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alloy, ligature, thermal This article investigates the physicochemical properties of initial charge
analysis, differential materials in order to improve the efficiency of the production process of
scanning calorimeter, chromium-manganese ligature. The aim of the study was to determine
temperature. the thermal characteristics of chromium and iron-manganese ores, as well

as new silicon-aluminium alloys (ferrosilicoaluminium (FeSiAl),
ferrosilicochromium (FeSiCr) dust, alumosilicomanganese (AlSiMn)).
Differential thermal analysis (DTA) was employed to study the thermal
behaviour of the materials, including melting and crystallization
processes, phase transitions, and chemical reactions.

The main part of the work discusses the theoretical principles of the DTA
method, its applications, and provides a detailed analysis of the
experimental results obtained. Particular attention was paid to the
thermal properties of the initial raw materials and their changes during
the process.

Thermal analysis was carried out using the STA300 “Synchronous
Thermal Analyzer”. The obtained data provide scientific evidence for
improving the efficiency of chromium-manganese ligature production
technologies.

The practical significance of the study lies in the efficient utilization of
chromium and iron-manganese ores and the enhancement of reduction
processes through the use of new silicon-aluminium alloys.

Tyiiinai cesaep: TYI7[IH,Z[EME

KOPpBITIIa, AUTaTypa, bya makasaga xpoMm-MapraHenTi AuraTypa aAy YPAiCiHIH THMiMAiAiriH
TePMUAABIK TaaAay, apTTHIPY MaKcaThIHAa OacTallKbl IIMKi3aT MaTepraalaphiHbIH PuU3nKa-
auddepeHnaa Al XUMMAABIK, KacueTTepi sepTTeai. 3epTTeyAiH MaKcaThl — XpOM >KoHe
CKaHepAeylli Kaa0pUMeTp, Temipai-MapraHen; kKeHAepi, COHAail-aK >KaHa KpeMHUII-aAIOMUHUIAL
TeMIlepaTypa. KopsITazapAbH (peppocuankoasiomunnii (PCA), peppocnankoxpom

(PCX)  mranel,  aaoMmocuaukomapramerr  (AMC))  TepMUAABIK
CUIIaTTaMaJapbiH aHBIKTay.
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3eprrey GaprichiHAa AnddpepeHnaaasl TepMuaabK Taaday (ATA) aaici
KOAAAHBLAABL. bya o4ic MarepmaagapAblH >KblAy KacueTTepiH, 0aaky
>KoHe KpHCTaAjaHy ITporecTepin, ¢pasaablK aybiCylap MeH XUMIIAABIK,
peaknuslapAbl 3epTTeyre MyMKiHAIK Oepai.

Kymsictere Herisri Oeaiminge ATA saiciHiH TeopuAABIK HerisAepi,
KOAJAHBIAY asACHl >KoHe aAbIHFaH ToXipubeaik HaTIDKeaep Kapac-
TBIPBIAABL. Ocipece, HacTallKbl IINKi3aT MaTepuaalapblHbIH TePMUAABIK
KacueTTepiH >KoHe OJapAblH YpAic KesiHJeri esrepicTepiH aHBIKTay
MakKcaTbhlHAa XY pPri3iAreH Taajayaapra epekiile Ha3ap ayAapblaAbl.
Tepmusaasik Taagay STA300 mapkaast «Synchronous Thermal Analyzer»
KYPBLAFBICBIHAQ JKYPrizdiadi. AAbIHFaH HOTIDKeAep XpOM-MapraHerTi
AWTaTypaHbl aAy TeXHOAOIMAChIHAA KOAJaHBLAATBIH IIpoliecTepaiH
TUIMAIAITIH apTTHIpyFa apHaAFaH FLABIMU A€PeKTepai YChIHABL.
3epTTey4iH HpaKTMKAABIK MaHBI3BI — XPOM >KoHe TeMipai-MapraHer
KeHJepiH Thimal majigadaHy, cCOHJAali-aK, >kKaHa KpeMHUI-aAl0MUHNUILAL
KOpPBITIIadapAbl KOAAAHY apKbLABI TOTBIKCHI3AAHABIPY YPAICIH XKeTiaaipy
00AbIII TaObLAAABL.

Karouessie caoBa:

AHHOTALVST

CILAaB, AUTaTypa,
TepMUYECKUI aHAAN3,
auddepeHITaAbHBIN
CKaHUPYIOIINI
KaJA0OpuMeTp,
TeMIleparypa.

B saHHOII cTaThe MccAeA0BaHBI PUBNKO-XUMIIECKIEe CBOVICTBA VICXOAHBIX
IIMXTOBBIX MaTepMaAOB C IeAbIO MOBbIIIeHNs 9 PeKTUBHOCTI IIpoliecca
MTOAy4eHMsT XpOMOMapraHIleBoll AuraTtypel. lleapr wmccaeaosanHms
3aKA1049aJach B OIlpeAeAeHNI TePMIIECKIX XapaKTePUCTUK XPOMOBBIX U
’Ke/e30-MapraHIIeBbIX PyJ4, a TakKe HOBBIX KPeMHMII-aAIOMUHUEBBIX
cnaasos (Ppeppocnankoasiomyunii (PCA), meap peppocnankoxpoma
(PCX), aaromocnankomapraser; (AMC)).

AAs mpoBeJeHMs aHaAM3a IPUMEHAACT MeTol aAuddgepeHInaabHOTO
Tepmmdeckoro aHaau3sa (ATA), KOTOpbIil 1T03B0AsIeT U3y4aTh TEILAOBbLIE
CBOJVICTBA MaTepnaAoB, IIPOLIECCH I1AaBAEHMS U KPUCTaAAV3al[uN,
JaszoBble IpeBpalleHNs ¥ XUMITIeCKIe peaKIiiu.

B ocHOBHOIT YacTi pabOTHI PaCCMOTPEHBI TEOPeTIIeCKIIe OCHOBEI METOJa
ATA, obaacTy ero npuMeHeHNs], a TaKKe I10APOOHO IpoaHaAM3UPOBaHbI
IoAyJeHHble 9DKCIepyMeHTaAbHble pesyabTaTtel. OcoOoe BHUMaHUE
yAeAeHO M3YYeHUIO TEPMIIEeCKUX CBOVICTB MCXOAHBIX MaTepualoB M UX
VI3MEHeHNI B XO/Je Ipoliecca.

Tepmuaecknit anaans mposoguacs Ha mpuodope STA300 «Synchronous
Thermal Analyzer». IToaydeHHBIe AaHHBIE IPeAOCTaBASIOT HaydHOE
00OCHOBaHMe 4451 IOBBIIIeHNs 9PPEKTUBHOCTY TeXHOAOTHUI TOAYIeHS
XPpOMOMapraHIIeBO AUTaTyPHI.

ITpaxkTmyeckas 3HAYMMOCTb WCCAEJOBAaHUS 3aKAIOUaeTcs B 0oaee
PpaIoHaAbHOM MCIIOAB30BaHNI XPOMOBBIX U JKe/1e30-MapraHIIeBLIX PYA,
a TakKe B YAy4IlIeHUM BOCCTAaHOBUTEABHBIX IIPOIIeCCOB C IIpUMeHeHeM
HOBBIX KPeMHIII-aAIOMIHIEBBIX CI11aBOB.

INTRODUCTION

In modern metallurgy, the study of the thermal properties of charge materials plays a key

role in the development of new alloys and ligatures. DTA is one of the main methods for studying

the physico-chemical properties of materials (Sitnikova, Ponomarea & Uspenskaya, 2021). Using
DTA, it is possible to determine such characteristics as melting points, decomposition, and phase
transformations, which makes it possible to effectively control the temperature conditions of
production processes. This method consists of tracking the temperature difference between the

sample and the reference material as a function of time or temperature, while the temperature of
the sample changes according to a preset program in a specific atmosphere (Makhambetov et. al.,

2022; Myngzhassar, 2025).



m A. Cepi WKTY Xa6aj 1-tom, 3-Hemip, KpIpKyIiek, 2025.
Bec'ru'lm( BKTY nm. O. Cep'lm(Gaeaa / . 62 _ TOM 1, NQ 3, CEHTfl6pb 2025
D. Serikbayev EKTU Bulletin
Vol.1, No.3, September 2025.

When obtaining ligatures, the study of the interaction of charge components and their
thermodynamic behavior is of particular importance (Zhuniskaliyev et. al., 2024). This makes it
possible to optimize the composition of the charge, improve the quality of the obtained ligatures
and increase the efficiency of metallurgical processes.

Differential thermal analysis allows precise determination of phase changes, chemical
reactions, melting and crystallization processes of materials (Ido, Iwamoto & Kondoh, 2020).
These studies provide a deeper understanding of the properties of the raw materials needed to
produce chromium-manganese ligature, and ensure the correct choice of its composition (Wang
et. al., 2021). The data obtained helps predict the behavior of materials in various temperature
conditions, which minimizes production costs and increases the efficiency of technological
operations.

MATERIALS AND METHODS

The research work assumes the use of domestic chromium and manganese ores as raw
materials for the development of chromium-manganese ligature technology, as well as new
silicon-aluminum alloys (ferrosilicon aluminum, ferrosilicon chromium dust, aluminosilicon
manganese) as reducing agents.

Their thermodynamic properties, including melting points, phase transformations, and
reduction reactions, are studied in the preparation of charge materials such as FeSiCr dust,
FeSiAl, AlSiMn, and chromium and iron-manganese ores. FeSiCr dust rich in silicon and
chromium demonstrates important characteristics for optimizing metallurgical processes such as
reduction and melting. FeSiAl with a high content of aluminum and silicon is actively used as a
reducing agent, and its thermal behavior also plays a key role in the steel alloying process
(Nurumgaliyev et. al., 2023; Mukhambetgaliyev et. al., 2021). AlSiMn containing manganese,
silicon and aluminum affects the properties of the charge, improving the quality of the obtained
alloys (Shabanov, 2016; Yessengaliev, 2020). Cr and Mn ore are the main sources for obtaining
chromium-manganese ligatures, which are necessary for the production of ferroalloys. DTA
helps to accurately determine their behavior at high temperatures, which is important for the
development of efficient metallurgical technologies (Cheng et. al., 2019; Daver et. al., 2016).

To study the physico-chemical properties of these raw materials, namely, to perform
differential thermal analysis, the device «Synchronous Thermal Analyzer» brand STA300 was
used (Figure 1). This device allows you to determine phase changes, reactivity, and changes that
occur when temperature affects the composition of raw materials.
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Figure 1. «Synchronous Thermal Analyzer» STA300
Note — compiled by the authors

The composition and characteristics of this equipment are as follows: a differential
scanning calorimeter (DSC) is used to measure parameters such as melting, crystallization, phase
transitions, reaction temperature, heat of reaction, heat of combustion, and specific heat (Aliberti
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et. al., 2025). These data allow us to accurately determine the thermodynamic behavior of
materials and their reactions to temperature changes. In addition, thermal stability,
decomposition, oxidation and reduction, adsorption and desorption properties, as well as the
content of free and crystalline water in materials are investigated using thermogravimetric
analysis (TGA) (Almyashev et. al., 2017; Lotov et. al., 2022). The device is also used to calculate
the ratios of compounds, which contributes to a more accurate determination of their chemical
composition and reaction characteristics at high temperatures.

The furnace body is heated by a double-row winding made of precious metal alloy wire,
which reduces interference, as well as resists high temperature and oxidation. The dish sensor
has a wide range of tests, high temperature resistance and resistance to oxidation and corrosion,
which ensures reliable operation of the device in difficult conditions. The weighing system uses
imported components, which are characterized by high stability and good repeatability of
measurements. The furnace body has double-layer insulation, which minimizes heat loss and
increases the energy efficiency of the device. The heating of the device is controlled using a
proportional-integral-differential (PID) controller, which ensures the accuracy of temperature
control and minimal pulse fluctuations, ensuring stable operation of the device during operation.

The temperature range of the device is from room temperature to 1550°C with a resolution
of 0.01°C and fluctuations up to 0.1°C. The heating rate is from 0.1 to 100 °C/min, with
temperature control according to the PID algorithm. The temperature maintenance time is up to
300 minutes. The weight measurement range is from 0.01 mg to 3 g (expandable to 30 g). The DSC
range is from 0 to 600 MW with a resolution of 0.001 MW. The atmosphere of the device is inert,
oxidizing or reducing.

RESULTS AND DISCUSSION

This section presents the differential thermal analysis results (Figures 2-6) of chromium
and iron-manganese ores, as well as new silicon—aluminum alloys. The obtained thermograms
reveal endothermic and exothermic effects, melting and crystallization processes, and phase
transformations. A comparative discussion highlights the differences in thermal behaviour of
natural ores and synthetic alloys, providing insights into their reactivity and stability under high-
temperature conditions relevant to chromium-manganese ligature production.
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Figure 2. Chromium ore derivatogram.
Note — compiled by the authors
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Figure 2, which is based on the derivatogram of chromium ore, clearly illustrates a
sequence of thermal effects that characterize the behavior of the ore upon heating. These effects
reflect the complex physicochemical transformations that occur within the material and
determine its suitability for further metallurgical processing.

In the initial stage of heating, within the temperature range of 100—400 °C, the first
endothermic peak is recorded. This effect is mainly attributed to the removal of physically
adsorbed water and volatile components trapped in the pore structure of the ore. Such
dehydration processes are typical for natural ores and indicate the release of surface-bound
moisture, which does not alter the chemical composition but affects the overall stability of the
material during subsequent heating.

As the temperature rises to the range of 500-750 °C, a distinct exothermic peak is observed.
This thermal effect is linked to oxidation processes, where chromium-bearing minerals undergo
structural rearrangements accompanied by the release of heat. At this stage, chromium
compounds tend to oxidize, forming various intermediate oxides. The appearance of such a
pronounced exothermic effect highlights the high reactivity of chromium phases and marks the
onset of important chemical transformations that influence the reduction behavior of the ore in
later stages.

Further heating to 800-1400 °C reveals a series of phase transformations. In this
temperature interval, stable chromium oxides such as Cr20s are formed, which represent the
thermodynamically favorable phases under oxidizing conditions. Additionally, in the presence
of impurities (iron, manganese, or silica), solid-state interactions may take place, leading to the
formation of mixed oxides or spinel-type compounds. These transformations are of particular
significance for ferroalloy production, as they determine the reducibility of chromium and its
potential recovery in the smelting process.

Beyond 1400 °C, the derivatogram curve becomes relatively stable, with no major thermal
effects recorded. The mass of the sample remains almost unchanged, which indicates that most
dehydration, oxidation, and phase transformation processes have been completed by this point.
The stabilization of the system at such high temperatures suggests that chromium ore reaches a
thermally resistant state, with only minor structural adjustments occurring.
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Figure 3. Iron-manganese ore derivatogram

Note — compiled by the authors
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Figure 3 presents the derivatogram of iron-manganese ore, which reveals a sequence of
characteristic thermal effects during heating. These effects reflect the multistage physicochemical
processes that occur within the ore and provide valuable information about its thermal stability
and reactivity.

In the initial heating stage (100-300 °C), an endothermic effect is recorded, which
corresponds to the removal of physically adsorbed water and volatile substances. This
dehydration process is typical for natural ores and indicates the release of weakly bound
components without significant changes in the mineralogical structure. Such processes are
important because they affect the porosity and surface area of the ore, which in turn influence its
reactivity in subsequent high-temperature stages.

In the range of 350-750 °C, a distinct exothermic effect is observed. This is attributed to the
oxidation of manganese-bearing phases and the formation of manganese oxides such as MnO
and Mn;O;. The release of heat during this process reflects the high reactivity of manganese
minerals in this temperature region. The formation of intermediate oxides is a critical stage, as it
determines the oxidation state of manganese and its subsequent reducibility in metallurgical
processes.

Further heating between 750-1200 °C leads to phase transformations and solid-state
interactions among the ore components. At this stage, structural rearrangements occur, including
the stabilization of manganese oxides and their possible interaction with associated impurities
such as iron, silica, or alumina. The formation of complex oxide phases or spinel-type compounds
can also take place, which has a direct impact on the melting behavior and reduction
characteristics of the ore under smelting conditions.

Above 1200 °C, the derivatogram becomes relatively stable, indicating that the majority of
thermal reactions are completed. The system reaches a state of thermal resistance, with only
minor changes in mass or heat flow. This stabilization suggests that manganese ore achieves
structural equilibrium at elevated temperatures.

Overall, the thermal analysis of iron-manganese ore provides detailed insight into its
behavior under heating. The sequence of dehydration, oxidation, and high-temperature phase
transformations is crucial for understanding its reduction mechanisms and optimizing its use in
chromium-manganese ligature production.
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Figure 4. FeSiAl derivatogram.
Note — compiled by the authors
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The derivatogram of FeSiAl (Figure 4) demonstrates several distinct thermal events that
characterize the material’s behavior upon heating. At temperatures below 200 °C, a minor
endothermic effect is recorded, which can be attributed to the release of adsorbed water and
volatile surface impurities. As the temperature increases to 400-670 °C, a more pronounced
endothermic reaction takes place, likely related to the decomposition of unstable compounds or
partial rearrangement within the alloy structure. Between 670 and 850 °C, noticeable phase
transitions occur, reflecting changes in the solid-state organization and the possible emergence of
new phases. At higher temperatures (850-1200 °C), melting phenomena and the stabilization of
thermodynamically favorable phases are observed, accompanied by a distinct shift in the heat
flow curve. These features emphasize the complex structural nature of ferrosilicoaluminium and
its transformation under high-temperature conditions.
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Figure 5. FeSiCr dust derivatogram.
Note — compiled by the authors

The FeSiCr dust derivatogram (Figure 5) illustrates a sequence of thermal effects that
describe the material’s transformations during heating. In the region up to 200 °C, a weak
endothermic peak is observed, caused by the removal of physically adsorbed water and light
volatile compounds. Between 200 and 660 °C, a smooth decrease in mass takes place, which can
be explained by the decomposition of unstable surface compounds, such as thin oxide films or
residual contaminants.

Further heating to 660-850 °C initiates structural modifications within the dust particles.
At this stage, new phases may appear, while existing ones undergo rearrangement, which is
reflected by a slight endothermic response on the DSC curve. Finally, in the high-temperature
interval of 850-1200 °C, more complex processes are detected, including the onset of melting in
certain components and the formation of stable crystalline phases. These transformations are
accompanied by noticeable changes in heat flow, reflecting the transition of the material into
thermodynamically stable states.

Overall, the obtained data provide important information about the thermal behavior of
FeSiCr dust, confirming its complex multistage transformations. Such results are essential for
understanding the mechanisms of phase changes during high-temperature metallurgical
processes, as well as for assessing its role as a reducing agent in the production of chromium-
manganese alloys.



. Cepik6aee aTbiHgarbl LUKTY Xa6apubicbl
BecTHnk BKTY nm. [1. Cepnk6aesa /
D. Serikbayev EKTU Bulletin

1-Tom, 3-HeMmip, KbIpKyitek, 2025. m
Tom 1, Ne 3, centsa6ps 2025. - 67 -
Vol.1, No.3, September 2025.

TG (%)

HeatFlow (mW)

96

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300

Temperature, °C

Figure 6. AISiMn derivatogram.
Note — compiled by the authors

The derivatogram of AlSiMn (Figure 6) demonstrates a series of characteristic thermal
events that reflect the behavior of the alloy during heating. At temperatures up to 200 °C, a weak
endothermic effect is recorded, which corresponds to the removal of adsorbed water and light
volatile components. In the range of 400-700 °C, a more pronounced endothermic process is
observed, most likely related to the decomposition of unstable intermetallic phases or
restructuring within the alloy’s microstructure.

As the temperature rises to 700-850 °C, an exothermic effect becomes evident. This stage is
indicative of redox reactions and the emergence of secondary phases, which mark the material’s
transition to a more complex structural state. At higher temperatures, between 850 and 1200 °C,
significant phase transformations occur. These processes are typical for aluminum-based alloys
of the AISiMn system and may include crystallization phenomena or the stabilization of new
intermetallic phases. The changes are accompanied by a smooth shift in heat flow, reflecting the
gradual adaptation of the alloy to high-temperature conditions.

CONCLUSION

The present study focused on the thermal analysis of charge materials used in the
production of chromium-manganese ligatures, including FeSiCr dust, FeSiAl, AlSiMn, as well as
chromium and iron-manganese ores. DTA made it possible to identify the key thermal properties
of these materials, such as characteristic melting points, phase transformations, and reduction
reactions. These findings provide a detailed understanding of the mechanisms that govern the
behavior of the raw materials under high-temperature conditions.

The results indicate that chromium and iron-manganese ores, despite being low-grade,
demonstrate predictable and consistent thermal behavior, making them suitable for further
metallurgical processing. At the same time, the use of complex silicon—aluminum alloys such as
FeSiCr dust, FeSiAl, and AlSiMn as reducing agents has shown significant potential due to their
favorable thermodynamic properties and ability to participate effectively in reduction reactions.
This confirms their value in the optimization of the reduction process and the stabilization of
phase composition during alloy production.
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A comparative assessment of the investigated materials highlights the advantages of
combining ores with silicon-aluminum alloys, which ensures efficient reduction, improved phase
transformations, and the formation of stable products at high temperatures. Such results
underline the possibility of designing more rational charge compositions aimed at obtaining
high-quality chromium-manganese ligatures.

From a practical perspective, the outcomes of this study provide a strong basis for
improving existing metallurgical processes. The incorporation of the studied materials can
contribute to higher productivity, lower energy consumption, and improved quality of the final
product. Furthermore, the findings support the implementation of innovative technological
approaches in ferroalloy production, paving the way for the efficient utilization of low-grade ores
and secondary raw materials.

In summary, this research not only contributes to the theoretical understanding of the
thermal behavior of ores and alloys but also offers practical recommendations for the
development of advanced metallurgical technologies. The obtained results have both scientific
and industrial relevance, emphasizing their importance for the sustainable growth and
modernization of the ferroalloy industry.
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