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Abstract 
Contamination of water resources with heavy metals has nowadays become a global problem that requires 
continuous monitoring and control. An annual quantity of about 25,000 tons of cadmium is normally discharged 
into the environment. The objective of this study was to investigate cadmium removal from aqueous 
environments with the natural Luffa sorbent using equilibrium experiments consisting of the batch flow mode 
and the continuous flow mode reactors with a fixed bed column. The effects of pH, contact time, adsorbent 
dosage, and initial solution concentration on the uptake of metal ions by the adsorbent in the batch operation 
were examined. Langmuir and Freundlich isotherm models were used to investigate the adsorption equilibrium. 
The adsorption behavior of Cd(II) ions fitted both isotherms but followed the Langmuir isotherm most precisely 
(R2=0.987), with a maximum adsorption capacity of 6.711 mg/g. Cadmium removal in the continuous flow 
mode using a fixed bed column was also studied. The effecte of operating parameters such as flow rate and inlet 
Cd(II) concentration on the sorption characteristics of Luffa were determined by assessing the breakthrough 
curve. The data confirmed that the total amount of sorbet Cd(II) and equilibrium Cd(II) uptakes decreased with 
increasing flow rate but increased with increasing inlet Cd(II) concentration. The Adams–Bohart model was 
applied to the experimental data to predict the breakthrough curves and to determine the characteristic 
parameters of the column useful for process design. Results showed that the natural Luffa absorbent was capable 
of efficiently removing cadmium from water.  
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 � *+��&,� �%���� _�1�� �� dp�� � � ��$ -�&� _"� 5� �/>

5%�/% -�&� �:�#" 5�%�/% ������! (�M�H .0�6 ���#�� ����$ ���
 @�0��% ���/$ =8��: @�	&���� 5��%�/% _��! �0��?$ .0��6 �#���9 �� ����

Q ���� &���>�% ��� �%�&� � 5Yf.��� �03 
Q ���� �� -�&� 5� q��#� ��� A���� ���D3 ��� *T�U�! ����

 ��� �� � #�� =8�: *-�&�� #&'� � ����� -�� #: �� .0��� ����
5� =8: �<��?$ 5���% *����� 5&���> 5� t �0$ -�&�� �� ��> (/��

�� (!#� *-�&�� #&'� �
� �> ���&% 5� �<��?$ 5���% -0��� �� .0
!
" �� (M�H�� Q �� �:�# � 0��  ( ��% �� ����� (�M�H #�#�

�� 5Bz% .��6 5� �:�#" (M�H -� �� 5! � �� Q �� (3#� *0�� 

 ��� @0����% ('�6 5Bz% �Z��z% *�9����#� � (�'�6 q��z% .���6
5� ����� (M�H 5� �:�#" (M�H (D'% ��%� �� 5! 0
&'� C��$#$

 #���#�V�bV(��� 0��1��]J) *JJ�JK[����! . -�&��� T��  � 
 ��� +��1�$ ('�6 �
�
� ���$ *=8: ���&�� #	%��G% 5�! ���6

 A����� � Q� �� i�	
� �� *�&��#W �� �����! �
?  @0%�6 =8:
 5�� X����/3 � (�� -�&�� #&�'� A�Z �� -� ���� (�M�H ����1

 *-���� 0��� �� ����� 5�� �:�#" (M�H (D'% �
?  *@06 A��#%
�� + #?$ |,G� #&'� T  �#� ��6]JL[��:�#" A���� �^� .

Veff 5B�� �Y5�0�� (�� 

QtVeff = )Y(

5B�� �  �� 5! 
Q����� C'� #� �/^� ��� � 5�z�c� #�� #�&�<t_�! -�� #: -���� 

.(� 5z�c� C'� #� 
AA#	&% �� *('�6 �
�
� # � (��'� � �#�9Cad ��
�
� *

-��� _��z� �� *@06 =8: �����! (M�Ht� � @���� 5D����� _���c
�� -� ��  @0�6 =8�: ��� _! �0z� 5D���� �� -�$qtotal -�&�� ��

�#! @��4&� *@06 @�� ��� � ����� (M�H �#� 

dtC
1000

Q
1000
QAq ad

totalt
0ttotal ∫ =
=== )\(

*_�! 78�� 0�1�� � -�&�� 5�� ����� ����� -��  _�! �0z�
5� ���� � C�$#$]�b�� 5D���� ��6]JV[

1000
QtC

m total0
total = )](

100
m
q

(%)movalReTotal
total

total ×= )b(

���� �  �� 5! 
mtotal � -�&�� 5�� ����� ����� -��  _�! �0z�Total Removal 

.(� _! 78� 01�� 
���� � -�&��� =8��: (����#W 5��B�� � @��4&��� ���� -���$j�

5� 5D����� =N��: i#�: 0�� �� *@06 =8: -�  _! �0z� ���1
�#!]JL[

X
q

q total
eq = ))f(

5B�� �  �� 5! 
qeq � -�&� =8: (��#WX.(� =N�: i#: 0�� 

-�&�� -06 #> �#� i�P -��� 7#?� *�<�" #&'� �� 0%�� -���
 5B�� � 5! (� A���� ���$ *�<�"jj_��c (� 5D����]JY[
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liquidtheofflowratevolumetric
volumebed

EBRT = )))(

5B�� �  �� 5! 
EBRT F#�,� � #&�'� �^� #'! ���1 *�<�" #&'� �� 0%�� -���

.(� A���� -� #: �/^� �#% -� 

 �*+, 	 -#�!� 
 ���b�Z� "��� $1� 

_�6j����< =N��: ����$ � -��� �� �����! =8: �0z� �#��y$
�� -�G% -�/� .0�� �� @0��G� 5! 5%�9 ��� (��g i#: T  �#� *��6

 ��� Q ��� ���% ������! =8�: � ���! *R�/$ -��� Q �� .0��� 
5� ��$ #4�1 � R�/$ Q �� �� 5! ���Zj�=8�: (3#�� *5�z�c�

 ��0� � (� �� � ���'�n/��01���� 78� �����! _! � .���6
5� =8: (��#W �� Q �� R�/$ -��� Q �� �� t �0$ 0?� � 0�� 

 A��?$ -��� 5� -0��� � T �� (��g X�D #z$ *(3�� � #���
� .��6
Q ���� ���/$ �� ��� #�#� A��?$ -��� *��j#�M% �� (3��� 5�&�#9

 0�6 Q ������ t ��&% ���� 5��^�&% ���  . -�����/� � ��� ����� A���� ��
)b]] 0%�� -��� �� *VV��� (z��B� 5z�c�]J\[�� �#��y$ (�3 .

 5�� Q ���� �0&� �� 5! (� �  -��� A�Z �� =8: �0z� (��3
 �<�" ( �� ���/$ -��� P��� 5��<� =8�: �#�% *=N��: SB�� ���

 5�� R��/$ -���� Q ��� ��� 5�! �<���� *(� �0�?$ Q���! (��3
( �� �� #� �<�" ��B� ��� -��  =8�: �0z� *���< �����Cd2+

�� Q��! .0��  

(���R�) "��� 
4�5_����< �?�DZ =N�: ���$ -��� �� �����! =8: -��� �#��y$ 

�����! 5�<� (M�H)JV���� -��/� (3#� *#&�< �� i#9rpm )ff *
=N�: �0z�]L/f� i#9pH #�#�]/V(

 ���$��C� $�12�pH 3�+� ��/	� 
#�gh$pH 5�-�  =8: �� ��� �#&���> -�
3 *��	
�� ����� ����

5� 5� .(� @06 5&"�
6 ���" _�6 �� 5! ���Zl��� @0��G� *���6
-�  =8: Q ��� ��� ������! ���pH ��� Q ��� �� � 0��� pH 

#�#�\��� ���" �0z� � #$P�� 5� @0�6 ;���9 t ��&% ��� 5�! 0���
 A�� �� -���/� � ��� ���$l�j� *����$ �����! =8: ��� #�

 A�� �� -���/� � ��� *@��c 5%�j���*0�
c�0
yU 5�<�4$ ��� #�
-� � �����$�� �A���� �� ����6���!j���*s
��� A���H� ��� #���

 @��0�� .��� (z��B�pH ���� ���%� ���$ @06 ;��9 C��
���
�(� #�y&�]J\ *J]�Jb[-�  Q �� Q �� . �� ������! ����

 @���pH ��$�5�-��  (�M�H 5�! (�� (�?c� �  (�3 ����H+

Q �� �� A���� �� ��:��pH ��� Q���! SB�� 5�^�&% �� *0�
�� 
�� �4
� ��� ��� #&G�� ���< #&�G�� T� #�$ 23�� #� �  5! ��6

-�  �� SB� ��� #� =8: �#� (Da� ��� .��6 

pH

q e
(m

g/
g)

C
e (m

g/L)
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4�5���� �����! =8: �0z�pH �?�DZ =N�: ���$ +�&,� ���
���< �����! 5�<� (M�H)JV���� -��/� (3#� *#&�< �� i#9 

rpm )ff =N�: �0z� �]L/f(i#9 

 � ����� "�.�� $��C� $1� 
*Q��e> � 5��#� �  �� 5�� ������! -��  =8�: -���� �	&�'��

 ����< -���� �� *SB� 5� �� *=N�: -��� ��� #��#��l/�*��/j�
��/j#� �� i#9l�� ���� #��#� 5�<� �����! (M�H �� A���� #&�<
 ��l����� � #&�< �� i#9pH 5��<��_��6 .0�6 5�?<�B�n� ���!

5� � �����! 78� �� -�G% ���< -��� � �?��$ -�
3 Q ��� .0���
� =N�: -��� �l/�5���/j-��  =8�: Q ��� 5�� *i#9 ����

 � �������!��5��� 0��1����0��%�� ����/� 5��&D< .0��6 #��^
� 0��1��
5� 5! �G �� R#&�� �� (�3 ����� SB� -��� ( ��� � #�$ ����

�� ��M&% *(� ��8: 5� t �&% ��
�/� .��� ��� -�G% }�`� 0�
��
 ��� Q �� 5
��� �0z� T  �$ *=8: ������ 5! *-� � d�> � 0���  

�GU _��c � �[�: ���'� Q �� Q��e�> t ��&% .(�� �6�> ����
 A��� �� -���/� � #���Jff] ��� 0�� h$ � C��B� ��  *0�
!]V[.

_�6 ���B�K� =N��: �0�z� Q ��� �����/j5����/j*i#�9
 0��� �� � ��U���% *=8��: �������� Q ���� �0��z��/�*����� 0��1��

 �0z� � #��
���/j�� i#9l�� ���� <5�� #�&� 5�
��� �0�z� -��
3
Q ���� 5�� �� =N�: ( ��� -���� O�D6#�H .06 @��4&� �� ����

q t
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C
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�!#�$ 5��/: � ��N _���z&� �#�g � =8: 0
 #� A�Z �� =8:
��� *��N 0%�� Q��! _�<� � #$qe.(� =N�: �0z� Q �� �� 

 �9�(����8 ��/	� ;<�= $��C� $1� 
�H #�gh$ *5��#� �  �� -��  =8�: �� �����! 5�<� (M ����� ����

 (�M�H ��� A���� � @��4&� �� ���< ���$ ����4&� ����l*�*j�*
l� ������� 5� =N�: � #&�< �� i#9 -�����/j#�� �� i#9l�� 

���� �� A���� #&�<pH #�#��-�/� .06 ���#� _��6 �� 5! ��Z�
�� @0��G� *A����� (�M�H Q ��� ��� *���6qe��� Q ��� 0��� 

�� Q��! 78� � ��! 01�� 5! �<���� (M�H �� .0��  5��<� ���
( �� ��#&�� � SB� *A���� �! 5^�&% �� � (� �� � ��8: ���

-�  5� �����! ��� �� =8: �&�� (M�H �� .0%�6 *#$P�� 5�<� ���
( �� �� #$��0�� R#&�� �� ��8: ��� C:�� 5��'� �  � 0%�6

� Q��!-�  =8: 01� �� �����! ��� @06 ;��9 t �&% �� 5! ��6
 A���� �� -�����/� � ��� �����$l�j� A���� �� -�����/� � ��� *

j��� -� � ������$�� �A����� �� �����6���!j��� ��� (���z��B� 
]J\ *J]�Jb[.
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4�5U�Q �� �� �����! =8: -��� �#��y$ �?�DZ =N�: �0z�
���< �����! 5�<� (M�H)JV���� -��/� (3#� *#&�< �� i#9 

rpm )ff �pH #�#�\(
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4�59�#gA���� 5�<� (M�H �?�DZ =N�: ���$ �����! =8: #�
���< =N�: �0z�)fV/)-��/� (3#� *i#9rpm )ff �pH #�#�\(

 �>�?$�	.#� �:� ��� 
i#$��  A0�� �#�� m�<0%�#� � #�/	%P ��� 0�
 #� ��`� � �����

-�  Q �� �<��?$ 5�� ���� ��� ��� ���! �����) 0�%��K�L�� .(
 A�0:lC #�` 5�' �z� ��� .(�� @0��� A0�� �� #� ���#&���> *

5� ���?$ (�� 5� i#$��  �� �#� @0�� ��� *5�&�� ���! ��  5�� -��$
5^�&% ��8�: �&�'�� �#�� �D���
� A0� *#�/	%P i#$��  5! 0���

 A��� �� -����/� � ��<��� .(� 5?<�B� ����JffY i#�$��  ���%
=N�: �#� � #�/	%P *��	
�� ���� 78� �&'�� �� �?�DZ ���

0%�#! ���
G�>]J)[T�$ =8�: 5� �> #�� A0�� �  . 5� P � (�� �
5� ��8: (��#W 5
�G�� (�� #� @0�� Q��e�> �� A0�� ��  R���

 #�#� #`���jj/����� .���� i#�9 #�� i#9 _��6 ����B�V�0�z�
 0?� -�0� #&���>RL-�G% (�� #��/	%P A0� =�" � ��! @0
��

))<RL<f.(

C0(mg/l)

R L

0 20 40
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4�5>��#��y$ 0%��RL�����! 5�<� (M�H 5� (D'% 

_�6 ��Y���#$ �� ��% m�<0%�#� A0� �#���!lnqe*����� ��� #��
Y5� (D'%lnCe����� ��� #��X|"��6 .(�� @0�6 ����#� *

( �`� ) =8�: �0
�n@��0��� �� *(m�<0�%�#� A0�� ��j��$j�
-�G% �  � ��� �#c =8�: ��0c @0
�� =N��: =���B� �90�

!

 5�� =N�: � #��
� .(� =8�: � ���! Q��e�> ��  �� 5�&�� ���!
 �� � ���"pH #�#�\���� �llR���'�� 5�:�� � A��Dc .���

 A�� �� � ��JffV ( �`� |"�6 *��% � m�<0�%�#� A0�� �0
�
 �03 ���< =N�: �� �����! 78� ��Y5�0%���� (��]J[.

 �M�6#���� %�!� ��� 
 �M���%,� $1� 

_�6�('�6 �
�
�j��� �� ���< ���$ �����! -�&� 5��<� ����
�*��jl���� �� -�G% � 5z�c� �� #&�< (M�H 5?<�B� �  �� .0��

 A���� 5�<�l����� #&'� O�4$� *#&�< �� i#9j��&%�� � #�&�pH 
A��������� �� Q ���� � 06 5&�#9 #M% ��JJR���'�� 5:��

-�/� .06 i�^% �� @0��G� 5! ��Z 5�
��� -��� *��� Q �� �� *��6
 ��� ���$ #&'� A�Z �� =8:jl���� .0�6 _�1�� 5�z�c� �� #�&�<
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�%P��Z ����! @�0�% 5�� -�&�� �� A����� *0%�� -��� #9 � #��
�
Bz% � _Dc �����! A���� *06�D% ��� k#$ � -�&� *A��?$ 5�� .0�
!

 A���� �� -�����/� � ������$ ����I" ��� JffV �����#� �� *
� 0�%�#! @���6 5���'� ��  5�� �&��#W t
> i�#! A���� 0%�� -���

 � -��� _c0�)f0
&�#9 #M% �� 5z�c�]Kf[��� �� ��#Z � . ����
 �#�c #&�'� ��� R��/$ �� �#&�G�� -���� �0� �����! A���� *#&/! 

�� 5� � �#�9 ���� �� ������! 78� -��0%� _�<� ��/� *�� ��> ����
 t ���&% ���� *Q��e��> ���  � _��1�� t ���&% .����� 0����" #&��G��

Q��e> A��� �� -����/� � ��<��� ���JffY R� � �
 ���
 � �
A�� ��Jf)f��� (z��B� *]K) �KJ[.

Ce (mg/L)

C e
/q

e
(g

/L
)
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eqlog
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y=0.439x+0.322
 R2=0.942
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(=)

4�5Mx+< i#$��  �� ���< ���$ �����! =8: 0%�� ���#� x#�/	%P
= �xm�<0%�#� 

C
t/C

0
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Adams-Bohart model

(���R�) "��� 
4�5O������� �� ('�6 �
�
� 78� 0
 #� �� +�&,� ���

���< ���$ �����! 5�<� (M�H)JV���� #&�< �� i#9 
�#&'� O�4$�)f�&%�� (#&� 

5��� �� |"���6 *(����g #&��'� -�&��� �#�9����!EBRT (���/�
@e � # ��z� 5?<�B� �  �� � ��� �EBRT ��� �#� +��&,� ����

�*��jl���� 5�� 5�z�c� #�� #�&�< C��$#$l�/jl*jn/����/�
5� 5z�c� �0z� 5U#� .0�� (��EBRT 5�� (��� *0�6�� #&�G�� @0���

-�  ��� �����! C�:�� �  � 0
&'� ���< �� R�/$ �� �#&G�� -���
-�  #&G�� Q �� ��� (���g #&'� -�&� �� �����! ��� �� 5�! ���6

 A�� �� -���/� � ��<�� ��I" � JffY t
�> i�#�! 78� �� *
� #&�G�� 5! 0%�#! iE3 �&��#WEBRT ���� � #�&/! 5�� q���#�

(�]K)[78�� 0�1�� � ������! =8: #a!0� *=8: _! �0z� .
 A�0: �� *����� ��� -��� 5� 5:�$ ��n5�� .(�� @0�� ���! ���Z

 5�� ������! 78�� 0�1�� � =8�: #a!0� *=8: _! �0z� C��$#$
 �� #�#�lj/������ *i#9�/j����� � i#�9 #�� i#9l/��0�1��

 ��� �#������ 5� 5z�c� #� #&�< � 0�� (�� Q ��� ��� # ���z� � 
 A�0:) (��  Q��! ���n(.

3	�� x78� _! 01�� � -�&� =8: (��#W *��8: �����! _! �0z� �� �����! 5�<� (M�H � ��� #�gh$Cd2+

Q
(mg/min)

C0
(mg/L) 

ttotal 
(min) 

mtotal 
(mg) 

qtotal 
(mg) 

qeq 
(mg/g) 
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