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ABSTRACT

The article presents the results of studies on the influence of time, the amount of steel shavings and coke
on the electric melting of ferrosilicon manganese dusts to obtain a ferroalloy. The research was carried out
by the method of rotational planning of the second order (Box-Hunter plans) and by electric smelting of
dust in laboratory ore-thermal arc furnace. Dust from the production of ferromanganese by LLP Taraz
Metallurgical Plant, coke and steel shavings were used during the research. It was determined that to
achieve aSi270%the process must be carried out in the presence of 25% coke and 8.1-9% steel shavings
from the mass of dust for 55.8-60 minutes, to achieve aMn in an alloy of 80-85% the process must be
carried out in the presence of 25% coke, 5.7-9.0% steel shavings for 41.2-54.4 minutes. When melting the
charge containing 75.2% of dust, 18.8% of coke, 6% of steel shavings, within 60 minutes the weight of the
ferroalloy was 258 g (38.8% of the weight of the charge or 51.6% of the weight of dust). The degree of
extraction of manganese into the alloy was 82.3%, silicon - 66.1%. The resulting ferroalloy belongs to
ferrosilicon manganese of the FeMnSil2 grade.
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Introduction

Ferrosilicon manganese is an iron alloy based

manganese-containing raw materials are
manganese ores and concentrates, quartzite is used
as a silica-containing component, and iron-

on manganese (at least 60%) and silicon (from 10 to
35%) used for deoxidation and alloying of steel,
alloys, cast iron, and the production of refined
manganese alloys [1]. In most countries,
ferrosilicon manganese is still smelted in blast
furnaces [2]. The essence of this process is the
melting of manganese ores or their concentrates
and iron-containing components to produce
ferrosilicon-manganese and refractory slags [3].
Another share of ferrosilicon manganese smelting is
accounted for ore-thermal furnaces [4-8]. The main

containing components are metal additives, pellets,
iron chips, etc. [1, 9].

In 2020, Kazakhstan produced 122797 tons of
ferrosilicon manganese, which was obtained in the
Zhambyl region, Karaganda, Pavlodar and the city
of Shymkent [10]. Half of the ferrosilicon
manganese produced goes to the Russian market
(28% of the ferrosilicon manganese imported by
Russia comes from Kazakhstan alloy) [11].

An unavoidable waste in the production of
ferrosilicon manganese is dust formed as a result of

—— 43 ——


mailto:shevkovm@mail.ru
mailto:shevkovm@mail.ru
https://orcid.org/0000-0002-9814-6248
mailto:sunstroke_91@mail.ru
https://orcid.org/0000-0003-0027-4258
https://orcid.org/0000-0002-1439-8676
https://creativecommons.org/licenses/by-nc-nd/3.0/

KomnnekcHoe Mcnonb3oBaHne MuHepanbHoro Chipbsi. Ne3 (318), 2021

ISSN-L 2616-6445, ISSN 2224-5243

evaporation and sublimation of the main elements
and their volatile compounds, as well as due to
mechanical entrainment of the charge components
[12-14]. For the purpose of processing and
utilization of ferrosilicon manganese dusts, they are
usually included in the composition of the charge
for reuse in the technological process [15], and
hydrometallurgical processing is also proposed [16].
The results of thermodynamic studies and
exploratory experiments on dust processing by
«Taraz Metallurgical Plant» LLP were published
earlier [17, 18]. The article presents the results of
research on the effect of time, the amount of steel

chips and coke on the electric melting of
ferrosilicon manganese dusts to produce a
ferroalloy.

Experimental part

The studies were carried out by the method
of rotatable planning of the second order (Box-
Hunter plans) and electric melting of dust in a
laboratory ore-thermal arc furnace.

Electric melting of the charge was carried out
in a single-electrode arc furnace lined with
chromomagnesite bricks. The hearth electrode was
made of a graphite block. A graphite crucible
(d=6cm, h=12cm) was placed on the plate. The
space between the crucible and the lining was filled
with graphite chips. The furnace in the upper part
was closed with a removable lid with holes for the
graphite electrode (d = 3 cm) and the gas outlet.
Before melting, the crucible was heated with an arc
for 20-25 minutes at a current of 250-300A and a
voltage of 45-55V. After that, the first batch of
charge (200 — 230g) was loaded into the crucible. It
was melted for 3-5 minutes, then the remaining
part of the charge (200 — 250g) was loaded and
melted for the required time. During the melting
period, the current was 350-450A, the voltage was
25-30V. The electric power was supplied to the
furnace from the transformer TDZhF-1002. The
required power was maintained by a thyristor
regulator. The current was monitored with a
Tangen 42L6 ammeter (accuracy class 1.5), and the
voltage was monitored with a Chint 42L6 voltmeter
(accuracy class 1.5). After electric melting, the
furnace was cooled for 6 hours. The graphite
crucible was removed from the furnace and broken.
The ferroalloy was weighed and analyzed using
scanning electron microscopy and atomic
adsorption method on the AAS-1 device (Germany)
for silicon, manganese, and iron.

Before melting, the dust was pelletized with
a 5% solution of bentonite clay. Drying of "wet"

pellets was carried out at 250 °C for 30 minutes.
From Table 1, it can be seen that from a height of
0.5 m, the pellet does not collapse with 11 drops, 7
times-from a height of 1m, 2 times - from a height
of 2m.

Table 1 - Dynamic strength of granules

Drop height, m 0,5 1,0 (15|20 25

Number of non- 11,0 70(130(20]|1
destructive drops

During the research, dust from the
production of ferromanganese of «Taraz
Metallurgical Plant» LLP was used with the content:
53,3% MnO, 24,0% SiO,, 5,4% MgO, 9,6% CaO,
3,8% Al,0s3, 1,5% Fe;0s, 1,8% ZnO, 0,6% PbO, as
well as coke (85,7%C, 5.2%Si0;, 2.1%Fe;0;,
2.0%Al,03, 1.6%Ca0, 0.4%MgO0, 0.8%H,0, 5.0%Fe0)
and steel chips containing 2,1%C, 0,4%S, 97.1%Fe,
0.4% others.

Discussion of results

Figure 1 shows the effect of the time of
electric melting of dusts together with 25% of coke
and 7% of steel chips (from the mass of dust) on
the degree of extraction of manganese and silicon
into the alloy.

90 -

20 30 40 50 60
T, min

Figure 1 - Effect of time on the degree of extraction of
Mn and Si in the alloy

It can be seen that, regardless of the time
aMn>asSi. In 60 minutes, the degree of transition of
silicon to the alloy was 64,0%, and aMn-84,2%.

Figure 2 provides information on the effect
of the melting time and the amount of steel chips
on the aMnandasSi, which shows that the aMn and
especially theaSiare greatly influenced by the
amount of steel chips. At 60 minutes of melting, an
increase of 3 to 9% of the steel chips increases
theaMnfrom 82,4 to 86,0%, and theasSi -from 56,0
to 72,0%.
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Figure 2 - Effect of the melting time and the amount of
steel chips on the degree of Si and Mn recovery in the
alloy

To determine the optimal time of electric
melting, the amount of steel chips at aMnand
aSithe studies were carried out by the method of
rotatable planning of experiments (Box-Hunter
plan), followed by the construction of three-
dimensional and planar images [19]. Table 2 shows
the planning matrix and the experimental results of
the influence of steel chips (Ch., %, by weight of
dust) and coke (Coke, %, by weight of dust) on the
degree of extraction of Mn and Si in the alloy.

Table 2 - Planning matrix and results of electric melting
of ferrosilicon manganese dust on the effect of steel

chips and coke on the degree of extraction of
manganese and silicon in the alloy

Variables
No Encoded view Natural look Otsi, o,

X1 x2 |chw |COke | % |

%

1 -1 -1 3,9 17,9 42.6 | 60.7
2 1 -1 8,1 17,9 50.6 | 74
3 -1 1 3,9 32,1 71.7 | 86.3
4 1 1 8,1 32,1 77.7 | 94.1
5 1.41 0 9 25 59.3 | 91
6 -1.41 0 3 25 54.4 | 76.3
7 0 1.41 6 35 79.8 | 93
8 0 -141 | 6 15 33.3 | 59.4
9 0 0 6 25 66 83
10 | O 0 6 25 64.7 | 83.8
11 |0 0 6 25 64.1 | 84
12 |0 0 6 25 62.8 | 84.6
13 |0 0 6 25 62 84.9

Based on the data in the table, the regression
equations aSi=f (Ch, Coke) and aMn= f (Ch, Coke):

aSi=-56,477+9,015-Ch+5,022-Coke-5,776-10"%-Ch?-
5,535-10%-Coke?-3,353-102-Ch-Coke (1)

aMn=42,07+6,139-Ch+6,377-Coke-1,111-10"*-Ch?-
8,376-102-Coke?-9,222-10°2-Ch-Coke (2)

On the basis of relations (1) and (2) according
to [20], volumetric and planar images of the
dependences aSi=f (Ch, Coke) and aMn= f (Ch,
Coke) are constructed (Figure 3, 4).

A B

A- volumetric images, B- planar images
Numbers on the lines- aSi, %

Figure 3 - Influence of steel chips and coke on the degree
of silicon recovery in the alloy

& ' i

A- volumetric images, B- planar images
Numbers on the lines- aMn, %

Figure 4 - Effect of steel chips and coke on the degree of
manganese recovery in the alloy

Figure 3 shows that within 60 min aSi from
60 to 80,3% (shaded area) 3-9% of steel shavings
and 22.7-35% of coke from the mass of dust are
noted. Manganese is reduced better thansilicon
(Fig. 4). aMn 85-93.1% (shaded area) is possible
with 3-9% steel shavings and 21.6-35% by weight of
dust. Table 3 shows the experiment planning matrix
and their results on the effect of time (t, min) and
steel chips (Ch, % of the dust mass) on the degree
of extraction of manganese and silicon into the
ferroalloy. This series of experiments was
conducted in the presence of 25% coke.
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Table 3 - Planning matrix and results of electric melting
of ferrosilicon manganese dust on the effect of steel
chips and time on the degree of extraction of manganese
and silicon into thealloy

Variables

Ne | Encoded view Natural look ;Si' ;M"'
. (1] 0

X1 X2 T,min | Ch, %
1 -1 -1 34 3,9 32,5 | 56.8
2 1 -1 56 3,9 56.4 | 82.5
3 -1 1 34 8,1 27.7 66.7
4 1 1 56 8,1 67.2 85.0
5 141 0 60 6 64.8 | 84.2
6 -1.41 0 30 6 21.7 | 41.6
7 0 1.41 45 9 59.0 | 83.3
8 0 -1.41 45 3 49.3 75.0
9 0 0 45 6 54.0 | 79.0
10 | O 0 45 6 549 | 81.9
11 |0 0 45 6 55.4 | 79.5
12 | 0 0 45 6 55.2 | 81.4
13 |0 0 45 6 56.0 | 82.0

Using the data in Table 3, the regression equations
aSi=f (Ch, t) andaMn=f (Ch, 1):

aSi=-90,063+5,32-1-3,26-Ch-5,463-10%-1%-2,64-10

1.Ch+1,68-10"-t-Ch; (3)
aMn=-148,039+7,986-1+6,05-Ch-7,023-10%-*-
8,48-:10%-Ch?-8,008-10-t-Ch. (4)

Based on equations 3 and 4, volumetric and
horizontal images of the dependence [20] aSi=f (Ch,
T) and aMn=f (Ch, 1) are constructed (Figure 5, 6).

A- volumetricimages, B- planar images
Numbers on the lines- aSi, %

Figure 5-Effect of steel chips and time on the degree of
silicon recovery in the alloy
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Figure 6-Effect of steel chips and time on the degree of
manganese recovery in the alloy

Figure 5 shows the effect of the melting time
and the amount of steel chips on the aSiin the
alloy. It can be seen that in order to achieve
aSi270% the process in the presence of 25% coke
must be carried out for 55.8-60 minutes in the
presence of 8.1-9% steel chips, and in order to
achieve aMnin the alloy of 80-85% (Figure 6
(shaded area), the process must be carried out in
the presence of 25% coke, 5.7-9.0% steel chips
from the dust mass for 41.2-54.4 minutes.

The mass of the ferroalloy obtained by
melting 665g of the charge for 60 minutes (Figure
7, Table 4), containing 500g of dust, 125g of coke,
40g of steel chips, was 258g (38.8% of the charge
weight or 51.6% of the dust weight). The degree of
extraction of manganese in the alloy was 82.3%,
silicon 66.1%. The ferroalloy contained 65%Mn,
14,9%Si, 3,6%C, 14,1%Fe and 1,3% others.
According to [21], the resulting ferroalloy belongs
to ferrosilicon manganese of the FeMnSil12 brand.

Figure 7 - Photo of a ferroalloy sample

Table 4 - Elemental composition of a ferroalloy sample
obtained by a scanning electron microscope

Element C F Na |Mg| Al Si S
Weight class, % | 2.79 | 1.3 | 0.56 |0.74| 1.25 |14.50/0.80
Element K Ca | Ti |[Cr| Mn /| Fe
Weight class, % | 1.21 |0.69| 0.26 |1.27|61.06|13.57

Conclusions

Based on the results obtained on the study of
the influence of the time of electric melting, the
amount of steel chips and coke on the electric
melting of dusts produced by ferrosilicon
manganese, the following conclusions can be
drawn:

- to achieve aSi>70% the process must be
carried out in the presence of 25% coke and 8.1-9%
steel chips from the dust mass for 55.8-60 minutes,
and to achieve an aMn of 80-85% alloy, the process
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must be carried out in the presence of 25% coke,
5.7-9.0% steel chips for 41.2-54.4 minutes.

- when melting a charge containing 75.2% of
dust, 18.8% of coke, 6% of steel chips, for 60
minutes, the mass of the ferroalloy was 258 g
(38.8% of the mass of the charge or 51.6% of the

manganese in the alloy was 82.3%, silicon 66.1%.
The resulting ferroalloy belongs to the ferrosilicon
manganese of the FeMnSil12 brand.
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deppocunnkomapraHey, eHAipiciHiH, WaHAaapbliHaH peppoKopbITNa any
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TYWIHAEME

Makanaga ¢eppoKopbiTna anbliHaTbiH  GeppoCcMNMKOMapraHeLTi  WaHAAPAbIH,  3N1EKTP
6ankbimacbiHa YaKbITTbiH, 60MaT KOHKANapbl MEH KOKC MeAwepiHiH, acepi 6oMbiHWA
3epTTeynepaiH, HaTuKenepi KenTipinreH. 3epTTeynep ekiHWi peTTi potoTabenbai ocnapnay
aaicimeH (BoKc-XaHTep Kocnapnapbl) KoHe 3epTXaHasblK KeH-TePMUANbIK [OoFanbl newTe
WwaHAabl 3NeKTpAi BanKpiTy apKbLibl Kyprisingi. 3eptreynepai »Kyprisy 6apbicbiHga «Tapas
MeTanNypruanbik 3aybite» MLUC-HiH, deppomapraHey, eHaipiciHaeri waH, KOKC kaHe 6onar
JKOHKAnNapbl KongaHbingpl. YpaicTi yprisreHae aSi270% eTy yLWiH WaH maccacbiHbiH, 25,8%
KOKC KaHe 8,1-9% 6onaT yriHginepiHeH TypatblH Mmenwepi 55,8-60 MUHYT iwiHae
6ankbITblNATLIHLI, an aMn KopbiTnackl 80-85%-fa »eTy yWiH ypaicti 25% Kokc, 5,7-9,0% 6onat
KOHKanap KatbicybimeH 41,2-54,4 MuHYT iWiHAEe >KYPri3y Kepek eKeHAiri aHbIKTangpl.
KypambiHaa 75,2% waH, 18,8% KoKc, 6% 60saT »oHKacbl 6ap wwuxtaHbl 60 MUHYT iwiHae
6ankbITKaH Kesae GeppoKOPbLITNAHbIH, CaiMafbl 258 r-Abl Kypaap! (LUMXTaHbIH canimarbiHaH 38,8%
Hemece LWaHHbIH, canmafbiHaH 51,6%). MapraHeuTiH, KopbiTnafa ety gJapexeci 82,3%,
KpeMHUigiH - 66,1%  6onabl.  AnbiHFaH  deppokopbitna  FeMnSil2  mapkanbl
deppocuankomapraHeLKe xaTtagpl.

TyiiiH ce30ep: waH, deppocmankomapraHew, 601aT XOHKaNap, KOKC, 31eKTpAi 6anKkbITy.
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MonyueHune dpeppocnnasa U3 nbineit NponssoacTsa GeppocMIMKoMapraHua

! Wesko B.M., 2Alitkynos [.K., 'bagukosa A.L., 'Tynees M.A.

LHOmHo-KazaxcmaHckuli yHusepcumem umeHu M. Ayazoea, LLbimkeHm, KazaxcmaH
2HayuoHanbHelIl yeHmp no KomnaeKcHol nepepabomke MUHepPanbHo20 cbipba Pecrybauku KazaxcmaH, Aamamel, KasaxcmaH

AHHOTALUMUA

B cTaTbe NpMBOAATCA pe3y/bTaTbl UCCAEAOBAHUIA MO BAMAHUIO BPEMEHM, KOAUYECTBA CTa/IbHOM
CTPYKM M KOKCa Ha 3M1EeKTPOMNNaBKy nbiaei ¢eppocuankomapraHua ¢ nosydeHuem
deppocnnasa. MccnefoBaHUA NPOBOAMAN METOAOM POTOTAbENbHOrO MAaHUPOBAHWA BTOPOrO
nopsaka  (nnaHbl  Bokca-XaHTepa) W 3/MeKTponnaBKoW  Nbineit B nabopaTopHoit

MNoctynuna: 09 utoHa 2021 pyaHOTEpMMUYECKOM Aayrosol neun. Npu nNpoBeaeHUMM UCCAef0BaHWUA MCMONb30BAaAW Mblib
PeueH3nposaHue: 14 urona 2021 npoussoacTea ¢eppomapraHya TOO «Tapasckuii MeTannypruyeckuin 3aBog», KOKC U CTaNbHYO
MpuHAaTa B Nneyatb: 03 ageycma 2021 CTPY!KKY. YCTaHOBNEHO, YTO ANA AOCTUXeHua aSi270% npouecc HeobXxoauMmo NpPoOBOAUTL B

npucyTcTBun 25% Kokca u 8,1 - 9% cTanbHOM CTPYXKKM OT MAcchl Mblin B TeyeHue 55,8-60 MUHYT,
a ans poctmxkeHusa aMn B cnnas 80 - 85% npouecc He06XxoAMMO NPOBOAUTL B NpUCYTCTBUU 25%
KoKca, 5,7 - 9,0% cTanbHOW CTPYXXKM B TeyeHune 41,2 - 54,4 muH. Tpu NnaBKe LUNXTbI,
cogeprawen 75,2% noinn, 18,8% Kokca, 6% CTanbHOM CTPY)KKM, B TeyeHne 60 MWH macca
deppocnnasa coctasuna 258r (38,8% OT macchbl WKXTbl MAM 51,6% oOT macchbl nbiau). CTeneHb
M3BNEYEHWUA MapraHua B cnnaB coctaBuna 82,3%, KpemHusa 66,1%. MonyyeHHbI deppocnnas
OTHOCUTCA K heppocuIMKoMapraHuy mapku FeMnSil2.

Kniouesbie cnoea: nbinb, peppocunmkomapraHell, CTanbHasa CTPYXKKa, KOKC, 3/1eKTPOonaaBKa.
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