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ABSTRACT

We developed a novel biosorbent based on zirconium-modified
pomegranate peel (SPP@Zr) for efficient arsenic (As(I11)) removal from
water. SEM, EDX, XRD, and FTIR were used to characterize the prepared
biosorbent. The batch adsorption method was used to evaluate the
adsorption viability of biosorbents for the removal of As(lIl) from water.
The EDX analysis of saponified pomegranate peels (SPP) before and after
Zr (IV) loading demonstrated that ion exchange was the preferred metal
loading technique. As (Ill) adsorption is very pH-dependent, with the
maximum adsorption occurring at pH 8.0. The maximum As(111) adsorption
capacity of SPP@Zr was found to be 82.0 mg/g. According to isotherm and
kinetic modeling studies, the experimental results fitted well with the
Langmuir isotherm and pseudo-second-order kinetic modeling. The spent
biosorbent may be easily regenerated and reused using an alkaline solution.
Hence, SPP@Zr is proving to be a promising biosorbent for uptake of As
(1) from water.
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1. Introduction

Arsenic is a highly toxic naturally occurring
element found in the earth’s crust [1]. The
natural occurrence of arsenic in groundwater is
a serious concern worldwide due to its chronic

toxicity and carcinogenicity [2, 3]. Arsenic
contamination in groundwater has caused
chronic health effects to millions of people
throughout the world. [4]. In 1973, the Agency
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for Toxic Substances and Disease Registry
(ATSDR) has ranked arsenic as the number one
toxic substance. The inorganic form of arsenic
is classified as a Group 1 carcinogenic by the
International Agency for Research on Cancer
(IARC) [5, 6]. WHO and USEPA have
recommended an allowable arsenic
concentration of 10 ppb 0.01mg/L) in drinking
water [7, 8]. Both organic and inorganic form of
arsenic is found in the environment. The
inorganic form of arsenic is more toxic than the
organic form. The inorganic form of arsenic in
an aqueous medium is arsenite (As(IIl)) or
arsenate (As(V)) [9-11]. Arsenic is exposed to
groundwater through natural and anthropogenic
activities such as volcanic  emission,
geochemical activity, rock, and soil weathering,
combustion of fossil fuels, mining activities,
agricultural chemicals, wood preservatives,
industrial discharges, electroplating, pigments,
dyestuffs, and paints [12-14]. Several treatment
techniques, such as coagulation-filtration [15],
ion exchange [16], reverse osmosis [17], and
adsorption [18, 19] are reported for As(III)
removal from agueous medium. Compared to
others, adsorption looks more promising for the
removal of trace concentration of contaminants
due to cost-effectiveness, easy and simple
operation, minimum production of secondary
products [10, 20].

Several agro waste-based products have been
utilized by numerous researchers in the past to
remove arsenic [1, 21-24]. Zirconium (Zr) is a
multivalent transition metal that has recently
been widely investigated for wastewater
treatment processes. This increased focus might
be owing to the capacity of zirconium to be
impregnated onto biosorbents via interactions
with functional groups. Zirconium
impregnation into biosorbents has been
demonstrated to be effective in the high-
selectivity removal of POs*, F, and
As(111)/As(V) [25-27]. Furthermore, because Zr
is prevalent in the earth's crust, it might be
readily accessible for environmental media
rehabilitation. As a result, Zr was chosen for

removal of As(IlIl) using our previously
proposed adsorbent, pomegranate peels [9].
Using common agro-waste, pomegranate peels,
we examined a novel form of the adsorbent
substitute to conventional synthetic ion
exchangers for As(lll) ion remediation. It's
frequently dumped as a waste residue and may
be found for free or very cheap. Due to the
presence of cellulose/hemicellulose, pectin, and
lignin as significant ingredients and adequate
hydroxyl, carboxyl, and carbonyl functional
groups, it might be employed as an efficient
biosorbent. This biopolymer contains 10-15%
pectin, making it an excellent source of natural
pectin [28]. To the best of our knowledge, this
is the first study to look at the potential of Zr(IV)
impregnated saponified pomegranate peel
(SPP@Zzr)  for  adsorption of  trace
concentrations of As(I11) from water.

The objective of this study was to investigate
into the biosorption properties of the prepared
novel SPP@Zr toward As(l1) ions in water. Its
adsorption  kinetics and isotherms were
investigated. The batch method was used to
investigate the effect of various factors such as
initial pH, adsorption time, and coexisting ions
on the uptake of As(ll) by the SPP@Zr.
Combining experimental data and
characterization results yielded the mechanisms
of As(l11) biosorption onto SPP@Zr.

2. Materials and Methods
2.1. Materials

The pomegranate peel was washed in distilled
water several times, chopped into pieces, and
dried. The dried peel pieces were then crushed
with a crusher, sieved to enable pass through a
120 p mesh, and then desiccated in a hot air
oven at 60-70°C for 24 hours. The dry powder
prepared in this way was termed raw
pomegranate peels hereafter abbreviated as
RPP. Chemicals of analytical grade were
utilized without further purification.

All the solutions were made with deionized (DlI)
water. The zirconium oxychloride octahydrate,
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calcium hydroxide, and sodium arsenite were
acquired from Sigma-Aldrich, New Delhi,
India.

2.2. Preparation of the Zr (1V)-loaded
saponified pomegranate peel

The adsorbent (SPP@Zr) was synthesized by
the method given by our previous work. The
synthesis procedure has been described in detail
elsewhere [9].

2.3.Characterization

The morphology and elemental composition of
adsorbent were studied by scanning electron
microscopy (SEM; JEOL, JSM-6701F, Japan)
with an energy dispersive X-ray (EDX). X-ray
diffraction (XRD) patterns were utilized to
evaluate the crystallinity of the biosorbent using
an X-ray diffractometer (Rigaku Co., Japan).
Fourier transform infrared (FTIR) spectroscopy
(IR Affinity -1S-SHIMADZU spectrometer,
Kyoto, Japan) was used to examine the surface
functional groups of the as-prepared biosorbent.

2.4.Adsorption experiments

Batch experiments were used to assess the
effects of the pH of the solution, adsorption
kinetics, adsorption isotherm, and the influence
of competitive ions. Desorption tests were
carried out to determine the adsorbent's
reusability and regeneration capability.

For the kinetics study, 25 mg SPP@Zr were
added into flasks having 25 mL of 28.32 mg/L
arsenite solution. The pH was maintained at 8.0
utilizing 0.1 M HNOs and 0.1 M NaOH. The
contents were stirred at 120 rpm using a shaker
at room temperature. The equilibrium
adsorption capacity (ge), adsorption capacity
() at a predetermined time (t), and %
adsorption (%A) of As(l11) ions were evaluated
according to Egs. (1), (2), and (3), respectively.

!Co —mCe! \ (1)

(Co —mCt} V )

e =

t:

%A:KC"C;OC‘*)xloo (3)

where ge and qt: represent the adsorption
capacity (mg g!) at equilibrium and at a
preselected time, respectively; Co, Ce, and Ct
represent the concentrations of arsenic (mg/L)
in initial, at equilibrium, and at a predetermined
time (t), respectively, V denotes the volume of
solution (mL), and m is the mass of SPP@Zr
used (g). The pseudo-first-order [29] and
pseudo-second-order [30] kinetic models were
fitted using Eq. (4) and Eq. (5), respectively, to
the experimental results to further elucidate the
adsorption mechanism.

k
log (de — qt) = log ge — 2.3103 t (4
t_1 1
=+t 5
Qt kzqg Qe ©)

where ge represents the equilibrium sorption
efficiency, ki (min™t) and k2 (g/mg . min) are the
rate constants of pseudo-1st-order and pseudo-
2nd-order, correspondingly.

In adsorption isotherms studies, 25 mg SPP@Zr
was taken in various conical flasks having 25
mL As(I11) solutions ( 10 to 500 mg/L). The
flasks were stirred for 8 hours at room
temperature. Then, samples were filtered and
examined for initial and final concentrations of
arsenite. The As(lll) adsorption performances
were described by two isotherm models,
Langmuir [31] and Freundlich [32] using Eq. (6)
and Eq. (7), respectively.

Ce__1 G
Qe Omb ~ gm (6)
log ge = log Kr + (%) log Ce (7)

where gm (mg/g) is the maximum adsorption
capacity, b (L/mg) is the Langmuir equilibrium
constant, Kr [(mg/g)(L/mg)Y"] is the Freundlich
constant for sorption capacity, and 1/n is the
dimensionless  heterogeneity  factor  for
adsorption intensity. In  addition, a
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dimensionless separation factor (RL) was used
to investigate the important aspects of the

Langmuir model [33], which may be
represented by Eq. (8):
R - —L 8

=T+ (bCo) (8)

The R value infers the phenomenon of the
Langmuir isotherm. If RL is 0 < RL < 1
(favorable), while RL >1 (unfavorable), RL = 1
(linear), and RL = O (irreversible) adsorption
process [34].

The effect of solution pH on As(l11) adsorption
was evaluated over the wide pH range. 25 mL
solution of 25 mg/L As(I11) stock solution was
taken in the conical flask. After pH adjustment
to a predetermined value (2-13), 25 mg of
SPP@Zr was added to each flask. The solutions
were shaken for 8 hrs. at room temperature. The
equilibrium concentration of As(ll) after
adsorption was measured. Three levels of
concentrations of each competitive ion were
added to 25 mg/L As(l11) solution to study the
impact of common coexisting anions (CI-,

S04*7, and PO4+*") on the removal of As(lll).
Furthermore, the blank sample was made using

3. RESULTS AND DISCUSSION
3.1. Characterization of the adsorbents

Fig. 1 represents the SEM images and EDS
spectra of SPP, SPP@Zr, and As(IIl) adsorbed
SPP@Zr. In the SEM images of The surfaces of
SPP (Fig. 1(a)) and Zr (IV)-SPP (Fig. 1(b)), the
surfaces showed rough and uneven with micro
and mesopores, which possibly provide binding
sites for adsorption of As (III) physically as well
as chemically and favored the adsorption of As
(III). SEM image of As (III)-SPP@Zr (Fig. 1(c))
shows that the pores are partially covered by the
adsorbed As (III) ion, which creates a layer that
settles on the rough surfaces. In the EDX of SPP
(Fig. 1(d)), the intense peaks of Ca indicate that
Ca is one of the major elements of the
saponification product. After Zr (IV) loading
(Fig. 1(e)) peaks of Ca were decreased and the

the same procedure but without the addition of
coexisting anion. 0.1 M HNOs and 0.1 M NaOH
were used to keep the pH of the whole solution
at 8. The biosorbent dose of 1 g/L was added
and agitated for 8 hours at room temperature.
For As(V) analysis, the filtrates were collected.

The reusability of the as-prepared adsorbents
was tested using four cycles of adsorption-
desorption of As(lll). After washing the spent
biosorbents with 0.1 M NaOH solution, the
reusability of the adsorbents was tested. To test
reusability, the regenerated adsorbent was used
for up to four cycles.

2.5.Analysis

The concentrations of As (I11) in the samples
were evaluated using an inductively coupled
plasma mass spectrometer (ICP-MS, Agilent
7900, Santa Clara, CA, USA), while the pH of
the solution was measured using a pH meter
(CHEMI LINE CL-180, Indiamart, India).

new peak corresponding to Zr was appeared,
which is strong evidence of the exchange of
Ca?* ions from SPP with Zr (IV) ion during
loading reaction through cation exchange
mechanism. In the case of As (I11) adsorbed Zr
(IV)-SPP biomass (Fig. 1(f)), a new additional
peak of arsenic has appeared. From this, it was
evaluated that highly accommodation of As (I11)
ion onto the surface with ligand exchanged
between hydroxyl ion and arsenic anion as
depicted in Scheme 2. The elemental
composition of SPP, SPP@Zr, and As(lII)
adsorbed SPP@Zr are shown in Table 1.
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Fig.1. SEM images of (a) SPP, (b) SPP@Zr, (c)
As (II)-SPP@Zr, and EDS spectra of (d) SPP,
(e) SPP@Zr, (f) As (111)- SPP@Zr.

Table 1. Elemental composition of SPP,
SPP@Zr, and As(l11) adsorbed SPP@Zr.

Elements SPP SPP@Zr As-
(Wt%) (Wt%) SPP@Zr
(Wt %)
CK 41.29 44,72 38.62
OK 43.82 40.36 41.01
Na K ND ND 0.42
SiK ND ND 2.12
CaK 13.89 0.56 0.46
AsL ND ND 3.87
ZrL ND 14.35 13.49
Total 100.00  100.00  100.00

The XRD curve of SPP@Zr is shown in Fig.
2(a), where sharp peaks corresponding to the
crystalline structure are not observed indicating
the amorphous nature of the prepared adsorbent.
In the FTIR spectra of RPP (Fig. 2(b)), a broad
and strong peak located at around 3345 cm™! is
due to —OH stretching vibration [9]. The small

peak at 2923 cm™' is associated with the
vibrations of -CH and —CH2 units. [35]. The
peaks at roughly 1729 and 1613 cm™! relate to
the —.COO and C=0 groups, correspondingly.
The C=0 stretching of the carboxylic groups is
responsible for the peak at 1629 cm™!. The
prominent peak seen at roughly 1015 cm!
corresponds to —C-O- linkages. After
saponification (in SPP), the peak observed at
around 1729 cm-1 is disappeared, and a new
peak appeared at around 1607 cm, indicating
the formation of calcium carboxylate. The peak
moved to 1626 cm™ after impregnation with
Zr(1V) (in SPP@Zr), which is owing to the
replacement of greater molecular weight Zr(IV)
for lower molecular weight Ca (Il).
Furthermore, the intense peak at around 1076
cm™! is associated with —Zr-OH bonds [36]. It
shows that Zr(IV) was successfully loaded onto
the biomass surface. Afterward, As(lIl)
biosorption, the peak at around 1076 cm™ (Zr—
OH) was decreased, and a new band was found
at 815 cm™! for Zr-O-As vibration, showing
that the hydroxyl groups were exchanged by the
oxyanions of As(I11).

(@) ] —srran

Intensity (a.u.)
Intensity (a.u.)

® W W W w
2 (Theta)

Fig. 2. (a) XRD pattern of SPP@Zr; (b) FT-IR
of PP, SPP, SPP@Zr before and after As(ll)
biosorption.

3.2. Biosorption experiments
3.2.1. Effect of the pH of the solutions

As(I11) adsorption onto RPP and SPP@Zr has
been investigated in the pH range of 2.0 — 13.0.
According to the findings, the % adsorption of
As(I11) increases progressively from pH 2.0 to
pH 8.0, then drops to pH 13. The adsorption of
As(I11) was the most favorable at pH 7.0 to 10.0
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for SPP@Zr as shown in Fig 3. The removal
efficiency of As(l11) was highest at pH 8.0. As a
result, pH 8.0 was selected as the optimal pH for
further adsorption test of As(111). Depending on
the chemistry of the aqueous solution, As(Il)
occurs primarily as a neutral species (HzAsO3)
at pH 7.0, while as an anionic species (H2AsO3
-, and HAsO3%) at pH 7.0- 12.0, and as AsO3*
species at pH >12.0 [18]. The ligand exchange
interaction between hydroxyl ions of SPP@Zr
and neutral As(l11) species, i.e. H3AsOs, is not
favourable at lower pH, resulting in minimal
biosorption. At pH approximately 8.0, the
anionic species of As(l11) predominate, making
the exchange of hydroxyl ions by the oxyanion
of As(Ill) more favourable, resulting in
increased adsorption of As(lll). Due to
competition between oxyanions of As(l11) and
hydroxide ions at higher pH, As(I11) biosorption
might be inhibited. When compared to
SPP@Zr, the adsorption of As(lll) using RPP
was found to be significantly poor even at
optimum pH. As a result, for the subsequent
experiments, only SPP@Zr was chosen as the
adsorbent.

% Adsorption

2 3 4 5 6 7 8

9 10 11 12 13
pH of the solution

Fig. 3. Effect of solution pH on As(ll)
biosorption onto SPP and SPP@Zr.

3.2.2. Adsorption kinetics

The influence of interaction time for the
removal of aqueous As(lll) by SPP@Zr was

studied at optimum pH of 8.0 and the results are
revealed in Fig. 4 (a). The adsorption of As(lI11)
increases rapidly at the beginning up to 1 h,
whereas it becomes steady and finally attained
equilibrium after 3 h. Because the equilibrium
was attained in less than 3 hours, the contact
period in further tests was set at 8 hours to
assure full sorption. The pseudo-first-order and
pseudo-second-order models were fitted to the
Kinetic data to better clarify the kinetic process.
According to Egs. (4) and (5), two plots Fig.
4(b) and Fig. 4(c) were drawn. Table 2 shows
the estimated values of kinetic parameters as
well as the regression coefficient (R?). The
pseudo-2nd-order model had an R? of 0.999,
which was nearer to unity than the pseudo-1st-
order model. Furthermore, in the pseudo-
second-order kinetic, the calculated equilibrium
adsorption capacity (ge (cal) = 25.25 mg/qg) is
close to the experimental value (ge (exp)) =
24.98 mg/g. As a result, the As(111) biosorption
on SPP@Zr followed pseudo-second-order
Kinetics, signifying that chemisorption may be
dominating the biosorption of As(l1I).

q, (mgig)

(b) ' e

5

&

at

-/ 8
a, (min . g/mg)

Fig. 4. Adsorption kinetics study of As(IlI):

(a) gt versus contact time; (b) pseudo-first-

order kinetics plot of SPP@Zr with As(111)
system; (¢) pseudo-second-order kinetics plot
of SPP@Zr with As(Ill) system.
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Table 2. Kinetics parameters for As(l11)
biosorption onto SPP@Zr.

e Qe k1 k2
(exp)  (cal) (min (g
order Rz (Mo/9) (mglg) ) /mg
min
)
Pseud 24.98 25.25 - 8.3
o- 0.99 0 x
second 9 1073
- order
Pse_ud 0.88 24.98 7.96 22.3
o-first- X
order 1073

3.2.3. Adsorption isotherms

The adsorption isotherm was described by
evaluating the fluctuation of starting As(lIl)
concentration for adsorption capacity. Figure
5(a) shows the adsorption isotherms of As(ll)
onto SPP@Zr at pH 8.0 and room temperature.
The results show that when the As(lll) ion
concentration raised from low to high, the
adsorption capacity increased fast, with a slow
but steady rise until saturation (plateau) was
reached at high concentrations. The increased
adsorption rate early on might be explained by
the increasing availability of vacant sorption
sites in the adsorbent. At a high concentration
area, the adsorption capacity achieved a plateau,
indicating that no more sites are available for
sorption. The adsorption data were studied
utilizing Langmuir (Eq. 6) and Freundlich (Eq.
7) models to explain the As(IIl) biosorption
performance. Isotherm’s parameters were
determined from the slope and intercept of the
respective plots, Ce/qe Vs Ce (Fig. 5(b)) and logde
vs logCe (Fig. 5(c)), respectively. The estimated
isotherm parameters with R? value are listed in
Table 3.

Table 3. Isotherms parameters for As(ll1)
biosorption onto SPP@Zr.

R? 0.998
Ke(mgg™) (L 12.12
Freundlich mg ¥
isotherm 1/n 0.323
R? 0.937

The greater R? indicated that the Langmuir
model was more suited to describe the
biosorption behaviour of As(l1l) onto SPP@Zr,
as shown in Table 2. We concluded that
biosorption processes took occur on the
adsorbent's surface, which was referred to as
monolayer  adsorption.  The  calculated
maximum adsorption capacity (qm) of SPP@Zr
for As(I11) was 72.52 mg/g, which provided a
substantial potential for practical aqueous
removal of As(lIl) in comparison with several
other biosorbents reported in past research in
discussion (Table 4).

Table 4. Comparison of As(Ill) biosorption
capacities of various biosorbents with SPP@Zr.

Adsorbent Opti  Qm Refer
mal  (mg/ ence
pH 9

Zr(IV)-loaded apple 9.0 15.68 [37]

peels

La(lll)-loaded 12.08 37.73 [38]

saponified watermelon

rind

Zr-chitosan  modified - 43.19 [39]

sodium alginate

composite

Powdered almond shell 7.2 4.6 [40]

Modified hazelnut shell 9.0 11.84 [41]

Iron-coated seaweeds 7.0 4.2 [42]

ZrO-coated sawdust 7.0 29.0 [43]

La,Os-coated sawdust 7.0 22.0 [43]

Iron dopped amino- 7.0 10.1 [44]

functionalized sawdust

SPP@Zr 8.0 72.52  This

study

Parameter Value
Langmuir  gm(mgg™) 72.52
isotherm b (L mg™) 0.064

Furthermore, the values of R. derived from Eq.
(8) are shown in Fig. 5(d). The derived RL
values ranged from O to 1, indicating that As(l11)
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biosorption onto SPP@Zr is favourable and that
the adsorbate-adsorbent surface bonding is

(a) R N ()

q, (mgfa)
&
c/a, (gL}

s

100 200 30 400 500 o o 0 0 40 500
c_(mgl}

logq, (mg/g)

¥=0.3227x +1.0836
R'=0.937 02

3 2 3

IogC,_(mgiL} <, (mgiL)

strong.

Fig. 5. (a) Equilibrium adsorption capacity for
As(Ill) onto SPP@Zr at various initial
concentrations of As(lll); (b) Linearized
Langmuir isotherm plot of SPP@Zr with As(I11)
system; (c) Linearized Freundlich isotherm plot
of SPP@Zr with As(l11) system; (d) Value of RL
as a function of initial concentration of As(l11).

3.2.4. Influence of coexisting ions

The influence of various coexisting ions for the
removal of As(lll) ions was investigated, and
the findings are shown in Fig. 6. In the presence
of CI-, and SO4>" at any concentration level, a
small drop in % adsorption of As(l11) occurs, as
seen in the figure compared to the blank. This
might be because these ions have a lower
binding capability than As(Ill) ions. The
inclusion of PO4%, on the other hand, drastically
reduced As(V) adsorption, owing to severe
competition between phosphate and arsenite
ions for the adsorbent's binding sites. At a
phosphate concentration level of 75 mg L', the
adsorption of arsenate drops by ~ 40%.
Furthermore, the chemical and structural
resemblances of arsenite with phosphate in an
aquatic environment account for the dramatic
decrease in As(111) adsorption in the presence of
phosphate.

100,

Blank

I 25 mgiL

% Adsorption of As(lll)

Chloride Sulfate Phosphate
Fig. 6. Effect of coexisting anions for the

adsorption of As(l11) ions on SPP@Zr.

3.2.5. Desorption and

adsorbent

reusability  of

The As(lIl) ion is weakly sorbed onto the
biosorbent at pH > 11, so elution of As(l11) from
spent biosorbent may be accomplished with
ease utilizing NaOH solution. As a result, the
spent SPP@Zr can be revived for recycling
using a 0.1 M NaOH solution. The adsorbed
arsenite anion may have been swapped via
ligand exchange reaction by hydroxyl ions in
the alkali solution. For reusability, the SPP@Zr
regenerated by NaOH was washed with distilled
water until  neutrality. A reusability
investigation of the biosorbent was performed
after desorption for up to four cycles. After four
consecutive cycles, the As(Ill) adsorption
capacity of SPP@Zr decreased from 86.4% to
67.3% percent, as shown in Fig. 7. Even after
the fourth consecutive cycle, the As(lIl)
removal efficiency was more than 67%,
showing that SPP@Zr was highly recyclable
and a viable adsorbent for removing As(l)
from an aqueous solution.
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100 T T T T

% Adsorption of As(lll)

Fresh

First Second Third Fourth

Fig. 7. The % adsorption of As(l11) onto
SPP@Zr in the subsequent adsorption-
desorption cycle.

3.2.6. As(I11) biosorption/desorption
mechanism

The As(I1l) biosorption on SPP@Zr closely
matched the pseudo-second-order Kinetic,
implying that the process is chemisorption-
driven. The FTIR spectra of biosorbent before
and after As(Ill) adsorption supported this
hypothesis. The band at 1076 cm™' (Zr-OH)
was decreased after sorption, and a new band for
Zr—O-As a vibration was found at about 815
cm™!, showing that the —OH group was
substituted by oxyanion of As(lll). The ligand
exchange process for As(Ill) biosorption
utilizing SPP@Zr is as follows. In the removal
of anionic pollutants, the loaded Zr(IV) metal
ion plays a crucial role. After zirconium is
loaded onto SPP, it forms stable chelates with
pectic acid (Biswas et al. 2008). Due to the steric
hindrance of a large polymer of pectic acid, all
the positive charges of the zirconium ions are
not entirely counterbalanced by the negatively
charged carboxylic group. The carboxylic group
neutralizes just one or two positive charges of
Zr(1V), with the remaining neutralized by
negatively charged hydroxide ions, which are
plentiful in the water. A ligand exchange
process was anticipated to exchange these
hydroxide ions with oxyanions of As(lll).
Adsorbed As(Ill) may also be readily eluted

utilizing NaOH solution via a ligand exchange
reaction between the adsorbed oxyanions of
As(I11) and hydroxide ions in the solution. The
mechanism of the ligand exchange process
through  As(lll)  adsorption-desorption is
depicted in Scheme 1.

Scheme 1. Adsorption and desorption mechanism
for As(ll) onto SPP@Zr.

CONCLUSIONS

SPP@Zr was synthesized and used as an
effective biosorbent for removing arsenic from
water in this study. Based on the results of the
characterizations, it was acceptable to conclude
that efficient loading of Zr (IV) into biomass
and efficacious biosorption of As (Ill) onto
SPP@Zr were achieved. The maximum
adsorption of As(I11) on SPP@Zr was evaluated
at pH 8.0.The biosorption trailed a pseudo-
second-order Kkinetic, implying that the process
was chemisorption with  higher initial
adsorption rates. The Langmuir model fit the
equilibrium data better, indicating that
monolayer  adsorption occurred on a
homogeneous surface of the SPP@Zr. The
maximum adsorption capacity was evaluated as
72.52 mg/g, which was found to be higher than
several other biosorbents found in the literature.
Furthermore, SPP@Zr works well in the
presence of a variety of coexisting anions, and
the spent adsorbent is easily regenerated and
reused for up to four consecutive cycles. As a
result, SPP@Zr can be considered a useful, cost-
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effective, environmentally friendly, and
reusable biosorbent for removing As(I11) from
aqueous solutions.
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