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Se sorption onto Ca-type montmorillonite purified from Bentonil-WRK-—a new research bentonite introduced by Korea
Atomic Energy Research Institute—was examined under ambient conditions (pH 4-9, pe 7-9, I = 0.01 M CaCl,, and T
= 25°C). Se(IV) was identified as the oxidation state responsible for weak sorption (Kd < 22 L-kg™) by forming surface
complexes with edge functional groups of the montmorillonite. Thermodynamic modeling, considering reaction mecha-
nisms of outer-sphere complexation (EAIOH," + HSeO,;” = =AI0H;Se0;, log K = 0.50 + 0.21), inner-sphere complexation
(2=AI10H + H,Se05(aq) = (=A1),Se0; + 2H,0(1), log K = 7.89 £ 0.51), and Ca*-involved ternary complexation (EAIOH +
Ca*" + Se0,* = =AlOHCaSeO,, log K = 7.69 + 0.28) between selenite and aluminol sites of montmorillonite, acceptably
reproduced the batch sorption data. Outer- and inner-sphere complexes are predominant Se(IV) forms sorbed in acidic (pH
~ 4) and near-acidic (pH = 6) regions, respectively, whereas ternary complexation accounts for Se(IV) sorption at neutral
pHs under the ambient conditions. The experimental and modeling data generally extend a material-specific sorption data-
base of Bentonil-WRK, which is essential for assessing its radionuclide retention performance as a buffer candidate of deep

geological disposal system for high-level radioactive waste.
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1. Introduction

Responsible management of spent nuclear fuel (SNF)
has emerged as a significant issue in many countries utiliz-
ing nuclear power, and the concept of deep geological dis-
posal (DGD) has been developed as the most practicable op-
tion for directly disposing of SNF without reprocessing [1].
Bentonite-based engineered barriers within a DGD system
play key hydrogeochemical roles, particularly in preventing
groundwater inflow to waste canisters and impeding migra-
tion of released radionuclides into the biosphere by provid-
ing abundant chemisorption sites [1-3]. The sorption prop-
erties of radionuclides onto mineral adsorbents have been
widely interpreted and quantified using the concept of sorp-
tion-desorption partition (or distribution) coefficient (Kd).
However, given that the Kd concept does not incorporate
any specific reaction mechanisms, there is a clear limitation
that an empirical Kd value depends on the experimental
conditions under which it was evaluated. Accordingly, sig-
nificant scientific efforts have been directed toward estab-
lishing a robust geochemical foundation for parameterizing
the sorption phenomena more reliably, and thermodynamic
sorption modeling (TSM) [4-6], which is chemically rooted
in the law of mass action, was introduced with the aim of
improving predictability in assessing the radionuclide re-
tention in a DGD system across a wide range of geochemi-
cal conditions. Bentonite is naturally formed through the
weathering of volcanic ash, and its characteristic swelling
and chemisorption properties are predominated by mont-
morillonite, a planar 2:1 phyllosilicate that comprises the
major portion (> 70wt%) of the clay’s mineral content. Due
to the heterogeneity of natural systems, montmorillonites
from different origins have disparate mineral chemistry
(e.g., degree of isomorphic substitution, interlayer cation
composition, etc.), resulting in somewhat distinct ther-
mal, hydrodynamic, mechanical, and chemical properties
depending on their sources. Further, montmorillonites are
generally categorized by their principal interlayer cations,

and the most common forms discovered in nature Na- and
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Ca-type montmorillonites. Thus far, Na-montmorillonite
dominant bentonites (e.g., MX-80, Kunigel V1, etc.) have
been thoroughly examined and selected as reference buf-
fer materials for deep geological repositories (DGR) in
numerous countries. However, recent experimental and
theoretical studies have suggested that Ca-montmorillonite
can display comparable or even more superior swelling ca-
pacity than Na-montmorillonite at high dry density (> 1.5
g-em) [7-9], and most commercial Ca-bentonites indeed
satisfy the mechanical criteria required as engineered barri-
er system (EBS) when formed into compressed blocks with
a dry density greater than 1.6 g-cm™ [10]. Yet, compared
to Na-montmorillonite, there remains a scarcity of reported
thermodynamic sorption data of important radionuclides
onto Ca-montmorillonite from a perspective of high-level
radioactive waste (HLW) disposal; ion-exchange behaviors
of radionuclides onto montmorillonite definitely depend on
the type of interlayer cations, and it has been reported that
stability constants of relevant surface complexes formed at
edge functionalities of montmorillonite vary noticeably be-
tween Na- and Ca-montmorillonites as well [11-14].

Korea Atomic Energy Research Institute (KAERI) ad-
opted a new reference research Ca-bentonite in 2021, named
Bentonil-WRK [15-18], as domestic KJ-I/-IT Ca-bentonites
are gradually being depleted in Korea. We aimed to develop
a thermodynamic sorption database of radionuclides onto
Ca-type Bentonil-WRK montmorillonite; as part of a na-
tional R&D program on SNF storage and disposal launched
in 2021 [19], there has been a concerted effort to construct a
comprehensive sorption database for various clay and crys-
talline rock minerals, which is aimed to be utilized as an
essential input dataset in the operation of a process-based
total system performance assessment framework, Apro
[20]. In a previous study [17], we conducted experimental
work on purifying Ca-montmorillonite from Bentonil-WRK
bentonite, as well as investigating its acid-base properties
and sorption interactions with Cs(I) and Sr(II), and it was
confirmed that the experimental results can be satisfactorily

modeled by simplifying the complicated reactive sorption
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Table 1. Physico-chemical properties of purified Bentonil-WRK Ca-montmorillonite [17]

Parameters Values
Cation exchange capacity 94.2 meq/100 g*
N, BET specific surface area 744 m*g"!

Site density of edge aluminol group (=AIOH)
Site density of edge silanol group (=SiOH)

(4.94 % 0.12)x107 mol ¢!
(7.42 £ 0.87)x107 mol-g”!

Surface reactions log K
X,Ca+2H" = 2XH + Ca** 3.38£0.06
=AIOH + H" = =AIOH," 8.35+0.24
=AIOH = =AI0"+H' -9.59+0.28
=SiOH = =Si0O" + H" ~7.65+0.09

* Adopted as a density of interlayer sorption site (X) of the montmorillonite

sites of montmorillonite into three types: interlayer sites
with permanent negative charges, aluminol-like amphoteric
edge sites, and silanol-like monoprotic edge sites. Se is
another element of particular interest in the safety assess-
ment of a DGR for HLW, owing to its long half-life of 7Se
radioisotope (3.27x10° years) and relatively high mobility
in geological environments. Aqueous Se species undergo a
range of redox reactions depending on Eh and pH of a solu-
tion, existing in oxidation states of Se(-II), Se(0), Se(IV),
and Se(VI). Notably, Se(-II) and Se(0) form stable precipi-
tates with significantly low solubilities under groundwater
conditions [21, 22], while Se(VI) generally displays negli-
gible sorption onto mineral phases [23, 24]. Se(IV) species,
which display much stronger chemisorption affinities than
Se(VI) species, are commonly formed in ambient aqueous
solutions and can be released into EBS of a DGR under var-
ious scenarios of early waste canister failure, where oxidiz-
ing conditions persist. Further, investigating sorption mech-
anisms of Se(IV) onto mineral adsorbents is also essential
for comprehending Se redox kinetics in geological media
[25, 26], and these geochemical features render Se(IV) as
the most interesting oxidation state of Se for elucidating its
sorption thermodynamics onto natural mineral adsorbents.
In this framework, continuing the previous study on sorp-

tion interactions between Bentonil-WRK montmorillonite
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and highly soluble fission products, this work presents
examination and modeling of chemisorption behaviors of
Se onto purified Ca-type Bentonil-WRK montmorillon-
ite under ambient conditions (pH 4-9, pe 7-9, [ = 0.01 M
CaCl,, and T = 25°C). The resulting experimental Kd and
thermodynamic modeling data extend the material-specific
sorption database of Bentonil-WRK and are fundamental
for evaluating its chemical performance as a potential Ca-
type buffer material of DGD system for HLW.

2. Experimental
2.1 Chemical Reagents and Clay Adsorbent

In this study, all experiments were performed under
ambient conditions at 25 + 1°C. Aqueous solution samples
were prepared with deionized water, having a resistivity of
18.2 MQ-cm at 25°C (Merck Millipore, Milli-Q Direct).
The Se(IV) stock solution was prepared by dissolving pre-
cisely weighed H,SeO; (Sigma-Aldrich, 99.999%) in deion-
ized water, resulting in a total concentration of Se(IV) to be
0.01 M. The ionic strength and pH of experimental analytes
were accurately adjusted using concentrated HCI (Sigma-
Aldrich, 99.999%), Ca(OH), (Sigma-Aldrich, 99.995%),
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and CaCl, (Sigma-Aldrich, > 99%) solutions. The ho-
moionic Ca-montmorillonite, with a 95wt% purity, was
separated from Bentonil-WRK bentonite (Clariant Korea)
by performing the clay treatment processes as detailed in
the previous work [17], and Table 1 summarizes the geo-
chemical characterization of purified montmorillonite. The
pH and pe of aqueous analytes were assessed using a com-
bination pH electrode (Orion, 8107BN), an ORP (oxida-
tion-reduction potential) electrode (Orion, 9179BN), and a
meter (Orion, A326). The electrodes were freshly calibrated
with standard pH and ORP buffer solutions (Orion), and the
actual proton concentrations (—log [H"] = pH,) were further
corrected from the measured pH values based on an empiri-

cal approach detailed elsewhere [27-29], if necessary.

2.2 Batch Sorption Experiment

A total of 26 batch samples were prepared with a S/L
ratio of 5 g-L"! and two initial Se concentrations (=[Se];) of
0.05 and 0.11 mM to evaluate the kinetics and pH/pe-depen-
dent sorption of Se onto the purified Ca-type Bentonil-WRK
montmorillonite. Unfortunately, the use of radioactive Se
isotopes (e.g., *Se and "Se), which offers advantages in a
detection limit and accuracy for quantifying dissolved Se,
was not available this study, and such sub-millimolar levels
of [Se]; were taken into account by considering the weak
sorption characteristics of Se onto clay minerals and the
precision of inductively coupled plasma-mass spectrom-
etry (ICP-MS) utilized for Se analysis. In detail, accurately
weighed Bentonil-WRK Ca-montmorillonites were reacted
with CaCl, solutions for 3 days where pH, adjustments of
the supernatants were made using HCI and Ca(OH), solu-
tions as required. Following the pretreatment of clay, de-
fined amounts of Se(IV) stock solutions were added to the
batch samples, and the suspensions were allowed to ad-
ditionally equilibrate for 3 days in a benchtop incubated
shaker (Lab Companion, IST-4075R). The reaction time
was determined by considering the observed Se sorption

kinetics evaluated at pH 5 (see Fig. 1), the condition where
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Fig. 1. Sorption kinetics of Se onto Ca-type Bentonil-WRK
montmorillonite under the ambient conditions.

Se sorption onto montmorillonite generally occurs most
effectively. Subsequently, supernatant samples were sepa-
rated from each mixture through centrifugation at 4,696 g
for 10 minutes (Thermo Scientific, Sorvall X1 Pro), and
final pH, and pe of the solution phases were recorded. Ali-
quots of the supernatants were taken to determine dissolved
concentrations of remaining Se and Al by ICP-MS (Perkin
Elmer, NexION 350X); Al concentrations in all samples
were below the detection limit (5 ppb), signifying that the
centrifugal separation was successful. In addition to the 26
batch samples prepared to assess the sorption kinetics and
thermodynamic of Se, an additional sample was made with
a S/L ratio of 1 g'L™' and relatively high [Se]; of 5 mM
at pH, 4.5. After the sorption reaction, all the Se-sorbed
montmorillonite analytes were lyophilized, and their lay-
ered structure and morphology were analyzed by means of
X-ray diffraction (XRD) and transmission electron micro-
scope (TEM). Powder XRD spectra of the randomly ori-
ented analytes were recorded on the diffractometer (Rigaku,
SmartLab SE) with a Cu Ka source at 40 kV and 50 mA,
where the measurement step size and acquisition time were
0.01° and 3 s per step, respectively. For TEM measurement,
the lyophilized clay samples were ultrasonically dispersed
in a pure ethanol medium (Sigma-Aldrich, 200 proof), and
5 pL of the dispersion solution was placed on a copper grid
and dried. The morphology of Se-sorbed montmorillonite

analytes was finally measured using a field-emission TEM
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equipment (Hitachi HF5000) at an acceleration voltage of

200 kV with a cold field-emission electron gun.

2.3 Geochemical Speciation and Thermody-
namic Sorption Modeling

The geochemical modeling programs PHREEQC [30]
and PhreePlot [31] were utilized to compute the species
distribution of Se in the present aquatic system and illus-
trate a corresponding Pourbaix diagram. Thermodynamic
data required in the speciation were taken from Thermo-
Chimie DB v12a [32] where activities of aqueous species
were adjusted using the Davies equation [33]. The param-
eter estimation code PEST [34] was employed in conjunc-
tion with the PHREEQC to scrutinize the batch sorption
data and refine the formation constants of associated sur-
face Se complexes; within the geochemical calculations,
thermodynamic activities of surface species involved were
considered equivalent to their respective mole fractions for
each sorption site. The diffuse double layer model (DDLM)
[35] was adopted to correct the electrostatic effect in the as-
sessment of chemisorption interactions at the solid-solution

interface.

3. Results and Discussion

3.1 Aqueous Species Distribution of Se Under
the Experimental Conditions

Fig. 2 displays the measured pH, and pe of supernatants
separated from the batch samples after sorption equilib-
rium of Se onto the Ca-montmorillonite was attained. The
correlation between the pH, and pe values obtained is evi-
dent, and it is expressed by a linear equation as shown in
Equation (1). This implies that dissolved Se species or trace
amounts of redox-active impurities (e.g., Fe, Mn, etc.) con-

tained in the clay mineral may effectively function as redox
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Fig. 2. A correlation between the measured pH. and pe values of
supernatants in the batch sorption analytes.
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Fig. 3. Pourbaix diagram of Se where the violet dashed segment indicates
the observed pH-pe correlation in the batch samples prepared in this study.

buffers in the present aquatic system.

pe = 16.9xEh(V) = 8.56 — 0.09xpH, (at25°C) (1)

pH and pe-dependent distribution of relevant aqueous
Se species in a solution with 3.33 mM CaCl, background
electrolyte was calculated, and Fig. 3 displays a result-
ing Pourbaix diagram ([Se]; = 0.1 mM and T = 25°C). It
clearly shows that Se(IV) and Se(VI) are the two primary
oxidation states of Se under the ambient conditions without
precipitation, while the predominance of Se(0) and Se(-1I)

states generally increase as pe decreases across the entire
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Fig. 4. pHc-dependent distribution of aqueous Se species
under the ambient conditions.

pH range. Additionally, Fig. 4 shows a more detailed pH,-
dependent distribution of aqueous Se species under the
ambient conditions with the pe values being reflected ac-
cording to Equation (1); at pH, < 6.7, the majority of dis-
solved Se(IV) exist as HSeO,;~ where minor H,SeO;(aq)
and SeO;?” occupy less than 5% of [Se]y, and the biselenite
ion is progressively oxidized under alkaline conditions to

form SeO,> and CaSeO,(aq) species.

3.2 Sorption Thermodynamics of Se(lV) Onto
Ca-type Bentonil-WRK Montmorillonite

Table 2 provides the determined Kd values for Se sorp-
tion onto Bentonil-WRK Ca-montmorillonite by the batch
experiment, except for a datum from the sorption kinetic
measurement at t < 20 hours, and Fig. 5 displays the com-
parisons between experimental Kd data (open symbols)
and TSM results (closed symbols). Since formation of rel-
evant solid Se phases, such as SeO,(s), CaSeO;-H,O(s), and
CaSe0,2H,0(s), is generally excluded under the present
Ca-H-CI-CO;-OH solution system, the slight but evident
decrease in dissolved Se concentrations in the supernatants
is attributed to the chemisorption of Se onto montmoril-

lonite. The Kd values become negligible under alkaline
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conditions at pH, > 8, where aqueous Se(VI) species are
dominantly formed in the solution phase (pe =~ 8.56 — 0.09
x pH,), implying that only Se(IV) is the oxidation state re-
sponsible for Se sorption onto Bentonil-WRK montmoril-
lonite under the experimental conditions considering the
characteristics of aluminol groups in montmorillonite [17].
Dissimilar to most cationic species (e.g., Cs*, Sr**, UO,*,
etc.), penetration of Se(IV) into the interlayer space of
montmorillonite is typically ruled out at pH, > 4 due to its
negatively charged nature, and solely surface complexation
of selenite species with the clay’s edge functional groups
is considered responsible for the adsorption behaviors. In-
deed, XRD and TEM analyses of the Se(IV)-sorbed mont-
morillonite samples confirmed that their layered structure
and morphology remained identical to that of unreacted
Bentonil-WRK montmorillonite as shown in Fig. 6; XRD
signals for the 001 diffraction of both analytes were ob-
served at an identical 26 position of 6.6° with FWHM of
1.3°, corresponding to a basal spacing (d,,,) of 13.4 A.
Regarding the possible chemisorption mechanisms of
Se(IV) onto montmorillonite, binuclear-bidentate inner-
sphere complexation [36] and outer-sphere complexation
[26, 37] of selenite onto the edge aluminol site of mineral
were individually proposed in the previous studies that em-
ployed X-ray absorption spectroscopy (XAS) to investigate
Se(IV)-sorbed clay analytes; both inner- and outer-sphere
Se(IV) complexations may indeed occur concurrently onto
clay minerals, with the distribution of surface Se(IV) spe-
cies governed by the experimental conditions. Moreover,
another Se(IV) sorption study onto MX-80 bentonite [38]
showed that, through parametric modeling of sorption data,
a ternary surface Se(IV) species involving divalent back-
ground cations (Ca*" and Mg?") can be formed. Complying
with the simplified surface acid-base model of Bentonil-
WRK montmorillonite (Table 1), chemical equations for
the inner-sphere complexation, outer-sphere complexation,
and ternary complexation of Se(IV) can be expressed as
Equations (2), (3), and (4), respectively. In this study, two

Se(IV) chemisorption reaction models, designated as model
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Table 2. Experimental Kd values for Se sorption onto purified Bentonil-WRK Ca-montmorillonite evaluated in this study

15F el B i f
T =5 \\
- % i‘\“-.‘:x\?.%‘ ]

4 7 10 13 16 19 22 25 28 31 34

26 (deg.)

Kd (L'kg") pH. pe [Sely Kd (Lkg™") pH. pe [Sely
92+1.0 4.5 8.1 0.05 mM 179+ 1.7 4.9 8.4 0.05 mM
20.7+22 53 8.0 0.05 mM 42405 6.5 8.0 0.05 mM
41+04 6.9 7.9 0.05 mM 41+04 72 7.9 0.05 mM
40+04 7.8 7.9 0.05 mM —0.9+0.1 83 7.8 0.05 mM
1.5+0.1 8.5 7.9 0.05 mM 20.0+2.1 4.9 8.5 0.11 mM
21.3+22 5.1 8.3 0.11 mM 163+1.6 5.0 82 0.11 mM
18.7+2.0 4.8 8.2 0.11 mM 20.0+2.1 4.9 8.1 0.11 mM
19.7+2.0 4.1 8.1 0.11 mM 10.6+ 1.1 4.4 7.8 0.11 mM
94+1.0 4.5 8.6 0.11 mM 149+1.6 4.8 8.0 0.11 mM
8.1+£0.8 5.5 8.8 0.11 mM 120£12 6.4 8.1 0.11 mM
10.6+1.2 6.6 7.9 0.11 mM 28403 72 7.9 0.11 mM
54+05 7.6 7.8 0.11 mM 03+0.1 83 7.9 0.11 mM
03+0.1 8.9 7.7 0.11 mM -
4'0 T T T T T T T T T T T T T T T T T
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Fig. 5. Assessed Kd values for Se(IV) sorption onto purified Bentonil-
WRK Ca-montmorillonite and their comparisons with the TSM results.

A and B, were then examined in the TSM of experimen-
tal data; model A reflects both the inner- and outer-sphere
complexation mechanisms supported by spectroscopic evi-
dence, while model B is a more comprehensive reaction
model that incorporates the ternary complexation mecha-

nism as well.
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(@)

(b)

Se(IV)-sorbed montmorillonite prepared with a S/L
ratio of 1 g-L ™" and [Selr of 5 mM at pH. 4.5.

Fig. 6. Representative results of (a) XRD and (b) TEM analyses of the
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1=0.01 M CaCl,, T=25°C
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o dissolved Se
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S

< \ ]
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= : I ]
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(b) Sorption model B

Fig. 7. pHe-dependent species distribution of Se sorbed onto Bentonil-WRK Ca-montmorillonite at pe = 8.56 — 0.09xpH,, I =0.01 M CaCly, S/L=5 gL,
T=25°C, and [Se]r= 0.1 mM based on chemisorption reaction (a) model A and (b) model B.

2=AI0H + H,SeO4(aq) = (=Al),Se0, + 2H,0(1)  (2)

=AIOH," + HSeO;~ = =AIOH,SeO; 3)

=AIOH + Ca*" + Se0,> = =Al0OHCaSeO, @)

The red and green marks in Fig. 5 denote the re-calculat-
ed Se(IV) Kd values under the present aqueous conditions,
obtained through TSM of the experimental data using the
reaction models A and B, respectively. Both models accept-
ably simulate the pH.-dependent chemisorption behaviors
of Se(IV) under acidic conditions, while the TSM based on
model B indicates slightly more effective Se(IV) adsorp-
tion onto Bentonil-WRK montmorillonite at pH, 6-8, at-
tributed to the formation of an additional =AI0HCaSeO,
surface complex; this renders it somewhat more suitable
compared to the TSM based on model A. Nevertheless, it
cannot be conclusively asserted that chemisorption model
A should be excluded from the TSM, as spectroscopic evi-
dence supporting the formation of ternary Se(IV) species is
lacking. Hence, we present the TSM results based on both

reaction models in this study, and Table 3 summarizes the
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determined equilibrium constants for each chemisorption
reaction mechanism along with their uncertainties corre-
sponding to a 95% confidence level. Fig. 7 displays the as-
sessed distribution of surface Se(IV) species sorbed onto
Bentonil-WRK Ca-montmorillonite under aqueous condi-
tions of pH, 4-9, pe = 8.56 — 0.09 XpH_, [ = 0.01 M CacCl,,
S/IL=5 gL, T=25°C, and [Se]; = 0. mM using the
resulting thermodynamic sorption data in this study. Both
chemisorption reaction models similarly simulate the de-
creasing trend of Se(IV) Kd values as the pH, of superna-
tant increases, with outer-sphere and inner-sphere complex-
es are identified as the major surface species in acidic and
near-acidic conditions, respectively. According to model
B, the ternary Se(IV) complexation is anticipated to occur
only in a narrow neutral pH, region. The calculated surface
Se species distributions generally align with the previously
reported pH-dependent sorption characteristics of Se(IV)
onto bentonites or montmorillonites from different origins
(e.g., MX-80, Kunigel V1, FEBEX, GMZ, etc.) [23, 38-47].
However, unfortunately, there are no available log K data
directly comparable to those determined in this study, as
the other relevant TSM studies [23, 38, 40-46] adopted
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Table 3. Resulting equilibrium constants for the assumed surface reaction mechanisms of Se(IV) onto Bentonil-WRK Ca-montmorillonite

Chemisorption reaction model Surface reaction log K
Model A =AIOH," + HSeO; = =AIlOH;SeO; 0.36£0.33
2=AI0H + H,Se0,(aq) = (ZAl),SeO, + 2H,0(1) 8.18+0.32
Model B =AIOH," + HSeO; = =AlOH;SeO; 0.50+0.21
2=AI0H + H,Se0,(aq) = (ZAl),SeO, + 2H,0(1) 7.89+0.51
=AIOH + Ca** + Se0,* = =AIOHCaSeO, 7.69 +0.28

different surface reaction models (i.e., types of simplified
functionalities considered, reaction stoichiometry, electro-
static correction approach, etc.) to interpret their experi-

mental data.

4. Concluding Remark

Sorption behaviors of highly soluble radionuclides onto
montmorillonite, a major mineral component of bentonite
clay, should be thoroughly examined to accurately assess
the transport of radionuclides in EBS of a DGR for HLW.
The application of TSM enhances confidence and predict-
ability in geochemical modeling of radionuclide retention
by mineral adsorbents compared to the conventional Kd-
based approach. In the present work, we investigated pH
and pe-dependent Se sorption properties onto Ca-montmo-
rillonite purified from Bentonil-WRK—a new reference
research clay introduced by KAERI—under ambient con-
ditions by conducting batch experiment and DDLM-based
TSM following the simplified surface acid-base model for
Bentonil-WRK described in the previous study [17]. This is
part of a national R&D project [19] on construction of a ro-
bust sorption database for the Ca-bentonite, which is being
developed in conjunction with a process-based total sys-
tem performance assessment framework, APro [20]. The
established material-specific surface reaction models and
associated equilibrium constants successfully reproduced

the observed Se(IV) sorption properties over the studied

INFCWT Vol.22 No.3 pp.313-324, September 2024

aqueous conditions, where outer-sphere complexation,
inner-sphere complexation, and formation of Ca-involved
ternary complex of Se(IV) onto edge aluminol groups of
montmorillonite were considered; outer-sphere and inner-
sphere Se(IV) complexes are identified as major surface
species formed under acidic (pH = 4) and near-acidic (pH
~ 6) conditions, respectively, and the ternary Se(IV) com-
plexation with Ca®" background cation can occur at neutral
pHs. Further sorption studies on Ca-type Bentonil-WRK
montmorillonite should focus on expanding the spectrum
of target adsorbates (e.g., actinides, iodine, simple organics,
etc.) under a broader range of aquatic conditions relevant to
the DGD environment, including high temperature, hyper-
alkaline, and saline conditions, as quantitative sorption data
produced under such geochemical conditions is certainly

lacking compared to that evaluated under ambient systems.
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