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Abstract  
Hydrogen sulfide (H2S) is a toxic, odorous, colorless, flammable and acidic gas. The main 
problems of hydrogen sulfide are the threat to health and safety, and causing corrosion and 
damage to metal installations. This study was conducted to remove hydrogen sulfide from the 
sour waters of Tabriz refinery and to recycle large amounts of water as well as to reduce air 
pollution in the refinery. In this experimental and laboratory study, the effect of pH, adsorbent 
content, initial concentration of pollutant, contact time and temperature on hydrogen sulfide 
removal process using clinoptilolite adsorbent was investigated. Thermodynamics, kinetics, and 
isotherms of adsorption process were studied. The results were used to remove H2S from the 
sour water of Tabriz refinery. The results showed that the optimal values of pH, absorbent 
value, initial pollutant concentration, contact time and temperature were 3, 1g/100 mL, 50 
mg/L, 30 min and 25 oC, respectively. The results of thermodynamic studies showed that the 
adsorption process was exothermic, irreversible and spontaneous. The experimental data were 
better fitted to the pseudo-second order kinetics model and Freundlich isotherm model. After 
passing 100 ml of sour water from the fixed bed at 25 oC and 45 minutes, the removal efficiency 
was 96.7%. According to the results of this study, the proposed method due to its simplicity and 
high efficiency and the clinoptilolite due to its cheapness, abundance, ability to resuscitate and 
increase efficiency by enhancing the amount of clinoptilolite can be considered as an 
appropriate method and suitable adsorbent to remove hydrogen sulfide from the sour water of 
refineries and effluents. 

Keywords: Pollutant Removal, Sour Water, Water Recovery, Surface Adsorption, 
Clinoptilolite, Kinetic, Thermodynamic. 
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HS��aq� 	 H�O�l� ↔ S���aq� 	 HO��aq� 

��I %*�.�-����jG#K� ��@  �6�sulfide" �� �� " ���8@ ���
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(H2S,HS-,S2-)� �G:�
+	, ;��#� .*8,9%*pH ������-�
P�IH2S%*  ��� W7�^pH �����F���9YP�IHS-%*  
pH���C�� ��9YP�IS2- W7�^ -.3��)M-I, 2001(.

�����C��* %* ���Yr[8��/� �1%*-, P�(��.���, �-3����
\��+��, �.pH7 � �]/^  �V�1 � * A��� ��A&-�.  [��0� �����

=� ��*��*8��� h}� AF���.�� AM�3.��  M���I P��� a�A�f�1 -�.
����Jf) 678��\� O8/�� �� -���]/^ ��� &-, �rQ���/
P��@%*
7��%�� �3
,�3� �� h}� -���� +K�) d�Jf) �5 %-�� -�678�� 

�� ���� �� O8/�� ����D� &���� �� ���� .-�, &*�63��� a�C(.��
 ����]/^ -�678���� �5 %-����� � % �� ���3��F/8���/�9&��3����*  

�3�8�8I �3	}��DR5000 ����� .-�, &*�63����CF�7%� %* ��� ����
YrQ 
/�� �3�7��80� '()  P�(�� ���9QQ 
�/�� ��3�7 .-�, ���43��
������������-1�I���K f��^�� �� z8��/4� �� �V���1
F��0�� UY/Q
����� .-, &*�63�� � �	�Jf�) -�K%* �D���� �� �
��%��{ Jf�)

���&-.(%R) I�v  ��f1 ��V�1(q) W�)�� 
/�� P�@ �� P�@ 
��<�*�=� Y T&*�63�� -,(Mousavi and Lotfi, 2011) 

)Y(
O

eO

C
)CC(100R% −

=

)T(
W

V)CC(q eo −=

�� %* �{ 
Co Ce������7 � �]/^ W�7*��=� ��]/^  �
-�678�� �5 %-���

� W�)���/
P�@%*7�A�3WP��@ W��)�� �V�1 P�1  V'�()
7 W�)�� O8/����3.��� 

�4�4��< 7�� '%�*� 
��)��: %*
�������C���G� � % �� ���������� AO8��0=�  M����� F
C� o-, &*�63��.� ����3� P�0� �� <%8K F���������c +e3��

�3�  -, �3,�* �����=� &* -��� %* �]�*%8� ���� F���  -�, &*�* �
 % �� �c����I ����) -.
��%�{ Jf�)%R I�v  ���V��1 �q(

/����%��  +
+s��� �� �18� �� -,���� 
3���*�x3N� A�lI* A

1 Methylen Blue 

Fig. 1. Total sulfide fraction at different pH (M-I, 2001) 
'=��4%* +� -�678� ���pH 2/34� ��� )M-I, 2001(

-��0�  )�����V�1A\� %�-e���3� �.�=� �]�*%8� ���F-,.

�4�4�4>.��(� #&&21 ?�!pH 	@&A+ 

�� F7%� d.��YrQ 
/�� �3�7 P�-�� �� %*  ��43��9QQ 
�/�� ��3�7 
O8/��rQ
/�� ��3�7 %* P�@ 678���% -�-�, ��34.pH O8�/�� ����

F�7%� %* *8�18� %* ���TArA�Aq 99�].��'�,<-�� %*  -ZQ
N*�'� F0H �e �*�A-, P�(�� �f1 +0>.O8�/�� �� �V��1 h}�

678� �]/^  �-1�O8/�� %* -��3� �� �18� ��  -, �s��N ���dpH 
\��=� �.��F.-, 

�4�4�4>.��(� #&&21 ?�!(B� 	@&A+ �9�: 

�� F7%� %�\L��YrQ 
/�� �3�7 P�-� �� %*  ��43��9QQ 
�/�� ��3�7
 O8/��rQ
/�� ��3�7 �� P�@ 678���% -�%*  -�, ��34pH ������99

\���.<-�  ZQN*�%8k) %* �e 9ATAr 9QF0�H A�V��1 P�@
'� P��(�� �f1 +0> �*� .-�, -�, �-�1 O8�/�� �� �V��1 h}��.

678��� ���]/^�O8��/�� %* -���s��N ����-��, ���3� ���� ���18� ����  �d
\� �V�1%�-e��=� �.��.-, F

�4�4�4>.��(� 5@.C� 	@&A+ 	&��� DE
F #&&21 ?�! 

9QQ 
��/�� ���3�7678�������]/^ ���� -�����9QAYrArQA�r 9QQ 

/�� W�)�� �3�7 %* P�@ �� F7%� d. %*��YrQ 
/�� �3�7%�%* ��34

��,�\� ���.� �V��1 P��@ MpH  ������99<-�� %*ZQN*���e
-, P�(�� �f1 +0>.�� �]/^  �-1 O8/�� �� �V�1 h}��&-�.
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�s��N,7 � �]/^ �c� -��� ����I �� &-.��%�� �f1 -.
��]/^  
7 ��\� ���� �.�=� &-.��.-, F

�4�4�4>.��(� 	@&A+ ��8G*+ H��( #&&21 ?�! 

7%� C,�� F����YrQ 
�/�� �3�7�� �) P�-� �� ��9QQ 
�/�� �3�7 
��, %* O8/���\� ����. ��MA�V��1 P��@ pH ������99��]/^  

ppmrQ 678���������� %* -�����9r,TQ,ZQ,qQ,9YQ,9rQ N*�A���e
'��� F0��H P���(�� �f��1 +��0> �*�-��, %* O8��/�� ���]/^ h}��� A

���� ���\� ����  -, �s��N %8�f��=� �.��F-,.

�4�4I4>.��(� 	@&A+ ?��� #&&21 ?�! 

%*����� F�7%���YrQ 
�/�� ��3�7  ��)�9QQ 
�/�� ��3�7 O8�/��
678����, %* -�\� ���.�A�V�1 P�@ MpH �����997 � �]/^ A���
���&-.ppmrQ ����  minTQ '� F0H �f�1 +�0> z8/4� �*�

����* %*�YrATr Ur[8��/� �1%* J��K �� -�=�  -, P�(��
7*�=� �]/^ z8/4� �*��
������s��N ��* �� -�, ���*  �\����.

=���.-, F

�4�4J4�K: 5@.�*� L&��@.�8�*1 M��*+ 

�����%��
*8������.�	
�� "%*  ��� ��I %* &-�, P��(�� <���-�.
 A�f��1%�-��e� ������}7���3�� �
∆H) W���)�� (kJ/mol) (�� A���� �
�� �3��
(∆S) W���)�� (kJ/mol.K) ��  ����5����� ��@ *������ hD
(∆G) W�)��(kJ/mol) ���7*�=� ��� U r Z-, �D���� 

)U(
RT

H
R
SLnKC

∆
−

∆
=

%�*80� #$
LnKC%* +��e� 
T
1.-, '�%,�W%�*80� ����� 

R
H∆

 `�> ���-D� ����� %�*80� 
R
S∆��� .%�-e� ∆G�� �7*�=� r Z

�� -�� ��* 

)r(CRTLnKG −=∆

)Z(
e

ad
C C

CK =

�\�� %* �{ 
Kc���c O*�=�  Cad  Ce������W��]/^ 678���-�f�1 &-�,  

678� �]/^�-7*�=�
W�)�� ��/
7 %* P�@��3-.3�� .(J/mol.K) 
T9U/R=R���c �80>
�����@  T���*�;�/#� W��)�� ��1%*

 [8���/�� ����(Tang and Zhang, 2016, Mohammadnia 

and Naghizadeh, 2016) .

�4�4N4�K: 5@.�*� L&-@&� M��*+ 

� <�=7�#� %*�3.�	
������%��
�� +���8>y��I �>����� �c�-�.
 <�*�=� �� �f1� R� �������� <�*�=� W�3.�	
�D�, ��D��� 

�D��,  O � ���D��� -��, &*�63���� -.3���� P * (Lu et al., 2009, 

Mousavi and Lotfi, 2011) .

)�(Ln(qe- qt) = Lnqe – k1t

)R(
e

2
e2t q

t
gk
1

q
t

+=

�\�� %* �{ 
k1W���)��min-1  k2W���)��(g/mg.min) ���������� �����c W

�D�, �7*�=� �>�� ��D��� �D�,  O � ��D���  P *qe qt������ �� W
I�v�����  O*�=� ���� %* �V�1 �f1 �tW�)��
/�� ��� P��@
P�@ .-.3�� ����=����>�� ���c Fk1%�*80� �#$ 
Ln (qe - qt)

%* +���e� t����  �=���� �>��� ����c Fk2%�*8�0� �#$ 

tq

t%* 

+��e� t-, '�% )Tang, 2015(.

�4�4O4�K: 5@.�*� P*1�Q.� M��*+ 

%* C� o ���� ��P��� a A�f�1 ��O-�� ������P��� a 0��� ��� 
7-� �I�p&*�63�� -,.��P��� a 0��� ���`��I ��
-�.� ��� �f�1 

�� ��8.> �M��� %�j8#� F�0� ��6�� ��
A-�3I� %*7��)
��� 
O-� 7-� �I�p %�j8#� F�0��� ��5��������2�/34� �f�1  
%* ��	� ���^������	 +��N ��1� ���.�����%��
���f�1 P�� a
�� <�*�=� q 9Q��� ������ ��W<�*��=� 0��� ��� 7-�� �I�p

-.3�� &*�63�� -,(Sivakumar et al., 2018) 
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)q(
mLme

e

q
Ce

Kq
1

q
C

+=

)9Q(efe LnC
n
1LnKLnq +=

�\�� %* �{ 
KL(L/mg)  Kf (mg1-1/nL1/n/g) ������W����c 0��� ��� ����c

7-� �I�p qe(mg/g)  qm(mg/g)  Ce(mg/L) ������WI�v ���
7*���=� �f��1
 I�v������ �f��1 �����'0���]/^  7*���=�
 

n���� .�0��� &-.�*
��� ~#�(Homayonfard et al., 2020).

�4�4R4SK% M��*+ H2SQ.*T1 �UV.C�W (� 7*1 �� (� 

�3� �� �18����� d������ ��� P��(�� ��� A+DN +)��� �� &-�� ��*�C
Jf��)-�678��� �5 %-���� �� ����� �� O8��/�� ����D� &�������� a

-, 
�%������ %* .���� ��� �� �]/^ �c� O � C
��%��{ Jf�)
678��-(%R) �%��
.-, 

������F�� F7%� *-> d. *�-=� %����YrQ 
�/�� ��3�7 ���43��
 ���� %*  -��, P�-���9QQ 
��/�� ���3�7 ���]/^ ���� ����� �� �����

���5 %- 678������� -T/UAZ/RA�r/9QAr/Y9 UT
�/�� P��@
�3�7 %* %�P�-���� ��  �349QP��@ �I��H� �V��1 -�, �� -�=�TQ

N*� -�, J�K z8/4� �*� '\� �e ��]/^���%* .-�, ��s��N &-�.
������� [�0� ���� �c� P * C
��%�{ � Jf�) �� 678�� �5 %-��� -

�%�� ��� ��
��� .-,���%�� F9QQ 
/�� ��3�7 %* �% ���� ��
�F7%� M%�A�349Q%* -�, P��(�� �f�1 +0>  �I�H� �V�1 P�@

������� ������9QATQAUrAZQAqQA9RQ  YUQ A����e�N* ����]/^
������s��N &-��. ������ %* .-��,�P8��� C9QQ 
��/�� ���3�7 ����� ��

���� %*  ��43�� ���Ur ZQN*� �) ���c �3�� �� �e�rQP�@
/��38.�78/��1 �$ O8�/�� %* .-�, &*�* %8D> �
��]/^ �3��� ��
��� &-.
��%�{ 678� Jf)�=� -��.-, F

�4X;+ � Y.�-Z 
������Jf��) -�678��� �5 %-������ ����� �� ���&������D���� �� a

O8/��rQ
/�� �3�7 %* P�@��678� �5 %-�&*�63��� -�,-�e�  -%�
\���.pH 7 � ��]/^ A�V�1 %�-e� A���������*  [��0� ����� A&-�.
�� ������ ����� WTA9%* P�@9QQ ��/
7�A�3rQ��/
P��@%*7�A��3

TQ N*� �e Yr �/� �1%*�� A[8��3� .-�� ��*�P��(�� �� +K�) d
�����C���%��  
���*8������.�	
�  �3.�	
�  ��f�1 P�� a

� j�, ����:��� 

�4�4*[�pH #&&21 � �K: 5@.�*� *+pH 	@&A+ 

���3���a��I� ���� *�* ������ d�CpH
��%���{ A678��� Jf��)�-(%R)  
I�v��V�1 �f1 �q)� C��� (
��  -�� �� �� C���� FpH ����
99 -��,�� ���/> .����� -������� ����� F%*��I� * A�f��1 -��.��� �8
������ %-�-(OH-)�  ���� %-�P8(H+)=�����F�#��� %���� &-��..�


-.3�� )Sprynskyy et al., 2006(.
��	� ���78s� ~#� %* �f1 O�=I��� �7*��� *81  +��8����

��/��87�  <�	��%�* <��.��6.� %���
%* A����pH ��������-�
�30{ ����]/^H+� O8/�� %*���	� �f1 �� ��� *� ���O��=I

�D_� �% �V�1 ~#�  &-, �V�1 � ��
��3\� �f�1 WD�� ��� -.�
��8���S2-  HS-�
*8,.F�����.� /���,87 +�K� ;���#���9m�>��

 �]/^ C���-�678� �5 %-�� 7*�=�
3� %*  &-�, O8�/�� %*���(
%R �aI��� C
�-��.%* h	>��pH���/N���3��� 
� �����]/^

��8H+�� %*� ��� '� �%*3�����	� ��( ����%* �f�1 O��=I
78s� ~#��6.� �
��  &*8� �� 7*�lI* +���8����S2-  HS-� A��F

��8&-, �V�1 O�=I j8#� �f1 �30� �� A��� �����.��F%R  q

� C���
�.-.��F�����.� ��7*�+*��� �*8�%R  q%*pH ������ TA
���� FpH ���� ��8��.>pH  \��.-��, ����43�� ���.���3���� +��K�) d

�����C����c�pH ��%R  q+	, %* ���Y T&-�, &*�* ����
.��� 

�4�4	@&A+ (�� #&&21 � �K: 5@.�*� *+ �9�: (�� *&[\1 

�3��d+K�) ���%��
� * �V�1 ���� *�* ���a�I� ����� * C
A�V���1%R �a��I�� CqC�������a��I� ���/> .���I��C%R ����

�aI��� �V�1 � * C��a�I� ��� ��� ��� F�j8#�� �V��1 %�-�e� C
�aI� �f1 O�=I�C����3�*  �3I�
�� <�%V����	� ��� &-�. ����

� �f1�� �3�
�aI� .*8,�� C�'����� WD�� �V�1 %�-e� -) �� C
���3� %*  &-�, �V��1 <�%V *���a�I� ��(���-�.L C
���3�* %*


� �f1 O�=I j8#��� <�%V ��0� &-.
*8, .F������.� ���� * %*�
*��� ������-.L �
%*%R ��0� *�(
*8, (Wajima et al., 2009).

1 Le Chatelier,s Principle 
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C��� �/>q���a�I� ��� ��� ��� F��Cj8#�� A�V��1 %�-�e
�aI� �f1 O�=I�� C
�3� %* -������ <�%V *�-�=� �D��� ��(�&-�.

�f1 %*  &-�, ��30� �V��1 ~#�� -�)�  ��� &-�8, 3��%�-�e� ��(
�30������ �V�1 P�1 -)�  �f1 &-.
 *8, q�� C���
�-��� 

)Nasuha et al., 2010(.

Fig. 2. The effect of pH on sulfide removal efficiency 
(amount of adsorbent=5g/100mL, initial concentration of 

sulfide=50 mg/L, temperature=25o C, 
contact time=60 min) 

'=��4�c�pH =�V�1 %�-e�) -�678� Jf) 
��%�{ ��r%* P�@9QQ 


/�� =-�678� ��7 � �]/^ AO8/�� �3�7mg/LrQ=��* AYr�1%*
��� A[8��/�=*%8$�� �ZQ(�e�N* 

Fig. 3. The effect of pH on adsorbent capacity (amount 
of adsorbent=5g/100mL, initial concentration of sulfide 

=50mg/L, temperature=25 oC, contact time=60 min) 
'=��4�c�pH �V�1 ��I�v �� =�V�1 %�-e�)r%* P�@9QQ 


/�� �]/^ AO8/�� �3�7=-�678�mg/LrQ=��* AYrA[8��/� �1%*
=*%8$�� ����ZQ(�e�N* 

�� ��.�� +�7*�aI� ����� �V�1 � * C9��� P��@9QP��@ %�-�e� 
�aI��C%R $�/
* -�)  '�T/Q*8�� -�K%*A�����.����� F7*��+

/s���
DN ���)� AlI* <G	�� +�*��x3N� A+�e� +�0) A�V�1 �� 
���� 
3��� \� � *��V��1 ��.9P��@ %*9QQ 
�/�� ��3�7 %* P��@

 ��43�� O8/��-,.�3��d+K�) �������C������ �V��1 � * �c� 
%R q%* +	, ���U r���� &*�* &-, ���.

Fig. 4. The effect of adsorbent dose on sulfide removal 
efficiency (pH=3, initial concentration of sulfide = 50 

mg/L, temperature = 25 oC, contact time=60 min) 
'=��4) -�678� Jf) 
��%�{ �� �V�1 � * �c�T=pH �]/^ A

=-�678� ��7 �mg/LrQ=��* AYrA[8��/� �1%* 
8$�� ����=*%ZQ(�e�N* 

Fig. 5. The effect of adsorbent dose on adsorbent 
capacity (pH=3, initial concentration of sulfide=50 

mg/L, temperature=25 oC, contact time=60 min) 
'=�I4) �V�1 �f1 ��I�v �� �V�1 � * �c�T=pH �]/^ A

=-�678�mg/LrQ=��* AYrA[8��/� �1%* 
����=*%8$��ZQ(�e�N* 

�4�4D E
F #& &21 � �K : 5@.�*� *+ 5@.C� 	&��� DE
F *&[\1
5@.C� 	@&A+ 

�3��d���� *�* ���aI��C�]/^ ���&-�. 
��%��{%R  q�a�I��C
��I�.� �/>��a�I� ��� ��� ��� F��� ��]/^ C�<�%V *�-�=� &-�.
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���� O8/�� %* &-.����3�*  &-, ��*�
��� �V��1 O��=I j8#��
�� <�%V�� &-.�� �3�
�aI� �/> .*8,�Cq�aI� ���7 � �]/^ C��

���� &-.��aI� �� �� ��� F��� �]/^ C��� <�%V *�-�=� &-.�&-�.
�aI� �V�1 P�1 -)�  %* &-, �f1�C� �3I�q�aI���� C
�.-���

�8L �]/^ %* ����� C�� rQ
/�� �3�7 %* P�@,��� %�*80� W����
��-.L
*�	�A����.��F�]/^ rQ
/�� �3�7 %* P�@����]/^ ��8�.>

7 ��\� ���� �.���43�� &-. -,.C� o �}���	��.
��� ��%��	0�  
 %�%��
�� /��38.�78/���� ���.� <�a/I Jf)���� *�* ����� F

�aI� ����� �]/^ C�&-. A��q�����aI� �\���� C
������� ��� -���
�3��� d�F��� C� o )Sprynskyy et al., 2006(.

�3��d+K�) �������C����� �]/^ �c����� &-.%R  q%* 
+	, ���Z ����� &*�* &-, ���.

�4�4	@&A+ H��( #&&21 � �K: 5@.�*� *+ ]��1 H��( *[� 

�3��d���� *�* ��� �a�I��C[��0� ����� 
��%��{ %R  q�a�I��C
�
�� �/> .-����aI� �� �� ��� F�� *�-=� A[�0� ���� C��3�����

�� <�%V���	� �f1 &-. ���� �V�1 O�=I
, .-�8,���%�*80� W
� �-3���*�AC��� h}� �-��� �6K �� �� �I�A�.=
�f�1 �>���

���� %* �����^�����  *��%-��� C��� d
�� �/> .-������� F
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�#�
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*8,.��	� �-, �  ���� �,f@ �� ���

Fig. 6. The effect of sulfide concentration on sulfide 
removal efficiency (amount of adsorbent=1g/100mL, 

pH=3, temperature=25 oC, contact time=60 min) 
'=�J4) -�678� Jf) 
��%�{ �� -�678� �]/^ �c� %�-e�

=�V�19%* P�@9QQ 
/�� AO8/�� �3�7T=pH=��* AYr�1%*
=*%8$�� ���� A[8��/�ZQ(�e�N* 

Fig. 7. The effect of sulfide concentration on adsorbent 
capacity (amount of adsorbent=1g/100mL, pH=3, 

temperature=25 oC, contact time=60 min) 
'=�N4) �V�1 ��I�v �� -�678� �]/^ �c�=�V�1 %�-e�9%* P�@

9QQ 
/�� AO8/�� �3�7T=pH =��* AYrA[8��/� �1%* 
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)Kumar et al., 2011(.��� ���.�� +��7* �-�= ��,f@ ��qQN*���e 
������-.L �
%*%R ���0� *�(
*8�, �����.��FminqQte= mg/g  
qR/U=qe������W��I�v  O*��=� ���� ��8.> �� 7*��=� �f�1 �

=����a�I� ����� ��,f@ ��� �8L .-, F��.=� C
%�*�%*%R  q

&-����-�� [�0� ���� ATQ�e�N*��\� ���� ��8.>�.-, ��43�� �.
���3��d+��K�) ���������C��������� [���0� ������ ���c� %R  q%* 

+	, ���R q���� &*�* &-, ���.

Fig. 8. The effect of contact time on sulfide removal 
efficiency (amount of adsorbent=1g/100mL, pH=3, 
temperature=25 oC, sulfide concentration=50 mg/L) 
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Fig. 9. The effect of contact time on adsorbent capacity 
(amount of adsorbent=1g/100mL, pH=3, 

temperature=25 oC, sulfide concentration=50 mg/L) 
 '=�R4�V�1 ��I�v �� *%8$�� ���� �c� =�V�1 %�-e�)9%* P�@

9QQ 
/�� AO8/�� �3�7T=pH=��* AYrA[8��/� �1%* 
=-�678� �]/^mg/LrQ(

�4I4	@&A+ ?��� #&&21 � �K: 5@.�*� *+ ��� *[� 

�3���%�� �� +K�) d
��I ��� ���* ��c����� ��� *�* ����� �f�1 -�. 
I���a�C�*��
����%���{ %R C��� �
�-��.3� %*���I �(��f�1 -.

678��/� ��8� -�38.�78/�.���� &*���@ ���� o %*
���8� ���
 �8\��8�  8(���1%*�8�� �f1 |8x$��� "���� ��8�7� �/�.�'

����\� +4/43� -�W7�N � % �� &-, �@���-�, P�(��A�a�I� ����C
��*%R C�����I� .(Changjoo and Yaungun, 2017) 

�� 7*��*8� ��� +
��%�{ ���* %* Jf�)�Yr[8���/� ��1%* A
�������� ����* F����* ��8��.>�\������43�� ���.-��,.���3��d+��K�) ��

�����C����� ��* �c�%R  %*+	, 9Q���� &*�* &-, ���.

Fig. 10. The effect of temperature on sulfide removal 
efficiency (amount of adsorbent=1g/100mL, pH=3, 

sulfide concentration=50 mg/L, contact time=30 min) 
 '=���4) -�678� Jf) 
��%�{ �� ��* �c�=�V�1 %�-e�9%* P�@

9QQ 
/�� AO8/�� �3�7T=pH=-�678� �]/^ Amg/LrQ A
=*%8$�� ����TQ(�e�N* 

�4J4�K: 5@.�*� L&��@.�8�*1 M��*+ 

����<��LnKc W��)��1/T +	�, %*99.���� &-�, &*�* ����� 
�3������*8������.�	
O -1 %*  �D����9�s�%�-,.��� &

O -1 ;��#�9%�-e�∆HA∆S ∆G��� ��� �� ������ WkJ/mol  
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�,�* )Mohammadnia and Naghizadeh, 2016(.
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Fig. 11. Ln Kc changes compared to 1/T changes 
'=���4<������ Ln Kc<������ W�)��1/T 
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��78/�38.�/� 
Table 1. Thermodynamic parameters for adsorption of 

sulfide by clinoptilolite  
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Fig. 12. Matching the adsorption process with the 
pseudo-first order kinetic model (amount of 

adsorbent=1g/100mL, pH=3, temperature=25 oC, sulfide 
concentration=50 mg/L) 

'=���4�D, 
	�3.�� O-� �� �f1 -.���I ;��#� ) O � �D��� %�-e�

= �V�19%* P�@9QQ 
/�� AO8/�� �3�7T=pH=��* AYr�1%*
=-�678� �]/^ A[8��/�mg/LrQ(

Fig. 13. Matching the adsorption process with the 
pseudo-second order kinetic model (amount of adsorbent 

=1g/100mL, pH=3, temperature=25 oC, sulfide 
concentration=50 mg/L) 

'=���4�D, M�3.�� O-� �� �f1 -.���I ;��#� P * �D��� 
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-D� ���A��:8��� %�*8�0� mg/gr=qe(cal)  9Qr/T=k2 ��H�W

F��=� 9=R2�� ����.� .-�� ��*���, %* F����� ����I C��f�1 -.
� O-� ���3.��D, M�D��� �3\� ����� P *�� .�,�*�F�� �� .=�


��I �� ������ &*�� �]/^ �� �f1 -.��3��� &-.
�0��N  *%�*
����� �f���1 '���]>� ���, �f���1 <%8���K�0��
����� P����(��
*8���, 

)Gobi et al., 2011(.
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Table 2. Parameters of kinetic models for adsorption of 

sulfide by clinoptilolite 
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����� a
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Fig. 14. Matching the adsorption process with the 
Langmuir model (amount of adsorbent=1g/100 mL, 
pH=3, temperature=25 oC, sulfide concentration=50 

mg/L, time=90 min) 
 '=���4��0��� O-� �� �f1 -.���I ;��#� )=�V�1 %�-e�9%* P�@

9QQ 
/�� AO8/�� �3�7T=pH=��* AYrA[8��/� �1%* 
=-�678� �]/^mg/L rQ=���� AqQ�e�N*(

Fig. 15. Matching the adsorption process with the 
Freundlich model (amount of adsorbent=1g/100 mL, 
pH=3, temperature=25 oC, sulfide concentration=50 

mg/L, time=90 min 
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Table 3. Parameters of Longmuir and Freundlich isothermal models for surface adsorption of sulfide by clinoptilolite 
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Fig. 16. The effect of hydrogen sulfide concentration in 
sour water on sulfide removal efficiency by clinoptilolite 

(amount of adsorbent=10 g/100 mL, pH=11,  
temperature =25 oC, time=30 min) 
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Fig. 17. The effect of contact time on hydrogen sulfide 
removal efficiency from sour water by clinoptilolite 

(amount of adsorbent=10 g/100 mL, pH=11, temperature 
=25 oC, Hydrogen sulfide concentration=43 mg/L) 
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