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Abstract

We have explored the use of two different iron-based porous materials for arsenic uptake from neutral pH aqueous solu-
tions. Both materials are reminiscent of a material known as MIL-100(Fe), a Metal Organic Framework (MOF) built upon
the coordination of Fe(IIl) ions with trimesate organic linkers (benzene tricarboxylic acid). Aside from the proverbial high
surface area with extended microporosity/mesoporosity, the presence of Fe(IlI) centers offers the possibility of specific
strong interactions with arsenic, therefore making it appealing for its use in detection and purification technologies. Our
approach tackles the characterization of the system from both physical and chemical perspectives. We report equilibrium
isotherms and time dependent arsenic uptake for the determination of adsorption capacity and kinetics; and also, by means
of synchrotron-based X-ray absorption techniques, we probe possible changes in coordination environments and oxidation
states of Fe and As in the porous network occurring upon adsorption at high and low loadings. The results presented bring
further insight on the nature and diversity of adsorption sites present and confirm the suitability of the proposed adsorbents
for the intended use.
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1 Introduction as pigmentation changes, skin thickening, neurological dis-

orders, muscular weakness, and nutritional diseases [2—4].

The presence of arsenic in ground water is an environmen-
tal, health and economical issue which affects developing
countries around the world [1]. Long-term consumption of
water with high arsenic-content can cause several health-
threatening effects for lung, bladder, and kidney; as well
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Arsenic excess is therefore categorized as dangerous by the
World Health Organization (WHO), the USA Environmental
Protection Agency (US-EPA), and the European Commis-
sion Drinking Water Directive. Accordingly, a guideline
value of 10 ppb (0.01 mg/L) for the maximum allowable
limit in drinking water was recently stablished [5]. However,
since advanced water treatment methods needed for meeting
such concentrations are both difficult to implement in rural
areas and economically not feasible in many developing
countries, some of those locations have retained the previous
50 ppb (0.05 mg/L) WHO limit [6]. The presence of As in
groundwater and aquifers can be traced back to either natural
processes (e.g., geochemical, biological, volcanic genera-
tion) or human activities (e.g., fossil fuels combustion, min-
ing, or the use of wood preservatives and agricultural pes-
ticides) [7, 8]. For example, all along the Chaco-Pampeana
plain in Argentina (=~ 10° km?), arsenic concentrations in
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water can be as high as 300 ppb due to natural geogenic pro-
cesses posing a serious threat for health and demanding the
application of specific public policies. Several strategies for
diminishing arsenic content in drinking water were recently
proposed, and some were already implemented in both, pilot
and large-scale treating facilities [9]. Arsenic can be present
as As(III) or As(V) depending on the reservoir conditions
(anoxic or oxic respectively); adsorption of arsenate (As(V))
species is substantially more efficient and therefore different
strategies for pre-oxidation steps were reported extensively
[10, 11]. Mechanisms underlying arsenic removal depend
strongly on several process parameters, as well as on the spe-
cific interactions with selected adsorbents; one of the most
interesting examples in this regard are iron oxyhydroxides
[12, 13]. The origin of specific interactions between iron-
based adsorbents and arsenate species can be traced back to
the formation of relatively strong inner-sphere complexes
on ferrihydrite moieties, acting as specific adsorption sites
[14—18]. Despite their low cost and wide availability, the use
of many natural iron oxides sorbents suffers from low load-
ing capacities and sluggish kinetics related to small specific
surface areas, in addition to non-straightforward regenera-
tion procedures, a key feature when aiming for its applica-
tion in continuous processes [19]. Triggered by the above
discussed shortcomings, a different approach was recently
explored for water remediation treatments in general, and
arsenic removal technologies in particular; i.e., the use of
metal organic frameworks (MOFs) as high-performance
adsorbents. MOFs can be described as three-dimensional
porous networks constituted by metal ions (or clusters con-
taining metal ions) acting as coordination centers, non-cova-
lently bonded with multidentate organic linkers [20-24].
The judicious choice of metal and linker allows for a great
structural versatility, while via e.g., post-synthetic modifi-
cation, further fine tuning of key properties such as poros-
ity, morphology, and surface chemistry is possible [25, 26].
Various Al- and Fe-based MOFs have been recently tested
for arsenic removal, although the use of Fe-MOFs (due to
its biocompatibility and metal precursor availability) [27] is
much more appealing, considering the hazardous nature of
AI(III) ions, which impose additional constraints for its use
[24, 28, 29]. Remarkably, examples of Fe-MOFs featuring
permanent porosity, water stability, and high surface areas
were few until 2007, when MIL-100(Fe) (acronym from
Matériaux de I’Institute Lavoisier) was first reported [30].
Following such milestone, several studies highlighting mul-
tiple applications appeared [31-33]; and specifically, given
the different adsorption sites available [30, 34], its use as a
versatile heterogeneous catalysts was extensively reported
[35-37]. Even BASF chemical company made available
a series of porous materials (“Basolites”), including a Fe-
BTC porous material (BTC = benzene tricarboxylic acid,
or trimesic acid) commercialized as Basolite F-300 which
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features a structure closely related to MIL-100(Fe) MOF
but with lower crystallinity. MIL-100(Fe) structure can be
described as supertetrahedra built from trimers of FeOg4 octa-
hedra bridged by shared p;-O which delimits two types of
cages (namely, 5 A pentagonal, and 8.6 A hexagonal), see
Scheme 1.

Fundamental differences between Basolite F-300 and
MIL-100(Fe) regarding surface area and catalytic activity
can be attributed to structural variations causing modifica-
tions on the number of available Lewis acid or redox active
sites present [39]. Redox activity stems from coordinatively
unsaturated metal sites (Fe-CUS), and endows the resulting
porous material with the interesting possibility of selective
adsorption [40, 41]. Aside from structural defects present
in F-300, differences observed were also hypothesized to
arise from the presence of some residual amount of Fe(Il) in
the porous matrix. Recent studies using composite materials
which combine Fe-BTC and polymers showed promising
performances for As(V) adsorption, although further insight
is need for a detailed understanding on the mechanism oper-
ating and the changes occurring in atomic coordination envi-
ronments occurring upon adsorption [42].

Inspired by the above discussed ideas, we have herein
conducted experiments oriented to evaluate the feasibility
of using commercially available Fe-based porous materials
for arsenic adsorption from aqueous solutions at neutral pH.
In order to gain further insight on the adsorption mecha-
nism, we carried experiments for arsenic determination in
the matrix using both surface sensitive (X-Ray Photoelectric
Spectroscopy, XPS) and bulk averaged (inductively coupled

Scheme 1 MIL-100(Fe) pentagonal cage (pore aperture ~ 5 A) with
structure building units and p;-O-linked FeOg-octahedra (produced
with VESTA [38] software)
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plasma atomic emission spectroscopy, ICP-AES) techniques
on both commercial (BASF F-300), and synthesized (Fe-
BTC produced with environmentally-friendly hydrofluoric
acid-free (HF) procedure) Fe-based porous solids [43, 44].
Although Mossbauer spectroscopy is commonly employed
for assessing structural changes on Fe-containing solids
during synthesis and after exposure to different operating
conditions (including adsorption processes); we aim to gain
further insight by using synchrotron-based X-Ray adsorp-
tion techniques, such as extended X-Ray absorption fine
structure (EXAFS) and X-Ray absorption near edge struc-
ture (XANES). Inspired by recently published examples
in which EXAFS/XANES techniques were employed as a
tool for determination of the influence of exposure to aque-
ous environments on structure and catalytic activity of Fe-
based adsorbents [45-47], we have assessed the occurrence
of structural modifications on the porous matrix induced
by different As-loadings. [48] Moreover, we have explored
the possibility of charge-transfer between Fe(IIT) and As(V)
during adsorption by comparing results obtained with appro-
priate standards.

2 Experimental
2.1 Chemicals

H;BTC, Benzene-1,3,5-tricarboxylic acid C4H;(CO,H);
was purchased from Sigma Aldrich, ferric sulfate
Fe,(S50,);.9H,0 was provided by Mallinkrodt, analytic
grade sodium arsenate Na,HAsO,.7H,0, ascorbic acid
C¢H3O4, ammonium molybdate Mo-0,,(NH,)¢.4H,0,
potassium antimonil tartrate Sb,C¢H,K,0,,.3H,0 and sul-
furic acid 98% H,SO, were provided by Anedra and used
as received without further purification. The solutions were
prepared using Milli-Q grade water (Millipore).

2.2 Synthesis

Basolite F-300 was used as purchased from BASF. Fe-BTC
MOF was synthesized according to published methods with
slight modifications [43]. Briefly, the procedure followed
avoids the use of highly corrosive HF, commonly employed
as mineralizing agent, and involves hydrothermal reaction
of aqueous solutions of ferric sulfate and H;BTC precur-
sors, and kept for 12 h at 160 °C under autogenous pres-
sure in Teflon-lined stainless-steel reactors (molar ratio of
(Fe,(SO,);:H;BTC:H,0) precursors (1:0.67:280)).

2.3 Methods

All tests presented in this study were carried out in batch
systems kept at room temperature (25 °C). To perform

the experiments, 250 mL beakers covered with aluminum
foils were used as reactors. Solutions used were prepared
from stock solutions of As(V) as arsenate (AsO43_) 500.0
ppm concentration, and pH = 7.0 was adjusted using either
HCI or NaOH 0.1 N solutions. Appropriate homogeneity
of the system was ensured by continuous magnetic stirring
throughout experiments. When contact time was elapsed
(48 h, see below), adsorbent was separated from the solu-
tions using 0.45 pm nylon syringe filters and washed thor-
oughly with fresh solvent. For the equilibrium and kinetic
experiments, arsenic concentrations were determined via
the Mo-blue assay; briefly, it makes use of the arsenic reac-
tion occurring in presence of ascorbic acid and ammonium
molybdate, which yields a colored antimonil-arsenomolyb-
date complex with a color intensity proportional to arsenic
concentration that can be determined with spectrophotomet-
ric methods (see ESI for further details on equations used
for adsorption isotherms and fitting procedures) [49, 50].

2.4 Equilibrium Adsorption Isotherms
and Adsorption Kinetics

Langmuir and Freundlich isotherms are among the most
used models for describing adsorption equilibrium, and
although relatively simplistic, parameters extracted from
appropriate fitting of experimental data allow for meaning-
ful comparison between different materials [51-53]. Batch
experiments were conducted in order to determine the con-
tact time required to reach adsorption equilibrium, and data
was evaluated using different kinetic models (e.g., pseudo-
first- and second-order) [51, 52]. Adsorption experiments
were carried using different initial arsenate concentrations
ranging from 0.1 to 80 mg/L with an adsorbent dose of 45.0
mg/L, at 25 °C for 48 h with fixed pH = 7.0 (see ESI for
further details).

2.5 Structural and Morphological Characterization
of Materials Employed

Chemical insight on the presence and concentration of arse-
nic in the porous solid was obtained using vibrational spec-
troscopy (FTIR), X-Ray Photoelectron Spectroscopy (XPS),
Ion Coupled Plasma Spectroscopy. EXAFS/XANES experi-
ments were carried at the DO8B-XAFS2 beam line of the
Laboratério Nacional de Luz Sincrotron (CNPEM-LNLS,
Campinas, Brazil). Spectra pre-processing, and model fitting
and scattering path calculation was done using the routines
coded in the DEMETER suite [54]. Thermogravimetric
Analysis (TGA), X-Ray diffraction experiments and Trans-
mission Electronic Microscopy were conducted in order to
structurally characterize the materials used and the effect of
arsenic exposure (see ESI for further details).
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Table 1 Kinetic parameters obtained by fitting the experimental pro-
files with both the pseudo-first and pseudo-second order models

F-300 load Pseudo-first order Pseudo-second
order

400 mg/L k, 2.539 k, 52.802
R? 0.75 R? 1

100 mg/L k, 0.669 k, 0.584
R? 0.993 R? 0.998

16 mg/L k, 0.147 k, 0.008
R? 1 R? 1

60

®  F-300 400 mgll
50 ® F-300 100 mg/l
v F-300 16 mg/l

t/qt

Fig.1 Pseudo second order fit for the time evolution using As(V)
adsorption with 400, 100 and 16 mg/L F-300 adsorbent dose.

3 Results and Discussion

3.1 Adsorption Isotherms and Kinetics of As(V)
Adsorption on F-300 Porous Matrix

In order to determine suitable equilibration times for
adsorption process, time evolution of As(V) concentration
was followed and different kinetic models were applied.
Table 1 shows the kinetic parameters obtained by fitting
the experimental data with both, pseudo-first and pseudo-
second order models. The effect of adsorbent amount
used on adsorption kinetics was evaluated using 200 ppb
of initial As(V) concentration with F-300 solid doses of
400, 100 and 16 mg/L. Figure 1 depicts the pseudo-second
order fit obtained for time evolution for As(V) concentra-
tion, which was observed to represent better the underly-
ing process (see FTIR vibrational bands associated to the
presence of Arsenic in the porous matrix shown in Fig. 185,
ESI). It should be emphasized that, although specific char-
acteristics of the system make it very complex, a quite
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Fig.2 Experimental determination of adsorption isotherm together
with Langmuir fit (solid line), conditions used: 25 °C, pH = 7.0, and
F-300 adsorbent dose 45 mg/L.

Table 2 Equilibrium parameters obtained by fitting the experimental
data with Langmuir and Freundlich model isotherms for adsorption
on F-300

Langmuir Freundlich

K. 1.031 L/mg Kp 53.85 mg/g
A 169.2 mg/g N 1.43

R? 0.9983 R? 0.8095

simple kinetic model is capable of providing a relatively
good fit (see ESI for further details).

Having determined appropriate contact times for equi-
libration and adsorbent dose, we proceeded to measure
As(V) adsorption isotherms (see Fig. 2), which were then
modeled using both Langmuir and Freundlich models.
Model parameters obtained from fitting are summarized
in Table 2.

According to Langmuir fitting parameters obtained,
maximum arsenic load can be calculated to be 169.2 mg
g~! (corresponding to an As/Fe ratio of 0.794), and con-
sidering 2 coordinatively unsaturated sites (CUS) per Fe;O
trimer, a value of 0.74 arsenate per CUS. The obtained
results are in line with recent reports for As adsorption
using Fe/Mg-MIL-88B (featuring an uptake of about 300
mg g~ ) [55], or MIL-100(Fe) in which maximum load
and number of arsenate adsorbed per CUS were 124 mg
g~! and 0.54 respectively [56], constituting a remarkably
high value compared with other adsorbent materials (see
Table S1 in the ESI). It should be stressed that Zr-based
UiO-66 MOF was recently reported to reach loadings as
high as 303.3 mg g~!, although in order to attain such
values non-neutral conditions are needed [57].
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3.2 Comparison of Arsenic Content on F-300
Adsorbent Using Surface Sensitive (XPS)
and Bulk Averaged (ICP) Detection Techniques

The study of significant differences between Arsenic content
(or As/Fe ratio) when determined using surface sensitive
techniques (XPS, with few nanometers penetration depth)
or bulk-averaged techniques (ICP, applied after chemi-
cal digestion of dried samples, see Experimental section),
allows gaining additional insight on the adsorption process.
In other words, if the porous matrix features identical homo-
geneously distributed sites, the determined equilibrium As/
Fe ratio should not differ regardless the technique used (i.e.,
significant differences would suggest the existence of inho-
mogeneities). Table 3 shows values obtained for As/Fe ratio
as determined with XPS or ICP.

Remarkably in line with the above discussed adsorption
experiments, in which the As/Fe ratio was determined to
be 0.794 (as derived from extrapolation using Langmuir
adsorption model), ICP derived value was 0.761. The value
of 0.415 obtained from XPS is somehow lower, thus sug-
gesting a degree of heterogeneity which would render lower
arsenic surface concentrations. In order to bring further
insight to this issue and to determine whether such differ-
ence can be considered significant, we have conducted syn-
chrotron-light X-Ray absorption experiments (see discussion
below, section 3.5 for EXAFS and XANES experiments).

3.3 Structural Characterization of Materials used
and the Effect of Exposure to Arsenic

Wide Angle X-Ray Scattering (WAXS) experiments were
carried on powder samples, diffractograms corresponding
to F-300 before and after exposure to As(V) aqueous solu-
tions are presented in Fig. 3 together with calculated dif-
fractogram from reported MIL-100(Fe) structure (see the
results shown as ESI for benchmark Fe-BTC synthesized
material after exposure to As(V), Fig. S2 and TEM images
in Fig. S3 where octahedral morphology can be observed)
[30]. It can be inferred from the diffractograms obtained

Table 3 ICP and XPS As/Fe ratio determination for Fe-300 adsorbent
exposed to high As(V) concentration after reaching equilibrium

ICP XPS
Concentra- Concentra- As/Fe Atomic %  As/Fe
tion (mg tion (mg (As /Fe)
Asperg Fe per g
sample) sample)
F-300/ 273.63 320.33 0.761 0.31 0.415
As(V)
satura-
tion

——F-300 - 80ppm As
—F-300
—— MIL-100 (Fe) calc.

Intensity (a.u.)

T T T T T T T T v T T
5 10 15 20 25 30 35

2 theta

Fig.3 Comparison between diffraction patterns obtained for F-300
porous solid, both after and before exposure to 80 ppm As(V) aque-
ous solutions, versus MIL-100(Fe)

that no additional crystallinity loss occurs after exposure
to As(V) [58].

3.4 Thermal Stability of the Bare Porous Adsorbent
and the Effect of Arsenic Loadings Studied
viaTGA

Figure 4 displays TGA experiments in which thermal sta-
bility of both F-300 and Fe-BTC solids are compared, N,
atmosphere and 10 K/min heating ramps were used. In
line with recent reports, decomposition profiles observed
for both materials feature two stages of weight loss (wl,);
namely, initial events centered around 350 °C (w{,) followed
by events centered at 450 °C (wl,). The value for the ratio for
such weight losses (r = wl;/wl,) can be used to characterize
the composition of materials; e.g., it was observed to be
approximately » = 1.5 for highly crystalline MIL-100(Fe),
while it can be as high as 2.2 if significant amounts of unre-
acted organic linker (BTC) remain present (this fact can
be understood by considering that H;BTC decomposition
thermal event is rather abrupt and starts at & 300 °C) [44].
Determined values for the weight loss ratio were r 3y =
1.11 and r p,_gpc = 2.27; while the relatively low value for
commercial F-300 might be related to purification proce-
dures and/or excess of metal precursor, the value obtained
for synthesized Fe-BTC is well within recent reported values
for similar synthesis procedures, and can be rationalized in
terms of an excess of unreacted organic linker present the
porous matrix.

Having studied the thermal profiles of porous materials
used, we further explored the effect of As(V) adsorption.

@ Springer
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Fig.4 Thermal decomposition profiles for: (top) Fe-300 and (bottom)
benchmark Fe-BTC bare porous materials

Thermal events corresponding to bare As(V) occur quite
early in temperature (160 °C) and thus can be deconvoluted
from those corresponding to Fe-trimesate porous solids,
however, increasing loadings of Arsenic can be detected via
TGA by following the increase in residual material at final
temperatures (see Fig. S7 in ESI).

3.5 X-Ray Absorption Experiments
for Determination of Arsenic and Iron
Atomic Environments and Oxidation States
on the Porous Matrix Under for Different
Loadings

Having established the presence of Arsenic in the porous
adsorbent after exposure, and considering differences
observed between XPS- and ICP-determined As/Fe ratio
(i.e., using either a surface confined or a volume averaged
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technique, see sec. 3.2 above); it remains the question of
whether adsorption sites available can be thought as homo-
geneously distributed or not; both regarding an spatial and
energetic perspective. Synchrotron-light based EXAFS and
XANES experiments were carried to gain insight in this
regard using both F-300 and Fe-BTC benchmark dried pow-
der samples after exposure to Arsenic aqueous solutions.
Additionally, another interesting question that can be answer
by resorting to X-Ray absorption techniques concerns the
possibility of redox process occurring during adsorption. Fe-
based porous solids contain Fe(III) (aside from minor Fe(IT)
impurities that might be present); while adsorbed Arsenic
species were introduced as As(V) oxyanion; however, it
might be hypothesized that adsorption processes occur
together with charge transfer up to some extent. Iron acetate,
as Fe(III) reference structure, was used as starting point to
model Fe local environments in the porous solids [45], while
Arsenic environments were modelled using metamunirite-
like local environments (see Scheme S1 in the ESI) [59].
Arsenic K-edge XANES experiments corresponding to refer-
ence materials featuring As(IIT) and As(V) oxidation states,
and both F-300 and Fe-BTC after exposure to 80 ppm As(V)
stock solutions were compared (see Figure S5 in the ESI). It
is clear that no As(III) is present on the adsorbed phase, thus
ruling out the possibility of adsorptive reduction, as both
Fe-BTC and F-300 samples feature peaks centered virtually
at the same energy values. The EXAFS signals obtained for
Arsenic in both F-300 and Fe-BTC porous materials can be
observed in Figure S6 (ESI).

EXAFS results obtained were successfully modelled by
using two single-scattering paths and two multiple-scatter-
ing paths. Derived Arsenic-Oxygen scattering paths and
O-As-0 bond angles are shown in Table 4, in both cases
only As(V) oxidation state is considered. Although scat-
tering paths obtained for Arsenic-Oxygen remain virtually
unchanged when comparing adsorbed As(V) on the porous
materials and model metamunirite mineral; As—O—As bond
angles variate significantly, suggesting interactions between
As(V) oxoacid species and carboxylate exposed moieties in
the porous support as previously proposed (see also Figure
S1 in ESI for further details derived from vibrational spec-
troscopy) [57].

Iron K-edge XANES experimental data obtained
was compared with different iron standards; both shape
and position of pre-edge features observed agree well
with Fe(III) signal, thus ruling out the presence of any
amount of reduced Fe(II) CUS on the porous solids (nei-
ther resulting from synthesis procedure, nor caused by
exposure to aqueous environments or Arsenic adsorption,
see Fig. 5). Moreover, XANES results obtained show
no structural effects attributable to increasingly higher
Arsenic loads on the porous network (see ESI figure S4).
Features observed can be assimilated to a Fe(III) local
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Table 4 Scattering paths needed (Angstroms) for modelling results obtained as well as bond angles for Arsenic standard and Fe-based porous

materials loaded with 80 ppm As(V) solutions

Sample d (As-O1) d (As-02) YV 01-As-02

Metamunirite As(V) 1.727 1.665 144 a//\?
standard

80 ppm As(V) Fe-BTC 1.723 1.661 136

80 ppm As(V) F-300 1.725 1.662 136

T T T T T
15 .
10 =
w
w
3
05| Fe-BTC — 80 ppm As(V) i
' Fe-300 water exposed
= Fe(lll)-acetate
m— F-300 — 80 ppm As(V)
0,0 k= — 1 . 1 R 1 . 1 -

7100 7150 7200 7250 7300
photon energy (eV)

Fig.5 Iron K-edge XANES experiments carried over Fe-BTC and
F-300 porous materials loaded with 80 ppm As(V) solutions, together
with a comparison versus ferric acetate standard

environment indistinguishable from iron acetate standard
used, see Table 5 for details on scattering paths consid-
ered and values obtained from modelling. It is important
to stress the fact that exposure to aqueous environments
causes no detectable changes on the XANES experimen-
tal response, which remain fixed in what can be expected
for the Fe(III) acetate local environments, in line with
discussed X-ray diffraction results.

4 Conclusions

We have presented a detailed analysis of arsenate adsorp-
tion on Fe-trimesate porous solids using neutral aqueous
solutions. Structural modifications occurring in both com-
mercial F-300 and laboratory synthesized Fe-BTC porous
solids were compared with multiple techniques such as
synchrotron-based X-Ray absorption, vibrational spectros-
copy, thermogravimetry, XPS and ICP. Adsorbents were
demonstrated to remain structurally stable upon exposure
to aqueous environments and adsorption in high and low
loading limit. Direct interaction of arsenate oxyanions and
Fe-based adsorbent sites was demonstrated by synchrotron
X-Ray adsorption experiments. Specifically, we were able
to determine the absence of either total or partial charge-
transfer processes upon arsenate adsorption (i.e., reten-
tion of Fe(IIl) and As(V) oxidation states); by comparing
results obtained using high and low arsenate loadings on
the porous solid, the hypothesis of energetically non-homo-
geneous adsorption sites can be discarded. Such finding
is line with the observation of Langmuir isotherm model
(which assumes homogeneously distributed adsorption
sites) to be more appropriate for interpretation of adsorp-
tion experiments than Freundlich isotherm model. Coordina-
tion environments determined for both F-300 and Fe-BTC
porous matrixes are compatible with what can be expected
for Fe(III) acetate-model structure employed, with no evi-
dence of modifications caused by aqueous environments, as
suggested also by WAXS experimental results. Moreover,
no specific structural differences were observed when com-
paring F-300 and benchmark Fe-BTC (aside from a slight

Table 5 Scattering paths (Angstroms) needed for modelling results obtained using iron (IIT) acetate standard and Fe-based porous materials

loaded with 80 ppm As(V) solutions

Sample d (Fe-013) d (Fe-O1) d Fe 03 o
Iron (III) acetate 1.897 1.995 2.063 . ‘
standard P o - .
80 ppm As(V) Fe-BTC 1.897 1.992 2.112 ° L ®
Fe
80 ppm As(V) F-300 1.899 1.986 2.081 ¢ g 01
[
03
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linker excess for Fe-BTC, as determined by TGA weight loss
event ratios). Taking into account the low crystallinity as
evidenced by WAXS together with above discussed EXAFS
results, porous matrixes used can be regarded as an overall
disordered porous network with short range locally ordered
Fe-acetate units. Despite the low crystallinity caused by the
modified synthesis procedure, remarkably high As uptakes
were obtained (as high as 162 mg g~') with equilibration
periods suitable for practical applications; even comparable
with performances reported using high crystallinity MIL-
100(Fe) [56]. The hereby reported results suggest that sub-
stantial improvement is still possible for the (already quite
successful) [11] application of novel and cost-effective Fe-
based porous materials for As removal.
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