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T!�U���-5 ����- #�1'�$ =�MW�*nml )BB 159(
Table 1. Specifications of BB159 dye 

Name and color 
index(C.I) 

commercial 
name Structure 

Molecular 
weight 

)g/mol(

159 Basic Blue C5H4BrNO2S 222.05626 
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Fig. 1. Schematic view of the process of forming magnetic sodium alginate hydrogel beads 
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�22- �22*�5 d�22P�� $�22F�*�0�22"#��22b* 4@j22)�223B�W* 
�@a�22) ��
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2 Vibrating Sample Manetometer (VSM) 
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xYY 
�*����+��,�� �
#
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e

e0

C
CC −�j< ,&$� = 

� $� �%��A-�$ >
C0��� !FBG�� U�B6* �Ce��� !FBG���2*�5 �� {2N U�B6*�0

*��- d�E .,��-  �2& j2G�% �� L�2BW* $�/I �% �P�5 �� !�� 
%a�
* �I�-���2� $�,2b*#�,2�-� �j2� ��2� @j2) K5 72��� �12'�$ ��
U�B6* �"#'�$�
 �� O/[)�� �2& j2G�% �� (@j) ,��+��� $�2/I
 ,�,22�* �22�  �22& j22G�% 722��� �122'�$ @j22) K�1��� +��3�22�� �22-


�*�� �
�Dk��#�-5 !��,*,�- O<�
* $� �#��2b* ����2- 
!2��

�% +,*5 .,� 

 �a�X`U b��!'&� 

�- �$
- $�F�*���d�?< 4@j) d
��1 �"��JP< �-|YY �����%
��<#!FBG �"#�1'�$ �B�W*#|~wBB )Yz/Y�2�|~/Yd
2
$� ��(
22� $�,22b* �w" @a�22) d
2222�+
22�* U\�$, �22"#���]*�22��
P�5�,� =���* J�$� 4,��-pH 
-�
-||+��*5 ,2� �2- �=,2*|zY 
[��=,2� �- �brpm zXY �12'�$ $�,2b* .,2� +�12?"#+,2� @j2)

 �A-�$ �� @a�) 7���z�/��6*,�

)z(qe=(C0-Ce)
�
�
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� $� �%��A-�$ >
qe�1'�$ $�,b*#U���� K�*� $� +,� @j) �2B�* (�<
- d
2 
2-

d
 4C0��� !FBG�U�B6* $� �1'�$ ��2B�* (2�< 
- 
2��� $� d
2 4
Ce��� !FBG��U���� K�*� $� U�B6* $� �1'�$�B�* (�< 
- d



��� $�4VU�B6* JP< �2B�* (�< 
- 
2��� �W@a�2) $�,2b* 
2-
d
 (�< .!�� 

.�G&���F�4 !

.���Tc!���� ���/�% �%��4 

�- ����� $�F�*��+�
 �"#B*�I�" $� ��2)�* 2� +
2�* U\�$, �2"#
���]*���P�5�,� =���" � J2�+
2�* U\�$, �2"#P�5�,2� =�2��J

� �� 4+,� 1��� 2��P�2��,2/� 12*
[ K���2*�$�  O2�) �FTIR $� (
+��,6* cm-1 XYYYsXYY +��3�2�� 2� OD2� $� .,z�2��FTIR 

+
�* �- L�-
* �"#P�5�,� =���+
�* � J�"#���]*�2��P�5�=�2�
,��J�- .!�� +,� ���$� �)�� �-OD� zs4��� N��<�� 2� ��X�| 

cm-1 
'���� " +�
��%�$,�O�N��<����cm-1 |x�X �|X�� 

�- �
��L�-
* (�%�-
% +�
 �-�=RK$�b�*�� � K$�b�* 2*�,2��-.
OD2� $�zs@N2��cm-1 �X�| " +�
2 �2- L�2-
*�2�%�$,�O

!��U�D��* 0�%�� �� {N 4�"#P�5�,� =����- J�K��2"#Fe3+

� $� 4�+
�* ��"#���]*�2��P�5�,2� =�2���2- J*2�2?% K�1�$�
�[�*�$�
[ !�
#N�* � ��=,� K�1 �- cm-1�X�X ]���+�
2% 


N .!����cm-1 zwzX 2��% 	���$� �-�-j2)�C-H �",2<��#

P�� $� 1%�2B 2�+
�2"#P�5�2�h?" � !2�� L�2-
* =�2��� $� >22� >
�22�N 4�22� �cm-1xx} =�22����$� �22- L�22-
*Fe-O 22*�.,22��-
N���"#cm-1|x�~ �|X�| +�
 �2"#2�%�-
%�� K$�2b�* =R

P�5 K$�b�*���2* K��� �$ =���N .,2�"� 2� �cm-1|Y�y �2- L�2-
*
+�
 C-O *��- .,��- ��� �- �)����- �* +,*5 !���$� K��2��!2 �

+
�* �% �"#���]*���P�5�,2� =�2���$�� J#+�
2 �2"#COO-�
OH-�1'�$ @j) $� �% +��-#|~wBB �2� 02b� 4!/�* $�- �-����

�h?" .,�$���>�����- �� +�'��� �� +,*5 !���P�� ��FTIR 
2-
�$#"22�+
22�* U\�$, �22"#P�5�,22� =�22��" � i��22: J22� U\�$,

+
�* �"#���]*���P�5�,� =���d�2P�� 0�%�� !6& 4+,� 1��� J
�� �$ +,���.�
% ,

.���#�00�
 �00)�Z�([
 d��00/ �00%��4 �00)�Z�([
 3�00�

e&�% ,�(�	;_ 

�6�*����]*�{,��+
�* �2"#P�5�,2� =�2�����2� /JFe3O4$�
 OD����� .!�� +,� +��� K����+
�* �% ��� K��� ��2"#P�5�=�2�
,22�����22� /JFe3O4�22- ��22�,22�$���� O����]*�22��)Hc� (

{����]* �,� ) ,��?2�NMr(;�2��41�2*� $�#�$�� ��2��#$�2� $
���]*�$�N���,���" (Chantrell et al. 1978).�,2� {���2�]* 

+
�* ,��?�N �"#���]*����2*�5 �$�2*�0emu/g }/z|�2% ��2-
�
22-#��22��,)#22-5 U�22B6* �� @a�22)� �22%�22*�� .,22��-22� �


{����]* �,2� /��2- C�2-�
2�- 
emu/g �/|x-2�
#)22��,2��#

)b()a(
Fig. 2. FTIR spectra: a) sodium alginate hydrogel beads, and b) magnetic sodium alginate hydrogel beads 

B:� ����FTIR +
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���]*�22��722���22��22-
�"5 �#22?������22?�*� �22%�!22�� 
(Gong et al. 2012)�"
�*�$�N .#���]*�2��+
2�* �2"#P�5�=�2�

,������ /JFe3O4U�,) $�z.!�� +,� ���$� 

Fig. 3. Magnetization diagram of Sodium alginate  
suspension/Fe3O4 nanoparticle 

B:�.��,� {����]* ��6�*VSM +
�* #�" ����/J�,� =���P�5
Fe3O4

T!�U��������]* #�"
�*�$�N+
�* ���� /J�,� =���P�5 #�" Fe3O4

Table 2. Magnetic parameters of sodium alginate  
suspension/Fe3O4 nanoparticle 

Sample Xi Ms(emu/g) Hc(Oe) Mr(emu/g)

sodium 
alginate 
/Nano Fe3O4

0.033 21.8 2.91 1.09 

.�.��D� �%��4pH 
�
-#2�$
-�2��c�
pH * $� 2� �12'�$ @j2) K�1#|~wBB 72���
"�+
�* U\�$, �"#���]*���P�5�,� =���d�?< 4J �2"��J2P< �2-

|YY ������2< �%#Y|/Y
2��� $� d
2 �12'�$#|~wBB �w
$� @a�) d
pH �"#) �B�W*||s�+��*5 ( ,2� �2- �=,2*zXY 

[��=,� �- �brpm zXY �*� $� �#zYe���B� �)$�,� +�1?".

OD22� $�Xc�22��
pH * $�22��122'�$ @j22) K�1#|~wBB 722���
"�+
�* U\�$, �2"#���]*�2��P�5�,2� =�2��.!2�� +,2� �2��$� J

$� �;
�0"�_N #�" 
c� �B�W*pH �"�1'�$ @j) $�#�5�����
��22%����" 722���22�+
22�* U\�$, �22"#���]*�22��P�5�,22� =�22��J
c���� +��/� $�j
��- ��1) $���!�� ����� !/�* 
c�.(Rocher et 

al. 2008; Nageswara et al. 2011) 
����*�5�0�"#���12 � �2% ��� K��� ����A* >�0pH ����2�

|Y �1 � �I�-�2* 
F� �- .!�� +,� �1'�$ �j< ,&$� 0�$� ,2�$
pH�"#���,#�- 4$�9< !BI 2� K�+H4+�
2 �2"#2�%�-
%�B��

���) ,COO-�1'�$ 
�?% @j) �I�- � +,� U�]�� (�*��� �2- �2*� .
�1 ��0pH �%�-
% K,� �����
N� 4U�B6*�B��� ��+��2� � ��3�� ,

�� ��!�"#23�* $�2- �- @j)�-�2��2
#��2P2� �� 222 �2I�- �2% +,
�1 �� 
� 0�" $� @j) !�+
�* U\�$, �2"#���]*�2��P�5�=�2�
,��J�*���.

Fig. 4. Effect of pH on BB159 removal efficiency of 
magnetic sodium alginate  hydrogel beads 

B:� =���c�
pH 
-�j<,&$� �1'�$#|~w BB 7��� "�U\�$, 

+
�* �"#���]*���P�5�=�� ,��J

.�=�X-�U ����
 �D� �%��4 

�22- 22�$
- $�22F�*�22��c�* $� @a�22) $�,22b* 
22��122'�$ @j22) K�1#
|~wBBd�?< 4�"��JP< �-|YY ������< �%#Y|/Y$� d
2

��� �1'�$#|~wBB ��b* ��) @a�2) �2B�W* 
�s|~+��2- (d
2
 $�pH ||+��*5,��- �K�*� =,*zXY [��=,2� �- �brpm zXY 

�*� $�#zYe��2�B� �)$� OD2� $� .,2� +�12?"~c�2��$�,2b* 

* $� @a�)��1'�$ @j) K�1#|~wBB " 7����+
�* U\�$, �"#

���]*���P�5�,� =����2�� �� .!2�� +,� +��� K��� J��2- �!2��
* +,*5�$� K�����1 � �- �% ! ���� @a�) $�,b* 0|~ 
� 4d
�!

) @j)qe0"�% (��,��* O*��I .!�� �� �#2*�� ,2���� 2� $�2� $ >
)�� �$ @a�22)�22� �122 � @a�22) $�,22b* �22% $�A��22?" (�22�� .,22�%�0

*��K�2D* 4,-� �2"#�2� $� @j2)
 U��G @j2) ,2��[�2- C�/2��
�
*��� $� .,���*� 
� �P�N 0"�2% @j2) !2�2* �,�.2?P� (@ .,2�%
*2D��2���2��b* $� @a�)�A� 0"�% �- 
P�* 4
�E�- 
22?� ^2� e�

�1 ��2�* U�� 0�2* $�2���� 
���2� .(Aravindhan & Fathima 
2011) 

.�@�5��� 1�
7 �D� �%��4 

�- $�2F�* -2�$
���2c�*� 
22* $� K�2�d�?< 4@j) K�1 �"��JP< �- 
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Fig. 5. Effect of magnetic sodium alginate  hydrogel 
bead dosage on BB159 removal efficiency 

B:� @�c���
$�,b* "�U\�$, +
�* �"#���]*���P�5�=�� ,��J
-

�$#*�K�1 @j) �1'�$#|~w BB 

|YY ������<#Y|/Y
��� $� d
 �12'�$#|~wBB $�,2b* �
w�- @a�) d
pH ||� � ,� +��*5�K�*� �2"#) =��23�*zXY 4

|zY 4xY4�Y4|~4|Y4~[��=,2� �- (�brpm zXY �2*� $�#
zY e���B� �)$� OD2� $� .,2� +�12?"x2��c�* $� K�2*� 
2�K�1

�122'�$ @j22)#|~wBB " 722���22�+
22�* U\�$, �22"#���]*�22��
P�5�,� =���K��� J��� �� .!�� +,� +����* +,*5 !�� �- ��K��2�
$���,�-� $� @j) �% ! �#
 ��
� ,��� �% +��- .���2: !2BI �- >�

K�D* d�?� K��- �"#�,2�-� $� @a�2) +,�"� 0�%��#
 ��.!2�� ,2�
 �� {N���� @j) ��
� ��K5 $� �2% �$�� ��2)� U�2b��� �B<
* 4.4

*�Z��/�� @j) K�1 ��*� �� !�� ,�%��- �%�.,2�
- !2-�c $�,2b* �
.[�� $��
� @j) ��K�*� �� �,�-� �� .xY[����3�� @a�) $� �b 

Fig. 6. Effect of contact time on BB159 removal 
efficiency of sodium alginate  hydrogel beads  

B:� C�c���
K�*� e�?� 
-�$#*�K�1 @j) �1'�$#|~w BB 

7��� "�U\�$, +
�* �"#���]*���P�5�=�� ,��J

� �2� +,2� ,2�% @j) !I
� K5 �� {N � +��� ��K�2*� $� �2D�|zY 
[��� .,�
- U���� �- �b��� >��2���A* �- �P #
2'�� �j2< $� @
2� 

+
�* 7��� �"#���]*���P�5�,2� =����$�� !2b-�A* J.(Ani et 
al. 2012) 

.�C��'$�� >H�I �D� �%��4 

�
-#�$
-���c�
d�?< 4�1'�$ !FBG �"��J2P< �-|YY 2��2��
��<#�1'�$#|~wBB �-!2FBG �2"#) �2B�W*Yz/Y�2�|~/Y
d
$���(
� $�,b* �w�- @a�) d
pH 
-�
-||�2- � +��2*5 =,2*

|zY [��=,� �- �brpm zXY �*� $�#zYe���B� �)$� +�12?"
 OD� $� .,�yc���!FBG 
�"#��� 2� �12'�$ �#|~wBB * $� 2� K�1

" 7��� K5 @j)�+
�* U\�$, �"#���]*���P�5�,� =������$� J
��� .!�� +,��K��� ��*,2"� �12 � �2- �2%���� !2FBG 02��12'�$ �

*�+
�* 7��� @j) K�1 �2"#���]*�2��P�5�,2� =�2��J�12 ��0
�2�$ �� {2N .2[�� $� .,2�
- C�/�� ,< �- �� !�� �� ���2Ab� �2- K,

�1 � 4C�/���* 0�K�1 2�< @j2)��12 � �2-���� !2FBG 02��12'�$ �
jk��D*��� 
�� �- �)�� �- .!��@a�) �D�� 
� ��b< @j) !�2b�

��� !FBG �% �,�-� $� �j� 4�$���K�D* � !�� J% �1'�$ ��2"#@j2)
����#�2- � +��2� � ��23�� !I
2� �2- @j2) 4�$�� ��2)� @a�) $�

�1 ��- 0���� !FBG 
���K�D* 4�1'�$ ��"#@j2) O2-�[ @a�2) $�
- @j) � +,� C�/���.��2� � ,2"��W� ��23�� @a�) 7��� �1'�$ 
��

� K�$�D?" � 
;�$ ����A* $���1 � �- 1�2�$ �� ��$ !FBG 0��2- K,
Qmax <)2� 
�%�,2 
�) !2) @j2 � (@a�2�1�) 02� @j2��27

Fig. 7. Effect of initial dye concentration on BB159 
removal efficiency of sodium alginate hydrogel beads 

B:� M�c���
!FBG ������1'�$ 
-�$#*�K�1 @j) �1'�$#|~w BB 

7��� "�U\�$, +
�* �"#���]*���P�5�=�� ,��J
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+
�* �"#���]*���P�5�,� =���!�� +,� +,"��* J.(Rocher et 
al. 2008) 

.�M�X`U b��!'&� 

d
��1�� @j) �6A2� �2A-�$ ����2�� >�2- !2FBG $���2  U��2� �
!FBG $�=�$a @a�) $�#�*� �2���* !2�� .(Fouladgar et al. 
2012) 
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� @a�) �K�1�* d�E ��K5�-$�F�* ��
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,<�� ������5 !6� 7��
� ���*�� J"�
  �*,��T (Fouladgar et 

al. 2011).U�,) $��J2�* �2- L�2-
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��d
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N��
#*�,�%.��>��� *�K��2� ����2P !2 
 �2% 

H-�A* �2- U,2* ?'�E 2� @j2) 4
 +��2* �12'�$ $�K�2D* �2"#>2'?" 
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Fig. 8. Langmuir model for BB159 removal by sodium 
alginate  hydrogel beads 
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Table 3. Langmuir, Freundlich, Temkin, and B.E.T adsorption isotherm models 

Isotherm models Nonlinear equations Linear Equations
Langmuir

qe=����������
1
�� �

1
� �

1
����

Freundlich qe=KfCe1/n Logqe= logkf + �
� logCe

Temkin qe=β ln(KT.Ce) qe=βT lnKT + βT lnCe
B.E.T qe= �� 

!�"��#$��!���#% &&"'(
�

!�) * �#�� �
1
+� � ,

+ * 1
+� - ,��)-

T!�U =��"
�*�$�N#J�* $�U,* #�" �?'�E�4
�,�
 ��4D?��>�-�.�#.��$�@j) �1'�$#|~w BB 

" 7����U\�$, +
�* �"#���]*���P�5�=�� ,��J
Table 4. Major paprameters of Langmuir, Freundlich, Temkin, and B.E.T adsorption 

isotherm models for BB159 removal by sodium alginate  hydrogel beads 
Isotherm model Important parameter Cationic dye BB159

Langmuir 
R2 0.9103/٠

KL(mg/g) 1.7*10-3

q1 217.391
Freundlich R2 0.5901

Temkin R2 0.2338
B.E.T R2 0.1935
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