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Received: 03.01.2019 Abstract. The purpose of this research is the development of a technology for the
Received in revised form: 13.02.2019 enrichment of slag from metallurgical processing of copper ore concentrate based on
Accepted: 14.03.2019 the results of spectral, chemical, sieve and petrographic analysis. The results of spectral

analysis indicate the copper content in all three samples of mineral raw materials at more
than 1 %. The results of chemical analysis indicated a high copper content in the samples from 13.4 to 17.1%, as well as a high iron
content from 9 to 18%. Analysis of the results of the sieve analysis showed that the largest amount of copper is contained in the size
classes 0.063—0.05 mm at from 18.6 to 24.1 % and 0.04 mm at from 15.6 to 38 %. In accordance with the petrographic studies, the size
of copper grains varies from 0.1-0.3 to 1-5 mm. The most common sizes of copper grains in the studied samples are 0.2-0.3 and 1-2
mm. Based on the results of spectral, chemical, sieve and petrographic analysis, a technology for the enrichment of copper-containing
slags has been developed. Gravity wet enrichment technology with a capacity of 5 t/h with Cu recovery in the range of 80-95 %
suggests the grinding of raw materials with a constant water supply up to 40 m%h from the sludge collector. The heavy fractions are
fed to a magnetic separator and then to a classifier for the extraction of magnetic concentrate and slag, which after the separation of the
fraction of 0.08-0.4 mm with the MVG screen can later be used as a raw material for the building industry. The light fractions after the
concentration tables are fed to the classifier, on which the copper concentrate is released. The average density fractions are returned
to the closed cycle for further grinding in a ball mill. However, such a wet enrichment scheme requires a continuous water supply and
the sludge collector’s presence, which cannot always be ensured. Therefore, the technology of slag dry enrichment with a particle size
of 0—100 mm has also been developed. The central apparatus in the proposed enrichment technologies is the MVG vibrating screen,
which is designed to separate bulk materials by particle size from 20 microns to several millimeters. Polyfrequency oscillations in the
frequency range from several Hz to kHz are implemented on the screen, eliminating blockage of the sieve cells, destruction of the
formed aggregates of stuck particles, ensuring their intensive movement in the layer and efficient passage of particles reaching the sieve
surface through the cells. This type of vibration makes it possible to achieve much greater efficiency of separation and dehydration of
materials than in traditional screens and to ensure continuous self-cleaning of the mesh, which contributes to the process of separation
and dehydration. Due to the lack of tension, high durability of the working surface is ensured. Due to the transfer of minimum loads on
the base, the screen is installed without arranging special foundations, including on the floors of buildings and structures. A standard-
sized row of screens was developed with a screening surface area from 1 to 4 m? and a different number of tiers.

Key words: spectral, chemical, screening, petrographic analysis, enrichment technology, slag metallurgical redistribution of copper
ore concentrate.
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AHoTanisi. MeTa IOCTiKeHb - PO3pOOKa TEXHOJIOTIT 30ara4eHHs UIAKy METalypriifHOTO Mepenily KOHIEHTpaTy MigHOI pyau Ha
OCHOBI pe3yJIbTaTIB CIIEKTPAIILHOTO, XIMIYHOTO, CHTOBOTO 1 eTporpadivyHoro aHamizy. [IpoBeaeHo ciekTpaibHUMN, XIMIYHHN, CHTOBOT
i merporpadivuHuii aHai3 MiHepaIbHOT CHPOBHHH. Pe3yibTaTu CrieKTpaabHOIrO aHali3y BKa3yloTh Ha BMICT MiJli y BCIX TPHOX 3pa3Kax
Ha piBHi Oinbiie 1%. Pe3ynpraTi XiMiYHOTO aHai3y BKa3ajiu Ha BHCOKHI BMICT Miji B 3pa3kax Bix 13,4 1o 17,1%, a Takox Ha BHCO-
KHH BMICT 3aii3a Bix 9 1o 18%. AHaii3 pe3ynbraTiB CHTOBOTO aHAI3y [0Ka3aB, [0 HAWOLIBIIA KiTBKICTh Miji MICTUTBCS B Kiacax
kpymHOcTi 0,063-0,05 mm Bixg 18,6 no 24,1% 10,04 Bix 15,6 no 38%. BiamoBigHo 1o merporpadivHAX JOCIIIKEHB, PO3MIp 3epeH Miji
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konmBaeThsest Big 0,1-0,3 MM o 1-5 M. Haii6imbin po3noBcIomkeHi po3Mipu 3epeH Mifi 3a gociipkeHuMu npodam - 0,2-0,3 mm i 1-2
MM. Ha mifcraBi pe3ynbsrariB CrieKTpaibHOTO, XIMIYHOTO, CHTOBOTO 1 TMEeTporpadiqHOro aHalizy po3poOieHa TeXHOIOTis 30arayeHHs
MIZBMICTKHX IILTaKiB. TeXHOIOTis IpaBiTaliifHOr0 MOKpOro 30araueHHs MPOAYKTUBHICTIO 5 T/ToanHy 3 BrwiydeHHIM Cu B Mexax 80-
95%. nmepenbayae moApiOHEHHsT BUXiAHOI CHPOBMHH MPH MOCTiiHIM mogadi Boau a0 40 M%/roquHy 3 HUlaMOHaKOMU4yBadya. Baxki
(dpakuii HaIXOAATH HA MAarHITHUI cenapaTop i Jajii Ha KiacuikaTtop Ui BUIUICHHS MarHITHOTO KOHIIGHTPATY i LIIAKy, SIKUH MicIs
Buaitenss ¢ppaxuii 0,08-0,4 MM rpoxorom MBI B mopanbiromy Moxxe OyTH BUKOPHCTaHUH B SIKOCTI CHPOBHHH JUTsl Oy/iBEIIBHOT raiys3i.
Jlerxi pakiii miciist KOHIEHTPaNifHUX CTOMIB HAJXOMATh Ha KiIacHpikaTtop, Ha SIKOMY BUALIAETHCS MiTHUN KoHIeHTpaT. CepenHi mo
LITBHOCTI (pakii HOBEPTAOTHCS B 3aMKHYTHI IIUKJT IS TIOJAJIBIIOTO MOAPIOHEHHS B KyIbOBOMY MiIHHI. OTHAaK, Taka cXeMa MOKPOTO
30arayeHHs BUMarae Oe3nepepBHOi moadi BOAM 1 HAsIBHOCTI IIUIAMOHAKOIIMYYBaviB, 110 HE 3aBXKIU Moxe OyTH 3abe3neueno. Tomy, Ta-
KOXK PO3pOo0JIeHa TEXHOJIOTIS CyX0Oro 30aradyeHHs utaky 3 po3mipom dactuaok 0-100 mm. [{eHTpanbHUM anapaToM B 3alpOIIOHOBAHHX
TEXHOJIOTisIX 30aradeHHs € BiOpauiiinuii rpoxor MBI, sikuii npu3HaueHUH JUIsl MOALTY CHIyYUX MarepiajiB 110 KPYIMHOCTI YaCTHHOK
Bix 20 MIKpOH /10 JeKiIbKoX MimiMeTpiB. Ha cuTi rpoxoTy peari3yroThcs MONIYACTOTHI KOJIMBAHHS B Jialla30Hi 4acTOT BiJ AEKUIBKOX
'y mo kI, IpH IBOMY BHKITFOYAEThCS 3a0MBaHHS OCEPEJIKIB CHTA, 3a0e3Me4y€eThCs pyHHYBaHHS arperaris, M0 YTBOPHIHCS 3 3TUILIHX
YaCTHHOK, Peai3yeThCs iX IHTeHCHBHE MEPEMIIICHHS B IIapi i e(peKTUBHE MPOXOKEHHS YaCTUHOK, SKi JOCSTIIN MOBEPXHI pelIeTa ye-
pe3 ocepenku. Takuii xapakrep BiOpallii J03BOJIs€ JoMaraTucst 3Ha4HO O1Tb1101 €(heKTUBHOCTI MOALTY 1 3HEBOJHEHHS MaTepialliB, HIK B
TPAAMLIMHUX TPOXOTAX i 3a0€3MEeYNTH MMOCTIifHE CAMOOYHMIIIEHHS CITKH, 1110 CHPHSIE IPOLECY MOy i 3HeBOHEeHHsI. Uepes BiICYTHICTh
HaTATY, 320€3MeUy€eThCsl BUCOKA JIOBIOBIUHICTE poOodoi moBepxHi. Uepes nmepenadi MiHIMAIPHUX HaBaHTa)KCHb HA IIJICTaBY TPOXOT
BCTAHOBIIIOEThCSL O3 OONamITyBaHHS CIIEIiadbHUX (YHIAMEHTIB, B TOMY YHCII Ha MEpeKpHUTTsAX OyaiBens i criopyx. Pospobieno
THIOPO3MIPHH PSAII TPOXOTIB 3 IUIOMIEIO TIOBEPXHi, 10 MPOCitoe Bix 1 10 4 M? i pi3HUM YHCIIOM SPYCiB.

Kniouosi cnosa: cnekmpanvuil, XiMiyHuil, cumoeoi, nempoepaiynuii anHaniz, mexHonNo2is 30a2ayents, wiaK Memanypitnoi nepe-

nepepooKu KonyeHmpamy MioHoi pyou.

Introduction. Currently, the issues of improving the
enrichment technologies of metallurgical wastes to
increase the productivity and efficiency of extraction
of useful components for their subsequent use are
highly relevant (Cao, H. et al 2012, Chaabia, R. et al
2015, Lei, L. et al 2009, Mahmoudi, E. et al. 2018,
Malanchuk, ZR, Malanchuk, E.Z. 2014, Rozendaal, A.,
Horn, R. 2013). When developing such technologies,
it is important to take into account both the material
composition of the raw materials (the content of an
element and its compounds) and the features of the
inclusions of useful components: their grain, shape,
etc. For this, spectral, chemical, sieve and petrographic
analysis of mineral raw materials are necessary.

The purpose of the research is the development
of a technology for the enrichment of slag from
metallurgical processing of copper ore concentrate
based on the results of spectral, chemical, sieve and
petrographic analysis.

Materials and research methods. The feedstock
was slag from metallurgical processing of copper
ore concentrate. For the analysis, several samples
of slag from metallurgical processing of copper ore
concentrate were taken (samples 567, 568, 569, 570).

The results of the spectral analysis are given in

Table 1.

Table 1. Spectral analysis results

The analysis was performed using the “sprinkle
method” on a STE-1 device with the ASI-10 annex.
The results of the spectral analysis indicate the
copper content in all three samples at more than 1 %.
Among other elements with a relatively high content
percentage, Ni, Zn, Co, Pb and Cd should be allocated.
Os, Sb, Cd, U, Hf, Hg, Th, Ta, Au were not detected.

For a more accurate determination of the copper
content, chemical analysis of samples was performed.
The results of chemical analysis are given in Table2.
The results of chemical analysis indicated a high
copper content in the samples from 13.4 to 17.1 %, as
well as a high iron content from 9 to 18 %.

To determine the specific copper content by size
class, a sieve analysis of the samples was carried out.
The results of grain-size researches of samples of
materials containing Cu are given in Table 3.

Analysis of the results showed that the greatest
amount of copper is contained in the size classes of
0.063-0.05 mm from 18.6 to 24.1 % and of 0.04 mm
from 15.6 to 38 %. The results of sieve analysis must
be considered when drawing up the technological
scheme of enrichment and the choice of the classifying
means by size of copper-containing raw materials.

To determine the grain size, the shape of grains
and their distribution over the samples, a petrographic

The content of elements in % 107

Sample

Neo Ba|Be | P |Cr| Pb [Sn|Ga|Ni|Y|Yb[ Zn | Zr [Co| Ti | Cu |V | Ge [Mo]| Li|La|Sr|Mn| Ti|W |Bi|Nb|Sc|Ce|Ag-6|As
567 <50(<0.1| 70 [200) 500 {150 0.2 |200] - 700 ( 5 [ 5130 |»1%]| 3 |<0.1] 3 |<1|2|<7]70 15 (un.{0.1 150
568 <50|<0.1| 70 [150) 700 [100] 0.3 |150] - ~1%| 5 |5]20|»1%]| 2 |015) 5 | <1 |2 |<7|[70] - |15 |un.|0.1 150
569 <50]<0.1]50 [200|~1%| 70 | 03 | 100 - 700 5 3130 |»1%|7]01]05]|<1|2|<7|50] -] 3 |un]0.1 150
Method

Sensi- 50(01|50({01]01(01)01)01)1(01] 15| 5 (05| 1]01]03]|0.05(005 1 (2|7 |1 ]01]05]|un|0.1]{0.7] 3 2 3
tivity

538



G.A.Shevchenko, V.G. Shevchenko, V.A.Baranov, V.N. Spassky

Journ. Geol.Geograph. Geoecology, 28(3),537-545.

Table 2. Chemical analysis results

Item Results are given in % for the dried substance at 105 °C
Ne Sample Ne ]
Cu Ni Zn Co Pb Cd Fe
1 567 13.4 0.17 0.67 00043 0.40 0.0002 18
2 568 18.5 0.12 1.37 0.0049 0.67 0.0001 15
3 569 17.1 0.09 0.63 0.0032 0.89 0.0005 9
Table 3. Sieve analysis results
Ttem Ne | Size class, mm | Mass, g | Content, %
Material No 1
1 +0.2 39.2 8.5
2 0.2-0.16 21.3 4.6
3 0.16-0.1 40.3 8.7
4 0.1-0.09 10.5 2.3
5 0.09 - 0.071 39.7 8.6
6 0.071-0.063 17.3 3.7
7 0.063 — 0.05 111.6 24.1
8 0.05-0.04 7.0 15
9 -0.04 175.5 38.0
Total: 462.4 100
Material Ne 2
1 +0.2 109.6 22.4
2 0.2-0.16 48.2 9.8
3 0.16 - 0.1 80.6 16.4
4 0.1-0.09 14.9 3.0
5 0.09-0.071 50.3 10.3
6 0.071 - 0.063 15.1 3.1
7 0.063 - 0.05 91.1 18.6
8 0.05-0.04 3.9 0.8
9 -0.04 76.4 15.6
Total: 490.1 100
Material Ne 3
1 +0.2 101.1 20.7
2 0.2-0.16 39.9 8.2
3 0.16-0.1 65.1 133
4 0.1-0.09 11.6 2.4
5 0.09-0.071 46.6 9.6
6 0.071 -0.063 14.2 29
7 0.063 - 0.05 106.7 21.9
8 0.05-0.04 6.9 14
9 -0.04 95.9 19.6
Total: 488.0 100

analysis was performed. The analysis was performed
using a POLAM R-111 microscope. The results show
the following.

Sample Ne 567 (Fig. 1) - the bottom layer of
melting. Dense, chipped dark grey, chipped shell, a
massive texture, surface with greenish and brownish
scurfs of copper and iron oxides, the content of which
in this sample: Cu - 13.4 %; Fe - 18 %.

The sample consists of colourless long prismatic
narrow (0.05 mm) grains from 0.3 mm to 1.5-1.8
mm long and more, which are randomly intertwined,
and in some areas are parallel or cross. They have a
cleavage, low birefringence, direct extinction , some
up to 3° In the composition of the sample, these
grains prevail - 65-70 %. Between them there is a
dark opaque (isotropic) substance - 20-25 % and
single short column-like grains with cleavage and
direct extinction 0.09 mm long (pyroxene?). In this
mass, there are voids of an isometric form ranging in

size from 0.05-0.1 mm, some up to 0.2 mm, and also
xenomorphic, isotropic grains with “needles” similar
to goethite of dark brown (reddish) colour — 5 %. In
addition, there are peculiar inclusions of red colour
with a brownish tint of irregular square, trapezoidal
shape with a size of 0.25-0.3 mm, similar to native
copper. Some of them have jagged contours. Most of
the copper formations are surrounded by an opaque
dark earthy mass. The number of these inclusions is
~ 5-7% (in the polish field). Chemical analysis shows
the weight percentage of native copper in this sample
to be 13.4 %. Copper grains are distributed relatively
evenly throughout the sample volume, which can be
clearly seen on the sample Ne 567 cut.

An exemplar of this sample has distinctly
manifested magnetic properties that indicate the
possible presence of pyrrhotite, magnetite, cubanite
or other magnetic minerals.

Sample Ne 568 (Fig. 2) is relatively dense and
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heavy (up to 3-3.5 g/cm?) slag of the third layer, in the
upper right corner there are cuts of copper, ranging
in size from 0.2 to 1.0 mm. The slag surface has a
greenish scurf of copper oxides and a reddish scurf of
Fe oxides, which suggests that the slag had remained

(sheaves) of a dark colour (0.01-0.03 mm) appear. In
the upper right part of the sample cut, oval grains of
copper are visible, ranging in size from 0.2 to 1.0 mm.
The rest of the cut in reflected light shows smaller
grains of native copper (0.2-0.3 mm), distributed

Fig. 1. Sample 567

in the dumps for a long period (for decades?). In
general, the sample is of the same composition (with
sample Ne 567), but the processes of replacement by
an opaque dark mass of precisely colourless long
prismatic grains are more intense. Relics of the latter
are ~ 15-20 %. In transmitted light, dark matter has
a lumpy shape, close to the isometric one. The size

relatively evenly in the sample mass. Probably, large-
scale copper smelting is confined to the lower part of
the melting layers.

This sample also has magnetic properties, and the
surface is covered with greenish and brownish scurf
of copper and iron oxides. In this sample, according
to the chemical analysis, copper is 18.5 % (the

Fig. 2. Sample 568

of the “lumps-balls” is 0.05 mm on average. On the
periphery of these balls are scattered powder-like, dark
gray fine particles with a metallic lustre, visible only
in reflected light (chalcocite?, cuprite?). Optically
their sizes cannot be determined. Opaque earthy
substance is ~ 80-75 %. Single hair-like aggregates
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largest amount). Iron is 15 %, but its mineralogical
composition cannot be determined after melting.
Sample Ne 569 (Fig. 3) consists of a granular
mass uneven in size, dark, brownish-black colour of
cemented lumps with a diameter from 0.1 to 1.2 mm,
in which there are: voids (from 0.1 to 0.55 mm), red
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Fig. 3. Sample 569

isotropic inclusions (from 0.07 to 0.5 mm) of native
copper, hair-like clusters and colourless clear grains
(carbonates?) that surround the copper formations.

A dark shell is visible around individual copper
formations, just as in a lumpy mass. Shell thickness

On the basis of the conducted petrographic
analysis, it can be concluded that the parent rocks
with a certain content of ore minerals may have been
ultrabasites and basic rocks. In the sample of slag Ne
567, areas of the primary structure are observed —

Fig. 4. Sample 570

is 0.02 mm. The copper content of ~ 15-17 % does
not exclude the presence of copper formations in the
dispersed state in a dark lumpy mass. In accordance
with chemical analysis, in this sample native copper is
17.1 %, represented by relatively large grains. Grains
ranging in size from 0.1 to 3-5 mm are visible on the cut
of the sample. Large grains are more often represented
by filamentous, dendritic forms, curved petals, less
commonly isometric, spheroidal formations (probably
this is copper that has fallen into cavities). Copper
grains are evenly distributed in the sample mass.

There is no noticeable magnetism in this sample;
probably there are few magnetic minerals. Iron in the
sample is about 9 %.

Sample Ne 570 (Fig.4) is a spongy, porous,
relatively light (1.2-1.4 g/cm?®) slag of the upper (first)
melting layer. This layer is characterized by a very
weak magnetism, relatively low contents of Fe and Cu.

non-metallic minerals fragmentarily create a structure
similar to the “diabase” one. The second (Ne 568) and
the third (Ne 569) samples demonstrate an increase in
the intensity of secondary transformations in the slag
composition.

The content of native copper in the slag according
to chemical analysis ranges from 13.4 to 18.5 %. Iron
content ranges from 9 to 18%. In accordance with
petrographic studies, the size of copper grains ranges
from 0.1-0.3 to 1-5 mm. Drip melts of copper up to
1-2 c¢cm are identified on particular samples, but their
number is insignificant. The most common sizes of
copper grains for the studied samples are 0.2-0.3
and 1-2 mm. Large grains of 5 mm or more in size
are relatively few and they are more likely to have
dendritic or leafy forms. Ore minerals are likely:
sulfides and oxides of copper, iron and zinc.
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Fig. 5. Gravity enrichment scheme for copper-containing slags

Results and their analysis. Based on the results of
spectral, chemical, sieve and petrographic analysis, a
copper-containing slags enrichment technology has
been developed.

The gravity enrichment scheme with a capacity
of 5 t/h with Cu recovery in the range of 80-95 % is
shown in Fig. 5. The nomenclature of the technology
equipment is given in Table 4.

To ensure the operation of the wet enrichment
technology, electrical cabinets, electrical equipment
and lighting, grounding, slurry pipeline and drain
chutes, trunk pipeline, adjustable water pipes with
stop valves, electric pipes, cable and electrical wiring,
abrasion resistant hose, metal constructions, ladders,
crossings, platforms will also be required. The total
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electrical power of the equipment chain will be
104.1kW.

The technology of wet gravity enrichment
involves the grinding of raw materials sequentially
in a jaw crusher, a cone crusher and a ball mill.
Grinding in a ball mill occurs at a constant flow of
water up to 40 m®h from the sludge collector. After
grinding, the raw material is fed into a slug catcher
and further to the concentration tables, where the
separation by density occurs. The heavy fractions are
fed to a magnetic separator and then to a classifier
for separating magnetic concentrate and slag, which,
after separating a fraction of 0.08-0.4 mm at the MVG
screen, can be used as a raw material for the building
industry. The light fractions after the concentration



G.A.Shevchenko, V.G. Shevchenko, V.A.Baranov, V.N. Spassky

Journ.Geol.Geograph. Geoecology, 28(3),537-545.

Table 4. The nomenclature of the equipment technology of wet enrichment of copper-containing slag with a capacity of 5-6 t/h

Item Type of equipment Quantity, Electric power, kW
Ne pcs
1 Feeder PK-10 1 3,0
2 Conveyor LK-12-650 6 13.2
3 Jaw crusher 1 11
4 | Cone crusher 1 1
5 Ball mill MSC-1,6 1 22
6 Slug catcher D -05 1 -
7 | Concentration table KS-4,6 2 44
8 Concentration table KS-2,8 1 15
9 Sand/submersible pump 63/23 1 11.0
10 Multi-frequency screen MVG1.0 2 24
11 | Magnetic drum separator (60 m%/h) 1 5.5
12 Spiral qualifier 1KSN-6,3 1 3.0
13 Spiral qualifier IKSN-2,6 1 1.1
14 Sump 1 -
15 Centrifugal pump 60 m*/h on a pontoon with a check valve and start system 1 15.0
Total 104.1
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' Y
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Fig. 6. Technological scheme for the enrichment of slag from metallurgical processing of copper ore concentrate

with a particle size of 0-100 mm
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tables are fed to the classifier, on which the copper
concentrate is released. The average density fractions
are returned to the closed cycle for further grinding in
a ball mill.

However, such a wet enrichment scheme requires
a continuous supply of water and the presence of
sludge tanks, which cannot always be ensured.

The technological scheme of dry enrichment of
slag with a particle size of 0-100 mm is shown in
Fig. 6. Slag metallurgical concentrate of copper ore
is fed to the magnetic separator, which provides for
the separation of pieces of metal found in the raw
material. Next, the concentrate is fed to the MVG
vibrating multi-frequency screen for classification by
size 3 mm. The —3 mm fraction is fed to grinding in a
centrifugal mill. Fraction +3 mm - enters the jigging
machine. After jigging, the light fraction (rock)
enters the rock store, the heavy fraction (copper) to
the copper concentrate store, and the intermediate
product goes to crushing, and then is fed back to
the MVG screen for classification by 3 mm. After
grinding in a centrifugal mill, screening of 0.063
mm on the MVG multi-frequency screen takes place.
The fraction +0.063 mm in a closed cycle is fed
back to grinding, and the fraction -0.063 mm enters
the magnetic separator. The magnetic product enters
the store of the magnetic fraction for the subsequent
extraction of iron, the non-magnetic product enters
the electric separator, in which copper concentrate
is released, which then enters the store, and copper
oxide, supplied to the flotation, to separate the copper
oxide itself from the rock.

The central apparatus in the proposed enrichment
technologies is the MVG vibrating screen, developed
at the Institute of Geotechnical Mechanics named after
M.S. Polyakov NAS of Ukraine, which is designed
to separate bulk materials by particle size from 20

Table 5. Technical characteristics of the MVG2.0 screen

microns to several millimeters (Shevchenko, G.A. et
al 2016). Screening or separation of solid particles
from slurries or suspensions and their dehydration at
the MVG screen is carried out on woven meshes or
rubber sieves performing polyfrequency vibrational
oscillations.

Polyfrequency oscillations are implemented on
the screen sieve in the frequency range from several Hz
to kHz, thus blockage of the sieve cells is eliminated,
destruction of the formed aggregates of stuck particles
is ensured, their intensive movement in the layer and
effective passage of the particles reaching the sieve
surface through the cells is realized. This type of
vibration makes it possible to achieve significantly
greater efficiency of separation and dehydration of
materials than in traditional screens and to ensure
continuous self-cleaning of the mesh, which promotes
to the process of separation and dehydration. Due to
the lack of tension, high durability of the working
surface is ensured. Due to the transfer of minimum
loads on the base, the screen is installed without
arranging special foundations, including on the floors
of buildings and structures.

Multi-frequency screens can operate at high
temperatures, in corrosive environments, in the water
environment, in the mining, building, chemical, food,
pharmaceutical industries, as well as in powder,
ferrous and non-ferrous metallurgy to separate and
dehydrate any bulk materials, purify polluted water,
etc. A standard-sized row of screens was developed
with an area of screening from 1 to 4 m? and a different
number of tiers. The technical characteristics of the
MVG screen with a screening area of 2 m? are given
in Table 5.

Conclusions.

1. When developing technologies for enrichment

of metallurgical production wastes, it is important to

Name of parameters, units of measurement Value
Frequency of forced oscillations of the box, Hz 25
Number of motor vibrators, type 1V-25-25 2
Motor vibrator engine power, kW 2.3
Separation size, mm 0.02-20
Conventional dimensions of the screening surface:
- width, mm 1000
- length, mm 2600
Effective separation area, m? 2.6
Angle of sieve surface, degree 0-10
Overall dimensions of the screen, mm
- length 3810
- width 1636
- height at angle of sieve surface 0° 1607
Screen weight (without frame), kg 2800
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take into account both the material composition of
the raw material (the content of elements and their
compounds) and the features of the inclusions of
useful components: their grain size, shape, etc. This
requires spectral, chemical, sieve and petrographic
analysis of mineral raw materials.

2. The results of spectral analysis indicate the
copper content in all three samples at a level of more
than 1 %. The results of chemical analysis indicated
a high copper content in the samples from 13.4 to
17.1 %, as well as a high iron content from 9 to 18 %.
Analysis of the results of the sieve analysis showed
that the largest amount of copper is contained in the
size classes 0 0.063—0.05 mm from 18.6 to 24.1 % and
0f 0.04 mm from 15.6 to 38 %. The results of spectral,
chemical and sieve analysis must be considered when
drawing up the technological scheme of enrichment
and the choice of means of classifying copper-
containing raw materials by size.

3. According to petrographic studies, the size of
copper grains varies from 0.1-0.3 to 1-5 mm. Drip
melts of copper up to 1-2 cm are determined on
particular samples, but their number is insignificant.
The most common sizes of copper grains for the
studied samples are 0.2-0.3 and 1-2 mm. Large grains
of 5 mm or more in size are relatively few and they
are more likely to have dendritic or leafy forms.

4. Based on the results of spectral, chemical,
sieve and petrographic analysis, a technology for the
enrichment of copper-containing slags was developed:
gravity wet enrichment with a capacity of 5 t/h with
Cu extraction within 80-95 % and a dry enrichment
technology of slag with a particle size of 0—100 mm.

5. The central apparatus in the proposed
enrichment technologies is the MVG vibrating screen,
which is designed to separate bulk materials by
particle size from 20 microns to several millimeters.
Polyfrequency oscillations are implemented on the
sieve screen in the frequency range from several Hz
to kHz, thus blockage of the sieve cells is eliminated,
destruction of the formed aggregates of stuck particles
is ensured, their intensive movement in the layer and
effective passage of the particles reaching the sieve
surface through the cells is realized. Such a nature of
vibration allows a significantly greater efficiency of
separation and dehydration of materials to be achieved
than in traditional screens and constant self-cleaning
of'the mesh , which promotes the process of separation
and dehydration. Due to the lack of tension, high
durability of the working surface is ensured. Due to
the transfer of minimum loads on the base, the screen
is installed without arranging special foundations,
including on the floors of buildings and structures. A
standard-sized row of screens was developed with a

screening surface area from 1 to 4 m? and a different
number of tiers.

References

Cao, H., Wang, J., Zhang, L., Sui, Z., 2012. Study on
Green Enrichment and Separation of Copper and
Iron Components from Copper Converter Slag.
Procedia Environmental Sciences, 16, 740-748.

Chaabia, R., Bounouala, M., Boukelloul, M.L., 2015.
A preliminary study on Anini deposit iron
ore enrichment (Algeria) in order to use it in
metallurgical industry. Scientific Bulletin of
National Mining University.4, 44-50.

Lei, L., Hua, W., Jianhang, H., 2009. Study development
of the comprehensive utilization of copper slag. J.
Energy for Metallurgical Industry, 28(1), 44-48.

Mahmoudi, E., Moore, F., Asadi, S., 2018. Leached caps
mineralogy and geochemistry as supergene
enrichment fertility indicators, Meiduk and
Parkam porphyry copper deposits. SW Iran
Journal of Geochemical Exploration, 194, 198-
2009.

Malanchuk, Z.R., Malanchuk, E.Z., 2014. The results of
studies of the distribution of native copper in rock
mass Volhynia (Ukraine). The 1% International
Academic Congress «Fundamental and Applied
Studies in the Pacific and Atlantic Oceans
Countries», «Tokyo University Press, 322-325.

Rozendaal, A., Horn, R., 2013. Textural, mineralogical and
chemical characteristics of copper reverb furnace
smelter slag of the Okiep Copper District, South
Africa. Minerals Engineering, 52, 184-190.

Shevchenko, G.A., Shevchenko, V.G., Lebed, G.B., 2016.
Methodical recommendations for use resource
technologies and means fine classification by size
and dewatering waste uranium ore. Mining of
mineral deposits. 10(1), 69-76.

545



