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ABSTRACT

In this study, alginate-encapsulated biosorbents have been prepared from agricultural wastes viz. peanut shells
and rice husks. Biosorbents in this study were referred as En-PS and En-RH for the adsorbents prepared from
peanut shells and rice husks, respectively. The characteristics of the adsorbents were thoroughly investigated
using scanning electron microscope, X-ray diffractometer, surface area analyzer, and Fourier-transform infrared
spectrophotometer instruments. The prepared biosorbents were used as adsorbents for cationic methylene blue
(MB) dye in water. The encapsulation process using sodium alginate simplified the separation of adsorbent from
the water after the adsorption process. The adsorptions of MB onto both adsorbents followed the pseudo-second
order model and fitted both Langmuir and Freundlich isotherm models. Thermodynamic studies revealed that
the adsorption of MB onto En-PS and En-RH was a spontancous and endothermic process with the AG® reaction
of -1.694 and -2.028 kJ/mol at the room temperature, respectively. Biosorbents could be used in the adsorption-

desorption process for up to 3 cycles.
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INTRODUCTION

Synthetic dyes have been widely applied in
various industries, including textile, pharmaceu-
tical, paper, dye, plastic, etc. The presence of
dyes in industrial effluent, may cause aesthetic
and environmental problems even in a low con-
centration. Synthetic dyes are resistant to photo-
oxidation and biodegradation processes in nature
(Garg et al., 2019). The colored water reduces the
sunlight penetration into water bodies, thus re-
ducing the photosynthesis of aquatic plants. Syn-
thetic dyes are carcinogenic, mutagenic, and toxic
for humans (Al-Tohamy et al., 2022). Hence, the
removal of synthetic dyes from wastewater is
highly necessary.

Many technologies have been developed to
remove dyes from dye-containing wastewater,
such as chemical precipitation (Alotaibi et al.,

2019), ion exchange (Khan et al., 2022), mem-
brane filtration (Marszatek and ZyHta, 2021), oxi-
dation process (Abdel-Aziz et al., 2018), adsorp-
tion (Rashid et al., 2021), bio removal (Vishnu
et al., 2022), etc. Among those technologies, ad-
sorption is the most effective technique due to the
simple operation and design, ability to remove
pollutants, low-cost process and the possibility
of reuse and regeneration of the used adsorbent
(Costa et al., 2022).

Compared to the chemical and electrochemi-
cal processes, such as oxidation process, electro-
coagulation, and bio removal; the physicochemi-
cal processes, such as chemical precipitation, ion
exchange, membrane filtration, and adsorption
were more efficient and required lower energy
consumption (Peng and Guo, 2020). Biosorbents
are adsorbent materials developed from natural
materials and agricultural wastes that are rich in
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certain functional groups such as carboxyl and hy-
droxyl goups, which have a high affinity for pol-
lutants in aqueous solution. Biosorbents obtained
from agricultural waste are promising materials
due to their availability, renewable properties, and
low production cost (Lucaci et al., 2020). The use
of agricultural waste-derived biosorbents will add
the value of the agricultural wastes and reduce the
cost needed for their disposal. Those benefits es-
sentially motivate the extensive usage of biosor-
bent in experimental studies (Orooji et al., 2022).

Peanut shells and rice husks are two examples
of agricultural wastes that can be used as a low-
cost biosorbent for dyes in water. Peanut shells
contain high cellulose, hemicellulose, and lignin
(Khiaophong et al., 2022; Sah et al., 2022). Some
studies have reported the ability of activated car-
bon derived from peanut shells to remove aque-
ous pollutants, including dye. Rice husks have
also been reported to be able to be used as adsor-
bents for pollutants in water (Saghir et al., 2022;
Yu et al., 2016; Khaniabadi et al., 2017).

Bare biosorbents prepared from agricultural
waste are mainly in the form of fine powder that
limits the adsorption process because the separa-
tion of the powdery adsorbents from water requires
further separation processes such as centrifugation
or filtration. To overcome this disadvantage, the
encapsulation of the fine powders is an alternative
solution. The encapsulation process could immobi-
lize the fine adsorbent powder and change the fine
powders into granules and further simplify the sep-
aration of adsorbents after the adsorption process.

This study aims to synthesize biosorbents
based on rice husks and peanut shells and encap-
sulate them with sodium alginate. The comparison
of the encapsulated rice-husk (En-RH) and the en-
capsulated peanut shells (En-PS) biosorbents for
methylene blue (MB) adsorption from water was
studied for the first time. This study offers a frame-
work for examining the use of environmentally
benign agricultural waste material as an effective
and efficient biosorbents for synthetic dye in water.

METHODS

Materials

Peanuts were collected from the local market
in Yogyakarta, Indonesia and peeled to obtain the
shells. Rice husks were obtained from the local
rice field in Yogyakarta, Indonesia. Peanut shells
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and rice husks were utilized as the raw materials
for biosorbent synthesis. Sodium alginate (Sigma
Aldrich), 0.5 M calcium chloride (93%, Merck),
0.1 M hydrochloric acid (37%, Merck), nitric acid
(91%, Merck), and MB dye (Merck) were of ana-
lytical grade and were directly used as received
from the manufacturers. Distilled water was used
to prepare the solution.

Preparation and characterization of
alginate encapsulated peanut shell
(En-PS) and alginate encapsulated
rice husks (En-RH) adsorbents

Peanut shells were thoroughly and repeatedly
washed with water to remove dirt and impurities
and then dried at 105 °C to constant weight. Rice
husks were separated from the leaves and the rice
straw and dried at 105 °C to remove water. Dried
peanut shells and rice husks were ground and
sieved with a 150-mesh sieve. Peanut shell and
rice husk powders were activated by soaking in
dilute HNO, for 6 h. After soaking, the materials
were filtered, washed to neutral and dried in the
oven at 105 °C.

Sodium alginate hydrogel was prepared for
the encapsulation process by dissolving 1 g of
sodium alginate powder in 50 mL water (two se-
ries of solutions). The solutions were stirred until
sodium alginate was completely dissolved and
the hydrogel was formed. As much as 2.5 g of
peanut shell and rice husk powders were added to
each hydrogel. The mixture was then sonicated
for 45 min at room temperature. The mixture was
poured into 0.5 M CaCl, solution drop wisely
to form the En-PS (encapsulated peanut shell)
and En-RH (encapsulated rice husk) beads. The
beads were washed repeatedly with water to re-
move the calcium ion and oven-dried at 105 °C
to constant weight.

The surface morphologies of En-PS and En-
RH were characterized using Scanning Electron
Microscope (SEM, Hitachi S-4800, Japan) in-
strument. X-ray diffraction (XRD, Rigaku Ul-
tima II, Japan) of the adsorbents was performed
using X-ray diffractometer instrument with CuK
radiation. The presence of functional groups on
the adsorbent materials were investigated using
Fourier Transform Infrared Spectrophotometer
(Perkin Elmer, spectrum I, America), the surface
area analyzer (SAA, Quantachrome Novatouch
Lx4) was used to investigate the surface area of
the materials.
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Adsorption experiments

MB solutions were prepared from MB stock
solution and the solution pH was adjusted using
dilute HCl and NaOH. The adsorption experiment
was conducted in a closed batch system by inter-
acting an amount of each adsorbent with MB so-
lution. After the adsorption reached equilibrium,
the used adsorbent was separated, and the MB
concentration that remained in the solution was
measured using UV-Visible spectrophotometer
(Hitachi, U-4100 Spectrophotometer) with A of
663 nm. Effect of parameters including pH, con-
tact time, initial concentration of MB, adsorbent
mass, and temperature were investigated. The re-
moval efficiency (%) of adsorption process was
calculated using Eq. 1.

(CO - Ce)

Removal efficiency (%) = c
0

X 100 (1)

where: Cp— the initial concentration of MB (mg
‘L); Ce — the concentration of MB after
adsorption process (mg-L™"). The experi-
mental adsorption data was obtained from
the average values of triplicates. The re-
usability of adsorbents was studied using
3 adsorption-desorption process cycles.
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Figure 1. FTIR spectra (a), XRD diffractogram (b) of the adsorbents, SEM images of En-PS (c), and En-RH (d)

RESULTS AND DISCUSSION

Characterization of adsorbents

Peanut shells and rice husks, like other agri-
cultural biomasses, contain high amount of lignin,
cellulose, and hemicellulose. FTIR spectra of En-
RH and En-PS are given in Figure la. The broad
band at around 3350 cm™ for En-RH and En-PS
is assigned to the hydroxyl group (OH) of alco-
holic, phenolic, and carboxylic derivatives. The
absorption peak at 2920 cm™ is the absorption
band of C-H asymmetrical stretching of aromat-
ics, aliphatic and olefins in lignin structure (Sa-
ghir et al., 2022). The absorption bands between
1734 and 1605 cm™ are assigned to C=0 groups
in carbonyl, ketones, and aldehydes and to C=C
present in the aromatic rings. A sharp absorption
peak further confirms the presence of aromatic
rings at 1030 cm™. En-PS and En-RH show rel-
atively similar FTIR spectra, indicating that the
functional groups in both adsorbents are similar.
X-ray diffractogram of En-PS and En-RH in Fig-
ure 1b showed the semi-crystalline nature of so-
dium alginate that encapsulated the peanut shells
and rice husks powders. Surface morphologies of
En-PS and En-RH in Figure 1(c, d) showed rela-
tively smooth surface of both En-PS and En-RH.

Intensity (a.u.)
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Adsorption studies

In the adsorption process, pH is crucial in de-
termining the functional groups of both adsorbent
and adsorbate. In this study, the effect of pH on
adsorption of MB onto En-RH and En-PS was
studied at pH range from 3 to 11 and the result is
presented in Figure 2a. The adsorption of MB onto
En-RH and En-PS showed a similar trend with
removal efficiency of En-RH being higher than
that of En-PS. The higher removal efficiency of
MB using En-RH is likely due to the higher total
pore volume of En-RH (Figure 2d). It is seen that
the efficiency of the adsorption increases with the
increase of solution pH. At low pH values, the ad-
sorbent is positively charged which resulted in the
decrease of adsorption of cationic MB. At higher
pH, the OH-containing functional groups of the
adsorbents will deprotonate to form negatively
charged functional groups, which causes the opti-
mum interaction with the positively charged MB
dye cation. The pKa value of MB dye is 3.8, thus,
at pH higher than 3.8 the cationic species of MB
dye is predominant in the solution.
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Figure 2b shows that at the initial stage of
the adsorption, both En-PS and En-RH showed a
sharp increase (70% for En-RH and 67% for En-
PS) in MB adsorption due to the high availability
of the active sites on the surface of the adsorbents.
With the increase of interaction time, the adsorp-
tion of MB gradually increases until equilibrium
is reached at 180 min. After 180 min, the removal
efficiency of MB increases insignificantly or rela-
tively constant.

Figure 2¢ showed the adsorption of MB us-
ing various dosages of both adsorbents. The ad-
sorbent mass above 50 mg had no effect on the
adsorption efficiency of MB onto both En-PS and
En-RH from solution. In this investigation, there
is no association between adsorbent mass and ad-
sorption efficiency. It is also worth noticing that
both biosorbents En-PS and En-PS have a poten-
tial application for dye degradation.

Adsorption kinetics

The adsorption kinetics was studied to un-
derstand the adsorption mechanism as well as to
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Figure 2. pH versus removal efficiency of MB (a), contact time versus removal efficiency of MB (b),
adsorbent mass versus removal efficiency of MB (c), the porosity of En-RH and En-PS (d)
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evaluate the efficiency of the adsorbent. The ad-
sorption kinetics was studied using pseudo-first
order and pseudo-second order kinetic models.
The equations of pseudo-first order and pseudo-
second order kinetic model are given by Eq. 2 and
3, respectively.

ln(Qe - Qt) =—kit+1Ingq, (2)
t 1 + t
—_ = R 3
q. k202 Qe @

Parameter ¢, is the amount of MB adsorbed
on the adsorbents at equilibrium (mg g"), ¢, (mg
g!) is the amount of MB adsorbed on the adsor-
bents at time # (min), &, is the adsorption rate con-
stant of pseudo-first order kinetic model (min)
and k, is the adsorption rate constant of pseudo-
second order kinetic model (g mg! min™).

A typical plot of pseudo-second order kinetics
model is presented in Figure 3. The high linear-
ity of the graph showed that the adsorption of MB
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onto both En-PS and En-RH followed the pseudo-
second order kinetic model. The adsorption kinetic
parameters of the adsorption processes are sum-
marized in Table 1. Pseudo-second order kinetic
model assumes that the rate-limiting step is chemi-
cal sorption, and the rate of adsorption depends on
the adsorption capacity, not on concentration of the
adsorbate (Sawalha et al., 2022; Turan and Turan,
2022). Table 1 showed the kinetic parameters of
MB adsorption on both biosorbents.

Adsorption isotherms

The adsorption isotherm models were evalu-
ated to reveal the interaction mechanism of MB
dye with the active sites of the adsorbent. Lang-
muir and Freundlich isotherm models were used
in this study. The linear equations of Langmuir
and Freundlich isotherm models are given in Eq.
4 and 5, respectively.

1 1 1 1 @
de Am KLqm Ce
1
logq, = log Ky + ;1og C, Q)

Table 1. Kinetics parameters MB adsorption

Adsorption kinetic En-PS En-RH
parameters
Pseudo-first order model
q,(mgg’) 1.10 4.66
Kk, (min‘") 0.0045 0.0183
R? 0.592 0.660
Pseudo-second order
q,(mgg") 7.73 9.35
k, (g mg”' min™") 0.0095 0.0053
R? 0.996 0.998
1.4
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Figure 4. Plot 1/C, versus 1/g, (a); plot log C, versus log g, (b)
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where: g — the amount of MB adsorbed on the ad-
sorbent at equilibrium (mg g');
gm— the Langmuir maximum adsorption
capacity (mg g");
Ce — the concentration of MB in solution
at equilibrium (mg L);
Kj,— the Langmuir constant;
Kr and n - Freundlich adsorption
constants.

The adsorption of MB dye onto En-PS and
En-RH fitted well both Langmuir and Freundlich
isotherm models, as shown in Figure 4. It means
that both models are suitable for describing the ad-
sorption mechanism of MB onto both biosorbents.

All isotherm parameters of the adsorption
processes in this study are summarized in Table 2.
Maximum adsorption capacity (g, ) of En-RH
and En-PS for MB dye is comparable with other
biosorbents reported in previous studies as sum-
marized in Table 3. Furthermore, biosorbents
beads in this study can be separated easily from
the solution after the adsorption process.

Adsorption thermodynamics

Thermodynamic studies were conducted to
check the spontaneity and feasibility of the ad-
sorption process, since the calculated thermo-
dynamic parameters such as heat of enthalpy
(AH®), Gibbs free energy (AG°), and entropy
(AS®) govern the feasibility and spontaneity of
the adsorption process, AH®, AG®, and AS°® were
calculated using Eq. 6-8.

AG® = RTInKj (6)
AG® = AH® - T AS® %)
|k _ TAHC ase .
= Tpr R

where: Kp — the distribution coefficient that was
obtained from the amount of MB ad-
sorbed on the adsorbent at equilibrium
(ge) divided by the concentration of MB
at equilibrium (Cp).

Figure 5 showed that the adsorption of MB onto
En-PS and En-RH were more favorable at higher
temperatures, and the adsorption efficiency reduced
at lower temperatures. The negative value of AG®
indicated that the adsorption processes are feasible
and spontaneous in nature (Al-Kadhi, 2019; Kali et
al., 2022; Khatami et al., 2019). The positive values
of enthalpy indicated that the adsorption of MB onto
En-PS and EN-RH is an endothermic process. The
positive values of entropy suggested that the adsorp-
tion of MB on both adsorbents was accompanied
by the increase in randomness at the solid/solution
interface during the adsorption process (Gokirmak
Sogiit, 2022; Teshager et al., 2022; Sarojini et al.,
2022). AH® value of adsorption of MB on En-RH
and En-PS, indicating that both the adsorption reac-
tion could occur in an endothermic condition. The
negativity of AG® increases with the temperature
increase, and this negative value increases rapidly
in chemical adsorption (En-PS) than in physical ad-
sorption (En-RH). All thermodynamic parameters
are summarized in Table 4.

Table 2. Adsorption isotherm parameters of MB dye adsorption

Langmuir isotherm Freundlich isotherm
Adsorbents
9, (Mg g™) K, R? n K. R?
En-PS 22.8 1.034 0.984 0.750 0.823 0.972
En-RH 25.9 1.370 0.995 0.767 1.194 0.999

Table 3. Maximum adsorption capacity of some biosorbents for MB dye

Biosorbents Maximum adsorptiqn capacity, References
9ax (Mg g7)

Walnut shell powder 36.632 Uddin and Nasar, 2020
Natural rice husk 19.77 Adelodun et al., 2020
Modified wheat husk 4.23 Banerjee et al., 2014
Cashew nutshell 5.31 Senthil Kumar et al., 2011
Yellow passion fruit 44.70 Pavan et al., 2008
Alginate-encapsulated rice husk (En-RH) 25.9 This study
Alginate-encapsulated peanut shell (En-PS) 22.8 This study
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Table 4. Thermodynamic parameters of MB dye adsorption

Adsorbent AH (J mol) AS AG (k) mol")

(J mol"K) 301 K 313K 323 K

En-PS 58.636 0.200 -1.694 -4.100 -6.104

En-RH 25.274 0.091 -2.028 -3.116 -4.023
2.5 The stability and reusability of the biosorbent
is some of the critical factors in assessing the po-
2 1 ° ° tential for commercial applications (Sahmoune,
2019). The stability and reusability of En-PS and
al5 1 L En-RH biosorbents for methylene blue adsorp-
f ....... O tion were presented in Figure 6. The removal ef-
£ Tl ficiency of methylene blue adsorption-desorption
in 3 consecutive adsorption-desoprtion cycles
0-5 1 eEnPS eFEnRH showed that the biosorbents could be used re-
peatedly in the adsorption process. A plausible
%_003 0.0(')31 0.0'032 0.0'033 00034  Schematic diag.ram of adsorption the mechanisr.n
1T of MB adsorption by En-RH and En-PS beads is
Figure 5. Plot 1/T versus Ink, de.picted in Figure 7. The algipate molecule cov-
ering the En-RH and En-PS biosorbents provides
the -O- groups which can attach MB molecules to
100 1 % En-RH the biosorbents through the interaction between

Removal efficiency (%)

Cycle 1

Cycle 2 Cycle 3

Figure 6. The reusability of En-RH and En-
PS on the removal efficiency of MB

.'b~
ae
HO OH

-O- from alginate and -N and -OH from MB.

CONCLUSIONS

In this study, alginate-encapsulated biosor-
bents based on peanut shells and rice husks, En-
PS and En-RH, were prepared as adsorbents for
methylene blue (MB) dye from water. Adsorbents
En-PS and En-RH have similar characteristics in
terms of surface morphology, crystallinity, and
functional groups. MB adsorptions on En-PS and
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Figure 7. A plausible schematic diagram of adsorption the mechanism of MB adsorption by En-RH and En-PS beads
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En-RH followed pseudo-second order kinetic
model with the adsorption rate constant (k,) of
En-PS being higher than that of En-RH. Adsorp-
tion isotherms fitted Langmuir and Freundlich
isotherm models. Thermodynamic parameters in
this study suggested that MB adsorption on both
adsorbents was endothermic in nature, feasible
and spontaneous. The alginate encapsulation of
adsorbent beads reduced the need to separate old
adsorbents from water by filtering or centrifuga-
tion. Thermodynamic investigations demonstrat-
ed that the adsorption of MB onto En-PS and En-
RH was spontaneous and endothermic at room
temperature, with AG values of -1.69 and -2.02
kJ/mol, respectively.
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