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Abstract

Raised demands for energy carriers and at the same time stock reduction trends
are considered as a major problem of contemporaneity. The above mentioned requires
solution of variety of problems, among which according to their importance one can
single out increase in efficiency of thermal insulation of enclosing structures and
thermal generating units. In particular, there is on the agenda a task, which is directly
connected to reduction of heat losses — minimization of heat quantity entering the
atmosphere from the walls of industrial and domestic buildings, and from surfaces of
thermal generating units, heating lines and other surfaces. It is considered that
intended use of special heat insulating materials can secure 30% and more saving of
heat and power resources that requires the use of special high-efficiency heat insulating
materials. Basic part of heat insulating materials is represented by porous materials,
which are characterized by low density (less than 600 kg/m3) and low thermal
conductivity (doesn’t exceed 0,18 Wt/g-K). Use of heat insulating materials makes
possible achievement of not only heat economy, but also weight reduction of building
constructions. In general, diversity of areas of their application is determined by
mechanical strength, high chemical and biological resistance, low hygroscopic
properties, temperature resistance etc. Full compliance with mentioned characteristics
is demonstrated by porous materials of inorganic nature, which are widely used in
various fields of industry, such as: construction (light-weigth structures), ceramics
(light-weigth wares), agricultural industry. Use of porous inorganic materials is
considered as prospective in oil processing field, medicine and other field.

Wide application of inorganic porous materials, besides their unique properties is
determined by raw material base — it is possible to receive them from natural rocks and
technogenic materials, which are processed using specific technologies. Porous
materials can be obtained both from broken glass (foam glass), and on the basis of
magmatic (perlites, pitchstones) and sedimentary rocks (eg., clays, clayey micas etc.).
Processing of these raw materials into porous materials requires the preparation and
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swelling through consequent thermal processing. Basic condition of getting porous
materials from one or another natural rocks by thermal swelling — chemical-
mineralogical composition of raw materials and their processing — is a difficulty related
to implementation of swelling technologies. Among the diversity of artificial porous
materials (foamed perlite, obsidian, vermiculite etc.) they single out keramzit (claydite
or bloating clay), which is obtained from clays and clayey micas of certain composition.
Keramzit is considered as one of the cheapest natural heat insulators and its basic
consumer is construction business, though there are also known other areas of its use
(heat insulating wares, gardening etc.). Mentioned material is widely produced and
used worldwide, since the raw material base of their receipt is basically represented by
accessible clays, though clayey micas less expanded in the mineral resources are also
used.

Natural rocks which are subject to swelling are widely spread in Georgia, but
foamed matertials — plasters and products for agricultural purposes are produced almost
only from Paravani perlites. The issue of swelling of local clayey rocks is less studied,
though some results are obtained in Kakheti region, regarding industrial use of Kvareli
slate, mantle rock available in Duruji River valley. Importance of this issue is also
predetermined by the fact that increased quantity of slate becomes a reason of acute
ecological problem in Kvareli district. According to available data, use of Kvareli slate
as raw material base is recommended in construction business (as additive for cement
milling or concrete filler), foundry production of glass and stone, for receipt of foamed
materials etc.

It was established according to previous studies that using traditional way —
thermal swelling it is possible to get porous materials from Kvareli slate. There is
recommended two-stage mode of thermal swelling (first stage — 700-800°C, second
stage — 1200-1250°C), which secures production of such porous materials, which are
characterized by low bulk density (350-600 kg/m3), high mechanical compressive
strength (up to 15 MPa) and water resistance (ksoft. > 0,75). Process scheme of porous
material production from Kvareli slate is elaborated, which eliminates participation of
natural Kvareli slate grains with less than 5 mm fraction size and due to mentioned
reason the possibility of full-value conduct of swelling process with their involvement
is established.

Taking into account the above mentioned we have studied the process of thermal
swelling of hardly-foamed Kvareli slate with less than 5 mm fraction size and have
established porous material production technologies, in particular, targeted use of
additive of natural origin. In order to establish the opportunities of practical application
of obtained materials there was studied a possibility of production of light-weight
construction materials from them.

Research subject was the study of propensity to swelling of mixtures (furnace-
charge) composed of Kvareli slate of small fraction (grains with size less than 5 mm)
and technogenic organic additives (worked-out oil, sawdust, coal fines), study of
properties of obtained porous materials and establishment of possibility of their use in
construction field.
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Thermal processing of surveyed mixtures was conducted by two modes:
temperature rise from room temperature to swelling temperature (dynamic mode, rate
of temperature rise 10°C/min) or insertion of test furnace-charge into high-temperature
medium (furnace heated up to swelling temperature) (static mode). In both cases
swelling temperature is 1200-1250°C, while delay at this temperature was 10-15
minutes. Properties of obtained porous materials were established according to
technical analysis and methods of study of physical-chemical properties acceptable in
the area of exploration of inorganic porous heat insulating and acoustic materials.

According to carried out researches it was established that in case of identical
thermal processing, under conditions of dynamic thermal processing the swelling
maximum of finely-grained Kvareli slate fraction is reached when taking of 2 mass. %
of oil, 3-4 mass. % of sawdust or coal fines as additives. Average bulk density of porous
materials obtained under the given preconditions is 550-600 kg/m3. It was also
established that swelling process runs more intensively during thermal processing by
static mode that secures receipt of porous materials with 400-600 kg/m3. In case of
thermal swelling by static mode the use of coal fines is recommended in the form of 3-4
mass. % additive per 100 mass. % of slate.

Porous materials of sand and gravel granulometry, which are characterized by
low bulk density (400-600 kg/m3), acceptable water absorption (9-24%), high water
resistance (softening factor >0,7) and good mechanical strength (5-13 MPa). It was
established that swelling of Kvareli slate allows obtaining of such materials, actual
porosity of which is 75-77%, while quantity of closed pores is 69-71%.

By analysis of properties of obtained properties and technologies of similar
product — keramzit there was considered as a possible and recommended to obtain
porous materials from the mixture of “finely-grained slate — coal fines” (with addition
of 4 mass. % of coal), and to conduct a process by the one-stage thermal processing
mode (maximum temperature 1230+20°C, delay — 10-15 min).

In order to establish the sphere of practical application of obtained porous
materials with sand-gravel fractions there were obtained and tested concrete samples
(bulk density 1100-1530 kg/m3, compressive strength 11,8-13,8 MPa) that
demonstrated the prospects of receipt of light-weight concrete products from them.
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