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Abstract

It is well known that the quality of fossil minerals ores, including Chiatura
manganese ores, is getting worse from year to year and it becomes necessary to
improve the deep concentration (beneficiation) of ores and production processes in
order to eliminate deficit of high-quality ores. In this regard we can consider as
topical the idea of introduction into raw material base of residuals originated
during carrying-out the complete production cycle (including raw materials and
waste) of ferroalloys receipt in Zestafoni or their targeted use. The importance of
this issue is determined by another one circumstance — residuals contain 10-25% of
manganese that at the same time is a reason of determination of ecological
problems in regions implementing raw material extraction and production
processes. More specifically, Chiatura manganese-containing ore beneficiation is
accompanied by sludge formation, and silicomanganese melting is followed by
formation of residuals accompanying current engineering processes at Zestafoni
ferro-alloy plant. Despite the technogenic nature of the mentioned residuals (more
than 15% content of metal manganese), their direct return to the melting furnace
is not managed that is caused by pure fraction composition. In this regard, we have
to bear in mind that ore losses reach almost 50% on its way from ore extraction to
commercial product receipt that is inadmissible from both economic and
ecological standpoint. Therefore, the engineering processes related to
silicomanganese production need improvement that directly requires targeted
processing of production waste — their transformation into profitable technogenic
and, at the same time, ecologically safe products.

This research was conducted in two directions. The subject of first research
was presented by a dust caught by the silicomanganese production filter, while the
second direction of study was associated with the use of a sludge — the waste
generated as a result of manganese-containing ore beneficiation. The opportunity
of briquette receipt from the dust was studied, and the determination of
possibilities of cast stone materials’ manufacture using the sludge was scheduled.

Dust-containing briquettes were obtained in large quantities from the “dust —
coke breeze” composition, where liquid glass was reasonably selected as a binding
material during furnace charge (batch) briquetting. Despite distinct difference in
fraction composition of the initial raw material, the experiment confirmed the
opportunity of high-quality briquettes’ receipt, in particular in case of mixtures
with maximum dust content (80 mass.%). Carried-out experiments showed, as well
that briquetting of furnace charge containing large quantities of dust is properly
provided by liquid glass having specific characteristics (density 1250 kg/m3,
module 3), when using its 10-12 mass. % as an additive to the furnace charge. The
impact of briquettes pressing force and drying conditions on its performance
properties was studied and it was established that the best properties are reached
in case of briquetting with a force more than 16 MPa and under artificial drying of
briquettes (70-100°C, 24-12 min). The mentioned conditions provide obtaining of
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briquettes with high strength (more than 7 MPa) and wear resistance (more than
70%), and low water absorption (less than 4%). Process flow diagram for obtaining
the briquettes with large quantity of respirator dust is developed based on carried
out experiments.

Proceeding from sludge composition generated during ore beneficiation, its
targeted use turned out to be impossible. That’s why, taking into account
recommendations for glass and slag glass-ceramic technologies and approaches,
another one residual, namely slag was selected as an additive to manganese-
containing sludge. Based on “sludge-slag” compositions formulation and estimation
of glass materials receipt using different methods (different approaches) an
experiment was scheduled that included the synthesis of glasses with maximum
content of sludge and opportunities of obtaining the vitro-crystalline materials
(cast stone material) from them.

Furnace charges composed on the basis of sludge and slag were synthesized
at 1320-1350°C and the opportunity of quality glass receipt from furnace charge
containing maximum quantity of sludge (75 mass.% of sludge and 25 mass.% of
slag) was identified. Through establishment of crystallization ability of obtained
glasses and based on the variation of characteristic properties indicator, as well as
taking into account the results of thermal and X-ray phase analyses, there were
determined those parameters, which provide glass conversion to vitro-crystalline
material: transformation of glass with optimum composition into polycrystalline
material is provided by its thermal processing in the temperature range of 600-
800°C for 1-2 hours.

Through study of vitrocrystalline material properties obtained from the
“sludge-slag” composition (water absorption — 0,1%, compression strength — 125
MPa, wear resistance — 1,2 kg/m?) it was established that a targeted crystallization
of glass containing 75% of sludge and 25% of slag makes it possible to obtain cast
stone materials and articles with polycrystalline phase composition. Process flow
diagram for receipt of vitrocrystalline material (cast stone material) from two-
component furnace charge was developed, recommended types of basic machinery
and equipment necessary for its implementation were selected and technological
parameters of manufacturing process were determined.
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