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Abstract

It is well known that glass and glass materials are an integral part of modern
technology and human existence. There are dozens of types of glass and even more
segments of industrial technology that use glass and glass materials derived from
it, in some cases with unique properties, such as enamels and glass-crystal coatings,
optical and quantum electronic materials, as well as materials used in electronics
and electrical engineering, and many others. It is particularly important that, with
the participation of glass materials, many composites of various types have been
created, that provide: corrosion protection to metals, obtaining unique composites
by soldering various materials (metal, glass, ceramics), surface passivation of glass
and ceramic interlayers in electronic circuits, as well as of aluminum parts,
improvement of operational properties of thick film capacitors and resistors (glass
materials that protect against electrical insulation, moisture and thermal shock),
etc.

Aluminum-containing electronic/electrical, as well as architectural, constru-
ction and design elements are actively used in modern technologies. This circu-
mstance caused the need to protect the surface of aluminum products from
corrosion and mechanical damage. One of the effective ways for this is to use
fusible enamels - with a firing temperature below 600°C and a high coefficient of
thermal expansion (o > 230 +107,°CY).

Another modern, widely used field of application of fusible glass and enamels
is the decorative processing of various types of glass products, mainly surfaces: full
or partial surface coating using fusible glass paints, surface ennobling through
painting and decorating, stencil marking, creating stained glass windows, etc. Tar-
geted glass surface treatment requires the use of glass materials with a firing tem-
perature of 530-580 °C and o = (75-100) « 107° °C"! (enamels/glass sulfate paints).

General requirements for fusible glass materials include: they must provide
close bonds with the product and its comprehensive operational protection by
preserving or improving properties so that when applied to the product (metal,
glass, ceramics) (the so-called hot enameling) does not cause structural collapse or
undesirable deformation.

The main purpose of the research is to obtain fusible glass materials (glass /
enamel) for multipurpose use. The combination of environmentally friendly (free
of lead and barium oxide) and technologically favorable (using two technogenic
materials as raw materials) approaches is a prerequisite for obtaining such a mate-
rial.

To obtain fusible glass materials using technogenic raw materials, a research
work was planned, which was carried out in two directions. The purpose of the
first direction was to obtain glass materials suitable for painting and decorating
glass products (including sheet glass). The research conducted in the second
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direction provided for the creation of glass materials for surface decoration-
passivation of aluminum products. The implementation of the tasks in both
directions was planned by selecting glass compositions in the composition "crushed
glass-bone ash - sodium metaborate" chosen for research; through their synthesis
and further study of properties. The three-component research system contains
two technogenic raw materials: crushed glass (practically a glass-amorphous mate-
rial based on silicate) and bone ash (a refractory material of a crystalline nature co-
ntaining a large amount of CaO and P20s). The third raw material-sodium metabo-
rate is the main flux , due to the content of Na:O and B:0Os. In the three-compone-
nt system chosen for research, glass-forming compositions and areas in which the
boiling point of the resulting glass did not exceed 1100 + 20 ° C were determined.

10% (Series D) and 20% (series E) containing bone ash were examined (in the
series, crushed glass and sodium metaborate are interchanged). The main property
of glasses (density, crystallization ability and powder sintering process) and three
glass compositions that were considered promising (D-5, D-6 and E-5) were
chosen. Their chemical composition (mass. %): crushed glass 30-40; bone ash 10-
20; Sodium metaborate 50-60. But these glasses practically cannot provide glass
coatings for glass products (glass a = 95:507,°C!), as well as aluminum products
(x>230:107,°C), since their o=(141-148):107,°C-1. Both inconsistencies in a-values
and low chemical stability (A> 2%) led to the adjustment of the composition of the
glasses of the three-component research system, which was carried out on the
glasses of the basic composition D-5 and E-5. In the composition of two glasses, the
sodium metaborate is replaced by another compound, but also by a flux; In
particular, in D-5 the substitute was zinc metaborate (series DZ ), and in E-5 -
sodium metaphosphate (series EP ). The fluxes were interchanged in the range of
10-50 wt.%: 2NaB0, « Zn(B0,), ; NaBO, < NaP0;.

It is established that the synthesis of glasses of the DZ and EP series can be
carried out. Respectively, 1100+20 and 1000+20°C. In DZ series, glasses are obta-
ined with following the composition (wt.%): 40 crushed glass, 10 bone ash, 10-20
NaBO: and 30-40 Zn(BOz2)2. These glasses are recommended for enameling-deco-
rating glass products, since they have the necessary properties: o= (89-97):107,°C;
Tf=515-525°C, powder sintering interval AT=475-550°C.

As a result of the synthesis of EP-series glasses and the study of their prope-
rties, a composition differing in two sets of properties (wt. %) was identified: 30
crushed glass; 20 bone ash; 10 or 0 NaBO2; 40-50 NaPOs. They have the following
operational features: a=(217-235):107,°C; Tf=410-435; AT=425-475°C; A~1.8-1.9%.

Through experimental study, two types of lead-free glasses of different
compositions have been obtained, the unity of the properties of which determines
the possibility of their intended use. The composition of the new glasses contains
two technological raw materials (with a total content of 50%), which, under con-
ditions of effective synthesis (1000 /1100°C, exposure time 10/40 min), represent
factors of their efficiency and manufacturability, as well as usability.
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