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Abstract

Recently, there is growing attention on the use of low-cost sorbents in the depollution of contaminated waters. As a con-
sequence, the present work investigates the potential of soy bran and mustard husk as possible sorbent for the removal
of arsenic(V) from residual water. Effects of various operating parameters such as: contact time, pH, initial arsenic
concentration, pH, sorbent dose, temperature were investigated to determine the removal efficiency of arsenic(V). Ther-
modynamic parameters that characterize the process indicated that the adsorption is spontaneous and endothermic.
The values for the separation factor, R; were less than one which confirms that the adsorption process was favorable.
Equilibrium data fitted well to the Langmuir model with a higher adsorption capacity of soy bran (74.07 mg g!) towards
arsenic(V) ions than mustard husk (65.79 mg g!). It was found that the pseudo-second order kinetic model was the best

applicable model to describe the adsorption kinetic data.
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1. Introduction

Arsenic is an element that reaches into the environ-
ment from a variety of natural sources (volcanic emission,
minerals) and anthropogenic activities (mining activities,
burning of fossil fuels and the use of arsenical pesticides
which have a longer residence time and also an increased
capacity of accumulation.!~

Also, by erosion, decomposition and due to the ac-
tion atmospheric factors, arsenic can be released into
groundwaters and surface waters.>®

Stable inorganic arsenic species in water include ar-
senic acid anions (H,AsO,~, H;AsO,HAsO,? si AsO,*").
Arsenious acid is also stable in water as H3;AsO; and
H,AsO;™ in moderately reducing conditions (< 200 mV).”

Inorganic arsenic in oxidation states +V (arsenate)
and +IIT (arsenite) is found in a variety of mineral in natu-
ral waters. Chemical arsenic behavior is related to the ease
transformations between +III and +V oxidation states. The
oxidation state affects the toxicity of arsenic compounds.

The toxicity of different arsenic species decreases in the or-
der arsenite > arsenate > monomethylarsonate > dimethy-
larsinate).®?

There is clear evidence that chronic exposure to in-
organic arsenic increases the risk of cancer.!® Studies have
shown that inhalation of arsenic leads to an increased risk
of lung cancer whereas the ingestion of arsenic has been
associated with an increased possibility of skin cancer and
cancer of the bladder, liver and lungs.!!"12

Because of that in 2006 the World Health Organiza-
tion (WHO) has decided to change the maximum admis-
sible concentration of arsenic from 0.05 mg/L to 0.01 mg/L
in drinking water.!3

In order to eliminate arsenic from water has been
used various methods: i) precipitation/co-precipitation,
(method that allows the removal of arsenic up to 0.05
mg/L and in some cases even less than 0.01 mg/L)'*!3; ii)
membrane filtration (that may remove a variety of contam-
inants from water but for arsenic compounds this method
can reduce their concentration up to 0.05 mg/L.!® Howev-
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er, this method presents some disadvantages, such as low
efficiency, large amounts of waste and high cost, as well'®;
iii) ion exchange (method that are nowadays frequently
used in the treatment of containing arsenic groundwater
and drinking water because of its of high efficacy advan-
tage.l'131416-21 By ugsing this method the level of the arse-
nic compounds in water is less than 0.01 mg/L.

By adsorption, the contaminants are concentrated at
the sorbent surface. Nature of the adsorption process
could be explained based on two theories: one physical
and one chemical.

Physical theory, the most widespread theory is the
so-called potential theory or concentrated layer theory ac-
cording to which the reaction between atoms that are
found on the surface of the solid (adsorbent) and adsorbed
molecules is determined by the van der Waals forces of at-
traction. Chemical theory of the adsorption admits the
existence of a single monomolecular layer on the surface of
the solid (adsorbent); adsorption forces act only on a very
short distance which not exceeding the diameter of a mol-
ecule.?2

Thus, the adsorbent material must fulfill certain con-
ditions such as: a type of particle size, high adsorption ca-
pacity, high selectivity, and high degree of adsorption, wa-
ter strong physical connection, and low price.

In recent times, more attention is paid to cheap bio-
mass such as powdered eggshell,?® pine leaves,? rice husk.?>

These biomasses appear to be a possible alternative
for heavy metals removal due to their economic and envi-
ronmental characteristics, the chemical composition,
availability, low price, and high efficiency in removal of
heavy metals from dilute solutions.

Recently, the need for an economical method for the
removal of pollutants from contaminated waters involves
researches on low cost sorbents such as agricultural waste
by-products. In this regard, various type of agricultural
waste by-products such as palm oil fruit shell,?® coffee
grains,?’ fir tree sawdust,?® rose petals,?’ rice husk,* cellu-
lose dust’! etc. have been investigated for the removal of
the pollutants from the wastewaters.

The agricultural by-products may be different parts
of plant, such as bark, stem, leaves, root, flower, fruit bio-
mass, husk, hull, shell and may contain compounds such
as cellulose, lignin, hemi-cellulose. These compounds have
potential functional groups such as hydroxyl, carboxyl,
amino, amido and alkoxy with a great affinity for the metal
ions.*

The aim of the present study is to analyse the sorp-
tion capacity of mustard husk soy bran as low cost agricul-
tural by-products towards arsenic(V) ions from the resid-
ual waters in different experimental conditions. During
this study, effect of some parameters such as the dose of
adsorbent, pH, temperature, initial metal concentration
and contact time were studied. Moreover, various iso-
therm and kinetic models were used to explain the adsorp-
tion process.

2. Materials and Methods

All chemicals were of analytical reagent grade and
no further purification was carried out. The agricultural
by-products used in these adsorption experiments were
soy bran and mustard husk resulting from the milling and
baking. Sorbents were collected from a local mill, ground,
were prepared and characterized as shown by Humelnicu
and colab.?*

The stock solution containing the arsenic(V) was
prepared from Na,HAsO, 7H,0 (Sigma-Aldrich). The ad-
sorption experiments were performed in a batch system by
stirring at 350 rpm a suspension that contained arsenic(V)
ions solution and the sorbent. The pH values were in range
2 and 10, the initial concentration of the solution varied
from 50 to 350 mg L}, at a temperature between of 25 °C
- 45 °C, and the sorbent dose varied from 1.5 to 4 g L%
The pH of the solution was adjusted with NaOH or HNO;
0.1 M solution and measured with a HANNA pH/tem-
perature meter HI 991001.

After the equilibrium has been reached the superna-
tant was used for arsenic quantification by using Hydride
Generation-Atomic Absorption Spectrometry (HG-AAS).
HG-AAS is powerful analytical techniques that provide
information of the level of concentrations of As with low
interferences and a lower LOQ because the analyte is sep-
arated from the sample matrix before the quantifica-
tion.>*3> Experiments were conducted on a High Resolu-
tion Continuous Source Spectrometer ContrAA 700
(Analytik Jena).

The amount of arsenic adsorbed per unit mass by the
sorbent under equilibrium conditions was calculated by
the equation (1).

(C=C)V
m

, (mg As/g sorbent) (1)

where: C, is initial concentration of solution, (mg L), C,
is equilibrium As(V) concentration (mg L), V is volume
of solution (L), and m is sorbent mass (g).

The distribution coefficient, Ky, is defined as the ra-
tio of the concentration of arsenic retained in the sorbent
and the one in the solution at equilibrium being calculat-
ed with equation (2).

_(CO-Ce).
- C

©

K, (mL- g_l) (2)

Bl<

where C;, C.,V and m have the same meaning as in Eq
(1).

The adsorption capacities of the two adsorbent were
analyzed through the use of Langmuir, Freundlich, Tem-
kin and Flory-Huggins models. The kinetics of arsenic ad-
sorption on the soy bran and mustard husk were analyzed
by using pseudo first-order, pseudo second-order, and in-
tra-particle diffusion kinetic models.
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Desorption experiments were carried out in batch
system by using the sorbent loaded with arsenic immedi-
ately after the adsorption processes.

Four common eluents have been tested, namely:
NaOH, NaHCOj;, HCl and HNO; 0.01 M. The sorbent
loaded with As and eluent solution was kept in contact for
24 hours.

The following abbreviations have been used: M-mus-
tard husk, S-soy bran, As-M- mustard husk after As(V)
adsorption and As-S-soy bran after As(V) adsorption, re-
spectively.

3. Results and Discussion
3. 1. pH Effect on the Adsorption Process

pH is one of the most important factor that influenc-
es the chemistry of arsenic in aqueous solution and surface
of the adsorbents. The effect of pH on the adsorption pro-
cess of As on the mustard husk and soy bran was investi-
gated in the range of values between 2-10. Figure 1 illus-
trates the effect of pH on As(V) adsorption on the studied
adsorbents. The amount of retained As(V) increased
slightly with increasing pH and reached a maximum value
at pH 6, after that decreased slightly. Consequently, in fur-
ther experiments pH 6 value was selected as an optimum
pH condition.

70

60

50 A

e
o
3
% 40
——As-M
—&—As-S
30 A
20 T T T T
1 3 5 7 9 11

pH

Figure 1. pH dependence of arsenic(V) adsorption on mustard
husk and soy bran.

The possible centers on the surface of the sorbents
that could be responsible for the adsorption include -OH
and -COOH functional groups.’® Mamindy-Pajany et
al.%” denotes that in according to the arsenic speciation,
H,AsO, is predominant for pH values between 2 and 5,
whereas HAsO,42" is predominant for pH values between 7
and 10. On the other hand, at higher pH condition active
centers were not protonated and were both neutral and
anionic by releasing H* ions (-COO~, -O~) which leads to
a less adsorption.

3. 2. Effect of Sorbent Dosage

The adsorption process is efficient if it requires a
small amount of sorbent. Effect of sorbent dosage on
As(V) adsorption was investigated by changing the sor-
bent dose from 1.5 to 4 g L~! with the initial metal concen-
tration 250 mg L! at pH 6.0, temperature of 25 °C and
contact time 60 min. Figure 2 shows that the adsorption
capacity increases with the increase of adsorbent dose
from 1.5 to 3.5 g L*! followed by a slightly decrease. In-
crease of the adsorption capacity was due to the greater
availability of the exchangeable sites or surface area at the
higher concentrations of the adsorbent.
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Figure 2. Effect of sorbent dosage on the adsorption process of
As(V) on the mustard husk and soy bran.

From the experimental results it was found that the
adsorption process has higher efficiency in the case
of soy bran as adsorbent in comparison with mustard
husk.

3. 3. Effect of Contact Time on the Adsorption
Process of As(V)

Influence of the contact time on the adsorption
process of As(V) ions on the two sorbents has been stud-
ied for a period time between 15 to 180 minutes, all the
other parameters being kept constant. In these studies
the As ions concentration have been varied from 50 mg
L! to 250 mg L~!. The obtained results are depicted in
Figure 3.

The results indicate that the amount of the retained
ions increases with the increasing of the contact time and
the equilibrium is reached after about 75 minutes. From
Figures 3 on can conclude that the adsorption of As is
more effective on soy bran as adsorbent.
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Figure 3. Contact time dependence of adsorption process of As(V)
on: a) mustard husk, b) soy bran.

3. 4. Effect of As(V) Initial Concentration on
the Adsorption Process

The effect of the initial concentration of the As(V)
solution on the adsorption has been investigated, too. The
initial concentration was varied from 25 to 350 mg L, all
other parameters have been maintained constant. Figure 4
shows that the adsorption capacity increases with the in-
creasing of the initial concentration of As(V). Thus, for
mustard husk adsorption capacity increases form 31.25 to
59.47 mg g~! and for soy bran from 36.98 to 70.39 mg g
In both cases after 250 mg L™! as initial As(V) concentra-
tion the adsorption capacities decrease. These results are in
good agreement with Asif and Chen? that explained this
variation due to a raise in the driving force of the concen-
tration gradient and low concentration, the driving force
of adsorbent is reduced due to low concentration gradient.
In the diluted solutions the mobility of ions is high, and for
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Figure 4. Effect of initial concentration of As(V) on the adsorption
process on mustard husk and soy bran.

this reason, the interaction of As(V) ions with the adsor-
bents was amplified.

3. 5. Effect of the Temperature on the
Adsorption of As(V)

The effect of temperature on the adsorption process
of the As(V) on the mustard husk and soy bran was inves-
tigated from the range of 25-45 °C. All the other parame-
ters have been kept constant and the results are depicted in
Figure 5.

Figure 5 indicated that with the increasing of the
temperature adsorption capacity of the adsorbents in-
crease due to the increasing of the attractive forces be-
tween adsorbents surface and arsenic ions that is typical
for the adsorption of most metal ions from their solutions
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Figure 5. Effect of temperature on the adsorption process of As(V)
on the mustard husk and soy bran.
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onto natural materials.®3° Rate of the adsorbate’s mole-
cules distribution along the external layer, as well as in the
internal pores of the adsorbent increases with the increas-
ing of temperature.

3. 6. Thermodynamic Parameters

Determination of the thermodynamic parameters:
enthalpy (AH°), entropy (AS°), and free Gibbs energy
(AG®), was based on experiments performed in a batch
system, at temperatures between 25-45 °C.

For this reason equations (3) and (4) have been ap-

plied.
AG® = AH® - TAS’ (4)

where: Ky is distribution coefficient for adsorption that
was calculated with the equation (2).

AHe and AS° values have been estimated from the
slope and intercept of the plot of InKy versus 1/T (Figure
6). The obtained results are presented in Table 1.

A
75 4 *As-M
AAs-S
71 R?=0.9309
*
¥ 65
£
6 -
55
5 ; ‘ ‘ . ;
3.1 3.15 a2 3.25 33 335 34

T, x10° (K1)
Figure 6. Plot of InKd function of 1/T.

The data from Table 1 reveal that AH® and ASe have
positive values which indicates the sorbent’s affinity for ar-
senic (V) ions and the adsorption is an endothermic pro-
cess. The positive values of entropy suggest an increase in

the disorder degree in the system. The spontaneity of the
adsorption process is confirmed by the negative value of
Gibbs energy. This parameter values decrease with the in-
creasing of temperature which indicates the efficiency of
adsorption at higher temperature.

The activation energy of the adsorption process (E,)
was obtained from the slope of plotting In(1-0) vs. 1/T,
where sorbent surface coverage (0) was calculated using
the equation (Eq. 5):

_[_€
9—(1 Coj 5)

C, Cy are final and initial concentration of arsenic in aque-
ous solution (mg/L).

According to the modified Arrhenius equation,* the
plot of In(1-6) vs. 1/T gives a straight line with the slope
E./R. Activation energy values were calculated from the
slope of plot and have values of 59.38 k] mol~! and 31.97 k]
mol™! for mustard husk and soy bran, respectively. The
positive values of E, were consistent with the positive val-
ues of AH° and confirm once again the endothermic na-
ture of the adsorption process.

3. 7. Kinetic Models

In order to obtain information on the mechanism of
adsorption of arsenic on soy bran and mustard husk three
different models were applied, that is: the pseudo-first or-
der model (Eq. 6), pseudo-second order model (Eq. 7) and
the intraparticle diffusion model (Eq. 8).41*3 A relatively
high correlation coefficients value indicates that the model
successfully describes the kinetics of arsenic adsorption.

k
lo —q,)=logq, ——1—t 6
g(q. —q,) =logq, 2303 (6)
1.1 .1,
qt kzqz qc (7)
q, = kidtl/z +Cy (8)

where: g, and q. and are the amounts of arsenic adsorbed
(mg g™!) at time t and at equilibrium, respectively, k; is the
rate constant of pseudo-first order kinetic (min™), k; is the
rate constant of pseudo-second order kinetic (g mg™! min-
1), and kyq is the intra-particle diffusion rate constant (mg

Table 1. Thermodynamic parameters for the adsorption of arsenic (V) on mustard husk and soy bran.

Sorbent AHe, ASe, AG®, k] mol!

kJ mol™! ] mol 1 K-! 30°C 35°C 40 °C 45°C
Mustard
husk 56.04 234.39 -13.84 -15.01 -16.18 -17.35 -18.52
Soy bran 70.36 286.27 -14.98 -16.41 -17.84 -19.27 -20.70
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g~ min~%?). The plot of log(q. — q; ) vs. time (Figure 7) give
a linear relationship from which k; and g, can be deter-
mined from the slope and intercept, respectively.
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Figure 7. The pseudo-first order kinetics of arsenic (V) adsorption

on mustard husk (a) and soy bran (b).

The plot of (t/qy) vs. time (Figure 8) gives a linear re-
lationship from which g, and k, can be determined from
the slope and intercept of the plot, respectively.
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Figure 8. The pseudo-second order kinetics of arsenic (V) adsorp-

tion on mustard husk (a) and soy bran (b).

Table 2. Kinetic parameters for the adsorption of arsenic on mustard husk and soy bran.

Initial concentration, mg/L

Model 50 150 250
Mustard husk Soy bran Mustard husk Soy bran Mustard husk  Soy bran
Pseudo-first order
e, exp (mgg™) 34.86 44.39 46.52 61.43 65.79 71.94
Ge, cate (mg g 35.70 46.08 44.66 62.23 73.63 122.71
k; (min™1) 2.92-1072 2.7-1072 3.52-1072 3.1-1072 5.25-1072 7.0-1072
R? 0.957 0.947 0.979 0.951 0.969 0.898
Pseudo-second order
Qe, exp (mgg™) 34.86 44.39 46.52 61.43 65.79 71.94
Qe cate (mg g 38.76 50.0 49.75 67.56 69.44 75.75
k,(g mg™! min!) 1.35-1073 8.88 .10 1.71-103 8.6-10™ 1.78-1073 1.77-1073
R? 0.977 0.971 0.992 0.918 0.995 0.995
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An intra-particle diffusion model was used to pre-
dict the rate controlling step but in this case a non-linear
relationship has been obtained. The pseudo-first-order
and pseudo-second-order rate constants determined are
listed in Table 2 along with the corresponding correlation
coefficients. From these results it can be seen that the val-
ues of correlation coefficient decreases from pseudo sec-
ond-order to pseudo first-order.

3. 8. Adsorption Isotherms

It is well known that the adsorption isotherms ex-
press the interaction between the adsorbent and adsorbate
in the adsorption processes. In order to study the adsorp-
tion of arsenic ions on the two sorbents, Langmuir, Freun-
dlich, Temkin and Flory-Huggins adsorption models have
been used.

Langmuir isotherm characterizes a monolayer ad-
sorption on a surface with a finite number of identical cen-
ters which are homogeneously distributed on the surface
of the sorbent. In our study a linearized Langmuir iso-
therm form (Eq. 9) has been used:**

C__ L1 & 9

qc I(L .qm qm

where: q, represents the amount of adsorbed arsenic per
sorbent unit (mg g™!); C, is arsenic ion concentration at
equilibrium (mg L!); qy, is @ parameter that express the
maximum adsorption capacity (mg g™!) corresponding to
monolayer coverage; K; is constantly referring to the ad-
sorption energy (g L1).

K} and q,, parameters values were calculated from the
intercept and the slope of the plot C./q. vs. C, (Figure 9).

An important characteristic of Langmuir isotherms
can be expressed by the dimensionless constant (Eq.10)
called equilibrium parameter or separation factor.

1

S —— 10
1+K,C, (10)

L

where: K| is the Langmuir constant, C, is the initial con-
centration of As(V) ions (mg L!). For a favorable adsorp-
tion process Ry value must be between 0 and 1. In our
study Ry obtained values were less than one (Table 3)
which indicates that the arsenic(V) adsorption process
was favorable.

The Freundlich isotherm is based on the multilayer
adsorption that means a heterogeneous surface of the sor-
bent and a non-uniform distribution of heat of adsorp-
tion.*

A logarithmic form of this model (Eq. 11) was ap-
plied in our study:

1
logq, =logK, +—1logC, (11)
n

6
——M
5 1 —4—S
# 1 R2=0.9817
<
o
5 3
g
2 R?=0.9928
2 A
1 4
o & ; ‘ ‘ . .
0 50 100 150 200 250 300

C., mg/L

Figure 9. Langmuir isotherms for the arsenic(V) adsorption on
mustard husk and soy bran.

In the above equation, g, and C, have the same mean-
ing as in Eq (9); Ky (mg"V/" LV/" g=1/") and n are Freundlich
constants that indicate the relative adsorption capacity of
the sorbent, and the adsorption intensity, respectively.

The slope and intercept of Freundlich model (Figure
10) have been used to calculate Ky and factor n. A value for
1/n less than 1 indicates a normal isotherm while 1/n > 1
suggests a cooperative adsorption. In the case of arsenic
adsorption on both mustard husk and soy bran 1/n values
are 0.233 and 0.179, respectively, indicating a normal iso-
therm adsorption.

2
Ly R2 = 0.9492
o
15 4
g R2 = 0.8994
——M
1.25 - -
1 . ; ‘ ;
05 1 15 2 25 3

log C.

Figure 10. Freundlich isotherms for the arsenic (V) adosrption on
mustard husk and soy bran.

The third adsorption isotherm model used in the
present work was the Temkin model. In this case, the main
assumption is that the heat of adsorption decreases linear-
ly with coverage due to sorbent-sorbate interactions.*® The
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linear Temkin isotherm equation (Eq. 12) used in our
study was:
q.=BInA+BInC, (12)
where: A is the equilibrium constant (L g™!) corresponding
to the maximum binding energy and constant B (J mol™!)
is correlated to the heat of adsorption as follows:
B=RT/b, (13)
where: by is the Temkin isotherm energy constant (J
mol™!) and R is the universal gas constant (8.3146 ] mol!
K-1). The Temkin isotherm plots for both sorbents are pre-

sented in Figure 11 and the isotherm parameters extracted
are listed in Table 3.

80

70 4 ——M A

—4—S

60 - Rz2=0.9152

50 A

qe, mglg

40 R? = 0.8661

30 A

20 T T

InC,

Figure 11. Temkin isotherms for the adsorption of arsenic (V) on
mustard husk and soy bran.

For a most comprehensive characterization of the ar-
senic (V) adsorption process was used the fourth adsorp-
tion model, Flory-Huggins, in order to calculate the sur-
face coverage of sorbent by sorbate.*’

logCi:logKFH +nlog(1-0) (14)

0

where 0 represents surface coverage and was calculated by
Eq. (5), Kgy is equilibrium constant of the adsorption pro-

Table 3. Parameters for the adsorption models.

cess. The parameters of equation (14) were calculated from
the slope and intercept of the plot logf/C, vs. log(1-0) that
is depicted in Figure 12 and are presented in Table 3.

log(1-theta)

[es]
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05 -

-1 1
R? = 0.8856 )
Q
151 §
s
@
4 5
21 8

25

RZ=0.9118
—a—5 3
x’
e

Figure 12. Flory-Huggins isotherms for the arsenic adsorption on
mustard husk and soy bran.

Considering all extracted parameters for all four ad-
sorption isotherm models (see Table 3) it can be conclud-
ed that for the arsenic (V) adsorption on the mustard husk
and soy bran the best fit shows the Langmuir isotherm
model. In addition, between the two analyzed materials, in
terms of adsorption capacity the best candidate seems to
be soy bran than of the mustard husk for arsenic (V). The
efficiency of the two studied sorbents, soy bran and mus-
tard husk, on the arsenic (V) was highlighted by a compar-
ison with the results from the literature for other sorbents
(Table 4). As can be observed the adsorption capacity of
the investigated sorbents for the arsenic (V) is higher com-
pared with some other sorbents and its low cost and abun-
dance make it as possible materials for the use in residual
waters decontamination.

The fact that in the sorption stage there are a series of
processes that can affect the morphology of the adsorbent
materials is pointed out by the images obtained by using a
Electronic Scanning Microscope, SEM Quanta 250. Imag-
es presents the morphology of sorbens samples (Figure 13)

Sorbent Langmuir Freundlich Flory-Huggins Temkin
qm, KL R2 RL KF n R2 KFH n R2 A bT R2
(mgg™") (Lg™)
}I\:ﬂﬁ:ard 65.79 0.032 0.982 0.111 16.15 4.29 0.899 1.99-10° 1.565 0.886 1.158 242.21 0.866
Soy bran 74.07 0.058 0.993 0.065 26.09 556 0.949 1.29-10° 2.647 0.911 0.648 265.57 0.915
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Figure 13. SEM images of the mustard husk and soy bran before (a, c) and after (b, d) adsorption experiments.

Table 4. Comparison of maximum adsorption capacity of different

sorbents towards arsenic (V).

Sorbent qm (mg g™) Reference
Rice polish 0.15 48
Rice husk 0.225 25
Coconut shell carbon 2.40 49
Pine leaves 3.27 24
Tea fungal biomass 4.95 48
Polymeric alginate beads 8.33 50
Coconut coir pith 13.75 51
Withania frutescens 16.88 52
Calami rhizoma 22.04 52
Orange juice residue 67.43 53
Mustard husk 65.79 This work
Soy bran 74.07 This work

before and after adsorption processes with enlarge X2500,
scale 40 um.

3. 9. Desorption Results

Once the sorbent is used, it needs to be regenerated.
Desorption processes are important from two points of
view: first, to recover metal ion and its subsequent use in
industrial and secondly, in the regeneration of sorbent for
new use processes.

The amount of As released from the sorbent was de-
termined by HG-AAS and the percentage of arsenic de-
sorbed was calculated with equation Eq. 15:

amount ;,,.
desorbed ion % = ————4¢ 100 (15)
amount
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where: amounty, is the amount of desorbed arsenic and
amount,q, is the amount of arsenic adsorbed by the sor-
bent. The results of desorption experiments reveal that the
best regeneration eluent may be aqueous solution of NaOH
0.01 M, 87.95% for mustard husk and 90.67% for soy bran,
respectively.

4. Conclusions

The adsorption of arsenic (V) ions on mustard husk
and soy bran was studied as a function of contact time,
initial arsenic ion concentration, pH, sorbent mass and
temperature, the conclusion being that the sorption capac-
ity of the soy bran was higher than that of mustard husk.

The thermodynamic parameters indicate that adsorp-
tion of arsenic (V) ions on mustard husk and soy bran is a
spontaneous (AG° < 0) and endothermic (AH° > 0) process.

This study indicates that arsenic (V) adsorption is
better described by Langmuir isotherm model and the ki-
netic of the process obeys the pseudo second-order model.

The results obtained in desorption studies showed
that, in order to recover arsenic (V) ions a 0.01 M NaOH
solution may be used.

This study reveals the potential of using mustard
husk and soy bran as excellent low-cost adsorbent for the
removal of arsenic (V) from aqueous solutions.
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V zadnjem casu je velika pozornost namenjena uporabi cenovno ugodnih adsorbentov za ¢iS¢enje kontaminiranih
voda. S namenom smo preverili potencial sojinih lupin in gor¢i¢nih lud¢in za odstranjevanje arzena (V) iz odpadnih
voda. Preucili smo vpliv procesnih parametrov kot so kontaktni ¢as, pH vrednost, zacetna koncentracija arzena, kolici-
na adsorbenta in temperatura na odstranjevanje arzena (V). Termodinamski parametri so pokazali, da je proces pod
preu¢evanimi pogoji spontan in endotermen. Separacijski faktor je bil manjsi kot ena kar kaze, da je adsorpcija ugodna.
Adsorpcijsko ravnotezje lahko dobro opiSemo z Langmuirjevo izotermo z maksimalno kapaciteto vezave arzenovih (V)
ionov na sojine lupine 74.07 mg g~! in na gor¢i¢ne lu$¢ine 65.79 mg g!. Kinetiko lahko opiSemo z reakcijo psevdo-prve-

gareda.
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