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Preparation of Graphene Oxide by Ultrasound-Assisted Hummers Method
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Fan Yan-Huang

Abstract: Graphene Oxide with layer spacing of ~1 nm was prepared by the ultrasound-assisted Hummers
method. Firstly, the ultrasonic vibration was applied in the low temperature and mid temperature stages to
improve the intercalation efficiency and oxidation degree of Graphite. Secondly, at the beginning of the high
temperature stage, the mixed liquid containing residual sulfuric acid was added dropwise into the ice water, then
the mixture was heated to the set temperature to avoid the inserting molecule such as sulfuric acid emerging from
graphite since the local temperature was too high. Thirdly, Graphite Oxide was obtained after the low-speed
centrifugation. Graphite oxide preparation by the title method was convenient and quick. The layer spacing of

graphite oxide was effectively expanded and increased with the ultrasonic power.
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Fig.1 XRD patterns for intermediate products with (GO-
68) or without (GO-16) KMnO, in the low

temperature stage of the Hummers method
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GO-73: the sample obtained with ultrasound-assisted operation
during low temperature stage; GO-126: the sample obtained with
ultrasound-assisted operation before addition of KMnO; GO-68:

the sample obtained with stirring during low temperature stage
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Fig.2 XRD patterns for intermediate products after the

low temperature stage of the Hummers method
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Fig.3 XRD patterns for graphite oxide with ultrasonic
vibration during the low temperature stage and
the mid temperature stage with the addition of
the mixed liquid containing residual sulfuric
acid into ice water (GO-71) or the addition of
water into the mixed liquid during the high
temperature stage (GO-144)
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GO-71 and GO-77: Samples obtained with stirring in the high
temperature stage, and ultrasonic vibration at 180 W and 120 W
in the low temperature stage and the mid temperature stage, re-
spectively; GO-26 and GO-24: Samples obtained with stirring in
both the low temperature stage and the high temperature stage,
and ultrasonic vibration at 180 W and 120 W in the mid temper-
ature stage, respectively; GO-10 and GO-8 : Samples obtained
with stirring in both the mid temperature stage and the high tem-
perature stage, and ultrasonic vibration at 180 W and 120 W in

the low temperature stage, respectively
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Fig.4 XRD patterns for graphite oxide obtained by

ultrasound-assisted Hummers method
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GO-71: Sample obtained with stirring in the high temperature
stage, and ultrasonic vibration at 180W in both the low tempera-
ture stage and the mid temperature stage; GO-26: Sample ob-
tained with stirring in both the low temperature stage and the
high temperature stage, and ultrasonic vibration at 180 W in the
mid temperature stage; GO-10: Sample obtained with stirring in
both the mid temperature stage and the high temperature stage,
and ultrasonic vibration at 180 W in the low temperature stage;
GO-49: Sample obtained with preoxidation-Hummers method;
GO-2: Sample obtained with Hummers method
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Fig.5 XRD patterns of Graphite Oxide prepared by
ultrasound-assisted Hummers method,
preoxidation-Hummers method and the

Hummers method
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(a) Graphene oxide prepared with ultrasonic power of 180 W during both the low temperature stage and the mid temperature stage, (b) Graphene

oxide prepared with preoxidation-Hummers method
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Fig.6 AFM images for graphene oxide

AR R 7S 5 B Hummers ¥5 1l £ 19 S840 A7
AR R BRI, 5 TR B R 2

3 & it

5 Kovtyukhova %R HI (% Fil %04k -Hummers 75
AH EE Al PG A IR A 5 B Hummers 725061 4 5806 A0
S0 RO (PR BE 1 20 BT IR SCRE S AT Ak b £ v A
oA 85 2 B iR, ELREE B A R a5 s Ak
A SR I SR B SO SR R ROR i A A A 2R
R I = 1 s S B i AN P 1 DI A= R
ZEGHE, T H 5 T okl B 2 A 8
Rt — 2 ) £ BZ AT SR AT T R

SE k.

[1] Matsuo Y, Tahara K, Sugie Y. Carbon, 1997,35(1):113-120

[2] FENG Da-Peng (1% KX ), WANG De-Guo (£ % ), LAN
Hui-Qing(*% ##), et al. Tribology(Mocaxue Xuebao), 2003,
23(1):1-4

[3] Yang X Y, Zhang X Y, Liu Z F, et al. J. Phys. Chem. C,
2008,112(45):17554-17558

[4] Ding R F, Hu Y, Gui Z, et al. Polymer Degradation and
Stabiliry, 2003,81(3):473-476

[5] Kim J, Cote L J, Kim F, et al. . Am. Chem. Soc., 2010,132
(23):8180-8186

[6] Hummers W S, Offeman R E. J. Am. Chem. Soc., 1958.80:
1339-1339

[7] Li D, Miiller M B, Wallace G G, et al. Nature Nanotech.,
2008,3:101-105

[8] FU Ling(f¥2), LIU Hong-Bo(X #:¥%), ZOU Yan-Hong(4B ¥t
1), et al. Carbon(Tansu), 2005,124(4):10-14

[9] Kovtyukhova N I, Ollivier P J, Martin B R, et al. Chem.
Mater., 1999,11(3):771-778

[10]Stankovich S, Dikin D A, Piner R D, et al. Carbon, 2007,45
(7):1558-1565



