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THE SPECIFIC FEATURES OF MANUFACTURING
CORROSION-RESISTANT FLUOROPHLOGOPITE
PRODUCTS BY ELECTRIC ARC MELTING

WITH THE USE OF CARBIDE POWDER MODIFIERS
IN CONDITIONS OF SMALL-SCALE PRODUCTION

Introduction. The reliability and efficiency of industrial metallurgical units such as chlorinators, electrolyzers,
and others operating in aggressive acid and alkaline environments at high temperature are primarily determined
by their service life.

Problem Statement. The corrosion-resistant protective layer of the inner surfaces of metallurgical units com-
posed of relatively small individual protective elements has a drawback, namely, a joint made of mounting com-
pounds that have a much lower resistance.

Purpose. The purpose is to create technologies for small-batch and periodic production of dense cast heat- and
corrosion-resistant products in the form of massive shaped castings from fluorosilicate melt.
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Material and Methods. Fluorine- and potassium-containing mineral compounds have been used as charge materials due to
their availability and manufacturability. The melting and casting conditions have been evaluated based on the current-voltage
characteristics of the power source of the electric arc furnace. The mineral composition and microstructure of the cast material
have been studied by the crystal optical method in transparent sections and uncut sections.

Results. Optimization of the batch composition and melting conditionsallows reducing the melting time of fluorophlogopite
melt 2.3 times and the total energy consumption of melting by 38%. The use of carbide modifiers ensures a homogeneous structure
in the outer skin and the main part of the casting, with the size of fluorophlogopite crystals ranging from 0.10 to 0.15 mm.

Conclusions. The choice of raw materials for fluorophlogopite casting significantly affects the conditions of melt formation
and the structure of the cast material. 1o achieve the purpose of the research, the authors have proposed a technology for the
manufacture of cast fluorophlogopite products, which combines the selection of charge mineral materials, the optimization of the
electric arc melting conditions for obtaining fluorosilicate melt, and the castings structure control by means of modification with

silicon and boron carbide powders.

Keywords: stone casting, artificial mica, fluorophlogopite, corrosion-resistant materials, carbides, and modification.

Improving the operational reliability and increas-
ing the service life of the main units of metal-
lurgical and chemical production are important
tasks of Ukraine’s industry. The upgrade of me-
tallurgical and chemical enterprises is closely re-
lated to the use of cutting-edge corrosion-resis-
tant materials to protect the operating surfaces of
chemical and metallurgical units. Resistance to
the prolonged action of melts, acid solutions, and
alkali salts at high temperatures requires the use
of corrosion-resistant materials without open po-
rosity that leads to the impregnation of aggres-
sive substances into the material and its further
destruction. Only cast ceramic materials made by
electric arc melting of aluminosilicates (alumina,
fireclay) and stones (diabase, basalt) possess the
required properties. There has been no serial pro-
duction of such materials in Ukraine. Domestic
metallurgical and chemical enterprises are com-
pletely dependent on the import of these materi-
als from abroad. At the same time, the imported
refractory products have standard shapes (bricks,
blocks, tiles) and during the assembly, they form
a plane of joints vulnerable to the impregnation by
aggressive media, which reduces the total service
life and efficiency of chemical and metallurgical
units. The production of shaped massive castings
for most ceramic materials is a complicated and
costly process, primarily due to extremely low
casting properties of these materials. The cast
material obtained by the casting of oxyfluoride
melts can be used as a refractory corrosion-resis-
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tant material. Their casting properties are close to
those of cast iron; upon crystallization, these melts
form a composite polycrystalline structure of ar-
tificial mica (fluorophlogopite) and a glass phase
with inclusions of impurities along the crystal
grain boundaries [1].

Artificial mica fluorophlogopite is a complex
oxide with a complex crystalline structure. Its
high dielectric properties determine the main in-
dustrial application of fluorophlogopite, in the
form of chipped single crystals that, having been
machined, are used for the production of sheet
mica, mica powder and mica products on polymer
and vitreous binders [2]. The basis of melting and
casting technology for this type of material has
been developed by PTIMA of the NAS of Ukraine
and IPM of the NAS of Ukraine [3]. In compari-
son with the standard corrosion-resistant lining,
the refractory lining of large-sized monolithic stone
fluorophlogopite products has the following in-
disputable advantages:
¢ lining without mounting joints;

« various lining shapes;
« installation manufacturability;
« lower labor costs of installation.

The main advantage of protective fluorophlo-
gopite products is a unique set of physical, me-
chanical, and technological properties (corrosion
resistance, heat resistance, thermal shock resis-
tance, high-temperature strength, and durability of
the products) as compared with other refractory
materials. It is possible to obtain massive products
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Fig. 1. Block diagram of the fluorophlogopite
casting process

with closed porosity (4—6%) and sizes up to 1500—
2000 mm by casting from fluorophlogopite melt.
The cast fluorophlogopite products have passed
industrial trials in real production conditions as
a part of a diaphragm-free magnesium cell, at the
Ust-Kamenogorsk Titanium and Magnesium com-
bine (Kazakhstan). The trial lasted for 47 months
and 20 days, i.e. the fluorophlogopite products
worked out the whole service life and still remai-
ned in operating condition.

OBTAINING FLUOROPHLOGOPITE
CASTINGS BY ARC MELTING

With this experience, the specialists of PTIMA of
the NAS of Ukraine have developed a technology
for casting massive shaped cast products from cast
fluorophlogopite. The technology can be imple-
mented for the manufacture of separate corrosion-
resistant refractory products, as well as for the in-
dustrial production at metallurgical enterprises,
with the use of die or sand mold casting (Fig. 1).
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The research deals with the results of indus-
trial trials of the developed production techno-
logy as an accompanying manufacture of corro-
sion-resistant cast fluorophlogopite products for
own needs of metallurgical production. The tech-
nology has been implemented within the frame-
work of R&D cooperation between Zaporizhzhia
Titanium and Magnesium Works Ltd and PTI-
MA of the NAS of Ukraine.

Increasing the service life and the efficiency of
the main metallurgical units of titanium-magne-
sium plants is impossible unless a high level of
tightness and reliability is ensured. The only way
to achieve this is to use massive monolithic corro-
sion-resistantrefractoriesforchlorineaccumulati-
on and supply parts. Such corrosion-resistant parts
shall reliably protect process equipment from ag-
gressive melts of chloride salts, chlorine, and me-
tallic magnesium, which have a high chemical
activity in the molten state [4].

The stone fluorophlogopite products for the
protection of the most vulnerable to corrosion
structural parts of the main equipment of ZTMC
Ltd (chlorinators and electrolyzer cells) include
chlorine lances, electrode protection, tap hole,
curtain stone, and others. In general, in terms of
weight, the demand for such corrosion-resistant
products per 1 cell is 8000—10000 kg. Mainly,
they are large massive complex-shaped castings
with a wall thickness of up to 200—250 mm and a
weight of up to 350—400 kg. Practically, it is dif-
ficult to obtain such castings with a homogene-
ous fine-crystalline structure.

The manufacture and application of cast fluor-
ophlogopite products have shown that the main
crystalline phase of fluorophlogopite forms the
basis of the product and does not interact with
melts of chlorides, magnesium, and chlorine. As a
result, the material preserves its structure and
physical and mechanical properties. However, the
developed experimental technology contains ma-
ny shortcomings to be removed:

« charge materials;
& optimizing the melting conditions and melt ob-
tainment;
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¢ ensuring a uniform fine crystal structure of
castings.

Removing these shortcomings allows obtain-
ing high-quality massive-shaped fluorophlogopite
castings (for magnesium chlorinators) by means
of the foundry workshop of ZTMC Ltd.

The experimental production site for stone-flu-
orophlogopite products at ZTMC was organized
in the foundry workshop equipped with foundry
and thermal equipment and other facilities for cast
stone production. To obtain a fluorosilicate melt
we have used an electric arc single-phase furnace
with a graphite conductive hearth and a graphite
lining of the original design (Fig. 2). It has been
created on the basis of a flux-melting furnace de-
veloped by E.O. Paton Institute of Welding of the
NAS of Ukraine. The melt is poured into sand-
and-clay molds with a pouring ladle. The melting
conditions have been optimized based on the volt-
ampere characteristics of the process at different
melting stages to reduce the total power consump-
tion of the process. The melting and casting tem-
perature is controlled by a non-contact pyrometer
(Bentech GM 1651) and a type-k thermocouple
(BP-5/20). The viscosity characteristics of the
fluorophlogopite melt are measured by an elec-
trorotational viscometer with a registration unit
based on an analog-to-digital converter NI 6009
USB. The petrographic method is used to study
the cast material structure properties and mineral
composition. To study the material microstruc-
ture, samples of various thicknesses are carved
from different parts of the casting. The polished
planes of the metallographic samples are studied
in the reflected light mode. The macrostructure
of the samples is observed with an MBS-2 binoc-
ular microscope. The microstructure and mineral
(phase) composition are studied by the crystal-
loptic method in transparent sections with po-
larization microscopes MIM-8 and MIM-10 with
a dark-field illuminator, at a magnification of up
to 200 times. The phase is determined by measur-
ing individual optical characteristics of the phase
[5]. The refractive indices of fluorophlogopite
crystals and other minerals are determined in im-

ISSN 2409-9066. Sci. innov. 2023. 19 (3)

Fig. 2. Smelting of fluorosilicate melt in the
arc furnace of ZTMC Ltd

mersion liquids. The volume of separated phases
is measured by the comparative method of deter-
mining minerals in micro sections.

THE CHARGE MATERIALS OPTIMIZATION
FOR FLUOROPHLOGOPITE CASTINGS

Based on the chemical composition of the fluor-
ophlogopite molecule [KMg, (Si,Al) O, F,], we
may use mineral raw materials containing oxides
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Fig. 3. The molecular structure of fluorophlogopite (@) and kaolinite () [6]

of magnesium, silicon, and aluminum as charge
materials for obtaining fluorophlogopite melt.
Fluorophlogopite casting may be made from a va-
riety of charge materials and the choice depends
on their cost and availability. In addition, as a re-
sult of experimental melting and energy con-
sumption measurements, it has been found that
the use of mineral raw materials with clay mine-
ral kaolinite [ALO, - 2Si0O, - 2H,0O] allows re-
ducing the total melting energy consumption (by
12—17 % )and the total melting time. This effect
can be explained by the fact that the structure of
kaolinite accelerates the synthesis of fluor-
ophlogopite during the melting of charge materi-
als, due to the fact that like fluorophlogopite, ka-
olinite has [SiO, ] tetrahedrons with total formula
[Si,O,] o in its structure (Fig. 3) [6]. In the pre-
sence of kaolinite, during the fluorophlogopite
melt synthesis, the structural rearrangement of
tetrahedrons does not require much time and en-
ergy, which leads to a decrease in the energy con-
sumption of obtaining the melt in arc furnace.
The market analysis of the fluorine-containing
materials has shown that potassium cryolite and
magnesium fluoride used in the production of alu-
minum by electrolysis are the most suitable for
use as fluorine-containing charge components in
terms of availability and properties. When cryolite
is added, together with fluorine, potassium and alu-
mina are partially introduced into the composition
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of the charge as well. The lack of potassium can be
compensated with potash, while fireclay powder, is
the most available and cheapest product to substi-
tute the alumina. Silica is partially introduced into
the charge together with alumina.

The fluorine- and potassium-containing mine-
rals (potassium cryolite [KAIF,], potassium he-
xafluorosilicate [K,SF], and potash [K,CO,])
have been chosen as sources of fluorine and po-
tassium for the charge. The best mineral source of
silica [SiO,] is quartz sand, while that of magne-
sium oxide [MgO] is periclase.

In the case of combining potassium hexafluor-
osilicate (K,SiF,) and fireclay containing ~20 wt. %
ALQ,, the approximate composition of the char-
ge is as follows: — 28 wt. % periclase metallurgi-
cal powder; 25 wt. % potassium hexafluorosili-
cate, and 47 % wt. fireclay.

OPTIMIZATION OF CONDITIONS
FOR ARC MELTING
OF FLUOROSILICATE MELTS

The general scheme of fluorosilicates melting in
an arc furnace includes the three stages: obtain-
ment of a mineral melt (the furnace operates in
the “arc” mode), bulk melting (the furnace ope-
rates in the “resistance” mode), heating and pour-
ing of melt. During the melting a part of the fluo-
rine evaporates, especially at the first stage of
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melting, when the furnace operates in the “arc”
mode, there is a risk of local overheating of the
melt. Therefore, the amount of fluorine in the melt
depends on the melting temperature and time pa-
rameters, which significantly impact the struc-
ture and properties of the material of castings. To
reduce local overheating at the first stage, we
make pre-arc heating of the furnace volume, which
is followed by loading the recycled fluorosilicate
as raw material in the amount that provides a
20—30 cm level of melt in the furnace. This al-
lows loading the mineral charge materials direct-
ly into the liquid melt when the furnace operates
in the “resistance” mode. The second melting
stage is performed in the forced mode, to reduce
the melting time when fluorine can be released.
At this stage, the charge is rapidly loaded into the
furnace, at a rate that does not allow the forma-
tion of a complete melt mirror. The mirror is
formed as late as at the third stage. The proposed
melting mode removes the melting power dip be-
tween the first and second stages and reduces the
melting time (from 60 to 26 min) and the energy
consumption (by 38%) (Fig. 4).

The casting formation consists of heterogene-
ous phenomena, but the structure of the casting
and most of the properties are formed during the
solidification of the melt in the mold.

CAST STRUCTURE CONTROL
AND MODIFICATION

Casting process includes the formation of surface
crust, bulk cast structure, and various defects
that worsen casting’s quality: in homogeneity of
crystal structure, shrinkage hole, gas and shrin-
kage porosity, residual stress cracks, and others.
As the thickness and mass of the casting increase,
so do the size and the number of various crystal-
lization defects. Removing these defects and flaws
is the precondition for high-quality stone casting
production.

The sample analysis of the fluorophlogopite
material poured into sand molds has shown that
the charge composition has the macro- and micro-
structure of a straight zonal structure (Fig. 5).
The outer part of the casting has a layer of paral-
lel columnar crystals having a size of up to 10 mm.
Such structure is harmful to the corrosion-resi-
stant cast products because of 5—10 vol. % of the
glass phase that is vulnerable to the aggressive
environment and is concentrated on the borders
of fluorophlogopite crystals, which may lead to
destruction of the casting.

The most difficult issue in the production of
cast stone products is to control the crystalliza-
tion of castings. The mineral (phase) composition
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Fig. 4. Energy consumption during the obtainment of fluorosilicate melt: @ — before optimization; b — with the used of

optimized melting mode
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Fig. 5. Cast structure of fluorophlogopite, x50

of the casting material should contain about
90 vol. % of the main phase, fluorophlogopite,
and the minimum level (at most, 10 vol. %) of the
glass phase and(or) impurity minerals. The pur-
pose of controlling the fluorosilicate melt crystal-
lization is to provide a monolithic growth of
small-size crystals of fluorophlogopite in the form
of a casting. Thus the size and morphology of the
crystal phases should be adjustable to get a mac-
ro- and microstructure without changing the
phase composition of the cast material. The fluor-
ophlogopite melt poured into the mold starts get-
ting solidified, because of super cooling, the crys-
tallization process begins, and crystals grow. It is
possible to control the cast structure by regulat-
ing the rate of crystallization center formation
and crystal growth. For the fluorosilicate melts,
it is possible to apply two approaches to manage
the process of nucleation and growth of crystals;
these are the modification and the adjustment of
the melt density due to isomorphism of the fluor-
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ophlogopite crystal structure. It is possible to re-
duce the growth rate of fluorophlogopite crystals
by isomorphic replacement of Al** cation with
Si** cation. In the fluorophlogopite melt, there are
relatively isolated and structurally different regions
(equal in equimolecular amount): the silicate clus-
ters of complex structure, including Si**, Al** ions,
and the fluoride liquid enriched in K'*, Mg?* ions.
An increase in the number of Si**cation increases
the viscosity of the fluorosilicate melt, thereby
reducing the rate of the crystals’ growth.

The ratio of the content of cations (Si** and AI*")
that, as mentioned, form the tetrahedral grid as the
main nucleus of the fluorophlogopite structure
(50% of the whole material structure [7]), has a
significant effect on the structure of the cast ma-
terial and the size of the fluorophlogopite crystals
As Al** cation concentration in the melt increases
and exceeds the stoichiometric one (12.1 wt. %), the
melt viscosity decreases, the linear growth rate of
fluorophlogopite crystals increases, the structure
of the material becomes coarse crystalline and zonal,
and the linear size of crystals in the central zone
reaches 12 mm. This is explained by a low melt
viscosity, as a result of an increase in the Al** ca-
tion content. At the pouring temperature (about
1400 °C),the viscosity ranges within 0.25—
0.30 n - s/m? which for the stoichiometric content
should reach 0.5—0.7 n - s/m? As the concentration
of Si** cation ups (exceeds the stoichiometric one),
the viscosity increases, the growth rate of fluor-
ophlogopite crystals decreases, the cast structure
becomes homogeneous, fine-crystalline, the line-
ar size of fluorophlogopite crystals is 0.5—3 mm.
The conclusion is boosting thefluorosilicate melt
viscosity is a way to control the crystal growth
and to provide a desirable fine-grained structure
with small fluorophlogopite crystals. An example
of cast structure control by the isomorphism ef-
fect is the mineral composition of charge materials
developed for ZTMC Ltd, which has the following
chemical composition: 6—8 wt.% Al,O,, 40—38 wt. %
Si0,, 28 wt. % MgO, and 26 wt. % K SiF,).

The periodic production of stone products for
own consumption by metallurgical enterprises is
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associated with numerous difficulties caused by
the specifics of non-mass production. First of all,
this is the charge material quality. The raw mate-
rials of technical purity (quartz sand, fireclay
powder, periclase) usually do not pass periodic
batch control of the chemical and mineral com-
position stability. The use of chemically pure rea-
gent-grade oxide materials for industrial produc-
tion as charge materials is economically unfeasible.
Therefore, controlling the crystal formation pro-
cess by the isomorphism mechanism is not suffici-
ent for small-scale production. Moreover, additio-
nal impurities in a mineral mixture of technical
purity (calcium oxides, sodium oxides, iron oxides,
manganese oxides, titanium oxides, etc.) affect
the amount of glass phase, which significantly de-
teriorates the properties of the cast material. The-
refore, for the periodic production of cast stone
products,it is necessary to use additional modifiers,
especially those of the nucleation type (the second
type modification). This gives an increase in the
crystallization nuclei number without inhibiting
the growth rate of crystals. The first type modifi-
cation prolongs the crystallization time and in-
creases the supercooling degree of the melt, it can
result in the formation of additional glass phase.
The mechanism of the crystallization of fluoro-
phlogopite melt, as well as other silicate systems,
includes the two physical processes: the formation
of crystallization centers and the crystal growth
[8]. The centers of crystallization in the fluor-
ophlogopite melt are as follows: gas bubbles (CO,
CO,, H,, KF, SiF,, etc.), whiskers, graphite inclu-
sions (the result of electrode and lining combus-

tion), fine iron particles (reduced from impurities
of charge materials), as well as high-temperature
minerals (percales, norbergite, forsterite, etc.) [9].
In addition to microliquation phenomena, the
fluorophlogopite melt is characterized by macro-
stratification, especially in large volumes of melt
[7]. Thus, controlling the fluorosilicate melt crys-
tallization without periodic input control of the
mineral charge materials can be done only by ad-
ditional melt modification. It is obligatory for the
production of quality castings with fine-grained
crystal phase.

The modification technology has been finali-
zed and tested in industrial conditions, with the
use of silicon carbide (SiC) and boron carbide
(B,C) powders as modifiers.

The molar mass of silicon carbide is 40.096 g/mol,
the density is 3.21 g/cm?, the melting point is
2730 °C. SiC is a hard refractory, thermally sta-
ble, inert substance that does not melt at any
pressure, has a very low thermal coefficient
(TCLE) of linear expansion (4.0 - 106 K) and has
no phase transitions in a wide temperature range.
The stiffness, high thermal conductivity, and low
TCLE make SiC a thermo stable material in a
wide range of temperature [10].

Silicon carbide powder (particles 20—50 pm)
isadded to the melt in the two ways: in the course
of melting with the last portions of the charge
and introduced to the melt stream in the course
of the pouring process. The properties of the ob-
tained cast materials are given in Table 1.

The stoichiometric composition fluorophlogo-
pite casting (without modification) has a coarse

Table 1. The Properties of Fluorophlogopite Material Modified with Silicon Carbide Particles

. i The average size . Phase composition, vol. %
Sample SiC amount, of fluorophlogopite crystals, mm
number wt. %
Casting’s skin zone Casting’s center Fluorophlogopite Enstatite Glass phase
1 0 0.3+0.5 - 8+10 75 15 10
2 1 0.3+0.5 — 1.5+2 80 10 10
3 2 0.15 - 0.20 86 10 1—4
4 3 0.10 — 0.15 85 10 1-5
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Fig. 6. The modified fluorophlogopite structure: @ — modified by 1.0 wt. % SiC; b — modified by 3.0 wt. % SiC; ¢ — modified

by 0.3 wt. % B,C

crystalline zonal structure with long- and nar-
row-plate crystals. The fluorophlogopite crystal
size increases from 0.3—0.5 mm, in the skin zone,
to 8—10 mm, in the center. The fluorophlogopite
crystals have different optical orientation. Their
characteristic optical properties are clear relief,
relatively perfect cleavage, bright second-order
interference colors, direct attenuation, positive
elongation, angle 2V: 10—15°, optically negative;
n, = 1.548-1.549; n = 1.519-1.52 (Fig. 5).

The addition of silicon carbide fine particles
changes the crystallization properties of the melt.
SiC particles are distributed uniformly in the cas-
ting’s body in both introducing methods. It is easier
to add modification powder to the last portions of
the charge, so this method is more convenient.
The addition of 1 wt. % SiC particles leads to the
formation of an almost homogeneous cast struc-
ture, with the fluorophlogopite crystal size in the
casting’s center decreasing to 1.5—2 mm. The mo-
dification of 2—3 wt. % SiC causes even more fine
cast microstructure and provides a homogeneous
morphology of fluorophlogopite grains in the skin
and in the main part of the casting.

The microstructure analysis has shown that the
silicon carbide particles are in the centers of crystal
grains. It has proven their nuclei action for fluoro-
phlogopite crystals. The material modified by SiC
particles has a uniform and homogeneous struc-
ture over the whole cross-section of the casting.

The petrographic analysis has shown that the
volume phase content of the cast material remains
the same after modification with 1 wt. % SiC, un-

20

like the size and morphology of the phases (Fig. 6,
a). In the cast structure, there is an impurity phase
of enstatite mineral in the form of dendrites with a
size of 0.02—0.3 mm. The glass phase is isolated in
the area of fluorophlogopite crystal cleavage and
in the interstitium. In SiC material modified with
3 wt. % the amount of glass phase decreases sharply
to 1 vol. %, which testifies to a significant increase
in the silicate melt crystallization ability. During
the melting, the shape of silicon carbide particles
in the fluorosilicate melt remains unchanged with
acute angles morphology (Fig. 6, b). The men-
tioned above mass amount of silicon carbide modi-
fier corresponds to the 10—50 pm particle size of
the powder modifier. If we use a smaller SIC pow-
der fraction, the modifier’s efficiency increases pro-
portionally to the specific surface area of the used
powder, i.e. by parabolic law in terms of particle
radius. The modification by 0,1 wt. % ultra-dis-
persed (up to 1 pm) silicon carbide particles gives
an effect similar to that in the case of modifica-
tion with 3—5 wt. % 50 pm powder modifier. The
silicon carbide modifier fraction can be adjusta-
ble in terms of size and quantity for achieving
the lowest modification cost possible.

Boron carbide particles having a size of 100—
200 um have been used as modifier with the last
portions of the charge. Boron carbide B,C is one
of the most chemically stable compounds, it decom-
poses above 2450 °C, its density is 2.52 g / cm?,
the temperature coefficient of linear expansion is
4.5-10 K- (300—1100 K), and the micro hard-
ness is 49.1 GPa[11].
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B,C boron carbide changes the crystallization
properties of the melt and acts as a surfactant
(the first type cast modifier). According to the
petrographic analysis, B,C boron carbide parti-
clesare located on the borders of fluorophlogopite
crystals and thus inhibit their growth. As men-
tioned above, this type of modification is less de-
sirable for fluorosilicate melts, because of the risk
of increasing the glass phase, however, the effect
from modification with 100—200 um boron car-
bide powder is significant starting with a content
of 0.3 wt. %, so the required amount to fine the
microstructure and to ensure the uniform grain
morphology of the casting should be 8—10 times
less than that for the same fraction of silicon car-
bide powder. At the same time, boron carbide
modification redistributes the amount of crystal-
line and glass phases and thickens the plates of
the amorphous component (Fig. 6, ¢). Unlike sili-
con carbide, boron carbide is soluble in the fluor-
osilicate melt, so decreasing the particle size does
not affect its efficiency.

During the industrial tests of the technology,
the modified massive corrosion-resistant fluor-
ophlogopite castings with a weight of up to 300 kg
(Fig. 7) have been obtained at the foundry site of
ZTMC Ltd.

In this research, the casting technology of mas-
sive shaped fluorophlogopite products has been
improved in terms of optimizing the charge mine-
ral material cost; reducing the energy consump-
tion for obtaining fluorosilicate melt; and optimi-
zing the melting conditions and casting processes.
As a result, the melting time decreases 2.3 times,
while energy consumption becomes lower by 38%.
The modification and the isomorphism phenome-
non ensure a guaranteed fine crystal structure of
castings without the zone of columnar crystals.

The use of carbide modifiers may compensate
for the absence of periodic chemical control of the
mineral constituents of charge materials in small-
scale or periodic production of fluorophlogopite
castings. The modification has been shown to be
a prerequisite for ensuring a stable structure of
castings, and consequently, a high quality of cor-
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Fig. 7. Production of massive shaped fluorophlogopite cast-
ings: a — cast mold; b — fluorophlogopite casting, a chlorina-
tor element “taphole stone”

rosion-resistant cast products characterized by a
fine-grained microstructure and a stable content
of the glass phase.

The modification with 3 wt. % SiC (powder
particle size ranges within 20—50 um) provides a
homogeneous fine structure of the whole casting
body; the size of the fluorophlogopite crystals is
0.10—0.15 mm. The efficiency of modification by
silicon carbide powders depends on the powder
fraction and can be enhanced by decreasing the mo-
difier particle size. In the case of boron carbide pow-
ders used as a modifier its amount is 8—10 times
less than in the case of silicon carbide (for a pow-
der particle size of 100—200 pum) to achieve the
same modification effect. However, as a first-type
modifier, boron carbide increases the volume of a glass
phase, the growth of which is not blocked unlike
the crystalline one. The effect of silicon carbide is
more predictable (in terms of the phase composi-
tion of the casting), so its use is more desirable.
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The results of the research have become a basis
for the industrial technology of fluorophlogopite
castings production, which can be implemented
for independent manufacture of corrosion-resistant
cast products, as well as for manufacturing pro-
ducts for metallurgical enterprises’ own needs.

The developed technology allows manufactur-
ing of various-shaped cast corrosion-resistant pro-
ducts, such as channels for aluminum, magnesium,
and copper alloy melt; high-energy insulation pro-

ducts as well as heat-resistant gas flow swirlers in
plasma and hybrid plasma-laser processes [12].
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OCOBJNBOCTI OAEPKAHHA KAMEHEJUTUX KOPO3IECTIMKINX
OTOPOJIOTIOIITOBUX BUPOBIB EJIEKTPO/IYTOBOIO IIJIABKOIO

3 BACTOCYBAHHAM KAPBI/THUX [TOPOIIKOBUX MOV DIKATOPIB
B YMOBAX MAJIOCEPIMHOT'O BUPOBHUIITBA

Beryn. HaziiinicTs Ta ehexTUBHICTD POOOTH IIPOMKUCIOBUX METaIypPrilHUX arperariB, TaKUX K XJI0PaTOPH, €JIEKTPOIi3epu
Ta iHII, 1110 TPAIIOIOTh B YMOBAX arpeCUBHUX KMCJIOTHUX i JIYKHUX Cepe/lOBUIIL TIPH ITi/IBUIIIEHUX TeMIIepaTypax, B IIepILy
yepry BU3HAYAIOTHCST CTPOKOM iX eKCILTyaTaltii.

ITpo6aemarnka. 3aXUCHNIT TTap KOPO3iECTINKNX BHYTPINIHIX TOBEPXOHD METATYPTiiTHUX arperaTiB, MO CKIJeHIH 3 Biji-
HOCHO HEBEJIMKHX 32 PO3MiIPOM OKPEMUX 3aXICHUX eJIeMEHTIB, Ma€ HeJIoMiK — CTUK, ChOPMOBAaHUI MOHT)KHUMHU CyMillIaMH,
CTIMKICTh IKMX 3HAYHO TTOCTYTAETHCI OCHOBHOMY MaTepiay.

Meta. CTBOpPEHHS TEXHOJIOTIH MasocepiiHoro abo nepiogAnyHoro BUPOOHUIITBA IIJIbHUX JIUTUX JKapPO- Ta KOPOZIECTIKIX
BUPOGIB y BUTJISIII MACUBHUX (DACOHHUX BUJIMBOK 3 (PTOPMCUITIKATHOTO PO3TLIABY.

Marepiaju ii MeToau. 3a OCTYITHICTIO Ta TEXHOJIOTIYHICTIO BAKOPUCTAHHS, B TKOCTi IMUXTOBUX MaTepiajliB BUKOPUCTAHO
¢ropBMicHI Ta KasieBMicHI MiHepasbHi criosykn. OIIHIOBAHHS PEXKMMIB MJIABKU Ta JUTTS BUKOHYBAJIH IJISIXOM 3HSTTS
BOJIBT-aMIIEpPHUX XapaKTepPUCTHUK JiKepesia JKIUBJIeHHS eJTeKTPOLyToBoi medi. MiHepaabHUI CKIIa1 Ta MiIKPOCTPYKTYPY Ofiep-
JKAHOTO KAMEHEJMTOTO MaTepiasy JOCTi/PKYyBaIl KPUCTATONTUYHIM METO/IOM Ha 11PO30puX Hridax i anuridax.

Pesyabrarn. OnTrMi3ailig MUXTOBOTO CKJIA/LY Ta PEXKUMIB IJIABKY I JINTTA JI03BOJIMJIA CKOPOTUTH Yac BUILJIABKU PO3ILJIa-
By dropdioromnity B 2,3 pa3u Ta 3HU3UTH 3arajibHi eHeProBUTPaTH TJIaBKu Ha 38%. 3acTocyBanHst KapOimHux Moaubikaro-
PiB MOKa3asIo, 1Mo X BUKOPUCTAHHS 3a6e3MeTye OTPUMAHHST OJHOPIIHOT CTPYKTYPH BIJIMBKA B KOPKOBii i OCHOBHIN YacTH-
Hax, po3Mip Kpuctamis ¢ropdioromirty ckmamae 0,10—0,15 mMm.

Bucnosku. Bubip cupoBUHHUX MaTepiasis /st HTopdIIoronitoBoro JUTTS 3HAUHO BILIMBAE Ha YMOBHU (hOPMYBaHHS PO3-
[JIABY Ta CTPYKTYPY JIUTOrO MaTepiajy. 3alpolOHOBaHA TEXHOJIOTis BUPOOHUIITBA JuTHX (propduioronitoBux BUpobiB mo-
€IHy€ BUOIP MMXTOBUX MiHEpPaJbHUX MaTepia/iB, ONTUMI3AI[II0 PEKUMY eJIeKTPOAYTOBOI TIABKK [l OfePKaHH (hTOp-
CUJTIKATHOTO PO3IIIIABY, KEPYBAaHHS CTPYKTYPOTO BUIMBKIB, 30KpeMa i 3aBIsKH MOAM(IKyBaHHIO MOPOITKAMU KapOiliB KpeM-
Hito Ta Gopy.

Kmouosi cnosa: kam’siie TUTBO, IITY4YHA CJI0/a, Gropdiroromnit, Koposiectiiiki MaTepianu, kapOiau, MoAUDIKYBaHHSL.

ISSN 2409-9066. Sci. innov. 2023. 19 (3) 93




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Uncoated FOGRA29 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


