
 

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

cÓ
Z¬»

��

 

��
��

�Ìa��¹�m�µZ¬f¿Y��Z��ÊÀÌ]CO2���{µÂ¸v»�ZÅ¾Ì»M�É��
Ä°^���Y�Ã{Z¨f�Y�Z]�Ê^���ÉZÅ��

��
Ê¼WZ«�|uY�,{Z¼f�Y��Ë�{Y�Ê¿YÁ�Ì���Â�À»�,��

�ÊuY���ÃZ´�ËZ»�M�,Ê¼Ì��Ê�|ÀÆ»�Ã|°�¿Y{�,½Y�ËY�d À��Á�º¸��ÃZ´�¿Y{�,½Y�Æe|ÀËY�§��
�Z´¿�¹ZÌa��aghaemi@iust.ac.ir 

� �
Ã|Ì°q��

ªÌ¬ve�¾ËY��{,��¹�m�µZ¬f¿Y��Z��ÊÀÌ]��Ìa�ÉY�]�¾]�¯|Ì�¯Y�É{�d�Y�Ã|��Ã{Z¨f�Y�ÄËÓ�|Àq�½Á�fb��a�Ä°^���Y�¾Ë�Y�bÌa�µÂ¸v»��{��
�¹�m�µZ¬f¿Y��Z���]��iÂ»�ÉZÅ�f»Y�Za¾]�¯��É{�¯YÌ|���d/�¸£�¶»Z���¾]�/¯�������\Ë�/��,�ËZ/»�®/·Z]��{�Á�­�f/�»�t�/���{�|Ì/�¯Y�É{

�}Â¨¿�\Ë���d^�¿�,É�Y~³�Z]�¾]�¯�ÊW�m��Z�§�d^�¿�,�ËZ»�Ä]��Z³��Z§�|Ì�¯Y�É{�¾]�¯�Ê¼¸Ì§�d»Zz��d^�¿�,¶¯��Z�§�Ä]�|Ì�¯Y�É{
º¸Ì§��f»Y�Za�Á��ËZ»�Ä]��Z³��Z§,��¹�m�µZ¬f¿Y��Z��Á�É{Á�Á�ÉZÅ�Ì¤f»�½YÂÀ��Ä]�¾]�¯|Ì�¯Y�É{�¤f»�½YÂÀ��Ä]���[Z/zf¿Y�Ä°^/��ÊmÁ�y��Ì

|¿|����,��Â»M�ÉY�]½Â»�M��cÓZ¬»��{�Ã|��ÄWY�Y�Ê]�ne�ÉZÅ�Ã{Y{��Y�ÄËÓ�|Àq�½Á�fb��a�Ê^���Ä°^��Ê]ZË��Y�ÁÄf§�³�Ã�Æ]�d�Y�Ã|���
�Ê]�ne�ÉZÅ�Ã{Y{�{Y| eÄ]�Äf§���Z¯,������¾Ë�Y�bÌa�d�¸£�Ã{Á|v»�Á�Ã{Y{���Ze��d�Y�Ã{Â]�µÓÂ»������fb/��a�Ä°^/��Ê/ÀÌ]��Ìa�lËZf¿�½Á

�¹�m�µZ¬f¿Y��Z��ÉY�]�Z�y���Âf»�Ä¯�{Y{�½Z�¿�¾]�¯|Ì�¯Y�É{���
���|��{d�Y���½Z¬¬v»��´Ë{�lËZf¿�Z]�Ê^���ÉZÅ�Ä°^��lËZf¿��Ì¿
�Ä�ËZ¬»|���¹�m�µZ¬f¿Y��Z��Ê^���Ä°^��Ä¯�{Y{�½Z�¿�lËZf¿�Á�¾]�¯|Ì�¯Y�É{��Ä^�Zv»�É�f�Ì]�d����Á�d«{�Z]�Y�»Ê�|À¯����

��

Ã�YÁ|Ì¸¯�ZÅ���,¹�m�µZ¬f¿Y��Z��¾]�¯½Á�fb��a�,Ê^���Ä°^��,¾Ë�Y�bÌa�,|Ì�¯Y�É{��
� �
� �
� �

���Ä»|¬»��
�|Ì�¯Y�É{�¾]�¯��Y�Ê°ËºÆ»��eË¾�Ä¿Zz¸³�ÉZÅ�Z³��ÉYd�Y���ËZÀ��Ä¯

�|Ì·Âe�Êf À��ÉZÅ|uYÁ�Á�ÊËZÌ¼Ì��Ê/»��|/ÀÀ¯������¶WZ/�»���Z/y�Ä/]�Á
Ê»�{ÂmÁ�Ä]�d�Ë���Ìv»�ÉY�]�|Ì�¯Y�É{�¾]�¯�Ä¯�ÊeÔ°�»��,{�ÁM

���ÊËZÌ¼Ì/���ËZÀ/���Y��Z/³�¾ËY�|Ì·Âe�/ËZ]�,|���|/]ZË��ÅZ/¯���Á���Z/Å�É
�Ê¨¸fz»ÉY�]��¥~u�Á��ÅZ¯Ã|��s��»�|Ì�¯Y�É{�¾]�¯�|¿Y����Y�Ä/¯
ÃZ³|Ë{��,ÊËY�Z¯�Á�Ê¸¼�|ÀËY�§��[~m��À/¯YÁ��Y{����|Ì/�¯Y�É{�¾]�/¯

��É�iÂ/»��ZÌ�]�Á�Ê¸¼���Á����d/�Y�Ã|/»M�{��Z/¯��Y���É�ÁZ/À§���¥~/u� �
�,¾Ì»M�µÔu�ÉZÀ^»��]�¾]�¯�|Ì�¯Y�É{{�]�Z¯�¾Ë�e|»Z�]�a�Y����Á�

�Á�É�Zne�e�iR»Ë¾���É{Z/�f«Y��Á��ÉY�/]���¥~/u��¾]�/¯��|Ì/�¯Y�É{

Ê»�|À¿Y{��µÂ¸v»�ZÅ�[~m�Z]�¾Ì»M�É�¾]�¯����Z/Ë�cZ/»Z]�¯�,|Ì/�¯Y�É{� �
Ê]����¶Ì°/�e�cZ/¿Â]�¯�Ê/»��|/ÀÅ{����[~/m�d/Ì§���Á�Z/Æ¿M���Ä/]��YÂ/y� �

Ê°Ë�Ì§��ËZÌ¼Ì��ÊeZÌ¸¼���ËY���Á�¾Ì»M�Ê|ÀËY�§����Z�§�Á�Z»{�|À¿Z»
�ÊW�m�¾]�¯|Ì�¯Y�É{��{�Y{�Ê´f�]����½Z/Ì»��{�µÔ/u��Z/Å��{|/ f»�É

�¾Ì»M�µÂ¿ZeY�Â¿Â»�¶»Z��Ä ·Z�»�{�Â»�{�YÂ»�¾Ë�f�Ì]�,ÊÀÌ»M�MEA��
��¾Ì»M�µÁY��Â/¿����¾Ì/»M�µÂ¿Z/eY�É{�,�DEA����¹Á{��Â/¿���É{�¶/Ìf»�,

�¾Ì»M�µÂ¿ZeY�MDEA���¹Â���Â¿���Á��ÂÀÌ»M����¶Ìf»�����µÂ¿Z/aÁ�a
�AMP���ÊËZ�§�d ¿Z¼»�Z]�¾Ì»M��|Àf�Å������Á�µÁY��Â/¿�¾Ì/»M�d/Ë�»

�À//¯YÁ��{�¹Á{��É�Ë~//aÈ//À»Y{�a�\//Ì��Z//»Y�d//�ZÆ¿M�{Y�//ËY�Á��Z//Æ¿M� �
���Ä/ÀË�Å�Á�[~/m�dÌ§���½{Â]�{Á|v»�¥Y�/³�uY���d/�Y�µÔ/u�ÉZ/Ì��� �

mailto:�Z����Z�a��aghaemi@iust.ac.ir


��

� �Iranian Chemical Engineering Journal Ō Vol. 14 - No. 79 (2015)��� �����

�
Ìa

�
�¹�

m�µ
Z¬f
¿Y��
Z��

ÊÀ
Ì]

C
O

2
�

��{
µÂ
¸v
»

�ZÅ
¾Ì
»M�
É

�
�Y�Ã

{Z¨
f�Y

�Z]
�����

¶]Z¬»��{,��c�|«»MÌ¾�ZÅ�Á�ÊËZ�§�d ¿Z¼»�Z]�É»MÌ¾�ZÅ�Ä]�¹Â���Â¿�É
�[~m�dÌ§��{ZË��,�ÅËÄÀ�����d/�Y�Ê³{�Â/y�º/¯�½Y�/Ì»�Á�ZÌuY�º¯�É��

Ã�Á�»Y,��{�]�Z¯»MÌ¾�ZÅ�¹Â���Â¿�É�{�]�Z¯�f�Ì]É���d/�Y�Ä/f§ZË,���Z/»Y
����������À/¯YÁ�¾ÌËZ/a�d��/��,¾Ì/»M��Â/¿�¾/ËY�Ê/�Z�Y�cÓZ°/�Y��Y�Ê°Ë

d�ZÆ¿M����YÉZÆ^Ì����������{�[Â/���¶Ì°/�e�,ÊËZ/�§�d/ ¿Z¼»�Z/]�¾Ì/»M
d�¸£�ZÅd�ÓZ]�É�����ÉY�]�µÂ�u�Ä]�µÔu�ZÅ��Z/]�ÊË��Z/¯M���/fÆ]�ÊË

�Ä]�d^�¿�/»MÌ¾��Z/Å������d¼/��Ä/]�cZ/¬Ì¬ve�,��f/�{��{�Á�¹Â/��»�É
��fÀ��Á��ËZ»�M»MÌ¾�ZÅ�Á�Äf§���Ìa�|Ë|m�É�Ôe�ZÅ�ÉÉ�Ì´¼�q�
�ÄÀÌ»��¾ËY��{Ã|»M�¶¼��Ä]��d/�Y����{�µZ/���Z/Å��/ÌyY�É,����ÉZ/Å�Ä/¿Â³
��Y�Ê¨¸fz»»MÌ¾�ZÅ��Â�À»�Ä]��¥~u�¾]�¯�¾Ì¬¬v»���Âe�|Ì�¯Y�É{

���d/�Y�Ã|/��{ZÆÀ/�Ìa�¦¸fz»����Ê¿Â/e½YÁ��µÂ/°ÌeÁ���½Y�Z/°¼Å�Á����,
Â¿Âe�ZÅ��½Y�Z°¼Å�Á���µÁZa�,��½Y�Z°¼Å�Á���Z¼��,���½Y�Z/°¼Å�Á����,
Ê»Z¿��½Y�Z°¼Å�Á���½Á�q�Âa�,��½Y�Z°¼Å�Á�����¹Y|¯��Å»MÌ¾��Z/Å�ÊË
�Z]¸]Z«Ìd�ZÅ�ÄWY�Y�ÊeÁZ¨f»�ÉÃ{Y{�|¿Y����Y�Ê°Ë�µÂ/¸v»��Z/Å��Ä/¯�ÊËyY�/Ì0Y��

µÂ¸v»�Äf§�³��Y�«�µZ^¬f�Y�{�Â»��¾Ë�Y�bÌad�Y���¾Ì»M�®Ë�¾Ì»M�¾ËY
��Z¼��Ä]�ÉÂ¬¸u��Â¿��Y�¹Á{��Â¿»Ê�{Á����,¾Ì»M�¾ËY����ZfyZ/��¶/Ì·{�Ä]

ÊËZÌ¼Ì���Y���¾Ì/¼Å�Á�d�Y��Y{�Ây�]�ÊËÓZ]��ZÌ�]��À¯YÁ�d�����Y
�\^��Ê³�ËÁ�ËY�³���ZÌ/�]������Ã|/��½M�cZ/^Ì¯�e�Á�µÔ/u�¾/ËY�Ä/]�É

d�Y�����ÃÁÔ��Ä],���ÊËZ/»{�Ã{Á|v»��{�µÔu�¾ËY�dË�Y�§�����Ä/m�{
�¸�Ì�Â��¾Ì]���Ze�ppm����d�Y��ÄË�ne�Á�ÊËZ/»�³����ÉZ/»{�Z/e�½M
�����ÂÌ�¸��Äm�{���ÌqZ¿d�Y�������
ºÆ»��eË¾��[~m��{�Ä¸X�»�|Ì�¯Y�É{�¾]�¯���Âe»MÌ¾�ZÅ��Ä^/�Zv»�,

�¹�m�µZ¬f¿Y��Z�d�Y���¾ËY��{�|/ÀËY�§ZÅ,���À/¯YÁ��Z/Å�ZÌ¼Ì/��ÉË��{�Ê
�¹�m�µZ¬f¿Y��Z���ËY�§Y�h�Z]�ZÅ�Z§»Ê�{Â����/^·Z£0Z������/iY�µZ/¼�Y�ÉY�/]

�À//¯YÁ�Z//Å���Y¶//»YÂ����Ã{Z¨f//�Y�¹�//m�µZ//¬f¿Y��ËY�//§Y//»Ê�{Â//�� �
]�����[���Y�|Àe�Z^���Á��¾ËY�\ËZ »�������Á�Ê¸/�Y��À/¯YÁ��/iY�µZ/¼�Y

��iY�µZ¼�Y�¹|��À¯YÁ�ZÅ����Ä/Ì·ÁY�Á�É��/»��ËY�/���Y�Ã{Z¨f�Y�,�´Ë{�É
��{�É�Z��Ã{Z��,Ê «YÁ��Ì£�Á�Ã{Z����̧»Z/��Ä/]�Ê/��f�{Ê����h/�Z]�Ä/¯

�¹�m�µZ¬f¿Y��Z��Ä^�Zv»�ÉZ�y��ËY�§Y»Ê�{Â���,�Ì¿��ÉY�]��Á��¾ËY
�Ìºf��ZÅ��{�]�Z/¯�¶]Z«�ÊW�m�|Àq�Á�Ê�À¯YÁ�|Àq�É�d/�Ì¿���ÉY�/]�Á

�É{Á|v»�ÊeZÌ¸¼���ËY��Äf§�³��Z¯�Ä]�»Ê�{Â������¾/ËY���h/�Z]�¶/»YÂ

 

1. Tontiwachwuthikul et al. 
2. Hartono et al. 
3. Paul et al. 
4. Sema et al. 
5. Naami et al. 
6. Porcheron et al.  

�ÉY�]��ËY�§Y��Âf¯Z§��Á��Ä¯�Ã|��Ìºf���Z/Å���|/Àq�Á�Ê/fÌ·Á�f°·Y�É
�Ê�À¯YÁ�\�ZÀ»|�Z^¿��¾ËY�]ZÀ],���Á��®Ë�ÄWY�Y�¥|Å�ªÌ¬ve�¾ËY��{

�ÄÌ¸¯�ÉY�]�Ê»Â¼��Á�Ê¸¯�|/ÀËY�§��[~/m�ÉZÅ��À/¯YÁ��Y{���Ä/]���Â/�À»�
�¹�m�µZ¬f¿Y��Z��ªÌ«{�Ä^�Zv»�d/�Y��������Â/¿�Á��Z/³��Â/¿��Y��Á��¾/ËY

�µÂ¸v»�¶¬f�»d�Y����Z���]��iÂ»�ÉZÅ�Ì¤f»�Ä ·Z�»�Z]�,�Z¯�¾ËY�ÉY�]
�Z]�,¹�m�µZ¬f¿YÃ�Æ]�É�Ì³���YÈË��¿���]��iÂ»�| ]�½Á|]�{Y|�Y�¹ZÆ°ÀÌ³Z]

]�¹�m�µZ¬f¿Y��Z�Ä�����Ê/mÁ�y�Á�É{Á�Á�½YÂ/À��Ä/]�Á�Ã|/»M�d�{���ÉZ/Å
|¿|��[Zzf¿Y�Ê^���ÉZÅ�Ä°^�����

��

���ÊËZÌ¼Ì���À¯YÁ�Z]�ÃY�¼Å�¹�m�µZ¬f¿Y� �
��{|ÀËY�§������Á�Ê/°Ë�Ì§�[~/m�c�Â/��Á{�Ä/]�[~/m�¶¼��,[~m�ÉZÅ

�¹Zn¿Y�ÊËZÌ¼Ì���À¯YÁ�Z]�ÃY�¼Å�[~m»Ê�{Â��������Z/��Ä^/�Zv»�ÉY�/]
��¹�/m�µZ¬f¿Y��]�ÊËZÌ¼Ì���À¯YÁ��iY�,ÊËZÌ¼Ì��[~m��{�¹�m�µZ¬f¿Y

ªË����Y�dËÂ¬e�¶»Z�Ô�Ê»�µZ¼�Y{Â���dËÂ¬e�¶»Z���c�Z/^��Y���Y�d/�
����{�­�f/�»�t�/���Y��Z³�µZ¬f¿Y��Z��d^�¿��µÔ/y�¹Z/n¿Y���À/¯YÁ,�

Ê¼¿�©Z¨eY�Ê�À¯YÁ�Ä¯�Êf·Zu�Ä]�d^�¿������ËY�/��Ä/¯�Êf·Z/u��{�|/f§Y
��|/�Z]�½Z/�°Ë�d·Zu�Á{��Å��{�Ä¯�v»�ÉÁ�Ì¿�Á�Ê°Ì»ZÀË{Á�|ÌÅ����Ä/]

�d/ËÂ¬e�¶»Z��,�´Ë{�Ê¿ZÌ]�����¹�/m�µZ/¬f¿Y��{�Y���À/¯YÁ��/iY�,��Â/v¸»�
Ê»��Á�|À¯��´¿Z/ËZ¼¿������¹�/m�µZ/¬f¿Y�d��/���ËY�/§Y��Y�Ê/�Z¿����À/¯YÁ

d�Y�ÊËZÌ¼Ì���½ZÌ]��Y�«�¾ËY��Y�¹�m�µZ¬f¿Y��Z��Ê�ZË��d�Y�������
��

���� � ஺ܰ ൌ ܧ כ ݇௟ሺܿ௜כ െ ܿ௕ሻ��
��

�Ä¯E�d�Y�dËÂ¬e�¶»Z���¾ËY�Á�¶/»Z���/»Ê��|/¿YÂe�����d��/��\/�u��/]
��À¯YÁ��|/�Z]�®/Ë��Y��f³��]�ZË�®Ë�µ{Z »����{�µÂ/¸v»��Z/Å�¾Ì/»M�É,�

ºÆ»��eË¾�����ª/Ì«{�ÉY�Ä/�]Y��¾f§Z/Ë�,ÄÀÌ»��¾ËY��{�hv]���¶/»Z��ÉY�/]
d�Y�dËÂ¬e����YZn¿M��¾ËY�Ä¯¶»Z������¦/¸fz»�ÉZ/Å�f»Y�Za��]Z/e�,d/�Y�

�Á��À¯YÁ�Ê³|ÌrÌa�Äq��Å�Ä¯�d�Y�t�YÁ|ÀËY�§�����Ä/WY�Y�{Â/���f/�Ì]
�Ä�]Y�¶»Z��dËÂ¬e��Á��e�Ã|ÌrÌa��Ì¿0Z ^���e�YÂ�{�|��|ÅYÂy�����/]YÁ�

�É{| f»�Â�À»�Ä]��Ä^�Zv»dËÂ¬e�¶»Z���¹Y|¯��Å�Ä¯�d�Y�Ã|��ÄWY�Y
��Zy��ËY���Ä]�{Á|v»��¬§Ä¸X�»�½M���¾/ËY�¾¼/��,Ã{Â]����pÌ/Å�Ä/¯

|Àf///�Ì¿�ª///Ì«{�¹Y|///¯���½Á�½Â///q�É{Y�///§Y�///À¸ËÁ�¯���������,
Ê��Â¯{���������Â§Âm�,¾�������ËZ»�¶rÌf�Y�,�

 �����½Â»Z»�Á��
������]YÁ��Ã{Y{�ÄWY�Y�ÄÀÌ»��¾ËY��{�Y��Ê¨¸fz»�|¿Y���¾/ËY��Y�É{Y| e�Ä¯

 

7. Enhancement Factor 
8. Van Krevelens 
9. Decoursey 



 

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

cÓ
Z¬»

��

 

 

�µÁ|m��{��]YÁ�����d�Y�Ã|��ÄWY�Y�������ËY�/��ÉY�/]�Ã|/��ÄWY�Y��]YÁ�
��{�Á�Ã{Â]�Ê�ZyÉZÆ¸»Z��Ä]�Ê]ZÌf�{��Ã{Z��{ÂmÂ»�Z�É�ZÅ�É{ZË��É

�������{�Z/�y�{Z/nËY�h/�Z]��/»Y�¾/ËY�Á�d�Y�Ã|��¹Zn¿Y�É��»��ËY����{
�¹�m�µZ¬f¿Y��Z��Ä^�Zv»»Ê�{Â����Â�Â»�ºÆ»��e��Y��¾ËY��Y�«�Ä¯�d�Y

��{Ã�Æ]�,dËÂ¬e�¶»Z���Y�É�Ì³��®Ë��¬§��Ä/f§�³���¿��{�Ê¸�Y��À¯YÁ
�Ä//Ì¬]��//iY�Á�Ã|//��À//¯YÁ�Z//Å��µZ//¼�Y//¼¿Ê�{Â//���0Ôj//»,��À//¯YÁ��{� �
�|Ì�¯Y�É{�¾]�¯��{µÂ¸v»�ZÅ�¾Ì»M�É�À¯YÁ�ZÅ�É��|Ì/�¯Y�É{�¾]�¯

�Äf§�³���¿��{�|Ì�¯YÁ�|ÌÅ�½ÂË�Á�[M�Z]¼¿Ê�{Â�����[~/m�ºf�Ì���{
�|Ì�¯Y�É{�¾]�¯�¾Ë�Y�bÌa�Z]�À¯YÁ�ZÅ�É{| f»�ÉÊ»�©Z¨eY�|f§Y���Ä/¯

�Z]��¹�/m�µZ¬f¿Y��ËY�§Y�h���|Ì/�¯Y�É{�¾]�/¯�Ê/»��{Â/������{��/³Y�Ä/¯
����Y�¹�/m�µZ/¬f¿Y��Z��Ä^�Zv»��d/ËÂ¬e�¶/»Z����{Â/��Ã{Z¨f/�Y,���ÉZ/�y

{Zf§Y�|ÅYÂy�©Z¨eY�Ê�uZ§��Á��¾ËY��Y���iY�µZ¼�Y�ÉY�]���Zu�ªÌ¬ve��{
�Ê»Z¼e�À¯YÁ�ZÅ�d�Y�Ã|��Ã{Z¨f�Y�º¸Ì§��f»Y�Za��Y������\/ËZ »�Ä/WY�Y�Z/]
��Á�,dËÂ¬e�¶»Z���Á�Ê¸¼���Á��®Ë��Y�Ã{Z¨f�Y«{Ìª��e���Ä/]�É�Á��
���¿»Ê�|��,�Ë��{Z ]Y�¹�m�µZ¬f¿Y��Z��ªÌ«{�Ä^�Zv»�Z]�Y�½Âf���Z/Å�É

��Ä^/�Zv»�d«{�Ä]�[~m�/»Ê��Â/�¿|�������ÉY�/]�ª/Ì¬ve�¾/ËY��{�¾ËY�]Z/À]
�¹�m�µZ¬f¿Y��Z��ªÌ«{�Ä^�Zv»�|Ì�¯Y�É{�¾]�¯Ä°^���Y��Ê^���ÉZÅ

Ã{�]�Ã�Æ]�d�Y�Ã|����
��

µÁ|m�����]YÁ��Ã{Z¨f�Y�Ã|��ÉY�]�Ä^�Zv»�dËÂ¬e�¶»Z���[~m�¹�m�µZ¬f¿Y�|Ì�¯Y�É{�¾]�¯����� 

Ä·{Z »� � µZ��� �m�»�� ª¬v»ܧ��஺ ൌ ு௔୲ୟ୬୦ሺு௔ሻ ൤ͳ െ ஼ಲǡ್஼ಲǡ೔ ଵୡ୭ୱ୦ሺு௔ሻ൨ , ܽܪ ൌ ඥ௞஽ಲ௄ಽ ������ [��] �À¸ËÁ�¯�½Á 

ܧ ൌ ට ஽಴ೀమ஽ೌ೘೔೙೐ ൅ ሾ௔௠௜௡௘ሿ௭ሾ஼ைమሿ೔ ට஽ೌ೘೔೙೐஽಴ೀమ   ������ [�] 
�Á�Z»�Z�
½Y�Z°¼Å��

ܧ ൌ ିఝ಴ೀమమଶሺா಴ೀమǡಮିଵሻ ൅ඨ൬ ఝ಴ೀమరସ൫ா಴ೀమǡಮିଵ൯మ ൅ ா಴ೀమǡಮఝ಴ೀమమ൫ா಴ೀమǡಮିଵ൯ ൅ ͳ൰  

 ߮஼ைమ ൌ ඥ஽಴ೀమ௞ೌ೘ሾேுయሿ௞೗ ����� ǡ ஼ைమǡஶܧ ൌ ට஽಴ೀమ஽ಿಹయ ൅ ሾேுయሿଶሾ஼ைమሿכට஽ಿಹయ஽಴ೀమ   

���� [��] ¾��Â§Âm��

2 2 2 2

2

2 2 2 2

2

2

( 1 1) (1 1 ( 1 1) / 1 )

1 (1 1 ( 1 1) / 1 )

  


  

CO CO CO CO
CO

CO CO CO CO

K Ha K K
E

K Ha K K

2

2

2

[ ]
1




OH b CO

CO
CO

k OH D
Ha

k
 ,    

2

3

2

[ ]
1

[ ]



 b
CO

b

HCO
K

CO
��

2 2

2

2

3[NH ]
2 

NH COO b CO
CO

CO

k D
Ha

k
,   

2

2

2

[ COO ]
2

[ ]



 b
CO

b

NH
K

CO
��

2 2 2

21 2 1  CO CO COE E E��

 

���� [��] 
�¾³ÂÅ
½�Á{���

஺ܧ ൌ ටͳ ൅ ௄೚್ೞ஽಴ೀమ௞೗మ � ǡ ௢௕௦ܭ ൌ ݇஺ாா஺ሾܣܧܧܣሿଶ ൅ ݇ுଶைሾܣܧܧܣሿሾܪଶܱሿ  

 
���� [��] ½Â»Z»��

��

� � 

 

1. Jui-Fu Shen 
2. J. Stichlmair 
3. Mamun 
4. Hoogendoorn et al. 



��

� �Iranian Chemical Engineering Journal Ō Vol. 14 - No. 79 (2015)��� ������

�
Ìa

�
�¹�

m�µ
Z¬f
¿Y��
Z��

ÊÀ
Ì]

C
O

2
�

��{
µÂ
¸v
»

�ZÅ
¾Ì
»M�
É

�
�Y�Ã

{Z¨
f�Y

�Z]
�����

 

 

��

�Ä//]�Ä//mÂe�Z//]�Ë�//��d§�//�Ìa���//Ì»M�d//Ì¬§Â»�{�]�Z//¯�ÁÈ//À»Y{�a�Á�
Ä°^������/]�Ê·|/»�,Ê�|ÀÆ»�Á�¹Â¸��¦¸fz»�ÉZÅ�Ä^Àm��{�Ê^���ÉZÅ
ÉZÀ^»Î�ANN�»Ê�|¿YÂe�^�ZÀ»�¾Ë�´ËZmÊ���]�Ä^¸£�ÉY�]{Á|v»Ëd��Z/Å�

�ÁaÌrÌ³|Ê�ZÅ�É�®Ë�|/ÀËY�§������Á�Ê/�y�¶WZ/�»�¶/u��{�½M�ÊËZ/¿YÂe�Á� �
��,Ê/�y��Ì£�Ä/]���|/ËM��Z¼/����Ê¿Y�´/�ÅÁ�a���Â/�Å�½Â/q����½Y�Z/°¼Å�Á

������®//Ì·�,���½Y�Z//°¼Å�Á������¾//q�,���½Y�Z//°¼Å�Á�������,
ÄrÌa���½Y�Z°¼Å�Á������ÁÂeYÂÌ]�,���½Y�Z°¼Å�Á������¾°�ÂÅ�,���Á

�½Y�Z°¼Å�Á�������ËZ¼¿{Zf�Y�,��Z°¼Å�Á�½Y�����������Ä°^/��¾/ËY��Y
ÉY�]��Ã�Æ]�Ã|ÌrÌa�¶WZ�»�¶uÃ{�]�|¿Y���

 

����¹�m�µZ¬f¿Y��Z���]��iÂ»�ÉZÅ�f»Y�Za�¾]�¯|Ì�¯Y�É{�� �
�¹�m�µZ¬f¿Y��Z��Ä^�Zv»��{�|Ì�¯Y�É{�¾]�¯��{µÂ¸v»�ZÅ�¾Ì/»M�É,�

�ÉZÅ�Ì¤f»|ÀËY�§�½Âq�Ê¸»YÂ���,¶¯��Z�§�,ÊW�m��Z�§�Y�/�Ë\���}Â/¨¿
�d��//��Á�µÂ//¸v»��{�LY�//mY�d//�¸£�,Z//Å�Z§��{�LY�//mY�À//¯YÁ�Z//Å�É

�Á�Z//Å�Z§��{�ÊWZÌ¼Ì//�Y�//�Ë\��¹�//m�µZ//¬f¿YÊ//»��//]�{�Y��|//¿�Ì³���Z//]
Ã�Æ]�É�Ì³�ÉZa�É�Z��| ]�Ê]��Á���Y��¹ZÆ´ÀÌ¯Z]Ö,���½Á|/]�ÉZÅ�Ì¤f»
�| ]Ä^�Zv»��Y�«�¾ËY��Y�|¿|�����
��

���� �2

*
( , , , , )

( )




CO g gA

L LL

P DN
f M

P Dk C C




��
��

��|/ ]�½Á|]�{Y|�Y�ZÅ�Ì¤f»�¾ËY�|/ÀËY�§��|Àf/�Å������Z/��Ä^/�Zv»��{�Ä/¯
�iÂ»�¹�m�µZ¬f¿Y|¿��|¿�Y�«�¾ËY��Y�Ä°^��É{Á�Á�ÉZÅ�Ì¤f»���

��

2 *, , , , ( ) ,
CO g g

L
L L

P D
M k C C

P D





��

��
�{|���d�¸£�¶¯�d^�¿��´¿ZÌ]�|Ì�¯Y�É{�¾]�¯���¾Ì/»M�d/�¸£�Ä]
d�Y����f»Y�Za�¾ËYY���É�Ì³�Z]��f»Y�ZaÊ»�|ÀËÂ³��Ä¯�Y�«�¾ËY��Y���¦/Ë� e

»Ê�{Â����

 

1. Artificial Neural Network 
2. Hsu et al. 
3. Lek et al. 
4. Chen et al. 
5. Piche et al. 
6. Byvatov et al. 
7. Huesken et al. 
8. Staudenmayer et al. 
9. Pi-Buckingham 

���� �2
CO

pz

C

C
��

��
�Z]Ã�Æ]�É�Ì³���fÌa�µ|»��Y,�����Ä^/�Zv»�LY�/mY�Ê¿Â/Ë�Á�Ê·Â°·Â»�d�¸£

d�Y�Ã|����LY�mY�d�¸£��iY��´¿ZÌ]��f»Y�Za�¾ËYd�Y�����¾/ËY�Ä/q��/Å�Ä¯
��f»Y�Za�f°qÂ¯�|�Z],���f�Ì]�[~md�Y���Ë{Z¬»��{�Á±��]��e����Y|/¬»

�º¯�[~m»Ê�{Â����f»Y�Za�M,��º¸Ì§��f»Y�Zad�Y�����/iY�µZ/¼�Y�ÉY�]�Ä¯
�À¯YÁZÌ¼Ì��ÉZÅË�Ã{Z¨f�Y�¹�m�µZ¬f¿Y��{�Ê»Ê�{Â��������

��

���� �
2

4

,
2 1

2 *
2[ ]







L i CO

i

L

D r

M
k CO��

��
Y�mY�d�¸£�Ä^�Zv»�ÉY�]É����µ|/»��Y�µÂ/¸v»��Z§��{�Ê¿ÂË�Á�Ê·Â°·Â»

d�Y�Ã|��Ã{Z¨f�Y���fÌa�Ê°Ì»ZÀË{Â»�e�������ÊeZ/Ì¸¼���ËY�/��Ã{Á|/v»
|ÀËY�§��µÁ|m��{�[~m����d�Y�Ã|��k�{]�[���

��
µÁ|m�����ÊeZÌ¸¼���ËY��|ÀËY�§��[~m|Ì�¯Y�É{�¾]�¯�]�[ 

Z»{� �
�oC�� �

�Z�§� �
�psig�� �

�ÊW�m��Z�§
�|Ì�¯Y�É{

�¾]�¯�pa�� �

É�Y~³�Z]� �
�CCO2/Cpz�� �

�d�¸£
µÔu 

�ÄfÌ·ÓÂ»�� �

���������������������������������������������

��
�������Z/��Ê/ÀÌ]��Ìa�ÉY�]�Ê^���Ä°^��Ä�|ÀÅ�ÊuY��

�¹�m�µZ¬f¿Y� �
�Ê�Z�Y��ZfyZ��Å�����Ä/ËÓ�|/Àq�Ê^/���Ä°^�����,½Z/ÆÀa�,É{Á�Á�Ä/ËÓ

ÊmÁ�y��½Á�¿�|uYÁ��Y��ZËyÊ^���Èf�������|/uYÁ��/Å�Ä/¯�Ã|/��¶Ì°�e
¾ËY�½Á|]�½Á�¿��Ä¿Â³�pÌÅ�Ä¯É|¿ÂÌa�½Á�¿�Z]����{�{Â/mÂ»�ÉZÅÓ�/ËÄ��É

�ÄËZ�¼Å�ÉZÅ�ÄËÓ�ÉZÅ�½Á�¿�Z]�,|�Z]�Äf�Y{�Ä]Z�»0Ô»Z¯���^e�/»��|/¿Y��
�ÉÂ´·YÊ^���Ä°^�,��½Z�¿Y�Ê^���ÃZ´f�{d�Y���Y�É|Ì¸¬e��«YÁ��{�Á

�½Z�¿Y�[Z��Y�Ä°^��Á��¤»Ä]�Ê»��Z¼��|ËM���¾ËY��]�Ê ��Ä°^��¾ËY��{
�{Â��ÄÌÆe�É�ZfyZ��Ä¯�d�Y�,�¤»�|À¿Z¼Å�Ä¯½YÂe��,É�Ì³{ZË��c�|/«

ºÌ¼ eºÌ¼�e�Á�ÊÅ{�|�Z]�Äf�Y{�É�Ì³���¥|Å�ZÅ�ZfyZ��Ä¿Â³�¾ËY��{
�������Y��µ|/»�,Ê°Ì»Z/ÀË{�ºf/�Ì��®/Ë�{�/°¸¼��Ê/§� »�Z]�Ä¯�d�Y�¾ËY



���ÊËY�Z/¯�Á�¹�/m�µZ¬f¿Y�|/ÀËY�§�����½Âf/��®/Ë��{�[~/m��iP/e�[~/mÌ��
��{�Z»{����d/�Y�Ã|/�¿�Ã|/¿ZnÀ³�Ê^/���Ä°^��µ|»�����/Å��{
�Z»{��iY�]���\/·Z«��{�¹�m�µZ¬f¿Y�ÊËY�Z¯�ÉZ/Æe�Z^����É�Y~/³�Z]

�}Â¨¿�\Ë���,¾Ì»M�|Ì�¯Y�É{�¾]�¯���º¸Ì/§��f»Y�Z/a�Á��Ä/f§�³��/�¿��{�
�¾ËYZÅ�f»Y�Za���ÌÌ¤e�Z]ZÅ�f»Y�Za�»Ê�|ÀÀ¯����Y�ªÌ¬ve�¾ËY��{

ÄËÓ�Ä��Ä°^��®Ë�ÉY��{Á�Á�ÄËÓ�®Ë���Ä/ËÓ�®/Ë�Á�½ZÆÀa�ÄËÓ�®Ë�,É
�¶°���{�Ä¯����Ã|»M,�d�Y�Ã|��Ã{Z¨f�Y����Ê»Z/¼eÃ{Y{��Z/Å�

�®Ë�Á��¨��¾Ì]�ZnÀÆ]Î�Ã|���|/¿Y����Ã{Y{��/Ë�Âe�ÊfyYÂ/À°Ë��Y�Z/e���ÉZ/Å
��{Â/��¶/�Zu�½ZÀÌ¼�Y�ÊmÁ�y�Á�É{Á�Á������Ã|/¼���Y�Ê/°Ë��Á��¾/ËY

��Ã|/��Ã{Z¨f�Y�¹Â��»�É�ÉY�/]������Y{�/a��Ì/aÃ{Y{��d/�ZÅ�,
ÉY�Y{�¦¸fz»�ÉZÅ�Ì¤f»�Ä¯�Ê�È^e�»�Ê³��]Ï���ÊeÁZ/¨f»

 

���ZfyZ��Ä°^��^��Ê��ÂÀ�»Ê�Äf§���Z¯�Ä]� �
ÉY�]��Z��µZ¬f¿Y�¹�m��

²ÀÌ�ÀeÐ���d/yYÂÀ°Ë�c�Â��Ä]�Á��Ë~a�ªf�»�,Äf�ÂÌa�Ä¯
,���É{Á�Á�ÉZ/Å�Ä/ËÓ�¾Ì]��]Ze�½YÂÀ��Ä]�����]Z/e�Á�½Z/ÆÀa

½ZÆÀa�ÉZÅ�ÄËÓ�¾Ì]�µZ¬f¿Y��ÊmÁ�y���]Ze�¾Ì·�Â/Ìa�����Ä/f§�³��/�¿��{
ªÌ¬ve�¾ËY��{,���{Â/mÂ»�ÉZÅ�Ã{Y{�¶¯��Y������,����Ã{Y{

�Á���Â»M�����ÉY�/]�Ã{Y{�½Â/»�M�����d/�Y�Ã|/��Ã{Z¨f/�Y�Ä°^/���
�ÉY�Y{�Ä°^��ÄÀÌÆ]�É�Z¼ »���Á���½Á�¿,�\Ìe�e�Ä],���É{Á�Á�Ä/ËÓ��{

�Z�y�Á��|u�Z]���Á®Ë��Z]�ÊmÁ�y�ÄËÓ��{�½Á�¿|»Z�]�
ÄËÓ�ÉZÅ�½Á�¿�{Y| e�½{�ÁM�d�|]�ÉY�]����{�½Z/ÆÀa�ÉZÅ

��Y�Á~n»�¾Ì´¿ZÌ»�ZÅZ�y��MSE���ZË�¾Ì´¿Z/Ì»���ÉZ/�y
��d�Y�Ã|��Ã{Z¨f�Y���

 

1. Normalized 
2. Order of Magnitude 
3. Tansing 
4. Purelin 

ÊmÁ�y�ÈËÓ� �Ê¿ZÆÀa�ÈËÓ� �É{Á�Á�ÈËÓ 

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

���Y�Á�Ã�/Ìy}�µ|»��Ä�§Zu��{�Y��ºf�Ì��{�°¸¼��ÃÂv¿�,
�Â/��Ã{Z¨f�Y�Ã|�¿�ÄmYÂ»�½M�Z]�0Ô^«�Ä¯�É{�YÂ»�ÉY�]�½M{�����¶/Ì·{�Ä/]

µ|»��{�ZÅ������Ä/¯�Ã|/ÌrÌa��ZÌ/�]�ÉZÅ|/ÀËM�§�É�Z/�
½M��{��Y~³�{ZË��ZÅÃ{Â]�½Z°»Y�,Ã�Æ]�É�Ì³���YM��{�½

{�Y{�É|���Ä]�Á��{�]�Z¯�Ê�|ÀÆ»��ºÆ»��z]�¾Ë�e��/Å���Ä°^/�
½Á�¿�ZÅZËyÄf�ÉZÅ��ÃZ´f�{�Ã|ÀÅ{�¶Ì°�e[Z��Y�
°^���ÅÈ�ÄËÓ��Y�Ê^���ÊmÁ�y�Á�½ZÆÀa�,É{Á�Á�ÉZÅ

{�Y{�{ÂmÁ�½Á�¿�|Àq�ZË�®Ë�ÄËÓ��Å��{����®/Ë��Å
�{�É{Á�Á�ÄËÓ�ÉZÅ�É�Y|¬»�»�[���Ê¿�ÁÊ�{Â������¾/ËY��Y|/¬»

iPe�Ã|ÀÀ¯�¾ÌÌ e�,½�ÁÌ��������É{Á�Á�Ä/ËÓ�{�/°¸¼��½Y�/Ì»��/]��/Ì¤f»��Å
��z]�Á{��Y�½Á�¿��Å��d/�Y�Ã|/��¶Ì°�e�����,d/�z¿��/z]��{

���Ê/»�Ä^/�Zv»�É{Á�Á��Ë{Z/¬»�Ê¿�Á��Â¼n»�{Â/�������Ê/�ZË���]Z/e�¾/ËY
Ê»�Ã|Ì»Z¿�µZ¬f¿Y��]Ze�ZË�Ä¿Zf�M��]Ze�0ZuÔ��Y����½M�{�/°¸¼��Ä/¯�{Â/�
Ê»�\mÂ»�Á�d�Y�Ê�y��Ì£��½Á�/¿�ÊmÁ�y�Ze�{Â�
���{�/Ì´]��Y�/«��Z/y�É{|��Ã{Á|v»�®Ë��{���º/Æ»���/eË¾����{��Â/�Â»

É{Á�Á�[Zzf¿Y�,Ê^���Ä°^��ÉZÅ�����ÉY�/]�µ|/»�Ä/]�\/�ZÀ»�ÉZÅ
��/»�ÉZ/Å�Â���/�¿�{�d/�Y����½M��/]�ÃÁÔ/�,����ZfyZ/�� �

�[Zzf¿Y�ÃÂv¿�Á�Ê^���ÉZÅ�Ä°^�|¿ÂÌa�½Á�¿�¾Ì]����/Å�Ä/¯�Ê¿�Á�Á�ZÅ
�d/�Y��Y{�Ây�]�ÊËÓZ]�dÌ¼ÅY��Y�,{Y{�|ÅYÂy��Z�fyY�{Ây�Ä]�½Á�¿��

Y| e��Y�¶°�f»�Ê^���Ä°^�ÄËÓ�{��½Á�/¿�{Y|/ e�,ZÅ���{�Z/Å
ÄËÓ���/Ë�Âe�ÃÂv¿�Á�Ä°^����Â»M��Á��,ºÅ�Z]�ZÅ

Ê^���Ä°^��É{Á�Á�ÉZÅ��Ì¤f»�[Zzf¿Y� �
ÉY�//]�½{Y{�¶Ì°//�e���Ê^//���Ä°^//��µ|//»� �

�¹�m�µZ¬f¿Y��Z���Y|¬»�ÊÀÌ]��Ìa��Ê/mÁ�y��Ì¤f»�,�(NA)�,
��¹�//////m�µZ//////¬f¿Y��Z//////���//////]��iÂ//////»�ÉZ//////Å�f»Y�Za�

2*( ( ), , , , , ) CO
l

P
k c c MP D�,½YÂÀ��Ä]��ÉZÅ�Ì¤f»

|¿|��[Zzf¿Y�Ä°^��É���¾ËYZÅ�f»Y�Za��ÉZÀ^»��]ZÅ�f»Y�Za»�ÉR��i
�|¿�YÂf/�Y������Y�Ã{Z¨f/�Y�Z/]�Ä/¯�È/Ë��¿���¹Z/Æ´ÀÌ¯Z]� �

,0Ôj»��[~m��³Y�Ä]�c�Â��|/ ]�Ê]�{|��É�Ê/»��,{Â/]�
�¥~u�cZ^�Zv»��Y�{Ây»Ê�|������[~/m�Ä/¯�Zn¿M��Y

�|Ì�¯Y�É{�¾]�¯�®Ë|ÀËY�§��Y�Z»�³Á��¾ËY��Y�,d�Y����Z/]�Z/»{
��ËY�§Y�,�À¯YÁ�d§��Ìa»Ê�Ë|]Z��0Z^·Z£�������/]�ºÌ¬f/�»�c�Â/��Ä/]�Z»{

���ÊËY�Z/¯�Á�¹�/m�µZ¬f¿Y
»Ê�{�Y~³����{�Z»{

c�Â�,��Z»{��iY
�}Â¨¿�\Ë���,¾Ì»M

d�Y�Ã|����¾ËY
ÄËÓ�Ä��Ä°^��®Ë

ÊmÁ�y���¶°���{�Ä¯
�®Ë�Á��¨��¾Ì]

��{Â/��¶/�Zu�½ZÀÌ¼�Y�ÊmÁ�y�Á�É{Á�Á
�Á��ZÅ��Ã|/��Ã{Z¨f�Y�¹Â��»�É

�Â�z]�¿Z»�ÉY�Y{�¦¸fz»�ÉZÅ�Ì¤f»�Ä¯�Ê
|À�Z]�������

��

��

¶°����

 

�µZ¬f¿Y��]Ze²ÀÌ�Àe
d�Y�Ê�ËY�§Y,

½ZÆÀa�ÉZÅ�ÄËÓ�¾Ì]�µZ¬f¿Y
d�Y�Ã|���ªÌ¬ve�¾ËY��{

ÉY�]��Á���Â»M
�ÉY�Y{�Ä°^��ÄÀÌÆ]�É�Z¼ »

�½ZÆÀa�ÄËÓ�Á�
�����d�Y��ÄËÓ�ÉZÅ�½Á�¿�{Y| e�½{�ÁM�d�|]�ÉY�]

ÄÀÌÆ]�Ä°^�,���Y
�ª¸�»�MAE��

 ÊmÁ�y�ÈËÓ

 

��� �Ã�Z¼��/�ºÅ{�ZÆq�µZ��/�½Y�ËY�Ê¼Ì��Ê�|ÀÆ»�ÄË��¿

cÓ
Z¬»

��

���Â»M|ÀÅ{���Y�Á�Ã�/Ìy}�µ|»��Ä�§Zu��{�Y��ºf�Ì��{�°¸¼��ÃÂv¿�,
�Â/��Ã{Z¨f�Y�Ã|�¿�ÄmYÂ»�½M�Z]�0Ô^«�Ä¯�É{�YÂ»�ÉY�]�½M

Ä°^��¾ËY�ÊWZ¿YÂeµ|»��{�ZÅ
�ÌiPe�¶»YÂ��{Y| e�½M��{��Y~³

�¹Â¸�{�Y{�É|���Ä]�Á��{�]�Z¯�Ê�|ÀÆ»
Ê^��,�d�Y�½Á�¿��½Á�¿
�¿Y|Àf�Å�½Z��°^���Å

d�Y�Ã|��¶Ì°�e��{�Y{�{ÂmÁ�½Á�¿�|Àq�ZË�®Ë�ÄËÓ��Å��{
½Á�¿��Y�{�É{Á�Á�ÄËÓ�ÉZÅ

iPe�Ã|ÀÀ¯�¾ÌÌ e�,½�Á
d�Y����z]�Á{��Y�½Á�¿��Å

���Ê/»�Ä^/�Zv»�É{Á�Á��Ë{Z/¬»�Ê¿�Á��Â¼n»
Ê»�Ã|Ì»Z¿�µZ¬f¿Y��]Ze�ZË�Ä¿Zf�M��]Ze�0ZuÔ��Y

�®Ë�ÄÌ^�Ê§Z��Ê»�\mÂ»�Á�d�Y�Ê�y��Ì£
���{�/Ì´]��Y�/«��Z/y�É{|��Ã{Á|v»�®Ë��{

µ|»�É{Á�Á�[Zzf¿Y�,Ê^���Ä°^��ÉZÅ
�Ê/mÁ�y�Ä]�½|Ì����/»�ÉZ/Å

�[Zzf¿Y�ÃÂv¿�Á�Ê^���ÉZÅ�Ä°^�
�d/�Y��Y{�Ây�]�ÊËÓZ]�dÌ¼ÅY��Y�,{Y{�|ÅYÂy��Z�fyY�{Ây�Ä]�½Á�¿

��ZfyZ��Å�Y| e��Y�¶°�f»�Ê^���Ä°^�
�ÃÂv¿�,ÄËÓ��Å|¿ÂÌa�ÄËÓ

»Y�ZaZÅ�f�d��������
��
���Ê^���Ä°^��É{Á�Á�ÉZÅ��Ì¤f»�[Zzf¿Y

���//�Zu�ª//Ì¬ve��{ÉY�//]
�Â�À»�Ä]��¹�m�µZ¬f¿Y��Z���Y|¬»�ÊÀÌ]��Ìa

��¹�//////m�µZ//////¬f¿Y��Z//////���//////]��iÂ//////»�ÉZ//////Å�f»Y�Za

( ( ), , , , , )g g

l l

D
k c c MP D




{Á�Á|¿|��[Zzf¿Y�Ä°^��É
��¹�/m�µZ¬f¿Y��Z���]�|¿�YÂf/�Y

]Ä��d�{Ã|»M�|¿Y��,0Ôj»
]Ây�º¸Ì§��f»Y�ZaÄ��¥~u�cZ^�Zv»��Y�{Ây

�ÊËZÌ¼Ì��|Ì�¯Y�É{�¾]�¯
��ËY�§Y�,�À¯YÁ�d§��Ìa



Iranian Chemical Engineering Journal ��� ������

�
Ìa

�
�¹�

m�µ
Z¬f
¿Y��

Z��
ÊÀ
Ì]

C
O

2
�

��{
µÂ
¸v
»

�ZÅ
¾Ì
»M�
É

�
�Y�Ã

{Z¨
f�Y

�Z]
�����

�������ÅZ/¯�Z/]�,µÔ/u�d/]Zi�d/�¸£�®Ë��{
��ËY�§Y�µÂ¸v»��{�{Y�M�¾Ë�Y�bÌa�,É�Y~³�Z]�½Y�Ì»�/»Ê��|/]ZË,����Z/]�Y�/Ë�
���½Y�//Ì»�,d//]Zi�d//�¸£��{�É�Y~//³�Z]��ËY�//§Y�¾]�//¯�|Ì//�¯Y�É{� �

�ËY�§Y�ÊÀ »�Ä]�Ä¯�|À¯�Ê»��¹�m�µZ¬f¿Y��Z�
É�f�Ì]�¾Ë�Y�bÌa�¹�m�µZ¬f¿Y��Z��½Y�Ì»��ËY�§Y�Z]��{����À/¯YÁ

���ÅZ/¯�µÂ¸v»��{�{Y�M�¾Ë�Y�bÌa�/»Ê��|/]ZË��� �
����{Y�M�¾Ë�Y�/bÌa�,¶/¯�d/�¸£��ËY�§Y�Z]�Ä¯�{Â�

�Ê Ì^��É�»Y�Ä¯�{�Y{�{ÂmÁ�µÂ¸v»��{�É�f�Ì]d�Y���

 
� �

�Ã|Ë{���Â»M�Ä°^��ÊËY�Z¯��

��

�{ÂmÂ»�{Y�M�¾Ë�Y�bÌa�½Y�Ì»�cY�ÌÌ¤e� �
\�u�]�É�Y~³�Z]�½Y�Ì»��

�����Y�¶/�Zu�lËZ/f¿�{�/°¸¼��Ê���]�Á�ÊËY�Z¯�½Y�Ì»��nÀ�
���cÁZ/¨f»��ËY�/���{�,Ê^���Ä°^��µ|»�|/ÀËY�§����¹�/m�µZ/¬f¿Y��Z/��,

d�Y�Ã|��Ê���]�Ã|��Ä^�Zv»���¶°���{��������t�/���{�d/�¸£��/iY
����¹�//m�µZ//¬f¿Y��Z//���//]�¾Ì//»M�d//�¸£� �

d�Y�Ã|��ÄWY�Y��Ä]�lËZf¿��]ZÀ]�,Ã|»M�d�{���ËY�§Y�Z]
Ê·{Z e�d�¸£,��¹�m�µZ¬f¿Y��Z���|Ì/�¯Y�É{�¾]�¯


�� ����
�� ��� �
NAEXP (mol/(m 

� ����
�� ����
�� ����
�� �
 (mol CO2

 ��
�� �

���
�� �

��
�� �

���
�� �

� 

N
A

N
N
 (

m
ol

/(
m

2 .s
))

 

 
�� �
�� �
�� �
�� �
�� �
�� �
�� �
�� �
�� �
�� �

[P
Z

] 
(m

ol
/L

)
 

� �Engineering Journal Ō Vol. 14 - No. 79 (2015)

2

1

( ( ) ( ))


 
N

k

MAE t k a k��

2 2

1 1

1 1
( ) ( ( ) ( ))

 

   
N N

k k

MSE e k t k a k
N N

��

�Á~n»�¾Ì´¿ZÌ»�ZÅZ�y,��Á�{Y| e
��ª/Ì¬ve�¾/ËY��{,����Á~/n»�¾Ì´¿Z/Ì»�

Ã|��Äf§�³��Z¯�Ä]�d�Y����

���Á�Z/Å�f»Y�Za��Y�®/Ë��Å�dÌ¼ÅY�Ê���]�ÉY�]�iP/e���/Å��Ì�®/Ë���Z/Æ¿M��Y� �
�������|/ ]�½Á|/]�{Y|/�Y��Y�®/Ë��/Å�cY�/ÌÌ¤e
����/��Ê/���]�Ä/¿Z³Y|m�¹Y|/¯�Å��iY�Á�ºÌ��e|��

�¾Ë�f�Ì]iPe���µZ/¬f¿Y��Z/���]�Y���Ì
����Ê/W�m��Z/�§�|/ ]�Á�É�Y~³�Z]�½M��Y�| ]�Á�Äf�Y{�¹�m�d/�Y����lËZ/f¿

��À/¯YÁ��Z/Å�����©Z/¨eY��ËZ/»��Z/§��{
�ËZ»��Z§�Ä]��Â]�»�ÉZÅ�f»Y�Za�¾ËY�]ZÀ]��Y��¾Ë�f�Ì]�iP/e��{��Ì

�Ä/f^·Y,����/´Ë{�ÉZ/Å�f»Y�Za���d^/�¿
�¹�m�µZ¬f¿Y��Z���{��Ì¿�ZÅ�Z§�º¸Ì§�É

��f¼¯�Ê¸^«��f»Y�Za�Ä��Ä]�d^�¿�ZÆ¿M��Ìd�Y����

��\/�ZÀ»�É�Y�]Y�Ê^���Ä°^��ºfË�Â´·Y�ÉY�/]�����/Ì¤f»�¾Ì/¼ze
½M�Ä»�Ó�Z»Y��Y�¾ËY��Y�«��Ä¯�d�Y

c�Â��¾ËY��Ì£��{,��Ê^���Ä°^�
�����Ê^/���Ä°^/����Â/»M�lËZ/f¿
������¹�/m�µZ/¬f¿Y��Z/���Ë{Z/¬»�¶°/��¾ËY��{

���Ê^/���Ä°^/��Äf§ZË���Â»M�ÉZÅ�ºÌ/��e���Ã|/�
����Â/»M�Ê]Ây�Ä]�Ã|��[Zzf¿Y�Ä°^�

�Ä^�Zv»��{�,d�¸£�ZÅ��Á��ËZ/»�®·Z]�É
�������d/�Y�Ã|/��Ã{Z¨f/�Y�Ã|/��sÔ/�Y���/fÌa�µ|/»��Y�,­�f�»�t����� �
�µÂ¸v»��{�{Y�M�¾Ë�Y�bÌa�d�¸£��Ë{Z¬»�cY�ÌÌ¤e

�Ã|��Ã{Y{�½Z�¿�|Ì�¯Y�É{�d/�Y���{���¾/ËY

�¶°�Ê»�Ã|ÅZ�»�Ä¯�ºÌÀ¯��������ÅZ/¯�Z/]�,µÔ/u�d/]Zi�d/�¸£�®Ë��{
��ËY�§Y�µÂ¸v»��{�{Y�M�¾Ë�Y�bÌa�,É�Y~³�Z]�½Y�Ì»
���½Y�//Ì»�,d//]Zi�d//�¸£��{�É�Y~//³�Z]��ËY�//§Y

�Y|Ìa��ËY�§Y�Ã|��[~m�ËY�§Y�ÊÀ »�Ä]�Ä¯�|À¯�Ê»
d�Y��É�f�Ì]�¾Ë�Y�bÌa�¹�m�µZ¬f¿Y��Z��½Y�Ì»��ËY�§Y�Z]

Ê»�d¯���Á��¾ËY��Y�|À¯����ÅZ/¯�µÂ¸v»��{�{Y�M�¾Ë�Y�bÌa
]�ÄÃÁÔ�,��Ã|ÅZ�»»Ê�����{Y�M�¾Ë�Y�/bÌa�,¶/¯�d/�¸£��ËY�§Y�Z]�Ä¯�{Â�

�Ê Ì^��É�»Y�Ä¯�{�Y{�{ÂmÁ�µÂ¸v»��{�É�f�Ì]
��

¶°�����É�Y{Â¼¿�s���
��

��

¶°������ÊÀvÀ»�{ÂmÂ»�{Y�M�¾Ë�Y�bÌa�½Y�Ì»�cY�ÌÌ¤e
��ËZ»��Z§��{\�u�]

��

�Â�À»�Ä]������Y�¶/�Zu�lËZ/f¿�{�/°¸¼��Ê���]�Á�ÊËY�Z¯�½Y�Ì»��nÀ�
���cÁZ/¨f»��ËY�/���{�,Ê^���Ä°^��µ|»

d�Y�Ã|��Ê���]�Ã|��Ä^�Zv»
��Z//³�­�f//�»���Á��ËZ//»����¹�//m�µZ//¬f¿Y��Z//���//]�¾Ì//»M�d//�¸£

�|Ì�¯Y�É{�¾]�¯d�Y�Ã|��ÄWY�Y
�Á�¾Ì»M�d�¸£�Ì¿�Ê·{Z e�d�¸£

 ��
�� ����
�� ���

(mol/(m2.s))

 ���
�� ����
�� ����
�� �
2/mol amine) 

��

� �

���� �2( ( ) ( ))MAE t k a k

��

���� �2 2

1 1

1 1
( ) ( ( ) ( ))

 

   
N N

k k

MSE e k t k a k
N N

��
Ä°^��¦«Âe�ÉY�],��,½Z»���ZÌ »�Ä���Y�Á~n»�¾Ì´¿ZÌ»

�Ã{Z¨f�Y��Y�°e�¶uY�»�/»Ê��{Â/�����ª/Ì¬ve�¾/ËY��{
�Ä°^��¦«Âe�ÉY�]�ZÅZ�yÃ|��Äf§�³��Z¯�Ä]

��
���¶Ì¸ve�Á�ÄË�ne�dÌ�Z�u��

���Á�Z/Å�f»Y�Za��Y�®/Ë��Å�dÌ¼ÅY�Ê���]�ÉY�]
�,¹�m�µZ¬f¿Y��Z���]�ÊÀvÀ»�������|/ ]�½Á|/]�{Y|/�Y��Y�®/Ë��/Å�cY�/ÌÌ¤e

�\�u�]NA/kL(C*-C)�����/��Ê/���]�Ä/¿Z³Y|m�¹Y|/¯�Å��iY�Á�ºÌ��e
Ä]�lËZf¿��]ZÀ]�,Ã|»M�d�{���Âf¯Z§M��¾Ë�f�Ì]

����Ê/W�m��Z/�§�|/ ]�Á�É�Y~³�Z]�½M��Y�| ]�Á�Äf�Y{�¹�m
�½Z�¿»Ê�|Å{�Ä¯�¾ËY�Ä]�ÄmÂe�Z]��Ä¯��À/¯YÁ

»Ê�|f§Y,��ËZ»��Z§�Ä]��Â]�»�ÉZÅ�f»Y�Za�¾ËY�]ZÀ]
��¹�/m�µZ¬f¿Y��Z���d/�Y��Y{�Â/y�]���Ä/f^·Y

Y���d^�¿�Á�}Â¨¿�\Ëd»Zz��ZÅ�¹�m�µZ¬f¿Y��Z���{��Ì¿�ZÅ�Z§�º¸Ì§�É
�Ê·Á�|¿�iÂ»iPe��f¼¯�Ê¸^«��f»Y�Za�Ä��Ä]�d^�¿�ZÆ¿M��Ì

��
���lËZf¿�Á�hv]��

|Àq�Å���\/�ZÀ»�É�Y�]Y�Ê^���Ä°^��ºfË�Â´·Y
��{�ÃYÂz·{|ÀËY�§d�Y�Ã|ÌrÌa�ÉZÅ,�½M�Ä»�Ó�Z»Y

|�Z]�Ã|Ë{���Â»M�Ê]Ây�Ä]�Ä°^�-�c�Â��¾ËY��Ì£��{
d�Y{�|ÅYÂz¿�ÊËY�Z¯����{�¶°/�����������Ê^/���Ä°^/����Â/»M�lËZ/f¿

�Y��ÄÀÌÆ]Ê»�Ã|ÅZ�»�|ÌÀ¯��������¹�/m�µZ/¬f¿Y��Z/���Ë{Z/¬»�¶°/��¾ËY��{
�Ê]�ne\�u�]�Ã{Y{����Ê^/���Ä°^/��Äf§ZË���Â»M�ÉZÅ
d�Y���½Z�¿�lËZf¿»Ê�Å{À�Ä¯�|����Â/»M�Ê]Ây�Ä]�Ã|��[Zzf¿Y�Ä°^�

d�Y�Äf§ZË���
�Â��½Z¼Å���f�Ìa�Ä¯|��Äf¨³�Ä^�Zv»��{�,

�������d/�Y�Ã|/��Ã{Z¨f/�Y�Ã|/��sÔ/�Y���/fÌa�µ|/»��Y�,­�f�»�t��
��{�¶°������ÊÀvÀ»�µÂ¸v»��{�{Y�M�¾Ë�Y�bÌa�d�¸£��Ë{Z¬»�cY�ÌÌ¤e

�É�Y~³�Z]�Ä]�d^�¿�¾]�¯�Ã|��Ã{Y{�½Z�¿�|Ì�¯Y�É{



�Ê]�ne� lËZf¿� Z]� Ê^��� Ä°^�� ¹�m� µZ¬f¿Y� �Z�� ÊÀÌ]� �Ìa� lËZf¿
�¶°���{�½M�lËZf¿�Á����d�Y�Ã|��Ã{Y{�½Z�¿� ��¾ËY��{

�Ê´f�^¼Å�\Ë���R2��µ{Z »����
��d�Y�Ã|��Ä^�Zv»���¾ËY
»Ê��¹�m�µZ¬f¿Y��Z��Ã|Ë{���Â»M�Ê^���Ä°^��Ä¯�|Å{

�ÊÀÌ]��Ìa�Ê]Ây�d«{� Z]� Y�Ê»�|À¯� ��Ê^��� Ä°^��ÉZ�y���Âf»
d�Y�Ã|��Ä^�Zv»� 

 

µZ¬f¿Y�¹�m�aÌ��]ÌÀÊ�Ã|����Âe�Ä°^��^��Ê��]�
\�u�{Z¬»Ë��]�neÊ��Z��µZ¬f¿Y�¹�m]�[ 

,������Ä°^/���Y�Ã{Z¨f/�Y�Z/]�Ã|/��Ä^�Zv»�¹�m�µZ¬f¿Y��Z�
�Êy�]�Z]�Ê^���Á���Z/Å�������Ê/�ËY�§Y��Âf¯Z/§�ÉZ/À^»��/]�Ã|/��Ä/WY�Y�É� �

d�Y�Ã|��Ä�ËZ¬»���Â��½Z¼Å��Ä¯�Ê/»�Ã|ÅZ�»��,{Â/�����Ê^/���Ä°^/�
¾Ì´¿ZÌ»��Ã|��ÄWY�Y��]YÁ���´Ë{�Ä]�d^�¿�É�f¼¯�ÉZ�y

�¹�m�µZ¬f¿Y��Z��¥Y�v¿Y�|��{{�ÁM�]��Ã{Z¨f�Y�Z]�Ã|�
��Y�Á��ZÅ¦¸fz»�É 

Ã|��Ã{Z¨f�Y�Ä�]Y�� �µZ���Z�y�|��{��

¾¸ËÁ�¯�½Á���������� 

Ê��Â¯{���������� 

Z»�Z��Á��Z¯�´Àa���������������

½Y�Z°¼Å�Á�¾���������������

�ËZ»�pÌf�Y ���� ����

Ê^���Ä°^���ªÌ¬ve�¾ËY��������

���
�� ����
�� ����
�� ����
�� ��� �
NA (mol/(m2.s))�Ê]�ne 

 
���
�� �
��
�� �

���
�� �
���
�� �
���
�� �
���
�� �
�� �

�
Ìa

�
�Ã|

��Ê
ÀÌ]

N
A
 (

m
ol

/(
m

2 .s
))

 

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

 

 

­�f�»�t���Á�¾Ì»M�d�¸£��ËY�§Y,�Ã|��h�Z]�Ä¯�
���f�Ì]�µÂ¸v»��{�{Y�M�¾Ë�Y�bÌa��Y|¬»Â�¾ËY�Á�{�/¨eY�Ä/]�©Z����ËY�/§Y

�¹�m�µZ¬f¿Y��Z��dËZÆ¿��{�Á��À¯YÁ�d���Ê»��nÀ»�{Â�����
� Ä¯��ËY�§Y� Z]� ,­�f�»� t��� ½Z�°Ë� d�¸£� �{

��ËY�§Y�¹�m�µZ¬f¿Y��Z��,µÔu�d�¸£»Ê��|]ZË¾ËY�Ä¯�0Ô»Z¯��Ê Ì^�
�µÔu�[~m�dÌ§����ËY�§Y�\^��µÔu�d�¸£��ËY�§Y� Y�

d�Y�¹�m�µZ¬f¿Y�Ä¯�v»�ÉÁ�Ì¿��ËY�§Y�½Z¼Å�Ä¯����ËY�§Y�Z]
�{ZË���Ì¿��Z��½Y�Ì»�Ä¯�v»�ÉÁ�Ì¿�¾ËY»Ê�{Â�����

 

�Ê·{Z e�d�¸£��iY�¾]�¯�¹�m�µZ¬f¿Y��Z��ÉÁ��|Ì�¯Y�É{
��{�Ê^���Ä°^���Y�Ã|»M�d�|]d�¸£�ZÅcÁZ¨f»�É��

�ÊW�m��Z�§��iY�¾]�¯�É�Ì³�Z]�Á��Z³��Z§��{�|Ì�¯Y�É{
�¹�m�µZ¬f¿Y� �Z�Ê»�Ã|ÅZ�»� Y��|ÌÀ¯� ��½Z�¿�lËZf¿»Ê�Å{À�|

� ÊW�m� �Z�§��ËY�§Y� Z]� Ä¯|Ì�¯Y� É{� ¾]�¯,��½M� ¹�m� µZ¬f¿Y� �Z�
�ÊW�m��Z�§��ËY�§Y�|Ì�¯Y�É{�¾]�¯��ËY�§Y�h�Z]

� d�¸£� Á�­�f�»� t���¾Ì]�d�¸£� ¥ÔfyY� |Ì�¯Y� É{� ¾]�¯��{
��¹�m�µZ¬f¿Y��Z���ËY�§YÊ»�|»Zn¿Y� 

 
�ÊW�m��Z�§��iY�¾]�¯�|Ì�¯Y�É{�]��¹�m�µZ¬f¿Y��Z� 

ÉY�Y�Ä]�É�Y~³�Z]�¦¸fz»��Ë{Z¬»����� �

�Ê]�ne� lËZf¿� Z]� Ê^��� Ä°^�� ¹�m� µZ¬f¿Y� �Z�� ÊÀÌ]� �Ìa� lËZf¿
|��Ã{Â»�M��¶°���{�½M�lËZf¿�Á

¶°�,��Ê´f�^¼Å�\Ë��
�½Z�¿�\Ë��»

�ÊÀÌ]��Ìa�Ê]Ây�d«{� Z]� Y�
�������d�Y�Ã|��Ä^�Zv»

��

��

¶°������Z��µZ¬f¿Y
\�u

��

µÁ|m��{����,
�Êy�]�Z]�Ê^��

d�Y�Ã|��Ä�ËZ¬»
�Ã|��Ã{Z¨f�Y¾Ì´¿ZÌ»

{�Y{���
��

µÁ|m�����¹�m�µZ¬f¿Y��Z��¥Y�v¿Y�|��{

Ã|��Ã{Z¨f�Y�Ä�]Y�

¾¸ËÁ�¯�½Á

Ê��Â¯{

Z»�Z��Á��Z¯�´Àa

½Y�Z°¼Å�Á�¾�

�ËZ»�pÌf�Y

Ê^���Ä°^�

������E�
������E�
������E�
������E�
�����	E�
�� �
C* (mol/L) 

 
���E�
� 

���E�
�� �

���E�
���

���E�
���

���E�
���

���E�
���

���E�
���

N
A

_A
N

N
 (

m
ol

/(
m

2 .s
))

  ��
�� ����

� ����
�� ���
�� ����
�� ��� �
Pco2/P 

 ����
�� �

���
�� �

����
�� �

���
�� �

����
�� �

�� �

N
A
 (

m
ol

/(
m

2 .s
))

 

 

��� �Ã�Z¼��/�ºÅ{�ZÆq�µZ��/�½Y�ËY�Ê¼Ì��Ê�|ÀÆ»�ÄË��¿

cÓ
Z¬»

��

��ËY�§Y»Ê�|]ZË��­�f�»�t���Á�¾Ì»M�d�¸£��ËY�§Y
���f�Ì]�µÂ¸v»��{�{Y�M�¾Ë�Y�bÌa��Y|¬»

�¹�m�µZ¬f¿Y��Z��dËZÆ¿��{�Á��À¯YÁ�d���
� Ã|ÅZ�»»Ê�� {Â�� Ä¯

��ËY�§Y�¹�m�µZ¬f¿Y��Z��,µÔu�d�¸£
d�Y,�Ë��µÔu�[~m�dÌ§����ËY�§Y�\^��µÔu�d�¸£��ËY�§Y� Y�
Ê»�{Â��d�Y�¹�m�µZ¬f¿Y�Ä¯�v»�ÉÁ�Ì¿��ËY�§Y�½Z¼Å�Ä¯

�{ZË���Ì¿��Z��½Y�Ì»�Ä¯�v»�ÉÁ�Ì¿�¾ËY
��

��

¶°������Ê·{Z e�d�¸£��iY
��{�Ê^���Ä°^���Y�Ã|»M�d�|]

��
�¶°���{���,��ÊW�m��Z�§��iY

�]\�u��¹�m�µZ¬f¿Y� �Z�
� ÊW�m� �Z�§��ËY�§Y� Z]� Ä¯

��ËY�§Y»Ê�|]ZË� ��ÊW�m��Z�§��ËY�§Y
� d�¸£� Á�­�f�»� t���¾Ì]�d�¸£� ¥ÔfyY

�µÂ¸v»Ê»�{Â���Ä¯Ä]�
��

¶°������ÊW�m��Z�§��iY
ÉY�Y�Ä]

 
���E�
����E�
������E�
�

 
���
�� ���
�� �



��

� �Iranian Chemical Engineering Journal Ō Vol. 14 - No. 79 (2015)��� ������

�
Ìa

�
�¹�

m�µ
Z¬f
¿Y��
Z��

ÊÀ
Ì]

C
O

2
�

��{
µÂ
¸v
»

�ZÅ
¾Ì
»M�
É

�
�Y�Ã

{Z¨
f�Y

�Z]
�����

���ÄnÌf¿�É�Ì³��
�¾ËY��{�Ìa�ªÌ¬ve������¹�/m�µZ/¬f¿Y��Z/��Ê/ÀÌ]��¾]�/¯���{�|Ì/�¯Y�É{

¾Ë�Y�bÌa�µÂ¸v»,��Z]Ã�Æ]�É�Ì³��Ê^���Ä°^��µ|»��Y�Ê���]�Á�Ä ·Z�»
|��������ÉZ/�y��/�Âf»�¶«Y|/u��Z/�Y��]�Ê^���Ä°^��ÄÀÌÆ]��ZfyZ�

MSE�|���ZÌfyY����������/fÌa�µ|/»�Á�Ê/]�ne�ÉZ/Å�Ã{Y{��Y�Ã{Z¨f/�Y�Z/],�
^�Zv»�¹�m�µZ¬f¿Y��Z���]��iÂ»�ÉZÅ�f»Y�Za�Ä�|��{Á�ÁÉ���Ä°^/��ÉZÅ

��Z�Y��]�Ê^��ÈË��¿�|¿|��[Zzf¿Y�¹ZÆ´ÀÌ¯Z]���¾ËY��Z�Y��],ÄË��¿�
��Ê^//���Ä°^//���{�¹�//m�µZ//¬f¿Y��Z//���//]��iÂ//»�ÉZ//Å�Ì¤f»�Ê»Z//¼e� �

|��Äf§�³��Z¯�Ä]�������Ê/]�ne�ÉZ/Å�Ã{Y{�Á�Ê^/���Ä°^/��lËZf¿�Ä�ËZ¬»
�d«{�Z]�Y��¹�m�µZ¬f¿Y��Z��Ê^���Ä°^��Ä¯�{Y{�½Z�¿�É{Z/Ë����d^/�¿

�ËZ��Ä]��Ìa�Ã|��ÄWY�Y��]YÁ���ÊÀÌ]Ê»�|À¯�����Ä/WY�Y�Ê^/���Ä°^��µ|»
��Z/Å�Z³��´Ë{�¹�m�µZ¬f¿Y��Z��Ä^�Zv»�ÉY�]�Á�Ê¸¯�Ã|����{�]�Z/¯�¶/]Z«

d�Y��{ZÆÀ�Ìa�ÁÊ»�{Â���ÉY�]��Á��¾ËY��Y�ºf�Ì��[~m�¦¸fz»�ÉZÅ
�À¯YÁ��Y{�{Â��Ã{Z¨f�Y�ZÅ�Z³���

��
�mY�»��

[1] Dugass, R. E., "Carbon Dioxide Absorption, 
Desorption, and Diffusion in Aqueous Piperazine and 
Monoethanolamine�", Ph.D. Dissertation, University of 
Texas at Austin (2009). 

[2] Kaiyun, F., Guangying, Ch., Teerawat, S., Xu, Z., 
Zhiwu, L., Raphael, I., Paitoon, T., "Experimental 
study on mass transfer and prediction using artificial 
neural network for CO2 absorption into aqueous DETA 
", Chemical Engineering Science 100 195±202 (2013). 

[3] Paitoon, T., Wee, A. G. H., Idem, R. O., Maneeintr, K., 
Fan, G. J., Veawab, A., Henni, A., Aroonwilas, A., 
Chakma, A., "Method for capturing carbon dioxide 
from gas streams", World Intellectual Property 
Organization Patent no. WO, 022437, (2008). 

[4] Hartono, A., Silva, E. F., Svendsen, H. F., "Kinetics of 
carbon dioxide absorption in aqueous solution of 
diethylenetriamine (DETA)", Chemical Engineering 
Science 64, 3205�±3213 (2009). 

[5] Paul, S., Ghoshal, A. K., Mandal, B., "Kinetics of 
absorption of carbon dioxide into aqueous solution of 
2-(1-piperazinyl)-ethylamine", Chemical Engineering 
Science 64, 313±321(2009). 

[6] Sema, T., Naami, A., Idem, R., Tontiwachwuthikul, P., 
"Correlations for equilibrium solubility of carbon 
dioxide in aqueous 4-(Diethylamino)-2-butanol 
solutions", Industrial and Engineering Chemistry 
Research, 50, 14008�±14015(2011). 

[7] Naami, A., Edali, M., Sema, T., Idem, R., 
Tontiwachwuthikul, P., "Mass transfer performance of 

CO2 absorption into aqueous solutions of 4-(Diethyl 
amino)-2-butanol, mono ethanol amine, and N-methyl 
diethanol amine", Industrial and Engineering 
Chemistry Research, 51, 6470-6479 (2012). 

[8] Porcheron, F., Gibert, A., Mougin, P., Wender, A., 
"High throughput screening of CO2 solubility in 
aqueous monoamine solutions", Environmental Science 
& Technology, 45, 2486�±2492(2011). 

[9] "Piperazine-Why It's Used and How It Works", The 
Contactor, Vol. 2, No. 4, 2008. 

[10] Monoj, K. M., Hemant, K. B., Prachi, V., "Progress 
and trends in CO2 capture/separation technologies: A 
review", Energy 46, 431-441(2012). 

[11] Edali, M., Idem, R., Aboudheir, A., "1D and 2D 
absorption-rate/kinetic modeling and simulation of 
carbon dioxide absorption into mixed aqueous solutions 
of MDEA and Pz in a laminar jet apparatus", 
International Journal of Greenhouse Gas Control, 4, 
143±151 (2010). 

[12] Van Krevelen, D. W., Hoftijzer, P. J., "Composition 
and Vapour Pressures of Aqueous Solutions of 
Ammonia, Carbon Dioxide and Hydrogen Sulfide," 
Recueil, 68, 191-216(1948). 

[13] Van Krevelen, D. W., Hoftijzer, P. J., "Applicability of 
the results of small-scale experiments to the design of 
technical apparatus for gas absorption", Transactions of 
the Institution of Chemical Engineers, 32, 60-67(1954). 

[14] Decoursey, W. J., Thring, R. W., "Effects of unequal 
diffusivities on enhancement factors for reversible and 
irreversible reaction", Chemical Engineering Science, 
44, 1715-1721 (1989). 

[15] Decoursey, W. J., "Absorption with chemical reaction: 
development of a new relation for the danckwerts 
model", Chemical Engineering Science, 29, 1867-1872 
(1974). 

[16] Decoursey, W. J., "Enhancement factors for gas 
absorption with reversible reaction", Chemical 
Engineering Science, 37, 1483-1489 (1982). 

[17] Shen, J. F., Yang, Y. M., Maa, J. R., "Promotion 
Mechanism for CO2 absorption into partially 
carbonated ammonia solutions", Journal of Chemical 
Engineering of Japan, 32, 378-381 (1999). 

[18] Last, W., Stichlmair, J., "Determination of Mass 
Transfer Parameters by Means of Chemical 
Absorption�, Chemical Engneering Technology, 25, 4 
(2002). 

[19] Mamun, S., "Selection and Characterization of New 
Absorbents for Carbon Dioxide Capture", PH.D 
Dissertation, Norwegian University of Science and 
Technology, (2005). 

[20] Hoogendoorn, G. C., Abellon, R. D., Essens, P. J. M., 
Wesselingh, J. A., "Desorption of volatile electrolytes 
in a tray column", Chemical Engineering Research and 
Design, 66, 483-502 (1988). 



 

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

cÓ
Z¬»

��

[21] Ghaemi, A., Torab-Mostaedi, M., Ghannadi, M., 
Shahhosseini Sh., "Kinetics and Absorption Rate of 
CO2 into Partially Carbonated Ammonia Solutions", 
Chemical Engneering Communications, 198, 1169�±
1181 (2011). 

[22] Kaiyun, F., Guangying, Ch., Teerawat, S., Xu, Z., 
Zhiwu, L., Raphael, I., Paitoon, T., "Experimental 
study on mass transfer and prediction using artificial 
neural network for CO2 absorption into aqueous 
DETA", Chemical Engineering Science, 100, 195�±202 
(2013). 

���� ,kZÆÀ» ¹��[., Ê¿Z^» Ä°^��ÉZÅ �Ê^/������Â/Å��ÊeZ^/�Zv»�,�
�¯�» Êf À��ÃZ´�¿Y{���¿ ��/Ì»Y �,�/Ì^¯ �_Z/q �/�,¹Â��k�,���
���,�������� 


