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DECONTAMINATION OF AQUEOUS SOLUTIONS
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Clay-salt slimes, production wastes from the JSC “Belaruskali”, have been tested as a low-cost, eco-friendly
potential sorbent for the removal of radionuclides from aqueous solutions, and may be a component of the cement
filling of drums used in the storage of radioactive wastes. The efficiency of sorptive removal of caesium (I) -137,
strontium (II) -90, europium (III) -152, and americium (IV) -241 was examined with respect to the time of phase
equilibration, pH, sorbent dosage, and the presence of salts and complexing agents. Irradiation stability of the
material was also studied. It was found that uptake of the radionuclides is almost complete. A procedure for the
removal of technetium-99 has been also proposed. Experimental results obtained within the presented work confirm
our expectations.

I'muHMCTO-CONEBBIE TIIaMBbI, OTHOCSAIIHECS K oTxomaM npousBojacTBa OAO «benapychkamuii», ObUTH HCIIBI-
TaHbI KAK HEJOPOTOii, IKOJOTUUECKH YHCTHII MOTSHIHATbHBIN COPOSHT JUIs yaNeHHsl PaAUOHYKIUIOB U3 BOJHBIX
pPacTBOPOB U MOTYT OBITh OJIHMM W3 KOMIIOHEHTOB [[EMEHTHOI'O HAIOJHUTENS KOHTEHHEPOB, UCIOIb3YyEeMbIX IS
XPaHCHHUS PAAMOAKTUBHBIX 0TX0M0B. D dhexkTHBHOCT copbunonnoro ynanenus nesus (1) -137, crpornus (II) -90,
espomus (I11) -152 u amepurus (IV) -241 6puta uccnenoBaHa B OTHOIIEHUHN BpeMeHH ()a30BOTO ypaBHOBEIITUBAHHSI,
pH, 10361 copOeHTa, M MPUCYTCTBUEM COJIEH M KOMILIEKCOOOPa3yIOIINX areHTOB. Takke ObII0 U3yd4eHO O0MyUYeHHe
Mmarepuaia. bpuio yCTaHOBIIEHO, YTO MOMIOIIEHHE PAANOHYKIUIOB PAKTUUECKH 3aBepiieHo. [IpeiokeHa Takke
TEXHOJIOTUS YJIaJIeHUs] TeXHelHs1-99 n3 BOAHOTO pacTBoOpa. DKCIEPUMEHTAIbHbIC PE3YJIbTaThl, IOJY4YECHHbIC B PaM-
Kax MPEeACTaBJICHHOH pabOThl, MOATBEPIKAAIOT HALIH TIPENOIOKEHUSI [0 TAHHOMY MCCIIEJOBAHUIO.
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In Poland, low- and medium-level short-lived radioactive wastes (LLRW and MLRW, respectively) are conditioned
in the near-surface National Radioactive Waste Repository (NRWR in Rozan) operated by the Radioactive Waste Man-
agement Plant. In 2016 NRWR collected about fifty cubic meters of wastes, with about 40% being liquid. Also collected,
were about 24,000 smoke detectors and 1,300 decommissioned sealed radioactive sources [1]. In Belarus, in turn, in the
near future LLRW and MLRW will be stored in an area near the nuclear power plant (at present, under construction) be-
fore being removed to the repository. This will be constructed by 2028 [2].

Great problem related to LLRW and MLRW management is the possibility of leaching of radioactive elements by
different aqueous streams present in the repository, which may result in dangerous health effects in both humans and
animals within the local environment. To prevent the abovementioned release of hazardous radioactive elements from
storage locations into the environment, a well-known multi-barrier system was put into effect. Typically, the main retar-
dation barrier for the release of radionuclides is the immobilization of radioactive wastes in different mixtures of cement
and sorbents [3].

The presently realized Polish-Belarusian joint project is aimed at determining sorption characteristics of clay-salt
slimes (CSS), a waste product created during the fabrication of potash fertilizers in Belaruskali (Soligorsk, Belarus).

Experiments were performed with clay-salt slimes (CSS-1 and CSS-3) samples withdrawn from the clay-salt slime
repositories No. 1 and No. 3, respectively. The mineralogical composition of this material is iolite — 51.1 %; dolomite —
19.6 %; potassium feldspar — 14.0 %; quartz — 7.4 %, and other minor minerals — 7.1 %. The raw materials were converted
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into the form of sorbent according to the procedure described elsewhere [Braun, to be published]. By this procedure we
have obtained two different fractions, assigned as A and B materials.
The specific surface area of the CSS-3B material was determined by low-temperature nitrogen adsorption and utilis-
ing Brunauer—-Emmett—Teller theory (BET) to be about 66 m*/g, and is twice greater than that of the CSS-3A (28 m?%/g) [4].
Sorption experiments were performed in the batch experiments by changing only one parameter in any series of
experiments. Such methodology allows for identifying the optimum experimental conditions for sorption. List of the
parameters, ranges of the studied values and the optimum sorption conditions are listed in Table 1.

Table 1 — Controllable factors and their values

No Description Studied values Og}t;ﬁlém Units
1 | Initial metal concentration nca * mol dm™
2 | Initial salt concentration ca. 102 M NaNO M
3 | Temperature Room temperature °C
4 | Time of contacting phases 0—-180 60 min
5 | Mass of sorbent used from 1 to 20 5 g dm?
6 |pH 2-10 5.5
7 | Presence of salts Na*, K', Mg*", Ca?* chlorides: 583, 32, 129 and 182 mg dm
8 | Presence of chelating agents (no/yes) oxalic and citric acids and Na-EDTA: 2-10-3, each M
9 | Irradiation dose 250 | no kGy

Note: * No-carrier added (nca) radioisotope: extremely small amount of the radioactive isotope (usually in the range of 10°—107 mol)
which is not stabilized with weight amount of its stable isotopes [1].

Efficiency of the solution purification, (£, %), was calculated with the formula:
{A 0o~ As g }
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The representative results of removal efficiency (E,) vs. time and mass of the sorbent used are given in the follow-
ing Figure.
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Figure — Effect of contacting time and mass of the sorbent used on sorption of the radionuclides onto CSS-34

Summary data for caesium (I), strontium (II), europium (III), americium (IV) and technetium (VII) sorption obtained
in the presented project show that they are of the same range as these of another natural sorbents. Main results are presented
in Table 2.

Table 2 — Main results obtained for the CSS-1 and CSS-3 sorbents

CSS-1A CSS-1B CSS-3A CSS-3B
Proposed time to reach equilibrium (min) 10 min 10 min 10 min 10 min
Proposed sorbent dosage (g-dm?) 2 2 2 5
Optimum pH Dt the phirange 212 | o e gt e 212
Zeta potential * (pH=4); mV —20.1 —22.5 -25.5 —24.4
Main components [4]: iolite 44.2 % 61.2% 48.2 % 65.2 %
dolomite 23.0 % 0 17.0 % 0
Radiation stability very high very high very high very high
Cs (I) 99.0+0.3 98.6+0.2 98.8+0.4 98.6+0.5
o ) ) Sr (1) 99.0+0.4 98.4+0.3 98.8+0.4 98.7+0.4
E,, (%) of the initial radionuclide Eu (I11) 91.120.6 87.0+0.5 89.1+1.0 90.7+0.7
content in the solution
Am (IV) 97.440.2 92.3£0.2 96.8+0.4 96.8+0.5
Tc (IV) / SnCl, not studied not studied 99.6+0.3 99.5+0.4

Notes: “— Electric charge of the surface; *"— For the conditions listed in Table 1 as optimum.

So, it may be stated, that are industrial wastes in the activity of the “Belaruskali”, may be accounted as a perspective
sorbent for treatment of aqueous solutions containing the radioactive metals.
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