Complex Use of Mineral Resources. Ne 1. 2017
UDC 622.765 Complex Use of Mineral Resources. Ne 1. 2017.

N. K. TUSSUPBAYEV', L. V. SYEMUSHKINA'*, D. K. TURYSBEKOV', N. S. BEKTURGANOV?,
A. M. MUKHAMEDILOVA'

!Institute of Metallurgy and Ore Beneficiation, Almaty, Kazakhstan, *syomushkina.lara@mail.ru
’Kazakh National Academy of Nature Sciences, Almaty, Kazakhstan

MODIFIED REAGENTS USING for FLOTATION TAILINGS RECYCLING

Abstract: Research and development of new more selective reagents-collectors for improvement of flotation process efficiency represent
one of the main priorities in the development of innovative technologies pertaining to flotation separation of various substances and
minerals. The use of collectors’ mixtures is being considered as the universal instrument for ensuring necessary proportion in every
individual case with respect to the amounts of chemically and physically sorbed collecting reagents on the surface of floatable minerals.
Currently hard-dressed, refractory ores and secondary raw materials, which characterized by the low content of valuable components,
fine dissemination of mineral assemblages and similar technological properties of minerals constituent are widely involved in the recycling
processes. The possibility of processing tailings after flotation beneficiation was studied by using as example tailings of the Zhezkazgan
benefication plant and the Tishinsk copper ore deposit with application of the modified multifunctional flotation reagents. Modified
polyfunctional collector is the mixture of composite airfloat, TC-1000 and butyl xanthate. Reactants ratio is 1:1:3. The advantage of the
suggested flotation reagents is that they are composed of two polar groups and have a long hydrocarbon radical. This structure being in
the water during flotation process plays a dual role: first, as a collector adsorbing on the mineral surface it produces metal complexes with
polar groups in the form of bridges, second, apolar radicals flocculate valuable slimed components, thereby intensifying flotation process.
It was shown that flotation of Zhezkazgan tailings with application of the lesser modified reagent amount compared to butyl xanthate
has enabled to produce crude copper concentrate with 13.0 % copper content and 80.22 % recovery degree. Compared to the baseline
technology copper content in crude concentrate increased by 5.1 %, recovery degree — by 31.4 %. In case of Tishinsk tailings’ flotation

copper recovery into the collective concentrate increased by 2.14 %, zinc — by 8.64 %, Fe — by 4.56 %, gold — by 5.5 %.
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Introduction. The importance of carrying out
complete and comprehensive development of various
deposits as well as ensuring high profitability of pro-
cessing enterprises, improvement of environmental
conditions in the mining regions determine the rele-
vance of scientific investigations related to intensifi-
cation of methods for valuable components recovery
from refractory and secondary raw materials.

In the industrial practice related to sulfides, oxi-
dized minerals of heavy non-ferrous metals, native
and precious metals flotation only xanthates, dial-
kyldithiophosphates and mercaptans are being widely
used at present. Only 5-6 types of sulphydryl collec-
tors are being used for selective recovery from ores of
more than 40 mineral of heavy non-ferrous and pre-
cious metals, formed by 15 elements, featuring differ-
ent physical-chemical and flotation properties.

Several new reagents out of multiple combinations
with three the most important donor atoms (S, N and
0) in the main group of bonds, including several com-
plexing agents, have been tried as the collectors and
obtained results have been extensively discussed in
numerous books and review papers [1-2].

Large number of organic compounds has been
suggested to be used as collectors, but actually not
more than 160 compounds are being used in practice.
These reagents are being used for selective hydropho-
bization (lowering wettability level) of the specific
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mineral particles’ surface, which causes adhesion of
mineral particles to gas bubbles. Hydrophobization
takes place because of the hydrate film displacement
from the surface of mineral. Adhesion of bubbles is
caused by the chemisorption (chemical bond forma-
tion) or the physical adsorption (van der Waals forc-
es). Depending on the structural characteristics there
can be anionic, cationic, amphoteric and non-ionic
collectors. Modern practice of using collectors in the
process of sulfide ores’ flotation in the majority of
cases envisages shared use of xanthates and air-floats
(anion sulthydryl collectors). In addition to xanthate,
application of airfloats not only provides opportunity
for improving quality of the resulting sulphide con-
centrates because of more selective action of airfloats,
but it also increases recovery of metals due to airfloats’
ability to ensure efficient flotation of fine particles.

The use of collectors’ mixtures represents univer-
sal mean for producing the required proportion of
chemically and physically sorbed collector amounts
on the floarable mineral surface in every specific case.

Currently hard-dressed, refractory ores and
man-made raw materials, which are characterized
by the low content of valuable components, fine
dissemination of mineral assemblages and similar
technological properties of constituent minerals are
widely involved in the recycling process.

Preparation of old tailings before carrying out
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benefication operations plays important role in the
achievement of high technological results. Preparatory
operations may include re-grinding of tailings, frac-
tionation, de-sliming and washing [3-5].

The purpose of the work is research of possibility of
the modified flotoreagents application at technogenic
waste benefication.

Research Methods. Mineralogical analysis,
X-ray analysis (X-ray diffractometer D§ ADVANCE,
Germany); X-ray fluorescence analysis (XRF
spectrometer with wave dispersion Venus 200
PANalyicalB.V. (PANalytycalB.V., Netherlands),
chemical analysis, flotation (at flotation machines FL-
290, FM-1, FM-2 (Russia).

Experimental Part and Results Discussion.
Research work has been done for studying the possi-
bility of processing tailings left after flotation benefi-
ciation at the Zhezkazgan benefication plant and flo-
tation tailings of the Tishinsk copper ore deposit with
application of multifunctional flotation agents [6-8].

Reagent mixture, collective capacity of which var-
ies depending on pH environmental value, has been
selected for working out multifunctional flotation
agents. This solution enables selective separation of
sulfide minerals with similar physical-chemical prop-
erties. Therefore the following initial reagents have
been used for carrying out this work: butyl xanthate
(BX), thionocarbamate of brand TC-1000 (product
from China) and composite airfloat. Composite air-
float has been synthesized from the purified fusel oil
and phosphorus sulfide (V).

The advantage of the suggested flotation reagents’
utilization is that they are composed of two polar
groups and have a long hydrocarbon radical. This
structure of flotoreagent being in the water during
flotation process plays a dual role: first, as a collector
it is adsorbed on the mineral surface; second, apolar
radicals flocculate valuable slimed components,
thereby intensifying flotation process. Optimal reac-
tants’ ratio in the polyfunctional reagent composition
was chosen, which resulted in the following composite
airfloat formation: thionocarbamate TC-1000 : butyl
xanthate sodium = 1:1:3. The mineral composition of
Zhezkazgan concentrating factory tailings after floa-
tation enrichment was investigated, by the getting re-
sults the main components of the tails were minerals:
SiO, quartz, CaCO, calcite, a plagioclase like albite
Na[AlSi,0,], an orthoclase K[(Si, Al),O,], muscovite
KAL[(OH, F),|AlSi,0, ]. The technological mode for
flotation of tailings after floatation enrichment with
application of basic flotoreagent — butyl xanthogenate
and T-80 frother is worked out. According to chemical
analysis results Zhezkazgan tailings contain, %: 0.13

—Cu, 0.01 =Pb, 0.01 —Zn; 66.31 — SiO; 2.3 - Fe_ :
11.8 — ALO,; 5.96 — CaO; <0.0003 — Cd; 0.16 — S.
Dispersion analysis of tailings has been done along
with the study of copper and iron distribution with
respect to the grain-size category. Dispersion analysis

results are shown in Table 1.

Table 1 — Dispersion analysis results of flotation beneficiation
tailings of the Zhezkazgan beneficiation plant

Grain-size Yield, % Content, % | Distribution, %
category, ym
g % Cu Fe Cu Fe
-74 +60 82.3 [41.15| 0.11 | 4.68 | 42.26 | 42.52
-60+50 10.1 | 5.05 | 0.64 | 3.96 | 30.17 | 4.41
-50+40 105 | 525 | 0.05 | 3.6 | 245 | 4.17
-40+30 145 | 725 | 0.04 | 36 | 2.71 5.76
-30+20 84 | 42 | 0.046 | 2.88 | 1.80 | 2.67
-20+10 13.8 | 6.9 | 0.053 | 4.68 | 3.41 7.13
-10+0 60.4 | 30.2 | 0.061 | 5.0 | 17.2 | 33.34
Initial tailings | 200 | 100 |0.1071 | 4.53 | 100 100

Data of Table 1 show that the main part of cop-
per (72.43 %) is contained in the grain-size category
of -74+50 pm as well as in the category smaller than
10 pm (17.2 %).

Carried out research work has included development
of technological modes for processing flotation tailings
of the Zhezkazgan benefication plant with the help of
basic and multifunctional flotation reagents, as well as
refinement of tailings’ re-grinding modes and determi-
nation of the optimal consumption of reagents. Flotation
has been performed with utilization of separate reagents
as well as with the different combinations thereof.

Flotation benefication scheme of the Zhezkazgan
benefication plant tailings for crude copper concentrate
production is shown in figure. The scheme included re-
grinding of initial tails, the main and control flotations,
three recleanings of crude copper concentrate.

Results of flotation benefication of the Zhezkazgan
benefication plant tailings with the optimal reagents’
consumption are shown in Table 2.

Data of Table 2 show that use of polyfunction-
al reagent (mixture of composite airfloat, thiono-
carbamate TS-1000 and butyl xanthate (BX) in the
ratio 1:1:3) in flotation process of the Zhezkazgan
copper concentrate plant tailings allows to improve
process benefication results in comparison with the
other reagents.
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Figure — Scheme of flotation benefication of the Zhezkazgan benefication plant tailings for crude copper concentrate production

Table 2 — Flotation benefication results of the Zhezkazgan copper
making plant tailings in case of various reagents’ utilization

Name of Yield, | Content, % | Recovery, % Notes
product % | cu|Fel| cul| Fe
Crude Cu BX, 250 g/t
concentrate 06 | 79 [(10.7|48.82| 1.98
Final tailings 99.4 | 0.05 | 3.2 [51.1898.02
Initial flotation
tailings 100 [0.097 {3.25| 100 | 100
Crude Cu BX +
concentrate 0.62 | 121 | 10.7 | 76.65 | 2.11 thiono-
Final tailings  [99.38/0.023| 3.1 |23.35(97.89 Carbgf‘;atﬁ
Initial flotation 60. g;/t
tailings 100 [0.098(3.15| 100 | 100
Crude Cu Polyfn-
concentrate 0.62 | 13.0 | 9.6 | 80.22 | 1.78 tuctional
Final tailings  [99.38| 0.02 | 3.3 | 19.78 |98.22 rzzge;‘tt‘
Initial flotation g
tailings 100 (0.100{3.34| 100 | 100

Crude copper concentrate with 7.9 % copper con-
tent and 48.82 % copper recovery degree has been
produced under the baseline technology with utiliza-
tion of butyl xanthate (250 g/t) only. The use of thi-
onocarbamate (60 g/t) alone and in combination with
butyl xanthate allows to increase copper content of
crude copper concentrate up to 12.1 % and achieve
copper recovery degree up to 76.65 %.

The best results with respect to the content and
recovery degree of copper obtained by processing
Zhezkazgan copper concentrate plant tailings have
been achieved with the help of polyfunctional reagent,
consumption of which is much lower compared to ba-
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sic reagents (25 g/t). Application of this technology
has allowed to obtain crude copper concentrate with
13.0 % copper content and 80.22 % recovery degree.

Reagents’ utilization mode for flotation of the
Tishinsk copper ore deposit tailings with application
of modified polyfunctional reagents has been devel-
oped.

Chemical analysis shows that investigated tail-
ings’ sample contained, %: 0.05 — Cu, 0.06 — Pb,
1.1 = Zn; 52.3 - Si0,; 2.3 — Fe_ ; 8.1 — ALO,,
2.5 - Cao and 8.7 — MgO.

Dispersion analysis of flotation benefication tail-
ings of the Tishinsk copper ore deposit has shown that
the major part of valuable components, i.e. copper,
lead and zinc is contained in 0 - 10 pm fraction.

Flotation scheme included re-grinding of tail-
ings, main and control flotation as well as four
re-washing operations of collective copper-lead-
zinc concentrate.

Selection of the optimal mode of re-grinding, col-
lector and foaming reagent consumption in the pro-
cess cycle of collective copper-lead-zinc flotation
of the Tishinsk copper ore deposit has been done.
Collective copper-lead-zinc concentrate containing,
% (recovery degree, %): Cu — 2,5 (61,7); Pb — 2,0
(59,52); Zn—4,3 (59,41); Fe - 8,3 (40,4); Au—5,8 i/t
(53,41) has been obtained in the process of carrying
out optimum re-grinding of tailings up to 75.0 %
of -0.040 mm fraction with collector consumption
of 150 g/t and foaming agent T-92 consumption of
80 g/t.
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Application of modified polyfunctional reagent
(the mixture of composite airfloat, thionocarbamate
TS-1000 and butyl xanthate in the ratio 1:1:3) allows
to increase recovery of valuable components in col-
lective copper-lead-zinc concentrate produced from
copper ore benefication tailings of the Tishinsk cop-
per ore deposit with reduced consumption of foaming
agent T-92 by 25 %, from 80 to 60 g/t. At use of the
modified multipurpose agent has allowed to obtain
collective copper-lead-zinc concentrate containing,
% (recovery degree, %): Cu — 2,6 (63,84); Pb — 2,1
(59,87); Zn — 5,0 (68,05); Fe — 8,7 (44,96); Au — 5,8
r/T (58,91). The recovery of copper has been in-
creased by 2.14 %, zinc — by 8.64 %, iron — by 4.56 %,
gold — by 5.5 %.

Conclusion. Thus on the basis of integrated re-
search work the selective modified polyfunctional
collector consisting of mixtures of composite air-
floats, TC-1000 and butyl xanthate has been chosen.
Reactants’ ratio was 1:1:3.

Reagent action has been studied on tailings of the
Zhezkazgan benefication plant and the Tishinsk cop-
per ore deposit.

It has been also shown that in case of Zhezkazgan
tailings’ flotation with utilization of smaller amount
of modified reagent compared to butyl xanthate has
allowed to produce crude copper concentrate with
13.0 % copper content and 80.22 % recovery degree.
Compared to baseline technology copper content in
crude concentrate has increased by 5.1 %, recovery
degree — by 31.4 %. In case of Tishinsk tailings flo-
tation copper recovery in the collective concentrate
has increased by 2.14 %, zinc — by 8.64 %, iron — by
4.56 %, gold — by 5.5 %.
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TYWIHOEME

Mapansl MuHepanaapabl donotauusnblk GavibiTyda TMiMAI MHHOBaUMANbIK TexHonorusanapael eHaey 6apbiCbiHAA XaHa, HeFyprbim
CeneKTUBTI peareHT-XblMHafFbILUTAPAbI i34ey xoHe Kypy OipiHLWi kesekTeri MiHAeTTepAiH Gipi 6onbin Tabbinaasl. Opbip HakTbl Xarganga
MUHepanablH 6oVibiHa XMMUSNbIK XaHe ur3nKanblk XONMeH copbumanaHaTbiH XblMHaFbILUTAPAbIH KAXKETTI apa KaTblHaCTbl MesLwepiH
Taby XonblHAA XblHAFbILUTAaPAbIH KOCbIHABICLIH NanganaHy ambeban kypan 6onbin Tabbinagbl. Kasipri yakeiTTa eHaeyre KeHiHEeH KUblH
BarbITbiNaTblH, KaXXbIMaWTbIH KEHAEP MEH TEeXHOTeHAi LMKisaTTap TapTbinbin XaTblp, OHAaFbl Garanbl KOMMOHEHTTEp TeMeH canarnsl,
MUHepanabl KelUeHAep yCak CiHreH XXaHe TeXHOMNOruAnblK KacuetTepi xakblH 6omnbin Tabbinagbl. TyprieHgipinreH nonudyHKUMoHanabl
peareHTTiH konaaHybiMeH XKeskasraH 6arbiTy habpurkacbiHbiH xaHe TulinH (KasakcTaH) KeHOPHbIHAAFbI KEHHIH doroTaumsanblk KanabIKTapbiH
KanTa eHaey MyMKiHAINIr kapanfaH. TypneHaipinreH nonMdyHKUMoHanabl peareHT KoMNo3numanbik aspodnoTTeiH, TC-1000 xeHe bytungi
KCaHTOreHaTTblH KOCbIHAbICHI 6ombIn Tabbinagpl. PeareHTTepaiH katbiHackl 1:1:3 kypanabl. ¥CbiHbINFaH hnoTopeareHTTiH apThIKLWbIbIFbI:
KypamblHAA eKi NONsAprbl TOM XaHe y3blH KeMipCyTekTi pagukan 6ap. ®rnotaumsansik npoLeciHae cyaa MyHAan KypbinbiM eki pen atkapaabl:
BipiHWigeH, MMHepanablH 6eTiHe copbumanaHbIn NoNsapnbl ToNTapMeH Kenipnep TypiHAe MeTannabl KOMNeKcTep Kypaabl; eKiHLiAeH,
anonspnel pagukangap wnamgaHraH naviganbsl KOMNOHeHTTepAi dorokynara anHangblpa oTbipbin hroTaumsa NpouUeciH kapKbiHAaTagbl.
KeskasraH KeHOPHbIHAAFbI KeHHIH dhnoTaumsanblk KanablkrapblH GavibiTyda, OyTunabl KCaHToreHaTneH canbiCTbipFaHaa TyprieHaipinreH
peareHTTiH a3 LbIfbIHBIMEH 6HAENMEreH MbIC KOHLEHTpaTbl anbiHadbl, OHAarbl MbICThIH yreci 13,0 %, Genin any gspexeci 80,22 %
Kypaviabl. basanbik TeXHONOrMAMEH canbICTbipFaHaa eHAeNMereH MbiC KOHLEHTpaTbiHAaFbl MbICTbIH yneci 5,1 %-fa, 6enin any Aspexeci 31,4
Y%-Fa apTafbl. TULLMH KEHOPHBIHAAFbI KEHHIH dnoTaumsanbIk KanablkrapbiH 6arbiTyaa GipikTi KOHLEHTpaTTarbl MbICTbIH 6enin any Aspexeci 2,14
Y%-Fa, MbIpbILLTBIH, - 8,64 %-Fa, TemipaiH — 4,56 %-fa, anTblHHbIH — 5,5 %-Fa apTagpl.

Tywningi cespep: dnotaumnsnblk kangblKTap, kavtagaH yHTakTay, 6enin any, nonudyHKUMOHaNAbl peareHT, rioTaums, KOHLEHTpaT
PE3IOME

B HacTosilee Bpems B mepepaboTKy LUMPOKO BOBMEKalOTCs TpyAHOooboratumble, YNOpHbIE pydbl U TEXHOTEHHOE Cbipbe, KOTOpble
XapaKTepu3yroTCA HU3KUM COAEpPXaHWEM LEHHbIX KOMMOHEHTOB, TOHKOW BKPAaMfEeHHOCTbIO MUHEpasibHbIX KOMMMEKCOB U Gnm3knummn
TEXHOMOMMYECKUMIN CBOMCTBaMM CRnaralwmx MX MuHepanoB. PaccmoTpeHa BO3MOXHOCTb nepepaboTky XBOCTOB (hrioTauMOHHOIo
oboralleHnss Ha npuMepe xBOCTOB >KeskasraHckon abpukm u  TuwmHcKoro mectopoxaeHus (KasaxctaH) c npumeHeHnem
MOAMULIMPOBAHHOIO NONMUMYHKLMOHANbHOTO driotopeareHTa. MoanduumpoBaHHbI NonMdyHKLMOHaNbHbIV cobuparens npeactaBnser
cobon cmecb KOMMO3WLMOHHOro aspodnora, TC-1000 u 6ytnnoBoro kcaHToreHata. CoOTHOLIeHWe peareHToB cocTtaBnser 1:1:3.
[MpenmyLecTBOM npegnaraeMoro driotopeareHTa sBNSeTCs TO, YTO OH MMEET B CBOEM COCTaBe [Be MOMsSpHble rpynmnbl U AMUHHBIN
YINeBOAOPOAHBIV padukarn. Takas CTpykTypa B BoAe BO (hrioTaLMOHHOM NpoLecce UrpaeT ABOSKYIO POrb: BO-MEPBbIX, Kak cobuparens,
afcopbupyscb Ha MOBEPXHOCTU MuHepana, obpasyeT MeTansiokoMnieKkcbl C MOMApPHbIMK rpynnamMn B BUAE MOCTUKOB, BO-BTOPBbIX,
anonspHble pagukanbl IOKYNMPYIOT OLIIaMOBaHHbIE MOME3Hble KOMMOHEHTbI, TEM CaMblM MHTEHCUUUMPYSA mpouecc dnoTtauum.
MokasaHo, 4To Npu hroTaummn xBocTos XeskasraHcko abpukn C NPUMEHEHNEM MEHBLLIETO, MO CPAaBHEHWIO C By TUIOBLIM KCAHTOTEeHaToM,
pacxofa MoandULIMPOBAHHOIO peareHTa, NonyyaeTcsi HepHOBOW MeHbIN KOHLUEHTpaT ¢ cogepxxaHnem mean 13,0 % npu nssneveHnm —
80,22 %. Mo cpaBHeHMto ¢ 6a30BON TEXHOMOIEN cCoaepXaHne Mean B HEPHOBOM KOHLEHTpaTe nosbiwaetcsa Ha 5,1 %, nssneyeHve — Ha
31,4 %. Mpwn donotaummn TULLMHCKNX XBOCTOB M3BIEYEHNE Mean B KOMMEKTUBHBIA KOHLEHTpAT noBbiwaeTcs Ha 2,14 %, uuHka — Ha 8,64
%, xenesa — Ha 4,56 %, 3onota — Ha 5,5 %.

KnioueBble cnoBa: (prioTaunoHHble XBOCTbI, AOU3MENbYEHME, U3BMeYeHUe, NoNMMyHKLMOHaMNbHbIM peareHT, (ornoTauums, KOHLEeHTpaT
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