
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 1 (2012) 016801

H2 ���gggddd***ÑÑÑÚÚÚáááNNNGGG������ééé'''ïïïÄÄÄ*

��1)2)3)† �²1) o�Ó1) /[ï2)

1) ( ��1���Æ�Ôn�>f&EÆ�, ÉÇ 430205 )

2) ( ¥Ió§ÔnïÄ�-1àCïÄ¥%, �� 621900 )

3) ( ¥I�Æ�ÉÇÔn�êÆïÄ¤, ÉÇ 430071 )

( 2010 c 10 � 10 FÂ�; 2011 c 3 � 26 FÂ�?Uv )

$^ã�K Monte Carlo �{, �[
 H2 3gd*ÑG�e9%B�+áNG�e�©Ù, é H2 �gd*Ñ
ÚáNG�?1
é'ïÄ. ïÄL²: 77 K Ú 2 MPa e, (30, 30) ÉÃ«.%B�+�þ;��Ý� 3.74%, 77 K
Ú 10 MPa e, �þ;��Ý� 7.4%. áNG�� H2 ©fÌ�®à3%B�+S	ü�9¡.
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1 Ú ó

H2 �gd*Ñ, �N
 H2 ©f�m��p�
^, H2 �áNG�, �N
 H2 �áNJ��p�
^. ïÄ H2 �gd*ÑÚáNG�, é�[;�Ä
åÆL§!�«;�Ån9ïÄÔ�m�p�^
�+� [1−4] kX­��A^d�.

pØí�;�, ´ÏLØ gd*Ñ� H2 ò
Ù¿\FØg´, ÏÙég´�FØ5U�¦�p,
¿íL§I��ÑØ õ, �3 H2 ´�¦ÚNì
´��Ãõ¯K, A^cµØ�wÐ. �é
ó, ¹
5%!%B�+!7ákÅ�e�õ�á�áN
;�LyÑ
�½�`�5U, äká��^�§
Ú!;�Nþ��!¤�$�Ä�^�, ÐyÑ)
û5�;�¯K�F".

I S 	 ï Ä ö é ; � á � Ð m 
 � \ ï
Ä [5−14], �®zó�Æ�©AïÄ|æ^¢�
Ú©f�[�(Ü��{, é%á�;�mÐ
�
�XÚ�¢�ÚnØO�ó�, 2004 c¦�ïÄ

 H2 3¹5%�¥á� ('L¡Èÿ½ (BET) �
u 3000 m2/g) �;�(J, 77 K Ú 2.0 MPa e H2

�áNþ� 10.25 wt%, 77 K Ú 6 MPa e, H2 ;�
þ�� 13.2 wt%[15]. 2006 c, Kabbour � [16] ïÄ

 H2 3%v�S�;�, 3 77 K Ú 3 MPa e;
�þ� 5.3 wt%. 2007 c Kowalczyk � [17] |^ã
�KXn Monte Carlo �{�[ïÄ
 H2 3ØÓ

a.�%á�S�;�, 77 K Ú 3.8 MPa e�Ð
�;�(J� 4.5 wt%. �8««&¢ïÄ�(J,
�ISU
Ý9{IU
Ü¤JÑ��U;$8
IÿkØ��å, ó��k��¯<�;�þ�
� [18−20], �(J��&ÝØp [21]. H2 ��;L
§¥, H2 ±gd*ÑÚáNü«G��3, Ïd, m
Ðü«G��é'ïÄ�©7�.

·�^ã�K Monte Carlo �{, �[
 H2 3
gd*ÑG�e9%B�+áNG�e�©Ù,
é H2 �gd*ÑÚáNG�?1
é'ïÄ, ï
Ä(JL²: 77 K Ú 2 MPa e, (30, 30) ÉÃ«.
%B�+�þ;��Ý� 3.74%, 77 K Ú 10 MPa
e, �þ;��Ý� 7.4%. áNG�� H2 ©fÌ
�®à3%B�+S	ü�9¡, ¥$Øåe (�
u 1000 kPa), %B�+é��;�Uåk²wU
õ; ?�ÚO�Øå, �,��S H2 ©fê8O
\, �®²Ø´%B�+�)�³|¤�z, 
´
du\Ø���S H2 ©f��8E¤�.

2 nØ�{

2.1 ããã���KKK Monte Carlo

H2 �gd*ÑÚáNG�´�	.QkUþ
��qkÔ����ã�KXn. 3dXn¥, §
Ý!NÈÚzÆ³�½. gd*Ñ� H2 ©f3�
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�NX¥�Å1r, �É� H2 ©fg���p�
^; áNG�e��QÉ� H2 ©f�m��p�
^, �É���e©f�m��p�^.

ã�KXn Monte Carlo �{�¹ 3 �Ä�Ú
½: 1) H2 ©f�I�Cz; 2) H2 ©f��); 3) H2

©f�íØ.
�[m©�, NÈS� H2 ê8²~Cz. k�

Ü© H2 ©f£Ñ
NX, k�Ü© H2 ©f¤õ/
\\�NX¥5, �k�Ü© H2 ©f3NXSu
)
�½� £.

é��ã�KXn, NÈ� V , �¹k N �â
f, �Å�)��âfÚíØ��âf�VÇ, �
©O�¤:

W (xN , xN+1) = min
{

1,
P (xN+1)
P (xN )

}
= min

{
1,

PV e(−UN+1/kBT )

(N + 1)kBT

}
,

W (xN , xN−1) = min
{

1,
P (xN−1)
P (xN )

}
= min

{
1,

kBTN e(−UN−1kBT )

PV

}
,

Ù¥ kB � Boltzmann Ïf, U �NX�p�^U,
∆U �NXUþ�Cz, UN+1 �V\âf�XÚ
�Uþ, UN−1 �íØâf�XÚ�Uþ, P �NX
�Øå, V ���NÈ, T �XÚ§Ý.

ã 1 ã�K Monte Carlo �{6§ã

£Ä�� H2 ©f�VÇ´ exp[−∆U/(kBT )],
X J H2 © f £ Ä �, � � N X � U þ e ü 
,
= ∆U < 0, ù«£Ä�±���É.

�âù
VÇ, ã�K Monte Carlo £ãN
X H2 G���{Xã 1 ¤«.

ã�KXn Monte Carlo �{�Âñ¯ú�6
u#N��ICz. XJ#N�Cz��, @oI
�²LNõg 1Cz, XÚâU��²ï, =Â
ñú; ,��¡, ����ICz�U¬¦áý�
'Çép, l
¦Âñ~ú. ·��ïÄ(JL²,
���ICz�Ú�ÏfA��ÅCþ«m�Ý
��©��; ,	, Øå��, §Ý�$, NX��
²ï��I�Ì��gêÒ�õ.

2.2 ���ppp���^̂̂³³³UUU

duáN� H2 ´�45©f, �
!� CPU
��, ·�3O�L§¥Ün/�Ñ
·>�p�
^. H2 ©f� H2 ©f�m, ±9 H2 ©f��e�
m�p�^´^ Lennard-Jones ³U¼ê [22−24] £
ã. ÙäN/ªXe:

U(r) = 4ε
[(σ

r

)12

−
(σ

r

)6]
, (1)

Ù¥, U(r) L«ü�©f�m��p�^³U; r

L«ü©f�m�ål; ε L«ü©f�m�p�
^U����, �¡��p�^³²�Ý; σ L«
ü©fm�p�^³U�"�¤éA�©fmå
l, �¡-E�». �Ä�©fm��p�^�©
fmål�O\
×�P~, �©3 12.5 Å?éT
³U?1Ün��ä. ³U¥��'ëêdAÛ
Ü¿5K (geometric combination rule)[25] O���,
ë�©z [26,27]:

σCC = 0.34 nm, εCC = 28.2 kB;

σHH = 0.2958 nm, εHH = 36.7 kB;

σCH =
(σCC + σHH)

2
= 0.3179 nm,

εCH =
√

εCC × εHH = 32.17 kB.

3 O�(J�?Ø

�©�[À��%B�+� (30, 30) ÉÃ«
., �» 40.71 Å, +� 48 Å, �d 2400 �%�f|
¤. �[����°p©O� 80, 80, 48 Å.

ã 2 £ã
 H2 êþ�Ì�gê�Cz, �[
§Ý� 77 K, �[Øå� 1000 kPa, O�L§¥�
[Ì�
 8000 g, zgÌ�L§¥}Á£Ä H2 ©
f 40 g, }ÁíØÚV\�í©f 80 g. 8000 g
�[�, ÃØ´gd*ÑG�� H2 �´%B�+
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áNG�e H2, Ñ?u��Ä��²ïL§¥, H2

©fêþk�½Þá, �ÅÄØ�, À��Xn�
ã�KXn, �	.kâf��, ù«Þá´Ün
�.

ã 2 H2 êþ�Ì�gê�Cz (T = 77 K, P = 1000 kPa)

ã 3 gd*Ñ�áNG�e H2 � /©Ùã (T = 77 K,
P = 1000 kPa)

ã 3(a) ´gd*Ñe H2 � /ã, ã 3(b) ´
3%B�+áNe�í� /ã. gd*Ñ� H2

©f3��NX¥�Å1r, �É� H2 ©fg�

��p�^, 3§Ý 77 K!Øå 1000 kPa ^�e,
��²ï�, ��¥à8
 309 � H2 ©f. ��Ä

%B�+� H2 ��p�^�, ��¥� H2 ©
fêþO\� 1151 �, 3%B�+9¡ 0.32 nm N
C, /¤
ü�p�Ý��, 3%�f¥% �N
C, /¤
ý�/�. �Ä
%B�+� H2 ��p
�^�, ��¥� H2 ©fê8²wO\, Ì�O\
3%B�+9¡ 0.32 nm NC, Ù¦�m H2 ©f�
�ÝCzØ�, %B�+9¡NC´ H2 éÐ�à
8«, �[y¢
O\%B�á��'L¡È´U
õá�;�5U�k�Ãã.

ã 4 H2 �%B�+�p�^³U�»�©Ù¼ê

ã 4 O�
 H2 �%B�+�p�^³U�»
�©Ù¼ê, 3ål%B�+ 0.32 nm NC, /¤

ü�é��³², H2 ©f$Ä�³²«�, ÄUú
úC��³²åP, á\²¥, ù��
 H2 � /
©Ù3ål%B�+ 0.32 nm NC, /¤ü�p�
Ý��, Ônã�þ, H2 ©f*Ñ�³²«�, g
�ÄUØv±�Ñ³²�åP, �Ýúúeü, �
�á\³², H2 ©fdgd*ÑG�C¤
áN
G�. Ó�, %��-E�»´ 0.3179 nm, ?\-
E�»����, á§�p�^Ó`, ³Ué¯,
p, 3%�f¥% �üýÑy³Uü½¸, C§
ü½�3¥% ���
 1010 kB þ?, Ônã�
þ, �4 H2 ©f?�%�f�Ø¥, H2 ©f��
I� 5× 1010 kB �ÄU, ý¢�¹�4%�f�C
����uù�þ?, =�Ôn�p�^, H2 ´Ø
ä�ù�ÄU�, ù�� H2 � /©Ù3%B�
+NC/¤ý�«�.

ã 5 �Ñ
 H2 ©fê�Øå�Cz�¹: g
d*Ñ� H2 ©fê9%B�+áNe H2 ©fê
�XØå�O�ØäOõ, O\ª³�5��ú,
��ªu²ï. 20 kPa e, 3ØO� H2 �%B�+
�p�^�, ��¥�±NB 5 �gd*Ñ� H2

©f; �Ä
%B�+�p�^�, ��¥ H2 ©f
ê8��
 79 �, �Ü©� H2 ©f?uáNG�,
�%B�+�)�³|åPå5. �XØå�O�,
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ÃØ´gd�� H2, �´áN�� H2, ��¥©f
ê8ÑÑy
�½§Ý�þÞ.

ã 5 77 K e H2 ©fê8�ØåCz�¹

ã 6 77 K e (30,30) ÉÃ«.%B�+�þ;��Ý

ã 6 ´ 77 K e (30, 30) ÉÃ«.%B�+�
þ;��Ý�Øå�Cz�¹, Øål 20 kPa O�
� 100000 kPa, %B�+�þ;��l 0.55%O\
� 36.03%. 2004 c�®zó�Æ�©A�K|ï
Ä
 H2 3¹5%�¥á� (BET �u 3000 m2/g)
� ; � ( J, 77 K Ú 2.0 MPa e H2 � á N þ
� 10.25 wt%, 77 K Ú 6 MPa e, H2 ; � þ �
� 13.2 wt%[13]; 2006 c, Kabbour � [14] ïÄ
 H2

3%v�S�;�, 3 77 K Ú 3 MPa e;�þ
� 5.3 wt%. 2007 c Kowalczyk � [15] |^ã�K
Xn Monte Carlo �{�[ïÄ
 H2 3ØÓa
.�%á�S�;�, 77 K Ú 3.8 MPa e�Ð�
;�(J� 4.5 wt%. ·��O�(JL²: 77 K
Ú 2 MPa e, (30, 30) ÉÃ«.%B�+�þ;�

�Ý� 3.74%, 77 K Ú 10 MPa e, �þ;��Ý
� 7.4%.

ã 7 %B�+áN�gd*Ñ H2 ©fê8�'�ØåCz

lã 7 �±wÑ: %B�+�)�³|3$Ø
eéuUõ H2 ©f�êþk²w�J, 20 kPa �,
%B�+ò��;�Uå*�
 15.8 �, �XØ
å�O�, gd*Ñ� H2 ©fêÚ%B�+áN
e H2 ©fê�5��C, 3 25000 kPa e, üö©
fêA���, Øå?�Ú\�, üö�'CzØ
�. Øåd$�p�L§¥, H2 ©f`kÓâ³²
«�, ¥$Øåe (�u 1000 kPa), %B�+é��
;�Uåk²wUõ; ?�ÚO�Øå, �,��
S H2 ©fê8O\, �®²Ø´%B�+�)�
³|¤�z, 
´du\Ø���S H2 ©f��
8E¤�.

4 o (

$^ã�K Monte Carlo �{, O�
 H2 3g
d*ÑG�e9%B�+áNG�e� /©Ù,
ïÄ
 77 K egd*Ñ� H2 ©fê89%B�
+áNe H2 ©fê8�Øå�Cz, ©Û
%B
�+�)�³|éu��¥ H2 ©fêþ�K�.
O�(JL²: 77 K Ú 2 MPa e, (30, 30) ÉÃ«.
%B�+�þ;��Ý� 3.74%, 77 K Ú 10 MPa
e, �þ;��Ý� 7.4%. áNG�� H2 ©fÌ
�®à3%B�+S	ü�9¡, ¥$Øåe (�
u 1000 kPa), %B�+é��;�Uåk²wU
õ; ?�ÚO�Øå, �,��S H2 ©fê8O
\, �®²Ø´%B�+�)�³|¤�z, 
´
du\Ø���S H2 ©f��8E¤�.

016801-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 1 (2012) 016801

[1] Chen P, Xiong Z, Luo J, Lin J, Tan K L 2002 Nature 420 301
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Abstract
The Monte Carlo method of grand canonical ensemble is used to simulate the adsorption process of hydrogen storage in carbon

nanotube. Results show that the hydrogen storage capacity of (30,30) armchair carbon nanotubes is 3.74 wt% at 77 K and 2 MPa and
at 77 K 7.4 wt% and 10 MPa. H2 molecules are distributed mainly at the surface of carbon nanotube.
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