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ABSTRACT

Now-a-days because ofthe aggressive world population increment, rapid industrialization, agricultural and household
activities, civilization leads to high levels contamination of water in terms of inorganic andorganic pollutants.Chromium
presence in industrial effluents has become a big problem worldwide as hexavalent state of chromium is highly toxic to
living organism because ofits ability to generate reactive species of oxygen in cells. On the Other hand the trivalent
chromium is less toxic and also serves as an essential element in small amounts. However, for the removal of hexavalent
chromium numbers of researchers have done research and different types of adsorbent materials have been mostly used
for this purpose. But sometimes all adsorbent materials are not capable to adsorb contaminants after certain limit of
concentration and these pollutants are remains as it is in nature which may producemany other problems in
environment. This review article represents the information about the adsorption of hexavalent chromium metal ions
from aqueous medium using different adsorbent materials like different clay along with clay mineral, nanomaterials like
carbon nanotube, nanoplates, nanosheets as well as nanocomposites, MOFs, biosorbents, Ferrites, Composites, etc. Along
with this, the adsorption capacity of various adsorbent materials for the hexavalent chromium also presented in details
addition with pH, initial metal ion concentration and contact time. This paper discussed also the adsorption mechanism
and kinetics of adsorption process directions of removal of hexavalent chromium from water, hence to save the aqueous
medium from extreme contamination.

Keywords: Hexavalent chromium, Metal organic frameworks, Adsorption, Waste water treatment, Isotherm, Kinetic
Study.
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INTRODUCTION

One of the major and serious environmental risks is the pollution of water bodies due to the discharge of
hazardous chemicals such as chromium|[1]. Chromium element, generally present in nature chiefly in two
most common forms which that trivalent chromium and hexavalent chromium. At higher level of
contamination Cr(I1I) would be a concern in drinking water because of it has relatively low toxicity. The
presence of Cr(VI) in water indicates a huge risk for health of human life. For instance, its existence show
different toxicological along with carcinogenic effects in the body of human, including renal, hepatic and
respiratory problems as well as skin lesions [2].In industries like metallurgical industries, chromium
metals are mostly and mainly used for ferro-alloys, manufacturing process|[3].

In various industrial manufacturing processes chromium compounds are used such as, leather tanning,
chrome plating, manufacturing of pigments as well as dyes, wood preservation process etc. and along
with these processes arising the waste water which contains chromium in high level and which is very
harmful for not only environment but also to the human health. Chromium use in extensive form has led
to serious problems of water pollution[4]. Hexavalent chromium or Cr(VI), as one of the hazardous heavy
metals, has attracted increasing attention due to its toxicity, carcinogenicity along with the threat to the
health and safety of aquatic organisms. For removal of Cr(VI) from industrial waste the conventional
techniques are used, include in this electro chemical treatment, chemical precipitation, ion exchange,
membrane process, and also liquid extraction etc.[5].In this review paper summarizes, the literature
which considering the various reaction conditions of adsorption along with metal ions initial
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concentration, interaction time, adsorbent dose, and pH of the solution etc. Also, covered the adsorption
capacities of various adsorbent materials used for removal of hexavalent chromium from wastewater.

FACTORS AFFECTING ON ADSORPTION OF CHROMIUM(VI) BY VARIOUS ADSORBENT MATERIALS:
In this review article make up the research paper considering the various conditions for adsorption
together with initial concentration of metal ion, contact time, dose of adsorbent and pH of the solution etc.
Also, summarizes the adsorption capacities of various modified as well as non-modified adsorbents for
removal of chromium from aqueous medium.

Effect of pH

The pH is paramount variable of the adsorption system of Cr(VI) solutions. The factor pH on which the
adsorption of Hexavalent Chromium depends, susceptibly,[6]. The results of pH effects of various
adsorbent are given in Table No.1. The pH range for removal of Cr(VI) was best attain range in between
1-9. Henna indicated higher adsorption capacity for Cr was 545 mg/g along with pH range 9 [22].The
increasing of pH is resulted the decreasing of the adsorption uptake. It is seen that for hexavalent
chromium adsorption the acidic pH is more suitable. With the increasing pH, the adsorption capacity
decreased. From all data given in Table no.1, shows that for most of adsorbents the suitable pH is 2 for
adsorption of Hexavalent Chromium.

Effect of Initial Concentration

The removal percentage of Cr(VI) by various adsorbents tabulated in Table No.2 using different initial
concentrations of Chromium. The initial concentration range is in between 15 mg/L - 100 mg/L. The Rice
husk graphene oxidenanomaterial reported the maximum removal capacity was 943 mg/g shows at pH 4
[27]. Multiwalled carbon nanotube indicates minimum adsorption efficiency 1.5 mg/g, pH 4 at initial
concentration 30 mg/L [32].

Effect of Adsorbent dose

In order to understand the effect of various adsorbent dosages on the adsorption of Hexavalent
Chromium, experiments were carried with pH range in between 2-8 at room temperature. Different
adsorbent materials with adsorbent dose were investigated in given Table No.3. The tabulated data
indicate that maximum adsorption capacity was obtained at higher adsorbent dose, because of increase in
surface area of adsorbent. Adsorbent dose indicated in the range between 0.5-5 g/L, in which Modified
anion exchange resin (EDE-D301) shows high adsorption capacity 290 mg/g at adsorbent dose 0.6 g/L
with pH 4.5[39].

Effect of Contact Time

Information in Table no.4 indicate that, the contact time have vital role in adsorption of Hexavalent
Chromium. (GO-MS) nanosheet shows maximum adsorption capacity 438.10 mg/g in just 5 min at pH 2
[47].

Effect of Temperature

Generally, all researchers do their research experiments at Room Temperature, as it is suitable for easy
work. Following Table no. 5 presented information about adsorption capacity at respective temperature.

ADSORPTION ISOTHERM AND KINETICS OF CHROMIUM:

Adsorption Isotherm

Adsorption isotherm followed by various adsorbents is given in Table No.6. Most of the adsorbent
material followed Langmuir isotherm very well.

Kinetics

Following tabulated adsorbents in Table no.7 showed pseudo second order kinetics specifically.

Table No. 1 Effect of pH

Adsorbent pH| Adsorption Capacity] Ref
mg g-1
Orange peels 2 7.14 [7]
1.CM-DP (Chemically modified Date pit)| 2 82.63 [8]
2. CM-0S (Chemically modified Olive stone 53.31

PANI@NC600 1 198.04 [9]

GO-CS@MOF 3 144.92 [10]
[Zn(BDC)(DMF)]

Amino-functionalized 3.51 44 [11]
MIL-101(AFMIL)

PAN /chitosan/UiO-66-NH2 3 372.6 [12]

Nano-FeOOH coating activated carbon | 6.8 _ [13]

BEPLS Special Issue [1] 2022 190|Page ©2022 AELS, INDIA



Shikalgar et al

Graphene Coated Iron Oxide (GCIO) 2.0 352.11 [14]
Nanoparticles
Fe-Fe203@PHCP magnetic 2 229.0 [15]
Nanochains
a -Fe203@C nanocomposite 3 76.92 [16]
Aniline formaldehyde condensate 2-4 _ [17]
(AFC) polymer
Bermuda grass activated carbon 2 403.23 [18]
(BGAQ)
Aerogel GO-COS 2 519.8 [19]
Polyethyleneimine cross-linked 2 436.20 [20]
graphene oxide (GO-PEI)
Amino silaneegraphene oxide 3 [21]
(GO) composites
1.pN- 189.47
2. psN- 208.22
3. pssN-GO 260.74
Henna 9 545 [22]

Table No.2: Effect of Initial Concentration

Adsorbent pH Initial Adsorptio] Ref
Concentratio] Capacity
Mg/L mg g-1
Arginine-functionalized polyaniline/Fe00] 2 100 682.30 [23]
(Arg-PANI@FeOOH) composite

Magnetic zeolite-Chitosan 2 200 _ [24]
(MZC) composite

Biochar derived from municipal sludge _ 54.43- 25.27 [25]

213.84
Natural zeolite based hollow fibre 4 40 _ [26]
ceramic membrane (HFCM)
Rice husk-Graphene Oxide 4 _ 943.39 [27]
Nanomaterial
CNMs 2 50 _ [28]
Beads:- 4 [29]
1. Plain chitosan beads 75 400
2. Chitosan/f-cyclodextrin beads 100 555.56
Zn-MOF/chitosan 5 80 225 [30]
(ZnBDC/CSC) composite
Vanadium pentoxide@chitosan 3 15 _ [31]
@MOFs (V205@Ch/Cu-TMA)
CS/MWCNTs/ Fe 4 30 1.54 [32]

Table No.3: Effect of Dose

Adsorbent pH Dose | Adsorption | Ref
Capacity
mg g-1
Citric acid-incorporated 2 0.4 gm _ [33]
cellulose nanofibrous mats
Halloysite-bentonite clay/magnesite nanocomposite 8 0.5 gm 199 [34]
Aluminum hydroxide nanoparticles 5 1g/L 120 [35]
Corn stalk-based activated carbon 45 | 25g/L 89.5 [36]
Activated carbon from animal 3 5g/L 27.86 [37]
bone waste ( Fe304-BAC)
Graphene oxide-magnetic 2 01g 3.197 [38]
(GO-Fe304)
Modified anion exchange resin 4.58 | 0.6 g/L 290 [39]
(EDE-D301)
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Table No.4: Effect of Contact Time

Adsorbent pH | Interaction | Adsorption | Ref
Time Capacity
(Min) Mgg*
Date Palm Empty Fruit Bunch 2 120 70.49 [40]
(DPEFB)
Super hydrophilic 2 60 400.40 [41]
Co-AlLDH@Fe203/3DPCNF
Hydrolytically stable citrate capped 3 180 743 [42]
Fe304@Ui0-66-NH2 MOF
Polyaniline@magnetic chitosan 2.0 15 186.6 [43]
Nanomaterials (PANI@MCTS)
Ion-imprinted polymers with 2 50 201.55 [44]
Fe304 nanoparticles
Cassava sludge-based activated carbon | 4.11 34.87 _ [45]
Chitosan grafted graphene oxide 2 420 104.16 [46]
(CS-GO) nanocomposite
Graphene oxide-mesoporous silica 2 5 438.10 [47]
(GO-MS) nanosheets
1IPs (GO-MSN-AAPTS)
sludge-based adsorbents (SBAs) 2.5 60 15.3 [48]
Carbon nano-onions (CNOs) 7.0 24 Hr 23.529 [49]

Table No. 5: Effect of Temperature

Adsorbent pH | Temp | Adsorption | Ref
Capacity
mg g-1

MNC@PmPDs 2 250C 240.44 [50]
Ni0.6Fe2.404-Ui0-66-PEI 3 250C 428.6 [51]
MIL-100(Fe) 44 | 250C 30.45 [52]
NGO3DH-MSSB 1.0 250C 350.42 [53]
Zn0-GO nanocomposites | 8.02 | 300C _ [54]
green algae 2 450C _ [55]

Table No.6: Adsorption Isotherm

Adsorbent pH | Adsorption Isotherm Ref
Capacity
mg g-1
MIL-100(Fe) 2 30.45 Langmuir [56]
MNC@PmPD2 _ 240.44 Langmuir [57]
1. 2D B-FeOOH nanobundles _ 68.3 Langmuir [58]
(NBs)
2.2D B-FeOOH nanobundles 83.4 Langmuir
(NBs)
Mim GO sponge 2 208 Langmuir [59]
GO Sponge 2 123.5
EDA-GO sponge 2 126.6
The porous paper sludge-based 5.25 54.04 Elovich and [60]
activated carbon (psAC) Freundlich
Magnetized natural zeolite and 5 _ Both Yoon-Nelson | [61]
polypyrrole (MZ-PPY) Composite and Thomas models
Gelatin and yeast materials 1.0- 500 Langmuir and [62]
(GeleYst) 2.0 D-Risotherm
Quaternary amine-grafted 2 _ Freundlich [63]
organosolv lignin (QA-g-OL)
a sludge-based biochar adsorbent 1 Langmuir [64]
1.quenched biochar (Q-BC) 291.54
2.unquenched biochar (U-BC) 91.46
Fe304@Ui0-66@Ui0-67/CTAB 2 932.1 Elovich [65]
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Table No. 7: Kinetics Study

Adsorbent pH | Adsorption Isotherm Ref
Capacity
mg g-1

Magnetic natural zeolite-Polypyrrole 2 434.78 Pseudo [66]
(MZ-PPy) composite second order

Co-monomer Polymer ( EDE-D301) 4.58 298.00 Pseudo [67]
second order

Graphene oxide/chitosan/ferrite 2 270.27 Pseudo [68]
(GCF) nanocomposite second order

Fabricated RGO- Hat hybrids _ 45.24 Pseudo [69]
second order

Amino-functionalized MIL-101(Cr),or | 3.9 44 Pseudo [70]
AFMIL second order

Cu-BTC 7 _ Pseudo [71]
second order

ZIF-67 MOF@aminated chitosan 2 119.05 Pseudo [72]
composite beads second order

CONCLUSION

Removal of hazardous materials from waste water adsorption plays a very significant role.This review
paper gives comprehensive information about adsorption of hexavalent chromium for waste water
remediation using various adsorbent materials. In this review article reveals that, various adsorption
capacities for various adsorbent materials. The results suggested that as time increases the adsorption
capacity also increased. The equilibrium data were analyzed using the different Isotherm models from
this Langmuir isotherm better fitted for most of the adsorbent materials. Adsorption kinetics was
modeled by using the pseudo first and second order kinetic equation. In conclusion, the MOFs have broad
application prospects in the removal of toxic and harmful pollutants like chromium in water based on its
excellent structural characteristics. The tabular data gives the information of effect of initial
concentration, pH, interaction time, temperature, adsorption isotherms and kinetics of chromium
adsorption capacity with various adsorbents.

ACKNOWLEDGMENT:
Author expresses her gratitude to the Balwant College,Vita and DST-FIST, New Delhi for the support.

REFERENCES

1. Mohamed Mobarak, Ali Q. Selim, Essam A. Mohamed, Moaaz K. Seliem, Journal of Molecular Liquids , 2017, DOI-
https://doi.org/10.1016/j.mollig.2018.02.014

2. Miguel Angel L opez Zavala, Hector Romero-Santana, B.E. Monarrez-Cordero, Journal of Water Process
Engineering, 38 (2020) 101672, DOI- https://doi.org/10.1016/j.jwpe.2020.101672

3. Indian Bureau of Mines, Indian Minerals Yearbook (2018), 57th ed. Ministry of Mines, 2019
Rhythm Aggarwal, Geeta Arora, Materials Today: Proceedings(2020),DOI- https://doi.org/10.1016/
j-matpr.2020.04.837

5. Sahika Sena  Bayazit, 0Ozge Kerkez, Chemical engineering research and design (2014), DOI-
http://dx.doi.org/10.1016/j.cherd.2014.02.007

6. Min Ji Xiao Su Yingxin Zhao Wenfang Qi Yue Wang Guanyi Chen Zhenya Zhang, Applied Surface Science (2015),
DOI- http://dx.doi.org/d0i:10.1016/j.apsusc.2015.03.006

7. E. Ben Khalifa, B. Rzig, R. Chakroun, H. Nouagui, B. Hamrouni, Chemometrics and Intelligent Laboratory Systems
(2019), DOI- https://doi.org/10.1016/j.chemolab.2019.03.014

8. Chirangano Mangwandi, Tonni Agustiono Kurniawan, Ahmad B. Albadarin, Chemical Engineering Research and
Design (2020), DOI- https://doi.org/10.1016/j.cherd.2020.01.034

9. Yuxian Lai, Fei Wang, Yimei Zhang, Ping Ou, Panpan Wu, Qinglu Fang, Zhuang Chen, Shuai Li, Chemical
Engineering Journal (2019), DOI-https://doi.org/10.1016/j.cej.2019.122069

10. Melvin Samuel S, Vasudevan Subramaniyan, Jayanta Bhattacharya, C. Parthiban, Santanu Chand, N.D. Pradeep
Singh, Composites Part B (2018), DOI- http://doi.org/10.1016/j.compositesb.2018.06.034

11. Jalayeri H, Aprea P, Caputo D, Peluso A, Pepe F, Environmental Nanotechnology, Monitoring and amp;
Management (2020), DOI- https://doi.org/10.1016/j.enmm.2020.100300

BEPLS Special Issue [1] 2022 193|Page ©2022 AELS, INDIA


https://doi.org/10.1016/j.molliq.2018.02.014
https://doi.org/10.1016/j.jwpe.2020.101672
https://doi.org/10.1016/
http://dx.doi.org/10.1016/j.cherd.2014.02.007
http://dx.doi.org/doi:10.1016/j.apsusc.2015.03.006
https://doi.org/10.1016/j.chemolab.2019.03.014
https://doi.org/10.1016/j.cherd.2020.01.034
https://doi.org/10.1016/j.cej.2019.122069
http://doi.org/10.1016/j.compositesb.2018.06.034
https://doi.org/10.1016/j.enmm.2020.100300

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Shikalgar et al

Jamshidifard S, Hosseini S, Rezaei S, Karamipour A, Jafari rad A, Irani M,Journal of Hazardous Materials (2019),
DOI- https://doi.org/10.1016/j.jhazmat.2019.01.024

Bing Li , Li Zhang , Weizhao Yin , Sihao L, Ping Li , Xiangyu Zheng , Jinhua Wua, Journal of Environmental
Management 277 (2021) 111386, DOI- http://www.elsevier.com/locate /jenvman

Khare N, Bajpai ], Bajpai AK Environmental Nanotechnology, Monitoring and Management (2018), DOI-
https://doi.org/10.1016/j.enmm.2018.06.002

Wang Z, Wang Y, Cao S, Liu S, Chen Z, Chen ], Chen Y, Fu ], Journal of Hazardous Materials (2019), DOI-
https://doi.org/10.1016/j.jhazmat.2019.121483

Vu Thi Trang, Le Thi Tam, Nguyen Van Quy, Vu Ngoc Phan, Hoang Van Tuan, Tran Quang Huy, Ngo Xuan Dinh,
Anh-Tuan Le, Journal of Science: Advanced Materials and Devices, DOI-
https://doi.org/10.1016/j.jsamd.2020.05.007

Praisy Terangpi, Saswati Chakraborty, Manabendra Ray,Chemical Engineering Journal (2018), DOI-
https://doi.org/10.1016/j.cej.2018.05.171

Biyang Tu, Ruiting Wen, Kaiqian Wang, Yalin Cheng, Yuqing Deng, Wei Cao, Kaihui Zhang, Haisheng Tao, Journal
of Colloid and Interface Science (2019), DOI- https://doi.org/10.1016/].jcis.2019.10.103

Mei ], Zhang H, Mo S, Zhang Y, Li Z Ou H, Carbohydrate Polymers (2020), DOI-
https://doi.org/10.1016/j.carbpol.2020.116733

Junjie Geng, Yuwei Yin, Qianwei Liang, Zhaojun Zhu, Hanjin Luo, Chemical Engineering Journal (2018), DOI-
https://doi.org/10.1016/j.cej.2018.10.141

JinHyeong Lee, 1, Jeong-Ann Park, Hee-Gon Kim, Jung-Hyun Lee, So-Hye Cho, Keunsu Choi, Kyung-Won Jung,
Seung Yong Lee, Jae-Woo Choi, Chemosphere 251 (2020) 126387, DOI-
https://doi.org/10.1016/j.chemosphere.2020.126387

Jingang Huang, Binfang Shi, Wei Han, Shanshan Qiu, Huanxuan Li, Pingzhi Hou, Weihong Wu, Junhong Tang,
Biochemical Engineering Journal 167 (2021) 107919, DOI- https://doi.org/10.1016/j.bej.2020.107919
Abdelghani Hsini, Mohamed Benafqir, Yassine Naciri, Mohamed Laabd, Asmae Bouziani, Mohamed Ez-zahery,
Rajae Lakhmiri, Noureddine El Alem, Abdallah Albourine, Colloids and Surfaces A: Physicochemical and
Engineering Aspects 617 (2021) 126274, DOI- https://doi.org/10.1016 /j.colsurfa.2021.126274

Amany Gaffer, Amal A. Al Kahlawy, Delvin Aman, Egyptian Journal of Petroleum (2017), DOI-
http://dx.doi.org/10.1016/j.ejpe.2016.12.001

Chen Tan, Zhou Zeyu, Xu Sai, Wang Hongtao, Lu Wenjing, Bioresource Technology (2015), DOI-
http://dx.doi.org/10.1016/j.biortech.2015.04.115

Mohd Ridhwan Adam, Norliyana Mohd Salleh, Mohd Hafiz Dzarfan Othman, Takeshi Matsuura, Mohd Hafizi Ali,
Mohd Hafiz Puteh, A.F. Ismail, Mukhlis A. Rahman, Juhana Jaafar, Journal of Environmental Management 224
(2018) 252-262, DOI- https://doi.org/10.1016/j.jenvman.2018.07.043

Madhavi  Vemula, Prabhakar G, Materials Today: Proceedings (2020) 2214-7853, DOI-
https://doi.org/10.1016/j.matpr.2020.08.378

Miguel de la Luz-Asuncion, Eduardo E. Pérez-Ramirez, Ana L. Martinez-Hernandez, Victor M. Castano, Victor
SanchezMendieta, Carlos Velasco-Santos, Chinese Journal of Chemical Engineering, (2018), DOI-
https://doi.org/10.1016/j.cjche.2018.08.024

Tryfon Kekes, Georgios Kolliopoulos, Constantina Tzia, Journal of Environmental Chemical Engineering 9 (2021)
105581, DOI- https://doi.org/10.1016/j.jece.2021.105581

Chuanwen Niu, Nan Zhang, Cuicui Hu, Caiyun Zhang, Huanhuan Zhang, Yanjun Xing, Carbohydrate Polymers 258
(2021) 117644, DOI- https://doi.org/10.1016/j.carbpol.2021.117644

Mohamed E. Mahmoud, Mohamed F. Amira, Mayar M.H.M. Azab, Amir M. Abdelfattah, International Journal of
Biological Macromolecules 188 (2021) 879-891, DOI- https://doi.org/10.1016/j.ijbiomac.2021.08.092

Mian Muhammad Ahson Aslam, Walter Den, Hsion-Wen Kuo, Journal of Water Process Engineering 42 (2021)
102143, DOI- https://doi.org/10.1016/j.jwpe.2021.102143

Die Zhang, Wei Xu, Jie Cai, Shui-Yuan Cheng, Wen-Ping Ding, International Journal of Biological
Macromolecules(2020),DOI- https://doi.org/10.1016/].ijbiomac.2020.01.199
V. Masindi, S. Foteinis, M. Tekere, M.M. Ramakokovhu, Materials Today: Proceedings(2020), DOI-
https://doi.org/10.1016/j.matpr.2020.06.084

Rumman Zaidi, Saif Ullah Khan, L.H. Farooqi, Ameer Azam, Materials Today: Proceedings, (2021), DOI-
https://doi.org/10.1016/j.matpr.2021.03.224

Jiaming Zhao, Lihua Yu, Huixia Ma, Feng Zhou, Kongyan Yang, Guang Wu, Journal of Colloid and Interface Science
578 (2020) 650-659, DOI- https://doi.org/10.1016/j.jcis.2020.06.031

D. Prabu, P. Senthil Kumar, B. Senthil Rathi, S. Sathish, K. Vijai Anand, ]. Aravind Kumar, Osama B. Mohammed, P.
Silambarasan, Environmental Research 203 (2022) 111813, DOI- https://doi.org/10.1016/j.envres.2021.111813

BEPLS Special Issue [1] 2022 194|Page ©2022 AELS, INDIA


https://doi.org/10.1016/j.jhazmat.2019.01.024
http://www.elsevier.com/locate/jenvman
https://doi.org/10.1016/j.enmm.2018.06.002
https://doi.org/10.1016/j.jhazmat.2019.121483
https://doi.org/10.1016/j.jsamd.2020.05.007
https://doi.org/10.1016/j.cej.2018.05.171
https://doi.org/10.1016/j.jcis.2019.10.103
https://doi.org/10.1016/j.carbpol.2020.116733
https://doi.org/10.1016/j.cej.2018.10.141
https://doi.org/10.1016/j.chemosphere.2020.126387
https://doi.org/10.1016/j.bej.2020.107919
https://doi.org/10.1016/j.colsurfa.2021.126274
http://dx.doi.org/10.1016/j.ejpe.2016.12.001
http://dx.doi.org/10.1016/j.biortech.2015.04.115
https://doi.org/10.1016/j.jenvman.2018.07.043
https://doi.org/10.1016/j.matpr.2020.08.378
https://doi.org/10.1016/j.cjche.2018.08.024
https://doi.org/10.1016/j.jece.2021.105581
https://doi.org/10.1016/j.carbpol.2021.117644
https://doi.org/10.1016/j.ijbiomac.2021.08.092
https://doi.org/10.1016/j.jwpe.2021.102143
https://doi.org/10.1016/j.ijbiomac.2020.01.199
https://doi.org/10.1016/j.matpr.2020.06.084
https://doi.org/10.1016/j.matpr.2021.03.224
https://doi.org/10.1016/j.jcis.2020.06.031
https://doi.org/10.1016/j.envres.2021.111813

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Shikalgar et al

Yantus A.B. Neolaka, Yosep Lawa, Johnson N. Naat, Arsel A.P. Riwu, Munawar Igbal, Handoko Darmokoesoemo,
Heri Septya Kusuma, jJournal of Material Research and Technology (2020), DOI- https://doi.or
/10.1016/j.jmrt.2020.04.040

Songlin Han, Yanan Zang, Yue Gao, Qinyan Yue, Ping Zhang, Wenjia Kong, Bo Jin, Xing Xu, Baoyu Gao, Science of
the Total Environment (2019), DOI-https://doi.org/10.1016/j.scitotenv.2019.136002

K. Rambabu, G. Bharath, Fawzi Banat, Pau Loke Show, Environmental Research (2020), DOI-
https://doi.org/10.1016/j.envres.2020.109694

Milan Babu Poudel, Ganesh Prasad Awasthi, Han Joo Kim, Chemical Engineering Journal, 417 (2021) 129312,
DOI- https://doi.org/10.1016/j.cej.2021.129312

Suraj Prakash Tripathy, Satyabrata Subudhi, Snehaprava Das, Malay Kumar Ghosh, Mira Das, Raghunath Acharya,
Rashmi Acharya, Kulamani Parida, Journal of Colloid and Interface Science 606 (2022) 353-366, DOI-
https://doi.org/10.1016/].jcis.2021.08.031

Chao Lei, Chunwei Wang, Wengian Chen, Miaohua He, Binbin Huang, Science of the Total Environment 733
(2020) 139316, DOI- https://doi.org/10.1016/j.scitotenv.2020.139316

Zhiyong Zhou, Xueting Liu, Minghui Zhang, Jian Jiao, Hewei Zhang, Jian Du, Bing Zhang, Zhongqi Ren, Science of
the Total Environment (2019), DOI-https://doi.org/10.1016/j.scitotenv.2019.134334

Changjin Guo, Lei Ding, Xiaopeng Jin, Huiwen Zhang, Dewei Zhang, Journal of Environmental Chemical
Engineering (2020), DOI- https://doi.org/10.1016/j.jece.2020.104785

Melvin S. Samuel, Jayanta Bhattacharya, Sankalp Raj, Needhidasan Santhanam, Hemant Singh, N.D. Pradeep
Singh, International Journal of Biological Macromolecules (2018), DOI-https://doi.org /10.1016/
j.ijbiomac.2018.09.170

47]Renfeng Huang, Xiaoguo Ma, Xin Li, Lihui Guo, Xiaowen Xie, Menyuan Zhang, Jing Li, Journal of Colloid and
Interface Science (2017), DOI- https://doi.org/10.1016/j.jcis.2017.12.065

Liguo Zhang, Jingshi Pan, Lei Liu, Kang Song, Qilin Wang, Journal of Cleaner Production (2019), DOI-
https://doi.org/10.1016/j.jclepro.2019.117904

Chainarong Sakulthaew, Chanat Chokejaroenrat, Amnart Poapolathep, Tunlawit Satapanajaru, Saranya
Poapolathep, Chemosphere 184 (2017) 1168e1174, DOI- http://dx.doi.org/10.1016/j.chemosphere.2017.06.094
Kaige Gao, Jun Li, Ming Chen, Yang Jin, Yujing Ma, Guangyu Ou, Zhizhen Wei, Separation and Purification
Technology 277 (2021) 119436, DOI- https://doi.org/10.1016 /j.seppur.2021.119436

Chen Wang , Chao Xiong, Yali He, Chen Yang, Xiteng Li, Jianzhong Zheng, Shixing Wang, Chemical Engineering
Journal 415 (2021) 128923, DOI- https://doi.org/10.1016/j.cej.2021.128923

Mojtaba Forghani, Asghar Azizi, Milad Jamal Livani, Leila Asadi Kafshgari, Journal of Solid State Chemistry (2020),
DOI- https://doi.org/10.1016/j.jssc.2020.121636

Mohamed E. Mahmoud, Asmaa K. Mohamed, Mohamed Abdel Salam, Journal of Hazardous Materials 408 (2021)
124951, DOI- https://doi.org/10.1016/j.jhazmat.2020.124951

Simranjeet Singh, Amith G. Anil, Sutripto Khasnabis, Vijay Kumar, Bidisha Nath, Varun Adiga, T.S. Sunil Kumar
Naik, S. Subramanian, Vineet Kumar, Joginder Singh, Praveen C. Ramamurthy, Environmental Research 203
(2022) 111891, DOI- https://doi.org/10.1016/j.envres.2021.111891

Ali A. Al-Homaidan, Hussein S. Al-Qahtani, Abdullah A. Al-Ghanayem, Fuad Ameen, Ibraheem B. M. Ibraheem,
Saudi Journal of Biological Sciences (2018), DOI- https://doi.org/10.1016/].sjbs.2018.07.011

Mojtaba Forghani, Asghar Azizi, Milad Jamal Livani, Leila Asadi Kafshgari, Journal of Solid State Chemistry (2020),
DOI- https://doi.org/10.1016/j.jssc.2020.121636

Kaige Gao, Jun Li, Ming Chen, Yang Jin, Yujing Ma, Guangyu Ou, Zhizhen Wei, Separation and Purification
Technology 277 (2021) 119436, DOI- https://doi.org/10.1016/j.seppur.2021.119436

Hui Wua, Caifeng Wang, Junyoung Kwon, Youngeun Choi, Jaebeom Lee, Applied Surface Science 543 (2021)
148823,DOI- https://doi.org/10.1016/j.apsusc.2020.148823

Rahul S. Zambare, Parag R. Nemade, Colloids and Surfaces A: Physicochemical and Engineering Aspects (2020),
DOI- https://doi.org/10.1016/j.colsurfa.2020.125657

Qingging Guan, Kexuan Gao, Ping Ning, Rongrong Miao, Liang He, Science of the Total Environment 741 (2020)
140265, DOI- https://doi.org/10.1016/].scitotenv.2020.140265

Nomcebo H. Mthombeni, Sandrine Mbakop, Sekhar Chandra Ray, Taile Leswifi, Aoyi Ochieng, Maurice S.
Onyango, JournalofEnvironmentalChemical Engineering, DOI- https://doi.org/10.1016/j.jece.2018.05.038
62]Mohamed E. Mahmoud, Jjournal of Environmental Management (2014) 1-7, DOI-
http://dx.doi.org/10.1016/j.jenvman.2014.08.022

Zhen Wang, Wenxiu Huang, Pingping Bin, Xuan Zhang, Guihua YangBiomac (2018), DOI-
https://doi.org/10.1016/j.ijbiomac.2018.12.087

BEPLS Special Issue [1] 2022 195|Page ©2022 AELS, INDIA


https://doi.org
https://doi.org/10.1016/j.scitotenv.2019.136002
https://doi.org/10.1016/j.envres.2020.109694
https://doi.org/10.1016/j.cej.2021.129312
https://doi.org/10.1016/j.jcis.2021.08.031
https://doi.org/10.1016/j.scitotenv.2020.139316
https://doi.org/10.1016/j.scitotenv.2019.134334
https://doi.org/10.1016/j.jece.2020.104785
https://doi.org
https://doi.org/10.1016/j.jcis.2017.12.065
https://doi.org/10.1016/j.jclepro.2019.117904
http://dx.doi.org/10.1016/j.chemosphere.2017.06.094
https://doi.org/10.1016/j.seppur.2021.119436
https://doi.org/10.1016/j.cej.2021.128923
https://doi.org/10.1016/j.jssc.2020.121636
https://doi.org/10.1016/j.jhazmat.2020.124951
https://doi.org/10.1016/j.envres.2021.111891
https://doi.org/10.1016/j.sjbs.2018.07.011
https://doi.org/10.1016/j.jssc.2020.121636
https://doi.org/10.1016/j.seppur.2021.119436
https://doi.org/10.1016/j.apsusc.2020.148823
https://doi.org/10.1016/j.colsurfa.2020.125657
https://doi.org/10.1016/j.scitotenv.2020.140265
https://doi.org/10.1016/j.jece.2018.05.038
http://dx.doi.org/10.1016/j.jenvman.2014.08.022
https://doi.org/10.1016/j.ijbiomac.2018.12.087

64.

65.

66.

67.

68.

69.

70.

71.

72.

Shikalgar et al

Baiyan Zeng, Wenbin Xu, Sher Bahadar Khan,s Yanjie Wang, Jing Zhang, Jiakuan Yang, Xintai Su, Zhang Lin,
Chemosphere 285 (2021) 131439, DOI- https://doi.org/10.1016/j.chemosphere.2021.131439

Lincheng Li, Yunlan Xu, Dengjie Zhong, Nianbing Zhong, Colloids and Surfaces A: Physicochemical and Engineering
Aspects (2019), DOI- https://doi.org/10.1016/j.colsurfa.2019.124255

Nomcebo H. Mthombenia, Maurice S. Onyango, Ochieng Aoyi, Journal of the Taiwan Institute of Chemical
Engineers (2015) 1-10, DOI- http://dx.doi.org/10.1016/j.jtice.2014.12.037

Songlin Han, Yanan Zang, Yue Gao, Qinyan Yue, Ping Zhang, Wenjia Kong, Bo Jin, Xing Xu, Baoyu Gao, Science of
the Total Environment (2019), DOI- https://doi.org/10.1016/j.scitotenv.2019.136002

Melvin S. Samuel, Sk. Sheriff Shah, Vasudevan Subramaniyan, Tanvir Qureshi, Jayanta Bhattacharya, N.D. Pradeep
Singh, International  Journal of Biological =~ Macromolecules 119  (2018) 540-547, DOI-
https://doi.org/10.1016/j.ijbiomac.2018.07.052

Perumal Karthikeyan, S.S.D. Elanchezhiyan, Hyder Ali Thagira Banu, M. Hasmath Farzana, Chang Min Park,
Chemosphere 276 (2021) 130200, DOI- https://doi.org/10.1016/j.chemosphere.2021.130200

Jalayeri H, Aprea P, Caputo D, Peluso A, Pepe F, Environmental Nanotechnology, Monitoring and amp;
Management (2020), DOI- https://doi.org/10.1016/j.enmm.2020.100300

71]Afshin Maleki Bagher Hayati Maryam Naghizadeh Sang W. Joo, Journal of Industrial and Engineering Chemistry
(2015), DOI- http://dx.doi.org/10.1016/j.jiec.2015.02.016

Ahmed M. Omera, Eman M. Abd El-Monaem, Mona M. Abd El-Latif, Gehan M. El-Subruiti, Abdelazeem S. Eltaweil,
Carbohydrate Polymers 265 (2021) 118084, DOI- https://doi.org/10.1016/j.carbpol.2021.118084

CITATION OF THIS ARTICLE

P Shikalgar, P Ghatge, P Kumbhar, S Patil, S Kolekar, A Sartape- Adsorption of Hexavalent Chromium for Waste Water
Remediation by Various Adsorbents - A Review Article. Bull. Env.Pharmacol. Life Sci., Spl Issue [1] 2022 : 189-196

BEPLS Special Issue [1] 2022 196|Page ©2022 AELS, INDIA


https://doi.org/10.1016/j.chemosphere.2021.131439
https://doi.org/10.1016/j.colsurfa.2019.124255
http://dx.doi.org/10.1016/j.jtice.2014.12.037
https://doi.org/10.1016/j.scitotenv.2019.136002
https://doi.org/10.1016/j.ijbiomac.2018.07.052
https://doi.org/10.1016/j.chemosphere.2021.130200
https://doi.org/10.1016/j.enmm.2020.100300
http://dx.doi.org/10.1016/j.jiec.2015.02.016
https://doi.org/10.1016/j.carbpol.2021.118084

