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Possibility of enrichment of ore processing waste from Karagaily
and Zheskazgan mining plants by dry separation method

This study aims at review of the effects of dry separation method on the ore flotation efficiency and thoroughly
discusses the possibility of waste enrichment by sieving through fine-mesh sieves with sizes (d > 0.4;
0.16 <d<0.4;0.08 <d <0.16; d < 0.08 mm). A granulometric analysis of four samples waste production, was
carried out and the copper content in each fraction was determined. According to the results of the study, the
following was established: 1) the largest proportion has a grain size fraction over the range
0.16-0.08 mm in the «current tails» of the Karagaily ore-processing plant, in this fraction turned out to be the
highest copper content; 2) a larger amount of copper is contained in coarse fraction of «stored tails» and «cur-
rent tails» of Zhezkazgan ore-processing plant 1-2, therefore, it is possible to sift out a finely dispersed fraction;
3) the largest fraction by grain size is over the range of 0.16-0.08 mm in «aged tails» of Zhezkazgan PP 3, but
the largest weight percentage of copper is over the range 0.08 < d < 0.16. As a result of the studies, it was found
that «current tails» and «stored tails» are applicable for the ore enrichment by dry separation method. The
«Current tails» of the KPP are not suitable for enrichment by dry separation.

Keywords: concentration plant, tailings samples, analysis, fraction, grain sizes, screening, copper content, dry
separation.

Introduction

The problem of handling solid waste is the most urgent component of ensuring national security for our
country, since the volumes of accumulated waste are considered as one of the factors of the progressive envi-
ronmental crisis. The sphere of secondary use of resources in Kazakhstan is at the stage of active formation.
The purpose of this research was to study the possibility of using dry separation method for enrichment of ore
processing waste from mining plants.

Today, special attention is paid to the problem of utilization of mining waste, as the use of technogenic
mineral resources is not only one of the reserves of mineral raw materials for the mining industry, but also an
important part of the state policy of resource saving and environmental protection.

Around the world, the process of mining and processing metal ores forms a large amount of waste of
various aggregation state. At present, they contain billions of tons of ore that has undergone certain processing.
Further accumulation of mining complex waste causes a serious problems of the environmental situation on
the planet. The urgent issue is the creation of new environmentally friendly technologies for mining, focused
on their maximum use [1].

Recent years, there is an increase in waste accumulation, therefore the environmental factor significantly
impacts to the economy. According to the estimates of specialists from German metallurgical companies, the
items of taxes and environmental costs of production have begun to gain the most weight recently. Therefore,
progressive technologies for the production of metals from recycled materials are increasingly being intro-
duced abroad. The sources of such raw materials are solid waste storage facilities of mining and metallurgical
industries, the so-called technogenic deposits [2].

Experimental

The difficulty in separating of contaminants is caused mainly due to the moisture of the mass: with its
increase, the stickiness of the impurities grows. In addition to moisture, the degree of stickiness is influenced
by the grain and mineralogical compositions: the greatest stickiness is observed in clay and loamy soils, and
less — in sandy loam, sand and stone dust formed during crushing. With the dry enrichment method, it is
advisable to use cyclones for screening small fractions, since the use of vibrosieve with small mesh sizes is
impossible due to the constant contamination of the holes [3, 4].
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Therefore, for the enrichment of granules with a diameter of less than 1 mm by dry separation method,
vibration systems are used. They are supplied with the platform and a separation plate with air blowing, which
are inclined at certain angle to the horizontal. In this case it is possible to separate the mineral in accordance
with their size under the influence of the vibration friction force.

The dry separation and enrichment unit includes a second vibration platform, which is installed on the
second one-navigation separation. The angle of inclination and the direction of vibration force is approximately
20~60°. At least one gutter is installed on the indicated vibration platform, which is placed under the material
inlet, a grating part is installed inside the gutter, the angle of the grating part and the vibration of the second
platform is 2~20°. The sealed chamber is closed by the grating part, on the side wall of the gutter there is a gas
inlet, at least one outlet for deposition and one more for the upper drain, a first, second, third, fourth partitions
are installed around the side wall of the gutter. The above mentioned output for deposition is installed in the
direction of low end of the sieve piece.

A useful effect is achieved by means of the vibration platform and a strainer, which are inclined to the
vibration force. Enrichment and separation can be carried out in accordance with the mineral density. Moreo-
ver, due to the outlet for the upper discharge, the lighter material can be separated by the pouring method,
which allows to achieve a good separation effect [5].

Four samples of the following grades have been taken for the experiment: 1) «current tails» of the Kara-
gaily processing plant (KPP); 2) «stored tails» of the Zhezkazgan processing plant (ZHPP) No. 1, 2; 3) «current
tails» of ZHPP; 4) «stored tails» of ZHPP No. 3 (grain sizes in samples are 0.01-0.5 mm). These samples have
been subjected to study in terms of the possibility of enrichment with sieve methods.

Dispersion of the samples was determined by sieve analysis. It has been taken 250 grams of powder from
the processing plants. This samples were passed through sieves with sizes 0.4, 0.16, and 0.08. Before sifting
large lumps of the sample were grinded in the mortar. Each fraction was weighed and the copper content was
determined on the atomic absorption spectrometer «Varian AA-140».

Results and Discussion

The aim of our research work was to determine the feasibility of enriching these wastes by sieving through
fine mesh sieves with sizes (d > 0.4; 0.16 <d < 0.4; 0.08 <d < 0.16; d <0.08 mm). In order to achieve this
purpose has been conducted a particle size analysis of mentioned above samples.

Assuming the dividing out of the number of grains by size to be the normal distribution, using the ap-
proximation and the Gauss function, it was determined the position of the distribution maximum and other
statistical characteristics such as, the mathematical expectation and variance (Fig. 1).

For KPP «current tails», the distribution is described by a Gaussian curve with the following parameters:
expectation is 0.11 mm, variance = 0.05, which confirms the normal distribution, i.e. uniform distribution in
all fractions.

Based on the results of the mineralogical analysis, the granulometric analysis of the «Karagaily current
tails» sample has been carried out. According to the results copper was in the form of chalcopyrite, due to its
hardness that is contained in large fractions. Granulometric analysis of the remaining samples was also per-
formed.

The results of this work are presented in the tables and depicted in the graphs below. As a result of
conducted experiments the next data have been obtained. According to this values the sieves sizes, hamely
diameter impacts to the composition and copper content of considered samples. A maximum amount of mass
fraction and copper content corresponds to the sieves with diameter between 0.08 and 0.16 mm.

Table 1

Results of particle size analysis of the sample «Current tails» (KPP)

Sieve diameter, mm Mass fractioon Average copper
g % content, %
d>04 0 0 0
0.16 <d<0.4 71.18 28.47 0.02
0.08<d<0.16 145.12 58.05 0.18
d <0.08 33.7 13.48 0.01
For all fractions 250.0 100 0,11
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The average copper content for all fractions was calculated by the formula
A=Y, pixjA= Z p, X, =0.0-0+0.2847-0.02 + 0.5805-0.18 + 0.1348-0.01 = 0.11

As a result of the analysis (Table 1) it has been determined that the largest fraction of the grain size is in
the range of 0.16-0.08 mm, therefore, there is the highest copper content in this fraction.

%o Wt 58.1%

d<0.8 0.0B<d<0.16 0.2 0.16<d<0.4

0.4 d=0.4 s SEAe, M

Figure 1. Distribution of the sample «current tails» of KPP by grain sizes

Based on the analysis, it was shown that division into fractions for enrichment is not feasible for the
«current tailings» of KPP, since after sieving the percentage of waste will be much higher than in other sam-
ples. This fact makes the dry separation method ineffective for the mentioned above sample.

According to the results of the analysis of the «stored tailings» sample of ZHPP 1, 2 (Table 2) more
copper is contained in the larger fractions of the sample therefore, it is possible to sift out the finely dispersed
fraction and enrich the copper content of the tailings (Fig. 2).

Table 2
Results of the granulometric analysis of the sample «Stored tails» of ZHPP 1,2
Sieve diameter, mm Mass fraction, Average copper
g % content, %

d>04 0 0 0
0.16<d<04 97.14 38.86 0.11
0.08<d<0.16 124.54 49.82 0.08

d<0.08 28.32 11.32 0.01
For all fractions 250.0 100 0.08

According to the analysis results of the sample «current tailings» of ZHPP 1, 2 (Table 3) it is clear that,
as well as the previous one, more copper is contained in the larger fractions of the sample, and in the diapason
of 0.16 < d < 0.4 the largest amount (0.09 %), therefore, it is possible to sift out the finely dispersed fraction
and enrich the copper content (Fig. 3).

As a result of the analysis of the «stored tails» of ZHPP 3, it was determined that the largest fraction of
the grain size is in the range of 0.4-0.16 mm, but the largest percentage of the mass fraction of copper is in the
fraction of 0.08 < d < 0.16. In this case, it is advisable to sift out the coarse fraction d > 0.4 (Fig. 4).
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Figure 2. Distribution of the «stored tails» sample of ZHPP 1, 2 by grain size

Table 3
Results of the granulometric analysis of the sample «Current tails» of ZHPP 1, 2
Sieve diameter, mm Mass fraction, Average copper
g % content, %
d>04 0 0 0
0.16<d<0.4 128.01 51.20 0.09
0.08<d<0.16 91.71 36.68 0.08
d<0.08 30.28 12.12 0.01
For all fractions 250.0 100 0.07
o wi
& 51.2%
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° d<0.8 0.08<d<0.16 0.2 0.16<d<0.4 . d=0.4 0.6  prain size, mm
Figure 3. Distribution of current tailings sample by grain size 1, 2
Table 4

Results of the particle size analysis of the sample «Stored tails» ZHPP 3

Sieves diameter, mm Mass fractioon, Average copper
g % content, %
d>04 11.88 4.75 0.02
0.16<d<0.4 120.08 | 48.03 0.06
0.08<d<0.16 59.67 23.87 0.09
d<0.08 58.37 23.35 0.01
For all fractions 250.0 100 0.06
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Figure 4. Distribution of the «stored tails» sample of the ZHPP 3 by grain size

The results obtained in this study indicate that the both «Current tails» and «Stored tails» of Zhezkazgan
ore plant processing 1, 2, and «Stored tails» of third sample KPP are suitable for the dry separation enrichment
method. However the current tails of Karagaily plant have a Gaussian normal distribution of all fractions and
the copper content is appropriate, so these samples are not suitable for enrichment by dry separation. The
application of the dry separation method for this sample forms a large amount of waste, therefore, for this
fraction, dry separation is ineffective.

The dry separation method allows to use the units with double vibrating platforms and sieve components
located one above the other. The material for enrichment must be dried to a moisture content of 5 %.

The difficulty of separation of contaminants is mainly due to the humidity: the wetter is the sample, the
stickier impurities are. The degree of stickiness, in addition to moisture, is influenced by grain and mineralog-
ical compositions. The greatest stickiness is observed in clay and loamy soils, smaller one in sandy, sand and
stone dust formed during crushing.

Therefore, to enrich granules with a diameter of less than 1 mm by the method of dry separation, vibration
systems are used with the help of a platform and separation plate with a blow-by air, which are inclined at an
angle to the horizon, then under the influence of vibration friction force it is possible to separate the mineral
according to the size.

Conclusions

As a result of the research, it is established that the «current tails» of the ZHPP 1, 2 are suitable for
enrichment by means of dry separation method; «stored tails» of the ZHPP 1, 2 and «stored tails» of the KPP
3 are applicable too.

Thus, dry separation plants with double vibration platforms and sieves located one above the other can
be used to enrich the concentration plants tails by the dry separation method. The material for enrichment must
be entirely dried to a humidity of 1.5-5.0 %.

The dry separation process is required to enrich maximum ore and obtain copper from sample materials,
which is advantageous for the copper separation in subsequent processes.

The validation of the dry separation method allowed to demonstrate that the presence of copper in the ore
tailings can be determined by means of simple methods of analysis. The pretreatment of the ore tailings is
established under technical considerations, environmental pollution, capital costs and operational risks.

The advantages of dry separation method are the low capital and energy costs, in addition to the great
flexibility to be environmental friendly. When used in the removal of soil contaminants, it reduces disposal
costs and allows the recovery of precious metals.
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Kaparaiinbl :xoHe Ke3KkaszraH KeH-0aibITy (hpadpuKanapbIHbIH
KAJIBIKTAPBbIH KYPFaK 06J1y d1iciMeH 0aiibITy MYMKIHJIr]

Makana Kyprak Oeny omiCiHiH KeHAI OalBITY THIMIUIITiHE ocepiH Tanaayra OarpiTTanrad. COHBIMEH Karap,
emuemzepi ycak enekrepai (d > 0,4; 0,16 <d <0,4; 0,08 <d < 0,16, d < 0,08 mm) eneyimrep apKbLIBI OTKI3IM,
KaJIIBIKTapAbl OaWBITY MYMKIHIIT] KapacTHIPBUFaH. TepT KauablK YATLIEPiHiH rpaHyIOMETPUSIIBIK capanTa-
Machl XYPri3ijin, oiapasIH ap0Oip (pakumsuIapbIHAAFbl MBICTBIH KYPaMIBIK MOJIIIepi aHbIKTaFaH. 3epTTey Ho-
THokenepi 6oitbiama: 1. Kaparaiiiel 0aitbITy paOpHUKachIHBIH «aFbIMIIBIK KaabIKTapbiHbH» 0,16—0,08 MM apa-
JBIFBIHIAFB! (paKIUsIapbIHAa OOJIIEKTepAiH OIIeMi eH KOFaphl OOJAaTHIHEI XKaHE OCHI (PpaKIusIapaa MbIC-
TBIH €H JKOFaphl Meutiepi Tabbutra; 2. JXKe3kasran 6albITy (paOpUKachIHBIH 1—2 YITINEpiHiH «aFBIMIBIK) JKOHE
(OKUHAKTaJIFaH» KaJIBIKTapbIHIA 14 MBICTBIH MOJIIEepi KoFapsl 00omaabl; 3. bemmexrep MenmepiiH ememi
GoiipiHIna eH yiakeH ¢pakius XKeskasran Oaiibity komOuHATEIHBIH 3-yiriciHgeri 0,16-0,08 MM apasbIFbiHIaFbI
«OKHHAKTaJIFaH» KaJIbIKTapJa Ke3Jeceli. 3epTTeyiep HOTHKECIHAE «aFbIMIBIKY JKOHE OKMHAKTAIFaH» Kaj-
IBIKTapAbl KYpFraK 0eiry ofici apKeUIbl OaiibITyFa 00IaThIHBI aHBIKTANABL. Kaparaiinel 6alibITy KOMOHMHATHIHBIH
«aFBIMJIBIK» KaJIBIKTAphl KYpFaK 0ey oiciMeH OalbITyFa xKapaMmaiibl.

Kinm ce30ep: GaiibiTy (haOpHKachl, KAJIBIK YITiIepi, capanTaMa, Gpakius, TYRIpIIK eneMaepi, eney, Mbic-
TBIH KYpaMbl, KYpFaK 0eiy.

E.C. Mycradun, X.b. Omapos, A.C. bopceinbaes, /. Xapnuuek, A.M. [1ynos,
J.A. Kaiixkenos, A.A. MypatbekoBa, /I.T. CaxpipbexoB, A.A. AitHabaeB

Bo3Mmo:xkHOCTDH 000ramenusi orxoaoB Kaparaitannckoi n Ke3kazranckoit
TOPHO-000raTUTEJbHBIX (PAOPUK METO0M CYXOI'0 pa3jaeieHUst

CraTpsl HanpaBJieHa Ha aHAIN3 BIMSHMS METOJa CyXOro pasjelieHus Ha 3 eKTHBHOCTh oOoramieHns pyzsl.
Kpome Toro, 00cysK/1eHbI BO3MOXHOCTH 000TaleH s OTXOJ0B MyTeM IIPOCEHBAHMS Yepe3 MeJIKHe CUTa C pas-
mepamu (d > 0,4; 0,16 <d <0,4; 0,08 <d < 0,16, d < 0,08 mm). Bl TpOBEAEH rPAHYIOMETPUIECKHAIN aHATIH3
YeThlpex 00pa3lioB M OIPE/ENCHO COACpKaHHe MeAd B Kaxaol ¢pakuuu. ITo pesynbraTtaMm HCCIeIOBaHHS
66110 ycTaHOBIIeHO: 1) HanbombIIHMiA pa3Mep 3epHa UMeroT ¢pakiuu B quanazone 0,16-0,08 MM B «TeKkymux
xBocTax» KaparaiiimHCKoro o0oraTuTensHOro KOMOMHATa, B 3TOH ke (pakuuy 0Ka3anoch caMoe BBICOKOE
coziepkaHue Meai; 2) GOobIoe KOJIUYECTBO MEH TakKe 0OHAPYKEHO B KPYMHOW (PaKIMH «JIEKAIBIX XBO-
CTOB» M «TEKYIINX XBOCTOB» JKe3ka3raHckoro 00OraTUTeNbHOro koMOuHara 1-2, mo3ToMy 37€Ch MOXKHO OT-
(bHUIBTPOBATH MEITKOAUCIIEPCHYIO (pakiuio; 3) camast 6osbinas Gppakuus mo pa3Mepy 3epHa HaXOJUTCS B JIHa-
naszone 0,16-0,08 MM B «iIexanbix xBocTax» JKe3ka3ranckoro o0oraTUTeNILHOr0 Komounara 3, Ho HanboJIb-
Init BeCOBO#t mporeHT Meau HaxoauTes B auana3one 0,08 < d < 0,16. B pe3ysprare ncciaenoBaHuii ObLUIO ycTa-
HOBJICHO, YTO «TEKYIIHE XBOCTBD) U «JIEXKaJbIe XBOCTBD) IIPUMEHUMBI JIsl 00OTAIEHHS PY/Ibl METOIOM CyXOT0O
paznenenus. «Texyuue xBocTe» KaparaitmmHckoro o60raTuTensHOro KOMOMHATa He MOAXOAT 11 oborarie-
HHS ITyTEM CYXOro pasJeIeHuUs.

Kniouesvie cnosa: oboratntensHas Gpadbpuka, 00pas3isl XBOCTOB, aHAIN3, PpaKIus, pa3Mephl 3epHa, IIPOCEenBa-
HHE, COZIepKaHNe MEJH, CyXasl Ceraparus.
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