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a b s t r a c t

The efficiency of decontamination of model spent ion exchange resins, contaminated with magnetite and
hematite, with mineral acid solutions, and using electro-decontamination, was evaluated. It has been
shown that effective hematite dissolution occurs in concentrated mineral acid solutions. However, the
use of direct current increases the decontamination efficiency of spent ion exchange resins contaminated
with hematite. It is determined that with increasing voltage and acid concentration, the dissolution
efficiency of hematite deposits increases and can exceed 99%. It has been shown that hematite disso-
lution is accompanied by secondary adsorption of radionuclides due to ion exchange, which can be
removed with sodium nitrate solutions.
© 2021 Korean Nuclear Society, Published by Elsevier Korea LLC. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The formation of iron oxide/hydroxide particles in the conden-
sation water of the NPP circuit occurs due to the corrosion of steel
elements; this process is enhanced by the radiolysis of water to
form O2 and H2O2 [1]. The dissolution of steel elements includes
hydrolysis of the Fe3þ ion, the formation of amorphous oxo- and
hydroxo-compounds, followed by their aging with the formation of
the crystalline phases of hematite, goethite, and lepidocrocite [1,2].
Such particles have a common name e crud; their chemical
composition is mainly represented by iron and to a lesser extent by
chromium, nickel, cobalt, nickel, and zinc [3,4].

The crud presented in the circuit water accumulates radionu-
clides of the corrosive group, which leads to increased radiation
burden of operational personnel [3]. Mechanical filtration on ion-
exchange resins with subsequent backwashing is used to remove
crud. As the number of filtered crud increases, the ion exchange
capacity of resins decreases [5], which affects their performance
negatively [2]. As the operating time of ion-exchange resins in-
creases, the efficiency of mechanical removal of iron-oxide particles
from the circuit water increases due to the “aging” effect, which
manifests itself as a gradual decrease in the cross-linking degree of
ion-exchangers, as well as an increase in the specific surface area of
gorin).

by Elsevier Korea LLC. This is an
the resin grain [6,7]. The negative effect of “aging” is irreversible
contamination of ion-exchangers due to the facilitated diffusion of
crud particles into the pores of ion-exchangers during their aging
[6], as well as the adsorption of Fe2þ and Fe3þ on the functional
groups of the resin, with the formation of particles of oxo- and
hydroxo-compounds in the volume of the resin grain directly [2].
Such particles can no longer be removed by backwashing, and the
efficiency of their removal using chemical regeneration does not
exceed 50% [6]. In this regard, the problem of processing spent ion-
exchange resins contaminated with iron oxide particles becomes
relevant. The residual activity of such spent ion exchange resin
(SIER) during long-term storage will be determined by the gamma
activity of Co-60 primarily [8], due to its longest half-life among
short-lived radionuclides of the corrosive group.

Well-known methods of disposal of SIER, such as cementation,
pyrolysis, and combustion, have some disadvantages, such as an
increase in the final volume of radioactive waste [9], as well as the
formation of secondary gaseous products, including radioactive
ones [10,11]. Liquid-phase oxidation of SIER using the Fenton and
electro-Fenton process allows the destruction of the polymer ma-
trix of ion-exchangers at relatively low temperatures to form non-
toxic products [12,13]. The significant consumption of concentrated
hydrogen peroxide solution, as well as incomplete dissolution of
the SIER matrix, still limits the use of these methods.

The use of chemical methods that do not lead to the destruction
of the ion-exchanger polymermatrix is themost optimal method of
processing since it allows reducing the volume of radioactive waste
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by re-using decontaminating solutions. Decontaminated SIERs can
later be buried in an urban waste landfill [14]. For example, this
approach was successfully applied by the authors of this article to
develop a scheme for the decontamination of SIER contaminated
with silicate deposits [15].

The efficiency of removing iron-oxide deposits in the process of
chemical decontamination of SIER will primarily be determined by
the complete dissolution of hematite, which is formed from
magnetite and goethite at elevated temperatures, for example, in
the coolingwater of the reactor [16]. Hematite is difficult to dissolve
in mineral acids compared to magnetite [17] and is practically not
removed from SIER during ultrasound treatment. In the presence of
chelating agents such as EDTA, IDA, and NTA, the hematite solu-
bility is also lower than that of magnetite, which is associated with
a more stable lattice [18,19]. An effective solution is the reductive
dissolution of hematite using organic compounds e ascorbic or
oxalic acid, as well as the addition of Cu(I) and Sn(II) salts [20]. The
rate of hematite dissolution is affected by the particle size and the
process temperature [21e23]. Reduced Fe2þ is added to the solu-
tion, which in turn contributes to the further dissolution of he-
matite due to the redistribution of the electron density between
Fe2þ in the aqueous phase and Fe3þ in the crystalline phase of the
oxide. The rate-limiting stage of this dissolution process will be the
transition of Fe2þ to the aqueous phase [24]. However, the presence
of dissolved oxygen in the systemwill lead to significant inhibition
of dissolution due to Fe2þ oxidation [25].

The method of electrochemical regeneration of SIER is prom-
ising [26,27]. This method involves the treatment of SIER in citrate
solutions and the addition of ascorbic acid, which will lead to a
partial reduction of ironwith the transition to the dissolved form in
the form of complex compounds. As a result of the accompanying
electrochemical treatment at the cathode, a gradual reduction of
metallic iron occurs, which reduces the volume of secondary
radioactive waste. However, the efficiency of SIER decontamination
by this method does not exceed 40%; in addition, the works do not
provide information about the dissolution efficiency of iron-oxide
deposits.

Undoubtedly, the reduction dissolution of hematite is a fairly
effective method for SIER cleaning from iron-oxide deposits;
however, the introduction of organic compounds can create some
difficulties in cleaning the resulting secondary radioactive waste. It
is due to the formation of solid cobalt complexes such us Co(Ox)22�,
Co(Ox)34�, [CoH2Asc]2þ, [Co2(Cit)2(H2O)4]2-, [Co2(Cit)2]2- etc. (where
Ox e oxalates, Asc e ascorbates, Cit e citrates); therefore, the
problem of subsequent extraction or concentration of radionuclide
from secondary liquid radioactive waste cannot be solved using
precipitation or sorption techniques.

Decontamination of SIER with mineral acid solutions without
addition of organic compounds can be an effective way of pro-
cessing. Intensification of the dissolution process of iron-oxide
deposits can be carried out using direct current, by additional
processing of SIER in the cathode space. This work is devoted to
evaluating the effectiveness of model SIER decontamination with
mineral acid solutions, including with the use of direct current.

2. Experimental

2.1. Material and reagents

Iron chloride (III) (FeCl3 � 6H2O), iron sulfate (II)
(FeSO4 � 7H2O), ammonium hydroxide (NH4OH), sodium hydrox-
ide (NaOH), sodium nitrate (NaNO3), a hydrochloric acid solution
with a concentration of 11.3 mol/l (HCl), a sulfuric acid solution
with a concentration of 17.5 mol/l (H2SO4), and a nitric acid solution
with a concentration of 13.3 mol/l (HNO3) of high-grade
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qualifications were purchased in LLC NevaReaktiv, Russia and
used as such. The Co-57 radionuclide in 1 M HCl solution was
purchased in the Leypunsky Institute of Physics and Power Engi-
neering. The cation exchanger KU 2e8 was purchased in the
«TOKEM » company, Russia. Before starting work, the cation
exchanger was washed with 1 M of HNO3 solution under dynamic
conditions, after which it was washed from the acid residues with
distilled water and stored in a glass stoppered bottle. Magnetite and
hematite powders simulating crud removed from the reactor core
were synthesized according to the scheme published in Ref. [28].
2.2. Synthesis and characteristics of model SIERs contaminated
with iron-oxide deposits

SIERs were obtained using a modified technique described in
Ref. [28], with the difference that the resins were not additionally
washed after contact with iron salts solutions to form additional
model deposits on the surface of ion-exchanger grains. Ion ex-
change resin KU 2e8 in H-form of a volume of 50ml was placed in a
column of an internal diameter of 40 mm, and distilled water
labeled with Co-57 radionuclide was passed at a rate of 2 column
volumes per hour.

To obtain a KU-Hem sample, the resin was transferred to a so-
lution of FeCl3 of a concentration of 0.5 mol/L (250 mL). The pro-
duced pulp was stirred for 24 h and, then, alkalized by a solution of
NH4OH of a concentration of 10 mol/L until neutral reaction and
additionally held for 3e6 h. Thereafter, the pulp was acidified by a
solution of HCl until pH 2 and immediately transferred to the
autoclave with subsequent hydrothermal treatment at 175 �C for
24 h.

To obtain a KU-Mag sample, the resin was transferred to a so-
lution of a volume of 250 mL containing FeCl3 and FeSO4 of con-
centrations of 0.15 and 0.45 mol/L, respectively. The produced pulp
was stirred for 24 h and, then, alkalized by a solution of NH4OH of a
concentration of 10 mol/L until neutral reaction and additionally
held for 3e6 h. Thereafter, the pulp was additionally alkalized by a
solution of NH4OH until pH 13e14 and immediately transferred to
the autoclave with subsequent hydrothermal treatment at 175 �C
for 24 h.

After processing, the SIER samples were washed by decantation
from the iron oxide particle residues formed outside the ion-
exchanger grains, after which they were treated under dynamic
conditions with a solution of the following composition: HNO3 e

3 mol/l, NaNO3 e 1 mol/l with a volume of 500 ml. Prepared SIERs
contaminatedwith iron-oxide deposits were stored in awet state in
a glass-stoppered bottle. To evaluate the dissolution efficiency and
rate on iron-oxide deposits, similar SIER models were prepared but
without Co-57.

Fig. 1 shows images of resins obtained using an optical micro-
scope and scanning electron microscopy. The KU-Mag sample is
optically opaque (Fig. 1a), and the grain surface is covered with an
even layer of magnetite that prevents the light beam from passing
(Fig. 1b). The bulk of iron is located in the upper layer with a
thickness of 35 mm, which contrasts with the rest of the volume
(Fig. 1c). The KU-Hem sample is partially transparent and has a red
color in an intense light beam due to the presence of evenly
distributed hematite in the ion-exchanger grain matrix (Fig. 1a*).
The surface of KU-Hem is covered with hematite flakes that peel off
when exposed to mechanical action (Fig. 1b*). In the grain matrix,
iron is distributed relatively evenly with a layer of increased con-
tent 10 mm thick.



Fig. 1. Model ion-exchangers obtained during the work; a, a* e images of ion-exchangers obtained in an optical microscope, b, b* e SEM images of ion-exchangers, c, c* e dis-
tribution of iron on the surface of the resin grain section.

Fig. 2. Design of an electrochemical cell.

E.A. Tokar, A.I. Matskevich, M.S. Palamarchuk et al. Nuclear Engineering and Technology 53 (2021) 2918e2925
2.3. Dissolution of Oxide Powders and Deposits on model SIERs with
Mineral Acid Solutions

The dissolution of iron oxide powders depending on the con-
centration of the acid solution was evaluated under static condi-
tions with continuous mixing for 7 days. The V/m ratio was 10 ml/g,
the sample weight was 0.2 g. After that, the powders were sepa-
rated by centrifugation and the iron content in the acid solution
was determined using atomic absorption spectrometry.

The dissolution of iron-oxide deposits on model SIERs in
concentrated solutions of HNO3 and HCl was carried out under
static conditions. To do this, an aliquot of an acid solution of a
known volume was added to an air-dry sample of the model SIER
weighing 0.5 g, followed by continuous mixing. After 7 days, the
resin was separated by decantation from the solution, in which the
concentration of iron was determined, after which a fresh portion
of the acid solution was added and the operation was repeated.

The effect of Fe2þ on the complete deactivation of model SIERs
was evaluated by determining the specific activity of the acid so-
lution after 7 days, the ratio V/m e 250 ml/g, and the weight of the
air-dry resin sample e 0.2 g.

The completeness of dissolution of iron-oxide deposits on SIER,
as well as the completeness of decontamination, was calculated by
equation (1):

DS¼ðAs � Vs

Ar
Þ � 100 (1)

where As e the activity of the acid solution (Bq/ml) or iron con-
centration (mg/ml), Vs e the volume of acid solution (ml), Ar e the
initial activity of the sample resin (Bq) or source specific iron
content (mg). The relative error of determination of the iron con-
centration using the atomic absorption flame spectroscopy did not
exceed 5%. The error of determination of the specific activity of Co-
57 using the gamma-spectroscopy did not exceed 10%.
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2.4. Direct current processing of model SIERs

Processing of model SIERs was performed using an electro-
chemical cell, the design of which is shown in Fig. 2.

A cylindrical container with a volume of 100 ml made of 1.5-
mm-thick borosilicate glass was the electrochemical cell chamber.
The chamberwas coveredwith a Teflon lid with a hole for removing
gaseous products formed during electrolysis. A basket was placed
to hold the model SIER in the cathode space in the electrochemical
cell chamber. The walls of the basket were made of acid-resistant
polymer mesh, which ensures free circulation of the solution be-
tween the cathode space and the electrochemical cell chamber. The
basket diameter was 1.2 cm, the working volume e 3.6 ml.

The electrochemical cell used a platinum cathode, purity 99.99%,
made in the form of a 0.5-mm-thick spiral with a working area of



Table 2
The dissolution efficiency of magnetite and hematite in acids solution of various
concentrations.

Concentration (mol/l) Dissolution efficiency (%)

Magnetite Hematite

HCl HNO3 H2SO4 HCl HNO3 H2SO4

1 99.3 70.5 98.4 21.6 0 2.8
2.5 100 100 99.4 68.1 0 9.7
5 100 100 62.9 99.0 0 97.6
7.5 100 100 49.8 98.8 0 96.5
9.5 100 100 50.9 99.7 99.5 92.1
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2.36 cm2. A 0.2-mm-thick square plate of platinumwith a purity of
99.99% and an area of 2 cm2 was used as an anode. The process was
performed using a direct current power source in the current sta-
bilization mode.

To evaluate the dissolution efficiency and rate of SIERs iron-
oxide deposits, a fixed volume of solution (1e2 ml) was sampled
at certain time intervals during electrochemical treatment, in
which the iron concentration was determined. The sampled part of
the working solution was filled with a fresh acid solution, which
was later taken into account in the calculations. Every 6e12 h,
depending on the electrochemical treatment mode, the volume of
the working solution was filled with a fresh portion of distilled
water. For the effectiveness of SIER decontamination, a solution
with a volume of 10 ml was sampled at certain time intervals and
the specific activity was measured. After the measurement, the
solution was returned to the electrochemical cell. The processing
modes are shown in Table 1. The dissolution efficiency of iron-oxide
deposits without electrochemical treatment was evaluated along-
side, modes No. 1, 3, 6, 8, 11.

To control the residual iron content in model SIERs, the ion-
exchangers were separated from the solution, washed on a filter
with 250 ml of distilled water, and dried at 80 �C for 6 h. The dried
ion-exchangers were crushed and filled with a fixed volume of HCl
solution with a concentration of 10 mol/l and kept for a day under
heating and periodic mixing. After that, the hydrochloric acid so-
lution was diluted with distilled water of a fixed volume, and the
iron concentration was determined.
2.5. Hardware and software

The iron content in the working solution was evaluated using
atomic absorption flame spectroscopy using a Thermo Solar AA M6
instrument (Thermo Electron Corporation, USA). Co-57 specific
activity (photopeak energy: 122 keV) was determined by the direct
radiometric method using a gamma-radiometer RKG-AT1320
equipped with a NaI(Tl) detector measuring 63 � 63 mm (RPE
Atomtech, Republic of Belarus). Surface structure images of the
investigated materials were obtained by the means of scanning
electron microscopy on a Carl Zeiss CrossBeam XB 1540 (Germany)
microscope with an addon for energy dispersive analysis. X-ray
phase analysis was performed on a D8 ADVANCE diffractometer; X-
ray images of samples were recorded in the range of angles 2q
3e85� with a step of 0.02� with a count at 0.6 s. The phase
composition was identified using the Qualx2.0 program [29]. The
results were processed using the SciDavis program (version 1.23).
Table 1
Resin treatment modes and the dissolution efficiency of hematite deposits.

Processing mode (No.) Acid Proce

Type Concentration (mol/l) Curre

1 HNO3 1 e

2 1 1
3 3 e

4 3 0.5
5 3 2.0
6 H2SO4 0.1 e

7 0.1 0.5
8 1.0 e

9 1.0 0.5
10 1.0 1.0
11 2.0 e

12 2.0 2.0

a Var e changed during the experiment.
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3. Results and discussion

3.1. Iron-oxide deposits dissolution under static conditions

Table 2 shows the results of the magnetite powder dissolution
depending on the acid solution concentration. In HCl and HNO3
solutions with a concentration of 2.5e9.5 mol/l, the magnetite
powder was dissolved completely. It was also found that when
using H2SO4 solutions, the dissolution efficiency was inversely
proportional to the concentration.

When using a solution of H2SO4 with a concentration of more
than 5 mol/l, the formation of a white precipitate was recorded,
which was represented by the hohmannite phase (Fe2(H2O)4((-
SO4)2O)(H2O)4. Thus, the apparent decrease in the dissolution rate
of iron oxides is associated with the formation of poorly soluble
salts.

Hematite, in contrast to magnetite, shows relative resistance to
dissolution in solutions of mineral acids, which is confirmed by the
experimental results given in Table 2. For example, dissolution in
HNO3 occurs only when concentrated solutions are used. In H2SO4
solutions, the effect of hohmannite formation is shown to a lesser
degree, and a satisfactory degree of hematite dissolution is ach-
ieved at a concentration of 5 mol/l.

Fig. 3 shows dissolution diagrams of iron-oxide deposits from
model SIERs with HCl and HNO3 solutions at a concentration of
9.5 mol/l. The H2SO4 solution was not used due to the formation of
poorly soluble complex salts. The dissolution of iron-oxide deposits
on model SIERs is much worse in comparison with pure powders.
The use of HCl is quite effective; however, the volume of concen-
trated acid solution spent on dissolving 95% of iron-oxide deposits
exceeds 20 ml, which may be economically impractical. The use of
the HNO3 solution to dissolve hematite deposits is inefficient.

Despite the high efficiency of dissolving iron-oxide deposits
with HCl solutions, their use in real conditions is limited or
ssing conditions Hematite dissolution efficiency (%)

nt strength (A) Voltage (V)

e 1.6
5.6 44.7
e 16.9
2.8 53.9
Vara 53.6
e 1.7
9.9 48.7
e 57.7
3.0 82.2
3.7 99.3
e 98.4
5.0 99.7



Fig. 3. Diagrams of dissolution of iron-oxide deposits with mineral acid solutions of concentrations 9.5 mol/l, a e KU-MAG, b e KU-HEM, the weight of the resin sample is 0.5 g.
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completely prohibited due to rapid corrosion of steel structures in
the presence of chloride ions [30], the removal of which from
technological solutions in radiochemical production is a complex
technological task [31,32]. For this reason, the results obtained
using HCl solutions are considered for idealized objects of com-
parison, and further work on the electrochemical dissolution of
iron-oxide deposits was carried out with HNO3 and H2SO4
solutions.

Fig. 4 shows diagrams of the desorption efficiency of Co-57, used
as an indicator of the efficiency of iron-oxide deposits dissolution,
from a KU-HEM sample with solutions of H2SO4 and HNO3 in the
presence of FeSO4, as well as NaNO3 (3 mol/l), introduced to reduce
the secondary adsorption of the radionuclide. It is known that Fe2þ

can act as a reducing agent in reactions of the transformation of
hardly soluble hematite into easily soluble magnetite; this process
is called mushketovitization [33]. Such transformations occur as a
result of the disproportionation reaction with the oxidation of Fe2þ

in solution and the reduction of Fe3þ integrated into the hematite
Fig. 4. Desorption of Co-57 from KU-HEM with a e HNO3 solutions, b e H2S
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lattice, followed by its release into solution [34,35]. In neutral
media, such processes occur through the formation of an amor-
phous Fe(OH)3 or magnetite phase, which simplifies the dissolution
process [36]. In this regard, it can be assumed that the addition of
Fe2þ to the deactivating acid solution can increase the efficiency of
hematite dissolution. However, adding Fe2þ leads to mixed results.
When using HNO3, the introduction of FeSO4 leads to a slight in-
crease in the desorption of Co-57 but the total efficiency of KU-HEM
deactivation does not exceed 35%. The use of non-concentrated
H2SO4 solutions allows increasing the completeness of hematite
deposits dissolution; the decontamination efficiency when using
1 M solution reaches 80%. The introduction of Fe2þ does not have a
noticeable effect on the dissolution efficiency, and at a concentra-
tion of more than 10�2 mol/l, on the contrary, it leads to a decrease.

3.2. Electrochemical dissolution of iron-oxide deposits

Since iron-oxide deposits in the form of hematite can be
O4 solutions in the presence of Fe2þ, V/m ratio e 250 ml/g, m e 0.2 g.



Fig. 6. X-ray image of the coating formed when using the treatment mode No. 5 (HNO3

e 3 mol/l, 2A); figure on the inset a e the initial surface of the anode, b e the surface of
the anode with a coating.
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relatively easily dissolved using solutions of available mineral acids,
further work on electrochemical dissolution was carried out with
the KU-Hem sample.

Additional treatment of SIER in the presence of direct current
can increase the efficiency of hematite dissolution, which is asso-
ciated with the following reactions:

� 2Hþ þ 2�e / 2H2[ (cathode)
� 2H2O - 4�e / O2[ þ 4Hþ (anode)
� Fe2O3 þ 6Hþ þ 2�e / 2Fe2þ(aq) þ 3H2O [34].

Thus, in the cathode space, hematite dissolution is intensified
due to the reduction processes. Fig. 5 shows the dissolution curves
of iron-oxide deposits when using a nitric acid solution.

When using nitric acid, a noticeable effect on the hematite
dissolution is detected at a concentration of 3 mol/l, while an in-
crease in the current strength from 0.5 A to 2.0 A is accompanied by
a gradual increase in voltage (Fig. 5, curve 4), resulting in significant
heating of the solution with subsequent precipitation of iron hy-
droxide. The reason for precipitation is the solution pH shift to the
slightly alkaline area to 8.53 ± 0.1. This change is associated with
the reduction of nitric acid to ammonia [37], which was clearly felt
at the time of opening the electrochemical cell. In addition, at the
end of the experiment, the anode was covered with a layer of dark
coating, which presumably led to an increase in resistance and, as a
result, voltage. Fig. 6 shows an X-ray image showing that the
coating formed during the electrochemical treatment of the resin is
represented by weakly crystallized phases of FePt3 and FePt com-
pounds. Thus, an increase in the current strength in the presence of
nitric acid leads to the introduction of iron into the anode material,
which leads to undesirable consumption of platinum and the
electrode resource exhaustion.

Fig. 7 shows curves for the degree of dissolution of iron-oxide
deposits from the surface of the ion exchange resin. With an in-
crease in the concentration of the sulfuric acid solution and the
current strength, both the rate and the degree of dissolution
naturally increase. For electrochemical treatment modes No.10 and
Fig. 5. Dependence of the dissolution degree of iron-oxide deposits from the surface of
ion exchange resin contaminated with hematite on the time of electrochemical
treatment; treatment mode 1 e No. 2 (HNO3 e 1 mol/l, 1A, 5.6 V), 2 e No. 4 (HNO3 e

3 mol/l, 0.5 A, 2.8 V), 3 e No. 5 (HNO3 e 3 mol/l, 2A), 4 e the curve of voltage change
during processing.
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12, the degree of dissolution exceeds 99%; therefore, the use of
sulfuric acid is more preferable. When using sulfuric acid, the for-
mation of a coating on the anode or voltage changes did not occur.

A comparison of the kinetic curves of chemical and electro-
chemical dissolution of hematite on model SIERs is shown in Fig. 8.
In general, the rate and overall efficiency of electrochemical
dissolution are higher than those of chemical treatment. However,
the initial sections of the kinetic curves for chemical dissolution in
the time interval of 10e600 min have a higher increase, which is
probably due to slower mass transfer of dissolved iron from the
basket to the sampling area.

Table 1 shows data on the residual iron content in model SIERs
depending on the processing method. Treatment modes No. 1e9
are ineffective or ineffective for dissolving hematite. The use of
electrochemical treatment makes it possible to increase the effi-
ciency of hematite dissolution significantly in comparison with
common washing with H2SO4 solutions. The completeness of
dissolution is 99.3 and 99.7% for modes No. 10 and 12 respectively.
It is worth noting that when ion-exchanger comes into contact with
Fig. 7. Dependence of the dissolution degree of iron-oxide deposits from the surface of
ion exchange resin contaminated with hematite on the time of electrochemical
treatment; treatment mode 1 e No. 7 (H2SO4 e 0.1 mol/l, 0.5 A, 9.9 V), 2 e No. 9 (H2SO4

e 1 mol/l, 0.5 A, 3V), 3 e No. 10 (H2SO4 e 1 mol/l, 1A, 3.7 V), 4 e No. 12 (H2SO4 e 2 mol/
l, 2A, 5V).



Fig. 8. Dissolution curves of hematite deposits on model SIERs, 1 e mode No. 8 (H2SO4

e 1 mol/l), 2 e mode No. 11 (H2SO4 e 2 mol/l), 3 e mode No. 10 (H2SO4 e 1 mol/l, 1A,
3.7 V).
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2 mol/l of H2SO4 solution, the dissolution degree of hematite is
98.4%. However, the use of the electrochemical treatment mode No.
10 is more preferable, since when using a less concentrated H2SO4
solution, greater completeness of hematite deposits dissolution is
achieved (99.3%), which reduces the cost of reagents and equip-
ment corrosion.
3.3. Electrochemical decontamination

Fig. 9 shows the curve of KU-Hem decontamination depending
on the time of electrochemical treatment. Since KU 2e8 is an ion-
exchange resin which properties do not change during hydrother-
mal treatment [28], both the fixation of Co-57 radionuclide by iron-
Fig. 9. Dependence of KU 2e8 GEM decontamination efficiency on electrochemical
treatment time.
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oxide deposits (fixed part) and its sorption during ion exchange on
the functional groups of the resin (exchange part) occur. For this
reason, the SIER decontamination curve passes through the
maximum, which indicates the process of secondary adsorption of
Co-57 radionuclide, which entered the H2SO4 solution due to the
dissolution of hematite, at the ion-exchanger sorption centers. To
remove the adsorbed radionuclide, the ion-exchangers, after elec-
trochemical treatment, were additionally washedwith a solution of
the following composition: NaNO3e 2mol/l, HNO3e1mol/l with a
volume of 30 ml under dynamic conditions at a filtration rate of 5
bed volume per hour. As a result of this treatment, Co-57 photo
peaks were not detected, which indicates complete deactivation of
the model SIER.

To reduce the volume of secondary waste, solutions after
decontamination of model ion-exchangers were alkalized using
NaOH. Changing the solution pH leads to precipitation of Fe(OH)3
with simultaneous co-deposition of Co-57 radionuclide. After
centrifugation, photo peaks of Co-57 were not detected in solu-
tions, which indicates complete co-deposition of the radionuclide
on the Fe(OH)3 precipitate, the mass of which in the wet state was
0.2 g.

4. Conclusions

A method for electrochemical decontamination of SIER
contaminated with iron-oxide deposits is proposed and tested by
the example of model objects. As an electrolyte and deactivating
solution, it is preferable to use H2SO4 solutions with a concentra-
tion of up to 1 mol/l. It is related to the fact that concentrated so-
lutions lead to the formation of poorly soluble complex salts that
reduce decontamination effectiveness, as well as due to equipment
corrosion. The use of HNO3 solutions is ineffective and can lead to
anode contamination. With an increase in the concentration of the
H2SO4 solution, as well as the direct current power, the rate and
completeness of dissolution of hematite deposits and, respectively,
the decontamination efficiency increase.

It is shown that this method allows for the fast and efficient
dissolution of hematite particles in comparison with common acid
treatment. The attractiveness of the method is that the additional
reducing agents such as oxalic or ascorbic acids are not necessary. It
is shown that the process of model SIERs deactivation is accom-
panied by the gradual dissolution of hematite followed by sec-
ondary adsorption of Co-57 on the functional groups of the ion-
exchanger; therefore, additional treatment with sodium salts is
required for the radionuclide desorption.
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