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	����� u�DUrov� �rt O��Btr�

xH�Dv QO �CU� xOW �Q�Oyov�U�vt�v �xDU� hQ�l� QO �� uwO�lWN O� Qrm s�Urm R� ��xvwtv ���
�� sQo � QO pt�m Qw� x� xO�t u�� R� �tQo �� �xvwtv l� �CU� xOW Q�O�� ��OOHt xvwtv u��
CaCl� � �H�O R� sQo ���� xH�Dv QO w O�OQo lvN ��C �D pwrLt u�� TBU w OW pL d�O
��wDLt �CU� ���� gCaCl��� g �� Q��Q� ��C QO O� Qrm s�Urm �Q�PBpqLv� �OQm �wUQ
�CaCl� R� pwt l� ��R� x� �� pwt O�OaD� O�vm x�U�Lt �Q �tQo �� �xvwtv QO O� Qrm s�Urm ��
	����� u�tr� �rt O��Btr�

pwv�Dt Q�N� R� �Q�� ��wy �D OwW�t xOR sy COW x� w xOW xDN� Q �ml �Q�� ���t pwv�Dt ���
�OwW�t xOR VD� �wrNt ��Q�� uOQm smLt R� TB w xOW xDN� Q uwQ�� �i��� pwv�Dt �OOQo ���W�

�O�U� wv� Vvm �w u�� ��Q� ��xOW xvR�wt �xrO�at �hr��

O�vm ZQi �p�wU ��yDv� QO �Hf Q�O�kt� �O�vm x�U�Lt �Q �hr�� CtUk Vvm �w �H Q�Okt ���

Q��Q� 	
�C QO pwv�Dt Q�N� Q�Wi �OW���t ���� �� Pa Q��Q� Q�Wi w 	
�C Q��Q� �tO xm
�OW���t uSwQD�v �� w uS�Um � �	 pt�W �wy w p�mU�B ���
� ��

�O�vm XNWt �Q 
ml �Q�� xOvvm OwOLt QoWvm �w �G�
�O�vm x�U�Lt �Q 
ml �Q�� QO Vvm �w QF� QO xOW O�R� ��tQo Q�Okt �O�

R� n tot � 	����� ���mol �� Q��Q� �tm Q�Okt l� Vvm �w s�Hv� R� Oa� xm O�yO u�Wv �y�
�CU� OwHwt �Q�� QO O�wt

��tO �OwW�t R�o uOQm sQo hQY �j�QDL� QF� QO xOW O�rwD ��tQo R� 
 J xm O�vm ZQi �w�
�CU� QOkJ �tO u�� x� �w� Qt Q�Wi �O�vm x�U�Lt �Q �Q�� pN�O R�o

xO�t CH�OH�g� CO��g� H�O�g�

�Hf� kJ�mol� �	��
 �����
 �	���


�CU���� J� g�K Q��Q��wrNt���tQoC�iQ�w��� g�L Q��Q� j�QDL� R�TB�wrNt�r�oJ
������ u�tr� �rt O��Btr��
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Cum�OH�n�SO��p �wUQ �C�irwU �II� Tt pwrLt x� O�UmwQO�y s�OU uOW xi��� QF� QO ���
C�irwU �II�Tt pwrLt R� QD�r�r�t �� QO Tt 	�yuw� pt�m uOQm �wUQ 	�Q� 
OwW�t p�mWD


CU� R��v OQwt Qqwt ��� O�UmwQO�y s�OU pwrLt R� QD�r�r�t ���� �Qqwt ��
�CU� QOkJ �wUQ QO Cu���OH� �rwt C�Uv �hr��


O�U� wv� �Q����t�WVvm �wu�� 	xrO�at w O�vm x�U�Lt �QCum�OH�n�SO��p��mQD pwtQi ���

����� � u��Qm� �rt O��Btr��
QO �FeCr�O� ��vOat C�twQm CQwY x� xm OW���t u�tR 	xDUwB QO u�w�Qi QY�va R� �m� swQm ���
h�Y w uOQm xDWQ� 	xrLQt wO �� �DU��� uy� �Xr�N swQm 	x�yD 	�Q� 
OwW�t Ci�� uOat

�OOQo �OH uOat nvU R� �uOQm

�FeCr�O��s� � �Na�CO��s� � �O��g�� �Na�CrO��s� � �Fe�O��s� � �CO��g�

�Na�CrO��s� � H�SO��aq�� Na�Cr�O��s� � Na�SO��aq� � H�O�l�

�� QO TBU w xOW p�O�D O�Um � �III� swQm x� �u� Qm j� Q� R� Vy�m 	xr�Uw x� C�twQm 	O
�OOQo�t p�O�D swQm x� s� wv�twr� �� Vvm �w

Na�Cr�O��s� � �C�s�� Cr�O��s� � Na�CO��s� � CO�g�

Cr�O��s� � �Al�s�� Al�O��s� � �Cr�s�


O�vm ��UL �O�� CUO� uOatnvU R� uD �� R� 	Q�v CQwY x� Ov�wD�t xm �Q �twQm sQH �hr��


OW���t FeCr�O���� pt�W uOat nvU
� 	xvwtv l� 
CiQo Q�Qk x� RHD OQwt �u� QO Cr w Mn Q�Okt u��aD 	�Q� p�DU� R� 	�xvwtv ���

�� x� pwrLt sHL �xrLQt u�� �� 
OW O�Um � Cr�O��

�
w MnO�

�
x� p�DU� R� �tQo

TB w O�OQo xi��� O� Qrm s� Q�� �� pwrLt u�� R� 	QD�r�r�t �� CtUk l� 
O�UQ QD�r�r�t
��ml 	xvwtv 
OW u�WvxD BaCrO� sQo ���� CQwY x� pt�m Qw�x� swQm �pH s��vD R�
R��v Fe�� ��M pwrLt R� QD�r�r�t ���� ��k�kO �	O�U� pwrLt QO uw�U�QD�D 	�Q� swO


CU� xOW xO�O Q� R QO uw�U�QD�D 	�yVvm �w 	�Q� xOWv xvR�wt 	�yxrO�at 
OQ�O

MnO�
�
�aq� � Fe���aq� � H��aq�� Mn���aq� � Fe���aq�

Cr�O
��

�
�aq� � Fe���aq� � H��aq�� Cr���aq� � Fe���aq�


O�vm xvR�wt �Q uw�U�QD�D 	�yxrO�at �I

����� � x�mQD �R�UxO�t	� 
O�vm u��aD �Q p�DU� 	xvwtv QO Cr w Mn OYQO �II
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x�yD ����� ����C ��tO QO C�v� Qm s�Urm uO�O CQ�QL R� CavY QO �CaO� lWN ly� ���
	OOQo�t

	O�U
 wv� �Q Vvm �w u
� ��Q� �
��t�W �xrO�at �hr��

Q�Wi �� �iQ� QO Vvm �w 	����C ��tO QO� OW���t K � ���� Q��Q� Vvm �w pO�aD C��F
	OwW�t s�Hv� p�mU�B ���� ��� C��F

�Q ���C ��tO QO Ot�H �xO�t wO Qy �� pO�aD Cr�L QO O�Um ��O u� Qm ��RH Q�Wi ���

	O�vm ��UL
	O�U
 wv� �Q Vvm �w u
� �
��t�W �xrO�at �G�

��� g�L �� Q��Q� �Q
PBpqLv� �� 	CU� Q
PBpqLv� �� QO ��RHCQwY x� O�UmwQO�y s�Urm
	��C QO

CUO� ��C ��tO QO �Q O�UmwQO�y s�Urm R� ���W� pwrLt pH w s�Urm ��yuw
 C�re �O�

	OwW�t p�mWD�� wUQ �OD�� QO �O�UmwQO�y s�Urm pwrLt R� O�Um ��O u� Qm Qw�a QF� QO 	O
 Qw�
	O�U
 wv� �Q Ov
�Qi u
� QO xOW s�Hv� ��yVvm �w s�tD ��Q� xOW xvR�wt �xrO�at �y�

	OwW�tvu�WvxD�� wUQI�y �OwW xO�O Qw�a O
 Qrm s�Urm pwrLt R� O�Um ��Ou� Qm xm�t�ovy
	O�yO K��wD �Q Cra �w�

��rwtat �
�QW QO w CH� � H� Qqwt C�re �pH � � log CH� �K��wD
��� CU� Q��Q� pO�aD C��F C�v� Qm s�Urm �x
 RHD Vvm �w ��Q� w CH� � COH� � �����

K � PCO�

����� � u�tr� �rt O��Btr��
x�iLt 	OQ�O OwHw sQo �� uRw x� l
 Qy �O�U� l
 Q��DU� R� xOW xDN�U 	tW � �x�iLt l
 QO ���
�Q x�iLt pN�O �rwy ��Q� x�rw� �tHL OYQO 
�mQD Q
 R pwOJ 	OW���t�wy ����m� pt�W

	OW��t ���� kPa w ��C Q��Q� 
�DQD x� x�rw� Q�Wi w �tO 	OyO�t u�Wv
	OvRwU�t h�Q�� ��Lt�� R�o �xr��t xvwoI�y uwO� �x�iLt QO �y	tW

uS�Um � uSwQD�v uwoQ�

��� ���� ����
C��H��COOH O�U� l
 Q��DU�

	O�U
 wv� O�U� l
 Q��DU� R� xOW xDN�U ��y	tW pt�m uDNwU ��Q� ��xOW xvR�wt �xrO�at �hr��

	O�vm x�U�Lt uDNwU pta R� Oa� �Q O�Um ��O u� Qm w uS�Um � �tHL OYQO 
�mQD ���

����� � u�tr� �rt O��Btr��
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l� R�i �t�W ���

xO�iDU� Qo�O CqYwYLt �Q��U� w xQw� Owm O�rwD ��Q� xm CU� syt ����t�W �xO�t l� l ��vwt� ���
�OwW�t xO�iDU� Q� R pO�aD R� l ��vwt� O�rwD QO �OwW�t

N� � 	H� � 
NH�

�O���t CUO x� �� �� u�Dt Vvm �w R� Vvm �w u�� QO xO�iDU� OQwt uSwQO�y

CH� �H�O� CO� 	H�

� OwW�t hQYt CO �� Vvm �w QO �wy uS�Um � �OwW�t xDiQo �wy R� xO�iDU� OQwt uSwQD�v

O� �CO� 
CO�

Q� R Q�Owtv xm OvwW�t s�Hv� CU�r�D�m Qw�L QO �yVvm �w �CU� �� �wy QO uSwQD�v OYQO
�CU� xOW xO�O u�Wv xQ�tW �� xrwr Qy CU� u� �xOvyOu�Wv

بخش
نيتروژن

5

بخش
هيدروژن

آمونياك

CH4

4

1 2

6

3 7

H2O

N2
O2

CO

CO CO2

H2

N2

NH3بخش

�CU� Q� R Q�Qk x�  xQ�tW �xrwr QO l ��vwt� u�� QH w OvDUy pt�m �yVvm �w s�tD xm O�vm ZQi
n�NH��� � ����mol s��

�O�vm ��UL mol s�� OL�w �ULQ� �Q Q� R ��yu�� QH �hr��

n�H��
�� n�N����� n�CH����� n�H�O���

n�CO�	�� n�O�� ��� n�CO���

x� p�O�D �yQoVvm �w R� �DtUk �ki w CU� �rO�aD Vvm �w l� l ��vwt� p�mWD �k�w QO
Ci�� R�� u�� QH l� w xOvvm �OH l� pt�W O��� l ��vwt� CtUk u��Q��v� �OvwW�t l ��vwt�

�OW��
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7N2
H2

NH3واكنش گاه 1جداكننده

N2 H2و

�OW�� NH� u�� QH Q��Q� wO Ovm�t lQD �Q xOvvm �OH xm N� �H� Q�Okt xm O�vm ZQi

�O�vm ��UL � pLt QO �Q H� w N� u�� QH ���

�OvQ� R Q�Qk R� �yR�o T��o �SQv� T � 	

K ��tO QO

G�N�� � �	��� 
� J�mol��

G�H�� � �	��� 
� J�mol��

G�NH�� � ����� 
� J�mol��

�O�vm ��UL N� pwt l� R� pY�L l ��vwt� O�rwD Vvm �w ��Q� �Q T��o �SQv� Q��eD �G�

�O�vm ��UL l ��vwt� O�rwD Vvm �w ��Q� �Q pO�aD C��F Q�Okt �O�

�OvwW h� QaD �yQoVvm �w ��RH Q�Wi �xr�Uw x� Ovv�wD�t u�vJty pO�aD ��yC��F

Kr �
P�
NH�

P�
�

PN�
P�
H�

�CU� pm Q�Wi R� ��RH � pLt QO l ��vwt� ��RH Q�Wi

PNH�
� XP tot

X � nNH�
�n tot �OwW�t h� QaD xvwou�� X xm

X w O� Qw��� CUO x� � pLt QO PH�
w PN�

�uSwQO�y w uSwQD�v ��RH Q�Wi ��Q� ��xrO�at �y�

P tot � 	
mPa w P
�
� 
��mPa �O� Qw��� CUO x� �yZQi u�� �� �Q

���� � Ovry �R�UxO�t��
���

CaO p�mWD �Br�Dv� � ���� Ca uOW �tD� �Br�Dv� � ���	
FeO p�mWD �Br�Dv� � �
�	 Fe uOW �tD� �Br�Dv� � ����

Ca pw� uw�U�R�vw� �Br�Dv� � ��� Ca swO uw�U�R�vw� �Br�Dv� � �����
Fe pw� uw�U�R�vw� �Br�Dv� � ��� Fe swO uw�U�R�vw� �Br�Dv� � �����

O ��ysD� x� O� uOW �tD� OQ�Ov�DU� �Br�Dv� � �
�
uS�Um � ��ysD� swO w pw� �y�wN uwQDmr� �wtHt � ����

�OvW���t pwt Q� pwS wr�m �ULQ� �y�SQv� s�tD
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�O�vm x�U�Lt �Q O�Um � s�Urm w O�Um � �II� uy� ��Q� xm�W �SQv� �q�� C�aq�� ltm x� �	


OQ�O QD�wk �xm�W ��Rri O�Um � s�Om ��

�O�vm x�U�Lt �Q Q R Vvm �w ��Q� �Br�Dv� Q��eD ��

FeO�s� � Ca�s�� CaO�s� � Fe�s�

�Q�N � OQ�o� Q�Qk xO�iDU� OQwt �DavY ���kt QO Ov�wD�t Vvm �w u� �� xm O�yO K��wD ��

O�Um � �III� uy� x� CaQU x� Ov�wD�t �uS�Um � CQw�Ht QO uOQm sQo QF� QO O�Um � �II� uy�
�OwW�tv p�mWD x�oI�y O�Um � �III� s�Urm xm �r�L QO �OwW pO�D


OvQ�O �Dw�iDt Q�DiQ �O�Um � s�Urm w O�Um � �II� uy� ��Rri O�Um � wO �QJ xm O�yO K��wD ��

����� � T�rov� �rt O��Btr��
�C��H��� u�mOwO ��Q� uDNwU�Br�Dv� �CU�C��H�� pROCNwU ��Q� u�ov��t���t�W pwtQi ���

�CU� �amt QDt�Dv�U Q� sQo ����� Q��Q� u� �r�oJ w ����� kJ�mol Q��Q�
�O�U wv� u�mOwO uDNwU ��Q� ��xOW xvR�wt �xrO�at �hr��

�xO�t QD�r l uDNwU R� xOW O�R� ��tQo kJ CQwY x� �Q u�mOwO ��Q� �SQv� �r�oJ ���

����� � T�rov� �rt O��Btr�� �O Qw� CUO� ��vDNwU
QO �� 	���m� OwOL QO �tHL ��� C�QD�v sw�vwt� ��m Qt� uD ���� �	��� p�U p Qw� QO ���

�CU� Q R KQW x� C�QD�v sw�vwt� �x RHD Vvt�w �OW QHivt �m Qt� T�RoD QyW QO j��k l

NH�NO��s�� N��g� � �H�O�g� �
	
�
O��g�

�O�vm x�U�Lt 	�� kPa Q�Wi w ���C ��tO QO �Q Q�Hiv� QF� QO xOW p�mWD R�o sHL
�OW�� Xr�N �	�� j�k QO OwHwt C�QD�v sw�vwt� xm O�vm ZQi

��Ovm�t p�eW� �������m� Q��Q� �tHL R�o pwt l �	�� kpa Q�Wi w ���C ��tO QO�

��m Qt� uD 	 � 	�	���� kg M�NH�NO�� � �� g � mol��

����� � OvrRw�v �rt O��Btr��
�UwD xmCU� �t Rv� u�� wrow�t �CU� �uy�� sy xwQo ��Q�O xmCU� u��wDwQBl �Mb� u�� wrow�t ���
Ovw�B uS�Um � pwmrwt l �� QPBCWoQ� CQwY x� u�� wrow�t xwQo Qy �OwW�t xQ�NP uS�Um � u�

�Ovm Q�QkQ�
Mb�O� � MbO�
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syt Q��U� Ovv�t�t �� K�U Q� R �O�� R COt xm �yp�w uwJ �D�v�w�L ��Q� uS�Um � �xQ�NP u��
�CU�

	OwW�t O�� R O� C�re uOW O�� R �� CU� xO��UJ O� x� xm Mb R� �QUm

Y �
CO�

CO�
�KC

�CU� C��F l� KC xm
	CU� �U�vDt uS�Um � Q�Wi �� xOW pL Q�Okt w OwW�t pL �� �tm Q�Okt x� 	ki uS�Um �

CO�
� PO�

	
CU� C��F l� kp� OwW�t �w� Qt sy uS�Um � Q�Wi x� �Ovw�B Mb QUm u��Q��v�

Y �
PO�

PO�
�KP

	
CU� �tD� Q�or Q�Owtv T��kt� CU� ���DQ� u�� �xOvyOu�Wv Q� R Q�Owtv

�O� Qw� CUO� Q�Owtv �wQ R� �Q KP C��F OL�w w Q�Okt �hr��

�H O�a�� u�� x� ��x�aH QO Mb �va� �CU� �� � ��� � ���nm Mb pwmrwt O�a��
�CU� x�aH sHL hYv ���� QkD pwmrwt sHL CU� �w
�� pwmrwt xmv�� Cra x� �OwW�t
NA � ��������� wQO�oww� OOa OvDUy ��� kgm�� ��� QkD �r�oJ ��Q�O �yu��DwQB

�CU�
�O�vR� u�tND �Q Mb �rwt uRw ���

Ovv�wD�t uS�Um � u�� R� xO�iDU� �� w OvQw��tCUO� �wyTivD R� �Q u�WR��v OQwt uS�Um � �yp�w
�CU� Mb �yu� ��yVW Ci�� sQH ��� xm O�vm ZQi �Ovv�t� �� Q� R QO �O�� R COt
�Ovm�t xQ�NP OwN VW Ci�� sQowr�m Qy ��R� x� uS�Um � pwt OvJ p�w l� xm O�vm ��UL �G�



�t�W O��Btr� ��Q� xDiQW�B p��Ut ��

CUO� �� QJ uDNwU R� �CmQL w �tQo � �SQv� u�� �OwW�t xO�iDU� �SQv� O�rwD ��Q� uS�Um �
	OwW xOR �� QkD Q� R �xrO�at �xr�Uw x� Ov�wD�t �rm �xrO�at O�
�t

�CH��n � ��nO� � nCO� � nH�O

pFt nQR� u�w�L l� �O� pwt l� ��R� x� ��� kJ OwOL Vvm �w u�� R� xOW O�R
 �SQv�
sQo Ov�wD� �D CU� OwN VW ��yCi�� uRw R� sQowr�m l� ��R� x� u�wD ��W OvtR��v p�w

�Ovm CmQL w Ov�t�
�Ov�t� �
 Q� R Ov�wD�t QOkJ p�w xm O�vm ��UL �O�

	O�U� wv� �Q �� QJ �ak�w pwmrwt uDNwU �xrO�at �y�

H2C R O (CH2)nRRR C

]

CH3

HC R O (CH2)nRRR C

]

O

O

CH3

H2C R O (CH2)nRRR C

]

O

CH3

����� � Ovry �R�UxO�t��
QO Ca�ClO��� w CaCl� �Ca�HCO��� �CaCO� R� �tQo ���� ��wrNt xm �t�ovy ���

�OwW�t O�R
 �R�o O� w H�O �CO� �OwW xO�O CQ�QL q�� ��tO
Q��Q� �Q�Wi ��qN CLD �QD�r ����� QOvr�U l� QO u� wrm ��� ��tO QO xOW O�R
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�HD�g�� � ���� kJ � mol��
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