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�d�Y��iR»�Ã|�]�[���
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¾£Á����|Àf�Å�|¿Z¼�a�ÉZÅ��������0Z/^Ë�¬e�{YÂ»�¾ËY�ÄÀË�Å�����Ä/ÀË�Å��ÉZ/Å
��d�Y�ÊËZÆ¿�µÂ�v»�����µÁ|m��{������¾£Á��Êy�]��YÂy�����ÉZÅ��ÊÅZ/Ì³

d�Y�Ã|��ÄWY�Y�µ�Ë{ÂÌ]�|Ì·Âe��{�Ã{Z¨f�Y�{�Â»���
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����������������{�ºÌ¬f�/»�Ã{Z¨f/�Y�d/Æm�¹�Ó��YÂ/y�½{�ÁM�d/�|]�Á�µ�Ë{ÂÌ]

��dve�|ËZ]�,Ê¿ÂÀ¯�µ�Ë{�ÉZÅ�ÂeÂ»|ÀËY�§|¿�Ì³��Y�«�ÊËZÅ.�|ÀËY�§�ÉZÅ
������Ì·Á�Ìa��Y�|Àe�Z^��¾°¼»��²ÀÌ¯Y�¯�ZË��������µ{Z/^e�Á�½ÂÌ�/·Â»Y�Á�/°Ì»�,

É�f�Y����Á{ËY�§�|/À���µÁY��|/ÀËY�§��Ä/ÀË�Å�ÉZÅ�������µ�Ë{Â/Ì]�Á�|Àf�/Å�É�/]
����d�Y�ÊÀÌËZa�dÌ¨Ì¯�ÉY�Y{�É|Ì·Âe�����¾£Á��¶Ë|^e�dÆm�µÁY|f»��Á�

�����������¾Ì/]��À/¯YÁ�¶»Z/��Ä/¯�d/�Y�É�f/�Y�µ{Z/^e��À¯YÁ�,µ�Ë{ÂÌ]�Ä]� �
��µÁ��Ì¸³�¶Ì�M�É�e��ZÅ����|/¿�Y{�{Â/mÁ�¾£Á���{�Ä¯���Ã|/¿�Ë~a�Á��ÉZ/Å

�d�Y�¶Ì�M��ÃÁ�³����ÉZÅ��������Â]�¯�d/�Y�¾/°¼»�¶Ì/�M�Ã|/¿�Ë~a��®Ì¸Ì�/¯
��ZÅ|Ì�Y��Ì·Á|Ì�Y��¶°·Y�,��ZÅ���/Ì¸°·Y������������/´Ë{��f/�Y�®/Ë�Z/Ë�Á���µ{Z/^e

�Ê¸yY{�É�f�Y��|À�Z]���À¯YÁ��������Ä/ÌÆe�ÉY�]�É�f�Y�µ{Z^e�Á��Ì¸°·Y�ÉZÅ
�\//�ZÀ»�µ�Ë{Â/Ì]d//�Y��//e����¶Ì//�M�É�//e�Á{��//Å��³�Z//£M�ÉZÅ�f/�Y

µÁ��Ì¸³���|Àf�Å�ZÅ�¾£Á�ZÅ�������������Ê/¼¯��Z/v·��Y�É�f/�Y�µ{Z/^e��³Y�Á
�����Á�µÂ�/v»�,{Â/��Ê���]�����������ZÅ�f/�Y�¶/Ì°·M�Â/¿Â»��Y�Ê�Â/¸z»��À/¯Y

�µ�Ë{ÂÌ]���µÁ��Ì¸³�Á��Ì¸°·Y��{����´Ë{�µÁ��Ì¸³�¶Ì�M�É�e�ZË�Á���{
��Ê¸yY{�É�f�Y�µ{Z^e��d�Y��¶°·Y������Y��Ã{Z¨f/�Y�¾Ë�f�Ì]�ZÅ���½YÂ/À��Ä/]�

ÃÁ�³������������,�f°qÂ/¯��Z/Ì¬»��{�Á�µÂ¿Zf»�Ã�ËÂ]�,|¿�Y{�¶Ì�M�Ã|¿�Ë~a�ÉZÅ
µÂ¿ZeY���¶°·Y��ËZ���Ê»��Ì¿�ZÅ�{�Â»�|À¿YÂe�����-|¿�Ì³��Y�«�Ã{Z¨f�Y��½YÂÀ��Ä]�

������¶°·Y�,µÂ¿ZeÂ]�É���e�,µÂ¿ZeÂ]Á�ËY�,µÂ¿ZeÂ]�,µÂ¿ZaÁ�a�µZj»��ÄyZ��ÉZÅ
����ÄÀË�Å�Z»Y�-µÂ¿Zf¯Y�Á��Y{����d§ZË�|ÅYÂy�É{ZË���ËY�§Y�ZÅ����É�f�Y�µ{Z^e
µÁ��Ì¸³�¶Ì�M�É�eÊ»�ZÅd�Ì·ZeZ¯���Âe�|¿YÂe�Êfu�Á�¦¸fz»�ÉZÅ

�����{Â/��¹Zn¿Y��Ì¿�d�Ì·ZeZ¯�½Á|]�����Y�/��Z/»Y��������Â�/u�½Á|/]��À/¯YÁ��Ë
ÄÀË�Å��ZÌ�]�d�Ì·ZeZ¯�{Â]�|ÅYÂy�µ�fÀ¯�¶]Z«��Ì£�Á��]]�[���

��
�µÁ|m��¾£Á���YÂy���ÊÅZÌ³�ÉZÅ]�[ 

¾£Á���Â¿���^À»��
�Ê·Z´q

�g/cm3���
�µZ f�Y�È�¬¿�˚C���

®ÌeZ¼ÀÌ��ÉÁ�¿Y�³��
�cSta, at 40˚C���

�Êe�Y�u����Y
�MJ/kg, LHVb���
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a: cSt = centistokes.                                             b: LHV = Lower heating value. 
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�É{ÂmÁ�Z]���������Ã{�f�/³�¦Ì��ÊeZ¬Ì¬ve�Á�ÊÅZ´�ËZ»�M��ZÌ¬»��{�Ä¯�ÉY

�d�Ì·ZeZ¯��Y�������������{�Z/»Y�,d�Y�Ã|��Ã{�]��Z°]�É�f�Y�µ{Z^e��À¯YÁ��{�ZÅ
��ÆÀe�Êf À���ZÌ¬»��d�Ì·ZeZ¯��Y�Z��������ËZÀ��Êy�]��{�Á�¾´¼Å�É�Z]�ÉZÅ

���d�Ì·ZeZ¯��Y�{Á|v»��ZÌ�]���������Ê/»�Ã{Z¨f/�Y�¾/´¼Å�É|Ì/�Y�ÉZ/Å��{Â/�
]��Á�[��������d�Ì·ZeZ¯�Ê·Z¼mY��Á�»�Ä]��z]�¾ËY��{�����Ã{Z¨f/�Y�{�Â»�ÉZÅ

������Z//Ì¬»��{�Ä//q�Á�Êf À//���Z//Ì¬»��{�Ä//q�,µ�Ë{Â//Ì]�Ä//ÌÆe��{
Ê»�ÊÅZ´�ËZ»�M�ºË�Y{�a���

��

���d�Ì·ZeZ¯�¼Å�É�Z]�ÉZÅÉ�f�Y�µ{Z^e��À¯YÁ��{�¾´ 

�������Y�Ã{Z¨f//�Y�Z//]�µ�Ë{Â//Ì]�,Êf À//���Z//Ì¬»��{�,�//�Zu�µZ//u��{
d�Ì·ZeZ¯���������ºË|/��|Ì�¯Á�|ÌÅ�|À¿Z»�¾´¼Å�É�Z]�ÉZÅ�NaOH�����Z/Ë�Á�

���ºÌ�Zfa�|Ì�¯Á�|ÌÅ�KOH���Ê»�|Ì·Âe��{Â�]�[������¾ËY�¶Ì·{�¾Ë|Àq�Ä]
d�Ì·ZeZ¯Ê»��Y�«�Ã{Z¨f�Y�{�Â»�d À���{�ZÅ|¿�Ì³���

������YÁ�®Ë��{�|¿�{Z«���À¯�Z]Z»{É�¨�¼eY��Z�§�Á�¾ÌËZa�É��Y���À/¯YÁ�
|ÀÀ¯��Ì·ZeZ¯���

�����d�Ì·ZeZ¯�¾ËY�Z]�Ê»�ZÅ�����������|/��{�Ä/]�¾/°¼»�½Z/»��¾Ë�f¼¯��{�½YÂe
|Ì���ÓZ]�¶Ë|^e���

��������|Àf�Å���f�{��{�Á�É{Z�f«Y��ZÌ�]����Y�³���Ê/»�½Z�¿�ZÅ��|/ÀÅ{
�{Á|u�É�Z]�d�Ì·ZeZ¯�Z]��À¯YÁ�d����Ä¯������Y��f Ë����]Y�]�

Z¯�Z//]��À//¯YÁd//�Y�É|Ì//�Y�d�//Ì·Ze���¾//ËY��Y�Ã{Z¨f//�Y�,Ä//q�³Y
d�Ì·ZeZ¯����¾£Á��Ä]�{Á|v»��¬§�ZÅ�������Z/]�Ã|/��kY�zf�Y�ÊÅZÌ³�ÉZÅ

�����������Y��/f¼¯�{Y�M�[�/q�|Ì/�Y��Y|¬»�������d/�Y�Ê/¿�Á�|/��{�����Ê/y�]
��Ã{�¯���Y�³�¾Ì¬¬v»d�Ì·ZeZ¯�Ä¯�|¿YÊ»�É�Z]�ÉZÅ��Ë{Z¬»�|À¿YÂe

���������|��Ã{Y{�½Z�¿��Ë{Z¬»�Ä]�d^�¿�É�f�Ì]�{Y�M�[�q�ÉZÅ|Ì�Y���{�Ã
���|ÀÀ¯�¶¼ve�Y��cÓZ¬»��������Ë{Z/¬»�ÉY�Y{�Ê¯Y�Â/y�|¿Z¼�a�¾£Á���³Y

������Y��f�/Ì]��/�Âf»�{Y�M�[�/q�ÉZÅ|Ì/�Y����,|//�Z]�Ê/¿�Á�|/��{�
�����É�Z]�d�Ì·ZeZ¯��Y�Ã{Z¨f�Y�Â��Ä]����d/�Y�Ê^/�ZÀ»Z¿�[Z/zf¿Y���«�

]�[�������������[�/q�ÉZÅ|Ì�Y�ÉÓZ]��Ë{Z¬»�¶»Z��Ê]�q�ZË�¾£Á��®Ë��³Y
�������Y�/]�Á�|�Z]�®ÌX·ÁY�|Ì�Y�|À¿Z»�{Y�M�����Ã{�/]��Z/°]�µ�Ë{Â/Ì]�Ä/ÌÆe�É

�����������À/¯YÁ�{Y�M�[�q�ÉZÅ|Ì�Y�Z]�É�Z]�d�Ì·ZeZ¯�,{Â��Ê/»���|/Å{��Á�
������������d/�Y�[Â¸�»Z/¿��ZÌ�/]��À¯YÁ�®Ë�Ä¯�{�¯�|ÅYÂy�|Ì·Âe�½Â]Z���

�Ê·Z¼mY�s��������{Y�M�[�/q�|Ì/�Y�¾Ì/]��À/¯YÁ����|Ì/�Y�®/ÌX·ÁY���Á
���������Ä/·{Z »��{�ºÌ/�Zfa�|Ì�¯Á�|ÌÅ�É�Z]�d�Ì·ZeZ¯�������Ã{Y{�½Z�/¿�

�d�Y�Ã|�]�[���

��
�����
��

����Ê»�µZ §��Ì£�Y��É�Z]�d�Ì·ZeZ¯��À¯YÁ�¾ËY|À¯���½Â]Z��{ÂmÁ�,ÃÁÔ ]
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�]�������|¿{Y{�½Z�¿�É�f�Y�µ{Z^e��À¯YÁ�ÉY]��[����������/Ì¿��¿Y�Z/°¼Å�Á�Â/Ë
�����������������Z/]�,Ê/¿Y�v]�©Â/§��ËY�/���{�µÂ¿Z/f»��Y�Ã{Z¨f�Y�Z]�Y��µ�Ë{ÂÌ]��fÀ�
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��ÂaÁ�»�Ê·Â°·Â»�ÉZÆ·Z]�£��Â�u��{�µÂ¿ZaÁ�aÁ�ËY�ÁAl-MCM-41�Z]�,�

d^�¿����ÉZÅSi/Al�����,�����Á�������������|/¿{Y{�¹Z/n¿Y�d�/Ì·ZeZ¯�½YÂ/À��Ä/]���
�Ì·Z §�c�|«�¶°·Y�d����µÂ¿Zf»�\Ìe�f]�ZÅ����µÂ¿ZeY��d�|]�µÂ¿ZaÁ�aÁ�ËY�

�|»M]��[���
���Ê¿ÂÌeZ//¯�µ{Z//^e�¾//Ë����Â//¿�Ä//���Y��¿Y�Z//°¼Å�Á�²//À§�(NKC-

9,001×7,D61)��½YÂ//À��Ä//]�Ä//ÌÆe�ÉY�//]�É|Ì//�Y�|//»Zm�d�//Ì·ZeZ¯�
��¾£Á���Y�µ�Ë{ÂÌ]�������|/¿{�¯�Ã{Z¨f�Y�Ã|��É|Ì�Y�Ê¯Y�Ây�|¿Z¼�a�ÉZÅ��

�������/Ì·ZeZ¯�d/Ì·Z §�Ä¯�{Y{�½Z�¿�lËZf¿��Êf�NKC-9������Y��f�/Ì]�001×7��Á�
D61�Ê»�|�Z]�����������Âe�½|��É�f�Y��À¯YÁ�¶Ë|^e�|��{NKC-9���Z/]�

�����������µÂ¿Z/f»�Ê·Â»�d^�¿�Á�½Z»��,�À¯YÁ�ÉZ»{�,d�Ì·ZeZ¯��Y|¬»��ËY�§Y
����������¶Ë|/^e�|��{�¾Ë�f�Ì]�Á�Äf§ZË��ËY�§Y�¾£Á��Ä]�������Ã|/����Y�/³

d�Y�����¾Ë���,ÃÁÔ ]NKC-9��������½Z�¿�{|n»�Ã{Z¨f�Y��{�Y��Ê]Ây��YÂy�
Ê»�|Å{]��[����
��
���d�//Ì·ZeZ¯��É�f//�Y�µ{Z//^e��À//¯YÁ��{�Ê//¼Ë�¿M�ÉZ//Å
�d�Ë��d�Ì·ZeZ¯�ZÅ���

�������������d/uY��d/§ZË�Z]�,Ê^¿Z/m�cÓÂ�/v»�|/Ì·Âe�½Á|]�Ê¼Ë�¿M�d�Ì·ZeZ¯
�������������ÉZÅ|Ì/�Y�Ä/]�dÌ�Z�/u�¹|/��,�À/¯YÁ�\�ZÀ»��ËY���,cÓÂ�v»
��À//¯YÁ�,d�//Ì·ZeZ¯��Y�{|//n»�Ã{Z¨f//�Y�½Z//°»Y�Á�¾//£Á��{Y�M�[�//q

Ê»�|Å{���cY�ZÌf»Y�¾ËY������������Y�Ã{Z¨f/�Y�Z]�µ�Ë{ÂÌ]�|Ì·Âe�Ä¯�|À¯�Ê»�d]Zi�
���������®Ë�Ä]�¶Ë|^e�ÉY�]�ÊËÓZ]�¶Ì�¿Zfa�Ê¼Ë�¿M�d�Ì·ZeZ¯|ÀËY�§��\/�ZÀ»�

���Ê»�Á�{�Y{�É{Z�f«Y������ÉY�]�\�ZÀ»�¾Ë�´ËZm�®Ë�|¿YÂe|ÀËY�§��ÊËZÌ¼Ì��
|�Z]����������dË{Á|/v»�Êf À���ZÌ¬»��{�Ã{Z¨f�Y�ÉY�]��ÂÀÅ�Äq�³Y����ÉZ/Å

����¿�,ºË�¿M�ÉÓZ]�ÄÀË�Å�|À¿Z»�É{ZË���½|/��µZ §��Ì£�Á��À¯YÁ�¾ÌËZa�w
��{�Y{�{Â//mÁ��Á��¾/ËY��{�ºË�/¿M���ºË�/¿M���À//¯YÁ��{�Ê¿Â³Z/¿Â³�ÉZ//Å� �
�������Ã|/��Ã{�/]��Z/°]�É�f�Y�µ{Z^e�|/¿Y�����|/À¿Z»�¹Á�Â/bÌ·�IM60��,PS30

��,
ºË�ÁÂ¿������,��������,Y�/Ë�ÁY��Â/aÁ�Ë��,�Ì¸Ìf]Z���Â¸Ì�Z]�����º¸Ì/��Ê/Àa

¹Â�¿Zb�¯Y�����ËZ��Á�MºË�¿ZÅ�����d§��Ìa�{ÂmÁ�Z]�Äq�³Y�W�m�ÉZÅ���ÂÀÅ�,Ê
������������Á��¾ËY�Á�d�Y�Ã|�¿��¨e�»�Ê¼Ë�¿M�d�Ì·ZeZ¯��Y�Ã{Z¨f�Y�cÔ°�»

����������d/�Y�Ã|/¿Z»�Ê«Z/]�ÊÅZ´�ËZ»�M�t����{]��[������cZ/¬Ì¬ve��Y�Ê/y�]
�Y�|Àe�Z^��ÄÀÌ»��¾ËY��{�Ã|��¹Zn¿Y���

�¹Á�ÂbÌ·IM 60
���Ä ·Z�»��{����ÉÁ���/]��¿Y�Z/°¼Å�Á�������Âe�Ä¯�ÉY

d�Ì·ZeZ¯��������É�f/�Y�µ{Z/^e��À/¯YÁ��{�Ê¼Ë�¿M�ÉZÅ��¾/£Á�������¹Z/n¿Y��Z/Å
 

1. Pseudomonas Cepacia 
2. C. Antarctica 
3. Mucor Miehei 

������������¹Á�Â/bÌ·�Ê/¼Ë�¿M��À/¯YÁ�d��/���ËY�§Y�ÉY�]�,d§�³IM60���¾/ËY�,
��������������Á�|/��dÌ^je�Ê¿| »�Ã{Z»�®Ë�®¼¯�Ä]�É|Ì�Y��Ìv»�®Ë��{�ºË�¿M

��������|/��Ã{�]��Z°]�É�f�Y�µ{Z^e��À¯YÁ��{��b������½Z�/¿�lËZ/f¿���Ã|/ÀÅ{
����������������½|/��µZ/ §��/Ì£�w�/¿��ÅZ/¯�Á��À¯YÁ�d����ÄmÂe�¶]Z«��ËY�§Y

���{Â]�ºË�¿M]��[����e�lËZ/f¿�����������½Z�/¿��/Ì¿��¿Y�Z/°¼Å�Á��Ì·Z/��cZ/¬Ì¬v
Ê»�����¹Á�ÂbÌ·�Ä¯�|Å{IM60����������µ{Z/^e��À/¯YÁ��{�{Z¼f�Y�¶]Z«�ºË�¿M�®Ë�

¾£Á��É�f�Y¶°·Y�Z]�ZÅd�Y�¹Á{��Â¿�ÉZÅ��¶°·Y��Y�Ã{Z¨f�Y�dË�»�ÉZÅ
����������{Â/^Æ]�Ä/nÌf¿��{�Á�{Z/¼n¿Y�Ä/�¬¿��ÅZ¯�µ�Ë{ÂÌ]�|Ì·Âe��{�¹Á{��Â¿

�����d�Y���Ë��Ä�¬¿�Á�É�]Y�Ä�¬¿�cZ�z�»]��[��yY�µ{Z^e��À¯YÁ�,0Y�Ì
����������������Y�Ã{Z¨f/�Y�Z/]�É�/´Ë{�º/Æ»�¦���Ä�¬¿�Ä]�Ê¼Ë�¿M�É�f�Y�É�ÁZ/À§�

dÌ^je���d�Y�Ã|Ì���É�Z�����������®/Ë�½{�/¯�ºÅY�/§�,É�Z/��d/Ì^je�¥|Å
�������������ËY�/§Y�h/�Z]�Ä¯�d�Y�ºË�¿M�µÂ°·Â»�ÉY�]��f�Ì]�Êm�Zy�¹Z°vf�Y

��Ê»��À¯YÁ�d���{Â����Ê»�ºË�¿M����������,Ê¿Â/Ë�µ{Z/^e�¾/Ë���®/Ë��{�|¿YÂe
����Á�ÊËZ°Ì¸Ì���f�]�������Á���Y�Ê°Ë�ªË����Y�ZÀÌ»Â·M�ZË���µZ�eY�,[~m�ÉZÅ

�����{Â��dÌ^je�Ê�¿ÓYÁÂ¯�ÉZÅ|¿ÂÌa�ZË�Ê������ºË�¿M�ÉZËY�»��dÌ^je�ÉZÅ
��Ã|�����d/¯�u�Ê/]������ºË�/¿M�¶/]Z¬»��{������Y�|/Àe�Z^��{Y�M�ÉZ/Å����d/§ZË�Z]
½Z�M������������������d/Ì¸]Z«�Á�µÔ/u�Ä/]�dÌ�Z�/u�¹|/��,ÓZ/]�É�Y|/ËZa�,ºË�¿M��e

�{|n»�Ã{Z¨f�Y]��[����
ºË�ÁÂ¿�������Â¿ºË�Á�������{��¿Y�Z°¼Å�Á�½Â�¸¿���Âe��Z]�¾Ì·ÁY�
��µZ�������������������ÓZ/]�{Y�M�[�/q�|Ì/�Y�Z]�¾£Á��É�f�Y�µ{Z^e��À¯YÁ��{�

��Â/»�µ�Ë{ÂÌ]�|Ì·Âe�ÉY�]����d/§�³��Y�/«�Ã{Z¨f/�Y�{������Ä/¯�|/��Ã|ÅZ�/»
ºË�ÁÂ¿�����������������������¹Á{��Â/¿�¶/°·Y�Z/]�Á�µÔ/u�½Á|/]�ºf�/Ì���{�Ê/f«Á�� �

����µÂ¿ZeÂ]����Ê»��Z°]���ÓZ]�Ê¼Ë�¿M�dÌ·Z §�,{Á��{�Y{�ÊË�������/»Y�¾ËY�¶Ì·{
���������������Ê/¼Ë�¿M�d/Ì·Z §�ÉZ/¬]�ÉY�/]�Ê/�Z�Y���/À��®/Ë�[M�Ä¯�d�Y�¾ËY

�d�Y�d�Ì·ZeZ¯������������\^/��d/�Y�¾°¼»�[M�É{ZË���Y|¬»��Â�u�,Äq�³Y
�������������º/Å�dËZÆ¿��{�Á�d�Y�Äf�YÂyZ¿��À¯YÁ�®Ë�Ä¯�{Â��¾£Á���Ì·Á�|ÌÅ

����������Ê/»�µ�Ë{Â/Ì]�Ä]�¾£Á��¶Ë|^e�|��{��ÅZ¯�Ä]��nÀ»���{Â/�]��[����{
��Ä¯�É�´Ë{�ªÌ¬ve�������ÉY�/]�,|/����Y�/³��¿Y�Z/°¼Å�Á�Ä/]Z¿ZeYÁ���Âe�

��������������Ã�Á{�½{�/¯�Ê¿ÓÂ/��Á�µÂ¿Zf»���Âe�ºË�¿M�½|��µZ §��Ì£��Y��ÌÅ�a
��Ä/¸u�»��Á���Y�,ºË�¿M�dÌ·Z §������À/¯YÁ�µÂ/���{�µÂ¿Z/f»�½{Á�/§Y�ÉY

|��Ã{Z¨f�Y�É�f�Y�µ{Z^e� �Ê¯Y�Ây�|¿Z¼�a�¾£Á�½YÂÀ��Ä]��­Y�Â/y�
��ºË�ÁÂ¿�Á�Ê¸�Y���������,Ã|��dÌ^je��½YÂÀ��Ä]��/¿M�������|/��Ã{�/]��Z/°]�ºË���

���ÄÀË�Å��ÅZ¯�ÉY�]�¾ÌÀr¼Å����������ÉÁ���/]�ºË�ÁÂ/¿�,ºË�/¿M�|Ì·Âe�Ê¸¯�ÉZÅ
���|��dÌ^je�Ã|��Äf§Z]�kÂ�À»�®Ë������Ê/»�tÌm�/e�¾Ì/¬¬v»��Y�É�ZÌ�]
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��|ÀÅ{�¶Ì·{�Ä]����������½Y�´Å��Y�\�ZÀ»�É�Y|ËZa�{ZnËY�Á�dÌ·Ôu��ËY�§Y���Ä/]
½YÂÀ����������|/ÀÀ¯�Ã{Z¨f/�Y�Ê¼Ë�¿M�É�f�Y�µ{Z^e��À¯YÁ��{�ÃY�¼Å�µÔu���
Äq�³Y������������d�Á{�[M�cZ^Ì¯�e�|ËZ]�Ä¯�d�Y��Ë�³�[M�µÔu�®Ë�½Y�´Å�,

½YÂÀ��Ä]�Ã|ÀÅZ¯��¶°·Y���{�Ì³��Y�«�Ã{Z¨f�Y�{�Â»]��[���
��Ì¸Ìf]Z���Â¸Ì�Z]�������������Ê/ÀÌ¬¬v»�ÃÁ�/³�¾Ì/·ÁY��¿Y�Z/°¼Å�Á�²/ÀÌË

�����Y�Ä¯�|¿{Â]�Â¸Ì�Z]���������¾/£Á��É�f/�Y�µ{Z^e��À¯YÁ�ÉY�]��Ì¸Ìf]Z��
������|/¿{�¯�Ã{Z¨f/�Y�µ�Ë{ÂÌ]�Ä]�|¿Z¼�a��[���̧Ìf]Z/��������®/Ë��{�Y|/f]Y��Ì
�������Ê�Ì�ZÀ¤»�cY�}�Z]��Ë�³�[M�¶»Zu�Fe3O4���������Y��/a�Á�Ã|��Ä·Â�b¯

��������|À¯��Y�«�]�µZ�eY�¶Ì�¯Â]�¯�Z]�|¿YÂe�Ê»��ZbÌ·�½M�����d�/Ì·ZeZ¯ÂÌ]�¾ËY
���|¿YÂf]�Á�|�Z]�Äf�Y{�É�fÆ]��Ë�Âe�É�f�Y�µ{Z^e��À¯YÁ�µÂ���{�|ËZ]
����������Y|m��À¯YÁ��Â¸z»��Y�Êm�Zy�Ê�Ì�ZÀ¤»�ÄÀÌ»��®Ë���Âe�ÊfuY�]

{Â��]��[���
��¹Â�¿Zb�¯Y�º¸Ì��ÊÀa�����̂je�¹Â�¿Zb�¯Y�º¸Ì��ÊÀaÌd������ÉÁ���/]�Ã|/��

��¾Ë��D4020��¿Y�Z°¼Å�Á�Ê·���Âe�,�¶Ì·{�Ä]��Ê/¼Ë�¿M�ÉÓZ]�dÌ·Z §�
���µ�Ë{ÂÌ]�Ä]�Ê¯Y�Ây�|¿Z¼�a�¾£Á��É�f�Y�µ{Z^e��À¯YÁ��{�,����Y�/³

|�����¾ËY|ÀËY�§�����[}Z/m�½{Á�§Y���Âe�0Y| ]���ÊËZ/Å��|/À¿Z»��µZ/]�£��ÉZ/Å�
Ê·Â°·Â»�Á�Z°Ì¸Ì��µ��Ê]M�Ä]���Â/¸z»���À/¯YÁ��Z/]��¥|/Å��[~/m�[M�
Ê§Z�Y�{Â^Æ]�Ã{Y{�,|��Ä¯�Ä¿�ZÆÀe�\mÂ»���[M�Ä�/�YÁ��{�ºË�¿M��¼ne�

�|���Ë�³Ã��������������iY�®Ë�Ä°¸]�,{Y{��ÅZ¯�ºÅ�Y��Ê¼Ë�¿M�dÌ·Z §�ÄnÌf¿��{�Á�
d�Y{�ºÅ�ºË�¿M�É�Y|ËZa�ÉÁ���]�Ê¨À»��]��[���

��
���d�Ì·ZeZ¯Â¿Z¿�µ�Ë{ÂÌ]�|Ì·Âe��{�ZÅ 

�µZ���{�����f/�Y��/ÌyY�ÉZ/Å���d�/Ì·ZeZ¯Â¿Z¿��Y�Ã{Z¨���Z/Å���¶/Ì·{�Ä/]����YÂ/y�� �
�Äf§ZË�{Â^Æ]��������d�/Ì·ZeZ¯��ËZ/��Ä/]�d^�¿�½Z�����¹Z/¼e��{�,µÁY|/f»�ÉZ/Å

ÄÀÌ»����������d/�Y�Äf/�Y{�ÊÆmÂ/e�¶/]Z«�|���ZÅ����������/Ì¿�µ�Ë{Â/Ì]�|/Ì·Âe��{
����d�Ì·ZeZ¯Â¿Z¿��Y�Ã{Z¨f�Y�ÉY�]�ÊËZÆ�Ôe�������¦/¸fz»�¾Ì/¬¬v»��/�Âe�ZÅ

���d/�Y�Äf§�³�¹Zn¿Y�����������/y�cZ/¬Ì¬ve��{��¿Y�Z/°¼Å�Á�²/ÀÌ»����ÌiP/e�,{Â
��������Ä/]�ZËÂ/��¾/£Á��É�f/�Y�µ{Z^e��À¯YÁ��]�Y��ºÌ�¸¯�|Ì�¯Y�cY�}Â¿Z¿

�����Ã{Y{��Y�«�Ê���]�{�Â»�ÂËÁÁ�°ËZ»�®¼¯|¿Y���������½M��Y�Ê¯Z/u�ª/Ì¬ve�¾ËY
������ºÌ�¸¯�|Ì�¯Y�cY�}Â¿Z¿��Y�Ã{Z¨f�Y�Ä¯�d�Y,������Y���À/¯YÁ�¹Zn¿Y��ËY���

����Ê»�{Â^Æ]�É{ZË��½Y�Ì»�Ä]���{�Y|¿Zf/�Y�Z/]��Ì¿�É|Ì·Âe�µ�Ë{ÂÌ]�Á�|�z]
EN-14214����d//�Y�Ã{Y{�½Z�//¿�Ê]Â//y�d//¬]Z�»�]��[���Á�ÊËZ//^Ì·

�����d�/Ì·ZeZ¯Â¿Z¿��/Ì¿��¿Y�Z°¼ÅKF/CaO����d/�|]�Ê/¬Ë��e��Á��Z/]�Y��
���������������Ê»Â/]�ÊÅZ/Ì³�¾/£Á��Ê�Â¿�É�f�Y�µ{Z^e��À¯YÁ��{��b��Á�Ã{�ÁM

�|¿{�]��Z°]���������Ã{Y{�½Z�¿�É{Z�f«Y�ÉZÅ{�ÁM�]�Z]�ÊeZ¬Ì¬ve�ÃÁ�³�¾ËY��|/¿Y
�����Ã|���fÀ��d�Ì·ZeZ¯Â¿Z¿�Ä¯�¶Ì·{�Ä]�Z¯����ÄÀË�Å�Á�ÓZ]�ÊËY�����¾ÌËZ/a�ÉZ/Å

������Ê»�Y�Y{�Y��½|��Êf À��¶Ì�¿Zfa�,�À¯YÁ�|�Z]]��[���|¼mY�Á�`Ë|À»
����������������|Ì�/¯Y�cY�}Â¿Z/¿�Ä/]�[Â/��»�ªË��e��Á��Ä]�Y��¹ÂÌfÌ·�Ê¬Ì¬ve��{

������������Z/]�Y��Ã|»M�d�|]�d�Ì·ZeZ¯Â¿Z¿��YÂy�Á�|¿{�¯�ªË��e�ºÌ�¸¯XRD�
��ÁTEM����|¿{Y{��Y�«�Ê���]�{�Â»��������/¯��ËY�/§Y�Ã|ÀÅ|¿Z�/¿�lËZ/f¿�ÊËY�Z

�������d�/Ì·ZeZ¯�Z]�Ä�ËZ¬»��{�Ã|��|Ì·Âe�d�Ì·ZeZ¯Â¿Z¿������{Â/]�µÁY|/f»�ÉZ/Å
]��[��������d�/Ì·ZeZ¯Â¿Z¿��¿Y�Z/°¼Å�Á�½ZÌ��²À§�������Z/]�Y��ÊÀ´¼ÅZ/¿�ÉZ/Å

����Y�Ã{Z¨f�Y�ºÌ¿Â¯�Ë��|Ì�¯Y���Z]�Ã|��É�Y~³�Z]�C4H4O6HK�Ã{�¯�ÄÌÆe�
���������������Y�/«�Ã{Z¨f/�Y�{�Â»�µÂ¿Zf»�Z]�ZËÂ��¾£Á��É�f�Y�µ{Z^e��À¯YÁ��{�Á

Ã{Y{|¿Y��¿����������ÉZ/Å�Ì·Z¿M��/�Âe�Ã|/���fÀ/��d�Ì·ZeZ¯Â¿ZXRD��,FTIR�,
TEM��,TGA������������Ã{Y{�Á�Ã|/��É�/Ì³�Ã�Y|¿Y�½�Á�|ÌÅ��§{�Á�[~m�Á���Z/Å

����������Ä/¿Y{�É�ZfyZ/��d�/Ì·ZeZ¯Â¿Z¿�Ä¯�d�Y�¾ËY��Y�Ê¯Zu����¶/z¸zf»�Á�ÉY
{�Y{�����������������ËY�/��Ä/mÂe�¶/]Z«�{Â/^Æ]��/]�ÃÁÔ��Ã|���fÀ��d�Ì·ZeZ¯Â¿Z¿

��Y��a�,�À¯YÁ���{Ây��YÂy�,Ã{Z¨f�Y��Z]�Ê»��¨u�Y�|À¯]��[���
��
��ÄnÌf¿��É�Ì³ 

]Ì{ÂËµ��Ë®��|ne�dyÂ��Ë|�~a�Ë���£�Á�Ì��¼���Á�Ê�Ë®�Zm�Ë�´Ë¾��Y�/]�É�
ZÆfyÂ�É{�Ëµ�d�Y���,��Zu�µZu��{��,Êf À���ZÌ¬»��{]Ì{ÂËµ���Y�

��Ëª����f�Y�µ{Z^e��À¯YÁ�É�¾£Á��ZÅÉ�³��/ÌÅZÊ������Â/��,Y�/¸¯�|/À¿Z»�ËZ��Á�
º·Za��,·ÂeÌ|�»�Ê�{Â�����Y�Z]Ë¾��Y�§Y�,µZu�Ë��«�Ìd¼�|��Ë|�Y�Ë¾��¾/£Á����Z/Å

��¿ZÆm��Y�Z]��{Ê��Å�ËÄÀZÅÉ�·Âe�Ì|���]�dyZ��Á��/Ì{ÂËµ��������Ã{�/]�ÓZ/]�Y����Ä/]
�Â�ËÄ°���{Z�f«Y��Zv·��Y�É��Z¬»�¶]Z«�ËÄ���ZÆfyÂ��Z]�É�{�Ë�/·�Ê�¿��/Ìd���

��Y��]�ÃÁÔ�Ë,¾�¾£Á���ZÅÓZ¯�ZÅÉ�¼Æ»�Ê��n¿���{�ÌÃ��e�P»Ì¾���Y~/£�{YÂ/»�ÊË�
����f¿��{�Á�Ã{Â]�½Z�¿YÌÄn,�|^e�Ë¶���]�Ä]�½M��/Ì{ÂËµ������c|/»��Y�{��{�Za�/Ë�Y|�

Âz¿�{Â]�|ÅY���Ó{�Ä]Ë¶����¾£Á���Y�Ã{Z¨f�Y�©Â§�ÉZÅ�������½YÂ/À��Ä/]�,|¿Z¼�/a�
�·ÁY�{YÂ»ÌÄ��Y�]�Ä§���Ä]�½Á�¬»�Á�½Y��Y�É·Âe�Ì|]�Ì{ÂËµ��µZ/���{��Z/ÅÉ�

yYÌ�d�Y�Äf§�³��Y�«�ÄmÂe�{�Â»����Ã{Z¨f�Y�ÉÁ���]��Ì¿�ÊeZ¬Ì¬ve�Äf^·Y
�²^¸m��Y������������{�Ä/¯�d/�Y�Ä/f§�³�¹Z/n¿Y�µ�Ë{Â/Ì]�|/Ì·Âe��{��Zy�ÉZÅ

Z´�ËZ»�M�Ä¸u�»Ê»�ÊÅ|�Z]���
�¶Ì·{�Ä]���������������ÌiP/e�Á�É�f/�Y�µ{Z/^e��À/¯YÁ��{�d�Ì·ZeZ¯�Ê�Z�Y��¬¿�

���Êf�Ì·ZeZ¯�µ�fÀ¯|ÀËY�§��������YÂ/¿Y�dyZÀ/��,µÂ�/v»�ÊËZ/Æ¿�d/¼Ì«��]�
ºf�Ì��¾ËY��{�Ã{Z¨f�Y�¶]Z«�d�Ì·ZeZ¯Ã�ËÁ�dÌ¼ÅY�ÉY�Y{�ZÅd�Y�ÉY��

������¾´¼Å�É�Z]�d�Ì·ZeZ¯��Y�Ã{Z¨f�YY�]É���f�Y�µ{Z^e�É��¾/£Á�����Z/]�ÉZ/Å

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

� �

� �Iranian Chemical Engineering Journal � Vol. 13 - No. 75 (2014)��� �����

d�
Ì·Ze
Z¯�

]�É
�Á�

»
�

µ�
Ë{Â

Ì]�|
Ì·Â
e��
{�Ã

{Z¨
f�Y

�{�
Â»�
ÉZ
Å

��
�Ì�Y��Ë{Z¬»�,¾ÌËZa�{Y�M�[�q�|¶Ì·{�Ä]����Z/Ì¿�¹|/��Á��À¯YÁ�º¯�½Z»��

�����Z/»Y�,d�Y�\�ZÀ»��ZÌ�]�ÓZ]�ÉZ»{�Ä]����Y�Ã{Z¨f/�Y�½Z/°»Y���Äf/�{�¾/ËY
·ZeZ¯Ìd���{�ZÅ������YÂfv»�Ä]�ÄmÂe�Z]�,|¿Z¼�a�¾£Á��É��ÓZ/]�É��/�Y�ÌZÅ|É�

����{�Y|/¿�{Â/mÁ�½M�[�q���·ZeZ¯��Y�Ã{Z¨f/�Y�d�/Ì�/�Y�Ì|É�¿�¾/´¼Å��/Ì��
¿Ì|À»�Z]��À¯YÁ�½Z»��Ì�f��Á�d�Y�»Ê³{�Ây�h�Z]�|¿YÂeÊÆne�ÌcY��

{Â���Y�]ZÀ]Ë,¾��ÅÁ�a��ÉZ/Å��Ã{�f�/³���ÉY�»���{Ì�Ä/À�·ZeZ¯��d�/Ì�ÉZ/Å�
��¾´¼ÅZ¿É�Z]���Á�ËZ��Y�Ì|É,��e�Z]�P¯Ì|�Á�ËÃ�����]���d�Ì·ZeZ¯�½{Â]�É{Z�f«Y�

��Á����Ã|��¹Zn¿Y�½M�{|n»�LZÌuYd�Y������Ê¸/�Y�¶/Ì·{��/«YÁ��{�eP¯�/Ì|���/]�
��·ZeZ¯��Y�Ã{Z¨f�Yd�Ì¾´¼ÅZ¿�,{Á|v»��]�Ä^¸£�ËdZÅÉ¯�·ZeZÌd��Z/ÅÉ�
�d�Y�¾´¼Å��YË¾�{Á|v»�Ëd�����������Y�|/Àe�Z^��Ã|/¼���Â/��Ä/]�Z/Å���Y|/mÊË�

·ZeZ¯Ìd����������Y|¬»�Á��À¯YÁ��Â¸z»��Y��/Ë{Z��·Âe�[M��/Ì|�����/���{�Ã|/��Ê�
�Â�f���Ä¸u�»���Y�Z]Ë¾��]�,µZu�Ì�ZÉ·ZeZ¯��Y�Ìd�ZÅÉ¿�Ã|���¯}��/Ì�Z�

���f^�¿�½Z»��c|»�Ä]0Z�¿ÓÂ��Ê�Y�]�É�Á��À¯YÁ�ËZy�]�Ê�¿�Z/Æ¿M��Y��/Ì�Z��Ä/]�
Y��Ë��ÓZ]����|¿�Y{�c�Y�u�Äm�{��e���·ZeZ¯�sÔ�YÌd������Âe��/Ë®���¹Z/³�
§Z�YÊ,�ËÀ Ê�¸¯�Ì�ZÀÌ½ÂZ»{��{�É¿�ÓZ]�Ì�Y�h�Z]�Y�§Ë���¿Y�É�{�Â»�

¿Ì�Z�|ÀËY�§������d�Ì·ZeZ¯�|Ì·Âe�ÄÀË�Å��ËY�§Y�0Z^«Z f»�Á�,�»�Ê{Â����|/ÀËY�§�
�¿MË¼Ê�¿�Ì��³�Zf]�Ê�Y�]�É�·Âe�Ì|�]�Ì{ÂËµ����������Å�Ä/¯�d/�Y�Ä/f§���Z°]�Ë�Ä/À�
·ÂeÌ|�ºË�¿M����¿Z»�¸�YÊ�Y�]�É���Zne�|¿Á��É���É�Z�|ÀËY�§��d/�Y����Y�Z/]��/Ë¾�

��,µZu����ÄÀÌ»���{�cZ¬Ì¬ve·ÂeÌ|�½Y��Y��Y��eË¾���/¿M�Ëº���Z/Å������f/�{��{�Á
�ZÆ¿M�½{Â]Y�]ÉÃ{Z¨f�Y�ZÅÉ�Zne�{�Y{�Ä»Y{Y�É���

�d�Ì·ZeZ¯Â¿Z¿��Y�Ã{Z¨f�Y�����É|/���Ä/]�Á��|/¿Á���/ÌyY�ÉZÆ·Z���{��Ì¿�ZÅ
�����Äf§ZË�Á�cZ¬Ì¬ve�Z»Y�,d�Y�Äf�Y{������M�t�/���{�Z/Å�����Á�Ã{Â/]�ÊÅZ´�/ËZ»

�����d�Y�Ã|Ì��¿�É�Zne�Ä¸u�»�Ä]��ÂÀÅ����������¾/ËY�ÉÓZ/]�¶Ì�¿Zfa�Ä]�ÄmÂe�Z]
�d�Ì·ZeZ¯�Äf�{���Y|¿Y�º�q�|¿YÂe�Ê»�ÄÀÌ»��¾ËY��{�cZ¬Ì¬ve�Ä»Y{Y�,ZÅ

�����Å{�Z]��Zv·��Y�ºÅ�Y��Ê^�ZÀ»Ê���É{Z�/f«Y�Ã�/Æ]��Zv·��Y�ºÅ�Á�¶Ë|^e�
|Å{��Y�«�Á���Ìa�Êf À���ZÌ¬»��{����

Ä^Àm����ÉZÅ{Z�f«YÉ���Æ]�Á�Ã�ÁÉ��¿Y�É�Ë®���/]�Ä/^Àm�Ì�Z�·Âe�º/Æ»��/Ì|�
��dyÂ�]Ì{ÂËµ����Z]�Á�d�Y�Ë|���Â��Ä]�Y�]�¶»Z¯�É�Ë®��{�Â/»�d�Ì·ZeZ¯�

���]Ê��³��Y�«�Ì{�������]�Z]Ê��Ä/ÀË�Å������Á�Z/»{�ÉZ/Å�Y�/�Ë������À/¯YÁ���{
|ÀËY�§��d�Ì·ZeZ¯�|Ì·Âe����Äf^·Y�Y�Ë¾�Ë®�����/z]�|/ÀËY�§������0Z/»Á�·�Á�d/�Y�

¼¿Êe|¿YÂ�Y�]�É�Z¬»�ËÄ��·ZeZ¯�Ìd���Pe�Á�ZÅÌË|�À»������/�¿��Y�ZÆ¿M�½{Â]�\�Z
f À�Ê���{Â��Ã{�]��Z°]����ËY���,É�f�Y�µ{Z^e��À¯YÁ��{{�¶»YÂ�Ë��/´É�

��������¿�{�Â»�¶°·Y�ºnu�,�Z�§�,�À¯YÁ�c�Y�u�Äm�{�½ÂqÌ�Z��,����Y|¬»�Á��Â¿
·ZeZ¯Ìd�����À¯YÁ�½Z»��Á����¼Æ»�¶»YÂ���Y�Ê�������Y�/§Y�\^/��Ä/¯�d/�Y�Ë��
�ÅËÄÀZÅÉ�µ�Ë{ÂÌ]�|Ì·Âe»�Ê{Â����

�mY�»��
[1] TBW. "Biofuels: the promise and risks", The World 

Bank; (2008). 
[2] Thurmond, W., "BIODIESEL 2020: Global market 

survey, feedstock trends and market forecasts", 
Emerging Markets Online, Global Energy and Biofuels 
Market Intelligence, 2nd Edition, (2008). 

[3] Vasudevan, T., Briggs, M., "Biodiesel production� 
current state of the art and challenges", Journal of 
Industrial Microbiology and Biotechnology 35, pp. 
421�430, (2008). 

[4] Endalew, K., Kiros, Y., Zanzi, R., "Inorganic 
heterogeneous catalysts for biodiesel production from 
vegetable oils", biomass and bioenergy 35, pp. 3787-
3809, (2011).  

[5] Kulkarni, G., Dalai, A. K., "Waste cooking oil- an 
economical source for biodiesel: a review", Industrial 
and Engineering Chemistry Research 45, pp. 2901�
2913, (2006).  

[6] Yan, S., Salley, S. O., Simon, K. Y., "Simultaneous 
transesterification and esterification of unrefined or 
waste oils over ZnO�La2O3 catalysts", Applied 
Catalysis A 353, pp. 203�212, (2009) 

[7] Nag, A., "Biofuels refining and performance", New 
York: McGraw-Hill, 1st Edition, (2008). 

[8] Jacobson, K., Gopinath, R., Meher, L. C., Dalai, A. K., 
"Solid acid catalyzed biodiesel production from waste 
cooking oil", Applied Catalysis B 85, pp.86�91, (2008). 

[9] Wang, Y., Ou, S., Liu, P., Xue, F., Tang, S., 
"Comparison of two different processes to synthesize 
biodiesel by waste cooking oil", Journal of Molecular 

Catalysis A: Chem 252, pp. 107�112, (2006)� 
[10] Lotero, E., Liu, Y., Lopez, D. E., Suwannakarn, K., 

Bruce, D. A., Goodwin, J. G., "Synthesis of biodiesel 
via acid catalysis", Industrial and Engineering 
Chemistry Research 44, pp. 5353�5363, (2005). 

[11] Yoo, S. J., Lee, H. S., Bambang, V., Kim, J., Kim, J. D., 
Lee, Y. W., "Synthesis of biodiesel from rapeseed oil 
using supercritical methanol with metal oxide 
catalysts", Bioresource Technology 101, pp. 8686�89, 
(2010). 

[12] DiSerio, M., Tesser, R., Pengmei, L., Santacesaria, E., 
"Heterogeneous catalysts for biodiesel production", 
Energy Fuels 22, pp. 207�217, (2008). 

[13] Dossin, T. F., Reyniers, M. F., Berger, R. J., Marin, G. 
B., "Simulation of heterogeneously MgO-catalyzed 
transesterification for fine-chemical and biodiesel 
industrial production", Applied Catalysis B 67, pp. 136�
48, (2006). 

[14] Veljkovic, V. B., Stamenkovic, O. S., Todorovic, Z. B., 
Lazic, M. L., Skala, D. U., "Kinetics of sunflower oil 
methanolysis catalyzed by calcium oxide", Fuel 88, pp. 
1554�1562, (2009). 

[15] Liu, R., Wang, X., Zhao, X., Feng, P., "Sulfonated 
ordered mesoporous carbon for catalytic preparation of 
biodiesel", Carbon 46, pp. 1664�1669, (2008). 

[16] Lam, M. K., Lee, K. T., Mohamed, A. R., 
"Homogeneous, heterogeneous and enzymatic catalysis 
for trans-esterification of waste cooking oil to biodiesel: 
a review", Biotech. Adv. 28, pp. 500�518, (2010). 

[17] Mootabadi, H., Salamatinia, B., Bhatia, S., Abdullah, A. 
Z., "Ultrasonic-assisted biodiesel production process 
from palm oil using alkaline earth metal oxides as the 
heterogeneous catalysts", Fuel 89, pp. 1818�1825, 
(2010). 

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

 

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

cÓ
Z¬»

��

[18] Salamatinia, B., Mootabadi, H., Bhatia, S., Abdullah, A. 
Z., "Optimization of ultrasonicassisted heterogeneous 
biodiesel production from palm oil: a response surface 
methodology approach", Fuel Process Technol 91, pp. 
441�448, (2010). 

[19] Zabeti, M., Wan, M., Wan, D., "Activity of solid 
catalysts for biodiesel production: a review", Fuel 
Processing Technology 90, pp. 770�777, (2009). 

[20] Xu, L., Yang, X., Yu, X., Guo, Y., "Preparation of 
mesoporous poly oxometalate �tantalum pentoxide 
composite catalyst for efficient esterification of fatty 
acid", Catalysis Communications 9, pp.1607�1611, 
(2008). 

[21] Shu, Q., Gao, J., Nawaz, Z., Liao, Y., Wang, D., Wang, 
J., "Synthesis of biodiesel from waste vegetable oil with 
large amounts of free fatty acids using a carbon based 
solid acid catalyst", Applied Energy 87, pp. 2589�2596, 
(2010). 

[22] Dehkhoda, A. M., West, A. H., Ellis, N., "Biochar based 
solid acid catalyst for biodiesel production", Applied 
Catalysis A 382, pp. 197�204, (2010). 

[23] Chakra, R., Bepari, S., Banerjee, A., "Application of 
calcined waste fish scale as low-cost heterogeneous 
catalyst for biodiesel synthesis", Bioresource 
Technology 102, pp. 3610�3618, (2011). 

[24] Viriya, E. N., Krasae, P., Puttasawat, B., Yoosuk, B., 
Chollacoop, N., Faungnawakij, K., "Waste shells of 
mollusk and egg as biodiesel production catalysts", 
Bioresource Technology 101, pp. 3765�3767, (2010). 

[25] Dealmeida, R. M., Noda, L. K., Goncalves, N. S., 
Meneghetti, S., Meneghetti, R., "Transesterification 
reaction of vegetable oils, using superacid sulfated 
TiO2�base catalysts", Applied Catalysis A: General 
347, pp. 100-105 , (2008). 

[26] Jitputti, J., Kitiyanan, B., Rangsunvigit, P., 
"Transesterification of crude palm kernel oil and crude 
coconut oil by different solid catalysts". Chemical 
Engineering J 116, pp.61�66, (2006). 

[27] Furuta, S., Matsuhashi, H., Arata, K., "Biodiesel fuel 
production with solid amorphous-zirconia catalysis in 
fixed bed reactor", Biomass and Bioenergy 30, pp. 870�
873, (2006). 

[28] Park, Y. M., Lee D., Kim, D. K., Lee, J., Lee, K. Y., 
"The heterogeneous catalyst system for the continuous 
conversion of free fatty acids in used vegetable oils for 
the production of biodiesel", Catalysis Today 131, pp. 
238�243, (2008). 

[29] Faria, E. A., Ramalho, H. F., Marques, J. S., Suarez, P., 
Prado, A., "Tetramethyl guanidine covalently bonded 
onto silica gel surface as an efficient and reusable 
catalystfor transesterification of vegetable oil", Applied 
Catalysis A 338, pp. 72�78, (2008). 

[30] Park, Y. M., Chung, S., Eom, H. J., Lee, J., Lee, K., 
"Tungsten oxide zirconia as solid superacid catalyst for 
esterification of waste acid oil", Bioresource 
Technology 101, pp. 6589�6593, (2010). 

[31] Muthu, H., Sathiya, S. V., Varathachary, T. K., 
Selvaraj, D. K., Nandagopal, J., Subramanian, S., 
"Synthesis of biodiesel from neem oil using sulfated 
zirconia via transesterification", Brazilian Journal of 
Chemical Engineering 27, pp. 601�608, (2010). 

[32] Liang, X., Gong, G., Wua, H., "Highly efficient 
procedure for the synthesis of biodiesel from soybean 
oil using chloroaluminate ionic liquid as catalyst", Fuel 
88, pp. 613�616, (2009). 

[33] Zhang, J., Chen, S., Yang, R., Yan, Y., "Biodiesel 
production from vegetable oil using heterogenous acid 
and alkali catalyst", Fuel 89, pp. 2939�2944, (2010). 

[34] [34] Hamad, B., de Souza, L., Sapaly, G., Rocha, C., de 
Oliveira, P., Gonzalez, W. A., "Transesterification of 
rapeseed oil with ethanol over heterogeneous 
heteropolyacids", Catalysis Communications 10, pp. 
92�97, (2008). 

[35] Kolaczkowski, S. T., Asli, U. A., Davidson, M. G., "A 
new heterogeneous ZnL2 catalyst on a structured 
support for biodiesel production", Catalysis Today 147, 
pp. 220�224, (2009). 

[36] Li, S., Wang, Y., Dong, S., Chen, Y., "Biodiesel 
production from Eruca Sativa Gars vegetable oil and 
motor emission properties", Renew Energy 34, pp. 
1871�1876, (2009). 

[37] Carmo, A. C., Luiz, K. C., Dacosta, E. F., Longo, E., 
Zamian, J. R., Rocha, F., "Production of biodiesel by 
esterification of palmitic acid over mesoporous 
aluminosilicate Al-MCM-41", Fuel 88, pp. 461�468, 
(2009).  

[38] Feng, Y., He, B., Cao, Y., Li, J., Liu, M., Yan, F., 
Liang, X., "Biodiesel production using cation � 
exchange resin as heterogenous catalyst", Bioresource 
Technology 101, pp. 1518�1521, (2010). 

[39] Scherer, R. P., Dallago, R. L., Penna, F. G., Bertella, F., 
Oliveira, D., Pergher, S., "Influence of process 
parameters on the immobilization of commercial 
porcine pancreatic lipase using three low-cost supports", 
Biocatalysis and Agricultural Biotechnology 1, pp. 290�
294, (2012). 

[40] Salis, A., Pinna, M., Monduzzi, M., Solinas, V., 
"Biodiesel production from triolein and short chain 
alcohols through biocatalysis", Journal of 
Biotechnology 119, pp. 291�299, (2005). 

[41] Zaidan, U. H., Rahman, M. A., Barsi, M., Othman, S. 
S., Rahman, R., Salleh, A., "Silylation of mica for lipase 
immobilization as bioca talysts in esterification", 
Applied. Clay Science 47, pp. 276�282, (2010). 

[42] Nelson, L. A., Foglia, T. A., Marmer, W. N., "Lipase-
catalyzed production of biodiesel", Journal of the 
American Oil Chemists' Society 73, pp. 1191�1195, 
(1996). 

[43] Chen, Y., Xiao, B., Chang, J., Fu, Y., Lv, P., Wang, X., 
"Synthesis of biodiesel from waste cooking oil using 
immobilized lipase in fixed bed reactor", Energy 
Convers Manage 50, pp. 668�673, (2009). 

[44] Ying, M., Chen, G., "Study on the production of 
biodiesel by magnetic cell biocatalyst based on lipase-
producing Bacillus subtilis", Appl. Biochem. 
Biotechnol,137�140, (2007). 

[45] Li, N. W., Zong, M. H., Wu, H., "Highly efficient 
transformation of waste oil to biodiesel by immobilized 
lipase from Penicilliumexpansum", Process Biochem 
44, pp. 685�688, (2009). 

[46] Hsiao, M., Lin, C., Chang, Y., "Microwave irradiation-
assisted transesterification of soybean oil to biodiesel 
catalyzed by nanopowder calcium oxide", Fuel 90, pp. 
1963�1967, (2011). 

[47] Libai, W., Yun, W., Donglian, L. U., Shengyang, H., 
Heyou, H., "Preparation of KF/CaO nanocatalyst and its 
application in biodiesel production from Chinese tallow 
seed oil", Fuel 89, pp. 2267�2271, (2010). 

[48] Kaur, M., Ali, A., "Lithium ion impregnated calcium 
oxide as nano catalyst for the biodiesel production from 
karanja and jatropha oils", Renewable Energy 36, 2866�
2871, (2011). 

[49] Qiu, F., Li, Y., Yang, D., Li, X., Sun, P., 
"Heterogeneous solid base nanocatalyst: Preparation, 
characterization and application in biodiesel 
production", Bioresource Technology 102, pp. 4150�
4156, (2011). 

www.SID.ir

