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���[~m�ºÌ¬f�»�Ê°Ì°¨e�ÊËZÌ¼Ì���
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1. Department of Energy (DOE) 
2.�Coherent Domain Size  
3.�Dislocation distance 
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1.�Hydriding Chemical Vapor Deposition (HCVD) 

kÁ��Ã�Â¯�Ä·Â·�É�ZÀ¯�ÊËZ»�³�ÉZÅ 

 kÁ��Ã�Â¯�Ä·Â·�¶yY{�ÊËZ»�³�ÉZÅ 

 

 �Z�§��´�u 

 

Ê°Ë�f°·Y�¹ÁZ¬»�ºÌ� 
 Ã�Â¯�Äf�Âa 

 ¹Zy�Ã{Z» 

 Ä¿Â¼¿�¥�� 

 Ä¿Â¼¿�[Âq�Zq 

 Ã�Â¯�Ä·Â· 

 ½�Á�|ÌÅ�É{Á�Á 

 

 
®Ày�Ã|ÀÀ¯ 

 
®Ày�Ã|ÀÀ¯ 

 �YÁ{�`¼a 

 
½�Á�|ÌÅ�ÊmÁ�y 

 Z»{�µ�fÀ¯�ºf�Ì� 

®Ày�Ã|ÀÀ¯ 



www.SID.ir

Arc
hive

 of
 S

ID

 

� ��� ÄË��¿µZ��/�½Y�ËY�Ê¼Ì��Ê�|ÀÆ»��Ã�Z¼��/�ºÅ{�YÁ{�¹{Zf¨Å���������

cÓ
Z¬»

��

��
�¶°������Y�Ê�]Á��Ê¿Á�f°·Y�_Â°�Á�°Ì»��ËÂ�e

Ã{Z¨f�Y�Z]�Ã|���fÀ��ºË�ÌÀ»�|Ë�|ÌÅ�ÉZÅ�^Ì§Â¿Z¿��

ÊËZÌ¼Ì���Zz]�d��¿�²ÀË|Ë�|ÌÅ��Á���Y��

��

� �
�¶°����[~m��Y{Â¼¿�½�Á�|ÌÅ��Y�Ã{Z¨f�Y�Z]�ºË�ÌÀ»�|Ë�|ÌÅ��{�

d�Ì·ZeZ¯�|Ì�¯Y�ÉZÅZÅÉ¦¸fz»�É�¸§���

��

��
�¶°������Y�Ã{Z¨f�Y�Z]�ºË�ÌÀ»�|Ë�|ÌÅ��{�½�Á�|ÌÅ��§{��Y{Â¼¿�

d�Ì·ZeZ¯¦¸fz»�É�¸§�|Ì�¯Y�ÉZÅ��

���¶°���{������������������Â�/u��{�ºË�/ÌÀ»�|/Ë�|ÌÅ�½�Á�|/ÌÅ��§{�w�¿��Ì¿�
d�Ì·ZeZ¯d�Y�Ã|��Ã{Y{��ËZ¼¿�¦¸fz»�ÉZÅ��������

��

��
¶°�����ÌÅ��{�½�Á�|ÌÅ��§{�w�¿���Â�u��{�ºË�ÌÀ»�|Ë�|

d�Ì·ZeZ¯¦¸fz»�ÉZÅ��

��
���Y�³�¾ÌÀr¼Å��������ºË�ÌÀ»�|Ë�|ÌÅ��YÂy�{Â^Æ]��Y�Ê¯Zu�Ê¿YÁY�§�ÉZÅ

���d�Ì·ZeZ¯��Y�Ã{Z¨f�Y�Z]ËZÅÊ�����/Ì�¿�ZrNi�,Ni�,Nb2O5�,SiC�,LaNi5�,
FeTi�,ZrCr2d�Y�Ã|Ë{�³�ÄWY�Y�������

�������Ì/»�cY�/¸§�½{Á�/§Y�,Ä/f§�³�c�Â/��cZ/¬Ì¬ve��Z�Y��]�
 �|/À¿Z»� �

Ce�,La�,Nd��ÁPrÄ//y�q�É�Y|//ËZa��ËY�//§Y�Ä//]��//nÀ»��|//Ë�|ÌÅ�ÉY
�Ê»�ºË�ÌÀ»{Â����Á���������aÁ{�ºË�ÌÀ»�,¾ËY��]�ÃÁÔ�Ä�����Á�¶°Ì¿�Z]�Ã|��

�½{Á�§Y�¾ÌÀr¼Å�Ë{Z¿YÁ����Äy�q�É�Y|ËZa��Ì¿�º����Ê/»��ËY�§Y�Y��ÉY�|/Å{��
���Y�½Z»�¼Å�Ã{Z¨f�Y���������/nÀ»��Ì¿�½{�¯�[ZÌ�M��Á��Á�¶°Ì¿�d�Ì·ZeZ¯

Ê»��§{�ÉZ»{��ÅZ¯�Ä]{Â��������

��
������Z¿�ÄËÓ�É�¸§�|Ë�|ÌÅ��Y�Ã{Z¨f�Y���

�������Z¿�ÄËÓ�É�¸§�|Ë�|ÌÅ�ÉZËY�»�Ä¸¼m��Y��������YÂ/y�{Â^Æ]�Ä]��nÀ»�Ä¯�
Ã�Ìy}��Ê»�ºË�ÌÀ»�|Ë�|ÌÅ�É�Z�,{Â�Ê»���ËY�§Y�,{ZË��t���Ä]�½YÂe

�������µZ/ §�½Z°»Y�,½�Á�|ÌÅ��§{�Á�[~m�d��������É�Z/�����ª/Ë����Y�t�/�
�ÄËÓ�É�Ì³�Z°]���������Ä/ËÓ�{ZnËY�½Z°»Y�Á�d�Ì·ZeZ¯��Y�ÉY�����ÉÁ���/]��§Z/v»

�������������Ã�Z/�Y�½�Ì�/¯Y�Z/]�t�/��dÌ»Â¼�/»��Y�É�Ì³Â¸m��Â�À»�Ä]�t��
{�¯��������������ÉZÅ|Ë�|ÌÅ��{�½�Á�|ÌÅ�Ã�Ìy}�ÉÁ���]�Ê¿YÁY�§�cZ ·Z�»

������d/�Y�Äf§�³�c�Â���Z¿�ÄËÓ�É�¸§�������������É�/¸§�ÉZÅ|/Ë�|ÌÅ
 

1.�Misch Metals 
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1.�Plasma Sputter Deposition 
2. Pulsed Laser Deposition  
3.�McPhy Energy 
4.�Palcan Energy Corporation 

���ÄnÌf¿É�Ì³��
��������Á��Ê/���]�Ä/]�Ä ·Z�»�¾ËY��{������YÂ/y�{Â/^Æ]��{��Y~/³�ÌiZe�ÉZ/Å

Ã�Ìy}�ºË�ÌÀ»�|Ë�|ÌÅ���Z�d�Y�Ã|��ÄfyY{�a�½�Á�|ÌÅ���Ä]�Ã{Z»�¾ËY
����Ã�Ìy}�dÆm�\�ZÀ»�ÊËY|Ë|¿Z¯�½YÂÀ�����É�Z�������c�Â/��Ä/]�½�Á�|/ÌÅ

������������d/�Y�Ã|/��ÄfyZÀ/��Ê/¸¼��ÉZ/Å{�]�Z¯�ÉY�]�Á�|»Zm�������Z/�Y��/]
cZ¬Ì¬ve��������Á��,Ê¿ZÆm�t����{�Äf§�³�c�Â��Ã{�f�³������/Ì�¿�ÊËZ/Å

���������d�/Ì·ZeZ¯��Y�Ã{Z¨f�Y�,�Z¿�ÄËÓ�É�¸§�ÉZÅ|Ë�|ÌÅ��Y�Ã{Z¨f�Y���Á�Z/Å
��Y|¿Y��ÅZ¯�¾ÌÀr¼Å�Á�,¦¸fz»�É�¸§�ÉZÅ�ZÌ·MÇ�|Ë�|ÌÅ��{Âa�cY�}�

����������Ã�/Ìy}��YÂ/y�{Â/^Æ]�dÆm��{�É�f»Â¿Z¿��ZÌ¬»�Ä]�ºË�ÌÀ»���É�Z/�
����Ã|���«YÁ��iÂ»��Â¯~»�\Ì¯�e|¿Y��f�Y���Á���Y�Ã{Z¨�����Ã�Z/�Y�{�Â/»�ÉZÅ

����������À/¯YÁ�d��/���ËY�§Y�,�§{�ÉZ»{��ÅZ¯�Ä]��nÀ»�����Á�[~/m�ÉZ/Å
�����Ä/y�q�É�Y|/ËZa��ËY�§Y�,�§{����Y�/Ì»�{Â/^Æ]�,ÉY���Á�[~/m�½����Y�{Â/^Æ]�

�´Ë{�ÊeZÆmd�Y�Ã|Ë{�³����
��Ê»���¿�Ä]������Á���Y�Ê/^Ì¯�e�Ä¯�|����������Y��lËZ/f¿�¾Ë�/fÆ]��Â¯~/»�ÉZ/Å
��d�|]Ê»�|Å{����������Ä/¯�|Àq�Å�Ä¯�d�Y��¯}�½ZËZ��Á������Â¯~/»�ÉZ/Å

���������Ã|/��ºË�/ÌÀ»�|/Ë�|ÌÅ��YÂ/y�{Â^Æ]�\mÂ»������cZ/ ·Z�»�¾°Ì/·�,|/¿Y
��/�Âe�Ã|��¾ÌÌ e�¥Y|ÅY�Ä]�Ê]ZÌf�{��Â�À»�Ä]�Ã{�f�³ ��½Z/¼e�Za{

Z°Ë�»M�É��¿Y�{�Y{�Ä»Y{Y�½ZÀr¼Å���
��������������������Á�Z/a�É��/¿Y��]Z/À»��Y�Ã{Z¨f/�Y�Ä/¯�d/�Y��/¯}�Ä]�¹�Ó�½ZËZa��{

������Ã|ÀËY�§�c�Â��Ä]�½�Á�|ÌÅ�Ä¸¼m��Y��Ë~a|Ë|ne��{�ÉY���Ê¿ZÆm�t���
�����d/�Y��ËY�/§Y�Ä]�Á��������������É�/¸§�ÉZÅ|/Ë�|ÌÅ�|/Ì·Âe�,Zf/�Y��¾Ì/¼Å��{

Ã�Ìy}���������d/�Y�Ã|Ì���É�Zne�Ä¸u�»�Ä]�½�Á�|ÌÅ��Z��������Ê·Z/u��{�¾/ËY
�������������Ä/]�ÄÌ·ÁY�¶uY�»��{�Z»��Â�¯��{�ºË�ÌÀ»�|Ë�|ÌÅ��{Âa�|Ì·Âe�Ä¯�d�Y

�Ê»���{�]��������������Ä/]�Za�É��¿Y��]ZÀ»��Y�Ã{Z¨f�Y�Ä �Âe�|Ì¯Ze�Ä]�ÄmÂe�Z]
�Á�|ÌÅ�Ã�ËÁ�������Y|¿Y�º�q�|À���{�,½�����������Á�ª/Ì¬ve�¹Á�/·�,�Â�¯�Ä·Z��

���������¶Ì�/¿Zfa�É�Ì³�Z/°]�Z/]�ÄÀÌ»��¾ËY��{��v¨e�������Ê/¸¼��Á�Ê/¼¸��ÉZ/Å
{�Y{�{ÂmÁ��Â�¯��{�{ÂmÂ»���

��
��

�mY�»��
[1] Jain, I. P., "Hydrogen the fuel for 21st century", Int. J. 

Hydrogen Energy, 34, 368�78 (2009). 
[2] Daniel, F., "Hydrogen storage in Mg-based alloys", 

PhD thesis, Eotvos Lorand University (2010). 
[3] Jain, I. P., Lal, C., Jain, A., "Hydrogen storage in Mg: 

A most promising material", Int. J. Hydrogen Energy, 
35, 5133-5144 (2010). 



www.SID.ir

Arc
hive

 of
 S

ID

 

���� ÄË��¿µZ��/�½Y�ËY�Ê¼Ì��Ê�|ÀÆ»��Ã�Z¼��/�ºÅ{�YÁ{�¹{Zf¨Å���������

cÓ
Z¬»

��

[4] Sakintuna, B., Lamari-Darkrim, F., Hirscher, M., 
"Metal hydride materials for solid hydrogen storage: 
A review", Int. J. Hydrogen Energy, 32, 1121-1140 
(2007). 

[5] Bertoldi, O., Berger, S., "Report on energy", draft 
version, www.observatorynano.eu (2008). 

[6] Vojtech, D., Michalcova, A., Mortanikova, M., 
Sustarsic, B., "Electrochemical hydriding of 
mahnesium-based alloys", 18th International 
Conference on Metallurgy and Materials, Czech 
Republic, (2009). 

[7] http://www.doe.gov/ 
[8] Zaluska, A., Zaluski, L., Strom-Olsen, J. O., 

"Nanocrystalline magnesium for hydrogen storage", J. 
Alloys Compds., 288, 217�25 (1999). 

[9] Lei, J. P., Huang, H., Dong, X. L., Sun, J. P., Lu, B., 
Lei, M. K., Wang, Q., Dong, C., Cao, G. Z., 
"Formation and hydrogen storage properties of in situ 
prepared Mg�Cu alloy nanoparticles by arc 
discharge", Int. J. Hydrogen Energy, 34, 8127� 8134 
(2009). 

[10] David, E., "Nanocrystalline magnesium and its 
properties of hydrogen sorption", Journal of 
Achievements in Materials and Manufacturing 
Engineering, 20, 87-90 (2007). 

[11] Segal, V. M., Reznikov, V. I., Drobyshevskiy, A. E., 
Kopylov, V. I., "Plastic working of metals by simple 
shear", Russ. Metall 1, 99�105 (1981). 

[12] Berlouis, L. E. A., Cabrera, E., Hall-Barientos, E., 
Hall, P. J., Dodd, S. B., Morris, S., "Thermal analysis 
investigation of hydriding properties of 
nanocrystalline Mg�Ni� and Mg�Fe�based alloys 
prepared by high-energy ball milling", J. Mater. Res., 
16, 45�57 (2001). 

[13] Berube, V., Radtke, G., Dresselhaus, M., Chen, G., 
"Size effects on the hydrogen storage properties of 
nanostructured metal hydrides: a review", Int. J. 
Energy Res., 31, 637�63 (2007). 

[14] Shang, C., Guo, Z. X., "Structural and desorption 
characterizations of milled (MgH2+Y, Ce) powder 
mixtures for hydrogen storage", Int. J. Hydrogen 
Energy 32, 4, 2920�5 (2007). 

[15] Zaluska, A., Zaluski, L., Strom-Olsen, J. O., "Synergy 
of hydrogen sorption in ball-milled hydrides of Mg 
and Mg2Ni", J. Alloys Compds., 289, 197�206 
(1999). 

[16] Huot, J., Liang, G., Boily, S., Neste, A. V., Schulz, R., 
"Structural study and hydrogen sorption kinetics of 
ball-milled magnesium hydride", J. Alloys Compds., 
293�295,495�500 (1999). 

[17] Zhu, C., Hayashi, H., Saita, I., Akiyama, T., "Direct 
synthesis of MgH2 nanofibers at different hydrogen 
pressures", Int. J. Hydrogen energy, 34, 7283 �7290 
(2009). 

[18] Saita, I., Toshima, T., Tanda, S., Akiyamaa, T., 
"Hydrogen storage property of MgH2 synthesized by 
hydriding chemical vapor deposition", J. Alloys 
Compds., 446�447, 80�83 (2007). 

[19] Crivello, J. C., Nobuki, T., Kuji, T., "Improvement of 
Mg�Al alloys for hydrogen storage applications", Int. 
J. Hydrogen energy, 34, 1937 �1943 (2009). 

[20] Reilly, J. J., Wiswall, R. H., "Reaction hydrogen with 
alloys magnesium and nickel and formation of 
Mg2NiH4", Inorg. Chem., 7, 2254 (1968). 

[21] Janot, R., Aymard, L., Rougier, A., Nazri, G. A., 
Tarascon, J. M., "Enhanced hydrogen sorption 
capacities and kinetics of Mg2Ni alloys by ball-
milling with carbon and Pd coating", J. Mater. Res., 
18, 1749�52 (2003). 

[22] Kodera, Y., Yamasaki, N., Yamamoto, T., "Hydrogen 
storage Mg2Ni alloy produced by induction field 
activated combustion synthesis", J. Alloys Compds., 
446, 138�41 (2007). 

[23] Liang, G., "Synthesis and hydrogen storage properties 
of Mg-based alloys", J. Alloys Compds., 370,123�8 
(2004). 

[24] Wang, P., Wang A., Zhang H., Ding B., Hu Z., 
"Hydriding properties of a mechanically milled Mg�
50 wt% ZrFe1.4Cr0.6 composite", J. Alloys Compds., 
297, 240�5 (2000). 

[25] Fabing, L., Lijun, J., Jun, D., Shumao, W., Xiaopeng, 
L., Feng, Z., "Synthesis and hydrogenation properties 
of Mg�La�Ni�H system by reactive mechanical 
alloying", Int. J. Hydrogen Energy, 31, 5, 581-585 
(2006). 

[26] Oelerich, W., Klassen, T., Bormann, R. "Metal oxides 
as catalysts for improved hydrogen sorption in 
nanocrystalline Mg-based materials", J. of Alloys 
Compds., 315, 237�242 (2001). 

[27] Tran, N. E., Lambrakos, S. G., Imam, M. A., 
"Analyses of hydrogen sorption kinetics and 
thermodynamics of magnesium�misch metal alloys", 
J. Alloys Compds., 407, 240�8 (2006). 

[28] Tran, N. E., Imam, M. A., Feng, C. R., "Evaluation of 
hydrogen storage characteristics of magnesium�misch 
metal alloys", J. Alloys Compds., 359:225�9 (2003). 

[29] Huot, J., Akiba, E., Takada, T., "Mechanical alloying 
of Mg�Ni compounds under hydrogen and inert 
atmosphere", J. Alloys Compds., 231, 815�9 (1995). 

[30] Jain, I. P., Vijay, Y. K., Malhotra, L. K., Uppadhyay, 
K. S., "Hydrogen storage in thin film metal hydride-a 
review", Int. J. Hydrogen Energy, 13, 15�23 (1988). 

[31] Huguchi, K., Kajioka, H., Toiyama, K., Fujii, H., 
Orimo, S., Kikuchi, Y., "In situ study of hydriding�
dehydriding properties in some Pd/Mg thin films with 
different degree of Mg crystallization", J. Alloys 
Compd. 293-295, 484�9 (1999). 

[32] Huguchi, K., Yamamoto, K., Kajioka, H., Toiyama, 
K., Honda, M., Orimo, S., "Remarkable hydrogen 
storage properties in three-layered Pd/Mg/Pd thin 
films", J. Alloys Compd. 330-332, 526�30 (2002). 

[33] Leon, A., Knystautas, E. J., Huot, J., Schulz, R., 
"Hydrogenation characteristics of air-exposed 
magnesium films", J. Alloys Compd., 345,158�66 
(2002). 

[34] Sanjiv, K., Reddy, G. L. N., Raju, V. S., "Hydrogen 
storage in Pd capped thermally grown Mg films: 
Studies by nuclear resonance reaction analysis", J. 
Alloys Compd., 476, 500�6 (2009). 

[35] www.palcan.com 
[36] www.mcphy.com 

http://www.observatorynano.eu/
http://www.observatorynano.eu
http://www.doe.gov/
http://www.doe.gov/
http://www.palcan.com/
http://www.palcan.com
http://www.mcphy.com/
http://www.mcphy.com

