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Methodology for Calculating the Economic
Feasibility of Innovative Development of Sponge
Ferrotungsten Production in Domestic Metallurgy

This study presents a comprehensive methodology for assessing the economic feasibility of implementing innovative
production of sponge ferrotungsten (SFTG) in the domestic metallurgical industry using powder metallurgy methods.
The proposed technology is aimed at fundamentally optimizing the consumption of scarce resources and energy by
fully or partially replacing expensive reducing agents, such as silicon and aluminum powders, with dispersed carbon-
containing industrial waste. This allows not only to reduce the cost of the product, but also to simplify the hardware
design of the melting process.

The use of SFTG as an innovative alloying additive in the smelting of high-speed steel (using the example of the
P6M5 grade) provides a qualitatively new level of alloying efficiency. Due to the high specific surface area and developed
porosity of the "sponge”, the time for dissolving tungsten in the melt is reduced, which minimizes the oxidation potential
of the bath and reduces irreversible losses of other alloying elements. The paper details a mathematical model of
economic calculation based on a cross-sectional analysis: from reducing material consumption at the oxide reduction
stage to increasing the productivity of electric arc furnaces DSV-25.

Particular attention is paid to the thermodynamic criteria for tungsten absorption, which is 5-7 times higher than that of
traditional fused ferrotungsten. The economic effect is confirmed by calculations using current London Metal Exchange
(LME) quotes. The results of the study prove that the introduction of FVG production is a strategically important step for
import substitution and increasing the competitiveness of domestic special steels on the world market in the context of
the energy crisis.

Keywords: sponge ferrotungsten (FVG); powder metallurgy; tungsten alloying; high-speed steel P6M5; resource-

efficient metallurgy; reducing agents substitution; carbon-containing waste.

ntroduction. Existing technologies of carbon and
aluminothermic melting for obtaining metals based
on molybdenum and tungsten are transformed into
domestic methods of powder metallurgy and are
receiving their further development [1-3]. The resulting
products of the same purpose have qualitatively new,
predetermined, technological properties, which confirm
advanced scientific developments in domestic and foreign
practice [2, 4, 5]. Technological parameters for obtaining
sponge alloying materials and their quality characteristics
are being improved [6]. Their high economic efficiency

for obtaining and using special steels in steelmaking has
been confirmed [7, 8]. This indicates the need to develop
this direction in the metallurgy of liquid and refractory
alloying materials, which will undoubtedly affect the
increase in the efficiency of steelmaking [9].

Problem statement. This work sets the task of
deepening research in the direction of obtaining a new
alloying material based on tungsten by powder metallurgy
methods, and the specific tasks of this part of the work
are to analyze, calculate and economically evaluate the
production and use of sponge ferrotungsten for alloying
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special steels.

Results. The developed technological regulations
for the production of sponge ferrotungsten with
predetermined consumer properties, its use as an
alloying material revealed a number of factors that
were not taken into account when assessing economic
efficiency, both in production and in the field of use.

Among such factors that have been developed in the
technical solution of resource and energy conservation
and that affect its effectiveness, the following should be
included:

— exclusion of the use of valuable silicon and
aluminum powders as a reducing agent and their
replacement with carbon-containing waste;

— elimination of the operation of dividing molten
ingots into smaller pieces, etc., which reduces the cost
of redistribution of liquid concentrates.

When using spongy tungsten as an alloying material,
the time for dissolving tungsten in the melt is sharply
reduced, which significantly reduces the selected
tungsten and other alloying elements and deoxidizers
and significantly increases the productivity of the main
metallurgical units, which ultimately reduces the cost of
smelting redistribution.

In the current work, an assessment of the end-to-end
economic efficiency in obtaining spongy ferrotungsten
and its use in smelting high-speed steel P6M5 in an
electric arc furnace DSV-25 was performed.

The calculations take into account such factors
as a decrease in the cost of obtaining a new material
due to a decrease in energy costs for the technology
of reducing tungsten concentrate, the use of relatively
cheap and common reducing agents in the technology,
a decrease in losses due to sublimation of compounds
and an increase in the yield of the product. When using
a new alloying material as an alloying additive in molten
steel, such factors are taken into account as a decrease
in the cost coefficients for the re-division of the melt for
tungsten, chromium, molybdenum and vanadium due to
a decrease in the oxidation potential of the steel melt,
the specific consumption of technological energy with
an increase in the speed of tungsten diffusion through
the steel melt by 5-7 times compared to standard molten
ferrotungsten, etc. Thus, this specific technical solution
for the use of sponge ferrotungsten as an alloying
material to determine its economic feasibility requires
the use of not only general recommendations, but also
taking into account the original comparison criteria. Such
criteria include the calculation of balances for elements
introduced and absorbed during steelmaking, and the
comparison of the consumption of a given element by
the charge with its content in the finished metal (a value
inverse to the absorption coefficient).

In these conditions, the calculation using the above-
mentioned coefficients is preferable for determining the
balance of charge materials for smelting carried out
using basic and new technologies. When performing
calculations, the methodology described in [7] was used,
with the specification of the corresponding coefficients.

According to the results of the implementation
of production technologies and the use of sponge

ferrotungsten (FVG), it is recommended to use it instead
of fused ferrotungsten of grades FV70, FV75, FV65, etc.
According to GOST 17293-82 and tungsten concentrate
according to GOST 213-73 of grades Klll, KSH, KMSHI
... KMSHZ.

The economic effect of using FVG is calculated
according to the cost of oxide molybdenum (tungsten)
concentrate (raw material for FVG production), according
to LME (London Metal Exchange) data and the experience
of marketing operations at domestic special steel plants.
The cost ratio of the stratum KSHI is 1.07-1.09 kg per 1
kg in FEN. The cost price, redistribution of metallization
in the production process of sponge ferrotungsten is
taken per 1 kg of FRG with a content of 60 % W.

The profit from the production and sale of a new
alloying material based on tungsten will be:

P= i(T1—C1)xQ1, (1)
i=1

where: T, —the price of 1 kg of tungsten in standard and
sponge ferrotungsten at the LME rate;

C, — full cost of production of sponge ferrotungsten in
terms of the basic content of 100 % W;

Q, — production volume (per 1000 kg).

The generalized indicators of high-speed steel
smelting using calcined tungsten concentrate (KSHI),
standard fused ferrotungsten FV70 and sponge
ferrotungsten (FVG) are taken using 66.3 g of FVG and
consumption coefficients before and after the introduction
of the new technology.

1. Savings due to reduced consumption of alloying
elements per 1 ton of steel P6M5K5 when smelting in an
arc furnace DSV-25 are calculated by the formula:

E1 = (n1 - nz)/B1.y1.C1 + (Z1 - Z2)/['))2.-)/2.C2 +
+ (I = LBy Cy + (& — &Ry, - C 2)
+(m,—m,)/Bsy, - Cy,

where: n,, z, I,, &, m, — consumption of chromium,
molybdenum and vanadium per ton of liquid steel when
smelting from KSHI, kg;

N, Z, l, &, m, — consumption of chromium,
molybdenum and vanadium per ton of liquid steel when
smelting from FVG, kg;

B, B, By B, Bs — share of chromium, molybdenum
and vanadium, respectively, in ferroalloys;

Y1» Yo ¥ ¥4 Ys—@bsorption of chromium, molybdenum,
vanadium, tungsten and cobalt from ferroalloys;

C, C, C, C, C, — cost of ferrochrome, ferro-
molybdenum, ferrovanadium, ferrotungsten and cobalt,
respectively, dollars/kg of metal.

2. Costs of increasing the cost of FVG in relation to
the Consumer Price Index (CPI):

C=2,(C,-C,), (3)
where: Z,;” — tungsten consumption, kg/t; C, — cost of

FVG, $/kg W; C, — cost of KISI, $/kg W.
3. Costs of increasing the cost of FVG in relation to
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ferrotungsten:

C,=(Z-Z2,)C,-C)), (4)
where: Z,” — FVG costs, kg/t; Z,” — costs of KMI, kg/t; C,,
C, — cost of FVG and FV60, $/kg W.

4. The total efficiency when using FVG in combination
with KSI in F870 is:

E,=E, - C,- C, dollars/t of steel. (5)

5. The economic effect of using 1 t of sponge
ferrotungsten is:

E, = (E,1000)E,. (6)
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IHxeHepHUl HagyanbHo-Haykosul iHemumym im. KO.M. lomebHi
3anopi3bKo20 HauioHabHO20 yHisepcumemy (3anopixxs, YkpaiHa)

MeToponorisa po3paxyHKy eKOHOMiIYHOI AOUiNbHOCTI iHHOBALMHOrO PO3BUTKY BUPOOHULTBA
ry6yacroro chepoBonbpamy y BiTYU3HAHIN meTanypril

Y ubomy pocnigxeHHi npeacraBieHO KOMIMJIEKCHY METOAOJIOr0 OLUiHKM €KOHOMIYHOI AOLi/IbHOCTI BrpOBaaXEHHS
iHHOBaLiiHOro BUPOOHULTBA ryb4acToro gepoBosbppamy (IDB) y BIiTYN3HSHIVE MeTanypriviHii MpPoOMUC/IOBOCTI 3
BUKOPUCTAHHSIM METOAIB MOPOLLKOBOI MeTanyprii. 3anponoHoBaHa TEXHOJIOris CrpPsIMOBaHa Ha MPUHLNMOBY ONTUMI3aLlito
CMOXWBaHHS AeiLUMTHUX PECYPCIB Ta eHeprii LWsXoOM MoBHOI ab0o 4aCTKOBOI 3aMiHV 4OPOrnxX BifJHOBHUKIB, TAKUX SIK MOPOLLIKM
KDEMHIIo Ta aslloMiHilo, ANCreproBaHUMN BYriieLe€BMICHUMU MPOMUCIOBUMU Bigxoaamu. Lle 4o3BOSIE HE TilbkKU 3HU3UTU
cobiBapTicTb NPoAyKLii, ane vi CrpoCTUTY anaparypHe MPOEKTYBAHHS MPOLECY MI1aBJIEHHS.

BukopuctaHHs DB sk iHHOBaLiiHOI neryro4oi nobasku rnpy BUriaBLi LLIBUAKOPI3abHOI cTasi (Ha npuknagi Mapku
P6M5) 3abeasnedye sikicHO HOBWI piBeHb €OeKTUBHOCTI sieryBaHHsl. 3aBAsikvi BUCOKIV MUTOMIV MOBEPXHI Ta PO3BUHEHI
rMopuUCTOCTI «ryOKM» CKOPOYYETHCS YaC PO3YUNHEHHSI BOJIbOpaMy B PO3r1N1aBi, IO MiHIMI3YE OKUCIIOBaJIbHWUI NMOTEHLian BaHHN
Ta 3MEHLLY€E HE3BOPOTHI BTPATU IHLLINX JIETYIOYUX €JIEMEHTIB. Y CTaTTi AeTasibHO On1caHo MareMaTtuyHy MoAesib EKOHOMIYHOIro
pO3paxyHKy Ha OCHOBI MEPExXPEeCcHOro aHanidy: Bif 3MEHLUEHHSI MarepiasoMIiCTKOCTI Ha CTaaii BiAHOB/EHHS OKCuAiB A0
niABULLIEHHS NPOAYKTUBHOCTI enekTpoayrosux neven [CB-25.

Ocob6nmBa yBara npuginseTsCcs TepMOAVHAMIYHUM KPUTEPISIM MOrIMHaHHs BO/ibpamy, sske B 5—7 pasiB BuLle, HIX y
TPaANLIVIHOrro riasieHoro gepoBosibppamy. EKOHOMIYHWI e(PEKT NigTBEPLXEHO PO3paxyHKaMm 3 BAKOPUCTAHHSIM MOTOYHUX
KkoTupyBaHb JIOHAOHCLKOI Gipxxi meTaniB (LME). Pe3ynbtatv AOCTIOXEHHS] A0BOASTh, L0 BIPOBaAXEHHS] BUPObHuLTBa FVG €
CTpareriyHo BaxsimBuvM KPOKOM AJ15 IMIMOPTO3aMILLEHHS Ta MiABULLEHHS KOHKYPEHTOCIPOMOXHOCTI BITYU3HSIHUX CrieuiasibHUX
cTasieli Ha CBITOBOMY PUHKY B YMOBaxX €HEepreTuyHoOi Kpu3u.

K q ly6yactuii  ¢pepoBonbppam (FVG);, nopowkoBa MeTanypris;, JsneryBaHHs BoJibppamy;
JirotioBI cnosa wBmaKopi3anbHa ctaib PEM5S; pecypcoepekTvBHa MeTasnypris; 3amiHa BiAHOBHUKIB; BiAXoau,
LLIO MICTSITb BYI/1ELb.
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