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NANOCAVITATION CHEMICAL
DECONTAMINATION OF RAM

Using radioactive layer destruction, by cavitation effects of
supramolecular chemical compounds - nanocavitands.

The NCD solution makes it possible to decontaminate
| I ' radioactive metals to a safe levels in one stage of chemical
Sl AT 0 bl A treatment and reduce the volume of radioactive waste disposal.

Alternative or complement to existing mechanical and chemical
decontamination methods.



CORE PRINCIPAL OF NCD

Supramolecular Chemical Reagents - Nanocavitands

The core principle involves chemical reaction of nanocavitands
with a metal surface which contains radionuclides and the
simultaneous creation of a physical effect of nanocavitation
(micro explosion) - which facilitates the transition of a liquid
to a supercritical state.
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Chemical reagents - Nanocavitation-micro
nanocavitands

The physicochemical effect of “separation”

The result is a “physical separation” of the contaminated
metal from the clean surface transitioning it into liquid
phase. This is clearly visible in the photo.

The clean metal surface, after nano cavitation, shows areas
where the ‘contaminated metal’ has been ‘separated..

Radiation-free ‘clean” metal surface after nanocavitation




2022 EUROSIMETS

INNOVATION TECHNOLOGY

In 2022, the EuroSimets company was established in
Bulgaria for research and implementation of projects for
the decontamination of metallic radioactive waste.

Maksimets Vadim

THE MAIN DEVELOPER

Doctor of Biological Sciences. Chemical
engineer-technologist. An expert in radiation
chemical and biological protection. 40 years of
experience in scientific research and
organization of research activities . Author of
more than 15 inventions.

Maksimets Roman

FOUNDER & PROJECT MANAGER

Specialist. Mendeleev Russian State University
of Chemical Technology. Russian Higher School
of Economics. Work experience in companies
and projects in the field of transfer and
development of chemical technologies and
products.




Immersion of materials,

Metal radioactive
materials (upper part of
MCP) were immersed in
a decontamination tank
with a volume of 3 m>.

Filling with a solution
of nanocavitands.

For 1 part (3.6 ton
weight), the total
volume of the working
solution was 1.8 ton
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3 * > The reaction was triggered

spontaneously at room temperature
with increasing intensity.

» The start and end of the reaction
were monitored according to the
intensity of gas release and heating
of the solution.

» Reaction time averaged 2050
minutes, incl. intensive phase up to
5--10 minutes.

» The temperature of the end of the
reaction 70 =90 ° C.

Extraction and rinsing

Once cooled, the metal
materials were removed
from the solution,
washed, dried indoors,
and submitted for final
measurements for free
release.
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Decontamlnatlon Line for NCD Process Option 1 S l ! A
Pre-industrial installation from existing materials for reuse i ,
The first temporary versions of tank equipment have been developed for Sy | o :

the decontamination of various large-sized metal radioactive fragments
by the immersion method.

For the decontamination line, the available materials and used equipment
(subjects to utilisation) were used as much as possible. ,

_ P ~ M Decontamination Line for NCD Process Option 2




)
Co ntional chemical decontamination Nano cavitation chemical
methods decontamination technology
Gamma dose rate, uSv/h Gamma dose rate, uSv/h
Sample Before After Safe level Sample Before After Safe level
Ne decontamination | decontamination Ne decontamination | Decontamination

Additional operations are required: fragmentation, abrasive \/Decontamination of metallic radioactive materials of medium and
treatment etc. or disposal as RAW. high activity to a safe level in one stage.



86,4 t 4“5t

Fragments of the large base
frames of the MCP were
decontaminated to a safe
level. Each fragment had a
mass of 2.25 tons, resulting in
a total mass of 4.5 tons.

In the beginning of 2025
decontamination of all 24 upper parts
of the 86.4 ton MCP has been
completed. LRAW of about 40 t (0.5t
LRAW for 1 t of material)

700 kg

Decontamination of the main
circulation pipes to a safe level
was completed reducing
radiation from 16 uSv to <0.07
uSv.

Ten lower parts of the main
circulation pumps were
decontaminated to a safe level, with a
total mass of 69 tons. About 0,4-0,5
tons of LRAW per 1t of material
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99,58 %
of the activity is in the
sediment

1. Before neutralization

2. After neutralization

99,81 %
of the activity is in the
sediment

For neutralization of 1 m3 of LRW after NCD,
70 to 80 liters of 40% NaOH are required.

Activity, (Bq/g)
Radionuclide
1) Sludge 2) The supernatant

Co-60 13,264 0,017
Zn-65 0,033 <MDA|
Nb-94 0,383 "
Ag-108m 0,039 ”
Cs-137 0,016 0,041
Eu-154 0,010 "
Am-241 0,061 "
The amount 13,807(99,58%) 0,058(0,42%)

Activity, (Bq/g)

Radionuclide 1) Sludge 2) The supernatant
Co-60 2,4941 0,00207
Cs-137 0,2647 0,00741
Am-241 0,11 < MDA
Am-243 0,11088 “
Cm-244 0,01124 “
Cm-242 0,0003133 “
Pu-242 0,0001823 “
Pu-239 0,03239 “
Pu-238 0,0416 “
Pu-236 2,015 “
The amount 5,08 (99,81%) 0,058 (0,19%)

The radionuclide distribution confirms the residue's high adsorption capacity, retaining over 99.5% of radionuclides.

This allows for the direct recycling of the supernatant back into the process without additional steps.




The conditioning of Liquid Radioactive Waste (LRAW) is carried out using the SE RAW’s standard method:
evaporation and cementation. Samples of the LRAW after NCD were resubmitted to the SERAW's laboratory
to determine the feasibility of using the standard cementation method for this kind of waste. The resulting

cemented product meets the acceptance criteria as per the Methodology for Determining the
Characteristics of Cemented Solidified Product.

Laboratory testing of cementation for sludge from metal decontamination via NCD technology

Pressure Pressure strength after staying

strength- underwater for 90 days- Rn

after 30 Leachability for
Cs-137, Co-60, Cs-134

Experime after 3 months

Pressure
strength-

Date of after 28 days
Sample Ne preparation of RN thermals.cyc

les-
the samples Control
[MPa] Rn ntal [g/sm2.d]

Sample
> Sample

[MPa]

60Co — <1.67 E-3
Sludge NCD 03.06.2025 10.13 6.46 7.32 6.94 0.95 134Cs —<1.63 E-3

137Cs-9.00 E-4

The samples were fabricated using slag cement, which is the standard binder used for the cementation of
sludge and liquid radioactive waste at the Kozloduy RAW treatment facility. The tests were conducted in
accordance with the Methodology for Determining the Characteristics of Cemented Solidified Product.




Activity, (Bq/g)
Radionuclide

1) Sludge 2) The supernatant
Co-60 2,4941 0,00207
Cs-137 0,2647 0,00741
Am-241 0,11 <MDA
Am-243 0,11088 “
Cm-244 0,01124 “
Cm-242 0,0003133 “
Pu-242 0,0001823 “
Pu-239 0,03239 “
Pu-238 0,0416 “
Pu-236 2015 “
The amount 5,08 (99,81%) 0,058 (0,19%)

P = 5-6 g/cm3 1:2,5 35-65
. MPa
2’5 gin 100 ml The mass ratio of Compressive
2,5 % mass dry residue to strength testing of
polymer matrix the matrix

0,5 % volume

The dried and calcined sludge was mixed with an epoxy resin and a hardener in a ratio of 1:2.5. Its strength was

measured by compression testing. The results ranged from 35 MPa to 65 MPa, which significantly exceeds the

regulatory standard of 3.5 MPa/cm? required for acceptance for disposal. The results for water resistance and

thermal resistance are still under investigation.




2.Implementation of NCD technology in SRDW.

A chemical decontamination module has been
implemented at SRDW, comprising six process
baths, each with an effective working volume of 1.8
m? and equipped with ultrasonic generators.

Currently, the primary decontamination reagent
utilized in the process is orthophosphoric acid,
with the working solution maintained at a
concentration of 75%.

The resulting secondary radioactive waste is
difficult to neutralize due to the high concentration
of the solution, as well as challenging for
subsequent treatment and processing.

1.0ptimization of the process

Automation of the decontamination process using
NCD technology.

Optimization of the secondary radioactive waste
treatment process.

Safety improvement during handling of the
biopolymer reagent.

Economic optimization of the process.
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NANOCAVITATION CHEMICAL DECONTAMINATION:

= A promising and innovative method for chemical decontamination
of metallic radioactive materials (RAM)

= Operates with low reagent concentrations, making the resulting
secondary radioactive waste (RAW) relatively easy to manage

* Provides good process control

= Short processing time (20--50 minutes)

= Possibility of achieving unconditional release levels in a single step



Thank you for your
attention!
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