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1. Membrane Electrode Assembly (MEA) 
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½Y��Y�����Z]�Ä�ËZ¬»��{��e������������Ã{Z¨f/�Y�¹ÂË{ÓZ/a�Á�¶/°Ì¿�,Ã�/¬¿�|À¿Z»�¾ÌeÔa�
{�¯���� {ÂmÁ�dÌ·Á�f°·Y�|»Zm�h�Z]�¹|��Êf�¿��/Ì·Á�f°·Y,d��¥~/u�

½ÂÌeZ¯��ËZ»�Á�É�Ì³Â¸m��Y�{ZnËY�[Â���cZÀ]�¯�Ê»{Â��������d/Æm
�����������ÉZÅZ�/£��{�½�Á�|/ÌÅ�½ÂË�d¯�u��°��|ËZ�¯Á�|ÌÅ�½ÂË�d¯�u

����������Ê/»�|/¿M�Ä/]�|eZ¯��Y�Á�½ÂeÁ�a�µ{Z^e��������±Y�{�d/Æm�Ä/nÌf¿��{�,|/�Z]
��Ê»��°��®Ìf¼�YÁ�f°·Y��{�³��������Â/^��½Z/Ì»��ÅZ¯�h�Z]�Á�{É���½|/��

½Z//°»Y�Á�dyÂ//�dyÂ//���Y�Ã{Z¨f//�Y��Z//Å��Â//Àf»�É��,µÂ¿Z//eY�|//À¿Z»
��­ZÌ¿Â»M�Á�¾Ë�Y�|ÌÅ���dyÂ���]�ÃÁÔ��������µÂ¿Z/f»�Á�½�Á�|ÌÅ�lËY��ÉZÅ��

Ê»�{Â�������ÊËZn¿M��Y�����{�[M�Ä¯�����������¥��/»�|/eZ¯��{�Á�Ã|/��{Z/nËY�|¿M
Ê»���ÃÂ¬·Z]�c�Â�]�{Â��������Ê/»�c�Â/���/fÆ]�[M�dË�Ë|/»�,��{�/Ì³�������{

��Z�£���Zz]�dËZÆ¿L���������½Y��Y�Ê/^�«�Á{�cZv¨/��Á�É�¸§�d�Ì·ZeZ¯�,����,�/e
ÄÀË�Å�¾ÌËZa�ÊfyÂ��¶Ìa��Â¿�¾ËY�|Ì·Âe�Éd�Y��e�����������

��¶Ìa�¾ËY�Äf^·Y����Ê»�Ä¯�|¿�Y{��Ì¿�Ê^ËZ »�ÊfyÂ��ÉZÅ�{�YÂ»�¾ËY�Ä]�½YÂe
��¯�Ã�Z�Y{����������/]�d^�¿�ÊËZÌ¸«�ÊfyÂ��¶Ìa�������µ{Z/^e�ÊfyÂ/��¶/Ìa�Ä

��Ê·Z/´q�½Â/eÁ�a����½Â//Ë�c�mZ/Æ»�Á�­�//ve�Y�/Ë��{�Y{�É�/f¼¯�½YÂ//e�
�����½�Á�|/ÌÅ�½ÂË��Y��f¼¯�|ËZ�¯Á�|ÌÅ��Ê/»��|/�Z]��������ÉÓZ/]�ÉZ/»{��{

°C������ÃÁ�³��Y�Ã{Z¨f�Y�¹Z´ÀÅ�,��Ë���\Ë�ze�,¹�ZÆq��Â¿�¹ÂÌ¿Â»M�ÉZÅ
���ÃÁ�³�ÊÀË�´ËZm���Zy�Ä]�������/iY��{�|ËZ�/¯Á�|ÌÅ�½Â/Ì¿M�Z]�¹ÂÌ¿Â»M�ÉZÅ

���Á�d�Á{�Äf�Å�ÊÀË�´ËZm
���������Á�{Â��Ê»�{ZnËY�¾¼§ÂÅ�¥~u��À¯YÁ�ZË
�����|À¯�Ê»�¾Ì¨·ÁY�Á�¾Ì»M�|Ì·Âe����Z�£�É�Y|ËZa��aL��Z»{��{����º¯�ÓZ]�ÉZÅ

��d�Y������������¶°���{������������ÊfyÂ/��¶/Ìa�®/Ë�{�/°¸¼���Y�ÊËZ¼¿�
��|»Zm�dÌ·Á�f°·Y�Z]�ÊËZÌ¸«�½ÂÌ¿M�µ{Z^e�ÉZ�£���À¯YÁ�ÃY�¼Å�Ä]�ÉZÅ

d�Y�Ã|��Ã{Y{�½Z�¿�Ä�Â]�»���

���������������{�É|/Ì¸¯�ÉY�/mY��Y�Ê°Ë�½ÂÌ¿M�µ{Z^e�ÉZ�£�©Â§�{�YÂ»�Ä]�ÄmÂe�Z]
����Ê»�|»Zm�ÊËZÌ¸«�ÊfyÂ��¶Ìa���µZ���{�Á�|�Z]ÉZÅ�{ZË��cZ ·Z�»��ÌyY�
� �Âe�ÄÀÌ»���{�É|���Ä]Á��ÁÈ���d/�Y�Ã|/��¹Zn¿Y�½M����¶°/���������Y

¾ËY������Ê���]�Ä]�Ä»Y{Y��{�Á�����LZ�/£��Â/¿�¾/ËY�\/�ZÀ»�{�°¸¼��Á��YÂy�
ÃÁ�³�����/»�Ê¸»Z/��ÉZÅR���������������{�½Â/Ë�µZ/¬f¿Y�¹�Ì¿Z/°»�Á�½Â/Ë�µZ/¬f¿Y��{��i
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1. Dynamical Mechanical Analyzer (DMA) 
2. Scanning Electron Microscopy (SEM) 
3. Transmission Electron Microscopy (TEM) 
4. Atomic Force Microscopy (AFM) 
5. X-ray Diffraction (XRD) 
6. Fourier Transform Infrared Spectroscopy (FTIR) 
7. Proton Nuclear Magnetic Resonance Spectroscopy (1H NMR) 
8. Gel Permeation Chromatography (GPL) 
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1. Thermogravimetric Analysis (TGA) 
2. Differential Scanning Calorimetry (DSC) 
3. Ion Exchange Capacity (IEC) 
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4. Electrochemical Impedance Spectroscopy (EIS) 
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|ËY�Â¸§���Ê¸a�Á�¾¸ÌeY����¾¸ÌeY�Á�ÂWÂ¸§�Y�fe�������º¸Ì§���Zb�]�ÉZÅ�0Ô»Z¯�É��
�����Ê¸a�|À¿Z»�Ã|��ÄÀË�ÂWÂ¸§��¾¸ÌaÁ�a�¾¸ÌeY��Ã|��ÄÀË�ÂWÂ¸§��������Y�Ê/y�]�Á
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2.�1,4-Diazabicyclo[2,2,2] Octane (DABCO) 
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�������|¿�Y{�Y��ÊËZÌ¸«��Ìv»��{�Ã{Z¨f�Y�Á�sÔ�Y������Ê¿Â/Ì¨¿�ÊËZÌ¼Ì��sÔ�Y
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���������sÔ�Y�dÆm�Ä¸u�»�®Ë�Á�¾Ì»M�|Ì·Âe�����½|Ì/���ÉY�]�¾Ì»M�ÊËZÌ¼Ì
�����{�Y{��ZÌ¿�¹�ZÆq��Â¿�dÌ¸»Z��Ä]��ËY��Zb�/]�¾�����ÊËZÌ¼Ì/�Á�f°·Y��YÂ/y��
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��{�Y|¿�Ê^�ZÀ»�É�Y|ËZa�����������/³�Ä¯�Ê¿ÂÌ¨¿�sÔ�Y�dÆm�¹Á{�d·Zu��{�ÃÁ
������������¹Â/���Â¿�¾Ì»M�ÉÁZu�¶Ì°·M�Ê·YÂf»�µZ¼�Y�Z]�,{�Y{�®Ì¿Â¨·Â��|Ì�Y
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�����Ê/»�d�|]�[Â¸�»�Ê°Ë�f°·Y��YÂy������Ä/¯�|/ËM������{�Ê^/�ZÀ»�É�Y|/ËZa

��¯Á�|ÌÅ�µÂ¸v»���ºË|��|Ì������ÉZ»{��{��ÓÂ»�°C��������c|/»�Ä]�Á�����
d�Z��{�Y{����Zb�]�¾ËY�Y{����ÉY�Ç�Z]����������d/»ÁZ¬»�Á�Ê¿Â/Ë�dËY|/Å�d/Ì¸]Z«�
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Z�£LÉZÅ�̂e�����Zb�]�Z]�½ÂÌ¿M�µ{Z��ÃÁ�/³�,ZÅ�������ÉZÅ�ZfyZ/��Á�Ê¸»Z/��ÉZ/Å
Ã|����Y�³�½Â³Z¿Â³�ÊËZ�£|¿Y���
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��������������¾/ËY��{�É|/Ì¸¯�ÉY�mY��Y�Ê°Ë�½YÂÀ��Ä]�Ê¿ÂÌ¿M�µ{Z^e�ÉZÅZ�£�ÄÌÆe
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����Å{�Z]��ËY�§Y��{�ZÆ¿M�dÌ¸]Z«Ê����Ì·ZeZ¯��Y�Ã{Z¨f�Y�½Á|]�d�����É�/¸§�ÉZÅ� �

��
 

3. Salerno 

www.sid.ir
www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

www.SID.ir

Arc
hive

 of
 S

ID

 

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

cÓ
Z¬»

��

 

 

µÁ|m����Z�£�{�°¸¼��Ä�ËZ¬»L¦¸fz»�½ÂÌ¿M�µ{Z^e�ÉZÅ��

ÄËZa��¼Ì¸a� �
�µ{Z^e�ÃÁ�³

½ÂÌ¿M� �
ÊËZ�£��ZfyZ����Z»{

�°C�� �
�Ê¿ÂË�dËY|Å

(mS/cm)� �
�µ{Z^e�dÌ§��

�½ÂË(meq/gr)� �
�[~m

�[M�����
�m�»��

��½�À]�¶ÌÀËÁ�Ê¸a
|ËY�¸¯��Y�fe�Ê¸a�

¾¸ÌeY�Á�ÂWÂ¸§���

�¶Ìf»�É�e
¹ÂÌ¿Â»M 

�dyYÂÀ°Ë����Zb�]�
ºÌ¬f�»���

����������
������������

�½Â¨·Â��Ê¸a��Ê¸a�
¾¸ÌeY�Á�ÂWÂ¸§�Y�fe���

�¶Ìf»�É�e
¹ÂÌ¿Â»M 

�dyYÂÀ°Ë��µZ�eY�{ZnËY�
Ê������

����������
����
�������� 

¾¸ÌeY�Ê¸a�Ê·Z´q�Z]�
¾ÌËZa��

�¶Ìf»�É�e
¹ÂÌ¿Â»M 

�dyYÂÀ°Ë�É|¿ÂÌa��]Ze���������������
���������� 

�½�ËZf�Y��¼Ì¸aÂ¯�
¶Ë�fÌ¿Â¸Ë�¯Y���

�¶Ìf»
¹ÂÌ·Á�Y|Ì¼ËY 

�dyYÂÀ°Ë�É|¿ÂÌa��]Ze�������������
�����
�������� 

Ã|��sÔ�Y�½ÂÌ¨¿��
�¶Ìf»�É�e
¹ÂÌ¿Â¨�§ 

�dyYÂÀ°Ë��sÔ�Y�
ÊËZÌ¼Ì����

���������
����������� 

|ËZ�¯Y�¾¸ÌÀ§�Ê¸a��
�¶Ìf»

¹ÂÌ·Á�Y|Ì¼ËY 

�dyYÂÀ°Ë��sÔ�Y�
ÊËZÌ¼Ì����

���������
������������ 

��eY�¶ÌÀ§�Y�fe�Ê¸a
½Â¨·Â��½Âf¯��

�¶Ìf»�É�e
¹ÂÌ¿Â»M 

�dyYÂÀ°Ë��sÔ�Y�
ÊËZÌ¼Ì����

�����
�����
����
�������� 

µÁ�Y|Ì¼Ë�À]�Ê¸a��
�|Ì�¯Á�|ÌÅ

ºÌ�Zfa 
�Z¿�dyYÂÀ°Ë�ÄfzÌ»M���������
�����
���������� 

��¸Ì§�Á�¶°·Y�¶ÌÀËÁ�Ê¸a
Z°Ì¸Ì���

�¶Ìf»�É�e
¹ÂÌ¿Â»M 

�Z¿�dyYÂÀ°Ë�É|Ë�^ÌÅ�������������
����������� 

��¶Ìf»�Ê¸a
cÔË�¯Zf»��Ê¸a�
�½�À]�¶ÌÀËÁ|ËY�¸¯���

�¶Ìf»�É�e
¹ÂÌ¿Â»M 

�Z¿�dyYÂÀ°Ë�Ä°^���ÉZÅ
��Zb�]ÉÃ|ÌÀe�ºÅ�{�0Zf^�¿����

����������
����������� 

��
��

½Y�³��d¼Ì«�����¶/Ìa�ºÆ»�dË{Á|v»�Ä¯��������½Â/eÁ�a�µ{Z/^e�ÊfyÂ/��ÉZ/Å
Ê»�|�Z]��d�Y����������������ÊËZ/Ì¸«��Ì/v»�{Â/mÁ���Z/z]�d/Ë�»�¾/ËY��]�ÃÁÔ�

�À¯YÁ�����������������Y�Á�Ä/f§�³�c�Â/���/fÆ]�|¿M�Á�|eZ¯��{��ËZ�¯Y�Á�ZÌuY�ÉZÅ
��¶Ì�¿Zfa��Ì]��Y|¬»���Ê/»�Äf�Z¯�ZÅ��������Ê³{�Â/y�d/¸ ]�¾Ì/Àr¼Å�,{Â/�

������������f�/Ì]�ÊËZ�£�{Á�f°·Y�Ä�Â¼n»�¹YÁ{�,É|Ì�Y��Ìv»�Ä]�d^�¿��f¼¯
d�Y������������������µ{Z/^e�ÉZÅZ�/£�½|/��É�Zne�Ze�ºÅ��Z]��ZËY�»�¾ËY�Ä]�ÄmÂe�Z]

��������¾ËY��YÂy�{Â^Æ]�Z]�Ä¯�|À�Ôe��{�½Z¬¬v»�Á�{�Y{�{ÂmÁ�Ä¸�Z§�½ÂÌ¿M
Z�£L�¶Ìa�,ZÅ�����¶Ìa�|À¿Z»�Y��ÊËZÌ¸«�ÊfyÂ��ÉZÅ�����e�ÊfyÂ/��ÉZ/Å��µ{Z/^

��|ÀÀ¯�c�Zne�Ä����{�YÁ�½ÂeÁ�a��¾ËY��Y������YÂ/y�{Â/^Æ]��Â/�À»�Ä/]�Á�

Z�£L����,½ÂÌ¿M�µ{Z^e�ÉZÅÄ�z�»��ÉZÅ������\/�ZÀ»�[Zzf¿Y�dÆm�Ê¨¸fz»�
Ë�eZ»�Zb�]��������Ê»�Ä¯�|Àf�Å��ZÌ¿�{�Â»�Ê¿ÂÌeZ¯�Ê¸»Z��ÃÁ�³�Á�É��½YÂe

����������Z�/£�¹�Â/e�Á�[M�[~/m�½Y�/Ì»�Ä]������ËZ/»�³�,Ê°Ì¿Z/°»�É�Y|/ËZa�,L�Á�Ê
Z�//£�ÊËZÌ¼Ì//�Ld//Ì¸]Z«�,�Z�//£��//�Âe�½Â//Ë�dËY|//Å�Á�µ{Z//^e�Á�L�

Ä�z�»����´Ë{�ÉZÅ��{�¯�Ã�Z�Y����ÄmÂe�Z]�����ÊËZ�£�¦¸fz»�ÉZÅ�ZfyZ��Ä]�
��������,�ZfyZ/���/Å�ÉY�/]�\/�ZÀ»�É�Zb�/]�{YÂ»�Á�dyYÂÀ°Ë�Á�dyYÂÀ°ËZ¿

¥|Å���Ä¯�d�Y�¾ËY�����¾Ë�f�/Ì]�Z]�Á�cZ¨¸e�Á�d»ÁZ¬»�¾Ë�f¼¯�Z]�ÊËZ�£�
Ê·Z´q����Á�½ZË�m�Ê·Z´q��������������ÊËY�Z/¯�¾Ë�/fÆ]�Z/e�{Â/��Ä/ÌÆe�½YÂ/e����{�Y�

]��Â]�»�Ä�Â¼n»À¯�{ZnËY�ÊfyÂ��¶Ìa�Ä|���

www.sid.ir
www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

www.SID.ir

Arc
hive

 of
 S

ID

� �

� �Iranian Chemical Engineering Journal � Vol. 13 - No. 72 (2014)��� �����

¶Ì
a�É

Y�]
�½Â

Ì¿M
�µ{

Z^e�
ÉZ
ÅLZ

�£
��]
�É
|»
M�{

�
|»
Zm�
ÊË
ZÌ¸«

�Êf
yÂ
��É

ZÅ
��

�mY�»��
[1] Peighambardoust, S. J., Rowshanzamir, S., Amjadi, M., 

"Review of the proton exchange membranes for fuel 
cell applications". International Journal of Hydrogen 
Energy, 35, 9349-9384, (2010). 

[2] Chikh, L., Delhorbe, V., Fichet, O., "(Semi-
)Interpenetrating polymer networks as fuel cell 
membranes. Journal of Membrane Science". 368, 1-17, 
(2011). 

[3] Giddey, S., Badwal, S. P. S., Kulkarni, A., Munnings, 
C., "A comprehensive review of direct carbon fuel cell 
technology". Progress in Energy and Combustion 
Science, 38, 360-399, (2012). 

[4] Antolini, E., Gonzalez, E. R., "Alkaline direct alcohol 
fuel cells". Journal of Power Sources, 195, 3431-3450 
(2010). 

[5] Wan, Y., Peppley, B., Creber, K. A. M., Bui, V. T., 
"Anion-exchange membranes composed of quaternized-
chitosan derivatives for alkaline fuel cells". Journal of 
Power Sources, 195, 3785-3793, (2010). 

[6] Vinodh, R., Ilakkiya, A., Elamathi, S., Sangeetha, D., 
"A novel anion exchange membrane from polystyrene 
(ethylene butylene) polystyrene: Synthesis and 
characterization". Materials Science and Engineering: 
B, 167, 43-50, (2010). 

[7] Jung, H., Fujii, K., Tamaki, T., Ohashi, H., Ito, T., 
Yamaguchi, T., "Low fuel crossover anion exchange 
pore-filling membrane for solid-state alkaline fuel 
cells". Journal of Membrane Science, 373, 107-111, 
(2011). 

[8] Vinodh, R., Purushothaman, M., Sangeetha, D., "Novel 
quaternized polysulfone/ZrO2 composite membranes 
for solid alkaline fuel cell applications". International 
Journal of Hydrogen Energy, 36, 7291-7302, (2011). 

[9] Luo, H., Vaivars, G., Agboola, B., Mu, S., Mathe, M., 
"Anion exchange membrane based on alkali doped 
poly(2,5-benzimidazole) for fuel cell". Solid State 
Ionics, 208, 52-55, (2012). 

[10] Liu, G., Shang, Y., Xie, X., Wang, S., Wang, J., Wang, 
Y., Mao, Z., "Synthesis and characterization of anion 
exchange membranes for alkaline direct methanol fuel 
cells". International Journal of Hydrogen Energy, 37, 
848-853, (2012). 

[11] Zhang, X., Tay, S. W., Liu, Z., Hong, L., "Alkaline 
anion-exchange polymer membrane with grid�plug 
microstructure for hydrogen fuel cell application". 
Journal of Power Sources, 196, 5494-5498, (2012). 

[12] Zarrin, H., Wu, J., Fowler, M., Chen, Z., "High durable 
PEK-based anion exchange membrane for elevated 
temperature alkaline fuel cells". Journal of Membrane 
Science, 394�395, 193-201, (2012). 

[13] Lu, S., Pan, J., Huang, A., Zhuang, L., Lu, J., "Alkaline 
polymer electrolyte fuel cells completely free from 
noble metal catalysts". Proceedings of the National 
Academy of Sciences, 105, 20611-20614, (2008). 

[14] Mamlouk, M., Scott, K., "Effect of anion functional 
groups on the conductivity and performance of anion 
exchange polymer membrane fuel cells". Journal of 
Power Sources, 211, 140-146, (2012). 

[15] Merle, G., Wessling, M., Nijmeijer, K., "Anion 
exchange membranes for alkaline fuel cells: A review". 
Journal of Membrane Science, 377, 1-35, (2011). 

[16] Couture, G., Alaaeddine, A., Boschet, F., Ameduri, B., 
"Polymeric materials as anion-exchange membranes for 
alkaline fuel cells". Progress in Polymer Science, 36, 
1521-1557, (2011). 

[17] Nikoliã, V. M., �ugiã, D. L., Maksiã, A. D., �aponjiã, 

D. P., Marèeta Kaninski, M. P., "Performance 

comparison of modified poly(vinyl alcohol) based 
membranes in alkaline fuel cells". International Journal 
of Hydrogen Energy, 36, 11004-11010, (2011). 

[18] Jaeger, W., Bohrisch, J., Laschewsky, A., "Synthetic 
polymers with quaternary nitrogen atoms�Synthesis 
and structure of the most used type of cationic 
polyelectrolytes". Progress in Polymer Science, 35, 511-
577, (2010). 

[19] Tuckerman, M. E., Marx, D., Parrinello, M., "The 
nature and transport mechanism of hydrated hydroxide 
ions in aqueous solution". Nature, 417, 925-929, (2002). 

[20] Sun, H., Zhang, G., Liu, Z., Zhang, N., Zhang, L., Ma, 
W., et al., "Self-crosslinked alkaline electrolyte 
membranes based on quaternary ammonium poly (ether 
sulfone) for high-performance alkaline fuel cells". 
International Journal of Hydrogen Energy, 37, 9873-
9881, (2012). 

[21] Lee, K. M., Wycisk, R., Litt, M., Pintauro, P. N. 
"Alkaline fuel cell membranes from xylylene block 
ionenes". Journal of Membrane Science, 383, 254-261, 
(2011). 

[22] Yang, C. C., Li, Y. J., Liou, T. H., "Preparation of novel 
poly(vinyl alcohol)/SiO2 nanocomposite membranes by 
a sol�gel process and their application on alkaline 
DMFCs". Desalination, 276, 366-372, (2011). 

[23] Zhao, Z., Wang, J., Li, S., Zhang, S., "Synthesis of 
multi-block poly(arylene ether sulfone) copolymer 
membrane with pendant quaternary ammonium groups 
for alkaline fuel cell". Journal of Power Sources, 196, 
4445-4450, (2011). 

[24] Ran, J., Wu, L., Lin, X., Jiang, L., Xu, T., "Synthesis of 
soluble copolymers bearing ionic graft for alkaline 
anion exchange membrane." RSC Advances, 2, 4250-
4257, (2012). 

[25] Agel, E., Bouet, J., Fauvarque, J. F., "Characterization 
and use of anionic membranes for alkaline fuel cells". 
Journal of Power Sources, 101, 267-274, (2001). 

[26] Xia, Z., Yuan, S., Jiang, G., Guo, X., Fang, J., Liu, L., 
Qiao, J. Yin, J., "Polybenzimidazoles with pendant 
quaternary ammonium groups as potential anion 
exchange membranes for fuel cells". Journal of 
Membrane Science, 390�391, 152-159, (2012). 

[27] Zhao, Y., Yu, H., Xing, D., Lu, W., Shao, Z., Yi, B., 
"Preparation and characterization of PTFE based 
composite anion exchange membranes for alkaline fuel 
cells". Journal of Membrane Science, 421�422, 311-
317, (2012). 

[28] Cope, A. C., Mehta, A. S., "Mechanism of the Hofmann 
Elimination Reaction: An Ylide Intermediate in the 
Pyrolysis of a Highly Branched Quaternary Hydroxide". 
Journal of the American Chemical Society, 85, 1949-
1952, (1963). 

[29] Li, Y. S., Zhao, T. S., "Understanding the performance 
degradation of anion-exchange membrane direct ethanol 
fuel cells". International Journal of Hydrogen Energy, 
37, 4413-4421, (2012). 

www.sid.ir
www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

www.SID.ir

Arc
hive

 of
 S

ID

 

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

cÓ
Z¬»

��

[30] Nagarale, R. K., Gohil, G. S., Shahi, V. K., "Recent 
developments on ion-exchange membranes and electro-
membrane processes". Advances in Colloid and 
Interface Science, 119, 97-130, (2006). 

[31] Merle, G., Hosseiny, S. S., Wessling, M., Nijmeijer, K., 
"New cross-linked PVA based polymer electrolyte 
membranes for alkaline fuel cells". Journal of 
Membrane Science, 409�410, 191-199, (2012). 

[32] Tripathi, B. P., Kumar, M., Shahi, V. K., "Organic-
inorganic hybrid alkaline membranes by epoxide ring 
opening for direct methanol fuel cell applications". 
Journal of Membrane Science, 360, 90-101, (2010). 

[33] Lin, X., Gong, M., Liu, Y., Wu, L., Li, Y., Liang, X., 
Li, Q., Xu, T., "A convenient, efficient and green route 
for preparing anion exchange membranes for potential 
application in alkaline fuel cells". Journal of Membrane 
Science, 425�426, 190-199, (2013). 

[34] Fang, J., Yang, Y., Lu, X., Ye, M., Li, W., Zhang, Y., 
"Cross-linked, ETFE-derived and radiation grafted 
membranes for anion exchange membrane fuel cell 
applications". International Journal of Hydrogen 
Energy, 37, 594-602, (2012). 

[35] Salerno, H. L. S., Elabd, Y. A., "Anion exchange 
membranes derived from nafion precursor for the 
alkaline fuel cell: Effect of cation type on properties". 
Journal of Applied Polymer Science, 127, 298-307, 
(2013). 

[36] Zhao, Y., Yu, H., Yang, D., Li, J., Shao, Z., Yi, B., 
"High-performance alkaline fuel cells using crosslinked 
composite anion exchange membrane". Journal of 
Power Sources, 221, 247-251, (2013). 

[37] Zhao, Y., Pan, J., Yu, H., Yang, D., Li, J., Zhuang, L., 
Shao, Zh., Yi, B., "Quaternary ammonia polysulfone-
PTFE composite alkaline anion exchange membrane for 
fuel cells application". International Journal of 
Hydrogen Energy, 38, 1983-1987, (2013). 

[38] Mamlouk, M., Horsfall, J. A., Williams, C., Scott, K., 
"Radiation grafted membranes for superior anion 
exchange polymer membrane fuel cells performance". 
International Journal of Hydrogen Energy, 37, 11912-
11920, (2012). 

[39] Qiu, B., Lin, B., Qiu, L., Yan, F., "Alkaline 
imidazolium- and quaternary ammonium-functionalized 
anion exchange membranes for alkaline fuel cell 
applications". Journal of Materials Chemistry, 22, 1040-
1045, (2012) 

[40] Ran, J., Wu, L., Varcoe, J. R., Ong, A. L., Poynton, 
S.D., Xu, T., "Development of imidazolium-type 
alkaline anion exchange membranes for fuel cell 
application". Journal of Membrane Science, 415�416, 
242-249, (2012). 

[41] Seo, D. W., Lim, Y. D., Hossain, M. A., Lee, S. H., 
Lee, H. C., Jang, H. H., et al., "Anion conductive 
poly(tetraphenyl phthalazine ether sulfone) containing 
tetra quaternary ammonium hydroxide for alkaline fuel 
cell application". International Journal of Hydrogen 
Energy, 38, 579-587, (2013). 

[42] Hou, H., Sun, G., He, R., Wu, Z., Sun, B., "Alkali 
doped polybenzimidazole membrane for high 
performance alkaline direct ethanol fuel cell". Journal of 
Power Sources, 182, 95-99, (2008). 

[43] Yang, C. C., Chiu, S. S., Kuo, S. C., Liou, T. H., 
"Fabrication of anion-exchange composite membranes 
for alkaline direct methanol fuel cells". Journal of 
Power Sources, 199, 37-45, (2012). 

[44] Luo, Y., Guo, J., Wang, C., Chu, D., "Fuel cell 
durability enhancement by crosslinking alkaline anion 
exchange membrane electrolyte". Electrochemistry 
Communications, 16, 65-68, (2012). 

www.sid.ir
www.sid.ir

