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The potential of sodium alginate (AL)/ chitosan (CS)/ carboxymethyl cellulose (CMC) beads as an adsorbent for
removing the divalent metal ions such as Cu (II) and Ni (II) ions from aqueous solution was assessed in the current work
using a batch adsorption technique. FT-IR and XRD measurements were used to investigate the formation of the ternary
beads. The percentage removal of metal ions was investigated in batch mode as a function of metal ion solution pH, initial
metal ion concentration, adsorbent dosage, and contact time. The observed outcome shows that the best pH for removing
both metal ions was reported to be 5.0. The incorporation of experimental data in theoretical modelling exhibits that the
adsorption would be multilayer through pseudo-second order (R° > 0.9) kinetics. The removal efficiency of ternary beads
reveals that copper ions (Cp. = 203.69 mg/g) were removed better than nickel ions (Cp.x = 194.05 mg/g).
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Introduction

Water is the widely used natural resource on earth
and is vital for all living things'. Such water becomes
tainted with different pollutants, contributing to the
global environmental issue’. Due to the massive
expansion in the usage of heavy metals in the
industries that have a significant impact on
environmental contamination during the past few
decades, there has unavoidably been an increase in the
flux of metallic materials in aquatic environments’.
Zn, Cu, Ni, Cr, Pb, Hg, Ni, and As are some of the
dangerous heavy metals that come from the metal
plating, mining, paint manufacturing, pesticides,
pigment manufacturing, printing, and photographic
industries’. Due to their tendency to bioaccumulate,
even in small amounts, extremely poisonous heavy
metals found in waste cause serious natural and health
problems* and hence the heavy metal ions must be
derived from wastewater streams and industrial
effluents’. Copper (II) and Nickel (II) are such heavy
metals which are widespread contaminants and most
toxic to all the human beings and as well as other
living organisms®.

The adsorption process is a well-known, effective
treatment around the globe”® due to its adaptability,

minimal chemical use, low waste sludge production,
and affordability’. For the adsorption process, in recent
years, various researchers point towards the naturally
available biomaterials including agricultural products
and by-products such as algae, bacteria, yeast, coir pith,
sawdust, coconut husk, activated carbon, rice husk, egg
shell which can accumulate high concentration of
heavy metals. In addition to this some other sorbents
which can be used for wastewater treatment includes
activated carbon'®, carbon nanotubes'!, gelatinlz,
lignocellulosic fibers', biopolymeric materials such as
chitosan'*"”,  sodium alginate'®,  carboxymethyl
cellulose'’, starch'® and so on.

This work used low-cost adsorbents such chitosan,
alginate, and CMC, a cellulose derivative, to remove
the Cu(Ill) and Ni(Il) ions from the synthetic
wastewater  solution'”®.  Chitosan has  higher
adsorption properties’ because of the free amino
groups that are exposed. Biopolymeric polysaccharide
alginate also has a very high affinity for metal ions>.
CMC, a cellulose derivative shows amphiphilic
characteristics due to its nontoxic, biocompatible,
biodegradable and hydrophilic nature”. Gelation
happens when an alginate solution interacts with
divalent cations, and it is thought that this gelation
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mostly takes place at junctions known as ‘egg box
junctions’ in the sequence-rich chain area*. Cobalt
(IT) ion adsorption onto alginate beads was studied by
Navarro and his co-workers in batch experiments at
room temperature”. By employing sodium alginate/
fly ash beads as an adsorbent, Zn(Il) ions may be
successfully extracted from aqueous solutions™.
Sodium alginate, chitosan, and carboxymethyl
cellulose were combined to make beads are used to
remove copper and nickel synthetic solution.
Adsorbent dosage, pH of the solution, and duration
spent in contact with the adsorbate are a few examples
of the optimal parameters that affect metal ion uptakes.

Materials and Methods

Chitosan, which was 92 percent deacetylated, was
purchased from Indian Sea Foods in Cochin. Thermo
Fisher Scientific Private Ltd. and Nice Chemicals
Private Ltd., respectively, provided the sodium alginate
and carboxymethyl cellulose. Glutaraldehyde, the
crosslinking agent, was purchased from SD-fine-chem.

Preparation of sodium alginate/ chitosan/ carboxymethyl
cellulose (1:1:1) — glutaraldehyde beads

Ionic cross linking was used to prepare the sodium
alginate/ chitosan/ carboxymethyl cellulose beads in a
1:1:1 ratio with the cross-linking chemical
glutaraldehyde. In order to create chitosan solution,
0.5 g of chitosan was first mixed with 25 mL of
glacial acetic acid. Under continuous magnetic
stirring for about 30 minutes, both sodium alginate
and CMC (each 0.5 g in 25 mL of water) solutions
was added to this. The resulting mixture was uniform
and free of bubbles. The mixture was injected into
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CaCl, solution. After setting up in CaCl, solution for
24 h, the produced beads were filtered. After three
rounds of rinsing and washing with double-distilled
water the beads were left to dry.

Metal ion removal

A conical flask containing 100 mL of separate
solutions of copper sulphate and nickel ammonium
sulphate (200 mg/L) was filled with about 1 g
of prepared SA/CS/CMC bead (1:1:1-with
glutaraldehyde). An orbital shaker was used to
vigorously stir this solution for an hour at a constant
speed of 160 rpm. To pH adjustment 0.1 N NaOH and
HCI was added. The aforementioned combination was
shaken, filtered via Whattmann filter paper, and then
atomic absorption spectroscopy measurements were
performed on the filtrate.

Results and Discussion
Characterization of ternary alginate beads

The sodium alginate with chitosan and
carboxymethyl cellulose homogenous mixture was
dropped in calcium chloride solution to get a ternary
biopolymeric bead. The beads were created
concurrently using an ionic cross-linking technique,
and it is anticipated that the polymer chains'
oppositely charged functional groups will limit one
another's mobility during a gelation process by
electrostatic interaction. Its formation is confirmed
using FTIR and XRD analysis. The FTIR spectra of
the sodium alginate /chitosan / carboxymethyl
cellulose (1:1:1) ternary bead prepared with
glutaraldehyde was shown in Figure 1. The prominent
absorption peaks observed at 3626.32, 2930.52 and
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Fig. 1 — FTIR spectrum of chitosan /sodium alginate/ carboxymethyl cellulose (1:1:1) ternary bead — glutaraldehyde
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2859.64 cm' was given to O-H, N-H,
C-H stretching”’. The peaks which were found at
1605.95, 1416.10 and 1356.94 cm™ show the
presence C=0, -C=N, OH, CH bending,
respectively. The C-O, C-C stretching, N-H wagging
and C-C corresponds to the peaks at 1160.00,
1099.91, 722.38 and 427.60 cm™, respectively. The
observance of peaks due to various functional groups
(OH, NH, COOQO) reveals that all the three added
polymeric components chitosan, sodium alginate and
carboxymethyl cellulose get blended effectively
during the bead formation. The peak at 1605.95 cm’™
exhibit C=N stretching, also indicates that the
glutaraldehyde is efficiently crosslinked with the
added three polymeric components (CMC, CS
and AL).

Figure 2 shows the XRD diffractogram of
sodium alginate /chitosan /carboxymethyl cellulose
(1:1:1) ternary bead. Two broad peaks were
observed at various 20 values such as 29° and 41°.
By disrupting amino, carboxylate ion, and -OH
groups, the crosslinking agent glutaraldehyde
caused the increased packing of chitosan, sodium
alginate, and CMC chains, which led to
deformation of the crystalline regions and a
broadening of the peaks. The synthesized bead was
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significantly amorphous, as indicated by the
calculated values for the reduced percentage degree
of crystallinity, making it suitable for adsorption.

The proposed binding mechanism for the metal
ions onto AL/CS/CMC ternary beads produced with
glutaraldehyde based on the findings of several
research (Fig. 3).

Influence of contact time

Figure 4 demonstrated that, with increasing contact
time, the percent removal of both Cu and Ni metal
ions increased. The percentage of elimination by the
adsorbent was high throughout the first 60 min. This
can be because of the sizeable surface of the
adsorbent and the length of time required for the
metal ions to successfully make contact with the
beads employed. After some time, equilibrium was
attained, and because there were fewer active sites
available on the sorbent's surface, the uptake of metal
ions remained stable.

Effect of pH

The pH has an impact on the proportion of heavy
metals removed and metal sorption”. The results
show that as the pH rises from 4 to 5 (Fig. 5), the
percentage of nickel and copper metal ions eliminated
increases, but after that, it decreases.
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Fig. 2 — X-ray diffractogram of chitosan /sodium alginate/ carboxymethyl cellulose (1:1:1) ternary bead — glutaraldehyde
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Fig. 3 — Proposed mechanism of binding of metal ion onto CS/AL/CMC (1:1:1) ternary bead — glutaraldehyde

100 -

@
o
1

-@- % Ni** Removed
-& % Cu?* Removed

%Removal of Ni* and Cu?*
N o
o o
1 1

0 100 200 300 400
Time in Minutes

Fig. 4 — Effect of contact time on adsorption of Cu(II) and Ni(II)
ions by CS/AL/CMC (1:1:1) - ternary bead — glutaraldehyde

Low pH values inhibit adsorption because protons
and metal ions compete for same functional groups
(OH, NH,, COQO) in the AL/CS/CMC bead. Also, the
bulk of functional groups are protonated at low pH
levels, which decreases the number of binding sites
available for metal ion®”. Optimum pH was 5.5 and 6
for Cu and Ni.
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Fig. 5 — Effect of pH on the adsorption of Cu(Il) and Ni(Il) ions
using CS/AL/CMC (1:1:1) - ternary bead- glutaraldehyde

Effect of adsorbent dose

Figure 6 clearly shows that as adsorbent dosage is
increased, the adsorption efficiency also raises
noticeably’”>. An improvement in removal efficiency
resulted from the greater adsorbent dose increasing
the quantity of adsorbent surface that was available
for the solute to be adsorbed.



472 INDIAN J GEO-MAR SCI, VOL 51, NO 05, MAY 2022

To put it in another way, the higher removal rates
of Cu(ll) and Ni(Il) ions can be due to the larger
dosage's increased surface and binding sites®. The
saturation of active sites may be the reason why there
was no noticeable improvement in the elimination of
either metal ion after 5 g of adsorbent dose.

Adsorption isotherm

Langmuir isotherm

The Langmuir isotherm follows

Ceq/Cags = bCey/Ki + 1/Ky,

Cmax = I<L/b

C.gs = amount of metal ion adsorbed (mg/g)

Ceq = equilibrium concentration of metal ion
(mg/dm’)

K; = Langmuir constant (dm’/g)

b = Langmuir constant (dm*/mg)

C,ae = maximum metal ion adsorbed™

33,34,

Figure 7(a, b) illustrates the Langmuir plot for
Cu(Il) and Ni(Il) ions onto AL/CS/CMC beads
synthesized in the presence of the glutaraldehyde;
whereas Table 1 displays the Langmuir constants. The
essential characteristic of Langmuir isotherm® was
given by the separation factor (Ry) (Table 2).

The Langmuir isotherm was used to determine
whether or not an adsorption process is favorable.
Since the computed values of Ry (Table 2) in the
current investigation were found to be more than 0
and less than 1, it was decided that the adsorption
process is thought to be advantageous.

Freundlich isotherm
The Freundlich equation is:

log Y. =1log K¢+ 1/n log C. ... (D)

Figure 8(a, b) shows the Freundlich adsorption
isotherm plots of Cu (II) and Ni (II) onto
CS/AL/CMC beads and Table 3 displays the
Freundlich constants®’.

The findings showed that the Freundlich better
suits well the experimental value than the Langmuir,
indicating that multilayer sorption.

Adsorption kinetics

The rate of adsorption site occupation is primarily
taken into account in this model, and it is assumed
that it is proportionate to the number of vacant
sites” *. Pseudo-first-order model's is:

log (qe-q¢) = log qe - kit /12.303 ...
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Fig. 6 — Effect of adsorbent dose on the adsorption of Cu(Il) and
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Fig. 7 — Langmuir plot for the adsorption of Cu(Il) ion (a); and
Ni(Il) ion (b) onto CS/AL/CMC-(1:1:1) - ternary bead-
glutaraldehyde

Table 1 — Adsorption isotherm constant, C,,,, and correlation

coefficients
Metal ion Langmuir constants
K (dm'g) b(dm’/mg) Cpy(mgg) R
Ni(Il) 1.4146 0.00729 194.05 0.3911
Cu(I) 2.6602 0.01306 203.69 0.6944

The mathematical expression of the pseudo-
second-order is:
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Fig. 8 — Freundlich plot for the adsorption of Cu(Il) ion (a); and
Ni(Il) ion (b) onto CS/AL/CMC (1:1:1) - ternary bead-
glutaraldehyde

Table 2 — R values based on Langmuir adsorption

Metal ions Initial Final Ry
concentration concentration values
Co (mg/dm’) Cp(mg/dm’)
Ni(IT) 1000 100 0.578369
500 50 0.732869
200 17 0.889735
100 9 0.93843
50 1.5 0.989183
Cu(I) 1000 60 0.695701
500 27 0.835541
200 8 0.944894
100 4.6 0.967554
50 1.3 0.990612

Where, q. and q; are the amounts of metal adsorbed
(mg/g) at time t (min).

Figures 9 & 10 shows first and second order
plots and Table 4 showsthe values obtained.
The correlation coefficients were recognized as
very low.

The results

demonstrated that the generated

adsorbent was found to follow a pseudo-second order
based on their observed (R° > 0.98) values for both
metal jons*'.

log (qe-qt)

3 -
-@- Nickel
2 | ° —=— Copper
w
1

14
-0 T r ] 1

100 200 300 400
E Time in minutes

Fig. 9 — Pseudo-first-order kinetics for Cu(II) and Ni(II) ions
onto CS/AL/CMC (1:1:1) - ternary bead- glutaraldehyde
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Fig. 10 — Pseudo-second-order kinetics for Cu(Il) and Ni(II) ions
onto CS/AL/CMC (1:1:1) - ternary bead- glutaraldehyde

Table 3 — Freundlich isotherm constants for the adsorption
of Ni(Il) and Cu(Il) ions onto AL/CS/CMC (1:1:1) - ternary

Metal ion

Ni (1)
Cu (1)

bead- glutaraldehyde

Freundlich constants

K (dm*/g) n (dm*/mg) R’
2.7990 1.4160 0.9512
3.5294 1.2666 0.9889

Table 4 — Comparison between Lagergren pseudo-first-order and pseudo second-order kinetic models for Cu (II) and Ni (I) sorption by
AL/CS/CMC (1:1:1) - ternary bead- glutaraldehyde

Metal ion Pseudo-first-order kinetic model Experimental value
q(mg/g) ki (min") R qc (mg/g)
Ni(IT) 345.11 0.008096 0.8119 194

Cu(II) 319.06 0.009061 0.7805

194.8

Pseudo-second-order kinetic model

qe (mg/g) k R
(gmg"' min’)
146.70 0.003685 0.9898
125.20 0.003785 0.9894
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Conclusion

The ternary biopolymeric beads were created by
combining chitosan, alginate, and carboxymethyl
cellulose in a 1:1:1 ratio with the cross-linking agent
glutaraldehyde. Chitosan, alginate, and
carboxymethyl cellulose were successfully combined
to form beads using the cross-linking agent
glutaraldehyde, according to FT-IR studies. An XRD
study explains the decrease in crystalline behaviour
(amorphous nature) of the prepared AL/CS/CMC
beads, making them suitable for the adsorption
process. The optimum pH for metal ions was
discovered to be 5.5 in investigations on the effects of
different parameters of the adsorption of hazardous
metal ions onto beads.
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