7’( I\ (88804) 7 \/jE
& L BRI RR 5 EDRIH

L\TL_E I/./@Q

Effectlve Removal of Selenite and Selenate lons
from Aqueous Solution by Barite (BaS0,)

Kohei Tokunaga

FRERISSERR TN —T

Research Group for Interfacial Reaction-Field Chemistry

S )

KRB B AFAES DD THE
4 » (BaSO,) 3. WSR2 BET EWE L CIEE

LM TH LN

WCHERZEEEZFRSICOEDLS T, Zo5HTHYLNR
BT LIFBEAEDD FE A AIFFETIE, AR % WL
W BAAZ L\t L v DA+ 10T 2 Bl obks
B LT NI A MBS w7z Fiob s
EATVWE L7ze SNOHAF Y ONT A MK 5308
LR i

KB D 80% LLED X L v s

BEGFLVTHLNI L, HUY AR
Rtz LT,
FERENE L7,

AWFZEIEHR RS (il 35RK) & LRI T1T
birE L7ze AEEIZ. American Chemical Society @

Z£4f7 8% Environmental Science & Technology @ 7 A 7

HAEFRCEBm S E L7z,

1. FIEOER - 518 )

& L SOV BRI O RS B B A 4 B,
YA FADKIE
& - BEESIUIS CHIBHRZBE LRz, il
GOZEFH EOME L 2o TnET, 2OHTH L

CRERETRONGRRAY i o187/ R RN E V)3

Y Se) DA F [ L YR Se0,) Bt L B (Se0,Y)]
FEWFFEHEAKIOF T 2muwElE s b aETR E
LTE L ORI NTVET, LaL, 20BEHD

Abstract )

In the present study, we explore a new application
of barite (BaSO,) as a sequestering phase for selenite
(Se(IV)) and selenate (Se(VI)) ions from aqueous
solutions. Barite is a common phase in many geological
environments, and it can be used to remove toxic and/
or radioactive elements from aqueous solutions, but
it has not been widely used in environmental studies.
This study describes the mechanisms of Se distribution
between barite and water, thus providing a good
estimate of its ability to effectively remove Se(IV) and
Se(VI) from aqueous solutions (more than 80%) using
the optimized experimental parameters examined here.

This work was conducted in University of Tokyo
(Prof. Takahashi) and was published in Environmental

Science & Technology (American Chemical Society).

1. Background )

Radioactive anions, such as selenium-79,
technetium-99, and iodine-129, present in high-
level waste, have frequently been taken into the

consideration in safety assessments of geological
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disposal because of their sparse adsorption/
immobilization on clays and high mobility in
environments. Selenium-79 is a prominent fission
product in radioactive wastes; it has a long half-
life (about 10° years), and it is harmful to organisms
depending on its concentration and chemical form in
water. In normal water environments, Se is dissolved
as oxyanions (selenite: Se’VO.%; selenate: Se'0,%) with
high solubility and mobility. Several techniques can
be used to reduce the level of Se in aqueous solutions,
but there is a lack of effective removal techniques
for selenite and selenate [1-2]. In the present work,
we designed and characterized methods using barite
(BaSO,) as a sequestering phase for selenite and
selenate from polluted solutions based on the structural
similarity between SO,” and SeO,* or SeQ,”. Barite is
a cheap and effective material, and it can be used to
remove toxic and/or radioactive elements from polluted
solutions. As a sequestering phase, barite shows the
following characteristics: (a) extremely low solubility
(ca Ko, = 10" at 25° C, 1 atm), and easy precipitation
from solution; (b) incorporation of numerous elements
because of the large ionic radii of substituted ions; (c) it
has comparatively higher density than other minerals
(45 g/cm’®), which is beneficial for rapid sedimentation
during coprecipitation process; and (d) high crystal
stability under a wide range of conditions, which
makes it resistant to dissolution. In the present work,
we mainly study the coprecipitation mechanism of
barite to develop a technique for the direct removal
of Se(IV) and Se(VI) from aqueous solutions. The
distribution coefficients (K,) of Se between barite and
water, unit-cell volume in the barite crystal structure,
and local structure of Se in barite were investigated to
determine the optimum condition for Se removal using

barite.
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2. Contents of the study )

The two factors, namely, (i) chemical affinity related
to the degree of surface complexation between mineral
surface and dissolved ions and (i) structural similarity
related to the structural geometry of incorporated ions
into the substituted site, strongly influence the partition
behaviors of trace elements in minerals. X-ray
absorption fine structure (XAFS) analysis showed that
both Se(IV) and Se(VI) are incorporated into barite as
Se0,” in trihedral coordination with oxygen or SeO,”
in tetrahedral coordination with oxygen, respectively,
suggesting a strong dependence of structural similarity
in the crystal lattice rather than in adsorption site on
the surface on its partitions.

At first, the effect of [SO,*] in the initial solution

on the amount of Se(IV) and Se(VI) coprecipitated
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Fig.1. Effect of experimental parameters on the uptake of Se(IV) and Se(VI) by barite

Vertical axis shows the distribution coefficient (Kj) for Se. It shows a larger incorporation of Se into barite

along the positive vertical axis.
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with barite was studied. The results showed that
both Se(IV) and Se(VI) were incorporated to a large
degree into barite when [SO,*] was low. This suggests
that SO,” competes with SeO,” and SeO,” for uptake;
especially, it had a strong influence on the removal of
Se0,” owing to the structural similarity between SO,*
and SeO,”. Second, the effect of the coexistent ions was
investigated. It was shown that the uptake of Se(IV)
by barite strongly increased in the presence of [Ca®],
which is possibly due to the crystal lattice distortion
effect of coexistent Ca”" on their partitions. The results
showed the larger degree of crystal distortion in a
coexistent system of Ca and Se(IV) than that present
in a single system of Ca or coexistent system of Ca
and Se(VI). The results showed larger incorporation
and distortion of the incompatible oxyanion against
SO,” sites (Se05*, AsO,*, and TeO;") with increase
in [Ca?"], while the incorporation and distortion of
compatible elements (SeO,*, TeO,”, MoO,%, and WO,*
) remained almost constant. Additional experiments
were conducted by changing the pH, saturation state,
and ionic strength to design an optimized system
to effectively remove Se(IV) or Se(VI) from aqueous
solutions. Based on the above results, it was found that
more than 80% of the Se(IV) and Se(VI) in the tested
aqueous solution ([Seliia = 80 mg/L) were incorporated

into the barite during coprecipitation.

3.Importance of the result and its impact)

Once Se is incorporated into the barite lattice,
it is unlikely to be leached out, regardless of the
surrounding environment, because of the strong crystal
stability of Ba-Se03;-Se0,~SO, for Se immobilization.
In comparison with previous techniques, barite
shows better Se(VI) removal performance, despite
the high solubility and mobility of SeO,* in aquatic
environments. Thus, barite works as a reliable

material for the removal of Se from aqueous solutions.
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These observations describe the mechanisms of Se
distribution in barite and water, thus providing a good
estimate of its ability to effectively remove Se(IV)
and Se(VI) from aqueous solutions using an optimized

experimental design.

4 Perspectives y

Recently, we developed a new technique for
solidification/stabilization of Se-coprecipitated barite
in aluminosilicate geopolymer for long-term geological
disposal. The powdered samples must be immobilized
by solidification in glass, cement, or geopolymer for
safe disposal to prevent the dissolution and release of
toxic components to the environments. In this study,
we employed (i) aluminosilicate-based geopolymer
and (ii) cement consisting of CaCO; because of the
similarity in synthesis mechanism and structure
between solidified bodies and barite. Considering the
high crystal stability of barite and high metal-trapping
capacity of geopolymer and cement, this combination
based on coprecipitation with barite and solidification
bodies works as a reliable material for achieving safe

and efficient geological disposal.

[1] N. Bleiman and J. Mishael, J. Hazard. Mater. 183 (1), 590-595(2010).

2] E. Opiso et al., J. Hazard. Mater. 170 (1), 79-86(2009).

4] K. Tokunagaet al., Chemical Geology 447, 59-69 (20186).

2]
[3] K. Tokunaga et al., Geochem. Geophys. Geosyst. 14 (11), 4826-4834(2013).
[4]
[5]

5] Y. O. Rosenberg et al., Geochim. Cosmochim. Acta 75 (19), 5389-5402(2011).

1. 33K

KARPT. H2HEDPHFHULRT 2 EXIC. BRTIILER L AW F 2 E0MOMEZIR ) IAHBRD SILBRTHHERTT .

2. DEFRE

TERBICHE T BEREOTHEDIZEERL LT DPEMBDPREVFZEBHFIC. NEVWFERAFICHEELET.

3. BFtEE

EEATOTTRORABR (BHaY 1 b - B - RFEERE) 20 E7T. BE. BIERLVe XRRINHEE (XAFS) IS

KBDMICKYKDONET

EmRZ/—~ Vol.24 No.1

March 2018 | 28



