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Abstract. Recycling manganese-rich industrial residues is a significant technological and environmental challenge in min-
ing regions because it lowers long-term waste accumulation and provides a valuable supplementary feedstock for ferroalloy
production. This study thoroughly examined fine-grained manganese sludge from the Ushkatyn-3 deposit (JSC «Zhayremsky
GOKM») using particle size analysis, X-ray fluorescence spectroscopy, X-ray diffraction, ICP-AES, and differential thermal
analysis. Nearly all of the original technogenic material, which contained 15.0-18.3% Mn, was composed of barite, quartz,
bixbyite, calcite, and braunite. Based on the identified granulometric and mineralogical properties, a gravity-magnetic benefi-
ciation flowsheet was created. Sequential treatment using jigging, concentration tables, and high-intensity magnetic separation
produced a finely dispersed manganese concentrate with a Mn content of 34.9-35.2% and a recovery of roughly 61%. Pelletiz-
ing mixtures containing calcium oxide, natural iron-bearing diatomite, and, in certain compositions, coke was made using the
resultant concentrate. The formation of green pellets during granulation in an Eirich mixer-granulator has been examined in
relation to binder content and particle-size distribution. The thermal behavior of the composite mixture was examined using
TGA-DTA/DSC and quadrupole mass spectrometry, which revealed dehydration, carbonate breakdown, and polymorphic
transformations of manganese phases over the temperature range of 200-1160°C. Because it offers adequate phase consolida-
tion without partial melting, the sintering process proved that 1170°C is the optimal firing temperature. The formation of ferro-
bustamite (CaFe,Si20O4), hausmannite (Mn3Oa,), and jacobsite (MnFe,0O.) was verified by X-ray diffraction analysis of the fired
pellets. This is the ferrosilicon calcium binding phase, which strengthens the agglomerates’ structural integrity. The sintered
pellets’ high mechanical strength (up to 33.8 kg per pellet), apparent density of 1.45-1.91 g/cm3, and open porosity of 27-35%
attest to their suitability as feedstock for ferromanganese alloy production. The developed beneficiation and agglomeration
method represent an effective way to convert low-grade manganese sludge into useful metallurgical raw materials. The pro-
posed technology reduces the environmental impact of tailings ponds and opens a viable path to the sustainable use of manga-
nese-containing industrial waste.
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1. Introduction Study [6] provides data on the processing of ore material
containing 17% pyrolusite, 78% calcite, and 4% quartz. In
the first stage, using gravity enrichment on separation
equipment, a pyrolusite concentrate was obtained, character-
ized by a specific manganese oxide content of 20%.

Subsequent application of high-intensity magnetic sepa-
ration increased the MnO content to 44.3% with a total ele-
ment recovery of 61.3%. Studies have been conducted on the
enrichment of fine-grained manganese ore with a low man-
ganese content [8]. Classification followed by a two-stage
process of high-intensity magnetic separation (1.7 and 1.1 T)
made it possible to obtain an iron-manganese concentrate
with a Mn content of 37% and a recovery rate of 48%.

The possibility of gravitational and magnetic enrichment
of aged manganese sludge has been studied [10]. Using a
3.0-0.63 mm class screening process and 0.63-0.071 mm
class magnetic separation, a concentrate with a manganese
content of 38.25% was obtained.

The processing of manganese ores produces significant
volumes of finely dispersed manganese-containing raw mate-
rials [1]. The use of mineral formations of technogenic
origin, including finely dispersed crushing products, residues
after enrichment, and slags from metallurgical processes,
opens up new opportunities for the effective development of
the raw material base and reduction of natural resource use
by involving secondary resources in the technological cycle.
This approach not only significantly reduces the costs asso-
ciated with traditional mineral extraction but also contributes
to solving pressing environmental issues related to the dis-
posal of industrial waste and reducing the anthropogenic
impact on the environment [2-5].

Research is being conducted on the enrichment of low-
quality iron-manganese raw materials using flotation and
magnetic separation processes [6-9].
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For use in metallurgical processes for smelting finely dis-
persed concentrates obtained by enriching manganese-
containing sludge, they must be agglomerated into pellets and
briquettes. The strength characteristics, melting and reducing
properties of manganese pellets have been studied depending
on the nature of the fluxing materials, carbon content, ratio of
acidic and basic oxides, and heat treatment conditions [11-
17]. As a rule, substandard concentrate of the fine fraction is
used for pellet production. Various types of binders are added
to the charge to ensure strength characteristics.

Work [18, 19] presents the results of pellet formation us-
ing bentonite as a binder. The resulting pellets were dried
and then fired at a temperature of 1300°C. According to the
assessment, the physical and mechanical properties of the
pellets met the requirements for ferroalloy production.

A method for producing composite pellets for silicoman-
ganese production, consisting of manganese ore, iron ore,
fine coke, and ferromanganese slag without additional bind-
ers, is described [18]. The physical properties of the pellets
obtained, such as cracking and reducibility, were significant-
ly improved compared to the original lump manganese ore.

The results of the study [19] confirmed the effectiveness
of the thermohydrotreatment method in autoclave conditions
for strengthening fluxed manganese material. It was found
that the initial (raw) pellets had a strength of about
3.55 kg/pellet, while after autoclave treatment, this figure
increased to 40-60 kg/pellet. The samples obtained demon-
strated thermal stability and retained their structural integrity
under rapid thermal exposure up to 1000°C, which indicates
their suitability for smelting carbon ferromanganese.

Thus, it has been established that autoclave-hardened
manganese pellets formed from finely dispersed concentrates
are characterized by high strength, uniformity in particle size
and chemical composition, and are capable of effective car-
bon reduction under metallurgical process conditions.

In recent years, researchers have shown growing interest
in the use of fine-grained manganese residues that remain
after ore beneficiation and metallurgical operations. These
materials are difficult to handle because of their small parti-
cle size and uneven mineral composition, and for that reason
they cannot be directly fed into pyrometallurgical processes.
This makes the question of how to agglomerate them into a
stable, uniform product an important practical issue.

Another point that requires attention is the choice of addi-
tives introduced into the pellet mixture. Fluxes, carbon mate-
rials, and various silicate components influence the reactions
that occur during firing and determine which binding phases
eventually form. Several publications report that natural
aluminosilicates, clay-rich residues, and diatomite can pro-
mote the formation of calcium-silicate and related phases,
which improve the strength of pellets under reducing condi-
tions typical of ferroalloy production [20-23].

At the same time, manganese-bearing waste from specific
deposits in Kazakhstan has not been investigated in detail.
Differences in mineralogical composition, particle shape,
impurity content, and moisture content require adjustments
to separation stages and pelletizing methods. Therefore,
additional research is needed to determine methods for pro-
ducing agglomerated materials that meet the requirements of
metallurgical processing.

The aim of this work was to develop methods for enrich-
ing finely dispersed manganese-containing raw materials and
obtaining pellets suitable for smelting into ferromanganese
alloys based on manganese concentrate.
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2. Materials and methods

A sample manganese sludge with a size of -5+0 mm was
taken at the Ushkatyn-3 deposit (JSC «Zhayremsky GOK»)
with a mass of 200 kg. The manganese content in the average
sludge sample was 15.04% (15.96%), and the iron content
was 6.03% (5.97%).

The following materials were used in the study: manga-
nese concentrate obtained by enriching manganese-
containing sludge, diatomite from the Zhalpak deposit, calci-
um oxide, and coke.

The chemical composition of the raw materials and pro-
cessed products was determined by analysis using inductive-
ly coupled plasma atomic emission spectrometry (ICP-AES)
on an Optima 8000 DV (ICP, PerkinElmer, Norwalk, CT,
USA), and X-ray fluorescence data was obtained using a
Venus 200 wave dispersion spectrometer from PANalytical
(Netherlands).

X-ray phase data were obtained on a D8 Advance diffrac-
tometer (Bruker AXS GmbH, Karlsruhe, Germany) with a
cobalt anode, radiation, Cu. Differential thermal analysis of the
mixture for pellet production was performed on a TG-
DTA/DSC synchronous thermal analyzer and a STA 449 F3
Jupiter® quadrupole mass spectrometer (NETZSCH, Germany).

The particle size distribution of manganese-containing
technogenic raw materials from the Ushkatyn-3 deposit was
studied on a sample with a size of -5.0 + 0 mm.

Sieve analysis was performed by sequentially sieving the
test sample through a standard set of laboratory sieves, fol-
lowed by determination of the mass fraction of material re-
tained on each sieve, calculated based on the mass of the
initial sample. To evaluate the size distribution of particles in
the slurry sample, sieves with mesh sizes of 2.0, 1.0, 0.5,
0.315, 0.16, and 0.1 mm were used. Sieving was performed
using a mechanical vibrating analyzer.

3. Results and discussion

The particle size distribution of the material under study
is presented in Table 1. The content of manganese, iron, and
silicon was determined in the sieve analysis products.

Table 1. Results of sieve analysis of a sample of sludge frac-
tion (-5.0+0) mm from the Ushkatyn-3 deposit

Element content, % Element distribution, %

Class, mm Yield, % Mn Fe Mn Fe
+2.0 22.17 16.10 5.10 22.37 18.91
-2.0+1.0 22.44 15.01 5.21 21.08 19.56
-1.040.5 24.32 15.92 6.24 24.26 25.38
-0.5+0.315 9.02 16.12 6.81 9.11 10.27
-0.315+0.16 14.25 16.34 7.02 14.58 16.68
-0.16+0.1 3.95 18.30 8.22 453 5.43
-0.1+0.0 3.85 16.88 5.86 4.07 3.77
Total 100.0 15.96 5.97 100.0 100.0

The results of the granulometric analysis of manganese-
containing sludge from the Ushkatyn-3 deposit (Figures 2 and
3) show that the largest mass is represented by the +0.5 mm
size class and accounts for 68.93%, while the other size classes
vary from 3.85% to 14.25%. The content and distribution of
manganese and iron in different size classes of manganese-
containing sludge are shown in Figures 2 and 3. It is shown
that the manganese content in different fractions differs insig-
nificantly and ranges from 15.0 to 18.3%. Most of the manga-
nese is concentrated in fractions larger than 0.5 mm.
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Figure 2. Manganese and iron content in different size classes
of manganese-containing sludge

30 +

Distribution, %

+2.0

1.0-2.0 0.5-1.0 0,-0.5 0.16-030.1-0.16 0-0.1

Size class, mm
B manganese content M iron content

Figure 3. Distribution of manganese and iron in different size
classes of manganese-containing sludge

Along with studying the particle size distribution, X-ray
fluorescence and X-ray phase analyses of the sample were
performed (Table 2 and 3).

Table 2. Results of X-ray fluorescence analysis of a sample of
manganese-containing sludge from the Ushkatyn-3 deposit

Component Component

Components contsnt, % Components contsnt, %
0 44.12 K 0.273
Mn 16.78 Ca 16.21
Fe 5.52 Ti 0.149
Na 0.301 As 0.036
Mg 0.795 Cu 0.015
Al 141 Zn 0.067
Si 6.89 Pb 0.239
P 0.025 Sr 0.127
Cl 0.041 Ba 6.437
S 0.701 Pb 0.002

Table 3. Results of X-ray phase analysis of a sample of man-
ganese- containing sludge

Compound name Formula S-Q, %
Calcite Ca(co.) 41.2
Quartz SiO, 13.0

Brownite Mn; Og (SiO4 ) 10.1
Bixbyite FeMnO; 9.85
Barite BaSO, 6.59
Pigeonite Mgo_eg Feo.23 Cagos S|03 6.58
Dikit Al; Si; Os (OH), 5.57
Hematite Fe1_957 03 4.59

X-ray phase analysis of manganese-containing sludge
showed that the main manganese-containing minerals are
braunite Mn;Og(SiO4) and bixbite, while the rock-forming
minerals are calcite, quartz, and barite (Table 3).
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Manganese ore enrichment is mainly carried out by flota-
tion. To carry out flotation, the difference in density between
manganese minerals and waste rock must be at least
400 kg/m3. Since the density of most manganese minerals is
3200-3800 kg/m®, and that of waste rock does not exceed
2800 kg/m?, this operation can be carried out.

A study of the processes of gravitational enrichment of
manganese-containing sludge was carried out, resulting in a
finely dispersed concentrate with an increased manganese
content. A 50.0 kg sample of sludge was screened using
sieves of different particle sizes: 2.5, 1.25, and 0.071 mm.

Beneficiation of sludge with particle sizes of -2.5+1.25
and -1.25+0.071 mm was carried out in a jigging machine.
The optimal operating parameters are: bed size (manganese
grains) — 10-8 mm, bed height — 30-40 mm, pulsation fre-
quency — 350 oscillations/min, oscillation amplitude — 8 mm
enrichment of the -0.071+0 mm size class was carried out on
concentration tables under the following conditions: table
stroke — 14 mm, number of deck oscillations per minute —
240, deck inclination — 35 degrees.

A technological scheme for the gravitational beneficia-
tion of manganese sludge has been developed, allowing the
production of a concentrate with a manganese content of
28.5% and iron content of 7.25%. At the same time, the ex-
traction of these components was achieved at a level of
62.01% and 39.85%, respectively (Figure 4).
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Figure 4. Schematic diagram of gravity enrichment of man-
ganese-containing sludge

The combined manganese concentrate from the tailings
and concentration table was separated using a SMP-PR-02
laboratory magnetic separator (manufactured in Ukraine) at a
magnetic field strength of 900 mT.

As a result of applying the gravity-magnetic enrichment
scheme, a manganese concentrates with a manganese content
of 34.9% and iron content of 7.9% was obtained; the extrac-
tion rates were 61% and 39%, respectively. The optimal
technological parameters for the formation of «raw» pellets
from a composite mixture including manganese concentrate,
special coke, iron-containing varieties of diatomite, and lime
were established. The chemical composition of the starting
components is shown in Table 4.
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Table 4. Chemical composition of the starting materials

Source
material Mn SiO; Al,O3 Fe,05
Manganese concentration = 34.9 10.31 1.83 14.82
Diatomite - 63.94 8.03 10.30
Lime - 0.23 0.05 0.09

Manganese concentrate-based pellets were obtained by
pelletizing on a laboratory automated mixer-granulator manu-
factured by Eirich (Figure 5 and 6). Granulation process pa-
rameters: steel drum rotation speed — 170 rpm, drum angle —
30(0), drum rotation relative to the swirler — counterclockwise.

Figure 6. Samples of manganese pellets

Experiments were conducted to obtain pellets based on
two compositions with different fractional compositions of
manganese concentrate: 1) content of fractions 0.5-0.16 mm
— 61.3%; 0.16-0.071 mm — 34.0%; less than 0.071 mm —
4.7%; 2). The particle size distribution of the material under
study is as follows:

—the 0.5-0.16 mm fraction accounts for 39.8%;

— fraction 0.16-0.071 mm — 31.2%;

— particles smaller than 0.071 mm account for 29.0%.
Kazakh diatomite containing iron oxides (Zhalpak deposit)
was used as a binder in the mixture for producing manganese
pellets. The chemical composition of diatomite is as follows,
in mass %: SiO; — 63.94; Al,O3 — 8.03; Fe;,O3 — 10.30; CaO
—8.06; MgO - 9.61; others — 0.6.

Diatomite is a natural material, the main component of
which is quartz (69.4%), also containing goethite, barium-
manganese, magnesium, calcium-aluminum, and barium
silicates (Figure 7).

To obtain pellets, 500 g of the raw material mixture was
poured into the mixer-granulator. The mixture was mixed for
30 seconds at a maximum vortex speed of 2000 rpm. When
small granules appeared, the vortex speed was reduced to
1000 rpm, followed by powdering of the mixture.
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Figure 7. Diffractogram of a diatomite sample

To obtain pellets, 500 g of the raw mixture was poured in-
to the mixer-granulator. The mixture was mixed for 30 sec-
onds at a maximum agitator speed of 2000 rpm. When small
granules appeared, the speed of the swirler was reduced to
1000 rpm, followed by powder coating of the mass. After 1
minute, the remaining part of the binder component was add-
ed, and the moistened mass was powder coated, reducing the
speed of the swirler to 700 rpm. After one minute, the speed
of the swirler was reduced to 500 rpm, then to 300 rpm. After
continuing granulation at this speed for 3 minutes, the process
was completed and the raw pellets were unloaded.

It was found that pellets based on a charge with a high
content of fine manganese concentrate (less than 0.071 mm)
have high strength characteristics.

To establish the patterns of structural and phase transfor-
mations occurring during the heat treatment of manganese
pellets, a differential thermal analysis was performed on a
mixture with the following composition, in mass %: manganese
concentrate — 85, diatomite — 10, calcium oxide — 5 (Figure 8).

In the temperature range of 200-550°C, endothermic ef-
fects were observed with extrema at 281.8°C and 495.8°C.
They are accompanied by a decrease in the weight of the
sample, which indicates the dehydration of iron hydroxides.
The combination of an endothermic effect with an extreme
at 587.4°C and an inflection point on the DTA curve at
708.2°C may be associated with the decomposition of
(Fe,Mn)CO¢) .An intense endothermic effect with an ex-
treme at 836.5°C reflects the decomposition of calcite. The
endothermic effect with maximum development at 1168.9°C
can be attributed to the polymorphic transformation of
brownite 3Mn 203 (Mn,Mg,Ca)SiOg). At 1191°C, crystalli-
zation of the fayalite phase 2FeO-SiO(2) phase. The exo-
thermic effect at 979.8°C is probably associated with the
crystallization of ferroboostite (CaFe()Si)O))-

The sintering range of experimental manganese-
containing pellets was studied, which was 1160-1200°C,
with an optimal pellet firing temperature of 1170°C.

As the firing temperature increases, the strength of the
samples increases, but at a temperature of 1200°C, signs of
melting are observed.
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Figure 8. Derivatogram of the charge consisting of manganese concentrate, diatomite, and calcium oxide

X-ray phase analysis of fired compositions based on man-
ganese concentrate with additives revealed that manganese in
the pellet structure is present in the form of jacobsite
(MnFe204) and hausmannite (Mn3O4) phases. The binding part
of the structure contains cwalcium and iron silicate — ferro-
bustamite (CaFe,Si>Og), which contributes to the strengthening
of pellets and increases their mechanical strength.

The physical and mechanical properties of manganese
pellets were determined. For the optimal particle size distri-
bution, pellets were produced using two compositions. In the
first composition, the pellet mixture consisted of manganese
concentrate (85 wt.%), diatomite (10 wt.%), and calcium
oxide (5 wt.%). In the second composition, the charge con-
sisted of manganese concentrate (78 wt.%), diatomite
(11 wt.%), calcium oxide (6 wt.%), and coke (5 wt.%).

The pellets exhibited the following properties: open po-
rosity of 27.3% and 34.5%, apparent density of 1.91 and 1.45
g/cmsd, and water absorption of 12.5% and 19.2%, respective-
ly. The compressive strength of pellets based on the manga-
nese concentrate—diatomite—CaO mixture was 33.80
ka/pellet, while the addition of coke reduced the strength to
23.28 kg/pellet.

4, Conclusions

A technological scheme has been developed for the bene-
ficiation of finely dispersed manganese-containing raw mate-
rials with obtaining a concentrate with a Mn content of
35.2%. The optimal technological parameters for forming
pellets from a mixture including manganese concentrate,
special coke, diatomite, and lime have been established. By
firing at a temperature of 1170°C, it was found that manga-
nese in the obtained pellets is present mainly in the form of
jacobsite (MnFe;Q4) and hausmannite (Mn3O4), and a phase
of ferrobustamite phase, which contributes to the increased
strength of the products.

The compressive strength of the formed pellets was 33.8
kg/pellet, which indicates their sufficient mechanical
strength. The obtained pellets meet the requirements for raw
materials for smelting ferromanganese alloys and can be
effectively used in ferroalloy production.
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AnpaTrna. MapraHenke Oali ©HEPKOCINTIK KaABIKTapAbl KalTa eHJAeYy TayKeH OHJIpici alMaKTapbhlHIa MAaHBI3/IbI
TEXHOJIOTHSUIBIK JKOHE SKOJOTHSUIBIK KHUBIH/ABIK TYIbIpaabl, ce0ebi o y3aK Mep3iMal KaIIbIKTapJIblH >KUHATYBIH a3aiiTajibl
JKoHE (epPOKOPHITIIA OHIIPIC YIITIH KYHIBI KOCHIMINA MIMKi3aT OONBIN Ta0buIaAbl. by 3epTreyme YMIKAThIH-3 KEH OpHBIHAH
(«Kaiipem T'OK» AK) anbiHFaH ycak TYHIpIIIKTI MapraHen InlaMbl OJILEKTEpIiH MOJIIEpiH Tajjay, PEHTIEHIIK
(bmyopecueHIUAIBIK CTeKTpockonusi, peHTrennik audpakmus, [CP-AES skone nmuddepeHImanasl TEPMUSUIBIK Talaay
o/licTepiH KoijgaHa OTHIpbIN MykusT 3eprrennui. 15.0-18.3% Mn kypaiiTbiH OacTankbl TEXHOTEHIIK MaTepHAIIbIH OapIIbIFbI
Jiepitik 6apuT, KBapll, OMKCOMHT, KaJIbIUT >KOHE OpayHUTTEH TYpAbl. AHBIKTAJIFaH TPaHyJIOMETPHSUIBIK XKOHE MUHEPaJIOTHSUIBIK
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KacHeTTepre CYHEeHEe OTBHIPBIN, TPAaBUTALMSIIBIK-MArHUTTIK OalbITy aFbIHIBIK CXeMachl acaiuabl. JOKUTTHHT, KOHIIEHTpaLus
KecTeJepi JKOHe KOFaphl KapKBIHIBI MAarHUTTIK Oeiryni KoJmaHa OTHIPHII, Ti30eKTi eHAeYy HoTIbKeciHme Mn memmepi 34.9-
35.2% >koHe KaimblHa KenTipyl mamameH 61% O0oJjaThlH ycak AMCHEPCTI MapraHen KOHIEHTPAThl ajJbIHAbI. AJIBIHFaH
KOHIICHTPATTHI MalIanaHbII, KaJdbIIni OKCHI, TAOUFH TeMipi Oap IUaTOMHT koHE Keiibip Kypamaapaa Kokc Oap TYHipIIikTey
KocIanapsl yKacanipl. DHpHX apanacThIPFhINI-TPaHySTOPbIHAA TYHIPIIIKTEY Ke3iHJE >KachUl TYHIpIIIKTEpAiH maiina Ooirysl
OalTaHBICTHIPYIIBI 3aTTHIH KypaMbBl MEH OeINIIEeKTepHiH MOJIIEpiHiH TapailyblHa OaimaHBICTHI 3epTTenmi. KoMImo3uTTik
KOCIIaHBIH TEepMUSUIBIK MiHe3-Kyikbl TGA-DTA/DSC jkoHe KBaipymnojibJl Macc-CIEKTPOMETPHUSHBI KOJIAaHY apKbLIbI
seprrenni, Oy1 200-1160°C TtemmepaTypa AnWama3oHBIHAA Mapraser (a3zajdapblHBIH JeTUAPATAlUsACHIH, KapOOHATTHIH
BIJIBIPAYBIH JKOHE MOJIMMOP(THI TYpJIEHYJEpiH aHbIKTagbl. JKapTeiaaid OankpIMal, KETKITIKTI (aszanblK KOHJCHCALUSHEI
KaMTaMachl3 eTeTIHAIKTeH, Kydmipy mpomeci 1170°C oHTaliimsl KYHZipy TeMmeparypachl eKCHIH —JIOJeJACi.
®deppobycramurtin  (CaFezSiz04), raycmauuuttiy (Mn3Os) xoHe skobcurtiH (MnFeyOs) maitma Gosysl KyhmipinreH
TYHIPIIIKTEPiH PEHTIeHAIK IU(PAKIUIBIK Talgaybl apKbUIbl pacTaiasl. bys armoMepaTrapslH KYPBUIBIMIBIK TYTACTHIFBIH
HBIFAlTaThIH (peppOCHIMIINK KanbLuiiH OaitlaHblcThIpy (asacsl. bitenren TyHipuiikTepaiH >KOFapbl MEXaHUKaJIBIK OEpIKTiri
(6ip ryiiipmrikre 33.8 kr-ra neiiH), kepiHeTiH ToIFBI3ABIFBI 1.45-1.91 r/cm® xoHe ambIK Keyektimiri 27-35% omapaslx
(eppomapraser] KOpBITIIACHIH OHJIpYyre apHaJfaH LIMKi3aT PETiHAE >KapaMIbLIBIFBIH pacTaipl. O3ipJeHreH OaibITy XKoHe
arJioMeparus 9Jici TOMEH CYpBINTH MapraHell MUIaMBIH HaiJallbl MeTAIUTYPTISUTBIK ITUKi3aTKA aifHAIIBIPYIBIH THIMII TOCUTIH
oinmipeni. ¥CHIHBUIFAH TEXHOJIOTHS KAaJJIbIK KOWMAaJIapbIHBIH KOpIIAFaH OpTara OCepiH a3alTajabl JXKOHE Mapraser] Oap
OHEPKICINTIK KaNABIKTApbl TYPAKThl MalJaIanyFa ’KOJl allajpbl.

Hezizzi co30ep: xypamvinoa mapeaney 6ap KanObiKmap, MexHOIOUANLIK CYaba, mapeauely KOHYEHMpamvl, mapeaney
mytiipwikmepi, 6epikmiei.
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Annoranus. [TepepadoTka 60raTbIx MaprasieM MPOMBIIUIEHHBIX OTXO/I0B IIPEACTABISIET CO00I Cephe3HyI0 TEXHOJIOTHYe-
CKYIO M 3KOJIOTHYECKYIO NMpO0OJeMy B TOPHOIOOBIBAIONINX PErHOHaX, MOCKOJBbKY OHA CHMXKACT JOJITOCPOYHOE HAKOIUICHHE
OTXOJIOB U 00ecreunBaeT IeHHOe JONOJHUTENBLHOE ChIphe JJIs POU3BOJICTBa (eppociuiaBoB. B naHHOM nccnenoBaHun ObLT
MPOBE/ICH TIIATEIBHBIN aHATN3 MEITKO3EPHUCTOTO MapTaHIIEBOTO [UIaMa ¢ MECTOPOXKICHUs YmKaTeiH-3 (AO «Katipemckuit
I'OK») ¢ ucnosnp30BaHMEM I'PaHyJIOMETPHYECKOTO aHaIM3a, PEHTIeHO(IYOPECEHTHOW CHEKTPOCKONHH, PEHTIT€HOBCKOW /-
¢dpaxmuun, UCIT-ADC u nuddepeHnnanbHOro TepMIIecKoro anainmsa. [IpakTHaeckn Bech MCXOHBIN TEXHOTEHHBIN MaTepHa,
conepkamuii 15.0-18.3% Mn, cocrosut u3 OapuTa, KkBapua, OMKCOMKTA, KaubluTa U OpayHura. Ha oCHOBe BBISIBIEHHBIX Ipa-
HYJIOMETPUYECKUX M MHHEPAJIOTHYECKHX CBOMCTB OblIa pa3paboTaHa TEXHOJOTMYECKas CXeMa IPaBUTAI[OHHO-MarHUTHOTO
oboramenus. [TocnenoBarenbHas 00pabOTKa ¢ UCIIOIL30BAHUEM OTCAJOYHBIX MAIIMH, KOHIIEHTPALIMOHHBIX CTOJIOB M BBICOKO-
MHTEHCUBHON MarHWTHOHM cCemapanyy IMO3BOJMIA MOIYYUTh MEIKOANCIIEPCHBI MapraHIEBBIH KOHIEHTpPAT C COJIEp)KaHHWEeM
Mn 34.9-35.2% u BbIXOIOM IpuMepHO 61%. M3 nony4eHHOro KOHILEHTpaTa ObUIM H3TOTOBJICHBI TPAaHYJIUPOBAHHBIE CMECH,
CoJIeprKalliie OKCHJ KaJbIUsl, IPUPOJHBIA JKEIe30CcoIepKaNi TUaTOMUT M, B HEKOTOPHIX cocTaBax, KOkc. McciemoBaHo
00pa3oBaHKe 3eJeHbIX IPaHyJl B MPOLIECCe TPaHyIMpOBaHus B cMecuTelne-rpanyisitope Eirich B 3aBucuMocTH OT copepxkaHust
CBSI3YIOIIEr0 M TPaHyJOMETPHYECKOr0 cocTaBa. TepMHUYecKOe IOBEJCHHE KOMIIO3UTHOW CMeCH OBLIO M3Y4EHO C IOMOIIBIO
TIrA-ATA/ACK u KBanpymnosibHONH Macc-CIIEKTPOMETPHH, KOTOpPBIE BBIIBWIM JETHIPATALMIO, pa3pylleHne KapOOHATOB M
noJaruMOop(dHBIE TIPEBpaIIeHUsT MapraHneBex (a3 B quanazone temmepatyp 200-1160°C. ITockonpKy mporecc ciekanus odec-
MeYMBACT aJICKBAaTHYIO KOHCOJMAANMIO (a3 0e3 4aCTHYHOIO IUIaBJIECHHs, ObUIO JI0OKAa3aHO, YTO ONTHMAJIbHOW TEeMIIepaTypou
obxwura sBisercs 1170°C. PeHTreHOAUPPAKITMOHHBIN aHATN3 000XOKEHHBIX TPaHyJ MOATBEPAWI oOpa3oBaHue (heppodycTa-
mura (CaFe;Siz0s), raycmannura (Mn3zOs) u skobcuta (MnFe 04). D10 (hasza, cBs3biBaroiias GeppOCUIHINN U KalbIUiA, KO-
TOpasi YKpeIUsieT CTPYKTYPHYIO LIEIOCTHOCTh arjioMepaTtoB. Bricokasi MexaHW4ecKast IPOYHOCTh CIIeYeHHbIX rpanyi (10 33.8
KI' Ha TpaHyiy), Kaxymascs mioTHocts 1.45-1.91 r/cm® u oTkpeITast nopucrocts 27-35% CBHAETENBCTBYIOT 00 MX MPUTOIHO-
CTH B Ka4eCTBE CHIPhS ISl IPOM3BOJACTBA (eppOMapraHIeBIX CIUIAaBOB. Pa3paboTaHHBI MeTO 000TaIeHNs U ariioMeparyun
Ipe/CTaBIsIeT co00i 3¢ HeKTUBHBIH cr1ocod peodpa3oBaHnsl HUI3KOCOPTHOTO MApraHIEBOro IlamMa B I10JIe3HOE METaJuTypri-
yeckoe chIpbe. [Ipemmaraemasi TEXHOJIOTHS CHIDKAeT BO3ACHWCTBHE XBOCTOXPAHMJIMI HAa OKPYXKAIOIIYIO CPEAy M OTKPBIBAaET
MEPCIIEKTUBHBIN MyTh K YCTOMYMBOMY HCIIOJIb30BAHHIO MPOMBIIIICHHBIX OTXO0JI0B, COJIEPIKAIINX MapraHel.

Kniouegvie cnoga: mapeaneycooepicauyue omxoobl, MEXHOIOSULECKAS CXeMA, MAP2AHYEGblll KOHYEHMPAm, Mapeanyegule
OKAMbIUUU, NPOYHOCHb.
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