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Abstract: Chitosan is a polymeric material having properties
such as adsorption and hydrophilicity. Chitosan itself is almost
photocatalytically inactive, but it can couple with other photo-
catalysts to improve their photocatalytic activity. Chitosan sig-
nificantly enhances photocatalysts’ adsorption and lowers the
charge carrier recombination, which ultimately aids in the en-
hanced photocatalytic activity. In this review, we have discussed
chitosan’s basic structural, electronic, and chemical proper-
ties. We have also explored the photocatalytic properties of
chitosan and chitosan-based materials. Since metal-based and
metal-free semiconductors are the two major classes of semi-
conductor photocatalysts, so we have described how chitosan
can be used to enhance the limitations of metal-based and met-
al-free semiconductor photocatalysts. This review will help to
develop a better understanding of chitosan and chitosan-based
materials for photocatalysis. We have also explored the future
aspects of chitosan-based photocatalytic materials to improve
the research in the future.
Keywords: Photocatalysis; Chitosan; Support materials; Met-
al-free photocatalysts; Metal-based photocatalysts; Pollutant
degradation.
Highlights:
e The basic mechanism for photocatalysis is discussed
* The physical and chemical properties of chitosan are explored
* Explained the effect of chitosan modification on
photocatalysts
* Chitosan with metal-based and metal-free semiconductors
is debated

INTRODUCTION

With rapid economic and industrial development, environmental pol-
lution and energy shortages are now major worldwide issues that se-
riously limit sustainable human development (Ge et al., 2019; Mills
et al., 1993; Sudhaik et al., 2022). To solve these problems, industrial
technology development must focus on meeting the demand for clean
energy and solving the problem of environmental pollution (Crini and
Lichtfouse, 2019; Kumar et al., 2022a). Wastewater treatment is cost-
ly because the contaminant present needs to be effectively removed
before the water can be safely reused. Materials such as membranes,
ozone, adsorbents, catalysts, etc. are used to treat polluted water but
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exhibit poor efficiency and sometimes leave sec-
ondary pollutants in the system. Even with con-
ventional methods such as biological and physical
treatments, removing the contaminants effectively
would still require more advanced technology with
lower cost and shorter time requirements (Khan et
al., 2021; Yahya et al., 2018). Therefore, photocatal-
ysis is an emerging technique for water treatment
that uses solar light for pollutant degradation, en-
ergy conversion, and fuel generation (Akhundi et
al., 2019; Habibi-Yangjeh et al., 2020; Akhundi
et al., 2020).

In photocatalysis, a semiconductor photocat-
alyst is used to degrade the pollutants present in
water or air (Hariganesh et al., 2020; Soni et al.,
2022). When a photocatalyst is added to polluted
water, pollutants get adsorbed on the surface of the
photocatalyst. When light of suitable wavelength/
energy (hv > band gap energy of semiconductor)
falls on the semiconductor, electrons excite from
the valance band (VB) to the conduction band
(CB), leaving behind holes in VB (Kumar et al.,
2022b; Rana et al., 2022). These photogenerated
electrons and holes interact with water and dis-
solved oxygen to generate highly oxidative species
(viz. "OH, "O,"). These highly oxidative species
impart high oxidative stress to adsorbed pollutant
molecules and ultimately degrade them. The sche-
matic illustration of the photocatalysis process is
shown in Figure 1(a). To date, many semiconduc-
tors photocatalysts have been explored to achieve
high efficiency in degrading the pollutant under
solar light (Asadzadeh-Khaneghah et al., 2020;
Kumar et al., 2022c). Metal-based and metal-free
semiconductors are the two main classes of semi-
conductors. Still, they both have some limitations,
such as poor adsorption ability, high charge re-
combination, a poor lifetime of charge carriers,
etc. To overcome these limitations, and various
changes such as heterojunction composite forma-
tion, defect engineering, etc., have been done to
these photocatalysts.

Moreover, adsorption is well known to be a
requirement for a photocatalysis process to occur,
and numerous papers have shown that high ad-
sorption could lead to an effective photocatalytic
activity (Natarajan et al., 2018; Zhang et al., 2020;
Ngah et al., 2011). Some photocatalysts also have a
low surface area limiting the available active sites
for the degradation of the pollutants. Along with
the limitation of poor adsorption and surface area
of photocatalysts, water has a strong tendency to
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adsorb on the surface of photocatalytic materials,
decreasing the adsorption sites for pollutants and
ultimately decreasing the photocatalytic activity
(Li et al.,, 2019). Thus, modifying photocatalysts
by forming a composite with materials having high
adsorption ability and hydrophilicity can greatly
enhance photocatalytic activity (You et al., 2022;
Zhu et al., 2013). Many types of adsorbent mate-
rials available, such as activated carbon, zeolite,
graphene oxide, silica oxide, carbon nanotubes
(CNT), polymeric adsorbents, etc. (Kyzas et al.,
2015). Out of all, chitosan can be a good choice
due to its good adsorption ability, abundance, and
non-toxicity (Adnan et al., 2020). Chitosan is a bio-
polymer-based adsorbent material that can be used
for immobilization and can be coupled with other
semiconductor materials to form a composite hav-
ing enhanced photocatalytic properties (Verma et
al., 2020; Bahrudin and Nawi, 2019). It is biocom-
patible, biodegradable, non-toxic, and has multiple
functional groups providing more active sites for
photocatalytic reaction. Chitosan can enhance se-
lectivity, mechanical strength, surface area, surface
chemistry, and regeneration of a photocatalyst (Gu-
sain et al., 2019; Khan et al., 2020). Chitosan-based
composites are reported to show enhancement in
chemical stability, hydrophilicity, biocompatibility,
and pore size. The properties of chitosan and its ef-
fect on the photocatalytic properties of metal-based
and metal-free photocatalysts are briefly explained
in this review.

This review will be a good insight for under-
standing chitosan, and it is composite for photoca-
talysis. A few reviews have already been published
based on chitosan, but none of them have broadly
explored chitosan with metal-based and metal-free
photocatalysts (Adnan et al., 2020; Lee et al., 2015;
Nithya et al., 2014). In this review, we have dis-
cussed chitosan, its properties, and chitosan-based
modifications to metal-free and metal-based pho-
tocatalysts. To write this review, we went through
various articles published in Scopus from 2010 to
2022 using the keywords “Chitosan + photocatal-
ysis”, “metal-based photocatalysts + chitosan”, and
metal-free photocatalysts + chitosan”. We have
selected the data, which is written in the English
language and includes photocatalysis. We have ne-
glected the data written in a language other than
English. We have also failed the data which does
not contain chitosan. The graphical representation
of the articles selected for review of literature is
shown in Figure 1(b).
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Figure 1. (a) Schematic illustration of the basic mechanism of photocatalysis, (adapted with permission
from Elsevier, copyright 2020 with license number: 5342330501031) (Hariganesh et al., 2020)
(b) Graphical representation of articles selected for literature review.

CHITOSAN

Chitosan is a poly [(1-4)-B-linked 2-amino 2-de-
oxy-D-glucose] compound that has applications in
pharmaceutical, cosmetic, biomedical, agriculture,
biotechnology, textile, food, and water treatment
(Mourya and Inamdar, 2008). The structure of chi-
tosan resembles cellulose and is the 2" most abun-
dant polysaccharide on Earth after cellulose (Adnan
et al., 2020; Nithya et al., 2014). Chitosan is present
in the cell wall of fungi and arthropods. Chitosan
has some excellent properties, such as non-toxici-
ty, biodegradability, chemical reactivity, biocom-
patibility, and hydrophilicity. Chitosan is generally
prepared from chitin which is also a biopolymer,
through N-deacetylation in the presence of hot

https://doi.org/10.37819/bph.001.03.0223

alkali. To remove the acetyl group from chitin, chi-
tin is treated with concentrated alcoholic or aqueous
NaOH in absence of oxygen and in the presence of
nitrogen or sodium borohydride to avoid depolymer-
ization. The deacetylation in chitin is reported to be
<10%, whereas it is 40% - 90% in chitosan (Mourya
and Inamdar, 2008). The structures of chitin and
chitosan are shown in Figure 2(a-b). The structures
of chitin and chitosan are pretty similar, but still,
they have differences in their chemical properties.
Chitosan is more accessible to the reagents due to its
less crystalline nature than chitin; hence, they have
a strict difference in their solubilities. Chitosan also
has high chemical and biological reactivity com-
pared to chitin due to regularly distributed amino
groups in its molecular chain (Ogawa et al., 2004).

Biomaterials and Polymers Horizon (2022) 1(3) | 3
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Figure 2. Structure of (a) chitin and (b) chitosan, (Adapted with permission from Elsevier,
copyright 2008 with license number: 5342390642174) (Mourya and Inamdar, 2008).

Chitosan has a strong affinity toward the metal
ions due to its cationic behaviour in an acidic medi-
um which describes its potential for heterogeneous
photocatalysis (Lee et al., 2015). Properties such
as low cost, eco-friendly, stability (up to 280 °C),
non-toxicity, and easily modified physical and
chemical properties make chitosan a good support
material for functionalization and immobilization
in photocatalysis. Chitosan is reported as a good
support material in heterogeneous photocatalysis
by many researchers. Chitosan is an excellent ma-
terial of choice for making efficient heterojunction
photocatalyst due to; i) its ability to control ac-
tive agent release, ii) the presence of large amino
groups for crosslinking, and iii) it is cationic nature
to interact with multivalent anions. Xiong and his
peer group explored the advantages of forming a
heterojunction with chitosan to enhance the photo-
catalytic activity of Ag.PO, photocatalyst (Xiong
et al., 2018). On the introduction of chitosan, there
was a significant enhancement in visible light ab-
sorption of Ag PO, AgPO, had an absorption
edge at 520 nm, which was improved to 500-800
nm with chitosan. SEM images of chitosan and
Ag PO /chitosan composite clearly indicated the
deposition of Ag PO, on chitosan fibres. Photocat-
alytic activities of pure chitosan and Ag,PO,/chi-
tosan were also compared, where chitosan showed
almost negligible photocatalytic activity against
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methyl orange dye under visible light. Ag PO /chi-
tosan composite showed almost ~95% degradation
efficiency methyl orange under visible light irradi-
ation within 80 minutes, whereas chitosan showed
only 10% degradation under similar conditions.
Here, chitosan made Ag PO, nanoparticles immo-
bilized for better photocatalytic activity. Similarly,
Preethi et al. also explored chitosan as a support
material to enhance the photocatalytic activity of
ZnO for Cr(VI) reduction (Preethi et al., 2017).
Chitosan/ZnO composite showed 52.6% of chromi-
um reduction within 60 minutes in the dark, which
was improved to 99.2% under UV light. This pho-
tocatalytic efficiency decreases with an increase
in pH beyond 8 and increases with an increase in
irradiation time. Catalytic dose strongly affects the
efficiency of the photocatalyst. With the increase in
catalyst concentration up to 100 mg, photocatalytic
removal of Cr(VI) increases due to the increased
adsorption and reduction of Cr(VI). The two major
factors responsible for photocatalytic activity en-
hancement are improved adsorption and lowered
electron-hole pair recombination due to chitosan.
Chitosan is quite an efficient tool for enhancing of
photocatalytic activity of semiconductor photocat-
alysts. Chitosan is reported to improve the photoac-
tivity for various metal-based and metal-free semi-
conductor photocatalysts, which we will discuss
further in this review.

https://doi.org/10.37819/bph.001.03.0223
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CHITOSAN WITH METAL-BASED
SEMICONDUCTOR PHOTOCATALYSTS

TiO, is a widely explored metal-based photocatalyst
in metal-based semiconductors due to its easy avail-
ability, cheapness, and non-toxicity (Bahrudin and
Nawi, 2019; Skori¢ et al., 2016). Moreover, the high
redox potential of TiO, photocatalyst is also a key
factor for the high mineralization ability of TiO,.
But, the band gap of TiO, is also high (3.2 eV), and
it absorbs in the UV region, limiting its practical
applications. Moreover, high charge recombination
and poor adsorption ability of TiO, are some other
significant drawbacks of metal-based TiO, photocat-
alyst (Chen et al., 2020). Besides TiO,, many other
metal-containing semiconductors are explored, such
as metal-oxides, metal-sulphides, oxy(nitrides),
oxy(sulphides), etc.. Still,they also have poor effi-
ciency, high charge recombination, and poor absorp-
tion of pollutants on the catalyst surface. Chitosan
is reported to use as a support material for met-
al-based semiconductor photocatalysts to overcome

Insight of the effect of chitosan modification...

the limitations mentioned above. Chitosan support
is photocatalytically inactive, but the NH, amino
groups present in chitosan are responsible for better
adsorption and degradation of pollutant molecules
(Bergamonti et al., 2019). Chitosan helps immobil-
ise metal-based photocatalysts for better photocat-
alytic activity, recovery, and reuse (Haldorai and
Shim, 2013). Chitosan is reported to dope with CuO,
which showed enhanced photocatalytic activity for
bacterial inactivation. The high photocatalytic ac-
tivity of Chitosan/CuO was attributed to the strong
interaction of chitosan with the highly electroneg-
ative surface of the microbe. Hybrid chitosan/CuO
photocatalyst interaction with bacterial membranes
blocked the nutrient intake of the cell by changing
the permeability of the cell membrane. Moreover,
reactive oxidative species generated by chitosan/
CuO nanocomposite increased the oxidative stress
on bacterial cells and ultimately led to the inacti-
vation of the bacterial cell. Figure 3 (a-b) compared
the picture before and after treatment of Escherichia
coli (E. coli) with chitosan/CuO hybrid for 12 hours.
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Figure 3. Picture of (a) before and (b) after treatment of E. coli with chitosan/CuO hybrid for 12 hours
(Adapted with permission from Hindawi, copyright 2013 with (CC BY 3.0)) (Haldorai and Shim, 2013).
(c) Recyclability and efficiency of CdS/chitosan after 5 cycles, (Adapted with permission from Elsevier,
copyright 2009 with license number: 5342430321088) (Zhu et al., 2009).
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The amino groups at chitosan can be easily pro-
tonated in an acidic medium (or low pH), therefore,
pollutants can quickly adsorb on chitosan/met-
al-based photocatalyst (Zhu et al., 2009). The effect
of pH on chitosan/CdS composite was examined,
and rate constant k _values were evaluated for 6, 8,
10, and 12 pH. The trend ink_ values was observed
as 6>8>10>12, where the lowest k_ value was
5.5 x 10 min™* for pH 12, and the hlghest k., val-
ue was 11.8 x 10-3 min! for pH 6. These chitosan/
CdS photocatalysts showed 93.6% degradation of
Congo red dye within 180 minutes under visible
light. Chitosan/CdS also showed good reusabili-
ty after 5 cycles (Figure 3(c)). Chitosan generally
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forms a coordination complex with metal ions like
Zn, decreasing the composite’s free amine groups
(Mansur et al., 2014). A schematic illustration of
the chitosan/ZnO composite is shown in Figure
4(a). The Chitosan/ZnO composite exhibited 87%
degradation efficiency for methylene blue dye under
UV light within 120 minutes. The schematic mech-
anism of pollutants degradation via chitosan/ZnO
composite is shown in Figure 4(b). Chitosan is also
reported to enhance the photoactivity of magnetic
photocatalysts. Due to the presence of amino group
(-NH,) and hydroxyl group (-OH) on chitosan, mag-
netic metal ions (e.g., Fe) get chelated on chitosan
(Cao et al., 2014).

Pollutant
Degradation

UVirradiation
Ao =254 nm
JOOH

E (V) [SHE)

Dyes

Nax “U%

Pollutant dye
Degradation

Figure 4. (a) Schematic illustration of the chitosan/Zn0O composite. (b Mechanism
of pollutants degradation via chitosan/ZnO composite (Adapted with permission from Elsevier,
copyright 2014 with license number: 5342430476679) (Mansur et al., 2014).

Conjugated nanoparticles of magnetic Co, Ni,
and Fe were prepared and compared by Khan et
al. for the degradation of bromophenol blue (Khan
et al., 2016). Out of all, Co-based chitosan nano-
composite showed the highest crystallinity, where-
as Fe-based showed the lowest. But, Fe-chitosan
nanocomposite showed the highest degradation
efficiency (94.5%) for bromophenol blue under UV
light within 10 hours. Here, chitosan is highly re-
sponsible for this photocatalytic activity and acts
as a photocatalyst to electron-hole pairs for the gen-
eration of highly oxidative species. The photocata-
lytic degradation of bromophenol via metal-based
chitosan composites is -dependent and increases
with irradiation time. For a photoinduced chemi-
cal transformation, the catalyst surface is a crucial

6 | Biomaterials and Polymers Horizon (2022) 1(3)

factor, and chitosan can enhance the surface prop-
erties effectively. Fe-based chitosan nanocomposite
also showed high reusability (Adnan et al., 2020).
Metal-based chitosan composite showed some ex-
cellent characteristics for improved photocatalysis,
but still, some important factors are crucial in this
process, such as,

+ Particle size significantly affects the photocata-
lytic activity

Interfacial of metal-based semiconductors
which are responsible for intermolecular forces
such as van der Waals forces, hydrogen bond-
ing, electrostatic attractions/repulsions, etc.
Dispersion of metal-based semiconductors with
chitosan required for good bonding

https://doi.org/10.37819/bph.001.03.0223
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Although chitosan and metal-based hybrid
semiconductors exhibit good and enhanced photo-
catalytic activity, they still have some drawbacks
of high cost, large band gap, high recombination,
and high energy absorption (UV light). Moreover,
the interaction of pollutants with these photocata-
lysts occurs via chelation, coprecipitation, and elec-
trostatic interaction with protonated NH, group.
Protonation of NH, highly depends upon pH. Also,
recovery of some metal-based semiconductor com-
posites is a big issue.

CHITOSAN WITH METAL-FREE
SEMICONDUCTOR PHOTOCATALYSTS

Metal-free photocatalysts are an ultimate class of
photocatalysts that are mainly derived from ele-
ments like Si, Se, P, S, B, Te, etc. (Li et al., 2017).

Insight of the effect of chitosan modification...

Carbon-based materials such as carbon quantum
dots, SiC, graphitic carbon nitride, graphene oxide,
and other organic photocatalysts are also good for
metal-free photocatalysts. But, some of the signifi-
cant drawbacks of some metal-free photocatalysts
are poor charge separation, poor adsorption, insta-
bility, and poor charge transfer. Doing and hetero-
junctions are some of the highly explored modifica-
tion techniques to overcome the limitations of the
photocatalyst. Chitosan has a high Nitrogen content
(~7%) due to nitrogen-containing amine and acet-
amide groups, making it a suitable precursor for
synthesising N-doped carbon materials (Khan et al.,
2020). The schematic illustration of the synthesis of
N-doped carbon-based graphene oxide is shown in
Figure 5(a). For materials like silicon, chitosan can
be used to control its expansion and conduction be-
haviour (Khan et al., 2020).

Volatile Nitrogen
Containing Compounds

Figure 5. (a) Schematic illustration of the synthesis of N-doped carbon-based graphene oxide
(Adapted with permission from ACS, copyright 2020 with CC-BY-NC-ND) (Khan et al., 2020)
and (b) structure of chitosan/GCN composite, (Adapted with permission from Elsevier,
copyright 2019 with license number: 5342430613474) (Vigneshwaran et al., 2019).

Chitosan is a polymer matrix to hold the pho-
tocatalysts (Shen et al.,, 2021). g-C.N, (GCN) in
chitosan matrix can develop self-cleaning surfac-
es. The schematic illustration of the chitosan/GCN
composite is shown in Figure 5(b) (Vigneshwaran
et al., 2019). Studies revealed that reactive oxidative

https://doi.org/10.37819/bph.001.03.0223

species generated by GCN/Chitosan photocatalyst
are comparable to GCN, which clearly showed that
the formation of composite with chitosan doesn’t
affect the formation of reactive oxygen species.
Doping the GCN with chitosan also blue-shifts the
absorption edge from 480 nm to 450 nm, but it also

Biomaterials and Polymers Horizon (2022) 1(3) | 7



REVIEW ARTICLE

lowers the photoluminescence (PL) intensity (Zhao
et al., 2018). Lower PL intensity of GCN/Chitosan
composites compared to GCN and chitosan is the di-
rect indication of enhanced charge separation and an
improved lifetime of charges. GCN/chitosan com-
posite synthesized by Zhao and coworkers showed
enhanced photocatalytic activity for methylene blue
(MB) dye degradation. ~100 % of MB was reported
to remove by GCN/chitosan composite within 120
minutes under visible light irradiation. Percentage
of chitosan in the composite significantly affects
the photocatalytic activity. With the increased chi-
tosan concentration, adsorption increases, but it also
hinder photocatalytic performance. Along with pho-
tocatalytic activity, GCN/chitosan photocatalysts
also show good recyclability and stability, which
offers an excellent practical application. Even af-
ter 5 cycles, the composite showed ~97% degrada-
tion efficiency and <10% mass change. Chitosan is

Rohit Kumar, et al.

also reported to coat with polymers such as Polyvi-
nylidene fluorides, Polyethersulfone, etc., and make
the surface of other polymers positively charged
(Gharbani and Mehrizad, 2022). NH, group of chi-
tosan changed to NH." in acidic pH. This NH,* group
interacts with the carboxylic (COO-) and -O- groups
of pollutants like thodamine B through hydrogen
bonding and improve the photocatalysis process. At
higher pH, NH, remains neutral and poor interaction
of chitosan with pollutant molecule occurs. Ternary
composite of chitosan/lactose/GCN was synthesized
by Karimi et al. and compared its photoactivity for
the degradation of methyl orange, methyl blue, and
methyl red at different concentrations under visible
light irradiation at 6.5, 7.8, and 8.8 pH (Karimi et
al., 2021). Among all, this photocatalyst exhibited
a higher photocatalytic at pH 6.5. Figure 6 shows
the chitosan/lactose/GCN photocatalysts efficiency
at different pH and concentrations.

Methyl Orange Photodegradation
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Figure 6. The efficiency of chitosan/lactose/GCN photocatalyst at different pH
and concentrations, (Adapted with permission from John Wiley and Sons,
copyright 2021 with license number: 5342430816942) (Karimi et al., 2021).
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Thus, metal-based and metal-free semiconduc-
tors are two different classes of semiconductors.
Metal oxides have unique electronic and optical
properties. Metal-based semiconductors offer good
charge mobility, separation, and reusability. But,
low light-harvesting, metal pollution, and leach-
ing are some of the significant drawbacks of metal
oxides. Adding chitosan to metal-based semicon-
ductors can reduce electron-hole pair recombina-
tion, enhance the polarity of semiconductors, im-
prove the lifetime of charge carriers, and boost the
adsorption ability of semiconductors. Similarly,

Insight of the effect of chitosan modification...

metal-free semiconductors are low-cost and offer
good light-harvesting ability and non-toxicity. But,
poor stability, low charge transfer ability, and high
recombination are some of the significant issues of
metal-free semiconductors. Chitosan improves pol-
lutant adsorption on photocatalyst surfaces when
introduced to metal-free semiconductors. It also
lowers the PL intensity, confirming the low recom-
bination and high photocatalytic activity. The com-
parison of photocatalytic activity of chitosan/met-
al-based and chitosan/metal-free semiconductors is
shown in Table 1.

Liaht Photocatalyst
Photocatalyst Pollutant g / pollutant Efficiency Reference (s)
source .
concentration
Ag,0/TiO,/ - - . 80 mm film / 40 | ~100% in 200 | (Zhao et al.,
chitasan Ampicillin-— Visible light | * ) e o5 mg/ minutes 2017)
. ) _ o
Ag.EO/Tloz/ Methyl Visible light 80 mm film / 40 ’IOQ Jo in B0 (Zhao et al.,
chitosan orange mL of 10 mg/L minutes 2017)
. . . . 50 mg /50 mL | ~100% in 60 | (Wang et al.,
Ag/AgCl/chitosan | Rhodamine B | Visible light of 10 mg/L minutes 5017
. . Methyl . 50 mg /100 mL | ~100% in 240| (Zhu et al.,
TiD,/znOfchitosan Orange Solar Light of 15 mg/L minutes 2012)

. Malachite - . ~100% in 270 | (Saad et al.,
Chitosan/zZnO Green Visible light | 50 mg /5 mg/L minutes 5020)

. Malachite - . ~100% in 90 | (Saad et al.,
Chitosan/Ce-Zn0 Green Visible light | 50 mg /5 mg/L minutes 5020)

. ) . - . 100 mg / 50 mL _arg (Vigneshwaran
Chitosan/g-C;N, Chlorpyrifos | Visible light of 50 mg/L 85% et al, 2019)
Polypyrrole/ Reactive UV light 300 mg / ~90% in 70 | (Ahmad et al,,
chitosan/zZn0O Orange-16 g 300 mL of dye minutes 2019)
Chitosan/g-C,N,/ . . 30 mg /30 mL | ~75% in 240 (Li et al,
TG, CriV) Visible light | o410 mg/L minutes 2021

Table 1. Comparison of photocatalytic activity of different chitosan-based

metal-free and metal-based photocatalysts.

CONCLUSION AND FUTURE ASPECTS

Based on the current research result, chitosan is
an excellent support material for metal-based and
metal-free semiconductors due to its high sorption
capacity, stability of metal anions, and physical and
chemical versatility properties. Chitosan makes the
photocatalysts immobilize, stable, and highly ef-
fective. Chitosan improves the adsorption ability of
modified photocatalysts due to the presence of the
NH, group on the surface. Chitosan also enhanc-
es the lifetime of charge carriers when attached to
some semiconductors. Chitosan highly decreases
the charge-carriers recombination and improves the
overall photocatalytic process. In this review, we

https://doi.org/10.37819/bph.001.03.0223

have discussed the properties of chitosan with met-
al-based and metal-free semiconductors. Despite its
advantages, the study of chitosan-based materials is
still in its early stages. Future aspects in the field of
chitosan-based materials are discussed below,

* Chitosan modification is generally reported
to blue-shift the absorption edge. Improved
methods should be developed to improve the
light-harvesting ability of chitosan-based
materials.

¢ Chemical modifications can be done to chitosan
to attach various functional groups to control
the adsorption ability, cationic-anionic proper-
ties, and hydrophilic nature.
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» Density functional theory-based studies should
be performed to understand the mechanism of
chitosan-based photocatalysts more clearly.

* Implementation of chitosan-based photocata-
lysts for the large-scale treatment of wastewater
should be focused on.

This review will be an effective tool for a
better understanding and improvement of chi-
tosan-based photocatalytic materials. Chitosan
exhibited a significant application potential in the
field of photocatalysis. Unique properties of chi-
tosan, such as adsorption and hydrophilicity, make
it a suitable choice for investment in heterogeneous
photocatalysis.
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