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5 Clinoptilolite- Nano Zero Valent Iron 
6 Scanning Electron Micrograph (SEM) 
7 Energy-dispersive X-ray Spectroscopy (EDX) 
8 Vibrating Sample Magnetometer (VSM) 
9 Removal Efficiency 
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1 �� �� X1�)X2�� �'� �^
` � (K
��� e���-e�� ��
�� �� X1��

 1 ��)X3"'"�F 4���- (.1J ���:1�a � ���!�� 1#���O����"�9 � "��#
"F 4���- 4�/�] <����P� L�3� 1� �M'; <�1��a- .(Chatterjee et 

al. 2012; Auta & Hameed 2011; Pavan et al. 2007) 
�MC ��P��� ���:1�a � &���2,: 1�?� �3�1� 1�� H��C K�
���

�� 2�3 ��FY�� � $#
|��] wP�3#) 4�[�) ��3. � %(�Y��� � (
)[� (+ 
X1�' 
� K��Q �3� ��� �����; �9�1� ) ��2�J�Stat Ease.7.0, 

USA (Design Expert ) n�3�] wP�3 *���P� 	�� *� �RSM � (
) �201� ���01- �9�1�CCD ("F X�7'� �����; <���3��� ��1�� .

 1�a �Xi*� &�.��Zi*� <�.8*����� u"F ����� "0 

)u(
i

0i
i X

XXZ
∆
−

=

&; �� *0 
Zi%1�a � K"F "0 ��"O�Xi%1�a � ��!�� ��"O�X0���!�� ��"O�Xi

� �201� *PO' ��∆Xi*�
91� 1��a- ��"O� H��C �#����0 .��3� ��
)R*��� ( *�� J1� 1��^' �� (n��3�]) (O ��$� 1 ������] &�.���� ��1��� ."��F
�*� (O �$� 1��a � 4��� ���!�� ��1����0 *�P��� 6�# &���; �3�

*
,C "�b *����� 
� %n3�] ) X�� *C�� �� *�����h*�0 "�F K��Q �3� (
*� �� �:1�a � 1?� &�. � w#1�/- (���O � � X�� *�C�� %��PD <�.�8

 U�"C Z��P� �����"0 dl3 � .�10e."F X�7'� 
)h(

eXXaXaXaaY 1n
1i

n
2i jiij

n
1i

n
1i

2
iiiii0 ++++= ∑ ∑∑ ∑ −

= == =

&; �� *0 
Y%n��3�]i�j%X�� *��C�� � ���PD A#�1��Va0%�����? A#1��Vai

%�PD A#1Vaii � (��O � 1?� A#1Vaij *�
,C �� A#1V .��3� ��
 
� ��:���.,' +�3� � �����; <���3��� ��1�� 2�' &.�31�� A#�1V

U"� .�J1� ��1! K��Q 3� ��.� &.�31�� ��: 
9�1� �����
;W#%�: (#�. 0�J =1� U"� *�	��CCD (��Fnu
�� *PO' %�
�nu� ��.�� *PO'nc�� �201� *PO' "F�� *�� *0 �.��

 ���� K��Q ��3� n��3�] � 1���a � 4���� ������� &����� ��1��� K�1 ��$� �.��F 
(Yongsheng et al. 2011) . U�"��C �� *��0 �.P'���,:uK":���/�

�� .F�W#��
; %�#�1C� ��: (��Fv%�
��� *PO'g��.��� *PO'
 �g�201� *PO' o.,7� �� �u���1�C� W#���
; Z��� *�0 ��3�

*������� �*��� W#����
; ���9�1� W���] &�.���� ���: ���� K��Q ��3� 
�X1��' 
��2J�Design Expert �*"�; �3� 

)�(N= 2n + 2 * n + nc

&; �� *0 
NW#��
; (0 ��"�- � %
��' ��.� ��:n.�3� �:�. 0�J ��"�- 

, 	- ����:1�a � (O $� �1#��O� "0K"F �M'; ��1� �9�1� ���01- 

�201� )CCD(
Table 1. Independent variables and their coded values 

used in the Central Combined Design (CCD) 

Independednet 
variables

Range and levels (coded)
α+ +1 0 -1 α�

pH (X1) 2.64 4 6 8 9.36
Sorbent dosage (X2) (g/L) 0.05 0.1 1.05 2 2.65
As(v) concentration caption 
(X3) (mg/L) 5.00 10 55 100 130.68 

K� &'�() *+� 
K���O��A�EQ U���; >����; ���- �)�)Cl-nZVI  

(SF �� q�3�1� 
� (8�9 i#� ' � (SF %H��C wP3 ��.�.J�.�
 <����Q � L����O� �� �� ���$����a� <���.'���' K
�"��'� 2�����'; ���� 

®.S3�1S�����/��� ��'�1 S�� ��3� K"�F K��� &��/' �� . (S�F 
q�a�bwP3 �� D�3 Y.
� ].��
0 <��� .'��' ��� =>8� &�"� �#

4:; *�� ��2�� ��� A��-1- �#��,' ���:���� � 1���1��q|�� 1���1�
��� W#�,'.�3� K"F K&�,: �� *^9>� *0 *'.� ����.)
 4�#� �.�F

K
�"'� �� <��� ����� wP�3 6�# ����� *0 �3� �
 B� U�SF� � �:
"� $: (B
B � � ��.,:�' 1#.��- .SEM E���D 1T'���� �'��0 4�#�

 &; ��� $#10 �� D�3 &�.��3�(SF . q�c�d*�� 5.�1� 1#���-
�#
.l��0.'�' Cl-nZVI *� �� �� A�-1- �#��,' ��2�� ���:}�[�� 

� 1��1���[�� �� &�/' 1��1� &�,: .":� ��� K":��/� *�0 �.� �.�F
 ���#1O- K
�"�'� �� � �J1_ 1Q8 4:; <��� .'�'~���-[�� 1 �.'��'

*� wP3 �� ���1�7'
 <�.8Y.
� ].��
0 ��# K"�F ����N- *�� � "�'�
 *�D.
0 �'��� ��.' i#�� ' ��� i#�� ' 4�#� .��3� K"�F ��M'; &"�F ��

j] ���/:� U���3 ��q�[~ ���� �'�.��B,: p>����0(Nairat et al. 
2015) 

��(SF |
� (8�9 i#� ' ���� 2����'; .�-1] ��1�'� 	�1�] �7��3
dS#� )EDX(��1� �
 B� o�.'� E�B/- K"��:� (�S�/- 1�8���
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Table 2. Ranges and levels of the test variables studied based on the Central Combined Design (CCD) 
 , 	-��W#��
; �� �3�1� ��.� ��:1�a � wP3 � *���� ) �201� ���01- �9�1� L�3� 1� �:CCD(

Run 
number

Categorical 
levels 

Independent values Response (Y)
Real values Coded values

Observed value Predicated value 
X1 X2 X3 X1 X2 X3

1

Factorical 
points 

4 0.1 10 1 -1 -1 0 2.37
2 8 0.1 10 1 -1 -1 0 5.45
3 4 2 10 -1 -1 -1 49 46.40
4 8 2 10 1 1 -1 0 5.50
5 4 0.1 100 -1 -1 1 0 5.51
6 8 0.1 100 1 -1 1 16.96 30.58
7 4 2 100 -1 1 1 21.99 27.55
8 8 2 100 1 1 1 0 8.65
9

Axial points 

2.64 1.05 55 - α 0 0 0 -1.13
10 9.36 1.05 55 +α 0 0 0 -14.44
11 6 0.05 55 0 +α 0 60.15 39.10
12 6 2.65 55 0 +α 0 43.54 36.21
13 6 1.05 5 0 0 -α 48.28 46.34
14 6 1.05 130.68 0 0 +α 54.61 88.39
15

Central points 

6 1.05 55 0 0 0 52.92 56.50
16 6 1.05 55 0 0 0 57.87 56.50
17 6 1.05 55 0 0 0 53.03 56.50
18 6 1.05 55 0 0 0 50.60 56.50
19 6 1.05 55 0 0 0 55.56 56.50
20 6 1.05 55 0 0 0 52.44 56.50

)b()a(

)d()c(
Fig. 2. Scanning Electron Microscopy (SEM) Images of Non-functionalized Zeolit Cleanopetilolit (A and B) and Zeolit 

Cleanopetilolit (C and D) functionalized by Fe nano-particles 
#=�F�� ®.S3�1S�� 1#.�-)�/��� �'�1 S�SEM) ��1� (a�b) %(��� &�"� ���.
� ].��
0 ���.)
 (c�d(��� ���.
� ].��
0 ���.)
 ( �� K"F ���

4:; <��� .'�' 
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(b)                                                                                                    (a)  
Fig. 3. EDX spectrum for: A) Zeolit Cleanopetilolit, and B) Combined nano-absorbent Cl-nZVI 

#=�K���� EDX��1� a(%���.
� ].��
0 ���.)
b���01- H��C .'�' ( Cl-nZVI 

� ���#Y.
� ].��
0 �����01- H����C.'�' Cl-nZVI K"��F K��� &���/'
 (SF �� .�3�|�a��� K":�/� �� �.�C.� �
�8� 1�8��� *�0 �.�F
���.)
 �� D�3 Y.
� ].��
0#�X.�����.�; %d�
��3 %&j�$0� (��F

 X.�����.�; � d�
��3 %&j��$0� ��^
` 4��� 4#� �� *0 .�3� 4:; �
*� K"�F 	��2� �#��,�F �� D�3 �� *0 "'��� �� ��"O� 4#1 /�� A�-1-

B,: p>��0 �#Y.
� ].��
0 ���.)
 ��1� ���� �'�.(Hernandez et 
al. 2005) 

(SF ��|�b��� K":��/� H���C .'��' 2 ��3 
� d�] *�0 �.�F
 ���01-Cl-nZVI 
� 4�:; ��"�O�~�/q*�� "�8��|[/~�"�8��

�� �.D *0 �J�# W#�2J� 1�� 4�:; <��� .'��' �.�r9 1� �
��� "'�.-
."F�� H��C wP3 +M� 
� �S# ��j#� 4#1- ���8�D H��C 4#� ��:

���a� &; ���$����3� *��� *��0 d������a� K�T ��3� *
���3� i���3 *��'.,'
�F��-�� )VSM (K
�"'� "'�,�$] *�O
9 � W����a� ��"O� ."F �1��

�����*� *����#27- *
�����3� 2�������'; (�����
�-VSM*�����3��� "����F 
(Jiang et al. 2014).(SF �� *0 *'.T'�,:}��� K":��/� �.�F ���

 H���C 1� K"F U�,�� �C��D �$����a� &�"�� W#�2J�%����a�d�
�� W#�2J� #��� *����� o���F� *�PO' ��- ���8�D 4#� � "�� #� "��� ���

W:�0 &�"��� K
�"'�%<�.�8 ��J� ������ ��� ��/�
�� ������
�,' �� 1Q8 *� &�"�� 4#� � !� � �1�� ��$����a� "'�,$] 6# "3� 
*�)�� (*O
9 <�.8 �� �!�� +$C ."�'�� *�� i#�� ' L��3� 1�� ��3�

) o��F� d����a� K"�;Ms *'.,' (Cl-nZVI 1��1� emu.g-1��/q�
.�3� K���� +�79 "�9�� �� �$����a� ��1'� 1T'��� *O
9 1#
 wP3

 d�����a� *�D1b �� ��3� &�"���� U��,�� ��� X1�' d������a� ��.�� .

� �$����a�*�� K"����a� � 9�� �� � �.F ��� /� p��#13 &�"�� �P!
 ��� ��3� 
� �� �.D �$����a� *�� ."��:� 4�#� �-����� ����� ��.��

 o���F� ����� 4���m,: ��.�� 4�#� ."� �$: ���#�] ��"'����� ��1�' 

Y�� �$����a� SM"'�,$] ��� /� �rM4�#��] "�'� 4#�1����� *�O
9
 &��/' �.�D 
� d�����a��1J ���8�D � H��C X1' ��:�� "'�,$]

�� "�:� U��3 �� .q�[| *����P� �� ��"'�,�$] � o���F� W����a�
 ����a��Y.
� ].��
0 ��� K"�F =>�8� ��#CoFe2O4*�� �� A��-1-

|[/[[�[�emu g ��/[��*; ��3� ��3� K"��(Huang et al. 

2013).

%��� ,	
 >18����(H� 2��
X }�D�)X 

d'�#��� 2���'; Anova *��3�1� �.^�� 1�: (���O � � ���1�Q'� 1�?�
1�a � 1J 1��"�# H��C ��'� 2��3 ���FY�� *�� ��J� ���0 �*�C�� 

��,:� 1?�1:� &.�
; 4#� Z#1� 
� 1�a �*"�; �3�.� ��*&�1�� ��0
K��� 1� K1�a � "�b &.�31�� 2���'; n3�] 5��-�� %��17- ��: )&�2��

H�C �#���0(*�C�� *������ 
� K��Q �3� �� �3�1� ��.� ��:1�a � �
X�� Z�� *P���t�*"�; �3� 

R= - ��/[�� + �q/�� *X1+ �}/�[ *X2+ [�|}�/� *X3-

��/~ *X1*X2+ ��[/� *X1* X3- [|/� *X2*X3- ��/~ *X1
2-

~�/[[ *X2
2- ��||/� *X3

2 (R2= ���/� ) )t(
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Fig. 4. Magnetization analysis of a vibratory sample of 
the combined nano-sorbent Cl-nZVI 

 #=�.�2���';d����a� �F��-�� *'.,' �7�3 ���01- H��C .'�' 
Cl-Nzvi 

i#� ' � ��,:� 
� K��Q �3� ��� ��M'; (��O � 1?� � 1 ����] 1: U"��
 A��! �� <���1� U�"C �� d'�#��� 2���';h��3� K"�F K��� &�/'.

"8�� �� 1�a � 1: �T $�,:H�C 2��3 ���FY�� ��"�O� ���F�p

"F 4���-.�Y�� ��"O�F��"O� �p
� 1 ,0�t/������ 1T'��� ���
&�.� U"� &���,�� wP3 �� &.�31��ft"8�� ��� i#�� ' .��3� �) *

U�"��C �� K"��Fh�'.���31�� U"��� *��0 ���3� 4��#� 1T'����� ����
��"O���ee/�p =��"O� �g�/vF=���� ����; 1^' 
� �3� ���

�3� A3��� �#�rJ �9�1� �MC U"� �.�.�'; <�����P� 4���m,:
 H����C 
� *��0 ��� &���/')ett�/�p = <%�t/hh�SS =  �

hg/u(F =  ) n�3�] 1�a � 1� 1?� 4#1 /�� �����R
� "��� � ��3� (
 %&;pH ) U.
��u��f/�p =%��/uehSS =  �th/eF =�� (

�^
` 4��m,: .���� ��1! ��,:� X�� *C�� �'� 2��3 ��FY�� ���
gg�g/�p =n�3�] 1�� �1� ,0 1?� ����� 1T#� 1�a � �� *� ��$'
 .�3�1V ��"O�A#-4���� )R2�1� ( ��� 1��vvg/���3� *�0 &��/'

 
� W�� ����
�3 K"�:�vvK��� 
� "8�� K��� �� �/#��
; ��: ���:
W�] *� K"F ���� .�3� U"� *
�3� ��"�O� �� 	
�1�� X"�� &�2���F

�� 1��1�hu/�e��"O� � �3�p��� 1���1����t/��� 	
�1�� X"�� 
���� �� &�/' ��� ":�.W��] 1#���O� 4�� *
8�J ���# ��� K"�F �����

 1#����O� *��0 ���3� *��C.- (����! ����!�� <�1����a- ���D1� 1T'�����
W�] 6�-�, $�3 �V1J U"� �� K"/' �����3�.

(SF~1#��O� 4�� �T $�,: &�2�� � *P��� W�] ��� K"�F �����
�� &�/' �� 2�3 ��FY�� �'� R�9 ��!�� 1#��O� ��#
.- *0 ":�

p� �$' �PD�3�W�] 1#��O� . 
� K"F ���� *P���t���!�� 1#��O� �
*P��� 
�[�*"�; �3�*0A#1V4���- �M'; ��� 1��1� ���/�� �.��

p� �$' ZJ�.- 1T'��� H.D �M'; ��3�1� ��.�� ���:1�a � K��"��� ��
�� &�2�� 4#1 /�� ."F��H�C �#���0 �'� L�3� 1� 2�3 ��FY��
K��� ��17- ��: et/g�"8�� �*."�; �3� 

%�%�>����6�
? ,�p �! �\- 	8'��� 

W#��
; ���,- �� 2�3 ��FY�� �'� H�C "�#�1J K"�F X�7'� ��:
 <"� U.� ��eu� � "F X�7'� *O�!�*'.,' J �� ����1��
8��*��: 

, 	-K�i#� ' 2���'; ANOVA ��U"� <���1� wP3n3�] ��1� �#���0 H�C �'� ��FY�� 2�3 
Table 3. Results of ANOVA analysis in the Square Surface Response Model to determine the efficiency of green 

Malachite color adsorption 
P-value F-value Mean square Degrees of 

freedom Sum of squares Term 

0.00118.671214.11910926.95Model
0.24491.53213.771213.77X1
0.15542.36330.751330.75X2
0.66760.2027.42127.42X3
0.02536.90966.861966.86X1X2

0.2183 1.73 241.71 1241.71 X1X3

0.2183 1.73  241.711241.71 X2X3

<0.000154.027565.4717565.47X1
2

0.02357.13997.991997.99X2
2

0.10873.10434.291434.29X3
2

140.06101400.60Residual
0.000541.32273.5051367.50Lack of Fit

6.62533.09Pure Error
1912327.55 Cor Total 
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�'��
�%t%et%h�%g�%f��eu� �J1� <�.8 *O�!� "�'�� �-
 (SF �� .�1�� ��1! �3�1� ��.� &��
 �� H�C <�1��a-g"'�� 4#�

 �#�1F ��� W#���
; �� �� <�1���a-pH �� 1��1�gH���C ��:
� �
�
 B��t/���t/e��'� ��^
` � 1� �� �� X1� ���:u��tt

�
�� &�,: .�3� K"F K��� &�/' 1 �� �� X1� �� *^9>� *0 *'.� �.F
 ��td�] � ��3� K��� J� k�Q-� H�C &�2�� 4#1 /�� %�$B' *O�!�

 ��- � * J�# *���� ����; *� H�C &; 
�eu� K"��3� U����- *�� *�O�!�
 U��3 �� ��/:�j] �� *���
 4#� �� .�3�u�et ��'� R��9 ���:

 �'��$S# i#�� ' *���/� H���C 
� K��Q �3� �� .
� 4
� � � j'��� (� �
 H�C (��� � �3� * F�� K1��7'
 �1 �.'��' K
�"�'� %�#13 .'��' ���:

 ��3� K"�F X>��� ��#Y.
� ].��
0 ��� 1�� K"F ���N- 4:; <���
(Nairit et al. 2015).
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Fig. 5. Correlation between actual and predicted data 
of green Malachite color removal  efficiency 
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Fig. 7. 3-D and contour sketches used in the study of Cl-nZVI adsorption showing the mutual effects of: a) pH and 
sorbent dosage, b) pH and MG color concentration, and c) sorbent dosage and MG color concentration 
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Fig. 8. Utility curve used for the numerical optimization of 
the four objectives of: initial solution pH, sorbent dosage, 

green Malchite initial concentration, and adsorption 
performance (R) 
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