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This paper describes the potential use of o-Fe,O; nanoparticles (a-Fe,O; NPs) and a-Fe,O; sawdust
nanocomposite (a-Fe,03/SD NC) toward the removal of arsenic from aqueous systems. The a-Fe,O3 NPs were
synthesized by the co-precipitation method on sawdust. The samples were characterized using X-ray diffraction
analysis (XRD) and scanning electron microscopy (SEM). SEM micrographs showed the formation of a-Fe,Os
NPs within 40-60 nm in size, which were homogeneously dispersed on the sawdust surface. The adsorption
experiments were performed in a batch system. The optimum pH value for the maximum removal of As (I11) was
found at a value of about 7. The monolayer adsorption amounts calculated based on the Langmuir adsorption
model were 83.33 and 58.80 mg g* for a-Fe,05 and o-Fe,04/SD, respectively. The kinetic data obeyed the
pseudo-second-order kinetic model. The high adsorption capacity was attributed to the high surface area of o-
Fe,O3 NPs and good dispersion a-Fe,O3 NPs on the sawdust substrate. The experimental results suggest that a-
Fe,0s/SD NC is a promising and cost-effective adsorbent for the removal of As (lll) ions from aqueous
solutions.
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INTRODUCTION

Arsenic pollution in water sources has been reported all over the world due to its natural abundance
in certain minerals. Arsenic compounds have been widely used in pesticides, insecticides, pigments,
wood preservatives and in the manufacture of paper, glass and semiconductors that are used in
integrated circuits.*? The soluble inorganic species of arsenic in the environment include pentavalent
arsenate (As>") and trivalent arsenite (As**). However, arsenite is more harmful than arsenate because
of its higher attraction for protein, compared to arsenate, and is more mobile in the environment.
Several methods have been developed for arsenic removal, including precipitation, adsorption, ion
exchange, solvent extraction, nanofiltration, foam flotation and biological sequestration. Among them,
adsorption technology is a good alternative method, which has been widely used due to its advantages,
such as easier setup, ease of operation and handling, easier regeneration capacity or disposal of
adsorbents and higher removal efficiency.>* Various adsorbents, such as activated carbon, alumina,
titania, zirconia, polystyrene-supported nano-Fe;O,4, zeolite, kaolinite clay, cerium oxide, silica and
iron oxides, have been employed for the removal of arsenic from water.*** In recent years, iron based
nanoscale particles have attracted great interest for water treatment and arsenic remediation.>”***° An
effective approach to increase the adsorptive capacity of iron oxide is to produce its nanosized
particles. For example, J.G. Parsons et al.' synthesized FezO4, Mn3O,4 and MnFe,O,4 nanoadsorbents
for sequestering arsenic from aqueous solutions. S. Luther et al.” utilized nanophase Fe;0, and Fe,O;
for the removal of either As (I11) or As (V) from aqueous solutions. Another case, S. Lin et al."® used
magnetic y-Fe,O; NPs synthesized by the co-precipitation method to remove As (I11) and As (V) ions
from aqueous solutions.

A number of publications have reviewed the coating of iron oxide on different substances for
removal of arsenic.”?>® For example; T.V. Nguyen et al.”® reported the arsenic removal by an iron
oxide coated sponge. They found that maximum adsorption capacity of the iron oxide coated sponge
for As (I11) and As (V), calculated by the Sips isotherm, was 4.2 and 4.6 mg g™ of iron oxide coated
sponge, respectively. S.K. Maji et al.* have used iron-oxide-coated natural rock as an adsorbent for
arsenic removal. Their results showed that maximum adsorptive capacity of the iron-oxide-coated
natural rock was 0.36 mg g *. W. Jiang et al.” also utilized spherical polystyrene-supported nano-



Fe;0, for arsenate removal from water. They prepared the nano-Fe;O, coated onto the outer surface of
polystyrene (PS) beads of 350-400 nm in diameter by the hetero-coacervation method. They found
that the maximum adsorption capacity of PS-Fe;0, was 139.3 mg g*, which is 77.7% greater than that
of bulky Fe;O,. A. Gupta et al.*® recently reported chitosan and iron—chitosan-coated sand filters for
the removal of both As (I1I) and As (V) from aqueous systems. They optimized various parameters
including pH, equilibration time, initial arsenic concentration and adsorbent dosage for maximum
adsorption. They found that the Langmuir monolayer adsorption capacity was found to be 17 and 23
mg g™ for chitosan-coated sand and 26 and 56 mg g™ for iron—chitosan-coated sand at pH 7 for As
(1) and As (V), respectively.

Today, alternative adsorbents derived from renewable resources or less expensive natural materials
have attracted much interest for the removal of pollutants from wastewaters. Sawdust is a waste
material that is one of the most attractive biomaterials used for removing heavy metals and organic
pollutants from aqueous media. The capability of treated and untreated sawdust to remove pollutants
from aqueous solutions has been studied.””*! The objective of this study was to develop an iron
oxide/sawdust composite for effective removal of As (111) ions from aqueous wastes. The iron oxide
nanomaterials were synthesized using the precipitation method. The adsorption experiments were
performed in a batch system. Batch studies were performed to determine the capacities of a-Fe,O; NPs
and o-Fe,04/SD NC for As (l11) removal. In order to find out the optimized adsorption conditions for
maximum removal, as well as driving kinetics and isotherm data, the effect of some important
parameters, such as pH, adsorbent dose, initial concentration and contact time, were studied.

EXPRIMENTAL
Materials

Ferric chloride (FeCls), ammonia (NH3, 33%) and arsenic trioxide (As,O3) were of analytical grade and
purchased from Merck chemical company (Germany). All the solutions were prepared using deionized water.
As,03 was dissolved in deionized water as a stock solution of As (I11) (10 mM) for further use. The sawdust was
obtained from a local carpentry working with Narra wood. The sawdust was washed several times with
deionized water to remove any surface impurities and dried at 80 °C for 24 h. The sawdust was ground and
sieved before preparation of Fe,O3/SD NC.

Preparation of a-Fe,O3; nanoparticles and a-Fe,Oz/sawdust nanocomposite

The typical procedure for the synthesis of a-Fe,O; NPs is based on the method described in the literature
with minor changes detailed in another study.® In a typical procedure, 0.50 L metal ion solutions of 0.50 M Fe
(1) (from FeCls) were prepared. Iron (I11) hydroxide nanoparticles were prepared by adding of 1.0 M NH;
solution for approximately 2 h until the pH of the solution reached 9.0. After the precipitation reaction was
completed, the solution was heated to a temperature of 100 °C for 1 h. The solutions were then left to cool, the
nanoparticles were collected using the vacuum filtration technique and finally rinsed three times with deionized
water to remove any possible by-products or impurities. The separated Fe,O3; NPs were then dried at 100 °C in
an oven for several hours until they reached a constant weight and stored before use for As (I11) removal. For
preparation of a-Fe,O3/SD NC, the same procedure was used. For preparation, 5.0 g sawdust (35-50 mesh) was
added to 0.50 L of 0.50 M FeCl; solution and stirred for two hours at room temperature. Afterwards, NH;
solution (1.0 M) was slowly added into the mixture of metal ion-sawdust for 2 h under vigorous stirring and then
the mixture was heated at 100 °C for another 2 h. Subsequently, the a-Fe,O3/SD particles were rinsed with
sufficient deionized water and dried for several hours in an oven at 100 °C.

Point of zero charge

The point of zero charge (pHpzc) of the a-Fe,O; NPs and a-Fe,O3/SD NC was determined based on the
method described in the literature.® For this purpose, 45 mL of KNO; solution of known concentration was
transferred to a series of 100 mL Erlenmeyer flasks. The pH; values of the solution were approximately adjusted
from 3.0 to 11 by adding either 0.1N HNO3; or NaOH. The total volume of the solution in each flask was
adjusted to exactly 50 mL by adding KNO; solution of the same concentration. The pH; of the solutions was then
accurately recorded. Then, 0.10 g of a-Fe,O5 nanoparticles were added to each flask. The suspensions were then
manually shaken and allowed to equilibrate for 48 h with intermittent shaking. The final pH values of the
supernatant liquid (pH¢) were recorded. The difference between the initial and final pH (ApH) values (ApH = pH;
- pH;) was plotted against the pH;. The point of intersection of the resulting curve at which ApH = 0 gave the
pHpzc.*? The above procedure was repeated for the determination of pHpzc of Fe,04/SD NC.

Analysis and characterization techniques



The X-ray powder diffraction patterns were collected using a Philips (PW-1840) XRD system with Ni-
filtered Cu Ka (A = 1.5418 A°) radiation at 40 kV and 30 mA. The 20 range used in the measurement was from
10° to 70° To investigate the morphology of the samples, scanning electron microscopy (SEM) images were
obtained on a Philips XL30. A digital coulometer (model ZCM 761, Iran) was used for coulometric
determination of As (111). A digital desktop pH meter (Metrohm 827) was employed for pH control.

Batch experimental procedures

All adsorption equilibrium experiments were conducted in a batch system. Adsorption studies were carried
out by shaking 0.20 g of the adsorbent with 50 mL of the aqueous solutions of As (I11) ions with an initial
concentration of 2 mM in a conical flask at room temperature under stirring 200 rpm. The mixtures were filtered
out and analyzed for As (l11) ions concentrations. All the As (I11) solutions required for the experiments were
freshly prepared by diluting the stock solution. The analysis of As (IIl) was carried out using coulometeric
titration.* The end point was detected potentiometrically with high precision, employing Pt and Ag/AgCl in 3M
KCI as indicator and reference electrodes, respectively. All As (I11) solutions were used at neutral pH and the
procedure was performed at room temperature. The effect of pH on the equilibrium uptake of As (I11) ion was
determined. The pH of the As (I11) solution was adjusted by using either HCI or NaOH solutions, and was varied
within the range of 3-11. All the results reported in this paper are the average of at least triplicate measurements
and the maximum expected error was of about £5%. After 1 h of agitation, the adsorbent was separated from the
test solutions by filtration and the filtrates were analyzed for residual As (I11). The adsorption experiments were
also conducted to determine the optimum pH, the equilibrium time and dosage of the a-Fe,O3; NPs and a-
Fe,O3/SD NC for maximum adsorption. At optimum pH, the effect of the adsorbent dose on the removal of As
(11) was studied using 50 mL of 2.0 mM solution at 25 °C. The mass of the adsorbents was varied from 0.05 g to
0.5 g. The efficiency of As (I11) removal was determined using Eq. (1):
Percent adsorption (%) = (Cy— Co/Cy) % 100 (8]
where C, and C, are the initial and equilibrium concentrations (mg L™) of As (111), respectively.

'Sl;hge6 adsorption capacities (q, mg g %) of a-Fe,O; NPs and a-Fe,04/SD NC were also calculated using Eq.
2):°"
ae = (Co-CYVIW (2
where Co (mg L) and C, (mg L ™) are the concentration of arsenic initially and at time t (min), V (L) is the
volume of the sample solution, and W (g) is the weight of the adsorbent.

The equilibrium sorption capacity (ge) of the adsorbent was also calculated using Eq. (3):
Qe = (Co — CVIW 3
where W is the adsorbent mass (g) and V is the volume of solution (L).

RESULTS AND DISCUSSION
X-ray diffraction analysis (XRD)

The XRD patterns of initial sawdust, a-Fe,O; coated sawdust and pure a-Fe,O3; NPs are exhibited
in Figure 1. In the XRD pattern of sawdust (Fig. 1a), the bulk of the X-ray signal originated from the
sawdust substrate. Figure 1(b) shows the XRD pattern of a-Fe,O3 covered sawdust. Since the amount
of a-Fe,03 was not high on the sawdust surface, the a-Fe,O; NPs on the fiber surface did not show
good crystalline phase intensity. The XRD pattern for the a-Fe,O3; NPs (Fig. 1c) reveals the following
planes: 104, 110, 113, 024, 116, 214 and 300, which correspond to the diffraction planes in a-Fe,05.%
No peaks of any other phases or impurities were detected in the XRD patterns of a-Fe,O; NPs,
demonstrating the high purity of the a-Fe,Os NPs.

Morphology study

In order to investigate the morphology of the obtained samples, the a-Fe,Os; NPs, as well as the
untreated and treated sawdust after coating with a-Fe,Os; NPs, were studied by SEM (Fig. 2). Figure
2a and 2b show the surface of the pristine sawdust. The SEM micrograph exhibits the rough and
porous surface of the sawdust. A comparison between the SEM images of the treated and untreated
sawdust clearly shows that treated sawdust is covered by continuous and dispersed a-Fe,03; NPs. SEM
analysis of the o-Fe,O; deposited onto sawdust indicates that the particle size of the deposited
hematite on the sawdust surface is less than 100 nm (Fig. 2c and 2d). The SEM micrographs clearly
show the formation of a-Fe,O3; NPs within 40-60 nm in size, which have been homogeneously
dispersed on the sawdust surface. As the SEM images of the a-Fe,03 NPs indicate (Fig. 2e and 2f), the



morphology of the a-Fe,O3 NPs is similar to that of the nanoparticles coated on the sawdust surface,
but the a-Fe,Os; NP powder displays more agglomerates than the nanocomposite (a-Fe,Os/SD NC).
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Figure 1: XRD patterns of: (a) initial sawdust, (b) a-Fe,O3 coated sawdust and (c) pure a-Fe,03 NPs
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Optimization of adsorption conditions
Effect of initial solution pH

The pH is one of the most important environmental factors that strongly influence the adsorption of
heavy metals.*! In order to determine the optimum pH for maximum removal of arsenic on a-Fe,0s
NPs and a-Fe,03/SD NC, the equilibrium sorption of arsenic was studied over a pH range of 3-11.
Considering the poor adsorption of As (Ill) onto untreated sawdust (<5%), compared to that onto
Fe,0s/SD NC, under the same conditions, the adsorption data for SD are not shown. As indicated in
Figure 3, the uptake of As (l11) ion depends on pH, it increases with the increase in pH from 3.0to 7.0
for both Fe,O3 NPs and a-Fe,03/SD NC. Maximum As (l11) removal was observed at a pH value of
about 7. As a result, the optimum pH for As (Il) adsorption was established as 7.0 and the other
adsorption experiments were performed at this pH value. As indicated, above this pH range, the uptake
of As (l11) ion does not change. This can be explained as follows: at a pH value between 5-7, As (l11)
exists mostly as As(OH)z.*® So, the increase in As (I11) removal at this pH can be due to the strong
interactions, such as H-bonding between As(OH); species and the hydroxyl groups on the surface of
the adsorbent due to iron oxide nanoparticles. Because of the poor adsorption of As (lllI) onto
untreated sawdust, further experiments were carried out for only Fe,O3; NPs and a-Fe,O3/SD NC.

Determination of pHp,c of the adsorbent

Determination of the point of zero charge of the adsorbents is important in elucidating the
adsorption mechanism. The adsorption of cations is favored at pH > pHpzc, while anion adsorption is
favored at pH < pHpzc. The specific adsorption of cations shifts pHp,c towards lower values, whereas
the specific adsorption of anions shifts pHpzc towards higher values.***® Figure 4 presents the point of
zero charge of a-Fe,O3 NPs and a-Fe,0s/SD NC. Tthe plot of the evolution of solution pH (ApH)
versus initial pH (pH;) shows that with increasing initial solution pH, the pH change became more
negative and the zero value of ApH was reached at pH; values of 7.5 and 5.5, which are considered as
the pHpzc of a-Fe,O3 NPs and a-Fe,04/SD NC, respectively.

Effect of contact time

The effect of contact time on the adsorption of As (111) ions was studied by shaking the mixture of
0.20 g adsorbent (a-Fe,O3 NPs and a-Fe,Os/SD NC) with 50 mL of aqueous solutions of As (l11) ions
with an initial concentration of 2.0 mM at neutral pH value. The time dependence of As (llI)
adsorption is presented in Figure 5. The data obtained from the adsorption of As (IlI) ion on the a-
Fe,O3; NPs and a-Fe,O3/SD NC indicate that the adsorption increases with an increasing contact time.
The plot reveals that the rate of percentage removal of As (I11) ion is initially high, which is probably
due to the availability of a larger surface area of the o-Fe,O; NPs and a-Fe,O3/SD NC for the
adsorption of arsenic ions. The maximum percentage removal of As (I11) ion was attained after 60 min
of stirring time. The adsorption did not changed much with further increase in contact time. Therefore,
the contact time of 60 min was sufficient to achieve equilibrium for As (I11) adsorption. Consequently,
in further experiments, the shaking time was set to 60 min. Figure 5 shows that the percentage
adsorption of As (1) ions onto a-Fe,Os NPs is higher than onto a-Fe,O3/SD NC, and the adsorption
of As (I11) ions onto a-Fe,03; NPs was less time dependent, compared to that onto a-Fe,03/SD NC.



Effect of adsorbent dosage

Adsorbent dosage is an important parameter as it determines the capacity of an adsorbent for
adsorption of an adsorbate. In these experiments, various amounts of a-Fe,O; NPs and a-Fe,05/SD
NC (from 0.050 to 0.50 g) were used for adsorption of an As (I11) solution (50 mL, 2.0 mM) at room
temperature. Figure 6 shows the effect of adsorbent dosage on the removal efficiency (% removal) of
As (I11) from the aqueous solution. The results show that the adsorption increases with the increase in
the dose of a-Fe,O; NPs and a-Fe,0Os/SD NC. In the case of a-Fe,O; NPs, it is observed that the
removal efficiency increases from 36.8% to 94.7% with an increase in adsorbent dose from 0.05 g to
0.20 g. For a-Fe,O3/SD NC, the increase in the adsorbent dosage from 0.050 to 0.30 g resulted in an
increase of adsorption from 26.3% to 81.3.7%. This is due to the increase in the surface area and the
availability of more active sites of the adsorbent for uptake of As (lIl) ions. The lower sorption
capacity found for a-Fe,03/SD NC, compared to a-Fe,O3 NPs, under the same dosages, is also clearly
due to the lower percentage of a-Fe,Os in the composite. Beyond the optimum dosage, the removal
efficiency remains unchanged with further increases in the adsorbent dosage (>0.20 g for a-Fe,O3; NPs
and a-Fe,03/SD NC). This seems to be due to the binding of almost all the ions to the adsorbent and
the establishment of equilibrium.* It has been reported that there are many factors that can contribute
to effect of adsorbent dosage on the efficiency of adsorption.**“*° The most important factor is that the
adsorption sites remain unsaturated during the adsorption process. As the adsorbent dosage is
increased, the adsorption increases slightly, resulting from the lower adsorptive capacity utilization of
the adsorbent. Another reason may be the aggregation/agglomeration of adsorbent particles at higher
dosages, which would lead to a decrease in the surface area and an increase in the diffusion path
length. The particle interaction at higher adsorbent dosage may also help desorb some of the loosely
bound metal ions from the sorbent surface.*

Effect of initial concentration

The initial metal ion concentration is another important variable that can affect the adsorption
process. The rate of adsorption or adsorption capacity is a function of initial metal ion concentration.
The effect of arsenic concentration on the adsorption was studied under optimized pH. For this
investigation, 50 mL of As (lll) ion solution, with different initial concentrations, was used for
adsorption onto 0.20 g of Fe,0; NPs and a-Fe,O3/SD NC. The concentrations of As (l11) varied from
1.0 to 10.0 mM. The effect of the initial As (Il1l) concentration on the removal efficiency of the
selected adsorbents is shown in Figure 7. As the results indicate, both Fe,O3; NPs and a-Fe,0s/SD NC
are more efficient adsorbents at low concentrations of arsenic ions. The decrease in adsorption
percentage at higher concentrations might be caused by the relatively smaller numbers of active sites
available at higher arsenic concentrations.
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Adsorption isotherms

The distribution of the adsorbate between the liquid phase and the solid adsorbent is a measure of
the equilibrium in an adsorption process and can be investigated through various models. In this study,
two popular adsorption isotherms suggested by Langmuir and Freundlich were employed for analysis
of the adsorption data.** The Langmuir isotherm is based on three assumptions, namely (i) adsorption
cannot proceed beyond monolayer coverage, (ii) all surface sites are equivalent, and (iii) the ability of
a molecule to adsorb at a given site is independent of the occupation of neighboring sites.® The
Freundlich model assumes physicochemical adsorption on heterogeneous surfaces. The obtained data
were analyzed according to the linearized forms of the Langmuir and Freundlich isotherms,*** using
Egs. (4) and (5):
Langmuir 1/g. =1/q.b.C, +1/q,, (@)
Freundlich Ing.= Inke +1/n (InCy) (5)

where g is the amount of adsorbed As (I11) per unit mass of adsorbent at equilibrium (mg g*%), C. is
equilibrium concentration of As (l11) in the solution (mg L™), g, is the maximum monolayer
adsorption capacity (mg g™), b, Ke and n are the Langmuir and Freundlich adsorption coefficients,
respectively.

For this investigation, 0.20 g of the adsorbents were used for the adsorption of 50 mL of an As (l11)
solution with different initial concentrations (1 to 10 mM). The experiments were conducted at room
temperature for 60 min (pH = 7). The solutions were analysed for the remaining arsenic concentrations
(Ce) and then the adsorption isotherms were derived using Eqg. (3) (Figs. 8 and 9). From the linear plots
of the obtained isotherms, the parameters of K¢, b, n and g, were determined and are summarized in
Table 1. It is noted that the adsorption capacity of SD toward As (l11) under the studied concentration
ranges was negligible and approached zero. The a-Fe,Os; NPs exhibited much higher adsorption
capacity toward As (lIl) than the a-Fe,Os/SD NC. The monolayer adsorption capacity (gm,) was
obtained as 83.33 and 58.8 mg g * for a-Fe,0zand a-Fe,0/SD NC, respectively. The adsorption of As
(111) onto a-Fe,O3 NPs and a-Fe,0/SD NC follows both the Freundlich and the Langmuir models.
Based on the higher values of the correlation coefficients (R?) for the Langmuir model, compared to



the Freundlich model, the adsorption data seem to be described by the Langmuir model more
favorably. On the other hands, the Langmuir model is more suitable than the Freundlich model for
describing the adsorption process, indicating that the adsorption of As (I1l) on a-Fe,Os; NPs and a-
Fe,O4/SD NC is homogenous.

The favorability of the adsorption process was also represented in terms of the dimensionless
separation factor R, which is defined by Eq. (6):*

RL=1/(1+bCy) (6)

where C, is the initial concentration (mg L™) and b is the Langmuir constant (L mg™). The value of R,
indicates that the adsorption process is unfavorable when R_ > 1, linear when R_ = 1, favorable when
R, < 1 and irreversible when R, = 0. For all the studied cases, the R, values fall between 0 and 1
(Table 1), confirming the favorable nature of the adsorption of As (111) onto a-Fe,O; and a-Fe,03/SD.

A comparison of the maximum capacities (qm,) of a-Fe,O; NPs and a-Fe,0s/SD NC with some
other adsorbents reported in the literature are given in Table 2. The adsorption capacities of a-Fe,Os
NPs and a-Fe,Os/SD NC were relatively high when compared with other adsorbents reported
previously. Differences of metal ion uptake are due to the properties of each adsorbent, such as
structure, functional groups and surface area.*

Table 1
Langmuir and Freundlich isotherm constants for As (III) adsorption onto a-Fe,O3 nanoparticles
and o-Fe,04/SD nanocomposite

Adsorbent Langmuir model Freundlich model
Qm b 2 KF 2
. ) R R ; Ay n R
(mgg?!) (Lmg? : (mg g*)(mg LH™"
a-Fe,03 NPs 83.33 0.074 0.018 0.9711 14.24 3.21 0.9528
a-Fe,03/SD NC 58.80 0.0154 0.079 0.9731 4.35 2.36 0.9505

Table 2
Comparison of adsorption capacity of a-Fe,O3 and a-Fe,O3/SD nanocomposite with
other adsorbents for As (111) removal

Adsorbent Conditions (contact Om

time, temperature, pH) (mg g™ Reference
a-Fe,0O; NPs 1h,25°C,pH7 83.33 This study
v-Fe,03 3h,30°C,pH 6 59.20-74.80 [19]
Fes0, 24h,25°C,pH 6 78.40 [7]
Fe30,, a-Fe,03 1h,25°C,pH 6 8.20, 1.25 [5]
Fes0y, a-Fe,0; 24 h,25°C,pH 6 5.68, 20.00 [5]
Mixed m_agnetite and maghemite 24 h, 25°C, pH 2 369 [41]
nanoparticles
a-Fe,04/SD NC 1h,25°C,pH7 58.8 This study
Ascorblc_aud coated Fe;0, 0.5h, 25°C, pH 7 16.06 [17]
nanoparticle
Iron oxide-coated natural rock 2h,25°C,pH 7.5 0.029 [24]
Iron oxide coated cement 2h,25°C,pH 7 0.69 [25]

Iron oxide coated sponge Sips isotherm 4.2 [20]
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adsorption onto Fe,O3 NPs and a-Fe,03/SD NC adsorption onto Fe,O3 NPs and a-Fe,03/SD NC

Adsorption kinetics

In order to investigate the kinetic mechanism of As (lIl) sorption onto the a-Fe,O; NPs and a-
Fe,O4/SD NC, several kinetic models, including the pseudo-first-order (Eq. (7)), pseudo-second-order
(Eq. (8)) and intraparticle diffusion model (Eq. (9)), were examined.*“® Adsorption kinetic
experiments were conducted with an adsorbent dose of 0.20 g at 25 °C at an initial arsenic
concentration of 2.0 mM.
log (9e-Gt) = log Qe — kst / 2.303 (7
t/0:=1/koQe’ +t/ Qe (8)
where ¢, (mg g*) and g, (mg g™*) are the amounts of As (l11) ions adsorbed at equilibrium and at time t
(min), respectively, k; (min™) and k, (g min™ mg™) are the pseudo-first-order and pseudo-second-order
adsorption rate constant, respectively.

The values of k; and g, for the pseudo-first-order model were determined from the slope and
intercept of the plot of log(de-0;) against t (Fig. 10). The values of k, and g. for the pseudo-second-
order model were calculated from the slope (1/q.) and intercept (1/K,qe?) of the linear plot of t/q;
versus t (Fig. 11). The resulting Kinetics data are summarized in Table 3. The applicability of the
kinetic models for describing the adsorption process was evaluated by the values of the correlation
coefficients (R?). It can be seen that the values of the correlation coefficients for the pseudo-second-
order model are greater than those of the pseudo-first-order model. Moreover, the calculated values of
g for the pseudo-second-order model are closer to the experimental values of g. (Table 3). Therefore,
it could be concluded that the sorption of As (lll) onto a-Fe,O3; NPs and a-Fe,Os/SD NC follows the
pseudo-second-order kinetic model.

The intraparticle diffusion model was also explored to analyze the nature of the rate-controlling
step in adsorption. The model is represented by the following Weber—Morris equation:*

g =kipt**>+C (9)
where ki, is the intraparticle diffusion rate constant (mg g™ min ™) and C is the intercept related to the
thickness of the boundary layer.?**

The plots of qt versus t“% are shown in Figure 12. According to this model, if intraparticle diffusion
is the sole rate-controlling step in the adsorption process, the plot of g, versus t*? should be linear and
should go through the origin with a slope kiq and intercept C.?**? As the results show (Fig. 12), the plot
of gt versus t*2 is not linear over the entire time period and the straight lines do not pass through the
origin, indicating that intraparticle diffusion is not the rate-limiting step. This implies that more than
one process is involved in controlling the adsorption of As (I11) ions onto the selected adsorbents.



Table 3
Kinetic parameters for As (l11) adsorption onto a-Fe,O5; nanoparticles and a-Fe,03/SD nanocomposite

Pseudo-first order Pseudo-second order Intraparticle diffusion
Adsorbent qe,cal_1 |_<1_1 RZ qe.ex;_)l qe,cal_l 52 . RZ §id- -1/2 c -1 2
(mgg”)  (min”) (mgg”) (mgg”) (gmg~min~) (mgg min™) (mgg~)

a-Fe,03 NPs 9.91 0.055 0.989 38.78 40 0.01 0.999 1.43 28.88 0.968
a-Fe,04/SD NC 17.42 0.06 0.943 25.8 31.25 0.003 0.983 2.15 9.56 0.774

s y=1428x+28.88

40 1 R2=0.968

35 A ./‘/
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Figure 12: Intraparticle diffusion model plot for As (111) adsorption onto Fe,O3; NPs and a-Fe,Os/SD NC



CONCLUSION

In this study, an a-Fe,Os/SD nanocomposite was prepared by the co-precipitation method and
applied as adsorbent for the elimination of As (l11) from aqueous solutions. The performance of the
prepared samples in removing arsenic from an aqueous solution was investigated by batch adsorption
experiments. While sawdust itself is a poor adsorbent for As (I11) ions, the a-Fe,0s/SD NC proved its
efficiency. The optimum pH for the maximum removal of As (lI1) by a-Fe,O3; NPs and a-Fe,0s/SD
NC was found to be about 7.0. The adsorption and equilibrium data closely follow the Langmuir
adsorption isotherm, demonstrating that the monolayer adsorption mechanism and chemisorption
process occur. The monolayer adsorption capacity (Qn), as estimated from the Langmuir isotherm, is
83.33 and 58.8 mg g " for a-Fe,0; NPs and a-Fe,04/SD NC, respectively, which is much higher than
that reported for many other adsorbents studied. The kinetic data and the correlation coefficients (R%)
confirm that the sorption of As (lll) onto a-Fe,Osz NPs and a-Fe,Oz/SD NC follows the pseudo-
second-order kinetic model. The high adsorption capacity, easy and cost-effective synthesis of the a-
Fe,O3; NPs and a-Fe,04/SD NC further suggest its potential application for removal of toxic metal ions
such as As (I11) in industrial wastewater treatment.
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