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Investigation of the influences of pulsed electrical discharges on the grinding of quartz
raw materials

The article considers a method for obtaining raw materials — quartz powder, used to increase the resistance
of building materials to adverse natural facts (wind, rain, etc.). When obtaining raw materials necessary for
construction from quartz mineral, it is pre-crushed to the desired size. New methods and technologies are
proposed to improve the processes of grinding solid materials. One of these methods is the electric pulse
method. This method is designed for grinding solid materials with the formation of pulsed electrical
discharges in a liquid volume. When processing natural ores by the electric pulse method, the resulting
products are not contaminated with metal in the working chamber. The paper analyzes the granulometric
composition of quartz powder and determines the degree of grinding of raw materials depending on the
parameters of electrical pulse discharges. The investigations on the processing of raw materials were carried
out at various parameters of the number of pulse discharges and discharge voltage. In experiments, quartz
fractions with a diameter of 10 mm were crushed by the electric pulse method and a product with a diameter
of 0.4-1 mm was obtained. Since quartz is crushed in a liquid medium, the amount of water consumed was
studied to obtain the necessary granulometric composition of raw materials. The dependences of the degree of
quartz grinding on the number of pulse discharges and the discharge voltage are obtained. The results of
grinding the material by pulsed electrical discharges allow us to evaluate the main parameters of the process
implemented in the electro-pulse method of destruction of solid material.

Keywords: electrohydraulic effect, discharge voltage, quartz powder, electric pulse, degree of grinding, num-
ber of pulse discharges.

Introduction

Most quartz concentrates are obtained from natural quartz after its processing. The main types of natural
quartz raw materials are: Rock crystal, quartzite, quartz sands [1]. The use of quartz sand, based in many
industries, has a number of distinctive features that distinguish it from other materials. By its structure, this
material is crushed quartz, which is formed in a natural environment or extracted after special processing. The
following sizes of quartz sand fraction are assigned: fine-less than 0.1 mm; fine fraction-0.1-0.8 mm; the
average fraction is 0.8-1.6 mm; the large fraction is 1.6-6.0 mm. The first two types of quartz sand are added to
the composition of various building materials: putty, gypsum, mortar, abrasives, paint. Water purification of
medium fraction is used, and is also added to mixtures for construction, finishing and decorative plasters, self-
leveling floors [2-4]. Large quartz sand is used in the production of paving slabs, concrete blocks, as well as in
the creation of landscape design. Various mechanical methods and mills (vibrating, cone, ball) are widely used
in the enrichment and grinding of natural ores. Mechanical mills have the following disadvantages: a more
complex and expensive design, more complex maintenance, the need for precise alignment of the rotors, wear
of grinding bodies and contamination of raw materials with these wear products [5-7]. The solution of problems
arising during the processing of quartz raw materials can be implemented using non-traditional grinding
methods that do not introduce additional pollutants into the finished product. Since one of these methods is the
electric pulse method of grinding natural minerals [8-10], the scientific work carried out works on grinding
quartz raw materials in a liquid medium under the action of pulse discharges.

The experimental setup consists of a power supply and a working channel for grinding natural
minerals [11, 12]. Electric pulse devices, unlike mechanical crushers, have no moving parts, are made of
ordinary structural steel, and their body practically does not wear out. During operation, these devices do not
emit dust, occupy relatively small production areas and allow grinding, mixing and flotation of materials.
The process of electric pulse crushing is easy to automate, since the maintenance of electric pulse crushers
does not require a large number of highly skilled workers. Under the influence of electrical impulses on a
solid, process water was used as a pressure conductor, since it is the most accessible, economical and envi-
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ronmentally friendly environment. The proposed method of ore crushing is based on the use of the energy of
a pulsed shock wave resulting from a spark electric discharge in a liquid. As the experiments show, this
method of crushing is efficient, economical, environmentally friendly, easily integrated into any
technological chain. The essence und distinctive feature of the proposed technology is that ore processing
using the pressure energy released during electrohydraulic action makes it possible to obtain a quickly
crushed and purified from impurities dispersed product of a given size, which can then be used directly for
subsequent enrichment [13-15].

Experimental

The object of the investigations was a quartz mineral from the Aktas deposit (Fig. 1). The initial
diameter of the raw material fraction was 10 mm. For each experiment, the mass of the quartz mineral was
constant (100 g). The granulometric composition of the crushed material was determined using standard
sieves calibrated in accordance with GOST R 51568-99. The mass of the feedstock and the resulting product
was determined using laboratory scales (maximum load — 1200 g; discreteness 0.1 g).

a) b) c)

Figure 1. Quartz: a) large piece; b) raw materials with a fraction diameter of 13-17 mm, c) quartz powder obtained by
electric pulse method, fraction diameter 0.4 mm

In experimental investigations, the discharge voltage was changed to an interval of 18-24 kV and a
quartz mineral was crushed at a discharge amount of 300-1500, a capacitor capacity of 0.5 pF (Tables 1-4).
In experimental investigations, the degree of grinding of raw materials (K) was determined.
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Table 1
Granulometric composition of the quartz mineral at a discharge voltage of 18 kV
and a capacitor capacity of 0.4 pF
N=300 N=600 N=900 N=1200 N=1500
d, mm
K, %
d<0,4 - - 3 48 3,6
d<0,7 0 2,4 8,9 6,5 18,2
d<1 66,3 57,6 47,7 63,2 49
d>1 33,7 40 40,4 25,5 29,2
Table 2

Granulometric composition of the quartz mineral at a discharge voltage of 20 kV

and a capacitor capacity of 0.4 pF

N=300 N=600 N=900 N=1200 N=1500
d, mm
K, %
d<0,4 - 3,2 5,6 7.4 6,2
d<0,7 4.2 7,5 4,4 12 15,3
d<1 47 64,7 459 475 72,5
d>1 48,8 24,6 441 33,1 6
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and a capacitor capacity of 0.4 uF

Table 3
Granulometric composition of the quartz mineral at a discharge voltage of 22 kV
and a capacitor capacity of 0.4 uF
N=300 N=600 N=900 N=1200 N=1500
d, mm
K, %
d<0,4 2,1 5,6 8,9 13,3 10,9
d<0,7 4,3 31 13,6 11,2 22,6
d<1 45,7 30,8 46,2 29,7 43,7
d>1 47,9 60,5 31,3 45,8 22,8
Table 4

Granulometric composition of the quartz mineral at a discharge voltage of 24 kV

N=300 N=600 N=900 N=1200 N=1500
d, mm
K, %
d<0,4 2,8 3,2 6,7 10,5 14
d<0,7 5 6,4 12,5 18,7 24
d<1 54,2 42 54,3 497 41,1
d>1 37,3 475 25 19,3 18,7

It can be seen from the above results that quartz powder with a diameter of less than 1 mm is
intensively extracted with an increase in the number of pulse discharges from 900 to 1500. But it is
established that these indicators are achieved only at the breakdown voltage of the air medium in the
intervals of the converter in the range of 22-24 kV.

In subsequent studies, the dependence of the processed product on the amount of process water was
considered, since the work on grinding raw materials is carried out in a liquid medium. For this purpose,
work was carried out on the treatment of various levels of liquid (process water) in the working channel. The
experiments were carried out with the same volume of water (Vwater) as the volume of processed raw materi-
als (Vraw materiats) in the working channel — V raw materiats =Vwater, With an increase in the volume of water by 1.5-
5 times (1.5Vwater — 5Vuwater) (Fig. 2 a, b, c).
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Figure 2. Working channel

A metal cylindrical bowl was used as a working cell and performed the function of working electrodes
in it — a metal rod (positive electrode) attached to the lid of the working cell and an inner tray of a metal
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cylindrical bowl (negative electrode). Experimental investigations were carried out with the following pa-
rameters of the electric pulse unit (Fig. 3 a, b, ¢):

- number of pulse discharges (N) — 1000-1500;

- breakdown voltage of the air space in the intervals of the converter — 22-28 kV;

- the capacity of the energy storage capacitor — C = 0.5 uF.
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Figure 3. The dependence of the degree of grinding of a quartz mineral on the amount of water: 1 — Vyaw materials =Vwater;
2 — Vraw materiats =1,5Vwater; 3 — Vraw materials =3 Vwater; 4 — Vraw materials =5 Vwater

The dependence shown in the figures is the results after grinding the quartz mineral with a diameter of
the initial fraction of 13-17 mm (the diameter of the resulting product is below 1 mm). It can be seen from
the results that with an increase in the volume of water by 3-5 times compared to the volume of processed
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raw materials (3Vwaer — 5Vwater), the degree of grinding of the product increases. With an increase in the
amount of water from the specified level, the output of the finished product changed at about the same level.

Conclusions

In the scientific work, the influence of electric pulse discharges on quartz mineral was considered, raw
materials were obtained that are widely used in construction — quartz powder. Since the processing of raw
materials is carried out in a liquid medium, the dependence of the quantity of finished products on the
amount of liquid is investigated. From the results obtained, the amount of liquid required for intensive
grinding of quartz mineral was determined. The experimental data can be used in obtaining the production of
granulometric composition from natural ores by the electric pulse method.

This research is funded by the Science Committee of the Ministry of Science and Higher Education of
the Republic of Kazakhstan (Grant AP14870607)
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A K. Xacenos, /I.)X. Kapabekosa, b.P. Hycyn6ekos, I'.A. Bynkauposa,
A.C. Kynycos, I' K. AnmneicoBa, M.M. bonat6exoBa

KBapu mmki3aThIHbIH YHTAKTAJTYbIHA HMITYJIbCTI 3J1€KTP Pa3psaATAPbIHBIH
JcepiH 3epTTey

Makanazna KypbUIBICTBIK MaTepHalAapAblH TaOUFATTHIH KOJIAChI3 (akTopmapbiHa (XKew, aHObIp jkoHE T.0.)
TO3IMAITIrIH apTTHIPy MaKcaThIHA IaiilallaHbIIATHIH MINKI3aT — KBapIl YHTAFbIH Iy TACUII KapacTBIPBUI-
raH. KBapiy MuHepanbslHaH KYpbhUIBICKA KaXKETTi IIMKI3aTTHl ajlyla OJ ajIIMEHEH KepeKTi MeJepre IeHiH
yHTaKTanaasl. KaTTel MaTeprangapapl YHTaKTay IPOIECTEPiH KETUINIpyAe JKaHa SAIiCTep MEH TEeXHOJOTHs-
nap yceiHbuTyna. OCchIHal aicTepaiy 6ipi — 3IEKTPOUMITYIIBCTI 9/1iC. ATaIMBINI 9/1iC CYHBIKTHIK KOJIEeMiH/Ie
UMITYJIBCTI 3JICKTP Pa3pAATTapbIH KaJbIITACTHIPA OTHIPBII, KATThl MaTepHAIAAp/bl YHTaKTayra apHaJIFaH.
DIEeKTpUMIYJIbCTI 9iciieH TaOUFU KelepZi eHaey Ke3iHIe albIHATHIH OHIM JKYMBIC KaMepachIHAAFbl METal-
MeH JactaHOaiapl. JKyMbICTa KBapll YHTAFbIHBIH I'DaHYJIOMETPIIK Kypambl TaIAaHbII, 3JICKTPOHMITYJIBCTI
paspsAATapIblH MapameTpiepiHe Toyenl MHMKI3aTThIH YHTAKTaldy Hopeskeci aHbIKTaigsl. LukizaTTel eHICY
3epTTeyNepi UMITYJIBCTI pa3psiATap CaHBIHBIH XKOHE pa3psAl KepHEYiHIH opTYpili mapameTpiiepiHie OpbIHAAI-
ne1. Toxipubenepsie 3MEKTPOUMITYIBCTI oficTieH (paknust auaMerpi 10 MM KBapIl KeceKTepi YHTaKTablIIl,
muametpi 0,4-1 MM yHTaK anslHABL. KBapm cy#WEIK opTaja YHTaKTalaTHIHIBIKTAH, [IMKI3aTTHIH KaKeTTi rpa-
HYJIaMeTPJIiK KYpaMbIH aly YIIiH TYTHIHBUIATHIH Cy Meimepi 3eprTenyi. KBapuTelH YHTaKTaIy AopekeciHiy
UMITYJIECl paspsiATap CaHbIHA, paspsia KepHEYiHe TOyelIUIKTepi anbIHABL MaTepHaiibl HMITYIbCTI 3JIEKTP
paspsAATapbIMEH YHTAKTay HOTIDKENepi KaTThl MaTepUaibl Oy3yFa apHAIFaH 3JIEKTPOUMILYIIBCTI OMIICTe icKe
acaThIH MPOLECTIH HETi3T1 KOPCeTKIITepiH Oaranayra MyMKIHIIK Oepeni.

Kinm ce30ep: anexTporuapaBIukaibiK 3pdekt, pa3psan KepHeyi, KBapll YHTAFbL, YIEKTPOUMITYIIBC, YHTAKTAIY
JIOPEKECi, UMITYIIBCTI pa3psaATap CaHbl.

A K. Xacenos, JI.2K. Kapabekosa, b.P. Hycyn6ekos, I".A. bynkauposa, A.C. Kymnycos,
I'.K. AmmeicoBa, M.M. BonatOekoBa

HccaenoBanue BIAMSAHUS HMIIYJIBCHBIX 3JIECKTPUYCCKHUX PA3pAa0B HA H3MCJIbYCHHEC
KBapueBoOro Colpbsi

B crarbe paccMOTpeH criocod Mony4eHust ChIpbsi — KBapLEBOTO MOPOILIKA, HCIOIb3yeMOTr0 € LEIb0 MOBbI-
IIEHNS] YCTOMYMUBOCTH CTPOUTENBHBIX MAaTEPUAJIOB K HEONAronpusITHHIM (hakTaM IpUpoabl (BeTep, JOXKAb U
ap.). Ilpyn monyueHnu CHIpBs, HEOOXOIMMOIO IUISI CTPOUTENBCTBA M3 KBApIEBOI'O MUHEpalla, €ro IpenBa-
PUTENBHO U3MENBYAOT A0 HY)KHOTO pa3Mepa. B coBepleHCTBOBaHMU MIPOLIECCOB U3MENIbUEHHS TBEPbIX Ma-
TEPUAJIOB TPE/ITI0KEHBI HOBbIE METOJIbI M TEXHOJOTHU. OIHUM U3 TaKHUX SBJISETCS AJICKTPOUMITYJILCHBIM Me-
Toj. JlaHHBIA cnoco0 NMpeaHa3sHAYeH A W3MEIbUCHUS] TBEP/BIX MaTEPHAIOB C 00pa30BaHNEM MUMITYTbCHBIX
INEKTPUIECKHUX pa3psioB B 00semMe xuakocTu. [Ipu nepepaboTke IPHPOAHBIX Py SMEKTPOUMITYIIECHBIM Me-
TOJIOM IOTy4JaeMas NpOAYKINS He 3arps3HsIeTCs MeTauIoM B pabodeii kamepe. ABTOpaMH IIPOaHATN3HPOBAH
TPaHyJIOMETPHUYECKHH COCTAaB KBApIIEBOTO IOPOIIKA M OIpe/eNieHa CTENCHb M3MENIbUCHUS CHIPbsl B 3aBHUCH-
MOCTH OT MapaMeTpoB 3JIEKTPUYECKUX UMITYJIbCHBIX pa3psiioB. MccienoBanus nepepabOTKU ChIPbs MPOBO-
JUTUCH TIPY Pa3INYHBIX IapaMeTpax KOJIW4ecTBa UMIIYJIbCHBIX pa3psJiOB U HANpsDKEeHUs paspana. B ombitax
KBapI auamerpoM ¢pakuuy 10 MM H3MeNbYancs 3JIeKTPOUMITYIbCHBIM METOJIOM M OBUI IOJyYeH MPOIYKT
nuametpoM 0,4—1 mm. TTockosbKy KBapIl U3MENbYaICs B XKHIKOH cperie, ObUI0 M3y4eHO KOJIMYECTBO Pacxo-
JyeMOH BOJBI ISl OTydeHHs HEOOXOANMOTO IPaHyJIOMETPHIECKOTO COCTaBa ChIPhs. [10IydeHbl 3aBHCHMO-
CTHU CTETIeHN M3MEINIbUCHNS KBapIa OT KOJIMIECTBA HMITYJILCHBIX Pa3psaoB M HAPsDKEHUS pas3psiga. Pesynbra-
THI U3MEJIBUCHNS MaTepualia HMITyIbCHBIMHU 3IeKTPHUECKAMH pa3psAaMy O3BOJISIOT OIIEHUTh OCHOBHEIE T1a-
paMeTphl IpoIecca, peann3yeMoro B MeKTPONMITYIECHOM METO/IE Pa3pyIICHHUs TBEPIOTO MaTepHaa.

Knrouesvle cnosa: anexTporupaBinueckuii 3pdexT, HanpspkeHne paspsija, KBapleBblil MOPOLIOK, JIEKTPO-
HUMITYJIbC, CTETIEHb TOMOJIA, KOJIMYECTBO UMITYJILCHBIX Pa3psiiOB.
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