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Abstract  
To remove pollutants, many methods have been used so far, including ion exchange, coagulation and 
reverse osmosis. Most of these methods have many disadvantages and among them, the adsorption 
method is considered as a useful method. The purpose of this study is to synthesize adsorbents in the form 
of nanocomposites based on graphene oxide and modify the surface of graphene oxide by using 
iminodiacetic acid ligand to remove chromium ion by adsorption method. To determine the chemical 
structure and characterization of functionalized magnetic graphene oxide, we used XRD, BET, FTIR and 
SEM analysis. After that, the factors affecting the removal rate such as adsorbent amount, time of 
reaction, pH and initial concentration of chromium ion were investigated. The optimal conditions for 
removal of chromium ion were obtained as pH of solution 2, initial adsorbent weight 30 mg, initial 
chromium ion concentration 15 mg/L, absorption process time of 15 minutes and removal efficiency was 
92.00%. The experimental results and the results of the response surface design were in good agreement 
(98.8%). Reviewing kinetic and isotherm studies showed that the adsorption process follows the pseudo 
second-order kinetics and Langmuir isotherm. Magnetic graphene oxide functionalized with 
iminodiacetic acid has the highest adsorption rate and was considered as the optimal adsorbent for 
successful metal removal. 
 

Keywords: Heavy Metals, Adsorption, Magnetic Graphene Oxide, Chromium, Iminodiacetic 
Acid. 
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Extended Abstract 
1. Introduction 
The life and health of all living beings, including 
humans, plants and animals, depends on water, which is 
the most important substance needed by living beings 
after air, and is considered one of the most important 
resources of the environment. In the last decade, the 
entry of pollutants of human origin such as heavy metals 
into surface and underground waters has increased. 
Heavy metal pollution in water is one of the most 
dangerous types of chemical pollution and is considered 
a serious threat to the ecosystem. 

In the present research work, first, graphene oxide 
was synthesized using the modified Hammers method 
(Zaaba et al., 2017), and then it was magnetized and 
functionalized. Iminodiacetic acid ligand was used to 
functionalize magnetized graphene oxide. Fourier 
transform infrared spectroscopy1, scanning electron 
microscopy2, and X-ray diffraction3 analyzes were used 
to investigate the properties and determine the 
characteristics of the obtained nanostructures. The 
resulting nano adsorbent was used to remove chromium 
from aqueous solutions and the effect of effective 
parameters on the chromium removal process such as 
pH, adsorption time, chromium concentration and 
adsorbent weight was investigated using the 
experimental design method. 

2. Methodology 
First, graphene oxide was synthesized using the modified 
Hammers method. For the preparation of magnetic 
graphene oxide, the method mentioned earlier in the 
documents was used (Zhao et al., 2017). For the 
synthesis of functionalized graphene oxide, 0.1 g of 
magnetized graphene oxide and 0.3 g of iminodiacetic 
acid are added to 10 mL of deionized water. This 
solution is dispersed for one hour and 0.1 g of NaOH is 
added to it. The solution is stirred for 24 hours at 60 °C 
under reflux. Then the final material is washed with 
water, separated by a magnet, and finally dried in an 
oven (Najafi, 2015). 

NovAA 400 Analytik Jena (Germany) atomic 
absorption device was used to measure heavy metal 
concentration by flame method. The heavy metal 
conversion fraction was calculated using the percentage 
removal equation that is the percentage ratio of the 
adsorbed chromium on the adsorbent to the initial 
chromium concentration of the solution before treatment. 

In order to optimize the absorption process, the 
central compound design4 method was used. Four main 
 
1 Fourier Transform Infrared Spectroscopy (FTIR) 
2 Scanning Electron Microscopy (SEM) 
3 X-Ray Diffraction (XRD) 
4 Central Compound Design (CCD) 

factors including initial chromium concentration (mg/L), 
initial pH of the solution, reaction time (min) and 
adsorbent weight (mg) were investigated. 31 tests were 
proposed by Minitab16 software, which included seven 
repetitions at the central point. In Table 1, the levels used 
and the range of parameters are given.

Table 1. Range of parameters and levels of test variables 

Variable                                     Levels 
-2 -1 0 1 2

Cr3+ Concentration mg/L (X1) 5 10 15 20 25 
Initial pH (X2) 2 4 6 8 10 

Adsorbent weight mg (X3) 10 20 30 40 50 
Process time min (X4) 5 10 15 20 25 

3. Discussion and Results 
In order to examine the structure and morphology of the 
synthesized adsorbent, SEM images of graphene oxide5,
magnetic graphene oxide6 and magnetic graphene oxide 
functionalized with iminodiacetic acid (MGO-IDA) were 
prepared (Fig. 1). 

Fig. 1. SEM images of a) GO, b) MGO, c) MGO-IDA 
before Cr ion adsorption and d) MGO-IDA after 

Cr ion adsorption 
 

Fig. 2 shows the XRD pattern of GO, MGO and 
MGO-IDA. The peak at 2θ around 10° belongs to 
graphene oxide (Fig. 2-a). The peaks in 2θ 30.1, 35.5, 
43.1, 657, 62.6 (JCPDS 19-629) belong to Fe3O4 (Fig. 2-
 
5 Graphene Oxide (GO) 
6 Magnetic Graphene Oxide (MGO) 
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Fig. 2. XRD patterns of a) GO, b) MGO and 
c) MGO-IDA 

Fig. 3. Predicted vs. actual data 

Fig. 4. Two and three-dimensional diagrams of the effect of adsorption time and  

adsorbent weight on adsorption efficiency

b). In the XRD pattern of MGO-IDA, the structure of 
iminodiacetic acid is not crystalline and its placement 
between the layers of magnetic graphene oxide has not 
caused much change in the XRD pattern (Fig. 2-c). 

Experimental design was designed using MINITAB 
16 software and 31 experiments were suggested by this 
program. The comparison of the results of the response 
procedure model with the experimental results of 
chromium removal efficiency is given in Fig. 3, which 
benefits from a good overlap. 

Analysis of variance1 is used to test the significance 
of the model. The F value, is equal to 2319.03, which is 
greater than the critical value and indicates that the 
factors sufficiently show the changes in the data from 
their average value. The optimal conditions obtained 
from the software for the removal of chromium are the 
 
1Analysis of Variance (ANOVA) 

initial concentration of chromium 15 mg/L, the initial pH 
of 2, the weight of the adsorbent, 30 mg, and aprocess 
time of 15 minutes, in which the efficiency of chromium 
removal is 92.86%. In these optimal conditions, the 
result of the experimental test showed that the chromium 
removal rate is equal to 92%. Fig. 4 shows the two-
dimensional and three-dimensional diagrams of the 
simultaneous effect of adsorbent weight and time on 
chromium absorption efficiency for a solution with 
pH=6 and chromium concentration of 15 mg/L. 
According to the resulting graphs, with the increase in 
the weight of the absorbent, the absorption efficiency has 
increased. 
 
4. Conclusions 
In this research work, magnetic graphene oxide 
functionalized with iminodiacetic acid was used to 
remove chromium. EDX, SEM, XRD, and FTIR 
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analyzes were used to determine the structure and 
accuracy of the experiments. Optimum conditions of 
chromium removal were: pH = 2, adsorbent weight 30 
mg, initial concentration of 15 mg/L and  adsorption 
time of 15 minutes. In these conditions, 92% of 
chromium was removed from the solution with MGO-

IDA. The experimental results and the results obtained 
from the experimental design were in good agreement 
(98.8%). Isotherm and kinetic studies showed that the 
removal of chromium using MGO-IDA follows the 
Langmuir isotherm and pseudo-second-order kinetics. 
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1 Graphene Oxide (GO) 
2 Magnetic Grphene Oxide (MGO) 
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Fig. 1. SEM images of: a) GO, b) MGO, c) MGO-IDA before Cr ion adsorption and d) MGO-IDA 
after Cr ion adsorption 
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Fig. 3. FTIR spectra of MGO-IDA 
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Fig. 4. EDX analysis of: a) MGO, b) MGO-IDA before Cr ion adsorption and 
c) MGO-IDA after Cr ion adsorption 

9"�V����(�4��!�0EDX :aL�,m� )1�&� ��
%� (�
���.�b)1�&� ��
%� ( �
�L�,m�U��
 � �� ��. "��(���,�7����:�����

cL�,m� )1�&� ��
%� (�
�U��
 � �� ��. "��(���,�7����:������ �$�K�&%  A� 

��%D��~��8 �(�" O�� �� UV�= �(��� 
Table 2. Results of response surface design model 

Run [Cr3+]
(mg/L) 

Initial 
pH 

Adsorbent 
weight (mg) 

Process 
time (min) 

Removal efficiency 

Experimental Predicted
1 25 6 30 15 91.00 89.79
2 10 8 40 20 77.00 75.74
3 15 2 30 15 92.87 92.00
4 10 4 40 10 89.00 88.66
5 15 6 30 25 81.40 80.75
6 10 4 40 20 90.00 90.13
7 20 8 40 10 80.00 80.47
8 15 6 30 15 91.75 91.78
9 20 8 40 20 84.50 85.89
10 15 6 30 15 92.00 91.78
11 15 6 30 5 70.00 70.64
12 15 6 50 15 89.42 90.40
13 10 4 20 10 84.00 82.72
14 20 4 20 10 83.00 84.15
15 20 4 40 10 87.00 85.96
16 20 4 40 20 91.00 90.41
17 15 6 30 15 91.72 91.78
18 20 8 20 10 81.80 81.79
19 15 6 30 15 91.74 91.78
20 15 6 30 15 91.64 91.78
21 15 6 10 15 90.00 89.00
22 15 6 30 15 91.90 91.78
23 15 6 30 15 91.70 91.78
24 5 6 30 15 77.00 78.20
25 20 8 20 20 90.20 90.44
26 10 4 20 20 88.00 87.42
27 10 8 20 20 75.00 76.16
28 15 10 30 15 77.00 76.12
29 20 4 20 20 91.00 91.82
30 10 8 40 10 74.00 73.29
31 10 8 20 10 70.00 70.49



-%�. �!�/� 0% 1+��� ��!�� �( * �� � ���� �� 
�� 
�� ���� ��*� 2�(*�... dx.doi.org/10.22093/wwj.2023.417423.3373 

38

����� ��� 	
�� Journal of Water and Wastewater 

�����
���� ����� ����� Vol. 34, No. 5, 2024 

D*' ���U"��!7"��(Y��f�&�7"���,$� � ���� `��,� ��*���
 	� ���Z�	�� O�� �������	. .�	��(�D*' 	�U"�	�!7"�� 	(Y�� O�	�

�&� UV�=7�&1(K�&%  A� �, O��� "�}� ����9����..�M	
� 
������)+�&� ��7�&�" �� E��&����(�N�� � O�����	��� ��	�� �	%

"��Q� F  �	� &	��&� �	��w}/v}ux 	���	.�� 	��&*� "��	Q� �� �	%�
� � ��� &��"0��&��� �()1�% "��Q� �� ��"��%�1 �% ����m'	����& 

���� � "��Q� �� �" �������)� ��9� �#�!�����' Y83I���& "��%�1 ��
�H' O�� "��)*	V ��. ����j	$N�� ��� �"�	M
 �	� .�	��(&	� 

���! "� c��<�(21�% �= �� ���� ���� "���,$� '3I�&N�����	��� �	�
<�			D�&			��%�			�� 			9,� �3m'			����& N�� �����			��� 1��			@'��
��'���
�:���
�' ��3I�&m'	����& .�	�� ���	� �	�"��%�1 "�R2

m' "��Q�����& � ��9� ��. ����9� ~��8 "� �"��	% ��� 	�� �	���D
��' O��������. .Adj-R2+N�� "�R2��	. h�V� �	�� &	� �	%

�"�M
 ���$' |��� ��7� �;��" "� ������� ���! ���	�&7�	O�

Fig. 5. Predicted vs. actual data 
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Table 3. ANOVA results of adsorption efficiency 

Source of 
variations 

Sum of 
squares 

Degree 
of 

freedom

Adjustment 
of mean 
square

F-value 

Regression 1498.29 1 1498.29 2319.03
Residuals 18.74 29 0.65

Total 1517.02 30
R2= 98.8%, Adj-R2= 98.7%                   
1 Analysis of Variance (ANOVA) 

� UV�=���.���"�L7�%�"�M
 &�� ���(� K�? �%��,�	
 	')3I�&
<�D��%����. cA= (��"���Adj-R2� UV�=���..

�-�-XU**+�1�;Y&<*	6+��1:2 %*:(3� Y:��U Z�1:3 KL)
7�68�*( 9��� � �< 
%� ���;�*�6�'5��*>��*%
�4�= 	�" �K�&% cA= "�  �D;����%�� "��	Q� �	� �	
���(�"�	% 
��� .)(�&��,� � ��()K&� �� ���Z��� �� �[&1 "�0	1�Minitab �&	.(-
#���,���!(2$'��)�.O��� "� �%�������	�� .�	�� ��. �	���

� ����9� �%���. �&.(-#���,�&�74�� �\DB �� K�&% 0D1 cA=��
��H����%K�& mg/L u{�pH 4�� 	��O�	D*� O��	$� v g�	� ��� �

mg }w&1 K�>�� ���� ��(�,u{N���Q��� � "� �%()�&.(-�(�"�	% 
K�&% cA=yz/xv�V"� ����&. ���! ��� �� �� �$� .(-#����	, 

���!(9�� "�()�&.(-�� � �	. K�>����	> �	��!(2�	% ��� ��	9�
����0 K�&% cA=�� &��&� xv��� �V"�.

�-�-�015����Q 1*[\U  ��1< 

�-�-�-8U**]�1  ;���3 :U �:< �LD\[*1^:0� �C�:D _�� _�:��

�LD _��� 

U5.z"����� ��7���$�7�� ��$�7'3I�&���  g�	� ��� ����
 &� �����(�"�% �&� K�&%  A�74�D*����pH O��	$�z�	\DB �
K�&%mg/L u{�"� ��9����� .&�|�	�� "���	�� �	�7U	V�= �	�
�01�(2 g�� �����(�"�	% �0	1�  A	�(2(�	�1� �0	1� .�	��(2

�(�"�	% �	�  A	� ��		. ��	(� �0	1� &L�	< �	� �! ���(2"� j;		�
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�" &� �����72��% `��� � ��. O�m.� K�&% 0D1 -��'  g�� 

��%DV�K�&% cA= �,�#� -(�&. 
Table 4. Optimum points of Cr ion adsorption 

Variables Optimum 
amount

[Cr3+]0 (mg/L) (X1) 15 
pH (X2) 2
Adsorbent weight (mg) (X3) 30 
Process time (min) (X4) 15 
Predicted adsorption
efficiency (%) 

92.86 

Experimental adsorption
efficiency (%) 

92 
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Fig. 6. Two and three-dimensional diagrams of the effect of adsorption time and adsorbent weight  
on adsorption efficiency 
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Fig. 7. Two and three-dimensional diagrams of the effect of pH and Cr3+ concentration on adsorption efficiency 
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Fig. 8. Fit of a) Langmuir, b) Freundlich and c) Temkin isotherms data for the adsorption of Cr3+ onto the MGO-IDA 
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Fig. 9. Fit of a) pseudo first, b) second order and c) intra–particle diffusion kinetic models for the adsorption 
of Cr3+ onto the MGO-IDA 
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