
dx.doi.org/10.22093/wwj.2018.99450.2498 61
Original Paper

����� � �� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 30, No. 3, 2019 

Jouranl of Water and Wastewater, Vol. 30, No.3, pp: 61-72 

Study on Polyaniline-tin(II) Molybdophosphate 

Nanocomposite Efficiency on Removal of Reactive 
Orange 122 Dye from Aqueous Solutions 

 

M. Beheshtikya1, P. Gharbani2

1.	MSc	Student,	Department	of	Chemistry,	Ahar	Branch,		
Islamic	Azad	University,	Ahar,	Iran	

2.	Assoc.	Prof.,	Department	of	Chemistry,	Ahar	Branch,		
Islamic	Azad	University,	Ahar,	Iran	

(Corresponding	Author) P-gharabani@iau-abhar.ac.ir	

(Received Sep. 26, 2017      Accepted May 29, 2018) 

To cite this article : 
Beheshtikya, M., Gharbani, P., 2019, “Study on polyaniline-tin(II) molybdophosphate nanocomposite efficiency  
on removal of reactive orange 122 dye from aqueous solutions.” Journal of Water and Wastewater, 30(3), 61-72. 

Doi: 10.22093/wwj.2018.99450.2498. (In Persian) 

Abstract  
In the last few years, color removal from textile industries has been given much 
attention because of its potential toxicity and visibility problem. There have been 
various promising techniques for the removal of dyes. Adsorption is one of the most 
popular, effective and economic methods. Nanocomposite of polyaniline-
molybdophosphatetin (II) was synthesized by polyaniline and molybdophosphatetin (II) 
via simple and easy method and was characterize by FTIR, XRD, FESEM, TEM, BET 
and EDS. Then, the efficiency of synthesized nanocomposite was investigated  on the 
removal of Reactive Orange 122 dye. FESEM and XRD data reveled that  the size of 
nanocomposite was 80 nm and  its structure was  amorphose. As results, dye adsorption 
onto nanocomposite was reached to equilibrium at 40 min. Also, its removal increased 
by increasing of nanocomposite dosage and decreasing of pH and dye concentration. 
Isotherm adsorption studied cionfirmed the Reactive Orange 122 dye adsorption onto 
polyaniline-molybdophosphatetin (II) was obeyed Langmuier isotherm and the 
maximum adsorption capacity for removal of Reactive Orange 122 dye by polyaniline-
molybdophosphatetin (II) was obtained about 47.42 mg/g. The maximum removal of 
Reactive Orange 122 dye (87.56%) by polyaniline-molybdophosphatetin (II) was 
obtained at pH =2, 0.1 g/250ml of nanocomposite, and 50 mg/L of dye concentration.  
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dx.doi.org/10.22093/wwj. 2018.99450.2498 62

����� � �� 	
�� Journal of Water and Wastewater 
������� ������� ����� Vol. 30, No. 3, 2019 

مقاله پژوهشي

و فاضلاب، دوره 61-72، صفحه:3، شماره30مجله آب

�*�L �5*�(��!� ��/0Q��L0E�E �) .!7 ��4>�
+% )0� 8 ! E-II(
�TDE* HMB *�;�UE*�E 0 �L�*VWW X0!"� /� �(- ,�	 

�,$ "AJ>6 R9(�*"D�6(p K9�(I �.

=>,�#�% [�@ 5�B���  ,� �*��? +��' 5��A ,�'�� +)��'��? �����  ,�	� �K�� 
���#� ,�	� ,+�9)�  �
8 5�/���  

C>,�	� �K�� ,�#�% [�@ 5�B���  ,� �*��? +��' 5��A ,������  
���#� ,�	� ,+�9)�  �
8 5�/���  

�)#5��E (4GE�P-gharabani@iau-abhar.ac.ir 

������)�/�/
������/�/
�(

*02 #( #)��� 8�� #( 9�:*� ;��(:+ ����4( 6�+7� ��/ �
�1C5% �*�� .>��P*%D ��.b���� �"�(*V ��(%+��F G+.�c�*V �P*P �) 4�S ^*0A-')��&�� O���P3II(��HP( MW� (�
�8P(*P ��1V�(�JJ [���� .� �%3 
*� "

�267*- ' 23  �8��9)��(KJ=<�.Doi: 10.22093/wwj.2018.99450.2498 

����� 
7�+ �
 4�3I��S =� ��� c<" 4��  � 4
��= �8�N  $R� �� �]�N �� �� �+� �6� � ���U �8��� A���U 4�3 �$;T+ $�
 �5T�� 
I��S �� �/1� �3 4����9�R��  3�� $�
 �+��	 I��S �� �� a�� .��3
 ��� c<" 4� � �b16�	 4�3 �T6� � �� V '
�b6+� 
��	

X��� =� �/� .�+� a�� 5� N V ��=�� �  G,	 4�3 5T�� �
 .�+� �CQ+ I<8 ���� � *�;$ \3�`TS �T1S �T�=��	������ 5$T1$�L�
) A1V ��b����F$��	II(�� U �� �� �	 � '
�+ a�� �� 4�T3#$���L =� '�T9 #6�T+ �T�=��	������ ���T+��9 4� � .�9 #6�+ 4�

 �3�.6+
FT-IR *XRD *EDS *BET *TEM �FESEM ���� :�+ .�9 '
�b6+��$]N ��=��	������ ��#T.�� c<" �
 '�9 �~
�M���� �$6���gnn =� U�" X��6� .�9 �+� �SEM 
��" �
 ���Y '=���� �� 
�
 ����qo�T� �8�N �� �L ��6R�+ � '
��  6	����

 e$DXRD ���
 I<8 ���� � �� 
�
 ���� X��6� .�+� c��	L ���"|o�	 7
�@N �� ��$V
 =
 \��#T�� �T� c<T" ���T�	 � �T+�
��#�� IY�8� �#.�� �^1[ \��#�� �� � \pH �	 \3�� �#.�� I<8 *�CQ+ I<8 � N�#�� X��6� E��Q	 .����~�M���T� �T$6���

gnn �1S ��=��	������ 4��  � A1V ��b����F$��	 5$1$�LII �	 �$@FN  $;.�? � N�#�� =� sT+�N �#.�� I<8 �$� �  {u��" � ���
|n/|k�1$	 �� � �  � � � X��6� .�	L �+
\��	=L �� 
�
 ���� �3g/oc<T" �T� �
�TV �T�=��	������ =� � �hv/qk=� �TU�


�#.��~�M���� �$6���gnn �
�$��� �^1[ho}1$	  6$� �
 � � �
 �pH  �� �n.�+� 

 G�; ��	����	:��$��$ ��8T�� JM�( J���<$S J4�%�Q�T�$�$XYY 

�/	�0+� 
>���J� ���o8������1� � 
� L�5� �2� G��-���@��)��\�� !�7��
D)�2��� �������.��( �- D ���2� )��� 
����� ������ >�1_14


 B�( j8��� &<� � �\1�� ()�7��� ����' ()���=��
 f19�
 �� )(�-������(Noroozi et al., 2007, Seid-Mohammadi et  

al., 2016) �� �7�� �� .(��V� J�����V� �12�� - �� 0 +� &���" (
�7�� ���4 
����<��-���(�����1o+� 6j8�����.��� ��J��>�
(- Z�=	� .(Ghorban et al., 2017).
��5 �%B�( )���a��� ��>- D s�	�  �����(�O��- ��V�Q ����



���? +)��*#+�% ;#
a��? ��� +X����8... dx.doi.org/10.22093/wwj. 2018.99450.2498 63

����� � �� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 30, No. 3, 2019 

������ )Saadatjou et al., 2009 ����%B�( .(�)-��< () -
�}$
�����$����( ���'() �����2����1��M����7 ()���I� �(1��� &������) 

(Karadag et al., 2007) ����%B�( )�7- .��2���(�)�>- �D ����
���4 () -
�6��� .��  � >-;5 ��8?���� ���(��� �� ��������)6

�� 2)1>- D .���) &������-(� M��,�	 () -
�1��%\�  �� � () �� �
�1��2������� 6���4 () (�v< �� - >)�� E-�V�1�� () T�89� Mn

 �(2�@O !7�� - >)�) ���� �1  ����� =��������
������������� 
(Daneshvar et al., 2006)6&12) .1� ��8�� �321-��< ���4 ��

���� ����� �� ���%B�( .�D��
 () T;�,� !7���%���E��� - M�
� ���� M���)�� )Yazdanbakhsh et al., 2015.( 
�%B�(¤���(1\�(��� ��wzz &���)w���( :�� ( ���1������

��11��� T���� O�C31H20ClN7O16S5.4Na =��	� () (���O- ���� ����
��'�7���� ��� ���
 �B�(��� >)�o��	����� - )��� )��7- &�12)

M�Q 	 - ��� ?, M� (��,�	 () M�- �1� �
=�	� .(Saeed et al., 
2015).

N-( 
� M���������� �������������o8����� M������_�1�3�����7� 
)Saeed et al., 2015, Rasoulifard et al., 2010 6(

O� �2�1	� �81) M�Puasa et al., 2012 �	��
� 6(1M�.(Mário et al., 

2009) M�1�	��1�x� ��O ��I14(Riera-Torres and Gutiérrez, 

2010) 9?��	 �3��7 -�)Gharehkhani, 2016� ��� (�03��<
�%B�(����(1\�(�� ��wzz � 
� .=	� >�� >)�o�	��� .1� O 6M�����

9?	 �37���2)1�	 &D)�� �7�� )(�� M)�� M�
(� -1 �I (� �" �
.1�_� .=	� ��O D � =	�4 
�1>��
��1����4� �`)(Saeed et al., 

2015)� 61��M�
 )Rasoulifard et al., 2010(:��� ¥(�" ()�4 -
) %�	Ilhan et al., 2008�� ( � �� �~�7 M���5�03�< .��� �%�B�(

.=	� >�� >)�o�	� 

Fig. 1. Structure of Reactive Orange 122 dye 
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cm-1 w{${ ������II� N���@�(� ���� b���� � ��������41�����N�C

���-(�1� .���� :�.41�� M�I� �����84 ��� ���)���1�812�� .1��� -
�8" G�o�O(II) �(�)��7�� &��" 
��V���� 
�181N��@�(� .=�	� .

41���������C�N�C������84 ()���1������81.6�3������7�)-�������< () 
cm-1 www| 4 .)(�)1() .�4 :cm-1w$}{ �� b�� � (�v<PO4

3- 

1 HACH 

6HPO4
2--H2PO4

-�II� (�v< �� =	��4 >- �D1����P=O �(
M�I���.��) 4�1<�� () :�1�cm-1��$ >- �D (��v< ��� b��� �
2��14 G����@�(� .=�	� G���1����O�Sn<�� () L�� �1 �cm-1}ww 
)�� >��)�� .(Thakkar and Chudasama, 2009, Slade et al., 

1997).
&��{Q1jXRD 
����� ������ M�I� �( >�� %��	 =�.���)

�B2��� �@�� N� 4�Q ��1j�����1Z (�@1o�()��>)-��9� :
� M�I� L��� ��� ��) �1�R �Q >����� �1
����� ����� 0(���� =�@ �� =

��, � (�v< T�<  � �� ��� .�����41:() L�� G��� ��� ��˚}w6
˚z#=θg�I�1&, �� ��T��� )��V� () ������  1M��I� �( L�� (�
��.��) 

Fig. 2. FTIR of polyaniline-tin(II) molybdophosphate 
48� e/j1QFTIR �84 �8" G�o�O-��12�� .181��(II) 

Fig. 3. XRD of polyaniline-tin(II)molybdophosphate 
48�B/j1QXRD �84 �8" G�o�O-��12�� .181��(II) 

� ������	( ������2�O(���
����� ��������� 
� 6>���� %����	 =
�1�- ��2� §��	- ��I�-(�g�  I� ��1����>)�o�	� (�?��� .�� 

&�� () ��|)�� >��
����� G�(~ >
����� f�	��� )��� �� %���	 =

2 Scanning Electron Microsope (SEM) 
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>�� �x 
�w$$ � �� =	�  ������ �1�R��
��������� %���	  �� ��=
84���1812�� .1�8" G�o�O-��(II) � �� .=	���	( ���1�����  ��I


����� �� Q  ��C� )(��� =�1jEDS &���� () M�|>���� >)�) M��I�
 ��� >�����I� ���� (�?����� .=��	������Q i����?� )��1 jEDS ������


������� 6.� �  '��5 &��� >�� %��	 =12�� 6M�- ��1��8" - M���
+2�,�� - =	��)� B�) M� ()�� >��� �� )��1�R�� �� *��8,

84���1812�� .1�8" G�o�O-��(II) =	� >�� %��	.

&��}-�+��
���������  �](%� () �( >�� %��	 =��������
�� M��I� j8�������) 
����� ����� &��� i���?� . �� �84 =���1�81.

2��1�8" G�o�O-��(II) a;��� &�8���=	� O ^ �3�2 -�1
 =��)��
�� ����, �~�7 M���5=��)� � .�>
���� D1 �")1e?�	 =<��� i

2��� 
�1%BET ��� i��?� .�� >)�o�	��%���	 �~�7 e?	 =<��� �
>��|�/w�E D  � �� � ������� =	).

Fig. 4. FESEM & EDS of polyaniline-tin(II)molybdophosphate 
48�E/ ��+� FESEM -EDS �8" G�o�O-��12�� .181�� �84(II) 

Fig. 5. TEM Images of polyaniline-tin(II)molybdophosphate 
48�S/ �-�+�TEM �8" G�o�O-��12�� .181�� �84(II) 
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Fig. 6. The effect of dosage & contact time 
[RO 122 ]0=50 mg/L; pH=5.9; T= 25±20C
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Fig. 7. The effect of pH 
[PAMPT ]0 =0. 1g/250mL, pH=5.9,    T=25±2 0C

48�[� H� pH 

T=25±2 0C6pH=5.9 -[PAMPT ]0 =0. 1g/250mL 

pH���¤�1	� )�) M�I�=	� >�� �� 2)1���	�- ��2� ��~�7 &1� :1.
���o�� (����� ����� �%���B�( - =������ (����� ����� �~����7�)�����=���	� >

.(Ilhan et al., 2008) 
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<�� 03�7 ��� �~�1���M�
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)�) M�I� �( 03< .(Rasoulifard et al., 2010).
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Fig. 8. The effect of Reactive Orange 122  dyes 
concentration 

[PAMPT ]0 =0. 1g/250mL, pH=5.9,    T=25±2 0C
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Fig. 9. Langmuier, Frundlich and Temkin isotherms for 
RO122 dye adsorption onto PMTMP 

48�u/�37 .1��- �12��- O 6 1B�J E �-%�� �%B�( �9?	 �1���(

 �\�(��wzz �-(  �PAMPT 

�	��1��1� �4� � �1%� 
��B�J E �-%1 ¦�� =�1@�� ����(Saeed et 

al., 2015) . 
� �����V��O ^ ������1�~���7 �3��7 =������3��7 () j��8���
9?	��%B�(¤���(1\�(��� ��`gg �~��7 6����- >)�o��	� )(���
O ^1T-�7 () ���� �37 =g	� >�� �';, .=�V� ���O ^ ��1=
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J�����3�7 () �%�B�(¤���( �1 \�(��� ��`gg �V� () .���(�)���� 
84�-��1&�2� &�n2��- G�� �84���1�812�� .1��8" G�o��O-��(II) 6

O ^184 �37 =���1�812�� .1��8" G�o��O-��(II) �1 ��I =�	� -
����������� ���5�7 M����~� ���� ���8��" ��19?�	 �3�7 () J��� =�

�%B�(����(1\�(�� ��`gg ��.)-( (�� 

��0Q*�=��H E �-%�� ��� �9?	 �37 .1��- �12��- O 6 1B�J ��� �%B�( �\�(�� �1���(`gg  �PAMPT 
Table 1. Isotherms constants of Langmuier, Frundlich and Temkin for adsorption of Reactive Orange 122  onto 

PAMPT 

Temkin Isotherm Freundlich IsothermLangmuier Isotherm
R2KTBR2nKfR2KLqm

0.9721.229.230.9010.10980.540.9840.5247.42

��0Qe/�@� E �-%�� ��� ���(�4 �\�(�� �1���( �%B�( �9?	 �37 �� � �2)`gg �~�7 �-(  � j8��� ��� 
Table 2. Equlibrium isotherm parameters for adsorption of Reactive Orange 122  onto different adsorbents 

Adsorbent 
Langmuier   Isotherm   Frundlich Isotherm Temkin  Isotherm                  

KL 
(L mg/L) R2 qm 

(mg g/L)
KF

(mg g/L)
(L mg/L)1/2

R2 n
KT

Lg/L)( R2 B
(Kj mol-1)

Polyvinyl alcohol-
alginate 0.0091 0.917 40 0.0789 0.98 3.38 0.00744 0.828 475.36 

(Saeed et 
al., 2015)

Trapa bispinosa Fruit 0.0143 0.881 76.92 3.141 0.903 4.25 4*10-7 0.889 215.44 
(Saeed 
et al., 
2015)

Trapa bispinosa seed 0.0151 0.926 66.66 2.618 0.897 5.6 6*10-7 0.915 233.73 
(Saeed et 
al., 2015)

Trapa bispinosa Fruit 0.072 0.962 111.11 11.272 0.231 3.42 0.033341 0.917 176.21 
(Saeed et 
al., 2015)

Trapa Fruit 
bispinosa/H2O2

0.0189 0.939 100 3.758 0.803 6.95 5*10-7 0.94 172.65 
(Saeed et 
al., 2015)

peel bispinosa Trapa 
/H2O2

0.075 0.977 111.11 13.58 0.75 10.99 1*10-7 0.91 186.42 
(Saeed et 
al., 2015)

Dried green  mushrooms 0.0197 0.94 180.7 22.7 0.97 2.799 ��� ��� ��� 
(Ilhan et 
al., 2008)

polyaniline-
molybdophosphatetin(II) 0.984 0.52 47.42 80.54 0.901 0.109 1.22 0.972 9.23 
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