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Abstract:

In this study, cellulose was produced by activating peanut shells with 5% NaOH as an alkaline agent and
bleaching with 5 wt.% H,O,. Before being modified with chitosan, the cellulose was slightly oxidized with
ammonium persulfate to introduce carboxyl groups. The equilibrium and kinetics of nickel adsorption on the
as-prepared material were investigated. Langmuir, Freundlich, and Temkin isotherm models were used to
describe the equilibrium isotherms. The Langmuir and Temkin adsorption isotherms were better fits to the
equilibrium data than the Freundlich equation. The Langmuir monolayer adsorption capacity of nickel ions
on cellulose from peanut shells modified with chitosan was found to be 25.70 mg/g. The Temkin adsorption
constant was calculated as 0.45 kJ/mol. Therefore, the interaction between nickel ions and the surface of the
as-prepared material are assumed to be weak. Kinetic data were evaluated by pseudo-first-order and pseudo-
second-order models, and rate constants were determined. Simulations demonstrated that the pseudo-second-

order equation could adequately describe the adsorption of nickel ions.
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1. Introduction

The presence of heavy metal ions such as lead,
nickel, cadmium, chromium, arsenic, etc. in industrial
effluents poses a significant threat to human health
and the environment [1]. These ions easily accumulate
in living organisms through the food chain and cause
various diseases and metabolic disorders because of their
high toxicity and non-degradability in the ecosystem
[2, 3]. However, their use cannot be avoided because of
their necessity in industries such as tanneries, batteries,
electronics, dyeing, textile mills, etc. [4].

Various methods are used to remove heavy metal
ions from industrial effluents, such as precipitation,
membrane filtration, ion-exchange processes, reverse
osmosis methods, and adsorption. Among these methods,
adsorption is considered a simple and effective treatment
method. Many adsorbents have been successfully studied
for heavy metal ion adsorption, such as activated carbon
[5], activated agricultural waste materials [6], and
biopolymer materials such as cellulose [7] and chitosan
[8], whether natural or modified, due to their high
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mechanical strength, chemical stability, large adsorption
capacity, abundance of synthetic materials, low cost, and
high reversibility.

In recent years, there has been a trend of using low-
cost, highly biodegradable agricultural waste materials
[6] such as rice husks, peanut shells, fruit shells, sawdust,
bagasse, etc. to limit the emission of agricultural waste
after harvest. Peanut shells are one of the most abundant
agricultural by-products in Vietnam. The main chemical
components of peanut shells include cellulose (40-
45%), hemicellulose (<14%), lignin (26-28%), and other
components. Therefore, extracting cellulose from peanut
shells is also quite attractive [9, 10].

Cellulose is a biodegradable natural polymer
composed of thousands of D-glucose units linked
B-(1—4) with hydrogen bonding between parallel chains.
Cellulose contains many mobile hydroxyl functional
groups that easily combine with heavy metal ions and
organic pigments [8, 9]. Similarly, chitosan, a linear
polysaccharide containing many B -(1-4) D-glucosamine
units, possesses both amine and hydroxyl functional
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groups. These functional groups act as the main
complexing agents with metal cations and other agents,
making chitosan have a high adsorption capacity for
heavy metal ions [11, 12]. Additionally, chitosan is a
biodegradable polymer and is also considered as a good
candidate to modify cellulose [13, 14].

Prior to modification, cellulose can be partly oxidized
from the hydroxyl functional group, such as the CH,-OH
group in the cellulose structure, to the carboxyl functional
group to improve its ability to bind with modifying agents.
TEMPO and ammonium persulfate are two oxidizing
agents frequently used for the mild oxidation of cellulose
to introduce carboxyl functional groups on the surface of
cellulose. Ammonium persulfate is a cost-effective and
environmentally friendly oxidizing agent because of its
nontoxicity and mild oxidation conditions. The bond of
—0-0- in ammonium persulfate is unstable and readily
decomposed into hydrogen peroxide (H,0,) and a radical
(SO, ™), which has a strong oxidizing capacity to produce
cellulose containing carboxyl groups directly from the
raw materials of cellulose [15-17]. The mild oxidation
of the CH,OH group to the COOH group in the cellulose
structure increases the association with denaturing agents
to increase the adsorption properties and durability of
cellulose.

For cellulose/chitosan material, cellulose combines
with chitosan through hydrogen bonding between
hydroxyl groups of cellulose and chitosan, as well as
the electrostatic interaction between the negatively
charged carboxylic group of the cellulose matrix and the
positively protonated amine of the chitosan solution in
acetic acid [16, 18].

This study presents the nickel adsorption capacity
of chitosan-modified cellulose material. Cellulose is
prepared from peanut shells by alkaline hydrolysis to
completely remove lignin, bleached with H,O,, and
then mild oxidized by ammonium persulfate agent to
introduce carboxylic groups, and finally modified with
chitosan under suitable experimental conditions. Peanut
shells are lignocellulosic materials composed of cellulose
(44.8%), hemicellulose (5.6%), and lignin (36.1%)
with a complex fibrous structure. The nickel adsorption
capacity of chitosan-modified cellulose material was
evaluated by changing the contact time and pH of the
solution. Additionally, isothermal adsorption models and
kinetic models were investigated.
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2. Materials and methods
2.1. Chemicals

Nickel sulphate salt (NiSO,.6H,0), dimethylglyoxime
(C,H,N,O,), chitosan, ammonium persulfate
((NH,),S,0,), sodium hydroxide (NaOH solid and NaOH
0.02 N), acid acetic (CH,COOH), sodium hydrogen
carbonate (NaHCO, 0.02 N), and hydrochloric acid (HCI)
possessed greater than 98% purity and were imported
from China. Peanut shells were provided from the region
of North Vietnam.

2.2. Preparation of adsorbent

Peanut shells were crushed to sizes in the range of
0.1-0.2 mm. Peanut shell powders were hydrolysed in
an alkaline solution with 5% sodium hydroxide solution
and bleached with 5% hydrogen peroxide solution to
completely remove lignin. Next, the solid was mildly
oxidized by ammonium persulfate with a ratio of 1 g/50
ml (peanut shell (g)/ammonium persulfate solution 0.1
M (ml)), by mechanically stirring for 5 h at a temperature
of 70°C (denoted as APS-VL) [16, 17]. Finally, the APS-
VL sample (2 g) was modified with chitosan solution by
impregnation. The chitosan solution was prepared by
dissolving 0.35 g of chitosan in 60 ml of 1% acetic acid
and mechanically stirred for 3 h. The modifying ratio
was equal to 15 wt.% chitosan. The obtained sample
was denoted as CTS-APS-VL. The impregnation method
was carried out three times. After each impregnation, the
CTS-APS-VL sample was dried at 60°C for 4 h. Then,
the temperature was raised to 100°C for 3 h to increase
the interaction between the surface functional groups of
chitosan and the APS-VL sample.

2.3. Characterisation of adsorbent

Amounts of functional groups: The amounts of
hydroxyl and carboxyl functional groups on the surface
of the APS-VL and CTS-APS-VL samples were
determined by Boehm titration. The Boehm agents used
were 0.02 N NaOH solution to determine amount of
hydroxyl functional group and 0.02 N NaHCO, solution
to determine amount of carboxyl functional group.

Briefly, 0.5 g of adsorbent was added to 50 ml of
Boehm agents and then mechanically stirred (150 rpm)
for 24 h at room temperature. After the neutral reaction,
the solutions were titrated with standardized aqueous HCI
(0.02 M) until the end point of phenolphthalein. For 10
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ml of solution titrated with 0.02 M HCI, the concentration
of hydroxyl and carboxyl functional groups can be
calculated as follows, respectively:

Chel X Vo =5CHcr X Vi

-1\ — ZHCI%X VHcl HCI HCI

mhydroxyl(mm()l'g ) - m (1)
~1y _ CHaIX Vit —5CHc X Vi ()

mcarboxyl (mmOI'g ) -

m
where V%, V! are the volumes of 0.02 HCI used
to titrate 50 ml of the initial NaOH solution before the
neutralization reaction and 10 ml of the NaOH solution
after the neutralization reaction, respectively; C,, is the
concentration of HCI solution. Also; V®,  and V°_ are
the volumes of 0.02 HCl used to titrate 50 ml of the initial
NaHCO, solution before the neutralization reaction and
10 ml of the NaHCO, solution after the neutralization
reaction, respectively.

Point of zero charge (PZC): Eight solutions of 0.1
M NaCl with different initial pH, values in the range
of 3 and 11 were prepared by adjusting the pH of the
solutions using 0.1 M HCI and NaOH. A 0.1-g dosage
of the CTS-VL-APS sample was added to 50.0 ml
of the 0.1 M NaCl solutions with different initial pH.
values and mechanically stirred (150 rpm) for 24 h at
room temperature. Then, the equilibrium pH, values were

measured using a pH meter to calculate the pH,,, . value.

EDX analysis: The CTS-APS-VL sample loaded with
nickel ions was analysed on an SEM-EDX spectrometer
(UV 2600 Shimadzu Instruments) and X-flash 6100
detector to detect the presence of nickel on the surface of
the as-prepared sample.
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2.4. Methods

The nickel adsorption process was carried out through
batch adsorption studies at room temperature. Briefly, 0.4
g of adsorbent was added to 200 ml of nickel solution at a
suitable concentration and pH value. After adsorption, the
nickel solution was removed to determine the remaining
concentration by UV-Vis absorption spectroscopy. The
contact time (¢) was varied from 10 to 140 min. The effect
of pH value of the nickel solution was measured from 3.2
to 8.0. The pH value of the nickel solution must be lower
than pH 8.0 to avoid the formation of hydrolysed species
and precipitation. Additionally, the initial concentration
of nickel solutions was changed from 20 to 120 ppm. All
other conditions unrelated to the present survey remained
constant.

The UV-vis absorption spectra and the standard
curve of the complex between nickel solution and
dimethylglyoxime at 470 nm are displayed in Figs. 1 and
2, respectively.

Metal ions adsorption capacity of the adsorbents at
equilibration time (q,) and at arbitrary time t (q) was
calculated according to the following equations:

Adsorption capacity at equilibrium q_(mg/g):

Qe = (Co—rﬁe)xv (3)
Adsorption capacity at arbitrary time t, q (mg/g):
= (Co—n(it)XV (4)

where C, C, and C, (ppm) are the concentrations of
heavy metal solution at initial time, equilibrium time,

T T T
500 550 600

Lamda (nm)

350

Fig. 1. UV-vis absorption spectrum of the complex between nickel

and dimethylglyoxime at 470 nm.
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Fig. 2. Standard curve equation of the complex
between nickel and dimethylglyoxime at 470 nm.
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and contact time, respectively. V is the volume (L) of
the heavy metal solution and m is the mass (g) of the
adsorbents.

Adsorption Kinetics: Pseudo-first-order and pseudo-
second-order models in linearized form were applied to
the adsorption kinetic data as follows [19-20]: Pseudo-
first-order model in linearised form:

In(q,,-q,)=Inq, — k.t %)
Pseudo-second-order model in linearised form:

t t 1

- =4

4  dez kpq3; (©)

where the adsorption capacities for the pseudo-first-order
model and pseudo-second-order model at equilibria and
time ¢ are denoted by ¢ ,, q,,, and g, respectively, while
k, and k, are the pseudo-first-order and pseudo-second-
order rate constants, respectively.

Equilibrium isotherm modelling: The most common
types of models describing equilibrium isotherms are the
Langmuir, Freundlich, and Temkin isotherms [19, 20].

The Langmuir isotherm model in linearized form is
expressed as:
1

Ce 1
— T — C
€ + Qm*KL (7)

de dm
where q_(mg/g) and K (I/mg) are the maximum
monolayer adsorption capacity and a constant related to
the heat of adsorption, respectively.

The Freundlich isotherm model in linear form is
expressed as:

= 1
logge = logKr + ~logCe ()

where K, ((mg/g) (L/mg)"™) and n are the Freundlich
constants related to bonding energy and deviation
in adsorption from linearity, respectively. A linear
adsorption process is indicated by n=1, a chemical
adsorption process is indicated by n<I, and a physical
adsorption process is indicated by n>1.

The Temkin isotherm model in non-linear and
expressed as:

q,=BxIn(K,xC) (9)

where K is the Temkin’s isotherm equilibrium constant
(L/g) and B = RT/b_ in which b_ is the Temkin constant;
B is constant (J/mol); R is the ideal gas constant (8.314
mol/K); T is absolute temperature (K).
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Error analysis: In this study, both R* and were used
to evaluate the best fit of the isotherm model to the
experimental data. The correlation factor was determined
from the graphical plots of the isotherms while the chi-
squared test was calculated according to Eq. (10):

2
2 _ n(‘le exp — de (cal.))
=

(10)
where ¢, e is the experimental metal concentration at
equilibrium; ¢, is the calculated metal concentration at
equilibrium. The best fit is interpreted as the one with
the highest correlation coefficient and lowest chi-squared
value.

de cal.

3. Results and discussion
3.1. Characterisation of adsorbent

Amount of functional groups: Table 1 shows the results
of the functional group dosage experiments according to
the Boehm titration method.

Table 1. The functional group dosage according to the
Boehm titration method.

Hydroxyl group Carboxyl group
S 1
S dosage (mmol/g) dosage (mmol/g)
APS-VL 1.41 0.55
CTS-APS-VL 2.15 0.26

From Table 1, the APS-VL sample possessed 1.41
mmol/g of hydroxyl groups, which were determined by
neutralising with 0.02 N NaOH solution. The carboxyl
group dosage was found to be 0.55 mmol/g, which was
determined by neutralizing with 0.02 N NaHCO, solution.
The presence of the carboxyl functional group in the
cellulose structure after mild oxidation by ammonium
persulfate (APS-VL sample) can be explained by the
fact that the bond of —O—O— in ammonium persulfate is
unstable and readily decomposes into hydrogen peroxide
(H,0,) and radicals (e.g., HO" and SO, ™). After that, these
radicals oxidize the hydroxyl groups at the C-6 position
in the cellulose structure into carboxyl groups [15-17].

When cellulose was modified by chitosan at a weight
ratio of 15% (CTS-APS-VL), the hydroxyl groups in
the CTS-APS-VL sample increased to 2.15 mmol/g.
This increase could be due to the presence hydroxyl
functional groups in the structure of chitosan. However,
the carboxyl groups in the CTS-APS-VL sample slightly
decreased to 0.26 mmol/g due to the combination of a
portion of the carboxyl groups on the surface of cellulose
with the amine functional groups on chitosan via the
electrostatic interaction between the negatively charged
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surfaces of carboxylic groups in the cellulose matrix and
the positively protonated amines in the chitosan solution
in acetic acid [16, 18]. It is known that the hydroxyl and
carboxyl functional groups in the adsorbent may donate
protons and become deprotonated groups (C-O- and
COOQO), which are involved in coordination with nickel
ions, resulting in an increase in the adsorption of the
nickel ions [21].

Point of zero charge (PZC): The point of zero charge
(PZC) parameter is used to assess the surface properties
of an adsorbent. The pH of the solution required to yield
a net zero surface charge is denoted by pH,,, .. Therefore,
the surface of an adsorbent has a net positive surface
charge at pH<pH,, ., while it has a net negative surface
charge at pH>pH,, .. Fig. 3 displays the plot of H = pH.-

pH, vs pH; to calculate the pH,,, . value.

5

pH;-pH;
N

AH

pHi

Fig. 3. The plot of H = pH,- ij vs pH, of the CTS-APS-VL
sample.

From Fig. 3, the pH,, . value of the CTS-APS-VL
sample was determined to be 6.0. At pH<6 the surface of
the material is positively charged due to protonation of
the hydroxyl and carboxyl functional groups, while it is
negatively charged at pH>6 as a result of deprotonation.
At pH>6, the material favours metal cation adsorption.
Therefore, the pH,,, . value for the CTS-APS-VL sample
indicates that the adsorption of nickel ions will occur at

pH=6.0

EDX spectroscopy: The EDX spectroscopy clearly
shows that nickel ions are adsorbed onto the chitosan-
modified peanut shell (as shown Fig. 4). From EDX
analysis, the nickel content was found to be about 5.7
wt.%, indicating the successful adsorption of nickel on
cellulose from chitosan-modified peanut shells.
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Fig. 4. EDX spectroscopy of CTS-APS-VL loaded with
nickel.

3.2. Nickel adsorption capacity of chitosan-modified
peanut shell

Figure 5 shows the nickel adsorption capacity of
cellulose from chitosan-modified peanut shells at
different times.
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Fig. 5. Nickel adsorption capacity of the APS-VL and CTS-
APS-VL samples using 200 ml of nickel solution with an
initial concentration of 80 ppm at pH 7.0, and 0.4 g of
adsorbent over an adsorption period of 10-140 min.

The experimental data showed that the nickel
adsorption capacity increased as the adsorption time
increased from 10 to 60 min, and it reached equilibrium
after 90 min. In the as-prepared samples, the hydroxyl and
carboxyl functional groups played a major role in nickel
adsorption. The adsorption of nickel ions on the surface
of the as-prepared samples was accomplished through
physical processes including both weak electrostatic
interaction and Van der Waals forces, or through the
formation of complexation between the nickel ion
and carboxyl and hydroxyl anion on the surface of as-
prepared materials.
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The adsorption capacities at equilibrium time (q,
in mg/g) of the APS-VL and CTS-APS-VL samples
were found to be 11.10 and 16.90 mg/g, respectively.
Therefore, the nickel adsorption capacity of the CTS-
APS-VL sample was higher than that of the APS-VL
sample. Furthermore, the amount of hydroxyl groups in
the CTS-APS-VL sample was higher than that of APS-
VL and the amount of carboxyl groups in CTS-APS-VL
was lower than that of APS-VL. This result suggests that
the presence of hydroxyl groups is the main agent for
adsorbing nickel ions onto the CTS-APS-VL sample.

Similar to adsorption time, the pH of the working
solution has a strong influence on the adsorption capacity
of metal ions by affecting surface charge density of the
adsorbent (dissociation of oxygen containing functional
groups) and the degree of ionization and state of heavy
metal ion species in the solution. In this study, nickel
adsorption was investigated in the pH range of 3.2-8.0.
The obtained results are depicted in Fig. 6.

100
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Efficiency (%)
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Fig. 6. Effect of pH on the adsorption of nickel (ll) onto the
CTS-APS-VL sample with 200 ml of nickel solution with an
initial concentration of 80 ppm, 0.4 g of adsorbent, and an
adsorption time 90 min in pH range of 3.2-8.0.

As depicted in Fig. 6, the nickel adsorption capacity
(in terms of percent efficiency) increased with increasing
solution pH. A maximum adsorption efficiency of about
81.05% occurred at pH 7.0 and 8.0, and the adsorption
capacity at equilibrium time (q, in mg/g) of the APS-VL
sample was 16.90 mg/g. The minimum nickel adsorption
efficiency of 35.98% at pH 3.2 may be due to the high
concentration and high mobility of H™ ions. Thus, the
hydrogen ions are preferentially adsorbed rather than the
metal ions (e.g., nickel ions). At higher pH values, the
nickel adsorption efficiency was enhanced because the
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hydrogen ions were less preferentially adsorbed than the
metal ions due to the lower number of H*. On the other
hand, the pH,,,. of the CTS-APS-VL sample and different
species of nickel ions in the solution could be used to
describe how the pH of the solution affects the adsorption
capacity of CTA-APS-VL. The point of zero charge
(pszc) of the CTS-APS-VL sample was determined
to be 6.0 (as shown in Fig. 3), and the nickel solution
comprises nickel species with different coordination
numbers such as Ni**, Ni(OH)", and Ni(OH), in a pH
range of 3.2 to 8.0. These species are adsorbed onto the
surface of CTS-APS-VL by an ion exchange mechanism
with the functional groups present in CTS-APS-VL or by
hydrogen bonding, as shown below:

Ion exchange:

2(-ROH) + Ni?* — 2(RO)Ni + 2H* ~ROH + Ni(OH)*
— (-RO) Ni(OH) + H*

Hydrogen bonding:
2(-ROH) + Ni(OH), — (-ROH), + Ni(OH),
where R represents the matrix of CTS-APS-VL.

At a low pH of 3.2, the surface of CTS-APS-VL is
positively charged due to protonation of the hydroxyl and
carboxyl functional groups and unfavourable conditions
for the adsorption of the Ni*" and Ni(OH)" species. As
the pH solution increased, the surface of CTS-APS-VL
became less positive and therefore electrostatic attraction
between the Ni** and Ni(OH)" species and the surface
groups likely increased.

In this study, the pH value of each metal ion solution
had to be lower than 8 to prevent the formation of
hydrolysed species and precipitation. If the pH value
exceeds 8, the adsorption mechanism changes, affecting
the efficiency of the adsorption.

3.3. Adsorption kinetics

In order to understand the kinetics of nickel adsorption
using cellulose from chitosan-modified peanut shells as
an adsorbent, pseudo-first-order and pseudo-second-order
kinetic models were tested with the experimental data.

Pseudo-first-order model: The pseudo-first-order
model in linearized form is expressed in Eq. (3). The rate
constant, k , was calculated from the slope and intercept
of the plot of log(q,-q,) vs time (as shown in Fig. 7). The
equilibrium adsorption capacity (q,) calculated from Eq.
(3) is referred to as the calculated value of equilibrium

adsorption capacity (Qrr)-
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Fig 7. Linear plot of log(q,-q,) vs t of nickel adsorption onto
the CTS-APS -VL sample with 200 ml of nickel solution
with an initial concentration of 80 ppm, pH 7.0, 0.4 g of
adsorbent, and a range of adsorption time of 10-60 min.

As showninFig. 7, the rate constant k, was determined
to be 0.077 min'. It is also possible to calculate the
equilibrium adsorption capacity, which was found
to be 6.06 mg/g (denoted q, ). In fact, the calculated
«p» Should be in
accordance with the experimental adsorption capacity
4, o [19, 20]. Although the correlation coefficient values
(R?) are very high, the calculated ones, obtained from
the linear plots (Table 2), did not agree with experiment
(q, exp=16.90 mg/g). This suggests that nickel adsorption
does not follow pseudo-first-order kinetics.

equilibrium adsorption capacity, q

Table 2. Kinetic parameters for nickel adsorption on
cellulose from chitosan-modified peanut shells.

Kinetic models Parameters
k, (min™) 0.077
Pseudo-first-order model q, ., (mg/g) 6.06
R? 0.975
k, (g/(mg x min) 0.024
Pseudo-second-order model q, ., (mg/g) 17.54
R? 0.999

Pseudo-second-order model: The nickel adsorption
kinetic data can also be described by pseudo-second-
order model, which is expressed in Eq. (4).

The pseudo-second-order rate constant, k,, and ¢,
values were calculated from the slope and intercept of

Vietnam Journal of Science,

Technology and Engineering

the plots t/q vs. t (as shown in Fig. 8). The rate constant,
k,, was 0.024 g/(mg.min). The calculated equilibrium
adsorption capacity (q, ) was 17.54 mg/g. Therefore,
the calculated q, values agreed well with experimental
q, values (Table 2), thus the pseudo-second-order kinetic
model well described the nickel adsorption kinetic data.
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tig, = 0.057 * t + 0.1352
1 R® = 0.999
0 T m T . T T T m T T
0 20 40 60 80 100
t (min)

Fig. 8. Linear plot of t/q, vs t of nickel adsorption onto the
CTS-APS-VL sample with 200 ml of nickel solution with
an initial concentration of 80 ppm, a pH of 7.0, 0.4 g of
adsorbent, and an adsorption period of 10-90 min.

3.4. Adsorption isotherms

Adsorption isotherms indicate how adsorbates interact
with adsorbents and how equilibrium is established
between adsorbed metal ions on the adsorbent. The
maximum adsorption capacity is determined by
equilibrium isotherms. The most common types of models
are the Langmuir, Freundlich, and Temkin isotherms.

Langmuir isotherm model: The Langmuir isotherm
assumes a monolayer of adsorbates covering a
homogeneous adsorbent surface. This suggests that once
an adsorbate occupies an available adsorption site, no
further adsorption can take place at that site. Additionally,
the adsorption activation energy is assumed to be equal
for each molecule that adsorbs onto the surface.

Figure 9 presents a linear plot of C /q_ vs C_ for the
experimental adsorption isotherm of nickel ions on
chitosan-modified peanut shells at room temperature. The
Langmuir isotherm constant and correlation coefficients
are given in Table 3, with a maximum monolayer
adsorption capacity (q,) for nickel removal of 25.70

mg/g.
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Fig. 9. Linear plot of C_/q_vs C_for nickel adsorption onto
the CTS-APS -VL sample with 200 ml of nickel solution
over a range of initial concentrations (20-120 ppm), pH
of 7.0, equilibrium adsorption time of 90 min, and 0.4 g of
adsorbent.

Table 3. Adsorption isotherm parameters.

Isotherm model Parameters Non-linear equation

q,=25.70 mg/g
) K,=0.09 I/mg
Langmuir model de
R?=0.990

£=0.234

_ 234xC,
T (140.09* C,

K,=3.35
n=1.94
R?=0.974
x*=0.632

Freundlich model qe = 3.35% €Y%t

b,=4.52 kJ/mol
K,=0.94
R?=0.974
1£=0.433

Temkin model qe = 5.70x1n(0.45 x C)

Freundlich isotherm model: Unlike the Langmuir
isotherm model, the Freundlich isotherm model assumes
that the adsorption process occurs in multilayers, where
each adsorption centre can adsorb more than one adsorbed
molecule.

Figure 10 shows the linear plot of log(q,) vs. log(C)
for the experimental adsorption isotherm of nickel ions
on the CTS-APS-VL sample at room temperature.

The Freundlich adsorption constants, evaluated from
the isotherms, with correlation coefficients and are listed
in Table 3.
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Fig. 10. Linear plot of log(q,) vs. log(C ) of nickel adsorption
onto the CTS-APS-VL sample with 200 ml of nickel solution
over a range of initial concentrations of 20-120 ppm, pH
7.0, equilibrium adsorption time of 90 min, and 0.4 g of
adsorbent.

Temkin isotherm model: The Temkin isotherm model
is concerned with the influence of adsorbent-adsorbent
interaction on the adsorption equilibrium. The model
assumes that the adsorption heat (as a function of
temperature) of all adsorbents in a layer will decrease
linearly, rather than logarithmically, with increasing
surface coverage.

Figure 11 shows a linear plot of q, vs In(C)) of the
experimental adsorption isotherm of nickel ions on
modified peanut shells at room temperature.
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Fig. 11. The linear plot of g, vs In(C,) onto the CTS-APS-
VL sample with 200 ml of nickel solution over a range of
initial concentrations of 20-120 ppm, pH 7.0, an equilibrium
adsorption time of 90 min, and 0.4 g of adsorbent.

The Temkin adsorption constant was calculated to be
0.45 kJ/mol, which is lower than 8 kJ/mol. Therefore, it
can be assumed that the interaction between nickel ions
and the surface of the as-prepared adsorbent was weak.
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As shown in Table 3, the values of R? and indicate that
the Langmuir and Temkin isotherm models exhibited a
better fit than the Freundlich model for nickel adsorption.
The lower the value, the better the fit of the line to the
data, and the higher the R?value, the better the fit.

Table 4 displays a comparison of the maximum
adsorption capacity of nickel onto various modified
agro-wastes. CTS-AP-VL was found to have a relatively
large adsorption capacity, and this indicates that it is a
promising material for the removal of metal ions from
aqueous solutions.

Table 4. Comparison of maximum adsorption capacity of
nickel onto other agro-wastes.

Maximum sorption

Materials . References
capacity (mg/g)

Chemically Treated Mahogany 13.42 21]
Sawdust
Chemically modified orange peel 162.6 [20]
Phthalate-functionalized 5394 22]
sugarcane bagasse

-modified Miller leaf
Na,CO,-modified Miller lea 78,98 23]
powder
HCI modified meranti sawdust ~ 35.97 [24]
CTS-APS-VL 25.70 This study

4. Conclusions

The cellulose isolated from chitosan-modified peanut
shells (CTS-APS-VL) showed better adsorption capacity
compared to cellulose isolated from peanut shells (APS-
VL) under the same experimental conditions. The
adsorption capacity at equilibrium time (q, in mg/g) of
the APS-VL and CTS-APS-VL samples were found to be
11.10 and 16.90 mg/g, respectively, at an adsorption time
of 90 min, initial nickel concentration of 80 ppm, volume
of 200 ml, and adsorbent mass of 0.4 g. The pseudo-
second-order kinetics model was better suited to the data
than the pseudo-first-order model. The rate constant, k,
was determined to be 0.024 (g/(mg.min)). The calculated
equilibrium adsorption capacity (q, ) was 17.54 mg/g.
The Langmuir and Temkin isotherm models showed
slightly better results than the Freundlich model for the
as-prepared material, indicating monolayer coverage.
According to the Langmuir model, the maximum
monolayer adsorption capacity (q,) for nickel removal
was 25.70 mg/g. The Temkin adsorption constant was
calculated as 0.45 kJ/mol and it can be assumed that the
interaction between the nickel ions and the surface of the
as-prepared adsorbent was weak.
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