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Abstract: Data on the general and specific energy characteristics of the electric pulse impact on rock samples of mining and
processing plants of the Murmansk region, allowing to determine the required amount of energy in a pulse to achieve the effect
of maximum release of useful components were obtained. The data of chemical analysis of rocks before and after electric pulse
disintegration confirm the high efficiency of using the method to increase the release of useful components from rock samples of
mining and processing plants were obtained.

The results of the scientific work laid the foundation for research and development work by evaluating the effectiveness of the
use of an electric pulse method on various rocks enriched at mining and processing plants for creation of an industrial electric
pulse installation for mining processing plants.
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Pestome: TlorydeHbl JaHHBIE 110 OOIIMM U yeIbHbIM 3HEPreTUYeCKUM XapaKTEPUCTUKAM 3JIeKTPOUMIIYJIbCHOTO BO3EMCTBH
Ha 00pasIbl TOPHBIX TOPOJ] FOPHO-000raTUTEIBHBIX KOMOMHATOB MypMaHCKOIT 061aCTH, IIO3BOJIAIOIIME OPENETUTb He0OXOIH-
MO€ KOJIMUECTBO SHEPTUU B UMITYJIbCE UL JOCTHIKEHUA stl)(beKTa MAKCHUMAJIbBHOI'O BbICBO60)KI[eHI/IH II0JIE3HBbIX KOMIIOHEHTOB.
[TosryueHHbIE JAHHBIE XUMUAYECKOTO X MUHEPAJIOTHYECKOr0 aHAIM30B FOPHBIX ITOPOJI [0 U IIOCJIE 3JIEKTPOUMITYJIbCHOTO BO3MEL-
CTBUS MOATBEPSKAAIOT BHICOKYIO 3G PEKTUBHOCTD UCIIOIB30BAHUS CIIOCO0A /IS TIOBBIIIEHHUS BHICBOOOSKIEHH TIOIE3HBIX KOMIIO-
HEHTOB U3 00pa31LI0B TOPHBIX IIOPOJL TOPHO-000TraTUTEIbHBIX KOMOUHATOB.

Pe3ysbTaThl HAYYHOM PabOTHI JIEIIH B OCHOBY HAYYHO-UCCIE0BATELCKUX U OIMBITHO-KOHCTPYKTOPCKUX paboT II0 OIeHKe 3¢-
(bexTUBHOTO MpUMEHEHUs 3JIeKTPOUMITYIBCHOTO METOJA HA PA3IMUHBIX TOPHBIX IIOPOZaxX, 00oramaeMbplx Ha rOpHO-oboraTu-
TeJIbHBIX KOMOMHATAX UL [TOCIEAYIONIEro CO3MaHUs IPOMBIIUIEHHON 3JIEKTPOUMITYIbCHOM YCTAHOBKHU JJIS TOPHO-000raTh-
TeJIbHBbIX KOMOMHATOB.

Kniouesvle cnosa: 371eKTpOUMITYIbCHAS IE€3UHTErPaIs, IPOMBIIUIEHHAS 3JIEKTPOUMITY/IbCHASI YCTAHOBKA, PA3yIpOUHEHHE
TOPHBIX IIOPOJ,

Bnazodapruocmy: PaboTh! BHIIIOTIHEHBI B paMKax rpoekTa "Co3anue mpoMBIIIIEHHOM 3JIEKTPOUMITYJIbCHOM YCTAHOBKU IS
noBbieHus 9GGEKTUBHOCTU OCBOEHUS PYAHBIX MECTOPOKIEHU" mpu noaaep>kke GoHma COmeiiCTBUSA PAa3BUTHIO MaJIbIX
¢dopmM npennpuaTHil B Hay4HO-TexHIUeCcKoi cdepe (Poux comericTBusa munoBauusam). [Iporpamma CTAPT-1,N23614I'C1/60501
ot 20.07.2020.
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Introduction

The electric pulse disintegration (EPD) of mineral raw mate-
rials is based on the creation of an electrical breakdown chan-
nel in the material being destroyed by applying a high voltage
to the sample and the subsequent rapid expansion of the break-
down channel inside the sample [1; 2]. In this case, unlike tra-
ditional mechanical crushing methods that use compression
and shear deformations, the sample experiences tensile defor-
mations in the directions of channel expansion. The electrical
breakdown of minerals is carried out in dielectric liquids, of
which process water is the most commonly used. The intro-
duction of the discharge into the sample occurs only when the
volt-second characteristic (dependence of the breakdown volt-
age on the duration of the applied pulse, VSC) of the breakdown
of the mineral placed in the liquid is lower than the VSC of the
breakdown of the liquid surrounding the sample. The electrical
breakdown channel mainly develops along phase boundaries
in inhomogeneous materials, along gas cavities and conduc-
tive inclusions in homogeneous solid materials, along lattice
defects and boundaries of crystallographic planes in materials
with a crystalline structure [3-5]. The conditions for the effec-
tive introduction of the discharge into the rock and its destruc-
tion can be formulated as follows:

— for the electrical breakdown of minerals, a sufficient am-
plitude of the pulse voltage is required, which exceeds the elec-
trical strength of the minerals;

— in order to exceed the VSC of the breakdown of the die-
lectric liquid of the level of the VSC of minerals, a sufficiently
steep front of the voltage pulse must be formed to ensure the
introduction of a spark discharge into the rock;

— for the post-breakdown destruction of the rock, it is neces-
sary to provide a sufficient amount of energy in the discharge.

The study of rocks of mining and processing plants on
a laboratory sample of an electric pulse disintegration
The process of electric pulse fragmentation, destruction,
disintegration, pre-weakening of rocks, ores and other mate-
rials, mainly occurs using Arkadiev-Marx generation schemes
[6-8]. To conduct experiments on the impact on rock samples,
a generator of pulsed voltages of positive polarity we also was
used, assembled according to the Arkadiev-Marx scheme. The
crushing and grinding chamber acted as a working container
for crushing. The schematic diagram of the model installation
is shown in Figure 1.
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MpuHUMNUanbHasa cxema
na6opaTopHOI YCTaHOBKMU:
SVR - ogHodpasHbI
perynsarop HanpsiXxeHus,
RC — pe30oHaHCHbI

Schematic diagram of the
laboratory installation:

SVR - single-phase voltage
regulator,

RC - resonant converter,

VT - voltage transformer, npeo6pasoBaTesnb,
DR - diode rectifier, VT —-TtpaHccopmaTop
VPG - voltage pulse generator, HanpsXeHus,

CGC - crushing and grinding
chamber

DR - gMogHbIN BbINpSAMUTENDb,
VPG - reHepaTop MMnNy/bCcOB
HanpsXeHus,

CGC - kamepa gpo6neHuns u
U3Menb4yeHusa
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In experiments on grinding rocks, sieves with cells of 15 and
5 mm were used as a grounded electrode. When exposed to
pulp of rock, instead of sieves, a metal bowl with a hemispher-
ical shape of the inner side was used. After several initial puls-
es, the pulp shrunk, so the length of the working gap changed
once, but most of the pulses were applied at a constant set
length of the gap.

Electric pulse impact on rock samples was carried out at the
maximum energy parameters of VPG. This approach was due
to the fact that the electrical properties of some rock samples
were not known. The operating design and energy parameters
of the installation are shown in Table 1.

Table 1
Operating parameters
of the lab EPD installation

Ta6bnuua 1
Pa6ouune napameTpbl
na6opaTopHoOIi YCTaHOBKMU ANns

3N1eKTPOUMNY/IbCHOW
Ae3unHTerpauum
Charging cap:cFi’tGamce Pulse Pulse Working
voltage, P voltage, energy, gap,
kV n Impact, kV J mm
45 30 315 1415 30-60

When conducting experiments with pulp of rock, the voltage
at the load and the current through the load were measured
using a resistive voltage divider and a current shunt.

The crushing experiments were carried out in several stages.
A fraction less than 2 mm was taken as the minimum fraction in
the classification of crushing output products. The experiments
were completed when fractions less than 0.25 mm and less than
0.5 mm were separated from the total amount of fractions less
than 2 mm from all stages for comparison with control samples.
Control samples: 1. Iron quartzites of medium crushing; 2. Fine-
ly crushed ferruginous quartzites; 3. Pulp after fine crushing;
4. Apatite-nepheline ore of medium crushing; 5. Apatite-nephe-
line ore of fine crushing; 6. Apatite-nepheline ore pulp

Figure 2 shows typical oscillograms of the processes of elec-
tric pulse action on pulps of ferruginous quartzites and apa-
tite-nepheline ore. The difference in the shape and magnitude
of the voltage indicates the high conductivity of the pulp, while
the pulp at the initial moments of time exhibits dielectric prop-
erties, which explains the delay in the breakdown of the gap
by 0.6 us.
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Fig. 2

Oscillogram of voltage and
current during breakdown
of gaps with pulp



The masses of rock samples for electric pulse action were
selected based on the amount of available large-sized material.
The specific energy costs for electric pulse disintegration were
calculated in relation to the mass of the useful fraction without
taking into account the non-crushed material. Experiments on
electric pulse disintegration were divided into 3 stages: 1. Elec-
tric pulse disintegration of rocks on a sieve +15 mm (Table 2);
2. Electric pulse disintegration of rocks on a +5 mm sieve with
a decrease in the working gap in the crushing and grinding
chamber to a critical length of 30 mm, after which the electric
pulse action turned into electrohydraulic (Table 3); 3. Electric
pulse disintegration of rocks was carried out on a 2 mm sieve,
fractions -5 + 2 mm on a 5 mm sieve. Crushing was carried out
until the critical length of the working gap in the chamber was
reached (Table 4).

Table 2 Ta6nuua 2

Sample weights Macca o6pasLoB u 3aTpaTbl
and energy costs for EPD SHepruu Ha

on 15 mm sieve 3/1eKTPOUMMY/IbCHYIO

Ae3uHTerpaumio Ha cute 15 Mm

Specific
Mass of Total energy energy
Material the initial | consumption, | consumption
sample, g kWh for grinding,
kWh/t
Iron quartzites of
large crushing 4870 0,044 16.6
Iron quartzites of
medium crushing 2460 0,022 129
Table 3 Ta6bnuua 3

Sample weights

and energy costs for EPD

on 5 mm sieve

Macca o6pasLoB 1 3aTpaThbl

3Hepruu Ha

3NEKTPOUMMYNbCHYIO
Ae3uHTerpauuio Ha cute 5 Mm

Specific
Mass of Total energy energy
Material the initial | consumption, | consumption
sample, g kWh for grinding,
kWh/t
Iron quartzites of
large crushing 2188 0.055 36.8
Iron .quartzites' of 1662 0103 84.2
medium crushing
Apatite-nepheline
of medium crushing 1305 0.020 21
Apatite-nepheline
of fine crushing 1542 0.037 287
Table 4 Tabnuua 4
Sample weights Macca o6pasLoB 1 3aTpaThbl
and energy costs for EPD SHepruu Ha
on 2 mm sieve 3M1eKTPOUMNY/ILCHYO

AEe3UHTerpauuio Ha cute 2 MM

Specific
Mass of | Total energy energy
Material the initial | consumption, | consumption
sample, g kWh for grinding,
kWh/t
Iron .quartzites' of 796 0.043 711
medium crushing
Apatite-nepheline
of medium crushing 680 0.028 443
Apatite-nepheline
of fine crushing 77 0.033 721
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Results of chemical analysis before and after EPD

Below in Table 5 are the results of chemical analysis of sam-
ples of rocks, ores and pulps of mining and processing plants
before and after electric pulse disintegration. Additional output
of useful components from rock samples after electric pulse
disintegration are indicated as a percentage of mass.

Table 5

Chemical analysis of rock
samples of mining and
processing plants before
and after EPD

Ta6bnuua 5

XumMunyeckuin aHanus o6pasLos
rOpPHbIX NOPOA FOPHO-
ob6oratutenbHbIX KOMGUHATOB
A0 U noc/ie 3N1eKTPOMMMNY/IbCHOM
Ae3uHTerpaumm

Content, mass fraction, %

rock samples Al20; | Fe | Fe,O; | FeO | P,Og
Iron quartzites of large 143 | 456 195 | 412 | 039
crushing ’ ’ ’ ’ ’
Iron quartzites of large

crushing (EPD) 131 | 417 | 1,70 | 3,84 | 0,060
Iron quartzites pulp 2,29 | 28,45| 24,89 (14,22 0,070
Iron quartzites pulp (EPD) | 2,33 | 27,28 | 23,56 | 13,91| 0,100
Apatite-nepheline of

medium crushing 8,51 | 2,44 | 1,78 | 1,54 | 22,93
Apatite-nepheline of

medium crushing (EPD) 12,87 | 561 | 469 | 3,00| 8,44
Iron quartzites of medium

crushing 4,44 | 2793 | 24,18 | 14,19 | 0,080
Iron quartzites of medium 071 | 3021! 26.04 15.45| 013
crushing (EPD) ’ ’ ’ ’ ’
Apatite-nepheline of fine 978 | 287 | 224 | 168 | 2064
crushing ’ ’ ’ ’ ’
Apatite-nepheline of fine

crushing (EPD) 12,75 | 518 | 3,77 | 3,28 | 12,39
Apatite-nepheline pulp 14,63 | 415 | 3,38 | 2,30 | 12,22
Apatite-nepheline pulp

(EPD) 14,82 | 414 | 3,21 | 2,44 12,30
Conclusion

The obtained results of the conducted research and develop-
ment made it possible to confirm the possibility of obtaining
an additional yield of a useful component from rocks, ores and
pulp of mining and processing plants after their electric pulse
processing in comparison with control samples that were not
subjected to electric pulse effects.

The results of the chemical analysis presented in Table 5
showed that after the electric pulse disintegration of the rock
samples of mining and processing plants, the percentage of re-
lease of useful component such as Al,O;, Fe, Fe,0;, FeO, P,0s,
depending on the fraction and the stages of rock crushing
(large, medium, fine, pulp) can be increased by 7.59% and up to
113.79% respectively.

Mineralogical analysis of samples showed an additional
yield of chemical elements such as SiO,, TiO,, MnO, CaO, MgO,
K,0, Na,0, SrO, F, SOs. After electric pulse processing of rock
samples, the yield of useful components can be increased by
9.07% and t0118.3%.
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