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Abstract: The main goal of this research was to evaluate the effectiveness of rice husk coated with
chitosan as a green adsorbent for the removal of cadmium (11) in aqueous solution. The properties of
prepared rice husk-chitosan (Chi-RH) were characterized using SEM, FTIR, and XRD analysis. The
main parameters that influence cadmium sorption on the Chi-RH biocomposites were evaluated at
different stirring and contact time, adsorbent dosage, and pH values. The results indicated that the best
stirring time and contact time was 360 mins and 60 mins, respectively. The optimum adsorbent dosage
was 1.0 g/L, with the highest percentage removal of 99%, and the optimum pH was 9. This study
concluded that the Chi-RH biocomposites have the high ability as a green adsorbent for cadmium
removal in aqueous solution and simultaneously reducing the environmental impact.
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1. Introduction

Cadmium is one of the heavy metals, which is highly toxic, nondegradable, persistent,
and has adverse impacts on living organisms. Cadmium exposure is a high-risk factor
associated with nephropathy, angiocardiopathy, and bone lesions [1-3]. It can bioaccumulate
in kinds of seafood, and long-term exposure to cadmium may cause high blood pressure, liver
disease, and nerve or brain damage [4-6]. The main anthropogenic pathway through which
cadmium enters the environment is via wastes from industrial processes such as alloy
manufacturing, pigments, electroplating, plastic, cadmium-nickel batteries, smelting,
fertilizers, pesticides, mining, pigments and dyes, textile operations and refining [7-9].
Therefore, to secure human health, it is imperative to decontaminate the cadmium
contaminated water efficiently before being discharged.

Over the years, many physical and chemical techniques, including ion exchange,
filtration, sedimentation, and electrochemical treatment, have been done for heavy metal
remediation [10-13]. However, these methods suffer from such limitations as a high operating
cost and hazardous secondary pollutant formation that have restrained their widespread
applications. In recent years, the adsorption of heavy metals from agueous environments using
green materials prepared from various biogenic sources have been studied extensively [14-16,
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17]. The approach offers several advantages, including simple material preparation,
economical, and effective.

Rice husk is one of the agriculture waste products that has potentially been used as a
natural adsorbent in pollutant removal as it is chemically stable in an aquatic environment. [18-
20]. The major components of rice husk are cellulose, hemicellulose, and lignin that facilitate
the adsorption of heavy metal. In this study, the adsorption capacity of the rice husk towards
Cd?* ions was enhanced by modification with chitosan. The modification has altered the
physical morphology and chemical properties of the biocomposites for the Cd?* removal
performance. The combination of rice husk and chitosan, which denoted as Chi-RH
biocomposites, were characterized and adsorption study was carried out at different parameters
such as stirring and contact time, adsorbent dosage and pH of the solution.

2. Materials and Methods
2.1. Preparation of rice husk adsorbent.

The rice husk sample was obtained from a local company located in Terengganu. The
rice husk was washed several times using deionized water to remove any impurities, and heated
in an oven at 180 °C for 6 hours. The dried rice husk then ground and sieved within the size
range of 350-250 um. The powder was allowed to blend with concentrated H2SO4 at a
temperature range of 170-180 °C for 20 min, cooled, and filtered using Buchner funnel. The
material was then washed again with deionized water for several times to remove any acid
residue.

2.2. Preparation of chitosan-loaded rice husk (Chi-RH).

Chitosan powder with deacetylation percentage >90% was purchased from a standard
local supplier. A 2.5 wt% chitosan solution was prepared by dissolving 5 g of chitosan powder
in 5 mL of 2.5% (v/v) acetic acid solution with continuous stirring at 600 rpm overnight to
obtain a homogenous solution. The prepared rice husk materials were added to the chitosan
solution under heating for the time range between 2-6 hours, and the final product, denoted as
Chi-RH biocomposite, was formed. The material was washed with deionized water and dried
in an oven overnight at 50 °C. The obtained product of Chi-RH was preserved at room
temperature for further analysis and adsorption study.

2.3. Characterization of Chi-RH biocomposites.

The spectroscopy and surface morphology of the Chi-RH were observed using Fourier
Transform Infrared (FTIR), and Scanning Electron Microscope (SEM), respectively. The X-
ray diffraction patterns of Chi-RH biocomposite were studied using X-ray Diffractometer
(Rigaku IT) using Cu Ka as an X-ray radiation source.

2.4. Batch adsorption for Cd(Il) removal.

The adsorption of Cd?*ions in aqueous solution was carried out based on batch
adsorption mode. A 100 mL of the prepared Cd?* solution at different concentrations was
mixed and shaken with 0.1 g of the Chi-RH materials at ambient temperature. The effect of
stirring time for chitosan in the rice husk was studied at 2 hours (Chi-RH2), 3 hours (Chi-RH3),
4 hours (Chi-RH4), 5 hours (Chi-RH5), and 6 hours (Chi-RH6). The biocomposite-Cd?* ions
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contact time was studied in the range time between 30 to 150 minutes. Other parameters such
as adsorbent dosage, the concentration of Cd?*, agitation speed, and pH were kept constant
throughout this batch.

The adsorbent dosage effect towards Cd?* removal was studied in the range of 0.2 to
1.0 g/L, denoted as Chi-RHO0.2, Chi-RHO0.4, Chi-RHO0.6, Chi-RH0.8, and Chi-RH1.0. Other
parameters such as chitosan-rice husk stirring time, the concentration of Cd?*, agitation speed,
and pH were kept constant throughout this batch. The samples were filtered and analyzed using
Atomic Absorption Spectrophotometer (AAS), and the removal of Cd2+ by Chi-RH

biocomposites was evaluated by percentage removal (%) using the following equation:

Cy—Cp) 100
% removal = &x=C0) 100 CO)
o

Where, Cv is the volume of the Cd?* solution (L), and Co is the initial concentrations of the
metal ion (mg L.

3. Results and Discussion

3.1. Characterization of Chi-RH biocomposites.

Figure 1 shows SEM images of the morphology characteristic of the rice husk before
(Figure 1(a)) and after chitosan loading (Figure 1(b)). The rice husk showed a formation of
polydisperse particles with various sizes and combinations of smooth structure and globule
structure. It also showed regular criss-cross framework construction and needle-like structure
that gives an advantage to the rice husk as a good adsorbent. After modification with chitosan,
the formation of porous and fibril structure, less globule with the lamellar surface organization
were observed. Furthermore, some dark contrast of straps and shrinkage on the surface (inset
b) represent opening pores, which indicates the potential of the prepared material for adsorption
of heavy metal. This morphology nature finding is consistent with the study by Gokila et al.
(2017). It shows higher heavy metal removal compared to the native one [21].
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Figure 1. SEM micrograph of (a) bare rice husk, and (b) after chitosan loading (Chi-RH).

Figure 2 shows the FTIR spectra of chitosan and Chi-RH biocomposite at a wavelength
range of 4000 to 650 cm™*. A strong absorption band at 3430 cm™tin both spectra were attributed
to the stretching vibration of O-H and N-H groups, as well as intramolecular hydrogen bonds
[22]. The absorption band at around 2926 cm™' and a shoulder near 2852 cm™ correspond to
the symmetric and asymmetric stretching of —CH and —CH: on aliphatic-saturated, which a
typical characteristic band for polysaccharide compounds [21]. This may give information on
the presence of cellulose or hemicellulose components in the prepared Chi-RH biocomposites.
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The peaks at 1645 cm™ and 1380 cm® in chitosan powder shows the presence of C=0
and C-N stretching from the residual of N-acetyl groups, which indicates the parent chitin [23].
A broader peak was observed around the same region for the Chi-RH confirms the presence of
organic ester linkage for hemicelluloses and lignin. The bands obtained in the region of 1400-
1300 cm-1 for the Chi-RH biocomposites indicate the stretching of C=C groups [21, 24],
represents the lignin composition, while a shoulder peak in the same region for chitosan powder
indicates the bending and deformation of =CH and —CH: groups. A sharp absorption band at
1080 cm™ in chitosan power was attributed to C-O stretching [25, 26]. The peak appears
broader in the Chi-RH due to the overlapping between C-O and O-H stretching from
polysaccharides cellulose [21]. The reduction of the peak intensity of several adsorption bands
indicates the covalent and non-covalent interaction took place between chitosan and rice husk,
and the biocomposites were successfully prepared.

- Chitosan
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—— Chi-RH biocomposite WOH)
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Figure 2. FTIR spectrum of the Chi-RH biocomposites (black line) and Chitosan powder (red line).

Figure 3 shows the XRD pattern of chitosan powder and the Chi-RH biocomposites.
The amorphous nature of the chitosan was confirmed by a broad peak at 26 scale of 20° [25,
27]. The appearance of the peak was observed again after the formation of Chi-RH
biocomposites, indicates the chitosan was successfully coated on the surface of rice husk
particles. A shoulder peak in the region of 38° corresponded to the peak diffraction of cellulose
[28].This finding was consistent with the study conducted by Purwaningsih et al. (2019).
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Figure 3. X-ray diffraction pattern of the chitosan powder (red) and the Chi-RH biocomposite (black).

3.2. Adsorption of Cd #* ions on the Chi-RH biocomposites.

3.2.1. Stirring time and contact time.

Figure 4 shows the effect of stirring time and contact time on the adsorption of Cd?*
with other parameters were kept constant. The stirring time chose 2 to 6 hours, which
https://biointerfaceresearch.com/ 7749
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correspond to the Chi-RH2 to Chi-RH6, respectively. The result showed that the optimum
stirring time of chitosan and rice husk was 6 hours, with the maximum removal rate of 96% at
60 minutes of contact time. It is consistent with the fact that a high composition of cellulose
and hemicellulose offers hydroxyl functional groups as active adsorption sites, while the
presence of amino groups on the surface of chitosan enhances the ability of the Chi-RH
biocomposites to bind with the Cd?* ions through electrostatic attractions [29]. The
combination of both functional groups contributed from rice husk, and chitosan offers a large
number of sorption sites towards the removal of Cd?* ions, thus decrease the reaction contact
time to achieve equilibrium. The adsorption was saturated at 150 minutes, indicates the pore
spaces were occupied, and the interaction was dominated by electrostatic repulsion [30].
Therefore, the binding capacity was weakened, and the adsorption ability was decreased.
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Figure 4. The effect of stirring and contact time on Cd (II) removal.

3.2.2. Effect of the adsorbent dosage and pH of the solution.

The effect of the adsorbent dosage on the removal effectiveness was studied by varying
the Chi-RH biocomposite from 0.2 to 1.0 mg L™ for 150 minutes. The other parameters,
including temperature, agitation speed, and concentration of Cd?* ions (30 mg L) were kept
constant throughout the reaction. It is shown in figure 5(a) that the highest percentage removal
of Cd?* ions from the aqueous solution was observed at 1.0 mg L™, approximately 99.4% at
150 minutes. The dosage of adsorbents determines the total area of the materials available for
Cd?* ions biosorption. Therefore, as the dosage of the Chi-RH is proportional to the specific
area of the Chi-RH, the increasing of dosage will contribute to the availability of the binding
sites and enhance the adsorption reaction.

The surface properties of the adsorbent, including protonation of the functional groups
and the degree of ionization and speciation of the adsorbate, is depending on the pH values
[31]. Figure 5(b) illustrates the pH-dependency of Cd?* ions removal with adsorption increase
with increasing of pH from 3 to 9. Cellulose was positively charged at a lower pH value. Thus
it was not suitable for the heavy metal cation adsorption. Furthermore, the amine groups on the
surface of chitosan were protonated and preventing the formation of a complex with the Cd?*
ions. This is consistent with the observation at pH lower than 5, with percentage removal in
the range of 95% to 96%. Meanwhile, at extreme basic conditions, the solubility of the Cd?*
ions was decreased and precipitated out from the solution, with the main existing compounds

were Cd(OH2) and Cd(OH)". It was observed that the highest adsorption capacity has occurred
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at pH 9, with the percentage removal of 98%. The same pattern was observed by Babakhani
and Sartaj (2020).
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Figure 5. (a) The effect of adsorbent dosage and (b) pH of the aqueous solution on the removal of the Cd?* ions.
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4. Conclusions

Presently, the Chi-RH biocomposites have demonstrated as an excellent biosorbent for
the removal of cadmium heavy metal cations from aqueous solutions. Lignins, cellulose, and
hemicellulose components from the rice husk had been recognized to facilitate the adsorption
process, while modification with chitosan was enhancing the adsorption ability by offering
space and adsorption sites for the Cd?* ions chelation interactions. The morphology of the
prepared Chi-RH biocomposites were successfully characterized using SEM, and the presence
of functional groups was confirmed using FTIR spectroscopy. XRD analysis confirmed the
amorphous nature of the biocomposites, which serve as excellent candidates for the heavy
metal adsorptions. The study also concluded that the effectiveness of the Chi-RH was
depending on stirring and contact time, adsorbent dosage as well as pH of the solutions.
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