

and (c¢) corresponding histograms for the size distribution
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Fig.7 XRD of graphite powders, pristine GO, and GO nano sheets
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FAEZY 2 100 nm ) GO 9K F . Horb B 42/ 3 100 nm @35 5L T 6020, % T GO TEA W94 K £ AR F14)
KA Wy B o S UL AT AR Tz 59 Rt L % A R DA Rt B s GO G82K 7 B9 A 7 R0 R AR AR 7 LA
PRI+ FT AR — A5 i 0 A A ) 9 R BRI 20 A A ) I~ S5 AU B ™ 32 9 I R F
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