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Electro-pulse method for obtaining raw materials for
subsequent flotation enrichment of ore

The main method of enrichment of polymetallic ores is flotation. The peculiarity of solid mineral processing
is the preliminary preparation of raw materials. The essence of this stage is the grinding and sorting of raw
materials in order to fully reveal the useful substance from the waste rock. The article is devoted to the study
of the effect of electric pulse discharges on the grinding of ore containing non-ferrous metals. This article
proposes an electro-pulse method for obtaining raw materials for subsequent flotation enrichment of ore in
order to extract valuable components. This method of grinding ores is based on the use of the energy of a
pulsed shock wave that occurs as a result of a spark electric discharge in a liquid. An experimental electric
pulse unit with a crushing unit is described. When electrohydraulic action on solid particles in an aqueous
solution increases the intensity of the grinding process under the influence of additional pressure associated
with cavitation. The object of the study was the natural ore of the Akbastau mine. Ore grinding operations
were performed at various parameters of the electric pulse plant. The dependences of ore grinding on the
electrical and geometric parameters of the electric pulse installation, the value of the interelectrode gap on the
switching device, the pulse repetition frequency and discharge energies are determined. It is found that with
increasing discharge energies introduced into the discharge channel, the fraction of the crushed fraction
increases.

Keywords: ore, flotation, electric pulse installation, working electrode, degree of grinding, crushing, dis-
charge energy.

Introduction

The flotation method is used for the enrichment of most non-ferrous metal ores, in combination with
other methods for the enrichment of ferrous metal ores. The wide prevalence of flotation is explained by the
universality of the process for the mining industry, associated with the possibility of separating almost any
minerals, enriching poor ores with a very thin impregnation of useful minerals.

Flotation in the most general form can be defined as a method of separating relatively small particles of
different solid phases suspended in a liquid from each other (or separating solid particles from a liquid) by
their ability to adhere to gas bubbles introduced into the suspension, followed by their floating to the surface
of the liquid and the formation of foam [1, 2].

To extract valuable components from the waste rock by flotation, the ore is first crushed to the required
size. In most cases, the final size of the crushed ore is 0.074 mm. The main purpose of the grinding process is
to ensure the release of individual minerals contained in the pieces of the host rock.

Grinding of minerals is carried out in mills, metal rods, balls, and large pieces of the ore itself are used
as grinding bodies. In processing plants, cylindrical drum ball or rod mills are mainly used. When using
drum mills with steel crushing bodies, the cost of covering the wear of balls, rods and liners is one of the
main costs of grinding and reaches energy costs, and sometimes exceeds them. For example, when enriching
Kryvyi Rih magnetite quartzites, the cost of rods and balls is 30-35% of the total cost of crushing. During dry
grinding, the balls wear out mainly as a result of abrasive action. When wet grinding in aggressive (chemi-
cally active) aqueous media, abrasive wear is accompanied by corrosion, in which the metal is destroyed as a
result of chemical or electrochemical interaction with the environment. Thus, wear of the balls is a very
complex process due to many conditions: the properties of the metal (alloy) made of balls, their size, the
abrasive properties of the ground material, its size and the size of the product and the method of grinding
(dry or water), aggressive environment (acidic, alkaline), its temperature, the presence of surfactants, high-
speed mode of the mill (cascade waterfall), grinding circuit (open or closed cycle), etc. Corrosion wear dur-
ing wet grinding is the main component of the overall wear, so the loss coefficients are higher than during
dry grinding [3, 4].
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A radical solution to the problems of complex use of mineral raw materials, increasing the complete-
ness of obtaining minerals with a deterioration in their initial quality in conditions of increasing production
and processing volumes can be achieved on the basis of new methods of crushing and grinding, characterized
by a high degree of destruction, high selectivity of mineral detection. One of the best methods for grinding
solid materials is the electric pulse method. Since the working tool for electric pulse destruction is a spark,
there are no problems with contamination of the grinding product with metal, the material of grinding bodies,
which is typical for mechanical methods of grinding materials. Therefore, electropulse crushing of highly
abrasive materials, especially pure materials, is preferable to mechanical crushing [5-7].

Problem statement and method description

Based on the above problems, the influence of electric pulse discharges on the grinding of ore
containing non-ferrous metals is studied in the scientific work. As the conducted experiments show, this
method of grinding is economical, environmentally friendly, and easily integrated into any technological
chain. The essence and distinctive feature of the proposed technology is that the processing of ore and man-
made raw materials using pressure energy released during electrohydraulic action allows you to obtain a
product of a given dispersion that is quickly crushed and easily cleaned of undesirable impurities, which can
then be used directly for subsequent enrichment [8].

Electropulse crushing is an effective method of grinding various materials, which allows you to obtain a
product with a given degree of grinding with a certain granulometric composition and has a high selectivity
of crushing. The technological process of electric pulse grinding is easily automated. Maintenance of elec-
tric pulse installations does not require a large number of highly qualified workers. In electric pulse crush-
ers, almost any solid material can be crushed and crushed [9]. When working, these devices do not form
dust, occupy relatively small production areas and allow them to combine the processes of crushing, mixing
and flotation of materials [8].

An electric pulse unit with a crushing unit was developed and assembled to study ore grinding [10]. The
electric pulse unit is made in the form of functional blocks (Figure 1), which consist of a control panel, a
generator with a spark gap, a protection unit with a capacitor.

Figure 1. Electric pulse installation. 1-control panel, 2-generator with
a spark gap (switching device), 3-protection unit with a capacitor.

In the crushing unit there is a cylindrical chamber in which a linear system of electrodes is installed.
The positive electrode is located vertically, and the negative electrode is the bottom of the metal chamber of
a hemispherical shape. When a powerful pulse passes through a liquid medium, which is a moistened mass,
an electric breakdown is created, accompanied by a hydraulic shock of great destructive force.

The water medium in which the high-voltage electric discharge occurs is a transformer of the energy re-
leased in the discharge channel, and due to its low compressibility, it leads to a sharp increase in pressure.
Under the influence of electrohydroimpulse action, hydrodynamic fluid flows and an acoustic wave occur in
the treated medium, and cavitation occurs as a result of a local decrease in pressure in the liquid. In this case,
the cavitation bubble, moving with the flow of liquid to the area with a more significant pressure, closes and
emits a shock wave. After the collapse of the bubbles, micro-shocks of cumulative jets will form. The mix-
ture, having received acceleration from the discharge channel expanding at high speed, moves away from it
in all directions. At the beginning of the process, the discharge channel increases with the maximum speed,
at the end of the current flow, the cavity of the discharge channel continues to expand due to the inertia of
the medium, reaches the largest size and then begins to contract. The temperature and pressure in it fall dur-
ing the expansion of the cavity, and increase during compression, i.c., there are damped pulsations of the
cavity.
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When electrohydraulic action on solids in an aqueous solution increases the intensity of the grinding
process as a result of the additional pressure associated with cavitation. Indeed, a cavitation micro-cavity
appears on each solid particle, which, collapsing, increases the mechanical effect [7, 11, 12].

The versatility of electric pulse destruction is due to the possibility of large-scale regulation of the na-
ture of the dynamic impact of discharge factors on the material. The peculiarity of electro-pulse grinding is
that the area of impact on the material through the discharge channel is localized in a limited volume of the
interelectrode interval. This allows you to multi-dimensionally organize the process of destruction and re-
moval of the product in the chamber and, consequently, control the granulometric composition of the crushed
product. It is much easier to implement a multi-stage grinding process with electric pulse destruction, includ-
ing in a single device. In the multi-electronic design of the working chamber, it is possible to influence the
granulometric composition of the grinding product by an appropriate ratio of the pulse frequency to the clas-
sification ability of the device [13, 14].

Analysis of experimental results

The object of the study was the natural ore of the Akbastau mine with initial diameters (dy) from 10 mm
to 25 mm. Since the energy efficiency of crushing the material depends on the size of the ore particles and
the parameters of pulsed discharges, the work on crushing the ore was performed at different values of the
discharge energy. The discharge energy W varied depending on the capacity of the energy storage capacitor
and the discharge voltage. In addition, the efficiency of the electro-pulse method of grinding the material is
characterized by the corresponding frequency of pulse discharges.

Ore grinding operations were performed at various parameters of the electric pulse plant:

— interelectrode gap on the switching device, mm — §; 10; 12; 14; 16 (Figure 2);

— frequency of pulse repetition, Hz — 1,5; 2; 2,5; 3; 3,5; 4 (Figure 3);

— capacity of the storage capacitor, uF — 0,25; 0,4; 0,8;

— discharge voltage (breakdown voltage of the interelectrode gap on the switching device), kV—22; 26;

30; 34; 38.
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Figure 2. Dependence of the degree of ore grinding on the value
of the interelectrode gap on the switching device
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Figure 3. Graph of the dependence of ore grinding on the pulse repetition frequency
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The influence of the interelectrode gap on the switching device was carried out with the constancy of
other parameters of the installation, which allows you to choose the optimal value necessary for reproducing
experiments. According to the results obtained, the optimal interelectrode gap 1=12 mm, at which the output
was the highest (Figure 2). A further increase in the interelectrode gap stabilizes the output of finished prod-
ucts, but the pulse repetition rate changes. With an increase in the pulse repetition frequency, a uniform
grinding is established (Figure 3, the results are obtained at /=12 mm). With an increase in the discharge en-
ergy (W=CU?/2) introduced into the discharge channel, the fraction of the crushed fraction increases (Fig-
ure 4).
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Figure 4. Dependence of the degree of ore grinding on the discharge energy

Given the obtained optimal values of the adjustable parameters (I=12 mm, C=0,4 uF, W=180 J) and du-
ration of treatment 5 minutes to obtained the desired product fraction <0.07 mm in the amount of about 37%,
28%, 21%, and 15% for ore initial fraction of 10 mm, 15 mm, 20 mm and 25 mm, respectively. During the
experiment, the most optimal value of the interelectrode gap on the switching device is 12 mm, and the di-
ameter of the fractions subjected to the most intense destruction is 10 mm. The degree of grinding increases
with an increase in the specific energy introduced into the discharge channel, which is explained by the fact
that a network of microcracks is first formed in the structure of the substance on the path of the shock wave,
which creates a continuous stress state.

Conclusion

According to experimental data, the prerequisites for regulating the granulometric composition of the
processed material during electric pulse grinding are shown. This is due to the possibility of creating
favorable conditions for obtaining the necessary product by changing the electrical and geometric parameters
of the pulse installation in different ranges. Using the electro-pulse method, raw materials for flotation
enrichment were obtained, intended for further extraction of valuable components from ore.
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Kenai gpuroranusibik 0aiibITyFa KasKeTTi IIMKI3aTThI
AJIYAbIH 3JIEKTPUMYJIbCTI daici

[MonumeTann keHaepin GalbITYABIH Heri3ri aici ¢uotauus 6obin TadbbuIaabl. KarTel maiinans! kazbamapast
OailbITyIbIH epEeKILIeNTiri — LIMKI3aTThl aliibIH-ana AaibiHaay. By ke3eH 60C KBIHBICTAFbI MaiJaibl 3aTThl
HEFYPJIbIM TOJIBIK allly YIIIH INMKI3aTThl YHTAKTay JKOHE CypbINTayFa apHairaH. Makaia KypambIHAQ TYCTI
MeTanzap Oap KEHHIH YHTaKTalyblHa O3JIEKTPOMMITYJIBCTI DaspsATapAblH OCEPIH 3epTTeyre apHajFaH.
ABTOpIAp KYHIBI KOMIOHEHTTEpAI aly YIIH KeHAI (rIoTarmsuiblk OaibITyFa KaXKeTTi IIMKI3aTThl aTyAbIH
QNIEKTPOUMYJIBCTI dAiCiH ychiHFaH. KeHaepai ycakTayablH o/ici CYMBIKTHIKTAFbl YIIKBIHIBI JICKTP pa3psibl
HOTIDKECIH/e Maiina OO0JaThlH HMITYJIBCTIK COKKBI TOJIKBIHBIHBIH OSHEPIUSCBHIH TafianaHyra HETi3/Ie]reH.
¥Ycakrarpm TYHiHI 6ap SKCIEPUMEHTTIK 3JIeKTPOHUMITYIBCTI KOHIBIPFEI cumartainasl. Cy epiTiHmiciHmeri
KaTThl 3aTTapFa JICKTPOTUAPABIMKAIbIK oCep €Ty Ke3iH/Ae KaBUTALMAMEH OalJIaHBICTBI KOCBHIMILIA KbICHIM
dCepiHeH YHTaKTay MpOLECiHIH KapKbIHIBUIBIFBI apTaabl. 3epTTey HBICAHBI peTiHae AKOacray KeHilIiHiH
Tabury KeHi anblHAbl. KeHai yHTakray IKYMBICTapbl OJIEKTPOMMITYJIBCTI KOHIBIPFBIHBIH 9p TYpIi
napamerpiepinae kyprizingi. Kenai ycakTayapiH 3JIEKTPOMMIYNBCTI KOHABIPFBICBHIHBIH JJICKTPIIK JKOHE
TEOMETPHSIBIK [apaMeTpiepiHe, KOMMYTAUMSUIBIK KYPBUIFBIIAFBI 3JIEKTPOJ AapalbIFbIHBIH —IlIaMachlHA,
HMITYJIbCTAp XKUUTITIHE XKOHE Pa3psill SHEPTUACHIHA TOYSNIUIrT aHBIKTAIIb. ApHara SHTi3UIeTiH pa3psIIThIH
SHEPTHUSCHIHBIH )KOFAPbUIAYBIMEH YCaKTaIFaH PaKIMSHBIH YIeCi apTaThIHbI JOJICIACHI.

Kinm co30ep: xeH, (uoTamms, SJIEKTPOMMITYJIBCTI KOHIBIPFBI, >KYMBIC JJICKTPOABI, YCaKTay Iopexeci,
OeJIIeKTey, pa3psi SHEPTHACHL.
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JIEKTPOMMILYJILCHBIH METO/ MOJIYy4YeHHs ChIPbS IS
nocjeaAywumero GpoTanuoHHOro 060rameHust pyabl

OCHOBHBIM METOJIOM 00OTaIIeHHs TTOJIMMETAININIECKHUX PyA sABisieTcs (roTarus. OcoOeHHOCTh 000TaIeHus
TBEP/BIX MOJIE3HBIX HCKOMAEMBIX COCTOUT B MPEIBAPUTEIBHON MTOATOTOBKE ChIPhsl. CYIIHOCTBIO 3TOM CTaguu
SBJIAIOTCSA M3MEIbYEHHE U COPTUPOBKA CBHIPBS C €TI0 HAaHOONEe MOIHOTO PACKPBITHS MOJIE3HOTO BEIIECTBA
u3 mycroi mopoxasl. CTaThs IOCBSILIEHA HCCIENOBAHHMIO BIMSHUS SIEKTPOMMITYJIBCHBIX pPa3psiioB Ha
U3MeNbUYeHHE PYyJIbl, COAEpXKAIEH LBETHbIE METANIbl. ABTOpaMU MHPEIUIOKEH SIEKTPOUMYIBCHBIA METO
TIOTYYCHUS CBIPBSI IS MOCIEAYIOMEro (hIOTaMOHHOTO O0OTrameHHs! PyAbl ¢ IENbI0 U3BJICUCHUS IEHHBIX
KOMITOHEHTOB. JIaHHBIHA C1I0cO0 M3MENbYEHHs! PyA OCHOBAaH Ha MCHOJIB30BaHUU YHEPTHH UMITYJIbCHOH yaap-
HOM BOJIHBI, BO3HUKAIOIIEH B PE3yJIbTaTe€ UCKPOBOIO MIEKTPUUECKOrO paspsa B skuakoctu. OnucaHa sKcIe-
pPHUMEHTaJbHAst JIEKTPOUMITYIbCHASI YCTAHOBKA C NPOOMIBHBIM y3i0M. [IpH 371eKTporuapaBIndeckoM BO3-
JEeUCTBUM Ha TBEPAbIE YACTHULIBI B BOJHOM PAacTBOPE MHTEHCHBHOCTD MPOLIECCA U3MEIBUEHHUS BO3PACTAET MO
JEeHCTBHEM IOMOIHUTEIBHOTO IABICHUS, CBA3aHHOrO ¢ KaBHTalued. OOBEKTOM HCCIEIOBAaHUS SIBISIIACH
npUpoHas pyna Akb6acTayCcKkoro pyaHuka. PaGoTel Mo M3MeNbYEHHIO PYIbI BHINOIHSIUCH MPH PA3IHIHBIX
MapaMeTpax 3MEKTPOUMITYJIbCHON ycTaHOBKH. OTNpeneneHbl 3aBUCHMOCTH U3MEJNIbUEHUS PYABbI OT 3NEKTpHIe-
CKUX U F€OMETPUYECKUX I1apaMeTPOB ICKTPOUMITYJIBCHOM YCTaHOBKH, BEIMYMHBI MEXIICKTPOIAHOrO IIPO-
MEXYTKa Ha KOMMYTAl[IOHHOM YCTPOWCTBE, YaCTOTHI CIICAOBAHUS UMILYJIbCOB U SHEPruil paspsnga. Y CTaHOB-
JICHO, YTO C yBEINYCHUEM DHEPTHH pa3psizia, BBOJUMOH B KaHAJ pas3psizia, JoJIsl H3MEIbUeHHOH (pakiym Bo3-
pacraer.
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Kniouesvie cnosa: pyna, Gioranus, 31€KTPOUMITYIbCHAs YCTaHOBKA, pPaboOuMii 3IEKTPOX, CTENEeHb
U3MeNbUYeHHUs, IPOOIIeHHe, SHEPTHs pa3psia.
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