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Abstract 
Organic pollutants are now a global concern because of their rapid increase following the 

rapid industrial growth. In tackling this problem, researchers have used chitosan that 

could act as adsorbing material. However, chitosan use in wastewater treatment requires 

further modification owing to its drawbacks of being susceptible to acidic environment 

and mechanically weak. Of many modifying approaches, metal-oxide embedment is 

perceived as promising because not only does it improve the chemical and physical 

properties of chitosan, but it also adds new features to the material such as being magnetic 

or photocatalytic. This present review describes the modification of chitosan through 

metal oxide embedment aiming to its utility in organic waste removal. Firstly, the 

definition of chitosan and the progress of its application in wastewater treatment are 

presented. Types of metal oxides, namely photocatalyst and magnetic iron oxide are also 

discussed. Embedment of metal oxides into chitosan could be done using methods such 

as sol-gel, high-energy ball milling, and spray-drying, where they affect the chemical and 

physical properties of the produced metal oxide/chitosan composites. Reported studies 

suggest a high percentage of organic pollutant removal, up to 100%. In addition to its 

removal ability, metal oxide/chitosan is also proven to be environmentally friendly and 

economical. 
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Introduction 

Degradation of the environmental quality from organic and inorganic waste has been a 

widespread challenge, especially for water resources. Some of the pollutants are accumulated in 

the water that surpass the safe limit [1]. Organic pollutants can come from the natural 

environment and biological processing [2], to various industries that are increasing rapidly, such 

as agriculture [3] and textile industries [4]. Some of these organic pollutants include 

pharmaceutical waste, pesticides, dyes, and common organic chemicals. These organic pollutants 

are highly toxic and capable of affecting human health, either through direct contact, or indirectly 

through contamination of the food chain. In addition, organic pollution is not only resulting a 

high risk in human health, but also harmful for the ecosystem [5]. Therefore, the removal of such 

a pollutant from the water is crucial for both environment and human health [6].  

Several methods to remove these pollution have been investigated, including evaporation, 

freezing, ion exchange [7], and adsorption using membrane such as chitosan [8]. Chitosan-based 

materials are used due to their benefits, including less toxic, biodegradability, and efficient 
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adsorption ability [9]. Some sources of raw material for chitosan preparation are shrimp and crab 

shell [10]. However, chitosan has a drawback on low capacity for organic removal. Therefore, 

embedding the biopolymer with fillers are needed to complement its shortcomings.  

Recently, photocatalyst materials have attracted the attention from researchers due to their 

advantages for organic pollution removal. Photocatalysts are popularly derived from metal 

oxides, such as TiO2 [11], Fe2O3 , and ZnO [12]. The photocatalysis method becomes stand out 

among others because it did not produce secondary pollutants after the treatment. By using a 

photocatalyst, the substrate absorbs light energy that causes the formation of excited electron (e-

) and a positive hole (h+) leading to the reduction and oxidation which catalyzes the degradation 

of the contaminants [13]. Embedment of these metal oxides onto polymeric matrix has been 

reported to prevent their aggregation, thereby increasing contact surface and subsequently 

removal efficiency. This review article will discuss recent advances of metal oxide/chitosan 

composites and focus on their application in removing organic pollutants from wastewater. 

Chitosan 

Chitosan: Source and modification 

Chitosan-based adsorbents are widely used to remove various contaminants owing to economical 

convenience, ease of preparation, reusability, biodegradability, and high adsorption capacity (due 

to functional groups that act as binding sites) [14]. Chitosan is a biopolymer that can be 

synthesized from various living organisms [15], some of widely utilized source include shrimp 

and crab shells [10]. In addition, lobster, crayfish and oyster have also been reported as the source 

of chitosan [16,17]. Reported sources and methods for preparing chitosan are presented in Table 

1. Ultrasound, microwave, and thermal treatments are commonly used as physical methods for 

chitosan preparation. They are fast, easy or straightforward, and efficient, and produce high yield 

of acid-soluble chitosan with stable chemical and thermal properties [18]. The process includes 

soaking the raw material into NaOH solution with high temperature condition for few hours that 

resulting on a high chitosan that soluble in acidic medium [19]. The presence of NaOH in 

microwave irradiation method for 2 h at 350 W is considered as fast and efficient method [20]. 

As supported by other research that shows both alternate irradiation in the presence of NaOH 

[21] and ultrasound-assisted deacetylation of chitin [22] resulting on a high yield of chitosan with 

acid-soluble properties. In addition, the deacetylation of chitosan in NaOH solution under 600-

W microwave irradiation improves the antimicrobial activity of chitosan [23]. The UV irradiation 

method at different interval of time improves the flame-retardant property of chitosan [24]. 

Meanwhile, the modified chitosan using GDP method produced a chitosan with several 

advantages, including high thermal stability, tensile strength, and vapor barrier [25]. A simple 

ball milling, in combination with thermal shocking drying, can be employed to produce nano-

chitosan (diameter<30 nm) [26]. Chitosan with high mechanical and thermal properties can be 

achieved by hot press method [27]. 

Chitosan for wastewater treatment: Advantages and disadvantages 

The application of chitosan for wastewater treatment has been reported widely due to their 

several advantages. Chitosan has a number of favorable properties, such as nontoxic, 

antibacterial, biodegradable, and biocompatible [30], which makes it an effective adsorbent 

material for removing wastewater pollutants. Compared to other polysaccharides, such as starch 

and galactomannan, the structure of chitosan allows for some controlled specific modifications, 

which is an important advantage. Moreover, the amino and hydroxyl groups on the chitosan 

backbone show the application of a large chitosan adsorbent for wastewater treatment [31].  

Despite all the advantages mentioned above, several disadvantages of chitosan limit its 

application, unless modified as composite. One of main disadvantages of chitosan is insoluble in 

water [32]. This drawback of chitosan because of the crystalline structure that formed by strong 

hydrogen bonding between hydroxyl and carbonyl and acetamide group that inhibit water-

soluble chitosan [33]. Therefore, changing the structure of chitosan will improve their solubility 

ability in water, as reported, modification using carboxymethyl improve the ability water without 

changing other crucial characteristics [34]. Not only insoluble in water, pure chitosan also has 
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other disadvantages, including weak in mechanical strength, less resistant to acid, and low recycle 

ability [35]. As answer for this disadvantages, several effort have been reported, such chemical 

cross-linking or blending chitosan with others polymers, including cellulose, polyacrylamide, and 

polyvinyl alcohol (PVA)[36] . 

Table 1. Sources of raw materials and methods used for chitosan preparation 

Ref. Source Method Preparation condition Advantage 
     

[18, 
19, 
28] 

Penaeus kerathurus, 
Carcinus mediterraneus, 
Sepia officinalis 

Chemical 12.5 NaOH (140 ◦C for 4 h), 
soaking in 18 M NaOH (24 h), 
heating (90 ◦C for 7 h) 

Soluble in 
acidic medium 

[20] Penaeus kerathurus Microwave 
radiaton 

50 % NaOH, 8 min irradiation at 
350 W 

Fast, easy, and 
efficient 

[21] Macrobrachium 
rosenbergii 

Ultrasound 
irradiation 

40 % NaOH, alternate 
irradiation (45 min), 
Ultrasound-assisted 
deacetylation chitin in 40 % 
NaOH (50 min, 60 ◦C) 
irradiation 

High yield of 
acid-soluble 
chitosan 

[24, 
29] 

Penaeus kerathurus UV 
irradiation  
 

Exposure UV/ ozone at different 
time intervals 

Improve flame 
retardant 
properties 

[23] Litopenaeus vannamei Chemical 
and 
microwave 

Deacetylation in NaOH solution 
under microwave irradiation at 
600 W 

High 
antimicrobial 
activity 

[25] Conventional Glow 
discharge 
plasma 

GDP of 0–800 W for 1 min High thermal 
stability, tensile 
strength, WV 

[26] Penaeus kerathurus Milling Solubilized mixture of HAc 
and NaOAc, autoclave 121 ◦C 
at 1 atm for 5 min, thermal 
shock drying 

Nanochitosan 
diameter <30 
nm, Mv<21 
kDa 

[27] Macrobrachium 
rosenbergii 

Hot press 
method 

PLA-laminated chitosan by hot 
pressing 

Mechanical and 
thermal 
properties 

Metal oxide 

Photocatalyst 

Photocatalysis refers to the combination of photon (light) and catalyst and is the properties 

mostly found in semiconductor materials such as metal oxides [37]. In wastewater treatment 

photocatalytic reaction includes the organic pollutant degradation, heavy metal ion oxidation–

reduction transformation, and the reduction of carbon dioxide (CO2) [38]. The schematic diagram 

summarizes the photocatalytic reaction is presented in Figure 1. Photocatalysis process occurs 

when a light irradiates a photocatalyst. When the light energy is larger than the photocatalyst 

bandgap energy, the light absorbed and triggers charge separation, which causes the electron (e-

) excitation from valence band to conduction band [39]. Hole (h+) then is left in valence band 

[39]. Afterward, the resultant e- in the conduction band and the h+ in the valence band move to 

the photocatalyst surface. The quantum yield will be reduced due to the e- and h- recombination, 

which is influenced by many photocatalyst structures and surface modifications related factors 

[40]. The reactive e- and h+ on photocatalyst surface facilitate reduction and oxidation reactions, 

respectively, resulting in an excess of Reactive Oxygen Species (ROS), such as superoxide anion 

(O2·) and radical hydroxyl (·OH). Water molecules can be oxidized by the h+ to form radical 

hydroxyl, while the radical group subsequently oxidizes organic pollutant in the wastewater [41]. 
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Figure 1. Photocatalysis reaction mechanism, as adopted from [41]. 

Magnetic iron oxide 

Magnetic iron oxide is Magnetic metal oxide is a magnetically strong metal derivative. It has a 

wide range of uses for various technological applications, from magnetic media recording to 

photochemical catalysts. Magnetic metal oxides have a cube crystal structure that comes in 

various shapes and sizes [42]. The crystal structure differs depending on the type of metal used, 

for example NiFe2O4 has a spinel structure [43], and MnFe2O4 has a cube structure [44]. Each 

structure has a different density, magnetization, and coercivity. 

Magnetic oxides can be synthesized in various ways, including thermal decomposition, 

hydrothermal synthesis, and coprecipitation [45]. It can also be synthesized from metal-

containing compounds, such as chlorides, nitrates, and sulfates. In addition, it can be produced 

from metal ores by heating them with carbon. Metal magnetic oxides have many industrial uses 

[46], such as making tape recordings, coatings, and polishing components and are used in water 

treatment and biomedicine.  

Metal magnetic oxides have many benefits as photocatalysts. Due to their strong magnetic 

properties, they are ideal for use in magnetic separation processes. In addition, it is effectively 

used for the decomposition of organic pollutants, as it has excellent catalytic properties for the 

oxidation of organic compounds. Its magnetic properties also make it useful for improving the 

efficiency of some photocatalytic processes [47]. For example, it can be used to increase the 

photocatalytic reaction rate by increasing the intensity of absorbed light and increasing the 

reaction exposure time. In addition, its high stability makes it ideal for use in photocatalytic 

reactions that require high temperatures. Finally, it can be used as a catalyst for the production 

of hydrogen and oxygen from water. This process, known as water splitting, is an important part 

of energy production and storage. Metal magnetic oxides are promising catalysts for water 

splitting due to their favorable magnetic and catalytic properties. 

Metal oxide/chitosan 

Preparation  

The synthesis of metal oxide/chitosan requires a number of steps, including the selection of metal 

oxide, chitosan, surfactant, and the method to be used to obtain the desired composite. This 

section will provide brief information on the methods used for metal oxide/chitosan synthesis. 

Sol-gel method  

The sol-gel method is widely used for composites preparation. The stages of this method begin 

with the preparation of a solution of metal oxides and chitosan. Then, a series of chemical 
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reactions are carried out to form a gel. In this method, metal oxides must be in their salt form and 

chitosan must be in molecular form. The solution is then stirred at the right temperature for 1-2 

h to ensure complete dissolution of metal oxides and chitosan. Once the solution is cooled, an 

acid or base is added to set the pH between 3.0 and 4.0 to prevent the precipitation of metal ions. 

The mixture is then allowed to stand for 24 h before filtered to remove any undissolved particles. 

High-energy ball milling 

In this method, a mixture of metal oxides and chitosan is added with surfactants. The mixture is 

then grinded with high-energy mechanics. The grinding process using ball mill is carried out to 

break metal oxides into particles with smaller sizes. Surfactants are used to help keep the 

distribution of parties in composites uniform. Grinding is carried out in dry conditions to prevent 

composites from getting wet and sticking together. 

Spray-drying 

This method is performed by spraying a solution of metal oxide/chitosan in a drying chamber, 

where the solution can be evaporated quickly. This drying process involves the use of a nozzle that 

has a high pressure. Rapid evaporation of the solution will prevent the forming of desired 

composite. Afterward, composite can then be obtained and collected from the drying chamber. 

Characteristics 

FT-IR 

Chitosan is comprised of O- and N-containing functional groups deriving from O–H, N–H, C=O, 

and C–O–H moieties which contribute to the contaminant uptake by acting as active sites of the 

adsorbent. As metal oxide contains M–O bonding which can vibrate when irradiated by infrared 

with a certain wavenumber, the addition of this particle could ideally add new spectral peaks. For 

example, chitosan matrix filled with ZnO would have the spectral peaks observable at around 400 

and 500 cm-1 corresponding to the stretching vibration of O–Zn–O [6, 48, 49]. Shifted 

wavenumber or changed intensity is often reported and associated with the interaction of matrix 

(chitosan) and metal oxide fillers. Changes on the FT-IR profile following the incorporation of 

metal oxides have been presented in Table 2. 

However, a study found the addition of CuO and ZnO did not add any new spectral peaks or 

result in shifted wavenumber [50]. The author argued that the absence of changes in the FT-IR 

spectra suggests no meaningful alteration on the functional groups, hence their performance as 

adsorbent active sites [50]. However, we should put critical note on the study, as the XRD 

characteristics also suggested the absence of significant effect of the metal oxide addition. Hence, 

the conclusion of the foregoing study should be taken with caution, where more investigations 

required to confirm the claims. 

Morphology 
Chitosan morphologies, based on SEM images, have been reported different from one another, 

starting from a round particle shape [6] up to the one with a plate-like geometry [53], depending 

on the shape of the material (such as film, beads, powder, etc.) prepared. Addition of nanoparticle 

often contribute to rough surface with observable metal oxide particles distributed around the 

material surface [6,52,53]. Decoration of metal oxide particles onto chitosan nanoparticles has 

been observed to add the particle size [49]. On contrary, reduced diameter has been observed in 

chitosan-coated iron oxide nanoparticles attributed to the confinement effect from chitosan 

allowing more compact particle density [55]. Agglomeration was found on the filler particles 

responsible for irregular size and shape of fillers [6,52]. Agglomeration of the nanoparticle could 

lower the contaminant uptake as it blocks the adsorbate reaching the active sites. Nonetheless, it 

should be noted that embedment on chitosan surface may serve as a agglomeration preventive 

strategy [54]. Moreover, benefits of improved chitosan bulk porosity from metal oxide 

embedment have been reported [50, 54]. A study confirmed the irregularity of the filler size and 

shape by using transmission electron microscope (TEM) [52]. Images from TEM could confirm 

the even distribution of the metal oxide particle in the matrix [54]. It is a common finding that 

the metal oxide is coated with the chitosan layer and consequently forms rugged surface [49,53]. 
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An interesting presentation has been reported by a study using electrospun chitosan fibers as a 

matrix for flower-like shaped CaCOx nanoparticles (Figure 2) [56].  

Table 2. FT-IR Characterization result of metal oxide/chitosan 

Ref Filler Moiety Wavenumber (cm-1) Remarks 
[48] ZnO O–Zn–O  451 New  

 436 New  
O–H 3423 Shifted  

[6] ZnO O–Zn–O 524 New  
 466 New  
Zn–O–Ce 564 New  
O–H xxx Increased  

[51] Zn, Mg C–N–Metal 1377 New 
[52] CuO, CeO2, Al2O3, Fe2O3 Al–O 1075 New 

Fe–O 425 New 
Ce–O 959  New 
CuO–CeO2–Al2O3  873 New 
CuO–CeO2–Fe2O3 873 New 

[49] ZnO Zn–O 445 New 
O–H 3148 Shifted  
N–H 3289 Shifted  

[53] ZnFe2O4, CuO, NiFe2O4, Co2O3, 
Fe3O4, FeCr2O4 

Fe–O 585 New 
Cu–O 420 New 
Ni–O 451 New 
Cr–O 469 New 
Zn–O 450 New 
Co–O 446 New 
R–O–R 1018 New 

[54] Fe-Al-Mn Fe–O 580 New 
Al–O 650 New 
Mn–O 1013 New 

[55] FeO Fe–O 699 New 
890 New 

 

Figure 2. SEM images showing flower-like shaped fillers of metal oxide (CaCOx) embedded onto 

fibrous chitosan matrix. Reproduced under the terms of Creative Commons Attribution (CC BY 

4.0), citing [56]. 
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Crystallinity 

Diffraction peaks of chitosan are typically broad and usually generated at 2θ=11° and 20° owing 

to its semicrystalline nature [52]. The presence of metal oxide on the matrix would consequently 

result in new crystalline peaks. For example, crystalline peaks at 31.72°, 34.44°, 36.21°, and 56.6° 

have been assigned to the presence of ZnO which correspond to (100), (002), (101), and (110) 

crystallographic planes, respectively [6]. Diffraction profile of each nanoparticle could be differed 

based on its size, where smaller particle size tends to have noises [52]. There is not much 

similarity among the reported studies regarding the effect of metal oxide embedment toward the 

crystallinity of chitosan matrix. Decreased crystallinity, as suggested by the reduced intensity, has 

been observed after the incorporation of ZnO [50]. However, some other studies found that the 

crystallinity of the composite increased following the embedment of metal oxide, particularly ZnO 

[49,53]. The ability of ZnO or its Zn forming a complex bonding with chitosan has been 

highlighted by several published reports [49,53]. Shifted diffraction angles have been proposed 

as another indication of the altered crystalline structure by metal oxides [49,50,53]. 

Thermal stability  

In most studies, thermal degradation of chitosan profile consisted of water evaporation (around 

100°C) and chitosan decomposition (around >400°C) [50]. There is a tendency of (thermal 

gravimetry analysis) TGA peaks to shift into lower temperatures after the addition of metal oxide, 

suggesting the disrupted integrity of chitosan intramolecular interactions [50]. Nonetheless, 

another study confirming the complexation of chitosan—ZnO nanoparticles suggested that the 

metal oxide contributed to higher thermal stability evidenced by decomposition onset at higher 

temperatures [49]. Similarly, a study employing inorganic oxyhydroxides to modify chitosan 

adsorbent also suggested an improved thermal property based on TGA thermogram [54]. In high 

temperatures, the metal oxide could undergo dihydroxylation resulting in mass loss, where 

coating with chitosan could improve its thermal stability [55]. 

Application in wastewater treatment 

Photocatalyst 

The data of chitosan performance for removing organic contaminants in wastewater using metal 

oxide have been provided in Table 3. Generally, chitosan with metal oxide support has been 

shown to have a high removal percentage of organic pollutants in wastewater, including 

antibiotics waste, natural chemical, and dye waste. This high removal performance can be 

obtained due to the photocatalytic activity of metal oxide that maximize the adsorption capability 

of composite [57]. The application of chitosan/metal oxide for dye waste and antibiotic waste 

removal shown the highest value at 100% for Methyl Orange (MO) [58]  Malachite Green(MG) 

[6], Disperse Red 60 [52] and Ampicillin [58]. The removal for both MO and Ampicillin is using 

Ag2O/TiO2-modifed chitosan-based photocatalytic (ATCPF). The highest removal percentage is 

reached after 3 hours of degradation under solar irradiation. This high removal percentage is 

reached due to the heterostructure of Ag2O/TiO2 that is capable to expose and induce 

photocatalytic oxidation reaction into the ampicillin and MO solution. Similar to the removal of 

Malachite Green (MG) that reached 100% as well after 3 hours solar irradiation, using 

chitosan/ZnO composite. On the other hand, the removal of Disperse Red 60 was also reached at 

100% using the support of CuO–CeO2–Al2O3, after 4 hours of solar irradiation. The lowest percent 

removal shown for methyl orange (MO) [51], Remazol Black (RB), and Neutral Red (NR) [59], 

Congo Red (CR), Acid Red 1 (AR1) and Reactive Red 2 (RR2) [60] at 67.43%, 60% and 65% 

respectively using Zn–Mg bimetal oxide, GO, and GO–hydroxyapatite.  

Magnetic  

Metal oxide/chitosan composites have good magnetic properties, as metal oxide materials such 

as Fe2O3, CoFe2O4, and NiFe2O4 are incorporated into the chitosan matrix [68]. Metal 

oxide/chitosan composites have superparamagnetic properties, which means they have 

paramagnetic properties in the absence of an external magnetic field. However, it becomes 

magnetic when exposed to a magnetic field. 
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Table 3. Performance of chitosan for organic pollutant removal with metal oxide supports 

Ref Metal Oxide Pollutant (Removal, 
%) 

Optimum operating 
parameter(s) 

[53] ZnFe2O4 ANTH (95 %); PHEN 
(92 %) 

pH 7, 25 h 

CuO-Fe2O3 ANTH (93 %); PHEN 
(90 %) 

NiFe2O4 ANTH (90 %); PHEN 
(88 %) 

Co2O3-Fe3O4 ANTH (88 %); PHEN 
(85%) 

FeCr2O4 ANTH (83 %); PHEN 
(81 %) 

[49]  ZnO MB (96.7%) pH 9, 1 h 
[52] CuO-CeO2-Al2O3 (NCCA)  DR (100%) pH 4 

CuO-CeO2 -Fe2O3 (NCCF) DR (77%) pH 2 
[51] Zn–Mg bimetal oxide MO (74.05%) pH 3, 2 h 

MB (67.43%) pH 8, 2 h 
[58] 
 

Ag2O/TiO2 AMP (100%) 3 h 
MO (100%) 30 min 

[6] ZnO MG (100%) 4.5 h 
[61]  TiO2 DV51 (95.63%) 1.5 h 
[62] CuO 99% 1 h 
[63] Fe2O3 RO (96%);  

MB (98%) 
27°C, pH 7, 50 min 

[64] GO RB (96.2%) 25°C, pH 6, 40 h 
[60]  GO-hydroxyapatite  CR (>65%); 

AR1 (>65%); 
RR2 (>65%); 

pH 2, 40 min 

[65] GO MB (90%) pH 5.3, 1 h 
[66] ZnO RB5 (76%) pH 4, 6 h 
[59] GO NR (60%) pH 5 

RB (60%) pH 4 
[67] ZnO RBHN (95-99%); 

RMHB (95-99%)  
50°C, 1 h 

DR, disperse red 60; MB, methylene blue; RBHN, Reactive Black HN; RB-5, Reactive Black 5; RMHB, 
Reactive Magenta HB; RB, Remazol Black; NR, Neutral Red; AR1, Acid Red 1; RR2, Reactive Red 2; CR, 
Congo Red; DV51, Direct Violet 51; MG, Malachite Green; AMP, Ampicillin; ANTH, Anthracene; PHEN, 
Phenanthrene; RO, Reactive Orange 16. 
 

A study reported the synthesis of Fe3O4/chitosan nanocomposites and their magnetic 

properties. The study found that the composites exhibited super-paramagnetism, with a high 

saturation magnetization value of 54.1 emu/g [69]. The authors concluded that these composites 

have potential applications for future surface plasmon resonance (SPR)-based sensor 

applications. Another study reported the synthesis of Fe3O4–chitosan as a polymeric shell. 

Magnetic measurement revealed that the saturated magnetization of the Fe3O4–chitosan 

nanoparticles reached 21.5 emu/g and the nanoparticles showed the characteristics of super-

paramagnetic [70]. 

There are many factors that affect the magnetic properties of metal oxide/chitosan 

composites, such as the synthesis method, and the type of metal used. The improvement in the 

properties of these composites is not only in their magnetic properties, but also in their stability 

and biocompatibility. Thus, metal oxide/chitosan composites are promising for use in various 

applications, one of which is wastewater treatment. 

Reusability 

Numerous research has reported that the application of metal oxide/chitosan composites shows 

a good ability to remove water pollutants, including organic substances and dyes. However, one 

important aspect that must be considered is the cost involved in its application. Therefore, the 

reusability of metal oxide/chitosan composites must be considered. 

A study shows that CuO/Chitosan was able to degrade 99% of Rhodamine B (RhB) dye 

within 60 minutes when exposed to visible light.  In addition to RhB dye, the researchers also 

tested the composite's ability to degrade crystal violet and Congo red dye under UV light 

irradiation. In both cases, almost 99% of the dye was effectively degraded through photocatalysis. 
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Furthermore, the study found that the composite  was reusable for up to five catalytic cycles [71]. 

Similar reusability of metal oxide/chitosan has been reported, using iron oxide/chitosan 

immobilized manganese peroxidase and its application for decolorization of textile wastewater 

[63]. The result show that reusability for the removal of methylene blue and reactive orange 16 

was studied for successive five cycles [63].  

Treatment system 

Batch system 

The use of a batch system involves adding a fixed amount of composite to the wastewater and 

allowing the adsorption process to take place over a period of time. Once the adsorption process 

has been completed, the composite is then removed, and the water that has been obtained is 

separated from the composite. The composite can then be reused until its ability reaches its 

minimum limit. The use of a batch system is relatively simple because it uses little equipment. 

Hence, this system is suitable for small-scale applications.  

A study was conducted to create a hydrogel nano polymer by combining graphene oxide, 

chitosan, and PVA. The resulting material was tested for its ability to remove Congo red dye from 

a solution using a batch system. The researchers evaluated the concentration of dye left in the 

solution after the experiment and how much of the adsorbent material was able to remove the 

dye. When the pH was at 2, using 6g/L of adsorbent at a rotation speed of 140 rpm, 88.17% of the 

Congo red dye was removed when the initial concentration of dye in the solution was 20 mg/L. 

At a neutral pH, the efficiency of dye removal was around 81% [72].  

A higher dye waste removal was reported by using the batch system. The research 

synthesized chitosan-graphene oxide hydrogels with embedded magnetic iron oxide 

nanoparticles and evaluated its application for methylene blue (MB). This research also evaluates 

the effect of adsorbent dosage, initial dye concentration, contact time, pH, and ionic strength. The 

result shows that the pH level and the ionic strength of the solution had a significant impact on 

how well the adsorption process worked. This suggests that the adsorbent and MB molecules 

interacted with each other due to electrostatic forces. The composite was able to quickly remove 

MB, with a rate constant of 0.06 g mg−1 min−1. The hydrogel nanocomposites were tested over 

multiple cycles and showed excellent adsorption performance across different pH levels. The 

highest removal percentage of MB was achieved at pH 11 with an adsorbent dosage of 0.6 mg/mL, 

resulting in a 99.7% removal rate and an adsorption capacity of 36.2 mg/g [73]. 

Continuous flow system 

Columns packed with composites are used in continuous flow systems, then wastewater is flow 

constantly through the columns. Thus, the adsorption process will occur continuously until the 

wastewater stops flowing through the column. Furthermore, once the adsorption process is 

complete, the treated water is collected at the bottom of the column, while the composite remains 

inside the column. The composite can then be reused for up to several cycles until it reaches its 

capacity limit. Although it will require more complex and expensive equipment for this system, 

the treatment capacity is higher, making it suitable for large-scale use [74].  

A study was conducted to synthesize graphene oxide/chitosan sponge and its application in 

removing methylene blue using continuous flow system [75].  Adsorption efficiency increased as 

pH increased from 4 to 8. The flow rate was increased from 3.2 to 32mm/min, as the surface 

loading rate increased, while the adsorption capacity decrease. The reusability shows 4 cycles of 

adsorption-desorption with a slow decrease in adsorption capacity up to the 4th cycle where it 

remained constant, with removal efficiency of >80% [76]. 

Another study used the same treatment, to remove Doxycycline (antibiotic) using Magnetic 

Fe3O4@chitosan carbon microbeads [77]. The results showed that the adsorption capacity 

increased as the pH value increased, from 2 to 11. When the initial concentration increased from 

20 to 30 mg/L, the adsorption capacity decreased. When the flow rate increased from 1.1 to 3.1 

mL/min, the adsorption capacity decreased with maximum absorption at 3.432 mg/g. 

Reusability showed 3 adsorption-desorption cycles and regeneration efficiency was above 80% in 

the first two cycles then decreased thereafter. 
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Bibliometric research trend 
To evaluate the research trend of metal oxide/chitosan for wastewater treatment, we performed 

a bibliometric analysis using the data from the Scopus database. We used the following keyword 

combinations: ‘Chitosan’ AND (‘Metal Oxide’ OR ‘ZnO’ OR ‘Fe2O3’ OR ‘FeO’ OR ‘magnetic’ OR 

‘NiO’ OR ‘CuO’ OR ‘MgO’ OR ‘CrO’ or ‘MnO’ OR ‘CaO’ OR ‘Al2O3’ OR ‘AlO’ OR ‘TiO2’ OR ‘SnO2’) 

AND (‘Contaminant*’ OR ‘Pollut*’ OR ‘Wastewater’ OR ‘dye’ OR ‘effluent’) AND NOT ‘heavy 

metal’. Visualizations of the keywords co-occurrence and co-authorship countries were 

performed on Vosviewer 1.6.17 (Center for Science and Technology Studies, Leiden University, 

The Netherlands) on the co-occurring keywords and co-authorship countries [78]. The network 

visualizations of the keywords co-occurrences are presented in Figure 3. The largest research 

themes created their own cluster which were represented by the following keywords: ‘chitosan’, 

‘adsorption’, ‘regeneration’, ‘magnetic chitosan’ and ‘photocatalysis’.  

The density visualization also shows the tendencies of certain keywords to the research 

study. The keyword in red represented the keywords with the highest density, followed by yellow, 

green and blue. This visualization shows that ‘chitosan’ and ‘adsorption’ were the keyword with 

the highest density, with some other keywords revolving around ‘magnetic chitosan’, 

‘nanocomposite’, and ‘magnetic separation’. The network visualization and density visualization 

maps for the co-authorship countries on chitosan and its application for environmental pollutant 

research have been presented in Figure 4. For the same purpose as the keyword co-occurrences 

analysis, restriction was imposed on the mappings, where a maximum of 25 countries per 

document and a minimum of 5 documents a country were set. Of 53 countries, 17 met the 

threshold and the analysis was represented by the mappings above. 
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Figure 3 Network visualization (A) and density visualization (B) of keywords co-occurrence on 

research investigating metal oxide/chitosan for wastewater treatment.  

 

Figure 4. Network visualization (A) and density visualization (B) of co-authorship countries on 
research investigating metal oxide/chitosan for wastewater treatment. 

China is the most productive country (documents=71, citations=3911, TLS=13), followed by 

Malaysia (documents=31, citations=1550, TLS=37), South Korea (documents = 13, citations = 

1397, TLS=9) and South Korea (documents=22, citations = 1042, TLS=33). In other bibliometric 

analysis study, China was also revealed as the leading country in wastewater treatment or polymer 

B 

A 

B 
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research [79–81]. It is worth mentioning that despite publishing 33 papers—the second highest 

number of papers published on the research theme, India was ranked 7th in the top countries with 

the highest number of citations. Iraq and Malaysia had the highest number of collaborations 

(LS=13), followed by Saudi Arabia and Malaysia (LS=10) and Saudi Arabia and Iraq (LS=6). Saudi 

Arabia and China were considered to collaborate with many countries compared to the others, 

with each of them collaborated with 10 and 9 countries respectively. 

In the density visualization map, the country in red zone was considered to be where most 

papers were published in. In this study, China was the only country in the red zone, as China 

(documents=71) published the highest number of papers as filtered from the previous analysis 

restrictions. Two countries came close–India (documents=33) and Malaysia (documents=31), as 

both countries were placed in a yellow-reddish area of the map. 

Economic feasibility 
The use of metal oxide/chitosan in wastewater treatment is not only because of its good removal 

efficiency, but also because of its affordable price, which can save operational costs. The summary 

of its utilization in cleaning organic pollutant is presented in Figure 5. As the by-product of the 

seafood industry, chitosan is easy to find at a very affordable price. [82]. On the other hand, metal 

oxides are quite common materials, including iron oxide, titanium oxide, and aluminum oxide. 

Moreover, the preparation of metal oxide also less expensive [83]. 

 

Figure 5. Schematic diagram of the review summary on the application of metal oxide/chitosan 
composite for organic pollutants removal. Chitosan-based matrix is used for metal-oxides 
embedment via sol-gel, high energy ball milling, or spray-drying. With its advantageous property, 
a metal oxide/chitosan composite removes the aqueous pollutants resulting in clean water.  
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Conclusion  
Chitosan as a polymer has a good ability in wastewater removal, but it has some disadvantages 

such as low mechanical strength, poor acid resistance, and low recovery ability. The preparation 

of metal oxide/chitosan is widely studied to maximize the ability of chitosan. Many studies report 

that metal oxide/chitosan composites have a remarkable ability to remove wastewater. The 

reusability of metal oxide/chitosan composites makes them highly efficient organic wastewater 

removing agents. In addition, the use of metal oxide/chitosan composites is known to be 

affordable, because of easily available materials and less expensive methods.  
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