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ABSTRACT

In this article, the results of laboratory studies on the smelting of medium-carbon ferromanganese
using Djezdinskoe ores are presented. Kazakhstan has significant reserves of manganese ores
represented by iron-manganese and carbonate-oxide ores. The manganese ores of the
Djezdinskoe deposit are characterized by a relatively high manganese content (48%) and low iron
content (2-5%). Sieve analysis was used to study the particle size distribution of the ore. Based on
the results of the sieve analysis of ore samples obtained after sieving, a high manganese content
(53.54%), low iron content (0.47%), and silicon dioxide content (2.25%) were identified. Laboratory
experiments were conducted on smelting medium-carbon ferromanganese in the high-
temperature Tamman furnace. According to the results of the laboratory experiments, it is
recommended to use the size classes of -5.0 + 0.0 mm to obtain high-quality low-phosphorus
silicon-manganese alloy and the size class of +5.0 to produce medium-carbon ferromanganese.
The average chemical composition of the metal and slag is as follows: % Mn — 86 — 88; Si — 0.04 —
0.35; Fe —1.78 —2.0; P—0.06 — 0.09; C— 1.5 —2.0; MnO — 19-20; SiO2 — 13.94-14.5; CaO — 23.35 -
24.85; MgO — 13.25-14.0. Thus, an optimal technological scheme has been developed for the
production of a wide range of manganese ferroalloys.
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strength [2]. Consequently, the primary consumer of
manganese and its alloys is the metallurgical
industry. Around 80% of extracted manganese ores
are utilized in the production of manganese
ferroalloys. This is because, from an economic
perspective, the steelmaking industry generally
prefers the use of manganese alloys with iron, such
as ferromanganese.

Introduction

Manganese is a crucial strategic metal with
widespread industrial applications in various aspects
of social economics. Approximately 90-95% of
manganese is consumed in steel production, while
the remaining portion is utilized in non-ferrous
metallurgy, battery manufacturing, and food

additives [1].

The applications of manganese stem from its
physicochemical properties. It is well-known that
adding manganese to steel enhances its mechanical
properties such as wear resistance, ductility, and

In ferrous metallurgy, manganese alloys are
essential for producing various types of steel,
including carbon, low-alloy, tool, and corrosion-
resistant steels, as well as for refined and cast iron.
Manganese is also added to bronzes and brass.
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Copper alloys with manganese are used for
manufacturing turbine blades, while manganese
bronzes are employed in producing propellers and
other components requiring a blend of strength and
corrosion resistance is required.

According to confirmed reserves of manganese
ores, Kazakhstan ranks fourth in the world, and
eighth in extraction, with a share of Kazakh ores in
global reserves amounting to 8% [3]. The demand
for manganese products continues to grow.
Kazakhstan's reserves are found in oxide iron-
manganese and carbonate-oxide manganese ores.
The share of confirmed reserves of manganese ores
by industrial categories is approximately 700 million
tons, of which around 200 million tons are suitable
for open-pit mining and 500 million tons for
underground mining [4].

The average manganese content in Kazakhstan's
ores is 19.4%, lower than in the ores of most
countries worldwide (30-50%). The manganese ores
of the Republic stand out for their low phosphorus
and sulfur content, virtually lacking harmful
impurities like arsenic and antimony, and featuring a
significantly oxidized mineral composition. This
characteristic advantageously distinguishes them
from Ukrainian and Georgian ores. However, a
drawback is the considerable iron content (ranging
from 2 to 30%), and on certain sites, the presence of
lead and zinc (up to 0.01-0.4%).

Out of 300 identified manganese deposits and
occurrences, the State reserves balance accounts for
19 manganese deposits situated in Central
Kazakhstan. In other regions, only isolated
occurrences reach the size of small deposits. Many
occurrences remain poorly studied, and the scale of
manganese mineralization is limited by visual
assessments. This limitation is primarily associated
with the presence of rich ores at the Djezdinskoe
deposit and the largest accumulations of manganese
ores in the Atasu district. Consequently, the scope of
work to study manganese mineralization in other
regions of the Republic has been restricted [[5], [6],
[7]1, [8], [9]]. Despite the impressive reserves of
manganese ores in Kazakhstan, the production of
medium-carbon ferromanganese has not been
established.

The research was conducted to study the
processes involved in smelting medium-carbon
ferromanganese from manganese ore. The
Djezdinskoe deposit was chosen as the subject of the
study due to its status as one of the largest
manganese ore deposits and its high industrial
significance.

Experimental part

The work was carried out at the Zh. Abishev
Chemical-Metallurgical Institute. To conduct
laboratory experiments, it was necessary to perform
a particle size analysis. For determining the particle
size distribution of the ore submitted for
examination, a set of sieves according to GOST 9758-
86 with the following opening sizes in mm was used:
40, 20, 10, 5, 2.5, 0.5, and 0.16 [[10], [11]]. A dry
sieving analysis was conducted on the examined ore
sample. Following the particle size analysis, thermal
analysis of the ore was performed.

One of the widely adopted methods for studying
calcination processes is thermal analysis [[12], [13],
[14], [15]]. Therefore, this presented work includes
calculations to determine the apparent activation
energy using the non-isothermal kinetics method for
phase transformations occurring in iron-manganese
ores during heating. The possibility of determining
the activation energy by three parallel paths using
the heating curves of DTA (differential thermal
analysis), DTG (differential thermogravimetric
analysis), and TG (thermogravimetric analysis)
derivatives was verified. Sequentially discussed are
the physicochemical transformations occurring in
iron-manganese ores in both oxidizing and reducing
environments.

Differential thermal analysis was conducted in
an oxidizing atmosphere of air and an inert argon
atmosphere using a Paulik, Paulik, and Erdéy system
derivatograph. This equipment allowed for the
recording of changes in sample mass (TG), the rate
of change of mass (DTG), and the temperature
difference (DTA) between the sample and an inert
reference during continuous heating at a specified
rate. Derivatograms of manganese, iron-
manganese, and iron ores (Table 1) revealed several
endo- and exothermic effects associated with the
dissociation and oxidation of manganese and iron-
bearing minerals [[16], [17]]. These thermal effects
and the related physicochemical transformations
became the subject of investigation in this chapter.
Temperature and differential curves were recorded
using a platinum-platinum-rhodium thermocouple.
The heating rate was set at 10 degrees per minute.
The sensitivity of the DTA derivatograph was 1/10.
Dissociation studies were conducted in an argon
atmosphere. Samples, in powder form, were placed
in a corundum crucible with a diameter of 10 mm
and a height of 12 mm. The duration of the
experiments was 100 minutes.
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The interpretation of thermal effects was based
on available literature data and the results of X-ray
phase studies. In many cases, reference was made
not only to individual publications on the
thermoanalytical characteristics of minerals but also
to summary tables that consolidate this data [[18],
[19], [20]].

Figure 1 - High-temperature Tamman furnace (in
section) 1 - Carbon-graphite tube; 2 - Copper
compression ring; 3 - Water-cooled cover;

4 - Water-cooled housing; 5 - Alundum crucible;
6 - Investigated charge; 7 - Protective lining;

8 - Thermocouple; 9 - Lower electrode.

Experimental studies on the smelting of
medium-carbon ferromanganese were conducted in
a high-temperature Tamman furnace, designed for
modelling metallurgical processes (Figure 1). Its
working zone is constructed with a graphite tube.
Temperature regulation is achieved using a thyristor
voltage regulator connected to the primary winding
of the power transformer. This allows for obtaining
a current of up to several thousand amperes on the
output buses at voltages ranging from 0.5 to 15
volts. The furnace temperature was measured using
a tungsten-rhenium thermocouple WR-5/20 in a
corundum casing.

To conduct laboratory research on the process
of smelting medium-carbon ferromanganese, we
are evaluating the quality of the reducing properties
of low-phosphorus refined silicomanganese,
manganese ore from the Djezdinskoye deposit and
lime.

Results and Discussion

Initially, a dry sieving analysis was conducted on
the material of the investigated sample with a size of
-40.0 +0.0 mm. The results of the analysis, showing
the distribution by particle size classes and the
content of manganese, iron, and silicon dioxide, are
presented in Table 1. Based on the calculated
granulometric composition of the ore obtained from
dry sieving (Table 1), the weighted average content
of manganese, iron, and silicon dioxide in the ore
sample was determined to be 48.49%, 1.76%, and
5.59%, respectively. The particle size distribution
curve corresponding to the dry sieving is depicted in
Figure 2.

Table 1 - Sieve analysis of the initial ore from the
Djezdinskoe deposit.

. . The chemical Extraction. %
Ne P;;tslzle,::e 3::/': composition, % !

! ! Mn Fe Sio, Mn Fe

1 -40+20 26.36 53.54 0.47 2.25 29.11 7.02
2 -20+10 32.99 52.09 0.41 1.41 35.44 7.66
3 -10 +5 26.88 49.19 2.06 4.64 27.27 31.36
4 -5+2.5 9.85 30.22 7.31 21.23 6.14 40.76
5 -2.5+1 3.74 25.67 5.84 30.65 1.98 12.36
6 -1+0.5 0.08 19.14 8.55 30.51 0.03 0.38
7 -0.5+0.16 0.02 21.53 7.55 25.17 0.01 0.09
8 -0.16+0 0.08 19.46 8.02 21.37 0.03 0.38
Total (ore) 100 48.49 1.76 5.59 100 100

The analysis of the results obtained from the dry
sieving (Table 1) demonstrates relatively high
outputs for particle size classes ranging from -40 mm
to +5.0 mm. The highest output corresponds to the
particle size class -20+410 mm, accounting for
32.99%, gradually decreasing to 13.77% for the
particle size class -5.0+0.0 mm.

.
=1

Extraction Mn, %
w oz m BB 8 =

=}

20 10 5 25 1 0,5
Fraction, mm

016 0

Figure 2 - Sieve analysis of the initial ore (dry sieving)
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The derivative thermograms of manganese ores
from the Djezdinskoe deposit (Figures 3 and 4) are
nearly identical. All derivative thermograms display
two characteristic (similar) endothermic effects,
differing only in their proportions. According to the
derivative thermograms, the uniform removal of
hygroscopic moisture smoothly progresses up to
250°C and abruptly transitions to the first
endothermic effect within the temperature range of
285-400°C, corresponding to the loss of hydrated
(structural) moisture associated with vernadite. At
this temperature, presumably, the monohydrate
dissociates, forming a— B-Mn,0s. The total moisture
loss (hydrated and hygroscopic) amounts to 20 mg.
The second endothermic effect at 500-570°C
corresponds to the formation and decomposition of
the a—cryptomelane solid solution. At 660-675°C,
there is an endothermic pyrolusite effect, indicating
the formation of B-Mn;0; from B-pyrolusite (B-
MnQO,). At 810-825°C, a permanganate effect is
observed (decomposition of psilomelane). Finally, at
970-980°C, a cryptomelane effect is identified,
signifying the formation of B-hausmannite from B-
Mn,0s (B-cryptomelane).

N
N

Figure 3 - Derivative thermogram of manganese ore
(fraction +5 mm)
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Figure 4 - Derivative thermogram of manganese ore
(fraction -5 mm)

Phase composition of the primary manganese
ore, as shown in Figure 5-9 for the fraction up to -40
mm, was determined using X-ray phase analysis. The
results revealed that the main phases include
pyrolusite (MnO;), hydrated manganese oxide

(MnOy(H,0)015), quartz (SiO,), magnesian calcite
(Mgvoacao‘97)(CO3), lamontite (CaAlei4012(H20)2),
gibbsite (AI(OH)s), potassium aluminium silicate
(KAISi3Os), calcium and manganese oxide
(CazMng01g), iron oxide (Fe;03), barium monoferrite
(BaFez0.4), manganese-barium hollandite
(BaMngO1¢), and aluminium calcium (Al,Ca).

Figure 5 - X-ray diffraction pattern of manganese ores
(fraction -5+2,5 mm)

Flgure 6- X ray dlffractlon pattern of manganese ores
(fraction -10+5 mm)

—=m

Flgure 7- X ray dlffractlon pattern of manganese ores
(fraction -20+10 mm)

Flgure 8- X ray dlffractlon pattern of manganese ores
(fraction -40+20 mm)
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During the laboratory smelting process in the
Tamman furnace, charge materials (ore, low-
phosphorus silicomanganese, and limestone) were
loaded into a corundum crucible. Upon reaching a
temperature of 930°C, the gas release was observed
in all experimental melts, characterized by a white
deposit on the walls of the carbon tube lid. At
1330°C, the beginning of the charge melting was
observed. Around 1450°C, a liquid melt appeared,
indicated by the presence of an alloy adhered to the
molybdenum wire. At a temperature of 1500°C,
gases were formed and released in the crucible,
resembling bubbles as if boiling water. At this
temperature, the melt was maintained for 60
minutes and then allowed to cool in the furnace. As
the temperature decreased to approximately
~200°C, the crucible was removed, and after cooling
it to room temperature, the melt underwent sorting
to separate the metal from the slag. Figure 9 shows
a cross-section of a crucible (metal and slag).

The obtained alloy in terms of its chemical
composition complied with the requirements of the
GOST 4755-91 standard. The results of the smelting
are presented in Table 2. As evident from the table,
the compositions of the slags varied in terms of their
basicity. The quantity of the reducing agent was
adjusted to find the optimal value. During the
laboratory experiments, it was noted that the
reduction process in the crucible occurred very
intensively, resulting in the complete melting of the
entire charge and a clear separation between the
metal and slag.

Table 2 - Chemical composition of metal and slag, %

Ne Metal, %

Mn Fe Si C P
1 86.38 10.30 0.21 2.0 0.06
2 86.45 10.25 0.35 2.0 0.07
3 86.51 10.18 0.34 2.0 0.08
4 88.14 9.97 0.03 1.5 0.07
5 88.44 10.00 0.04 1.88 0.08
6 88.35 9.98 0.04 1.78 0.09
Ne Slag, %

MnO SiO: Cao MgO P
1 19.89 13.94 23.35 | 13.25 | 0.001
2 21.05 13.80 25.50 | 13.31 | 0.001
3 20.50 13.85 24,51 | 13.21 | 0.001
4 20.06 14.00 23.85 | 13.35 | 0.001
5 20.05 14.10 24.56 13.45 0.001
6 20.10 14.5 2475 | 14.05 | 0.001

Slag

Figure 9 - Cross section of a crucible
(metal and slag)

As known, a range of technological indicators
depends on the chemical composition of slag,
especially its basicity (CaO/SiO,). As shown in Table
2, the basicity values range from 1.6 to 1.8. The
choice of Dbasicity largely determines the
technological properties of the slag. In our case, the
main goal was to improve the technical and
economic indicators of the process, such as the
degree of extraction of the leading element into the
alloy, the technological efficiency, and the frequency
of slag. The degree of manganese extraction from
the ore into the alloy was 261%. Technological
efficiency was characterized by fewer metal droplets
entangled in the slag and clear separation of metal
and slag when disassembling the solidified melt. A
secondary task was to achieve slag stability at the
given basicity. Slags from laboratory test melts were
obtained in a stony state without signs of
disintegration. The above information on optimal
data corresponds to basicity values of 1.6-1.8. The
recommended technological scheme for the
metallurgical preparation of the Jezdinsky deposit is
shown in Figure 10.

Sieve analysis
Fraction (-40 +5 mm) Fraction (-5 +0 mm)

Smelting of low-
Production of medium
carbon ferromanganese

phosphorous advanced
silicomanganese
Figure 10 - Recommended technological scheme for
metallurgical preparation of the Dzhezdinskaya deposit
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Conclusions

Based on the obtained research results, the
following main conclusions can be drawn:

- It has been determined that in the dry sieving
of crushed ore down to -80.0 mm, a significant
amount of manganese is concentrated in the particle
size class up to +5.0 mm, while the minimum amount
of iron is concentrated in the particle size class down
to -5.0 mm, suitable for low-phosphorus
silicomanganese quality of charge materials.

- The phase transformations of charge materials
in oxidizing and inert atmospheres were studied by
differential  thermal analysis (DTA). The
experimental data obtained are consistent with the
literature.

- The temperature range of the Tamman furnace
operation is approximately from 1598 to 1698 K. The

entire smelting process was completed successfully,
and the achieved temperature conditions at 1698 K
allowed for the complete formation of metal and
slag in the melting chamber.

This allows the establishment of optimal
parameters for the technological mode to effectively
smelt medium-carbon ferromanganese in the
refined furnace. The obtained data from
thermodynamic and laboratory studies provide a
basis for conducting both laboratory and large-scale
tests.
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Me3pai KeH opHbIHaH opTawwa KemipTekTi peppomapraHew, any

MYMKIHAIriH 3epTTey

! Maxambertos E.H., 1" 96gipawut A.M., *MbiHpkacap E.A.,
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Makana kengi: 10 xenamokcaH 2023
CapantamagaH eTTi: 3 kaHmap 2024
Kabbinganapl: 12 kaHmap 2024

TYWIHAEME

Byn makanaga Xesai KeHAepiH KongaHa OTbIpbIn, OpTalla KemipTeKTi deppomapraHeuTi 6ankbiTy
6oiblHWaA 3epTxaHasblK, KYMbICTapApblH, HaTuKenepi KenTipinreH. KasakcraHga mapraHe,
KeHAepiHiH, efayip Kopbl 6ap, onap Temip-mapraHel, XaHe KapboHaT-oKcug, KeHaepi TypiHae
60naabl. He3ai KeH OpHbIHbIH, MapraHew, KeHAepiHAE CanbICTbipManbl TYpAe MapraHew, Xofapbl
menwepae (48 %) >kaHe Temip a3 mesnwepge (2-5%) 6onagbl. KeHHiH rpaHy0MeTPUANbIK,
KYpPaMbIH 3epTTey YLiH efeK Tangaybl KongaHblaabl. EnekreH 6eniHreHHeH KeliH anblHFaH KeH
YATINEpiH rpaHyNOMEeTPUANBIK Tangay HaTuxkenepi GoWbIHWA MapraHeuTiH, »Kofapbl menwepi
(53,54 %), Temipain, menwepi (0,47 %) aHe KpEMHUIA OKCUAjHIH, a3 Menwwepi (2.25%) aHbIKTanabl.
KoFfapbl Temnepatypanbl TammaH newiHae opta KemipTekTi deppomapraHeuTi 6ankbiTy 6oibIHWA
3ePTXaHaNbIK ¥KYMbICTAP KYPridingi. 3epTXaHablK XKyMbICTapAblH HITUXKeNepi OMbIHLLIA ¥KOFapbl
cananbl TemeH pocdopapl OHAENTIH CUAMKOMapraHewuTi any ywiH -5+0,0 Mm KnacTapabl, opTawia
KOMIpTeKTi deppomapraHeuTi any ywWiH enwemi +5 Knactbl KONAAHY yCbiHbINAAbl. MeTann meH
KOXAbIH, OpTalla e/leHreH XMMUANBIK Kypambl: %: Mn — 86 — 88; Si— 0,04 - 0,35; Fe — 1,78 - 2,0;
R-0,06-0,09; C—1,5-2,0; MnO — 19-20; Si02-13,94 — 14,5; CaO — 23,35 — 24,85; Mg0-13,25-
14.0. Ocbinaiiwa, MmapraHey, ¢GeppoKOpPbITNANaAPbIHbIH, KeH CNeKTPiH OHAIpyAiH OHTalbI
TEXHONIOTUAIBIK CXEMAChI YKacanapl.

TyliiH ce30ep: mapraHeL, KeHi, opTalla KemipTeKTi ¢eppomapraHel, TemeH ¢ochopnbl KanTa
eHAenNeTiH cuaMKomapraHew, AvddepeHUMansbl TEPMUANbBIK Tangay, KoFapbl TeMnepaTtypabl
new, peppoKopbITna.
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UccnepoBaHMe BO3MOXKHOCTU NONyueHUeE cpegHeyrnepoaucroro peppomapraHua
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AHHOTAUMA

B pdaHHOM cTaTbe npuBefdeHbl  pe3ynbTaTbl  NabopaTopHbiX paboT no  BbiNnaske
cpeaHeyrnepoaucToro deppomapraHua ¢ ucnonbsoBaHuem [resguHckux pya. B KasaxctaHe
MMeIOTCA 3HauWTe/bHble 3amacbl MapraHUeBbiX pyd, KOTOpble MpeAcTaBNAeHbl  Keneso-
MapraHueBbiIMi U KapbOHATHO-OKCMAHbIMM pyaamu. MapraHuesble pyapl [Ke3aUMHCKOro
MECTOPOXKAEHUA XapaKTepU3yIOTCA CPAaBHUTENbHO BbICOKMM cofepXKaHnem mapraHua (48 %) u

Moctynuna: 10 dekabps 2023 HU3KMM cofiepKaHneMm xenesa (2-5 %). [na uccneposaHus rpaHyIOMETPUYECKOTO COCTaBa pyapl
PeueH3unpoBsaHue: 3 aHeapa 2024 6bl71 UCNONB30BaH CUTOBLIN aHanu3. Mo pesynbTaTam rpaHyN1OMeTpUYecKoro aHaaunsa obpasuos
MpuHATa B nevatb: 12 AHeaps 2024 pyAbl, MONYYEHHbIX NOCNe CUTOBOrO pasfeneHus, OblIo BbIABNEHO BbICOKOE COAep}KaHue

mapraHua (53,54 %), Hu3Koe copepxkaHue xenesa (0,47 %) n kpemHesema (2,25 %). Bbinn
nposeaeHbl nabopatopHble paboTbl MO BbIMJABKE CPeAHEYrNepoancToro deppomapraHua B
BbICOKOTEMMepaTypHOW neun TammaHa. Mo pesynbtatam nabopatopHbix paboT pekomeHayeTcs
nmcnonib3oBatb Knaccbl -5 + 0,0 Mm Ana nosnyvyeHUs KavecTBeHHOro HuskodocdopucrToro
nepeaenbHoOro CUAMKOMapraHua, Kaacc KpYmHOCTUM +5 Ans noayyYeHua cpesHeyrnepoauctoro
deppomapraHua. CpeHeB3BeLIEHHbIE XMMUYECKUIH COCTaB MeTanna U Wwnaka: %: Mn — 86 — 88; Si
—-0,04-0,35; Fe—1,78-2,0; P-0,06 - 0,09; C—1,5—2,0; MnO — 19-20; SiO2 — 13,94-14,5; CaO —
23,35 — 24,85; MgO - 13,25-14,0. Takmum o6pasom 6bina paspabotaHa oONTMManbHas
TEXHO/IOTMYECcKan CXema A/19 NPOU3BOACTBA WMPOKOro CNeKTpa mapraHLeBbix GeppocnnaBos.

Knloveeble  cnoea:  mapraHuesas pyda,  cpepHeyrnepoaucTblit  deppomapraHel,
HU3KOPOCHOPUCTbIN NepeaenbHblt  CUAMKOMapraHel, AuddepeHLManbHOro  Tepmudeckuii
aHanu3, BbiICOKOTeMMNepaTypHas neds, Geppocnias.
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