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Abstract. The article investigates the possibility of reducing the yield of the fine fraction (0-10 mm) during the
crushing of high-carbon ferrochrome. The relevance of the study is due to the fact that an increased amount of fines
deteriorates technological performance, increases metal losses, and reduces the output of commercial product. Pilot
industrial trials were conducted to study the effect of deoxidation of liquid ferrochrome with secondary aluminum of
grade AV87 under a standard casting scheme. Changes in ingot structure, crystallization conditions, and the material’s
tendency to crack formation were evaluated. The influence of specific aluminum consumption on ingot formation and
the subsequent generation of fine size fractions during crushing was analyzed. It was established that deoxidation
contributes to a reduction in gas content and an increase in ingot density, which decreases the proportion of brittle
fracture. Based on the results of the trials, an optimal range of aluminum consumption was determined, ensuring
minimal fines yield and stable process parameters. The obtained results can be used to improve the casting technology
of high-carbon ferrochrome under industrial conditions.

It was noted that the use of aluminum deoxidation does not require significant changes to the existing casting
technology and can be implemented without substantial capital investment, thereby improving the economic efficiency
of ferrochrome production and enhancing the overall quality of commercial products in metallurgical industry
conditions.

Thus, optimization of aluminum consumption makes it possible to regulate deoxidation and crystallization
processes, reducing internal defects and improving the structural homogeneity of ingots in industrial metallurgical
practice.
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Introduction

The problem of fine fraction formation is one of the significant challenges across many
industrial sectors, including the mining and metallurgical complex. This issue remains relevant for
enterprises of JSC «TNK «Kazchromey at various stages of raw material processing - during the
preparation of ore materials, the production of special coke, and especially during ferroalloy
smelting. An increased amount of fines negatively affects technological performance, reduces the
yield of the final product, and consequently increases its production cost.

Among ferroalloys, high-carbon ferrochrome (HC FeCr) is of particular importance as it is the
main carrier of chromium in the production of stainless and corrosion-resistant steels. The
production of this alloy involves the high-temperature reduction of chromium-containing raw
materials, resulting in the formation of complex multiphase structures and eutectic formations in the
metal. Their characteristics are determined by the composition of the charge materials, smelting
temperature conditions, and the cooling regime of the melt [1; 2].

The technological scheme for ferrochrome production includes several consecutive stages:
preparation of charge components, alloy smelting, crushing, and size classification of the final
product [3]. The finished marketable ferroalloy must meet established requirements not only in
terms of chemical composition but also in terms of granulometric characteristics. While ensuring
the required chemical composition generally does not present significant difficulties, achieving
maximum yield of marketable size fractions remains one of the key production challenges [4].
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The aim of this study is to investigate the reduction of the 0-10 mm size fraction formation
during the crushing and classification of HC FeCr. Based on the above, it is planned to confirm
through industrial-scale trials (hereinafter referred to as IST) the technological feasibility of
reducing fine fraction formation of HC FeCr by applying aluminum during standard casting practice
[5, 160].

Materials and methods of research

Secondary aluminum grade AV87 (GOST 295-98) was used for the experiments, and its
chemical composition is presented in table 1. The weight of a single aluminum ingot is
approximately 6 kg. To break the aluminum ingots into pieces with a size of approximately 20-100
mm, they were placed on top of a hot high-carbon ferrochrome (HC FeCr) ingot.

Table 1. Chemical Composition of Secondary Aluminum AV87

Mass fraction, %
Grade E/?;alnﬁ 1?5(: 1;/({:?(1112? impurities, not more than
than more than Cu Zn Si Pb Sn Total
AV87 87,0 3,0 3,8 3,3 5,0 0,3 0,2 13,0

The melting point of pure aluminum (Al) is 660 °C. Secondary aluminum of grade AV87
contains impurities such as copper (Cu), zinc (Zn), silicon (Si), and magnesium (Mg). Among these
elements, magnesium is the most reactive with respect to oxygen. The melting points of magnesium
and zinc are lower than that of aluminum, while copper and silicon have melting points above 1000
°C. However, within the concentration ranges present in secondary aluminum, all of these elements
reduce the melting point of the alloy.
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Figure 1. Phase diagram of the Al-Si system [4,5]

According to the technological directive, Furnace Ne. 13 was selected for the tests. The
current casting method used in the shop mpemycmarpuBaer a cascade arrangement of cast-iron
molds charged with screenings. Pouring is carried out through a ladle siphon (or spout) into the first
mold. After the first mold is filled, the molten ferrochrome flows into the second mold, and so on
up to the fourth mold. The working surfaces of the molds are mpensaputensro lined with a
sufficient amount of screenings.

For the treatment of molten ferrochrome with aluminum using the adopted method, it is
necessary that the ferrochrome be poured from the ladle directly into each individual mold. In this
case, a specified amount of aluminum pieces of the required weight is placed at the bottom of each
mold pre-filled with screenings. The choice of this aluminum addition method is dictated by safety
considerations, as well as by the fact that intense mixing of the metal occurs in the mold due to the
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kinetic energy of the stream, which in turn creates more optimal conditions for treating the entire

melt with aluminum at a controlled specific consumption of the deoxidizer.

Before pouring, the cast-iron molds were lined with screenings of high-carbon ferrochrome,
forming approximately the same cavity depth and rim height, which shape the HCFeCr ingot. This
IS necessary to ensure that each mold can accommodate approximately the same amount of molten
ferrochrome. After charging the screenings, crushed aluminum pieces were placed at the bottom of
each mold in a predetermined quantity.

Results and its discussion

The tests on the deoxidation of molten ferrochrome using the described HCFeCr casting
method and aluminum addition were carried out over eight days. The aluminum consumption was
varied daily to determine its optimal value. The aluminum consumption for the standard casting
scheme is presented in table 2.

Table 2. Consumption of Secondary Aluminum

s Aluminum Consumption per 2 Tons of Aluminum Consumption per 1 Ton of
Deoxidation Schedule Molten Ferroghromi*, kg Chromilf,m, k;
Day 1 1 0,72
Day 2 1,25 0,9
Day 3 1,5 1,08
Day 4 1,75 1,26
Day 5 2 1,44

* Assuming that one tap equals 8 tons, and one ingot equals 2 tons of ferrochrome.

Throughout the entire testing period for the deoxidation of molten ferrochrome with
aluminum using the standard casting scheme, 15 shifts were completed. The parameters of Stage 1
are presented in Table 3.

Table 3. Parameters of Stage 1 of the Deoxidation Tests

Ne Parameters Units of measurement: Quantity
1 Cast heats pcs 60

2 Weight of molten metal kg 486 740
3 Aluminum consumed kg 324

4 Screenings used for bedding kg 81200
5 Total weight of melt and screenings kg 567 940

Table 4 presents the results of weighing the initial and fractionated metal. Based on the
obtained results, a graph was plotted showing the amount of fines formed as a function of the
carbon content in ferrochrome.

As can be seen from Figure 2 and Table 4, during the crushing of FH850-grade ingots, the
fines content ranged from 25.61% to 28.76%. The weighted average yield of fines for this grade
was 26.79%.
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Figure 2. Dependence of the formation of the 0-10 mm fraction on the carbon content in
deoxidized ferrochrome
Table 4. Crushing Results of High-Carbon Ferrochrome After Deoxidation with Aluminum

o . . . Total yield of 0-10 mm
C, % Al consumption, kg/t Cr Weight of fractionated metal, kg fraction, %
8,15 36420 26,39
8,24 0,72 36630 25,61
8,12 33760 26,72
8,46 30460 28,76
8,56 0,9 34610 27,74
8,52 35960 28,09
8,55 13720 25,51

8,7 1,08 30950 29,18
8,74 34400 28,75
8,66 32500 28,18
8,72 1,26 26910 30,58
8,68 33840 33,95
8,54 19900 35,93
8,70 1,44 27070 28,78
8,73 36300 26,25

At the beginning of the experiment, during the first four shifts, FH850-grade metal was
actually produced with an aluminum consumption for deoxidation of 0.72 kg/t of chromium. At this
stage, the effect of aluminum addition on the yield of fines was insignificant.

Subsequent heats of FH900-grade metal with aluminum additions ranging from 1.1 to 1.44 kg
per 1 ton of chromium showed similar fines yield values during fractionation, except for the results
obtained with the crusher jaws of the secondary crushing unit set to their minimum gap.

It should be noted that at an aluminum consumption of 1.1 kg/t of chromium, a comparatively
lower formation of fines was recorded at a higher carbon content (8.55-8.74%). Thus, based on the
conducted tests, the optimal aluminum consumption for deoxidation of HCFeCr is 1.1 kg/t of
chromium.

Conclusion

Pilot industrial trials were carried out on the deoxidation of HCFeCr with aluminum using the
standard casting scheme.

For effective deoxidation of HCFeCr, it is necessary to use aluminum pieces with a size not
exceeding 70 mm.

Based on the results of the tests, the optimal aluminum consumption for HCFeCr deoxidation
was determined to be 1.1 kg/t of chromium.

The addition of aluminum maintains a portion of the ferrochrome ingot surface in a molten
state due to the exothermic nature of the reaction between aluminum and atmospheric oxygen. This,
in turn, slows down the crystallization rate of local areas, thereby creating favorable conditions for
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gas escape from the ingot body.

With the standard casting method and aluminum deoxidation of FH900-grade metal, the
weighted average yield of fines at average crusher discharge gap settings did not exceed 28%,
which is a comparatively lower value than that observed in the standard casting technology
(29.5%).
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Amnparna. Makanana >xorapbl KeMipTekTi (eppoxpoMisl ycakray Ke3inge Mmaiina ¢paxumssbig (0-10 mwm)
LIBIFBIMBIH a3aliTy MYMKIHZIr 3epTTesireH. 3epTTeydiH ©3eKTUIr Maiaa ¢pakuus KeJIeMiHiH apTybl TEXHOJIOTHSUIIBIK
KOPCETKILITEpAiH HallapiayblHa, METaJUl HIBIFBIHAAPBIHBIH KOOCIOIHE JKOHE TayapiIblK OHIM IIBIFBIMBIHBIH TOMEHACYIHE
aJIBIN KeNeTiHAIriMeH Tycinaipineni. CranmapTThl Kylo cbi30ackl sxaraaiibinia cyiblk (eppoxpomasl AB87 mapkaib
eKIHII peTTIK aJIOMMHHMMEH TOTBIKCHI3AHIBIPYABIH SCEpiH 3epTTey MakcaTbhlHAA TXIpHOEIiK-0HEepKACINTIK
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CBIHAKTap Kyprizinmi. KylfiMaHBIH KYpBUIBIMBIHAAFBl ©3TepicTep, KpUCTAINaHy >Kargaiyiapbsl JKOHE MaTepHalIbIH
KapBIKIIAK TY3UTyiHe OeHiMainiri OaramaHasl. ANIOMIHANWAIH MEHIIIKTI IIBIFBIHBIHBIH KYHMa TY31TyiHe jkoHe KeHiHHeH
ycakTay OappICBIHAA Maiia (pakIusUIapaslH TY3UTyiHe acepi TalngaHgbl. 3epTTey HOTHKECIHIE TOTHIKCHI3IAHABIPYIBIH
ra3 MeJIIepiH a3aiThIl, KYWMaHBIH THIFBI3ABIFEIH apTTHIPATHIHBI, COHBIH HOTIDKECIHIE MOPT CHIHY YJIECIHIH
TOMCHICHUTIHI aHBIKTanApl. CHIHAK HOTIDKENEpl Heri3iHae Maiiga Qpakmus MIBIFBIMBIH  OapbIHIIA a3alTHIII,
TEXHOJOTHSIIBIK TTapaMeTpIepIiH TYPaKTBUIBIFBIH KaMTaMachl3 €TETiH aMIOMHHHN INBIFBIHBIHBIH OHTAIIBI apajbIFbl
OenrinieHl. AJBIHFAH HOTYDKENIEp OHIIPICTIK JKarjaaiyiapia sKorapbl KOMIPTEKTI (eppoXpOMABI KYIO TEXHOJOTHSCHIH
KETUILAIpY YIIIH KONJaHblIybl MyMKiH. COHJIali-aK allOMHUHUAMEH TOTHIKCHI3JaHBIPYIbl KONJIaHy KOJNJaHBICTAaFbl KYIO
TEXHOJIOTHSIChIHA €NIeYJIi e3repicTep eHTi3yadi Tajan eTHEeWTIHI JKOHE aiTapibIKTall KypAeil KapiKbl cajbIMIapbIHCHI3
XKY3ere achlpbUIATBIHBI atanm oTui. byn ¢eppoxpoMm eHIIpICIHIH IKOHOMHUKAJBIK THIMIUIITIH apTTBIpyFa >KOHE
METaJUTyprisi OHEepKaciOiHIeri TayapiiblKk ©HIM camachlH JKakKcapTyFa MYMKIiHIIK Oepeni. Ocbuiaiiina, amroMUHHNA
LIBIFBIHBIH OHTAMIaHABIPY TOTBIKCHI3JAHIBIPY JKOHE KPUCTAJJaHy INPOLECTepiH peTTeyre, MK akayaapisl a3alTyra
KOHE OHIIPICTIK METaUTYyPTHSUIBIK ToXKipnOene KyiMmamapAblH KYpBUIBIMIBIK OIpTEKTUIITiH jKaKcapTyFa MYMKIHIIK

Oepei.
Tyiiin ce3mep: >kOFapbl KOMIPTEKTI (eppoXpoM, aFOMUHUHA, TOTHIKCHI3AAHABIPY, TPAaHYJIOMETPHSIIBIK KYpaMm,
KaJIBIIL.
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AnHoTamusi. B crarbe wmccienoBaHa BO3MOXKHOCTH CHIDKEHHS BhIXoma Menikoit ¢dpaxmmm (0-10 M) mpu
IPOOJIEHNUN BBICOKOYIIIEPOAUCTOTO (peppoxpomMa. AKTYalIbHOCTH HCCIEIOBAaHUS OOYyCJIOBJICHA TEM, YTO YBEIUYCHHE
KOJIMYECTBA MEJIOYHU YXYJUIaeT TEXHOIOIMUECKHE TIOKa3aTesu, MOBBILAET NOTEPU METAJIJIa U CHUXKAET BBIXOJ TOBapHOI
nponykimu. C HEebi0 H3YYCHUS BIUSHUS PACKUCIICHUS KUIKOTO (PeppoxXpomMa BTOPHUYHBIM amtoMuHueM Mapku AB87 B
YCIIOBUSIX CTAHAAPTHOM CXEMBbI PA3JIMBKH OBIJIM TPOBEACHBI OMBITHO-MPOMBINIJIEHHBIE HCTBITaHUA. OIIEHEeHBI
W3MEHEHUsI CTPYKTYpPbl CIIMTKA, YCJIOBUH KpPUCTaJUIM3AallMM M CKJIOHHOCTH Marepualia K oOpa3oBaHHMIO TPEUIWH.
[Ipoananu3npoBaHO BIUSHHUE YASIHLHOTO PAacXo/ia allOMUHUA Ha (OPMUPOBAaHUE CIUTKA U TIOCIeayolee o0pa3oBaHue
Menkux (Qpakiuii npu ApoOieHun. B pesynabraTe HCCICIOBaHUS YCTAaHOBJICHO, YTO PACKHCICHHE CIIOCOOCTBYET
CHUXEHHIO COJIEp)KaHUSI Ta30B M TIOBBIINICHUIO TUIOTHOCTU CIIMTKA, BCIEACTBHUE UYETO YMEHBINAETCS IO XPYIKOTO
pazpywieHus. Ha ocHoBe pe3ynpraToB HMCHBITAaHUM ONpenesi€éH ONTHMAajbHBIA JUana3oH pacxoja ajJoMHUHUS,
00eCIICYNBAONINA MHHUMAIGHBIA BBIXOJ MEJKOM (pakiud W CTaOWIBHOCTh TEXHOJIOTHYECKHX IapaMeTpOB.
[MonydeHHBIE pe3yNbTaThl MOTYT OBITh HUCIIONB30BAaHBI JIUISI  COBEPIICHCTBOBAHUS TEXHOJOTHH  Pa3IHBKU
BBICOKOYIJIEPOAUCTOTO (heppoXpoMa B MPOMBIIUICHHBIX YCIOBHAX. Takke OTMEYCHO, YTO MPUMEHEHUE aTFOMHHUEBOTO
packucieHus He TpeOyeT CYIIECTBEHHBIX WM3MEHCHHI CYIISCTBYIOIICH TEXHOJIOTHH pAa3lIMBKU M MOXET OBITh
peann3oBaHO 0€3 3HAYMTENBHBIX KATUTAIBHBIX BIOXKECHUAN. JTO MO3BOJSIET MOBBICUTh 3KOHOMHYIECKYIO 3(h(EKTHBHOCTh
MPOM3BOACTBA (eppoxpoMa U YIYUIIATh KAadeCTBO TOBAPHOH TMPOAYKIMH B YCIOBHSIX METAJLIYyPTHUYECKOM
MPOMBINIICHHOCTH. TakuM o0pa3oM, ONTHUMH3AIMs pacxofa allOMUHHUS TIO3BOJSIET PETYIHPOBATh MPOIECCHI
PACKUCICHUS M KPUCTAIIIU3AIUH, CHIDKATh BHYTPEHHHUE Ae(PEKTH U MOBBIMIATh CTPYKTYPHYIO OJHOPOAHOCTH CIUTKOB B
IIPOMBILIEHHON METAJLIYPIHUECKON IIPAKTHKE.

KitioueBble cJI0Ba: BBICOKOYTIIEPOAMCTHIM (PeppoOXpoM, aATIOMHUHHMA, PACKUCIEHUE, TPaHYJIOMETPUICCKUN
COCTaB, M3JI0KHHUIIA.
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