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Abstract  
For the purposes of this study, activated carbon was derived from pine-cone by a chemical-thermal process. 
Initially, its chemical and physical properties were determined before it was used for the removal of Acid Black 
1 and Acid Blue 113 dyes. A batch sorption study was carried out in order to obtain the optimum isotherm 
model. The monolayer maximum saturation capacities of AB1 and AB113 dyes based on Langmuir isotherm 
model were determined to be 458 mg dye/g carbon and 286 mg dye/g carbon, respectively. Adsorption of dyes 
was also studied in a continuous-flow state using a fixed-bed column of activated carbon. The effects of 
operating variables such as flow rate, bed depth, and dye concentration on the column operation were studied. 
Data confirmed that the breakthrough curves depended on flow rate, bed depth, and initial dye concentration. 
Column behavior was investigated using Thomas Model and model parameters were determined by a non-linear 
regression method. The Langmuir and Freundlich isotherm models were used to fit the experimental data. The 
best fit of the adsorption isotherm data was obtained using the Langmuir model for both dyes. The results 
showed that Thomas Model was suitable for the description of breakthrough curves under the experimental 
condition. The column adsorption capacity was also compared with equilibrium adsorption capacities for each 
dye. 
 
Keywords: Dye Adsorption, Fixed –Bed Column, Thomas Model, Acidic Dyes.
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 ������ �� &�
$ #6?� �I(�n�

��$ �*"�= �� 	
�u��� ��(�3� 

���.�� 	
6� �A�� 0��3 0�6��
/ :"�.� &�)� �+J6� ��� �~A �����
 �����AB1 #��$� .&�
��$ #6��?�)Cb=0.02Co(�*"��= ��j�

����� &�
$ ��< �� �*	� !� "F� �(�3���
�� .&��. L*"�A �� �< ��;
t#$� :"� :��� &�)�  �~�A #���	� &��. �� ��	< �~A #��	� 

 ������� L"��� �����5�	� !� &�
��$ �������� B��7���� ���� j����� n�


��$ �� 	
� �� �	
$� �� #=�6� B��7�� 0�1� A ������~ ��� 
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���*�VL"� ��.	
����/ �1"�*	� * 	��g�a ��.���� �~A ��AB113 ��< 
1���	� L�F� ��	< o$�� 
)
(?<y 
��<�)/~ u<� O�< 

Reduced-X2 R2 qm b 
 

Reduced-X2 R2 n k
�n/nu� ���/� ��/uvn ���/� uv�/jjvj �ut/� v{/� u{/nvt AB1 

t�u/j� ���/� u�/n�� jnu/� t{t/�� ���/� �u/v jv/jnu AB113 

15��V
�� �� &�
$ #6?� 
�l�� '*��
� ��. ��15���'*��
� ��. 
�� �� &�
$ #6?� 
�l�� 
��� k~=AB1L�F� ��	< #��H 	
6� &�
$ �� ��� k~= �� CmAB1L�F� ��	< #��H 	
6� &�
$ �� 

15��V�� &�
$ #6?� 
�l�� ��� k~=AB1#�+N �� '*��
� ��1*� ��. 

!���/jnu �� �O/mQO 
+�� R	� 	� R	� #���� B��7�� .0?�� ��
� 
�l�� �� 	
6�� !� '*���
� ���4D����� ��	�� 	
6� #6?� ��.

&�6?� ��*�* #�+Njv� 
�+�� 	�
�1 �� R	�� ���� !�AB 113  *
&�6?� ��*�* 
�� ���f�.��/�
�+�� ��(�3� �� 	�
�1 :��� &�)��

:"� #$� .&��. 
� :"�� �< ��; �� �� ����B��7 	
6� ������ 2��� 

�l�� 2�� ��� "� 	
�< #6?� 
�l�� 
�l�� �� �6��(� �� �. ��.

0?��� �� �������������� ��	��� AB1����� 	
)���� .!�&����! 
���	;
 ������� ��	�� ���+-� ��I(� �� &"�$�n�

���$ �*"�= ��	�
���� 

�(�3� "��� ���F� <�(� �� ��� �6�����u��� �(�3� ���� ��	� AB1 
#$� 	
�< 
+�> .
� '*��� ��� *� 
1�?1�� ��
>�$ �6��(� �� "����

 "��� ��A�� 0��3 �F1�I� ���� ��� .+?���4 j*n
� &�)� ��< ".�

 �
>�$ �� ��� 
1�?1�� �AB113 B�  ���A* &7��� ��(+= ���� *
�� 	��	� &� 
1�?1�� &!*{v/{�j R	� #$� *��
>�$ &� 
1�?1��

 ��� !� 2��	� �� AB1 ��u
1��?1�� &!* * &7��� ��(+= vu/{j� 
R	� d�7� 	�#$� .[�D�� �+J6�� ��� 
�� ���� ���� ��< AB113 

�� ����
� 
1�?1�� ��
>�$ &��� 	� #��� 0�1� ~����� �� 
���$� ��� "
���� !� * "��< \���� L�F� ��	< ��
>�$ �� ��A�� ��� *� D����� ���4

 
� '	A�4� &�
$ 	�a�� "�<.	
6�� &"�� ��5��� �~1 &���! 
�; ��
:�����< ����� ���� �6����(� �� �	���AB1 L���?1�� ����� ���< ����.

pe�< �	�  #�$� 
�� ������ "�
�� .L*"�A ��tL"�� ���.	
����/ 
o��	� �� ����� ���� �~�A �� &�
�$ ,+
-� 
���+�D AB113 

:"� :��� &�)� "��.&��. 
� :".�)� �< ��; ��� ������ B��7�� �� 
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���*����4g�� �~A �� &�
$ ,+
-� 
���+�D o��	� �� ����� L"� ��.	
����/ ��"(� AB1*AB113 

Adj. R 
square 

Reduced 
Chi- 2 

Co
(mgL-1)

qo
(mgL-1)

qo
(mg g-1)


/)� =
����0' 

(mg g-1)

���0')xV
�+)� (%)qo

Kth×10-4 
(L mg-1 min-1)

8��'�+ 
(cm) 

��� 
(mL min-1)

AB1 
�tu/� �j{/� t�/ju� �uj/nt��v �j�/�{ �{�/u{� {��/j{ {t�/� 10 10 
�n�/� �jv/� {/ju� j�n/t�u�t ���/jnu ��j/u{� jj{/n� nvu/� 10 ��/�
�u�/� �jv/� jvn {�v/v�tuj ��{/j�� ��n/u{� �jj/un j{u/� 10 j/{
�n�/� �jv/� {/ju� j�n/t�u�t ���/jnu ��j/u{� jj{/n� nvu/� 10 ��/�
���/� �jn/� {/ju� {uj/vv�u{ u��/j�{ ��j/u{� u{n/u� ju�/� 15 ��/�
�t{/� ���/� {/ju� vj�/����{ �nn/t�n ��j/u{� �nu/{v ��t/� 20 ��/�
��v/� ���/� n/j�� �{n/n{�{v nn�/�� �vv/u{j tj�/j� t��/� 10 ��/�
�n�/� QCW/Q {/ju� j�n/t�u�t ���/jnu ��j/u{� jj{/n� nvu/� 10 ��/�
�v�/� QCO/Q �� tn�/tvttt ���/jj� �{{/uv� {{�/nv tj�/� 10 ��/�

AB113 
0/897 0/009 151/4 6835/494 22/785 283/718 8/031 2/250 10 10 
0/895 0/011 150/54 7182/509 23/942 283/636 8/441 2/520 10 ��/�
0/804 0/016 149/2 8891/151 29/637 283/507 10/454 1/290 10 �/�
0/895 0/011 150/54 7182/509 23/942 283/636 8/441 2/520 10 ��/�
0/851 0/015 150/54 6603/364 22/011 283/636 7/760 1/650 15 ��/�
0/883 0/013 150/54 9083/770 30/279 283/636 10/675 0/ 860 20 ��/�
0/702 0/018 201/86 4607/953 15/360 287/351 5/345 2/180 10 ��/�
0/895 0/011 150/54 7182/509 23/942 283/636 8/441 2/520 10 ��/�
�� /� 0/01t 99/69 8408/483 28/028 276/466 10/138 2/270 10 8/07 

!� &�
$j���n�

��$ 	
� ���	
�$� �� #=�6�� B��7��� 0�1�
�� !� ��	< �~A #��	� ��"(�  ��� �~A ����� �/nt���n/t�


+�� R	� 	� R	� B��7��
��< "��� �� ��"�(� ���� ���� ��� �6���(�
AB1 �*"= �� j��n	
�< 	��	� #�$�.��41��$ ��n��� *n��� 

�� ��4g�� �~A 2��	�Congo Red � ��+� �+��
� *L��+l� !���.
 &����?�. * &�. o$�� ��	� ��5$ !� #��H 	
6� &�
$ o$�� 
��j

#�$� �
�	� ��	3 
$�	� ���� .:��� &�)�� '��F1�I� ���� ��� ��< "���
 
��l�� 2���  &�
$ ������ B��7�� * ��
��� B.��< #6�?� ���.

 :�	
6� R	A L�(
�� ��=�� #$� :"� 	� .��"�(� B��7��� ��� *� ���� !�
��A  	
6��� �������� &�
��$ �� �\���A R	��A "��=�* ��!� ���� ����� �~

#$� �
��� B��7��.

{� ���� )w+ ���)� 
+?� ����4 �*CQ������ �~�A �� &�
$ #6?� 
�l�� 2��	�

AB1 *AB113
���� �� '*����
� ����1*� ����.CQ Q|/U*C/y

+�� �(�3� �� 	
�1 &�6?� ��*�* #�+N ��CWQ 
+�� 	�
�1 �� R	�� 

6?� 	
6� ������ *&�CQ

��$ 	
�#$� :"� :��� &�)� .��� �A�� ��

�l�� 
� :".�)� �. ��� �< ��� ��� &�
�$ #6�?� &���! 
�+< ���;

 
�l�� 2�� L�= ��D �� * :"� 	
�< 
�� B��7�� 7��� #6?� ��.
 B��7��
�"���� .�� 	
6� ��5�� �I(� �� &"�$� &��! ���f�. ;���

1 Hun et al. 

15����� &�
$ #6?� 
�l�� ��� k~=CmAB1#�+N �� ��.
'*��
� ��1*� 

��� ��	� 
4A�� 0��3AB1��� ��	� �	
�< '"� �� *AB113 

 #$� �
��� B��7�� .�+J6� ��� 0��1� ���� �� 
��� �� ��< #�$� ���.
 ���  	
�< '"�
� ��	3 	
6� �� ���� �� �	
)�� &��! ��� * �	���

 
�� �� ��� k~= &�7�� 0�1� ���. �� "�.��> 	
)��� ����/ ��.��.
&��. L*"A �� �< ��;m#$� :"� :��� &�)�  ��	�< �~A #��	� 

��*�* 
��� B.��< �� ����� L"� ��$� 	� �~A #��	� &��. ��
 !� &�
$ ��CQ��C/y
+�� ��(�3� �� 	�
�1 ���  &���! B��7��� 0��1�

 !�  	
6� �� ��� �����/|y��� U/C�| 
�+�� R	�� 	�� R	�� ��	��
����AB1 !� *|U/OO���y/O�
��+�� ��� ��	� R	� 	�� R	�� 
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15���V'*��
� ��. 
�� �� &�
$ #6?� 
�l�� ��� k~= ��
CmAB1L�F� ��	< #��H 	
6� &�
$ �� 

AB113 #$� �
��� B��7�� .#$� &� 	�� ��� 0�1� 
��� �� �< ���.
	�a�� 
� B��7�� R	A L�(
�� ^	� "���� ��� ��� ���� ��"�(� 
����5D

 o$�� :"� �~A R	�A L��(
�� ���=�� &��. �� 	
6� ������ "=�*  ��� 
B��7�� 
�� B��7�� 
�� "���� ���� ��< 	��� &���! �� ��	6�� [�D��

 ��5�� �I(� �� &"�$�
����]OU[.

{�|�=YCZ)w+ ���)� 
�� ��4+?�CC*CO����� �~A �� &�
$ #6?� 
�l�� 2��	�

AB1 *AB113+N �� �'*�����
� �����1*� �����4
OQQ CWQ*CQQ 

+�� 	
�1 �� R	� &�6?� ��*�* 
�� �� Q|/U
+�� ��(�3� �� 	
�1 *

&�6?� 	
6� ������CQ

��$ 	
� #$� :"� :��� &�)� .��� ��A�� ���

�l�� � :".�)� �.�
< ������+-� * #6?� �I(� �� &"�$� &��! �
���� �����
��� B.���< &�
��$ ���� ��*�* ����� #���+N B��7 "����� .��

	
�< ��*�* ��4
�+N 
�l�� :"�)�< #6�?� ��. * :"��	� 2���
 	�
�< �4�� 
�� ���� �� &�
�$ ���+-� * #6�?� M��(� 2���	� ��� *

&��! 
�a�; ��. 
� ����� �	� "
�� .��*�* �i`�� #�+N �e	.
 "��� 	
)�� 
�l�� 2�� 	
)�� #6?� ��. �� 	
6� #6?� * :���

 
� ����� �	
�< &��! 
; "
�� .�����`�� ?� ���� 	g���� #�$� ��

 * ��5��� ^	�� 	� #�+N &����	� �� 	��X� �< ��~�� 	�H� 	
6�� &���!

 #$�]O�[.
�#��+N B��7��� ��� ��< ��� ���`�� ����� ���� &���
��� o�$�� ��	�< ��
>��$ �� �	
)��� �~�A ���4.�g��A ��"F� 


� L�X�� ��� ��� .��� !� 
� *� �@�
� &��� "����	� ��< �	�< �	��
 :"��a� #�+N �� ��)
�� #�$� �
6���* 	
6� �� ��*�* .B��7��� ��� 

��*�* #�+N * ��
��� B��7��� 	
6�� ��� :"���a� ���~���� &�7�� 
�� B��� �*	�� 	
)�� R	A L�(
�� ����� 
�� ���� :����< ���` *	��

 :���< &��! �� 	
6� #6?�  R	A L�(
�� ��=�� L�; &"� ����� �	�

� "
�� ]O�[.

. '�F1�I� �� :"� b��7� ���
� L��$ �� &����?�. * &�OQQ| 
*OQQU ����� �~��A �� Congo Red ����� �����
�  ���+� �+���
� *


�� "����� �� �F1�I� "���<]mQ *mC[.B.��< ��� '��F1�I� ���� ��
 #�$� ��
��� B��7��� �~A #��	�  &��	A 
�� ��"(� .�� ����f�.

 &���?�. * B��/ �F1�I�jp�5+A o�$�� �"��$� ��4g�� �~A �� 
�1��?+�� a*!�"����nL���$ �� OQQW "���� #��$� ���� 
4��)��� �����
� 

]mO[.8�<  
�� B��7�� �� �~A #��	� B.�< #+D �F1�I� ��� ��
 ��)�
�� &"�� �*"�l� ��@�
� �� * �\��A �� ��� ���� &��! &"�

#$� :"� b��7� �\�A ~���� �� ���.

15������� k~= �� &�
$ #6?� 
�l��AB1 ��. #�+N �� 
'*��
� ��1*� 

�15�}���� k~= �� &�
$ #6?� 
�l��jtAB1 ��. #�+N �� 
'*��
� ��1*� 

L��$ �� &����?�. * B���/ o$�� :"� R�@�� �F1�I� ��OQQW 
���4g�� k~=Acid Red 88 *Acid Green3 *Acid Orange7 


�� p5+A !� #��H 	
6� &�
$ !� :���
$� �� "���1�?�+�� a*!� ���� 

1 Padmesh et al. 
2 Azolla Filiculodies 



32
���� � 
������ ���	 �
��


�	� ��	3 �F1�I� #$� �.�	�?+�D 	�� ���1*� #��+N 	H� 
$�	� ���
� 
��� &�)� �F1�I� ��� �� �\�A &�
$ #$� :#��+N B��7��� ��� ��< 

~����� ��� ���� \���� �� B��� �*	�� ��"(�  &�
$ �� ��*�* ���
 B��7�� �\�A
�"��� &�
�$ �	�?+�D ���54� ��� 	@�� �+J6� ��� �< 


� ���]mO[.
* �6�"1� o$�� :"� R�@�� �F1�I� �� &���?�. jL��$ �� OQQU 

���� k~=Remazol Reactive Black 
��
�$ 8
6��$ p�� �� 
�	�$ �	�
+�� ����@� L�F� ��	< !� #��H 	
6�sQQ 
�$�	� ����� 

#��	� ��	3]mm[.	�� &�
�$ ��� ��*�* ���� #��+N 	�H� 
�$�	�
 !� ���� #��+N B��7��� ��� ��< ��� &�)��  &� �	?+�DQOW/Q��� 

CCW/Q2F?�	
� 	� R	��+�< ���� �~A �� &�
$ #��	� ��"(�  
#�$� ��
��� B��7�� �F1�I� ���� .B��7��� ��� 7��� ��F1�I� ���� ��

 ��  �\�A ~���� �� ��� \��� �� B��� �*	�� ��� �@�
� ��A�� �����
#$� :"� :���� :"�� #$�.

���\
#< �)
7 

������� "����	� !� :���
$� �� Z�(l� ��� �� :"� "�1�� L�F� ��	<V

�	� �� * "��	� ��4� ��< M*	-� !� 
�� ����� 0?�� �� 
1����	� ���.
"�� .:	
6�� �� 
1���	� L��l� ��� c��-� #=�6� ��"(���� 

��jt�� R	�� 	�� ��	�	
� )L��F� ���. ��	�< ��	�� #=�6�� ����
���@� (�� 	��	� 
�F� �{� R	� 	� ��	�	
� ����.&�)�� �+J6�� ���� 


� ��� �� �"��1�� L��F� ��	�< �< ".� '���-)� 	��� !� ��F1�I� �
�6��(� 0��3 &� ���@� ����� �� 
?�7��#$� .�~�A #��	� 	���(�

 ��4g��AB1 *AB113 ��� 	��g�a L"� ��$� 	� ��� 	���	� 2���	�
U|/sWO *s/O�U 
+�� ����F� L��F� ��	�< !� R	�	. ��!� �� R	�

"��	� .:"� "�1�� ��	< �a�� ���6� #��	� :"�.� &�)� 	���(� ��� 
�F1�I� ���� ��4g�� �~A �����.#+D '*���  �~�A #��	� ��

 ��F1�I� ����� ���� *� 
1��?1�� ��
>��$ �6��(� �� ��� ��A�� ��� *
#��� ���� &���� 	��AB113 ���A�� 0���3 #�$� .
�$�	� ����
�

�l�� #6?� ��.��0�+l� ��������.	
����/ 	�H�
"����� #��+N 

1 Al-Degsa et al. 

* �i��`�� 
���� * 	
6��� ��������  ����1*���*�
��� &�)��� ���< "��.�

�l�� � #6?� ��.�:"�� #$� 
�l�� �� 
4A�� 0��3 '*��� ���.

 :"�� #6?� L�0?� �� �< k	=S "�
6. "���� .��F1�I� ��� ���
�
 ��� &�)� �<����� 

F�E ��4g�� k~= �� 
+< ��;"��
?� ���� ��� 

�� �< #��� �A�� 
1�?1�� ��
>�$ 0�1� d�7� #E	�  '�5�<	� ��� 
�� R!a 8.�	�� 
���$� ��� �\�A :��� ~���� 7�� �� �4�� ��)
�� �����


�� ��� *L�?1�� ��� *� ��� !� �� 	�a��� �~�A ���4.�g��A �� �.
 #<	= �\�A &�
$
�"��< .����4� :���
�$� R"D �� 	@�� �+J6� ���

 h�
56�� &���! '"� �� &�
$ #6?� !*	� * �\�A #��	� !� :����< 

� ��� .����. 
� ��E�� 0�a� ���f���e �"�F� '��F1�I� �� ����

��������  "����� 
���� ����41�+l� !� ����� k~��= ���F1�I� k"��. ����.
 ��	� ��-
�� �\�A &�
$ ��	� �	
)�� .�< ��� &�)� �1�(� ��� ���� 


�	�*7�� #��	� )
1��F� #��	� (���� ��4g�� ��	� :"� �5$�l�
 �F1�I� *��$� 	�� ��< �\��A &�
$ #��	� 	���(� ������ L"�� �
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