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Abstract
Introduction. Exploring the feasibility of employing iron ore concentrates of various quality and
composition as medium solids in heavy media separation of coal is a task of utmost importance for coal
beneficiation plants. Titanomagnetite concentrates are promising medium solids being as good as
magnetite concentrates as to physical and mechanical properties and processing behavior.
Research aims to study the feasibility of using titanomagnetite concentrates of AO Sviatogor as medium
solids for AO UK Kuzbassrazrezugol coal beneficiation in heavy suspensions.
Research methods. Heavy media separation of —50+25 mm fraction coal was studied using a laboratory
facility. Medium solids of various densities were employed and their quality indicators, such as density,
size, magnetic fraction content, and stability of the suspension, were determined. Coal was fractionated
in zinc chloride.
Object of research is titanomagnetite concentrates of the Volkovsky deposit. Float and sink fractions of
heavy media separation were examined for total carbon, sulfur, and ash content. Economic benefit from
substituting titanomagnetite concentrate for magnetite concentrate was calculated for the Krasnobrodsky
coking coal beneficiation plant.
Research results have shown that the quality characteristics of titanomagnetite concentrates of the
Volkovsky deposit, such as granulometric composition, density, magnetic fraction content, and
suspension stability meet the requirements for medium solids used in the process of heavy media
separation of coal at AO UK Kuzbassrazrezugol. In the process of heavy media separation, the best
result has been obtained under a separation density of 1900 kg/m3: ash content of the float fraction is
6.57% and total carbon recovery into the float fraction of coal is 95.8%. Under suspension density
increase from 1700 to 1900 kg/m’, it was recorded that the medium solids loss with the beneficiation
products has grown by 1.2 times. The results of the heavy media separation of —=50+25 mm fraction coal
and fractionation in zinc chloride are similar. Economic benefit from substituting Volkovsky
titanomagnetite concentrate for Korshunovsky magnetite concentrate at AO UK Kuzbassrazrezugol
makes up RUB 66—69 million a year.
Summary. Study of heavy media separation with titanomagnetite concentrates of the Volkovsky deposit
as medium solids and using coal of AO UK Kuzbassrazrezugol has shown high process performance and
economic benefit.

Keywords: titanomagnetite concentrate; Volkovsky deposit; coal; medium solids; heavy media
separation, suspension stability.

Introduction. The research aims to examine the feasibility of employing
titanomagnetite concentrates of AO Sviatogor and Volkovsky GOK under construction
as medium solids for coal beneficiation at AO UK Kuzbassrazrezugol in heavy
suspensions.

AO Sviatogor beneficiation plant treats several types of copper and copper-zinc ore
including Volkovsky copper-iron-titanium-vanadium ore, from which the
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titanomagnetite concentrate with the 5-7% content of TiO, is obtained after the copper
circuit [1, 2]. Besides, Volkovsky GOK has currently passed the design phase and
headed over to the construction phase. Volkovsky GOK will process 10 million tons of
ore at a separate enterprise manufacturing titanomagnetite concentrate with a high
content of titanium [3].

High-titanium titanomagnetite ore with a content of titanium dioxide of more than
3% 1is scarcely processed globally [4] due to problems associated with the specific
character of titanium reduction and the development of infusible masses in the hearth
of the blast furnace. Low-titanium iron ore is beneficiated in the Kachkanar GOK with
further processing of the agglomerate and pellets at the enterprises of EVRAZ NTMK
(Nizhny Tagil Metallurgical Plant). Chinese enterprise of Panzhihua Iron and Steel
Company Ltd. is the world’s only enterprise to carry out a complete process cycle of
low- and high-titanium iron ore.

Main Russian steelworks work at a strictly defined furnace charge which virtually
eliminates the use of titanomagnetite concentrate or its palletizing products. There are
3 large titanomagnetite deposits not far from PJSC Magnitogorsk Iron and Steel Works
(MMK), namely Medvedevsky, Kopansky, and Suroyamsky deposits. However, despite
having a severe shortage of ore, MMK has no plans for developing them and works on
the imported ore from Kazakhstan (SSGPO JSC) and Metalloinvest MC LLC since the
sinter plant, blast furnace, and convertor require fundamental reconstruction to adjust
them to operate on titanomagnetite.

In such conditions, it is important to find fields of titanomagnetite concentrates
application other than metallurgical enterprises; fields where physical properties of
titanomagnetite concentrates are important, particularly density, size, and magnetic
susceptibility, rather than metallurgical properties. This refers to various types of medium
solids, including medium solids for heavy media separation (HMS) of coal [5-7].

Materials and methods. The objects of research were two titanomagnetite
concentrates: concentrate 1, taken from AO Sviatogor beneficiation plant (BP), and
concentrate 2, obtained after concentrate 1 refinement in accordance with the Process
Regulations for the Volkovsky GOK BP. The content of chemical components in
concentrate 1 sample is: Fe,O, — 59.39%, Cu — 0.031%, S — 0.25%, TiO, — 6.90%,
V,0; - 1.61%, and P — 0.12%. The content of chemical components in the sample of
concentrate 2 is: Fe,0; — 62.70%, Cu — 0.024%, S — 0.11%, TiO, — 5.92%,
V,0, —1.46%, and P — 0.014%.

The granulometric composition of the concentrate samples was analyzed using
standard screens with openings of 315, 160, 71, 45, and 40 um and water washing.
The —40 pm class was studied on the ADAP apparatus. The density was determined by
standard methods [8, 9].

The content of the magnetic fraction in titanomagnetite concentrates was determined
on a laboratory tubular magnetic analyzer. The magnetic field strength was 120 kA/m.

A detailed study of the suspension stability parameter is an important step in heavy
media separation. The term suspension stability means the ability of a finely dispersed
powder of a heavy solid to be suspended in a dispersion medium for a long time.
The higher the concentration and dispersion of the solid, the higher the stability is [10-12].

In order to analyze the behavior of titanomagnetite suspension consisting of a
concentrate and water in different ratios, and the way the concentrate size affects its
stability, experiments were carried out to determine the sedimentation time and rate of
a suspension with a density of 1700, 1800, and 1900 kg/m?3.

To carry out the experiments, a 2.5-liter cylinder, a stirrer, a ruler, and a stopwatch
were used. All experiments were carried out under the same conditions. Before
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measurements, the suspension was thoroughly mixed with a stirrer in a flask for 2 min,
then the height of the clarified layer was measured for 5 min after a certain period of
time (30 s). The experimental conditions for stability determination of a suspension
based on titanomagnetite concentrates are given in Table 1.

To carry out the actual experiments on HMS, a sample of coal and rock with
a fraction of —50+25 mm was assembled in a ratio close to the original machine grade
of the Krasnobrodsky— Koksovaya (Coking) coal beneficiation plant (CBP).

Fractional analysis of a coal sample in zinc chloride with a density of 1400, 1500,
and 1800 kg/m? collected at AO UK Kuzbassrazrezugol and the obtained fractions
yield and quality assessment were carried out in accordance with the requirements and
procedures of GOST 4790-93 “Solid fuel. Determination and presentation of float and
sink characteristics. General directions for apparatus and procedures”. Fractionation
was carried out in zinc chloride solutions of specified densities starting with the lowest
density solution.

Table 3. Granulometric composition of titanomagnetite concentrates 1 and 2
in accordance with the requirements of normative documents (ND), %
Ta6uuna 3. ['panyaoMeTpuyeckuii COCTaB THTAHOMATHETHTOBBIX KOHIEHTPATOB 1 1 2
B co0TBeTCTBMU ¢ TpedGoBanusavmu HJI, %

Grade F (fine) Grade T (thin)

content of fractions

actual value

content of fractions

actual value

Size, pm
in accordance of fractions in accordance of fractions
with ND, % content, % with ND, % content, %
Less than 20 10-25 7 25-35 3
Less than 40 50-60 52 60-75 74
More than 150 2-10 3 0-5 0

Coal samples HMS were studied on a heavy-medium laboratory facility. The —-50+25 mm
gain size machine grade was prepared for separation by washing the material with
water on a screen with openings of 1.0 mm.

To calculate the masses and densities of the titanomagnetite suspension in the
experiments, the density of water was 1000 kg/m3, and the medium solids density
according to the analysis results was 4400 kg/m3. The main formulae for suspension
parameters calculation were taken from [13, 14]. In these experiments, all calculations
were made for suspension active volume of 30 1 (0.03 m?). The experimental conditions
are given in Table 2.

Coal separation in titanomagnetite suspension was carried out starting from
the suspension lowest density of 1700 kg/m?. For the purposes of monitoring, prior to each
experiment, the actual density of the active suspension was determined by collecting
and weighing the particular amount of pulp.

The mass, ash content, and content of total carbon, and the content of total sulfur
were determined in separation products. The losses of medium solids with beneficiation
products were further determined.

Results and discussion. Titanomagnetite concentrates analysis for compliance
with the requirements to magnetite medium solids.

The results of granulometric composition analysis of concentrates 1 and 2 and its
comparison to the requirements of the normative documents (ND) are presented in
Table 3 [8, 9].

According to analysis results, concentrate 1 can be attributed to size grade F (fine),
while titanomagnetite concentrate 2 can be attributed to size grade T (thin).
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It should be noted that titanomagnetite concentrates 1 and 2 have a smaller amount
of slime and coarse fractions as compared to the regulated ones and, as a consequence,
a more stable granulometric composition, which is good for suspension stability.

The practice of coal enterprises using HMS has shown [8] that coal beneficiation
plants work on iron concentrates of intermediate size. The plants of AO UK
Kuzbassrazrezugol use the Korshunovsky GOK iron concentrate supplied according to
specifications as a magnetite suspension. Only the class of more than 150 pm (no more
than 20%) is subject to regulation. The remaining indicators are provided for reference.
Therefore, concentrates 1 and 2 meet the size requirements for medium solids.

Table 4. The results of suspension stability determination under different densities
Tabuuua 4. Pe3yibTaThl onpeesieHUs! yCTOHYUBOCTH CYCIEH3UH IPU PA3JIHYHOI NJIOTHOCTH

Height of clarification, m, under suspension density, kg/m?
Time, s actual design
1700 1800 1900 1700 1800 1900
Test 1, concentrate 1, pm = 4400 kg/m3

30 0.022 0.034 0.011 0.022 0.034 0.011

60 0.045 0.044 0.018 0.023 0.010 0.007

90 0.060 0.055 0.021 0.015 0.011 0.003

120 0.080 0.066 0.035 0.020 0.011 0.014

150 0.095 0.078 0.044 0.015 0.012 0.009

180 0.115 0.089 0.055 0.020 0.011 0.011

210 0.130 0.100 0.063 0.015 0.011 0.008

240 0.141 0.109 0.070 0.011 0.009 0.007

270 0.151 0.117 0.079 0.010 0.008 0.009

300 0.160 0.126 0.087 0.009 0.009 0.008

Mean value 0.016 0.013 0.009
Clarification rate, m/s 0.000053 | 0.000042 0.000029

Test 2, concentrate 2, pm = 4575 kg/m?

30 0.021 0.011 0.005 0.021 0.011 0.005

60 0.055 0.020 0.007 0.034 0.009 0.002

90 0.086 0.029 0.012 0.031 0.009 0.005

120 0.100 0.037 0.015 0.014 0.008 0.003

150 0.110 0.044 0.020 0.010 0.007 0.005

180 0.114 0.049 0.023 0.004 0.005 0.003

210 0.118 0.054 0.026 0.004 0.005 0.003

240 0.122 0.060 0.030 0.004 0.006 0.004

270 0.125 0.064 0.032 0.003 0.004 0.002

300 0.131 0.068 0.034 0.006 0.004 0.002

Mean value 0.013 0.007 0.003
Clarification rate, m/s 0.000044 | 0.000023 0.000011

The average material density of titanomagnetite concentrates 1 and 2 according to
four measurements was 4400 kg/m? for concentrate 1 and 4575 kg/m? for concentrate 2.
Thus, according to the analysis, the density of titanomagnetite concentrates 1
and 2 corresponds to the recommended density range for magnetite medium solids
4300-4600 kg/m? [5, 6].
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According to the results of magnetic analysis, the content of magnetic fraction in
titanomagnetite concentrate 1 made up 97.02%, which meets the requirements for
magnetite medium solids (not less than 90%). Titanomagnetite concentrate 2 has an
even higher content of magnetic fraction due to a higher content of iron.

The results of studying the suspension clarification height (stability) at different
densities of titanomagnetite are given in Table 4, where p_ is the true density of medium
solids.

Table 5. Results of heavy media separation of —50+25 mm coal fraction
Ta6uuuna 5. Pe3yabTaTsl T:KeJI0CpeaHOl cenapanuu yris ¢ppakuun —S50+25 mm

Yield Content, %
Number Recovery
of test Product product, medium C S Ash Cuotal, %
% solids, g total. ol content, % )
1 Float
fraction 73.96 19.76 67.50 | 0.49 8.17 91.0
Sink
fraction 26.04 8.29 19.00 | 0.74 66.10 9.0
Total 100.00 28.05 54.87 | 0.55 23.25 100.0
2 Float
fraction 76.91 23.85 65.90 | 0.46 7.48 94.7
Sink
fraction 23.09 6.85 12.30 | 0.49 72.00 5.3
Total 100.00 30.70 53.52 | 0.47 22.38 100.0
3 Float
fraction 77.59 26.58 67.10 | 0.45 6.57 95.8
Sink
fraction 22.41 7.08 10.20 | 0.37 74.20 4.2
Total 100.00 33.66 54.35 | 0.43 21.73 100.0

It follows from Table 4 that the titanomagnetite suspension clears up over time, and
the more time passes, the less intensive the process is.

According to the results of suspension stability analysis, it was found that as
the density of the titanomagnetite suspension increases from 1700 to 1900 kg/m?, the
clarification height of the medium solids decreases from 0.016 m to 0.009 m for
concentrate 1, and from 0.013 m to 0.003 m for concentrate 2.

Thus, suspension density growth results in its greater stability.

The lowest particle clarification rate was obtained at a suspension density of
1900 kg/m? — 0.000029 m/s (concentrate 1) and 0.000011 m/s (concentrate 2). The total
content of solid in the suspension at this density was 26.7 and 25.3%, respectively,
which defines the suspension as sufficiently stable with an admissible viscosity level of
no more than 7 - 103 Pa - s [12, 15].

The results of analyzing the rate of titanomagnetite suspension clarification show
that the higher the suspension density, the lower the rate of titanomagnetite subsidence,
and therefore the higher the suspension stability.

Besides, the finer concentrate 2 has lower suspension clarification rates, which
means that with a decrease in the medium solids size, the stability index of the
suspension increases.

It follows from the research results that a higher stability of the titanomagnetite
suspension was obtained at a density of 1900 kg/m? on both concentrates.
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Coal fractionation. Heavy media separation. As part of the research on coal sample
fractionation in zinc chloride, it was found that pieces of coal in the sample have a
rather wide density range — from less than 1400 to more than 1800 kg/m?3. Most of the
coal is concentrated in a fraction with a density of less than 1400 kg/m?.

According to the established classification for hard coal applied for energy purposes,
the rock fraction yield is estimated based on a density of more than 1800 kg/m?, while
the concentrate yield is estimated based on a density of less than 1800 kg/m3.

a b

Fig. 1. Illustration of the experiment — a, the end product — b
Puc. 1. Mmroctparys SKCnepuMeHTa — a, KOHSUHbIH POAYKT — b

When studied for coal fractionation in zinc chloride at densities of 1400, 1500, and
1800 kg/m?, the theoretical yield of concentrate made up 66.07% with an ash content
of 5.89%, the theoretical yield of a middling product made up 7.44% with
an ash content of 24.09-36.68%, and the yield of waste made up 26.49% with ash
content 73.46%.

The experimental results of —50+25 mm coal fraction HMS are presented in
Table 5.

As a result of tests on HMS of —50+25 mm class coal sample in titanomagnetite
suspension of different densities (1700-1900 kg/m?), the following has been defined:

— the best result has been obtained with a separation density of 1900 kg/m3: the ash
content of float fraction is 6.57%, the total carbon recovery in coal float fraction is 95.8%;

— as the density of the suspension grows from 1700 to 1900 kg/m?3, it has
been recorded that the loss of medium solids with beneficiation products grows by
1.2 times.

Figure 1 presents an illustration of the experiment and the float product.

According to the features of the concentrates obtained at JSC UK Kuzbassrazrezugol,
the ash content is in the range of 5.8-9.2%. Thus, the obtained result (6.57%) falls into
this range.

Comparison results of the coal quality analysis after laboratory HMS and the data of
fractionation in zinc chloride according to the standard method are given in Table 6.
Data comparison showed that they are comparable both in products material composition
and coal washability.

The economic benefit for the Krasnobrodsky coal beneficiation plant of JSC UK
Kuzbassrazrezugol was calculated based on the research results.

The economic benefit of substituting titanomagnetite concentrate of AO Sviatogor
for the Korshunovsky iron concentrate for 1 ton of concentrate made up RUB 7,693.4,
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and for the entire quantity of annual supplies the economic benefit made up RUB
66.1 million.

When using titanomagnetite concentrate from the new Volkovsky beneficiation
plant, the economic benefit for 1 ton of concentrate made up RUB 8,077.9, and for the
entire quantity of annual supplies the economic benefit made up RUB 69.4 million.

Table 6. Comparison results of fractionation and heavy media separation
Taomuma 6. CpaBHHTEIBHBIE Pe3YJIbTATHI GPAKIMOHUPOBAHHUS H TSKEJI0CPEAHOIl cenapanun

Values, %
Indicator
HMS | fractionation
Material composition of the source
Ash content 22.50 23.70
Content of volatile substances ignoring the 47.10 47.20

content of moisture

Process performance of fractionation
Fraction with a density of more than 1800 kg/m>:

yield 22.41-23.09 26.49

ash content 72.00-74.20 73.46
Fraction with a density of less than 1800 kg/m?:

yield 73.96-76.91 73.51

ash content 7.48-8.17 8.73

Summary. Titanomagnetite concentrates with the content of titanium dioxide of
more than 3% are currently scarcely used in metallurgical production.

The study of Volkovsky titanomagnetite concentrates qualitative characteristics,
including the granulometric composition, density, magnetic fraction content and
suspension stability, has shown that they may be employed as medium solids in the
process of heavy media separation of coal at JSC UK Kuzbassrazrezugol.

According to laboratory studies, the best result of heavy media concentration of coal
with —50+25 mm fraction in titanomagnetite suspension was obtained at a separation
density of 1900 kg/m?: ash content of the float fraction is 6.57% and recovery of total
carbon in the floating fraction is 95.8%.

Comparison of the experimental results on heavy media separation to the data of
traditional coal fractionation in zinc chloride has shown that they are comparable both
in products material composition and in coal washability.

The economic benefit of substituting Volkovsky titanomagnetite concentrate for
Korshunovsky iron concentrate at JSC Kuzbassrazrezugol made up RUB 66—69 million
a year.
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HUccaenoBanue Tﬂmeﬂocpezmoifl cenmapanuu yrjis ¢ MCIoJib30BaHUuEM
THTAHOMATHETHTOBOM CyClI€eH3UN

Bynaros K. B.!, I'azaneesa I. .1, ByzynoBa T. A.!, Illuraesa B. H.!
! Hay4HO-HCCIIeI0BATeIbCKHUIA U IPOSKTHBINA HHCTUTYT « YpanMexaHoopy, EkarepunGypr, Poccust.

Peghepam
Beeoenue. Hccneoosanue B03MOMCHOCHU UCHONL30BAHUS  JHCENE30PYOHBIX KOHYEHMPAMO8 PA3ZHO20
Kauecmea u cocmasa Kaxk ymsoicenumenell 6 npoyecce MsANCENOCPEOHOU cenapayuu yens seisaemcs
akmyanvHoli 3adauell 0aa yeneobocamumenvhvlx adpux. Tumanomacnemumosvle KOHYEeHMPAmMbvl
AGNAIOMCS NEPCHEKMUSHBIMU YMAIICETUMENAMU U He YCHYRAIOm MA2HemumosebiM KOHYeHmpamam no
PuU3UKO-MeXAHUYECKUM U MEXHONO2UHECKUM CEOUCMBAM.
ILlenv pabomer — usyuenue GO3MOICHOCMU UCHONL30BAHUS MUMAHOMASHEMUINOBHIX KOHYEHMPAMos
AO «Cssamozopy» 6 xawecmee ymscerumenst npu oboeawjenuu yenss AO « YK Kyzbaccpaspesyzonvy 6
MAICENbIX CYCHEH3USX.
Memooonozus. [Iposodunucs ucciedoganus msicenocpeonoli cenapayuu yensa gpaxyuu —50+25 mm na
1abopamopHoll yCmaHoeKe ¢ UCNONb306aHUeM Ymadicerumerneti panuiHoll nI0MHOCIU U OnpeoeseHuem
ux noxazameneu Kayecmed, MaxKux Kaxk WIOMHOCHb, KPYRHOCMb, COOepiicanue MAeHUMHOU @pakyuu u
yemouuugocme cycnensuu. IIpoeoounocs paxyuonuposanue yeis 8 X10pucmom yuHKe.
Obvekmom  UCCe008AHUT  AGIANUCL — MUMAHOMAZHeMuUMmMosvle  KoHyenmpamel  Bonkoeckoeo
MecmopodcOenus. Bennviswan u nomonyswas pakyuu masjcenocpeoHou cenapayuy Uccie008aniuch Ha
codepoicanue obujezo yanepooa, cepul u 3on6Hocmu. Paccuumolieancs sxonomuueckuti agpgpexm om 3amenvl
MazHemumo8o2o0  KOHyeHmpama Ha mumanomaznemumogelli  0aa  Kpacnobpoockoii  kokcogoil
yeneobocamumenbHol abpuxu.
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Pe3ynvmamut uccined08anuil NOKA3au, 4mo KaiecmeeHHvle XapaKxmepucmuKkyu mumaiomacHemumossix
KOHYeHmpamos Bonkogcko2o mecmopodicoenusl, makue KaKk epanyioMempuiecKuil cocmae, niomHoCmb,
codepoicanue MAzHUMHON GPakyuu U YCMOUHUBOCHb CYCNEeH3UU, COOMEEnCmeyIom mpebosanusm K
VMANCENUMENSIM,  UCNONb3YeMbIM 6 Npoyecce — MANCENOCPeOHOl — cenapayuu — yeis — Ha
AO «YK Kyzbaccpaspesyeonvy. Jhyuwuii pesyiomam 6 npoyecce msicelocpeoHol cenapayuu noiy4eH
npu naomuocmu pasoenenusi 1900 ke/m3: 3omvnocms  echaviswieni gpaxyuu cocmaensem 6,57 %,
usgneueHue obujeco yenepooda 6o ecnavieuiyo gpakyuro yens — 95,8 %. Ipu yseruuenuu niomuocmu
cyenensuu ¢ 1700 0o 1900 k2/m? ommeueno yeeruuenue nomeps ymsxicenumens ¢ RpoOyKmamu 0002aujeHus
6 1,2 paza. Pezynomamul msicenocpeonou cenapayuu yens gpaxyuu —50+25 mm u ppaxyuonuposanus ¢
Xnopucmom yutke Onusku. Ixonomuyeckuil d¢pghexm om samewenus Kopuiynoeckoeo macnemumogozo
xonyenmpama Ha AO « YK Kyzbaccpaspeszyeonvy» Ha mumanomacHemumosulil KoHyenmpam Bonkosckoeo
Mecmopoocoenuss cocmasnsem 66—69 man p./200.

Bu1600b1. Hccnedosanus npoyecca madlceiocpeoHoll cenapayul ¢ npumMeHeHuemM mumanomacHemumossix
KoHyenmpamos  Boakoeckoeco — mecmopoowcOenuss 6 Kauecmee — ymsjceiumens — Ha - yene
AO «YK Kysbaccpaspe3yeonvy npoOeMOHCMpUposanu GblCOKUe MeXHONo2uYecKue nokazamenu u
9KOHOMUYeCcKull Ighpexm.

Kniwoueesvle cnosa: mumanomacnemumosoliil KoHyenmpam, Bonxosckoe }Vt@CWlOpOJfC@@HM@,’ Yeoib,
ymsoiceaumennp, mﬂDICEJlOCp@()HLZﬂ cenapayust,; ycmoﬁwueocmb CYCNEH3UU.

BUBJIMOI PAOUYECKUI CIIMCOK

1. Ilmpomerammyprudeckas mnepepaborka komiuiekcHbix pyx / JI. U. JleonteeB [m np.]. M.:
Merannyprus, 1997. 432 c.

2.ITaxomoB E. A., I'pe6enkun I. A., Kones B. 1. TexHonorus npou3BoICTBa )KENE30PYIHBIX OKATHIIICH
Ha Kaukanapckom ['OKe // OxyckoBaHWE KENE3HBIX PyA M KOHIIEHTpATroB: cO. Hayd. Tp. CBEpIJIOBCK:
YpanmexanoOp, 1976. Ne 3. C. 8§9-99.

3.TazaneesaI. 1. PazButne TexHoI0ruu 000ralieHNsl THATAHOMATrHETUTOB, IIEPCIIEKTHBEI €€ MINPOKOTO
ucnons3oBanus B Poccun u CHI'. KomiutekcHoe nenonb30BaHue Chlpbs / DyHIaMEeHTaIbHBIC HCCIEIOBAHMS
U TIPHUKJIAfHBIC pa3pabOTKH MPOLECCOB MepepadOoTKU M YTWIIM3AalMH TEXHOTCHHBIX 00pa3oBaHMIl: Tp.
Konrpecca ¢ MexmyHap. ydyacTHeM M 3JIEMEHTaMH MIKOJBI MOJOOBIX y4eHbX. 18-21 mrons 2019 r
ExarepunOypr: Ypanbckuii pabounii, 2019. C. 66-72.

4. "BankoB C. U., beixosckuit JI. 3., Turynos JI. I1., Ilerpoa H. B., Crerun H. 0. CoBpemenHsIe
IKOJIOTMUECKHE MaJIOHAIIPSDKCHHBIE TEXHOIOTHHA IepepabOTKH pa3yIMuHbIX THIIOB THTAHOMAarHETHTOBBIX
pya // Hay4Hble 1 TeXHHUECKHE aCHEKTHI OXpaHbl OKpykaromeil cpensl: cO. crareit / BUHUTU. 2011.
Bomm. 1. 56 c.

5. OztlirkF. D., Temel H. Abakay. Reverse flotation in Mus-Elmakaya lignite beneficiation // Energy
Sources. Part A: Recovery, Utilization and Environmental Effects. 2015. No. 8. P. 695-705.

6. Kiser Michael, Bratton Robert, Luttell Gerald. Stockcell flotation — a new technology for fine coal
recovery. URL: https//www.eriezflotation.conypdfs/EFD%20SME-PCMIA%20Papers%20Sfak%20
Gell%2020 12%20316pd! (nara obpamenus: 6.05.2021).

7.ZhangH., Lio Q. Lignite cleaning in NaCl solution by a reverse flotation technique // Physicochemical
Problems of Mineral Processing. 2015. No. 51(2). P. 655-706.

8. PexomeHpmanmy mo oOOTaIieHHIO yIIs B MAarHETHTOBOH CycHieH3WH (OCHOBHBIE IapaMeTpel) /
Wuctutyr oOoramenuss TBepablx roprounx wuckomaemelx «MOTT» wu  VYikpamHckuid Hay4HO-
HCCIIEI0BATENILCKUI Y IIPOSKTHO-KOHCTPYKTOPCKUI HHCTUTYT 110 0OOTAIEHHIO U OPHKETHPOBAHHMIO yIIeH
«YkpHUUN Yrneoboramenuey. M., 1976. 173 c.

9. CripaBouHHK 10 oborameHuto yrieit / mon pen. U. C. brarosa, A. M. Kotkuna, H. A. CambuinHa.
M.: Henpa, 1974. 614 c.

10. 3emusiackwmii I1. I1. O6orarmienue ymist B TKeIbIX cpenax. M.: Yorerexusnar, 1953. 168 c.

11. Iunos I1. U. I'paBuTanmonHas cenaparms HojIe3HbIX nekonaeMblx. JHenpomnerposek: HI'Y, 2010. 127 c.

12. Topbauepa A. I1. 3yyeHue mapaMeTpoB yCTOWYMBOCTH MarHETUTOBOM CycrieH3uu // 30araueHust
kopucHUX komaiud. 2016. Bun. 63(103). C. 5-9.

13. Kosnos B. A. CBoiicTBa MarHeTHTOBOH CYCIICH3MH, KaK Pa3eInTeIbHON Cpeibl Ul 000TaleHus
yos. URL:  https://cyberleninka.ru/article/n/svoystva-magnetitovoy-suspenzii-kak-razdelitelnoy-sredy-
dlya-obogascheniya-uglya (nara oopamenus: 6.05.2021).

14. bpyii JI. K. Kparkuii kypc nekmuii no nucuuiuinie «bypoBbie u TaMnoHaxHbIe pacTBopb»y. URL:
https://www.sites.google.com/site/studentartemev/home/vse-o-burenii-skvazin/burovye-i-tamponaznye-
rastvory (mata obpamenus: 6.05.2021).

15. Knaccnpuxamms — yrsokenureneid.  URL:  http://uralzsm.ru/spravochnik/klassifikatsciya-
utyazheliteleyi (nara obpamenus: 6.05.2021).

Tocrynuna B penakuuto 6 mast 2021 roga
CaesieHus 00 aBTOpax:
BynaroB Koncrantun BajiepbeBHY — KaHIUAAT TEXHUYECKUX HayK, TeHepanbHbIH aupekrop HayuHo-

HCCIIEIOBATENILCKOTO M IIPOEKTHOTO MHCTUTYTa «YpanMexaHoopy». E-mail: umbr@umbr.ru; https://orcid.
org/0000-0002-4051-743X



62 “Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal”. No. 5. 2021 ISSN 0536-1028

I'azaneepa I'ainna MIBaHOBHA — OKTOP TEXHMYECKUX HAyK, 3aBEIYIOIIAs OTAEIOM PyAONOATOTOBKU U
CIeIUANBHBIX METONOB HccienoBaHnii HayuHo-mccienoBarebckoro M HMPOEKTHOTO HMHCTUTYTA
«YpanmexanoOp». E-mail: gazaleeva gi@umbr.ru; https://orcid.org/0000-0002-4324-9960

BysynoBa TarbsiHa AJiekCaHIPOBHA — KaHIMJAT TEXHUYECKUX HAyK, CTapIIUil Hay4yHbBIH COTPYIHHK
71a00paTopuK 000ralleHNs Py PEIKHX METAJUIOB M HEMETaJNI4eCKOro ChIpbs HayuHO-1CCI1e10BaTenbCKOro
U IPOEKTHOTO HHCTHUTYTA «YpanaMexaHoOp». E-mail: buzunova_ta@umbr.ru; https://orcid.org/0000-0001-
8222-9404

Iluraesa Bapsapa HukonaeBHa — HaydHBII COTpYyIHHK J1abOpaTOpHy OOOTAWICHUS PYH PEIKUX
METaJIOB U HEMETAJUIMYECKOro Chipbsd HaydHo-HCCIe0BaTeNbCKOTO | MPOEKTHOTO HMHCTUTYTa
«Ypanmexanoopy». E-mail: shigaeva_vn@umbr.ru; https://orcid.org/0000-0002-2662-2030

s uutupoBanus: bynatos K. B., I'azaneesa I. U., bysynoBa T. A., Illuraesa B. H. HccnenoBanue
TSDKEJIOCPEJHOM cenapalyy YIVIs ¢ HCIO0JIb30BaHUEM THTAHOMArHETUTOBOI cycrien3u // VI3BecTrs By30B.
Topubiii sxypHan. 2021. Ne 5. C. 52-62 (In Eng.). DOI: 10.21440/0536-1028-2021-5-52-62

For citation: Bulatov K. V., Gazaleeva G. 1., Buzunova T. A., Shigaeva V. N. Heavy media separation of coal
employing titanium-magnetite suspension. Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal = News
of the Higher Institutions. Mining Journal. 2021; 5: 52-62. DOI: 10.21440/0536-1028-2021-5-52-62



