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Abstract  
Cadmium is one of the non-biodegradable and extremely toxic heavy metals that enter into the 
aquatic environment by various sources. In order to provide a safe and clean water supply to the 
public, there is a crucial need to take some measures for removal of cadmium from wastewaters 
prior to their disposal in the environment. In the present study, a NiFe2O4-CS magnetic 
nanocomposite was prepared by a cross–linking reaction of chitosan with nickel ferrite 
(NiFe2O4) nanoparticles using glutaraldehyde as the cross–linking agent. The structure, 
morphology, and magnetic behavior of the NiFe2O4-CS were characterized by FTIR, XRD, FE-
SEM, EDX, VSM analysis. The adsorption property of Cd (II) onto NiFe2O4-CS composite and 
the different factors that affect the adsorption, such as pH value, contact time, initial Cd (II) 
concentration, and the presence of foreign metal ions were extensively investigated. The Cd (II) 
removal efficiency of 95% was obtained within 60 min at pH 7.0 with initial Cd (II) 
concentration of 10 mg/L using CS/NiFe2O4. High amine and hydroxyl density of chitosan 
facilitated the chelation with Cd (II) ions, resulting in efficient adsorption. The pseudo-second-
order kinetic model provided the best fit to experimental adsorption data and the equilibrium 
data could be well described by Langmuir adsorption isotherm. Adsorption/desorption results 
demonstrated that reusability of prepared NiFe2O4-CS was considerable. The results showed 
that NiFe2O4-CS could be employed as an effective and potential adsorbent for application in 
the removal of Cd (II) from wastewater. 
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Fig. 1. FTIR spectra of (a) pure CS and (b) NiFe2O4-CS  
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Fig. 3. FESEM images and EDAX spectra of NiFe2O4-CS composite (a) before and (b) after cadmium adsorption 
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Fig. 4. VSM curve of magnetic NiFe2O4-CS  
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Fig. 5. Impact of different pH values on cadmium 
removal percentage (amount of adsorbent=0.2 g/L, 

contact time=120 min, initial concentration  
of cadmium = 10 mg/L) 
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Fig. 6. Impact of contact time on cadmium removal 

percentage (amount of adsorbent=0.2 g/L, pH=7,  
initial concentration of cadmium = 10 mg/L) 
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Fig. 7. Impact of different initial concentration on 

cadmium removal percentage 
 (amount of adsorbent=0.5 g/L, pH=7, contact time=60 min)  
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Fig. 8. Results of NiFe2O4-CS recovery on cadmium 

removal percentage 
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Table 2. Results of cadmium removal from real samples 
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Table 3. Kinetic model parameters for cadmium adsorption on NiFe2O4-CS 

Kinetic model Parameter 
Cd2+ initial concentration (mg/L)  
10 20 40 

Pseudo first order k1 (1/min) 0.3412 0.2938 0.2379 

 qe,cal (mg/g) 4.8007 9.3139 17.7292 

 R2 0.9994 0.9989 0.9985 

Pseudo second order k2 (g/mg min) 0.1511 0.0576 0.0212 

 qe,cal (mg/g) 4.9896 9.7869 18.9002 

 R2 1.0000 1.0000 1.0000 

 qe,exp (mg/g) 4.9100 9.6050 18.4500 

 
  

  
 

 
Fig. 9. Pseudo-first-order (dashed line) and pseudo-second-order (solid  line) kinetic models for cadmium  

adsorption with initial concentration of (a) 10 mg/L, (b) 20 mg/L, and (c) 40 mg/L on NiFe2O4-CS 
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Table 4. Isotherm model parameters for cadmium adsorption 

Isotherm Parameter 
Absorbent 

NiFe2O4-CS NiFe2O4 
Langmuir qm (mg/g) 25.5534  20.5513 

 KL (L/mg) 0.1643  0.1205 
 RL 0.0483  0.0646 
 R2 0.9999  0.9998 

Freundlich KF (mg1–1/n L1/n /g) 4.5989  3.3936 
 n 1.9875  2.1482 
 R2 0.9910  0.9896 

 

 
  

Ce (mg/L) 

Ce (m

g/L) 

Fig. 10. Langmuir (solid line) and Freunlich (dashed line) isotherm models for cadmium adsorption  
on (a) NiFe2O4-CS and (b) NiFe2O4 adsorbents 

 LM�'T z 5�� �84� �:9 �
�� (��u 7$) ��'��+�� + (0��  7$) ��!S�w �	��!� �	� �r	9 �+� O���	) ) �	�a (NiFe2O4-CS) �b (NiFe2O4 
  

 �
����+ �	
 �@?�  A�Z
�  	���!�� !S�w ��   �� �	�) ��� ��  .�+�RL   	��
�'�	��  �
��  �
� ]� �#�  

  

)||                                                                  (
0L

L CK1
1R

+
=  

  
�� �� �)  

KL (L/mg) '�	�  ��	T� !S�w��  +C0 � w	�
'+
 �HAN � �� � �
 �#
�A�� �	W� .��

 �L0<R <1    
�� ��#�� �#�A4� 0��*�� �	(�
  ��*

 ��
)Liu et al., 2016( . �
��W� RL  
����   84�� �:�9�  O���	�m 

+�� NiFe2O4   +NiFe2O4-CS  	  �FZ 0�+�8� ��
.��
� �
�. \ 

��	*�

�� ��
+� �:9 �*� .��
 �#A4� �r	9 +� ��  

*S!�	� ��	T �
�W��  t4�n� '��+�� 5�� ���� ��
�� ��   �:�9
 �
 �-!) �#A4�	�

�� + ��
 \�   0�+��8� �� �#A4� �:9|   	� 

|�  ��
� �
���.)Liu et al., 2016( �
���W� .n  5+���9 ��� 
����� 
NiFe2O4   +NiFe2O4-CS   ��� �
 > �
 ��� \      ��) ���� ���� ��
U �

�
�S� 84� �:9 ��#� V�	*� ��� 
 ��A� �#�  O���	�m �+��   ���
���� ��#� �r	9 +�� ��
.  

 K�Q �� 5+�9�  ��� ��)
��R ��   ��r	�9 �:�9 �qm  �� ���� 
#A)
 + �pH  ��
��� 
��� NiFe2O4-CS� ��/�� �A��   C��@ �� C�@


�� +� NiFe2O4 Y'	$� ��/�� �A��  C�@ �� C�@
 �
 .��

 �+� �
 n1Z
NiFe2O4  ) 	��#-�
�  
�
� ��)�  0+��@  	���  A�	�2� �� �-�(� 


���  �� 5	, 

�# 	�� �A��  �
�W� ���
qG�Z 
�� 
��  ^:R
 �#
�A�� O���	m � �#�6�� .�(G�  

b 
a 



����O�	 � #�[�
���	 �� �                                                                                                                                        dx.doi.org/10.22093/wwj.2019.118849.2631  
 

 

125

����� � �� 	
��                                                                                                                                Journal of Water and Wastewater 
 
����� 
���� �� ��� �����                                                                                                                                                               Vol. 31, No. 3, 2020 

C3 	�!H1 ?#!X  

 ��
�#��	)#�	� �>�+?; �
 �NiFe2O4-CS �� �r	9 �
#*2�  #��
 �

�����  ^:��R��
���A� �#� Cd2+  6  �� �
���.���� � NiFe2O4-CS  ��
	���   �	� 
 Q	�*L�+���X    �	��� ��� + ���
�  � 	�� ��Q	*L� �
�� �%� 

9�	$� �� 5#A8� �
� � 
�9� 
 .�#�
+ �
@?� ��
�*  F, �  �	�%; �
� >�	) 
�� �@ .���
>* :;
�� NiFe2O4-CS 
���  84�� �:9� 


�# 	��  O���	m�� �
 >
�# 	�� �A�� Cu2+ �Pb2+�  +Zn2+   �� .�#�
 �0+12NiFe2O4-CS ���� w	�� ��
   �:�9 �� 
�Cd2+   .�
� �	�(�

��� ��)
����R���� /
�r#�	���� �:���9 �NiFe2O4 �#��	)#�	� +���
 �
NiFe2O4-CS  ����� #��A)
 + �pH  ����
���  �	���� +�� .�� ���W

��  � ��V ��/��  +��/�� �A��  C��@ �� C�@  ���   .���� ����   0��	��
 ^:R
�# 	�� O���	m �$�u �	� 0� �
 X;  �:9z   �	�*M!� �:9
+

 .	�� �HR1� &�	.�    .���	� K�	�4�  	�-�
�#��	) �[ �
 �NiFe2O4-CS 
�� �� ��
#  �r	9 �
#*2� �� �	��
�9 �� ����	) + �T�  O���	�m  �� �


-�
 ��#�F@ �
�. 0�	�.�� 
  
[3 F1���"\  

     ��1��
 �
�� 0	S�(�
� �
 
� �#�$ ��
����. V 
�� �'	W� �	@�*%
#�
 �����
�+ ���R
+ + �
���6  /	��W�W8  C#��A2 ���R
+z  &���'� ���� 
#��(�;

�
	!R  �!� �	��� C12
 ���	9 .���
�  
 
References 
Ahmed, M. J. K. & Ahmaruzzaman, M. 2016. A review on potential usage of industrial waste materials for 

binding heavy metal ions from aqueous solutions. Journal of Water Process Engineering, 10, 39-47. 
Carolin, C. F., Kumar, P. S., Saravanan, A., Joshiba, G. J. & Naushad, M. 2017. Efficient techniques for the 

removal of toxic heavy metals from aquatic environment: a review. Journal of Environmental Chemical 
Engineering, 5, 2782-2799. 

Changmai, M. & Purkait, M. K. 2017. Kinetics, equilibrium and thermodynamic study of phenol adsorption 
using NiFe 2O4 nanoparticles aggregated on PAC. Journal of Water Process Engineering, 16, 90-97. 

Crini, G. & Badot, P.-M. 2008. Application of chitosan, a natural aminopolysaccharide, for dye removal from 
aqueous solutions by adsorption processes using batch studies: a review of recent literature. Progress in 
Polymer Science, 33, 399-447. 

Dananjaya, S. H. S., Kumar, R. S., Yang, M., Nikapitiya, C., Lee, J. & De Zoysa, M. 2018. Synthesis, 
characterization of ZnO-chitosan nanocomposites and evaluation of its antifungal activity against pathogenic 
Candida albicans. International Journal of Biological Macromolecules, 108, 1281-1288. 

Fan, C., Li, K., Li, J., Ying, D., Wang, Y. & Jia, J. 2017. Comparative and competitive adsorption of Pb (II) and 
Cu(II) using tetraethylenepentamine modified chitosan/CoFe2O4 particles. Journal of Hazardous Materials, 
326, 211-220. 

Gupta, V. K. & Suhas 2009. Application of low-cost adsorbents for dye removal--a review. Journal of 
Environmental Managment, 90, 2313-2342. 

He, J., Li, Y., Wang, C., Zhang, K., Lin, D., Kong, L., et al. 2017. Rapid adsorption of Pb, Cu and Cd from 
aqueous solutions by β-cyclodextrin polymers. Applied Surface Science, 426, 29-39. 

Homayonfard, A., Miralinaghi, M., Shirazi, R. H. S. M. & Moniri, E. 2018. Efficient removal of cadmium (II) 
ions from aqueous solution by CoFe2O4/chitosan and NiFe2O4/chitosan composites as adsorbents. Water 
Science and Technology, 78, 2297-2307. 

Hu, J., Chen, C., Zhu, X. & Wang, X. 2009. Removal of chromium from aqueous solution by using oxidized 
multiwalled carbon nanotubes. Journal of Hazardous Materials, 162, 1542-1550. 

Ihsanullah, Abbas, A., Al-Amer, A. M., Laoui, T., Al-Marri, M. J., Nasser, M. S., et al. 2016. Heavy metal 
removal from aqueous solution by advanced carbon nanotubes: critical review of adsorption applications. 
Separation and Purification Technology, 157, 141-161. 



 �
� �&a���#�P) �* +*8 4
!6� 
�...                                                                                                               dx.doi.org/10.22093/wwj.2019.118849.2631 

 

126

����� � �� 	
��                                                                                                                                Journal of Water and Wastewater 
 
����� 
���� �� ��� �����                                                                                                                                                               Vol. 31, No. 3, 2020 

Inyang, M. I., Gao, B., Yao, Y., Xue, Y., Zimmerman, A., Mosa, A., et al. 2015. A review of biochar as a low-
cost adsorbent for aqueous heavy metal removal. Critical Reviews in Environmental Science and Technology, 
46, 406-433. 

Jafari, A. J., Kakavandi, B., Kalantary, R. R., Gharibi, H., Asadi, A., Azari, A., et al. 2016. Application of 
mesoporous magnetic carbon composite for reactive dyes removal: process optimization using response 
surface methodology. Korean Journal of Chemical Engineering, 33, 2878-2890. 

Kahrizi, P., Mohseni-Shahri, F. S. & Moeinpour, F. 2018. Adsorptive removal of cadmium from aqueous 
solutions using NiFe2O4/hydroxyapatite/graphene quantum dots as a novel nano-adsorbent. Journal of 
Nanostructure in Chemistry, 8, 441-452. 

Kazeminezhad, I., Ahmadizadeh, S. & Babaie, A. A. 2014. Application of magnetic hydroxyapatite 
nanoparticles for removal of Cd2+from aqueous solutions. Journal of Environmental Studies, 40, 739-750. 

Kefeni, K. K., Mamba, B. B. & Msagati, T. A. M. 2017. Application of spinel ferrite nanoparticles in water and 
wastewater treatment: a review. Separation and Purification Technology, 188, 399-422. 

Li, H., Zhang, L., Sun, Z., Liu, Y., Yang, B. & Yan, S. 2015a. One-step synthesis of magnetic 1,6-
hexanediamine-functionalized reduced graphene oxide–zinc ferrite for fast adsorption of Cr (vi). RSC 
Advances, 5, 31787-31797. 

Li, L., Wang, Z., Ma, P., Bai, H., Dong, W. & Chen, M. 2015b. Preparation of polyvinyl alcohol/chitosan 
hydrogel compounded with graphene oxide to enhance the adsorption properties for Cu (II) in aqueous 
solution. Journal of Polymer Research, 22, 150. 

Li, L. H., Deng, J. C., Deng, H. R., Liu, Z. L. & Xin, L. 2010. Synthesis and characterization of chitosan/ZnO 
nanoparticle composite membranes. Carbohydract Research, 345 (8), 994-998. 

Lim, A. P. & Aris, A. Z. 2013. A review on economically adsorbents on heavy metals removal in water and 
wastewater. Reviews in Environmental Science and Bio/Technology, 13, 163-181. 

Lingamdinne, L. P., Koduru, J. R., Choi, Y.-L., Chang, Y.-Y. & Yang, J.-K. 2016. Studies on removal of Pb (II) 
and Cr (III) using graphene oxide based inverse spinel nickel ferrite nano-composite as sorbent. 
Hydrometallurgy, 165, 64-72. 

Liu, F., Zhou, K., Chen, Q., Wang, A. & Chen, W. 2018. Comparative study on the synthesis of magnetic ferrite 
adsorbent for the removal of Cd(II) from wastewater. Adsorption Science and Technology, 36, 1456-1469. 

Liu, Y., Xu, L., Liu, J., Liu, X., Chen, C., Li, G., et al. 2016. Graphene oxides cross-linked with hyperbranched 
polyethylenimines: preparation, characterization and their potential as recyclable and highly efficient 
adsorption materials for lead(II) ions. Chemical Engineering Journal, 285, 698-708. 

Mehta, D., Mazumdar, S. & Singh, S. K. 2015. Magnetic adsorbents for the treatment of water/wastewater-a 
review. Journal of Water Process Engineering, 7, 244-265. 

Miretzky, P. & Cirelli, A. F. 2009. Hg (II) removal from water by chitosan and chitosan derivatives: a review. 
Journal of Hazardous Materials, 167, 10-23. 

Mohan, D & Pittman, C. U. J. 2007. Arsenic removal from water/wastewater using adsorbents-a critical review. 
Journal of Hazardous Materials, 142, 1-53. 

Mohan, D., Sarswat, A., Ok, Y. S. & Pittman, C. U. J. 2014. Organic and inorganic contaminants removal from 
water with biochar, a renewable, low cost and sustainable adsorbent-a critical review. Bioresource 
Technology, 160, 191-202. 

Niu, C., Wu, W., Wang, Z., Li, S. & Wang, J. 2007. Adsorption of heavy metal ions from aqueous solution by 
crosslinked carboxymethyl konjac glucomannan. Journal of Hazardous Materials, 141, 209-214. 



����O�	 � #�[�
���	 �� �                                                                                                                           dx.doi.org/10.22093/wwj.2019.118849.2631  
 

 

127

����� � �� 	
��                                                                                                                                Journal of Water and Wastewater 
 
����� 
���� �� ��� �����                                                                                                                                                               Vol. 31, No. 3, 2020 

Reddy, D. H. & Lee, S. M. 2013. Application of magnetic chitosan composites for the removal of toxic metal 
and dyes from aqueous solutions. Advanced Colloid Interface Science, 201-202, 68-93. 

Santhana K. Kumar, A. & Jiang, S.-J. 2015. Preparation and characterization of exfoliated graphene oxide–l-
cystine as an effective adsorbent of Hg (II) adsorption. RSC Advances, 5, 6294-6304. 

Santhosh, C., Kollu, P., Felix, S., Velmurugan, V., Jeong, S. K. & Grace, A. N. 2015. CoFe2O4 and 
NiFe2O4@graphene adsorbents for heavy metal ions – kinetic and thermodynamic analysis. RSC Advances, 5 
(28), 28972-965. 

Siddiqui, S. I. & Chaudhry, S. A. 2017. Iron oxide and its modified forms as an adsorbent for arsenic removal: a 
comprehensive recent advancement. Process Safety and Environmental Protection, 111, 592-626. 

Sivashankar, R., Sathya, A. B., Vasantharaj, K. & Sivasubramanian, V. 2014. Magnetic composite an 
environmental super adsorbent for dye sequestration – a review. Environmental Nanotechnology, Monitoring 
& Management, 1-2, 36-49. 

Springer, V., Pecini, E. & Avena, M. 2016. Magnetic nickel ferrite nanoparticles for removal of dipyrone from 
aqueous solutions. Journal of Environmental Chemical Engineering, 4, 3882-3890. 

Towler, P. H., Smith, J. D. & Dixon, D. R. 1996. Magnetic recovery of radium, lead and polonium from 
seawater samples after preconcentration on a magnetic adsorbent of manganese dioxide coated magnetite. 
Analytica Chimica Acta, 328, 53-59. 

Vilela, D., Parmar, J., Zeng, Y., Zhao, Y. & Sanchez, S. 2016. Graphene-based microbots for toxic heavy metal 
removal and recovery from water. Nano Letters, 16, 2860-2866. 

Wang, L., Li, J., Wang, Y., Zhao, L. & Jiang, Q. 2012. Adsorption capability for Congo red on nanocrystalline 
MFe2O4 (M=Mn, Fe, Co, Ni) spinel ferrites. Chemical Engineering Journal, 181-182, 72-79. 

Zavar Mousavi, S. H. & Lotfi, Z. 2015. Removal of nickel and cadmium from aqueous solution by modified 
magnetic nanoparticles. Journal of Water and Wastewater, 26 (1), 11-20. (In Persian) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


