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Abstract

The paper proposes a new electropulse apparatus for processing ‘natural raw materials. The temperature of the crushing-and-reducing
assembly of an electropulse plant is found. The results of ore crushing are presented and optimal engineering factors are offered. The
elemental analysis of the test material is obtained. It is geported that the electropulse processing at the reduction stage made for significant
increase in the content of non-ferrous and rare metals¢
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. In connection with the above, at the laboratory of
L. Introduction electrodynamics in E.A. Buketov Karaganda State University, an
electropulse plant with an operational assembly designed for
crushing mineral ore materials and rocks was developed in order
to upgrade the efficiency of valuable metals extraction [6].

Currently, in the Republic of Kazakhstan ferrous and non-
ferrous metals industry is, well-developed; and the subsector of
non-ferrous metals Mas “Significant reserve deposits. It is
commonly known“(that teehnological advancements and
improvement of pelymetallic ores enrichment technology expands . . .
the raw mateffal base of’the industry taking stocks of new 2. Experimental part and discussion of
depogitsiof precious, rare and non-ferrous metals into processing the results
pretedure.| HoweveigWith increasing use of mineral resources the
quality offextracted ores deteriorates as the industry changes over
fromligh-grade ores deposits mining to cut-off grade ores
mining:Jn this case, changes in the composition of the raw
materials “negatively affect the efficiency of the enrichment
process technology, in particular during reduction process of the
parent stock. This fact points to the need for the development of
scientific bases of creation and familiarization of power-
engineering equipment and plants, providing optimal progress of
production processes of high performance reliability [1-5,11].

For laboratory testing the authors assembled a test bench
(Fig. 1). It consisted of the electropulse plant and the crushing-
and-reducing assembly (hereinafter referred to as an operational
assembly). The middle part of the operational assembly is made
of low-alloy structural steel of 10HSND brand. The guide
crushing chamber and the insulator are made of fluorine plastic of
4T brand, which increases the reliability and durability of the
mechanisms, making for their reliable operation in aggressive
environments. Heat resistance and dielectric characteristics of the
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fluorine plastic provide its radiation hardness and mechanical
strength. The bar of the positive electrode is made of austenitic
nickel-chromium-based super alloy for use at high temperatures.
The positive electrode is made of heat-resistant high-alloy steel of
20H25N20S2 brand. In order to eliminate heat, the transfer
channel is filled with transformer oil. The general view of the
operational assembly is shown in Figure 1.

Fig. 1. The general view of the operational assembly: 1 — the
operational assembly, 2 — a positive electrode input,

3 — a crushing chamber, 4 — a non-contact heat flow
meter, 5 — an electronic temperature recording unit

used, since it was the most available,
ecologically friendly. The operation pr1n01ple
assembly was as follows. First, a pulse caj
generator. When the desired volta;
breakdown, and all the energy
transmitted through the electrode to

, there is
capacitor is
g clearance. When
dium, which is wet
curs, accompanied by a
ower [7-9]. The resulting
draulic impact facilitates self-
in the process each discharge is

Ty and the electrode material.

this regard, to regulate thermal operational conditions the
authors defined temperature regimes of the crushing assembly by
a contactless heat flow meter (hereinafter referred to as the
meter). The meter consists of a receiver plate 1, a thermoelectric
battery heat flow converter 2, a thermoelectric cooler 3, a radiator
4, a temperature registering electronic unit 5 (Fig. 2). The meter is
made in the shape of a limited cylinder, one base of which is a
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working surface, and the other one is in thermal contact with the
body which is as warm as an ambient temperature. Built-in
heaters make it possible to initiate a heat flow through the
thermoelectric sensor in the directions perpendicular to its base.
The operation of the sensor does not depend on changes in the
environmental conditions [10].

iver plate; 2 — the thermoelectric battery heat
3 — the thermoelectric cooler; 4 — the radiator; 5 —

meter is arranged in the bottom of the operational
embly (as shown in Fig. 2) and it is set in an elastic rubber pad
eliminates contact thermal resistances. Non-contact

tronic-measuring unit of the device. This fact makes it
possible to record quickly the temperature of the operating
crushing-and-reducing assembly.

As is well known, the electropulse method shows significant
common regulations in the change of energy indicators when
varying the parameters of the pulse source, the characteristics of
the working chambers, physico-mechanical and electrical
properties of the crushed material. In this case the following
parameters of the pulse source sufficiently critical to the main
energy indicators of the destruction can be distinguished: a pulse
energy which can be varied by the value of capacitor capacitance
or the value of the discharge voltage; an interelectrode distance,
which determines the rate of voltage rise at the object and the
duration of energy release in the discharge channel.

Thus, the authors obtained the experimental results at the
following geometric and energy operational parameters of the
electropulse plant: the interelectrode distance in the forming
converter was 12 mm, the capacitance of the capacitor bank was ~
0.65 pF, and the discharge energy was ~ 292 J.

After actuation of the electropulse plant the energy-efficient
parameters of the crushing-and-reducing assembly were defined
at different amounts of pulsed discharges (N=500; 750; 1000;
1250; 1500). The temperature of the operational assembly was
monitored by the meter. At that, the results were obtained for the
clean industrial water (without ore processing) and for slurry
(with ore processing). As seen in Fig. 3, when the number of
pulsed discharges increases from 1000 to 1500 pulses the
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temperature of the operational assembly sharply rises from 45°C
to 87°C for clean industrial water; and for slurry the temperature
rises from 35°C to 74°C. At that, it is noticeable that in the
industrial water heating of the operational assembly is more
intense, as the water heat transfer is higher than that of the slurry.
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Fig. 3. The dependence of temperature on the number of electrical
discharges in different media: 1 — industrial water;
2 —slurry

In subsequent experiments, the authors used the ore from the
Akbastau mine in the Republic of Kazakhstan; and the initial
diameters of the ore were in the range of 1 to 15 mm (Fig. 4). The
used ore of a preset diameter (1, 5, 10 and 15 mm) was subjected
to the electric pulse processing, and it was reduced to 0.2 mm at
varying amounts of pulsed discharges (from 500 to 1500 pulses).
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Fig. 4. The dependence of the ore size r
fraction (0.2 mm) on the numbe

duction of the ore solid
rges of 1000 pulses.

Fig. 4 shows that the optimum size

with original diameter of 1 mm
the number of pulse discharges
(up to 1500 p ield of the final product stabilizes,
however, as en” in Fig. 3, the temperature of the
y rises sharply. In connection with the above,

ork was carried out at preset data of

it is 46%. With furth

mechanical and electric pulse methods an initial ore fraction had
been previously processed by the gyratory mill VCMD-6. The
results of microstructural and elemental analyses, energy-
dispersive spectra (Fig. 5) were obtained using a raster electron
microscope Philips SEM 515.
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Fig. 5. Microstructures and energy-dispersive spectra of the
Akbastau ore: a, ¢ - after mechanical crushing; b, d - after electric
pulse reduction

The Fig. 5 (b, d) shows that at the electric pulse reduction, a
high selectivity of the destruction of the material takes place,
which is manifested in better disclosure of grains of minerals from
accompanying rocks. The electropulse reduction and processing
of materials due to the softening of particles significantly
increases their reactivity and thus the effectiveness of the
subsequent hydrometallurgical processing of the material.

The comparative elemental analysis of Akbastau ore also
shows (Table 1), that as a result of electropulse reduction in the
composition of the ore there was a noticeable by times increase in
the metal content: aluminum by 1.9 times, silicon by 2.6 times,
vanadium by 3.5 times, copper by 3.8 times, rhenium by 2.9
times, gallium by 1.95 times, gold by 2.7 times. Moreover,

ARCHIVES of FOUNDRY ENGINEERING Volume 18, Issue 1/2018, 61-64 63



www.czasopisma.pan.pl P N www.journals.pan.pl

POLSKA AKADEMIA NAUK

tungsten had not been detected before processing, and after
processing by the electrpulse method its content was up to 1.73%.

Table 1.
Comparative elemental analysis of the Akbastau ore after
mechanical and electropulse reduction

After the mechanical grinding After the electric pulse

processing
Element At% Element At%

Al 00.88 Al 01.57
Si 00.56 Si 01.45
S 32.46 S 31.63

vV 00.08 14 00.29
Fe 56.61 Fe 42.92
Cu 00.76 Cu 02.89
w 00.00 w 1.73
Re 00.57 Re 01.68
Ga 00.33 Ga 00.64
Au 00.46 Au 01.24

Thus, we assume that when materials are reduced in a liquid
medium by the electro-pulse plant a fast destruction of mineral
grains and accompanying rocks takes place along the boundaries.
It results in a high degree of release and provides a high
percentage of grains ultimately released from accompanying
minerals. The electropulse crushing causes incipient cracks,
which reduce the strength of the rock. That makes for i
enrichment and accelerates the dissolution of grains of meta
minerals in the reagents in the hydrometallurgical technolo,
their extraction.

3. Conclusions

1.  The application of crushing-and-r i
processing polymetallic ore m
slurry of the desired dispersi
extraction of metals. The degree
materials due to the
accompanying ro
enrichment of ra

2. The temperatu:
electropuls

embly for
e to obtain the
hydrometallurgical
egration of ore raw
tallic minerals from
thus facilitating the

¢ defined. As a result of tests performed

using the non-contact heat flow meter it was found that for
optimal operation of the operational assembly the
temperature must not exceed 35°C. In this case the yield of
the final product reduced up to 0.2 mm from the original ore
with fraction diameter of 1 mm was 46% and that from the
ore with initial fraction diameter of 5 mm it was~ 35%.

3. By the example of processing of ore from th
deposit in Kazakhstan the authors showed that th
technology can be used to extract valu
relatively poor polymetallic ores.
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