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Mass Transfer Study in “Autocirculation” Reactor For
 H2S Removal of Acid gas Streams

 A.A. Rajabpour  A. karimi   H.R. Bakhtiary   M.R. Jafari Nasr M. Taghizadeh 

Abstract  In this paper, oxygen mass transfer in an Airlift reactor for single step H2S removal from 
acid gas streams has been studied experimentally. Oxygen and nitrogen were used as gas phase. Water, 
Chelated iron solution (500ppm) and a slurry solution 0.08%(wt%) sulfur per 100 ml of solution of 
chelated iron) were used as liquid phase. Experiments were carried out in a 60 liters Internal loop Airlift 
reactor.  Results show that mass transfer coefficient (KLa) for three different types of liquid phase are 
almost equal. Adding of nitrogen accompanied with oxygen causes an increase in mass transfer 
coefficient, decreasing saturation concentration (C*) and consequently decreasing mass transfer flux. 
Finally, new correlations expressing variation of mass transfer coefficient in terms of air and nitrogen 
superficial velocities were presented. There is a good agreement between this work and similar 
experimental works.

Key Words Airlift Reactor, Autocirculation Reactor, Chelated Iron Solution, Mass Transfer 

Coefficient, Mass Transfer Flux, H2S Removal.
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� H��!2��  � �
�8

��
� .         �. 7'A �� 7%
 3�
�� �	
 M	�N �� 0��#*�v-*

;�!�
*   ��9�
 +1�K
 ��       !"I�� �"��� ���
� ;%!-�  .

             �� H!"I �"Y
�
 ;"��V* 3"�
�� M	�N � �
*�� 0��#*

��!�|���% ;h	R�/ �
K

ميزان شوري
(Salinity)

ضريب هدايت
(ms/cm)

TDS
(g/lit)

ρ
(g/cm3)

DL* 10 5

(cm 2/s)  فاز مايع

0.10.130.07≈12.6Water

69.174.581.030.16EDTA Solition 500 ppm

68.944.461.110.17EDTA Solution Slurry 0.08(wt%) 
Sulfur/100 ml solution

��!������2� 3%* H!I �Y
�
 ;��V* 3�
��[1,7] 

نوع راكتورروابط كاربردهدامن

Air- water or aqueous salt solution

0.15( kmol.m-3) Nacl, Hd=1.8 m, Dr=0.152m

UG =(0.0137,0.086), m.s–1    (Bubble flow)

Ad/Ar=0.11 to 0.069             (External Loops)

Ad/Ar= 0.13, 0.35 and 0.56   (Internal loops)

Bubble Column, Ad/Ar=0 

KLa=0.79[1+Ad/Ar]-2 UG(air)
0.8±0.1

External Loops

Draught - tube 

Internal loops

(annulus sparged)

Bubble column

Bello et al.1985

Air- Slurry Solution at above conditionsKLa=[1+Ad/Ar]-1(0.349-0.102 Cs) UG(air)
0.837±0.062

External Loops

Chisti et al 1986
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��!�� ;��V* 3�
��  7%� ��� ����� @��E �� 0�=	���. �
 H!�. 

 bhIB�:�� @. &
�� ���� �� H!I b( �����
 0
���X*  ��'2�

  ���             �"	
 3"�
�� �"� ;��"E�� �"'2�� ��. 01�� �'2�

""��2�� � �""'2� J""� �� �s5�""j�(
 �� ����""�
 7""�$1( 

� �'2�7%
 H�� ���
� ;%!-� ��9�
 +1�K
 ��-pj�.

  6)3

              "��� ��"� �"�� � ���"% J� �y
 �� ��Q� �	
 �� � ��

                U"	�R* c��"�% �"� �	�"��. ��"( �� �"� 
� �� H
�j�

 �I ;�� ;� c	�
���.      �"a �"V�. �
     �� ����"�
 7"�$1(

  ���""� �"":�� @. �""� 7W�""� �""�. 01�""� �""'2�

;�!��	[5]�           ���"� R"�� ��"�� �"> �� 7D'E 0
���X*

  7"/�	 !�
K.   �"> ��"j�       bh"I �� �"� )z(  H!��="� 

;�          �
 ���"% J"� �"���X* �� �I       �"'2� �"� �":�� @.

 ��. 01���         �� ��"�� �� �����
 7D'E 0
���X* ;-2-� 

      ���� ;��
�8 �:�� @. �
�* ��	�� ��'2�.    �� ��"-pj� 

  bhI)z( H!��=�  ;�         7"$�( �� ;$��"9* 7D'E �� �I

             �":�� @. �"� 7W�"� ��. 01�� �'2� �� R�� �
!	��

����;� !��	.

 �
""� �n""( �� � ��""��� U""	�R* �""� ��""( �""	


معادلات دامنه كاربرد
نوع 

راكتور
 Air, N2 - Water, Dc or Dr=0.145 m,  Hd=2 m  

  UG (air) = 0.04 to 0.25, cm.s -1  

   UG (N2) = 0.04 to 0.25, cm.s – 1 (Bubble flow) 

    Ad/Ar=0.37455  (Internal Loop)

KLa=0.6118[1+Ad/Ar]-2 UG(N2)
0.8819 UG(air)

0.6767

Intenal 

Loops

Air, N2 – EDTA Solution ( 500 ppm) at above 

                             condition 

KLa=0.18454 [1+Ad/Ar]-2  UG(N2)
0.506 UG(air)

0.49267Internal

 Loops

Air , N2 – EDTA Solution Slurry  0.08(wt%)

            Sulfur/ 100 ml solution

KLa=[1+Ad/Ar]-1(0.58127-5.379 Cs) UG(N2)
0.4252UG(air)

0.5873Internal

Loops

آب 
EDTA لمحلو
(500ppm)

(m
g/

lit
)

شد
ل 

 ح
ژن

سي
اك

ه

)ثانيه(زمان 
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            �	
R"/
 �"� � �"I ;"��* ��2� 7D'E�� 0
���X*

      �*!	!I H��!2� �	
 ���� � ����� ;�� �
R�� !"�
K

   �V��� �� � !I*C      ���"� R"�� ;$��"9*   ;"�  !"��	 .  �"	


  bhI �� M$�:�)�( ��  H!	� t-I�� ;� �I .    �"	
 7"'A

 
� ��
 ;�          �"'Q��� ����"�
 ;$"� !L�� ���� �
*

���
       7�"�
� �"'2� �� � ��"���� ��.     ;"v* 7�"L�K 

  � ����� ��� ;�!--�  R�� ;"�       !"I�� &!"9� 7"'A !"�
* .

          7A�"% M�"( �� ��� �����
 M	�N ;j�	��<$ ;-2-�

   ��� &���O)
� (       bhI �� ���% �% �� &
��){ (  �Y
�
 

7%
 H!I.

 �> ��j�          � ���% J� ���X* !I H��I
 bW8 �� �� 

   ��% �
K � ��	�h�	�     �"��X* SA�� �aKL   !"�
K 

         �"�. 01�� �'2� 7D'E �P ��� �	
 �� ;$� �!I

       c� R�� ��� !��� �
� R�� � ��Y�� ;�     �"��X* �	
 !I��

���(
      �
R"�� 0�"L �"� �� ;"$� �"I ;j�aKL

���� ;� !��	.    ;-2-� ��WI ;-2-� �	
  �"�    H!"I �"Y
�
 &

�� ��05�;� !I��[1].

bhI�� � ������n(�� ���� �� H!I b( �����
 0
���X*   �. @��E ��;��E�� �'2�� ��. 01�� �'2���:�� @. &
��

 bhI� ���  &���O 7A�% �� ��� �����
 M	�N ;j�	��<$ 0
���X*)
� ( �'2�� ��. 01�� �'2���:�� @. &
��;��E��

0

1

2

3

4

5

6

7

8

0 100 200 300 400 500
Time(sec)

 distilled water with Qstd(air)=0.102(lit/sec) 

 distilled water with Qstd(air)=0.102,Qstd(N2)=0.03639(lit/sec)  

 EDTA Solution with Qstd(air)=0.102,Qstd(N2)=0.03639(lit/sec)

 EDTA slurry solution  0.08(wt%) with
Qstd(air)=0.102,Qstd(N2)=0.03639(lit/sec)

(m
g/

lit
)

ن 
يزا

 م
شد

ل 
 ح

ژن
سي

اك
ه 

)ثانيه(زمان 

آب ديونيزه

آب ديونيزه

EDTA محلول

EDTAمحلول (0.08 wt%) با غلظت جامدات گوگردي 
Qstd(air)=0.102, Qstd(N2)=0.03639(lit/sec)

آب
EDTA محلول

 گوكرديداتمحلول دوغابي با غلظت جام
(0.08 wt%)

K
L
a(
1/
se
c)
* 1
03
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  ������  7
�� �8

                3	
�"I �"��X* 7"'A �"� c��"�% �"� � ��"��� U	�R* ��

          �
R"�� �	�"� �K�"P 7A�% �	
R/
 � ;<�#I.aKL

  7/�	 !�
K �	
R/
 . � �	
��
    ����"% J"� �"% �� �� 

H!��=� ;� �I. bhI )[( H!-�� ��=�      �� J"N� �"	
 

     7"D'E �""� �"�. 01�"� �"'2�ppmz`` ;"� !""I�� .

;-2-���        ��WI R�� ;��E�� �'2���:�� @. �� ���� &

 ;-2-� �	
 ;� I��-         H!��="� R"�� �v�. �� �	
R/
 �	
 � !

;��I.

 �> ��j�             �"� � ��"��� U"	�R* �"� !"I H��I
 �� 
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    �
 ��I �h-	
 �� ��*      c"V( !"(
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    �"$��9��� ;-	R<	��)]`(  ;"�        ��"���
 ��"I �
R"�� �
"*

           �����
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;�          ��"� &���"O 7A�% M�( �� ��I 0
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             �"� ��"I 0
���X* ;-2-� �
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 �!"I 
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  �	
R""/
 �
R""�� �""�aKL  7""	�v� �� �  H��""� �""W'E 

�����
��I        7"/�	 !�
K ���� cV( !(
� �� ���  . ��

 bhIF��� &���O 7A�% �� ��� �����
 M	�N 0
���X* )
� (� � ������n( �� �� @��E.�

EDTA محلول (500 ppm) without N2 

EDTA محلول (500 ppm) with N2

دما= [24-25]°°°°C
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 bhI���� &���O 7A�% �� ��� �����
 ;jV( ��I 0
���X* )
� (� � ������n( �� �� @��E.��. 01�� �'2� &
�� �

��!�� 3�
��  ;��V*7%� ��� ����� �n( �� 0�=	���. �
 H!�. 

معادلات دامنه كاربرد
نوع 

راكتور

Air- water,   Dc or Dr = 0.145 m, Hd=2 m

UG= 0.04 to 0.25, cm.s –1 ( Bubble flow)

Ad/Ar= 0.37455               (Internal Loop)

KLa=0.1107[1+Ad/Ar]-2UG(air)
0.8979Internal 

Loops  

Air-EDTA Solution(500 ppm) at above               

                         condition 

KLa=0.5641[1+Ad/Ar]-2UG(air)
0.6239Internal 

Loops

Air-Solution Slurry 0.08(wt%)

Sulfur/100 solution  at above condition

KLa=[1+Ad/Ar]-1(0.5584-6.519Cs)UG(air)
0.5514Internal

Loops

 �$��� �	
�          �"� &
 �:�
� �&�*�i��� ���������� �� ��* �� 

            M�"( �"� 
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 � 0�A1>
  �           ��!"� �� ���"% �"% �� &
�� H!�. 7%�

)\(7%
 H!I �Y
�
 .
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            ���"� 7"�$1( �
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              c"V( !"(
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��"I �
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���� ;� !��	 .        ��
"� �"	
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�:�
� ��V* f
  ;  �Y
�
          �"� 
� ��"� ��"���
 M	�N �� !I

EDTAمحلول (500 ppm) without N2

EDTAمحلول (500 ppm) with N2
UG(N2)std=22.05-2cm.s-1

دما= [24-25]°°°°C
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Nomenclatures
Ad = Area section downcomer, cm2

Ar = Area section riser, cm2

a= Specific gas –liquid interfacial area based on 

clear liquid volume, cm 3/cm2, or cm-1 

C= Dissolved oxygen concentration,  mg/lit

C* = Steady state ( or saturation ) dissolved 

oxygen concentration,  mg/lit

c= Constant

CL0= C at intial condition, mg/lit

D= Column diameter, cm

DL= Liquid phase diffusivity, cm 2.s –1 

E= Fractional approach to equilibrium 

KLa= Volumetric mass transfer coefficient, s-1 

NA=Molar flux,  mol.m-3.s-1 

ppm=Part per million 

T=Temperature, °C

t = Time, sec

TDS= Total dissolved salt,  gr/lit

UG=Superficial gas velocity based on riser,cm.s-1

Greek letters 
ρ= Liquid density,  gr.cm –3 
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