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The paper explores the synthesis of a borosilicate glass designed for the immobilization of phosphate-containing
radioactive waste (RW) from the pyrochemical reprocessing of spent nuclear fuel. The radioactive waste inclusion ac-
counted for 10 and 15 wt.% and the P,0 content amounted to up to 5.8 wt.%. The paper studies the structure and
properties of two glass types with quartz sand and silica used as SiO, precursors. The study shows that the structure
of such glass differs little, both types of glass are characterized by high quality indicators and comply with NP 019-15
standards. To provide the immobilization of phosphate RW from pyrochemical spent nuclear fuel reprocessing into a
borosilicate matrix, the paper proposes a vitrification method involving controlled feeding of silica-based pulp, which
was tested on a laboratory installation.
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Introduction

Reprocessing of spent nuclear fuel (SNF) with
high burnup of fissile materials accounts for a criti-
cal component of closed nuclear fuel cycle. Applica-
tion of pyrochemical reprocessing method provides
shorter pre-reprocessing cooling times, consider-
ably reduces waste generation and also enables the
reprocessing of SNF with high radiation and heat
generation levels. Pyrochemical reprocessing re-
sults in two main types of solid RW: non-recyclable
salt electrolyte (spent) and phosphate precipitate,
which mainly involves a mixture of rare earth ele-
ment (REE) phosphates [1]. Many of the radioactive
isotopes contained in this precipitate are long-
lived or have high specific activity levels requiring
their immobilization in durable, chemically stable
materials to provide their safe storage and disposal.

The prospects of such RW immobilization into
aluminofluorophosphate and sodium aluminofluo-
rophosphate glasses have been demonstrated in
the studies implemented by JSC SRC RIAR [2], [3],
and into borophosphate waste forms — in the stu-
dies run by JSC VNIINM [4].

Borosilicate matrices are characterized by rela-
tively higher chemical and thermal stability and
are capable of retaining almost all radionuclides.
Thanks to these advantages, along with the sim-
plicity of the method itself and the high RW volume
reduction coefficient achieved, they are viewed as
quite promising for RW immobilization purposes.
Borosilicate glass (BSG) production provides for the
application of hot crucible induction melting as a
basic RW vitrification method, which is viewed as a
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reference one in Russia when dealing with the vit-
rification of tailings solutions from the processing
of regenerated uranium at the Radiochemical Plant
operated at the SCC site.

Little information is available in modern litera-
ture on the production of BSG with phosphorus and
the effect its content as on their properties. Phos-
phorus pentoxide is known by its limited solubility
in borosilicate melts [5]. An increase in phosphorus
concentration to 2 mol.% in BSG may drive phase
separation affecting such indicators as melt vis-
cosity and the chemical resistance of the glass [6].
A few simple sodium borosilicate glasses contain-
ing P,0. were studied: it was demonstrated that
crystalline sodium orthophosphate phases appear
at P,O, concentration of 4 mol. %; whereas, sodium
pyrophosphate phases could be observed in cases
when the P,0; concentration grew to 6 mol. % [7].

This paper investigates the properties of a BSG
with a model phosphate precipitate generated from
the pyrochemical SNF reprocessing and produced
using different SiO, precursors, i.e., quartz sand
and silica sol, for further vitrification of this RW

type.
Experimental part
Production of a model phosphate precipitate
The phosphate precipitate composition (Table 1)
was specified based on published data [8].

Table 1. Composition of the phosphate precipitate
based on literature data [8] (in terms of oxides)

Element | wt.% | Element | wt.% | Element | wt.%
AL,04 2.8 La,0; 49 Cr,04 20
B,0; 5.3 Ce0, 39 Zn0 0.1
Fe,0, 15.3 Pr,0; 1.9 Ca0 23
MgO 13 Nd, 0 9.3 Y,0; 0.3
MnO, 0.4 Sm,0; 12 Na,0 0.4
Cuo 0.2 Eu,0; 0.1 BaO 22
Mo0O; 0.7 Gd,04 0.1 SrO 23
NiO 0.6 PbO, 0.1 Zr0, 0.2

Am,0; 21 Tio, 0.1 P+0 40.7

In the model, the following changes were intro-
ducedtothe composition: REEs and americium were
equimolarly replaced by lanthanum (except ceri-
um), magnesium and barium — by calcium, whereas
the elements contained in an amount of less than
0.1 wt. % were excluded from consideration.

The model phosphate precipitate was produced
by precipitation from solutions of the correspond-
ing nitrates with sodium orthophosphate—Na.PO,.

2

The precipitate was decanted and filtered, rinsed
repeatedly with distilled water. After that it was
dried at 120°C for 2 days. The resulting model pre-
cipitate was a finely dispersed gray powder, which,
according to X-ray diffraction (XRD) analysis, was
practically amorphous with only some minor con-
centrations of calcium-cerium-lanthanum ortho-
phosphate found in it (Fig. 1). Table 2 summarizes
its chemical composition measured via scanning
electron microscopy (SEM) with electron probe mi-
croanalysis (EPMA).

Fig. 1. Diffraction pattern and appearance
of the model phosphate precipitate

Table 2. Chemical composition of the model
phosphate precipitate based on X-ray microanalysis
(in terms of oxides)

Oxide wt. % Oxide wt. %
ALO, 316 CeO, 376
Na,0 10.39 Cr,0, 195
Fe,0, 14.79 Cao 746
La,0, 16.40 ST 155
P,0, 4055 2 100.00

During precipitation, some of the sodium pro-
bably formed a complex insoluble compound;
therefore, it still remained in the precipitate de-
spite repeated washings.

Synthesis of borosilicate glasses
Synthesis of BSG (N° 1—3) based on quartz sand

The required weighed reagent amounts of the
i.e., SiO, (quartz sand), H;BO;, NaNO;, Ca(OH),,
Al(OH), TiO, and the phosphate precipitate were
mixed in a ball mill for 5 minutes. The required
amounts of pre-weighed, reagent grade materials
along with the phosphate precipitate were mixed
in a ball mill for 5 minutes.

The quartz sand-based glass was synthesized in
three stages: calcination, melting and annealing.
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Table 3. Chemical composition of the BSG by batch;
sample mass loss due to rapid leaching, %

Content, wt. %

1 51.0 14.0 250 =

2 46.8 13.2 237 44 =
3 45.0 18.0 18.9 27 2.7
4 441 19.8 171 4.5 4.5
5 470 17.0 18.0 3.0 3.0
6 444 161 18.0 28 28

Precursor | Weight loss due
of Si0, to melting, %

10.0 0.92

- 15.0 Quartz sand 0.45
2.7 10.0 0.15
- 10.0 0.52
2.0 10.0 Silica sol 0.16
1.9 15.0 0.08

Calcination was carried out at 700°C for 2 hours,
the furnace heating rate accounted for 10 degrees
per minute; melting was carried out at 1,150°C
for 2 hours. The melt (in the form of granules) was
poured onto a steel plate heated to 500 °C and an-
nealed for 2 hours.

Synthesis of BSG (N° 4—6) based on silica sol

Weighed portions of required reagents were
mixed; silica sol C(Si0,)=120 g/l and a model
phosphate precipitate were added to the mixture
and mixed again. The resulting pulp was poured in
a platinum crucible and evaporated in a sand bath
until the water would get completely removed from
it. Further synthesis was carried out in the same
way as for the quartz sand glass. Table 3 presents
the calculated chemical BSG composition.

BSG with a mass loss during express leaching
(boiling in distilled water for 5 hours) accounting
for less than 0.6% (Table 3) were selected for fur-
ther studies.

Vitrification of a model phosphate precipitate
in a laboratory vitrification unit

The laboratory vitrification unit assembled in a
fume hood consisted of three main components:
a pulp dosing system based on a peristaltic pump
and a magnetic stirrer; the Plavka SmartMelt 2.0
furnace, in the heating zone of which a purposely
designed crucible made of 20X23N18 steel was in-
stalled; and an off-gas treatment system including
two bubblers with distilled water, a mineral wool
filter and a pump (Fig. 2).

The pulp for the experiment was produced in
the same manner as for the silica-based BSG.
The pulp was a gray suspension. To prevent sedi-
mentation, the beaker containing the pulp was
placed on a magnetic stirrer to provide continu-
ous stirring.

The crucible had a capacity of 180 cm®; when filled
to 70%, the glass volume accounted for 126 cm?.
Provided a density of 2.6 g/cm?®, its mass amounted

Fig. 2. Schematic diagram of the laboratory vitrification unit:
1 — magnetic stirrer; 2 — beaker with pulp; 3 — peristaltic pump; 4 — electric furnace with a steel crucible; 5 — fume hood;
6 — refrigerator (dephlegmator); 7 — bubbler-1; 8 — bubbler-2; 9 — dry filter; 10 — pump

Radioactive Waste Ne 3 (32), 2025



to 328 g. Waste inclusion accounted for 10% by
weight, the mass of the phosphate precipitate was
33 g and the pulp volume accounted for 1 liter.

The starting material accounted for glass of the
same composition as the one synthesized previ-
ously from silica sol (1/4 of the resulting glass by
weight). It was placed in a crucible and melted at
1,000 °C. The pulp was then added and furnace tem-
perature was raised to 1,100 °C in 30—50 ml incre-
ments every 15—20 minutes, whereas the crucible
lid was closed for better melting. The pulp was get-
ting decomposed generating a brown gas and melt-
ed well provided no large “melt cap”.

When the pulp dosing process was entirely com-
pleted, the crucible was closed with a lid, the tem-
perature was increased to 1,150 °C and the pulp was
kept in the crucible for another 30 minutes. The
glass was poured into a steel mold, heated on a hot-
plate and annealed.

Density was measured by hydrostatic weighing in
accordance with GOST [9] using an OHAUS Explor-
er E 1214 analytical balance (with a measurement
error of 0.2 %).

Vickers microhardness was measured in keeping
with GOST [10] using the Tinius Olsen instrument
with an FH-006 digital indicator at a load of 0.98 N
(0.05 kgf) and a loading time of 10 s. Microhard-
ness was calculated based on at least 15 measured
indentations.

Raman spectra were recorded by a Bruker Sen-
terra II Raman spectrometer in the range from 50
to 1,450 cm™! with a laser wavelength of 785 nm
(resolution 1.5cm™!) and at a laser power of
100 mW. Spectra were recorded and processed us-
ing OPUS 8.2 software. For each of them, a baseline
correction procedure was performed.

Leaching was carried out in Teflon beakers in dis-
tilled water at 25°C for 28 days provided periodic
water replacement at 1, 3, 7, 10, 14, 21 and 28 days
according to GOST [11]. The ratio between the sam-
ple surface area and the solution volume (S/V) ac-
counted for ~3 cm™!. The composition of the leach-
ates was measured via inductively coupled plasma
optical emission spectrometry (ICP-OES) using an
EXPEC6500 spectrometer (China). To quantita-
tively assess the chemical stability of the samples,
normalized element losses and leaching rates were
calculated from the results obtained.

The glass composition and homogeneity were
studied via the XRD method on a D2 PHASER dif-
fractometer (BRUKER) and the SEM/EPMA method
using a MIRA3 XM scanning electron microscope
(TESCAN) with an Ultim-MAX 40 microanalysis
spectrometer (OXFORD INSTRUM).
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Glass transition and crystallization temperatures
were determined via differential thermal analysis
using a Setaram LabSys Evo derivatograph provid-
ed some dynamic heating to 1,000°C in air at a rate
of 10 degrees per minute.

The choice of a glass-forming system depends not
only on its main components but also on the gener-
ally accepted requirements for the resulting mate-
rial, in particular: glass formation tendency, melt-
ing temperature, melt viscosity during melting and
processing, density, chemical stability, capacity ac-
cording to the incorporated elements, etc. Thus, to
select an appropriate borosilicate glass matrix for
the phosphate precipitate, first its water resistance
was evaluated and then the ratios of B,0;, Na,O
and SiO, components were selected assuming fur-
ther alloying with CaO, TiO, and Al,Ox.

High-level waste in the form of phosphate pre-
cipitate is a dry powder. This type of component
cannot be dosed directly into the glass furnace due
to intensive carryover of the fine particles. There-
fore, such components can be dosed as a silica-
based pulp, to which reagents of other glass matrix
elements and phosphate precipitate are added.

Sand-based BSG N21 containing exclusively B,Ox,
Na,O and SiO, oxides and model phosphate precip-
itate (10 wt.%) with 4.1 wt.% of phosphorus oxide,
is transparent, has a green color, blends well and
has no crystalline inclusions (Fig. 3).

Fig. 3. Image of a BSG with phosphate precipitate

According to XRD results, BGS N21 was amor-
phous, while SEM/EPMA showed its homogeneous
structure.

The mass loss of this glass sample after being
melted for 5 hours amounted to 0.98 % with a brown
film formed on it. These rapid leaching results
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indicate the low water resistance of the glass, so in
further experiments, CaO, Al,O- and TiO, additives
were added to strengthen the glass matrix.

BSG N22 was melted according to the same flow-
chart asin case of BSG N2 1, but the amount of waste
in the glass was increased to 15 wt.% (6.0 wt.% for
P,0) and CaO was added to improve its chemical
stability (Table 2). The glass melt flowed well, had
a rich green color and was transparent. According
to XRD, the BSG was amorphous, while SEM/EPMA
showed it had a homogeneous structure. The mass
loss upon melting for 5 hours accounted for 0.45 %.

To produce BSG N2 3 with a phosphate precipitate
content of 10 wt.%, Al,O; and TiO, were added in
addition to CaO. The glass flowed well, exhibited
little stretch, had green color and was transparent.
According to XRD, it was amorphous, and according
to SEM/EPMA, it was homogeneous and had high
water resistance (mass loss upon melting account-
ed for 0.15%).

Since addition of CaO, TiO, and Al,O had a posi-
tive effect on water resistance, they were used to
synthesize BSG based on silica sol (Tables 2 and 3,
compositions 4, 5 and 6).

All glasses synthesized from silica sol, including
BSG N26 with 15 wt.% phosphate precipitate, were
transparent, had green color and flowed well. Ac-
cording to XRD data, they were amorphous; accord-
ing to SEM/EPMA data, they were homogeneous.
BSG N26 with 15 wt.% phosphate precipitate was
characterized with the lowest losses at the melting
stage (Table 2).

The BSG density depended in no way on the type
of SiO, precursor and was ranging from 2.58 to
2.63 g/cm’.

The measured Vickers microhardness was rang-
ing from 6.55 to 7.21 GPa. Quartz sand replacement
with silica sol, as well as an increase in the amount
of model phosphate precipitate to 15 wt. %, did not
affect this indicator. The Vickers microhardness
indicators measured for the BSG with phosphates
were similar to those previously measured for the
BSG produced by MCC PDC [12].

The glass transition temperatures (T,) for BSG
N¢ 3 made from quartz sand and BSG N5 made
from silica sol turned out to be quite similar, i. e.,
547+1°C and 550%*1°C, respectively, while the
crystallization temperatures T, accounted for
617+1°C and 621*1 °C, respectively, and were con-
sistent with the T, values characteristic of borosili-
cate glass produced by MCC PDC [12].

BSG N23 and 5 were characterized by higher T,
compared to simple glasses with phosphates syn-
thesized and studied by American and British sci-
entists [7]; for BSG with a matrix involving Na,O,
§i0, and B,0O; with the same inclusion of P,0, T,

accounted for 520+3°C and 523+ 3 °C, respectively.
This effect may be explained by refractory Al,Ox,
CaO and TiO, additives introduced to strengthen
the glass matrix.

Table 4 presents complete chemical BSG com-
position expressed in terms of oxides based on
SEM/EPMA measurements. The calculated amount
of P,O; in glass with 10 wt. % of phosphate precipi-
tate should have been equal to 4.06 wt. %, and with
15 wt.% — 6.08 wt. %. According to SEM/EPMA data,
the amount of phosphorus oxide in the synthe-
sized BSG turned out to be somewhat lower, pos-
sibly due to its volatility at the high glass melting
temperature.

Table 4. Chemical composition of BSG based on SEM/
EPMA data (calculated in terms of oxides)

Fe,0; 16 22 14 15 12 22
la,0; 16 24 16 16 18 24
CO, 04 06 04 04 04 05
0, 02 03 01 02 01 03
G 07 34 30 38 38 38
SO 02 04 01 03 03 03
ALO; 04 05 31 38 33 33
POs 37 57 33 37 40 58

Na,0 251 219 209 201 200 185
Si0, 509 469 455 455 460 444
B0, 152 157 157 188 170 152
Tio, - - 28 - 20 19

Total 1000 1000 1000 1000 1000 1000

* B,05 was not measured; the amount is indicated according to
the charge

Structure of BSG with phosphate precipitate inclusions

Due to their complex composition, the Raman
spectra for BSG with phosphate inclusions are dif-
ficult to interpret. The structure of such glasses is
formed by intertwined silicate, borate and phos-
phate networks; other mixed bonds may be also in
place, i. e., these may arise from the substitution of
other glass formers, i. e., P-O-Ti, P-0-Al, B-0-Si,
Si-O-P [7].

The main difference in the Raman spectra for the
BSG synthesized from quartz sand (Fig. 4, spectra 2
and 3) and silica sol (Fig. 4, spectra 5 and 6) lies in
the high-frequency region (Table 5).

The high-frequency region (800—1200 cm™) in
the spectra demonstrates Si—O-Si vibrations of the
silicate network and the ratio of the Q units [13].



Processing, Conditioning and Transportation of Radioactive Waste

Fig. 4. Raman spectra: 2 and 3 — BSG N2 2 and 3 based
on quartz sand; 5 and 6 — BSG N? 5 and 6 based on silica sol

The Q!/Q%/Q?® ratio for BSG synthesized from dif-
ferent precursors and with different amounts of
phosphate precipitate inclusions varies, which
may indicate different polymerization degrees. The
1,090 cm™! band is less intense in the Raman spec-
tra for BSG N26 made from silica sol with 15 wt.%
phosphate precipitate inclusions. This may indi-
cate partial network depolymerization in this glass.

Table 5. Main characteristic lines in the Raman spectra
of BSG with a phosphate precipitate

BSG Ne
Structure unit
23 s 6
350 350 350 350 PO,; 0-P-0[14]
500 500 500 500 Si-0-Si; P-0-P[14]
Si-0-Si,B-0-B,B-0-Si
550 550 550 550 and Si-0-Si [7]
danburite [B,Si;Og],
reedmergnerite [BSi;Og]
650 630 630 630 erahedra PO, P-0-Ti,
P-0-AL[7]
850 850 850 . Al
850 Shoulder shoulder shoulder Si-0-51 Q7 [L3]
900 900 900 900 Si0, Q% [7]
Sio, Q*[13],P-0-P
985 9% BT BT etrahedra PO [7]
1000 1000 1000 1000  Si-0-Si; Si-0-P; B-0-Si;
shoulder shoulder shoulder P-0 in groups P,0;*[7]
Si-0-Si and B-0-Si;
1090 1090 1090 1090 ’
[P0, [7]

The mid-frequency bands from 400 to 800 cm™!
may indicate both the tetraborate groups, four- and
three-coordinated boron in boroxol rings, and may
also demonstrate the presence of the reedmerg-
nerite [BSi;Og] and danburite [B,Si,Oq] structures [7],
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and also correspond to vibrations of the P-O-P
bonds in PO} [13] — the band at 630 cm™! is pres-
ent in all spectra and does not change qualitatively.

In alkali silicate glasses, phosphate units do not
get completely incorporated into the silicate net-
work, but rather form some phosphorus-rich re-
gions in orthophosphate PO}~ and pyrophosphate
P,07 units. Vibrations of the P-O-P bonds in these
groups correspond to lines at 935 and 1000 cm™! [7].
The 935 cm™! line in BSG N2 5 and 6 based on silica
sol shifts toward higher frequencies — 957 cm™.
Their intensity in the Raman spectra in BSG N22
and 6 is higher compared with those of BSG N23
and 5, which is explained by the increased phos-
phorus content (Fig. 4). The authors [7] noted an
increase in the intensity of this band along with in-
creasing phosphorus content.

In phosphate glasses with alkaline earth elements
(AEE), aluminum and titanium, the P-O-P bonds
are transformed into P-O-Ti or P-O-Al, which
may indicate a shift of the 620 cm™ line toward
higher frequencies. The 350 cm™! line is also asso-
ciated with PO}~ bond vibrations and with modifier
cations in it [14] (Table 5).

Water resistance

After the glass matrix was strengthened via CaO,
TiO,, and Al,O; introduction, the water resistance
indicators were measured for BSG N22, 3, 5 and 6 by
leaching according to GOST at a temperature of 25 °C.

Based on the ICP data, no elements of the model
RW, other than phosphorus, were detected in the
contact solutions following this procedure. Their
leaching rates from all glasses were similar (Table 6).

Table 6. Leaching rates of R(i) elements, g/(cm*-day), on
day 28 at 25 °C

R(),10%, g/(cm?day)

BSG N2
s N8P

2 37 27 06 49
3 09 12 04 39
s 11 22 038 48 |
Y 08 15 07 32

The leaching rates of B, Na, and Si from a well-
known English glass (Magnox-waste glass) [15]
were compared with our data. It was found that
these rates were lower for the elements in our glass,
which may indicate their high resistance to water.

After leaching, the surface of all samples was ana-
lyzed by SEM/EPMA. The results showed that the
surface was depleted in sodium and phosphorus,
while the concentrations of REE, calcium and alu-
minum got higher. Based on the EPMA calculation,

Radioactive Waste Ne 3 (32), 2025
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it can be concluded that an altered layer formed on
the surface may act as a barrier preventing further
element leaching into water [12]. After drying, this
layer may crumble.

Vitrification of a model phosphate precipitate
on a laboratory vitrification unit and its results

The BSG obtained by pulp dosing was opaque,
black, slightly matte and had a glassy luster on its
fractures (Fig. 5).

Fig. 5. Diffraction pattern and photograph of a BSG sample
obtained by pulp dosing

In addition to an X-ray amorphous halo, the
BSG diffraction pattern (Fig. 5) contains peaks of

crystalline phases, i. e., chromium (III) oxide and
Ni-Fe—Cr metallic phases.

The XRD data demonstrate that the BSG is in an
amorphous state, but the melting process drives
corrosion of the steel crucible resulting in dis-
persed phases.

The gray color in the backscattered electron SEM
image indicates the homogeneity of the glass. In-
clusions of chromium oxide (acicular crystals), spi-
nel (cubic crystals) and a metallic phase (droplet-
shaped) were formed due to crucible corrosion
(Fig. 6).

The calculated variation coefficient (K < 10%)
shows that the BSG is homogeneous according to
its composition (Table 7).

After melting for 5 hours, the sample lost its vit-
reous luster and the mass loss accounted for 0.10%.
Such minor losses during leaching indicate high
water resistance.

BSG exhibits high quality characteristics despite
the presence of crucible corrosion products.

Off-gas system

After the experiment, the water from the bub-
blers was analyzed: the ICP data showed that the
total loss of BSG components (in terms of oxides)
amounted to approximately 1.2 %, with no REE or

Table 7. SEM/EPMA for a BGS sample obtained by pulp dosing

Content Na,0 | ALO;
‘ Average content,wt.% 19.8 16.6 497 4587 298
‘ Standard deviation = 0.07 0.02 0.06 0.02
K, % - 13 046 014 119

05 487 026 168 025 188 049
001 001 01 005 004 005 008
022 - 287 - 244 38 - |

* B,0; was not measured; the amount is indicated according to the charge

Fig. 6. SEM/EPMA image showing a section of a BSG sample surface obtained by pulp dosing at different magnifications

Radioactive Waste Ne 3 (32), 2025



AEE detected. Recalculations according to the total
amount of glass produced showed that boron oxide
and phosphorus oxide account for the largest share
of oxides entering the off-gas system (Table 8).

Table 8. Mass ratio for oxides in bubblers vs. the mass
of produced glass based on ICP analysis
of distilled water from the bubblers

wt. % of the selected BSG  0.68 0.15 0.3 0.02

Borosilicate matrix was selected to immobilize
a model phosphate sediment generated from the
pyrochemical SNF reprocessing. BSG matrixes pro-
viding an inclusion rate of 10 and 15 wt.% (up to
5.8 wt.% in case of P,0.) were synthesized using
quartz sand and silica sol. The structure and prop-
erties of the resulting glasses, including microhard-
ness, glass transition and crystallization tempera-
tures and water resistance were studied.

Replacement of silica precursor, i.e., the use of
silica sol instead of quartz sand, had minor effect
on the borosilicate glass properties. However, ac-
cording to Raman spectroscopy data, the ratio of
Q structural units in the SiO, groups varies, and the
intensity of the band associated with P-O-P bond
vibrations in the PO, group grows along with in-
creasing P,O. content in the glass.

Synthesized borosilicate glasses based on quartz
sand and silica sol have similar basic properties, are
characterized by high quality indicators and meet
the NP-019-15 requirements [16].

Thus, the potential of BSG application as an im-
mobilization matrix for phosphate-containing
waste containing up to 5.8 wt.% of P,0; and silica
sol as a precursor has been demonstrated.

The authors would like to acknowledge the staff
of the analytical laboratory, namely, Researcher
L. V. Krasnikov for the DTA performed and the dis-
cussion of its results; Senior Researcher V. A. Or-
lova for the obtained XRD spectra; and Researchers
N. V. Sapozhnikova and A. S. Chirkova for the ICP
analysis.
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