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MINERAL COMPOSITION AND ADSORPTION CAPACITY
OF PRECIPITATES FORMED DURING OZONATION

OF RADIOACTIVELY CONTAMINATED WATER FROM
NUCLEAR POWER PLANTS TOWARDS ¥Cs

The mineral composition and sorption properties of precipitates formed during ozonation of a model solution simula-
ting nuclear power plant wastewater (total mineralization 7 g/dm?, pH = 11.5, T = 60 °C, t = 2 hours) 137Cs were stu-
died. The precipitate is represented by finely dispersed spherical particles of metal oxides ranging in size from 20 to
30 nm, forming microaggregates and their associates of various shapes. The composition of the precipitates, along with
X-ray amorphous phases, includes Fe(II)-Fe(III) layered double hydroxides (Green Rust), as well as LDH of mixed com-
position, in particular Fe-Co, and iron oxyhydroxides - goethite and lepidocrocite. The precipitates also contain manga-
nese-containing phases represented by manganese (IV) hydroxide and manganese (II) carbonate with an admixture of
manganese oxides, such as Mn,0,-H,0, MnO, Mn,O, (gaussmanite). In the process of ozonation, organic compounds
that are part of the solutions undergo destruction, co-precipitation with other components of the solution, which is ac-
companied by the sorption of 17Cs radionuclides on the surface of mineral particles. An increase in the concentration of
Fe?* and Mn?* cations by 10 times (up to 50 and 100 mg/dm?, respectively) in wastewater reduces the concentration of
I37Cs in the initial solution by 50.5%.

Keywords: NPP wastewater, ozonation, precipitates, chemical and mineral composition, adsorption, cesium.

Introduction. Treatment of liquid radioactive
waste (LRW) from Nuclear Power Plants (NPPs)
is one of the most challenging tasks of the radio-
active waste management [1, 24].

Ukrainian NPPs produce wastewater in the
form of low salinity radiation-contaminated

aqueous solutions (RCS). The total RCS sali-
nity is 3-7 g/dm?>. The wastewater treated by eva-
poration forming sparingly soluble salts —
residues and then salt melt which is accumula-
ted in special storage facilities in significant vo-
lumes [13].
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LRW treatment is a complicated process due
to the variety of forms and physicochemical
composition of the compounds containing ra-
dionuclides. The crucial radionuclides for the
Ukrainian NPPs LRW are 134Cs, 137Cs, °Co, and
>*Mn. Besides radionuclides, the LRW contains
corrosion products, and complexing and spe-
cial detergents (surfactants). The microcom-
ponents are in various forms, such as solvates,
double and mixed complexes, singly and multi
charged hydrolysis products, and colloids. As a
result, there is no one universal method of the
LRW decontamination and a combination of
several methods should be applied in a certain
order. The currently used thermal method can
be supplemented by radionuclide extraction
from the wastewater by adsorption and/or ion
exchange.

Ozonation, as one of the environmentally safe
methods of the RCS organic contaminants
destruction (predominantly ethylenediamine-
tetraacetic and oxalic acids) and conversion of
the ®Co, **Mn radionuclides into an unbound
form, is a constituent of a precipitation-adsorp-
tion (or oxidation-adsorption) technological
process of LRW purification from radionuclides,
which determines its cost-efficiency and quality
(18, 25].

The organic components of RCS and LRW are
oxidized by passing ozone from an ozone
generator through the waste stream that was
pre-filtered with a filter medium [25]. Coagulants
and oxidation catalysts, for example Fe?* and
Mn?* salts, are added to the ozonation tank to
increase the efficiency of degradation of organic
contaminants at high pH (8-11) owing to the
Fenton process [21, 27]. During ozonation,
organic substances contaminating the sorbents
are destroyed, while °Co, **Mn and *°Fe (acti-
vation products) are converted into the adsorbed
form. A disperse phase (secondary RW) —
precipitates of hydroxides, oxyhydroxides and
Fe oxides, is formed, on which the activation
products, **Cs, 1¥Cs isotopes (the main dose-
forming radionuclide in RCS and LRW), and
90Sr co-precipitate and get adsorbed.

Considering the reduced solubility of hydro-
xides and increased partition coefficients of Co
and Mn, absence of borate precipitation from
the solutions and high efficiency of sorbents
towards 13’Cs and ?°Sr radionuclides, pH of the

ISSN 2519-2396. Minepan. sxcypH. 2022. 44, Ne 2

solution during ozonation should be maintained
at values >9. In such conditions the oxidation
products are efficiently separated from the liquid
phase by filtering. The optimum temperature of
the solution in the ozonation process is about
60 °C [22]. The amount of the precipitate formed
during ozonation depends on the composition
of the solution and does not exceed one per-
cent (from 1 to 4 g per litre of the initial solu-
tion) [22].

It is known that freshly precipitated hydro-
xides, oxyhydroxides and Fe oxides have in-
creased sorption capacity [2] and more complete
adsorption of cations at pH > 7 [4, 6]. Alkaline
cations areadsorbed on the surface of hydroxides,
oxyhydroxides and oxides and are easily des-
orbed, while multi charged cations are adsorbed
in the interlayer space of oxyhydroxides of such
compounds with the possibility of formation of
coordination compounds on the surface of the
oxides, which results in rather slow desorption
of the cations [4].

The aim of the article is definition of the
mineral composition of precipitates, formed in
ozonation process of Nuclear Power Plants trap
waters model solutions and their sorption
properties about !¥’Cs, the main dose-forming
radionuclide.

Experimental. A simulant NPP wastewater
solution of the following ionic composition was
prepared: Na* — 1593 mg/dm’ BO,” —
2000 mg/dm? K* — 386 mg/dm?; CI- — 999 mg/
dm’ NO’~ — 694 mg/dm* SO, — 1708 mg/
dm? Co?* — 50 mg/dm? Mn?* — 10 mg/dm?;
Cs™ — 50 mg/dm?; Sr** — 50 mg/dm? Ca?* —
5 mg/dm?; Fe>* — 5 mg/dm’. In addition to the
stable Cs isotope, a radioactive tracer '3’Cs
isotope of the known activity was added to the
solution. The !¥’Cs activity in the solutions was
determined by y spectrometry. The 137Cs activity
was 3.45-10* Bq/dm?. The total mineralization
(salt content) of the solution was about 7 g/dm?.
The pH of the solution was adjusted to 11.5 with
alkali (NaOH). The salt composition of the NPP
simulated wastewater solution is given in Table 1.
Coagulants in the form of FeSO,-7H,0O and
MnSO,-H,O salts were added to the initial
solution. The experiment was repeated with the
increased concentrations of iron to 50 mg/dm?
or manganese to 100 mg/dm?, as well as of both
salts simultaneously.
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Fig. 1. Scheme of the laboratory ozonation plant

Table 1. Salt composition
of the simulated NPP wastewater solution

Compound Concentration, mg/dm?
H,BO, 1700
KNO, 1000
Na,SO, 2000
NaCl 1450
NaOH (45%) 1450
CoSO, 132
MnSO,-H,0 30.77
Sr(NO,), 120.5
CsNO, 73.3
FeSO,7H,0 25
CaCl, 13.9
EDTA 100
H,C,0, 40
Lotos-M 350
Mineralisation 7035.47

Methods of research

The experimental studies of the precipitates
formed during the ozonation of simulated NPP
wastewater solutions were carried out according
to the following scheme (Fig. 1):

100 cm® of the simulated NPP wastewater
solution was poured into a column. Then it was
heated to the optimum temperature for organic
component destruction — 60 °C and ozonated
for 2 hours. Ozone was obtained in the ozone
generator "Crozon-2001" OZP-6Y with a capa-
city of 2.5 g of O, per hour. The ozone-air
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mixture was fed into a 3.5 cm diameter and
31 cm high column from the bottom through
the dispersant with an air flow rate of 1.2 m3/h,
as it is described in patent [15].

After ozonation, the test solutions were pou-
red into conical flasks, where they were spon-
taneously cooled to room temperature.

The final pH value of the solution was deter-
mined using the pH meter pH-160 MI. The
residual activity of ¥’Cs was determined by
y-spectrometer SPE "OPYT" "ATOLL-1M" (mea-
surement error +20%). The newly formed pre-
cipitates were analysed by SEM/EDS, DTA and
X-ray phase analysis.

Since the studied process is heterogeneous,
the experiments were performed using inert
granular loading, which increases the efficiency
of the wastewater organic components destruc-
tion by increasing the contact surface of the pha-
ses of the analysed liquid and ozone-air mixture,
and also improves mixing in the system. The
amount of the organic substance in the solutions
was determined by the dichromate chemical oxy-
gen demand (COD) method. The maximum de-
gree of the ozone destruction of the organic com-
ponents in the simulated LRW solution was 67%.

Scanning electronic microscopy (SEM) and
energy dispersion spectra (EDS). The analysis
of the precipitates was performed using a scan-
ning electron microscope JSM-6700F, equipped
with an energy dispersion system for micro-
analysis JED-2300 (JEOL, Japan). SEM images
and the chemical composition of the samples
were obtained at an accelerating voltage of 15 kV,
probe current of 6-1071° A and a probe diameter
of 1 to 2 um. Pure metals, minerals, oxides, and
fluorides were used as standards.

X-rayphaseanalysis (X-raydiffractography).
Phase composition of the precipitates was
determined by the powder radiography method
(X-ray phase analysis) using DRON-3 diffracto-
meter with a copper anode radiation (CuKa).
The scanning step was 0.05-0.1°, exposure — 4
seconds, 20 diffraction angles — from 15 to 90°.
Patterns were collected at standard temperature.
The analysis of mineral composition was per-
formed according to the ASTM file [26].
Results and discussion. SEM/EDS. A SEM
image of the precipitate (Fig. 2, a, b) shows fine
20-30 nm spherical particles, probably metal
oxides, associated in dense micro-sized aggre-
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Fig. 2. Electron-microscopic study
of the precipitate received by ozo-
nation of the simulated wastewater
solution: a, b — SEM images; ¢ —

EDS

gates and their associates of different configu-
rations, usually with clear contours, and size
ranging from 100 to 250 nm. Plate-shaped
structures belong to layered double hydroxides
of mixed composition, in particular Fe-Co, and
iron oxyhydroxides — goethite and lepidocrocite
[8]. A possible mechanism of phase formation is
co-precipitation of ions during the destruction
of organic components dissolved in wastewater
and polycondensation of the precipitate, accom-
panied by adsorption processes [20].

After ozonation, the precipitate contained Mn,
Fe, Co and negligible quanteties of Sr, Na and K
[19]. Variations in the elemental composition of
the precipitate depending on the morphology of
the sample components were insignificant. Ba-
sed on the percentage content of the components
(weight and atomic percents), the following se-
quence can be suggested: Mn > Fe > Co > Sr >
> Na > K (Fig. 2, ¢; Table 2). This is consistent
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with the stability constants of Mn, Fe, Co chelate
complexes with EDTA [23]. The presence of Na
and K is explained by their occlusion from the
simulated solution, while the reflexions of pre-
cious metals are the result of the sample pre-
paration procedure — spraying of the sample
surface with Au and Pd.

X-ray phase analysis. X-ray phase analysis
showed (Fig. 3) that the precipitate formed
during ozonation is in a multi-component mine-
ralized state. The original sample of iron-bearing
compounds contains nano-size particles and a
significant amount of amorphous matter. The
amorphous phase has a significant specific sur-
face area of the newly precipitated hydroxide,
which is determined by the size of the particles.
The crystallized compounds are presented pre-
dominantly by lepidocrocite y-FeOOH (JCPDS
tile N 08-0098) and goethite a-FeOOH (JCPDS
file N 17-536) phases. The content of the mag-
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Fig. 3. Diffractogram of the original sample of the ferrum-manganese-bearing precipitate. The symbols (numbers)
indicate the phases: I — goethite (a-FeOOH); 2 — lepidocrocite (y-FeOOH); 3 — hydrated iron compounds, Fe(II)-

Fe(III) layered double hydroxides

hemite phase y-Fe,O, (JCPDS file N 4-0755) is
negligeable. The sample may contain several
crystalline hydrates of basic salts of mixed com-
position, but their identification is complicated
due to the low crystallinity of the sample and the
overlapping of reflections from the planes
(diffraction peaks) of several phases. In par-
ticular, the reflexes of iron (II) hydroxides
(JCPDS file N 13-89) and iron (III) hydroxide
(JCPDS file N 22-346) are observed. Maghemite
and magnetite belong to ferromagnetics.

Manganese-bearing compounds are presen-
ted by manganese (IV) hydroxide (JCPDS file
N 15-604) and manganese(II) carbonate (JCPDS
file N 7-288), the diffraction patterns show ref-
lections from planes (130), (400), (301) and
planes (012), (104), (113), respectively. Weak
single reflexes of hydrated manganese oxide
Mn, 0O, -H,0, manganese (II) oxide MnO (JCPDS
file N 04-326) — planes (111), (200), (220), and
double manganese oxide — gausmanite Mn,O,
are also identified.

Lyophilization of a precipitate sample at
160 °C for 2 hours contribute to the increase in
the crystallinity of the precipitate and and partial
dehydroxylation of the crystal lattice of iron and
manganese (oxy)hydroxides (Fig. 4). The reflexes
of the cubic crystal lattice present on the

diffraction pattern can be attributed with equal
probability to magnetite Fe,O, (JCPDS file N
19-029) and gausmanite Mn,O, (JCPDS file N
4-0731). The diffraction pattern also shows clear
reflexes of manganese (II) carbonate MnCO,
(JCPDS file N 7-288) and very intense reflexes
of manganese (II) oxide MnO (110), (021), (201)
(JCPDS file N 04-0326). The content of the
amorphous component significantly decreases.
The peaks of the residual phases of iron and
manganese (oxy)hydroxides are overlapped by
those of oxide phases.

The process of oxidative precipitation of the
wastewater components by ozone isaccompanied
with the precipitate formation (secondary was-
tes), which necessitates its subsequent removing
from the aqueous solutions. Magnetic separation
can used for removing of the precipitate —
effective and environmentally friendly method.

Analysis of the processes of groundwater and
surface water purification from iron and man-
ganese compounds when converting soluble
Fe?* and Mn?* compounds into insoluble forms
shows that parallel and competing complex
processes of phase formation take place in the
system [7, 10].

Formation of the goethite phase (FeOOH)
from iron hydroxides occurs at high pH and

Table 2. Elemental composition of the precipitates received
by ozonation of the simulated wastewater solutions (according to EDS data)

C O Na Si K Ca Mn Fe Co Sr Total
Weight %

705 | 673 | 098 | — [ 055 | — | 44,01 | 2005 | 17.79 | 2.84 | 100
Atomic %

22.87 | 16.38 | 1.66 | — | 0.88 | — | 31.20 | 13.98 | 11.76 | 1.26 | 100
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with the aging of amorphous hydroxide [16].
Precipitation at high temperatures and pH values
<10 leads to the formation and aging of both
a-FeOOH and anhydrous hematite a-Fe,O, ac-
cording to the reaction: 2FeOOH — a-Fe,O, +
+ H,O [14]. During iron hydroxide gel forma-
tion, spherical particles are formed, which are
later compacted and crystallized.

Lepidocrocite (y-FeO(OH)) is formed by
rapid oxidation of solutions containing iron(II)
salts or suspension of Fe(OH), with air oxygen
[3]. Quite often, along with lepidocrocite,
impurities of fine-crystalline goethite [3] or
roentgen-amorphous iron(III) hydroxide gel are
formed.

The theoretical composition of lepidocrocite
is similar as that of goethite. However, compared
to goethite, lepidocrocite contains more adsor-
bed water. Isomorphic substitution of iron for
manganese up to 1.5 at.% is observed in
y-FeO(OH) [18].

Ferritization from aqueous solutions (pH >8)
and formation of magnetite occurs from a liquid
phase with the excess of oxygen [11]. The reac-
tion of magnetite formation Fe** + 2Fe’* +
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&(

Fe) =50 mg,  during ozonation, depending on the ini-

tial Fe** and Mn?* concentrations

+ 80H™ <> Fe,0,+4H,0 can be represented as
the interaction of the ferric acid FeOOH salt, i.e.
Fe(FeOO),, with water. The degree of the
structuring and dispersion of hydromagnetite,
as in the case of iron oxyhydroxides formation,
depends in varying degrees on the alkalinity of
the solution, the concentration of Fe(II), Fe(III)
and OH ions, temperature and other factors. It
should be stressed that ferritization, i.e. the
formation of Fe,O,-MeO from solutions con-
taining metal ions, makes it possible to use this
phenomenon to purify wastewater from heavy
metalions [9]. Magnetite is capable of isomorphic
substitutions. Isomorphic substitution of iron
for manganese up to 3.4 at.% was found [12].
With increasing of pH and aging, more
crystallized iron phases are formed. They are
characterized by smaller specific surface area
and, consequently, a lower ability to adsorb
microcomponents from the solution. Simulta-
neously, the increase in pH leads to copreci-
pitation of cations in the form of hydroxides and
oxyhydroxides, which reduces the adsorption
surface of ferritic precipitates. Increasing of the
temperature during the precipitation of hydro-

65



B.G. SHABALIN, K.K. YAROSHENKO, O.M. LAVRYNENKO, N.B. MITSIUK

xides and oxyhydroxides leads to accelerated
hydrolysis, desorption of impurities from the
precipitate surface, changes in the electric double
layer structure, acceleration of the aging process
and precipitate crystallization, etc.

In [17] it is shown that manganese-conta-
minated water purification results in formation
of negatively charged manganese hydroxide
Mn(OH), which adsorbs positively charged man-
ganese(II) ions and promotes sorption of nega-
tively charged colloids Fe(OH),. When hydro-
lyzing, these ions react with the precipitate
Mn(OH), forming oxide Mn,O, which is well
oxidized and is a catalyst for the oxidation of
iron, manganese and other heavy metal ions:
Mn(OH), + Mn(OH), — Mn, O, + 3H,0.

137Cs sorption on precipitate during ozona-
tion. Purification of man-made aqueous solu-
tions from impurities of iron and manganese
compounds is based on the sorption, coagulation
and other surface processes that are achieved by
application of predominantly oxidative methods
and introduction of alkalizing reagents. The
sorption processes are affected by many factors,
e.g., the characteristics of the aquatic environ-
ment composition (pH, Eh, mineralization,
forms of being of elements, etc.) and the sorbent
(structure, specific surface area and porosity, etc.).

The amorphous phase of the insoluble iron
and manganese compounds has a high specific
surface area and, accordingly, the sorption
capacity of precipitates towards radionuclides,
in particular '¥’Cs. Freshly prepared manganese
precipitates have a specific surface area of about
300 m?/g. The surface area of iron hydroxide
precipitates is 300-400 m?/g [7]. The positively
charged Mn?* cation facilitates sorption of the
negatively charged colloids Fe(OH),.

As published in [6], at pH = 8-10, the freshly
precipitated oxides and oxyhydroxides of Fe and
Mn have a high sorption capacity towards ce-
sium and strontium. The mechanism of cesium
sorption is similar to the surface adsorption,
which is almost independent of pH. Surface
adsorption is accompanied by chemisorption
with formation of ferrites. In the mixed iron-
manganese oxides and oxyhydroxides, the
increase in Mn:Fe ratio is followed by increase
in Cs sorption. That is, in relation to cesium, the
greatest selectivity is shown by the manganese
dioxide, which due to surface adsorption con-
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tains high amount of Cs, irrespective of the pH
values. Iron hydroxides show increased sorption
capacity for strontium in the alkaline environ-
ment with formation of ferrites.

On the other hand, sorbents based on man-
ganese dioxide are selective mainly towards
strontium isotopes due to steric factors: the size
of the hydrated cations of cesium and stron-
tium and the diameter of the macro- and mic-
ropores [5, 28].

Our studies of '¥’Cs sorption on the precipi-
tate during the wastewater ozonation have
shown (Fig. 5) that increase in the Fe?>* and Mn?*
in the initial solution leads to a significant
increase in the degree of '3’Cs extraction (up to
2 times). Thus, at the initial concentration of
iron and manganese (5 and 10 mg/dm?, respec-
tively), the degree of Cs extraction was 26%. The
10-fold increase in the Fe?* concentration, com-
pared with the initial concentration up to 50 mg/
dm?, increased the degree of Cs extraction to
43%. The 10-fold increase in the Mn?** concen-
tration to 100 mg/dm? raised the degree of Cs
extraction to almost 46%. Elevation of the con-
centration of both elements caused the increase
of Cs extraction to 50.5%.

However, despite the increased sorption
capacity of the precipitate formed by wastewater
ozonation towards 1**Cs, 13’Cs radionuclides, it
does not guarantee reliable immobilization of
the adsorbed Cs radionuclides during the storage
period. To increase the efficiency of wastewater
decontamination, the conditions for simulta-
neous oxidative decomposition of the organic
compounds by ozone and sorption of the basic
dose-forming radionuclides on natural sorbents
should be developed.

Conclusions. Scanning electron microscope
image and energy dispersive spectra of the
precipitates formed during ozonation of the si-
mulated NPP wastewater solution (total mine-
ralization 7 g/dm? pH = 11.5; T = 60°C; t = 2 h)
showed the presence of finely dispersed 20-
30 nm spherical particles, probably metal oxides,
which are associated in solid microsized aggre-
gates and their associates of different confgu-
ration. According to the elemental analysis, the
main elements contained in the precipitates are
Mn, Fe and Co, the concentration of Sr and Na
is insignificant. According to the X-ray phase
analysis data, the precipitate formed during
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ozonation of the simulated NPP wastewater
solution is in a mineral-like form and contains,
along with the amorphous phase, layered double
Fe(II)-Fe(III) hydroxides of mixed composition,
including Fe-Co and iron oxyhydroxides —
goethite and lepidocrocitis. The manganese-
containing compounds are presented by man-
ganese (IV) hydroxide and manganese (II)
carbonate, with admixtures of hydrated
manganese oxide Mn,O,-H,O, manganese (II)
oxide MnO and double manganese oxide
Mn,0O, — gaussmanite.

It is shown that the aging or heat treatment of
the precipitates formed in the process of ozona-
tion at 160 °C for 2 hours increases the degree of

crystallinity of the precipitate and partially de-
hydroxylate the crystal lattice of iron and man-
ganese (oxy)hydroxides.

During the ozonation of the simulated waste-
water solutions that contain organic compo-
nents, the processes of co-precipitation and ad-
sorption of radionuclides proceed. With the 10-
fold increase in the concentration of Fe** and
Mn?* ions, the concentration of 13’Cs in the so-
lutions decreases by 26%, to 50.5%. To increase
the efficiency of wastewater decontamination, a
methodology for simultaneous oxidative decom-
position of the organic compounds by ozone
and sorption on the natural sorbents should be
developed.
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JlepxaBHa ycTaHOBa "[HCTUTYT reoxiMil HABKONUIIHBOTO CepeIOBNUILA
Harnionanbnoi akafiemii Hayk Ykpainu"

03142, m. Knis, Ykpaina, np-t Axag. ITannazina, 34-a

MIHEPAJIBHIW CKJIAI TA COPBLIVHA 3TATHICTD IIOJO ¥7Cs OCAJIIB,
YTBOPEHMX B ITPOILIECI O30HYBAHHS TPAITHVX BOJI ATOMHMX EJIEKTPOCTAHIIIN

[IpuCBA4EHO BUBHAYEHHIO OCOOMMBOCTEN MiHEPATBHOTO CK/Ialy Ta copOuiliHmx BractusocTeit mopmo *’Cs ocapis,
YTBOPEHUX Yy IIpolieci 030HYBaHHA MOJE/IbHMUX TPAIlHUX BOJ, aTOMHUX €IeKTPUYHUX CTaHIIil (3arajbHa MiHe-
panisanis 7 r/am’; pH = 11,5; T = 60 °C; t = 2 rop). Y BOCTiKyBaHOMY OCajii BUABIEHO HAABHICTH TOHKOAVCIIEPC-
HUX YaCTHHOK cepraHoi ¢popmu posmipamu 20—30 HM, sIKi acolilfoBaHi y minbHi MIKpOpO3MipHi arperatu Ta
ixHi acoriaTu pisHoi KoHpirypauii. EremeHTHNIT CKIaf ocaniB npeacrasnenuit Mn, Fe, Co 3 He3HaYHUM BMiCTOM
Sr, Na i K. Ocap nepebyBae B MiHepa1i3oBaHOMY CTaHi Ta MiCTUTb 3 aMOp¢dHOIO (a3olo IapyBaTi MOABIIHI rigpo-
keupy Fe(IT)-Fe(III) smiuranoro ckmagmy, sokpema Fe-Co ta okcurigpokcuay ¢epyMy — TeTUT i JIeIifOKPOKIT.
ManraHoBMicHi crionyku mpepncTasieHi rigpoxkcupom manrany(IV) ta xap6onatom Manrany(Il), 3 momimkamu
rigparoBaHoro okcupy Mmanrany Mn,O, - H,O, okcnpy manrany(II) MnO i nogsifiHoro okcury MaHrany — raycma-
HiTy Mn,0,. Jliodinisaiia ocanis 3a Temneparypu 160 °C BIIpofioBX 2 TOJI CIIpYUsE MiBUNIEHHIO CTYTIEHs iXHbOT
KPMUCTAIIYHOCTI Ta YaCTKOBOMY AETifpOKCUIIOBAHHIO KPUCTA/IiYHOI I'PaTKy OKCUTIAPOKCHUIB hepyMy Ta MaHTaHY.
ITip yac 030HYBaHH: TPAIHUX BOJ, BifOyBaIOTbCA MPOLeCH AECTPYKIii OpraHivHIX KOMIIOHEHTIB, CyMiCHOTO oca-
IKeHHA Ta aicop6buii papioHykminis. BusHadeHo, 1o 3a 36i1bliIeHHA KOHIeHTpalil KaTioHiB Fe?*, Mn?** y 10 pasis
(mo 50 Ta 100 mr/aM> BifmOBiNHO) y BUXigHOMY po3uuHi, KoHUeHTpanisa 27Cs y posunHi smeHmyerbes Ha 50,5 %.

Kniwouosi cnosa: Tpanui Bogu AEC, 030HyBaHHs, ocajy, XiMiUYHWIT i MiHepanbHWIT CKIag, cOpOLis, mesiit.
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