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ABSTRACT

In order to provide ferroalloy production with high-quality raw materials, the need to develop
technologies for processing of low-grade manganese and ferromanganese ores is becoming
increasingly important. In view of the change in the quality characteristics of ores, the decrease in
manganese content and the ability to beneficiation by traditional methods, it is necessary to
consider new approaches and technological solutions. The article presents data from a study on
the beneficiation of refractory iron-manganese ore from the Zhomart deposit. The mineralogy,
physical and mechanical properties, and granulometric composition of the ore were determined.
The results of a study on gravitational beneficiation using a laboratory pulsator with a pneumatic
drive and a laboratory 2-chamber diaphragm jigging machine and magnetic beneficiation of ore
with a high-intensity magnetic field are presented. Iron-containing concentrate (Fe-45% and Mn-
6.5% is mainly represented by hematite mixed with non-metallic minerals quartz and calcite) and
iron-manganese concentrate (Mn-21.7% and Fe-21.1% in the form of hematite, Brownite and
pyrolusite, also mixed with quartz and calcite). The concentrates are not suitable for smelting
manganese-containing ferroalloys but can be used in the process of electrothermal beneficiation
with selective carbothermal reduction of iron in an ore-thermal furnace. The smelting products
can be manganese cast iron and iron-free, low-phosphorus limiting manganese slag with a high
ratio of manganese to iron.

Keywords: Iron-manganese ore, jigging, dry magnetic separation, iron-manganese concentrate

Dyussenova Symbat Berikkalikyzy

Information about authors:
Ph.D., Mineral Processing Engineer «Research and Engineering Center ERG» LLP, D. Kunayev str. 2,
010000, Astana, Kazakhstan. E-mail: dusenova_s@mail.ru

Lukhmenov Alexandr Yuryevich

Mineral Processing Manager «Research and Engineering Center ERG» LLP, D. Kunayev str.2,
010000, Astana, Kazakhstan. E-mail: alexandr.lukhmenov@erg.kz

Imekeshova Marina Anatolyevna

Chief Mineral Processing Specialist JSC TNC "Kazchrome", M. Mametova str., 4A, 030008, Aktobe,
Kazakhstan. E-mail: marina.imekesheva@erg.kz

Akimzhanov Zhomart Akhmetsapayevich

Ph.D., Mineral Processing Engineer «Research and Engineering Center ERG» LLP, D. Kunayev str.2,
010000, Astana, Kazakhstan. E-mail: zhomart.akimzhanov@erg.kz

Introduction

is observed in Russia, where it also became
necessary to develop technologies for the

Currently, ferroalloy production in Kazakhstan
requires the provision of high-quality manganese
concentrates in sufficient quantities with a
manganese content of at least 35%. Along with the
well-known manganese deposits of the Atasui and
Ulytau ore districts: Zhairemskoye, Zhezdy, Kamys,
Tur, Karazhal, etc., manganese-poor ores of the iron-
manganese deposits Zhomart, Ushkatyn |lI,
Kartobay and others, which are also concentrated in
Central Kazakhstan.

A similar situation regarding the provision of
ferroalloy production with manganese concentrates

beneficiation of low-grade manganese ores.
Researchers of the Siberian State Industrial
University note that in order to provide the Russian
industry with its own raw materials [1], the use of
Kuzbass manganese ores with high iron content is of
greatest interest, and other studies provide data on
the iron beneficiation of the manganese ore of the
Kagaydatskoye deposit of Kuzbass [2]. During the
study, the ore beneficiation has been performed by
washing, gravitation, magnetic separation, and
floatation. The sample contained 10.8% of
manganese and 18.7% of iron. Positive results on the
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beneficiation of the test samples were not obtained,
since the ore is difficult to enrich, manganese-iron
concentrate (19.9% Mn and 12.7% Fe) and iron-
bearing concentrate (8.3% Mn and 31.3% Fe) were
obtained. Therefore, hydrometallurgical methods of
beneficiation of refractory iron-manganese ore were
applied [3]. Autoclave stadial leaching was applied
using calcium and iron chlorides as a solvent. After
successive precipitation and calcination, high-quality
manganese (58-60% Mn with a recovery of 90-92%)
and iron (48-54% Fe with a recovery of 86-90%)
concentrates were obtained.

The results of the hydrometallurgical scheme for
processing poor iron-manganese ore are positive
and very encouraging [[4], [5], [6]], but the
implementation of this technology is difficult, due to
the creation of a new hydrometallurgical production
at the ore mining site.

Specialists studied alternative pyrometallurgical
methods for the beneficiation and processing of
ferromanganese ore [[7], [8]], in particular,
interesting data are given in [9], where magnetizing
roasting of ore crushed with a particle size of -74 um
(mass accounting for 80%) was combined in a
fluidized bed at 600°C followed by magnetic
separation of the magnetizing roasting product at
1070 Oe. From the ore, 43.5% Fe and 11.4% Mn, iron
concentrate 68.3%Fe (96.3% recovery), and
manganese concentrate 33.7% Mn (86.8% recovery)
were obtained. However, by analogy with
hydrometallurgical methods, the implementation of
beneficiation schemes with the inclusion of
pyrometallurgical processes at the ore mining site is
also difficult.

This article presents the results of a study on the
beneficiation of iron-manganese ore from the
Zhomart deposit, the study has been undertaken to
obtain a large-lump concentrate for smelting
furnaces, that is, in the so-called sparing
beneficiation mode.

Experimental part and discussions of results

The study revealed the following:

- the ore mineralogy with the use of a polarizing
microscope in reflected light with a combination X-
ray diffraction and fluorescence analysis methods;

- the physical and mechanical properties and
grain size distribution on methods described in
reference [[10], [11]];

- the tests on the gravity dressing were
conducted using the lab based pulsator with
pneumatical drive and laboratory bicameral

diaphragm jigging machine (more information will
be described further in the article test);

- the tests on dry magnetic separation were
conducted on a laboratory magnetic analyzer with a
high-intensity magnetic field (more information will
be described further in the relevant section of the
article).

Iron-manganese ore of the "Zhomart" deposit
according to X-ray diffraction analysis presented by
the following base minerals: barren minerals —
28.9% of silica SiO,; 17.8% of calcite Ca(CO3) — and
ore minerals — 27.8% of hematite Fe,0s3; 15.8% of
braunite (Mn;03)3-MnSiO; and 9.6% of manganese
superoxide MnO; —The diffraction pattern of the ore
is demonstrated in Figure 1.
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Figure 1 — The diffraction pattern of samples of starting
iron-manganese ore

The photo of the exterior form of ore, size
fraction from 0 to 50 mm is presented in Figure 2.
The sample of iron-manganese ore with a reddish
steel and black hue, mostly of a pricked pattern of
the hematite and black iron finely banded ore, fine-
grained manganese, and to a lesser extent, with a
brownish-white color of silica and calcite.

According to the mineralogical analysis
performed on Leica DM2500 M polarizing and
stereoscopic microscope MBS-1 (MBS, Russia)
binocular magnifying glass has been determined
that the sample from the "Zhomart" deposit has two
types of ores: silica-carbonatic iron oxide
(concentrated in iron) and silica-carbonatic
manganese oxide (concentrated in manganese):

1) silica-carbonatic iron oxide ore contains
magnetite and hematite. The original groundmass of
hematite is formed in the reduction and
replacement processes of magnetite. Tabular grains
of the hematite penetrate into magnetite through
cracks, within defined areas from the periphery to
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the center of magnetite crystals, or completely
irregular. Hematite is characterized by small-scale
clumps with the irregularly shaped grain size of less
than 0.007 mm, sometimes finely dispersed, which
form the finest twinning with silica or calcite. In
addition to layer-by-layer clumps, string hematite is
well-developed, most likely of the second phase,
composing a network of coarse-scaled monomineral
stringer selections, with a leafy-scaled, tabular grain
shape of up to 0.035 mm. Magnetite is represented
by irregular nested inclusions, of up to 0.06-0.035
mm, less frequently, idiomorphic crystals, intensely
crook-veined with  hematite. According to
mineralogy, to release iron it is necessary to diminish
the ore to fine dimensions of less than 0.071 mm.

Figure 2 — Iron-manganese ore of the "Zhomart" deposit

2) silica-carbonatic manganese oxide ore is a
cycling between partings of silica-carbonatic
composition and braunite- black manganese
pyrolusite aggregates, and also with grainy clumps
of friedelite (Mn,Fe)sSisO15(OH,Cl)10, red manganese
MnCOs;, manganese calcite (Mn,Ca)COs, braunite
and pyrolusite:

- braunite is the primary ore mineral that forms
close-grained aggregates to a greater extent
idiomorphic grains of up to 0.09-0.18 mm. Fine-
grained formations of black manganese-pyrolusite
composition with power up to 0.014 mm thick
develop along the cracks of grain cleavage;

- the friedelite forms fine-grained formations
with grain sizes up to 0.08 mm in a close twinning
with the red manganese, silica, and calcite with
dense insets in microscopic inclusions of the black
manganese-pyrolusite composition with the size up
to 0.007 mm. Against the background of fine-grained

fridelite, cleaved strings and nested clumps with
power up to 0.07 mm have been observed,
composed of black manganese - pyrolusite
aggregates with an allotriomorphic-grained
structure.

- cleaved strings with power up to 0.8 mm, the
black manganese - pyrolusite composition,
performing the wall voids and cracks with the
formation of leafy-scaled concretions of pyrolusite
with the size up to 0.014 mm are characterized by a
fairly wide development. According to mineralogy,
in order to release manganese from the second type
of ore, it is necessary to diminish the ore to fine
dimensions of 0.1-0.5 mm.

The composition of ore according to X-ray
fluorescence analysis is given in Figure 3.
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Figure 3 — The results of X-ray fluorescence analysis

According to Figure 3, the manganese, iron, and
silicon content are at the level of 7.1%, 22.8%, and
14.3% respectively, in other words, the iron content
in the ore is three times more than manganese.

In the process of studying the physical and
mechanical properties of iron-manganese ore has
been determined that: the true ore density is 3.57
g/cm?3; the bulk ore density (size -50+0.0 mm) is 2.01
g/cm3; the bulk ore density (size -2.5+0.0 mm) is 1.73
g/cm?3; the ore hardness by M. Protodyakonov - 11.4
(medium hardness ore).
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Table 1 — Granulometric analysis of ore sheared to 50 mm

Size, mm Yield, % Content, % Recovery, %
Mn Fe SiO2 Mn Fe Sio
-50+40 8.92 3.03 34.57 27.27 2.80 11.14 8.56
-40+20 28.56 7.91 32.63 22.75 23.42 33.67 22.85
-20+10 14.46 11.41 28.80 27.27 17.11 15.04 13.87
-10+5 10.53 12.34 28.23 27.71 13.47 10.74 10.26
-5+25 6.34 13.29 24.44 26.61 8.73 5.60 5.93
-2.5+1.25 4.49 14.11 23.97 26.54 6.57 3.89 4.19
-1.25+0.63 3.66 14.26 23.93 28.11 5.41 3.17 3.62
-0.63 +0.315 2.38 10.01 24.25 34.96 2.47 2.09 2.93
-0.315+0.1 4.44 13.81 24.72 29.75 6.35 3.97 4.65
-0.1+0.071 1.12 7.24 21.95 48.30 0.84 0.89 1.90
-0.071+0.0 15.10 8.20 17.96 39.99 12.83 9.80 21.24
Ore 100.00 9.65 27.67 28.43 100.00 100.00 100.00

In the course of the ore beneficiation study, a
granulometric analysis was carried out (Table 1) to
determine the size classes in which iron or
manganese are mainly concentrated.

According to the results of granulometric
analysis, the weighted average content of
manganese and iron composed 9.65% and 27.67%
respectively.

Based on the results presented in Table 2, the
following may be noted:

- the largest ratio has large size classes -50+40
mm, -40+20 mm, and -20+10 mm, the total ratio
consisted of 51.94% and the class -0.071+0.0 mm.
The ratio of the subsequent size classes decreases
from 10.53% in the -1045 mm class and up to 1.12%
in the -0.1+0.071 mm size class. The ratio of the size
class -0.071+0.0 mm reached 15.10%;

- the distribution of manganese content by size
classes has been unequal. The highest manganese
contents in the range from 10.01% to 14.11%
correspond to size classes in the range of -20+0.1
mm. The lowest manganese content in the large
class is -50+440 mm and is composed of 3.03%. The
content of manganese in the other size classes is in
the range of 7.24-8.20%. The extraction of
manganese into the size classes practically
corresponds to their yields;

- the iron content by size classes is uneven. The
highest iron content in the large class is -50+40 mm
34.57% and gradually decreases with decreasing size
classes. The lowest iron content in the class with a
size of -0.071 +0.0 mm consisted of 17.96%. The
indicators of iron extraction in the size classes
practically correspond to their yields.

It is known that modern methods of
beneficiation of manganese ores are based on the

difference in density [12], wettability, and magnetic
characteristics of various chemical elements by
which it is possible to purify ores from impurity
elements. The paper provides data on the jigging of
manganese ore in various size classes from 0.63 mm
to 50 mm, while the combining concentrate of the
jigging contained 40.2% manganese with the
extraction of 71.4%.

The authors applied jigging of ore with desliming
in the same apparatus as the proposed method a
concentrate with a manganese content of 40% was
prepared [13].

Based on the data of the granulometric analysis
of the ore, as well as to obtain a large-lump
concentrate, tests were carried out on the jigging of
iron - manganese ore in the size classes of -50+13
mm; -13+2.5 mm and -2.5+0.5 mm.

A laboratory pulsator with a pneumatic drive
was used to test the jigging of machine classes with
a size of -50+13 mm, -13+2.5 mm. The frequency of
pulsations equaled 50 — 70 oscillations per minute,
the oscillation amplitude was 80 — 100 mm, the
pulsation cycle was sinusoidal (50 — 0 — 50), the
diameter of the chamber is 250 mm, the size of the
sieve holes is 2.0 mm, the height of the alluvial jig is
250 mm, the flow rate of the screening underflow
water is 4-6 m3/t and the specific load is 8 — 10
t/(h-m?).

The jigging of a size class of -2.5+0.5 mm was
carried out in a laboratory bicameral diaphragm
jigging machine of the OML TsNIGRI type with the
following parameters: pulsation frequency 150 —
390 count/min, the height of the false-bed jig 40 mm
prepared in the first camera from iron mineral grains
with a density of more than 4000 kg/m? and in the
second camera from manganese minerals with a
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Table 2 — The balance of metals gained from jigging of ore to obtain iron concentrate and middling

Title Yield, % Content, % Recovery, % Ratio
Mn Fe Mn Fe Mn/Fe

Concentrate — chamber 1 - 17.78 5.49 46.28 9.46 32.42 0.12
50+13 mm

Concentrate — chamber 1 5.10 9.21 45.40 4.56 9.12 0.20
-13+2.5mm

Total iron concentrate - 22.88 6.32 46.08 14.02 41.54 0.14
50+0.5 mm

Middling —chamber 2 15.82 16.19 27.36 24.83 17.06 0.59
-50+13 mm

Tails 17.28 13.91 18.58 23.31 12.65 0.75
-13+2.5 mm

Size class 8.98 14.77 23.11 12.86 8.18 0.64
-2.5+0.5 mm

Size class 22.28 8.86 20.22 19.16 17.75 0.44
-0.5+0.0 mm

Total middlings 64.36 12.84 21.94 80.16 55.64 0.59
-50+0.0 mm

Tails 12.76 4.70 5.60 5.82 2.82 0.84
-50+13 mm

Ore 100.0 10.31 25.38 100.0 100.0 0.41
-50+0.0 mm

density of more than 3000 kg/m? and a size class of
8-10 mm, pulsation amplitude of 6-8 mm, specific
productivity of 5-6 t/(h/m?), consumption of the
screening underflow water of 3 m3/t.

Consolidated indicators on the jigging for all size
classes -50+13 mm; -13+2.5 mm and -2.5+0.5 mm
with the production of iron concentrate and iron-
manganese middling are shown in Table 2.

According to Table 2, it is clearly seen that a size
class of less than 50 mm has been obtained after
jigging:

- iron concentrate (yield 22.88%) with an iron
content of 46.08% and manganese of 6.32% when
extracting 41.51% and 14.02%, respectively, based
on the mineralogy of the ore, iron is mainly
represented by hematite.

- iron - manganese middling (yield 64.36%) with
a manganese content of 12.84% and iron 21.94%
with the manganese and iron extraction of 80.16%,
55.64% respectively, and which is not suitable for
smelting ferroalloys, because a manganese content
of at least 35% required.

The author [14] notes that various technological
schemes could be applied for the beneficiation of
manganese ores, including the combination of
gravity and magnetic beneficiation techniques.

In articles [[15],[16],17]], a method for the
beneficiation of manganese ore has been provided,
which includes magnetic separation of a fine fraction
of ore with a size class of less than 3 mm by known
technology.

In order to increase the manganese content,
tests were conducted on dry magnetic separation of

industrial products, which was carried out on a
laboratory electromagnetic separator 138T-SEM
with a high magnetic field intensity from 660 to 780
kA / m. Previously, the middling was diminish to
dimensions of 2.5 mm, followed by classification by
a size class of 0.1 mm (Figure 4).
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Figure 4 — Classification Results for the middling on
jigging

The results for magnetic separation of size class
-2.5+0.1 mm of the middling are shown in Table 3.

The total balance of ore processing of the
“Zhomart” deposit with the use of jigging and
magnetic separation processes to obtain additional
iron and iron-manganese concentrate by magnetic
separation is demonstrated in Table 4.
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Table 3 — The balance of metals of magnetic separartion of the middling on the jigging to obtain iron and iron-

manganese concentrate

Title Yield, % from Content, % Recovery from process, % | Ratio
process ore Mn Fe Mn Fe Mn/Fe
Iron concentrate, 660 kA/m 20.96 9.08 7.07 | 42.97 10.48 42.84 0.16
Iron-manganese concentrate, 780 kA/m 51.74 22.43 | 21.73 | 21.09 79.50 51.93 1.03
Tails, non-magnetic fraction 780 kA/m 27.30 11.83 | 5.19 4.03 10.02 5.23 1.29
Total middling -2.5+0.1 mm 100.0 | 43.34 | 14.14 | 21.02 100.0 100.0 -

Table 4 — The balance of metals of ore beneficiation of the “Zhomart” deposit with the use of jigging and magnetic

separation
Title Yield, % Content, % Recovery, % Ratio
Mn Fe Mn Fe Mn/Fe
Concentrate — chamber 1 -50+13 17.78 5.49 46.28 9.49 33.83 0.12
mm
Concentrate — chamber 1-13+2.5 5.10 9.21 45.40 4.57 9.52 0.20
mm
Iron concentrate, magnetic 9.08 7.07 42.97 6.24 16.04 0.16
fraction 660 kA/m
-2.5+0.1 mm
Total iron concentrate -50+0.1 31.96 6.53 45.20 20.30 59.39 0.14
mm
Iron-manganese concentrate, 22.43 21.73 21.09 47.40 19.45 1.03
magnetic fraction 780 kA/m -
2.5+0.1 mm
Tails -50+13 mm 12.76 4.70 5.60 5.83 2.94 -
Tails, non-magnetic fraction 780 11.83 5.19 4.03 5.97 1.96 -
kA/m -2.5+0.1 mm
Size class -0.1+0.0 mm 21.02 10.03 18.81 20.50 16.26 -
Total tails -50+0.0 mm 45.61 7.28 11.28 32.30 21.16 -
Ore -50+0.0 mm 100.0 10.28 24.32 100.0 100.0 -

According to Table 4, it is seen that from the ore
of the “Zhomart” deposit, according to the
gravitational-magnetic scheme, could be obtained:

- iron concentrate (yield 31.96%) with an iron
content of 45.2% and manganese content of 6.53%
with the extraction of 59.39% and 20.3%
respectively;

- iron - manganese concentrate (yield 22.43%)
with the content of manganese 21.73% and iron
21.09% with the extraction of manganese 47.4% and
iron 19.45%.

The study results showed that iron concentrate
(Fe-45% and Mn-6,5% manganese are mainly
represented by hematite mixed with non-metallic
minerals, i.e silica and calcite) and iron-manganese
concentrate (Mn-21,7% and Fe-21,1% iron
presented by hematite, braunite and pyrrolusite also
blend with silica and calcite).

Concentrates that could be obtained by ore
beneficiation of the “Zhomart” deposit are not

considered to be saleable for smelting manganese-
containing ferroalloys. Potential use is in the process
of electro-thermal phenomena with selective
carbothermal reduction of iron in the ore-thermal
furnace [[18], [19], [20]]. The smelting products will
be manganese cast iron and ironless low-
phosphorous marginal manganese slag with a high
ratio of manganese to iron.

Conclusions

During the study, iron-manganese concentrate
(Fe-45% and Mn-6.5%) and iron-manganese
concentrate (Mn-21.7% and Fe-21.1%) were
obtained from iron-manganese ore (Mn-10.3% and
Fe-24.3%).

This type of ore is difficult to obtain
concentrates. It can be seen from the data that in
order to obtain concentrates with a sufficient
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content of the target metal in the beneficiation
process, it is necessary to include hydro- or
pyrometallurgical processes.

The preference of this beneficiation scheme is
determined by the need to reduce the mass of rock
for further processing.

Concentrates obtained in the process of
beneficiation by means of jigging and magnetic
separation of Zhomart deposit ore are not
conditioned for smelting manganese-containing
ferroalloys, but can be used in the process of
electrothermal  beneficiation  with  selective
carbothermal reduction of iron in the ore-thermal
furnace. Smelting products can be manganese pig
iron and iron-free low-phosphorus marginal
manganese slag with high manganese to iron ratio.
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TeMeHZAeyYiH XaHe AaCcTypi 6alibITy agicTepimeH 6alibITyblH, 63repynepiH eckepe oTbIpbIM, ¥KaHa

ToCiNAep MeH TEeXHONOTUANDLIK LWewimaepai KapacTblpy KaxeT. Makanaga «XomapT» KeH

Makana kengi: 23 mayceim 2023
CapanTtamagaH eTTi: 15 winde 2023
KabbingaHapl: 26 winde 2023

KenTipinrex.

KeHHiH,
rPaHYNOMETPUANBIK  Kypambl

OPHbIHAAFbl KMbIH 6albITbINATbIH TeMip-MapraHew, KeHiH 6aibiTy 6olibiHWA 3epTTey AepeKTepi

MWHEPANoruackl,  GU3MKaNbIK-MEXaHUKANbIK ~ KacMeTTepi  KaHe

aHblKTanabl. [MHeBMaTUMKanblk eteri 6ap  3epTxaHaibik,

Ny/NbCaToOpAbl KaHe 3epTxaHanblk 2 Kamepasbl Auvadparmanbik TYHAbIPY annapaTtbiH KonaaHy

apKblabl TPABUTALMANDIK, BalbITy KaHE YKOFapbl KAPKbIHAbI MarHUT epiCiMEH KEHA MarHuTTiK

6aiibiTy 6oiMbiHWA 3epTTey HaTuKenepi bepinreH. KypambiHga Temip 6ap KoHueHTpat (Fe-45%

KaHe Mn-6,5% HeriziHeH meTann emec MMHepangap KBapL, KaHe Ka/NbUWUT apasiackaH rematut

TYpiHAE) KaHe Temip-mapraHew, KOHLEeHTPaTbl (Mn-21,7% xaHe Fe-21,1% remaTuT, GPOYHUT XKaHe

ANMPPONO3NUT, COHbIMEH KaTap KBapL nNeH KanbuuUTneH apasacKaH TVpiH,CI,e) aNblHAbl.

KoHUeHTpaTTap KypambiHaa mapradeui 6ap deppokopbiTnanapapl 6anKbiTy YWiH Kapamcbi3,

6ipak, onapapbl KEH-TEPMUANBIK NeLWTe TEMIPAi CENEKTUBTI KapOOTEPMUANBIK TOTbIKCbI3AAHAbIPY

apKblabl 3NEKTPOTEPMUANDBIK BalbITy NpoLeciHae KongaHyFa 6onaabl. bankbITy eHimaepi peTiHae

MapraHeLTiH, Temipre »Kofapbl KaTbiHacbl 6ap MapraHeuTi LWOMbIH XaHe Temipci3 a3 dpocdopbl

MapraHeL, WaakTapbl 601ybl MYMKIH.

TyiiiH ce30ep: Temip-mapraHeuTi KeH, TYHAbIPY, KYPFaK MarHWUTTIK cenapaums, Temip-mapraHeui

KOHUEHTpaT
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UccneposaHue oboralieHMa ynopHbIX Xesne30MapraHuesbIX pya,
mecTopoXaeHusa «Xomapt»

! OoceHosa C.B., ! NlyxmeHos A.10., 2UmeKewosa M.A., 1"AkumkaHos K.A.

1 TOO «Hay4Ho-uccnedosamensckull UHHUHUPUH208b61l yeHmp ERG», Acmara, KasaxcmaH
2 AO «THK «Kasxpom», Akmobe, KazaxcmaH

AHHOTAUMA

C uenbto obecneyeHns deppocniaBHOe NPOU3BOACTBO KAYeCTBEHHbIM Cbipbem Bce 6onee
aKTya/ZlbHbIM CTaHOBWUTCA HeobXoAMMOCTb pa3paboTku TexHonoruit oboraweHna 6eaHbIx
MapraHLueBbIX U XKene3oMapraHueBbIX pys,. BBuAy M3meHeHWUA KauecTBEHHbIX XapaKTepUCTUK pyAa,
CHUMKEHUA COAEPKaHWUA M 060raTUMOCTU TPAAULMOHHBIMU METOAaMM oboralleHns, HeobxoaMmo
paccmaTtpuBaTb HOBble MOAXOAblI U TEXHONOTUYECKMe pelleHuA. B cTaTbe npuBeaeHbl AaHHble

Moctynuna: 23 utoHa 2023 nccnefoBaHma no oboraweHutio  TpyaHOObBOraTMMOM  Keneso-mapraHueson  pyapl
PeueHsnposaHwue: 15 urona 2023 MecTopoXKaeHUA «MomapT». OnpeaeneHa MuHepanorus, GpU3MKO-MexaHWYeCKne CBOWMCTBA U
MpuHATa B neyatb: 26 urona 2023 rPaHy0METPUYECKUIA coctas  pyabl. MpuBeaeHbl pesynbTaThbl nccnenosaHua no

rpaBMTaLMOHHOMY oborawieHuto C  ucnosnb3oBaHMem nabopaTopHOro  nysnbcatopa ¢
NHEBMATUYECKMM NPUBOAOM M NabopPaTOpPHOM 2-Xx KaMepHoi Anadparmosoit OTCag04HOM
MaLKWHbl U MarHUTHOMY OBGOralLEHUIO pPyAbl C BbICOKOMHTEHCUBHBIM MArHWTHbIM MNONEM.
MonyueHbl }enesocofepskalwmin KoHueHTpaT (Fe-45% u Mn-6,5% B OCHOBHOM NpeacTaBieH
remaTMTOM B CMECU C HEPYAHbIMU MUHEPANAMU KBAapLLEEM U KaNbLIUTOM) U XKene30 — MapraHLueBbli
KOHUEHTpaT (Mn-21,7% v Fe-21,1% B BuAe rematuta, bpayHWUTa U NUPPONO3UTa TaKKe B CMECH C
KBapLEM U KanbLMTOM). KOHLEHTPaTbl He ABNAIOTCA KOHAULMOHHBIMW ANA BbINIABKM MapraHel,
copepalmnx GeppocnnaBos, HO MOTyT BbITb UCMO/Ib30BaHbI B NPOLECCE 3/1EKTPOTEPMUYECKOTO
oboralueHus ¢ ceNeKTUBHbIM KapboTEPMUUYECKMM BOCCTAHOBNEHUEM }Ke/e3a B PYLOTEPMUYECKOM
neyn. [pOAYKTaMWM MNABKM MOTYyT ABAATbCA MAPraHUOBMUCTbIA 4YyryH W 6e3xkenesucrbli
ManodochopucTbIt NpeaebHbI MapraHueBblli WK C BbICOKMM OTHOLUEHMEeM MapraHua K
Kenesy.

Knioyeeble cnoea: enesomapraHuesas pyga, OTCagKa, Cyxas MarHuTHas cenapaums,
enesomapraHueBsblil KOHLEeHTpaT
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