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ABSTRACT 

Cr (VI) is highly toxic, carcinogenic and bio accumulative to living organisms. Its extensive industrial applications contaminate the 

natural aqueous ecosystems. Different techniques such as photocatalysis, adsorption, reverse osmosis, ion exchange, chemical 

precipitation, electrochemical reduction, solvent extraction etc. have been investigated to remove hexavalent chromium from 

contaminated water. Among these, adsorption is deliberated as the most effective and promising process because it is easy to design, 

simple to operate and suitable to avoid formation of secondary pollutants. Various adsorbents such as clay minerals, biosorbents, 

industrial wastes and magnetic nanomaterials have been used for the remediation of Cr (VI). The use of magnetic nanomaterials as 

adsorbents for removal of heavy metals has attracted much attention in recent years because of their large surface area and 

superparamagnetic characteristics. These materials not only exhibited high adsorption capacity but also could easily be recycled by 

applying an external magnetic field, making the separation process much easier. In this review, the adsorption behavior of different iron 

oxides such as maghemites, magnetites, ferrites and their modified forms towards the removal of Cr (VI) was discussed. The present 

review focuses on adsorption mechanism of Cr (VI) through the evaluation of adsorption capacities. Kinetics, thermodynamics and 

equilibrium studies for the adsorption process were depicted briefly.  Optimum adsorption conditions (initial Cr (VI) concentration, pH, 

contact time, adsorbent dose and temperature), thermodynamic properties (ΔHo, ΔGo, ΔSo), kinetic model, fitted isotherm, adsorption 

mechanism and maximum adsorption capacities were listed in the table. 
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1. INTRODUCTION 

 Wastewater containing venomous heavy metal ions like Cr 

(VI), Cd (II), Hg (II) and Pd (II) is released into the natural 

aqueous environment through electroplating, leather tanning, 

wood preservation, pulp processing and steel manufacturing. This 

reckless discharge into water ecosystem not only adversely affects 

the downstream users but also aquatic life [1, 2]. Among these 

heavy metal ions, Cr (VI) is deliberated as most priority 

contaminant due to its exceptionally high mobility and solubility 

in aqueous medium, tendency to accumulate in the organisms and 

carcinogenic effect. The toxic level of Cr (VI) is fixed 0.005 ppm 

in wastewater by World Health Organization (WHO) [3-5]. 

Therefore, numerous strategies such as reverse osmosis, ion-

exchange, membrane filtration, ultra-filtration, electrodialysis, 

chemical precipitation, solvent extraction, photocatalysis and 

adsorption have been applied for the removal of Cr (VI) from the 

contaminated water before its discharge to water bodies [6-12]. 

However, adsorption is commonly used as a benevolent technique 

for remediation of Cr (VI) because it is easy to design, simple to 

operate and suitable to avoid formation of secondary pollutants 

[13-16]. Clay minerals, biosorbents, industrial wastes and 

nanomaterials have extensively been studied for the adsorptive 

removal of Cr (VI) [17-21].  Recently, nanomaterials gain great 

attentions for their wide applications in the field of environmental 

purification, energy generation and storage due to their fascinating 

properties like high surface area, abundant reaction sites, tuneable 

pore structure etc. [22-27]. Different nanomaterials like layer 

double hydroxides, iron oxides, metalorganic frame works, etc. are 

used for adsorption of Cr (VI). Use of iron oxides for adsorption 

of heavy metals have attracted much attention because of their 

large surface area and superparamagnetic characteristics [28-30]. 

These materials not only exhibited high adsorption capacity [31] 

but also could easily be separated from the treated solution by the 

application of an external magnetic field [32] making separation 

process much easier. Present review reports on the adsorption 

behavior of iron oxide nanoparticles such as maghemites, 

magnetites, ferrites and their modified forms towards removal of 

Cr (VI). An overview of adsorption mechanism through the 

evaluation of adsorption capacities was presented. Kinetics, 

thermodynamics and equilibrium studies for the adsorption 

process were depicted briefly.  Optimum adsorption conditions 

(initial Cr (VI) concentration, pH, contact time, adsorbent dose 

and temperature), thermodynamic properties (ΔHo, ΔGo, ΔSo), 

kinetic model, fitted isotherm, adsorption mechanism and 

maximum adsorption capacities were listed in the Table 1. 

2. ADSORPTION OF Cr (VI) ON TO IRON OXIDES 

2.1 Adsorption behavior of maghemite nanoparticles towards 

removal of Cr (VI). 

 Maghemite nanoparticles (γ-Fe2O3) appear to be promising 

adsorbents for Cr (VI) removal as these are inexpensive, readily 

available and can easily be separated. Nanoparticles of maghemite 

prepared by sol-gel method possessed saturation moment of 3.3 

emu g-1 which indicated that these particles responded well to the 

magnetic fields without any permanent magnetization and hence 
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could easily be separated from the treated solution by using an 

external magnetic field. Moreover, these particles have shown a 

rapid rate of adsorption of Cr (VI) due to the presence of active 

sites at the exterior part of the adsorbent that facilitates quick 

interaction of Cr (VI) species. Maximum adsorption capacity 

observed by these particles was found to be 19.2 mg g-1 [33]. 

Adsorption process involves electrostatic attraction between 

anionic Cr (VI) species and protonated surface hydroxyl groups of 

the adsorbent at low pH (2.5) as shown in the scheme 1.  A similar 

mechanism for adsorption of Cr (VI) was also reported for 

mesoporous magnetic iron-oxide (γ-Fe2O3). The adsorbent 

exhibited maximum adsorption capacity of 15.6 mg g-1 with a 

faster rate of adsorption and the adsorbent was completely 

separated from the solution by using an external magnetic field 

[34]. 

 
Scheme 1.  The Plausible mechanism of adsorption of Cr (VI) onto 

Maghemite nanoparticles. 

 

 Adsorption capacity of maghemite nanoparticles is 

influenced by surface functionalisation. Singh et a.reported that 

functionalisation of starch on maghemite nanoparticles provides 

additional hydroxyl groups which increase the number of surface 

active sites and enhances adsorption of Cr(VI) species with an 

improved adsorption capacity of 27.06 mg g-1 [35]. A reverse 

trend in adsorption of Cr (VI) was observed for humic acid 

modified maghemite nanoparticles as a coating of maghemite 

nanoparticles with humic acid decreased the adsorption sites as 

well as increased the number of negatively charged carboxylic 

groups at the surface resulting in electrostatic repulsion of 

oxyanionic Cr (VI) species [36].  

2.2 Adsorptive removal of Cr (VI) over magnetite nanoparticles. 

 Nanoparticles of magnetite are extensively used for 

adsorption of Cr (VI) due to their easy methods of preparation, 

good chemical stability, low toxicity, high surface area and a large 

number of surface active sites. Large saturation magnetization 

with superparamagnetic properties enabled them to be separated 

by employing an external magnetic field and could easily be 

recovered from treated solutions. Asuha et al reported that 

surfaces of mesoporous magnetite (Fe3O4) get protonated at low 

pH resulting in positively charged surface groups (–FeOH2+). 

These groups adsorb oxyanionic species of Cr (VI) by coulombic 

force to get adsorption capacity of 15.4 mg g-1 [37]. The maximum 

adsorption capacity of 13.3 mg g-1 and 18.36 mg g-1 were obtained 

from magnetite nanoparticles prepared by electrochemical [38] 

and coprecipitation methods [39] respectively. Porous magnetite 

nanospheres exhibited adsorption capacity of 8.90 mg g-1 at 45 °C 

[40]. 

 Magnetite nanoparticles show strong tendency to form 

aggregate due to their high specific surface area as well as strong 

dipole–dipole attractions. As a result, their stability is decreased 

and their applications are limited. In order to prevent aggregation 

and enhance adsorption capacity, surfaces of magnetite 

nanoparticles are modified [41]. Tetramethylammonium 

hydroxide modified magnetite nanoparticles exhibited an 

improved adsorption capacity of 34.9 mg g-1 at 45 °C [42]. Burks 

et al. reported that 3-Mercaptopropionic acid coated Fe3O4 

nanoparticles exhibited an adsorption capacity of 45 mg g-1 at pH 

1.0. This increase in adsorption capacity may be attributed to the 

bonding of negatively charged Cr (VI) species with the -SO3H 

groups formed by oxidation of 3-Mercaptopropionic acid [43]. 

Maximum adsorption capacity of 60.25 and 61.35 mg g-1 were 

shown by ethylenediamine functionalized Fe3O4 nanochains [44] 

and ethylenediamine functionalized Fe3O4 magnetic polymer [45] 

respectively. It is further increased to 99 mg g-1 by MCM-41 

modified magnetite nanoparticles [46]. Li and his coworkers used 

magnetically separable cyclodextrin–chitosan modified graphene 

oxide (CCGO) for removal of Cr (VI) from aqueous solution. The 

surface hydroxyl groups and magnetic cyclodextrin–chitosan 

present in the adsorbent are homogeneously distributed on the 

surface of graphene oxide and the adsorption process involves the 

following steps. (i) Negatively charged Cr (VI) species get 

attracted by protonated amine groups of the adsorbent in acidic 

medium due to electrostatic attraction [47]. (ii) In acidic medium, 

Cr (VI) is partial reduced to Cr (III) with the help of π – electrons 

present on the carbocyclic six membered ring of cyclodextrin–

chitosan modified graphene oxide. (iii) Cr (III) species so formed 

are either released into the solution due to electrostatic repulsion 

of protonated amine groups or Cr (III) get bound with negatively 

charged groups (COO-) present on the surface of adsorbent by 

electrostatic attraction. (iv)  Cr (VI) and Cr (III) species are 

inserted into the cavities of cyclodextrin to form stable host-guest 

inclusion complexes. The possible mechanism of adsorption was 

shown in scheme 2. Maximum adsorption capacity achieved by 

this adsorbent was found to be 67.66 mg g-1 [48]. Magnetic 

chitosan graphene oxide nanocomposite (CGO) exhibited 

maximum adsorption capacity of 101.6 mg g-1 [49]. Less 

adsorption capacity observed by the former compared to chitosan 

graphene oxide nanocomposite may be attributed to the chemical 

cross linking of chitosan with glutaraldehyde which decreases the 

number of available -NH2 and –OH groups which are responsible 

for adsorption [50]. Improved adsorption capacity of 117.94 mg g-

1 was obtained by magnetic mesoporous titanium dioxide modified 

graphene oxide (MTGO) because magnetic mesoporous titanium 

dioxide spheres prevent graphene oxide from agglomeration and 

edges of graphene oxide sheets could spread out of the spheres to 

a large extent with enough adsorption sites. The presence of Cr 

(VI) and Cr (III) species on the surface of adsorbent confirmed 

that removal occurs through partial Cr (VI) reduction in acidic 

medium as shown in the Eqn. 1. 

 
Scheme 2. Mechanism of adsorption of Cr (VI) onto cyclodextrin–

chitosan modified graphene oxide. 
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HCrO4
-  + 7H+ + 3e- →Cr3+ + 4H2O   (1) 

 The mechanism of adsorption involves electrostatic 

attraction of negatively charged Cr (VI) species by protonated 

hydroxy groups present on the surface of adsorbent followed by 

partial reduction of Cr (VI) species into Cr (III) with the help of 

pi- electrons of the carbocyclic six membered ring of the 

adsorbent.  Cr (III) species so obtained either enter into the 

solution due to electrostatic repulsion from protonated hydroxy 

groups or get boud with the surface of adsorbent by the 

electrostatic attraction of COO-groups [51,]. In addition to this, 

the metal ions are bound with the oxygen atoms of plentily 

available oxygen containing functional groups of the adsorbent 

surface. Moreover, the protonated -NH2 groups of ammoniated 

mesoporous TiO2 adsorb Cr (VI) species through electrostatic 

attraction [52]. 

 Fe3O4 was modified with polymer nanocomposites such as 

polyaniline, polypyrrole, tetraethylenepentamine and m-

phenylenediamine [53-59]. As nanosized polypyrrole is 

considered as a good adsorbent [60] for remediation of Cr (VI), 

Fe3O4 functionalised polypyrrole nanocomposite was prepared and 

subjected for adsorption of Cr (VI). The adsorbent exhibited 169.5 

mg g-1 [61]. Enhanced adsorption capacity of 238 mg g-1 was 

observed by Fe3O4/glycine doped polypyrrole (FGP) 

nanocomposite at pH 2.0. The amine groups of glycine are 

protonated at low pH and hence, the negatively charged HCrO4
- 

gets adsorbed on the surface of adsorbent by the protonated amine 

groups through ionic interaction resulting an enhanced adsorption 

capacity. Adsorption mechanism was given in scheme 3 [62].  

 
Scheme 3. Mechanism of adsorption of Cr(VI) onto FGP nanocomposite. 

 

2.3 Adsorption of Cr (VI) by Ferrites.  

 Ferrites are also used for remediation Cr (VI) as they can 

easily be separated by employing an external magnetic field [63-

66]. Mesoporous NiFe2O4 samples with high surface area 

adsorbed Cr (VI) species from aqueous solution at lower pH 

through coulombic attraction with a loading capacity of 43.68 mg 

g-1. Authors have reported that these samples possessed high 

magnetic sensitivity due to which they could easily be recovered 

from the treated solution by employing an external magnetic field 

and hence could efficiently be reused. [67]. CaFe2O4 nanoparticles 

were employed for the removal of Cr (VI) as these are considered 

to be relatively more biocompatible due to inherrent nontoxic 

nature of calcium. Maximum adsorption capacity obtained by 

these nanoparticles is 124.11 mg g-1 at pH 2.0 [68]. 

Magnetic properties of ferrites are modified by doping with rare 

earth ions [69]. Kuai and his co-workers synthesized nano sized 

particles of Ce3+ doped magnetic zinc ferrites with formula 

ZnCexFe2-xO4 [32]. Maximum adsorption capacity for the sample 

with formula ZnCe0.03Fe1.97O4 was found to be 57.24 mg g-1.

  

Table 1. Optimum adsorption conditions like initial Cr(VI) concentration, pH, contact time, temperature, adsorbent dose, maximum adsorption 

capacity, mechanism of adsorption, thermodynamic parameters, kinetic model and fitted isotherm for  magnetic iron oxides and their modified forms. 
Name of the 

adsorbent 

Max.Ads 

Capacity 

(mg g
-1

) 

Optimu

m pH 

Temper

ature ( 

°C ) 

Initial 

Cr(VI) 

concentratio

n ( mgL
-1

) 

Adsorb

ent 

dose      

(g L
-1

) 

Contact 

Time 

(Minutes) 

Fitted 

Isotherm 

Kinetic 

model 

Thermodynam

ic parameters 

Mechanism of 

adsorption 

Reference 

Mesop. 

γ -Fe2O3 

15.6 2.5 22 5-100 1.25 20 ----------- -------- ------------------

------ 

Electrostatic 

attraction 

34 

Maghemite 

nanoparticles 

19.2 2.5 25 5-200 5.0 15 Freundlich -------- ------------------

--------- 

Electrostatic 

interaction and ion 

exchange  

33 

Starch 

functionalised 

Maghemite 

nanoparticles 

27.06 2.0 30 12 4.0 1440 Freundlich Psueudo 

second 

order 

ΔH = +ve, 

endothermic 

ΔG = -ve, 

spontaneous 

ΔS = +ve, 

Electrostatic 

attraction 

35 

magnetite 

(Fe3O4) 

nanopowder 

15.4 6.0 ---------

--- 

5-100 1.5 30 Langmuir --------- ------------------

-------- 

Electrostatic 

attraction 

37 

Magnetite 

Nanoparticles 

18.36 5.5 ……….

.. 

100-400 2.0 60 Freundlich Psueudo 

second 

order 

…................ Electrostatic 

attraction 

39 

Magnetite 

Nanoparticles 

13.3 3.5 20 80 2.0 30 Langmuir Psueudo 

second 

order 

…............... Electrostatic 

attraction 

38 

Magnetite 

nanospheres 

8.90 4.0 45 10-100 2.0 2880 Redlich–

Peterson 

Psueudo 

second 

order 

…........  Complexation, 

Electrostatic 

attraction 

40 

Magnetite 

Nanoparticles 

34.9 2.0 45 2-100 2.0 1440 Sips Psueudo 

second 

order 

…............ Electrostatic 

attraction 

42 

3Mercaptopro

pionic acid 

coated Fe3O4 

nanoparticles  

45 1.0 25 50 0.5 60 Freundlich Psueudo 

second 

order 

….......... surface complexation 43 

Ethylenediam

ine 

functionalized 

Fe3O4 

nanochains 

60.25 2.0 25 40 1.0 360 Langmuir ……... ….......... Electrostatic 

attraction,reduction of 

Cr(VI) to Cr (III), 

coordination 

interaction of Cr (III). 

44 

Ethylenediam 61.35 2.5 35 10-150 1.25 60 Langmuir Psueudo …...... …………. 45 
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Name of the 

adsorbent 

Max.Ads 

Capacity 

(mg g
-1

) 

Optimu

m pH 

Temper

ature ( 

°C ) 

Initial 

Cr(VI) 

concentratio

n ( mgL
-1

) 

Adsorb

ent 

dose      

(g L
-1

) 

Contact 

Time 

(Minutes) 

Fitted 

Isotherm 

Kinetic 

model 

Thermodynam

ic parameters 

Mechanism of 

adsorption 

Reference 

ine 

funtionalized 

Fe3O4 

magnetic 

polymer 

second 

order 

CCGO 67.66 3.0 30 50 1.0 - ….... ……. ….......... ………. 48 

CGO 101.6  3.0 25 10-500 1.0 300 Langmuir, 

Redlich–

Peterson 

Psueudo 

second 

order 

ΔH
o
 = +ve 

ΔG
o
 = -ve  

ΔS
o
 = +ve 

Ion exchange 49 

MCM-

41/Fe3O4 

105 2.0 25 106-156 1.0 ………... Freundlich …... …........... …………. 46 

Fe3O4 / 

polypyrrole 

 

nanocomposit

e 

243.9 2.0 45 200-600 2.0 30-180 Langmuir Psueudo 

second 

order 

ΔH = +ve, 

endothermic 

ΔG = -ve, 

spontaneous 

ΔS = +ve, 

Anion exchange  61 

 

Fe3O4 glycine 

- polypyrrole 

nanocomposit

e 

303 2.0 45 200-650 2.0 30-180 Langmuir Psueudo 

second 

order 

ΔH = +ve, 

endothermic 

ΔG = -ve, 

spontaneous 

ΔS = +ve, 

Electrostatic 

attraction followed by 

reduction of Cr(VI) to 

Cr (III) 

62 

NiFe2O4 43.68 2.0 25 10-250 2.0 120 Langmuir Psueudo 

second 

order 

……………. Electrostatic 

attraction 

67 

CaFe2O4 124.11 2.0 30 50 1.0 40 Langmuir Psueudo 

second 

order 

ΔH = -ve, 

exothermic 

ΔG = -ve, 

spontaneous 

ΔS = -ve, 

Electrostatic 

attraction 

68 

ZnCe0.03Fe1.97

O4 

57.24 2.0 25 60 0.5 4320 Langmuir Psueudo 

second 

order 

…………….. Electrostatic 

attraction 

32 

 

4. CONCLUSIONS 

 Adsorption behavior of iron oxides and there modified 

forms towards removal of Cr (VI) were reviewed. The mechanism 

of adsorption was briefly discussed. Adsorption process mostly 

occurs at low pH through electrostatic attraction between anionic 

Cr (VI) species and protonated surface hydroxyl groups of iron 

oxides. The modified forms exhibit high adsorption capacity 

basically due to strong interaction between protonated amine 

groups and negatively charged Cr (VI) species through 

electrostatic attraction. Being magnetic in nature these adsorbents 

can easily be separated from the treated solution by application of 

an external magnetic field. This finds a major advantage of these 

adsorbents in the field of waste water treatment towards 

remediation of Cr (VI). However, the practical application of such 

adsorbents really faces a number of challenges such as relatively 

low adsorption capacity and technical difficulties for their 

industrial use. Therefore, tremendous efforts are necessary from 

the scientists and engineers to enable these challenging adsorbents 

for efficient application in the removal of Cr (VI) from laboratory 

scale to industrial scale. 

5. REFERENCES 

1. Chen, C.; Chai, Z; Wang, X.  Metal–organic framework-based 

materials: superior adsorbents for the capture of toxic and 

radioactive metal ions. Chem Soc Rev 2018, 47, 2322–2356, 

https://doi.org/10.1039/c7cs00543a. 

2. Wen, T.;  Wang, J.;  Yu, S.;  Chen, Z.; Hayat, T.;  Wang, X.  

Magnetic Porous Carbonaceous Material Produced from Tea 

Waste for Efficient Removal of As(V), Cr(VI), Humic Acid, and 

Dyes. ACS Sustainable Chem. Eng. 2017, 5, 4371-4380, 
https://doi.org/10.1021/acssuschemeng.7b00418.  

3. Aroua, M.K.; Zuki, F.M.; Sulaiman, N.M. Removal of 

chromium ions from aqueous solutions by polymer-enhanced 

ultrafiltration. J. Hazard. Mater. 2007, 147, 752-758, 

https://doi.org/10.1016/j.jhazmat.2007.01.120. 

4. Kozlowski, C.A.; Walkowiak, W. Removal of chromium 

(VI) from aqueous solutions by polymer inclusion membranes. 

Water Res. 2002, 36, 4870–4876, https://doi.org/10.1016/S0043-

1354(02)00216-6. 

5. Tripathy, S.P.; Subudhi, S.; Acharya, R.; Acharya, R.; Das, 

M.; Parida, K.M. Adsorptive removal of Cr (VI) onto 

UiO‑66‑NH2 and its determination by radioanalytical 

techniques. J. Radioanal. Nucl. Chem. 2019, 297, 1-10, 

https://doi.org/10.1007/s10967-019-06761-w. 

6. Barrera-Diaz, C.E.; Lugo-Lugo, V.; Bilyeu, B. A review of 

chemical, electrochemical and biological methods for aqueous 

Cr(VI) reduction. J. Hazard. Mater. 2012, 223-224, 374, 

https://doi.org/10.1016/j.jhazmat.2012.04.054. 

7. Hamdan, S.S.; El-Naas, M.H. Characterization of the 

removal of Chromium (VI) from groundwater by 

electrocoagulation. J. Ind. Eng. Chem. 2014, 20, 2775–2781, 

https://doi.org/10.1016/j.jiec.2013.11.006. 

8. Lamkhao, S.; Rujijanagul, G.; Randorn, C. Fabrication of g-

C3N4 and a promising charcoal property towards enhanced 

chromium (VI) reduction and wastewater treatment under visible 

light. Chemosphere 2018, 193, 237-243, 

https://doi.org/10.1016/j.chemosphere.2017.11.015. 

9. Meena, A.H.; Kaplan, D.I.; Powell, B.A.; Arai, Y. Chemical 

stabilization of chromate in blast furnace slag mixed 

cementitious materials. Chemosphere 2015, 138, 247-252, 

https://doi.org/10.1016/j.chemosphere.2015.06.008. 

10. Acharya, R.; Naik, B.; Parida, K. Cr (VI) remediation from 

aqueous environment through modified-TiO2-mediated 

https://doi.org/10.1039/c7cs00543a
https://doi.org/10.1021/acssuschemeng.7b00418
https://doi.org/10.1016/j.jhazmat.2007.01.120
https://doi.org/10.1016/S0043-1354(02)00216-6
https://doi.org/10.1016/S0043-1354(02)00216-6
https://doi.org/10.1007/s10967-019-06761-w
https://doi.org/10.1016/j.jhazmat.2012.04.054
https://doi.org/10.1016/j.jiec.2013.11.006
https://doi.org/10.1016/j.jiec.2013.11.006
https://doi.org/10.1016/j.chemosphere.2017.11.015
https://doi.org/10.1016/j.chemosphere.2015.06.008


Rashmi Acharya, Kulamani Parida 

Page | 5270  

photocatalytic reduction. Beilstein J Nanotechnol. 2018, 9, 

1448–1470, https://doi.org/10.3762/bjnano. 

11. Das, S.; Patnaik, S.; Parida, K.M. Fabrication of a Au-loaded 

CaFe2O4/CoAl LDH p-n junction based architecture with 

stoichiometric H2 & O2 generation and Cr (VI) reduction under 

visible light. Inorg. Chem. Front. 2019, 6, 94–109, 

https://doi.org/10.1039/c8qi00952j. 

12. Acharya, R.; Naik, B.; Parida, K.M. Adsorption of Cr (VI) 

and Textile Dyes on to Mesoporous Silica, Titanate Nanotubes, 

and Layered Double Hydroxides. In: Nanomaterials in the Wet 

Processing of Textiles, Islam, S.; Butola, B.S. Eds.; John Wiley 

& Sons Inc: USA, 2018; pp. 219–260, 

https://doi.org/10.1002/9781119459804.ch7. 

13. Das, J.; Das, D.; Dash, G.P.; Das, D.P.; Parida, K. Studies on 

Mg/Fe Hydrotalcite –like  – compound (Htlc): Removal of 

chromium (VI) from aqueous solution. Int.                                          

J. Environ. Studies 2004, 61, 605-616, 

https://doi.org/10.1080/0020723042000212627. 

14. Mallick, S.; Dash, S.S.; Parida, K.M. Adsorption of 

hexavalent chromium on manganese nodule leached residue 

obtained from NH3- SO2 leaching. J. Colloid Interf. Sci. 2006, 

297, 419-425, https://doi.org/10.1016/j.jcis.2005.11.001. 

15 Karri, R. R.; Sahu, J. N.; Meikap, B. C. Improving efficacy of 

Cr (VI) adsorption process on sustainable adsorbent derived 

from waste biomass (sugarcane bagasse) with help of ant colony 

optimization. Indust. Crops Produc., 2020,  143, 111927 

doi.org/10.1016/j.indcrop.2019.11192716.  Yang, J.; Yu, M.; 

Chen, W. Adsorption of hexavalent chromium from aqueous 

solution by activated carbon prepared from longan seed: 

Kinetics, equilibrium and thermodynamics.               J. Indust. 

Eng. Chem. 2015, 21, 414–422, 

https://doi.org/10.1016/j.jiec.2014.02.054. 

17. Acharya, R.; Martha, S.; Parida, K.M. Remediation of Cr 

(VI) Using Clay Minerals, Biomasses and Industrial Wastes as 

Adsorbents. In: Advanced Materials for Waste Water Treatment. 

Islam, S., Ed.; John Wiley & Sons Inc: USA, 2017; pp. 129–170, 

https://doi.org//10.1002/9781119407805.ch5. 

18. Deng, L.; Shi, Z.; Li, B.; Yang, L.; Luo, L.; Yang, X. 

Adsorption of Cr (VI) and phosphate on mg−al hydrotalcite 

supported kaolin clay prepared by ultrasound-assisted 

coprecipitation method using batch and fixed-bed systems.              

Ind. Eng. Chem. Res. 2014, 53, 7746−7757, 

https://doi.org/10.1021/ie402917s.  

19. Ji, M.; Su, X.; Zhao, Y.; Qi, W.; Wang, Y.; Chen, G.; Zhang, 

Z. Effective adsorption of Cr (VI) on mesoporous Fe 

functionalized Akadama clay: Optimization, selectivity and 

mechanism. Appl. Surface Sci. 2015, 344, 128–136, 

https://doi.org/10.1016/j.apsusc.2015.03.006. 

20. Gonzalez, M.H.; Araujo, G.C.L.; Pelizaro, C.B.; Menezes, 

E.A.S.; Lemos, G.; de Sousa, G.B; Nogueira, A.R.A. Coconut 

coir as biosorbent for Cr (VI) removal from laboratory 

wastewater. J. Hazard. Mater. 2008, 159, 252–256, 

https://doi.org/10.1016/j.jhazmat.2008.02.014. 

21. Dehghani, M.H.; Sanaei, D.; Ali, I.; Bhatnagar, A. Removal 

of chromium (VI) from aqueous solution using treated waste 

newspaper as a low-cost adsorbent: Kinetic modeling and 

isotherm studies. J. Molecular Liq. 2016, 215, 671-679, 

https://doi.org/10.1016/j.molliq.2015.12.057. 

22. Pattnaik, S.P.; Behera, A.; Martha, S.; Acharya, R.; Parida, 

K.M. Synthesis, photoelectrochemical properties and solar light-

induced photocatalytic activity of bismuth ferrite nanoparticles. 

J. Nanoparticle Res. 2018, 20, 10, 

https://doi.org/10.1007/s11051-017-4110-5. 

23.  Pattnaik, S.P.; Behera, A.; Martha, S.; Acharya, R.; 

Parida, K.M. Facile synthesis of exfoliated graphitic carbon 

nitride for photocatalytic degradation of ciprofloxacin under 

solar irradiation. J. Mater. Sci. 2019, 54, 5726–5742, 

https://doi.org/10.1007/s10853-018-03266-x. 

24. Nayak, S.; Swain, G.; Parida, K.M. Enhanced Photocatalytic 

Activities of RhB Degradation and H2 Evolution from in Situ 

Formation of the Electrostatic Heterostructure MoS2/NiFe LDH 

Nanocomposite through the Z-Scheme Mechanism via p–n 

Heterojunctions. ACS Appl. Mater. Interf. 2019, 11, 20923-

20942, https://doi.org/10.1021/acsami.9b06511. 

25.  Acharya, R.; Subbaiah, T.; Anand, S.; Das, R.P. 

Preparation, characterization and electrolytic behavior of β-

nickel hydroxide. J. Power Sourc. 2002, 109, 494–499, 

https://doi.org/10.1016/S0378-7753(02)00164-7. 

26.  Acharya, R.; Subbaiah, T.; Anand, S.; Das, R.P. Effect of 

preparation parameters on electrolytic behaviour of turbostratic 

nickel hydroxide. Mater Chem Phys. 2003, 81, 45–49, 

https://doi.org/10.1016/S0254-0584(03)00091-9. 

27.  Acharya, R.; Subbaiah, T.; Anand, S.; Das, R.P. Effect of 

precipitating agents on the physicochemical and electrolytic 

characteristics of nickel hydroxide. Mater Lett. 2003, 57, 3089–

3095, https://doi.org/10.1016/S0167-577X(03)00002-8. 

28. Liu, J.F.; Zhao, Z.S.; Jiang, G.B. Coating Fe3O4 magnetic 

nanoparticles with humic acid for high efficient  removal of  

heavy metals in water. Environ. Sci. Technol. 2008, 42, 6949–

6954, https://doi.org/10.1021/es800924c. 

29. Chang, Y.C.; Chen, D.H. Preparation and adsorption 

properties of monodisperse chitosan-bound Fe3O4 magnetic 

nanoparticles for removal of Cu(II) ions. J. Colloid Interf. Sci. 

2005, 283, 446–451, https://doi.org/10.1016/j.jcis.2004.09.010. 

30. Yantasee, W.; Warner, C.L.; Sangvanich, T.; Addleman, 

R.S.; Carter, T.G.; Wiacek, R.J.; Fryxell, G.E.; Timchalk, C.; 

Warner, M.G. Removal of heavy metals from aqueous systems 

with thiol functionalized superparamagnetic nanoparticles. 

Environ. Sci. Technol. 2007, 41, 5114–5119, 

https://doi.org/10.1021/es0705238. 

31. Peng, Z.G.; Hidajat, K.; Uddin, M.S. Adsorption of bovine 

serum albumin on nanosized magnetic particles.                                 

J. Colloid Interf. Sci. 2004, 271, 277-283, 

https://doi.org/10.1016/j.jcis.2003.12.022. 

32. Kuai, S.; Zhang, Z.; Nan, Z. Synthesis of Ce3+ doped 

ZnFe2O4 self- assembled clusters and adsorption of chromium 

(VI). J. Hazard. Mater. 2013, 250–251, 229–237, 

https://doi.org/10.1016/j.jhazmat.2013.01.074. 

33. Hu, J.; Chen, G.; Lo, I.M.C. Removal and recovery of Cr 

(VI) from wastewater by maghemite nanoparticles.                       

Water Res. 2005, 39, 4528-4536, 

https://doi.org/10.1016/j.watres.2005.05.051. 

34. Wang, P.; Lo, I.M.C. Synthesis of mesoporous magnetic γ-

Fe2O3 and its application to Cr (VI) removal from contaminated 

water. Water Res. 2009, 43, 3727-3734, 

https://doi.org/10.1016/j.watres.2005.05.051. 

35. Singh, P.N.; Tiwary, D.; Sinha, I. Chromium removal from 

aqueous media by superparamagnetic starch functionalized 

maghemite nanoparticles. J. Chem. Sci. 2015, 127, 1967–1976, 

https://doi.org/10.1007/s12039-015-0957-0. 

36. Jiang, W.; Pelaez, M.; Dionysiou, D.D.; Entezari, M.H.; 

Tsoutsou, D.; O’Shea, K. Chromium (VI) removal by 

maghemite nanoparticles. Chem. Eng. J. 2013, 222, 527–533, 

https://doi.org/10.1016/j.cej.2013.02.049. 

37. Asuha, S.; Suyala, B.; Zhao, S. Porous structure and Cr (VI) 

removal abilities of Fe3O4 prepared from Fe–urea complex. 

Mater. Chem. Phys. 2011, 129, 483–487, 

https://doi.org/10.1016/j.matchemphys.2011.04.044. 

38. Mart   nez,  . .; Mun  oz-Bonilla, A.; Mazario, E.; Recio, F.J.; 

Palomares, F.J.; Herrasti, P. Adsorption of chromium (VI) onto 

electrochemically obtained magnetite nanoparticles. Int. J. 

Environ. Sci. Technol. 2015, 12, 4017–4024, 

https://doi.org/10.1007/s13762-015-0832-z. 

https://doi.org/10.3762/bjnano
https://doi.org/10.1039/c8qi00952j
https://www.bookdepository.com/publishers/John-Wiley-Sons-Inc
https://www.bookdepository.com/publishers/John-Wiley-Sons-Inc
https://doi.org/10.1002/9781119459804.ch7
https://doi.org/10.1080/0020723042000212627
https://doi.org/10.1016/j.jcis.2005.11.001
https://doi.org/10.1016/j.jiec.2014.02.054
https://www.bookdepository.com/publishers/John-Wiley-Sons-Inc
https://doi.org/10.1002/9781119407805.ch5
https://doi.org/10.1021/ie402917s
https://doi.org/10.1016/j.apsusc.2015.03.006
https://doi.org/10.1016/j.jhazmat.2008.02.014
https://doi.org/10.1016/j.molliq.2015.12.057
https://doi.org/10.1007/s11051-017-4110-5
https://doi.org/10.1007/s10853-018-03266-x
https://pubs.acs.org/doi/full/10.1021/acsami.9b06511
https://pubs.acs.org/doi/full/10.1021/acsami.9b06511
https://pubs.acs.org/doi/full/10.1021/acsami.9b06511
https://pubs.acs.org/doi/full/10.1021/acsami.9b06511
https://pubs.acs.org/doi/full/10.1021/acsami.9b06511
https://doi.org/10.1021/acsami.9b06511
https://doi.org/10.1016/S0378-7753(02)00164-7
https://doi.org/10.1016/S0254-0584(03)00091-9
https://doi.org/10.1016/S0167-577X(03)00002-8
https://doi.org/10.1021/es800924c
https://doi.org/10.1016/j.jcis.2004.09.010
https://doi.org/10.1021/es0705238
https://doi.org/10.1016/j.jcis.2003.12.022
https://doi.org/10.1016/j.jhazmat.2013.01.074
https://doi.org/10.1016/j.watres.2005.05.051
https://doi.org/10.1016/j.watres.2005.05.051
https://doi.org/10.1007/s12039-015-0957-0
https://doi.org/10.1016/j.cej.2013.02.049
https://doi.org/10.1016/j.matchemphys.2011.04.044
https://doi.org/10.1007/s13762-015-0832-z


A review on adsorptive remediation of Cr (VI) by magnetic iron oxides and their modified forms 

Page | 5271  

39. Lasheen, M.R.; El-Sherif, I.Y.;  Sabry, D.Y.; El-Wakeel, 

S.T.; El-Shahat, M.F. Removal and recovery of Cr (VI) by 

magnetite nanoparticles. Desalin. Water Treat. 2014, 52, 6464–

6473, https://doi.org/10.1080/19443994.2013.822158. 

40. Kumari, M.; Pittman Jr, C.U.; Mohan, D. Heavy metals 

[chromium (VI) and lead (II)] removal from water using 

mesoporous magnetite (Fe3O4) nanospheres. J. Colloid Interf. 

Sci. 2015, 442, 120–132, 

https://doi.org/10.1016/j.jcis.2014.09.012. 

41. Elfeky, S. A.; Mahmoud, S. E.; Youssef, A. F. Applications 

of CTAB modified magnetic nanoparticles for removal of 

chromium (VI) from contaminated water. J. Advanc. Res. 2017, 

8, 435–443. https://doi.org/10.1016/j.jare.2017.06.002.  

42. Rajput, S.; Pittman Jr., C.U., Mohan, D. Magnetic magnetite 

(Fe3O4 ) nanoparticle synthesis and applications for lead (Pb2+) 

and chromium (Cr6+) removal from water. J. Colloid Interf. Sci. 

2016, 468, 334–346, https://doi.org/10.1016/j.jcis.2015.12.008. 

43. Burks, T.; Avila, M.; Avila, F.; Göthelid, M.; P.C.; Lansåker, 

Toprak, M.S.; Muhammed, M.; Uheida, A. Studies on the 

adsorption of chromium (VI) onto 3-Mercaptopropionic acid 

coated superparamagnetic iron oxide nanoparticles.                             

J. Colloid Interf. Sci. 2014, 425, 36–43, 

https://doi.org/10.1016/j.jcis.2014.03.025. 

44. Ni, H.; Sun, X.; Li, Y.; Li, C. Solvothermal self-assembly of 

magnetic Fe3O4 nanochains by ethylenediamine functionalized 

nanoparticles for chromium (VI) removal. J. Mater. Sci. 2015, 

50, 4270–4279, https://doi.org/10.1007/s10853-015-8979-z. 

45. Zhao, Y.G.; Shen, H.Y.; Pan, S.D.; Hu, M.Q. Synthesis, 

characterization and properties of ethylenediamine 

functionalized Fe3O4  magnetic polymers for removal of Cr (VI) 

in wastewater. J. Hazard. Mater. 2010, 182, 295-302, 

https://doi.org/10.1016/j.jhazmat.2010.06.029. 

46. Chen, X.; Lam, K.F.; Yeung, K.L. Selective removal of 

chromium from different aqueous systems using magnetic 

MCM-41 nanosorbents. Chem. Eng. J. 2011, 172, 728–734, 

https://doi.org/10.1016/j.cej.2011.06.042. 

47. Santhosh, C.; Daneshvar, E.; Kollu, P.; Peräniemi, S.; Grace, 

A. N.; Bhatnagar, A. Magnetic SiO2@CoFe2O4 nanoparticles 

decorated on graphene oxide as efficient adsorbents for the 

removal of anionic pollutants from water.  Chem. Eng. J. 2017, 

322, 472-487, https://doi.org/10.1016/j.cej.2017.03.144.  

48. Li, L.; Fan, L.; Sun, M.; Qiu, H.; Li, X.; Duan, H.; Luo, C. 

Adsorbent for chromium removal based on graphene oxide 

functionalized with magnetic cyclodextrin–chitosan. Colloid. 

Surf. B: Biointerf. 2013, 107, 76–83, 

https://doi.org/10.1016/j.colsurfb.2013.01.074. 

49. Debnath, S.; Maity, A.; Pillay, K. Magnetic chitosan–GO 

nanocomposite: Synthesis, characterization  and batch adsorber 

design for Cr(VI) removal. J. Environ. Chem. Eng. 2014, 2, 963-

973, https://doi.org/10.1016/j.jece.2014.03.012. 

50. Hsien, T.Y.; Rorrer, G.L. Heterogeneous Cross-Linking of 

Chitosan Gel Beads:  Kinetics, Modeling, and Influence on 

Cadmium Ion Adsorption Capacity. Industrial Eng. Chem. Res. 

1997, 36, 3631- 3638, https://doi.org/10.1021/ie9701579. 

51. Wang, D.; Zhang, G.; Zhou, L.; Wang, M.; Cai, D.; Wu, Z.  

Synthesis of a multifunctional graphene oxide-based magnetic 

nanocomposite for efficient removal of Cr (VI). Langmuir, 2017, 

33, 7007–7014,  https://doi.org/10.1021/acs.langmuir.7b01293.  

52. Li, L.; Duan, H.; Wang, X.; Luo, C. Adsorption property of 

Cr(VI) on magnetic mesoporous titanium dioxide–graphene 

oxide core–shell microspheres. New J. Chem. 2014, 38, 6008-

6016, https://doi.org/10.1039/C4NJ00782D.  

53. Wang, T.; Zhang, L.; Li, C.; Yang, W.; Song , T.; Tang, C.; 

Meng, Y.; Dai, S.; Wang, H.; Chai, L.; Luo, J. Synthesis of 

Core−Shell Magnetic Fe3O4/poly(m‑Phenylenediamine) 

Particles for Chromium Reduction and Adsorption. Environ. Sci. 

Technol. 2015,49, 5654-5662, https://doi.org/10.1021/es5061275 

54.  Hu, X.J.; Wang, J.S.; Liu, Y.; Li, X. Adsorption of 

chromium (VI) by ethylenediamine-modified cross-linked 

magnetic chitosan resin: Isotherms, kinetics and 

thermodynamics. J. Hazard. Mater. 2011, 185, 306–314, 

https://doi.org/10.1016/j.jhazmat.2010.09.034 

55.  Gu, H.; Rapole, S. B.; Sharma, J.; Huang, Y.; Cao, 

D.; Colorado, H. A.; Luo, Z.; Haldolaarachchige, N.; Young, D. 

P.; Walters, B.; Wei, S.; Guo, Z. Magnetic polyaniline 

nanocomposites toward toxic hexavalent chromium removal. 

RSC Adv. 2012, 2, 11007–11018, 

https://doi.org/10.1039/C2RA21991C. 

56.  Hu, M.; Shen, H.; Ye, S.; Wang, Y.; Zhang, J.; Lv, S. 

Facile preparation of a tetraethylenepentamine functionalized 

nano magnetic composite material and its adsorption mechanism 

to anions: competition or cooperation. RSC Adv. 2018, 8, 10686-

10697, https://doi.org/10.1039/C8RA00237A.  

57. Zhu, C.; Fu, F.; Song, L.; Jiang, H.;  Li, A. Magnetic 

Fe3O4/polyaniline nanocomposites with tunable core-shell 

structure for ultrafast microwave energy driven reduction of Cr 

(VI). Environ. Sci.: Nano 2018, 5, 487-496, 

https://doi.org/10.1039/C7EN01075C. 

58. Kera, N. H.; Bhaumik, M.; Pillay, K. S.; Ray, S.; Maity, A. 

Selective removal of toxic Cr (VI) from aqueous solution by 

adsorption combined with reduction at a magnetic 

nanocomposite surface. J. Colloid Interf. Sci. 2017, 503, 214-

228, https://doi.org/10.1016/j.jcis.2017.05.018.  

59.  Aigbe, U. O.; Das, R.; Ho, W. H.; Srinivasu, V.; Maity, A. 

A novel method for removal of Cr(VI) using polypyrrole 

magnetic nanocomposite in the presence of unsteady magnetic 

fields. Sep. Purif. Technol. 2018, 194, 377-387 

https://doi.org/10.1016/j.seppur.2017.11.057.  

60. Katal, R.; Ghiass, M.; Estandian, H. Application of 

nanometer size of polypyrrole as a suitable adsorbent for 

removal of Cr (VI). J. Vinyl Addit. Technol. 2011, 17, 222–230, 

https://doi.org/10.1002/vnl.20287. 

61. Bhaumik, M.; Maity, A.; Srinivasu, V.V.; Onyango, M.S. 

Enhanced removal of Cr (VI) from aqueous solution using 

polypyrrole/Fe3O4 magnetic nanocomposite.                                       

J. Hazard. Mater. 2011, 190, 381-390, 

https://doi.org/10.1016/j.jhazmat.2011.03.062. 

62. Ballav, N.; Choi, H.J.; Mishra, S.B., Maity, A. Synthesis, 

characterization of Fe3 O4 @glycine doped polypyrrole magnetic 

nanocomposites and their potential performance to remove  toxic 

Cr(VI). J. Indust. Eng. Chem. 2014, 20, 4085–4093, 

https://doi.org/10.1016/j.jiec.2014.01.007. 

63.Wang, W.; Cai, K.; Wu, X.; Shao, X.; Yang, X. A novel 

poly(m-phenylenediamine)/reduced graphene oxide/nickel 

ferrite magnetic adsorbent with excellent removal ability of dyes 

and Cr(VI). J. Alloys Comp. 2017,  722, 532-543 

https://doi.org/10.1016/j.jallcom.2017.06.069.  

 64. Hosseini, S. A.; Talebipour, S.; Neyestani, M. R.;  Ranjan 

S.;  Dasgupta, N. Graphene oxide MgFe2O4 nanocomposites for 

Cr (VI) remediation: a comparative modeling study, 

Nanotechnol. Environ. Eng. 2018, 3, 10  

https://doi.org/10.1007/s41204-018-0039-x.  

 65. Thomas, B.; Alexander, L. K. Enhanced synergetic effect 

of Cr (VI) ion removal and anionic dye degradation 

with superparamagnetic cobalt ferrite meso–macroporous 

nanospheres. Appl. Nanosci. 2018, 8, 125–135 

https://doi.org/10.1007/s13204-018-0655-6.  

 66. Kaur, N.; Kaur, M. Adsorption behaviour of magnesium 

ferrite nanoparticles synthesized by co-precipitation and 

https://doi.org/10.1080/19443994.2013.822158
https://doi.org/10.1016/j.jcis.2014.09.012
https://doi.org/10.1016/j.jare.2017.06.002
https://doi.org/10.1016/j.jcis.2015.12.008
https://doi.org/10.1016/j.jcis.2014.03.025
https://doi.org/10.1007/s10853-015-8979-z
https://doi.org/10.1016/j.jhazmat.2010.06.029
https://doi.org/10.1016/j.cej.2011.06.042
https://doi.org/10.1016/j.cej.2017.03.144
https://doi.org/10.1016/j.colsurfb.2013.01.074
https://doi.org/10.1016/j.jece.2014.03.012
https://doi.org/10.1021/ie9701579
https://doi.org/10.1021/acs.langmuir.7b01293
https://doi.org/10.1039/C4NJ00782D
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Tingting++Song
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Chongjian++Tang
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Yun++Meng
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Shuo++Dai
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Haiying++Wang
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Liyuan++Chai
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Jian++Luo
https://doi.org/10.1021/es5061275
https://doi.org/10.1016/j.jhazmat.2010.09.034
https://doi.org/10.1039/C2RA21991C
https://doi.org/10.1039/C8RA00237A
https://pubs.rsc.org/en/results?searchtext=Author%3AHao%20Jiang
https://pubs.rsc.org/en/results?searchtext=Author%3AAimin%20Li
https://doi.org/10.1039/C7EN01075C
https://doi.org/10.1016/j.jcis.2017.05.018
https://doi.org/10.1016/j.seppur.2017.11.057
https://doi.org/10.1002/vnl.20287
https://doi.org/10.1016/j.jhazmat.2011.03.062
https://doi.org/10.1016/j.jiec.2014.01.007
https://www.sciencedirect.com/science/article/abs/pii/S092583881732056X#!
https://www.sciencedirect.com/science/article/abs/pii/S092583881732056X#!
https://www.sciencedirect.com/science/article/abs/pii/S092583881732056X#!
https://www.sciencedirect.com/science/article/abs/pii/S092583881732056X#!
https://www.sciencedirect.com/science/article/abs/pii/S092583881732056X#!
https://doi.org/10.1016/j.jallcom.2017.06.069
https://doi.org/10.1007/s41204-018-0039-x
https://doi.org/10.1007/s13204-018-0655-6


Rashmi Acharya, Kulamani Parida 

Page | 5272  

combustion methods. Agric. Res. J. 2017, 54, 98-102 

https://doi.org/10.5958/2395-146X.2017.00017.5.    

67. Jia, Z.; Peng, K.; Xu, L. Preparation, characterization and 

enhanced adsorption performance for Cr (VI) of mesoporous 

NiFe2O4 by twice pore-forming method.                                           

Mater. Chem. Phy. 2012, 136, 512-519, 

https://doi.org/10.1016/j.matchemphys.2012.07.019. 

68. Debnath, A.; Majumder, M.; Pal, M.; Das, N.S.; 

Chattopadhyay, K.K.; Saha, B. Enhanced Adsorption of 

Hexavalent Chromium onto Magnetic Calcium Ferrite 

Nanoparticles: Kinetic, Isotherm, and Neural Network 

Modeling. J. Dispersion Sci. Technol. 2016, 37, 1806-1818, 

https://doi.org/10.1080/01932691.2016.1141100 

69. Zhao, L.; Yang, H.; Zhao, X.; Yu, L.; Cui, Y.; Feng, S.; 

Magnetic properties of CoFe2O4 ferrite doped with rare earth 

ion. Mater. Lett. 2006, 60, 1–6, 

https://doi.org/10.1016/j.matlet.2005.07.017.

 

6. ACKNOWLEDGEMENTS 

 Authors thankfully acknowledge the management of S‘O’A (Deemed to be university), Bhubaneswar, Odisha, India for their 

encouragement and necessary support to carry out this work. 

 

 

© 2020 by the authors. This article is an open access article distributed under the terms and conditions of the 

Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 

 

 

 

 

https://doi.org/10.5958/2395-146X.2017.00017.5
https://doi.org/10.1016/j.matchemphys.2012.07.019
https://doi.org/10.1080/01932691.2016.1141100
https://doi.org/10.1016/j.matlet.2005.07.017

