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Abstract  
Today, environmental pollution and less accessibility of freshwater have been a serious 
challenge due to industrialization and urbanization. Therefore, the aim of this study was to 
investigate the synthesis of aminated magnetic graphene oxide (m-GO-NH2) from Typha 
latifolia and its application for Pb (II) removal from aqueous solution. The m-GO-NH2 was 
synthesized from steam of T. latifolia by using CVD and applied to Pb (II) removal. The 
structure of synthesized nano adsorbent was characterized by using SEM, FTIR, AFM, Raman 
spectroscopy and pHZPC. After finding the optimum amount of pH, central composite design 
was applied to survey the effect of time (X1), initial concentration of Pb (II) (X2) and adsorption 
dosage (X3) for Pb (II) removal from aqueous solution. Two quadratic models were developed 
to estimate the amount of Pb (II) removal efficiency with design expert software.  According to 
the SEM, FTIR, AFM, Raman analysis, the mGO-NH2 was successfully synthesized. The 
amount of 164.29 mg/g of Pb (II) removal at operation conditions (X1=120min, X2=35mg/L and 
X3=20 mg/L) indicated an excellent agreement with the model amount predicted. Regarding the 
thermodynamic studies, the adsorption procedure was spontaneous and endothermic and 
followed Freundlich isotherm and Redlich-Peterson (R-P) equations. In conclusion, it is 
affirmed the m-GO-NH2 as synthesized from T. latifolia, has a high capability for use in 
adsorption of Pb (II) from aqueous solution. 
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	�
)Shimadzu FTIR 8400 s spectrometer, Japan ('		
��� �� 

|zz �			=�]cm|zzz '			� .�			�% �			����( �			� GO �mGO -
mGO-NH2h		�.= $		*�-� $		0-(I;� £.I		�-I�� ��;�		0%u�		�0
.�� $��� 
��(��F��� �� 6�" �"�	� [	��
� $	B�/�
<� 7��	�� 6	� ��

'�V ��0��.J d/ �� P��0 !� �0�� -y�� �-��=SEM '@�	�- '�
 £.I�-I��SEM.LEO 1455VP,Cambridge, U.K '�&= 	�.�

89� ��� F���)pHZPC ( �� k�/pH >��� ���	b� ��|�������
{��z-���.	@G� h�.=�/z��	�0HCl -NaOH ��ml ���

4 N'-Dicyclohexylcarbodiimide (DCC) 
5 Scanning Electron Microscopy (SEM) 
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�.@G��$@�� ?��	���@� �V.� ��	��= -$	
G
� h	  [�	�pHi 
�� ��
(�∆pH ?�� �	� )Einollahipeer et al., 2018(.>�	B0�(J

 '@5� -� �� F���.0�0 !�=�GO -mGO-NH2�� ���4(	�� �	� �	�0
) ���		��=� ��:(		��ZS-100 ��		� � �		� (Horiba Scientific 

���	� i�m0� !�� .�� ����= �J�^�/z!�	�� �� F��	�.0�0 �� i	)
) h�G����� (T.�	B@� '���ml �z�� - �	� �	�2� 	9b� F%

pH ���|/~.�� �m
� 

53�3��M .F;�"� 

'
��� �� ��(�� ������% i�m0� !��pH �����=~'��	W@R ��	�" 
mg/L �z- F�mg�z +�	� �� - h�	G� !�	�� �� F��	�{z

7���� �'b�2�pH �������	�� '� ��� 7�*0 �� FO� 7���� ��(*��
 �		� F�		#(0� ���		��% >		5�� ��		� i�		m0� !�		� ���		b� .�		W@R 

mg/L Sfff ��F� �@� �W@R - '�&= (F� $=�(�0 6�0)!�	"
�����% �./ �� W0��.� ��2� ��/ �� FO� !�" .�	� '�&= !���

 ?�			W
= !�			�pH ) ��			B�-���" ?��			� �� �			�0NaOH �			� - (
�-���"@) ������HCl .�� ���4(�� ( !�	"����= �� 6	� 	" y�	�

����% ��� $��� .�� i�m0� - !��� �� y	J �FO	� �
��� 7���J ��
 �	��� - ���	� ��	� -� ��(�� ������%" i��=� �	"% 6	�� '	� �	�� ��

 �W@R 7% �� yJ - ��� ��� :��I�F� ���� ��� ������0� !	�) 
.�� ����	0� !�	� ��:(	�� �� !	�)UV-VIS �.	/ �� (�-(I�	��

 q.���z �	,�� 7��	�� .�	� ���4(	�� �7-�	�(�� �.	@G� - (�.0�0 
�O5Removal (%) �O5 ���� -qe[B5�mg/g 6	�� '	�

 +V�����-�'���% ��� 

)�(% R = 100 × (�Àn�f)
�À

)U(qe = 	 Â
Ã (Co − Ce) 

�&0% �� '� 
Co-Ce'� $;���= �W@R - '�;-� �W@R [�== [B5� $@�� � i)

 �(�;V- (�; [B5� !�@� �.@G� ?m5M[	B5� F��� ���b�
.��� i) 

'� ��(�� FO	� �	��� ����	�� �� 7�	
��/� �.�5 �.W
�GO 
���% $B�/�
<� F��� $���= !�� FO� �
��� ���� ��	� �(
� !�"

 >���GO �m-GO -mGO-NH2'	m�(0 '� �� i�m0� >I	� �� 7%
�.��� ���% 'm�(0 '	� ��� 7�	*0 +�	B��b� ��� �-	) ��	�=� !�	"

 �F��	� 89� �� $@��D FO	� �	��� ����	�� [	�.� 	�$�.	� .
FO� ���� ������$�'� �0�.= �-) ���=� >�;� ��	�% $@��D !�"

�-) ��
a�" -89	� �� !��B�� ��0���2�� ���% !�"GO �	��� �� .
 ���� �"�� ���5 ��D FO�mGO �	� 'B��b� ��GO $	� �	0�.=

'� �-) $ � ��<�� >�;� 89	� �� �.�.� !��B�� $@��D !�"GO 
+���.0�0 �� �
��- ��Fe3O4>	5�� �� �	��� �"�	� ��� .����

' �� !��� �7�� ��� �-	) ���	�= ����	�� �	� $@��	D !�	" �	���
$� ������ FO� ���� .(Einollahipeer et al., 2018).

��!�����% i�m0� F��	� h�.= �"mGO-NH2'	
��� �4	,
�=��z '� 'b�2� 7�.
DX1�W@R ��z�	=mg/L �z'	� F	� 7�.	
D

X2'
��� �� F��� 7���� -�z�=mg�z '�7�.
DX37.	��% h�.=
RSM -CCD '	� !�	"����= y�� .�� F�#(0� �� ��	�% �	��pH 
���K��0�	� i�m0�(Hasan and Setiabudi, 2019) �-�	�)�.(

�Q-� ��� �� '�7��	�� 	� �	"�.(��� 	K� $�m= ��� $��� �.W
�
FO� ��'@�� '� -� '��� $E��� '9��� !�)';���� _���4(�� ( .�	�

 ��� ��';���� Y��J x��J .��� ��� $
��b01.�	�� ���K [�E
bi.��� $9  ���Kbij ?"� ���K .��� �
�bii - i-� '	��� ���K
xi-xj���b� ������W@R - F��� �-� �7��� �x- >b(	B� �<(�
n'		� !�		�� j�		b0 .�		�� �		"�<(� ���		�= !�		9  $		��� �.		W
�

 �����%-!�.G� j�b0S�	�0 ��	�(5� !�	� !�O	J��I= F�	#(0�
0��$� 7�
��/� !�.G� j�b0 .�
"���J y0����- '� ��� ��� $
��

��� ���K !��� '9b0 '� �1B0 j�b0 i��=.
Y = f(X1, X2, X3… Xn)

7% �� '� 
Y- ?(B�� x��JXi�-�	� ?	�� �	� .��� $��� ��.� !�"�<(�

CCD +�., '� >��.(���U_+�	��<= >��� - F��	� �-� �7�	��
 (��I= ��� -�) ��
�V% �W@R �-dD '��'��	E� �����% '	� 7�.	
D

 �� �	"�.(��� �� i��	� " .�� i�m0� !��� '9b0 !�"��I=u89	� 

1 Axial 
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��.M&3F���.0�0 h�.= F� FO� �� >,�5 o��(0 -�����% $5�/ mGO-NH2

Table 1. Design and response of experiments for Pb (II) removal with mGO-NH2

Run 
Manipulated variables Response

Time, X1
(min) 

Initial 
concentration, 

X2 (mg/L)

Adsorption 
dosage, X3

(g/L)
qe (mg/g) 

Pb (II) 
Removal, 

(%)
Uncoded Coded Uncoded Coded Uncoded Coded

1 60 0 35 0 10 -5 64.52 43.91 
2 72 1 30 -1 22 1 144.45 95.68 
3 72 1 40 1 22 1 128.14 92 
4 48 -1 30 -1 18 -1 87.67 70.34 
5 72 1 30 -1 18 -1 118 89.34 
6 72 1 30 -1 22 1 142.80 94.56 
7 72 1 40 1 18 -1 122.12 90.20 
8 72 1 40 1 18 -1 122.10 90.20 
9 48 -1 30 -1 22 1 91.14 72.24 
10 60 0 35 0 30 5 96.56 89.12 
11 60 0 35 0 20 0 128.14 96.20 
12 72 1 30 -1 18 -1 118.09 89.36 
13 48 -1 30 -1 22 1 91.19 72.27 
14 60 0 35 0 20 0 128.15 96.22 
15 60 0 10 -5 20 0 146.31 94.53 
16 60 0 60 5 20 0 42.17 50.20 
17 60 0 35 0 10 -5 64.50 43.89 
18 72 1 40 1 22 1 122.14 92 
19 60 0 35 0 30 5 96.59 89.14 
20 60 0 60 5 20 0 64.52 43.90 
21 48 -1 30 -1 18 -1 87.67 70.34 
22 60 0 35 0 20 0 128.11 96.18 
23 48 -1 40 1 18 1 69.12 53.11 
24 60 0 35 0 20 0 128.14 96.20 
25 120 5 35 0 20 0 164.29 99 
26 0 -5 35 0 20 0 20.59 24.47 
27 60 0 35 0 20 0 127.15 95.53 
28 120 5 35 0 20 0 128.12 96.18 
29 48 -1 40 1 22 1 64.08 48.39 
30 48 -1 40 1 18 -1 69.12 53.10 
31 60 0 10 -5 20 0 145.10 94.39 
32 60 0 35 0 20 0 128.15 96.23 
33 0 -5 35 0 20 0 20.56 24.45 
34 48 -1 40 1 22 1 64.02 48.4 

`S/S]�S]�4, �S�+`S/S) +α=U/US(.�0�	� ���D� - '	
���
���b� �-�� �� �"�.(��� �� 6� "S���% ��� 

)_(Y = Ä0׳+ ∑ biXi +Ǽ!� ∑ biiXi2 +Ǽ!� 
∑Ǽ!� ∑ bijXiXjÆµÇ� 

53�3
�� "K� D��"@ 
��!� ���� K� $����7.� FO� �
� !�	" F	� !�	"��� ��Su�
Uu �_u-`uT.�B@� '��� �W@R �F��� 7���� '
�&� h��� ��

�	�FpH �� -		7��	��	.�� $��������% 7���J �	� F��	�.0�0
�"% 6� �� ���4(�� �W@R - ��� ��� �.@G� �� ���F� �.@G� ��

����		0� .�		� !		�) �� 6		� 		") !�		"(����JJ.mol-1.K-1 (∆H° -
)J.mol-1.K-1 (∆S° '�[�� �� ��� [�==S��1� �� �D -U���.�0

� �19
� �." �0�-_$	
G
� ?�� ��Ln K >	��b� ��1/T .�
(	B"
 
1 Slope 
2 Intercept 
3 VanʼHoff 
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kd���K O� ';���� T�	�� 	� - �	�� �	�� '� '(B��- - F'	;���� `
>��2 ��� '1��G� 

)`(Kc = �Àn�f
�f × Â

È

)u(lnKc = ∆vÊ
Ë − ∆ÌÊ

ËÍ

�) ���% !^0�1yS)∆G° �	0�- '	;���� ��/ �� (]�.	"U)'	;���� 
u>��2 ( .��� '1��G� ��� ��';�����R'	� ��� �"��) $0�&� ���K

 �	� �	�� ���J.mol-1.K-1 _S`/w-T) ��.	@� [	B5� �	��K(
��� 

)�(∆G° = ∆H° − T∆S°

T��� �$�;�(0% o��(0�$�7�.= �� �.	@G� $	0-�� !^	0� +���<=
� $/�FO� �
�$
�� ) 7�.	� ����)f<∆H° 7�.	� �)�	�) �	� ( 

)f>∆H° ( -$� �� - ?W0 ������ � �� $�W0���	��= �� FO	� �
�
�� )Kazemi et al., 2019Azimi Bizaki et al., 2020, (.

53[3�.� j %
  ��M %
�� 

'� F��� FO� ���� '
�*�� $����� $��� �.W
� '
�&� h��� ��
�����% T��� � >	��b� �� $	�% h�	G� �� ���% !�	@� 7.� �W@R

��� �F��� 89� !-� ��� FO� �@� ���b� 	��:0V FO	� !�"_�
�-�;�		0g`���		
���]o�-.I		����u)D-R (g�		;�� -]7.		�(�J�

)R-P (�� $��� )Yousefi et al., 2020(.�	��K ��	� !�	" !�	"
 ?		" 			��:0V !�		�� ��-�;�		0g�g�			;��–7.		�(�J -��			
���]

o�-.I���� ) ����= [��E -R2$	9  $	
G
� ?�� ��/ �� �&0% (
qe>��b� ��Ce'1	��G� �	�.(Khakpour and Tahermansouri, 

2018) .
+V���� T��� � ��:0V ����-e'	� �	� '1��G�qe-qm

'� ) F��	� 7��	�� [	B5� ��	� FO	� 7.� 7���� [�==mg/g - (

1 Gibbs Free Energy 
2 Vant Hoff 
3 Langmuir 
4 Freundlich 
5 Dubinin–Radushkevich (D-R) 
6 Redlich-Peterson 

) FO� '
�*��mg/g .��� (Ceh��	� �� �0.	� FO� 7.� �W@R
 - ����=b)L/mg��� $;���= ���K ( 

)e(�
ÐÑ

= �
7Ðs

× �
�Ñ

+ �
Ðs

)w(qf = 7Ðs�Ñ
�y7�Ñ

���7�*0 ��0 g�;�0-� c.9	� !-� � '�V �
Y FO� 7���� ��
"�
 T��� � '� ��� F��� y0�m(��0';���� �>��2 �� .�	�� '1	��G�

 �';���� ���qe7.� ���b� ��� FO� !�@� !�")mg/g(�Ce�	W@R
 7.	� $;��	�= �.	@G� �� !�	@� !�	")mg/L(�	��K -KF[		B5�

mg.g-1. (L.mg-1)1/n -n89� $
:�"�0 �.(���)��� 4	, �	=Sf(
���K '� '(B��- '� ��� $�m= $
:�"�0 7���� �� - ��.� FO� +��

$� ��<= F��� (	*�� 7% ���	b� 'Y" .�
� 	�$7�	*0 ��.	� ��	
"�
 F��� (*�� ���� - �
��� 7�.� F.@9���� 

)t(lnqf = lnKÒ + �
� lnCf

��		� �� D-R '		� '		� 6		��'		;���� {'		� $		� �		�� ��		�% ���		b� ε
)kJ/mol FO� >�B0�(J ( -β)mol2/kJ2(���K ��� !�" - ��.�qm

�		�0 7�		*0 FO		� �		��� 7��		�� ��		
"�)mg/g(.�		�� ��		� �		��
 c.9		� 		� $
�		�.) !^		0� �		��.= T�		�� 		� �� FO		� ?		B�0�I�

$� 7�*0 F��� y0�m(��0 �"� 

)Sf(lnqf = ln qN − βε?

���R-P ��� -� �� $1��=� - ��:0V-g�;�0 ��.� 6	�� '	� '	�
 �2� �� o��(0 �7%(*��!>��2 $��� �	�� .�	�� '	� �i	=-��� �	��

�B�0 '(B��-$� �� ��� ��� �� . $(2- '� �.�β6���0 4, '�
$� �.������ � ��	� �	� �	"-	)� .�	0��� ���	9= 	(&� g�;�	0β'	��
0���.� 6�� ��0 ��:0V ��� �� o��(0 �	�� ���	9� .��	� R-P '	�

 6�� ';�����z-��'�$� ��� .��% ���	b� KRP -β)mol2/kJ2(
���K ��� !�"R-P - ��.�qm7�*0 ��0 FO	� �	��� 7���� ��
"�

 [B5�mg/g ��� 
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)��(qf = ÐÔÕ			�ÔÕ	ÖÑ
׳

�y	wÔÕ	�Ñ
×

)��(ln(KËeqËe
׳ �Ñ

ÐÑ
− 1) = ln	KËe + β ln	Cf

�3>?@ � A;
B/ 
�3�3.� 8BF� ��
M0/
/ %�
BY
� 7
Jt$� 

5 o��(0	,�	��� �� >	k�/ $!�"FTIR �(
	� >5�� $���= !��
 �F���.0�0 >I� ��S���% k	�/ �� .�	�� ���	) ��"�	*� 6	�J �

'�5�0 �� ���S]cm _`St '� j.���-) !�	"O-H �.�.	I; !�	"
 ��		� FO		� F% - ���		� 89		� �� '		�5�0 �� '		(�) ��		2 �		0�� 

S]cm SfS` $		**� Q�		�=��C=C ?		=� !�		"Usp !��		B���R ��
$� 7�*0 .�"� '	�5�0 �� ��� FO� 6�JS]cm S�Uu 7�	*0 ��	
"�.

$	**� Q��=��C-C ��( �	� �� .�	�� ���	) �-	) $@��	D !�	"
���� 6�@�B�.�� !��B��>�B�-���" ��-	) -$	B�.J� !�	" ��

 k�/GO'�5�0 �� ��0 �S]cm _`Uf $	**� Q�	�=�� '	� j.��–

OH �-) >�B�-���" !�"�S]cm SeS� $	**� Q��=�� '� j.��
 !�"�0��C=O �-) >�B�.�� �� - >�0.�� !�"��'���5+�G4, 

GO ��� -S]cm S�Uu $	**� Q��=�� '� j.��C=C '	� ��.	�
7�	*0 ��� ���) 89� 7�� ��B�� ��
"� )Faiz et al., 2020(.

6�J��"�*� '�5�0 �� ���S]cm S_wU k�/GO �	�0 j.	��
 '� $**� Q��=��C-OH 89	� ��GO .�	�� 6	�J S]cm SUu_ 

��( �� ��GO � ��0	$=	� �
0�.	� j.�	'�-) !�	" !��	B��C-O 
$B�.I;� - $B�.J� �
���.(Khorshidi et al., 2020) .

'				�5�0 �� ��			� >�I				*= �			0�� ��			
a�"U_eu �UUwS -
S]cm U_S` k�/ �� ����) !�"GO -mGO $�'	� j.	�� �0�.=

 $**� Q��=�� �0��O=C!� ��B�� �	��� ���% ��� .(Valizadeh 

et al., 2016, Nowrouzi et al., 2017) .
k�/ �� !�"mGO -mGO-NH289	� 7�	� $	B�/�
<� ��0

�			�/ �� F��			� '			�5�0 �� ��			� ��"�			*� 6			�JS]cm u�f -
S]cm �ut >��2 6	�J ��� .��� p�#*= �	" �	0�� $	**� Q�	�=��

Fe-O ��( �� �� Fe3O4$	� 7�	*0 �� F��	� 89	� '� >�(� �	
"� 
.(Kazemi et al., 2019) .

k�/ ��mGO-NH2��06�J '	�5�0 �� ��	� ��"�*� !.2 !�" 
S]cm S�`t -S]cm _`St �	�	���=�� '� j.	**� +�	$C-N -
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Fig. 1. FTIR spectra of adsorbent 

<=��3k�/FTIR F��� �(
� k@(#� >5�� 

N-H ��� 6	�J �	�� . $	� 7�	*0 �	" �-	) '	� �	
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nm ~/z��������		0� +�G4		, ���#		E �'		� $;�		5�� . ��		� !		�)
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 �	�� .(Einollahipeer et al., 2018, Azimi Bizaki et al., 
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�Raman >I� ��|.�	�� ��	� ���� 7�*0
 k�/ 6�� '�Raman '�V ����= $	� �	� - ?	W0 ��
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Fig. 2. SEM image of a) GO, b) m-GO and c) m-GO-NH2

<=�(3�.�= SEM a(GO �b(mGO -c(m-GO-NH2

Fig. 3. AFM images of GO nanosheets 
 <=�,3�.�= AFM +�G4,.0�0GO 

a)

c)

b)
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>��2 ��� �m
� .'���� '� [�== !�������) �	
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.(Akhavan et al., 2014, Einollahipeer et al., 2018).
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��.M(3��;�0% �� >,�5 o��(0 ANOVA F� FO� �� x��J 89� $5�/ �� >,�5 i-� '��� ��� !�� 
Table 2. Analysis of variance (ANOVA) for response surface quadratic model for adsorption of Pb (II) 

Source Sum of squares Degree of 
freedom

Mean 
square F-value Prob>F Remarks 

Model 46973.55 9 5219.28 30.90 < 0.0001 Significant 
X1 29120.26 1 29120.26 172.41 < 0.0001 
X2 11544.47 1 11544.47 68.35 < 0.0001  
X3 1396.47 1 1396.47 8.27 0.0083 

X1X2 280.23 1 280.23 1.66 0.2100  
X1X3 142.80 1 142.80 0.8455 0.3670 
X2X3 88.36 1 88.36 0.5232 0.4765  
X1

2 1409.15 1 1409.15 8.34 0.0081 
X2

2 1183.34 1 1183.34 7.01 0.0141  
X3

2 3438.13 1 3438.13 20.36 0.0001 
Residual 4053.59 24 168.90    

Lack of fit 4053.59 5 810.72 0.05< Not significant 
Pure error 0.0001 19 0.0001    

Correlation 
total 

51027.14 33 
-

.���� �.�- !.2 j�1=�� �����% �� >,�5 o��(0 ��
a�" 7����R2

			���{�/z�Adjusted R² wt/f-Predicted R² we/f-
Adeq Precision `e/UU��:0�		�� �		� ��		�"u�/SfU -C.V 

�~/��'��� >	,�5 o��	(0 T��� � .��% ���ANOVA �-�	�)
�7.� �O5 !�� '� i-� '��� ��� ( '� F� !�" ���b� ���% ���

F-value -prob>F �� (��z�/z7�	*0 '	� ��.	� $	
�� ��	
"� ���
 '� ��� 7�*0 o��(0 .�.� ��� 7�.� ���b�lack of fit ���� �	" ��	� ��

z�/z>	��2 '	� ��.� ���� 7�.	� ��	�(D� !�	9  >2��	5 7��	�� - �	"
 $		� �		��K �� ���		��% 7.		��% �� >		,�5 o��		(0 T�		�� 		� .�		
�

ANOVA �		� 7��		�� - �		W@R �7�		�� (����		J '		� 		" 		K� �F�
$
�� ) ���� FO� �
��� � !���zzz�/zp< ���4(�� ��� .( ��	�

 89� �� ��0z�/z$
�� �.� ��� 

)S`(qe = +112.64+15.84 A - 9.98 B + 3.47 C +4.18 
AB +2.99 AC -2.35 BC -0.8491 A² -0.7781 B²-1.33 C² 

)Su(
qe = +7.92104 -2.90290 time +0.698479 concentration 
+15.75410 dosage +0.069750 time * concentration 
+0.124479 time * dosage -0.235000 concentration * 
dosage -0.005897 time²-0.031124 concentration² -
0.331575 dosage² 

o��(0 T��� �RSM >I� �� '�~���� ��� ���� 7�*0 FO�
7.� F� !�"7��� �� ���(����� �����% $y�	� .��(�� ��4=� =

7.� $���= FO� 7���� �� �"7��� ~�'b�2����� ����= '� 'I
�� �=
 7��� �=��z �	��� $	�� ����	�� $	��d� [�� �� 'b�2� .'	� �	�� 

		" '		� [		�== ��		
Y��(		*�� ���		b� �		� FO		� �		��� 7��		�� 
mg/g �{/��| 7��� �� ���z �	W@R �� �'b�2�mg/L �zF	�

 -mg �z'� F��� �	� 7% 7��	�� �	�� ���% ��� mg/g |�/�|| ��
7�		��~��		W@R �� - '		b�2�mg/L �z7��		�� -mg ��F��		�

7�*0 '� ����0 $0��
Y +-�4= �� FO	� 7��	�� P�	0� ��<= ��
"�
 .�	�� F��� ���b� ��
a�" - 7��� ������ �� 'B��b� P�	0� 	��<= 

$� FO� ���� '	� �	0�.= >	�;� 7�.	� �	��K �.	@G� '	�;-� �	W@R
 F	� !-�5 7.	� ���	�= �"�	� '	m�(0 �� ->	��2 !�	" '	� ��	�=�

�-) $@��D !�" >	G� '� '�.= �� T(	�� �� ��	�=� !�	" .�	��� ��
�:�� $�/ �F��� 7���� ������ �� >	G� ��� > ��= ��	�=� !�	"

��� ��m�� F��� 89� �� $� '� �	"� �"�� �� FO� ���� �0�.=
(Khorshidi et al., 2020, Dubey et al., 2015).
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Fig. 7. The 3D surface and contour plots showing the influence of time (X1), initial concentration (X2)
and adsorbent dosage (X3)
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Fig. 8. Adsorption-desorption of Pb (II) 
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Table 3. Langmuir, Freundlich, R-P, D-R isotherms and thermodynamic parameters for adsorption of Pb (II) 

Langmuir Freundlich R-P D-R 
qm b R2 Kf n R2 kRP aRP β R2 qm, β E R2

147.05 4.25 0.905 94.17 3.67 0.92 0.5 1 1.03 0.50 53.74 -0.22 - 0.24 

T (K) Kd (l/g) ∆Go

(kJ/mol) ∆S° (J/Kmol) ∆H° 
(kJ/mol) R2

288 10 -9.65 

118.94 29.08 0.94 
298 12.26 - 11.74 
308 14.58 -12.83 
318 14.12 -13.92 
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