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Abstract: Adsorption of heavy metal ions on chitosan-based adsorbents has been extensively investigated. However, few studies
explored the feasibility of desorbing and regenerating chitosan. Adsorbents used after adsorption of heavy metals are discarded, and
this practice exacerbates the solid treatment problem. Regeneration and reuse of exhausted adsorbents should be considered to
operate environment-friendly and cost-effective adsorption. This review was performed to summarize the desorption of heavy metal
ions and possible regeneration of chitosan-based adsorbents using various desorption agents such as acids, alkalis, salts, and chelating
agents. It was found that the highest desorption efficiencies were obtained by acidic eluents. The percentage use of desorption agents
for desorbing followed the order of acids (49.3%) > chelators (26.9%) > alkalis (14.9%) > salts (8.9%). Moreover, the proper
desorption time was estimated to be 0.84 by 1.37 h. The beneficial information is provided for the regeneration and recovery of

chitosan adsorbents.
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1. Introduction

Water is an essential and valuable resource for
humans’ living and development. Water resources are
increasingly decreasing and need to be preserved. In
recent years, industrialization, agricultural activities,
rapid population growth and urbanization have
contributed negatively to clean water resources [1].
Different pollutants such as pharmaceuticals,
pesticides, dyes and heavy metals have contaminated
the water resources. Presence of these contaminants in
aqueous environments is environmentally hazardous
for human beings and animals [2].

Among these pollutants, heavy metal is one of the
most hazardous species, due to their toxic nature.
Heavy metals such as cobalt, mercury, copper, zinc,
chromium, cadmium, lead, nickel, arsenic, etc. can
enter to the water bodies (directly or indirectly)
through various industries (fertilizer, mining, painting,
batteries, tanneries, metal plating industries, etc.) [3,
4]. Heavy metals are toxic, non-biodegradable and
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exist in different oxidation states for long period in the
environment. Therefore, it is essential to eliminate
heavy metal ions from contaminated wastewater
before discharging to environment [5].

Adsorption is often the most effective and
economically viable method to remove pollutants
from wastewater [6]. It is particularly suitable when
the target pollutant is non-degradable, like in the case
of heavy metals, so that destruction technologies are
not efficacious [7, 8]. Adsorption can be also
economically advantageous compared to other
technologies if it is possible to find adsorbents that
maximize the elimination of pollutants per unit
adsorbent mass [9]. In this case, the adsorbing
material shows a favorable adsorption behavior, that is,
the amount of the pollutant on its surface at
equilibrium is remarkably greater than the residual
amount in the (waste-) water [10, 11]. However, if
such condition is satisfied, it means that the
counter-process, i.e., desorption, is unfavorable. An
ineffective or slow desorption/regeneration of the
adsorbents might be a serious issue for novel sorbents
and their applicability on wastewater treatment.
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Currently, adsorption has a limit that hinders a
wider use of such technology: the lack of adequate
regeneration methods to recycle the adsorbent. In fact,
without regeneration, pollutants may be released into
environment by disposal or storage of spent adsorbents.
Moreover, storage and dumping of spent adsorbents
may lead to explosions, fires, and stinks [12]. Therefore,
the spent adsorbent should be stabilized before disposal.
The recycling process is performed by repeating the
adsorption and desorption cycles and provides
substantial economic and environmental benefits [13].
Indeed, researchers are more inclined toward
regeneration and reuse of adsorbents because of the
high cost of production, stabilization, and disposal.

Desorption still remains challenging despite the
simplicity of adsorption of pollutants from the
aqueous solutions because of the high affinity of the
adsorbates to the surface of adsorbents. Desorption is
primarily performed to remove the reversible adsorbate
molecules on the adsorbent and to regenerate the
adsorbents [14]. Regeneration is one of the significant
characteristics of an appropriate adsorbent for practical
applications. In addition, the cost of adsorbent
preparation enhances the importance of regeneration.
An adsorbent can be applied industrially if it can be
used in several regeneration processes
(adsorption-desorption  cycle). Regeneration  of
adsorbent generally leads to the recovery of adsorbate
molecules, reuse of adsorbent in the adsorption
process, reduced secondary waste and cost of
adsorption process, and also helps to better understand
the adsorption process mechanism [15, 16].

Chitosan is the second most abundant naturally
available polymer. This polymer has high affinity to
adsorb different pollutants from aqueous solution.
Chitosan is advantageous because of the following
characteristics: low price and abundance, antibacterial
property, nontoxicity, biocompatibility, biodegradability,
macromolecular structure, hydrophilicity, cationicity,
active sites, and high adsorption capability [17].
Chitosan-based adsorbents have been extensively and

successfully applied, but the adsorbed pollutants may
be leached to the environment after adsorption.
Chitosan-based adsorbents eventually become saturated,
toxic, and hardly biodegradable after adsorption [18].
Therefore, spent chitosan adsorbents should be
recovered completely prior to disposal and release
back into the environment. In addition, its good
affinity with many inorganic and organic pollutants
suggests a slow regeneration process. Hence,
regeneration of spent chitosan adsorbents is not only
important for an effective and environment-friendly
elimination of pollutants from the aqueous media, but
also necessary for its economic utilization on a
largescale [19, 20].

Numerous studies have focused on the elimination
of heavy metals from aqueous solutions using
chitosan-based adsorbents. However, few studies have
reported on the recycling, regeneration, or disposal of
spent chitosan adsorbents after adsorption. Hence, this
issue should be investigated properly to explore for an
appropriate solution to chitosan disposal. Thus, a
review is needed to summarize the research findings
in the desorption, regeneration, and recovery of spent
chitosan-based adsorbents for heavy metal removal.
The main objective of present study is to review the
reports on the regeneration of chitosan and its
derivatives to recover adsorbents after heavy metal
adsorption. Appropriate information is collected and
discussed in relation to the efficiencies of different
desorption agents and spent adsorbents after
regeneration. Furthermore, some of the results about
adsorption performance of chitosan and its derivatives
have been compared and discussed accordingly in this
review paper. This review is mainly composed of
following aspects: (a) adsorption of heavy metal on
chitosan-based adsorbents, (b) a highlight on
regeneration of saturated chitosan adsorbents, (c) a
structured review on the use of various eluents for
regeneration of chitosan and its derivatives for
removal of heavy metal ions, and (d) a review on the
mechanism of desorption of heavy metal ions from
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saturated adsorbents

desorption.

and parameters affecting

2. Regeneration of Chitosan-Based Adsorbents

From environmental, economic and practical points
of view, regenerability is an important parameter in
evaluating the efficiency of an adsorbent.
Regeneration is defined as the rapid recycling or
recovery of spent adsorbents using technically and
economically feasible methods. For the preparation of
new adsorbents, cost is considered as one of the
crucial factors. Therefore, the regeneration of spent
adsorbents has immense importance for removal of
contaminants from aqueous solutions. In the literature,
different methods have been adopted for regeneration
of saturated adsorbents which are classified into three
major groups: biological, thermal and chemical. Some
important advantages, disadvantages and affecting
factors of these methods are summarized in Table 1.

Selecting an appropriate method for regeneration of
adsorbents is dependent on type and nature of
adsorbent and adsorbate as well as the cost and
processing conditions. Therefore, the adopted method
for regeneration of spent adsorbent should be
eco-friendly, easy to operate, cost effective, efficient,
and give the ability to reuse the spent adsorbent in
water treatment. Low mechanical stability, low
chemical stability and biodegradability of chitosan are
some  factors  affecting regenerability ~ of
chitosan-based adsorbents. Besides all disadvantages
of thermal and biological methods, some drawbacks
of chitosan can hinder the use of these methods for
regeneration of chitosan-based adsorbents. Chitosan
shows a high sensitivity to high temperature. Thermal
analysis of chitosan shows that this polymer is not
able to withstand high temperatures [21]. In addition,
presence of oxidizable or hydrolysable bonds in the
backbone of chitosan and their accessibility for
microorganisms lead to biodegradation of this
polymer [22]. Thus, from practical and economical
viewpoints, regeneration of saturated chitosan-based

adsorbents by chemical treatment method (washing
with a suitable desorption agent or eluent) is preferred
over other options due to its simplicity, convenience,
effectiveness and low cost. In chemical regeneration
method, different specific chemicals are applied as
desorption agents for desorption of particular species
from spent adsorbents [23, 24].

Desorption of adsorbed metal ions from
chitosan-based adsorbents is one of the most
important advantages of applying these adsorbents
during adsorption. Nevertheless, chitosan may not be
used in continuous recycling, if the regeneration
experiment is performed under unsuitable conditions,
because of its biodegradability and dissolution
tendency under acidic environment. However, a
proper strategy can be designed to achieve an effective
desorption and regeneration.

Chitosan is a deacetylated form of chitin and
composed of D-glucosamine and
N-acetyl-D-glucosamine units, with two hydroxyl
groups and one amino group in the repeating
glucosidic residue. The abundant reactive functional
groups on the chitosan structure lead to its high
adsorption capability. Interaction of chitosan with
metal ions could be the result of chelation interaction,
electrostatic attraction, or ion exchange mechanism, in
which pH plays a vital role [28]. Chitosan contains
high amount of nitrogen in the form of amine groups,
which are responsible for the chelation and binding
with metal ions. The lone pair of electrons on the
amino groups serves as the active adsorption site with
high affinity for adsorption [18]. In addition, chitosan
is a polymer with high cationicity (pKa 6.2-7) such
that in acidic media, chitosan is protonated and
exhibits electrostatic characteristics and adsorption
capacity through anion exchange mechanisms [29,
30].

Chitosan-based adsorbents could be regenerated by
desorption [31]. Adsorption of cationic and anionic
heavy metal compounds is feasible in solutions at low
and high pH levels, respectively. Thus, changing the
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Table 1 General classification of regeneration methods of adsorbents.

Regeneration

method Advantages Disadvantages Affecting factors Ref.
Complete recovery of * Suitable for biodegradable ) Nz_iture and type of
. . . microorganism and
adsorption capacity by contaminants
- . L . adsorbents
. . biodegradation of adsorbed * Toxicity of some contaminants to .
Biological : - : e Adsorbent concentration  [25]
organic compounds on the microorganisms - - .
. . * Microbial growth condition
adsorbents through conversion * Fouling the pores on the adsorbents by
- _ . - . L * Molecular structure of
into small ionic toxicants microbial activity :
organic pollutants
» Slow regeneration rate
* Needs high temperature « Heating time and
- * Not cost effective
* Most widely used - . temperature.
Thermal - . . * Not carried out in situ [26, 27]
» Suitable for industrial scale * Type of adsorbate and
* Release of harmful gases adsorbent
* Weight and adsorption capacity losses
* Incapable of completely regenerating
» Effect on the surface properties of
adsorbents * Solvent concentration
* Cost effective * Production of oxidized sludge/wastage .
. . e * Adsorbates solubility
Chemical * Fast regeneration * Needs further purification of the . [23]
. * Adsorbents properties
* Very short process time solvent

* Incomplete recovery of adsorption

capacity

* Solution pH

pH in adsorption solutions leads to reverse reaction
and desorption of the adsorbed ions from the saturated
adsorbents. Therefore, after adsorption, regeneration
of chitosan might be accomplished by eluting the
spent adsorbents with a suitable eluent.

A suitable desorption agent for regenerating
chitosan-based adsorbent might be able to effectively
recover the adsorbent for reuse in adsorption process
[32, 33]. In addition, this agent should not be
expensive, harmful to the environment, nor destructive
to the chitosan-based adsorbents, and can restore close
to the original state of the physical and adsorption
properties of chitosan [34, 35]. Therefore, choosing a
suitable eluent with proper desorption properties
facilitates a successful desorption and regeneration of
spent adsorbents. Various desorption agents, including
acids, alkalis, salts, and chelating agents, have been
applied to regenerate chitosan adsorbents after
adsorption of heavy metals. The capabilities of
different desorption agents for desorbing heavy metals
and regenerating chitosan-based adsorbents are
described as follows. Table 2 is representing a
summary of acid, chelator, alkali and salt desorbing

agents for recovering heavy metals from chitosan
adsorbents.

2.1 Desorption Mechanism

Adsorption and  desorption  processes are
determined by several physico-chemical factors. Since
chitosan can bind metal ions by forming chemical
bonds, the chemical parameters play major role in
such process mechanism. The pH level of a solution
effectively facilitates the adsorption process. The
optimum pH for adsorption depends on the types of
adsorbate and adsorbent. The free electron pair of
nitrogen on amine groups is responsible for the
adsorption of adsorbates on chitosan adsorbents.
Decreased pH (acidic media) results in the protonation
of amine groups and enhances the cationicity potential
of chitosan, thereby, improving the adsorption process
[18]. By contrast, the deprotonation of protonated
amine groups in basic solutions may affect the
adsorption behavior of chitosan adsorbents and reduce
adsorption capacity [36, 37]. The adsorption and
binding of adsorbate with adsorbent is favored at a
specific pH. Thus, changing the pH value might reverse
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Table 2 Summary of the acid, chelator, alkali and salt desorbing agents for recovering heavy metals from chitosan

adsorbents.
Adsorbent Adsorbate Regeneration - - Ref.
Eluent Adsorption (%)  Desorption (%)
Chitosan/iron oxide nanocomposites As(111) 0.1 N HCI 87 99 [38]
. . . Cd(n 98.94
GLA crosslinked chitosan/polyaniline Pb(l) 0.5M HCI i 975 [39]
Magnetic chitosan/butyl acrylate 97.5
Magnetic chitosan/butyl methacrylate Ni(1l) 0.1M HCI - 73.8 [40]
Magnetic chitosan/hexyl acrylate 100
. . . 1.0M HNOs - 88.7
ECH/triphosphate crosslinked chitosan Cu(ln) 0.1M HNOs ) 879 [41]
TPP crosslinked chitosan/montmorillonite beads  Cu(ll) 0.0056 M EDTA - 86 [42]
Magnetic/2-aminopyridine glyoxal Schiff’s Cu(ll) 0.01EDTA - 97.2 [43]
Chitosan/perlite beads Cu(ll) 0.01M EDTA - 96 [44]
Phosphz_ited ch|t0§an/ethyl hexadecyl dimethyl Cr(viy 50 NH.OH ) 70 [45]
ammonium bromide
0.1M NaOH 88.9 100
As(lI)
ic hydroxide chitosan beads 1.0M NaOH 798 100 [46]
Ferric hy 0.1M NaOH 725 82.4
As(V) 1.0M NaOH 43.9 100
GLA crosslinked chitosan/aminoguanidyl Ag(ll) 2.0M KNOs - 95 [47]
Chitosan/bentonite Cg(ll) 0.1M NaCl 36 (48]
Ni(ll) - 47

the reaction. Furthermore, the variation in pH level is
crucial in the adsorption/desorption of adsorbed ions
in chitosan-based adsorbents. Filipkowska [49] and
Ha et al. [50] analyzed the desorption performance of
chitosan adsorbents and found that adjusting the pH
value enhanced the adsorption and desorption
performances of adsorbents. The highest adsorption
and desorption efficiencies were observed at pH levels
of 5 and 11, respectively. Temperature increase may
also intensify the positive charge of heavy metal (Me)
compounds and consequently break down the binding
of adsorbate and adsorbent [51, 52]. At high
temperature, the breakdown of adsorbate and
adsorbent binding also increases the release of
adsorbed ions and improves desorption performance.
With regard to the mass transfer phenomena from
the solid phase (i.e., adsorbate) to the liquid one that
determine the regeneration kinetics, it is a complex
process that involves several diffusion mechanisms. In
general, metal desorption from a porous adsorbent
may be limited by intra- and extra-particle diffusion.

The intra-particle diffusion includes metal transfer to
liquid-filled macro-pores (with a diameter larger than
50 nm); solid diffusion in micro-pores (> 2 nm),
where interactions between pore walls and the
adsorbate are stronger than those of large-pores; and
the reaction kinetics of the chemisorption processes.
The extra-particle diffusion is limited by the external
mass transfer between the surface of particles and the
liquid phase; and the fluid phase mixing, or the lack of
it. Some studies identified the intraparticle diffusion in
small pores as the main rate-limiting step of the
adsorption-desorption process [53, 54]. Nonetheless,
the weight of the extra-particle diffusion may become
relevant under non-optimal  conditions, like
employment of unfavorable desorption agent [55].
Concerning regeneration effectiveness, the majority
of chitosan-based adsorbents used in adsorption
presented an acceptable desorption performance when
an efficient and effective desorption agent is applied.
Desorption by acidic eluents is more effective than
that of other eluents. In acidic environments, the high
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number of H* ions in the solution desorbs adsorbed
ions. Compared with heavy metal ions, H* ions have
stronger affinity to adsorb on chitosan functional
groups and higher diffusivity coefficient because of
their smaller radii [56, 57]. Consequently, the cationic
exchange between H* and adsorbates, the protonation

of adsorption sites, and the replacement of H* ions
with heavy metal ions in adsorbent-adsorbate
complexes release adsorbed ions into the desorption
solution and reduce the heavy metal ions that bind on
adsorbents [58, 59]. This reaction is shown in the
following equation (Eq. (1)):

Chitosan-NH, Me + H" — Chitosan-NH;" + Me o«

Among the alkali solutions, NaOH and NHiOH
solutions are the most effective and frequently used to
desorb heavy metal ions from adsorbents. Desorption
mechanism by basic treatments involves deprotonation
and negatively charged adsorption sites in adsorbents.
These characteristics weaken the existing electrostatic

interactions between chitosan adsorbent functional
groups and heavy metal ions and the subsequent
separation of adsorbed ions from adsorption sites [60,
61]. The reaction responsible for the desorption
process by NaOH, which is the most frequently
applied basic eluent, is given as follows (Eqg. (2)):

Chitosan-NH;" Me + NaOH —  Chitosan-NH, + Me" Na* + H, )

The desorption mechanism using salt eluents and
chelating agents may be the deprotonation of
functional groups of adsorbents, which releases heavy
metal ions. Moreover, the strong electronic supply
capability of these desorption agents easily desorbs

adsorbed metal ions and forms a steady complex with
desorption agents [62,63]. The desorption mechanism
in NaCl and EDTA solutions could be explained
through the following equations (Egs. (3) and (4)):

Chitosan-NH, Me + NaCl ——> Chitosan-NH, Na + Me Cl (3)

Chitosan-NH, Me + EDTA ——> Chitosan-NH, + Me EDTA 4)

During electrolysis desorption, ions move toward
the electrode of the opposite charge. The electrolysis
of chitosan adsorbents saturated with

Chitosan-NH, Me + e

3. Conclusion

Regeneration is an important factor determining the
reusability and effectiveness of adsorbents. This factor
also contributes to the economic feasibility and
efficiency of the adsorption technology. Elution by an
eluent is the most common approach in the literature
to regenerate chitosan-based adsorbents. The
percentage application of eluents followed the order of
salts < alkalis <chelators< acids. The HCI, EDTA,

_>

adsorbatesconverts amide groups of chitosan into
amine groups and deposits adsorbates onto the
electrode with the opposite charge (Eq. (5)) [64, 65].

Chitosan-NH, + e Me (5)

NaOH, and then NaCl solutions are the most commonly
used desorption agents. Increase in regeneration cycle
decreases adsorption and desorption efficiencies. The
increase of eluent concentrations enhances desorption
efficiency. However, high concentration of eluents
may affect adsorbent and decrease
desorption efficiency. At high temperature, the
breakdown of adsorbate and adsorbent molecules
binding also increases the release of adsorbed ions and
improves the desorption performance.

structure



Regeneration of Chitosan-Based Adsorbents Used in Heavy Metal Adsorption 17

References

[1]

[2]

(3]

(4]

(5]

(6]

[7]

(8]

(0]

[10]

[11]

[12]

Basheer, A. A. 2018. “New Generation Nano-Adsorbents
for the Removal of Emerging Contaminants in Water.”
Journal of Molecular Liquids 261: 583-593.

Alharbi, O. M., Khattab, R. A., and Ali, I. 2018. “Health
and Environmental Effects of Persistent Organic
Pollutants.” Journal of Molecular Liquids 263: 442-453.
Mojiri, A., Aziz, H. A., Zaman, N. Q., Aziz, S. Q., and
Zahed, M. A. 2016. “Metals Removal from Municipal
Landfill Leachate and Wastewater Using Adsorbents
Combined with Biological Method.” Desalination and
Water Treatment 57 (6): 2819-2833.

Mudhafar, M., and Zainol, I. 2019. “Medical Values,
Antimicrobial, and Anti-fungal Activities of Polyalthia
Genus.” International Journal of Pharmaceutical
Research 11 (1): 90-96.

Mojiri, A., Ziyang, L., Tajuddin, R. M., Farraji, H., and
Alifar, N. 2016. “Co-treatment of Landfill Leachate and
Municipal Wastewater Using the ZELIAC/Zeolite
Constructed Wetland System.” Journal of Environmental
Management166: 124-130.

Ali, I, AL-Othman, Z. A., and Alwarthan, A. 2016.
“Green Synthesis of Functionalized Iron Nano Particles
and Molecular Liquid Phase Adsorption of Ametrynfrom
Water.” Journal of Molecular Liquids 221: 1168-74.
Mudhafar, M., and Alsailawi, H. A. 2019. “An
Expression Study Profile of Proinflammatory Cytokines
in Asthma Patient.” Journal of Asian Scientific Research
9 (12): 227-234.

Mwamulima, T., Zhang, X., Wang, Y., Song, S., and
Peng, C. 2018. “Novel Approach to Control Adsorbent
Aggregation: Iron Fixed Bentonite-Fly Ash for Lead (Pb)
and Cadmium (Cd) Removal from Aqueous Media.”
Frontiers of Environmental Science & Engineering 12 (2):
1-12.

Ali, 1., Kucherova, A., Memetov, N., Pasko, T.,
Ovchinnikov, K., Pershin, V., and Tkachev, A. 2019.
“Advances in Carbon Nanomaterials as Lubricants
Modifiers.” Journal of Molecular Liquids 279: 251-266.
Ali, 1., Alharbi, O. M., ALOthman, Z. A., Al-Mohaimeed,
A. M., and Alwarthan, A. 2019. “Modeling of Fenuron
Pesticide Adsorption on CNTs for Mechanistic Insight
and Removal in Water.” Environmental Research 170:
389-397.

Mudhafar, M., Zainol, I., Desa, S., Nor, C., and Jaafar,
A.2019. “Mini-review of Phytochemistryfor
Polyalithialongifolia.” Eurasian J. Anal. Chem. 14 (2):
119-147.

Tsai, W. T. 2002. “A Review of Environmental Hazards
and Adsorption Recovery of Cleaning Solvent
Hydrochlorofluorocarbons (HCFCs).” Journal of Loss

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

Prevention in the Process Industries 15 (2): 147-157.
Kyzas, G. Z., Lazaridis, N. K., and Kostoglou, M. 2014.
“Adsorption/Desorption of a Dye by a Chitosan
Derivative: ~ Experiments and  Phenomenological
Modeling.” Chemical Engineering Journal248; 327-36.
Zanella, O., Tessaro, I. C., and Féis, L. A. 2014.
“Desorption- and Decomposition-Based Techniques for
the Regeneration of Activated Carbon.” Chemical
Engineering & Technology 37 (9): 1447-1459.

Zhang, L., Zeng, Y., and Cheng, Z. 2016. “Removal of
Heavy Metal lons Using Chitosan and Modified Chitosan:
A Review.” Journal of Molecular Liquids 214: 175-191.
Mudhafar, M., Zainol, 1., AizaJaafar, C. N., Alsailawi, H.
A., and Majhool, A. A. 2020. “Two Green Synthesis
Methods to Prepared Nanoparticles of Ag: Two Sizes and
Shapes via Using Extract of M. dubia Leaves.” Journal of
Computational and Theoretical Nanoscience 17 (7):
2882-2889.

Jiménez-Gdmez, C. P., and Cecilia, J. A. 2020. “Chitosan:
A Natural Biopolymer with a Wide and Varied Range of
Applications.” Molecules 25 (17): 3981.

da Silva Alves, D. C., Healy, B., Pinto, L. A., Cadaval, T.
R., and Breslin, C. B. 2021. “Recent Developments in
Chitosan-Based Adsorbents for the Removal of Pollutants
from Aqueous Environments.” Molecules 26 (3): 594.
Ambaye, T. G., Vaccari, M., van Hullebusch, E. D.,
Amrane, A., and Rtimi, S. 2020. “Mechanisms and
Adsorption Capacities of Biocharfor the Removal of
Organic and Inorganic Pollutants from Industrial
Wastewater.” International Journal of Environmental
Science and Technology: 1-22.

Mudhafar, M., Zainol, 1., Jaafar, C. N. A., Alsailawi, H.
A., and Majhool, A. A. 2020. “Microwave-Assisted
Green Synthesis of Ag Nanoparticles Using Leaves of
MeliaDubia (Neem) and Its Antibacterial Activities.”
Journal of Advanced Research in Fluid Mechanics and
Thermal Sciences 65 (1): 121-129.

Diab, M. A., El-Sonbati, A. Z., and Bader, D. M. D. 2011.
“Thermal Stability and Degradation of Chitosan Modified
by Benzophenone.” SpectrochimicaActa Part A:
Molecular and Biomolecular Spectroscopy 79 (5):
1057-1062.

Stoleru, E., Hitruc, E. G., Vasile, C., and Oprica, L. 2017.
“Biodegradation of Poly (Lactic Acid)/Chitosan Stratified
Composites in Presence of the
Phanerochaetechrysosporium Fungus.” Polymer
Degradation and Stability 143: 118-129.

Shahadat, M., and Isamil, S. (2018). “Regeneration
Performance of Clay-Based Adsorbents for the Removal
of Industrial Dyes: A Review.” RSC Advances 8 (43):
24571-24587.

Mudhafar, M., Zainol, I., Jaafar, C. N., Alsailawi, H. A.,



18

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Regeneration of Chitosan-Based Adsorbents

Majhool, A. A., and Alsaady, M. 2020. “Phytochemical
Screening and Characterization of Meliadubia Leaves
Extract for Antimicrobial Activity against Escherichia
coli and Staphylococcus aureus.” Indian Journal of
Ecology 47 (2): 493-496.

Zhu, R., Zhu, J., Ge, F., and Yuan, P. 2009.
“Regeneration of Spent Organoclays after the Sorption of
Organic  Pollutants: A Review.” Journal of
Environmental Management 90 (11): 3212-3216.

Sabio, E., Gonzdez, E., Gonz&ez, J. F., Gonz8ez-Garcia,
C. M., Ramiro, A., and Ganan, J. 2004. “Thermal
Regeneration of Activated Carbon Saturated with
p-Nitrophenol.” Carbon 42 (11): 2285-2293.

Sheintuch, M., and Matatov-Meytal, Y. [I. 1999.
“Comparison of Catalytic Processes with Other
Regeneration Methods of Activated Carbon.” Catalysis
Today 53 (1): 73-80.

Guibal, E. 2004. “Interactions of Metal lons with
Chitosan-Based Sorbents: A Review.” Separation and
Purification Technology 38 (1): 43-74.

Lodhi, G., Kim, Y. S., Hwang, J. W., Kim, S. K., Jeon, Y.
J., Je, J. Y., Ahn, C. B., Moon, S. H., Jeon, B. T.,and Park,
P. J. 2014. “Chitooligosaccharide and Its Derivatives:
Preparation and Biological Applications.” BioMed
Research International, Article ID 654913,
https://doi.org/10.1155/2014/654913.

Majhooll, A. A., Zainol, 1., Jaafar, C. N. A., Mudhafar,
M., Ha, A., Asaad, A., and Mezaal, F. W. 2019.
“Preparation of Fish Scales Hydroxyapatite (FsSHAp) for
Potential Use as Fillers in Polymer.” J. Chem. 13: 97-104.
Upadhyay, U., Sreedhar, I., Singh, S. A., Patel, C. M,,
and Anitha, K. L. 2020. “Recent Advances in Heavy
Metal Removal by Chitosan-Based Adsorbents.”
Carbohydrate Polymers 251: 117000.

Vakili, M., Deng, S., Shen, L., Shan, D., Liu, D., and Yu,
G. 2019. “Regeneration of Chitosan-Based Adsorbents
for Eliminating Dyes from Aqueous Solutions.”
Separation & Purification Reviews 48 (1): 1-13.
Mudhafar, M., Zainol, I., Jaafar, C. N. A., Alsailawi, H.
A., and Desa, S. 2021. “A Review Study on Synthesis
Methods of Ag-Nanoparticles, Considering Antibacterial
Property and Cytotoxicity.” International Journal of
Drug Delivery Technology 11 (2): 635-648.

Gautam, R. K. and Chattopadhyaya, M. C.
2016.Nanomaterials for Wastewater Remediation.
Oxford, UK: Butterworth-Heinemann.

Majhooll, A. A., Zainol, |., Jaafar, C. N. A., Ha, A,
Hassan, M. Z., Mudhafar, M., Majhool, A.,and Asaad, A.
2019. “A Brief Review on Biomedical Applications of
Hydroxyapatite Use as Fillers in Polymer.” J. Chem. 13:
112-119.

Vakili, M., Rafatullah, M., Salamatinia, B., Abdullah, A.

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Used in Heavy Metal Adsorption

Z., lbrahim, M. H., Tan, K. B., and Amouzgar, P. 2014.
“Application of Chitosan and Its Derivatives as
Adsorbents for Dye Removal from Water and
Wastewater: A Review.” Carbohydrate Polymers 113:
115-130.

Alsailawi, H. A., Mudhafar, M., Majhool, A. A., and
Asaad, A. 2019. “Study of Cystatin C as Early Biomarker
of Nephropathy in Patients with Type 2 DM and Risk
Stratification in Tarnaka Hospital of Hyderabad City in
India.” Journal of US-China Medical Science 16:
232-241.

Gerard, N., Krishnan, R. S., Ponnusamy, S. K., Cabana,
H., and Vaidyanathan, V. K. 2016. “Adsorptive Potential
of  Dispersible  Chitosan  Coated  Iron-Oxide
Nanocomposites toward the Elimination of Arsenic from
Aqueous Solution.” Process Safety and Environmental
Protection 104: 185-195.

Igberase, E., and Osifo, P. 2015. “Equilibrium, Kinetic,
Thermodynamic and Desorption Studies of Cadmium and
Lead by Polyaniline Grafted Cross-Linked Chitosan
Beads from Aqueous Solution.” Journal of Industrial and
Engineering Chemistry 26: 340-347.

lordache, M. L., Dodi, G., Hritcu, D., Draganescu, D.,
Chiscan, O., and Popa, M. I. 2018. “Magnetic Chitosan
Grafted (Alkyl Acrylate) Composite Particles: Synthesis,
Characterization and Evaluation as Adsorbents.” Arabian
Journal of Chemistry 11 (7): 1032-1043.

Laus, R., and De Favere, V. T. 2011. “Competitive
Adsorption of Cu (Il) and Cd (Il) lons by Chitosan
Crosslinked with Epichlorohydrin-Triphosphate.”
Bioresource Technology 102 (19): 8769-8776.

Pereira, F. A. R., Sousa, K. S., Cavalcanti, G. R. S,,
Fonseca, M. G., de Souza, A. G., and Alves, A. P. M.
2013. “Chitosan-MontmorilloniteBiocomposite as an
Adsorbent for Copper (1) Cations from Aqueous
Solutions.”  International ~ Journal of Biological
Macromolecules 61: 471-478.

Monier, M., Ayad, D. M., and Abdel-Latif, D. A. 2012.
“Adsorption of Cu (II), Cd (II) and Ni (II) Ions by
Cross-Linked ~ Magnetic ~ Chitosan-2-Aminopyridine
Glyoxal Schiff’s Base.” Colloids and Surfaces B:
Biointerfaces 94: 250-258.

Ren, Y., Abbood, H. A, He, F., Peng, H., and Huang, K.
2013. “Magnetic EDTA-Modified Chitosan/SiO2/FesO4
Adsorbent: Preparation, Characterization, and
Application in Heavy Metal Adsorption.” Chemical
Engineering Journal 226: 300-311.

Kahu, S. S., Shekhawat, A., Saravanan, D., and Jugade, R.
M. 2016. “Two-Fold Modified Chitosan for Enhanced
Adsorption of Hexavalent Chromium from Simulated
Wastewater and Industrial Effluents.” Carbohydrate
Polymers 146: 264-273.



[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

Regeneration of Chitosan-Based Adsorbents

Padilla-Rodr guez, A., Perales-P&ez, O., and
Romé&n-Velazquez, F. R. 2014. “Removal of As(III) and
As(V) Oxyanions from Aqueous Solutions by Using
Chitosan Beads with Immobilized Iron (III).” Int. J.
Hazard. Mater. 2 (1): 7-17.

Ahamed, M. E. H., Marjanovic, L., and Mbianda, X. Y.
2016. “Statistical Optimization, Kinetic and Isotherm
Studies on Selective Adsorption of Silver and Gold
Cyanocomplexes Using Aminoguanidyl-Chitosan
Imprinted Polymer.” J Adv. Chem. Eng. 6 (149): 2.
Futalan, C. M., Tsai, W. C., Lin, S. S., Hsien, K. J,,
Dalida, M. L., and Wan, M. W. 2012. “Copper, Nikel and
Lead Adsorption from Aqueous Solution Using
Chitosan-Immobilized on Bentonite in Ternary System.”
Sustain Environ Res. 22 (6): 345-355.

Filipkowska, U. 2006. “Adsorption and Desorption of
Reactive Dyes onto Chitin and Chitosan Flakes and
Beads.” Adsorption Science & Technology 24 (9):
781-795.

Ha, A., Misnan, R., and Mudhafar, M. 2021. “Major and
Minor Allergen Ige Reactivity of Purple Mud Crab
(Scylla tranquebarica) against a Cross-Reactive Allergen
in Crustacean and Molluscs in Patients with a Seafood
Allergy.” Research Journal of Pharmacy and Technology
14 (1): 239-244.

Jiang, X., Sun, Y., Liu, L., Wang, S., and Tian, X. 2014.
“Adsorption of CI Reactive Blue 19 from Agqueous
Solutions by Porous Particles of the Grafted Chitosan.”
Chemical Engineering Journal 235: 151-157.

Al Sailawi. H.Misnan, R., Mudhafar, M., Desa, S., and
Abdulrasool, M. M. 2020. “Effects of Storage Period on
Protein Profile and Allergenicity of Purple Mud Crab
(Scylla  tranquebarica) Under Various Storage
Conditions.” International Journal of Pharmaceutical
Research 12 (2): 4400-4413.

Lakshmi, K. B., and Sudha, P. N. 2012. “Adsorption of
Copper (1) lon onto Chitosan/Sisal/Banana Fiber Hybrid
Composite.” International Journal of Environmental
Sciences 3 (1): 453-470.

Al Sailawi, H. A., Misnan, R., Yadzir, Z. H. M.,
Abdullah, N., Bakhtiar, F., Arip, M., and Ateshan, H. M.
2020. “Effects of Different Salting and Drying Methods
on Allergenicity of Purple Mud Crab
(Scyllatranquebarica).” Indian Journal of Ecology 47 (4):
1173-9.

[55]

[56]

[57]

[58]

[59]

[60]

[61]

(62]

(63]

[64]

[65]

Used in Heavy Metal Adsorption 19
Ruiz, M., Sastre, A. M., and Guibal, E. 2000. “Palladium
Sorption on Glutaraldehyde-Crosslinked ~ Chitosan.”

Reactive and Functional Polymers 45 (3): 155-173.

Wu, Z. C., Wang, Z. Z., Liu, J., Yin, J. H., and Kuang, S.
P. 2016. “Removal of Cu (II) Ions from Aqueous Water
by L-Arginine Modifying Magnetic Chitosan.” Colloids
and Surfaces A: Physicochemical and Engineering
Aspects 499: 141-149.

Alsailawi, H. A., Mudhafar, M., and Abdulrasool, M. M.
2020. “Effect of Frozen Storage on the Quality of Frozen
Foods — A Review.” J. Chem. 14: 86-96.

Wan, M. W, Kan, C. C.,, Rogel, B. D., and Dalida, M. L.
P. 2010. “Adsorption of Copper (II) and Lead (II) Ions
from Aqueous Solution on Chitosan-Coated Sand.”
Carbohydrate Polymers 80 (3): 891-899.

Ali, A. H., and Rosmilah, M. 2019. “Effects of Food
Processing on the Stability and Quality of Shellfish
Allergens.” Journal of US-China Medical Science 16:
149-163.

Kumar, A. S. K., and Jiang, S. J. 2016.
“Chitosan-Functionalized Graphene Oxide: A Novel
Adsorbent an Efficient Adsorption of Arsenic From
Aqueous Solution.” Journal of Environmental Chemical
Engineering 4 (2): 1698-1713.

Ha, A., Rosmilah, M., Keong, B. P., and Ateshan, H. M.
2019. “The Effects of Thermal and Non-thermal
Treatments on Protein Profiles of Scylla tranquebarica
(Purple Mud Crab).” Plant Archives 19 (2): 813-816.
Abou El-Reash, Y. G. 2016. “Magnetic Chitosan
Modified with Cysteine-Glutaraldehyde as Adsorbent for
Removal of Heavy Metals from Water.” Journal of
Environmental Chemical Engineering 4 (4): 3835-3847.
Javanbakht, V., Ghoreishi, S. M., Habibi, N., and
Javanbakht, M. 2016. “A  Novel Magnetic
Chitosan/Clinoptilolite/Magnetite  Nanocomposite for
Highly Efficient Removal of Pb (I) lons From Aqueous
Solution.” Powder Technology 302: 372-383.

Gylien¢, O., Nivinskien¢, O., and Vengris, T. 2008.
“Sorption of Tartrate, Citrate, and EDTA onto Chitosan
and Its  Regeneration  Applying
Carbohydrate Research 343 (8): 1324-1332.
Mudhafar, M. 2019. “Review of Photochemistry for
Polyalithialongiflia.” Discovery Phytomedicine 6 (2):
33-55.

Electrolysis.”



