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Abstract  
The presence of organic dyes in wastewater is one of the special concerns in the environment. 
Therefore, the treatment of wastewater that contains dyes has great importance for the 
environment. The use of magnetic adsorbents is a new and highly efficient method to remove 
dyes from water environments. In the structure of the absorbent, Spirulina algae powder was 
made into a biopolymer called chitosan. The synthesized adsorbent was characterized by XRD, 
VSM and FTIR analysis. In order to optimize the process, experimental design software and 
surface response method were used in the central composite design. The influencing parameters 
in the adsorption process including solution pH, adsorbent dose, contact time and initial 
concentration of malachite green dye were investigated. The results of the analysis of variance 
showed that the effects of the independent variables pH, dose, initial concentration, and time, as 
well as the square effects of the variables pH, dose, initial concentration, and time, the 
interaction between pH and initial concentration, the pH to reaction time, the initial 
concentration to time, and the interaction between dose and time in the model, were significant, 
as was the pH parameter of the solution, which had the greatest effect among the operating 
parameters. Freundlich isotherm model was also more capable of describing the equilibrium 
behavior of the adsorption process. Magnetic composite Spirulina/chitosan was able to remove 
more than 99% of malachite green from aqueous solution under pH conditions=6.75, adsorbent 
dose=230 mg/L, initial dye concentration 4 mg/L and time 90 minutes. 

Keywords: Wastewater Treatment, Nano Absorbent, Spirulina Algae, Chitosan, Malachite 
Green. 
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lii �H�� 2���� :�9 �	 ��� 2	�+���� 8+�HK� �����mii ��H�� N��=
 �� 2	�+�����mii ���H�� ^�����	 (����	 ������l(��� �����# (��Z���'

6 Infrared Spectroscopy (IR) 
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��.? '8'�$(K� V�64���� $I+J� 
����W�� :A��� 
Table 1. Range of experiments and levels of independent variables 

Range and level 
Independent variables 

-α-1 0+1 +α
34.25 5.5 6.758pH (A)

50 112 175 237 300Dose (B)
246810Initial concentration (C)

1541.2567.593.75120Time (D)

�+HM��� '(� ���# 2+���~�+� �~� .(�$(�9 V(��li��A�-�
�K# ���	�	 �� $ ����= �	�- ^��+�	���	 '�f��� � V+Z	�� �	+�	
� V(�hi�$� � �A�-���4� S��~� .(� '��pH �� 2+����~�+�

 ����+��l � (Z���	 B� aa� $ (� '(���� V(��hi�� ��A�-�
 
�����hi���&��k+����H� S��� $ '�	� V�	���9 '����� �~��� .(a
�H�� � (�����#+H= ���� �? �+T�� ^;H& ��+? YJ� � 2	�+��� !��+

 ���@	 ���1��W��� $ (V(�hiS�� �A�-� '�� �� ��+�? �~�� .(
��� !4(��7 ��JA�  � $^����	 (���	 �� '(�� /���� '����  L�& 

� �4��� �� $ (� '�	� +6��� V(�l�
���� �� �)��mi��&��
k+��H� (�^6G)Arumugam et al., 2019(.

-8'8g8(A��6� Q1�O[ S�! >"�y�� �m? Y4 � 6� ��^C �� � )
	��DO) �Design expert 

B4���� �9	�1 
�4	/� �	 ��
����� ����� �Design expert !�4	
 ��� B4����� N�_ �	(��# !4���%� N����	 �� ��� ��	 V	��P	 2	+�#

� 	� cH�M� 
�����	��? S� V�+Z �����  <�& 2	/��� �� 2����
���� N��� !4	 �	 '��O��	 � !��*%� ��-$ $ ���4/� �� ����# ��� �	/��	
���Z �� �4+& �+���� �>H /��� 	� ������	��? :��A�� V	��P	 2	+�#
� S� �+1 ��4��	 2������ )Montgomery, 2001(.

� �9	�1 k��	CCD ��KJ� ���? X$� BM �4� 2	+�)]

N�� �� B4���� �9	�1 �	/�	 ��N���	(���+� 
����W�� . !4	 �� �T�
B�$3? :��� pH ���_�� ���$	 �TH� � L�& �$� �/;�� 2���� $
N���	 �+ B��	$ 8$(&)a(� .��P	 '(�� N����	 ��9	�1 �	 '��O���	

� ��W�� ���7 �� �;���# S�� �+1 ����_�� D<�9 (�Z�� �� 2����
/;� � �9	�1 !4	 �� �� 2� �	 ���? 2	+�) ����� ����	 '(�� ���4
(����� . # 2	/�� $ 
�	�"�	 '��O���	 �� :A���� ��W�� �� 
�	<=��P

 
1Response Surface Methodology (RSM) 

(���A� �	F-values ���� {4������ �K���Z 8����%�9	 $prob>F !������#
(�(�.(Aghel et al., 2017) .
S� ) 2+����=� ���� 2	+�) � ���	$ ��W�� 
	� �f��R2��4 (

 �� .(� �;��K� !��;# o4�@ ����� �+�T�� �� 
����	�� ��(�� �(��4
N�� �	/�	DOE �M����� :A���� $ ����	$ 
�����W�� ���H� 
	�

  �M��	 S� ���� �� ���� C4	��(�.	(�	 
	��  +HJ� D'�$(�K�
B4���� ���� ��
	�pH ���_�� ���$	 �TH� � L�& �$� �/;� $

2��� D<�9 (�Z�� $ 2��6#	���W# ����	� :�� �� ����_�� /;�� ��
�# (� S�T�# �	(A� �\�	(9!4��6� 2	/��  <& � .(4� ��� 

� � '$b) �+T�� �� /�����	� <& (�4 ����S���� ���  <�& 

.��	 
�$�@2+7 �	 �>4 �%�- !4��%�� 
��� �	+�G �G����

�KJ�����	  L��&  <& ����� ��4��	 !��*%� $  L�& :�� 
)Hadavifar et al., 2016(.!4	 ���B�$3? �	S���%f�_ 
����� 
$'��O��	 ���(�$���.(S�����P 
������	��? 
	�	�  <�& 
����� 

8(�� �� .(���	� ���_�  L��& :�4�%# $ V���Z+,G �� �� (����
S� �	(A� !4��6� �� ��%f�_ 
��� �� !���# 	�  <& ����� �(���

 ���	��?qm 2+4 !4��6� �  L��& :���� j�;��	 �� '(�  <& 
��
�;�� �� '�	� $ �+� b!� :4�%#� �� ��	 �;4�@ '���� $  L��& 

�	(A� $ ��	� '���	 '(�  <&��4� 2�
	�� �;���# :�� '(��4_� 	�
�� 2�6� S� .(�� ^# <& �f��6� ��%f�_ 
��� 4_��G	+�>4 �
	

8+>�+� :�A�� V	�P	 D<9 � $.��	 '(�  <& 
�� 
S� ������ ��� � ���(�$�� 
��� ��4�+# �� !f%��� YJ� ^4
�	 ��G	+�>4��� 
���= � YJ� 
$� ��  <& �� ��� ������� .(4� 

S� '�	� �4�?� ���(�$�� 
��� �� ����# 
�� 
	�� $ ���	 ����;1
 �� �9+J�� ��4 !f%��� I+J�  <& 2��>� 
x���	 ��  <�& 
���

:�- V$�O�� � .��	 �w	�	 �� 
�+1kf ��;��� B��� ^4 2	+�)



� E)� ��#�) 5�/' ����D�	 dx.doi.org/10.22093/wwj.2022.319076.3208 

100

����� � �� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 33, No. 5, 2023 

����� �	 $  <&n�f���� ��� ���	 ���(��$�� ��P �f4� V(��
��	 �KJ�  <& .(Kazemi et al., 2019)

��� !����*%�  <��&  <��& ������� �\�	(��9 !�����# �+��T��
)�����#qm ������ �	  <& B4���� �� �� (a'��O��	 �� �+�T�� .(

� '(�  <& /H� �	(A� ������#  <& ����� �	 �� 
	�	  L�& N�=
8���# 2��� �� ��	 (�4�� $ (��& ��� !� 8���#)

)a(q� = (_�-_�)^
c

���� �� �� 
Co$Ce� ) '(�4_� �����# �TH� $ ���$	 �TH� o�#�#mg/L �(V

) '(�4_� 8+HK� S�9l$ (W) L�& �	(A�g'��O��	 ( �'(�� ���	
)Hadavifar et al., 2016(.

38EA�CDFG) �
38'8.� YC0� >A6+w��< V�"j+b% 

:>� ac�1FTIR  �4�+~��� /��� '(�� �	^�;H& ����$��~��	 	�
2�6� ��(�� .��!4	 :>��c��1 A�+��� �� ^�;H& �����$�~��	 
c�1 B����$��~�	v���1��W� $c�1 C
����$��~�	 ����1��W� 
IbZ	 '(� �2	�+��� ��	.

!����$	 ^���? [G���� ���� ������9�� cm-1 m`i [M��6� ����	 
�+��� �� X���#�	 ��66� O-Fe-O ���	 .(Salih and Faraj, 

2017) .^�? [G�� 
(� ������9�� cm-1 ai�i '�+� ����� �	
V����#�	 �66s �+�� �(�+�? C-O-C �	'$�= ��s+?	 ��	 �s
2�6� ��(�� '$�= 
�� �H��) 
$��9 23���s	 ��YJ�� �+�&$ ��	� 

)Hawezy et al., 2020(.^���? ����9�� cm-1a�ii V������#�	 
�6%G H-C-H�^�? cm-1am�i ����� �	X���#�	 ��66s C=C 
%�*!�� ^�? S�� ��9��cm-1ahmi � �+��X��#�	 �66s ����� 
�	 �+&$ N-N ��2	�+��� ��	 )Shameran et al., 2019(.^��? 

���9�� cm-1l`li X���#�	 ��66s '$��= 
��� C-H$����4��� 
^���? ����9��cm-1��li ����1���G X����#�	 ���66s O–H ����	 

)Salih and Faraj, 2017(.
c�1 {4��� ����XRD :>� ��lc��1 .��	 '(� '�	� 2�6�

Ac���1 $ �����1��W� 
����$��~���	 ��� �+����B
����$��~���	
 .��	 2	�+���/���1��W� ̂ ��? ���-+� ��,M6� 
���Fe3O4��

 �	(�������������A��g/]��g�/y���/y��]/zy��/�y�]/��$
�/�g=θg(��	� �	�-)Wang et al., 2012(� �� c�1 �� �f%A

:�- }b��� c�1 �� .(���� '(��6�B^��? � '$b) [G��� 
���
Fe3O4��9�� ���/g�=θg��� ��	� �	��- [G��� ^��? ^�4 /���

^�? j�O#�	 2(� S� .��	 2	�+��� � �+�� !��� �� �+��� 
���
 c�1 ��B2��6� 	� ��4�+~��� YJ� 
$� � 2	�+��� 2(� ��;\#

�� (�� )Qu et al., 2021(.
:>���� y2����6� /�������� '(������VSM V	�LA����$��~����	 :

 ������1��W�B2	�+���/�����1��W� 
����$��~���	 : 2���6� ���� ����	
�� '(� /��� V	�L (����;����� ����1��W� V�(- (���	� B���� .

 �	 �����1��W� 
����$��~���	 V	�L �����1��W� V�(��-emu ]���
c�1A�emu alc�1 ��B2�6� � 2	�+��� V	�L ��;\# '(���

V	�L 
$� ��� V��;P	 	� '���� Y�K�Z /���� $ '�+ ���1��W� (��� 
)Qu et al., 2021(.

Fig. 1. FTIR spectroscopy of synthesized adsorbents: A) Spirulina, B) Magnetic Spirulina, 
C) Magnetic Spirulina / chitosan 

@#��.c�1 ���FTIR  L�& '(� /��� 
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Fig. 2. XRD spectroscopy of synthesized adsorbents: A) Magnetic Spirulina and B) Magnetic Spirulina/chitosan 

@#� :.c�1 ���XRD  L�& '(� /��� 
�� :A(����$��~�	v���1��W� $B(2	�+���/���1��W� 
����$��~�	 

Fig. 3. VSM spectra of synthesized composites: A) Magnetic Spirulina and B) Magnetic Spirulina/chitosan 
@#��8c�1VSM �4�+~��� '(� /��� 
�� :A(����$��~�	v���1��W� $B(2	�+���/���1��W� 
����$��~�	 

�8:8O� 6� @j�1 EA�CD�.0A >"�y�� �m?Y4� 
B4���� I	�1 ��k��	 �CCD !��*%� $����? 
��� B��? ���� 

'(� ���? $B4���� N���	 �	 :Z�9 ��-	$ 
�� 8$(& �� ��a'(�� 
.����	 '�	� 
���� :��Z�9 �	 <��& �����_�� /;��� ��� '��O����	 �	

�4�+~��� 2	�+���/���1��W� 
����$��~�	��8$(& l2��6� '�	� 
'(��� ����	 .���J	� !���m����W��pH� L���& �$������$	 ���TH� �

���_��/;� 2��� $B��	$ N���	 ����_�� D<�9 (Z�� � /;�� 
� '��O��	 �	X$� ���? �KJ� �4/�# $:�HK# (�.�	(A� B�? ���� 

'(� �'��O��	 �	N�� �	/�	 Design expert $�^��># X�	� 8(�� 
� ��� (�� ����+�1 �;����� �� '�	� 
��� ����# �� ���� '(��� 

�f���%� ��	� .X$� ���? �KJ� $/������ ����4�	$ ANOVA 

	� 8(�� '��O���	 (�� ${4���� 
	�� ���W�� ����	$ ��8$(�& �
�ZbG '(� ��	 .��!4	 B�$3?��	(�A� X��	 !����# '(�� 
	�� 
!4	 o4�@ 
	� ��W�� ���	$ i/``���� (�� ��2�6� '(��� 2�
��	 ��V_���� ��+���=� �	�T� 
���� ����� �	� (����� $����# 
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Table 2. Design of experiments with surface response method 

Run 
Real values 

Malachite green removal 
percentage 

A (pH) B (Dose) C (Initial conc) D (Time) Actual Predicted 
1 4.25 237.5 8 41.25 26.66 28.60 
2 6.75 237.5 4 93.75 69.57 67.99 
3 5.5 175 6 15 50.65 53.49 
4 6.75 112.5 8 41.25 67.92 70.01 
5 5.5 175 6 67.5 39.53 40.08 
6 5.5 175 6 120 5.56 3.98 
7 4.25 237.5 4 41.25 79.70 80.74 
8 3 175 6 67.5 70.57 68.25 
9 6.75 112.5 4 93.75 90.71 91.62 
10 6.75 237.5 8 41.25 71.17 70.01 
11 6.75 237.5 8 93.75 44.84 45.54 
12 5.5 175 6 67.5 20.31 22.38 
13 4.25 237.5 8 93.75 16.00 14.60 
14 4.25 112.5 4 41.25 13.92 14.09 
15 8 175 6 67.5 72.26 70.01 
16 4.25 112.5 8 41.25 70.70 70.01 
17 5.5 50 6 67.5 75.16 73.41 
18 5.5 175 6 67.5 69.33 70.01 
19 5.5 175 6 67.5 85.30 88.45 
20 5.5 300 6 67.5 51.95 50.00 
21 5.5 175 6 67.5 71.11 71.25 
22 6.75 237.5 4 41.25 22.57 23.08 
23 6.75 112.5 8 93.75 25.76 26.68 
24 4.25 237.5 4 93.75 68.67 70.01 
25 5.5 175 10 67.5 4.85 4.67 
26 4.25 112.5 4 93.75 72.09 70.00 
27 5.5 175 6 67.5 67.39 65.30 
28 4.25 112.5 8 93.75 26.66 28.60 
29 6.75 112.5 4 41.25 69.57 67.99 
30 5.5 175 2 67.5 50.65 53.49 

��.? 3.���_��  <& (Z�� ���4�	$ /����� 2+��� �	 :Z�9 {4���/;� 
Table 3. Results of analysis of variance of Malachite green absorption percentage 

Response Source Sum of 
squares df Average 

of squares F-value P-value, 
prob > F

Dye removal 
percentage 

Model 17978.25 14 16.1284 23.216 <0001.0
Residual 71.27 12 94.5

Lack of fit 57.80 7 26.8 07.3 1179.0
Pure error 13.47 5 69.2

Tottal 18049.51 26
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$:�- Y4�6# (����� .!���# �	(A� o4��@ !���;# B��? ���� '(�� 
`n/i=Pred.R2�����;#�	 :���- 8+��;- $���AJ�� ��� �	(��A� �����# 
!���# '(� 
	� o4�@ !���;# 0��J# �����4 i/``=Adj. R2��	� .
!��*%� �V	�	+� !4	 {4���� �	(�A� ����� S�� o4��@ ����4�	$ 

)CV (��(9�/hl(Z�� 
	� 
�����W�� ����	$ 2��6� ��� (��� 
�-� '�	(�	 
��= ��$��H�- 2���%1	 B4���� v�� N���	 '(� ����� 
��4� ��	 .S�2�+ �	(A� PRESS $SD ���� o��#�# mh`/m`$
l/��(��+ �f��� �4	��� 8(�� X�	�� �����4 �� '�	� 
��� ����# 

��	 .���� �	� 2�+ ��o4�@ ��	(A� F-value $P-value !���# 
'(� ��	.�	(A� � �&+# �P-value��	2��� 
�����W�� :A���� ��
!4	 B�$3?�
����W�� A�B�C�D�AC �AD �CD �BD �A2�B2

$C2�D2���� $ '�+ �	�
����W�� AB �BC ���� ) �+�;� �	�im/i
P-value>� $ (.(�(� D<9 ����W�� !4	 �8(� 2��� '��� �+T�� 

�4/�# �	 �? $�	� 2��6� {4���� �8(�� ���=(�7 2+���=� :�HK#
 ���_��  <& 
	� 2+���=� 8(� ��/;� � �Q�O� 
�	<�=(� 
���

� '(� ��	 �4� V�+Z 

)l(
Y = 70.01 + 23.43A + 14.83B – 10.55C + 6.92D + 
0.19AB – 2.18AC + 1.61AD – 0.93BC + 6.72BD –
3.56CD – 4.79A

2
– 6.56B

2
– 6.45C

2
+ 2.95D2

2� �� �� 
A��W��pH �B��W�� �$� � L�&C����_�� ����$	 ��TH� ��W��
/;� $D2��� ��W�� B��	$ .��	 

�8(� ��+���=� ������ � �&+#� ����� 
����W�� �	) :���� �	�
���� !4��%� � !4��6� �(
�	�pH <�$�  L�&<���$	 �TH� <

�$<�� �$� L�&<����$	 ��TH� �$<�� ����_�� /;�� <2���� 
B���	$ <��P	 !�� :��A�� �$�  L��& $2���� B���	$ <�$<���� 

pH <���P	 �����_�� �����$	 ���TH� !��� :���A�� $2����� B����	$ 
<2��� �$<�� B��	$ B��	$ <�P	 !� :�A��pH $����$	 �TH�

 ���_��/;� <�P	 ��TH� !�� :�A�� pH 2���� $B���	$ <��P	 
!� :�A�� �$�  L�& $����_�� ���$	 �TH� /;�� <��P	 :��A��

 !�pH $�$�  L�&.(���� 
:>� ��z#"
������	��? ��P pH �8+�HK� �$� ��TH� � L��&

���$	 ���_��/;� ����_��  <�& 2	/�� � B��	$ N���	 2��� $

/;� '�	� 2��6� 2	�+���/����$��~��	 ����1��W� ��4�+~��� C��+#
 .��	 '(�2�%� 2���� B4	/��	 �� ���	 [M�6� :>� �� �� �+1

 �B��	$ N���	pH �8+�HK� �$�  L��& ��TH� B���� !���*%� $
����_�� ���$	 /;�� ����_�� D<�9 (�Z�� /;�� ����4 B4	/��	

�  <& �� 
+K��	 B� ``(Z�� ����_�� /;�� C4	��� ��pH 
�� �	� ��/���$� �� ��	�  L��&m/l�n ��H�� $ ����� �� N��=

 ���_�� ���$	 �TH�/;� ��H�� N��=��2���� �� �����`l��A�-�
�(�� ��� ��� ��4��� � �� N��=+�$�� 8��� �� 2	���>%� $lia` 
� (���$� ����S���	+G ��	�(Arumugam et al., 2019).

3838(A��6� a! =�! �m? =��� 
� ���� �+T�� S���� ��$��� $  L��&  <�& 
��� ��  <�& S%�

 '(�4_�'�	� 
�� 8(� �	 '��O��	 � �����#  <& S� 
�� ���4��	 ���
S� .(�(� ������# ��TH� ���K�� S��� �	  <�& 
���� '(��4_� ��

��  <�& ����� :�A� :>�� �� .(��� ���� m8(�� X�	�� 
���
S� �JG 
��� ��%f�_ $� ���(�$�� '�	�  L�& �  <& 
�� 2��� 

'(� '�	� 2�6� '(� S� S�� 
�����	��? .��	 ��%f�_  <& 
�����
 8$(& �� ���(�$�� $�:�- ����_�� ���� 
	�� .���	 '(���6�

/;� o4��@ !�� ��4�A� 8�%)	 � !����#)R28(�� �(�� ���(��$��
 o4�@!���# `il`/i�
��6� 2	/�� ����	� �� ��� u�6�$3? ���
8�� 8�� �� 2	��>%� $liim ��	� �A�J� (��	� N���	.(Mall et 

al., 2005) 2�6� ����� !4	�	� !f%���� YJ�� 
$� �4_(�7  <&
  L�&'(� N���	 � .��	 ����_��  <�& �f4� V��;) /;�� 
$�

 ��� o;�� '(��4_� $  L�& !� :�A�� ��P"# ��<& 2�>� ^4 �+��
���K� 
$��� ����4	 �4�� !4	 
$� �f4� ��� 
	� 
	 �+�� .!�4	

 oHJ�.��	  L�& YJ� 2�+ !f%� �f��� 
� {4��� ����_��  <�& �� 0��J� B�$3? !4	 �� '(�� ���

/;� ���	 2	��>%� $ �> B�$3? �� �+�  � ^;H& C�+#.�����
(���� X�	/= � �B��	$ ���� �� 2��� B4	/�	 � �� �)�� �4	���� 

�� B4	/�	  <& (�4��}�;4�A# �� 
�+1 ���_�� '(%) �	(A�/;� 
��ali $ (��  <�& ^�;H& 
$� � �B4���� j$�� �	 8$	 �A�-�

 �# 2��� ��<= � 2� �	 �?�ii ��# �����4 ��	�	  <& ��A ��A�-�
\�	(9 �	(A� � ���_��  <& �/;� C��+#  <�& 8����# 2��� ��


� (�4 ��� �>;H& '�+# .(Bekçi et al., 2009) .



� E)� ��#�) 5�/' ����D�	 dx.doi.org/10.22093/wwj.2022.319076.3208 

104

����� � �� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 33, No. 5, 2023 

Fig. 4. Effect of operational parameters of pH, adsorbent dose, initial concentration of malachite green and 
reaction time on the adsorption rate of malachite green by Spirulina/chitosan magnetic composite 
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Fig. 5. Evaluation of linear absorption of malachite green using Langmuir and Freundlich isotherm models 
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