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æ^U?� Hummers {, ±�$®������z�$, ,�¦^�Å��{���$L, ��±�$L�
�K4á�|C�lf>³. XÚ�ïÄ
p§�z�ã¥§Ýé�z�$��z§Ý!�$L���§ÝÚ
'L¡È±9�lf>³5U�K�. |^|u�×£>º (FESEM)!X ��1>fUÌ (XPS)!X ��û�
¤ (XRD)!BET ÿþ¤é�z�$Ú�$L��*(�9'L¡È�?1ÿÁÚL�. XRD, XPS 9>zÆÿÁ
�(Jw«�p§�ã�z§Ý� 90 ◦C �, �z�$��z§Ý�p, �A��$L�äk�p���§ÝÚ�
��'L¡È 423.2 m2/g, Ó��$L�lf>³�äk�Ð�5U: Äg�>'Nþ� 1555.5 mAh/g, ¿>Nþ
� 1024.6 mAh/g, ÙÌ��>'Nþ�� 600 mAh/g.

'�c: �z�$, �$L(�, �lf>³, >zÆ5U

PACS: 61.48.Gh, 73.22.Pr, 82.47.Wx

1 Ú ó

�$L´�«d%8��|¤��� (2D)
±Ï·¶G:
(��á�, �±w�´/¤¤
k sp2 ,z%�á��Ä�|¤ü� [1]. �$L
ÕA�(�A5¦Ùäkéõ`É�5U, Xé
p�'L¡È!`É�åÆ5U!éÐ��95
U!é�«1>6�Ý!ép�16f[£Ç�
� [2−5], ¦��$L3;Uì��¡ (X�lf
>³!�?>Nì, ��U>³�) kéÐ�A
^cµ.

�lf>³8c®2�A^uB�ª>f�
¬, 3>Äg1�±9>Äð��¡äk2,�
A^cµ [6]. DÚ��lf>³�K4á�Ì�
´æ^�$, nØÌ�Nþ� 372 mAh/g[7]. �X
y��¬�?ÚÚ�E�uÐ, �$���lf
>³�K4, ÙnØÌ�NþÚUþ�Ý®²Ø

U÷vB�ª>f�¬Úy�UÄåuÐ�
I¦ÚuÐ [8−10]. �$L�ü���(�, ��
uDÚ��$K4, 3nØþ�N´¢y�lf
�øi, lJp�lf>³�5U, Ïd�$L
���lf>³K4á�Úå
�ï<
r�
'5.

�c^u�lf>³��$LÌ�d��z
Æ{��¼� [11,12]: ÄkÏLU?� Hummers {
���z�$, ,�2�����$L. du�$
L��*(�!|©òwÍK��lf�øi5
U [13], ÏdïÄÜ¤ó²^�!�$L��*(
�Ú�lf>³nö�m�S3K�Ånäk�
~���ï¿Â, ,8c3ù�¡E,"yX
Ú5�ïÄ. 3�©¥, XÚ�ïÄ
p§�zL
§¥§Ýé�z�$Ú�$L��*(�, ±9�
lf>³5U�K�Ån, ¿3dÄ:þ��
±
�$L�K4, Ðg�>'Nþ 1555.5 mAh/g, Ì
��>'Nþp� 600 mAh/g ��lf>³.

* ��Ü#V<âOy (1OÒ: NCET-10-0291), ¥
p�Ä��ï�Ö¤ (1OÒ: ZYGX2009X005, ZYGX2010J031) Ú>f�E�Æ
éÄÄ7 (1OÒ: Y02002010301041) ]Ï��K.

† E-mail: yfchen@uestc.edu.cn
‡ E-mail: lipingjian@uestc.edu.cn

c© 2012 ¥¥¥IIIÔÔÔnnnÆÆÆ¬¬¬ Chinese Physical Society http://wulixb.iphy.ac.cn

156103-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 15 (2012) 156103

2 ¢��{

2.1 ���zzz���$$$���������

±©ÛX�$®���, æ^U?� Hummers
{���z�$. äN��L§Xe: ò 125 ml ß
1� (98%) �\� 5 g �$®���¥, ,�ò�
�£� 0 ◦C Xúe, ¿3 100 r/min ^å�� 5 min,
,��ú\\ 17.5 g p��a, ¿ò���ÝO\
� 200 r/min �� 30 min, ��ò��£�� 35 ◦C
Yú¥ (dL§Ø��) �§ 2—3 h ��Ñ��
e%�¿§, 3 100 r/min ��L§¥�ú�ëY
\\ 200 ml �lfY, ��dL§¥·Ü��§
Ý (©O� 50, 70, 90, 100 ◦C) ¿�§ 1 h, ��¬§
Ýe%�¿§�, ��\\ 50 ml L�z� (30%),
��A���\\ 200 ml §Y (40 ◦C), ,�ÄÈ,
¿^ 10%�Dí�W*õg, 2^�lfYW*õ
g (pH Á�ÿÁÙ�w5, BaCl2 ÿÁ SO2−

4 ´Ä
ØÀ), ��3 60 ◦C ý��¥ZH 12 h, ���z
�$.

2.2 ���$$$LLL���������

ò����z�$�¬ 2 g �u��¥, �u
�Å¬S, �½õÇ� 800 W, �m� 60 s, )ä�
����$L.

2.3 ���$$$LLL���lllfff>>>³³³���������

�$L�lf>³K4���: Äkò�$
L!Å(J (PVDF) ��>J (super P) U 80:15:5
�'~·Üþ!N¤ó�, ,�^æ�ìòó�þ
!æC3ÔÊþ, �X�3ý�ZH�¥ 120 ◦C ý
�ZH 8 h, ��ZH�.��¤¤I5�4¡, ü
 >4L¡�¹5Ô��þ� 2.488 mg/cm2.

�$Llf>³���: 3�í�o�Ã@
�¥, �¡���4, Celgard2700 ���, 1 mol/L
� LiPF6 �>)�, |C¤�lf>³.

2.4 ���zzz���$$$ÚÚÚ���$$$LLL���(((���LLL���ÚÚÚ���lll
fff>>>³³³555UUUÿÿÿÁÁÁ

2.4.1 /m©Û
æ^ FEI úi� Inspect |u�×£>fw�

º (FESEM) 5L��z�$Ú�$L�/m.

2.4.2 (�¤©©Û
æ^¥I��¤ìúi)�� DX-2700 .

� X ��û�¤ (XRD) 5é�¬?1¬N(�©
Û. û�^��: Ôq, Ú?×£, æ^�m� 1 s, Ú
°� 0.02◦/Ú, +>Ø� 40 kV, +>6� 30 mA, ×
£��� 5◦ � 45◦.

æ^=I Kratos úi� XSAM800 .� X �
�1>fUÌ¤ (XPS) é�¬���Ú¤©?1
©Û.

2.4.3 'L¡ÈÿÁ
æ^ USA Quantachrome úi� nova3000 .

�'L¡ÈÿÁ¤ÿÁ�$L�'L¡È, ^��:
3���¸e, áN�í.

2.4.4 >zÆ5UÿÁ
æ ^ ¥ I É Ç 7 ì >  k � ú i

� LANDCT2000 ÿÁXÚ, 3 0.005—3 V >Ø�
�S, ¿§e± 300 mAh/g �>6é�$L�lf
>³?1¿�>Ì�ÿÁ.

3 (J�?Ø

3.1 ���$$$!!!���zzz���$$$ÚÚÚ���$$$LLL���(((���///mmm
LLL���

ã 1 ´�$!�z�$Ú�$L XRD �é'
ã. �$3 26.30 ◦ ?k���~²w� (002) A
�¸, `²Ùäkép�(¬Ý. ²L�z� (002)
A�¸��, ����´3 11.09◦ Ñy�z�$
� (001) A�¸, ¿�X�$��måd 0.339 nm
O�� 0.797 nm, ù´du%�þ�¹�Äì~f

�m��p�^; ����$L�, (001) A�¸
²w��, `²
�z�$��l, ¹�(Uì�
�, C¤
����$L(�.

ã 1 (a) �$, (b) �z�$9 (c) �$L� XRD ãÌ
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ã 2(a) ¥�¡�$�m�p�^år!ü�
;�, äkéÐ�¬�kS5. ã 2(b) ¥��z�
$du�m�\
¹�(Uì, ~f
�m��p
�^, ÏdÙ�m��3
Ü©�à85ÚkS5.

ã 2 �¡�$ (a)!p§�z§Ý 90 ◦C ����z�
$ (b) ��$L (c) � FESEM ã

��z�$��¤�$L�, /�Ú(�u)

�.�UC, Xã 2(c) ¤«. �$L��G(�
®²����, `²�Å)ä�±k�/¦�z
�$�m�¹�(Uì©), ?¢y�m��
p�l; d	3ã 2(c) ¥�±*	�²w�½º,
ùü$
���$L�oNUþ, ¦ÙU
½
�3.

3.2 ppp§§§���zzz§§§ÝÝÝééé���zzz���$$$(((������KKK���

ïÄL²�$��zL§�¹$§!¥§!
p§ 3 ��A�ã. $§�ãÌ�u)1�©f
3�$�m����A; ¥§�ãÌ�´u)�$
��Ý�z; p§�ãKÌ�u)�mzÜÔ�Y
)�A [14−16], dY)�A�Ån´�z�$%�
þ�\�àÄ�Ù�C%�þ�\���, 3p§
^�e�A(Ü)¤Y, ?±Y©f�/ªä�
�5�(Ü�. 3ùn��z�ã¥, 3p§�ã
�mzÜÔ�Y)�A´¼��mål���z
�$�'��Ú. �z�¿©, �k|u3e�Ú
/��L§¥��l¤�ê����$L, Ïdp
§�ã��z§ÝòwÍK��ª¼���$L
��þ.

�
ïÄp§�z§Ýé�z�$(��K
�, éØÓp§�z§Ý (50, 70, 90, 100 ◦C) e�
���z�$?1
 XRD L�, Xã 3 ¤«. lã
¥�±*	��z�$ (001) A�¸�rÝ�Xp
§�z§Ý�,pÄkO�,�~�, �p§�z
§Ý� 90 ◦C �, �z�$�A�¸rÝ����
�, `²3d§Ýe�k|u�c�Ý�z)¤�
�$�mzÜÔu)Y)�A, ?)¤p�z§
Ý��z�$. �§ÝL$ (50, 70 ◦C) �, Øv±
��Jø�$�mzÜÔu)Y)¤I��Uþ,
��éõ�(UìÃ{u)(Ü�A, ?K��
z§Ý; �§ÝLp (100 ◦C), zÜÔ¥¹�(U
ìøl�Ó�, �$��mzÜÔu)É9©),
®�\�$�m�(Uì (XY©f!1�©f!
1���lf) òu)Ü©øi¿l�$�mºÑ,
?K��z�$��z§Ý.

3.3 ppp§§§���zzz§§§ÝÝÝééé���$$$LLL(((������KKK���

ÏL XPS L��±��ØÓp§�z§Ý�
���$L� C/O �fz©', XL 1 ¤«. C �
fz©'�Xp§�z§Ý�O�kO�2~�,
�p§�z§Ý� 90 ◦C � C �fz©'�p, =

156103-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 15 (2012) 156103

����$L��J�Z; ,��¡ 3.2 !�?
Ø(Jw«p§�z§Ý� 90 ◦C ��z�$�
�z§Ý�p, Ïd�±(@�z�$�z���,
�k|u�eÚ�l��.

ã 3 �z§Ý� 50 ◦C (a), 70 ◦C (b), 90 ◦C (c) 9 100 ◦C
(d) ����z�$� XRD

L 1 ØÓ�z§Ý����$L¥ C, O �fz©'

§Ý /◦C 50 70 90 100

C/% 80.91 81.80 83.97 81.23

O/% 19.09 18.20 16.03 18.77

Ó�·��ÿþ
ØÓp§�z§Ý���
�$L�'L¡È, Xã 4 ¤«. lã 4 ��, 50,
70, 90 Ú 100 ◦C p§�z�éA�'L¡È©O
� 269.2, 396.7, 423.4 � 417.6 m2/g, Ó��±uy
�p§�z§Ý� 90 ◦C �, �$Läk�p�'
L¡È 423.4 m2/g, `²d§Ýe����z�$
�|u�l��, � XPS �(Ø���.

3.4 ppp§§§���zzz§§§ÝÝÝééé���$$$LLL���lllfff>>>³³³555
UUU���KKK���

d 3.2 Ú 3.3 �(J¥�±uyp§�z§
ÝòwÍK��z�$��z§Ý!�$L��
�§Ý9Ù'L¡È, Ïd±�$L��K4á
���>³5Uw,��p§�z§ÝkX��
�'X. lã 5 ¥Ó��±uy�p§�z§Ý
� 90 ◦C �, �$L�>³�Ì��Z, Äg�>'
Nþ3 1555.5 mAh/g, ¿>Nþ� 1024.6 mAh/g; ê
gÌ�¿�>L�, �>'Nþ½3 600 mAh/g
�m. ù�´dup§§Ý� 90 ◦C �, �$Läk

�p�'L¡È (ã 4), ¦��lf�N´¢yø
i. ��5¿�´�#�ïÄ(Jw«�>J su-
per P Ó�äkÑ�5U [17], �3�¢�¥ super
P �¹þ�k 5%, ÏdÌ�K��lf>³Nþ
�´�$L (80%),  super P Ì�åOr�$L�
m!9�$L�86N�m��>5U [18].

ã 4 ØÓ�z§Ý���$L� BET

ã 5 ØÓ�z§Ý����$L���lf>³K4á
��Ì�A5�

4 ( Ø

Äk±�$®���æ^U?� Hummers {
���z�$, ,�¦^�Å��{���$L,
��±�$L��K4á����lf>³. X
Ú/ïÄ
ØÓ�p§�z§Ýé�z�$��
z§Ý!�$L���§ÝÚ'L¡È!�$L
�lf>³5U�K�. XRD Ú XPS �(Jw«
�p§�z§Ý� 90 ◦C �, �z�$��z§Ý
�p, �A��$L�äk�p���§ÝÚ��
�'L¡È 423.2 m2/g. >zÆÿÁ�(JÓ�w
«�p§�z§Ý� 90 ◦C �, �$L�lf>³
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äk�Ð�5U: Äg�>'Nþ� 1555.5 mAh/g,
¿>'Nþ� 1024.6 mAh/g, Ì��>'Nþ�

� 600 mAh/g, w«
�$L3�lf>³K4á
�þäkp<�A^cµ.
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on the structure of graphite and electrochemical
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Abstract
Graphite oxide is synthesized from graphite powder by a modified Hummers method, and the oxidation temperature is controlled

in high-temperature oxidation process. By treating graphite oxide powders in a commercial microwave oven, graphene materials can be
readily obtained. The morphologies, microstructures, specific surface areas and other features of the graphene and graphite oxide are
characterized by FESEM, XPS, XRD and BET. Electrochemical performances of the lithium-ion batteries based on graphene anodes
are investigated. The results show that graphene obtained at the oxidation temperature of 90 ◦C in high-temperature oxidation process
actually displays the most remarkable electrochemical performances, that is, the first discharge specific volume and charge capacity of
graphene are as high as 1555.5 mAh/g and 1024.6 mAh/g, and after 30 cycles graphene still possess as high as a discharge capacity of
600 mAh/g.

Keywords: graphene oxide, graphene structure, lithium ion battery, electrochemical properties
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