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Preparation and study of new class SeO, based glass obtained at high oxygen pressure
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Abstract: In recent years, scientists have turned their attention to the synthesis of a new class of amorphous materials — glass with the
participation of SeO, (selenite glass), and to the study of their structure. Among the established centers for systematic research on these
materials are the Institute of Metal Science, Equipment and Technologies with Center for Hydro- and Aerodynamics “Acad. A. Balevski” at
the Bulgarian Academy of Sciences (IMSETHC — BAS) — Sofia, Bulgaria and the Department of Silicate Technology at the University of
Chemical Technology and Metallurgy (UCTM) — Sofia, Bulgaria. These types of glass have specific properties such as high permeability in
the visible and the near infrared regions of the spectrum, high refractive index, and low melting point. On the other hand, the amorphous
materials in this class of can serve as model compositions. The obtained structural information can be used to form generalizations about the
vitreous state and the possibility to modify the structure and properties of glass in order to improve the technological parameters.
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1. Introduction

The amorphous state offers great opportunities for creating new
useful materials with various applications, so in the leading
laboratories around the world more and more new types of glass are
being synthesized and studied: oxide, halide, chalcogenide, metal,
etc. Thanks to modern methods of production and research, many
new materials are currently being studied, including various types
of glass [1-22].

This monograph presents new phase diagrams and shows the
way they are obtained and analyzed. It further deals with the study
of the structure and the glass formation of bicomponent and
multicomponent glass with the participation of SeO,, synthesized at
high oxygen pressures and slow cooling rate. The monograph aims
to confirm the tradition of researching these types of glass in
Bulgaria, which is the unique place in the world where they have
been successfully obtained at high pressures without sublimation
and under reproducible experimental conditions.

The compositions of the mixtures required for the research are
prepared in the conventional way. The components introduced are
purity grade oxides. The weighing and preparation of the mixtures
is performed in a box chamber. Melting is carried out in accordance
with the research mode and in quantities depending on the type of
the study.

When building the phase diagrams, the charges are placed in
vacuumed and soldered quartz ampoules at P = 0.1 Pa. The
ampoules thus prepared with a volume of V = 2 cm® and a weight of
the charge in them of 1 g are subjected to tests to determine the
phases in order to build the phase diagrams.

When determining the areas of glass formation, the charges are
placed in an autoclave installation in test tubes made of quartz glass
or Razotherm®. The maximum pressure during the heat treatment
process is the same for all — 35 MPa in an oxygen environment. The
compositions are melted at a maximum temperature of 823.15 K,
which is reached in 2 hours and maintained for 20 minutes. The
samples are then cooled at a rate of 2 K/min.

2. Experimental

2.1. Method for synthesis of sublimating oxides, including glass
with the participation of SeO, (selenite glass)

Experimental studies of the processes of melting and glass
formation in systems containing sublimating or dissociating
components are few in number [29-31]. This is explained by the
technological difficulties that exist in the simultaneous combination
of high pressure and high temperature in the presence of volatile
substances. At the same time, it should be noted that in the course
of experimental practice considerable experience has been gained in
the use of various installations operating at elevated gas pressures.
When working with highly volatile substances (such as SeO,), two
methods of synthesis are used: in pressure vessels and in vacuumed
and soldered quartz ampoules. The most suitable ones in this
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particular case are various types of autoclaves, in which both the
oxygen pressure and the redox conditions in the system can be
controlled across a wide range.

The main element of the autoclave is the reaction chamber. It
can be heated both indirectly and with a furnace built into it.

Generation of gas pressure is done using different one-stage and
two-stage compressing installations, or simply, in steel cylindrical
vessels filled with the respective gas selected for the specific
purpose.

The vessel in which the pressure is created is subjected to the
greatest loads. Structurally, cylindrical vessels are the most suitable
ones due to the lowest stress strain upon them when heated under
pressure. The samples are placed in a vessel that does not interact
with the test material and with the gaseous medium.

The other units constituting an autoclave installation are:
housing, heaters, thermal insulation, thermocouples and temperature
and pressure measuring devices. Figure 1 shows the diagram of an
autoclave.
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Figure 1. Diagram of an autoclave working at maximum
pressure Ppa = 50 MPa and maximum temperature Ty, = 600°C
(873.15 K)

Description of the units that make up the autoclave installation:
1. Housing.

2. Thermal insulation.

3. Ceramic bearers of the heaters.

4. Heaters (made of Kanthal Al).

5. Body.

YEAR XV, ISSUE 1, P.P. 38-41 (2021)



INTERNATIONAL SCIENTIFIC JOURNAL "MACHINES. TECHNOLOGIES. MATERIALS"

WEB ISSN 1314-507X; PRINT ISSN 1313-0226

6. Pressure lid.

7. Steel plug — sealing “metal to metal”.

8. Metal cover of the thermocouple.

9. Gas (oxygen) supplying tube to which is mounted the
refractory ceramic base for the samples.

10. Refractory ceramic base for the samples.

11. Valves sealing “metal to metal” — the gas inlet and outlet of
the steel sealing plug.

12. Pressure gauge for pressure up to P = 50 MPa.

13. Bolts fixing the steel plug.

The pressure in the autoclave is measured using a manometer
with a scale of up to 100 MPa. On the outside of the cylindrical
autoclave body is installed a resistance heating furnace with an
operating temperature of up to 973.15 K. Reaching the required
operating temperature is done by heating the entire two-liter volume
of the reaction chamber. An additional refractory ceramic base 10 is
mounted inside the autoclave by means of a hollow bolt attaching it
to the gas supplying tube 9. In the ceramic base 10 are nested quartz
glass test tubes used to study the synthesis of small amounts of
selenite glass. Quartz glass turned out to be a suitable material for
the test tubes, as no corrosion on its surface caused by the studied
melts was observed. When the aim was to obtain large quantities of
melt, single quartz crucibles or Rasotherm® vessles were used.

The installation works as follows:

Before heating, the reaction chamber of the autoclave is filled
with gas from a bottle up to a pressure of 11 MPa using a valve. In
order to perform the experiments in dry conditions before filling the
autoclave, the gas is passed through another vessel filled with
magnesium perchlorate which adsorbs the moisture. Oxygen is used
as a gaseous medium to transfer pressure to the charges containing
Se0,, thereby maintaining oxidation conditions. When other
gaseous carriers are used, the experiments can also be performed in
neutral and reducing mediums for the synthesis of glass and other
materials at high pressures up to 50 MPa and temperature T = 873
K.

When preparing the charges, all the compositions studied in the
monograph are expressed in mole percentages. They are presented
as numerical indices for each oxide participating in a given
composition.

Any mass loss during the experiments possibly caused by
sublimation and evaporation was controlled using a weight method.
It was found that the mass loss after melting does not exceed 1 —
1.5%.

Another safe method that can be applied for synthesizing
selenite glass is melting in vacuumed and soldered ampoules of
quartz glass. This method has some limitations when synthesizing
larger amounts of material. It is used mainly when performing DTA
(differential thermal analysis) and X-ray diffraction analysis.

The pressure in the ampoule is reduced using a vacuum pump
before soldering. Thus, during the melting process the pressure
above the initial mixture is created by the vapor of the components
in the mixture, which in fact provides the necessary conditions for
melting under pressure.

The problem of studying vitreous pressure systems has not been
the subject of detailed research, as from a practical point of view
this is not a strict requirement when producing traditional glass.
However, when developing methods for synthesizing glass
containing sublimating and dissociating components, the creation
and control of a sufficient high pressure is fundamental.

The preliminary studies on glass with the participation of SeO,
showed that at temperatures up to 873.15 K, experiments should be
conducted in a closed system (autoclave) with the ability to create
an operating pressure of tens of MPa (initial pressure of 35 MPa),

which practically prevents sublimation.

The methodology developed for the study of glass formation at
elevated oxygen pressure aims to prevent the decomposition of the
samples and to minimize changes in the initial composition. In
addition, the pressure affects the tendency for glazing, the structure
of the glass and some technological parameters in the
transformation interval.
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It should be emphasized that many of the compounds are
extremely toxic. This requires that when working with selenium,
selenium dioxide, selenites, selenates, etc. protective equipment
should be used. In addition, high-pressure research also requires
precautions regarding the danger of explosions, burns, etc.

All compositions in the studies were prepared in the same way.
The components were introduced into the charge as purity grade
oxides. They were weighed and prepared in a box chamber. When
determining the areas of glass formation of the samples placed in
the autoclave installation, the melting was carried out, as indicated,
in quartz tubes in quantities of about 5 grams. The maximum
pressure during the experiment for all compositions was the same —
35 MPa in an oxygen environment. The compositions were melted
at a maximum temperature of 823.15 K, which was reached within
2 hours and maintained for 20 minutes. The samples were then
cooled at a rate of 275.15 K / min.

The research results presented in the monograph are as follows:

* New 4-phase diagrams of the systems SeO,-TeO,, SeO,-
MoO;, Se0,-Bi,03, and Se0,-V,0s are built;

* The areas of glass formation in binary, triple and four-
component systems with the participation of SeO,, TeO,, MoOs,
Bi,0; and V,0s are determined;

» Shown are the methods of study of the new phase diagrams,
the glass formation and the structure of the obtained glass, through
which the main structural units and properties are determined. They
are:

> Differential thermal analysis (DTA);

> Infrared spectroscopy;

> Photoelectron spectroscopy;

> Neutron diffraction;

> Optical spectra in the visible and infrared range.

The research using the modern methods of analysis shows that:
1. The built new phase diagram of the system SeO,-MoO, is of

simple eutectic type. The composition of the eutecticum is about 90
mol % SeO,, and the corresponding eutectic temperature is 250°C +
5°C. Using infrared spectroscopy, the types of structural units that
make up the network of glass in the binary system SeO,-MoO; are
determined. It is shown that the network is transformed by varying
the composition. Layers containing MoOg groups in which SeO;
units are embedded are torn and converted into molybdate
complexes Mo,0Og, included in a continuous chain structure
containing SeO3; groups with the formation of isolated Se=0 bonds.

2. The phase diagram of the system SeO,-Bi,O3 in the region
100 - 50% Se0 is built, with a eutecticum at about 90 mol % SeO,.
The existence of the Bi,SeOs, Bi,Se, 04, and Bi,Se;0q is confirmed
and the peritectic decomposition temperatures of the compounds
Bi,Se,0,; and Bi,Se;0q are established. It is shown that intake of
more than 20% Bi,O; dramatically increases liquidity temperature.

3. Part of the phase diagram of the system SeO,-TeO, /50%
SeO,/ is constructed. The new phase with composition SeO,-TeO, =
1:1 forms a eutecticum with SeO, at 75% SeO,. The character of
the liquid line, built on the data from the DTA analysis, shows that
based on its method of melting, the compound can be defined as
lying at the boundary between congruent and incongruent.

4. Based on the conducted research, the most probable type of
the phase diagram SeO,-V,0s is built. The existence of the
2Se,V,05 phase is confirmed.

5. For the first time, the glass formation in 35 two-component
systems based on SeO, is studied, and in 14 of them the boundaries
of the glass formation areas with stable selenite glass are established
with the participation of: B,03, In,03, Sc,03, Y,03, La,03, Pr,03,
NdzOg, MgO, PbO, szOg, BizOg, V,05, TeO, and MoOs;. The
process of glass formation (melting and cooling) has been carried
out in an autoclave system at an oxygen pressure of 35 MPa and a
maximum temperature of 823.15 K with subsequent cooling at a
rate of 2 K/min.

6. The areas of glass formation in 35 three-component selenite
systems in which besides SeO, the main network-forming
components are MoOs, Bi,0; V,05 and TeO, are studied and
determined:
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Based on the binary system SeO,-TeO,, the glass formation in:
SCOZ'TCOZ'Vzos, SeOz-TeOZ-SbZO3, SCOZ'TeOZ'M003, SeOz-
TeO,-Nb,05, Se0,-TeO,-La,0;, Se0,-TeO,-B,0;, Se0,-TeO,-
Nd,O3 is determined.

Based on the binary system SeO,-MoO; the glass formation in:
Se0,-M00;3-Cu0, Se0,-M003-MgO, Se0,-Mo00;-Co0O, SeO,-
Mo00O;-NiO, Se0,-Mo0;-Pr,0;, Se0,-M00;-Sc,0;, SeO,-MoO;-
Bi,03, Se0,-M003-Sh,03, Se0,-M005-B,03, Se0,-M0o03-Nd,0s,
Se0,-M00;-La,03, Se0,-M003-Nb,Os is determined.

Based on the binary system SeO,-Bi,Os, the glass formation
in:  Se0,-Bi,03-NiO, Se0,-Bi,03-Sh,0;, Se0,-Bi,03-Nd,03,
SeoZ'Bizog'szO5, SeoZ'Bizog'V205, SeOZ'Bizo3'Gazog, SeOZ'
Bi203'W03, SeoZ'Bi203'La203, SeoZ'Bizog'SnOZ, SEOZ'Bizog'
MgO, SeO,-Bi,03-Pr,03, Se0,-Bi,03-Sc,03 is determined.

Based on the binary system SeO,-V,0s the glass formation in:
SeOz-VZO5-8203, SeOZ-Vzos-szog, SeOZ-Vzos-Ndzo3 u SCOZ-
V,05-Ba0 is determined.

By comparing the regions of glass formation in the three-
component systems, the empirical conclusion is made that the
participation of MoO3 in selenite systems provokes the formation of
broader regions in comparison with those with the participation of
Bi,03 and V,0s.

7. The areas of glass formation in the following 4 four-
component systems are studied and phase diagrams are built: SeO,-
Mo00;-V,05-TeO,, SEOZ'M003'V205'Bi203, Se0,-M00;-V,05-
B,03 and SeO,-Mo0;-Bi,03-Sc,03. The widest area is synthesized
in the four-component system SeO,-M00;-V,05-B,05.

8. The study of three- and four-component glass with the
participation of SeO, by means of infrared spectroscopy shows that
the network of multi-component glass is composed mainly of SeO3,
Mo,0g, VOs5 and BiOg groups. It is proved that the formation of
strong bridge ties is a priority for glass formation in selenite
systems, which confirms one of the basic principles of Zachariasen.

9. The functions of radial distribution of glass by means of
neutron diffraction from the systems: SeO,-Mo00;-Bi,O3, SeO,-
Mo00O;, Se0,-M003;-CuO u Se0,-V,05-Sh,0; are determined. It is
confirmed that SeO, participates as SeOz; groups in the glass
network.

10. Based on photoelectron spectroscopy, it is found that in
selenite glass the degree of oxidation of Se is Se (V). When
melting in an autoclave, the oxides that participate in the selenite
glass retain their specified degree of oxidation.

11. The optical properties of selected glass compositions are
studied. Green-colored glass with Pr,0; and yellow-colored with
Bi,O3 and Sc,05 are obtained, which are permeable from 400nm to
2,200nm. The influence of water molecules and OH groups on
permeability is established. The width of the optical band gap is
determined.

12. The conducted model studies of the systems SeO,-MoO,

Se0,-Bi,03, Se0,-V,0s5, SeO,-TeO,, and the data for glass
formation in the multicomponent selenite systems, can be used to
predict compositions of selenite glass of practical interest — ones
that are stable relative to crystallization and have low
hygroscopicity and low melting point.

13. On the basis of the research and related to the monograph
(protected by intellectual property rights), the research team led by
Prof. Lakov has 6 /six/ patents for [23-28]:

1. Glass for yellow light filter

2. Glass for orange light filter

3. Glass for red light filter

4. Glass for black light filter

5. Red glass

6. Black glass

3. Conclusions

In the existing literature on the subject, there is no evidence that
SeO, is a major glass-forming factor. The present monograph and
the numerous citations prove that SeO, produces glass at high
oxygen pressure of 35 MPa (to prevent sublimation of SeO,) and
subsequently at unusually slow cooling rate of 2K/min. This
suggests that SeO, is the main glass-forming factor, which
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complements the basic hypotheses concerning glass, as well as
Feltz’s scheme for different cooling rates of glass forming melts.
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