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Arsenic(V) sorption reaction with nanostructured hydrous iron(III)-zirconium(IV) bimetal mixed oxide
(NHIZO) was investigated experimentally with varying parameters, viz., the effects of pH, contact time,
and isotherm equilibrium at (303 ( 1.6) K. The optimum pH estimated ranged between 5.0 and 7.0. The
kinetic and equilibrium data (pH 7.0 ( 0.2) described the pseudosecond order and the Langmuir isotherm
equations well, respectively. The Langmuir monolayer capacity estimated was (9.3582 ( 0.3116) mg ·g-1.
Thermodynamics analysis of the data of isotherm equilibrium suggested the endothermic and spontaneous
nature of the sorption reaction, and the latter took place with the increase of entropy (∆S0 ) +96.6087
J ·mol-1 ·K-1). The estimation of sorption energy (E ) 12.4700 kJ ·mol-1) from the Dubinin-Radushkevich
(D-R) isotherm analysis had suggested chemisorption of arsenic(V) on NHIZO.

1. Introduction

Arsenic, a toxic element, exists at four major oxidation states
(-3, 0, +3, and +5). Occurrences of arsenic in some spring-
and groundwaters are widespread,1 which are used as the main
sources for drinking by the countrymen of many underdeveloped
countries like India and Bangladesh. Thus, important health
issues result from arsenic levels in major drinking water
resources above recommended WHO concentration (0.01
mg ·dm-3).2 Arsenic mainly reaches humans through the drink-
ing water where it mostly occurs at +3 and +5 forms, depending
on the Eh and pH conditions.3,4 This indicates the requirement
of suitable arsenic contaminated water treatment technology for
the countries where the supply of treated surface water in the
remote villages is impossible in the near future because large
funds are required for the technological shift. Consequently,
several methods such as oxidation-precipitation, coagulation/
electrocoagulation/precipitation, membrane filtration, surface
sorption, and ion exchange etc. have been reported.1,4-6

However, the surface sorption method has been found to be an
alternative option for the treatment of high arsenic groundwater
and is well accepted by the rural people of underdeveloped
countries like India and Bangladesh for simple operation
and low recurring cost. Numerous sorbent materials,4,7 viz.,
activated carbon, agricultural products and byproducts, biom-
asses, and metal oxides or metal ion loaded biomaterials have
been tested for the treatment of high arsenic contaminated
ground-/wastewater and industrial effluents. The solid inorganic
materials used in the bulk phase for arsenic removal from the
aqueous solution are mostly the different mineralogical forms
of iron(III)/aluminum(III) oxide and hydroxide,4-19 mixed rare
earth oxide,20 and Ce(IV) doped iron oxide.21 Some polyvalent
metal oxides have been synthesized and tested for the arsenic
sorption/removal in our laboratory.22-27 Studies in recent years
show the use of nanoscale zerovalent iron,28,29 nanocrystalline
titanium oxide,30,31 and nanostructured akaganeite32 for arsenic
sorption from the aqueous solution which has encouraged us in

undertaking work with the synthetic nanostructured Fe(III)-based
hydrous mixed metal oxide materials. On this basis, nanostruc-
tured hydrous iron(III)-titanium(IV) mixed oxide has been
synthesized and studied for arsenic removal.33 The synthesis,
characterization, and arsenic(III) sorption behavior of nano-
structure hydrous iron(III)-zirconium(IV) bimetal mixed oxide
(NHIZO) has also been reported.34 In extension of our previous
work,34 NHIZO has been used systematically for arsenic(V)
sorption from the aqueous solution for removal.

Thus, the present work reports herein the arsenic(V) sorption
on NHIZO with varying solution pH, contact time for the rate
and equilibrium for isotherm, and thermodynamics of the
reaction.

2. Material and Methods

2.1. Chemicals. All chemicals used in the study were of
guaranteed reagent (G. R., E. Merck, India) except disodium
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Figure 1. Effect of initial solution pH (pHi) on arsenic(V) sorption by
NHIZO at T ) (303 ( 1.6) K. CI ) b, 5 mg ·dm-3; 9, 10 mg ·dm-3. The
symbols represent the experimental data.
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hydrogen arsenate (Na2HAsO4) (99.9 %, Aldrich, USA),
anhydrous ferric chloride (FeCl3) (98 %, laboratory reagent, E.
Merck, India), sodium hydroxide (NaOH) (98 %, laboratory
reagent, SD Fine Chemicals, India), and zirconium oxychloride
octahydrate (ZrOCl2, 8H2O) (35.5 % as ZrO2, ordinary grade,
Loba Chemie, India).

2.2. Arsenic(V) Solutions. A standard stock arsenic(V)
solution (1000 mg ·dm-3) was prepared by dissolving 2.08 g of
Na2HAsO4 in arsenic-free distilled water (1.0 dm3) into a
volumetric flask. The arsenic(V) solutions of required concen-
trations for working were made by diluting the stock with 0.2
% (v/v) HCl. The stock solution was prepared afresh after every
15 days.

2.3. Arsenic Analysis. Arsenic in solution was analyzed by
a hydride generator atomic absorption spectrophotometer (Per-
kin-Elmer Aanalyst 200) (detection limit: 0.01 µg, accuracy >
90 %) and a UV-vis spectrophotometer (Hitachi model 3210)
(detection limit: 1.0 µg, accuracy > 90 %) using the methods
as described by AWWA, APHA, and WEF.35

2.4. Synthesis of NHIZO. The procedure used for the
material synthesis had been reported in the previous com-
munication.34 The outline of the procedure used for the NHIZO
synthesis was the hydrolysis (pH to ∼6.0) of hot (∼60 °C) well-
mixed (speed: 250 rpm) ferric chloride (0.18 M FeCl3 in 0.1 M
HCl) and zirconium oxychloride (0.02 M ZrOCl2 in 0.1 M HCl)
(v/v ) 1:1) solution with 1.0 M sodium hydroxide. The aged
(48 h) brown precipitate was filtered, washed three times with
deionized water, and dried (∼80 °C) in the air-oven. The dried
mass when treated with cold water gave the agglomerated
particles of size ranging from (140 to 290) µm for use in the
experiments.

2.5. Batch Experiments. 2.5.1. pH Effect. The experiment
for estimating the influence of initial solution pH (pHi) on solute
sorption by the sorbent was carried out by mixing 0.1 g of
NHIZO with 0.05 dm3 of arsenic(V) solution (concentration:
(5.0 or 10.0) mg ·dm-3), adjusted at pHi ranging from 3.0 to
11.0, into the separate PET bottles (0.25 dm3). The reaction
mixtures of PET bottles were agitated (speed: (280 ( 5) rpm)
for 2.0 h. The pH (pHf) of the agitated reaction mixture was
recorded by immersing a pH-meter (model LI-127, ELICO,
India) electrode. The residual arsenic in the filtered sample
solution was analyzed.35

2.5.2. Sorption Kinetics. The batch method was used for
kinetics of arsenic(V) sorption by NHIZO at pHi 7.0 ( 0.2 and
temperature (303 ( 1.6) K. Here, 0.5 dm3 of arsenic solution
(concentration: (5.0 or 10.0) mg ·dm-3) was taken with 1.0 g
of NHIZO into a 1.0 dm3 glass vessel and placed in a thermostat
bath to attain the desired temperature. Thereafter, the reaction
mixture was agitated [(280 ( 5) rpm] using a speed adjustable
agitator. A pH-meter electrode was inserted into the solutions
10 min before withdrawing of samples for pH measurement,
and 0.1 M NaOH or 0.1 M HCl was added, if required, for pH
adjustment (∼7.0) during an experimental run. A measured
volume of the reaction mixture, 0.002 dm3 at the initial three
stages and 0.005 dm3 in the later stages, was sampled at a
definite time interval until the equilibrium was reached. The
sample solutions were filtered using 0.45 µm membrane filters,
and the filtrates were analyzed for residual arsenic.35

2.5.3. Sorption Isotherm. Batch sorption isotherm experi-
ments were conducted at a temperature (303 ( 1.6) K and at
pHi 7.0 ( 0.2. Here, arsenic(V) solutions of concentration
ranged from (5.0 to 150.0) mg ·dm-3 and adsorbent doses of 2
g ·dm-3 were used. The agitation (speed: (280 ( 5) rpm) time
used was 2.0 h. The solution pH was adjusted twice in the
middle (at 1.0 h and 1.5 h of agitations from zero time) using
0.1 M HCl and/or 0.1 M NaOH as required. Residual arsenic
was determined in the filtered sample.35

Figure 2. Variation of equilibrium solution pH (pHf) as a function of initial
solution pH (pHi) for arsenic(V) sorption by NHIZO at T ) (303 ( 1.6) K.
The symbols represent the experimental data.

Figure 3. Sorption kinetics of arsenic(V) on NHIZO at different initial
arsenic(V) concentrations (T ) (303 ( 1.6) K, pHi ) 7.0 ( 0.2). b, 5
mg ·dm-3; 9, 10 mg ·dm-3; -----, pseudofirst order;s, pseudosecond order.
The symbols represent the experimental data, and the lines predicted the
model fits.

Table 1. Values of Kinetic Equation Parameters Estimated for the Sorption Arsenic(V) by NHIZO (pHi ) 7.0 ( 0.2, T ) (303 ( 1.6) K)a

pseudo-first order pseudo-second order

arsenic(V)concentration k1 qe k2 qe

(mg ·dm-3) (h-1) (mg ·g-1) R2 �2 (g ·mg-1 ·h-1) (mg ·g-1) R2 �2

5.0 3.3715 ( 0.1931 1.9096 ( 0.0341 0.9882 0.0038 1.7841 ( 0.1718 2.2151 ( 0.0485 0.9905 0.0030
10.0 3.0296 ( 0.2825 3.6924 ( 0.1106 0.9674 0.0366 0.8559 ( 0.1299 4.2702 ( 0.1504 0.9760 0.0270

a The value after the ( sign gives the standard deviation.
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2.5.4. Calculation of Uptake Capacity. Arsenic(V) uptake
capacity, qe (or qt), at equilibrium (or at time, t) of NHIZO was
calculated from the following mass balance relation

qe (or qt) ) (CI - CR)·(V/W)

where CI and CR are, respectively, the initial and residual
concentration (mg ·dm-3) of arsenic in solution and V and W
are the test solution volume (dm3) and mass (g) of sorbent,
respectively, used for the test.

3. Results and Discussion

3.1. Characterization of the Material. The characterization
of this agglomerated material was reported34 by the X-ray
powder diffraction (XRD), scanning electron microscopy (SEM),
transmission electron microscopy (TEM), Föurier transform
infrared (FTIR) spectroscopy, and thermal and surface area
analyzes. It was recorded that the material was hydrated and
crystalline with agglomerated surface morphology. The crys-
tallite particle size as obtained from TEM image analysis ranged
between (16 and 21) nm. The analyzed specific surface area
and pHzpc of the material were found to be 263 m2 ·g-1 and 6.8
( 0.2, respectively.

3.2. pH Effect. Figure 1 demonstrates the effect of initial
solution pH (pHi) on arsenic(V) sorption by NHIZO at (303 (
1.6) K, and that indicated the pH-sensitive sorption reaction of
arsenic(V). It was found that the agitated solution pH (pHf) had
increased with respect to the pHi up to near pHzpc () 6.8 (
0.2)34 and noted that it decreased at above pHzpc (Figure 2) of
the material. At pHi ranging from 3.0 to 5.0, the arsenic(V)
removal percentage ranged between (95.0 and 99.0). The result
obtained was found to be different from that reported by Kundu
and Gupta5 but nearly similar to the results of Lakshmipathiraj
et al.36 Too high removal percentage in the said pH range is
due to either the Columbic attraction between positive surface
of the solid (R1) and H2AsO4

- (pKa
1 ) 2.19) or the ligand-

exchange phenomenon.

MOH(s) + H(aq)
+ f MOH2(s)

+ (pH < pHzpc) (R1)

Whatever the reaction mechanism, the increase of pHf value of
the solution was indicated. Nearly the same arsenic(V) sorption
percentage for the solute loads studied in the pHi range between
3.0 and 5.0 is presumably due to (i) the presence of excess active
surface sites compared to the solute loads added and (ii) pHf <
pHzpc. Arsenic(V) sorption percentage was found to decrease
slightly from pHi 5.0 to 7.0, and pHf was near/around pHzpc.
This is presumably due to the decrease of Columbic attraction
between near neutral/neutral solid surface and H2AsO4

- species.
The sorption percentage had decreased to a slightly greater
extent at pHi from 7.0 to 8.0 than that at pHi 6.0 to 7.0 which
was noted clearly for the case of solute load of 10.0 mg ·dm-3,
and that was not so significant for the solute load of 5.0
mg ·dm-3. The latter might be due to the low solute/solid ratio.
Arsenic(V) sorption percentage decreased sharply at pHi g 8.0,
which is mainly due to (i) the negative surface of solid (R2) as
the solution pHf was greater than the pHZPC value (Figure 2)
and (ii) the presence of dinegative

MOH(s) f MO(s)
- + H(aq)

+ (pH > pHzpc) (R2)

arsenic(V) species (pKa
2 of H3AsO4 ) 6.94) in solution. Thus,

the solute species experience strong Columbic repulsion before
sorption when it comes at the boundary layer of the solid surface
and liquid phase.

3.3. Kinetic Analysis. Figure 3 demonstrates the kinetic data
of arsenic(V) sorption by NHIZO obtained at pHi 7.0 (( 0.2)
and temperature 303 (( 1.6) K. It was found that ∼75 % of
total sorbed arsenic(V) took place in 0.5 h, and the time taken
to reach the equilibrium was ∼1.6 h.

These data (Figure 3) have been analyzed by the nonlinear
least-squares fit method using the appropriate coordinate of each
equation by the pseudofirst order37 (eq 1) and the pseudosecond
order38 (eq 2) kinetic equations, and the fits are shown with the
experimental data in Figure 3.

log(qe - qt) ) log qe - (k1·t)/2.303 (1)

t/qt ) 1/(k2·qe
2) + t/qe (2)

where qe and qt are the sorption capacities (mg ·g-1) at
equilibrium and at any time, t (h), respectively; and k1 (h-1)
and k2 (g ·mg-1 ·h-1) are the rate constants, respectively, related
to eqs 1 and 2. The kinetic parameters estimated from the
computer spreadsheet of the nonlinear plots for the used kinetic
equations are shown in Table 1. The �2 values estimated for
the solute solution of concentrations (5.0 and 10.0) mg ·dm-3,
respectively, from the analysis of the pseudosecond order
equation (eq 2) were 0.0030 and 0.0270, while those from the
pseudofirst order equation (eq 1) were 0.0038 and 0.0366. The

Figure 4. Variation of arsenic(V) sorption capacity of NHIZO as a function
of square root of time at T ) (303 ( 1.6) K and pHi ) 7.0 ( 0.2. CI ) b,
5 mg ·dm-3; 9, 10 mg ·dm-3. The symbols represent the experimental data,
and the lines are the linear fits.

Figure 5. Equilibrium data for arsenic(V) sorption by NHIZO at T ) (303
( 1.6) K and at pHi ) 7.0 ( 0.2. ---, Fruendlich;s, Langmuir. The symbols
represent the experimental data, and the lines predicted the model fit.
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R2 (regression coefficient) values estimated for the aforesaid
solute concentrations from the pseudosecond order equation (eq
2) were 0.9905 and 0.9760, and those from the pseudofirst order
(eq 1) were 0.9882 and 0.9674. Thus, based on the estimated
�2 and correlation coefficient (R2) values, it could be generalized
that the experimental data described the pseudosecond order
equation (eq 2) well and better than the pseudofirst order
equation (eq 1). The pseudosecond order rate constant (k2,
g ·mg-1 ·h-1) value has been found to decrease with increasing
initial arsenic(V) load in solution per gram of NHIZO. This is
presumably due to the initial more rapid growing of surface
negative charge for fast sorption of arsenic(V) on the exterior
surface of the solid from the concentrated (10.0 mg ·dm-3) solute
solution than from the dilute (5.0 mg ·dm-3) which inhibits the
later stages of sorption at the interior surface of solid by
Columbic repulsion between like charges on solid surface and
the solute species in solution. This indicates very slow sorption
at the later stages, and the estimated overall k2 value was less
for the solute solution of higher concentration than that for the
case of solute solution of the lower one. Thus, the arsenic(V)

sorption is kinetically more favorable from the solution of lower
solute load than from the higher one.

The rate-determining step (RDS) of the surface sorption
reaction can be ascertained from the Weber-Morris39 plot for
the equation (eq 3)

qt ) kid·t
0.5 (3)

where kid is sorption constant (mass ·g-1 · time-0.5), and the other
terms have been described elsewhere. If the plot of qt versus
t0.5 is a straight line with intercept zero, then RDS is intraparticle
diffusion, and if the plot has some intercept value, the RDS
should be a multistage one. For the present case, the plots
(Figure 4) show a straight line with some intercept value, which
indicates the RDS is not controlled by the intraparticle diffusion
phenomenon only. Instead, it should be the multistage controlled
process.

3.4. Isotherm Analysis. Figure 5 demonstrates the equilib-
rium data for the arsenic(V) sorption on NHIZO obtained at
the temperature 303 (( 1.6 K) at pH 7.0 (( 0.2). To evaluate
the nature of the sorption reaction, the following most commonly
used isotherm model equations were used for the data analysis

Langmuir isotherm:40 qe ) (qm·Ka·Ce)/(1 + Ka·Ce)
(4)

Freundlich isotherm:41 qe ) KF·Ce
(1/n) (5)

where Ce (mg ·dm-3) and qe (mg ·g-1) are, respectively, the
equilibrium concentration and capacity. qm and Ka are the
Langmuir constants related to monolayer sorption capacity
(mg ·g-1) and sorption equilibrium constant (dm3 ·g-1), respec-
tively. KF and n are the Freundlich constants related to sorption
capacity (mg ·g-1)(dm3 ·mg-1)-1/ n and intensity, respectively.

The isotherm data shown as points (Figure 5) had been
analyzed with the aforesaid equations (eqs 4 and 5) by the
nonlinear methods using the origin software spreadsheet, and
the fits of data are also shown in Figure 5. The related isotherm
parameters evaluated from the nonlinear analyses of the data
are given in Table 2. On the basis of either the statistical error

Table 2. Values of Isotherm Equation Parameters Estimated by the Nonlinear Analysis of Equilibrium Arsenic(V) Sorption Data on NHIZO
(pHi ) 7.0 ( 0.2, T ) (303 ( 1.6) K)a

Isotherm Parameters

Langmuir Freundlich

qm Ka KF

R2 �2 mg ·g-1 dm3 ·g-1 R2 �2 (mg ·g-1)(dm3 ·mg-1)-1/n n

0.9670 0.2372 9.3582 ( 0.3116 0.2107 ( 0.0370 0.7574 1.7971 3.9254 ( 0.7469 5.7263 ( 1.5221

a The value after the ( sign gives the standard deviation.

Table 3. Comparison of the Langmuir Monolayer Arsenic(V) Sorption Capacity (qm/mg ·g-1) with Some Reported Sorbent Materials

qm asenic(V) concentration

adsorbent (mg ·g-1) ref mg ·dm-3 and pH

red mud 0.514 11 33.37 to 400.4/µmol ·dm-3

iron oxide coated sand 0.043 15 100/µg ·dm-3 and 7.6
granular ferric oxide 8.5 9 5 to 100 and 8 to 9
ferrihydrite 111.02 10 0.267 to 26.7/mmol ·dm-3

activated alumina 15.9 13 2.85 to 11.5 and 5.2
hydrous stannic oxide 4.3 25 1.0 to 10 and 7.0
crystalline ferric oxide 25.0 22 50.0 to 250.0 and 3.0 to 4.0
hydrous zirconium oxide 31.0 to 32.0 24 50.0 to 250.0 and 2.0 to 3.0
nanohydrous iron-titanium mixed oxide 14.3 33 5 to 150 and 7.0
mixed rare earth oxide 2.95 20 50.0 and 6.5
nanostructured akaganeite 1.80 32 5 to 20 and 7.5
iron oxide coated biomass 0.059 42 up to 100/µg ·dm-3 and 6.0
NHIZO 9.36 present work 5.0 to 150 and 7.0

Figure 6. Variation of ln Cs/CL as a function of 1/T of arsenic(V) sorption
by NHIZO at pHi ) 7 ( 0.2. The symbol represents the experimental data,
and the line is the linear fit.
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chi-square (�2) or the linear regression coefficient (R2) values
(Table 2), it could be said that the fits of the present equilibrium
data are found better with the Langmuir isotherm (eq 4) than
the Freundlich (eq 5). The Langmuir monolayer sorption
capacity (qm, mg ·g-1) value obtained from the nonlinear method
of analysis was 9.3582 (( 0.31116) mg ·g-1. To estimate the
arsenic(V) removal efficiency of NHIZO, the qm value has been
compared with some reported data for different sorbents in Table
3. As the qm value of the sorbent varies with the initial
concentration range of the solute, pH, and other experimental
conditions, it becomes difficult to compare directly. However,
it could be predicted from the comparison table (Table 3) that
NHIZO is a fairly good scavenging agent for arsenic(V) at
normal conditions compared to many other sorbents.

3.5. Thermodynamic Parameters. Thermodynamic param-
eters for the present sorption reaction were calculated using the
standard relations available in the literature43 and the data shown
as points in Figure 5. The values of the standard enthalpy change
(∆H0) and the standard entropy change (∆S 0) were estimated
from the plot (ln Cs/CL versus 1/T) shown in Figure 6, which
are given in Table 4. The ∆H0 for the present reaction was found
to be positive (+26.5715 kJ ·mol-1), which proves the endo-
thermic nature of the sorption reaction. The ∆S0 of the process
was found to be positive (+96.6087 J ·mol-1 ·K-1), which
indicates the increase of randomness at the solid-liquid interface
when the solute sorption took place on the solid. This is
presumably due to the increase of released solvent molecules
when solvated solute distributes on the solid phase from the
aqueous solution and the number of molecules increases at the
solid-liquid interface. The results obtained are found to
be similar to those that had been reported previously.5,33,34 The
standard Gibbs free energy change (∆G0) was found to be
negative, and the value increased with increasing temperature
(Table 4). This suggests the spontaneous nature of the sorption
reaction at the temperatures studied, and the reaction spontaneity
increases with increasing temperature, which is characteristic
of an endothermic surface reaction.

3.6. Energy of Sorption. The equilibrium isotherm data
shown as points in Figure 5 have been analyzed by the

Dubinin-Radushkevich (D-R) equation44 (eq 6) to evaluate
the sorption energy.

ln Qe ) ln Qm - KDR·ε
2 (6)

where Qe and Qm are the equilibrium and saturated sorption
capacities in (mol ·kg1-), respectively, and KDR is a constant
related to the free energy (mol2 ·kJ-2) of sorption. ε, the Polanyi
potential, is expressed by the equation below (eq 7)

ε ) RT ln{1 + (1/Ce)} (7)

where Ce has its usual meaning described elsewhere; R and T,
respectively, are the molar gas constant and absolute temper-
ature. The Qm and KDR parameters, respectively, were evaluated
from the intercept and slope of the plot of ln Qe versus ε2 (Figure
7), and the values are shown in Table 5. If the mean energy (E,
kJ ·mol-1) of sorption, which can be calculated by computation
of KDR (kJ ·mol-1) in the following relation (eq 8), ranges from
8.0 to 16.0, the sorption should be of chemical nature.

E ) (-2KDR)-0.5 (8)

The mean sorption energy (E) value calculated at studied
temperature is shown also in Table 5. The E-value (kJ ·mol-1)
for the present reaction was found to be 12.47, which ranged
between (8.0 and 16.0) kJ ·mol-1. This indicates the chemi-
sorption of arsenic(V) on NHIZO, which is similar to the result
that had been reported by some other authors5,12 but somewhat
different from our previous result.33 Thus, the plausible mech-
anism of arsenic(V) adsorption by NHIZO at pHi 7.0 (( 0.2)
can be depicted as

Table 4. Values of Thermodynamic Parameters Evaluated for Arsenic(V) Sorption by NHIZO (pHi ) 7.0 ( 0.2, T ) (303 ( 1.6) K)

arsenic(V) concentration ∆H0 ∆S0 -∆G0/(kJ ·mol-1)

(mg ·dm-3) (kJ ·mol-1) (J ·mol-1 ·K-1) 283 K 293 K 303 K 313 K 323 K

10.0 +26.5715 +96.6087 0.7688 1.7349 2.7009 3.6670 4.6331

Figure 7. Dubinin-Radushkevich isotherm plot of arsenic(V) sorption on
NHIZO at T ) (303 ( 1.6) K and pHi ) 7.0 ( 0.2. The symbol represents
the experimental data, and the line is the fit of data.

Table 5. Values of the Dubinin-Radushkevich (D-R) Isotherm
Parameters Evaluated for Arsenic(V) Sorption by NHIZO (pHi )
7.0 ( 0.2, T ) (303 ( 1.6) K)a

D-R isotherm parameters

E KDR Qm

R2 (kJ ·mol-1) (mol2 ·kJ-2) (mol ·kg-1)

0.9946 12.4700 0.0023 ( 0.0311 0.0004

a The value after the ( sign gives the standard deviation.

Figure 8. Föurier transform infrared (FTIR) spectra of (a) NHIZO and (b)
As(V)-sorbed NHIZO.
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M-OH + H2AsO4
-Na+ y\z

pH ∼ 7.0

M-OAsO2(OH)-Na+ + H2O

The mechanism suggested is supported by the fact that the pHi

(7.0 ( 0.2) and pHf (after arsenic(V) sorption) remained nearly
close with each other.

To confirm the mechanism suggested, FTIR spectra of
NHIZO and As(V)-NHIZO were analyzed. Both spectra
(Figure 8) showed absorption peaks at wavenumbers (cm-1)
around 3450 and 1620, respectively, for the stretching and
bending modes of O-H bonds. The peak at 2300 cm-1 for the
spectra of NHIZO was for the C-O stretching mode of CO3

2-,
which has presumably come from the alkali used for the
preparation. The peak at wavenumber around 895 cm-1 observed
for the spectra of arsenic(V)-NHIZO was the stretching
vibration mode of the As-O bond in AsO4

3-.36 The broad peak
at ∼650 cm-1 of NHIZO was presumably for the vibration mode
of the M-O bond which is found to disappear in the spectra of
arsenic(V)-NHIZO, and instead two peaks appear at (∼600
and 670) cm-1 in the latter spectra. These may be due to the
formation of the M-O-As (HAsO4

2-) bond in place of M-OH
in arsenic(V)-NHIZO.

4. Conclusion

• Agglomerated nanostructured synthetic bimetal mixed
iron(III)-zirconium(IV) oxide (NHIZO) shows good sorption
affinity for arsenic(V) in a wide range of initial solution pH
(pHi 3.0 to 7.0).

• The sorption reaction takes ∼1.6 h to attain the equilibrium.
• The kinetic data for the sorption reaction describe the

pseudosecond order equation better than the pseudofirst order
equation.

• The sorption pattern of arsenic(V) by NHIZO fits well to
the Langmuir model. The Langmuir capacity qm [(9.3582 (
0.3116) mg ·g-1] is higher than many of the conventional
sorbents for arsenic.

• The reaction is endothermic (∆H0 ) +26.5715 kJ ·mol-1),
and that takes place with increasing entropy (∆S0 ) +96.6087
J ·mol-1 ·K-1).

• The increasingly negative Gibbs free energy change (-∆G0

) (0.7688 to 4.6331) kJ ·mol-1) indicates the increase of reaction
spontaneity with temperature.

• Arsenic(V) sorption reaction with NHIZO is a chemisorption
phenomenon.
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