
Arc
hive

 of
 S

ID

dx.doi.org/10.22093/wwj.2018.97745.2486 86

����� � �� 	
�� Journal of Water and Wastewater 

���"#
���� ����� ����� Vol.30, No. 1, 2019 

Synthesis and Surface Modification of Hexagonal 

Mesoporous Silicate–HMS using Chitosan for the 
Adsorption of DY86 from Aqueous Solution 

 
M. Aghapour1, E. Binaeian2, A. Kamran Pirzaman3

1.	MSc	of	Chemical	Engineering,	Department	of	Chemical	Engineering,	Qaemshahr	Branch,	Islamic	Azad	
University,	Qaemshahr,	Iran	

2.	Assist.	Prof.,		Department	of	Chemical	Engineering,	Qaemshahr	Branch,	Islamic	Azad	University,	
Qaemshahr,	Iran	(Corresponding	Author)	ehsan.binaeian@yahoo.	com	

3.	Assist.	prof.,		Department	of	Chemical	Engineering,	University	of	Science	and	Technology	of	
Mazandaran,	Behshahr,	Iran	

 

(Received Sep. 9, 2017      Accepted Jan. 31, 2018) 

To cite this article : 
Aghapour, M., Binaeian, E., Kamran Pirzaman, A., 2018, “Synthesis and surface modification of hexagonal 

mesoporous silicate–HMS using chitosan for the adsorption of DY86 from aqueous solution.”  
Journal of Water and Wastewater, (In press). Doi: 10.22093/wwj.2018.97745.2486 (In Persian) 

Abstract  
Many types of dyes are toxic, carcinogenic, non-biodegradable due to their complex 
aromatic structures and their water solubility and accordingly, they should be removed 
from wastewaters. In the present research, hexagonal mesoporous silicate HMS was 
synthesized by sol-gel method and after modification by natural polymer chitosan (Ch-
HMS), it was applied for the removal of direct yellow 86 from aqueous media. The 
characterization of synthesized HMS and chitosan modified HMS were analyzed by 
some basic analyses such as SEM, FTIR, XRD and BET. The effects of pH, adsorbent 
dosage and contact time on the removal of direct yellow 86 were investigated. The 
results revealed that the maximum adsorption of dye was about 92% which was 
obtained by 0.075 g of Ch-HMS composite at the pH of 2 and for 60 min contact time. 
The equilibrium data of experiments were studied by Langmuir, Freundlich, Elovich 
and Temkin isotherm models using linear regression. The Langmuir model with the 
maximum adsorption capacity of 71.43 mg/g was the predominant model. Kinetic study 
was also performed using pseudo first and pseudo second order kinetic models where 
the second order model had the best agreement with the experimental data. The 
experimental data showed that surface modification of HMS by chitosan and formation 
of Ch-HMS nanocomposite enhanced the adsorption capacity of HMS and changed it 
into a useful and powerful adsorbent for the removal of pollutants from aqueous 
solutions. 

Keywords: Hexagonal Mesoporous Silicate (HMS), Chitosan, Adsorption, Isotherm, 
Direct Yellow 86. 
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Fig. 1. Scan of direct yellow 86 in different wavelengths 
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�Q�

2���
� :�k�5 .7� D&� N� %� ��M� %& D7��+ ���&��� )�O�� ���2�C

� � D7� 
2L�% ?7���!�����2C� D�I2��& %& �;����(^
�� �����

��& %& B��a���
�%& t���@O� >��; %�+��*+ �� ��$ .7���

8 Ultrasonic  
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7C+%�5�OU �2�C )O��7�� �7Z%& I2@�+ 
�)
� �D���3 D��3 ?%�Z
� %& *�/[ D��3 ���"�5 P�% :�?7�� 
�� � 7�� 
2L��% �;����

2���
� :�k�5 .7� D&� N� %� 
� D7�+ ��& ?7����7���
� �;���
�$ %& .7����v��" ,s �*��7�
[ 
�2	�U >/� �����Q� '+ ��� %��� P


� � 7� D&�& �M2@� ?7�����& %& �;�����
�%& ��@O� t�
.7� (MA *�+ %& 

25X58&���G�8t&r4�5�z�O 8&�4�4�HMS �Ch-HMS 
��c�� 
��� 4��$ ��C�!+e�����HMS �Ch-HMS 4���$ G���5

 ��c�� 
��� j
� (S-4160,  Hitachi, Japan)  D&�7�0� %&θd��
� Z �5^_D��7!� 
�%& DJ�� y�� .7� ���UBETd)��A ��L� ��

 .7� P���5 %�&��! 
4�% �� D&� 2�� �� � ��& N� '#� �L� �� ?�� a D��7!� .���5

BJHi7��� D&� P����L5USA) (Micrometrics ASAP 2000, .
 %& ?�� a >" N�aP/P0=0.99 ����15 .7� 
-��0� ��c����c��

)M����$ )!��2cC�l(S-4160, HITACHI) 
!��! �� )�%�� ���� ��
)����
� ���� .7� 
��5 ��!+ y�� %�2A�� )�%�� �2�k*�� 
�� *���
;

 y��� ��% )O���; D���U (�HMS ����3 *�&��� Y��H ��C��!+ �}

j
�� Y��H G���5(FTIR, 8400S, SHIMADZU, Japan) %&
D&�70�l__ �5cm-1 l___ .7� 
��5 

25_5m&��-� 	D�I4k�( CDE4� �� �lO K�! 

� %&�Q2@� &%� �!% '#� ����J$ P�N��G��5HMS '��� �
Ch-HMS � %&�N2@ $�!��%�� 
2��).7�� ��W� )��%�� �����pH �

�72���/�'��� �� B�U ���HMS �Ch-HMS 
���)O�� ��2�C ��
��TOE ��� ��!% ,�O0���)�O�� B��U%&P�C%� %& ��2�C ������� 

)���O�� D�I2����& G�����5 �v���� � 7���� 
	����F� �����2�CpH ����2� 
(Jenway Model 3510) �pH ,�O0� ���D���� %& p��	 ���5��

G��5���� 7��O"�%7�(�&��� ,�O0� �� %<����T
5 %<����N
P�C%� �v� .7� �� D�I2��& %& �����/,7��)KM65 P�	 �k��� �

(�2@U���+ ���& %&���
��%& t���@O� �;��� ������ %& %�&

 
1 X-ray Diffraction (XRD) 
2 BET 
3 Barret-Joyner-Halenda 
4Scaning Electon Microscop (SEM) 
5 FTIR 


� � 
Q�3& ?7���3&��� 7�� .7� D&�& *�/5 �
Q��3&�PC%� �
Q �� ��
��
!��! � 7� ~%�A �/ ��� 
�� %��T
� D�I2��& >�A�& %& �������7�

 s� ��2!��Kokusan, H-11n, Japan) (�;��� ������� %& %�&

� 
Q�3& ?7���3&�.7!7� s� ��2!�� �
Q ,��O0� '#�� &7�; ����

�TOE P���5 ���� )C&��5 �!% D�I2��& �� D&� 2��� ��� �)C&���5 ���
�2��5�	��2cv��f(JENWAY ,6310, UK) %&~��� ,�H �ok�7a

 �!%i^l �2��!�! ��TOE � 7� D7!��A G���5 ��!% )C&���5 ����
 N�Q2�@� &%� �!% *�����-�C�" )
0
�^f.7�� 
-���0� �����+��

�5����� �� Y���O2L� ��&����Q� ����� �'������ %�7���Q� ����W� PHMS �
Ch-HMS )��/�����/����/�����/���/����/�(B���U

 G���� *��� �������+ �� � >-3pH �)��%�� ����� .7� B��!� 

��
�� %�7Q� �72�� �t��5 *��� �W��'��� �� 

Ch-HMS ,�O0� 
� ���

 ��TOE ��� �!% ������������������� ���� )�O�� B��U%&
�2�C %& 
k %�7Q�pH ���
!��! � 7� 
	�F� 7!&�� D7� N�T
5 

 ����U

��& %&���
�%& t���@O� )!���� >�Z��	 %&������������
�� ���� �����+ 
�Ok %& .7� B��!� 
Q�3& ��� ��'#�� ��!% *��

'��� G��5 D7� =�-H )C&���5 '#� ��	�� *���� � �� ?<&���� 
�5 ���7!7� P�� 

)�(qM � �CN 9 CM� � O
P�!% h#a 7Z%& = 

)�(
0

e0 C
100)CC( *−

� %& 
"�P?<&��� 
qe��:�@a�� ,&���5 *���� %& '���� G���5 D7� '#� �!% *��

)��O�� �'����� B���U�� D7��� '#��� ���!% B���U C0�Ce
��� :���5�5
�TOE %& P�C%� %& &����� ��!% )C&���5 � 
�C�� ��� ,&���5 *����

)O�� :@a�� B�U%&��2�CV:�@a�� P�C%� %& ��!% ,��O0� N�a
 � �2�CW.��� B�U :@a�� D7� D&� 2�� '��� B�� 

25`5�lO K�!��� C! 
� '#�� 7�
���	 &��cO�; )�%�� �'#� �����& N� 
�C��� �� h7�

'��� ?%73 ,��O0� >�A�& �� ��!% '#�� ����� D7�� �2
�� ���

 
6 Spectrophotometer  
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P�� %& %�T
� P�� ���� .������J$ '#� �����& N� ����I!<e�
�	�x�C7!d/�5 ��Pi��C� ��xl�%��)�I!< '#�� 
���% .7!7� �� �

� �%)� *��5
?%�Z��� &�& *�M! 

)�(qM � Q+RSGT
�0RSGT


k� %&�P
C&��� 
qm:�@a�� ,&���5 *���� %& '��� G��5 D7� '#� �!%�ok�7a

)O�� �'���� B��U�� D7� '#� �!% B�U Ce��!% )C&���5 ��TOE
)O�� :@a�� ,&��5 *��� %& PC%� %& &���� B�U%&� �2�C kl����W

�I!<�)�O�� ��� ��2�C )O�� :@a �� ����� B��U.(Kumar et al., 

2010).
N� �	 ���&�x�C7!�����5 
�C&��� ()�� 
�" D&���)*+ �� *���5

������� *��N2@ ���&��" D&� 2�� *s��2� (Sanchez-Martin et 
al., 2011, Kang et al., 2016) 

)�(qM � k'. CM
� 	



k<�� 
C&��� %& 
Kf� '��� *�� 7a�� %& D7� '#� �!% %�7Q� �o"�7a1/n *��M!

 � ��� '#� ?7� D7
�&n��A �� h���0!� %�7�Q�)'#�� *&���
�).7��� 

�5Y), � Z&�D( 
�5�5�It��'t4� '&��>9 
6� rDG� �z�O -� 8@,�� 8(�'Dt�� 

����15SEM ?�%� �!�! 
� u����HMS �Ch-HMS >/�� %&d
) >c� %& 
" %��!��� .��� D7� D&�& *�M!dVa)�� D7��M� ( �&���

{�-��Q5 ?�%� >/� � D��7!� )� *�M! 
" ��� ���" � �A��
/� 7��&
 ?�%� �!���!HMS >/��� .7��!� D7��� >�/��M5 )�Vb�����15 (SEM 

?�%� �!�! 
� u����Ch-HMS )� *�M! �% )!�O" 
" 7�& ��% )���

� ?�%� D��7!� � ��� ���% >��3 y�� y��� ����$ �O;HMS 

�2�k ��*�� �%�� .��� D7� �5 

1 Langmuir Isotherm 
2 Freundlich 
3 Temkin 
4 Elovich 

 
Fig.2. SEM images of HMS (a) and Ch-HMS (b) 

At�25���15 SEM  
� u����HMS )a(�Ch-HMS )b(

"5253���� 8�G� �4N	&�I� A&6/9 r�'a 

Y�HFTIR 
�� u����HMS �����v��k �Ch-HMS >c�� %&i
*��� .��� D7� D&�& *�M! & 
k %�H�� D7)����� &���HMS %���! �

%& ����; � P�$ cm-1 q�/illq D���U %�2A��� 
�� u����� ����
 y����� >����@k�%7��(Si-OH) ������.(Liu et al., 2013, 

Asouhidou et al. 2009, Qin et al. 2009) 
%& ���5 ���$ � 4��5%�cm-1 f�/e_^� ��Mk D7�
�& *��M!

 *%���Q2��!Si-O-Si D����U)�������%���$��� %�2A���� %& *���@"�O�
HMS %& ����$ �(cm-1 if/lf} �cm-1 d}/^_d 
��� ����! :���5�5

)M�A �Mk D7
�& *�M!}*%��Q2� ��Mk �f
�� u�����Si-O-Si 
���.(Liu et al., 2013, Asouhidou et al., 2009, Qin et al., 

2009) 
�����v��k ����Ch-HMS  
�� u����� )�M�A 4���5%� �C-H 

%& &����C-H2&�7�a ���3�� %&cm-1dqi_ )�M�A 4���5%� �

��� u������C-H %& &������CH3�����3�� %&cm-1 d^l} %����3

 %& &���� ��$ .��� 
2	�Ucm-1 efi} )�MMk 4��5%� 
� u����
 D����U ���� >���!���k ���7��!��$ 7����+ �����(-CONH2)%& &������

�2�k*�� ��� (Cho et al., 2015, Rafiei and Shirvani, 2016) .
 %& Y����F ����$cm-1 e}l_ 4����5%� 
��� u������ )��MMk �����

 D���U ���� P���+ ����(Cho et al., 2015, Gao et al., 2014, 
Rafiei and Shirvani, 2016) 

&�7��a%& ����$cm-1el__ 7��!��$ )��MMk 4����5%� 
���C-N 
D&�70� %& P�$ %��! � D&�� u����cm-1if__ )� �% ��Mk 
� *��5

N-H 
�� u����� �Mk �� 
kOH ��@!�& G-5��� �&%�& )!����v�� 
(Cho et al., 2015, Gao et al., 2014)� .��$ P��(
�!��! %& ���


� u���� HMS ?%�Z %& � &%�7! &���  2� ?7� �� &����?�� 

5Bending stretching 
6Symmetric stretching 
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Fig.3. FTIR spectra of HMS and Ch-HMS 
At�"5Y�HFTIR  
� u����HMS �Ch-HMS 

�� 
��!��!Ch-HMS " %����a h����� 
��" &%�& &���������2*�� �%�
y��HMS .��� 

"5"5KIv��XRD 	, �I,'�HMS �Ch-HMS 

>/�l��IC�XRD ���� HMS �Ch-HMS )�� *��M! �% .7��&
 
��a�! %& D7��� >�/��M5 )����c�!� (��$ 2θ<5 
��1LM� � )��UJ��

HMS .��� 
{�2-@! %��! 
�a�! %& D7� D7��M� P�$ 2θP���d_��5i_
��%&

�� (��$ �& P��� %��a .��� 
��$ h%��+ �L� �I!�� >c�� ����U
P�� >�/�M5 D7�
�& *��M! ���c�� 
��� 4��$ ��IC� HMS .����

 %& *�%�c�� � *��&��� )�M��J$ h#�a ����� 
�k >�c�! ,��O0� ��
 ������v��k G����5 .�����Polyaniline-HMS  h#��a �'���� ��

G����5 .����� ,���O0�HMS >����; ����5 >���$��$�
��+ ���� D7��� %�&
7!&�& B��!� *8�� )@k�2� �


�a�! %& ��$�& %��a 2θ<5o
�a�! %& �2θP���d_��5i_
)UJ�� �� 
k 
�%& )C�2�@��k %�2A��� ���HMS ���� �U �% 4%��

 ���IC� 
�@��Q� ��� �P������
� .7!&�kXRD '���� 
�� u�����Ch-

HMS �HMS )� B�O�� � ���� 
" &����� �& ��(��$ �'�� �����
��M���� 
��������M! 
��" &%�& &����� *��)%& 7���& '����� %�2A���� Ch-

HMS ?�%� �!�! �HMS ��2�k %���a � &%�& &���*�� y��� ��%
HMS%& )C�c����� ������� *+ )C�2���@��k %�2A����������� D&����c! &� 

(Javadian et al., 2013, 2014).

"5X5�z�O ��-� �:� r4��(� 

D��7�!� .����5 )��%�� � '��� ,��	 �� &��+ y�� P���5 ����

��!��% %�&����! �� �D7��� �2
��� '����� �����BET 4�% �BJH 

,�7��� %& >��Z�a j����2! .7��� D&� 2����e.����� D7��� 
��`�%�
N� '#� �����&V���� *s��2�! .	&HMS '��� �Ch-HMS 

>c� %& }D7� D&�& *�M! *��� .7!� )� D7�& 
k %�H ����� �&��
HMS %& 7�7� ����	� �%�7�Q� )-@! %�M	(p/po)D&�70� %&

e/_�5l/_2	� p� 5��)�� 
�Ta8� .��� D&� N�� �&��� ����&
9�! '#�IV  ����HMS 7�7�� �����	� .��� Y�Z�5 >��3

 '#��� *s����2�! ���%���M	 %&�%���� )-��@! �� ���5qi/_��

Fig.4. XRD pattern of HMS and Ch-HMS 
At�X5��IC�XRD 
� u����HMS �Ch-HMS 
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��6O*5,��	 y�� ��C�!+ �� >Z�a j��2! 
Table 1. BET parameters for HMS and Ch-HMS 

Sample Specific surface area 
(m2/g) 

The pore diameter 
calculated from the 
using the BJH (nm)

Using the BJH Total 
pore volume (cm3/g) 

HMS 885 3.29 1.19
Ch-HMS 184.11 2.42 0.1183

Fig.5. N2 adsorption–desorption isotherms for HMS and Ch-HMS 
At�_5N�'#� �����&V*s��2�! .	& ���� HMS �Ch-HMS 

?��Z�1A HMS %���a 
�� u���� � D&�� 
�!��% D��7�!� ��� ����
��k�� ���� 
��$ %�2A�� %& .(Asouhidou et al.,  2009, Qin et 

al., 2009).
%& 
k %��!��� >c�}N� ���� KLM� '#�� ���& *s���2�! 

����v��k ����Ch-HMS 9��! ���& N� ,7� �IV  %& �����5 ��� �%
 �����$ �������5 P���� ��O; 
��k D&���k  � a *s����2�! '#��� 
�Oa��

�2�k G��5 ��%�$���*�� D7�� '#� *s��2�! N�a %& ���k .���
 
!��! ���� )-@! ���%�M	 B��5 %&Ch-HMS ��� 
@��Q� %&HMS 


�!��% N��a ���k D7
�& *�M! ����HMS 
�� ��� �%�#�U%�� ��O;
�2�k*�� ��� ,�7� j��2! .e)�� *��M! P��
R�� � y��� 
�k 7��&


!��% N�a ���HMS >��; �� �$ ��� *7� %�& *����2�k 
�� :��5�5
d/�q�q_7Z%& �%�#�U%�� � ���$ �I!��� 
k ��� 
2	�� ���k

 '�AHMS �2�k ��*�� .��� 

"5_5']� 8��',pH �lO 3�r4� ', 

pH O0��c� ,���� �� )�N2��%�$ P��5�%& D7

k ,�2
k ���� �
���	�7
��% *��� ��TOE �D7!��� >�a ,80!� ��O��3 �� *�[ ��� '#�

 �
�k�� ,��H %& '���� �!��� 
��%& � '��� )O��; D��U �y��
5�)� ��W >c� %& 
k %��!��� .&%�#Uf)�� 
Ta8� �&��� HMS 
��

 N�Q2��@� &%� ���!% '#��� %& �&����� ����O��3 )�����
5^f� &%�7��!
D��U )0��� ����Si-OH 
�� u�����HMS ����� �&���� �
c���

,�cC�� ��!% '#�� 
�k ���� KLM� P�
R�� .7!%�7! �!% ���
 
� ����v��k ��%pH 
�� ���� 
2@��� �����	� ��� 
�k �%��HpH �

'#�� *����� �ok�7�a � 
2	�� ���k '��� ��% �!% '#� *����
 %&pH ��� �����d����k .&��2	� p�� 5�pH �����	� b�;�� ,��O0�

���� ��% �-o� ���%�� ��D���U >�7-5 � '��� ,��	 �����NH 
*���2�k 
�NH2

+*�� '#� � D7� N�Q2�@� &%� )!���!+ ��!% ���
^f )�� &�-�� �% '��� ��% 7��& (Liu et al., 2013) � �7�����+ .

 ,������% ���3 �!% h#a *�%�c��3BS  '���� G���5 �%HMS 
>��; &�k )��%�� *8��� )�@k�5� >�$��$ �
��+ �� D7� %�& 7�! ��� �

��!% *&�� )!��!+ 
� 
��5pH ����� �7���d�%
�*��
;pH 
�
���
 P���57!&��! .HMS >��; 
� D7� %�& D���U %���a �O; ����NH2


� ��!+ *7� 
!�5��$ � y�� ��%NH3
+'#�� %& ���2�� &�cO�; �


� �-@! �!%HMS ���& (Asouhidou et al., 2009) P�
R�� . 
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Fig.6. The effect of pH on the adsorption of DY86 onto 
HMS and Ch-HMS 

At�R5��W�5pH N�Q2@� &%� �!% '#� %&^f��% ��HMS �
Ch-HMS 

�!% h#a %& 
��M� j��2! ����2k�% )!���C�� ���3 �P���	 7��� ���
)�!%���! IV D��� a *����� '����� G����5 j��!%�� >���2� �MCM-41 

>��; �� D7� %�& B���!��+(NH3
+-MCM-41)  ��!% h#�a �>��2�
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2013) 
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 7�M!(Rezaei Kahkha and Piri, 2016, Abbasi, 2017)  . P���

� D7�7$ )� p� 5� '��� &��� .��5 �O; 72	�S�����! *&��� ���W ��
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Fig.7. The effect of adsorbent dosage  
on dye removal 
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 � �!% h#a���k �'��� %�7Q� ����	� )� 7���.(Kumar et al., 

 2010, Rezaei Kahkha and Piri, 2016).
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2016).
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��6O;5N� ����2��%�$ ��&�Q� x���C� � P�/�5 �x�C7!��	 ����I!< �����& 
Table.2. The parameters of Langmuir, Freundlich, Temkin and Elovich isotherms 

R2Parameter Linear form Non linear equation Isotherm 

0.999 qm=71.43 mg/g 
Kl=0.7 L/mg 

Ce/qe=1/kl qm+ (1/qm) Ce
Ce/qe vs. Ce

qe = qmKLCe/(1 + KLCe)

Langmuir 1 

0.994 qm=66.66 mg/g 
Kl=1.15 L/mg 

1/qe =  1/ kl qmCe + 1/qm
1/qe vs.1/Ce Langmuir 2 

0.967 qm=65.95 mg/g 
Kl=1.07 L/mg 

qe= qm − qe/ kL Ce 
qevs. qe/CeLangmuir 3 

0.967 qm=66.47 mg/g 
Kl=0.96 L/mg 

qe/Ce= qm/kl− qe/kl
qe/Cevs. qe Langmuir 4 

0.911 
n= 4.16 

Kf=29.84 
(mg/g).(L/mg)1/n 

ln qe=ln Kf + 1/n ln Ce
Ln qe vs.  ln Ce

qe =KfCe
1/n

Freundlich 

0.953 B=9.84 J/mole 
A=27.16 L/g 

qe vs. ln Ce
qe=Bln (ACe)Temkin 

0.934 qm=13.53 mg/g 
KE= 23.60Ln (qe/Ce) vs. qeqe/qm= KECe

qe/qm Elovich 
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Fig.8. Linear form of Langmuir and Freundlich models for the adsorption of DY86 onto Ch-HMS 
AB� f5N�N�Q2@� &%� �!% '#� ���� '#� �����&������v��k ��%Ch-HMS %&oC25 
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��6O"5'��� '#� ��	�� �o"�7a 
@��Q� ,�O0� �� �!% h#a ���� *���2�k ���a ��� )C+ ��� 
Table 3. Comparison of maximum adsorption capacity of different chitosan based adsorbents for the dye removal from 

aqueous solution 
Dye Adsorbent Maximum 

adsorption 
capacity (mg/g)

Ref.

Acid red 18 (AR18) SBA-15/Chitosan(5%) 
SBA-15/ Chitosan (10%) 

40.3 
96.6 Gao et al. 2014 

Methylene blue (MB) chitosan/heulandite/Fe3O4 composites 45.1 Cho et al.  2015 

Acid Red 88 (AR88) bio-silica/chitosan nanocomposite 25.84 Darvishi Cheshme 
Soltgani, et al., 2013 

Reactive Black 5 
Acid Red 51 

Basic Violet 3 
Chitosan hydrogel/SiO2

80.28 
70.4 

69.36 
Copello et al., 2011 

methylene blue Cross-linked chitosan/sepiolite composite 40.98 Marrakchi et al. 2016 

Reactive Red 152 Chitosan/coffee residue composite beads 4.274 Nitayaphat 2017 
Direct Yellow 86 Chitosan modified HMS (Ch-HMS) 71.43 This Study 

��6OP5,7� ����2��%�$ 
@��Q� �TOE %& �& 
-5�� 
-� � �� 
-5�� 
-� )c�2
�� ��� N�Q2@� &%� �!% YO2L� 
�C�� ���^f
Table 4. Comparison of pseudo first and second kinetic models for the adsorption of DY86 onto Ch-HMS 

nanocomposite 
Second order model

kh(g/mg.min) qe,cal.(mg/g) R2
First order model

R2 qe,cal. (mg/g)   kl(1/min) 
Initial 
conc. 
(mg/L)

0.0009 29.41 0.983 0.93331.180.0720
0.0003 71.43 0.988 0.967 47.94 0.05 40 
0.0004 71.43 0.986 0.945 70.80 0.067 60
0.0003 83.33 0.978 0.932 106.80 0.081 80
0.0012 52.63 0.987 1260.035100 
0.001 58.82 0.991 0.966360.046120 

�lO V4DG4� 

"5g5*53'L'LM ��� 	/9'� 	/� �4DG4� �6�e
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