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Abstract. Using an electrolytic model, the authors investigated the operation of a ferroalloy furnace with increased electrode diameters and power.
A traditional aqueous solution with a concentration of 0.2 % NaCl was used as the working fluid. Diameter of the electrodes was increased from 30
to 150 mm. The parameters of furnaces with a capacity from 7.5 — 10.5 to 81 MV-A during ferrosilicon smelting correspond to the results of simula-
tion experiments, which were confirmed during the smelting of 45 % ferrosilicon in industrial furnaces with similar relative technological parameters.
The type of dependence of the decrease in bath resistance on the increase in electrode diameter for industrial ferroalloy furnaces is similar to the depen-
dence obtained as a result of modeling experiments. The factor of a significant decrease in the bath resistance due to an increase in electrode
diameter for ferroalloy furnaces of different capacities during the smelting of a single alloy is very significant. With an increase in current strength
of the electrode, electrical efficiency, the furnace power factor and the share of active power in the bath decrease. Analysis of the furnace parameters
during smelting of 45 % ferrosilicon confirms the conclusions of electrolytic modeling of ferroalloy furnaces about the significant role of increasing
the diameter of furnace electrodes in reducing the bath active resistance.
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AHHomayus. Ha 31ekTponnTrieckoil MoJIen aBTopbl UCCIeN0BaId paboTy (heppOCIIaBHOM MeYr IPH yBEJIMUESHHH AUAMETpPa 3JIEKTPOJIOB U MOBbI-
MIEHUH MOIIHOCTH. B KadecTBe paboyero Tena MCIONB30BaIN TPAIUIIMOHHBIN BOAHBIN pacTBop ¢ KoHueHTparwen 0,2 % NaCl. Tuametp amek-
Tponos ysenuuuBanu or 30 no 150 mm. ITapamerpsl neueit MomHocTsio ot 7,5 — 10,5 1o 81 MB-A npu BblIaBke GeppoCHINLNS COOTBETCT-
BYIOT pe3yJIbTaTaM OIBITOB MOJICIIMPOBAHMUS, KOTOPbIE ObIIM MOATBEPIKACHBI IPH BhITUIABKE 45 %-HOro GpeppoCHIuLus B IPOMBIIUICHHBIX MeYax
C QHAJIOTMYHBIMU OTHOCHUTEJIBLHBIMH TEXHOJIOI'MYECKUMH NapaMeTpamMu. B 3aBUCUMOCTH CHMIKEHHUSI CONPOTHUBICHHS BaHHBI OT YBEIMYCHHS
JIMaMeTpa HIEKTPOJIOB JUIS TPOMBIIUICHHBIX ()epPOCILIABHBIX MeUeii aHATIOTMYEH 3aBUCHMOCTH, OJIyYE€HHOH B PE3yJIbTaTe ONBITOB MO MOJICIIUPO-
BaHM10. DAKTOP 3HAUMTEIBHOIO CHHIKEHHUS COIPOTHBIICHUSI BAHHBI OT YBEJIMUYEHHS AUAMETPa dJIEKTposa Ul (eppoCIUIaBHBIX Ieuel pa3InuHoM
MOIIIHOCTH IIPYU BBIIUIABKE OJTHOTO CIUIABA UMEET BEChbMa CyLIeCTBEHHOE 3HadeHHe. [Ipy yBelIMueHNN CHITbI TOKA DJIEKTPOA CHIDKAIOTCS QJIEKTPHU-
yeckuit KI1JI, ko3 puunenT MouHOCTH neyu u 101k aKTUBHOM MOIIHOCTH B BaHHE TEXHOJOTHYecKoro npouecca. [IpoBeneHnslii aHanu3 napa-
METpPOB TIeuell IpH BBILIABKE 45 %-HOro (eppocuuIs MOATBEPKIACT BHIBObI AIEKTPOITUTHYECKOTO MOJICTMPOBAaHUS (DePPOCIIABHBIX Heuei
0 3HAUUTENILHON POJIM YBEITMYEHHUs! IHaMeTpa dJIEKTPOIOB Teueii B CHUKEHUH aKTHBHOTO CONPOTHBIICHUS BAaHHbI.

Kaiouesvle cao08a: GpeppociuiaBHas 1eub, MOJIENb JIEKTPOIICUH, JHaMETpP SJIEKTPO/Ia, paca/l AIeKTPOIOB, aKTHBHOE CONPOTHBIICHHE BaHHBI, KOA(HH-
[MEHT MOIHOCTH
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- INTRODUCTION

Studies of ferroalloy electric furnace models have
a long history and continue in a number of research
works aimed at improving the arc model in three-phase
furnaces [1] and achieving effective heat distribution in
closed-arc baths [2]. In [3], comprehensive modeling
of furnace operation during ferronickel smelting was
carried out. Several domestic studies have investigated:
charge melting models in six-electrode furnaces [4]; fur-
nace control models with maintenance of slag bath resis-
tance [5]; and favorable current distribution in multi-
electrode furnaces [6]. A number of these models
adequately reproduce real processes, making it possible
to obtain reliable information on the parameters of fur-
nace operation and their interaction. Various simulation
models of furnaces are widely used, including electro-
lytic modeling of ferroalloy furnace baths.

Increasing the power of ferroalloy furnaces is accom-
panied by larger electrode diameters, which results in
higher capital and operating costs, greater consump-
tion of non-ferrous and ferrous metals, and techno-
logical challenges. For example, when furnace power
increases from 7.5-10.5 to 10° MV-A, the diameter
of self-baking electrodes grows significantly — from
900 to 1800—-2000 mm (a 2.0-—2.2-fold increase).
The electrode current rises from 32 — 37 to 160 kA and
above (a 4.3 — 5.0-fold increase). By contrast, the opera-
ting voltage increases far less significantly — from 130
to 230 —300 V (a 1.8 — 2.3-fold increase) [7]. This only
indirectly indicates a decrease in the active bath resistance
of the furnace and the power factor, leading to higher
power losses in the short network.

On an electrolytic furnace model, studies were car-
ried out to determine and evaluate changes in active bath
resistance (in the electrode—hearth section) as electrode
diameters increased. For comparison, an analysis
of the operating parameters of industrial ferroalloy fur-
naces with different capacities and electrode diameters
was also performed.

[ EXPERIMENTAL PROCEDURE

A traditional aqueous solution with a concentra-
tion of 0.2 % NaCl was used as the working fluid
in the model. The experiments followed a method similar
to that described in [7]. The diameter of the graphitized
electrodes was varied from 30 to 150 mm. The diame-
ter of the conducting hearth of the model was calcu-
lated using the expression D, . =d + 2a, where d, is
the electrode diameter, mm and a is the distance from
the electrode to the bath wall, mm. Typically, the electro-
de-to-wall distance in furnaces is (0.8 + 1.0)d,, with
an average value of 0.9d,. For all experiments, it was
assumed that D, . =2.8d, . For ferroalloy smelting,
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the electrode—hearth distance corresponds to the range
of (0.6 +0.8)d, [8] (expressed in electrode diameters).
The relative sub-electrode gap (h/d,) was set at 0.7
of the electrode diameter. The electrode immersion depth
Ah in the electrolyte was taken as equal to the electrode
diameter.

[ INSTALLATION DESCRIPTION

Alternating current at 50 Hz was supplied through
an autotransformer and an isolation transformer to a ver-
tically positioned electrode and the conducting hearth
of the furnace model. Bath resistance for each electrode
diameter was determined from current and voltage mea-
surements.

Conditions for modeling electrical parameters:
p = const — specific electrical resistivity of the model
bath, Q-cm; h/d, = const —sub-electrode gap, expressed in
electrode diameters; Ah/d, = const — electrode immersion
depth, in electrode diameters; ¢ = const =23 °C — electro-
lyte temperature during the experiments. The variation
in bath resistance of the model with increasing electrode
diameter is shown in Fig. a.

For comparison, parameters of 43 furnaces used for
ferrosilicon smelting (operating voltage, electrode cur-
rent, and power factor) were analyzed. The active bath
resistance of the furnace, R (m(), was determined
according to the relation

act

_ Uoper cos (P

R
“1T73L

where Uoper is the operating voltage at the transformer
stage, V, cos¢ is the furnace power factor, and 7, is
the electrode current, kA.

The processed data for industrial ferrosilicon fur-
naces, showing the change in active bath resistance with
increasing electrode diameter, are presented in Fig. b.

[l D1SCUSSION OF THE RESULTS

Increasing the electrode diameter in the ferroalloy
furnace model results in a marked decrease in bath
resistance. To validate this dependence, the parameters
of 43 furnaces were analyzed. The power of the furnace
transformers ranged from 7.5 — 10.5 to 81 MV-A, while
the diameter of self-baking electrodes increased from
750 — 900 to 1900 — 2000 mm.

Notably, in industrial ferroalloy furnaces, the reduc-
tion in bath resistance with increasing electrode dia-
meter follows the same trend as observed in the modeling
experiments.

The findings can be applied as a methodological basis
for laboratory training in ferroalloy production, particu-
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Change in the bath active resistance with an increase in the electrode
diameters on electrolytic model of a ferroalloy furnace (a)
and on 43 industrial furnaces (b) with a capacity of 7.5 - 81.0 MV-A
during smelting of 45 % ferrosilicon

VI3MeHeHHe aKTHBHOTO CONPOTUBIICHUS BAHHBI IIPH YBEIUYCHUI
JIMaMeTpa EKTPOIOB Ha EKTPOIUTHYECKOH Moaenu
(dheppocmaBHoii ieun (@) u Ha 43 POMBIIILICHHBIX Teuax (b)
Mol1HocThio 7,5 — 81,0 MB- A nipu BbiriaBke 45 %-Horo deppocununus

larly for studying the relationship between furnace power
and self-baking electrode diameter.

The significant reduction in bath resistance with
increasing electrode diameter across ferroalloy furnaces
of different capacities, when smelting the same alloy, is
of considerable importance. However, as electrode cur-
rent rises substantially, energy performance indicators
deteriorate: electrical efficiency, furnace power factor,
and the proportion of active power in the bath all decrease.

- CONCLUSIONS

Analysis of furnace parameters during the smelting
of 45 % ferrosilicon confirmed the results of electrolytic
modeling of ferroalloy furnace operation, highlight-
ing the significant role of increasing electrode diameter
in lowering active bath resistance. In this case, the use
of carbonaceous reducers with higher specific electrical
resistivity, along with additional reactive power compen-
sation, becomes necessary.
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