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ABSTRACT

In this work, the adsorption of arsenic (V) onto crystalline
substituted goethites was studied for samples with different Sn-
contents. The highest Sn-content of the prepared samples was 5.5
(expressed as 100x[Sn]/[Sn]+[Fe]) as all attempts to prepare
goethites with higher tin content only rendered amorphous
materials. The Sn-for-Fe substitution caused changes on the
physico-chemical properties of the obtained samples, and the
thermal analysis indicated that the formed Sn-goethites were
metal-deficient goethites with increased thermal stabilization
towards decomposition to hematite. BET surface analysis
evidenced the presence of large mesoporous or macroporous in all
samples and the following trend in SSA values: GSn5.5
(54.90+0.08) > GSn0 (25.75+0.09) > GSn2.1 (17.19+0.05 m’g™).
The As(V) adsorption presented a maximum at pH = 5.50 + 0.05
for all samples and the data showed that GSn5.5 nearly duplicates
the amount of As adsorbed per gram of pure goethite. To evaluate
the chemical stability of the samples, dissolution kinetics
measurements in acidic conditions were also performed.
Dissolution rate followed the trend GSn2.1 > GSn0 > GSn5.5.
The facts that GSn5.5 dissolves slower than the pure sample and
that adsorbs twice as much as pure goethite indicate that GSn5.5
is a promising agent for As(V) removal technologies.
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1. INTRODUCTION

Both goethite and ferrihydrite are commonly found in soils,
exhibit a highly reactive surface and a strong affinity for As(V)
and As(lll) [1,2]. Besides, both oxides highly influence the
mobility behavior of As [3] in natural environments. In particular,
goethite (a-FeOOH), is one of the thermodynamically most stable
iron oxide at ambient temperature, and the mineral often forms
through the weathering of iron-rich minerals [4]. The oxide has
been used since prehistoric times as a natural pigment and also
serves as a catalyst of various reactions [5-10] and because of its
affinity for many ions can be used to adsorb pollutant ions in
water chemistry plants [11]. As the metal substitution in Fe
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(hydr)oxides results in changes in crystal size, surface charge and
surface area, the incorporation of foreign metals also alters their
adsorption of ions and molecules. For instance, Masue et al. [12]
have demonstrated that As(l11) and As(V) adsorption onto several
Al-Fe hydroxides decreases as the Al:Fe molar ratio increases.
Silva et al. [13] have tested the potential of several Al-goethites
(specific surface areas, SSA; in the range 124.7-113.2 m’g™) in
adsorbing As(V) and found that the presence of structural Al in
the goethites enhanced considerably the As uptake when
compared to pure goethite (SSA 20.6 m’gl). Also the
incorporation of Pb(IV) in goethite has proven to increase the
adsorption capacity for As(V) [14], and the removal of As(V) by
Cu(l)-, Ni(ll)-, and Co(ll)-doped goethite has shown to follow
the order Cu(ll)-doped goethite > Ni(ll)-doped goethite > Co(ll)-
doped goethite > pure goethite [15].

Incorporation in synthetic goethite is easily achieved and several
elements have been incorporated into its structural framework.
Metal-for-Fe substitution in goethite have been reported among
others for chromium [16-19], cobalt [20,21], manganese [22—-26],
cadmium [27-29], vanadium [30], nickel, copper, zinc, and lead
[31]. Multi-metal substitution has also been reported [32-34].

In particular, Berry et al. [35] have prepared Sn(IV)-doped
goethites from Sn(ll) and Fe(lll) solutions using aqueous
ammonia and an hydrothermal process at 200 °C and 15 atm
pressure but the spatial characteristics of the obtained Sn-goethites
were not reported because the X-ray powder diffraction data of
their samples was not amenable to refine to a structural model. In
our laboratory we succeeded in obtaining crystalline tin-doped
goethites using milder conditions and a more inexpensive
preparative method [36]. The samples were obtained by the aging
of basic solutions of Sn(Il) and Fe(lll) at 70°C for 20 days, at
atmospheric pressure. The final Sn-content of the prepared
samples (usy) was 21401 and 55+0.1 mol mol?
(nsn=[Sn]x100/[Sn]+[Fe], [Me]: mol L) when the initial Sn
concentrations were 5.00 and 10.00 mol mol ™ respectively, and all
attempts to synthesize goethites with higher tin content have
failed as the preparations rendered amorphous materials. The
solids were highly crystalline and the Rietveld refinement of XRD
data showed that Sn partially substituted the Fe(lll) ions
provoking unit cell expansion and an average polyhedron
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distortion that enlarged the intermetallic distances. The refinement
also indicated that Sn-incorporation increased the crystallinity of
the particles with enlarged domains that grow in the perpendicular
and parallel directions to the anisotropic broadening (111) axis.
Morphological observations by SEM measurements demonstrated
that the shape of the particles was modified by the Sn-
incorporation with a length to width ratio that decreased with the
Sn content. Using ™°Sn and *'Fe Méssbauer spectroscopy we
have also shown that Sn(ll) is incorporated as Sn(IV) and that
Fe(ll) was not present in the samples. It was concluded that the
charge balance in tin-doped goethite was achieved by the
formation of cation vacancies in the Sn-incorporated samples.

The end product of the thermal dehydroxylation of goethite is
hematite. Usually, a typical differential thermogram of goethite
presents a smooth loss in the temperature range 30-140 °C that is
due to the release of absorbed water and a well-defined
endothermic peak in the range 200-400 °C which corresponds to
the dehydroxylation of the sample to give H,O and a-Fe,O;. A
stoichiometric goethite shows a mass loss of 10.13% during its
transformation to hematite, however metal-deficient goethites,
with OH/0? ratio > 1, present larger mass loss values. The
transformation temperature depends on the crystallinity of the
sample and on the type and degree of substitution. For instance,
Sileo et al. [19] have found that the transformation temperature of
a series of Cr-goethites is shifted to higher values when the Cr
content increases. The same trend was observed for Al- [37], Mn-
[24] and Co-substituted goethites [20].

2. EXPERIMENTAL
2.1 Samples Preparations and Analysis

2.1.1 Adsorbents

Three samples of pure and substituted goethites with a Sn-content
of 0.0, 2.1 and 5.5 mol mol™ (expressed as 100x[Sn]/[Sn]+[Fe])
were synthesized and fully characterized following the procedure
used by Larralde et al. [36]. Reagent grade chemicals were used.
In all experiments, solutions were prepared with high-purity 18
MQ cm™ water. The samples were named GSn0, GSn2.1 and
GSn5.5.

2.1.2 Thermal analysis

Thermogravimetric (TGA) and differential thermal analysis
(DTA) were performed in a TGA-51 and a DTA-50 Shimadzu
equipment. Samples of about 12.0 mg (for TGA measurements)
and 6.0 mg (for DTA measurements) were heated in a N,
atmosphere in the temperature range 30-450 °C (heating rate 5
°C/min).

2.1.3 Specific surface areas (SSA)

The surface areas were determined by physical N,
adsorption/desorption at 77 K using a Micrometrics ASAP 2020
equipment. The SSA values were derived from N,
adsorption/desorption isotherms by means of the BET equation
[38].

2.2 Acidic Dissolution Experiments

The chemical stability of the samples was measured in
magnetically stirred, thermostated double jacket cells with
perforated stoppers provided with temperature sensors and
sampling port. The dissolution behaviors were tested in 6.0 M
HCI at 70.00+0.02 °C. In a typical experiment the reaction was
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started by adding the oxide (ca. 20 mg) in 100 mL of the mineral
acid solution. Approximately 15 aliquots of 1 mL volume each
were withdrawn from the suspension during each run using a
micropipette. The aliquots were filtered through a 0.22 pm
cellulose acetate membrane. All chemicals were analytical grade
and the solutions were prepared with high purity 18 MQ cm™
water.  Dissolved iron  concentrations were  obtained
spectrophotometrically using the thioglycolic acid method [39].
All samples achieved total dissolution in the dissolving media and
re-precipitation of metals was not detected. These indicated that
the reagent concentrations were sufficient to keep metal ions in
the form of soluble complexes.

2.2 Adsorption Experiments

2.3.1 Effect of pH on arsenic adsorption

The adsorption capacity of the prepared samples was measured at
various pH values (4 to 7), and plotted versus pH to construct the
adsorption envelopes. The suspensions were prepared from solids
hydrated by thirty minutes sonication before the addition of the
sorbates. The experiments were conducted at pH 4.00+0.05,
5.50+0.05, 7.00+0.05 and at 25.0040.02°C under a N, atmosphere.
The thermostated double jacket cells used were magnetically
stirred and presented perforated stoppers provided with pH and
temperature sensors. The pH values of individual samples were
adjusted using an automatic titrator (Mettler T70) by adding 0.1
M KOH or HNOs. The adsorbents (ca. 200 mg) were placed in
contact with arsenate solutions (100 mL, 0.53 mmol L) prepared
by dissolving analytical grade di-sodium hydrogen arsenate
heptahydrate (Na;HAsO,4.7H,0, Merck) in Milli-Q water. KNO3
0.1 M was used as background electrolyte for all the experiments.
Approximately 15 aliquots of 1 mL volume each were withdrawn
from the suspension during each run and syringe-filtered over a
0.22 um cellulose acetate membrane. Arsenic concentrations were
obtained spectrophotometrically using the molybdenum blue
method [40].

2.3.2 Effect of Sn-concentration on arsenic adsorption
The adsorption of As(V) was conducted on samples GSno,
GSn2.1 and GSn5.5 as a function of reaction time. The
experiments were carried out using a similar procedure detailed in
the previous section. The pH values were fixed at 5.50+0.05 for
all the samples.

2.4 Electrophoretic Mobility

Electrophoretic mobility (EM) measurements were performed at
room temperature using a Brookheaven 90 Plus Particle Size
Analyzer. Samples were prepared by adding approximately 3 mg
of the solid to 20 mL of 0.01 M KNOjs solution. The pH value was
adjusted in the range 3 to 9 by adding 0.1 M KOH or 0.1 M HNO;
and three sets of ten points were measured for each sample. The
values were expressed as mV.

3. RESULTS AND DISCUSSION

Different techniques were used in the materials characterization to
provide information on the physical properties dependence on the
composition of the samples.

3.1 Thermogravimetric Analysis

The thermal treatment of goethite in the temperature range 30-200
°C eliminates adsorbed water, and the measured TGA data
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indicated that the adsorbed water in the prepared samples did not
exceed 1 wt. %.

At higher temperatures (range 200-400 °C) dehydroxylation takes
place to give hematite and stoichiometric pure goethite presents a
mass loss of 10.13% according to the following equation:

2 a'FeO(OH) e Q'Fezog + Hzo

However, as in the substituted goethites Fe(lll) is replaced by
Sn(lV), the expected mass for the stoichiometric (hydr)oxide
decreases according to the following expression:

2 a-(Fel_XSnX)Ol+X(OH)1_X 4 a-(Fel_XSnx)203+X + (1'X) Hzo

When the OH /0% ratio > 1, the mass of the released water is also
larger, and the dehydroxilation process can be described by:

2 O"'(Fel-xsnx)1-y/301+><-y(OH)1-><+y — (1-y/3) a-(Fe1xSny),03.x +
(1-x+y) H,O

that involves the formation of a metal-deficient goethite with a
total metal content of 1-y/3 (y>0). Thus, the experimental mass
allows the calculation of the stoichiometry of the synthetized
goethites.

The experimental mass losses measured by the TGA
measurements and the calculated stoichiometries for the obtained
Sn-substituted goethites are shown in Table 1.

Table 1. Thermal analysis data and specific surface area

measurements
GSno0 GSn2.1 GSn5.5
H,0 % released
. 11.72+0.02 | 11.60+0.02 | 10.52+0.02
(experimental)
H,0 % released
o ] 10.13 9.98 9.75
(stoichiometric)
DTA peak (°C) 286.1 296.0 302.0
BET surface area
25.75+0.09 | 17.19+0.05 | 54.90+0.08
(m?/g)

All the measured mass losses were larger than that of the
stoichiometric values indicating that the OH/O? ratio > 1, and
that the stoichiometries of the prepared goethites were o-
Fe0.94800.843(OH)1.157 Tor GSn0, ai-Feg 9265N0.02000.837(0H)1.162 ToOr
GSn2.1 and a-Feg g20SN0.05400.921(0OH) 1,079 for GSn5.5 (all relative
errors in the range 0.003-0.004).

The DTA traces for the samples are shown in Figure 1. As can be
seen, the endothermic peak, corresponding to the structural water

released from the OH™ groups, is displaced to higher temperatures
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when the Sn content increases, indicating that the incorporation of
Sn increases the thermal stability of the goethites

450

150

300
Temperature (°C)

Figure 1. DTA traces for GSn0 (—), GSn2.1 (--) and GSn5.5 (-.-).

3.2 Specific Surface Analysis

The measured N, adsorption-desorption isotherms for the three
samples are shown in Figure 2. The form and maximum
adsorption value of the isotherm varied with the Sn-for-Fe
substitution, and in all cases the measured maximum values were
low indicating a poor N, retention. The three samples presented a
rapid increase in N, adsorption at p/p° ~ 1, which indicated the
presence of large mesoporous or even macropores.

Isotherms for samples GSn0 and GSn2.1 were convex to the p/p°
axis over its entire range presenting a weak hysteresis loop at high
p/p°. According to the IUPAC classification [41] this feature
indicates a Type Il isotherm where only a monolayer coverage is
achieved.

The shape of the GSn5.5 isotherm differed from the previous ones
presenting the hysteresis loop at lower p/p° values. This shape is
attributed to both monolayer and multilayer adsorption, and
corresponds to a type IV isotherm [41].

The SSA values followed the trend GSn5.5 (54.90+0.08) > GSn0
(25.75+0.09) > GSn2.1 (17.19+0.05 m?g™). The data indicated
that the most crystalline goethite (GSn5.5) [36] presents the
largest specific surface area.

3.3 Dissolution Experiments

In order to determine how the Sn-for-Fe substitution varies the
chemical stability of the goethites, dissolution experiments at
70.00 °C in 6.0 M HCI were performed. The results are presented
in Figure 3 where the fractions of Fe dissolved, fr, (fre = dissolved
Fe mass/total Fe mass) were plotted as function of reaction time.
As can be seen the Sn-substituted goethites dissolved more slowly
than pure goethite, indicating a stabilization towards mineral acid
dissolution with Sn-substitution.
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Figure 2. N, adsorption — desorption isotherms for samples GSnO (- -), GSn2.1 (-e-) and GSn5.5 (-1-).
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Figure 3. Dissolution-time curves for GSn0 (a ), GSn2.1 (e)
and GSn5.5 (@) in HCI 6.0 M and 70.00 + 0.02 °C. The
application of the bidimensional contracting model is shown in
the inset. Reported data correspond to average values from
three independent dissolution runs.

The three kinetic runs showed a deceleratory behavior. The data
were fitted to several kinetic laws, such as the Avrami-Erofejev
2D and 3D model [42], the contracting cylinder model
(bidimensional geometry) [43], and the contracting sphere model
(three dimensional geometry) [43]. All kinetics laws accurately
described the obtained data, however and according to SEM
measurements that revealed an elongated form of the goethite
particles [36], we inform the parameters obtained by applying the
contracting cylinder model. Within this model [44] the rate law
expression is obtained on the assumption of an isotropic
dissolution where the reaction proceeds inwards at a constant rate
at all crystal surfaces, taking the following expression:

1
1-(1-fl2 =kt

where k (dissolution rate constant expressed in s™) represents the
advance of the reaction on the surface of the particle.
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The dissolution rate constants k, expressed per mol of Fe in the
(hydr)oxide, calculated from the initial nearly linear region of the

dissolution curves, are presented in Table 2. The calculated rate
constants k’, expressed in mol Fe m2s?, are also shown.

Data in Table 2 indicates that Sn-for-Fe substitution reduces the
dissolution rate, and the most substituted sample is the most stable
towards dissolution. The release of Fe decreased with Sn-
substitution and highly substituted goethites retained Sn more
efficiently than a-Sn,FeOOH with a low level of incorporation. In
our case, and when expressed per gram of Fe in the oxide, pure
goethite dissolved more than two times faster than GSn5.5. This
fact is opposite to the results found by Alvarez et al. when
studying the reactivity in acid media of Mn-goethites [25], and
Co-goethites [20] that reported than in samples with similar
degree of substitution the reactivity per gram displayed the
following order, Co-goethite > Mn-goethithe > pure goethite. Our
results are in line with those of Tufo et al. [45] that found that the
reactivity of Cr-substituted goethites in mineral acid media at 70
°C, is lower than the one of pure goethite.

Table 2. Dissolution rate constants and kinetic data for the
adsorption of As(V) onto the goethites as affected by the Sn

content
Sample GSn0 GSn2.1 GSn5.5
k (md Feg®s?) 1.19x107° 8.08x10® 5.16x10°
K (mol Fem?sY) 4.62x10” 4.70x10” 0.94x10”
ke (@minmM?) | 1.717+0.150 | 0.839+0.084 | 1.897+0.190
Ko (MPmin’mM?) | 44.213+3.9 | 14.422+1.4 | 104.145+10.4
[ASleq (MM @Y | 0.552+0.050 | 0.924+0.050 | 1.124+0.050
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Dissolution per unit area followed the trend GSn2.1 > GSn0 >
GSn5.5, indicating that a small degree of Sn-for-Fe substitution
enhances the reactivity per unit area in goethites, and a larger
degree of substitution passivates the surface towards mineral acid
dissolution. Regarding the k" value of GSn5.5 (0.94 x 107 mol Fe
m? s, the comparison of these results with the ones of Tufo et
al. [45] for a Cr-goethite with similar substitution (uCr = 5.0),
they reported a value of k'=9.14 x 10 mol Fe m?s™%. Taking into
account that the authors have obtained the rate constants using
HCI 3.98 M, whereas we used HCI 6.0 M, the values of the two
constants indicate that both, Sn and Cr incorporation, enlarge the
stability of substituted goethites, and that the stabilization is larger
when Cr is incorporated.

3.4 Adsorption

3.4.1 Effect of pH on arsenic adsorption

The effect of pH on the adsorption of As(V) onto samples GSnO,
GSn2.1 and GSn5.5 was studied with an initial concentration of
0.53 mmol L% and an equilibration time of 120 min. After
equilibration, un-adsorbed arsenic and the final pH of the solution
were measured. The results are displayed in Figure 4 and showed
a maximum of adsorption at about pH 5.5 in all samples. At this
pH value arsenic acid (H3AsOy,), with pKa values of 3.6, 7.3 and
12.5, predominantly exists as the monovalent anion, H,AsO, .
After the maximum, the adsorption of As(V) decreased with the
increase of pH as found by other authors for pure goethite [46—
48].

14— T T T T T T

12} 4

08 F 4

mM As(V) /g

As(V) adsorbed

04F 4

02 1 1 1 1 1 1 1
4.0 4.5 5.0 55 6.0 6.5 7.0

pH

Figure 4. Effect of pH on As(V) adsorption onto samples GSn0
(-a-),GSn2.1 (-e-) and GSn5.5 (- -). All symbols are
experimental averaged data from several independent

measurements.

The shape of the curve indicated that the influence of pH on the
adsorption capacity of the sample is higher in the Sn-goethites
than in pure goethite.

3.4.2 Effect of Sn-substitution on arsenic adsorption

The experiments of adsorption of As(V) onto the three samples
were conducted at pH 5.50+0.05, where the maximum adsorption
was detected (see Figure 4), and at 25.00+0.02 °C using arsenate,
H,AsO,** (concentration 0.53 mmol L?). The adsorption method
was previously standardized and performed under a N,
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atmosphere. As all the inorganic species (Sn(IV), Fe(lll) and
As(V)) were fully oxidized, the results in this inert atmosphere
will not differ from the ones obtained in an oxidizing
environment. The variation of As(V) adsorption with the contact
time is shown in Figure 5, where a plateau is reached in less than
30 minutes of observation.

As(V) adsorbed
mM As(V) / g goethite

0.00 ) ) .
0.00 50.00 100.00

Time (min)
Figure 5. As(V) (mM g™*) adsorbed vs. time for the different
goethites: GSn0 (-a -), GSn2.1 (-e-) and GSn5.5 (-®-). Solid
lines correspond to the fitting of the data to the pseudo-second

order kinetic rate model. Each adsorption curve is an
averaged value from three independent adsorption runs.

The kinetic data was modeled using a pseudo-second order rate
equation [49] that has been widely used to describe organic
compounds and metal adsorption on different adsorbents [50].
The pseudo-second order kinetic rate equation is expressed as:

t 1 41
[AS]: 'i':rzris [AS];gq [As]t,aq

L

where [As]i¢q is the amount of As adsorbed at equilibrium
expressed in MM g™, kqg is the rate constant of adsorption (in g
mM™? min?), and [As]; is the amount of As adsorbed onto the
surface of the solid (in mM g™) at different contact time, t (in
min).

The experimental data followed the equation and straight lines
were obtained when t/[As]; was plotted vs. t, indicating that the
process follows the pseudo-second order rate equation. The fit of
the experimental data to the second order equation may indicate
that the process controlling the rate is a chemical adsorption
involving valence forces through sharing or exchange of electrons
between adsorbent and adsorbate [51,52].

The results of the fitting (see Table 2) indicated that the Sn-
goethites adsorbed more As(V) than the pure one, and that the
adsorption on GSn5.5 doubles the one in GSn0O (see values of
[As];eq, and Figure 4). The adsorption rate constants (Kags) values,
expressed per gram indicate that the fastest adsorbing sample is
GSn5.5, followed by pure goethite, being GSn2.1 the solid with
the smallest kygs. A similar trend in rate adsorption is obtained
when kqg is expressed per m? and the data demonstrate that the
affinity of the surface of GSn5.5 for As(V) more than doubles the
one of GSnO.
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3.5 Electrophoretic Mobility

As researchers have shown that arsenate is specifically adsorbed
on iron oxides, such as goethite, forming inner-sphere complexes
via a ligand exchange mechanism [53-55], and that the adsorption
releases OH groups from the adsorbent provoking a shift in the
point of zero charge (PZC) of the adsorber, Zeta Potential
measurements (ZP) were conducted for all samples before and
after the As(V) adsorption experiments, using the electrophoretic
mobility (EM) technique. The results are shown in Figure 6.
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Figure 6. Zeta potential vs. pH measurements and polynomial
fitting for the prepared samples before and after As
adsorption. ZPC values were calculated from the intersection
of the polynomial with the X- axis

Electrophoretic mobility measurements are related to the
movement of suspended particles under the influence of an
electric field, where the direction of the movement depends on the
particles” charge. The charge of the particles is highly influenced
by the pH of the solution, and the pH value on which the oxide

68

particles do not move under the applied electric field is called the
point of zero charge (PZC), and the shift may be used as an
indirect evidence for adsorption of As(V) on Fe adsorbers [56].
The PZC indicates the ranges in which the surface of the solid is
positively or negatively charged. At pH < pHpzc the predominant
surface groups are positive (=FeOH,"), and at pH > pHpyc, are
negatively charged (=FeQ).

As can be seen in Figure 6 (a), all ZP values of the As-adsorbed
pure goethite are lower than those of the non-adsorbed sample,
with PZC decreasing from 4.00 to 3.54. The obtained PZC for
pure goethite agrees with the ones obtained for goethites prepared
following similar procedures [57], but is lower when compared
with other reported values [12,13,58]. Van Schuylenborgh and
Arens [59] had ascribed this low PZC to the synthetic procedure
where the suspension was aged for several days in a strong basic
media that provoked the coprecipitation of OH groups during the
slow formation of goethite. The shift in ZPC indicated that the
adsorption of arsenate is taking place by ion exchange mechanism
where OH" ions are replaced with arsenate anions, showing a
specific adsorption of arsenate on the (hydr)oxide rather than a
pure electrostatic interaction.

The effect of the As-adsorption onto the Sn-goethites is displayed
in Figures 6 (b) and 6 (c) and revealed varied PZC values for
different Sn-incorporations. The finding coincided with data from
Vega et. al [60] that reported that the overall surface charge of
goethite is affected by the presence of foreign metal ions, and
when a partial replacement of Fe(lll) by other elements occurs
into the structure, a shift in the value of the ZCP with respect to
pure goethite may be expected. The non-adsorbed samples
showed PZC values at 4.89 and 4.36 for GSn2.1 and GSn5.5,
respectively, showing that the surface charge of the samples did
not change monotonously with the Sn-incorporation, and that a
small incorporation of Sn provokes the exposition of higher sites
of actives centers.

In both cases, all ZP were lower in the As-adsorbed samples
indicating again the specific adsorption of arsenate on the
(hydr)oxide. Data in Figure 6 also indicated that at pH = 5.5 the
capacity of As-adsorption follows the trend GSn5.5 > GSn2.1 >
GSn0, confirming the possible use of GSn5.5 as a good adsorber
for As removal technologies.

4. CONCLUSIONS

The following points are derived from the presented data.

- The preparation of Sn-goethites in basic media containing ps, =
0.00, 5.00 and 10.00 mol mol?, and aged at 70° C for 20 days,

renders metal deficient goethites with the following
stoichiometry: a-Feg.04500.843(OH)1.157 (GSn0), a-
Fe0.9265N0.02000.837(0OH) 1162 (GSn2.1) and o-

Fe0.9205M0,05400.921(OH)1.0702 (GSN5.5).

- The Sn incorporation increases the thermal stability of the
(hydr)oxides.

- The synthesized Sn-oxides present large mesoporous or even
macropores, and the SSA followed the trend GSn5.5 > GSn0 >
GSn2.1.

- The Sn-for-Fe substitution reduces the dissolution rate in acid
media, and the most substituted sample is the most stable towards
dissolution. Pure goethite dissolves more than two times faster
than GSn5.5, and the trend in dissolution per unit area is GSn2.1 >
GSn0 > GSnb.5, implying that a small degree of Sn-for-Fe
substitution enhances the reactivity per unit area, and a larger
degree of substitution passivate the surface towards mineral acid
dissolution.
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- The maximum of As(V) adsorption is found at pH 5.5 in all
samples, where the monovalent As anion, H,AsO,, is the
dominant species. After this maximum, the adsorption of As(V)
decreases with the increase of pH in the range 6-11.

- The influence of pH on the adsorption of As is higher in the Sn-
goethites than in the pure goethite, being the adsorption onto
GSn5.5 the most affected by pH.

- The As(V) adsorption increases with the Sn content and the
adsorption on sample GSn5.5 nearly duplicates the one showed by
pure goethite.

- The high adsorption of As(V) on GSn5.5 and the low reactivity
in acid solution of the oxide, when compared with pure goethite,
imply that the Sn-o-FeOOH is a suitable candidate as an
adsorbent in As(V) removal technologies.
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