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Abstract

Purpose. The purpose of the research is to substantiate the possibility of replacing existing MgO bricks with the MgO-C
bricks due to their resistance to the slag aggressiveness of the electric furnace and the Si content in the resulting metal,
which can have a positive effect on reducing the consumption of refractory materials.

Methods. This research will be presented as the results of theoretical and experimental data determining the dependence of
the electric furnace on the type of refractory material, walls construction, operating parameters and the electric furnace lin-
ing, that are expected to have a major impact on the cost output of production process.

Findings. Based on the presented results, it has been revealed that MgO-C bricks are more effective in terms of preventing
the furnace damage depending on refractory materials. Therefore, to optimize the production process, it is recommended to
improve the composition of melted metal and slag, as well as to strengthen the control of the process parameters.

Originality. Laboratory analyses are conducted in specialized laboratories, and the presented data have been obtained
through the use of devices and equipment required for experimental research.

Practical implications. The refractory materials are one of the main indicators of technical performance and production
costs at NewCo Ferronickel in Kosovo. Therefore, the higher performance of the refractory lining will have a positive effect
on the furnace durability and the quality of the final product.
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1. Introduction The proposed replacement of magnesite bricks with
MgO-C bricks is related to an increase in the chemical stabi-
lity of graphite blocks and, in general, with the optimization
of the production process. Therefore, it is recommended to
improve the composition of the melted metal and slag, as
well as to strengthen the control of process parameters.

This research provides some important recommendations
for ferronickel production when smelting in RKEF and indi-
cates the importance of refractory lining wear in electric
furnaces. The conditions have been determined, including
reducing parameters (temperature and time of roasting) and
smelting parameters (coke dosage, CaO dosage, temperature
and time of smelting).

The electric furnace is a main equipment used in this
chain of Fe-Ni production. Therefore, refractories materials
that are used in an electric furnace must fulfill the following
basic functions, such as:

—to act as a thermal barrier between a hot medium (e.g.,
flue gases, liquid metal, molten slags and molten salts) and
the wall of the containing furnace;

— to represent a chemical protective barrier against corrosion;

Laterite nickel ores are a very important part of the
world’s nickel reserves. The nickel content in laterite ore is
usually low and is in the range of 0.8-3% [1].

The pyrometallurgical process for ferronickel production
at NewCo Ferronickel foundry is very complex as it is ac-
companied by high temperature, use of metal with a high Si-
content, low C-content, very aggressive immiscible slag
layers with huge consumption of refractory materials and low
level of production capacity utilization. The conventional
Rotary Kiln-electric furnace (RKEF) is now a worldwide
widespread process for ferronickel production from nickel
oxide laterite ore, despite its high power consumption. The
same production process for ferronickel production is used in
the Ferronickel foundry in Drenas [2].

The pyrometallurgical method for obtaining ferronickel
from oxide-laterite ores, regardless of the degree of technical
and technological improvement, even in newer processes, has
many unresolved technical and technological problems. The
company faced a number of problems related to the influence
of refractory lining on the efficiency of electric furnace.
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—to ensure a reliable physical protection, preventing the
walls from erosion by the circulating hot medium;

— to act as thermal insulation, providing heat retention [3].

The practice of using refractory lining in electric furnaces
is solely based on the behavior of various refractories used in
different parts of the furnace at elevated temperatures. The
selection of the correct refractory lining pattern is usually
based on conventional concepts; therefore, this element of
the furnace is the most important factor, ensuring high pro-
duction efficiency [4].

2. Methodology

The refractory lining of the electric furnace consists of
three main parts: floor/bottom, vertical walls and roof.
According to the engineering specification, the permanent
bottom of lining is made of magnesia bricks (Sitmag-N,
IL-76, Keiltein, 1-76, SA-1), while the working layer of the
lining bottom is made of magnesia bricks (KELL). The lower
part of the vertical wall is made of special magnesia bricks
(ANKERDIB/B, ANKER-WIH/B, Sit Mag. VPK “S”). The
smelting bath is made of graphite blocks, while the upper
part of the vertical wall is made of magnesia bricks (Sitmag
VPK and SA-O). The roof, which is under the exposure of
erosive and chemical gasses, is mostly made of magnesia
bricks (MSA4, HI4DA-300, MSA2, etc.) SGL Carbon Group
and NewCo Ferronikeli [5].

Each of these zones has its own specificity and diversity
of strains, but the most specific zone of operation is the
smelting zone — the working bath. This zone is exposed to
mechanical strains, high temperatures, extreme influence of
vibrations and corrosion of metal with a low C-content, high
Si-content and a very aggressive acidic slag. Thus, as a result
of this concentration of molten crude metal, the three zones
of the electric furnace are exposed to the influence of a
strong oxidizing environment. Although the carbon oxidation
of graphite in the burnt ore zone is minimal, at a temperature
of 1300°C this reaction begins to develop rapidly, which
affects the extreme corrosion of graphite blocks and magne-
sia or magnesia-chrome bricks in the zone between the slag
and the crude metal. The digestion of carbon from graphite
and magnesite occurs due to the formation of carbides: SiC,
CoC and CrC of metals. Si, Co, and Cr are impurities of
crude metal of the electric furnace. Decarburization of refrac-
tory lining with carbon composition in the smelting zone is
one of many difficult problems. Although decarburization of
the refractory materials still depends on many unresolved
issues, it has allowed limited use of graphite blocks and
MgO-C bricks in the electric furnace for the ferronickel pro-
duction in Drenas-Kosovo.

The smelting point of magnesia (MgO) or magnesia-
chromite refractories ranges from 1700 to 2100°C, with the
exception of carbon-based and graphite-based materials
which can withstand temperatures from 2200 to 3000°C.
A special characteristic is a metal with a high Si-content
(on average 2.2-2.8%) and a low C-content (on average
0.3-0.6%). Occasional peak values of 3.5% Si are possi-
ble [6]. Due to the high Si-content in the crude metal, the
furnace slag has a high acidity. Determining the dependence
of the electric furnace (EF) efficiency on the type of refracto-
ry material, the composition of the melted products, as well
as other operating parameters, will be performed on the basis
shown in Figure 1.
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Figure 1. Flowchart for the research methodology

The verification of these performance indicators is based
on certificates/attests of refractory materials, chemical analy-
sis of the charge, electric furnace products and other techno-
logical materials. Other indicators of the production process
performance at the Ferronickel foundry in Drenas have been
also determined by a comparative method. Comparison of
outputs, process parameters and production practices is based
on an analysis of production period from October 2019 to
May 2020. Given the fact that refractory materials after elec-
tricity are the main indicators that affect the EF optimization
and in general the optimization of the ferronickel production
process, then, to determine the lifespan/durability of the
refractory cover, the operating parameters (chemical, thermal
and technological), as well as the quality/properties and the
content of refractory materials, have been studied.

3. Results and discussion

3.1. Features of the wear of the electric furnace refractory

Magnesia (MgO) bricks are known as refractory mate-
rials with a magnesium oxide content of more than 90% and
are made of periclase. Periclase is the only stable MgO modi-
fication. These refractory materials are resistance to the ac-
tion of alkaline slags and melts containing iron oxides. This
property is based on the phase conditions in the MgO-FeO
and MgO-Fe,03 systems. MgO creates with FeO a full range
of magnesiowustite solid solutions ((Mg, Fe)O). In the sys-
tem, CaO is replaced by MgO, since it is also a highly alka-
line, technically pure, readily available oxide with high sta-
bility and a smelting point of 2625°C. Depending on the
degree of reactivity, technical magnesium oxide can be di-
vided into calcined, sintered, melted [7].

The similar problems are associated with magnesia-
chrome refractory bricks, which are composed of MgO-Cr,03
with 17-20% of Cr,Os. Carbon-graphite refractory materials
are ceramic materials composed of only one chemical ele-
ment. Carbon materials are amorphous, while graphite has a
specific crystalline structure. Graphite refractory materials
can be natural and artificial. As a raw material for the pro-
duction of carbon refractories, metallurgical coke, petroleum
coke, heat-treated coal tar pitches and like can be used. These
types of refractory are graphitized — manufactured in Ache-
son resistance furnace or by graphitization with a direct cur-
rent flow in a continuous graphitization furnace [8].
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Naturally occurring flake graphite or artificial graphite is
sometimes mixed with amorphous carbon to achieve the
desired thermal conductivity. These materials are combined
with high-carbon resins or pitch and formed into blocks and
slabs [3]. These materials have been used as refractory lining
for blast furnaces, electric furnaces, and other metallurgical
equipment. Due to excellent corrosion resistance, high thermal
conductivity, low thermal expansion, high thermal shock re-
sistance and chemical inertness to slag, these materials are used
for bottoms of refractory lining: Si, FeSi, FeNi, FeMn etc. [9].

Table 1 and 2 show several properties of magnesia-carbon
bricks and graphite blocks. These data correspond to technical
information by SGL Carbon Group and Magnezit Group.

Table 1. Technical data of MgO-C bricks

Description A B C
MgO, % 98 > 97 > 96
Al203, % 0.1 <0.2 <0.2
Fe>0s3, % 0.4 <0.6 <0.6
Ca0, % 1.1 >0.8 >0.8
SiO2, % 0.4 <04 <04
C-residual, wt % 14 > 12 >7
Bulk density, g/cm?® 297 >299 >290
Apparent porosity, vol % 4 <5 <7

Cold crushing strength, N/mm? > 30 > 30 >30

Thermal mechanical properties

. 500°C 11
Thermal conductivity, W/(m-K) 1000°C 9
Coefficients of linear 8.6-11.3 - 10

thermal expansion, (K™)

Table 2. Technical data of carbon and graphite blocks

o Sem_i Graphite High the_rn_]al
Description graphite block conductivity
block block
Fixed carbon, max % 78 98 —
Ash, max % 8 0.5 —
Bulk density, g/cm?® 1.50 1.52 1.65
Open porosity, % 20 20 18
Compressive strength, 30 19.6 30
max MPa
Bending strength, max MPa 8 7.8 8
Thermal conductivity, W/m-K — — > 30
Coefficients of linear
thermal expansion (K 865015 05
Melting index of liquid iron, max % 32

Carbon is a preferable element for use in refractory mate-
rials, since it is not wetted by most molten metals and slags,
has excellent resistance to thermal shock and its strength is
increased when heated [3]. These types of materials have a
tendency to oxidize, so this refractory should be used under
reducing conditions. According to theoretical data, under
conditions of a high oxidizing environment, the process of
carbon oxidation of the refractory lining begins at 350°C. To
minimize this oxidation effect of the refractory lining and for
shaping, it is currently preferred to add oxidation inhibitors
such as boron carbide, fine metals (Al, Si, and Mg) or by
coating the mold with a protective glaze. Metal smelting
crucibles made of clay-graphite were used as they had graphite
shapes such as stopper rods and sleeves. Clay-graphite shapes
have been replaced, for the most part, by alumina-graphite
molds, which provide a longer service life. Clay-graphite
shapes have been replaced, for the most part, by alumina-
graphite shapes which provide longer service life [3].

3.2. Operating mechanisms and their influence
on the refractory lining efficiency

Direct smelting technology is used in electric furnace of
NewCo Ferronickel foundry. After electricity, refractory
materials are the main indicators of technical performance
and production costs at NewCo Ferronickel in Kosovo. The
traditional method of refractory masonry in an electric fur-
nace is based on magnesia (MgQO), magnesia-chromite
bricks, and graphic blocks, which have a positive effect on
the service life of the furnace. However, the performance of
the refractory lining depends on the composition of the melt-
ed products, operating parameters and the construction of the
electric furnace lining. Figure 2 shows charge analysis and
Table 3 shows the typical operational indicators of the crude
ferronickel production process.

50
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20
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5

Concentration, %

Ni Co SiO2 Fe20s CaO MgO AlOs Cr203 S, P, C
—e—Charge 1.24 007 47 24 0.27 8 2 1.1 0.027

Figure 2. Analysis of the dosed charge in an electric furnace

Table 3. Typical operational indicators of the ferronickel produc-
tion process in the foundry

Content value

No. Operational indicators -
min max

1 Specific power, KW/m? 167.5

2 Dry ore capacity, t/24 h 1476
The composition of the dry ore:

3 Ni + Co, % 1.39
Fe, % 18
SiO2, % 46
The composition of the crude metal:

Ni, % 11.33 15.3
Co, % 0.30 0.40

4 Si,% 2.0 35
C,% 0.3 0.6
S, % 1.3 2.02
Fe, % 78 73
The composition of the EF-slag:

5 SiO2, % 52 62
FeO, % 17 20
MgO2, % 7 15
Temperature of:

Fire ore, °C 750

6 Ferronickel, °C 1380
Slag, °C 1500
Gas, °C 900
Specific ener

! cgnsumption,g%W/t ore 630
The composition of gas:

CO, % 45-60

8 CO2, % 35-70
S0z, SO3, % 0.1
Other, % 2.9

9 Dust, g/mm? 50
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Kosovo lignite is used as a reducing agent, which is
characterized by a low C™ composition and a high ash com-
position. Among other things, this type of reducing agent
also has a low reducing capacity [10].

The low degree of reduction in an electric furnace is one
of the parameters that directly affects the operating environ-
ment and creates different phase relationships for the process
products. In cases where the low degree of reduction of metal
oxides and incomplete disintegration of C™ and C of refrac-
tory lining prevail over the smelting process, one part of the
burnt ore in the furnace will be oxidized, while the other part
will be sintered. In this case, except for the C™ reduction
from the reducing agent, a portion of C from the graphite
blocks will also be oxidized. In addition to graphite, the
carbonaceous binder system of magnesia bricks is also oxi-
dized. As a result, refractory materials lose their ability to
inhibit wetting, and opened pores contribute to a more inten-
sive penetration of slag. It is well known that iron oxide is
able to dissolve in MgO crystals [11].

Figure 3 shows the chemical composition of the slag
from the smelting of nickel oxide ores in the electric furnaces
of the Ferronickel foundry in Drenas.
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Figure 3. Chemical analysis of slags

Figure 4 presents the thermal variations in furnace
components such are the sides and bottom of the furnace,
which are influenced by temperature.
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Figure 4. Temperature (°C) during the research period in the
three main parts of the furnace

From density measurements in the temperature range of
700-800°C, it follows that magnesium oxidation in this range
is slow, while in the temperature range of 1000-1100°C this
oxide is very intense, and then chemical stability is observed.
Figure 5 shows the damages of the refractory lining in the
electric furnace 2.
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Figure 5. The damages of the refractory lining in the electric
furnace No. 2

It has been observed from industrial experience and
measurements that the resistance of the graphite blocks to the
impact of water is very good. But, eventually, the water re-
mained in the electric furnace, and this amount was absorbed
by the magnesium material according to the reaction:

MgO + H;0 = Mg(OH),. (1)

But, in many furnace environments oxygen activity is
high enough to be involved in the corrosion process of re-
fractory lining. High oxidation activity is associated with a
highly oxidizing environment, while low oxygen activity is
associated with a reducing environment, which is controlled
by the ratio of CO/CO; or Ha/H0 in this environment [12].

Although from a practical point of view, such reactions
would stimulate corrosion of graphite blocks, however, CO
due to the reduction of oxides and self-oxidation as a result
of the reaction has little effect; (2CO (g) « C (s) + CO,),
corrosion of mortar and graphite blocks occurs. In this case,
above all, the catalytic effect depends on Fe from a poor
metal with C, the catalytic ability of which depends on the
composition of C in the metal (the maximum catalytic effect
of Fe corresponds to the FesC form) [13].

Corrosion of a refractory material, the structures of which
are saturated with carbon, develops in two stages [14]; oxida-
tion of a brick matrix under the action of free oxygen during
digestion and formation of a decarburization zone and de-
composition of MgO, as well as oxidation of C from refrac-
tory materials with a C content in the decarburization zone.
At high temperatures, in addition to the corrosion of the
refractory material under the action of slag, simultaneously
with 1450°C, different reactions may develop:

C+S0,=CO + SO; )
C + SiO, = CO + Si0; ?3)
CO, + C = 2CO; (4)
SiO +3CO = SiC + 2COy; (5)
25i0, + SiC = 3Si0 + CO; (6)
C + MgO = CO + Mg. @)

The process, which would guarantee sufficient chemical
stability of the graphite blocks, will take place when the
metal temperature is between 1450 and 1500°C, while the
slag temperature should be maintained at 50°C above the
metal temperature. The boundary between the temperature of
a liquid and a solid is within narrow limits, which theoreti-
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cally stimulates SiO; interaction with other basic oxides, and
especially the interaction between CaO and MgO. For tem-
peratures higher than the temperature of the liquid, the size
of SiO* and other smelting anions, as well as the electrostat-
ic forces between cations and anions, play a decisive role in
the viscosity of the slag, especially for its reactivity. Ferro-
nickel with a composition below 1.25% is considered a poor
carbon metal, which at a temperature of 1150°C (in the fire
zone) simulates the carbon digestion reaction in the metal,
while a fast reaction begins at 1300°C.

The main reaction is Fe and Ni carbonation from graphite
carbon:

3Fe + 2CO =FesC + COy;
3Ni + C = NisC.

@)
©)

These reactions occur at high temperatures, and nickel
carbide is unstable in an oxidizing environment because it
easily reacts with nickel oxide. In this case, dissolution oc-
curs of NiC and C on the refractory lining with the formation
of SiC, CoC and CrC, but the products of these reactions
have little effect on the corrosion of graphite blocks.

3.3. Influence of operating conditions
on the electric furnace lining

In fact, it is only in the slag zone of the furnace that
graphite blocks are used, which generally have highly acidic
slag resistance and other good mechanical properties, but
show weak chemical stability in contact with molten metal,
since it is characterized by a low C-content. From the results
of research on the operating conditions influencing on the
service life of MgO, Mg-Cr and graphite bricks, is noted that
highly acidic slag and poor crude metal with carbon have
a major influence on corrosion and other proprieties of
refractory materials.

Table 4 compares the technical properties of graphite
blocks used in an electric furnace. Graphite blocks are pro-
duced by SGL Carbon Group. Blocks of this type have been
developed to improve corrosion resistance; their high corrosion
resistance is mainly due to the formation of a protective layer
on the hot face in direct contact with the molten metal [5].

Table 4. Typical properties of used graphite blocks in Fe-Ni-
electric furnace

" % sz _2
s £ 2 2 2% 2% E&
= 5 & 5 8¢ g =2t
n o a g 7] o 3 == g
O
Standards DIN DIN DIN DIN DIN
51918 51918 51910 51909 59908
No. No. g/lcm® % N/mm?  pum/K-m) pm/K-m)
1.1 1.67 20 28.3 2.5 156
1 1.2 1.67 20 26.6 2.3
1.3 1.66 20 25.3 2.4
2.1 1.68 20 35.1 2.9
5 2.2 1.65 20 32 2.9 151
2.3 1.66 20 28.5 2.9
2.4 1.67 20 29.1 3
3.1 1.65 21 29.1 2.7
3 3.2 1.65 21 26.7 2.8 138
3.3 1.65 21 26.6 2.8
3.4 1.64 21 23.3 2.7
Average 1.66 20.4 28.4 2.7 148
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Figure 6 shows the BC — 111 and 113 samples taken from
slag bath of electric furnace No. 2 (BC — is the symbol of the
blocks used in the company). A corrosive structure is ob-
served at a depth of about 80 mm and a length of about
400 mm from the face side between the graphite block and
the magnesia bricks. No penetration of crude metal is ob-
served, but corrosion resulted from the digestion of carbon
from the graphite block in the area of contact with the molten
metal. This is presumably due to the fact that NewCo Ferro-
nickel crude metal has rather low carbon content, on average
0.3-0.5%, and in this case, the digestion of the refractory
material carbon in the molten metal will increase.

Figure 6. Measurement of dissolution of graphite blocks 113 and
111 in contact with a metal with a low C-content

Figure 7 shows the type of bricks on the bottom of the
working lining without graphite blocks and the chemical
composition of these types of refractory bricks prior to use in
an electric furnace. Figure 8 shows structural roentgen analy-
sis of the brick face. For analysis, a brick sample is selected,
the faces of which are in contact with molten products.

100
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g 40

8 30

20

10

—_—

FirLos. SiO2 Fe203 Al203 CaO MgO CrO3 TiO2
—— Mg brc. Kell 50 104 0.66 10.66 5.04 154 627 19 021
—— Mg brc. VPK 0.1 3 276 02 238 916 016 01
Mg brc. Kell DH 048 054 001 01 215 9.2 011 01
Mg-Crbrc. Wacher 0 1 41 353 09 77 14 0.1
——Mg-Crbrc.Radex 012 09 131 548 153 62 175 0.27
—— Mg-Crbrc. VPS-K 0 24 715 43 113 631 217 01

Figure 7. Type and chemical composition
before use in an electric furnace

of refractory materials

For structural analysis, samples are selected in the area of
the working bath between the carbon blocks and magnesia
bricks. Photomicrograph images of a RB KELL 50, GB in
contact with highly acidic slag and molten metal of FeNi in
the electric furnace. Distribution of Mg, Si, Fe, and Ni on the
observed surface of RF-1, 2 KELL 50 and BC in contact
with crude metal is shown in Figure 8.

As a result of chemical analysis of the refractory material
samples used in the electric bath (Fig. 9), one can see the RF-6
sample with a high FeC content, in which the face of the brick
or graphite block is in contact with molten metal. In this case,
the molten metal has a high Si-content and low C-content.
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Figure 8. Photomicrograph images

Composition, %

T-FeC
0.5
0.8
2.2
0.3
0.6

411

FeO
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Ca0
24
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2.33
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T-Ni
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—RFK-1 9
——RFK-2 12.6
RFK-3 02
RF K-4 3
—RFK-5 84
— RFK-6 27

Figure 9. SiC, FeC and other compositions of used refractory
materials in an electric furnace

The smelting bath of the electric furnace is constantly
exposed to highly aggressive acidic slag, oxidizing environ-
ment, high temperatures and corrosion of molten metal with
low C-content. A specific feature of the NewCo Ferronikeli
crude metal is a rather high SiO, content, on average
52-62%. These types of slags are acidic (on average FeO ~
20%, MgO ~ 15%) and are characterized by a high degree of
aggressiveness. This aggressiveness depends on the content
of SiO2, which is the main component of the slag. SiO- inte-
racts with oxides (CaO, FeO, MgO, MnO, etc.), forming the
systems: MgO, SiO,, 2CaOFeSiO,, MgO-FeO-SiO,, etc.,
included in the mineralogical composition of galenite, acan-
thite, dicalcium silicate and other minerals [15].

This attribute depends on the SiO, content and is the
main component of electric furnace slag. SiO; content is the
main indicator influencing on the operating conditions of
the refractory lining. When analyzing the thermophysical
parameters of the electric furnace coating, when the furnace
power exceeds 20 MVA during the process of burning or
with a high SiO; content, the magnesia bricks shown weak-
ness in oxidizing environments. In particular, they show
poor resistance to water activity. The operating environ-
ment also negatively affects the chemical stability of even
graphite blocks, especially when exposed to CO,, air, and
CO. Figure 10 shows a new lining made of MgO-
antioxidant brick that has proven successful during applica-
tion in furnace zones where the refractory lining is exposed
to an oxidizing environment.
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Figure 10. New lining made of MgO - antioxidant bricks

According to the research results of the chemical corro-
sion of graphite blocks, it has been revealed that the main
damage is in the zone of the molten metal. This damage is
caused by the digestion of carbon from the graphite block in
molten metal with a low C-content.

4. Conclusions

In terms of operational indicators, it can be concluded
that the FeNi-electric furnace operates under the influence of
slag with high SiO,-content, metal with low C-content and
high Si-content, high temperatures and a very high oxidizing
atmosphere. To optimize the process and increase the service
life of refractory lining, carbon blocks have been used in
electric furnaces for several years.

Under operating conditions, when the smelting bath oper-
ates with metal of low C-content and has a high tendency to
dissolve the carbon of the graphite blocks, replacing the
current refractory materials with composite refractory mate-
rials based on MgO-C to improve the electric furnace tech-
nical performance would be the best solution.

Refractory wear is identified as sections of the refractory
that are either delaminated or extensively immersed in molten
metal. Impregnation occurs when the molten material infil-
trates into the refractory matrix. In this case, this leads to sev-
eral changes in the refractory material properties; therefore, to
avoid such problems, it is necessary to carefully consider the
use of proper bricks in the smelting zones of electric furnace.

Regular inspections of the furnace refractory is proposed,
which provides information on the current situation, and, in
addition, shows the degree of wear and critical points of wear
of the damaged furnace lining. These results are important to
the maintenance schedule and can improve the efficiency of
the process in terms of refractory materials.

Based on theoretical aspects and from technical report
No. 98, this type of material and especially some of the car-
bon blocks have been developed through measures such as:

— addition of fine alumina, which has high resistance to
hot metal,

—reduction of pore diameters to prevent penetration of
foreign substances and the hot metal;

— increase in thermal conductivity to reduce the hot face
temperature to improve corrosion resistance [10];

—a flat floor will be a constructive solution for furnace bath;

— use of lignite with a higher C™*-content;

—creation of a protective layer from a “solid metal”
covering the bath walls in the smelting zone.
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OOrpyHTYBaHHSI BOTHETPHBKOI ()yTepPOBKHM, sIKa BIUINBA€ HA eQeKTUBHICTH
BHKOPHCTAHHS eJleKTponeyeii 1Js1 BHPOOHULTBA (pepoHikeI0

H. leBa, 1. I6parimi

Merta. OOrpyHTYBaHHSI MOXIIMBOCTI 3aMiHH icHyrouoi merimu MgO nernoro MgO-C gepes 11 CTIHKICTB O KOPCTKOTO BIUIUBY LIIAaKiB
SJICKTPUYHOI 11e4i Ta BMICTy Si B OTpUMaHOMY MeETaJli, [0 MOKE ITO3UTHBHO BIUIMHYTH HAa 3MEHIIEHHS BUTPAT BOTHETPUBKHUX MaTepialiB.

MeTtoauka. JlocTiPKeHHS IPEACTABICHE K PE3yIbTaTH TEOPETHUHUX Ta eKCIIEPUMEHTAIbHUX JAaHHX, II0 BU3HAYAIOTh 3aJEXKHICTh elle-
KTPUYHOI TIedi BijJl THITy BOTHETPHBKOTO Marepiaily, KOHCTPYKIII CTiH, eKCIUTyaTalliiHUX mapaMeTpiB Ta (yTEpOBKH eNeKTpoIedi, sKi, K
OYiKy€ThCS, MATUMYTh 3HAUHHUH BIUIMB Ha BapTICTh BUPOOHMUOTO mpotecy. s BU3HAYCHHS TEPMiHY CIyKOH/IOBrOBIYHOCTI BOTHETPHBKO-
TO MOKPHUTTS OyIM BHBYEHI poOoUi mapaMeTpy (XiMidHi, TEpMiuHI Ta TEXHOJIOTIUHi), a TAKOX SKICTH/BIACTHBOCTI Ta BMIiCT BOTHETPHUBKHX
MaTepiaiiB Ha 3aBojax. JlabopaTopHi aHai3H POBOJMIKCS Y CIIEIiaNi30BaHUX Jab0paTopisiX.

PesyabTaTu. BusBieHo Ha OCHOBI MPOBENEHNUX AOCIIIKEHb, Mo Heria MgO-C e 6ibin eheKTHBHOIO 3 TOUKH 30pYy 3aro0iraHHs MO~
KOJKCHHIO Tieyi. PeKOMEHI0BaHO Il ONMTHMI3allii BUPOOHHYOTO MPOIECY MOJIMIIMTH CKIIaJ PO3IJIABICHOTO METAly Ta IITaKy, a TAaKOXK
TIOCHJIUTH KOHTPOJb HA/I OCHOBHUMH TapaMeTpaMu Npolecy. 3alporoHOBAHO PETYISIPHUN OTJIAA OTHEYNOPY Tedi, SKHid Hazmae iHpopMaIiio
010 TIOTOYHOI CUTYaIil 1, KpiM TOTO, IOKa3y€e CTYIiHb 3HOCY Ta KPUTHYHI TOUKU 3HOCY IOIIKOKEHOI ()yTEpOBKH Teyi.

HayxoBa HoBu3Ha. Briepie BcraHoBieHo, mo FeNi-enekTpiyHa miv mparroe i BIUIMBOM LITaKy 3 BUCOKHM BMicToM SiO2, Meraiy 3
HU3BKUM BMicTOM C 1 BUCOKMM BMICTOM Si, BHCOKHX TEMIIEPATYP i Ty>ke BUCOKOI OKHCHOI aTMoc(epH.

IIpakTHuna 3HaYNMicTh. BOrHETpUBKHI MaTepial € OTHAM i3 OCHOBHUX TEXHIYHHX 3ac00iB, III0 BIUIMBA€E HA MOKA3HUKU BUTPAT HOBO-
ro mianpuemctBa gepoHikemo y KocoBo. binbr Bucoka MpoayKTUBHICT BOTHETPUBKOI ()yTEPOBKH MO3UTHBHO BIUTMHE HA JTOBTOBIYHICTH
TIedi Ta AKIiCTh KiHI[EBOTO MPOAYKTY .

Knruoei cnosa: gpeponixens, oecHempugki Mmamepianu, wiiax, Onmumizayis, spagimoei 610xu

ObocHOBaHUE OTHEYNIOPHOIi (yTepOBKH, KOTOpPasi BiaUsieT HA 3(PPEeKTUBHOCTH
HCMOJIb30BAHMS dJIeKTpoMneyeii 1 NPOU3BOACTBAa GeppoHUKeJIst

H. [esa, U. N6parumun

Ilesab. O00CcHOBaHHE BO3MOXHOCTH 3aMeHBI cyliecTByomero kupnuya MgO kupnudom MgO-C n3-3a ero yCToH4MBOCTH K KECTKOMY
BO3/EHCTBUIO IIIIAKOB JJIEKTPUYECKOH Meyr U cojepikaHus Si B MOIy4eHHOM METajlle, YTO MOXKET MOJIOKUTENBHO MOBIUATh HA YMEHbIIIe-
HHE 3aTpaT OrHECYNOPHBIX MaTEPHUAJIOB.

MeTtoauka. MccnenoBanue MoKa3bIBa€T Pe3yJIbTaThl TEOPETUUECKUX U SKCIIEPUMEHTAIBHBIX JAaHHBIX, ONPEIEAIONIX 3aBHCUMOCTb 3JIE€KTPHU-
YecKOH Ieun OT THIIA OTHEYNOPHOIO0 MaTepuana, KOHCTPYKIHHU CTeH, SKCIUTyaTalliOHHbIX MapaMeTpoB M (yTEpOBKH DJIEKTPONEYH, KOTOpBIE, KaK
OXKMJTaeTCsl, Oy TyT MMETh 3HAUMTENIBHOE BIIMSHIE HA CTOMMOCTh IIPOM3BOICTBEHHOIO Ipoltecca. {1 onpeeneHnst Cpoka CryKObl/ 10T OBEYHOCTH
OTHEYIIOPHOTO MOKPBITHA ObUIM M3ydeHBI paboyue mapaMerpsl (XUMHYECKUE, TEPMUUECKUE U TEXHOJOTHYECKUE), a TAaKKe KadecTBO/CBOICTBA U
Coziep)kaHKe OTHEYOPHBIX MaTepHasIoB Ha 3aBojax. JlabopaTopHble aHaIM3bl MPOBOAMIIICE B CTIEIMAIM3UPOBAHHBIX JIA0OPATOPHSIX.

PesyabTaThl. BoIiBIeHO Ha OCHOBE IPOBEICHHBIX HccenoBaHuH, uto kuprnnd MgO-C Gonee 3hGeKTHUBHBIN C TOUKH 3peHHs NPEnoTBpa-
IIEHHs TOBPEXKJICHUS TeYr. PeKoMeH10BaHO JUIs ONTUMHU3AlUK IPOU3BOJICTBEHHOTO MPOIECcCa yIy4lIUTh COCTaB PACILIABIEHHOTO METallia U
IIJJaKa, U YCUJIUTh KOHTPOJIb HaJl OCHOBHBIMM IapaMeTpamu mpouecca. [Ipeanoxken perysipHblii OCMOTpP OTHEYIIOpa M€4H, KOTOPbIA JaeT UH-
(opmanmo o TeKyIuel CUTyallt U, KpOME TOr'0, IOKa3bIBaeT CTENeHb H3HOCA M KDUTHUECKHUE TOYKH H3HOCA TOBPEXKIEHHON (DYTEpOBKH IIEUH.

HayuHnasi HoBu3HA. Briepsbie ycraHoBneHo, uto FeNi-anekrpudeckas neub padoTaeT 1oJ| BIMSHUEM IIIaKa ¢ BHICOKHM COZIEpPIKaHUEM
SiOz, MeTaia ¢ Hu3KHM conepkanueM C U BBICOKUM COZIEpIKaHHeM Si, BRICOKUX TEMIIEPaTyp X OYeHb BBICOKON OKHCIIUTEIBHON aTMOC(hEpEL.

IIpakTnyeckas 3HaYMMOCTh. OrHEYIIOPHBIM MaTepHall ABJISETCS OOHUM M3 OCHOBHBIX TEXHMYECKHX CPEJICTB, KOTOPBIH BIMAET HA IIO-
Ka3aTeJl PacxoJI0B HOBOTO MpeanpuaTus Gpepponuxens B Kocoso. Bricokast MpoH3BOAUTENBHOCTh OTHEYIIOPHOH (yTEPOBKU MOJNOKHUTENIBHO
TIOBJIMSIET HA JIONTOBEYHOCTD IIEYH M Ka4ECTBO KOHEYHOIO MTPOJYKTA.

Kniouesvie cnosa: ¢hepponurens, o2neynopnsie Mamepuatl, Wiax, ONMuMU3ayus, spagumosnle 610Ku
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