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Abstract
The research objective is to determine the optimal temperature regimes for slurry preparation
and foam separation of diamond-bearing kimberlites to ensure maximum diamond recovery
under high selectivity of the process.
Methods of research include the electron probe X-ray spectral analysis, IR spectrophotometry,
and measurement of the contact angles of a collecting agent drop on diamonds or minerals.
Technological studies were carried out on the setup for foam separation.
Research results. It was shown that when the feedstock of the foam separation cycle is
heated to a temperature of 80-85 °C the diamonds are effectively purified from hydrophilic
coatings, which leads to the restoration of their natural floatability. Through contact angles
measurement, the temperature range of 30—-40 °C was determined in the feedstock reagent
conditioning operation. It is shown that the maximum water repellence of diamonds is
achieved in this temperature range without a significant increase in the kimberlite minerals
water repellence. Laboratory experiments have shown that the best foam separation results
are achieved when in the conditioning operation the feedstock with flotation reagents is
maintained at a temperature of 30-38 °C. The flotation studies using F-5 bunker fuel oil as
base collecting agent, as well as its compounds with diesel fraction and Machchobinsky oil,
determined the optimal temperature of 14—24 °C directly in the process of foam separation.
After data analysis, a temperature regime was proposed and tested, which includes the foam
separation feedstock heating before the operation of slurry removal and conditioning with
flotation reagents up to 85 °C and the subsequent use of accumulated heat in the operations of
foam separation feedstock conditioning (30 °C) with reagents and the foam separation process
itself (18 °C).
The prospects of the technology. The test results of the selected temperature regime for the
foam separation process on a test bench show the possibility of increasing the diamonds
recovery into the concentrate by 2.3-4.5% when using applied and potential collecting
agents, including F-5 bunker fuel oil and compounds based on it. The developed regime is
recommended for commercial development in the foam separation cycle at Alrosa processing
plants.

Keywords: diamonds; kimberlites;, foam separation; collecting agent; conditioning;
hydrophobic properties; heat processing.

Introduction. The main stages of processing, which ensure the production of
commercial diamonds, are the cycles of foam separation and grease recovery. The main
prospects for increasing commercial diamonds production at PJSC Alrosa are associated
with improved efficiency of existing stages and the introduction of new technologies at
processing plants [1].

Increased losses of diamonds are due to insufficient hydrophobization of their
surface caused by both the spread of hydrophilic mineral coatings on the diamond
crystal surface and the reduced activity of the collecting agents [2, 3]. Heat processing
is a promising direction for increasing the efficiency of diamond-bearing raw materials
foam separation [4, 5]. The mechanism of processes on the surface of diamonds in the
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course of the temperature rise during foam separation was studied extensively in [6].
It is shown that the diamond-bearing kimberlite materials processing at a temperature
of 60-85 °C provides purification and prevention of repeated hydrophilization of the
diamond surface.

Temperature rise during conditioning caused by the feedstock heat processing
can contribute to a more efficient interaction between minerals and flotation
reagents, primarily collecting agents [7, 8]. It is equally important to determine and
maintain the optimal temperature regime in the very process of foam separation [9].
Therefore, the objective of the present research is to both carry out a study and determine
the conditions for diamond surface hydrophilization prevention, and create conditions
for effective interaction with collecting agents of various compositions in the course
of heat processing [10, 11]. At the same time, the research task was to establish the
relationship between the temperature regimes of the processes of slurry preparation,
conditioning, and foam separation [12].
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Figure 1. Scheme of the experiment of diamond-bearing products foam separation using
feedstock heat processing. Temperature control points: / — in the operation of thermal
conditioning; 2 — when cleaning; 3 — when conditioning with reagents; 4 — in foam
separation
Pucynok 1. Cxema omnbiTa IEHHOW celapauydy aiaMa3ocolepKalluXx MpPOAYKTOB C
NpUMEHEHHEM TEPMHYECKOH O0O0pabOTKM HCXOAHOrO MHTAHUS, TOYKH KOHTPOJIS
TeMIeparypsl: / — B ONEpaluM TEIUIOBOTO KOHIWUIMOHUPOBAaHUSA; 2 — NPH OTTUPKE;
3 — IIpu KOHANIIMOHUPOBAHHUH C PeareHTaMu; 4 — B ICHHOH cenapanuy

Methods of research. The elemental composition of surface mineral formations
on diamonds was analyzed by the method of electron probe X-ray spectral analysis
(EPXRSMA) with a Jeol-5610 LV electron microscope [13]. Information on the mineral
composition of the solid phase was obtained from the IR spectrophotometry data
analysis within the wavenumber range of 400-4000 cm™' [14].

The method of measuring the contact angles of a collecting agent drop on diamonds
or minerals with an OCA 15EC device was used for the research [15].
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To carry out laboratory studies of diamond-bearing ore foam separation process,
a module equipped with specialized process equipment was used, namely a trough
conditioner with a stirring device in the form of an inclined spiral, a foam separator
with a chamber volume of 1 1, and a steam generator.

The process flow scheme of foam separation, shown in Figure 1, was implemented
with the laboratory module.

Prior to the study, the feedstock was manually selected from the foam separation
feed before it was treated with reagents. Diamonds were extracted from the samples
with the Kristall X-ray Iluminescent apparatus. The prepared diamond-free
samples were proportionated and divided into sample weights of a certain mass (30 g).
Twenty diamond crystals were added to each sample.

Table 1. Change in the surface composition of diamonds after heat processing in a sample
with kimberlite at different temperatures of the medium
Ta6auna 1. M3MeHeHMe cOCTaBa IOBEPXHOCTH aJIMa30B IOCJIe TeloBoil 00padoTKu
B IIp0o0e ¢ KUMOEPIUTOM IPHU Pa3/IMYHOM TeMIlepaType Cpe/ibl

Mass fraction of elements on a diamond, %
Element -
no processing under 60 °C under 80 °C under 90 °C
C 78.11 84.12 88.23 89.64
(0)) 6.22 4.76 342 3.04
Na 0.52 0.41 0.25 0.23
Ca 3.65 2.40 1.94 1.70
Cl 0.06 0.05 0.04 0.03
Fe 0.32 0.26 0.17 0.15
Si 2.43 1.87 1.32 1.16
Mg 4.56 3.24 2.46 2.15
Al 1.80 1.33 0.93 0.79
Other 2.33 1.55 1.24 1.11
Total 100.00 99.99 100.00 100.00

To reproduce the conditions of technogenic mineralization that occurs when diamonds
contact with a mineralized aqueous phase, during sample preparation, the prepared
sample was preliminarily held in recycled water and stirred in an open container for
60 min [16].

During the experiment, the prepared sample was heated and held at a temperature of
60-95 °C for 1 min. Then the container with the sample was placed in an ultrasonic unit
and processed for 2 min. After the ultrasonic cleaning, the temperature of the medium
was measured and the drain with the slurry fraction was removed.

Reagents (black mineral oil and aerofloat) were added to the rest of the sample,
and the sample was mixed for 2 min. Upon completion of conditioning, the temperature
was measured. The prepared sample was fed to the feed tray and then directed to the
foam layer of the separator. The resulting foam and flotation tail were dehydrated.
The separated aqueous phase was returned to the backwater basin, where the temperature
was measured and, if necessary, adjusted.

After drying, diamonds were manually extracted from the foam and flotation tail to
calculate the weight balance.

Results and discussion. 7o select the regime of thermal conditioning for the
foam separation feed, the method of electron probe X-ray spectral analysis was used.
The analysis results showed that the heat processing of diamond-bearing material,
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i.e. foam separation feed, provides diamond surface purification from mineral coatings.
The results of X-ray photoelectron spectroscopy of the diamonds surface show that,
with the temperature rise, the content of elements within the hydrophilic coatings
decreases significantly (Table 1).

The surface concentration of mineral formations is noticeably decreased at
temperatures above 45 °C (thermomechanical mechanism), and the diamonds are most
intensively purified at more than 80-85 °C, when the thermochemical mechanism is
realized [6]. Taking into account the significant acceleration of the cleaning process,
heating to 85 °C is preferable, when both mechanisms of hydrophilizing surface
formations destruction are realized.
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Figure 2. Recovery of diamonds into a foam separation concentrate using heat processing
of the initial sample: / —30s;2—-60s;3-90s;4—120s
Pucynox 2. M3BrneueHue aiMa3oB B KOHIGHTpPAT IIEHHOW Celapaniy MHpPH HCIIOJIb30BaHUH
TerIoBoi 00paboTky ucxoaHoit mpoodsr: 1 —30¢; 2—-60¢;3-90c; 4—120c¢

Experiments on foam separation showed that the best result from the heat processing
of diamond foam separation feed is achieved at 85-90 °C (Figure 1), when diamonds
recovery into concentrate increases by 18-20%.

Comparison of the surface composition (Table 1) and floatability (Figure 2) results
shows that diamond recovery increase is due to the effective purification of their
surface from mineral coatings at 60 °C and more. The results also showed that in
order to achieve the maximum diamond recovery increase, the required duration of
heat processing is 60 s.

In order to choose the temperature regime for conditioning the feedstock of the
foam separation with flotation reagents, a method was used to measure the contact
angles of a collecting agent drop on diamond or kimberlite mineral surfaces in the
aqueous phase. This method makes it possible to evaluate the oil-receptivity of minerals,
which determines the effective fixing of apolar collecting agents with mineral surface.
In accordance with modern concepts, oil-receptivity and water-repellence of minerals
are the closely interrelated and proportionally changing parameters [17, 18].
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During testing, the original sample of a polished diamond or a section of kimberlite
minerals was soaked for 1 h in recycled water in contact with air. After that the sample
was heated with recycled water under thermostatic conditions at 85 °C. After the
sample was processed, the hot solution was drained and 10-60 °C recycled water was
added, which ensured the sample holding and follow-up experiments in the temperature
range of 14-60 °C.

Table 2. Change in the contact angles of diamond and kimberlite minerals by a collector’s drop
with temperature variation
Tadmuma 2. H3MeHeHMe KpaeBBIX YIJOB CMAYMBAHHSI ajMa3a M MHHEpPaJoOB KHMOepJnTa
KanJieil cooupareJisi Ipy BApbLUPOBAHUHU TeMIIEPaTyPbl

The temperature Contact angle of minerals, degrees

of medium, °C diamond phlogopite kimberlite calcite olivine
14 91-95 47-67 Detachment Detachment | Detachment
24 92-97 54-68 Detachment 40-50 40-55
30 94-101 57-65 Detachment Detachment | Detachment
40 94-100 57-66 Detachment Detachment | Detachment
50 91-96 58-68 Fragmental, Detachment | Detachment

40-75

60 90-93 60-70 Fra“gsrngrgtal, Detachment | Detachment

The composition of the recycled water corresponded to the recycled water of
processing plant No. 3 of the Mirny GOK. F-5 bunker fuel oil was used as a collecting
agent. The research results showed that the contact angle for a drop of F-5 bunker
fuel oil, which characterizes the diamond water repellence and tendency to interact
with the collecting agent, increases in the temperature range of 14—40 °C by 3.5 angular
degrees (Table 2). At temperatures above 40 °C, the oil-receptivity diamonds decreases.

Initially, kimberlite (phlogopite) hydrophobic minerals and a diamond increase in oil-
receptivity with the temperature rise. The hydrophilic minerals of kimberlite (olivine,
calcite) decrease in oil-receptivity with the temperature rise, up to the termination of
drop retention on the mineral surface at a temperature of 30 and more degrees (Table 2).
It is impossible to accurately measure the contact angle on the surface of a kimberlite
section because the collecting agent is held in separate areas of the surface, where grains
of naturally hydrophobic minerals are visually detected.

When conducting the technological studies, the initial processing with a diamond-
bearing sample was carried out at a temperature of 85 °C. After that, the ultrasonic
cleaning and slurry removal were carried out. To create the required temperature in the
conditioning operation, an aqueous phase with a temperature of 10 to 60 °C was used.
Due to this, the temperature in the conditioning operation was maintained in the range
from 10 to 42 °C. Foam separation was carried out at a constant temperature of 24 °C.

Laboratory experiments have shown that the best result of foam separation is
achieved by maintaining the temperature of the medium in the conditioning operation
with reagents from 30 to 38 °C (Figure 3).

With no preliminary heat processing of the feedstock, the level of diamond recovery
is lower, but the type of dependence with the maximum diamonds recovery at 30-38 °C
is preserved (Figure 3).

To select the optimal temperature regime for foam separation, experiments were
carried out at a setup for foam separation at a conditioning and flotation temperature
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from 10 to 28 °C. The selected temperature range corresponds to the conditions of foam
separation at industrial enterprises in different seasons without special heat processing
(10-14 °C) or with its intended use (24-28 °C). When conducting the research,
F-5 bunker fuel oil and its compounds with a diesel fraction were used, as well as
Machchobinsky oil and its compound with F-5 bunker fuel oil.

As can be seen from the data presented in Table 3, the best foam separation results
are achieved at temperatures of 14 and 24 °C.
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Figure 3. Dependence of diamond recovery into foam separation concentrate on
the temperature of the medium in the conditioning operation with flotation
reagents: / — without preliminary heat processing; 2 — with preliminary heat
processing
PucyHok 3. 3aBHCHMOCTb M3BJICYCHHS aJIMa30B B KOHIICHTPAT IEHHOH cenapainnu
OT TEMIEpaTyphbl Cpelbl B ONEpalMi KOHAWIMOHUPOBAHHS C (IOTalOHHBIMH
pearentamu: [ —  0e3  IpeABapUTENbLHONM  TEIUIOBOH  0OpaboTKy;
2 C MIpe/IBapUTEIILHON TEINIOBOH 00paboTKOM

At 14 °C, the highest diamonds recovery into the concentrate was 78.4% and 77.9%
when using the KM-10 and KM-14 collecting agents, respectively, obtained by diluting
the F-5 fuel oil with a diesel fraction with a volume fraction of the diesel fraction of 10%
and 14%, which is 2.8%-3.7% higher than that of F-5 bunker fuel oil, the best basic
collecting agent (Table 3).

The recovery of diamonds into concentrate, achieved during nonfrothing flotation
at a process temperature of 24 °C using reagent collecting agents based on F-5 bunker
fuel oil, exceeds the corresponding recovery values at a flotation process temperature of
14 °C by 2.1-4.5% (Table 3). With a further temperature growth in the foam separation
operation up to 28 °C, there is practically no increase in diamond extraction, while the
kimberlite minerals recovery into the concentrate increases.

Thus, based on the results of the laboratory research, the rational thermal regime of
foam separation cycle operations involves maintaining 85-90 °C in the operation
of feedstock heat processing, the temperature of 30-38 °C in the operation of
conditioning with a collecting agent, and the temperature of 14-24 °C in the operation
of foam separation.
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The selected foam separation temperature regime was tested on an automated setup
for foam separation LFM-001C which operated under the flow rate of the collecting
agent of 1000 g/t, butyl aerofloat of 50 g/t, foaming agent of 150 g/t. The setup operated
on recycled water.

When carrying out bench tests, regimes without feedstock heat processing (control
mode) and with foam separation cycle feedstock processing at a temperature of
85 °C were chosen. Without feedstock heat processing, the temperature in the cleaning
operation was 18 °C, in the conditioning operation the temperature was 20 °C, and in
the foam separation the temperature was 16 °C.

Table 3. Recovery of diamonds using different collecting agents with varying pulp temperature
during foam separation
Tab6auna 3. A3BieyeHue B KOHUEHTPAT aJ1Ma30B ¢ UCMOJbL30BAHUEM Pa3IMYHBIX co0upareseit
NPU BapbUPOBAHUH TeMIIePaTyPhI MyJIbIbI NPH MEeHHON cenapanun

. Recovery into concentrate, %
Collecting agent
10 °C 14 °C 24 °C 28 °C
Diamonds
F-5 bunker fuel oil 72.6 77.8 82.2 82.4
KM-10 76.4 82.4 85.6 85.4
KM-14 77.8 82.9 85.0 84.8
Machchobinsky oil 68.6 72.6 75.7 75.2
F-5 fuel oil +
Machchobinsky oil
1:1 74.2 78.5 82.8 81.9
Kimberlite
F-5 bunker fuel oil 0.9 1.2 1.4 1.6
KM-10 1.0 1.2 1.5 1.7
KM-14 1.1 1.3 1.5 1.7
Machchobinsky oil 0.8 1.4 1.7 1.9
F-5 fuel oil +
Machchobinsky oil
1:1 1.0 1.3 1.5 1.7

Feedstock heating resulted in temperature rise in all operations. The results of
temperature measurements in operations showed the following. With the selected
initial sample heat processing regime, the temperature in the cleaning operation is
35 °C, the temperature in the conditioning operation is 30 °C, and the temperature
in the foam separation is 18 °C (under the makeup water temperature of 16 °C).
Such results confirm the possibility of maintaining the optimal temperature regime in
all operations of feedstock preparation and in the very process of foam separation due
to the accumulated heat.

The test results of the selected temperature regime of the foam separation process on
a test bench showed the possibility of increasing diamonds recovery into concentrate by
2.3-4.5% when using almost all types of collecting agents (Table 4).

Based on the results obtained the developed technology of thermal conditioning and
temperature regime of foam separation operations was recommended for use in the
development of foam separation technological regime at processing plants No. 3 and
No. 14 of PJSC Alrosa.
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Conclusions. The optimal temperature regime for slurry preparation operations
and diamond-bearing kimberlites foam separation were determined, namely, foam
separation cycle feedstock should be heated to 85 °C, the temperature of 30-38 °C
should be maintained during the reagent conditioning operation, and the temperature of
14-24 °C should be maintained during the foam separation. It is shown that the selected

Table 4. Recovery during foam separation process on a bench installation at the basic (BR)
and proposed (PR) temperature regimes
Ta6auuna 4. [Toka3aTenu U3BJeYeHUs B Mpollecce MEHHOH cenapanuy Ha CTEHI0BOI YCTAHOBKe
npu 6azosoM (BR) u npemsiaraemom (PR) TemnepatypHom pe:xxume

. Diamond, % Kimberlite, %
Reagent collecting agent
BR PR BR PR
F-5 fuel oil 74.9 79.4 1.7 1.7
KM-10 77.2 81.7 1.9 1.9
KM-14 81.6 83.9 22 29
F-5 fuel oil + Machchobinsky oil 1 : 1 75.5 78.8 1.8 1.8

mode involves the use of the heat accumulated in the heat processing operation at
85 °C to maintain the required temperatures in the conditioning operations with reagents
(30 °C) and in the very foam separation process (18 °C). The results of bench testing of
the selected temperature regime of the foam separation process show the possibility
of increasing diamonds recovery into concentrate by 2.3—4.5% under the use of the F-5
bunker fuel oil and compound collectors based on it as a collecting agent.
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O0ocHOBaHNe TeMIIEPaTYPHOIO0 PesKMMa MUKJIA IEHHOH cenmapanuu

KoBanenko E. "2
'"Nucruryt «dxytaunpoanmasy AK « AJIPOCA», MupHsrid, Poccust.
2 Cesepo-Bocrounslii Genepanbhblii yHrsepcuter nmerdn M. K. Ammocosa (¢unuar), Muphsiid, Poccus.

Pechepam

Lenv padomut 3axm0uanace 6 onpeoenenuu ONMUMAILHLIX MEMNEPAMYPHBIX PEHCUMOE ONepayull
RYILNONOO2OMOBKU U NEHHOU CEnapayuul aamazoco0epiIcaux KUmMoepiumos, 00ecneuusarnujux
MAKCUMATbHOE U36TIeUeHUe ATMA308 NPU 8bICOKOU CeIeKMUSHOCIU Npoyeccd.

Memoodonocus. OcHOSHBIMU MeMOOAMU  UCCIEO08AHULL  8bIOPAHBL  INEKMPOHHO-30HOO0GHI
penmeerocnekmpanvHblil - ananus, HK-cnekmpogomomepus u  usMepeHus Kpaesbix Yo
CMAuUBAHUA Kanau cooupamens Ha ammMasax uiu munepanax. Texuwonozuueckue uccie0osamus
NPOSOOUNUCH HA YCMAHO08Ke NEHHOU Cenapayuu.

Pesynomamul. B pezynvmame npoeedeHHbIX UCCIe008AHULL NOKA3AHO, YMO NpU noodocpese
UCXOOHO020 NUMAHUA YUKIA neHHoU cenapayuu 0o memnepamypol 80-85 °C oocmueaemcs
apexmusnas  ouucmKka  AIMazos om  UOPOPUILHBIX  NOKPLIMUL, 4MO HPUBOOUmM K
B0CCIMAHOBNIEHUIO UX NPUPOOHOU iomupyemocmu. Pesynbmamamu usmepenus: Kpaesvix yenos
CMAuUBanUs. onpeoener UHMepPal memMnepamyp 6 onepayuu peazeHmHo20 KOHOUYUOHUPOBAHUS
ucxoonoeo numanusi, cocmasisiowuil 30—40 °C. Ilokaszano, wmo 6 OaHHOM MeMnepanypHoM
uHmepeane OOCMULAeMcs. MAKCUMAIbHAS  2UOPOPOOHOCHb — AIMA308 U He NPOUCXOOUMm
cyuwecmsennoeo  yeenudeHus 2uopogobHocmu  muHepanos xumbepnuma. Jlabopamopuvimu
onvimamu NOKa3amo, 4mo HAuLyyulie pe3yivmamyl npoyecca NeHHoll cenapayui 00Cmuearomes
npu no00epI’Ccanuu 8 onepayuu KOHOUYUOHUPOBAHUS UCXOOHO20 NUMAHUS C (LOMAYUOHHbIMU
peazenmamu  memnepamypvl  30-38 °C. Pezynbmamamu QromayuoHubix UCCIe008aHUL C
npumenenuemM 6 Kavecmee 6a308vix cobupameneii mazyma @iomcrozo D-5, a maxce ezo
KoMnaynoos ¢ ouzenvHou ¢paxyuet u Mauuobunckoli Hepmvlo onpedenena OnmMuMAanibHAs
memnepamypa HenocpeoCmeeHHo 6 npoyecce nemHol cenapayuu, cocmagiarouan 14-24 °C.
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Ilpu ananuze pe3ynivmamos npoBeOeHHbIX UCCIEO08AHULL  NPEONoNCeH U  anpobuposan
MeMRepamypHbulii PelCcUM, GKIIOUAOWUL Ha2ped NUMAHUA NeHHOU cenapayuy nepeo onepayueu
obecunamiueanus 1 KOHOUYUOHUPOGanus. ¢ Guomayuonnvimu peazenmamu 0o 85 °C u
nocieoylowee UCnoIb306anue HAKONIAEHHO20 MeNIA 6 ONePayusx KOHOUYUOHUPOBAHUS NUMAHUSL
nennot  cenapayuu (30 °C) ¢ peazemmamu U HENOCPEOCMEECHHO MEXHONOSULECKO2O
npoyecca nennou cenapayuu (18 °C).

Ilepcnekmuebl  npumenenus mexnonocuu. Pezynomamamu — ucnvimanuti  6blOpaHHO20
MEeMRepamypHo20 pelcumMa npoyecca NeHHou cenapayuu Ha cmeHO0GOl YCMAHOEKe NOKA3aHd
603MOJICHOCIb NOBBIUIEHUSA U3ETEYEHUs AMA3086 8 Konyenmpam Ha 2,3—4,5 % npu ucnonvzosanuu
NPUMEHAEMbIX U NePCNeKMUBHbIX cobupamenel, exkaouas masym ¢nomckuti -5 u KOMRAYHOb
Ha e2o ocnose. Paspabomannuiii pexicum pekomMeHoosan K NPOMblULIEHHOMY OC80CHUIO 8 YUKIle
nexHou cenapayuu Ha obocamumenvhvix gadpuxax AK «Anpocar.

Kniouesvie cnosa: anmasvl, kumbepnumol; Nennas cenapayust; cooupamens, KOHOUYUOHUPOBAHUE,
2udpoghodorHocmy, mennosas 0opabomxa.

BUBJIMOI PAOUYECKUIA CITUCOK

1. Chanturiya V. A. Innovation-based processes of integrated and high-level processing of natural and
technogenic minerals in Russia // Proceedings of 29th International Mineral Processing Congress. 2019.
P. 3-12. DOI: 10.17580/gzh.2015.07.05

2. Chanturiya V., Dvoichenkova G., Morozov V., Podkamenny Y., Kovalchuk O. The mechanism of
formation of finely dispersed minerals on the surface of diamonds and the application of electrolysis products
of water systems for their destruction // Journal of the Polish Mineral Engineering Society. 2019. No. 1(43).
P. 53-57.

3. MaxpaueB A. @., JIgoituenkoBa I. II., Jlezoa C. II. MccnenoBanue u onTUMH3alMs COCTaBa
KOMITayH/IHBIX coOupareseil juist nenHoii cenapanuu anmasos // TUAB. 2018. Ne 11. C. 178-185.

4. BepxorypoBa B. A., Enmmmu U. B., Hemapo A. A., Toncroit M. lO., Octposckas I. X.,
OenoroB K. B., Illenomennesa T. B. Hayunoe oGocHOBaHHME M BBIOOP ONTHMAJIBHOTO BapHaHTa IO
BOCCTAHOBJICHHUIO TUIPO(OOHBIX CBOMCTB IIOBEPXHOCTH aJIMA30B U3 pyabl TpyOkH «/HTepHaIMOHAIEHASDY //
BectHuk MpkyTcKoro rocyaapcTBeHHOIo TexHu4eckoro yausepeurera. 2014. Ne 8. C. 51-56.

5. Koanerko E. I BriOop n onTrMm3anmus TeMIepaTypHOTO pekrMa IIpolecca IEeHHOH cenaparnu
knMOepiuToB // HaydHble OCHOBBI M NpakTHKa MepepabOTKU Py M TEXHOTEHHOTO ChIpbsi: Marep. XX VI
HAIlMOH. Hay4.-TeXH. KOH(}. B pamkax XIX VYpanbckoii ropHOnpombInuIeHHON ekaasl. ExarepunOypr, 2021.
C. 63-68.

6. Kosanenxo E. I, [IBoituenxoBa I II., ITommBanckas B. B. Hayunoe oGocHoBaHMe NMpUMEHEHUS
TCIUIOBOM M DJIEKTPOXUMUYCCKOH 00pabOTKM s MOBBILCHUS S(P(EKTUBHOCTH IEHHOH Cemaparun
anmasoconeprkamux pyx // Topasie Hayku u TexHonorun. 2014. Ne 3. C. 67-80.

7. Dongbo An, Jinhong Zhang. A study of temperature effect on the xanthate’s performance during
chalcopyrite flotation // Minerals. 2020. No. 10(5). P. 426. URL.: https://doi.org/10.3390/min10050426

8. Bepxotypos M. B., AmemmH C. A., Konrosa H. 1. Oboramienne anvasoB // MexIyHapOoIHbIN KypHaI
9KCIIepIMEHTANBEHOTO 00pazoBanms. 2012. Ne 2. C. 61.

9. 3n106un M. H. TexHOMOTHS KPYITHO3EpHUCTON (DIIOTAIMY TP 0OOTAIICHUH aJIMa30COACPKAIUX pya //
Topnerit sxypran. 2011. Ne 1. C. 87-89.

10. MoposzoB B. B., JlezoBa C. II. IlpumeHeHHe KOMOWHHMPOBAHHBIX coOWparesneii Ha OCHOBE
He(TENPOLYKTOB sl TMEHHOW cemapaluu anmaszocofepkammx kumoepimutoB / TMAB. 2020. Ne 12.
C. 137-14e.

11. Lijun Liu, Gan Cheng, Wei Yu, Chao Yang. Flotation collector preparation and evaluation of oil
shale // Oil Shale. 2018. Vol. 35. No. 3. P. 242-251. DOI: 10.3176/0i1.2018.3.04

12. Kasomo R. M., Ombiro S., Rop B., Mutua N. M. Investigation and comparison of emulsified diesel
oil and Flomin C 9202 as a collector in the beneficiation of ultra-fine coal by agglo-flotation // International
Journal of Oil, Gas and Coal Engineering. 2018. Vol. 6. No. 4. P. 74-80. DOI: 10.11648/j.0gce.20180604.15

13. Neikov O. D., Naboychenko S. S., Yefimov N. A. X-Ray fluorescence spectroscopy: Handbook of
non-ferrous metal powders. Technologies and applications. 2019. 943 p.

14. Chukanov N. V., Chervonnyi A. D. Infrared spectroscopy of minerals and related compounds.
Switzerland: Springer International Publishing; 2016. 1120 p.

15. Kucenes M. I',, Casuu B. B., Ilapuu T. II. Onpenenenue kpaeBoro yrnjia cCMauuBaHUs Ha IIOCKUX
noBepxHocTsx // Hayka n Texauka. 2006. Ne 1. C. 38-41.

16. Yanrypus B. A., JlBoituenxoBa I. II., Bynmun WM. XK., Munenko B. I', KoBanemko E. I,
[Monkxamenusrit FO. A. KoMOHHIpOBaHHBIE IIPOLECCHI U3BIICYCHNUS AJIMA30B U3 METACOMAaTHUECKN H3MEHEHHBIX
KAMOEPIIUTOBBIX 1Opoy // PH3NKO-TeXHNUeCKUE IPOOIEeMbI pa3padOoTKH MOIE3HBIX HCKommaeMbIxX. 2017. Ne 2.
C. 117-127.

17. Bachurin B. A., Koshkarov V. E., Nevolin D. G. Environmental impact assessment of preventive
emulsion based on heavy oil residue on organic pollution of water / News of the Higher Institutions. Mining
Journal. 2021. No. 4. P. 57-63. DOI: 10.21440/0536-1028-2021-4-57-63

30



Kovalenko E. G. / Minerals and Mining Engineering. No. 2, 2023. Pp. 21-31  MINING PROCESSING

18. Griffith J. H., Scheraga H. A. Statistical thermodynamics of aqueous solutions. I. Water structure,
solutions with non-polar solutes, and hydrophobic interactions // Journal of Molecular Structure: Theochem.
2004. Vol. 682. P. 97-113. URL: doi.org/10.1016/j.theochem.2004.06.003

Toctynuna B pegakuuio 28 oktsi6ps 2022 roga
Caenenust 00 aBTope:

KoBasienko EBrenmii I'eHHanbeBHY — KaHIUAAT TEXHHYECKUX HAyK, IVIABHBIH HH)KCHED HHCTUTYTA
«lxyraunpoanmasz»y AK  «AJIPOCA», noment Ilomurexnmdeckoro wuHctutyTa ((ummana) Cesepo-
Bocrounoro denepansroro yuusepcurera umMenu M. K. Ammocosa. E-mail: kovalenkoeg@gmail.ru; https://
orcid.org/0000-0002-0320-0839

Jist murupoBanusi: Kosanenko E. I O6ocHoBaHKe TeMIepaTypHOro pekuMa IUKJIa IIEHHOH cerapanyn /
W3zBectus By30B. [opubrii xkypHan. 2023. Ne 2. C. 21-31 (In Eng.). DOIL: 10.21440/0536-1028-2023-2-21-31
For citation: Kovalenko E. G. Rationale for the temperature regime of the foam separation cycle. Izvestiya
vysshikh uchebnykh zavedenii. Gornyi zhurnal = Minerals and Mining Engineering. 2023; 2: 21-31.
DOI: 10.21440/0536-1028-2023-2-21-31

31



