UDC 621.548

G.A. Bulkairova, B.R. Nussupbekov, G. G.Toktabolat

Ye.A. Buketov Karaganda State University, Kazakhstan
(E-mail: gulden2111@mail.ru)

Research of electrohydraulic destruction of mineral quartz

In connection with the government's program of import substitution, the possibility of obtaining products
based on quartz-containing local raw materials of Kazakhstan has gained relevance. The most popular quartz
raw material in the technological processes are easily regenerated quartzites, which ensure a higher rate of
chemical transformations. The article presents the results of the investigation of the electrohydraulic method
for the destruction and grinding of the natural quartz mineral of the Aktas deposit. Also, the microstructure
and energy spectrum of the quartz sample were studied before and after electrohydraulic treatment. Electric
discharge in a liquid is the main operating mechanism in many domestic and foreign technologies. From the
whole complex complex of phenomena that arise during an electric discharge in a liquid, direct transfor-
mation of electric energy into the energy of the pressure of shock waves is used. Application of the electrohy-
draulic effect for the quartz mineral crushing allows to optimally use the obtained dosage fractions for various
industries.

Keywords: natural mineral quartz, crushing and grinding, electrohydraulic effect, discharge channel, shock
wave, microstructure, energy spectrum.

The development of industry, as well as the improvement of Kazakhstan's energy security, depend to a
large extent on the widespread and effective use of natural resources. Most of the country's regions have
huge reserves of industrial minerals. An early organization of mining and mineral processing at the fields of
Kazakhstan is needed. The use of crushed mineral in a wide variety of areas will allow to obtain new prod-
ucts with a number of valuable properties, and will contribute to technical progress in a number of industries.
Also, the lack of natural minerals in European countries.make it possible to treat the mineral as a subject of
export.

The most popular quartz raw material in the technological processes are easily regenerated quartzite’s,
which ensure a higher rate of chemical transformations, but work on the involvement of other types of
quartzite’s in the technological cycles are known [1].

Quartz is the most common mineral with the chemical composition of SiO, (46.7 % — Si, 53.3 % — O,).
In practice, quartz crystals extremely rarely approach this composition, since they usually contain various
impurities.

At present, ground quartz is widely used in various industries. For example, in the production of refrac-
tories, in metallurgy, in the production of ceramics and glass, in the production of optical fiber, in the pro-
duction of construction products and filigree development, the production of semiconductor crucibles, com-
bustion chambers, etcs In huge‘quantities it is used for the production of glass, ceramics, refractories. As a
piezoelectric, it is used in optical instruments, in ultrasound generators, in telephone and radio equipment,
although it has recently been supplanted by other artificial piezoelectrics. Many varieties are used in jewelry.
Quartz is also used to produce pure silicon.

The Republic of Kazakhstan has large reserves of quartz-containing raw materials, but its main part is
used. in the production of simple building materials, and only small-scale high-tech industries. The largest
deposits in the Karaganda region are the Aktas and Nadybay fields, located near the city of Zhezkazgan.
Similar deposits exist in Kokshetau and Pavlodar regions.

Known methods of processing quartz mineral and operating industrial plants require high energy costs,
do not provide full production of pure quartz are not effective in terms of ecology and labor-saving.

One of the methods are used to crush solid bodies is the electrohydraulic method used as a working tool
for the energy of high voltage pulsed electrical discharges within rocks.

The proposed method of grinding quartz is based on the use of the energy of a pulsed shock wave,
which arises as a result of a spark electric discharge in a liquid. This method of fragmentation is promising,
economical, environmentall clean and easy to integrate into any technological chain.

The electrohydraulic effect [2] is a high-voltage electric discharge in a liquid medium. In the formation
of an electrical discharge in a liquid, energy is released in a fairly short time. A powerful high-voltage elec-
tric pulse with a steep leading edge causes various physical phenomena. Such as the emergence of ultra-high
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pulsed hydraulic pressures, electromagnetic radiation in a wide frequency range (under certain conditions
prior to X-ray), cavitation phenomena. These factors have different physicochemical effects on the liquid and
the bodies placed in it.

Investigation of the effect of the electrohydraulic effect on the degree of crushing and grinding of the
quartz mineral were carried out in the electrohydrodynamics laboratory on the Cairt of Thermophysics and
Engineering named after Professor Zh.S. Akylbaev at Ye.A. Buketov KSU.

The electrohydraulic unit consists of a control panel, a high voltage pulse voltage generator, a switching
device with a protection system and a working area where quartz is crushed and mined. The working section
consists of: a cylindrical body, a working electrode, a cover, a caprolan washer (Fig. 1).
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1 — cylindrical body, 2 — working electrode, 3 — cover, 4 — caprolan washer
Figure 1. Working area of the experimental stand for crushing the quartz mineral

The space between the electrodes is«filled with a multiphase medium with nonlinear electrophysical
characteristics, which can be represented as a deterministic nonlinear dynamical system.

When a powerful pulse passes.through a liquid medium, which is a moistened ore, an electric break-
down is created, accompanied by a hydraulic shock of great destructive force.

In the experiments carried out the degree of grinding of the quartz mineral increases with the increase in
the specific energy introduced into the discharge channel, which is explained by the fact that in the quartz, a
network of microcracks is first formed in the path of the shock wave, which creates a continuous stress state.
As a result of the action of @ seties of pulses of duration (10°+10c) on solid quartz fractions, plastic defor-
mations accumulate at the initial stage, which on the one hand increases its strength, on the one hand, and
stresses, destroying the mineral, arise in the zones of defectiveness of structures [3].

Electrohydraulic devices for crushing, in contrast to mechanical crushers, do not have moving parts,
they are made of ordinary structural steel, and their body practically does not wear out during operation.
When working, these devices do not form dust, occupy relatively small production areas and allow the com-
bining in them of the processes of crushing, mixing and flotation of materials. The working environment in
electrohydraulic crushers can be any liquid, most often technical water. All this makes it possible to effec-
tively combine the process of crushing and grinding quartz.

Quartzites of the Aktas field used in the work as the main material are represented by quartz particles of
milky white and grayish white colors. In insignificant quantity there are grains with inclusions of light brown
color [4].

The experiments were carried out with a capacitance battery of 0.25 mkF, voltage on the switching de-
vice up to 19 kV, the interelectrode distance of the working channel of 6 mm, and the length of the discharge
gap on the commutating device of 10 mm. The first diameter of the destruction of minerals was 7 mm and
10 mm, and the number of electrohydraulic impulses ranged from 700 to 1600.

Figure 2 shows the dependence of the degree of grinding K of the quartz mineral on the number of elec-
trohydraulic impulses N.
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Figure 2. Dependence of the degree of grinding of quartz mineral on the number of electrohydraulic impulses
In Figure 2a with the initial fraction of 7 mm in diameter and the number of electrohydraulic pulses
N.=700, the degree of coarse fractions is (d , =5+7mm ) 56.8 %, the degree of grinding into small particles
(d, <0,3mm) 4.4 %, and at N= 1600 large fractions (d, =5+7mm) decreases to 26 %, fine fractions

(d;=0,3mm ) increases to 11 % of the feedstock.

With the initial fraction of 10 mm in diameter and the number of electrohydraulic wave pulses N = 700
(Fig. 2b), the degree of coarse fraction is (d, =7 +10mm ) 38 %, fine fractions (d, <0,3mm) 6.2 %, and at
N = 1600, the coarse fractions (d, =7+10mm ) are reduced to 17.8 %, fine fractions (d, <0,3mm ) is in-

creased to 15.2 % of the feedstock.
From the above graphs, it can be concluded that when the number of electrohydraulic impulses
decreases the size of large fractions and increases the size of the crushed particles.
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The wide prevalence of the mineral, the ease of diagnosis and the prostate determining the orientation
of the optical axis make the microstructural study of quartz accessible and attractive [5,6].

Investigations of the microstructure of the quartz mineral of the Aktas deposit were carried out on a
scanning (raster) electron microscope Tescan Mira3, which is used to study fracture surfaces and allows to
obtain magnification and depth of field of the image than when using light.

Figure 3 shows electron microscopic images of the quartz sample of the Aktas deposits before and after
electrohydraulic treatment.

SEM HV: 8.0 kv WD: 9.74 mm 110 MIRA3 TESCAN
View field: 500 um Det: SE 100 pm
SEM MAG: 554 x Performance in nanospace

MIRA3 TESCAN

Performance in nanospace

b) after processing
Figure 3. Electron microscopic image of the quartz sample of the Aktas deposit

It can be seen from the photographs that the surface of the quartz particle after grinding has become
more chopped, and the edges are strongly amorphized, sharp angles and faces are absent. In the areas of
cleavage, there is a-hummocky surface. The dimensions of the «hillocks» are more or less identical to the
same size. In'the process of fracture, cracks are formed that close and divide the body of the crystal into three
parts. The cracks are formed during the process of force deformation and the destroyed sections are seen in
the form of elevated areas of chipped. In some areas it can be seen that the process of destruction is not com-
plete, although the crack has passed, but partial connections are still preserved.

Between the crack and the elevated «tubercle» there are still partial bonds that still bind these three
pieces of the crystal to be destroyed. During the passage of the subsequent shock wave, the process of crack
formation is completed, as a result of which a complete cleavage of the crystal occurs in three parts.
Electrohydraulic action of a given power, crushes and grinds a natural mineral to a certain size in an existing
self-similar hierarchy.

Figures 4 and 5 show a multilayer map of energy-dispersive microstructures and the energy spectrum
before and after treatment of the quartz sample.
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Figure 4. Multilayer map of energy-dispersive microstructures of a quartz sample
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Figure 5. Energy spectrum of a quartz sample
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During the investigation of the quartz sample of the Aktas field, the results are showed that quartzite
contains, besides SiO,, chemical elements such as Fe, Ca, Cr, Ni. The content of white-gray and milky-white
quartzites is mainly due to the high content of impurities. It can be seen that the quartz mineral contained in
the composition contains high silica quartzites with low impurities.

Thus, the method and parameters of crushing and grinding proposed by us are the most acceptable
under production conditions, they provide intensive crushing and grinding of minerals. The results of these
studies have shown that electrohydropulse technology can be useful in developing and creating a new
domestic Kazakhstan technology of quartz processing and obtaining high quality materials.
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TaOuru KBapI MUHEPAJbIHBIH YJIEKTPTHIPABIUKAJBIK 00/1IIeKTEHYIH 3epTTey

YKIMETTIH HMIOPT ajaMacTelpy OapgapramachiHa OainaHelcTel Ka3akcTaHHBIH KBapll KYpaMBIHIArbl
JKEPTUTIKTI MIMKI3aT HeTi3iHJe OHIMIAEpAl aly MaHbI3IbI OONBIN OTHIP. TEeXHOJOTHSUIBIK YAepicTepleri eH
TaHbIMAJI KBapll IIMKIi3aThl, XUMHSIBIK TYPJEHYIl >KOFapbl JKbULJIAMJBIKIIEH KaMTaMachl3 €TETiH OHaii
KaJIIIbIHA KEeJETiH KBapuutTep  0oiabim Tabbutaapl. Makamaza «AKTac» KEH OPHBIHBIH TaOWFU KBapi|
MMHEPAJIBIHBIH 3JIEKTPIUAPABIMKAIBIK oJiclieH O6JIIeKTeHyi MEH YCaKTalyblH 3epTTey HOTHXelepi
kentipinren. CoHpaii-aK-KBapil, YITICIHIH 3JIEKTPrUAPABIMKAIBIK OIICIICH OHACYyre ICHIHIl jKoHe KeliH
MHUKPOKYPBUIBIMBI JKOHE SHEPreTHKANbIK CIEeKTpi 3eprreniui. CyHBIKTBIKTAFbl JJIEKTP pPa3psabl KeNTereH
OTaHJBIK JKOHE HIeTeNIK TEeXHOJIOTHsIIapAa HeTi3ri KYMBIC icTey MexaHu3Mi Ooibin Tabpnramel. CyibIKTa
0oJIaTBIH AIIEKTP Pa3psbl Ke31HIe TYBIHIANTHIH OapIibIK KYOBLIBICTAp KEIICHIHEH, JJIEKTP SHEPTUSCHIHBIH
COKKBI TOJIKBIHBIHBIH KBICEIMBIHA TiKeneil aifHanmplpy KoimaHbULAbl. KBapl MuHepanslH Oenmiekrteyne
ANEKTPTUPABIAKAIBIK, OJICTI KOJIaHy aNblHFAaH (paknusulapAbl TYpJi OHMIpIC cajamapblHAa THIMIL
naiananyra MyMKIHIIK Oep/i.

Kinm co30ep: Taburyu KBapll MUHEpaJbl, O6JILIEKTEY )KOHE YcaKTay, JIeKTPrUAPABIMKAIBIK THIMIULK, pa3psiy
apHACBl; COKKBI TOJIKBIHBI, MUKPOKYPBIIBIM, SHEPT€THKAJBIK CIIEKTP.

I'.A. Bynkauposa, b.P. Hycyn6ekos, I'.I'. TokTabonat

HccaenoBanue NEKTPOTHAPABINYECCKOI0O paspyuicHUusI MUHEpPaJIa KBapua

B cBs3u ¢ mporpaMMoii MpaBUTENBCTBA [0 UMIOPTO3aMELIEHHIO TPHOOpPENa akTyalIbHOCTh BO3MOKHOCT I10-
Jy4eHus! MPOYKIIMM HAa OCHOBE KBaplCOJAEPKaIlero MecTHOro chipbsi Kazaxcrana. HanGonee momynsapHeiM
KBapIIEBBIM ChIPhEM B TEXHOJIOTHMYECKHX IPOIEccax SIBISIOTCS JIETKO IepeposkAaroliuecs KBapIHUTHI, obec-
neynBarone 6onee BHICOKYIO CKOPOCTh XMMHYECKHX MpPEBpalieHuil. B cTaThe mpuBeneHbI pe3yabTaThl Hc-
CJIJIOBAHMS HIEKTPOTHIPABIMIECKOTO CIIoco0a pa3pymeHust 1 H3MeIbYeHNs [IPUPOJHOTO MUHepasa KBapia
MeCTOpOXkeHHs «AKTacy. MccnenoBanbl TakkKe MUKPOCTPYKTYypa M OSHEPIeTHUYECKHH CIIEKTP KBapLEBOTO
obpasma 10 ¥ nocie 006paboTKH AEKTPOTUAPABINIECKUM METOJIOM. DIEKTPUUECKUH pa3psi B )UAKOCTH SIB-
JsIeTCS. OCHOBHBIM JEHCTBYIOIIMM MEXaHM3MOM BO MHOTHX OTEUECTBEHHBIX M 3apyOeKHBIX TeXHONOTHsX. V3
BCETO CIIOKHOTO KOMILIEKCA SBICHUH, BO3HUKAIONIMX MPH 3IEKTPUUECKOM Paspsie B KHUAKOCTH, HCTIOIb3Y-
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eTCsl HEMOCPEJCTBEHHas TpaHc(hopMalus >IEKTPUUECKOH SHEPIHMH B SHEPTUIO JABIEHUS YIAPHBIX BOJH.
ITpuMeHeHHe 3M1eKTPOoruapaBiIndeckoro s¢dexra wis apobiIeHHs MUHEpala KBaplia 03BOJIAET ONTUMAIIBHO
UCHOJIb30BATh MOJTy4YEHHBIE JO3UPOBaHHbIE QPAKINK JUIS PA3IMYHBIX TPOU3BOJICTB.

Kniouesvie cnosa: TpUpONHBIA MHHEpal KBapll, ApPOOJIeHHE W W3MENbYEHHE DJICKTPOTHIPABIMIESCKIH
a¢dekT, kaHaI pa3psna, yAapHas BOJHA, MUKPOCTPYKTYpA, SHEPTeTHIECKHUI CHEKTP.
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