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Abstract. This article presents the development of the technology for ferrochromium-manganese alloy production in
laboratory conditions using domestic raw materials. The primary objective of the research is to optimize the process of
obtaining high-quality alloys from chromium and manganese ores and to improve their chemical composition.
Ferrochromium-manganese alloy is an essential additive in steel production, enhancing the material's strength, corrosion
resistance, and wear resistance.

The study was conducted using a high-temperature Tamm furnace. Chromium and manganese ores were used as raw
materials, while ferrosilicoaluminum alloy served as a reducing agent. The chemical composition of the produced alloy was
analyzed, and its suitability for industrial applications was assessed. The research identified optimal temperature and time
parameters for alloy production, which improved its quality.

The results of this study provide new insights into the effective production of ferrochromium-manganese alloys.
Furthermore, the work opens opportunities for achieving new technological advances in Kazakhstan's metallurgy sector by
utilizing domestic resources effectively.

Key words: ferrochromium-manganese alloy, ferrosilicoaluminum, reduction, metallurgy, chemical composition,
technology.

Introduction. New high-performance alloys are primarily multicomponent or complex ferroalloys
containing, along with widely used elements, new components in the most favorable combinations. Their
physico-chemical properties should contribute to the necessary effect on the melt at a lower flow rate
compared to standard alloys or give a greater effect at the same flow rate. At the same time, it should be
possible to: use low-grade and off-balance ores; increase the production of ferroalloys without
introducing additional capacities of aggregates; reduce the consumption of alloys by consumers; improve
the quality of steel and cast iron [1, 8-15].

In modern metallurgy, various ligatures are widely used for the production of high-quality steel
and special alloys. Among them, chromium-manganese ligature holds a special place, as it enhances the
strength, wear resistance, and corrosion resistance of steel. Our country is rich in chromium and
manganese reserves; however, the optimal technology for their processing has not been fully developed.
In this regard, studying effective methods for obtaining chromium-manganese ligature in laboratory
conditions is an important scientific and practical issue [2, 2; 3, 18].

The objective of this study is to optimize the technology for obtaining chromium-manganese
ligature in laboratory conditions, identify effective methods, and investigate their metallurgical
characteristics.

During the research, various raw material sources, reduction methods, and temperature regimes for
obtaining chromium-manganese ligature will be examined. In addition, the chemical composition and
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physical-mechanical properties of the resulting alloy will be analyzed to assess its suitability for

industrial application.

The data obtained from laboratory studies will contribute to the development of efficient methods
for obtaining chromium-manganese ligature and facilitate its future implementation on an industrial
scale.

Materials and methods of research. In this study, domestic chromium and manganese ores were
used as the main raw materials, and ferrosilicoaluminum alloy was used as the reducing agent, employing
the metallothermic reduction method. This method involves chemical reactions to reduce metal ores into
their metallic forms. During the reduction process, the chromium and manganese ores are reduced by the
ferrosilicoaluminum alloy to obtain chromium-manganese ligature.

The experiments were conducted in a high-temperature Taman furnace (Figure 1). This furnace is
designed for modeling metallurgical processes. Its working area is made of a graphite tube, and the
temperature control is achieved using a thyristor voltage regulator. The thyristor regulator is connected
to the primary winding of the transformer, allowing for several thousand amperes of current at low
voltage (from 0.5 to 15 V). The furnace can reach temperatures of approximately 1700-1800°C, with a
maximum heating rate of 25°C/min. The high-temperature capabilities of this furnace make it highly
suitable for conducting laboratory experiments at elevated temperatures [4, 89].

Electronic scales are installed at the top of the furnace, allowing for precise measurement of the
crucible's mass. To hold the graphite crucible in place inside the furnace chamber, molybdenum (Mo)
wire is used, which provides stability at high temperatures [5, 11].. The temperature inside the furnace is
measured using a tungsten-rhenium (WR-5/20) thermocouple, which is placed in a corundum casing and
is capable of functioning reliably in high-temperature environments.

1 — carbon-graphite tube; 2 — copper crimping ring; 3 — water—cooled lid; 4 — water-cooled body;
5 - crucible; 6 — test charge; 7 — protective lining; 8 — thermocouple
Figure 1 - High-temperature laboratory furnace Tamman (in section)

The chemical composition and physical-mechanical properties of the resulting chromium-
manganese ligature were analyzed, and its potential for industrial application was assessed.
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Results and their discussion. The experiments conducted to obtain the ferrochrome-manganese
alloy were carried out at a temperature of 1650°C. The holding time at this temperature was 20 minutes,
and the melting duration was 3 hours. These parameters directly influenced the quality of the alloy and
its chemical composition. At a temperature of 1650°C and a holding time of 20 minutes, the chemical
composition of the ferrochrome-manganese alloy was optimized.

As a result of chemical analyses, it was found that the ratio of chromium (Cr) and manganese (Mn)
in the alloy was maintained, and the reduction process was effectively carried out through the use of
ferrosilicoaluminum. The alloy composition contained the required amounts of chromium (Cr) and
manganese (Mn), making it suitable for the production of high-quality steel. These results indicate that
the ferrochrome-manganese alloy significantly contributes to the quality and efficiency of steel
production.

Slag

Figure 2 — Appearance of metal and slag obtained in laboratory conditions

To further analyze the results, the obtained metal and slag were examined using an electron
microscope. The microscopic analysis revealed the microstructure and phase composition of the alloy.
The images obtained through the electron microscope demonstrated that chromium and manganese were
evenly distributed in the alloy, confirming the effective implementation of the reduction process. The
slag showed the necessary phase changes, indicating that the purification process was well executed.
Additionally, the microscopic analysis showed that there were no agglomerated or biphasic regions in
the alloy structure, ensuring the high quality and purity of the ligature.

Based on the research results, we analyzed the microstructure and phase composition of both the
metal and slag. Through various spectral analyses, it was determined that chromium and manganese are
evenly distributed within the metal. This indicates that the reduction process was efficiently and
thoroughly carried out.

The main elements in the metal composition — chromium (Cr) and manganese (Mn) — are evenly
distributed in the required amounts for high-quality steel production. Consequently, the quality and
chemical composition of the ligature were optimized. The slag also exhibited the necessary phase
changes, demonstrating that the purification process was successful and that the levels of nitrogen or
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other harmful elements were minimal.

The research results show that the distribution of the main metals is balanced, and optimal
conditions were ensured to maintain the correct ratios in their composition.

Conclusions

The results of the study demonstrated the possibility of effectively optimizing the technology for
producing ferrochromium-manganese alloys in laboratory conditions. The chemical composition and
physical properties of the obtained alloy met the high-quality standards required for steel production.
During the experiments, the use of ferrosilicoaluminum as a reducing agent in the processing of
chromium and manganese ores proved to be highly effective. At a temperature of 1650°C and a holding
time of 20 minutes, the required ratio of chromium and manganese in the alloy was maintained, which
enhances the strength and other properties of the steel.

As a conclusion, the study identified effective methods for producing ferrochromium-manganese
alloys that can be applied on an industrial scale. Given Kazakhstan's abundant chromium and manganese
reserves, this method plays a crucial role in the development of the domestic metallurgy sector. The
production of high-quality ferrochromium-manganese alloys offers the potential for implementing
efficient and environmentally friendly technologies in the metallurgical industry.

This research contributes to the introduction of new technological advancements in the metallurgy
industry by efficiently utilizing Kazakhstan’s natural resources.
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Anparna. byn Makanazna oTaHABIK HIMKi3aTTap.Ibl aiaasaHa OThIPBI, XpOMMapraHelTi JJUraTypaHblH 3epTXaHaNbIK
JKarJaia TeXHOJIOTHACHIH d3ipiiey KOPCETUIreH. 3epTTey JKYMBICBIHBIH HETI3T1 MaKcaThl — XpOM XKoHE MapraHel KeHAepiHeH
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XpomMmaprarenTi awuratypa Oomar eHmipiciHAe OepiKTIK, KOppO3HWAFa TO3IMIUTIK XOHE TO3yFa KapChl KacHETTEepiH
KaKCapTaThIH MaHBI3/IbI KOCBIMIIIA MaTEPHaJl PETiHAE KOJINaHbLIa b

3epTTey )KYMBICHI XKOFaphl TeMIepaTypansl TaMMaH MeiHAe Kyprizingi. DKCIepuMEHTTEPE XPOM JKOHE MapraHerl
KeHJlepl IMKi3aT peTiHze, ajl (GeppOCHINKOATIOMUHUN KOPBITIIACH! TOTHIKCHI3AAHABIPFBIII PETIHAE KONIAHBIIb. ANIBIHFAH
JUTaTypaHblH XUMMSUIBIK Kypambl 3€pTTEII, OHBIH OHIIPICTIK MakcaTTapra CoHKec KEJICTIHIIrT aHBIKTalABL. 3epTTey
HOTHOKEJIEPI XPOMMAapraHelTi JUraTypaHbl THIMJI aly YIIIH OHTAJbl TeMIepaTypaliblK jKOHE YaKbITTBIK IapameTpiiepai
Oeunriner, OHBIH CanachblH apTTHIPyFa MYMKIHIIK Oep/i.
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METaJUTypIHsl CaJIaChIHAA KaHA TEXHOJIOTHUSIIBIK JKETICTIKTepre KOJI JKeTKI3yTe JKOJI allaibl.
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AHHoTanusi. B cratee mpeacraBineHa pa3paboTKa TEXHOJIOTMH IIOJNydCHHS XPOMMApraHIEBOW JIMTAaTypel B
7a00PATOPHBIX YCIOBHSAX C HCIIOJIb30BAaHHEM OTEUECTBEHHOTO CHIPbs. OCHOBHAs LENb HCCICAOBAHUS — ONTHMHU3AINA
Iporecca MOTyYeHHsT BEICOKOKAUECTBEHHBIX JINTATYp W3 XPOMOBBIX M MapraHIEBHIX Py M YIy4IICHHE UX XUMHYECKOTO
cocTaBa. XpOMMAapraHIEBas JIMTaTypa SBIAETCS BAKHBIM J00aBOYHBIM MAaTEpUaloM B NPOU3BOACTBE CTaM, yIydIIas
MIPOYHOCTh, KOPPO3UOHHYIO CTOMKOCTh M H3HOCOCTOMKOCTB.

HccnenoBanue NpoBOAUIOCH C UCTIOIb30BaHUEM BbICOKOTEMIIepaTypHOi neun Tammana. XpoMOBBIE U MapraHIeBbIe
PYABI NCTIOJIB30BAINCH KaK ChIPbE, a (PeppOCHIMKOATIOMUHHII — B KaUeCTBE BOCCTAHOBHUTENS. AHAIN3 XUMHYECKOTO COCTaBa
MOJYYEHHOHW JIMraTypbl IIOKas3aj, 4TO OHAa COOTBETCTBYET IPOMBILIUICHHBIM CTaHAapTaM. B Xozae ucciiesoBaHust ObUTH
ONpEeNeNeHbl ONTUMANIbHBIE TEMIIEpPAaTypHbIE M BpPEMEHHBbIE MapaMeTpsl IJIs MPOU3BOJCTBA JIMIaTyphl, YTO IO3BOJIUIO
YIYYIIUTh €€ Ka4eCTBO.

Pe3ynbTaThl MCCIEOBaHNS OTKPBIBAIOT HOBBIE BO3MOXKHOCTH ISl 3((EKTUBHOTO MPONU3BOACTBA XPOMMAPTaHIIEBOM
JUTaTypsl Ha NPOMBIIUICHHOM YPOBHE, a TaKKe CIOCOOCTBYIOT BHEIPEHHMIO HOBBIX TEXHOJOTHYECKHX PEIICHHI B
METaILTYprHIecKyo oTpacis Ka3zaxcraHa ¢ HCTIONB30BaHIEM OTEUECTBEHHBIX PECYPCOB.

KaioueBble cioBa: XpomMoMmapraHmeBas JHUratypa, ()eppoCHIMKOAIIOMUHHH, BOCCTAHOBJIEHHWE, METaJLTypTrHs,
XMMHYECKHI COCTaB, TEXHOJIOTHS.
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