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RESEARCH ON COPPER PROCESSING PLANT TAILINGS TO
INCREASE COPPER RECOVERY

Abstract. The object of the study is the waste tailings from the copper processing
plant. During the study, the material composition of the source material was studied and
flotation reagents were tested with the aim of increasing copper extraction into the con-
centrate. The optimal reagent regime was selected for testing all collectors under equal
conditions. During the tests, not only traditional collectors for sulphide minerals were
tried, but also foreign reagents. The experiments were carried out at different collector
flow rates, both with each collector fed separately and in combination with xanthate.
As a result of the experiments, reagents were selected that allow for the highest-grade
concentrate and the highest copper recovery in the concentrate. To improve flotation
performance, the addition of gangue depressants and a sulphide mineral flotation ac-
tivator was tested.

Keywords: waste tailings, enrichment, flotation studies, concentrate, grade, extraction.

Introduction. Kazakhstan’s mineral resources are gradually being de-
pleted. Millions of tons of mining and mineral processing waste are being
stored in the country every year [1]. The constantly increasing amount of
mining waste each year requires increased capacity in tailings dump and
causes ecological harm by contaminating the environment with heavy
metal ions. As a result of intensive use of mineral resources, the repub-
lic has accumulated over 30 billion tons of production and consumption
waste. 700 million tons of industrial waste are generated annually. About
90% of the generated waste consists of mining and mineral processing
waste. The total volume of the mining industry waste in 2021 amounted to
470 million tons [2].

As reserves of high-grade and easily-enrichable ores are becoming
scarce, it is necessary to develop improved technologies for processing
low-grade and difficult-to-enrich ores. Some areas of tailings dump at
processing plants contain almost industrial concentrations of valuable
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metals and represent man-made deposits suitable for secondary pro-
cessing [3-5].

Thus, waste tailings, previously of no industrial interest, can now be
economically processed to produce concentrates suitable for metallur-
gical plants. The secondary use of mining waste solves the problems of
resource depletion and negative environmental impact. The development
of technology for processing waste tailings will lead to a high economic
effect due to a reduction in the cost of the concentrates. This is achieved
through cheaper transportation of the raw material, reduced grinding
costs and the use of existing equipment. It will become possible to re-
start non-operational production facilities that are currently mothballed,
thereby increasing the number of jobs and improving the socioeconomic
situation of the region. [6]

The material studied for the research is waste tailings from the tail-
ings dump of copper processing plants. The technological scheme for
processing copper ores is typical and includes: crushing, wet grinding,
rough copper flotation and scavenger flotation, as well as cleaning of
the copper concentrate. The resulting copper concentrate is condi-
tioned and sent for further metallurgical processing to produce a com-
mercial grade metal. The chamber product of the scavenger copper
flotation is waste tailings, and after thickening, it is sent for storage in
the tailings dump. As a result of copper ore processing, conditioned
concentrates with a copper content of at least 15% (grade KM7) and
above are obtained. The resulting waste tailings contain about 0.10-
0.40% copper.

In addition to copper, valuable components in tailings include gold, sil-
ver, lead and zinc, which can be recovered at the same time. The majority
of tailings, however, consists of rock-forming minerals, including silicon
dioxide and oxides of magnesium, calcium, aluminium and others. Iron
can be present as sulfides (pyrite, pyrrhotite) or iron oxides (magnetite,
hematite, etc.). Thus, copper tailings are now of industrial interest as a raw
material for secondary processing.

The aim ofthe study. Testing various collectors inthe flotation scheme
for processing copper tailings from beneficiation plants to improve the
technological parameters of the resulting copper concentrate suitable
for further hydrometallurgical processing. The study was conducted as
part of the research program “Development of innovative resource-saving
technologies for the mining and complex processing of mineral and man-
made raw materials.
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Materials and methods of Research. Laboratory studies were con-
ducted on the flotation of copper tailings to determine the optimal grinding
fineness, flotation pH and dosage of flotation reagents. Sodium sulfide
(Na2sS) was used as a sulfidizer. The following copper mineral collectors
were tested: potassium butyl xanthate, potassium amyl xanthate, sodium
ethyl xanthate, butyl aerofloat, Aerophine 3418A, AERO 3894, AERO MX
3715 (Syensqo), and combinations of the reagents AERO 9863, AERO
3894, AERO MX 3715, AERO 400 with potassium butyl xanthate. Flota-
tion tests were conducted on the selected collector to assess the feasi-
bility of using a gangue depressant (NaZSiO3 AERO 650) and a copper
mineral activator (CuSO4). The experimental scheme is shown in Figure 1

Rough product

Figure 1- The experimental scheme

Results and discussions. During the study of the material composition
of the source material, the contents of the main elements were determined
(Table 1): gold - 0.04 gft, silver - 0.55 g/t, copper - 0.20%, lead - 0.05%,
zinc - 0.25%, total iron - 6.01%, total sulphur- 0.90%, silicon - 30.82%, alu-
minium - 2.52%, magnesium - 0.51, calcium - 3.60%, manganese - 0.11%.

According to the results of phase analysis indicate that copper is rep-
resented by 58.75% sulfide and 41.25% oxidized minerals. The sulfide
minerals, in turn, consist of primary (18.97%) and secondary miner-
als (39.78%), while the oxidized minerals are comprised of chrysocolla
(18.94%) and malachite (22.31%). Based on the ratio of sulfide and oxi-
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dized copper minerals, the tailings sample under study can be classified
as mixed type.

Table 1- Chemical composition and fire assay of the initial tailings sample

Ele-

ments Au  Ag

and
com- gt gt

pounds

t%?]?% 0,04 055 020 005 025 601 0,90 30,82 252 051 3,60 011

Cu Pb Zn Fe S Si Al Mg Ca Mn

70,0 4,22 45

Cu recovery, % « Cucontent, %

Figure 2 - Results of experiments with various collectors

The optimal conditions for rough flotation were determined experimental-
ly: grinding fineness -70% minus 0.071 mm, pulp pH - 9.0, and NaZ2sS sulfidiz-
er dosage - 150 g/t. Methyl isobutyl carbinol (MIBK) was used as a frother.
The flotation time for all tests was 5 minutes. Various collectors were tested
using the scheme shown in Figure 1, the results are shown in Figure 2. The
best results for each collector in the test series are presented in Table 2.
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Table 2 - Consolidated results of experiments for each collector series

Name and Efficiency
consumption Product Yield, % Cu content, Cu coefficient,
of the collector, % recovery, % %
g/t

Er%‘(’j%hct 263 422 53.26

Butyl xanthate :

-~ 70 t';'ﬁifé'g” 97,37 0,10 46,74 50,74
Feed 100,00 021 100,00
Er%‘(’j%it 3,54 311 54,59

Ethyl xanthate ;

o t';'ﬁifé'g” 96,46 0,10 4541 51,15
Feed 100,00 0,20 100,00
;‘;L('j%hct 3,24 3,20 51,24

Amyl xanthate :

50 gﬁiﬁ‘é‘;’” 96,76 0,10 48,76 48,10
Feed 100,00 0,20 100,00
Er‘(’)‘i'%hct 258 3,19 41,32

Butyl aerofloat :

- 50 t':alﬁitr?:]lg " 97,42 0,12 58,68 38,82
Feed 100,00 0,20 100,00
;‘(’)L('j%hct 274 278 37,61

AERO 3418A )

- 50 gmféf” 97,26 0,13 62,39 34,94
Feed 100,00 0,20 100,00

AERO 9863 E&lﬂ:t 4.49 265 59,17

- 15,
Flotation 54,79

Butyl xanthate  taiings 95,51 0,09 40,83

- 70 Feed 100,00 0,20 100,00

AERO 3894 ;‘(’)‘a%hct 462 2,60 58,33

- 20,
Flotation 53,82

Butyl xanthate  talings 95,38 0,09 41,67

- 70 Feed 100,00 0,21 100,00
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AERO MX Rough 285 3,48 48,13
3715 - 20, product
Flotation 45,37
o 97,15 0,11 51,87 '
Butyl xanthate tailings
- 30 Feed 100,00 0,21 100,00
AERO 400-  Rough 271 3,40 46,26
20, product
Flotation 97,29 011 53,74 43,64

Butyl xanthate tailings
- 30 Feed 100,00 0,20 100,00

According to the experimental results, the highest grade of the rough
product (copper content 4.22%) was achieved using potassium butyl xan-
thate (with a dosage of 70 g/t). In this process, the copper recovery into
the rough product was 53.26%, product yield was 2.63%, and efficiency
coefficient was 50.74%.

The maximum copper recovery into the rough product (59.17%) was
achieved with the combined use of AERO 9863 (15 g/t) and potassium
butyl xanthate (70 g/t). In this case, the copper content in the rough prod-
uct was 2.65%, the product yield - 4.49% and the efficiency coefficient
- 54.79%. This combination of collectors was selected as optimal for the
flotation of copper minerals from the initial tailings.

Based on the chemical composition results, it was determined that the
rough copper product has a silicon content of 10.24%, a calcium content
of 2.67%, and a magnesium content of 0.39%. To reduce these levels,
studies were conducted on the feasibility of using gangue depressants in
rough flotation. “Liquid glass” (Na2SiO3 and AERO 650 (from the company
“Syensqo”) were tested as depressants. Tests were also conducted with
the addition of a sulfide mineral flotation activator - copper sulfate (CuSO4).

It is known that copper cation has the main influence on the collector’s
adsorption onto the surface of copper minerals. Therefore, the more cop-
per atoms are on the mineral surface, the higher adsorption activity and
the greater floatability [7]. For this purpose, the addition of copper sulfate
was tested. The experimental results are presented in Table 3.

According to the obtained results, the use of depressants Na2SiO3and
AERO 650 in rough copper flotation doesn’'t have a positive effect on
improving the technological parameters of the flotation process. The addi-
tion of copper sulfate to the rough flotation also does not increase copper
recovery into the rough product. Consequently, the use of depressant and
activator in the rough flotation is ineffective.
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Table 3 - Results on the feasibility of using depressant and activator

Name and -
consumption . Cu content, Cu Efflc]e_ncy
Product Yield, % coefficient,
of the collector, % recovery, % %
g/t
Rough
product 4,49 2,65 59,17
Base test Flotation 95,51 0,09 40,83 54,79
tailings
Feed 100,00 0,20 100,00
With the addition of gangue depressant
Rough 5,08 2,22 54,31
product
Na2Si03- 100 Flotation 94.92 0.10 45,69 49,33
tailings
Feed 100,00 0,21 100,00
Rough 5,08 2,23 54,42
product
Na2Si03- 150 Flotation 94.92 0.10 45,58 49,44
tailings
Feed 100,00 0,21 100,00
Rough 5,13 2,37 57,44
product
AERO 650 - ;
100 Flotation 94,87 0,095 42,56 5242
tailings
Feed 100,00 0,21 100,00
Rough 4,46 2,47 53,57
product
AERO 650 - ;
150 Flotation 95,54 0,10 46,43 49,21
tailings
Feed 100,00 0,21 100,00
With the addition of copper mineral activator
Rough 5,13 2,21 54,44
product
CusSO4- 100 Flotation 49,41
tailings 94,87 0,10 45,56
Feed 100,00 0,21 100,00
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Rough 4,96 1,92 47,67
product
CuS04- 200 Flotation 42,80
tailings 95,04 0,11 52,33
Feed 100,00 0,20 100,00

Conclusion. Thus, the studies have established that butyl xanthate
is the most selective collector for the flotation of copper minerals from
tailings of mineral processing plant, resulting in the highest-grade cop-
per concentrate. Furthermore, the combined use of AERO 9863 and
butyl xanthate demonstrated the best results for increasing copper re-
covery into the concentrate. Reagent consumption was 15 g/t of AERO
9863 and 70 g/t of butyl xanthate. The addition of gangue depressant
and sulfide mineral activator did not improve flotation technological pa-
rameters. After 5 minutes of rough flotation of copper tailings the re-
sulting product grade was 2.65%, product yield was 4.49%, and copper
recovery was 59.17%.

Research funding source. This research is funded by the Commit-
tee of Industry of the Ministry of Industry and Construction of the Repub-
lic of Kazakhstan under program-targeted funding for scientific research
for 2024-2026, BR23991563: “Creation of Innovative Resource-Saving
Technologies for Mining and Integrated Processing of Mineral and Tech-
nogenic Raw Materials.”1
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Nn 2.M.], Cmaiinosa A.B.], Beiicembaes 3.6.1 jayneT B.E.2
"«KasmexaHob6p» MOJFOB, Anmartbl K., KasakcTaH
2<VCP» XXLWC, Anmartbl K., KazakctaH

MbIC BANBITY ®ABPUKACbBIHbIH KANALIKTAPbIHOA MbIC ANTY
OEWIENIH APTTbIPYFA BAFbITTA/IFAH 3EPTTEY/IEP

TYWiHgeme. 3epTTey HbicaHbl - MbIC 6aiibITy habpukachiHbIH yhlhal KangbikTapbl
6o0nbIn Tabblnaabl. 3epTTey GapbiCbiHAa GacTankbl MaTtepuaniblH MUHepangblk
Kypambl 3epTTesiin, MbICTbIH KOHLEHTpaTKa anblHy AeHreiibl apTTblpy MakcaTbIH-
Aa hnoTaunsanblk peareHTTep cblHanAbl. Bapnbik XuHareiwtTapgbl Gipgei xar-
painpga anpobaumnanay YWiH OHTalNbl peareHTTiK pexum TaHganabl. CbiHakTapaa
cyNbUATI MUHepangapra apHanraH A3cTYp/i XuHarbilTapMeH katap LueTengik
peareHTTep fe KongaHbinabl. Taxipubenep 3pTYpni peareHT WbIrbiHbIHAA XY pPri-
3inai: 3p6lp XMHarblWThl Xeke 6epy kesblae ge, coHAan-ak OHbl KCaHTOreHaTneH
YiinecTipe kongaHranga ga. XXYprisinreH Taxipnoenep H3TUXeECIHAE KOHLEeHTpar-
ThIH XOrapbl canacbl MEH MbICTbIH KOHLEHTpaTKa asiblHy A3pexecll KamTaMachl3
eTeTiH peareHTTep aHblkTangbl. ®noTaumsnbiK KepceTKiwTepai xakcapTy YLUiH
60C XbIHbICTbIH AENpPeccopnapbiH XaHe cynbuATi MUuHepangapabiH doTaums-
Cbl 6eNceHipriluTepiH eHridy CblHaKTaH eTkidingi.

TYWinai cesgep: YWiHgi kangblkTapbl, 6aiibiTy, hnoTaunsbik 3epTTeynep,
KOHLIEHTpAT, KypaMbl, asiblHy [3PEXECi.

n 2.M.], Cmaiinosa A.B.], Beiicembaes 3.6.1 layneT B.E.2
TTHMOM3 «KasmexaHobp», r. AnMatbl, KasaxcTtaH
200 «VCP», r. Anmartsl, Ka3zaxcTtaH

NMPOBEOJEHVE VICC}'IE,D,OBAHVII7I HA XBOCTAX ME,LI,HOI7I OBOTrATUTE/b-
HON ®ABPUKW C LENBIO NOBbLIWEHNA N3BAEUEHUA MEAU

AHHOTauuss. O6bEKTOM UCCMeAoBaHUsI ABMSIOTCA OTBaslbHble flexasible XBOCTbI
MefHon oboraTuTenbHon habprkn. B xoae uccnepgoBaHnst NpoBeAeHO U3yyeHne
BELLEeCTBEHHOIO COCTaBa WCXOAHOr0 MaTepuasa U WUCNbITaHus (hI0TaLMOHHbIX
peareHTOB C Lie/lbi0 NOBbILEHUS U3B/IEYEHNS Mean B KOHLEHTPAT. Bbin nogobpaH
ONTUMasibHbIA peareHTHbI pexum Ana anpobauuy Bcex cobupatenein B paBHbIX
ycnosusix. B xofie ucnbitTaHuii 661711 Npo60oBaHbl He TOSIbKO TpaAULMOHHbIE cObU-
patenu ans cynbuAHbIX MUHEPaNnoB, HO U 3apybexHble peareHTbl. OnbITbl NPo-
BOAMMUCHL MPU pa3INyHbIX pacxogax cobupaTesneil, kak npu oTAeNbHO nogave
Kaxaoro cobuparensi, Tak U B cOYeTaHUM C KcaHTOoreHaTtoMm. B pesynbTarte npo-
BEeEHHbIX OMbITOB BblAE/NEHbI peareHTbl, NO3BOMIAOWME NONYYUTb HambosbLlee
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KauecTBO KOHLEHTpaTa U Haubosbllee U3BNevYeHne mMean B KOHUEHTpaT. [Ansa no-
BbllLEHMs1 DNIOTALMOHHbIX MokasaTesneli onpo6oBaHO Ao06aB/eHVe Aenpeccopos
nycToii nopoapl v akTueaTopa aoTauumn CynbMuaHbIX MUHEPasIOoB.

KntoueBble croBa: nexansle XBoCTbl, o6oralieHme, oTaunoHHble 1ccieoBa-
HUSA, KOHLEHTpAT, coflepXaHue, U3BnedyeHue.
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NEPEBO/ CTATbW / MAKANAHBLL AYJAPMACHI

n 3.M.], CmannoBa A.B.], BeiicembaeB 3.6.1 layneT B.E.2
IrHNON3 «Ka3mexaHobp», r. Anmatbl, KasaxcTtaH
2VCP», r. AnmaTbl, KasaxctaH

«MPOBEAEHUE WCCNEQOBAHN HA XBOCTAX MEAHOW OBOTA-
TUTENBHOW ®ABPUKW C LIENLIO MOBbILWEHNA N3BNEYEHNA
MEAWN»

AHHOTauus. O6bLEKTOM UCCMeAoBaHUs ABAIOTCA OTBaslbHble fleXasble XBOCThbI
MefHon oboratuTenbHon thabprkn. B xoae uccnepoBaHnsi NPoBeAeHO U3yyeHne
BELLeCTBEHHOIO COCTaBa WCXOAHOr0 MaTepuasa U UCNbITaHus (DI0TaLMOHHBIX
peareHTOB C Lie/1bl0 MOBbILWEHNS U3BNEYeHNs Meaun B KOHUeHTpaT. bbin nogobpaH
ONTUMasbHbI/ peareHTHbIA pexum ans anpobauymm Bcex cobupaTenein B paBHbIX
ycnoBusix. B xofie ucnbiTaHuii 661711 Npo60oBaHbl He TOSIbKO TpaAULMOHHbIE cObU-
patenu gns cynbuUAHbIX MUHEpPanoB, HO U 3apybexHble peareHTbl. OnbITbl NPo-
BOAMMUCHL MPU pa3NyHbIX pacxogax cobupaTeneil, kak npu oTAeNbHo nogave
Kaxaoro cobuparensi, Tak U B cOYeTaHUM C KCaHTOreHaTtoM. B pesynbTarte npo-
BelEHHbIX OMbITOB BblAE/EHbI peareHTbl, NO3BOMAOLWME MONYYUTb HaMbosblLlee
KayecTBO KOHLUeHTpaTta 1 Haubonbluee M3BNe4YeHne Meaun B KOHUeHTpaT. [nsa no-
BbllLEHNA (PNOTALMOHHLIX NokasaTeneli onpo6oBaHO f06aBNeHWe AenpeccopoB
nycToii nopoAbl U akTMBaTopa otaunm cynbuaHbIX MAHEPaIOB.

KntoueBble cnoBa: fiexasnble XBOCTbl, 06oraleHume, (hnoTaLlMoHHble uccnenoBa-
HUS, KOHLLEHTpaT, coAepXaHue, n3BnedyeHne

BBefgeHue. MuHepanbHO-cbipbeBas 6a3a KasaxctaHa nocTeneHHo
NCTOLLLAETCH, eXerogHo B CTpaHe CKNagupyrTCcAa MWIIMOHbI TOHH OT-
X040B A06blUM 1 oboraweHns nonesHbix uckonaemblx [1]. C KaxabiM
rogoM MNOCTOSIHHO yBefMuMBalrLleecs KOMMYEeCTBO OTXOAOB FOpPHOAO-
6bIBalOLW X NpeanpuaTuii TpebyeT yBesinyeHnss 06bemMoB XBOCTOXPaHU-
NN, U HAHOCUT 3KOJIOTMYECKNIA Bpen, 3arpsasHsas OKpyXatwlLllyl cpeay
NOHaMM TSHXKeNblX MeTasioB. B pesynbtarte MHTEHCVBHOIO NCMNOJ/Ib30Ba-
HVUA NPOAYKTOB Heap B pecnybnuke HakonseHo 6onee 30 map4. T OTXO-
40B npousBoacTBa v notpebneHus. ExerogHo o6pa3syetca 700 MAH. T
NPOMbILLIEHHbIX 0TX0A0B. Okono 90% o6pa3oBaBLUMXCA OTXOAOB CO-
CTaB/AT 0TX0Abl A06bIYN 1 06oralleHms nonesHbIX uckonaembix. O6-
WMt 06beM OTXOA4O0B ropHogo6biBalLel NpoMbIlWAeHHOCTM 3a 2021
rog coctaBun 470 maH. T [2].

lMockonbKy 3anacoB 60raTbiX WM nerkooboraTuMbIX pyd C KaxablM
ro4oM CTaHOBUTCSA BCe MeHblue, npuxoauTcsa paspabartbiBaTb ycoBep-
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LUEeHCTBOBAaHHbIE TEXHOOMMK NepepaboTkm 6efHbIX M TpyAHoob6oraTu-
MbIX pyd. OTAeNbHbIe Yy4acTKM XBOCTOXpaHUANLW, oboraTuTesibHbIX a-
6prK cogepxaT nNpakTUyecky NPOMbIWIEHHbIE KOHLEeHTpaLuuu LeHHbIX
MeTasiNoB U NpeAcTaBAAT COO60 TEXHOreHHble MEeCTOPOXAEHUS, Npu-
rogHble Ans BTOPUYHON nepepaboTkm [3-5].

Takum 06pa3oM, OTBasibHble XBOCTbl, KOTOpble paHee He npeacTas-
NANN NPOMBbILLEHHBIA UHTepec, Tenepb MOTYT 6biTb 93KOHOMUYECKN PEeH-
TabenbHO nepepaboTaHbl C NOSyYEHUEM KOHLLEHTPATOB, MPUroA4HbIX A1
MeTanayprumyeckux npeanpusatuii. BTopuyHoe ucCnosb3oBaHWe OTXOL0B
rOpPHOro MPOM3BOACTBA pellaeT Npobaembl UCTOWEHUA Heap U HeraTus-
HOro BO3EeNCTBUSA Ha akonorui. PaspaboTka TexHonornn nepepadboTku
nexasiblXx XBOCTOB NO3BOJIUT NONYYUTb BbICOKMI 9KOHOMUYECKUI adhhekT
BCNeACTBME YMeEHbLUEeHUs cebecTOMMOCTU MoslydYaeMblX KOHLEeHTpaToB
3a cuyeT yAelleBNieHNs npouecca TPaHCMOPTUPOBKM UCXOAHOMO CbIpbS,
YMEHbLUEHUS PacxofoB Ha M3MesibYeHUe, UCMO/b30BaHUSA MMeloLLerocs
o6opyfoBaHus. CTaHeT BO3MOXHbIM 3amnyck HeyHKLMOHMUPYEMbIX NPOn3-
BOACTB, HaXOAALMXCA HA KOHCepBauuu, ¢ yBeIMYeHUeM ynucna padbounx
MeCT U yNnyylleHneM coLmasibHO-3KOHOMMYECKOol cpepbl pernoHa. [6]

VicxogHbIM MaTepuanom A9 NpoBefeHus uccnefoBaHuUs ABNAIOT-
CA OTBa/ibHble XBOCTbl C XBOCTOXPaHW/IULL, MeAHbIX 060ratuTesnbHbIX
habpuk. TexHonornyeckas cxema nepepaboTkm MeAHbIX pyn SBNSET-
CA TUMOBOW W BKAOYaeT: ApobrieHne, MOKpoe n3MesibYeHne, OCHOBHYHO
Me[HYI0 U KOHTPOJIbHYIO hnoTaLumm, a Takke nepevynucTkn MeaHoro KoH-
ueHTpata. Nonyyaemblii MeAHbIi KOHLEHTPAT ABNAETCA KOHAULWNOHHbLIM
N HanpaBnseTcs Ha fanbHeilyl MeTannypruyeckyto nepepaboTky c
nonyvyeHnem ToBapHoro metanna. KamepHbili NpoAyKT KOHTPOSbHOM
MeaHOW chnoTaumm sABNSAETCA OTBa/IbHbIMW XBOCTaMM WM Nocne cryuie-
HUA HanpaBnseTcs AN CKAagupoBaHWUA B XBOCTOXpaHunuuwe. B pe-
3ynbTate oboralleHns MefHbIX pyd NoayyvarT KOHAULUOHHbIE KOHLLEH-
Tpatbl C cogepxaHnem megnm He meHee 15% (mapka KM7) u Bbiwe. A
nosiydyaemble oTBasibHble XBOCTbI cogepxart ~0,10-0,40% megw.

LleHHbIMX KOMMOHEHTaMM B XBOCTax NMOMMMO Meau ABASAKTCA 30/10-
TO, cepebpo, CBMHEL, U LMHK, KOTOpPbIe MOTYT 6bITb NOMNYTHO M3B1€YEHbI.
OCHOBHas e 4yacTb XBOCTOB NnpejcTaB/sieHa NnopoLoo6pasyLmMMmm Mu-
Hepanamu, B COCTaB KOTOPbIX BXOAAT AUOKCUA, KPEMHMUSA, OKCUAbI Mar-
HYA, Kanbuus, antoMmHnsa 1 1.4. XXeneso MOXeT NpucyTCTBOBaTb B BUAe
cynbunaos (MMpUT, NUPPOTUH) NN OKCUAOB Xenesa (MarHeTuTt, remaTuT
nT1.4.). Takum obpa3oM, MeaHble XBOCTbl, NPeACTaBAAT NPOMbILLIEH-
Hbli UHTEpeC Kak Cbipbe A5 BTOPUYHON nepepaboTku.
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Llenb uccnepoBaHusA. licnbiTaHue pasfuyHbIX cobupaTtenein no
P/I0TAUMOHHON Cxeme nepepaboTku Nnexanbix MeAHblIX XBOCTOB 060-
raTuTenbHbIX habpuk 4159 NOBbIWEHUSA TEXHOMOIMMYECKMX nokasaTenei
nosly4aemMoro MegHoOro KOHLeHTpaTa, NpUrogHoro Ans AanbHeiwel
rmgpomeTannypruyeckoin nepepabotku. ViccnegosaHne npoBoAMAOCH
B pamkax npoBefeHns uccnegoBaHunii no nporpamme «CosgaHne UHHO-
BaLMOHHbIX pecypcocbeperarLimx TEXHONOTNA f06bIYM 1 KOMMIEKCHO
nepepaboTKn MUHEPANLHOTO U TEXHOTEHHOIO Chipba».

MaTtepuanbl n MeToabl nccrenoBaHuin. NposeaeHbl nabopaTopHble
nccnegosaHusa no diotaumMm OTBasIbHbIX MeAHbIX XBOCTOB C NoA60poMm
ONTUMAasIbHON cTeneHyn usmenbyeHus, pH dnotaumm 1 pacxonos gota-
LUOHHbIX peareHToB. B kauecTBe cynbuamsatopa NpUMEHSACA CepHU-
CTbih HaTpuii (Na2S). McnbiTaHbl cnepywme cobuparen MegHblX MUHe-
panoB: OyTWIOBbIi KCAHTOreHaT Kaniusl, amwioBbIi KCaHTOreHart Kasus,
3TWMOBLIN KCaHTOreHat HaTpus, 6yTuNoBbIN aspodnot, Aerophine 3418A,
AERO 3894, AERO MX 3715 (komnaHuu Syens(go), a Takxe coyeTaHus
peareHtoB AERO 9863, AERO 3894, AERO MX 3715, AERO 400 c 6yTu-
NIOBbIM KCaHTOreHaToM Kanus. Ha nogobpaHHoM cobupartene npoBefeHbl
doioTaLMOHHBIE UCMNbITAHUA MO LeecoobpasHoCTV NPUMEHeHUsA aenpec-
copa nyctoin nopoabl (Na2SiO3 AERO 650) u akTuBaTopa MeAHbIX MUHE-
panoB (CuSO4. Cxema npoBefeHnNs ONbITOB NpeAcTaBfeHa Ha pucyHke 1

PncyHok 1- Cxema npoBefeHUs OMnbIiTOB
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Pe3ynbTaTbl uccnegoBaHnini n obecyxaeHunsi. B xoge wusyyeHus
BELLECTBEHHOIO cocTaBa MCXOAHOro marepuana onpefesieHbl cogep-
XaHNS OCHOBHbIX 3/71IeMeHToB (Tabnuua 1): 3onota - 0,04 1/T, cepebpa
- 0,55 r/t, megn - 0,20%, cBuHua - 0,05%, ymHka - 0,25%, xenesa 06-
wero - 6,01%, cepbl obuweinn - 0,90%, kpemHus - 30,82%, antoMuMHUSA -
2,52%, marima - 0,51, kanbyma - 3,60%, mapraHuya - 0,11%.

Ta6bnmuya 1- XuMU4YecKnin n Npo6UPHLIA aHaIN3 NCXOA4HON NPOObI XBOCTOB

ane-
MEHTbI
" coe-
OnHe-
HUSA

Copaep-
xaHwe, 0,04 055 0,20 0,05 0,25 601 090 30,82 252 051 3,60 011
%

Au, Ag,

. Cu Pb 2Zn Fe S Si Al Mg Ca Mn

Mo pesynbTatam (pa3oBOro aHanusa cregyet, YTo Meab Ha 58,75%
npeacrtassieHa cynbpuaHbiMn n 41,25% OKMCNEHHbIMW MUHepanamu. B
CBOIO ouyepefb CynbuAHble MUHeEpasnbl NpefcTaBfieHbl MepBUYHbIMU
(18,97%) 1 BTOPMYHLIMK MUHepanamu (39,78%), a OKUC/IEHHbIE MUHE-
panbl - xpusokonnoi (18,94%) n manaxmtom (22,31%). Micxoga n3 coot-
HOLIEHUSA CYyNbMUAHBIX N OKUCNEHHbIX MUHEPASIOB MeAN nccrenyemyto
Npoby XBOCTOB MOXHO OTHECTW K CMeLUaHHOMY Tuny.

OnbITHbIM nNyTeM nofobpaHbl ONTUMasibHble YC/I0BUSA OCHOBHOW
hnoTaumu: cTeneHb U3MeNnbY4eHUss UcxogHoro marepunana - 70% knac-
ca muHyc 0,071 mwm, 3HadyeHue pH nynbnel 9,0, pacxog cynbtugnsatopa
Na2S - 150 r/1. B kauecTBe neHoobpa3soBaTens NPUMEHANCA METUM U30-
6yTnn kapbuHon (MUBK). Bpems chnotauum BO BCEX OMbiTax COCTaBs-
naet 5 MuHyT. Mo cxeme, NpeAcTaB/IEHHON Ha pucyHke 1, npoBeAeHbl
NCNbITaHUA pas3MyHbIX cobupartenei, pesynbTaTbl KOTOPbIX NPUBEAEHbI
Ha pucyHke 2. Haunyuwime pesynbTatbl N0 CEPUM ONbITOB A/ KaXKA0ro
cobupaTtensa npuseneHbl B Tabnuue 2.

CornacHo pesynbTatam OMbITOB Haubosbllee KavyeCcTBO OCHOBHO-
ro npogykta (cogepxaHve mean 4,22%) AOCTUTHYTO C NPUMEHEHUeMm
6yTMNoBOro KcaHtoreHata kanusa (pacxog 70 r/1). MNMpn saTom m3BNeve-
HMe Megu B OCHOBHOW NpoAyKT cocTtaBunio 53,26%, BbIXOA NpoAaykTa -
2,63%, a KoathdumumeHT adpdpekTmBHOCTU cocTaBmn 50,74%.

MakcumanibHOe un3BNneYeHne Megum B OCHOBHOW npoaykT (59,17%)
Nosly4eHO NpUM COBMECTHOM ucnonb3oBaHum AERO 9863 - 15 r/T ¢ 6y-
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TUNOBbLIM KCaHToreHatoMm kanua - 70 r/t. Mpu aToM copepxaHue mean
B OCHOBHOM npoAyKTe cocTaBwio 2,65%, Bbixo4 npoaykTta - 4,49%, a
KoahpnumeHT ahpPekTMBHOCTU - 54,79%. [laHHOe coyeTaHue cobupa-
Teneli BbIGPaAHO Kak onTuManbHoe ANs notauum MegHbIX MUHEpPanos
13 NCXOLHbIX XBOCTOB.

PucyHok 2 - Pe3ynbTaTtbl ONbITOB C pa3/indyHbiMKM cobupartenamm

Tabnuua 2 - CBoAHble pe3ynbTaTbl ONbITOB A5 KaXAo0lh cepun

cobupatens
HavnmeHoBaHve Copepxa-  V3Bneve- Koadhdp-T
n pacxof cobu- [MpoaykTel  Bbixog, % Hue Meau, Hue Meaw, athh-TH, %
patens, r/t % % » 70
OCHOBHOW
np-T 2,63 4,22 53,26
ByT. kcauT.  XBOCTbI 97,37 0,10 46,74 50,74
- 70 hN-Lmn
nex. 100,00 021 100,00
XBOCTbI
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OcCHoBHoOI

3,54 311 54,59
np-t
3TuA, KCaHT.  XBOCTI
o i 96,46 0,10 4541 51,15
Wex. 100,00 0,20 100,00
XBOCTbI
OCHOBHON 3.24 3.20 51,24
np-T
AMUN, KCaHT. XBOCTbI 96,76 0,10 48,76 48.10
- 50 dn-umnn
Vicx. 100,00 0,20 100,00
XBOCTbI
OcHosHoH 258 3.19 41,32
ByT np-T
aspodnor  BOCTH! 97,42 0,12 58,68 38,82
50 dn-uyun
Vicx. 100,00 0,20 100,00
XBOCTbI
OGHOBHOM 274 278 37,61
np-t
AERO 3418A XBOCTbI 97.26 013 62,39 34,94
- 50 dn-uunn
Wcx. 100,00 0,20 100,00
XBOCTbI
nog_iOB“o"' 4.49 265 59.17
AERO 9863 - .
LSByr.cant. ool 95,51 0,09 40,83 54,79
70
Vicx. 100,00 0,20 100,00
XBOCTbI
nos_iOB“o"' 4,62 2,60 58,33
AERO 3804 - o
20ByTcant.  ootT 95,38 0,09 41,67 53,82
70
Vicx. 100,00 021 100,00
XBOCTbI
nog_iOB“o"' 2,85 348 48,13
AERO MX
3715 - 20ByT. ﬁocm 97,15 011 51,87 45,37
KcaHT. - 30 4
Wex. 100,00 0,21 100,00
XBOCTbI
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nog_iOB”o"' 271 3.40 46,26
AERO 400 - XBOCTbI
20BbyT.KCaHT. 97,29 0,11 53,74 43,64
30 dn-unn
Wex. 100,00 0,20 100,00
XBOCTbI

M3 pe3ynbTaTtoB XMMUYECKOro aHasinm3a ycTaHOBMEHO, YTO B OCHOB-
HOM MeJHOM MpOAYKTe cofepXxaHue KpemHus cocTtaBnseT - 10,24%,
Kanbuusa - 2,67%, wmarHug - 0,39%. [Nns CHMXeHuUA UxX copepxaHus
npoBefeHbl MUccnefoBaHUA Mo LenecoobpasHOCTM NPUMEHEHUA fae-
npeccopoB NycToi NopoAbl B OCHOBHOM hnoTauuun. B kavyecTBe genpec-
COpPOB NyCTOW NopoAbl ucnbiTaHbl Xngkoe ctekno (Na2Sio3 n AERO 650
(komnaHuM «Syensqo»). Takke NpPoBefeHbl UCMbITaHUS ¢ fo6aBNeHnEM
aKkTmBaTtopa dotauuun cynb@uaHbiXx MMHEpPanoB - MeAHOro Kynopoca
(CuS04). N3BeCTHO, 4TO OCHOBHOE BNMsHME Ha agcopbuunto cobupaTens
NOBEPXHOCTbIO MeHbIX MUHEpPasioB OKa3blBaeT KaTUOH Meaun. MNoaTomy,
yeM 6o/blUe Ha NOBEPXHOCTU MUHepasia HaxoAuTcs aToMOB Meau, Tem
Bbie aAcopbuMoHHasa akTMBHOCTb U Tem 6osibwe hnoTupyemocTtb [7].
C aToil uenbk 6bLI0 UCMbITAaHO Aob6aBneHMe MegHOro kynopoca. Pe-
3ynbTaTbl OMNbITOB NpMBeAeHbl B Tabnuue 3.

Ta6nuua 3 - Pe3ynbTaTbl NO LEeecoo6pasHOCT NPUMEHEHUSN
Aenpeccopa u aktuparopa

HanmeHoBaHue Copepxa- W3Bneue- Koadhdh-T
n pacxon pea- [MpoaykTbl  Bbixog, % Hue meau, Hue megu, aih-TH, %
reHToB, I/T % % » 0
OcHoBHOM 4,49 2,65 59,17
np-T
Ba3oBbIil onbIT XBOCTE 95,51 0,09 40,83 54,79
dn-unn
viex. 100,00 0,20 100,00
XBOCTbI

C no6aBneHunem fenpeccopa nycToit nopofpi

OcHosHoH 5,08 222 54,31
np-t
. XBOCTbI
Naz5i03- 100 (=00 94,92 0,10 45,69 49,33
Vicx. 100,00 021 100,00
XBOCTbI
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OcHoBHoOI

5,08 2,23 54,42
np-T
. XBOCTbI
NazSi03- 150 o7t 94,92 0,10 45,58 49,44
Wex. 100,00 0,21 100,00
XBOCTbI
OcHoBHoiA 513 237 57,44
np-t
AERO 650 - XBOCTbI
oo ot 94,87 0,095 42,56 52,42
Wcx, 100,00 0.21 100,00
XBOCTbI
OcHoBHOH 4.46 247 53,57
np-t
AERO 650 - XBOCTbI
e it 95,54 0,10 46,43 49,21
Vicx. 100,00 021 100,00
XBOCTbI

C pobaBneHnem akTmpatopa MefHbIX MUHepasioB

OcHoBHoiA 513 221 54,44
np-t
Cuso4- 100 XBOCTH! 94,87 0,10 45,56 4941
dn-unn
Wicx. 100,00 0,21 100,00
XBOCTbI
OcHoBHoM 4,96 1,02 47,67
np-T
CusO4- 200 XBOCTHI 95,04 0,11 52,33 42,80
dn-unn
Vicx. 100,00 0,20 100,00
XBOCTbI

CornacHo noslyYyeHHbIM pes3ynbTaTam, NpPUMEHEHMEe [enpeccopos
Na2Si0O3n AERO 650 B OCHOBHOI MefHOl hnotaumm He okasbiBaeT
NOMIOXUTENBHOrO 3dhheKkTa Ha MOBbILEHME TEXHOJIOTMYECKUX MokKasa-
Teneh gnotaymn. lobaBneHne mMegHOro Kynopoca B OCHOBHYH (Jio-
TauMio TakkKe He NOoBbllaeT W3BJ/IEYEHUS MeAW B OCHOBHOW MpOAYyKT.
CnepoBartenibHO, Mojava Aenpeccopa W akTMuBaTopa B OCHOBHYH ho-
Taumo manoagekTmBHa.

BbiBoA. Takum 06pa3om, B pe3ynbTare MPOBEAEHHbIX KCCnepno-
BaHWl yCTaHOB/MEHO, YTO Haubosnee ceneKkTUBHbIM cobupaTtenem Ans
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dhnotaumm MeHbIX MUHEpPasioB M3 XBOCTOB oboratutenbHol thabpu-
kKn saBnsetca O6YyTUOBLIA KCaHTOreHart, NO3BOMAKWUIA NONYy4YUTb Hau-
60nbllee Ka4ecTBO MeAHOro KoHueHTpaTa. py 3ToOM 419 NOBbIWEHMUSA
n3BNeYeHUs Mean B KOHUEHTpaT Hauaydwwue pesynbTatbl Mokasana
coBMecTHas nogada cobupatenein: AERO 9863 1 6yTMNI0BOro KCaHToO-
reHata. Pacxop peareHToB coctasun AERO 9863 - 15 r/1, 6yTnn0BO-
ro KcaHtoreHata - 70 r/T. MNpun aTom gob6aBneHne genpeccopa MycToW
nopoabl 1 akTuBatopa cy/bUAHbIX MUHEPaAsIOB He MoBbIWaeT haoTta-
LUOHHble nokasaTenn. KayecTBo MONyYEHHOro npoAykra nocsne 5 MuH.
OCHOBHOW hnioTaunm MegHbIX XBOCTOB cCOCTaBuno 2,65%, BbiIxog nNpo-
aykta - 4,49%, nssneuveHne megu - 59,17%.

McTOUHUK (hbuHaHCMpOBaHMA uccnefoBaHuii. [laHHoe wuccnepo-
BaHWe (uHaHcupyeTcsa KOMUTETOM NPOMbIWIEHHOCTM MuHWUCTepcTBa
NPOMbILLIEHHOCTN U cTpouTenbcTBa Pecnybnukn KasaxctaH B pamkax
LueneBoro (YUHaHCUPOBAHUA Hay4dHbIX uccnefoBaHuin Ha 2024-2026
rogbl, BR23991563: «Co3gaHne MHHOBALMOHHbLIX pecypcocbeperato-
LWMX TEXHONOIWIA ANa Ao6bIYM 1 KOMNIEKCHOM nepepaboTkn MuHepasb-
HOr0 M TEXHOTEHHOTO Cbipbs».B
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