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Abstract

The objective of the current work was to assess the efficacy of biocomposite materials
made of chitosan nanoparticles (CS-NPs), alginate (AL), and hydroxyapatite (HAP) for
the removal of copper (Cu) and chromium (Cr) ions. These dangerous heavy metals are
removed using CS-NPs/AL/HAP ternary biocomposite, which has NHz, COO™ and OH
functional groups. Through FTIR and XRD investigations, the formation of the
biocomposite material was verified. SEM analysis results showed the surface of the
biocomposite was rough in nature. Batch adsorption studies were conducted and the
results demonstrated that Cu?* and Cr®* ion removal was pH-dependent (pH 5). The
experimental results were analyzed using Langmuir and Freundlich isotherm models.
Based on the R? values, it was demonstrated that the Freundlich isotherm (R? = 0.9933 for
Cu?* and 0.9979 for Cr®*) rather than the Langmuir isotherm (R? = 0.9273 for Cu?* and
0.9051 Cr®") best describes the adsorption process. Additionally, the sorption capacity of

Cu?* and Cr®* jons are 497.51 and 469.48 mg/g respectively. According to kinetic studies,
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the pseudo-second-order model was used to remove both Cu?* (R? = 0.9996) and Cr®* (R?
= 0.9986) ions from wastewater. In conclusion, it was determined that CS-NPs/AL/HAP
composite material would be a better biosorbent for heavy metal ion removal.

Keywords: CS-NPs/AL/HAP composite, Batch adsorption studies, removal of Cu?* and
Cr®" ions, Freundlich isotherm model, adsorption kinetics.

Introduction

As the demand for clean water rises and water supplies are depleted, there is less
safe drinking water available for human consumption and use today. Water pollution has
become a severe worldwide environmental problem in the last ten years due to fast
industrialization and urbanisation, and in this context, the metal ions present in wastewater
have been a growing source of concern [1-4]. The beneficial uses of water are reduced
when it is contaminated with too many heavy metals because of their toxicity and other
negative impacts they have on living organisms [5,6]. Lead, nickel, copper, mercury,
chromium, cadmium, and arsenic are some of the most prevalent heavy metals, and they
are released during dental procedures, textile production, tanning, electroplating, and the
paper and pulp sector [1,3,7,8].

More importantly, because of non-biodegradability, bioaccumulation, and
biomagnification of heavy metals in the food chain, they can easily access and go into our
lives and pose serious health risks [9-11]. They cause a range of diseases in humans,
including cancer, Alzheimer's, Parkinson's, bone mineralization, effects on DNA and
RNA, and problems with the reproductive system [12]. Children with mental disorders are
more likely to have heavy metal toxicity than adults with dementia, major organ
dysfunction, depression, eyesight problems, and emotional disturbances [12,13]. Although

many organs, including both plants and humans, require extremely little amounts of heavy
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metals for normal activities, when their concentrations crosses limit, they become
hazardous [1,11].

The difficulty of removal is further increased by the presence of metal ions in
various forms, such as Cr primarily in their anionic forms (HCrO4), and Cu in their
cationic forms (Cu?*) [2,14,15]. Chromium is the seventh most prevalent element on earth
[16-18], and is spread to both groundwater and surface water [19,20]. This is due to its
wide industrial applications. Chromate ions (CrO4%), which frequently go across cellular
and nuclear membranes via anion transporter pathways (such as for sulphate), pass
through them fast while the trivalent species take longer to do so, according to research on
the carcinogenicity of Cr(VI) [21]. An vital trace element for human and animal health,
Cr(111) is required for the metabolism of lipids and sugars [22]; nevertheless, plants do not
need it [23]. For instance, when the amount of copper ions in the body is too high, it can
lead to Parkinson's disease [24], Alzheimer's disease [25], and other diseases, as well as
disrupt mitochondrial function and integrity [26]. Heavy metal contaminants have been
removed from aqueous solutions using a variety of techniques, including adsorption,
photocatalysis, membrane technology, ion exchange, coagulation, etc [27-30].

As a result, creating effective methods for the sorption of heavy metals is crucial
for protecting both human health and the environment. The most effective, feasible, and
affordable process to eliminate heavy metals from industrial effluents is through the
adsorption process. Different polymers and biopolymers are used as adsorbents has drawn
a lot of attention recently [31,32]. Chitosan and its derivatives are the highly efficient
biosorbents for the elimination of heavy metal contaminants from the aquatic
environment. The amino polysaccharide chitosan is produced by deacetylating chitin

(poly-N-acetyl-D-glucosamine), the second-most prevalent biopolymer in nature after
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cellulose [33-35]. Biodegradability, biocompatibility, hydrophilicity, nontoxicity,
antibacterial activity, low immunogenicity, affordability, and accessibility are just a few of
the amazing qualities of chitosan [35-37].

Nano-sized adsorbents perform better than conventional micro-sized supports used
in separation processes because of their high specific surface area, small size, and quantum
size effect, which may cause them to have higher metal ion capacity [38,39]. Hence in the
present work, chitosan was converted into chitosan nanoparticles to perform better
adsorption process. Also to improve the efficiency, chitosan nanoparticles was mixed with
sodium alginate and novel hydroxyapatite (HAp) extracted from Scomberomorus guttatus.
Alginates are low-cost valuable linear block copolymers of two uronic acid residues, such
as B-D-mannuronic and B-I-guluronic acid, and are joined by B-1,4-glycosidic linkages.
This biopolymer has been utilised extensively in wastewater treatment because of its
stability, high water permeability, biodegradability, and nontoxic nature for the adsorption
of contaminants, especially heavy metal cations. [40-43].

According to Ahmad and Mirza, the performance of nanosorbents and their
biosorption capabilities can be improved by alginate and its nanocomposite could be
recycled five times successfully [44]. As a potential alternative adsorbent for the
adsorptive treatment of dye- and heavy metal-contaminated wastewater, hydroxyapatite
(HAp) and its derivatives have come to light [45-47]. This is due to their unique
characteristics and structure such as surface, the acidity and basicity, the surface charge,
the hydrophilicity, and the porosity of HAp's surface, which give them the capacity to
exchange ions, have low water solubility, be thermally stable, and have a high adsorption

affinity for a variety of contaminants [47]. It has been discovered that the HAp surface has
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2.6 nm? of P-OH groups that serve as sorption sites [48]. For both industrial processes and
environmental processes, HAp's sorption capabilities are crucial [49].

Since there are many reports on chitosan nanoparticles composites in heavy metal
removal applications, in this study the natural hydroxyapatite extracted from vanjaram fish
bone was used to prepare a novel ternary biocomposite o-vanillin crosslinked chitosan
nanoparticles/alginate/hydroxyapatite (extracted from vanjaram fish bone) biocomposite to
removal of heavy metals copper and chromium. The prepared material was characterized
using FTIR, XRD and SEM. The batch mode of adsorption was performed by varying the
affecting parameters such as pH, adsorbent dose, contact time and initial metal ion
concentration. The experimental data was validated using the theoretical models such as
Langmuir isotherm, Freundlich isotherm, pseudo-first order kinetics and pseudo-second
order kinetics.

Materials and methods

Materials

Indian Seafoods in Cochin, Kerala, is where chitosan was purchased. Nice
Chemicals Private Ltd. provided the sodium alginate. Thermo Fisher Scientific private
Ltd. India supplied the sodium alginate and carboxymethyl cellulose. The Indian company
SD-fine-chemicals Limited supplied the crosslinking agent, o-vanillin. The solutions were
made using only analytical reagent grade reagents. Vanjaram fish was used as a source of
hydroxyapatite (HAp) (Scomberomorus guttatus). The fish bone was well ground and
roasted for an hour in the oven before being fried for an hour to produce a black mixture
of fish bone. Once more, it spent two days being heated to 800 °C for five hours in the
muffle furnace. It was acquired and put to use in its pure, white powder form.

Preparation of chitosan nanoparticles (CS-NPs)
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200 mL of 2% acetic acid solution was used to dissolve 1 g of chitosan while it
was being mechanically stirred. The chitosan solution received 0.8 g of sodium
tripolyphosphate (TPP), dissolved in 107 ml of double-distilled water, dropwise, and was
vigorously stirred for two hours [50]. The suspension was allowed to settle before the
supertanant was decanted. The generated chitosan nanoparticles were washed in water
until a pH of 6 was obtained.
Preparation of chitosan nanoparticles (CS-NPs)/Alginate (AL)/Hydroxyapatite (HAP) +
o — vanillin crosslinked biocomposite

In order to create a homogeneous solution, 0.5 g of hydroxyapatite was added
while stirring steadily after 1 g of sodium alginate and 1 g of chitosan nanoparticles were
combined. The composite was then crosslinked by adding approximately 4 g of o-vanillin
dissolved in 20 mL of ethanol and vigorously stirring for an hour with a mechanical stirrer
(8000 rpm). Finally, the composite was allowed to dry.
Batch adsorption studies

To create a 100 ppm stock solution, 0.283 g of potassium dichromate and 0.3929 g of
copper sulphate are precisely weighed and separately dissolved in one litre of double-distilled
water. After that, batch mode was implemented using this solution. Cr(VI) and Cu(ll) ions
were adsorbed onto the o-vanillin crosslinked CS-NPs/AL/HAP adsorbent using a batch
adsorption technique. The variables included temperature, pH, contact time, adsorbent
dosage, and initial metal ion concentration. In the separate conical flask, 50 mL of Cu(ll) ion
solution and 50 mL of Cr(VI) ion solution were taken. This was mixed with 0.1 g of
adsorbent each and shaken at 200 rpm for an hour. The reaction mixture was filtered using
Whatmann filter paper after shaking for an hour, and the pH was then adjusted by adding 2 N

HCIl and 2 N NaOH. The filtered solution was then subjected to an AAS analysis to measure
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the concentration of Cu(ll) and Cr(VI) ions. The same methodology has been used to study
the effects of initial metal concentration, adsorbent dosage, pH, contact time, and
temperature. The following equation was used to calculate the removal percentage (%) and
adsorption capacity (mg/g) after the adsorption process [51].

CO_ Ce

1
C x 100

Removal (%) =

CO_ Ce

4
m X

Adsorption capacity (q,) =

where Co and Ce are the initial and final metal ion concentrations, V is the volume
of the solution in litre and M is the weight of dry adsorbent in gram [51].
Instrumental analysis

FTIR measurements were performed using a Perkin Elmer 200 FT-IR
spectrophotometer and pellets of potassium bromide. The wavenumber range for the FTIR
spectra was 4000 cm™ to 450 cm™. The crystallinity of the produced samples was
evaluated using an X-ray powder diffractometer (XRD - SHIMADZU XD - D1) and a Ni-
filtered Cu Ko X-ray radiation source. Scanning electron microscope surface imaging was
investigated using the JEOL JSM-6390LV at a voltage of 20 kV.
Results and Discussion
FTIR

The FTIR spectrum of CS-NPs and CS-NPs/AL/HAP crosslinked with o-vanillin
was given in figure 1a and 1b. O-H and N-H, the primary functional groups of CS-NPs,
displayed an absorption band at 3446 cm™. During the composite's formation (o-vanillin
crosslinked CS-NPs/AL/CMC biocomposite), it was pushed to the lower wavenumber
region of 3313 cm?, showing a significant interaction between the polymers. The two

bands (OH and NH) in the chitosan samples overlap despite being distinct and spaced
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apart due to hydrogen bonding. As a result, both the O-H and N-H groups displayed a

broadband in the same region [52].
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Figure 1: FTIR spectrum of (a) chitosan nanoparticles and (b) chitosan nanoparticles
(CS-NPs)/ Alginate (AL)/ Hydroxyapatite (HAP) + o — vanillin crosslinked
biocomposite

The existence of C-H stretching in CS-NPs and the CS-NPs/AL/HAP + o-vanillin
composite is shown by the bands seen at 2939 and 2917 cm, respectively. For chitosan
nanoparticles, the band for C=0 stretching, N-H bending, C-H bending, C-O stretching,

and P-O stretching modes emerged at 1639, 1529, 1390, 1325, and 1087 cm; for CS-

NPs/AL/HAP + o-vanillin composite, it appeared at 1593, 1413, 1324, and 1107 cm™.
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Additionally, the band at 1639 cm™ in chitosan nanoparticles vanished in the composite,

indicating the development of hydrogen bonds between polymers, when compared to the

FTIR spectra of chitosan nanoparticles and the absorption bands of CS-NPs/AL/HAP + o-

vanillin composite. The main functional groups, such as OH, NH, COO-, C=0, and P-OH,

showed a significantly shifted band in the prepared composite, indicating that these groups

were involved in the successful formation of the CS-NPs/AL/HAP + o-vanillin composite

via covalent bonding, electrostatic binding, hydrogen bonding, and van der Waals forces

(Sugashini et al., 2022).
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Figure 2: XRD pattern of (a) chitosan nanoparticles and (b) chitosan nanoparticles
(CS-NPs)/ Alginate (AL)/ Hydroxyapatite (HAP) + o — vanillin crosslinked
biocomposite

As can be seen, the main broad diffraction peaks for CS-NPs and its composite
were at 20 = 30° and 25°, respectively. The broad peak indicated that CS-NPs and its
composite had low crystallinity. Additionally, the dense network structure and
intermolecular contact generated between the primary functional groups of the additional
polymers was the cause of the observed breakdown in the structure of the prepared
composite. Additionally, during the blending of AL, HAP, and o-vanillin with CS-NPs, a
shift in the peak of the CS-NPs/AL/HAP + o-vanillin composite to the lower region was
observed. The prepared composite's observed peak shift demonstrated the intermolecular
interactions between the polymers.

Bath adsorption studies

Effect of pH
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Figure 3: Effect of metal ion pH

Heavy metals copper and chromium removal by o-vanillin crosslinked CS-
NPs/AL/HAP biocomposite from aqueous solution was thought to be significantly
influenced by pH, because pH affects the surface charge of the composite nanomaterial as
well as the speciation of the contaminants. Thus, in the study the metal ion pH was varied
from 3 to 9 (adsorbent dose 0.1 g; contact time 60 min; initial concentration 100 ppm) in
order to investigate its effect during adsorption (Figure 3). The result indicates that, the pH
of the adsorption medium directly affects the form of Cr in aqueous solutions. Cr(VI)
exists as HoCrOs at pH 1, Cr.07* and HCrO4 at pHs between 2 and 6, and CrO.* is the
dominant form at pHs greater than 6. The electrostatic interaction between hereto groups
of chitosan and the neutral H2CrO4 molecules is thereby reduced as a result of Cr(VI)

being present in a neutral state (H.CrO4) at pH 1 [54,55].
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At pH 2, NH2 groups of undergo protonation, increasing the positive charges on
the adsorbent surface. As a result, there was an improvement in the adsorption process due
to the stronger electrostatic attraction forces between the positively charged NHs* groups
and the negatively charged Cr(V1) ions. On the other hand, the protonation of NH2 groups
and the positive charges on the surface of chitosan significantly diminish above pH 2.
Therefore, there is a reduction in the columbic interaction between chitosan and Cr(VI)
[56,57].

At various pH values, the copper ion in aqueous solution would exist as Cu?",
Cuz2(OH)2?*, Cu(OH)", Cuz(OH)s*, Cusz(OH)4**, and Cu(OH), [58]. Then, Cu(OH), has a
Ksp (solubility product) value of 5.6x102, indicating that there is a chance that it will
precipitate at pH levels higher than 6, which also indicated that Cu(ll) will leave the
solution through precipitation [58].

Effect of contact time

The effect of contact time is the important parameter to scale up the adsorption
process to industrial level. To evaluate the effect of contact time the experiment was
carried out by varying the time from 60 to 300 min by keeping other parameters adsorbent
dose (0.1 g), pH 5, initial concentration (100 ppm) and temperature as constant. The
results were given in figure 4. From the results it was revealed that due to the speedy
transfer of metal contaminants from the solution to the active sites of the biosorbent, the
adsorption rates increases rapidly initially with increasing time [38,59]. However, when
some of the readily accessible active sites have been occupied, metal requires time to
identify more active sites for binding. After sometimes the adsorption rates dropped and

did not alter significantly even the period was extended, due to the saturation of active
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adsorbent site. Thus, it was determined that for optimal outcomes, metal and composite

should be in contact for 300 min for both copper and chromium.
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Figure 4: Effect of contact time on the removal of Cu(ll) ion and Cr(VI) ion using
CS-NPs/AL/HAp biocomposite

Adsorbent dose

According to a study on the influence of adsorbent dosage on metal adsorption, the
amount of CS-NPs/AL/HAp biocomposite had an impact on the amount of metals that
were adsorbed (Figure 5). As shown in Figure 5, the minimum percentage removal for
copper was 82.12% for the dose of 0.1 g and the maximum percentage removal was
92.64% foe 0.5 g of adsorbent dose. For chromium it was ranged from 81.22% for the
dose of 1 g to 90.23% for the dose of 0.5 g.

The fact that additional surface area is available for adsorption to occur may be the

cause of the increase in adsorption with the increase of adsorbent dose. By increasing the
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sorbent, there are more adsorption sites accessible, that improves the removal efficiency
[60]. In conclusion, the removal efficiency of CS-NPs/AL/HAp biocomposite increased

with increasing adsorbent dose and achieved equilibrium at around 0.5 g.
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Figure 5: Effect of adsorbent dose on the removal of Cu(ll) ion and Cr(VI) ion using
CS-NPs/AL/HAp biocomposite

Effect of initial concentration

CS-NPs/AL/HAp biocomposite was used to sorb Cu?* and Cr®* ions at various
initial metal ion concentrations ranging from 50 to 500 mg/L, at pH 5, at 120 rpm, and for
60 minutes of contact time. The removal of Cu(ll) and Cr(VI) ions by sorbent took place
in a quick kinetic process (Figure 6). As compared to the original concentration, the
aqueous metal ion concentration decreased. A higher initial metal concentration led to an

increase in the metal ion's uptake, which eventually tended to reach saturation.

Eur. Chem. Bull. 2023, 12(Special Issue 8),1173-1203 1186



Biosorption studies on the removal of heavy metals Copper and Chromium using chitosan nanoparticles

based biocomposite

% -
88 -
86 -
84 -
82 -
0 -
78 -

76

% Removal of metal ions

74 -

72

il Cu(ll) ion
—@— Cr(VI) ion

70

' I I I
0 100 200 300

T -
400 500

Initial concentration (ppm)

Figure 6: Effect of initial metal ion concentration on the removal of Cu(ll) ion and
Cr(V1) ion using CS-NPs/AL/HAp biocomposite

Sorption Efficiency

The ratio of the metal ion adsorbed to the amount in the liquid phase is known as an

adsorbent's distribution coefficient (Kq) [61]. Low sorption efficiency is indicated by

distribution coefficient values that are less than 1.0. The following equation can be used to

compute the Kg.

q
K, = C—:
where
ge =amount of metal ions adsorbed.
Ce  =amount of metal ion in liquid phase.

Table 1: Distribution co-efficient of Cu(ll) and Cr(VI) ions
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Initial concentration Cu(ln) Cr(VI)
of metal ions (ppm) Cads Ceq Kd Cads Ceq Kd
500 358.3 141.7 2.5286 353.05 146.95 2.4025
400 297.16 102.84 2.8895 291.24 108.76 2.6778
300 232.23 67.77 3.4267 22353 76.47 2.9231
200 161.38 38.62 4.1787 15458  45.42 3.4033
100 82.12 17.88 4.5928 81.22 18.78 4.3248
50 44.58 5.42 8.2251 43.58 6.42 6.7882

Cr ion distribution coefficient spans from 2.4025 to 6.7882, while Cu ion vary from

2.5286 to 8.2251. As shown in Table 1, the values of the metal ion distribution coefficient

between the CS-NPs/AL/HAp biocomposite and the aqueous phase in this investigation

depend on the metal ion concentrations at the beginning of the experiment and are higher

than 1.0. The CS-NPs/AL/HAp biocomposite showed high efficiency for the treatment of

wastewater containing Cu®* and Cr®" ions, according to the estimated values of the

distribution coefficient (Kq) in Table 1.

Adsorption isotherm

The required adsorption equilibrium is necessary for the analysis and design of the

adsorption system, which is the most crucial step in comprehending an adsorption process.

Adsorption equilibria offer key physicochemical information for determining if the

adsorption mechanism may be used as a standalone unit operation [62].

The

plot of

Ceq/Cads VS Ceq and log Cags Vs log Ceq yielded a straight line (Figure 7 and 8) gives the

Langmuir adsorption isotherm and Freundlich adsorption isotherm and the calculated

parameters are given in the table 1.
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Figure 8: Freundlich isotherm models for the removal of (a) Copper and (b) Chromium

Table 2: Langmuir and Freundlich isotherm constants for the adsorption of Cu?* ion
using CS-NPs/AL/HAP + o-vanillin biocomposite

Metal ion Langmuir isotherm Freundlich isotherm
Cog _ DCeq 1 log C log Ky + ~logC
= — 0 =lo —lo
Cads KL KL 8 Lads gARF n g eq
KL b (dm3/mg) Cmax R2 Kk n R2
(dm?/g)
Cu(ll 6.3776 0.0128 49751 09273 13.8739  1.5161 0.9933
Cr(VI) 5.4259 0.0116 469.48 0.9051 11.7978  1.4741 0.9979
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A monolayer of adsorbate had formed on the surface of the adsorbent, according to
the Langmuir plot. Compared to Cr(VI), Cu(ll) had a higher Cmax value. For CS-
NPs/AL/HAp ternary biocomposite, the Cmax values were 497.51 mg of Cu(ll), and 469.48
mg of Cr(VI1). R? value indicated a linear or correlating relationship. In the instance of the
Freundlich isotherm model, the relationship got more linear with the value that was closest to
1. As a result, it was discovered that during concentration studies, the adsorption of Cu(ll),
and Cr(VI1) ions onto CS-NPs/AL/HAp ternary biocomposite well correlated with the
Freundlich isotherm model than Langmuir isotherm.

Table 2 displays the values of n and Kg, which were determined from the slopes and
intercepts of the Freundlich plots (Figure 8), respectively. n values between 1 and 10
demonstrated advantageous adsorption, according to Kadirvelu and Namasivayam, (2000).
The values of n and K also affect the isotherm's curvature and steepness, according to
Akgerman and Zardkoohi, (1996). The Freundlich equation, despite not having any
theoretical foundation, provided adequate information about the adsorption data over a
specific concentration range. A multi-layer adsorption was evident from the lack of a plateau
in the adsorption isotherm [65].

Thus, the study concludes that the adsorption procedure used in the current
investigation is physisorption with multilayer adsorption. Based on the isotherm models,
the outcome showed that the prepared o-vanillin crosslinked CS-NPs/AL/HAp ternary
biocomposite followed heterogeneous (or) multilayer adsorption.

Adsorption kinetics
Using pseudo-first and pseudo-second order equations, the mechanism of adsorption

was examined, and rate constants for the adsorption of copper, and chromium ions were
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found. Cu(ll), and Cr(VI) uptake by o-vanillin crosslinked CS-NPs/AL/HAp ternary
biocomposite sorption data were fitted using Lagergren pseudo-first-order (Figure 9) and
pseudo-second-order models (Figure 10). The plot of t vs log (ge — qt) and t vs t/q: gives the

value of ki, k2 and ge from its slope and intercept respectively [60].

1.5 -~ Cu®*ion
= Cr% jon
1.0 [
D
= |
S 05+
(=2}
< |
0.0 llIIIIIIIIIIIIIIIIlII IIIIIIII
100 200 N 300
. . [ J
0.5 Time (min)
Figure 9: Pseudo-first order kinetics
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Figure 10: Pseudo-second order Kinetics
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Table 3: Adsorption kinetic studies for the adsorption of Cu?* ion using CS-
NPs/AL/HAP + o-vanillin biocomposite

Metal ion Pseudo-first order Pseudo-second order
kit t 1 1
log (qe = q0) =logqe — 5= 7 o + o
ge (Mg/g) K1 R? Qe k2 R?
(mg/g)
Cu(ll 33.266 0.01611 0.8683  94.8766 0.000963 0.9996
Cr(VI) 21.0378 0.010041 0.8318  96.8992 0.00083 0.9986

A comparison of two kinetic models revealed that the pseudo-second-order Kinetic
model's correlation coefficient (R?) was higher than that of the pseudo-first-order model
(Table 3). In contrast to the pseudo-first-order model, the obtained Cu(ll), and Cr(VI)
kinetic data clearly followed the pseudo-second-order kinetic model.

In general, the pseudo first-order kinetic model only applies to the early stages of
the adsorption process and does not adequately describe the entire process [66-68],
whereas the pseudo second-order model adequately describes the experimental data. The
pseudo first-order model's less successful fitting findings demonstrated that more than one
mechanism was at work throughout the adsorption process and that biosorption was not
limited to one site per ion [69]. Instead of existing as dissociated ions in solution, copper,
and chromium are most commonly found as hydrated complexes. Thus, the pseudo
second-order kinetic model's applications can be explained by the fact that biosorption is a
two-step process that involves the dissociation of hydrated complexes and the interaction

of metals with active sites in the biosorbents [70].
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Conclusion

In this study, novel CS-NPs/AL/HAP + o-vanillin biocomposite was developed as
the promising adsorbent for the removal of copper and chromium from the aqueous
solution. The FTIR and XRD analysis proves the formation of biosorbent through change
in band position and broad peak. Batch adsorption studies revealed that the prepared
ternary biocomposite removes copper ion more effectively than chromium ion from the
aqueous solution and the sorption capacity was strongly depends on the adsorption
parameters. On fitting the experimental data in theoretical isotherm model such as

Langmuir and Freundlich model, the data fitted well with the Freundlich adsorption

isotherm, indicating the multilayer adsorption. Also the kinetics studied proves that the

experimental batch adsorption data correlated more with pseudo-second order kinetics
than pseudo-first order kinetics model.
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