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Abstract

The condition for stable fixation of a collector on the surface of diamonds and their flotation is the use of
collectors of the optimal fractional composition and the choice of the optimum temperature regime of the
process. To determine the parameters of the diamond flotation regime, the regularities of the phase transitions
of asphaltene-tar fractions at increasing temperature and diluting F-5 with technical diesel fraction were
established. It was demonstrated that increasing the collector temperature leads to the transfer of asphaltene-
tar fractions to a dissolved and finely dispersed state. To an even greater extent, dissolving asphaltene-tar
fractions is facilitated by the addition of medium- and low-molecular weight fractions of oil, for instance,
a technical diesel fraction.

It was revealed that the KM-10, KM-14, and KM-18 reagents, being compounds of F-5 fuel oil with technical
diesel fraction (10-18 % DF), were characterized by optimal viscosity and ability to displace aqueous phase
from a diamond surface, thus ensuring stable hydrophobization and high floatability of diamonds. The
optimal temperature regime has been selected, which involved maintaining the temperature at the stage of
conditioning with the collector at +30-40 °C, at which the maximum selective fixation of compound collectors
on the diamond surface, characterized by the value of the limiting wetting angle, was achieved.

The flotation tests have confirmed that the best results are achieved at a temperature of +30-40 °C at the
conditioning stage and +14-24 °C at the flotation stage. At +24 °C, the best results were obtained for the
relatively less diluted KM-10 and KM-14 fuel oils obtained by diluting F-5 fuel oil with a technical diesel
fraction at the diluent volume fractions of 10 and 14 %. The diamond recovery achieved in the flotation
tests was 3.8-4.5 % higher than when using the traditional collector, F-5 fuel oil. At +14 °C, the highly
diluted fuel oil, KM-18 with a volume fraction of 18 % of the technical diesel fraction, demonstrated better
collecting abilities.

The optimal compositions of the collector and the regimes of feed preparation and flotation were tested at
a foam separation unit. The tests showed that it is possible to increase diamond recovery into concentrate
by 2.3-4.5 %. The recommendations are provided on the use of thermal conditioning in the foam separation
cycle and maintaining the conditioning medium temperature at +30-40 °C and the foam separation
temperature at +14-24 °C.
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AHHOTauusa

VYciioBMeM yCTOMYMBOTO 3aKperyieHNs co6MpaTersi Ha TOBEPXHOCTY aIMa30B U UX BoTaiuu siBAsSIOTCS ITPU-
MeHeHMe cobupaTesieil ONTUMAaIbHOTO (QPaKIMOHHOIO COCTaBa M BIOOP HEOOXOIMMOTO TEMITEPATYPHOTO
peXruma TexXHOJIOTUUeckux omepanuii. C 1enbio ornpeeneHus MapamMeTpoB pekuma (GoTanuyu aaMasoB
yCTaHOBJIEHBI 3aKOHOMEPHOCTY (a30BbIX MepexooB achaabTeHO-CMOMUCTBIX GpaKIuii MPU MOBbILIEHNN
TeMIepaTypbl U pasbaBieHun masyra -5 nu3enbHON TeXHMYECKON dpakiueii. [TokazaHo, YTO yBeauye-
HMe TeMIlepaTypbl cOOMpaTesis MPUBOAUT K IMepeBoay achalbTeHO-CMOMMUCTBIX PPaKIuii B paCTBOPEHHOE
M TOHKOJMCIIEPCHOE COCTOsSTHME. B ele Gosblleii Mepe penieHuIo 3aauy pacTBopeHus achaabTeHO-CMO-
JIUCTBIX QpaKInii CIOCOOCTBYET 0OaBIeHMEe CpefHe- M HU3KOMOJIEKYISIPHBIX Gpakuyii HedTu, HaTIpuMeD,
IM3ebHOI TeXHNYeCKO# (ppaKInn.

[TokasaHo, uto peareHThl KM-10, KM-14 n KM-18, npeacrasisione cob6oii kommnayHasl masyrta ®-5
C IM3eIbHOI TexHMueckoi dppakuueii (10-18 % Od), xapaKTepu3ylOTCS ONTUMaIbHO BI3KOCTHIO U CITO-
COOHOCTBIO BBITECHSATH BOJAHYIO (pa3y C MOBEPXHOCTU ajiMa3a, YTO 06ecrneurBaeT BO3MOXHOCTb YCTO¥-
YBOi ruapodo6M3anmMyu U BHICOKYIO (IOTUPYEMOCTh ajiMasa. BeiGpaH ONTMMAabHbIN TeMIIepaTypHbIi
peXkuM, KOTOPBIi MpeAIioiaraeT MoAAepsKaHe TeMIIEPATyPbl B OTlepalyu KOHIUIIMOHMPOBAHUS C COOU-
partenem +30-40 °C, mpu KOTOPOM JTOCTUTAETCSI MAKCMMAaIbHASI CKIIOHHOCTh KOMIAyHAHBIX cOOMpaTesneii
K CeJIeKTMBHOMY 3aKpeIIeHMIO0 Ha MOBEPXHOCTY aaMa30B, XapakTepyusyeMmas BeIMUYMHON KpaeBoro yria
CMavYMBaHMS.

@nOoTalMOHHBIMU OMBITAMU MOATBEPKAEHO, UTO HaWIyydlllne Pe3yabTaThl JOCTUTAIOTCS IPU TeMIepaType
cpenbl +30-40 °C B ornepanum KOHOAUIMOHVPOBaHUS U +14-24 °C nipu dnotauym. [Ipu +24 °C HammydIme
pe3y/IbTaThl MMOJTYYEHbI JJIsI OTHOCUTEIbHO MeHee pa3baBieHHbIX Ma3yToB KM-10 u KM-14, mosyuyeHHbIX
paszbasieHueM masyta @-5 qu3eabHOI TeXHUYECKOIT hpakiueil ¢ 06beMHOI nosneii pa3zbasutesns 10 u 14 %.
IoCcTUTHYTOE M3BJIeueHe aiMa3oB pu diaoranyy Ha 3,8—4,5 % Bbllile, UeM MPYU UCIIOIb30BaHNY 6a30BOTO
cobuparenst — mazyra @-5. IIpu +14 °C jydiiie mposiBsieT cobMpaTebHble CBOMCTBA Ma3yT C GOJIbIINM pas-
6aBiieHneM — KM-18 c 06beMHOI1 moeli AM3eIbHOM TeXHUeCKoi ¢ppakuum 18 %.

OnTumanbHble COCTABbI COGMPATENS Y PEKUM MOATOTOBKM MUTAHUS U (GoTalnyy anmpo6upoBaHbl Ha yCTa-
HOBKe TeHHOJ cemnapauuu, Iae rnokas3aas BO3MOKHOCTDb IOBBIIIEHMS M3BI€YeHMS aiMa30B B KOHLIEHTpaT
Ha 2,3-4,5 %. JlaHbl peKOMeHIaIuy 10 IPMMEHEHMIO TEIVIOBOrO KOHAMIIMOHMPOBAHMS B LIVIKJIE TIEHHOI
cernapauuu 1 MoaaepkaHnio TeMiepaTypbl Cpefibl B oriepaium KoHaAnuonposanus +30-40 °C u B onepa-
LMY TTeHHOJ cenapauuu +14-24 °C.

KnioueBble cnoea

aJIMasbl, KUMOePIUThI, COOMpPATeb, GPaKIMOHHBIN COCTaB, KOHAUIIMOHMPOBAHME, CMauYMBaHNeE, IEHHAs ce-
TTapairys, TeraoBast 06paboTKa
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Introduction

The foam separation process, which constitutes
the main method of extracting small diamonds from
kimberlite, involves the use of various oil products
as collectors, including oil, F5 bunker fuel oil, and
water-oil emulsions [1, 2]. Changes in the fractional
composition of the oil products to be used as collec-
tors as well as fluctuations in the temperature of the
flotation pulp often lead to deterioration of the foam
separation performance [3]. Insufficient fixation of
the apolar collector on the diamond surface due to
hydrophilisation of the diamond surface or ineffi-
ciency of the collectors is the main reason for the
decrease in recovery [3, 4]. Increasing the stability
of the collector fixation on the surface of diamonds
and, as a result, increasing their floatability can be
ensured by using methods for restoring the natural
floatability of diamonds through selecting collectors
of optimal fractional composition and maintaining
the required temperature regime at conditioning
and foam separation stages [5-7]. To improve the
performance of diamond-bearing kimberlite foam
separation, the physicochemical properties and opti-
mum component composition of the collectors were
studied in the course of this study, and the tempe-
rature regimes for the key stages of the technological
process were selected.

1. Research techniques

The research of the structure of oil products
used as a collector was carried out by the combined
ultraviolet and visible light microscopy method [8].
Micrographs of a thin layer of the oil products were
obtained by a Micromed-3-LUM microscope. Visi-
ometric analysis and determining particle size dis-
tribution characteristics of asphaltene-tar fractions
were carried out using the VideoTest 4.0 software
package [9].

A SV-10 vibrating viscometer [10] was used to
measure dynamic viscosity of the reagents. An impor-
tant advantage of the method and device used is the
possibility of obtaining continuous dependences of
viscosity on temperature both in sample cooling and
heating regimes.

To measure the limiting wetting angle of dia-
monds and kimberlite by a drop of collector in an
aqueous phase, an OCA 15EC device with a USB-ca-
mera and a SD-DM direct dosage system for liquid
was used in combination with ES electronic dosing
module [11]. In the research, an improved measure-
ment technique described in the relevant section of
the paper was used.

Verification of collecting abilities of the studied
petroleum products and their mixtures was carried
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out using Hallimond tube, a non-frothing flotation
unit with a porous glass aerator (Schott filter) [12]. The
preparation of diamonds for testing involved chemi-
cal cleaning of their surfaces, which included washing
in carbon tetrachloride, alcohol, distilled water, and
treatment in concentrated hydrochloric acid solution.
Individual mineral samples and mixtures of diamond
and kimberlite grainsof smaller size were used. The
semi-industrial tests with the best collectors at se-
lected temperature regimes were carried out at the
LFM-001S foam separation unit of Yakutniproalmaz
Institute with the use of industrial recycled water.
Specific test conditions are outlined in the relevant
sections of this paper.

2. Study of temperature and fractional composition
effect on the structure and viscosity
of petroleum products

The temperature of the medium at the stage of
initial feed conditioning with flotation reagents and
immediately in the flotation process is an important
parameter of the foam separation process [7, 13].
Another important factor determining diamond flo-
tation performance is the structure of a collector
used, in particular, the form of adhesion-active high
molecular weight fractions [14, 15]. The structure of
petroleum products is largely determined by the ra-
tio of low and high molecular weight fractions and
the temperature of the medium. To substantiate the
optimal temperature regime of the diamond-con-
taining products conditioning and flotation proces-
ses, studies were carried out with a view to deter-
mining the effect of temperature on the structure of
the used petroleum product on the example of the
basic collector being used, F-5 bunker fuel oil. The
research examined the temperature range from
-10 °C to +50 °C, due to the specific storage and use
regimes of the collectors.

For physical, chemical, and technological re-
search, samples of F-5 bunker fuel oil and technical
diesel fraction were taken. Bologoenefteprodukt LLC,
according to the method developed by the TPCON
RAS, prepared compound collectors consisting of
F-5 fuel oil and technical diesel fraction from indus-
trial products. The mass fraction of asphaltene-tar
fractions in the initial F-5 fuel oil was determined
using the standard procedure as per GOST 2177-99
(ISO 3405-88).

Analysis of the results of the collector structure
studies showed that when F-5 fuel oil is cooled to
a temperature of 10 °C, grains of the asphaltene-tar
fraction and paraffin were crystallized, and droplets of
low molecular weight petroleum fractions were con-
densed (Fig. 1, a). When bunker fuel oil was heated
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to a temperature of +10 °C, droplets of low molecu-
lar weight fractions disappeared due to the mutual
dissolution of the phases, while the asphaltene and
paraffin crystals survived, however, in smaller quanti-
ties (Fig. 1, b). When heated to +24 °C (Fig. 1, ¢), opti-
cally distinct paraffin crystals practically disappeared.
When further heated to +50 °C, paraffin crystals were
not detected, and the amount of tars and asphaltenes
decreased (Fig. 1, d).

The results of optical-visiometric analysis of the
particle size distribution of the asphaltene-tar frac-
tion grains, represented as a mass fraction of the sub-
stance in solid and dissolved phase state as a function
of temperature, revealed a pattern of their disper-
sion and dissolution with increasing temperature. As
can be seen from Fig. 2, the mass fraction of asphal-
tene-tar fraction grains of optically discernible size
(+0.1 microns) decreases from 28.1 % at a tempera-
ture of =10 °C to 20.2 % at a temperature of +50 °C.

Analysis of the particle size distribution charac-
teristics of the asphaltene-tar fraction grains in the
range of 0.1 to10 ym shows that heating the reagent
leads to a proportional dissolution of both large and
small grains, resulting in insignificant changing the
particle size distribution.
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Thus, the results obtained show that an increase
in temperature contributes to the dissolution of the
fraction of tars and asphaltenes. To maximize the
dissolution of asphaltenes in low molecular weight
fractions, heating up to +40-50 °C is required.

Changing the structure of petroleum products
by the addition of low molecular weight hydrocar-
bon fractions, for instance, a technical diesel frac-
tion, is a well-known way to regulate their physico-
chemical properties [2, 16]. When using fuel oil
as collectors, the use of additives of the technical
diesel fraction or its analogues (diesel fuel, bun-
ker fuel, domestic light fuel) provides not only the
required properties, for instance, a decrease in the
pour point, but also increases its collector capacity
in relation to diamonds [17].

Dilution of fuel oils with low molecular weight
petroleum refining fractions causes a significant
decrease in viscosity, pour point, and flash point.
The physicochemical properties of petroleum pro-
ducts vary with their phase composition changes
due to changing the disperse structure of petro-
leum, including the phase state of high molecular
weight components, primarily asphaltene-tar

fraction [18].

!

PR T

R :

Fig. 1. Micrographs of a thin layer of M-5 fuel oil at the combined lighting conditions at Micromed-3-LUM microscope after
cooling to a temperature of —10 °C (a), heated to a temperature of +10 °C (b), +24 °C (c), and +50 °C (d):
1 - drops of low molecular weight hydrocarbon fractions, 2 — crystals of saturated hydrocarbons (paraffins);
3 — grains of asphaltene-tar fractions
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The results of visiometric analysis of the phase
composition of the asphaltene-tar fraction, repre-
sented in the form of dependences of the proportion
of types of asphaltene-tar fractions on the degree
of the dilution of F-5 fuel oil with diesel fraction,
demonstrated a significant effect of low molecu-
lar weight hydrocarbon additives on the structure
of the petroleum product. According to the results
of optical-visiometric analysis, the proportion of
asphaltene-tar fractions with a grain size of more
than 0.1 ym (detectable by the applied technique)
decreases from 25 % to 4.5 % when diluted to 30 %
with diesel fraction. Taking into account the natural
decrease in the mass fraction of tars and asphaltenes
when diluted, their proportion in finely dispersed,

30
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colloidal, and dissolved forms increases from 3.7 to
15.7 absolute percents or from 13.0 to 55.1 relative
percents (Fig. 3).

Analysis of the results obtained shows that the
dilution of fuel oils with low molecular weight frac-
tions is the most effective factor in dissolving the
tar and asphaltene fraction.

Viscosity is another characteristic of petrole-
um products that significantly affects the effective
interaction of the collector with the diamond. As
shown in study [2], the best results of foam separa-
tion of diamond-containing kimberlites are achieved
using the compounds of fuel oil with diesel fuel or
petroleum-water emulsions in the viscosity range of
12-19 MPa-s (for a standard temperature of +50 °C).
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ATF phase mass fraction, %
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Fig. 2. Asphaltene-tar fractions (ATF) portion as a function of medium temperature:
1 -total; 2 - in solid form based on the results of visiometric analysis;
3 - in dissolved and emulsion form (as a difference between the first two values)
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Fig. 3. Change in the asphaltene-tar fractions (ATF) phase proportions when F-5 fuel oil is diluted with a diesel fraction:
1 - total; 2 - in solid form based on the results of visiometric analysis; 3 — in dissolved and emulsion form
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The viscosity of fuel oils depends significantly
on the temperature and their fractional composi-
tion. As shown in Table 1, a decrease in the fuel oil
temperature from +50 to +14 °C leads to an increase
in the viscosity several times. The studies using an
SV-10 device showed that at a standard temperature
of +50 °C the viscosity of petroleum products used as
collectors varies in the range of 12.3 to 119 MPa-s.
At the common foam separation process temperature
of +14 °C, the viscosity increases several times and
range 32.2 to 1,100 MPa-s. When the temperature
decreases to +10 °C, straight-run fuel oil and M-40
fuel oil solidify. The viscosity of F-5 fuel oil reaches
more than 1000 MPa-s.

Table 1
The viscosity of petroleum products at different
temperatures
Temperature, °C
Product
+50 +25 +14 +10

Straight-run fuel oil | 119.0 | 155.0 | 1100 | Solidified
M-40 fuel oil 72.0 119.0 158.5 Solidified
F-5 fuel oil 32.5 64.5 119.6 1090
F-5 fuel oil + 10 % 12.3 17.5 32.2 45.2
of Diesel fraction
Diesel fraction 0.98 1.64 3.6 5.8

Analysis of the data presented in Table 1 shows
that industrial fuel oils exhibit higher viscosities
(32.5-119 mPa-s) than those recommended in the
research [14]. The compound of F-5 fuel oil with
diesel fraction of 10 % (the viscosity of 12.3 MPa-s,
Table 1) exhibits rather acceptable characteristics.
Varying the degree of dilution of fuel oil with low
molecular weight petroleum products makes it pos-
sible to achieve various viscosity values within the
recommended range from 12.3 to 119 mPa-s.

Thus, the research findings demonstrated that
temperature changes and dilution with low mole-
cular weight fractions constitute effective factors in
regulating the structure of asphaltene-tar fractions
of fuel oil and its physicochemical properties.

3. Studies of the temperature effect
on the interaction of diamonds and minerals
with a collector

The most informative technique that assesses
the ability of reagents to fix on the surface of mine-
rals is the method of measuring three-phase limiting
wetting angles. For the mineral — collector droplet —
aqueous phase system (Fig. 4), the measured limiting
(three-phase) wetting angle is determined by the re-
lationship between oleophilicity (increase in the wet-
ting angle) and hydrophilicity (decrease in the wet-
ting angle) of the mineral surface [18].
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Fig. 4. Schematic representation of a collector droplet
on a mineral in a cuvette filled with an aqueous phase

To adequately simulate the actual conditions of
the industrial process, an improved testing method
was used, which included preliminary wetting of the
mineral sample with a thin layer of water, applying
a collector droplet to the wetted surface, and in-
creasing the liquid level above the sample surface.
Such conditions allow simulating both the process
of fixing the collector on a mineral in the course
of conditioning (Fig. 5, a) and its separation under
the influence of external factors (the influence of
the difference between the collector density and
the aqueous phase density or hydrodynamic sepa-
ration). The distribution of the collector between
the sample surface and the surface of the aqueous
phase (parts of the collector that have emersed due
to the difference in the specific weights of water and
the collector, Fig. 5, b) leads to preserving collec-
tor droplets on a hydrophobic sample with the for-
mation of an equilibrium limiting wetting angle or
completely separating the collector droplets from
the hydrophilic mineral.

When processing a kimberlite, which is a po-
lymineral rock, a collector is fragmentary fixed on
naturally hydrophobic mineral-constituents of the
kimberlite.

Before conducting measurements, the initial
sample (diamond or kimberlite) was soaked in recy-
cled water in contact with air for one hour and then
the cuvette with the mineral sample was cooled or
heated under thermostatic conditions in the range of
+10-70 °C. This ensured maintaining the sample and
performing the tests to measure the limiting wetting
angles in the temperature range of +14-60 °C.

The composition of the recycled water corre-
sponded to the recycled water of PP No. 3 of Mirny
GOK. F-5 fuel oil was used as a collector. The research
results showed a mild dependence of the limiting wet-
ting angle on the temperature of the aqueous medi-
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um. The limiting wetting angle, which characterizes
the hydrophobicity of a diamond and its tendency to
interact with the collector, gradually increases in the
temperature range of +14-40 °C. The difference in
limiting wetting angles at a temperature of +14 and
+40 °C was 3-5 degrees (Table 2). A further increase
in the temperature does not lead to an increase in the
limiting wetting angle.

The hydrophobicity of hydrophobic kimberlite
minerals (phlogopite, talc, etc.), similar to that of dia-
mond, increases slightly with increasing temperature.
The increase in temperature has a positive effect on
hydrophilic kimberlite minerals (olivine, calcite), re-
ducing their hydrophobicity until the cessation of the
droplet fixing on the mineral surface at a temperature
of +30 °C and above (Table 3). In most cases, a droplet
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separates from the surface of the kimberlite section,
and fuel oil is fixed only to certain areas of the surface,
which are represented by inclusions of natural hy-
drophobic minerals, mainly layered aluminosilicates.
The droplet is completely detached from the mineral
surface at lower (+14-30 °C) and maximum (+60 °C)
temperatures.

Analysis of the findings suggests that the opti-
mum temperature regime for the conditioning stage
with the collector involves maintaining the tempe-
rature at +30-40 °C, when the maximum collec-
tor's tendency towards fixing to the diamond sur-
face (identified with the maximum limiting wetting
angle) is achieved and there is no significant increase
in the collector's tendency towards fixing to kimber-
litic minerals.

Fig. 5. Images of F-5 fuel oil drop on phlogopite surface:
a - on a moistened thin section; b — after the water level rises

Table 2

Changing the limiting wetting angles of a diamond and kimberlite minerals by a droplet of F-5 fuel oil
as the temperature increases

P bient Limiting wetting angle on minerals, degrees
temperature, °C Diamond Phlogopite Kimberlite Calcite Olivine
+14 91-95 52-67 Separation 42-53 45-55
+24 92-97 54-68 Separation 40-50 40-55
+30 94-101 55-65 Separation Separation Separation
+40 94-100 57-66 Fragmentary, 45-75 Separation Separation
+50 91-96 58-68 Fragmentary, 40-75 Separation Separation
+60 90-93 60-70 Separation Separation Separation
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4. Study of the temperature effect in the process
stages on the flotation of kimberlite diamonds

The change in the floatability of diamonds when
the temperature of conditioning with collector varies
was studied based on the results of flotation tests in the
Hallimond tube at the conditioning and flotation tem-
peratures of +10, +14, and +24 °C. The selected tem-
perature interval corresponds to the foam separation
conditions at industrial plants at different seasons. In
the course of the tests, F-5 bunker fuel oil (produced
by “Bologoenefteprodukt” LLC) and its compositions
with industrial diesel fraction were used.

Taking into account the results of the studies
carried out, a temperature of +30 °C was selected for
the initial feed conditioning with the collector. The
required flotation process temperature (+10-24 °C)
was achieved by adding an aqueous phase with a tem-
perature of +6-24 °C. Analysis of the tests results
showed that the maximum recovery of diamonds into
the concentrate was achieved at temperatures of +14
and +24 °C. At +14 °C, the best results were obtained
for KM-10 and KM-14 (diluted fuel oils) obtained by
diluting F-5 fuel oil with a diesel fraction at the die-
sel fraction volumetric proportion of 10 % and 14 %
(the recovery of 78.4 and 77.9 %, respectively). This is
3.8-4.5 % higher than that of the best basic collector,
F-5 fuel oil (Table 3).

Table 3
Recovery of diamonds in flotation with F-5 bunker
fuel oil and its compositions with diesel fraction (DF)
as collectors at different temperatures

Diamond recovery
into concentrate, %,
No. Collector in flotation

at temperature, °C

+10 +14 +24

1 |F-5 bunker oil 70.6 74.6 80.5
2 |KM-10 diluted fuel oil (10 % DF)| 75.4 78.4 84.2
3 |KM-14 diluted fuel oil (14 % DF)| 74.3 77.9 83.2
4 |KM-18 diluted fuel oil (18 % DF)| 72.0 75.3 81.5

Further studies were carried out at a non-froth-
ing flotation unit using mineral mixes. A sample of
kimberlite (200 mg) was used, into which diamonds
(50 mg) were loaded. The size classes used for kim-
berlite (0.5-0.75 mm) and diamonds (from 0.25 to
0.5 mm) made it possible to analyze the flotation
products by sieving and calculate the balance of dia-
monds and kimberlite.

The test technique included conditioning a sam-
ple of kimberlite and diamonds at fixed temperatures
(in the range of +24-40 °C). After conditioning, an
aqueous phase with a temperature of +12-28 °C was
added. After mixing, the medium temperature was set
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at +14-28 °C, at which the flotation process was car-
ried out. The results of flotation tests with diamond
and kimberlite mixes when using heating at the condi-
tioning stage indicated the following. When using F-5
fuel oil, the maximum increase in diamond recovery
into the concentrate was achieved by heating the flo-
tation feed at the conditioning stage with the collector
up to +40 °C and performing flotation at +28 °C (test 3,
Table 4). There was no noticeable change in the reco-
very of kimberlite into the concentrate when the flota-
tion collector and the temperature regime varied.

For the KM-10 and KM-14 compound fuel oils, the
dependence of diamond recovery on temperature is
similar and characterized by maximum diamond re-
covery at the temperatures of +30/24 and +40/28 °C
(the temperatures in the conditioning/flotation
stages). It is characteristic that when using these
compound collectors, diamond recovery is 2.5-3.35
higher than when using F-5 fuel oil. These results co-
incide with the research data indicating that in this
temperature range the optimum reagent viscosity
and the maximum limiting angle of wetting of the
diamond surface by the collector droplet are achieved.
At lower temperatures (+24/14 °C regime), the best
performance (among the collectors considered) was
demonstrated by the most diluted KM-18 collector
(Table 5, tests 4, 7, 10).

The water recycling systems used at the proces-
sing plants of Alrosa AK are not designed for thermal
conditioning of the recycled water. Therefore, the
selected collectors were tested in the conditions of
feed preparation close to the standard regime: at the
feed conditioning temperature of +24 °C and the foam
separation temperature of +16—18 °C.

Table 4

The key process indicators of foam separation using
the optimal heating regimes at the conditioning stage

Air Diamond . .
ditioni Kimberlite
Collector | “°% itioning/!| " recovery yield to
No. flotation into
used concentrate,

temperature, |concentrate, o%
°C % °
1 | F-5fuel oil 24/14 74.5 1.5
2 | F-5 fuel oil 30/24 77.8 1.5
3 | F-5fuel oil 40/28 80.3 1.7
4 KM-10 24/14 77.0 1.9
5 KM-10 30/24 81.2 1.6
6 KM-10 40/28 83.2 1.5
7 KM-14 24/14 77.8 1.7
8 KM-14 30/24 82.2 1.5
9 KM-14 40/28 83.6 1.8
10 KM-18 24/14 80.5 1.3
11 KM-18 30/24 81.2 1.4
12 KM-18 40/28 81.2 1.5
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The tests were carried out at a LFM-001S auto-
mated foam separation unit of Yakutniproalmaz In-
stitute, equipped with a recycled water system and an
automatic air dosing apparatus (Fig. 6).

The LFM-001S foam separation unit (see Fig. 6)
operated in practically industrial conditions (col-
lector consumption of 1000 g/t, butyl aerofloat con-
sumption of 50 g/t, a foamer consumption of 150 g/t).
The unit used recycled mineralized water from the
TSF of No. 3 of Mirny GOK at a rate of the water sup-
ply into the under-foam layer of 50 ml/min and an air
flow rate of 100 ml/min. Prior to the test, the foamer
was added directly to the recycled water of the foam
separation unit.

During the tests, the temperature of the mix of
kimberlite and diamonds and recycled water was
regulated. At the unit, the treatment with the col-
lectors was performed at +24-30 °C, while the foam
separation was carried out at +16—24 °C.

\ —
v
x

Fig. 6. Automated foam separation unit:
1 - recycled water tank; 2 — supply tray; 3 — working chamber;
4 - concentrate receiver; 5 — unit air flow control

“
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After the foam separation, the products were
picked and the extracted diamonds were weighed. As
the performance criterion, the selectivity index calcu-
lated as a function of diamond recovery (¢) and kim-
berlite yield into the concentrate (y) was used:

S=¢-1,3y. 1)

The value of 1.3 in equation (1) reflects the
ratio between the cost of additionally recoverable
diamonds and refinement costs at increased kim-
berlite yield.

The results of tests on the bench unit (Table 5)
indicated the possibility of increasing the recovery of
diamonds into concentrate by a maximum of 2.3-4.5 %
when using the KM-10 and KM-14 collectors at a tem-
perature regime of +30/18 °C.

Table 5
The performance of the foam separation process
at the bench unit
Diamond Kimberlite
recovery into yield in Selectivity,
NIk | R concentrate, | concentrate, %
% %
1 |F-5 fuel oil 79.4 1.7 77.19
2 |KM-10 81.7 1.9 79.23
3 |KM-14 83.9 2.9 80.13
4 |KM-18 80.0 2.4 76.80

When the temperature during the foam separa-
tion stage exceeds +24 °C, the diamond recovery in-
creases by 1.0-1.3 %. However, at the same time, the
yield of kimberlite into the concentrate also increases,
by 1.5-1.8 %, and the selectivity decreases. Therefore,
increasing the intensity of thermal conditioning re-
quires adjusting the foam separation reagent regime
to prevent an increase in the yield of kimberlite in the
diamond concentrate.

Based on the findings of the studies on the effect
of temperature on foam separation performance, the
recommendations for the use of thermal conditio-
ning in the foam separation cycle and maintaining the
conditioning temperature at +30-40 °C and the foam
separation temperature at +14-24 °C are provided.

Conclusions

The regularities of dispergation and dissolution
of asphaltene-tar fractions when the process tem-
perature increases and F-5 fuel oil is diluted with
a diesel fraction, leading to changes in the collector
phase composition.

It was shown that the compounds of F-5 fuel
oil with a diesel fraction (10-18 % DF) exhibit the
required physicochemical characteristics (viscosity
and diamond surface wettability), which provide sta-
ble fixation of the collector to the diamond surface.
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Measurements of the limiting wetting angle revealed
that when maintaining the conditioning stage tem-
perature at +30-40 °C, the collector's maximum ad-
hesion to the diamond surface is achieved, while the
studied collectors are not markedly fixed to kimber-
lite minerals.

Flotation tests have shown that the best results
are achieved at temperatures of +14 °C and +24 °C. At
+14 °C, the highest dilution fuel oil, KM-18 with a vo-
lume fraction of 18 % of the diesel fraction, demon-
strated better collecting abilities. At +24 °C, the best
results were obtained for the relatively less diluted
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KM-10 and KM-14 fuel oils obtained by diluting F-5
fuel oil with a diesel fraction with the diluent volume
fractions of 10 and 14 %, respectively. The diamond
recovery achieved (78.4 and 77.9 %, respectively) was
3.8—4.5 % higher than when using fuel oil F-5, the tra-
ditional basic collector.

The optimal compositions of the collector and the
regimes of feed preparation and flotation were tested
at a foam separation unit. They showed the capability
of increasing the recovery of diamonds into concen-
trate by 2.3-4.5 %. These parameters were recom-
mended for the use on an industrial scale.

References

1. Chanturiya V.A. Innovation-based processes of integrated and high-level processing of natural
and technogenic minerals in Russia. In: Proceedings of 29" International Mineral Processing Congress.
September 17-21, 2018, Moscow. Canadian Institute of Mining, Metallurgy and Petroleum; 2019.
Pp.3-12.

2. Makhrachev A.F., Dvoychenkova G.P., Lezova S.P. Analysis and optimization of compositions of
compound collectors for frother separation of diamonds. Mining Informational and Analytical Bulletin.
2018;(11):178-185. (In Russ.) https://doi.org/10.25018/0236-1493-2018-11-0-178-185

3. Verkhoturova V., ElshinI., Nemarov A. et al. Scientific justification and optimum alternative
selection to recover hydrophobic properties of diamond surface from “International” tube ore. Vestnik
Irkutskogo gosudarstvennogo tehnicheskogo universiteta. 2014;(8):51-56. (In Russ.) URL: http://journals.
istu.edu/vestnik_irgtu/journals/2014/08

4. Zlobin M.N. Technology of hard grained flotation during beneficiation of diamond-bearing ores.
Gornyi Zhurnal. 2011;(1):87-89. (In Russ.)

5. Dvoichenkova G.P., Morozov V.V., Chanturia E.L., Kovalenko E.G. Selection of recycled
water electrochemical conditioning parameters for preparation of diamond-bearing kimberlite for
froth separation. Mining Science and Technology (Russia). 2021;6(3):170-180. (In Russ.) https://doi.
org/10.17073/2500-0632-2021-3-170-180

6. Morozov V. V., Lezova S. P. Compound collectors based on oil products for frother separation of
diamond-bearing kimberlites. Mining Informational and Analytical Bulletin. 2020;(12):137-146. (In Russ.)
https://doi.org/10.25018/0236-1493-2020-12-0-137-146

7. Kovalenko E.G. Selection and optimization of the temperature conditions of the kimberlite foam
separation process. In: Proceedings of the XXVI National Scientific and Technical Conference held within the
framework of the XIX Ural Mining Decade. May 26-27, 2021, Yekaterinburg. Yekaterinburg: Ural State Mining
University Publ; 2021. Pp. 63-68. (In Russ.)

8. Alekseenko V., Voronov D., Katashevtsev M., Pakhomovskiy A. Study of emulsion granulometric
composition by means of an optical microscope and a method for automated recognition of objects in
digital photos. Vestnik Irkutskogo Gosudarstvennogo Tehnicheskogo Universiteta. 2015;(2):99-104. (In Russ.)
URL: http://tom.technolog.edu.ru/files/vidtest.pdf

9. Bakhmetyev V. V., Sychev M.M. Alloys microstructure research using VIDEOTEST computer program.
St. Petersburg: SPbGTI (TU); 2011. 17 p. (In Russ.) URL: http://tom.technolog.edu.ru/files/vidtest.pdf

10. Test measuring the viscosity of petroleum products using a sinusoidal SV-10 vibro-viscometer of
A&D Company Ltd (Japan). Exposition Oil Gas. 2007;(22):16—17. URL: http://en.runeft.ru/upload/iblock
/6d1/6d14ccb867ca2e3639a0b3567a53eee4.pdf

11. Kiselev M. G., Savich V.V.; Pavich T.P. Determination of contact wetting angle on flat surfaces.
Vestnik Belorusskogo Natsional’nogo Tekhnicheskogo Universiteta. 2006;(1):38-41. (In Russ.) URL: https://
rep.bntu.by/handle/data/7007

12. Kayumov A.A., Ignatkina V.A., Bocharov V.A. et al. Results study of flotation properties mono-
mineral fractions of sulfides non-ferrous metals with using a variety of sulfhydryl collectors with different
molecular structure. Mining Informational and Analytical Bulletin. 2016;(11):226-237. (In Russ.) URL:
https://giab-online.ru/files/Data/2016/11/226 237 11 2016.pdf

13. Verkhoturov M. V., Amelin S.A., Konnova N.I. Diamond beneficiation. Krasnoyarsk: IPK SFU Publ.;
2009. 207 p. (In Russ.)

296



MINING SCIENCE AND TECHNOLOGY (RUSSIA) elSSN 2500-0632
FOPHbIE HAYKU WU TEXHOJ10I'MA https://mst.misis.ru/

2022;7(4):287-297 Morozov V. V. et al. Selection of Temperature regimes for conditioning and flotation...

14. Liu L., Cheng G., Yu W., Yang Ch. Flotation collector preparation and evaluation of oil shale. Oil
Shale. 2018;35(3):242-253. https://doi.org/10.3176/0i1.2018.3.04

15. 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;6(4):74—80. https://doi.org/10.11648/j.0gce.20180604.15

16. Tukhvatullina A.Z., Kuryakov V. Supramolecular structures of oil systems as the key to regulation
of oil behavior. Petroleum & Environmental Biotechnology. 2013;4(4):1-8. https://doi.org/10.4172/2157-
7463.1000152

17. Lezova S.P.,Pestryak I.V.Selection of the fractional composition of compound collectors for the foam
separation of diamonds. In: Proceedings of the XXVI National Scientific and Technical Conference”Scientific
foundations and practice of processing ores and technogenic resources”. May 26-27, 2021, Yekaterinburg.
Yekaterinburg: Ural State Mining University Publ.; 2021. Pp. 177-181. (In Russ.)

18. Morozov V.V., Chanturia V.A., Dvoichenkova G.P., Chanturia E.L. Hydrophobic interactions
in the diamond-organic liquid-inorganic luminophore system in modification of spectral and kinetic
characteristics of diamonds. Fiziko-Texhnicheskiye Problemy Razrabbotki Poleznykh Iskopaemykh.
2022;(2):94-104. (In Russ.) https://doi.org/10.15372/FTPRP120220209

Information about the authors

Valery V. Morozov - Dr. Sci. (Eng.), Professor of Department General and Inorganic Chemistry, National
University of Science and Technology MISIS, Moscow, Russian Federation; ORCID 0000-0003-4105-944X,
Scopus ID 7402759618; e-mail dchmggu@mail.ru

Evgeny G. Kovalenko - Cand. Sci. (Eng.), Chief Engineer, Yakutniproalmaz Institute, ALROSA; Associate
Professor, Polytechnic Institute (branch) North-Eastern Federal University named after M.K. Ammosov,
Mirny, Republic of Sakha (Yakutia), Russian Federation; Scopus ID 57200340844 ; email kovalenkoeg@alrosa.
ru, kovalenkoeg@gmail.ru

Galina P. Dvoichenkova - Dr. Sci. (Eng.), Leading Researcher, Institute of Problems of Integrated
Development of Mineral Resources of the Russian Academy of Sciences, Moscow, Russian Federation;
Professor, Polytechnic Institute (branch) North-Eastern Federal University named after M.K. Ammosov,
Mirny, Republic of Sakha (Yakutia), Russian Federation; ORCID 0000-0003-3637-7929, Scopus ID
8837172700; e-mail dvoigp@mail.ru

Valentina A. Chut-Dy - Leading Process Engineer, Yakutniproalmaz Institute, ALROSA, Mirny, Russian
Federation; e-mail Verhoturova-vale@mail.ru

Received 18.10.2022
Revised 01.11.2022
Accepted 15.11.2022

297



