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ABSTRACT: Radioiodine (I) is difficult to remove from aqueous waste streams or
contaminated groundwater because of its tendency to exist as multiple anionic species in the
same system (i.e., iodide (I"), iodate (103°) and organo-iodide) that tend not to bind to minerals or
synthetic materials. In this work, the efficacy of organoclays and granular activated carbon
(GAC) to bind I and 10s™ from artificial groundwater (AGW) was tested. The organoclays and
GAC were highly effective at removing I" and 103" from AGW under oxic condition. The
adsorption capacities of I"and 103™ on the organoclays and GAC were up to 30 mg /g sorbent.
While the I adsorption behavior was well described by Langmuir model, the 103™ adsorption
behavior was better described by the Freundlich model. Based on XANES measurements, 1" and
103" species were likely bound with N ligands on the organoclay and GAC surface through

electrostatic attraction, but with two exceptions. First, when GAC was exposed to I" in
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groundwater, the sequestered | species was molecular I2. Second, | species on one of the
organoclay samples (OCM) exposed to 103 became I likely bound with organic ligands, rather
than 103". Thus, the inexpensive and high-capacity organoclays and GAC may provide a
practical solution of removing 1?1 contaminant from environmental systems and liquid nuclear
wastes.

Keywords: lodide, lodate, Organoclays, Granular activated carbon, Synchrotron XANES and

EXAFS
1. Introduction

1291 is a major long-lived fission product generated during nuclear power production. Over
the years, | contaminant species have been inadvertently introduced into the environment from
leaks at waste storage facilities and currently are key risk drivers at several US DOE sites [1].
The most common chemical forms of I in liquid nuclear wastes and in the environment are
anionic iodide (I'), iodate (103’), and organo-iodine, and these | species very often co-exist in the
environmental systems [1]. They display limited adsorption onto common sediment minerals or
even expensive synthetic materials, making them highly mobile and difficult to remove from the
aqueous phase. As the stockpile of *2°I-bearing nuclear waste continues to increase rapidly due to
nuclear energy production, novel and practical sequestration technologies are needed to reduce
its potential contamination of the environment and living organisms.

Different minerals (e.g., metal sulfides, hydrotalcites and silicates) [2-5], organoclays [6-9],
natural organic material [10-12], metal oxides [13], composite absorbents [14], activated carbon
[15] and nanomaterials [16] have been tested for iodine removal from liquid phases. The most
effective materials for iodine removal are silver chloride [14, 17], argentite (AgS) [18], and Ag

modified activated carbon, zeolites and porous silica [16, 18-27], presumably to form insoluble
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Agl. However, the Ag-based materials are only effective for removing iodide (I") and maybe
organo-iodine [3, 27-29], but not iodate (103’). A recent study demonstrated that 103™ can be
immobilized into calcium carbonate by synchrotron X-ray absorption spectroscopy and first-
principle calculation [30]. In addition, 103 has been demonstrated to substitute for CO3> in
NasUO2(COz)z [31] and aragonite [32].

In our previous work, organoclays and GAC were demonstrated to display high adsorption
coefficients (Kq) for removing TcO4, I and Cs™ from AGW under oxic conditions [33]. The
adsorption capacities for TcO4 removal from AGW under varying pH conditions were further
determined to be as high as 15 mg/g for organoclays and 25 mg/g for GAC under oxic
conditions. The chemical speciation of Tc on the organoclays and GAS remained TcQOy', rather
than converting to its less soluble and reduced form of Tc(IV) [34]. For this study, we extended
our study of these sorbents to quantify and understand the binding processes with aqueous I" and
103 The objectives of this work were: 1) quantify the adsorption capacities of the organoclays
and GAC for removing I" and 103” from AGW under oxic conditions using batch adsorption
experiments, with particular attention to evaluating the effects on this process of NO3"
competition, and 2) identify I chemical speciation on the organoclays and GAC using | K-edge
X-ray absorption near structure (XANES) and extended X-ray absorption fine structure

(EXAFS).
2. Materials and methods
2.1 Materials

Organoclay OCB was purchased from Biomin Inc. (Ferndale, Ml). It is composed of a

bentonite clay and an impregnated quaternary amine flocculant. Organoclay OCM was
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purchased from Cetco® Remediation Technologies (Hoffman Estates, IL). A bentonite clay was
impregnated with a quaternary amine and the organoclay was intimately mixed with a sulfur-
containing compound [35]. The GAC material used in this study was purchased from Norit
America, Inc. (Marshall, TX). The GAC was made from a coal of selected grade using high
temperature steaming activation. In addition, potassium iodide (KI), potassium iodate (K103) and
sodium nitrate (NaNO3) were purchased from Fisher Scientific, while 4-iodoaniline (CeHgsIN)
was from Thermofisher Acros Organics (Geel, Belgium). The chemicals were used as received.
The certain amount of each of KI and K103z was dissolved in artificial groundwater to prepare
iodide (5x10° M) and iodate (5x10° M) stock solutions that were used for batch sorption
experiments. The artificial groundwater (AGW) solution is a simulant of a typical
uncontaminated groundwater from the Savannah River Sites [36]. The chemical composition (in

mg/L) of AGW was Na 1.25, K 0.25, Ca 0.93, Mg 0.66, CI 5.51, and SO4 0.73. It had a pH ~6.3,

an electrical conductivity of 0.03 mS/cm, and a turbidity of 4.1 NTU [37].
2.2 Batch sorption experiments

Batch sorption experiments for obtaining the adsorption isotherms (the mass (ge, mg/g) on
the sorbent versus the concentration in solution at equilibrium) were conducted in AGW under
ambient atmosphere and temperature (22 °C). For each set of experiments, a sorbent-free control
was included as the initial 1 concentration for ge calculation and to provide an indication of |
sorption to the labware during the experiment. 0.05-5 mL of the I (i.e., I or 103°) stock solution
(5x10° M) was spiked to make the final working solution of 5 mL in the | concentrations
ranging from 5x10° M to 5x10° M. Background levels for stable iodine are commonly in the
micromolar range and contaminant groundwater *2°I concentration generally do not exceed 0.1

MM [1], but more elevated concentrations were used in this study to ease analytical
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measurements with these strong sorbents and to permit detection by synchrotron XANES and
EXAFS. The sorbent concentration was 0.05 g/5 mL or 1 %. The suspensions were shaken on a
reciprocating shaker for 6 days. After equilibrium, the pH levels of the suspensions were
measured (Radiometer Copenhagen PHM 95 pH meter) and each suspension was filtered using a
0.2 um pore size nylon membrane filter. The filtrate was analyzed for | by inductively coupled
plasma mass spectrometry (ICP-MS; Thermo XSeries Il ICP-MS). The ICP-MS analyses had an
uncertainty of = 10%, but our repeatability test indicated that this uncertainty was often within £
5%. The solid samples were air dried and some of them were selected for spectroscopic
characterization. To evaluate the effects of competitive NO3™ on I" and 103" removal capacities of
the organoclays and GAC, batch experiments were conducted using 0.05 g sorbents and 5 mL of

AGW with or without extra 0.1 M NaNOs at the initial concentrations of 3x10° M for I or 103",

2.3 | K-edge XANES and EXAFS

After batch adsorption experiments, | K-edge XANES and EXAFS spectra of selected
organoclays and GAC samples were collected using the Materials Research Collaborative
Access Team (MRCAT) Sector 10-BM beamline at the Advanced Photon Source (APS)
(Argonne National Lab, Argonne, IL). To do so, 50 mg of each of the air-dried powder samples
was pressed into a 6.3-mm diameter disk pellet that was mounted on sample holder. The
MRCAT Sector 10-BM beamline used a double crystal water cooled Si (111) monochromator,
detuned to 50% of peak intensity [38]. The monochromators were calibrated using the first
inflection point at 31,814 eV of the K-edge of tellurium foil. The |1 K-edge XANES and EXAFS
spectra were taken in transmission mode in the energy range of 33,000-34,000 eV at room

temperature.
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Spectra were processed and analyzed using the IFEFFIT software package including Athena
and Artemis [39]. Data from multiple scans were processed using Athena by aligning and
merging the spectra followed by background subtraction using the AUTOBK algorithm. | K-
edge EXAFS data analysis was conducted on the merged and normalized spectra using Artemis.
Crystalline I, was used as a reference structural model [40] for EXAFS data fitting of GAC 830
exposed to iodide. Fits to the | EXAFS data were made in R space (R from 1 to 4.3 A) and
obtained by taking the Fourier transform (FT) of y(k) (k from 1.8 to 6.8) with a k weighting of 2,
because the y(k) spectra above k = 6.8 very noisy, which caused the artifact feature around 1 A in

the Fourier transforms of y(k) spectra.

3. Results and discussion

3.1 Capacities of organoclays and GAC for iodide (I") removal

From the batch experiments, the mass of I" sorbed onto the sorbent (ge, mg/g) were calculated

using equations 1:

_ (CO —CE)XV
M

Qe (1)

where Co (mg/L) is the initial I" concentration in the control samples, Ce (mg/L) is |
concentration in the solution at equilibrium, V is the volume of the solution (mL) and M is the
mass of the sorbent (g). The adsorption isotherms of I" onto organoclay OCB, organoclay OCM
and GAC 830 in AGW under oxic condition are shown in Fig. 1. The I" adsorption isotherms for
organoclays OCB and OCM and GAC 830 appear to approach the sorption plateaus indicative of
sorbent saturation capacity. The air-dried sorbent samples after iodide adsorption selected for

spectroscopic measurements were labelled.
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These isotherm data were fitted using the Langmuir isotherm model (equation 2). The
Langmuir model assumes that adsorption occurs as a monolayer on an energetically

homogeneous surface without interaction between the adsorbates on adjacent sites:

& 1 C + ) (2)
KLquax

e

qe - qmax

where ge is the mass of I sorbed onto the sorbent at equilibrium, gmax is the saturation sorption
capacity, Ce is the I" concentration in solution at equilibrium, and Ky is the Langmuir constant
that is directly related to the binding site affinity. The Langmuir fits to the corresponding
experimental data are shown in the inset of Fig. 1. The I saturation adsorption capacities of
organoclays OCB and OCM and GAC 830, together with R? that measures the fitting quality, are
presented in Table 1. The adsorption isotherms for the organoclays OCB and OCM and GAC
830 were well fitted to Langmuir model, as indicated by R? numbers. The saturation capacity for
iodide removal from AGW was 21.1 mg/g for organoclay OCB at the equilibrium pH of 12.1,
27.5 mg/g for organoclay OCM at the equilibrium pH of 8.0 and 29.9 mg/g for GAC 830 at the
equilibrium pH of 7.9. These are comparable with the reported sorption capacity (~0.5 mol/kg or
~64 mg/g) of hexadecylpyridinium functionalized bentonite for I" removal from different

equilibrium solutions [6].
3.2. Capacities of organoclays and GAC for iodate (103°) removal

Similarly, the adsorption isotherms of OCB, OCM and GAC 830 for iodate removal from
AGW are shown in Fig. 2. The profiles of iodate adsorption isotherms increased gradually and
looked more like a linear behavior, and the iodate saturation plateau indicative of saturated
capacities for all three sorbents were not realized. The Freundlich model (equation 3) better fit

the experimental isotherm data, as shown in the inset of Fig. 2, rather than by Langmuir model:
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In(q,) = In(kf>+<%)xln(ce) @3)

where Ce and ge are defined as in the Langmuir isotherm (i.e., equation 2), kr (L/g) and n are the
Freundlich constants relating to sorption capacity and sorption intensity, respectively. The
Freundlich constants for the iodate sorption on organoclays and GAC 830 in AGW are also
shown in Table 1. Although the saturation capacities of the three sorbents for iodate removal
might not be quantitatively determined, Fig. 2 shows that the removal capacity of OCB, OCM
and GAC 803 for iodate from AGW was equivalent to or even greater than the corresponding
capacity for iodide removal. In addition, for OCB and GAC 830, the Freundlich constant ks (L/g)
for iodate removal was reasonably similar to the corresponding Langmuir constant K. (L/g) for
iodide removal. The iodate (103" could form outer sphere complexation with the binding sites,

saying N ligands on organoclays or similar surface ligands on GAC 830.
3.3. Effect of competitive NO3z™ on removal capacities

Competitive anions (e.g., NOs", HCOg', SO+* and PO4*) are commonly present in
contaminated environments and can compromise the capability of the organoclays and GAC
sorbents for removing aqueous I and 103", In order to evaluate the effects of competitive NOs™ on
I”and 103" removal capacities, batch experiments were conducted using 0.05 g sorbents and 5
mL of AGW with or without extra 0.1 M NaNOs at the initial concentrations of 3x107 M for
both I" and 103". The results are shown in Fig. 3, which demonstrated that additional 0.1 M
NaNOs into AGW in general decreased the capacities of all three sorbents for removing I and
103 by 10-50%. However, it is unclear why the 103 removal capacity of organoclay OCB was
higher from AGW in presence of 0.1 M NaNO3 than from AGW without 0.1 M NaNOg,
probably due to experimental and/or analytical errors. Because NOs™ was nearly two orders of

8
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magnitude greater than the | concentrations in the AGW containing 0.1 M NaNOs, the results
demonstrated that the organoclay and GAC sorbents show reasonably good selectivity toward I
and 103 over NOs". However, considering that 2°I contaminant concentration levels are 107 M,
whereas background nitrate levels are often 10 M, in systems (e.g., engineered waste streams)
where very high NOs™ concentrations are expected, reduced organoclay and GAC efficiency

should be expected.
3.4. | speciation on organoclays and GAC after exposed to I’

After the adsorption batch experiments, two air-dried sorbent samples for each of the
organoclays OCB, OCM and GAC 830 were selected for | K-edge XANES and EXAFS
measurements in order to determine | chemical speciation on the sorbent materials. The | K-edge
XANES (A), EXAFS spectra in k-space (B) and Fourier transforms in magnitude (C) of the air-
dried sorbents are shown in Fig. 4, in which the corresponding spectra of I, KI, and 4-
iodoaniline are included for comparison. The equilibrium pH levels in these batch experiments
were 12.28 + 0.05 for organoclay OCB, 7.92 + 0.04 for organoclay OCM and 8.25 + 0.08 for
GAC 830. The sample identifications were labeled in the adsorption isotherm graphs for iodide
(I") on organoclays and GAC 830 in AGW (Fig. 1.)

The I K-edge XANES spectra of the standards are similar to those reported in literature [12,
41-44]. Due to shorter core-hole lifetimes during X-ray absorption processes for higher atomic
number elements like I, the 1 K-edge XANES features are broadened. As a result, it is difficult to
distinguish clear 1 K-edge energy shifts between iodide and I> standard samples. While there is a
relatively identifiable peak after the absorption edge of KI, the 4-iodoaniline and 1> have nearly
featureless XANES with weak oscillation amplitude at energies higher than the absorption edge.

The I K-edge XANES spectra (Fig. 4A) of organoclays OCB and OCM and GAC 830 exposed

9
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to iodide are nearly featureless at energies above the absorption edge that is also shown little
energy shift among these samples, which are similar to the XANES spectra of 4-iodoaniline and
I.. However, the | K-edge XANES spectra alone appears not able to exclusively determine the |
species (e.g., organoiodine species or molecular I2) on the organoclays and GAC, but the
corresponding EXAFS data that will be discussed below can provide more distinctive
identification of these iodine species.

The y(k) EXAFS spectra (Fig. 4B) and their corresponding Fourier transforms in magnitude
(Fig. 4C) of organoclays OCB and OCM were similar. There were two distinctive oscillation
features at k = 3-5, but the spectra were noisy and featureless above k = 5. The Fourier
transforms in magnitude of the organoclays OCB and OCM show a broad peak between R = 2-3
A, but it is uncertain if the weak peak around 1 A was real or an artifact due to noise data at k >
5. Because there were limited oscillations in the EXAFS data, the EXAFS data fitting to obtain
more quantitative information was unsuccessful. However, the two oscillation features of
organoclay OCB and OCM that sequestered iodide are qualitatively similar to the two oscillation
peaks of 4-iodoaniline around k = 4, which may indicate that iodine chemical species on the
organoclays were like organo-iodine. lodide (I") was bound with organic quaternary amines in
the organoclays likely through the electrostatic attraction between I and N ligands. On the other
hand, the y(k) EXAFS spectra (Fig. 4B) and corresponding Fourier transform in magnitude (Fig.
4C) of GAC samples exposed to I were significantly different from those of organoclays with I
adsorption and 4-iodoaniline, but visibly similar to the y(k) spectrum (Fig. 4B) and Fourier
transform in magnitude of Io.

In order to understand iodine chemical speciation on GAC further, the EXAFS data of two

GAC samples and standard 1> were fitted by using molecular I as a structure model [40]. | K-
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edge EXAFS spectra in k-space (A), Fourier transforms plots in magnitude (B) and in the real
space component (C) of the two GAC 830 samples after exposed to 1" in the AGW and standard
I> are shown in Fig. 5, where experimental data are shown in solid circles, and EXAFS fits are
shown in color lines. The fitted EXAFS parameters of the two GAC samples and standard I, are
summarized in Table 2. The EXAFS spectrum of I, was fitted by the first I-1 path with I-1
distance of 2.703 A and fixed coordination number of 1 and the second I-I path with I-I distance
of 3.538 A and fixed coordination number of 2. The EXAFS fitting of this model compound was
good as measured by reduced y? of 1.22 and R-factor of 0.0034. The obtained first I-1 distance
was slightly longer (2.837 A) than X-ray diffraction I-I distance of 2.703 A, while the second |-
distance was unexpectedly shorter (3.309 A) than that X-ray diffraction data (3.538 A). The
Debye-Waller factor, 62, is large, 0.0179 A? for the first I-1 path and 0.0773 A2 for the second I-1
path, but they were not unusual compared to literature in which o was reported for the first I-1
path at 0.0167 A? and for the I-K path of K1 at 0.0223 A? [41]. The EXAFS data of the two GAC
samples were fitted well using I> structure model with the R-factor of 0.0281 and 0.0102,
respectively. The addition of the third I-1 path at ~4.348 A slightly improved the fitting statistics.
The obtained I-1 bond distance for each path was similar to the corresponding X-ray diffraction
bond distance, and the obtained Debye—Waller factor, 62, for each path was also similar to that of
the standard I2 in this work, as well as of Nal, KI and Cal; reported in literature [41]. The results
demonstrated that the chemical speciation of iodine on granular activated carbon exposed to
iodide in artificial groundwater is likely molecular I..

The interaction of doped iodine specie with hosting carbon materials was investigated [45-
50]. As iodine is intercalated into carbon single wall nanotubes (SWNBS), the speciation of

charged polyiodide chains (In") has been identified [46], even though it is controversial about the
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intercalation sites and structure of iodine. It has been suggested that 1, molecules might reside
both in the interstitial channels and inside the tubes of SWNTSs bundles [48] or mainly inside the
tubes [49]. lodine atoms were also revealed to incorporate in the form of helical chains inside the
SWNTSs, but substantial iodine species are also incorporated in the interstitial position between
tubes in the bundles [45]. More recent | K-edge EXAFS data indicated that iodine chain species
enter inside SWNTSs as disordered pentaiodide (Is) [50]. The iodine species In" is also identified
in iodine-doped carbon multiple wall nanotubes (MWNTS) [47], and the iodine-carbon host
interaction is weaker in MWNTS than in carbon SWNTS, and the I, species are only localized at
the surface of the external tube for MWNTSs [50]. The spacing between graphene sheets in
graphite cannot accommodate iodine species [51]. In our case of granular activated carbon
exposed to iodide in artificial groundwater, the Iz or In” chain species were identified through the
| K-edge EAXFS data. However, the I-C scattering path could not be exclusively identified
because noisy data at k > 6 caused artifact features at R < 2 A after Fourier transform. Thus, in
agreement with previous studies, the iodine species sequestered on GAC was likely molecular I,
or In~ chain species that was adsorbed on the external surfaces of GAC.

3.5. | speciation on organoclays and GAC after exposed to 103

Similarly, the | K-edge XANES (A), EXAFS spectra in k-space (B) and Fourier transforms
in magnitude (C) of the air-dried sorbents after exposed to iodate (1037) in AGW are shown in
Fig. 6. The corresponding spectra of K103 and 4-iodoaniline are included for comparison. These
sorbent samples were collected from the batch experiment in which the equilibrium pH levels
were 12.44 + 0.02 for organoclay OCB, 7.25 + 0.07 for organoclay OCM and 7.77 + 0.09 for
GAC 830. The sample identifications were labeled in the adsorption isotherm graphs for iodate

(103°) on organoclays and GAC 830 in AGW (Fig. 2.)
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The I K-edge XANES (A), EXAFS spectra in k-space (B) and Fourier transforms in
magnitude (C) of organoclay OCB and GAC 830 exposed to iodate in AGW were nearly
identical to the corresponding spectra of standard KIOz. There are two peaks, an edge peak near
33,183 eV and another broader peak near 33,198 eV, in agreement with | K-edge XANES data
for iodate reported in literature [12, 41-43]. In addition, relatively large interference oscillations
extend well beyond the XANES energy range, as shown in the EXAFS spectra in k space (Fig.
6B). After Fourier transform, there is a well-defined peak between R = 1-2 (Fig. 6C), responding
to 1-O scattering path [41]. The EXAFS data fitting was conducted for organoclay OCB and
K103 exposed to iodate using k from 2-10 and R from 1 to 3 and X-ray diffraction data of K103
[52]. The obtained parameters for the organoclay OCB were 1-O bond distance of 1.806 + 0.006
A, coordination number of 2.9 + 0.2, Debye—Waller factor of 0.0009 + 0.0009 A, with the R-
factor of 0.0061. In comparison for KIOs, the corresponding parameters were 1-O bond distance
of 1.810 + 0.007 A, coordination number of 2.7 + 0.2, and Debye-Waller factor of 0.0009 +
0.0011 A?, with the R-factor of 0.0067. The EXAFS spectra of GAC 830 exposed to iodate were
also fitted using the same model, with similar fitted parameters, but the fitting statistics was
slight poorer. Therefore, both | K-edge XANES and EXAFS data demonstrated that the chemical
speciation of iodine on organoclay OCB and GAC 830 after exposed to iodate in AGW remained
being iodate (103), it may be adsorbed on the sorbent surfaces as an out sphere complex species,
as indicated by the absence of the second scattering path beyond the I-O path in the EXAFS data
fitting.

In contrast, the | K-edge XANES spectra of two organoclay OCM samples exposed to iodate
were featureless at energies above the absorption edge (Fig. 6A), which are similar to the

XANES spectrum of 4-iodoaniline. The EXAFS data (Fig. 6B and 6C) of the organoclay OCM
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with iodate adsorption were nearly identical to those of organoclays OCB and OCM exposed to
iodide in AGW (Fig. 4B and 4C). These results demonstrated that the chemical speciation of
iodine on organoclay OCM was iodide that is likely bound with the intercalated organic
molecules, even though it was exposed to iodate initially. It is noted that the organoclay OCM
was prepared by impregnating a bentonite clay with a quaternary amine first, and then the
resulting organoclay was intimately mixed with a sulfur-containing compound [35]. As the
organoclay OCM was exposed to iodate in artificial groundwater, iodate was reduced to iodide

that was then bound on the intercalated quaternary amine. The possible reaction pathways are as

follows:
S+ 0, — SOz (aq) (4)
2103™ (ag) + 5502 (aq) + 4H.0 — 1> (aq) +8H* (aq) + 5504> (aq) (5)
> (aq) + SOz (aq) + 2H.0 — 21" (aq) + 4H* (ag) + SO4> (aq) (6)

These redox reactions were similarly demonstrated by the re-oxidation of reduced low molecular
weight subunits of glutenin with K1Os. Sulfur K-edge XANES spectroscopy shows that reduced
low molecular weight subunits of glutenin was re-oxidized by KIOs to form disulfide and higher

oxidation state sulfur species (e.g., sulfoxide, sulfonic acid) [53].

4. Conclusions

The organoclays and granular activated carbon we studied are very effective in removing
iodide (I") and iodate (103") from groundwater. Under oxic conditions, the adsorption capacity of
I and 103” on the organoclays and GAC from groundwater were up to 30 mg I/g sorbent. The
organoclays and granular activated carbon were demonstrated to be selective for binding I and

103" when the competitive anions like NOz™ are present in the groundwater. The removal capacity
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of I contaminant species was mostly reduced by <30% when the NO3™ concentration in
groundwater was nearly two orders of magnitude greater than 1" and 103", I" and 103™ species are
likely bound with N ligands on the organoclay and GAC surface through electrostatic attraction.
However, when GAC was exposed to I" in groundwater, the sequestered | species was I or Iy’
chain species; on the other hand, as organoclay OCM was exposed to 103" in groundwater, 103"
was reduced to I that is likely bound with the intercalated organic molecules.

For practical applications, silver-based technologies (e.g., AgCl, AgS, and Ag modified
activated carbon, zeolites and porous silica) are most successful and commonly applied to
remediate iodide from contaminated sites and liquid nuclear wastes, presumably by forming
scarcely soluble Agl. However, these technologies are not effective for iodate removal. There are
proposals of using a two-step method for removing iodate: first, to reduce iodate to iodide,
second, to capture iodide by using a Ag-based material. However, our data demonstrated that
organoclay OCM can reduce iodate to iodide and then bind iodide to the interacted organic
molecules in a single step. Thus, the inexpensive and high-capacity organoclays and GAC may
provide a practical solution of removing *?°I contaminant from environmental systems and liquid

nuclear wastes.
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488 Tablel

489  Fit parameters to adsorption isotherms of I and 10s™ on organoclays and GAC in artificial groundwater

Sorbents | Isotherms for iodide (I7) Isotherms for iodate (103")
pH Langmuir fits pH Freundlich fits
gmax (Mg I/g | KL (L/g) | R® ks (L/g) n R2
sorbent)
OCB 121 21.1 0.051 0.997 | 123 0.031 0.895 | 0.990
OCM 8.0 275 0.041 0.998 | 7.6 0.126 1.184 | 0.996
GAC830 | 7.9 29.9 0.034 0995 |75 0.056 0.961 | 0.984
490
491

20



492 Table?2

493 | K-edge EXAFS fitting data of GAC 830 after exposed to iodide in artificial groundwater

Samples 2 pH Scattering Interatomic Coordination | Debye-Waller Eo (eV) R- Reduced
paths distance (A) | number ® factor, o2 (A?) factor | 2
GAC 830-48 8.18 15t ]-| 2.886 + 0.038 1 0.0066 £0.0031 | 2.3+27 | 0.0281 | 133
2n -] 3.638 £0.150 2 0.0322 + 0.0156
3] 4.146 = 0.232 4 0.0624 + 0.0432
GAC 830-50 8.33 15t ]-| 2.894 + 0.020 1 0.0063+0.0014 |29+14 |0.0102 | 23.0
2Md -] 3.673+0.102 2 0.0498 + 0.0187
3] 4,397 £ 0.234 4 0.0941 + 0.0834
Crystalline I,¢ | EXAFS 11 2.837 £0.012 1 0.0179+£0.0013 | 8.1£0.7 | 0.0034 | 1.22
2Md -] 3.309 £ 0.029 2 0.0773 £ 0.0119
X-ray 1511 2.703 1
structure
[40] 20 1-1 3.538 2
3] 4.348 4

a Amplitude was set to 1. ® Coordination numbers were set based on X-ray structure data. ¢ Raw I, data was provided by McKeown at
Vitreous State Laboratory, The Catholic University of America [41].
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497  Fig. 1. Adsorption isotherms for iodide (I") on organoclays and GAC 830 in AGW. The isotherm
498  data for I" were fitted by Langmuir model (inset). The air-dried sorbent samples selected for
499  spectroscopic measurements were labeled.
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Isotherms for iodate (I03")
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505  Fig. 2. Adsorption isotherms for iodate (103°) on organoclays and GAC 830 in AGW. The
506 isotherm data for 103™ were better fitted by Freundlich model (inset). The air-dried sorbent
507  samples selected for spectroscopic measurements were labeled.
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518  Fig. 4. 1 K-edge XANES (A), EXAFS spectra in k-space (B) and Fourier transform plots in
519  magnitude (C) of organoclays (OCB and OCM) and GAC 830 after exposed to iodide (I) in
520 artificial groundwater, in comparison with the corresponding spectra of I, KI and 4-iodoaniline.
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Fig. 5. | K-edge EXAFS spectra in k-space (A), Fourier transform plots in magnitude (B) and in
the real space component (C) of GAC 830 after exposed to iodide (I") in artificial groundwater
with the equilibrium pHs of 8.2, in comparison with the EXAFS spectra of crystalline .
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Fig. 6. | K-edge XANES (A), EXAFS spectra in k-space (B) and Fourier transform plots in
magnitude (C) of organoclays (OCB and OCM) and GAC 830 after exposed to iodate (103") in
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