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The process of decommissioning uranium production equipment and
technological tools leads to the formation and accumulation of metallic
radioactive waste. The majority of this waste falls into the category of
low-level radioactive waste and requires special conditions for storage.
The use of ultrasonic treatment of TRW contributes to an increase in
decontamination coefficients compared to traditional methods, while
reducing the duration of the process. It has been established that the
types of filter fabrics considered are subject to regeneration with the
possibility of their subsequent use in industrial conditions. The effect of
various solutions on the efficiency of the decontamination process of
metal TROs has been studied. The possibility of single-stage cleaning of
metal TROs in an ultrasonic field using HNO3 solution to obtain
commercial metal with surface contamination of less than 1 alpha
particle/cm2'min at an acceptable level of less than 1.2 alpha
particles/cm2-min has been demonstrated.

Tyiinai cesaep:

TYNIHAEME

/e3akTuBarisi,
YABTPaABIObIC,
paAMOaKTUBTIAIK, ypaH,
KaaAbIKTap, MeTaAa, Cy3ri
MaTaJappl, KaliTa oHaey.

Ypan eHgipyde KOAJaHBIAATBIH >KaOABIKTap MeH TeXHOAOTUAABIK
KOHABIPFBLAAPABI  TaiigadaHyjaH IIBIFapy IpoIjeci  MeTalaAbIK
PaanoaKkTUBTI KaAABIKTapABIH Ty3idyiHe 5KoHe XKIIHaAyblHa oKeaeai. bya
KAaAABIKTapABbIH OacblM ©Oeairi TeMeH JeHTeiiai  pajuoOaKTUBTI
Ka/lAbIKTap¥a >KaTaabl JKoHe caKTay YIIiH apHaiibl >KarjaiiaapAbl Talar
erteai. TPK-HBI yAbTpaabIOBICTHIK ©HAEY Al KOAAaHY ADCTYpAi 94icTepMeH
CaABICTBIPFaHAA Ae3aKTUBaIfuA KOD(PPUITMEHTTepiHiH apTyblHa >KoHe
IpollecC YaKBITHIHBIH KBICKapybIHa BIKIIaA eTedi. 3epTTey HoTmKeaepi
OOJIBIHITIA KapacTHIPBLAFaH CY3Ii MaTaaphIHBIH TypAepi KaliTa oHJeyTe
KaTagpl JKoHe OJapAbl OHEPKSCINTIK Karjalida KaliTa IalijadaHyra
6oaagapl.  Metaaa  TPO-aapapl  JAes3akTmBanusAday — IIPOLIeCiHIiH
Tuimaiairine spTypai epitinaiaepain acepi seprreaai. HNO:s epiTingicin

© 2026 1. Khlebnikova, N. Egorov, G. Baibekova, D. Kurmangaliyev, G. Uazyrkhanova
@ This work is licensed under a Creative Commons Attribution 4.0
International License (CC BY 4.0).
https://creativecommons.org/licenses/by/4.0/


https://doi.org/10.51885/3134-8009_JES_2026_1_14
mailto:guazyrhanova@edu.ektu.kz
https://orcid.org/0000-0003-4052-8830
https://orcid.org/0000-0003-4052-8830
https://orcid.org/0000-0003-4052-8830
https://orcid.org/0000-0003-4052-8830
https://orcid.org/0000-0003-4052-8830

1-tom, 1-nemip, Haypn3, 2026. EKTU JOURNAL OF
Tom 1, Ne 1, mapr 2026. - 169 - 0 ENGINEER NG
Vol. 1, Issue 1, March 2026.

KOAJaHa OTBIPHIN, YABTPajbIOBICTHIK opicte MeTaaa TPO-aapamr Gip
caThlAbl Ta3alay apKblAbl OeTiHgeri aacraHy JeHreri 1 aabda
Gearex/cM>MUH-HeH a3, KaObladaaaTeiH 1,2 aapda Gearnex/cM*MuH-
AeH ToMeH KOMMepUMABbIK MeTala ady MyMKIiHAIr KepceTiagi.

Kaiouessie caoBa: AHHOTANIIUSA
JesaxTuBaIius, ITpomecc BEIBOJa U3 DKCIIAyaTaI[M 0OOPYAOBaHM Y TEXHOAOTMIECKON
YABTPa3BYK, OCHACTKM ypaHOBOTO IIPOM3BOJCTBA IPUBOAUT K 0Opa3oBaHMIO U
PaAMOaKTUBHOCTD, ypaH, HakonAeHuio Metaaamdeckux TPO. OcHoBHasi 4045 KOTOPBIX,
OTXOABI, MeTaAd, OTHOCHUTCS K KaTeropmy Hu3KoakTUBHEIX PAO n TpebGyeT obecrieueHns
¢uarTpoBasbHBIE IIOAOTHA, 0co0bIX ycaoBuii. IlpumeHenme yapTpassykopoit obpaborku TPO
PeIMKANHT. CIIOCOOCTBYeT  yBeAUYeHUIo KOod(PQPUINEHTOB Ae3aKTMBaIlMM  IT0
CpaBHEHUIO  C  TpasUIIMOHHBIMM  MeToJaMy,  IIpM  DTOM

MPOAOAKUTEABHOCTh IIpOllecca COKpaIllaeTcs. YCTaHOBAEHO, 4TO
paccMOTpeHHBIe  TUIIBI  (PUABTPOBAABHBIX  TKaHel  IToAJeXXaT
pereHepanuy C BO3MOXKHOCTBIO IIOCAEAYIOIIENl MX BDKCIIAyaTallui B
IIPOMBIIIIEHHBIX YCAOBVAX. VI3ydeHO BAMAHME Pa3AMIHBIX PacTBOPOB
Ha »(@QeKTMBHOCTh IIporecca JesaKkTupaumy MeTaaamdeckux TPO.
TTokasaHa BO3MO>XHOCTb OAHOCTAAMITHON OYMCTKU MeTaaamdeckux TPO
B Y3 moae c wucrnoas3oBaHmeMm pactsopa HNOs gas noaydenms
TOBApHOTO MeTaA/la C IOBEPXHOCTHBIM 3arpsi3HeHueM MeHee 1 aapda-
9acTUIIBI/CM>*MIUH TpU  AOIYCTUMOM ypoBHe MeHee 1,2 aabda-
JaCTULIBI/CM2 MUH.

INTRODUCTION

An analysis of the energy sector indicates that nuclear power offers significant advantages
over conventional fossil fuel-based energy systems in terms of fuel efficiency, pollutant
emissions, and waste generation (Fraenkl et al., 2022; Frankle et al., 2023; Grkovi¢ & Doder, 2022;
Gurau D. et al, 2023). At the same time, the key factor governing the advancement and
optimization of all stages of nuclear energy development is the environmental impact associated
with the operation of nuclear fuel cycle (NFC) facilities. The environmental effects of NFC
enterprises are diverse and include land allocation for infrastructure development, large-scale
withdrawal of freshwater for industrial use, discharges of non-radioactive toxic substances, and
long-term storage of radioactive liquid and solid wastes. Consequently, NFC enterprises place
particular emphasis on improving methods for radioactive waste management and processing.
This approach contributes to the achievement of global sustainable development goals and, in
turn, enhances the competitiveness of nuclear energy relative to other energy sources.

Currently, Kazakhstan ranks among the world’s leading uranium producers; therefore, the
issue of radioactive waste (RW) conversion remains highly relevant. An analysis of the
environmental impacts of NFC enterprises has shown that the most challenging aspect is the safe
decommissioning of radioactive materials, particularly with respect to their processing and
compliance with regulatory limits for radioactive contamination. In addition, the relevance of this
issue is driven by several factors:

- the substantial volume of accumulated and newly generated radioactive waste, which
raises concerns among the public and regulatory authorities due to the potential radiation
hazards associated with RW storage facilities;

- the need to improve existing radioactive waste management practices in response to
stricter regulatory requirements and increasingly stringent environmental standards;

- the growing influence of society on decision-making related to environmental aspects
of activities carried out by nuclear industry organizations.

The annual accumulation of waste generated by NFC enterprises amounts to tens of
thousands of kilograms, while the concentration of valuable components in such waste often
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exceeds that found in primary ore materials. Accordingly, the strategic objective is the maximum
recycling of technogenic raw materials, which enables the following outcomes:

- increased efficiency in the use of non-renewable natural resources and conservation of
depleting mineral reserves;

- enhanced labor productivity through economically viable processing of materials
withdrawn from technological production cycles;

- reduction or elimination of sources of environmental contamination;

- development of low-waste, low-operation, and energy-efficient technological
processes.

Radioactive contamination of metallic material surfaces is primarily governed by
intermolecular interactions, chemical bonding, and various sorption mechanisms, including
physical adsorption, cation exchange, chemisorption, and absorption. In general, the extent of
contamination depends on the physicochemical properties of the material undergoing
decontamination, the condition of its surface, and the nature of the contaminants (Hagedorn et
al., 2022).

At present, decontamination methodologies employ a broad range of techniques for
radionuclide removal from surfaces. In addition to simple methods, such as surface wiping or
mechanical brushing, more advanced technologies requiring specialized equipment are widely
applied. In practice, combined physicochemical and mechanical approaches are most commonly
used (Liu et al.,, 2022; Nakahara et al., 2024). Alternative decontamination methods include
electropolishing, ultrasonic cleaning, and metal melting.

Ultrasonic (US) cleaning is based on the conversion of high-frequency acoustic energy into
mechanical vibrations. From a physical perspective, the fundamental principles governing sound
wave propagation are identical across frequency ranges; however, ultrasonic waves exhibit
distinct characteristics due to their high frequencies and correspondingly short wavelengths. The
primary nonlinear phenomenon occurring in an ultrasonic field is cavitation, during which
pulsating bubbles form in a liquid, containing vapor, gaseous products, or their mixtures (Zhang
et al.,, 2025; Zupanc et al.,, 2023). Depending on the type and characteristics of contamination,
cavitation manifests through micro-impact effects, microstreaming, and localized temperature
increases.

In technologies for processing uranium-containing compounds, specific types of filter
fabrics are employed at various stages (Dubrovskiy & Zenkov., 2024; Kulagina & Shelenkova.,
2017). These materials differ in both composition and operating principles and include cotton-
based and synthetic fabrics.

During operation, the hydraulic resistance of filter fabrics progressively increases,
resulting in a decrease in filtration rate. To maintain the required permeability within specified
limits, filter elements are periodically replaced or regenerated (Kuznetsova., & Sakhnenko, 2022;
Savkin et al., 2007). Regeneration allows for partial or complete removal of deposited sediments
and restoration of the original filtration properties.

Previous studies have reported the decontamination of glass-fiber filters, which serve as
alternatives to Petryanov filters used for the removal of technological gaseous wastes generated
during the process cycle of FSUE “Mayak Production Association”. The proposed
decontamination approach involves ultrasonic treatment of glass-fiber filters in nitric acid
solutions at elevated temperatures. This method enables the removal of up to 98% of
radionuclides from the treated material and provides near-complete recycling of valuable
components (Federal Service for Surveillance on Consumer Rights Protection and Human
Wellbeing, 2013).

Optimization of acoustic field parameters, physicochemical properties of the cleaning
solution, gas content, and external conditions such as pressure and temperature allows effective



1-tom, 1-Hemip, Hayph13, 2026.
Tom 1, Ne 1, mapt 2026. -171 -
Vol. 1, Issue 1, March 2026.

EKTU JOURNAL COF
ENGINEERING
SCIENCES

control of the contamination removal process across a wide range of materials and contamination
types (Ministry of Health of the Republic of Kazakhstan, 2020). An additional intensifying factor
in refining processes is the acoustic capillary effect, which facilitates penetration of the
decontaminating agent into microcracks and pores. Moreover, the mechanical effects of
ultrasound significantly enhance dissolution processes and particle detachment from treated
surfaces.

The primary objective of this study was to evaluate the efficiency of ultrasonic cleaning for
the decontamination of various radioactive materials used in the processing of uranium-
containing compounds at Ulba Metallurgical Plant JSC, to identify optimal treatment media, and
to assess the feasibility of material recycling after decontamination.

MATERIALS AND METHODS

When deciding on the necessity of decontamination of various materials, the feasibility of
the procedure is assessed by substantiating its benefits in relation to the associated costs, as well
as by analyzing the amount of secondary waste generated and available disposal methods. At the
same time, the level of residual contamination of the materials after decontamination must ensure
the safety of personnel and the environment. In accordance with the requirements of Clause 13
of the Sanitary Rules for Ensuring Radiation Safety (SP SETORB) (Grkovi¢ & Doder, 2022), the
following conditions must be met when releasing a batch of scrap metal:

1. the ambient equivalent dose rate (gamma radiation) from the surface of the scrap does
not exceed 0.2 uSv/h above the natural background radiation level;

2. the alpha radiation surface contamination density does not exceed 0.04 Bq/cm?;

3. the beta radiation surface contamination density does not exceed 0.4 Bq/cm?.

In conducting the present study, the regulatory framework of the Russian Federation was
applied. According to document (Liu et al., 2022), a beta surface contamination level of 0.4 Bq/cm?
corresponds to 12 particles/(cm?min), while an alpha contamination level of 0.04 Bq/cm?
corresponds to 1.2 particles/(cm?min).

The objects selected for decontamination in this study included:

- filter fabrics of various grades used in the processing of natural and enriched uranium;

- scrap metal and structural components manufactured from different steel grades.

Two conceptual approaches were considered during the studies conducted at Ulba
Metallurgical Plant JSC:

“deep” decontamination of filter fabrics aimed at reducing the residual radionuclide
content, followed by disposal of the treated materials;

- regeneration of filter fabrics for their subsequent reuse in the technological process.

The objects of investigation comprised two types of filter fabrics used in the filtration stages
of uranium-containing solution processing: polypropylene fabric (art. 1002k) and cotton—
polyester fabric (art. 2411). Samples of decommissioned filter fabrics collected from several
production areas were used to develop decontamination regimes. During the experiments,
optimal decontamination conditions for filter fabrics were determined, with particular emphasis
on the effects of washing solution composition and ultrasonic treatment duration.

The experimental studies were carried out using the following equipment: an ultrasonic
decontamination unit, model MO-646 (manufactured by Alexander Plus, Russia), and a
laboratory ultrasonic bath Laborette-17 (FRITSCH).

RESULTS AND DISCUSSION
Figure 1 presents fragments illustrating the fiber structure of the filter fabrics before and
after the washing process.
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Art.1002k / filtration of a suspension containing a gadolinium-bearing precipitate

Figure 1. Fragments of filter fabrics from different technological
operations before and after decontamination
Note — prepared by the authors

Based on the results of the conducted experiments, optimal decontamination regimes for
various filter fabrics were determined. It was established that, for a given duration of ultrasonic
treatment and under media of specified composition, the uranium content in filter fabrics can be
reduced by a factor of 7 to 70, depending on the initial degree of contamination, achieving
uranium concentrations in the material below 0.3 wt.%.

In studies aimed at assessing the feasibility of reusing regenerated filter fabrics, material
samples treated by different methods under optimal regimes were employed. The quality criteria
for regeneration included water permeability and the content of suspended solids in the filtrates.

Water permeability was evaluated based on the filtration rate of uranium-containing
suspensions through the above-mentioned types of filter fabrics. Filtration quality (i.e., the
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efficiency of dispersed phase separation) using regenerated filter fabrics was assessed by
measuring the optical density of the filtrates with a KFK-2MP photocolorimeter.

The obtained results indicate that regeneration efficiency is largely determined by the
physicochemical composition of the deposits forming a layer of solid particles on the surface of
the filter fabric and/or retained within the pores of the material during filtration of suspensions
from different technological units.

Experimental studies demonstrated that all investigated types of filter fabrics, when
treated under the most effective processing conditions, can be successfully regenerated and
subsequently reused under industrial operating conditions.

Depending on the type of filter fabric and the technological unit in which it is applied, the
mass concentration of dissolved uranium in the washing solutions, which represent a suspension,
may vary from 0.2 to 1.8 g/L. Processing of solutions generated during filter fabric regeneration
should be carried out by sedimentation of the solid phase followed by decantation of the liquid.
The resulting sediment is expediently directed to the appropriate processing unit.

When considering radioactive metal waste, it should be noted that the suitability of metals
for repeated reuse in the manufacture of new products makes them an important industrial raw
material. The absence of effective technologies for the processing and disposal of radioactive
metal waste accumulated during the hydrometallurgical processing of uranium-containing raw
materials leads to a continuous increase in their volume. An additional challenge arises from the
need to perform repair operations on process equipment (e.g., pumps) during industrial
operation, which is impossible without prior removal of radioactive contamination from
equipment surfaces. Furthermore, certain equipment components and auxiliary fixtures are
periodically decommissioned and/or dismantled, resulting in the generation of significant
amounts of metal waste, a substantial portion of which contains residual radioactive
contamination. To ensure safe disposal of such materials and equipment after dismantling,
decontamination is required.

In the experiments, carbon steel samples were treated with various solutions in an
ultrasonic field. The compositions of the decontaminating solutions were as follows:

- industrial water;

- nitric acid solution with a concentration of 100 g/L;

- foaming agent solution with a concentration of 5 g/L.

The duration of a single treatment stage was 15 minutes, with a solid-to-liquid mass ratio
of T:L = 1:3. After the specified treatment time, a fresh portion of solution was introduced.
Following each ultrasonic treatment stage, the mass and thickness of the samples were measured,
and the degree of reduction in these parameters was calculated. The obtained results are
presented in Table 1.

Table 1. Changes in the parameters of St3-grade steel samples depending on the
duration of treatment and the composition of the solution

Composition of the solution
Processing time, min | Hz0 HNOs | AR H.0 HNOs | AR
Mass reduction, % Thickness reduction, %
15 0,03 8.14 0.01 0.07 6.69 1.70
30 0.04 17.89 0.02 0.58 8.52 2.01
45 0.04 27.97 0.03 0.65 27.54 2.25
Note — prepared by the authors
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Analysis of the results presented in Table 1 showed that treatment of the samples in nitric
acid resulted in the maximum mass loss, reaching up to 28 wt.% of the initial sample mass.

The uranium concentration in the working solutions after decontamination was as follows:
aqueous solutions: less than 0.003 g/L;
nitric acid solutions: from 0.128 to 0.410 g/L;
in foaming agent solutions, uranium concentration was not measured.

The efficiency of the decontamination process after three washing cycles was evaluated
based on the residual surface contamination of the samples with alpha-emitting radionuclides.
The corresponding values of decontamination efficiency (Aeff) and the decontamination
coefficient (Kd) were calculated.

Fragments of the surface of a St3-grade steel sample before and after ultrasonic
decontamination are shown in Figure 2.

Initial state of the sample After ultrasonic decontamination

Figure 2. Macrostructural analysis of St3-grade steel sample surface
fragments before and after washing
Note — prepared by the authors

As can be seen from the presented images, the initial surface of the sample is characterized
by pronounced heterogeneity, as well as the presence of corrosion deposits and surface
contaminants. After decontamination, a noticeable reduction in surface contamination,
smoothing of the microrelief, and a decrease in the number of inclusions are observed, indicating
the effectiveness of the applied washing method. The results of calculations and measurements
are presented in Table 2.

Table 2. Effect of solution composition on the decontamination
efficiency of St3-grade steel samples

Medium Alpha pérticle flux d'ensity, Actf, % Kd
particles/(cm?min)
No treatment 4.2 - -
H-0 1.8 57.1 2.3
HNOs 1.0 76.2 42
Foaming agent 1.2 714 3.5
Note — prepared by the authors
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The results presented in Table 2 indicate that a nitric acid solution is the most effective
aqueous agent for the decontamination of the examined sample. However, the significant mass
losses of the treated material, reaching up to 28%, render decontamination in a nitric acid medium
impractical. The use of a foaming agent solution under the specified processing conditions allows
the stated objectives to be achieved.

CONCLUSIONS

It was established that the selection of the most effective regeneration regime for filter
fabrics largely depends on the physicochemical composition of the solid phase removed from the
solutions. The application of ultrasonic treatment during decontamination makes it possible to
reduce the uranium content in filter fabrics by up to a factor of 70. The feasibility of reusing
regenerated filter fabrics was investigated, and it was demonstrated that all examined types of
filter fabrics are suitable for regeneration with the possibility of subsequent operation under
industrial conditions.

The reuse of regenerated filter fabrics in technological processes can significantly extend
their service life, reduce material consumption in the processing of uranium-containing
compounds, and minimize the generation of radioactive waste. Overall, this contributes to the
implementation of low-waste technologies at industrial facilities.

In the decontamination of radioactive metal waste, the influence of various solutions on
the efficiency of the decontamination process was investigated. The possibility of single-stage
ultrasonic cleaning of radioactive metal waste using an HNO; solution was demonstrated,
enabling the production of marketable metal with surface contamination levels below the
permissible limits.
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