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STUDY INTO THE FEASIBILITY OF ELECTRIC DISCHARGE DISINTEGRATION
OF GLASSLIKE RAW MATERIAL TO MICRON FRACTION

A literature review of various methods of breaking and grinding of materials was performed, based on which a method of electric
discharge disintegration (EDD) was chosen. It allows achieving of micron values fractional composition of the processed material.
Mechanisms of material destruction under the influence of high-voltage electric discharge in water were considered.

Used glassware (UG) was selected as raw material for disintegration due to economic and environmental reasons. Methodolo-
gies of UG preliminary preparation for disintegration and further grain-size analysis were developed.

Calculation of compression wave (CW) parameters at different distances from the discharge channel for given discharge circuit
initial parameters was performed. Maximum distance at which CW has required destructive effect was determined based on the com-
parison of physical and mechanical properties of glass and results of performed calculations.

Appropriate discharge circuit properties (e.g., useful power) necessary for EDD grinding of UG to micron fraction was deter-
mined based on the parameters of the discharge circuit and practically achievable switch frequency.

The results of previous processing which was carried out with set circuit parameters in the chamber providing the required
maximum radius of destruction in pure water and in water with the addition of surfactants, were obtained to evaluate the possibilities
(primarily, achievable dispersion) of UG EDD.

The grain-size analysis of dispersion composition showed the possibility of disintegration of the glass into the micron fraction
(with grains of size ranging from 5 to 7 microns — up to 30 weight percentage).

Keywords: Electric discharge disintegration, used glassware, glasslike raw material, thermal insulation material.

IIJI. OJIIH, IM. CTAPKOB, O.M. PAYKOB

JOCAIIKEHHSI MOXKJUBOCTI PO3PSITHO-IMITYJIbCHOI JTIE3IHTEI PAILIIT
CKJIONOAIBHOI CHPOBHHHU /1O MIKPOHHOI ®PAKIIIi

IIpoBeneHo niTepaTypHuUil OISR Pi3HUX METOAIB ApoOJIeHHS 1 moApiOHEeHHsT MaTepiaiiB, Ha OCHOBI SKOro OyB oOpaHuil MeTO po3psi-
JTHO-IMITYJIbCHOT Je3iHTerpallii, IKUii a€ 3MOTy JOCITTH MIKPOHHHX 3Ha4YeHb (pakuiiHOro ckiaay oOpobmoBanoro mMarepiaiy. Po3-
IJIHYTO MEXaHI3MHU pyHHYBaHHS MaTepialliB i/ BILIMBOM BHCOKOBOJIBTHOTO €JIEKTPUYHOIO PO3PSLY Y BOI.

B gxocTi cupoBHHE [T AE3IHTETpaLlil 3 eKOHOMIYHHX 1 €KOJIOTIYHUX MipKyBaHb BuOpaHa ckiisiHa tapa (CT). Po3pobiieHo meto-
mukd miaroroBku CT 1o gesinTerpaiii Ta moJaibIioro TpaHyJIOMETPHYHOTO aHAITi3y JHCIepCii.

[IpoBeneHo po3paxyHoK mapameTpiB xBuiIi TUCKY (XT) Ha pi3HHUX BiJCTaHAX BiJ KaHATY PO3PSAY MIA 3aAaHHUX ITOYATKOBUX I1a-
pamMeTpiB po3psaHoro KoHTYpy. Ha mincrasi 3icTaBieHHs (i3nKo-MeXaHIYHUX BIIACTUBOCTEH CKJIa 1 pe3yNbTaTiB MPOBEJCHUX po3pa-
XyHKIB BU3HQUCHO MaKCUMAJIbHY BiJICTaHb, Ha sikoMy X T 31iHCHIOE pyHHIBHUIT BILUTHB.

3a mapamMeTpaMi PO3PSIIHOTO KOHTYPY 1 MPaKTHYHO JOCSKHOK YacTOTH 32 yMOBaMU poOOTH KOMyTaTtopa BHOpaHi HEOOXimHI
JUTSL PO3PSIIHO-IMITYJIBCHOI J@3iHTErpaii XapaKTepUCTHKH PO3PSAHOrO KOHTYPY (B HepLly 4epry, KOpHCHa MOTYXKHICTb) Uil HOAPiO-
Henst CT 1o MiKpOHHHX PO3MIpiB.

OTpuMaHO pe3yibTaTH MOMEPEAHIX OOpOOOK Ui OWIHKKA MOXIMBOCTEH (B MEpIIy dYepry, Mo AUCIIEPCHOCTI) pO3PSIHO-
iMoynbcHOI aesinTerpamii CT, siki mpoBeaeH] Ui 3aJaHUX HapaMeTpiB KOHTYPY B KaMmepi, 1o 3a0e3medye HeoOXiTHII MaKcuMallb-
HUH pajiyc pyHHYBaHHS B UMCTiil BOJI i B BOJI 3 JOIaBaHHSAM ITOBEPXHEBO-aKTHBHIX PEIOBHH.

AHaii3 rpaHyJIOMETPHYHOTO CKJIaLy AUCIIEpCii MOKa3aB MOXJIIMBICTE Ae3iHTerpamii ckiia 10 MikpoHHOT ¢pakmii (Bix 5 10 7 MKM
—30 %).

KorouoBi ci10Ba: po3psiiHO-iMITyJIbCHA A€3IHTErpallis, CKJIsIHa Tapa, MiHOCKISIHUI MaTtepiaj, TeIIoi30ALiHIA MaTepiar.

IIJ1. IOJTUH, H.H. CTAPKOB, A.H. PAYKOB

HCCJIEJOBAHUE BO3MOXHOCTH PA3P5[ILHO:HMHYJIBCHOFI JAE3UHTEI'PALIMHN
CTEKJIOIIOAOBHOTI'O CBIPBSI 1O MUKPOHHOU ®PAKIINHN

ITpoBeneH JIUTEpaTypHBIH 0030p pasIMYHBIX METOJOB NPOOJICHHS M M3MEIbYCHHs MaTepuaoB, Ha OCHOBE KOTOPOro ObUI BBIOpaH
METO/] pa3psIHO-UMITYIbCHOH Je3MHTErpaIiiu, KOTOPHIH M03BOJISET JOCTHYb MUKPOHHBIX 3HAUCHUH (PpakIMOHHOTO cocTaBa 0Opada-
TBIBAEMOT0 MaTepHana. PaccMOTpeHBI MeXaHU3MBI pa3pyLIEHHs] MaTepUaIoB MO BO3AEHCTBHEM BBICOKOBOJIBTHOTO JIEKTPUUECKOTO
paspsizia B BOJE.

B kadecTBe ChIpbs VIS IC3UHTETPALMH 110 SKOHOMUYECKHM U SKOJIOTHYECKHM COOOpa)KeHHsIM OblIa BhIOpaHa CTEKIISIHHAS Tapa
(CT). Pazpaboransl Metoauku noarotoBku CT K ge3uHTerpanyu 1 NOCIEAYIOIETro IPpaHyIOMETPUUECKOr0 aHaIN3a AUCTIEPCHH.

ITpoBeneH pacuer napameTpoB BosHbI faBieHus (BJl) Ha pa3IMYHBIX PACCTOSHUAX OT KaHalla pa3psa Uit 3a1aHHbIX Hadallb-
HBIX [apaMeTpOB pa3psAHOro KoHTypa. Ha OCHOBaHMH COMOCTaBiICHHS (PH3UKO-MEXaHHYECKUX CBOWCTB CTEKIIA M PE3yJIbTATOB IIPO-
BEJICHHBIX PacuyeTOB ONPE/ICICHO MAKCHMAJIbHOE PACCTOSHUE, HAa KOTOpOM BJI oka3biBaeT pa3pyIHTENbHOE BO3JICHCTBHE.
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ITo mapameTrpam pa3psaHOI HENMu U MPaKTUYECKH JAOCTHKHUMOIl 4acTOTHI 1O YCJIOBUSIM PabOTHI KOMMYTAaToOpa BEIOpaHBI HEOO-
XOAUMBIE JUISl Pa3psAHO-MMITYJIBCHON AE3MHTETPAN XapaKTEPUCTHKH Pa3psIHOTO KOHTYpa (B HEPBYIO OYepesb, IOJE3HAsT MOII-

HOCTB) A7 u3MenpueHnst CT 10 MEKPOHHBIX Pa3MEpOB.

[NomyueHs! pe3ynbTaThl NPENBIAYIIMX 00padOTOK ISl OLEHKH BO3MOXHOCTEH (B IEpBYIO O4epesb, 0 JUCIIEPCHOCTH) pa3psi-
HO-UMITyJIbcHOHM ne3uHTerpanmu CT mpoBemeHHBIE [UIS 3aJaHHBIX MApaMETpoB IENM B KaMmepe, oOecrednBaromeil HeoOXouMBbIi
MaKCUMaJIBHBIA PaJInyC pa3pyLLIeHUs B YHCTOM BOJE U B BOJIE C 100aBICHHEM [TOBEPXHOCTHO-aKTHBHBIX BELIECTB.

AHanu3 rpanyJoMeTPHYECKOr0 COCTaBa JAUCIICPCHH TI0Ka3ajl BOZMOXKHOCTB JIE3MHTETPALMH CTEKJIa B MUKPOHHOU (pakimu (0T

5 mo 7 Mxm — 30 %).

KnrodeBblie cioBa: PaspsaHO-UMITyIbCHAs AE€3UHTErpaLUs, CTEKIITHHAS Tapa, MEHOCTEKISIHHBIM MaTepHal, TeMIon30IsIUOH-

HBIA MaTepual.

Introduction. Development of effective, environ-
mentally friendly, fire and moisture resistant, lightweight
and with a long lifespan thermal insulation materials is a
relevant scientific and technical task of present days due
to the current acute problem of energy saving.

To date, foam polystyrene (foam plastic) is mainly
used for thermal insulation, which has a relatively short
lifespan (20-30 years), is prone to absorption of moisture,
decomposes under the influence of solar radiation and
fungi influence, is not fire resistant and releases toxic sub-
stances while burning. For these reasons, in USA, Canada
and EU this material is already forbidden to use for ther-
mal insulation of buildings. Natural (mineral) composite
materials made of foam glass could very well act as the
solution to safe thermal insulation. While having equal to
the foam plastic values of thermal conductivity, foam
glass composite materials have a number of competitive
advantages: they are non-combustible, with high humidity
and frost resistance, have a shelf life of at least 100 years
and are made of environmentally friendly raw materials.

Foam glass production technological process is
based on the foaming of a rare-glass mixture that consists
of water, glass material, foaming additives, etc. Prominent
companies also include an intermediate stage for obtaining
of main component of future thermal insulation material —
glass, production of which consumes a huge amount of
natural resources and fuel.

Among the all unique properties that the glass holds,
its ability to reprocess into the new glass product for vir-
tually unlimited number of times without losing their
qualities should be especially noted. Thus, the glass be-
longs to materials with a full cycle of recycling.

The use of secondary raw materials (used glassware
(UG), glass scrap, etc.) in foam glass production provides
solution to several important problems:

— Energy saving — UG is smelted at a much lower
temperature than the raw material from which the glass is
usually melt;

— Reduction of carbon dioxide emissions into the at-
mosphere during production;

— Reducing the consumption of natural resources,
since UG is de facto used as the raw material;

— Reduced waste from the production of packaging
materials in landfills.

UG eliminates the need for fossil raw materials and
energy for glass production. However, effective usage of
such material requires preliminary grinding with the most
common technique of multi-stage grinding in mechanical
crushers and mills with the addition of special additives
that affect the properties and end-points of the foam glass
mixture solid components [1, 2, 3]. The use of such meth-

ods of disintegration remains rather complicated: it does
not allow achieving micron fraction grinding; resulting
foam glass foaming ability is poor while containing ther-
mally conductive metal impurities and being relatively
expensive due to required foaming additives [4]. Also,
properties such as density, heat conductivity, strength of
the produced thermal insulation material (foam glass rub-
ble or blocks) directly depend on the fractional composi-
tion of fillers and dispersion of the solid phase [5].

As the fractional composition of the glass component
plays an important role in the production of foam glass
products, technological advancement of glass component
grinding methods remains a relevant scientific and techni-
cal task.

1 Analysis of modern material grinding methods

Existing methods of grinding were considered. Dis-
perse materials production methods that found widespread
industry use can be divided into three distinct groups:

1. Mechanical methods in which raw material grind-
ing occurs during deformation of its original structure by
crushing, splitting, abrasion and impact. Despite the fact
that the mechanical grinding method is the most common
and well-studied, it belongs to the group with lowest pro-
ductivity, high energy consumption and limited dispersion
possibilities.

2. Physical fields' energy dispersion methods include
technologies that affect the material by ultrasonic and
electrohydraulic effect. Both methods increase the disper-
sion of initial powders by several orders of magnitude
compared to mechanical grinding. Disadvantage of the
ultrasonic method is relatively low power, so it is suitable
only for the destruction of soft materials and conglomer-
ates of particles [6, 7], while the electrohydraulic technol-
ogy is characterized by a higher power of influence on a
material of any hardness and conductivity.

3. Among numerous plasma methods of finely-
dispersed particles production, the following ones should
be singled out: conductor electric explosion [8], electric
erosion dispersion [9] and plasma chemical synthesis [10-
11]. The mechanism of finely-dispersed particles produc-
tion in this group of methods is based on the effect of ma-
terial ablation in liquid and gaseous phase from material's
surface under the influence of highly concentrated energy
flows and thus is suitable only for conductive materials.

Of all the above-mentioned finely-dispersed particles
production methods, the most promising to use for glass
grinding is clearly an electrohydraulic effect method. This
method has a much greater potential than the traditional
ball or rod mills grinding of glass material; it allows get-
ting a product with low-scale fractional composition and
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necessary rheological properties of rare-glass mixture
which minimizes possible contamination by hardware
metal and significantly reduces capital and energy costs
while keeping insignificant equipment dimensions [12].
Electric discharge grinding compare favorably with
known methods, it is characterized by a multitude of
rather complex phenomena, ranging from breakdown of
liquid to material destruction and allows the most rational
use of electricity while achieving a high degree of destruc-
tion of materials at the lowest cost of electricity [13, 14].
The aim of this work was to research the grinding of
glass material up to a micron fraction using the method of
electric discharge disintegration (EDD), which generates
hydraulic flows and shock compression waves (CW).

1.1 Features of electric discharge disintegration of
materials

Energy released in the discharge channel (see Fig. 1)
is mainly spent on the heating of material in the discharge
channel and on channel's expansion which turns into com-
pression energy and pulsation energy of the vapor-gas
cavity [13, 15]. Discharge channel's energy input, energy
of compression waves and vapor-gas cavity can be altered
by electric discharge regime change.

Figure 1 — Discharge channel influence on the used glassware:
E — electrode; DCN — discharge channel; CW — compression
wave; UG — used glassware; F — fractures; 1 — discharge gap;

D — distance from the axis of discharge to the area of influence

Crushing or rupturing of material in the zone adja-
cent to the discharge channel (DCN) as well as formation
and development of penetrating fractures occur at during
discharge with sufficient CW amplitude. CW partially
reflects from an open surface forming a tension wave in
the material which causes the formation of spallation frac-
tures, surface bulging and destruction. Simultaneously,
CW permeates into the material forming a system of pene-
trating fractures, on the number and depth of which the
efficiency of subsequent discharges destruction depends.

An effective radius of CW as the main performance in-
dicator of electric discharge devices is set according to the
level of destruction. It is necessary to establish the depend-
ence of material destruction parameters on its properties and
durability characteristics to achieve maximum productivity of
electric discharge devices. This will ensure optimal energy
consumption while keeping maximum productivity of elec-
tric discharge destruction process.

CW pulse momentum, J, which destroys the material
during the electric discharge in water, can be approxi-
mated [16] by the formula:

31 U2
Jy =210

D

) (1

where D — distance from the axis of discharge to the area
of influence, m; /, — discharge gap, m; U, — charging volt-
age of the capacitor battery, kV.

2 Calculation of compression waves in the material
processing area of the technological unit and selection of
laboratory equipment electrical parameters

Processed UG fragments are placed in the zone of
EDD power factors effective influence after preemptive
reduction in sizes to a required fraction in devices such as
shredder or hammer crusher.

It should be taken into account when choosing proc-
essing scheme that it will probably be necessary to manu-
ally load UG intothe discharge chamber (DCM) (see Fig-
ure 2) with a certain orientation relative to electrode sys-
tems. In addition, a possible variant of UG grinding with
intermediate selection and separation of conditioned prod-
uct is possible.

-
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Figure2 — Discharge chamber

Effect of UG grinding to micron values grain-size
necessary for the subsequent process of foam glass pro-
duction.

To calculate the required magnitude of the destruc-
tive load, we will use the physical-mechanical characteris-
tics of ordinary glass (see Table 1) [17].

Table 1 — Physical-mechanical properties of glass

Compression pressure, MPa from 500 to 2,000

Fracture pressure, MPa 40

Elasticity, MPa from 48-103 to 12-104

Tension (bending) pressure, MPa from 35 to 100

Shear pressure at ¢ > 0.5, MPa from 20,000 to 30,000

Impact strength (fragility), kJ/m2 from 1,5 to 2

Density, kg/m3 from 2,200 to 2,600

A functional connection between CW amplitude and
electric discharge equipment electrical parameters is es-
tablished for cylindrical symmetry zone [14]

Uich
p= m > 2
r'°L lp."v

where C — capacitor battery capacitance, uF; r. — distance
from destructed object to discharge channel, m; L — circuit
inductance, uH.

Applying the coefficient of proportionality (k) which
characterizes the excess of CW amplitude over the
strength limit (c,) of UG, we can write down next relation:

U3/4 c4

rl/sz/gls(j = ko—np > (3)
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where o, — strength limit, MPa (can be the limit of com-
pressive strength, tensile strength, shear strength, bending
strength, etc.).

All types of deformations take place when disinte-
grating materials in the electric discharge generated CW
zone. At the same time, processed object does not feel
sufficient destructive action outside these waves in the so-
called dead zones. Thus, it is necessary to take into ac-
count the geometrical features of DCM construction (size,
location of the electrode in relation to the material being
processed, bottom of the chamber) for full distribution of
destructive waves.

Relying on the fact that the efficiency of destruction
depends on electric discharge regime, for further calcula-
tions of CW amplitude we will use following initial pa-
rameters of EDD equipment (see Table 2).

Table 2 — Technical characteristics of experimental laboratory
equipment

Value
from 30 to 50
from 1:10° to 2:10°

Parameter
Capacitor battery voltage Uy, kV
Capacitor battery C, F

Stored energy value range W, kJ from 1 to 2
Pulse frequency f, Hz from 1 to 4
Inductance L, H from 2:10° t0 6.0-10°°
Discharge chamber volume (with 10

inner radiusof 0,1 m), /
Loaded glass mass, kg 0,3
Regulated discharge gap /;, m from 0,03 to 0,07

Calculations of CW amplitudes generated by stored
energy release in the discharge channel of the experimen-
tal equipment in its active zone according to above-
mentioned formulas are presented in Table 3.

Table 3 — Calculation of CW amplitude depending on capacity (C) and distance (r) from the object of destruction
to the discharge channel

r, m
C-10° F 000 [ 005 [ 009 ] | o012 | o015 | 020 | 022
p10° Pa
1,0 139,654 62,455 46,01 44,162 40,314 36,058 24,518 13,01
1,5 154,551 69,117 51,517 48,872 44,615 39,905 25,113 15,02
2,0 166,076 74,274 55,359 52,518 47,942 42,881 28,512 18,07

Power action of the electric discharge in DCM
should be enough to provide sufficient deformation forces
so that the pressure near discharge zone should be at least
equal to glass limit of compressive strength.

Comparing the calculation results of Table 3 with the
values of physical and mechanical properties of processed
glass in Table 1, we can conclude that the stored energy
W, must be not less than 1kJ while the inner radius of
technological unit should be not more than 0,1 m. With
inner radius of reactor greater than 0,1 m, dead zones are
formed due to the lack of sufficient force influence since
at Wy <1 kJ the pressure will be less than the glass limit
of compressive strength. Thus, stored energy for a techno-
logical unit with 0.1 m inner radius should range from 1 to
2kl

3 Methodology and laboratory equipment for
electric discharge disintegration of used glassware

The experimental method consists of the usage of
powerful pulse discharges in the inter-electrode gap which
creates the necessary conditions sufficient for the destruc-
tion of UG.

Figure 3 — Laboratory equipmnt

Previous active zone CW amplitude calculations
were used in order to determine energy parameters and
UG processing regimes while establishing discharge
chamber's size for the efficient glass disintegration.

Experimental electric  discharge disintegration
equipment was developed and assembled carry out ex-
periments on UG grinding. This equipment includes:

— technological unit consisting of the discharge
chamber with a "point - surface" electrode system;

— pulse currents generator (PCG);

— control system.

PCQG is based on the high-voltage transformer HVTO
30/50; inductance-capacitance converter (ICC) based on
the complex of charging capacitors JFS-13 50 uF — 450 V
and inductive choking winding DR-6 with power of
30 kW; IC 50 capacitor battery with capacity of 1-2 pF
and toroidal-shaped air discharge switch responsive to the
overvoltage in the air gap. Capacitor battery charging
voltage U, was controlled by the electrostatic kilovoltme-
ter C 196 and resistive voltage divider.

Figure 3 shows EDD laboratory.
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Power circuit parameters (Table 2) remained un-
changed during the whole experiment: charging circuit
voltage U, =30-50kV, capacitor battery capacitance
C=1-2 yF, pulse energy W=1,25kl], pulsed discharge
average frequency f;, = 1-4 Hz.

Glass was processed in the 10 1 DCM filled with the
pre-emptively crashed 3 kg of UG and 61 of water. The
result of the glass EDD is shown on Fig. 4.

Two experiments were carried out: the first one con-
sisted of the processing of glass in the water; the second
one featured the addition of surfactants to the aqueous
medium (see Table 4).

Liquid penetrates into the pores of the crushed mate-
rial while reducing its strength as the grinding process is
carried out in the aqueous medium. Surfactants adsorption
from the environment in the absence of chemical interac-
tion can significantly reduce the boundary of elasticity,
strength and hardness, facilitate the destruction of fragile
bodies and increase the plasticity of metals. Temporary
wedge microcracks that can close after lifting the load
develop during the deformation of a solid in its surface
layer. Adsorption layers migrate on the surface and reach
their peaks and prevent clogging.

Figure 4 — The result of the electric discharge disintegration of the glass;
a — before processing; b — paste-like processed disintegrated glass; ¢ — dried glass

Table 4 — Glass EDD in the water (1) and in the water with added surfactants (2)

Experiment no. W, k] V,1 mg, kg t,s fur, HZ
1 1,25 6 3 240 3
2 1,25 6 3 240 3

3.1 Research methodology of the morphological
properties of obtained powdered glass mixtures

Processed paste-like disintegrated glass was com-
pletely removed from the DCM, dried, and then sieved
through a 300 um cell. Afterwards, its morphological
properties were methodically researched in accordance
with [18] by examining dispersion, form factor and spe-
cific surface of the glass powders before and after process-
ing. The following equipment was used for such research:
optical microscope BIOLAM-I with a maximum magnifi-
cation of x1350, digital camera and appropriate software.
Powder samples for optical microscopy were selected in
accordance with State Standard no. 23402-78 [19]. Photos
were taken after obtaining a clear image with set magnifi-
cation using which the researched materials' geometric
characteristics were further analyzed.

3.2 Experimental tests results

According to the results of experiment no. 1 research
(see Table 4), it should be noted that these samples consist
of particles with a narrower fraction range . No particles
smaller than 3 microns, no particles larger than 700 mi-
crons, no particles larger than 500 microns. The main
range of fraction composition is from 5 microns to 300
microns.

Experiment no. 1 has the following granulometric
composition. Particles of minimum size of 5 um consist
up to 20 % of mass, of 300 pm average size — up to 40 %,
of 600 pm maximum size — up to 40 %.

Experiment no. 2 has the following granulometric
composition. Samples contain small particles (less than 10

microns in size) that partially stick together, but the over-
all level of aggregation is low. The minimum particle size
is from 4 microns to 6 microns (30 percent by volume),
the average particle size is from 14 microns to 20 microns
(about 50 percent), there is a significant amount (about 10
percent) of a fraction of about 300 microns , the maximum
particle size is from 500 pm to 700 um (10%).

The results of two experiments are summarized in
the diagram (see Figure 5).

Oexp Ne1 Oexp Ne2

50%
45% A
40% =
35%
30%
25%
20%
15%
10%
5% 17 4
0% il

5um 20 pm 300 um 500 um

Figure 5 — The results of the granulometric analysis of glass
EDD: Experiment no. 1 — in a volume of water; Experiment no.
2 — in a volume of water with surfactants

Form factor of particles in both samples is the same.
The particles in the form are close to the sphere, regard-
less of their size. Even individual particles smaller than 5
microns also have this form factor. The micro-photos are
shown on Figure 6.
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Figure 6 — The micro-photos of particles electric discharge
disintegration of the glass

Conclusions. Method of electric discharge disinte-
gration as most promising and allowing the achievement
of micron values of the processed material fractional
composition was chosen based on the literary review of
various methods of crushing and grinding of materials.
The mechanisms of material destruction under the influ-
ence of high-voltage electric discharge in water were ana-
lyzed.

Used glassware (UG) were selected as raw materials
for disintegration for economic and environmental rea-
sons. Methods of preparation of UG for disintegration and
further granulometric analysis of dispersion were devel-
oped.

The calculation of the parameters of the compression
wave (CW) amplitudes at different distances from the
discharge channel for the given parameters of the dis-
charge circuit (U, =50kV, C=0,1 uF, L =6 pH) is car-
ried out. Based on the comparison of physical and me-
chanical properties of glass and results of the calculations
performed, the maximum distance (»= 0,1 m), on which
the UG has a destructive effect was determined.

By the parameters of the discharge circuit, the neces-
sary characteristics for the electric discharge disintegra-
tion (first of all, power) that are necessary for grinding of
UG up to micron sizes were selected.

The results of the glass EDD were obtained for the
estimation of the possibilities (first of all, by dispersion)
of the EDD of UG, carried out for the specified parame-
ters of the discharge circuit in the chamber, which pro-
vides the required maximum radius of destruction in pure
water and in water with surfactants.

The analysis of the granulometric composition of the
dispersion showed the possibility of disintegration of the
glass up to the micron fraction:

— in water: 5 pm — 20 %, 300 pm — 40 %, 600 pm —
40 %;

— in water with surfactanst: from 4 microns to 6 mi-
crons — 30 %, from 14 microns to 20 microns — 50 %,
from 500 microns to 700 microns — 10 %.

The indicated result shows that EDD is a perspective
method for the glass micron fraction grinding and requires
further development.
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