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Abstract

Purpose. Development of the rational technology for processing manganese-bearing tailings of the Zhezdinsky concentrating
mill in the Republic of Kazakhstan aimed to obtaining manganese concentrate for smelting the silicomanganese.

Methods. An integrated methodology of research is used in the work, which includes an analysis of modern scientific de-
velopments and the experience of their use by mining-and-metallurgical enterprises. Experimental study of the tailings ma-
terial composition has been made. A research scheme has been drawn up, including dry re-grinding of the mature tailings
from concentrating mill with subsequent air classification, the products of which are beneficiated by means of dry magnetic
separation in a separator with a constant strong magnetic field. Granulometric and fractional compositions of the feedstock
and separation products have been studied.

Findings. Based on the granulometric and fractional composition analysis of the Zhezdinsky concentrating mill mature
tailings, it has been determined that the manganese minerals contained in them are very finely disseminated and belong to
easily beneficiated materials. For a more complete recovery of manganese into the concentrate, dry re-grinding and air clas-
sification techniques have been included in the beneficiation scheme. Scaled-up laboratory research on tailings beneficiation
has been conducted under the scheme: dry grinding to a grain-size of less than 1 mm, screening with division into classes of
0.5-1.0 mm and 0.0-0.5 mm, and then air classification. Air classification products are beneficiated using dry magnetic sepa-
ration. It has been revealed that the use of air classification during the magnetic field induction of 0.5 T allows to increase
the magnetic fractions yield by 7.5% and the manganese recovery by 9.42%. Analysis of the magnetic separation results of
fine classes indicates the possibility of obtaining manganese concentrate with the required quality even without using the air
classification. This greatly simplifies the beneficiation scheme for mature manganese-bearing tailings at the Zhezdinsky
concentrating mill.

Originality. It has been determined that dry re-grinding of the concentrating mill mature tailings to a grain-size of less than
1 mm, followed by air classification, makes it possible to fully disclose the manganese minerals. With subsequent dry mag-
netic separation this leads to an increase in the magnetic fraction yield and in the manganese recovery.

Practical implications. The optimal technology development enables obtaining manganese concentrate with the required
quality for the subsequent production of ferromanganese or silicomanganese during metallurgical treatment.
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1. Introduction national markets of not only the metals themselves, but also
the competitive metal products [2]-[4].

The main problems of the mining-and-metallurgical
complex are: depletion of the raw material base, low integ-
rity of the used raw materials, a high degree of wearing the
basic production assets, a high degree of environmental
pollution and technological lag behind the leading world
countries[1], [5], [6].

One of the acute problems for the recent years is the ne-
cessity to replenish and expand the raw materials base at
existing enterprises by means of involving in the processing
of new medium deposits with small reserve and low content
of useful components [7], [8]. In most cases, new explored

Nowadays, the mining-and-metallurgical complex is
one of the basic industries in the Republic of Kazakhstan,
which plays an important role in the formation of macroe-
conomic indicators of the country. Therefore, the steady
development of the national economy as a whole will large-
ly depend on the future development of the mining-and-
metallurgical complex [1].

A high level of economic development in most countries
rich in natural resources is achieved through the intensifica-
tion of their mining and processing into finished products
with high added value cost, as well as the supply to the inter-
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deposits are located far from the existing metallurgical cen-
tres of the republic, namely, in arid regions where there are
restrictions on water consumption, which complicates the
application of traditional processing methods [9]-[11].

One of the additional sources to replenish the raw materi-
als base at the existing enterprises is technogenic waste ac-
cumulated in special dumps or tailings for many years of
large enterprises functioning [12]-[15]. In recent years, much
attention has been paid to the involvement of technogenic
wastes or technogenic mineral raw materials in processing in
order to provide a raw material base at existing enterprises,
thereby ensuring environmental safety [16]-[18].

Currently, there is a steady demand for manganese prod-
ucts. This is conditioned by the growth of the steel and met-
allurgical industries. At the same time, there is a shortage of
manganese raw materials at the metallurgical enterprises of
Kazakhstan and Russia, a shortage of manganese concen-
trates also affects the CIS countries, China, and others. Man-
ganese is the most widespread alloying element. About 95%
of it is produced in the form of ferroalloys and is used in
steel melting. Under the shortage of high-quality lump raw
materials for the stable ferroalloy plants operation, the avail-
ability of their reliable raw material base is becoming para-
mount. When solving this issue, it becomes particularly rele-
vant to involve in production of manganese ore fines, which
is off-grade in fractional composition and formed at the stage
of mining, transportation and beneficiation [19]-[21].

Today, the Kazakhstani producers are active suppliers of
manganese concentrates to Russia. The reserves of rich oxi-
dized manganese ores are depleted, and the extraction and
beneficiation of refractory oxide-type ores on an industrial
scale in the Republic of Kazakhstan have not yet been suffi-
ciently developed. Under these conditions, special waste
dumps (tailings) of concentrating mills, which have been de-
veloped over decades, can serve as a source of high-quality
manganese concentrate, which after lumping can be used in
steel production both domestically and as an export item [22].

One of the largest technogenic deposits in the Republic
of Kazakhstan is the tailing dump of the Zhezdinsky
concentrating mill, located in the Ulytau District of Kara-
ganda region. Study of the material composition of mature
manganese-bearing tailings has revealed that manganese
minerals are represented by braunite, psilomelane, less
commonly manganese black and coronardite. Non-metallic
minerals are represented by quartz and feldspathic rocks.
Non-metallic minerals are 65-70% in free grains with a
grain-size of +0.016-1.5mm with a predominant size
+0.5-1.5 mm [23].

Based on the analysis results of the previous research on
the material composition and technological tests for the
ability of the manganese-bearing tailings to beneficiation, it
has been determined that the manganese minerals contained
in the tailings are finely disseminated [24]. To increase the
recovery of manganese into manganese concentrate, a more
complete disclosure of the manganese minerals aggregates
is necessary, which can be achieved by re-grinding. There-
fore, the task set is to develop a beneficiation scheme, in-
cluding the technique of dry re-grinding to grain-size of
less than 1 mm, followed by air classification, the products
of which are beneficiated by dry magnetic separation. In
addition, the method of scaled-up laboratory research
should be applied.
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2. Materials and methods of research

The research material is manganese-bearing tailings of
the Zhezdinsky concentrating mill. An integrated methodo-
logy of research has been implemented in the work, includ-
ing an analysis of existing scientific developments and the
experience of their use at mining-and-metallurgical enter-
prises. In addition, experimental study of granulometric and
chemical analysis of the mature manganese-bearing tailings
has been conducted. Scaled-up laboratory research has been
performed on mature tailings beneficiation at the Zhezdinsky
concentrating mill by the method of dry magnetic separation.

The results of research conducted by the authors in the
works [23]-[24], made it possible to study the material com-
position of the mature manganese-bearing tailings of the
Zhezdinsky concentrating mill and to determine the catego-
ries of the beneficiation ability of the studied technogenic
raw materials. The mature manganese-bearing tailings of the
Zhezdinsky concentrating mill have a grain-size of less than
5 mm. The vyield of a class with a grain-size of less than
1 mm is more than 90%. In this class, from 85 to 91% of
manganese is concentrated, while the highest manganese
content is observed in the class of -0.071+0 mm, which is
equal to 31.84%. This evidences that the mature tailings of
the concentrating mill contain finely disseminated manga-
nese minerals. For a sufficiently efficient recovery of man-
ganese from mature tailings, a complete disclosure of man-
ganese minerals is necessary by including dry grinding tech-
nigue into the beneficiation scheme.

The mature manganese-bearing tailings of the Zhezdin-
sky concentrating mill belong to gravitationally easily bene-
ficiated materials. This is confirmed by fractional analysis
results that indicate a high recovery of manganese into the
heavy fraction, which amounted to 96% with a manganese
content of 30%.

The main metal-containing minerals have densities, at an
average, in the range of 4.5+5.0 g/cm?, while non-metallic
rock-forming minerals, such as feldspathic rocks, quartz,
kaolinite, dolomite rock and others, have densities in the
range of 2.6+2.9 g/cm?®. In order to verify and use the easy
beneficiation property of tailings, it is proposed to include an
air classification technique into the beneficiation scheme.

Manganese and other ore minerals contained in the stu-
died tailings are weakly magnetic and can be effectively
recovered from the tailings by dry magnetic separation into
manganese concentrate [25]-[27].

Based on the analysis results of the research conducted by
the authors of the works [28]-[32], using the dry magnetic
separation technique to beneficiate the natural and technogen-
ic materials and with account of the easy gravitational benefi-
ciation ability, and for necessity of a more complete aggre-
gates disclosure of manganese-bearing minerals, the follow-
ing research scheme is proposed, presented in Figure 1.

Manganese-bearing tailings with a grain-size of
-5.0+0.0 mm are exposed to fine dry grinding to a grain-size
class of -1.0+0.0 mm. This is followed by the screening
technique, where they are divided into classes of -1.0+0.5
mm and -0.5+0.0 mm. The products of screening are sup-
plied to the air classification technique, where the separation
of minerals takes place at the velocities of equal fall. Cham-
ber products of air classification are fed to a dry magnetic
separation to obtain manganese concentrate and tailings [24].
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Figure 1. Scheme of scaled-up laboratory research on the beneficiation ability of manganese-bearing tailings of the Zhezdinsky concen-

trating mill

Use of dry grinding will make possible a more complete
disclosure of manganese-bearing minerals aggregates, and air
classification is the technique of preliminary concentration of
minerals in the product, which are fed to dry magnetic sepa-
ration. It is assumed that this will extract most of the non-
magnetic particles before using dry magnetic separation and
to reduce the load on the magnetic separation technique. It is
possible to expect an increase in recovery of manganese into
the concentrate and in its output.

Preparation of manganese-bearing tailings for research:
averaging, quartering, sampling for analyses and conducting
the research itself, as well as conducting chemical, phase and
fractional analyses, performed in the branch laboratories of
the Zh. Abishev Chemical-Metallurgical Institute of the

republican state enterprise “National Centre on Complex
Processing of Mineral Raw Materials of the Republic of
Kazakhstan”.

3. Results and discussion

The results of dry screening, when grinded to a particle
size of less than 1 mm, have shown that the yield of a class
with a grain-size of -0.5+0.0 mm is more than 70%, in which
72.53% of manganese is concentrated. The obtained samples
after dry screening of 1.0+0.5 mm grain-size class and of
-0.5+0.0 mm grain-size class with a Mn content of 9.19%
and 10.36%, respectively, are supplied to air classification in
a horizontal air separator (Table 1).

Table 1. Dry screening results

" . Content, % Recovery, %

Initial sample  Yield, % Fe Mn S0, Fe Mn Si0
-1.0+0.0 100.0 2.41 10.01 55.60 100.0 100.0 100.0
-1.0+0.5 29.92 2.55 9.19 47.63 31.66 27.47 25.63
-0.5+0.0 70.08 2.35 10.36 59.00 68.34 72.53 74.37

Total 100.0 2.41 10.01 55.60 100.0 100.0 100.0

To select the air flow velocity, necessary for horizontal
movement and settling of mineral particles with different
specific gravities and sizes, the final velocities have been
calculated of the particles fall of ore and non-metallic miner-
als in the air medium [24].

Through the transparent walls of the separator, the pro-
cess of moving and settling particles into the receiving
chambers of the separator is monitored. The precipitated
portions of the samples are extracted from three receiving
chambers. The weights and volumes of the products obtained
are being determined. The separation products are supplied
for granulometric and chemical analyses.

When conducting the granulometric analysis of air
classification products, the class of -0.5+0.0 mm has been
scattered into the following classes: -0.5+0.315 mm,
-0.315+0.16 mm and -0.16+0.0 mm.
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Granulometric analysis results of air classification prod-
ucts are presented in Table 2.

The data in Table 2 show that in the product No. 1, set-
tled in the first chamber of the separator, there is a slight
increase in the manganese content in the grain-size class of
-0.16+0.0 mm. In the products of the second and third cham-
bers, there is a significant increase in manganese recovery
in the class of less than 0.16 mm to 67.91% and 73.90%,
respectively.

When comparing the data in Tables1 and 2, it can be
seen that air classification is the technique of preliminary
concentration of manganese minerals into the products sup-
plied for the beneficiation into the magnetic separator. The
manganese content in products 1, 2 and 3 is higher than in
the source material by more than 3%.
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Table 2. Granulometric composition of air classification products of -0.5+0.0 mm grain-size class

. Content, % Recovery, %

Product ~ Class, mm  Yield, % —— Mn S0, ALOs Fe Mn Si0,  ALOs
Initial 100.00 217 14.14 52.80 11.27 100.00 100,00 100.00 100.00
-0.5+0.315 32.62 1.82 1211 56.01 11.83 27.36 27.94 34.60 34.24

No. 1 -0.315+0.16 39.43 1.97 12.55 55.73 11.66 35.80 35.00 41.62 40.79
-0.16+0.0 27.95 2.86 18.75 44,92 10.07 36.84 37.06 23.78 24.97
> 100.00 100.00 100.00 100.00 100.00
Initial 100.00 2.27 14.14 52.80 10.76 100.00 100.00 100.00 100.00
-0.5+0.315 11.84 1.56 7.64 61.26 11.66 8.14 6.40 13.74 12.83

No. 2 -0.315+0.16 38.94 1.79 9.33 60.42 11.46 30.71 25.69 44.56 41.47
-0.16+0.0 49.22 2.82 19.51 44,73 9.99 61.15 67.91 41.7 45.70
> 100.00 100.00 100.00 100.00 100.00
Initial 100.00 244 14.98 52.94 9.88 100.00 100.00 100.00 100.00
-0.5+0.315 6.00 191 5.80 68.88 11.59 4.70 2.32 7.81 7.04

No. 3 -0.315+0.16 36.31 1.86 9.81 61.78 10.98 27.68 23.78 43.27 40.35
-0.16+0.0 57.69 2.86 19.19 45.72 9.01 67.62 73.90 49.82 52.61
> 100.00 100.00 100.00 100.00 100.00

All products obtained as a result of air classification, as
well as the feedstock of this technique, that is, samples with a
grain-size of -0.5+0.0 and 1.0+0.5 mm, have been examined
by dry magnetic separation.

Scaled-up laboratory research on magnetic separation of
tailings are performed on a belt separator RS-V 12/10-12.018
at different values of the magnetic field induction. Table 3
shows the results of dry magnetic separation for the first
chamber product of the air classification.

The data in Table 3 show that with increasing magnetic
field intensity from 0.5 to 1.2 T, there is an increase in the
yield of magnetic fractions from 42.5 to 61.0% and the re-
covery of manganese into it from 79.83 to 89.52%. At the
same time, there is a decrease in the manganese content from
26.56 to 20.75%. This tendency also persists in the dry mag-
netic separation of the second and third chambers products of
the air separator.

Table 3. Dry magnetic separation results of air classification product with a grain-size class of -0.5+0.0 mm (Product No. 1)

Induction,

Content, %

Recovery, %

T Product Yield, % Mn__ Si0: _ AlLOs __ Fe Mn__ Si0;  AkOs
Initial 100.00 217 14.14 52.80 11.27 100.00 100.00 100.00  100.00

05 Magnetic fraction 42.50 3.32 26.56 34.62 8.85 65.02 79.83 27.87 33.37
' Non-magnetic fraction 57.50 1.32 4.96 66.23 13.06 34.98 20.17 72.13 66.63
Total 100.00 100.00 100.00 100.00 100.00

Initial 100.00 2.17 14.14 52.80 11.27 100.00 100.00 100.00  100.00

0.7 Magnetic fraction 57.00 3.06 22.22 41.16 11.27 80.38 89.57 44.43 57.00
’ Non-magnetic fraction 43.00 0.99 3.43 68.24 11.27 19.62 10.43 55.57 43.00
Total 100.00 100.00 100.00 100.00  100.00

Initial 100.00 217 14.14 52.80 11.27 100.00 100.00 100.00  100.00

12 Magnetic fraction 61.00 2.95 20.75 40.83 11.52 82.93 89.52 47.17 62.35
' Non-magnetic fraction 39.00 0.95 3.80 71.53 10.88 17.07 10.48 52.83 37.65
Total 100.00 100.00 100.00 100.00  100.00

The results of dry magnetic separation at a magnetic field
intensity of 0.5 T testify that tailings re-grinding and the use
of air classification before magnetic concentration make it
possible to increase the magnetic fractions yield by 7.5% and
increase the manganese recovery into the magnetic fraction
by 9.42% compared with the results of research conducted by
the authors in the work [23].

The primary tailings are exposed to magnetic separation
after re-grinding to a grain-size of less than 1 mm. This sepa-
ration results are presented in Table 4.

The data in Table 4 show that when separating with a
magnetic induction of 0.5 T without using air classification,
the manganese concentrate is obtained with a manganese
content of 26.00% with the recovery of manganese into it up
to 69.64%. The yield of manganese concentrate is 30%.

As a result of processing the research data, the depend-
ences have been obtained of beneficiation technological
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parameters on the magnetic field intensity for different air
classification products and feedstock.

Figure 2 presents the dependences of the magnetic sepa-
ration technological parameters of the first chamber product
on the magnetic field induction. It can be seen that with a
magnetic induction of 0.3 T, it is possible to obtain a manga-
nese concentrate with a yield of 45.0% and a content of
32.8% of manganese upon recovery of 80%.

Similar dependences of the magnetic separation tech-
nological parameters have been obtained during the
beneficiation of the 2 and 3 chambers products of the air
classification.

Figure 3 presents the dependences of the magnetic sepa-
ration technological parameters on the magnetic field induc-
tion during tailings beneficiation with a grain-size of
-1.0+0.00 mm without the use of air classification.
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Table 4. Dry magnetic separation results of regrinded primary product with a grain-size class of -1.0+0.0 mm

Induction, . Content, % Recovery, %
T Product Yield, % Mn _ Si0,  ALO; _ Fe Mn S0, ALOs
Initial 100.00 1.90 11.20 58.40 10.84 100.00 100.00 100.00  100.00
05 Magnetic fraction 30.00 2.20 26.00 37.00 8.10 34.70 69.64 19.00 2242
’ Non-magnetic fraction 70.00 1.77 4.81 67.58 12.01 65.30 30.36 81.00 77.58
Total 100.00 100.00 100.00  100.00  100.00
Initial 100.00 1.84 11.23 58.37 10.84 100.00 100.00  100.00  100.00
0.7 Magnetic fraction 42.00 242 22.14 41.37 10.55 55.24 82.80 29.77 40.88
' Non-magnetic fraction 58.00 1.42 3.33 70.68 11.05 44.76 17.20 70.23 59.12
Total 100.00 100.00  100.00  100.00  100.00
Initial 100.00 1.84 11.23 58.37 10.84 100.00 100.00 100.00  100.00
12 Magnetic fraction 61.00 2.39 16.90 55.11 11.12 79.23 91.80 57.59 62.58
’ Non-magnetic fraction 39.00 0.98 2.36 63.48 10.40 20.77 8.20 42.41 37.52
Total 100.00 100.00 100.00 100.00  100.00
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Figure 3. Dry magnetic separation results of the primary product
of -1.0+0.0 mm grain-size class

When comparing the results of beneficiation experiments
of re-grinded tailings in a magnetic field and subsequent air
classification before magnetic concentration of -1.0+0.0 mm
grain-size class with the magnetic concentration without the
use of air classification, the following conclusions can be
drawn: using the air classification, although it slightly in-
creases the concentrate yield and increases the manganese
recovery into it, at the same time complicates the technologi-
cal scheme of processing. To involve the mature manganese-
bearing tailings in the processing, it is more preferable the
technological scheme of processing, which includes re-
grinding of manganese-bearing tailings of less than 1 mm,
followed by magnetic separation. This greatly simplifies the
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Zhezdinsky concentrating mill is proposed, which includes
dry re-grinding of tailings to a grain-size of less than 1 mm,
followed by dry magnetic separation under a constant strong
magnetic field.

According to the authors of this research, it is necessary
to conduct work on creating a mobile pilot plant equipped
with a separator with a constant magnetic field and strong
magnetic induction in order to finally solve the problem of
involving mature tailings in processing. The industrial tests
should be conducted directly at the technogenic deposit.

4. Conclusions

The main scientific and practical results have been ob-
tained as a result of the work performed.

During the experiments on the magnetic separation of the
air separator chamber products under magnetic induction of
0.5 T, manganese concentrate has been obtained with a con-
tent of 26.56% manganese with a yield of 42.56% and recov-
ery of 79.83% manganese. The tendency of increasing the
manganese content in the concentrate with a decrease in the
magnetic field magnetic induction is determined.

By processing the research results of tailings beneficia-
tion by dry magnetic separation with interpolation method,
the technological parameters of beneficiation have been
determined at a magnetic field induction value of 0.3 T.

In the case of dry magnetic separation with preliminary
air classification of -0.5+0.0 mm class, the yield of manga-
nese concentrate will be 30.70% with a manganese content of
36.20% at 78.26% of its recovery into concentrate. At the
same time, during dry magnetic separation of -1.0+0.5 mm
class, the yield of manganese concentrate will be 23.60%
with a manganese content of 30.00% at 70.00% of its
recovery into concentrate.
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In the case of dry magnetic separation of tailings without
preliminary air classification of -1.0+0.0 mm class, a manga-
nese concentrate is obtained with a yield of 26% with a man-
ganese content of 30% and a manganese recovery of 69.64%.

The research results analysis evidences that dry grinding
of mature tailings to a grain-size of less than 1 mm ensures
the complete disclosure of ore minerals. This makes possible
to obtain manganese concentrate with the required quality by
dry magnetic separation even without the use of air classifi-
cation technique. This greatly simplifies the beneficiation
scheme for mature manganese-bearing tailings of the
Zhezdinsky concentrating mill.

Therefore, for processing the mature tailings of the
Zhezdinsky concentrating mill, it is recommended the simplest
beneficiation technology in terms of maintenance and exploi-
tation, which includes the technique of dry grinding of tailings
to a grain-size of less than 1 mm, followed by magnetic sepa-
ration under a magnetic field with an induction of 0.3 T.
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YKpynHeHo-/1a00paTOPHI A0CTiIKeHHS CyX0l MarHiTHOI cenmapaiii
xBocTiB JKe3niHcbkoi 30arauyBajbHoi ¢padpuku, Kazaxcran

A. MycraximoB, A. 3edHyIUTiH

Merta. Po3poOka parioHanbHOI TeXHOJIOTIi epepoOKn MapraHIIeBOBMICHUX XBOCTiB JKe3aiHchKkoi 30aradyBaibHOi (habpuku pecimyOmiku
Kazaxcran 1yt OTpUMaHHSI MapraHIIEBOrO KOHIIEHTPATY IS BUIUIABKH CHITIKOMapTaHIIIo.

Metoaunka. Y po0OTi BHKOPHCTOBYBaJacsi KOMIUIEKCHA METOAMKA JOCITI/PKEHb, IO BKIIOYAE aHANI3 Cy4acHHX HAayKOBHX PO3POOOK i
JOCBIY X BHUKOPHUCTaHHS TipHHYO-METAIypriiHMMH MignpHeMcTBaMH. [IpoBeaeHO eKCIepUMEHTANIbHI JOCHIIKEHHS PEdoBOTO CKIamy
xBocCTiB. CKJIaIeHO CXeMy JOCHIIKEHHS, 10 BKIIIOYAE CyXe JOMOAPIOHEHHS JIeKAINX XBOCTIB 30aradyBaibHOI (haOpUKK 3 HACTYITHOIO ITOBi-
TPSIHOIO Cemapai€elo, MPOIYKTH SKOi 30arauyyroThCsl METOJOM CyX0i MarHiTHOI cemapalii y cemapaTopi 3 HOCTIHHHM CHJIBHUM MarHiTHUM
nojeM. BuBueHo rpaHynoMeTpudHuil Ta PppakuiiHui CKIIaAM BUX1AHOI CHPOBHHH i IPOIYKTIB cemapartii.

Pe3yabraTn. Ha 0cHOBI aHati3y rpaHyIOMeTpUYHOro Ta (pakiiiiHoro ckiamy jgexannx XBocTiB JKe3aiHchkoi 30arauyBanbHOT (habpuku
BCTAHOBJICHO, 1[0 MiHEepaJll MapraHLio, 10 MICTATHCS B HUX, Jy’Ke TOHKOBKPAIUICHI i BITHOCATBCS A0 JIerko30arayyBaHUX MarepiaiiB. s
01T TTOBHOTO BIJIyYEHHS! MapraHIlo B KOHIIEHTPAT y cXeMy 30aradeHHs OyJIM BKIIOYEHI oIepamnii CyXoro JOMOAPIOHEHHS W IOBITPSHOT
cemaparii. [IpoBeneHo yKpymHEHO-Ta0OpaTOPHi AOCTIKCHHS 30araueHHss XBOCTIB 33 CXEMOIK: CyXe MOJPIOHEHHS O KPYITHOCTI MEHIIE
1 MM, mpocitoBarHs 3 moxutoM Ha kmacu 0.5-1.0 1 0.0-0.5 MM, siki HaxEXOIITH Ha MOBITPsIHY cenapanito. [IpoxykTu moBiTpsiHOI cemapanii
30aradgyIoThCcsl CyX0I0 MarHiTHOIO cenapamniero. BcranosieHo, 1o 3acTocyBaHHS HOBITPSIHOI cenaparii npu iHaykmii MaraitHoro nois 0.5 Ti
JI03BOJII€ MiABUIIUTH BUXiJ MarHiTHOI (pakmiit Ha 7.5% 1 30UIBIIUTH BUTAT Maprasiio Ha 9.42%. AHami3 pe3yabTaTiB MarHiTHOI cemapariii
TOHKHX KJAaciB BKa3aB Ha MOXIIMBICTh OTPUMAaHHS MapraHIEBOTO KOHIIEHTPATy HEOOXiTHOI SKOCTi HaBiTh 0€3 3aCTOCYBaHHS MOBITPSHOI
cemaparii. L{e 3Ha4HO crpoiye cxeMy 30aradueHHs JIe)KaIuX MapraHeBOBMICHUX XBOCTiB JKe31iHChKOI 30araqyBanbHOi (habpHKy.

HaykoBa HoBH3HA. BcTaHOBIIEHO, IO CyXe IOMOIPiOHEHHS JIeXKaIUX XBOCTIB 30arauyBaibHOl (aOpHKK 10 KPYHMHOCTI MeHIIe 1 M, 3
MOJANBIIOIO MOBITPSHOIO CENapalli€lo, J03BOJISIE TIOBHICTIO PO3KPUTH MIHEpalInd MapraHIlio, 0 MPU3BOANUTD IPH MOJAIBIIIN CyXii MarHit-
Hil cenaparii 1o MiABUINEHHS BUXOIY MarHiTHOT (pakiii Ta 301IbIIEHHS BIITyYeHHs B Hill MapraHIlio.

IpakTnyna 3HaunMicThb. Po3pobka onTHManbHOI TEXHOJNOTIT TO3BOJISIE OTPUMATH MapraHIEBHH KOHIIEHTpPAT HEOoOXiqHOI SKOCTI s
MOAANIBIIOT0 OTPUMAHHS B METaIypriiHOMy nepeaiii ¢pepo- abo CHTikoMapraHILo.

Kniouosi cnosa: xsocmu, epanynomempuynuii ckiaod, noopiOnenns, cenapayis

YKpynHeHHO-1a00paTOpHbIe HCCIIe0BAHUS CYX0ii MATHUTHOM cenapauuu
xBocTOB Ke3auHcKkoii odoraTuresbHoi padpuxku, Kazaxcran

A. MyctaxumoB, A. 3eiiHyIMH

Leusb. Pa3zpaboTka pannoHaNbHON TEXHOJIIOTHH MEPEepaOdOTKH MapraHelcoAepsKalux XBOCTOB JKe3nuHckoi oboraTutensHON (adpuku
pecy6imku KazaxcraH 1 noTy4eHHst MApraHIeBOTO KOHIIEHTpATa I BHIIUIABKU CHIMKOMApraHIa.

Metoauka. B pabote ucrosnp3oBaack KOMIUIEKCHAsE METOMKA MCCIIEIOBAHMH, BKIIFOYAIOIIAs aHAIN3 COBPEMEHHBIX HAay4YHBIX pa3pado-
TOK U ONBITA UX MCIIOJIb30BaHMUS FOPHO-METALTYPIHYECKUMH MPeNpHATHIME. [IpoBe/ieHbl SKCIIepUMEHTAIBHBIE HCCIISJOBAHUS BEIIECTBEH-
HOTro cocTaBa XBocToB. CocTaBlieHa cXeMa HCCIIeI0BaHusl, BKIIOYAIOMIAs CyX0e JOM3MeNbUeHHE JISKAIBIX XBOCTOB 000raTUTENBHOH (habprKu ¢
MOCIICTYIOIICH BO3YIHOM cernapanueii, MpOoayKThl KOTOPOil 000TalatoTCs METOIOM CyXOH MAarHUTHOM Cemapaiiy B Cenaparope ¢ MOCTOSH-
HBIM CHJIBHBIM MarHUTHBIM T10JieM. V3ydeHsl rpaHyIoMeTprudecKuii 1 GpakIMOHHBII COCTaBBl HCXOAHOTO CHIPBS U IMPOIYKTOB CEapaliy.

Pe3yabTaThl. Ha ocHOBe aHanm3a rpaHyJIoMETpHYECKOTO W (PPaKIHOHHOTO COCTaBa JIEKAIbIX XBOCTOB JKe3MMHCKOW 00OTaTHTENFHON
(habpHKH yCTaHOBJIEHO, YTO COJEPKAUINEC B HIX MHHEPAJII MapraHia BeCbMa TOHKOBKPAIUICHHBI M OTHOCSTCS K JIETKOOOOTaTHMBIM Mate-
puanam. [{yis1 Gosiee MOTHOTO W3BJIEUCHHUS MapraHia B KOHIIEHTPAT B CXeMy 00oTaIeHuns ObIIH BKITIOUSHBI OTIEPALIUH CYXOTO TOU3MENIbYECHHS
W BO3AYyLIHOW cenapanus. [IpoBeneHs! yKpyITHEHO-1a00paTOpHbIe MCCIeI0BaHUs 00OTralleHHs] XBOCTOB 10 CXeMe: CyX0oe H3MeJb4YeHHe JI0
KpYMHOCTH MeHee 1 MM, rpoxoueHue ¢ pasnmeneHueM Ha kiacchl 0.5-1.0 u 0.0-0.5 MM, KOTOpBIC MOCTYMAIOT Ha BO3YIIHYIO CEMapaiuio.
[TpoaykThl BO3AyIIHON cenapanuy 00OralalTcsl CyXOd MarHWTHOM cernapanueid. Y CTaHOBJIEHO, YTO MPUMEHEHHE BO3AYIIHON cernapainuu
HpH MHAYKIUK MarHuTHoro moiist 0.5 Tir mo3BossieT HOBBICUTH BBIXOJ] MAarHUTHOM (pakuuii Ha 7.5% W yBeNMUYHUT U3BJICUCHUE MapraHia Ha
9.42%. AHanm3 pe3yIbTaTOB MAarHUTHOHM cCelapalyi TOHKHX KJIACCOB yKa3aldl Ha BO3MOKHOCTh IMONYYSHHS MapraHIleBOTO KOHIIEHTpAaTa
TpeOyeMoro kKadecTBa Jaxe 0e3 MpUMEHEHHUS BO3AYIIHON cenapaiy. DTO 3HAYUTEIBHO YIPOILIAET CXeMy 0OOTaIeHHS JIeKaIbIX MapraHel-
coJieprKaIInX XBOCTOB XKe3AnHCKO# oboraTuTenbHOM HhaObpHKH.

Hayunas HoBH3HA. YCTaHOBIICHO, YTO CyX0€ JOU3MEIbUCHHUE JISKAIBIX XBOCTOB 000TaTUTENbHOM (paOpuKH 10 KpymHOCTH MeHee 1 MM,
C TIOCTIeAYIOLIeH BO3AYIIHOM cenapanuei, Mo3BoseT MOJTHOCTBIO PACKPBITh MUHEpaJIbl MapraHIia, YTO IPUBOJUT IIPH MOCIEIYIOIIeH CYyX0i
MAarHuTHOM Cerapanyu K NNOBBIIICHHUIO BbIXOAa MaFHHTHOﬁ (bpa](]_[l/ll/l 151 yBeJ’lI/l'-[eHI/I}O H3BJICUCHUSA B Heﬁ Maprasua.

IIpakTHYyecKasi 3HAYNMOCTD. Pa3paboTka oNTHMAIBHOM TEXHOJIOTUH TT03BOJISIET MOJTYYUTh MapraHIeBbIii KOHIIGHTPAT TpeOyeMoro Ka-
YecTBa JUISl MOCJIETYIOIIEro TOJIyYeHHsI B METaJUTyPrHYECKOM Ieperiene (peppo- i CHIMKOMapTraHIa.

Knroueswvie cnosa: xeocmoi, panyriomempuyeckuil cocmae, usmenbueHue, cenapayiis
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