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ABSTRACT

The development of combined enrichment technologies becomes more significant due to the
decreasing of the processed ores quality and involvement in the processing of poor, refractory
ores. The difficulty in the flotation enrichment of mixed and oxidized polymetallic ores and
intermediate products lies in the effective sulfidization of the surface of oxidized minerals. The
sodium sulfide reagent used in flotation does not always provide complete sulfidization of the
mineral surface. On the intermediate product of lead-zinc ores related to the phase composition
of mixed ores, flotation studies were carried out on the original product and after preliminary
sulfidization by the pyro-metallurgical method. It was found that in the pre-sulfidizied product, the
extraction of zinc increased to 17.23 %, and lead to 10.07 %, compared with the original product
without pre-treatment.

Key words: lead-zinc ore, phase analysis, sulfidization, yield, content, extraction.

Chepushtanova Tatyana Aleksanrovna

Information about authors:
PhD doctor, Associate professor, head of department of the JSC "Satbayev University", Almaty,
Kazakhstan. Email: t.chepushtanova@satbayev.university; ORCID ID: 0000-0002-6526-0044

Motovilov Igor Yurievich

PhD doctor, Associate professor of the JSC "Satbayev University", Almaty, Kazakhstan. Email:
i.motovilov@satbayev.university; ORCID ID: 0000-0002-0716-402X

Merkibayev Yerik Serikovich

Master's degree, head of laboratories of the JSC "Satbayev University", Almaty, Kazakhstan. Email:
y.merkibayev@satbayev.university; ORCID ID: 0000-0003-3869-6835

Polyakov Konstantin Vladimirovich

Chief Specialist, Ust-Kamenogorsk Metallurgical Complex, Kazzinc LLP, Ust-Kamenogorsk,
Kazakhstan. Email: kostya.polyakov.89@internet.ru; ORCID ID: 0000-0003-2005-9416

Sumedh Gostu

Research Scientist — Hydrometallurgy, American atAir Liquide, USA, Newark,
DE. Scopus 56310039900, Email:Sumedh.gostu@airliquide.com

Introduction

In the process of beneficiation of mixed
polymetallic ores, a significant amount of
intermediate products and beneficiation tailings
are formed, the flotation processing of which is
ineffective. At the same time, in addition to
oxidized Zn and Pb compounds, a significant
amount of pyrite is concentrated in the chamber
flotation products [[1], [2], [3]].

The processing of large masses of ores, which
are complex, hard-to-dress mineral raw materials,

with the production of conditioned concentrates,
in many cases, cannot be solved in the classical
sequence "concentration plant - metallurgical
plant". This fact naturally led to combined
enrichment schemes, including operations of
mechanical, pyro-metallurgical, and
hydrometallurgical processing in a single
technology implemented at the processing plant

[4].

The use of combined enrichment technologies
for the processing of refractory ores, combining the
actual enrichment and mainly hydrometallurgical
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(rarely pyro-metallurgical) processes in a single
technological scheme of the enrichment enterprise
is a general global trend.

A promising technological approach to the
processing of refractory ores, which at the
enrichment stage provides for the partial
extraction of valuable metals into conditioned
monometallic flotation concentrates, as well as
additional extraction of valuable metals and
substandard polymetallic intermediate products.
The intermediate products mainly contain oxidized
mineral particles of valuable metals that are not
sufficiently contrasting in terms of technological
properties. The complex intermediate substandard
product is processed separately using chemical-
metallurgical processes [[5], [6]].

An analysis of the practice of concentration
plants shows that for additional extraction of
metals from tailings rich in Zn and Pb of flotation
enrichment of polymetallic ores, as well as for
tailings from the processing of copper sulfide ores,
flotation enrichment methods are used, with
preliminary preparation of tailings for flotation [[7],
[8], [9], [10]]. However, for the processing of
tailings poor in Zn and Pb, flotation re-enrichment
according to the flotation scheme of selective
flotation is ineffective due to low recovery rates of
metals [[11], [12], [13]]. Collective flotation of
tailings does not give a positive result due to the
presence of a high content of metal oxides [[14],
[15], [16], [17]]. During flotation, most of these
compounds remain in the chamber product. Even
with fine grinding and high consumption of
reagents during flotation, no more than 10% of zinc
is extracted into the sulfide product [[18], [19],
[20]].

Thus, the use of combined methods, including
the sulfidation of oxidized surfaces of valuable
minerals with their further flotation enrichment, is
promising for the processing of oxidized and mixed
refractory polymetallic ores and intermediate
products [[20], [21], [22], [23]].

This work is devoted to the study of the
flotation of the intermediate product of lead-zinc
ores subjected to preliminary sulfidization of

valuable minerals by the pyro-metallurgical
method.

Materials and research methods

The object of the study was the intermediate
product of lead-zinc ores. The sample cutting of the
original sample is shown in Figure 1.
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Figure 1 - Scheme of sample cutting of the initial
sample

The study of the material composition of the
intermediate product of lead-zinc ore: the
determination of the initial content of lead and zinc
was carried out by chemical analysis, the
determination of the components that make up the
sample by X-ray fluorescence analysis, the study of
the material composition by X-ray phase analysis.
Phase analyzes were performed to establish the
forms of occurrence of lead and zinc minerals.

Surface sulfidization of oxidized minerals by the
pyro-metallurgical method: sulfiding roasting of
lead-zinc flotation tailings was carried out in a
vacuum. Experiments were carried out in a fixed
bed in an eclectic oven by Zhengzhou Brother
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Furnace Co. Ltd (BR-17 AM-5) in a vacuum,
pressure of -0.05 MPa. The holding time of the
weighed samples in the oven ranged from 15 to 60
min; the temperature varied from 400 to 900 °C.
The sample was cooled under a vacuum.

Flotation enrichment: laboratory studies were
carried out using the following laboratory
equipment:

3) ore grinding was carried out in a laboratory
ball mill at a ratio of T:W:W =1:0.5:9;

4) flotation was carried out in mechanical
flotation machines with chamber volumes, dm3:
1.5;1.0; 0.5.

When conducting research on flotation, the
reagent mode was used using the following
reagents:

medium pH regulator - soda (Na2C03);
collectors - butyl xanthate (BKK), Aeroflot (Aero);
activator - copper sulfate (CuSO4); foaming agent -
T-80.

Flotation tests in a closed cycle were carried
out on a sample of the original ore and a sample
subjected to sulfiding roasting.

Results and discussion

After taking representative samples, chemical
analysis determined the content of metals in the
initial product, which amounted to 0.77% lead and
1.91% zinc. The results of X-ray fluorescence
analysis of the initial sample are shown in Table 1.

Table 1 - X-ray fluorescence analysis of the original

sample
Element Content, % Element Content, %
0] 51.166 Cr 0.010
Mg 0.153 Mn 0.097
Al 2.682 Fe 3.514
Si 32.048 Cu 0.076
P 0.018 Zn 1.585
S 2.515 As 0.043
cl 0.032 Sr 0.018
K 0.583 Ba 1.487
Ca 2.991 W 0.033
Ti 0.194 Pb 0.756

From the results of X-ray fluorescence analysis,
it follows that the main host elements of the
sample are silicon, aluminum, calcium, sulfur, iron,
and barium.

The results of studying the material
composition by X-ray phase analysis are shown in
Tables 2, 3 and in Figure 2.

Table 2 - Interplanar distances and phase composition of
the intermediate product sample

d, A 1% mineral d, A 1% mineral
4.25170 25.1 quartz 2.23549 7.1 quartz
3.34305 100.0 quartz 2.21069 6.2 quartz
3.12404 11.5 sphalerit 2.12596 8.5 quartz
e, pyrite
3.02886 13.1 calcite 1.97744 6.9 quartz
2.70701 8.1 pyrite 1.91221 8.4 pyrite,
sphaleri
te
2.45524 10.3 quartz 1.81716 119 | quartz
2.42171 6.5 pyrite 1.67099 6.6 quartz
2.27992 11.1 quartz 1.65840 5.1 quartz

Table 3 - Results of semi-quantitative X-ray phase
analysis of the middling product sample

Mineral Formula Concentration, %
quartz SiO; 74.3
pyrite FeS; 125
sphalerite ZnS 7.5
calcite Ca(CO0s) 5.6
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Figure 2 - X-ray diffraction pattern of an intermediate
sample

It follows from the results of X-ray phase
analysis that the main host minerals of the sample
are quartz, pyrite, sphalerite, and calcite.
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The results of phase analysis established the
percentage ratio of oxidized and sulfide minerals of
lead and zinc in the sample. The results of the
phase analysis are shown in Table 4.

Table 4 - Results of phase analysis of lead and zinc in the
sample of the intermediate product

The consumption of reagents, flotation time
and the degree of ore grinding before flotation is
taken from the practice of processing similar ores
and is presented in Table 5.

Table 5 - Reagent consumption, time and degree of ore
grinding

Forms of finding / mass fraction, %
Lead Zinc
Value
Oxidi Oxidi
Total Sulfide Total Sulfide
zed f zed f
Abs
0.76 0.27 0.49 1.93 0.46 1.47
Rel
100.00 | 35.90 64.10 100.00 23.58 76.42

Phase analysis found that lead in the sample of
the intermediate product is 64.10% sulfide, 35.90%
oxidized, zinc is 76.42% sulfide, 23.58% oxidized.

Based on the results of mineralogical, phase
analysis, the sample of the intermediate product
belongs to the mixed type of lead-zinc ores.

Further studies were carried out on the
flotation of the initial sample and the sample after
sulfiding roasting.

Figure 3 shows a graph of the dependence of
the content of the class minus 0.074 mm on the
grinding time from the results of which it follows
that in order to achieve a fineness of the crushed
product of 90% class less than 0.074 mm in a
laboratory mill, the time is 40 minutes.

50
80
0

50
40
30
n

Minus class contents
0074 parna, e

o 10 10 = 50 EY 50

Grinding time, min

Figure 3 - Graph of class content minus 0.074 mm
from grinding time for a sample of an industrial product
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Flotation experiments were carried out
according to the collective scheme shown in Figure
4 and the reagent regime shown in Table 6.

Table 6 shows the results of the experiment on

collective flotation on the original sample.

Table 6 - Results of the experiment on bulk flotation on
the initial sample of the intermediate product

Products Output, Content, % Recovery, %
% Pb Zn Pb Zn

Collective
concentrate 12.34 2.97 11.20 47.60 72.36
Tails

87.66 0.46 0.60 52.40 27.64
Nutrition

100.00 0.77 1.91 100.00 | 100.00

From table 6 it follows that according to the
collective scheme of flotation of the initial sample
of the intermediate product, the following were
obtained:

- collective concentrate with a lead content of
2.97%, zinc 11.20%, with the extraction of lead
47.60%, zinc 72.36%. The concentrate yield is
12.34%.
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- tailings with a lead content of 0.46%, zinc
0.60% with a yield of 87.66%. Losses are lead
52.40%, zinc 27.64%.

Nutrition
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Figure 4 - Collective flotation scheme

Table 7 shows the results of a bulk flotation test
on a sample of the intermediate after the sulfiding
roast.

From table 7 it follows that according to the
collective flotation scheme, samples of the
intermediate product with preliminary sulfiding
roasting were obtained:

- collective concentrate with a lead content of
3.05%, zinc 11.97%, with the extraction of lead

57.67%, zinc 89.59%. The concentrate vyield is
14.37%.

- tailings with a lead content of 0.38%, zinc
0.23% with a yield of 85.63%. Losses are lead
42.33%, zinc 10.41%.

Using the method of preliminary sulfidization
of the surface by the pyro-metallurgical method,
the extraction of zinc into the bulk concentrate
increased by 17.23%, and lead by 10.07%.

Table 7 - Results of the experiment on collective
flotation on a sample of the intermediate product
subjected to sulfiding roasting

Products Output, Content, % Extraction, %
% Pb | zn Pb Zn

Collective

concentrate | 1437 | 3.05 | 11.97 | 57.67 | 89.59

Tails 85.63 | 0.38 | 0.23 | 4233 | 10.41

Nutrition 100.00 | 0.76 | 1.92 100.00 | 100.00

Conclusion

Preliminary sulfidization of oxidized lead and
zinc minerals by a pyro-metallurgical method
improves the efficiency of the flotation enrichment
process. The extraction of zinc into the collective
concentrate increases on average by 17.23% from
72.36 to 89.59%, and lead by 10.07% from 47.60 to
57.67%.
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TYAIHAEME

KaiiTa eHaeneTiH KeHAep canacbiHbiH, TOMeHAeYiHe XaHe Keael, KMblH 6alibiTbliaTbiH KeHaepai
KaWiTa eHAeyre TapTyFa 6ainaHbICTbl 6albITYAbIH apanac TEXHONOTUANAPbIH 33ip/iey 6Te MaHbI3abl
60/1bIM OTbIP. Apanac }KaHe TOTbIKKAH NOMMETAN KeHAEPI MeH apasblk eHimaepai dnoTaumanbik,
6alibITy Ke3iHAEr KMbIHAbIK TOTbIKKAH MUHEpanaapablH, 6eTiH TMimai cynbouateyre 6annaHbICTbI.
dnoTaumaga KONLAHbINATBIH peareHT cynbouAaTi HaTpWii 6apAbIK KaFaakaa MUHepanablH, 6eTiHiH,
TONbIK CyNbdUATEHYIH KaMTamacbI3 eTe anmarabl. asanbik Kypambl 60MbIHWA apanac KeHaepre
KaTaTblH KOPFaCblH-MblpbIL KeHAEepiHiH,  apanblk  eHiMiHiH  6acTankbl OHimiHae
NUPOMETANNYPIUANBIK TaCIIMEH anAblH ana cynbduateyaeH KewiH dbnoTaumanbik 3epTreynep
Kyprisingi. AngplH ana cynbduarenreH eHimae, eHAeyAeH eoTrnereH 6actankbl 6HIMMEH
CaNbICTbIPFAHAA MbIPbIWTbLIH, anbiHybl 17,23%-Fa, KopfacbiH 10,07%-Fa apTKaHbl aHbIKTaNAbI.
TyWiH ce3aep: KopFacbiH-MbIpbIW KeHi, dasanbik Tangay, cynbduTTey, WbiFbiH, KypblabiM, 6enin
any.
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AHHOTAUMA

B cBA3M CO CHUMKEHMEM KayecTBa nepepabatbiBaeMbix pya, BoBieYeHneM B nepepaboTky 6eaHbiX,
TpyaHoOBOraTUMbIX pyd, CTaHoBUTCA 6onee 3HauMMbIM - paspaboTka KOMBMHMPOBAHHbIX
TexHonornin oboraweHuna. CnoxHocTb nNpu  GAOTaLMOHHOM O06OraleHUn CMeLaHHbIX U
OKMUCNEHHbIX MOJIMMETA/IZIMHYECKUX pPYya W MNPOMEXYTOYHbIX MPOAYKTOB 3aK/4aeTca B
3bdpeKkTMBHONW CynbdUAM3aLMM MNOBEPXHOCTU OKWUCNEHHbIX MUHepanos. [pumeHsemblit BO
bnoTaumm peareHT CEPHUCTbIN HaTpWil He Bcerga obecneymBaeT MOJMHYIO CynbGuUaM3aLMIO
NOBEPXHOCTU MWHEepanoB. Ha NPOMeXyTO4HOM NPOAYKTE  CBUHLLOBO-LMHKOBbLIX  pPyA
oTHocAWeroca nNo ¢asoBoMy COCTaBy K CMeLaHHbIM pPyAam BbINOAHEHbI $GNIOTALMOHHbIE
MUCCNeA0BaHMA  Ha  MUCXOAHOM NPOAYKTE W Mociae npeaapuTensHoin  cynbduamsaumm
NUPOMETANYPrUYECKUM CNOCOBOM. YCTaHOBAEHO, YTO B NPEeABapUTENbHO CYbGUANPOBAHHDIN
NPOAYKT M3BJIeYeHNe LIMHKA noBblcuaocb Ha 17,23%, a cBuHUA Ha 10,07%, no cpaBHEHWUIO C
MCXOAHBIM NpoAyKTOM 6e3 npeaBapuTenbHo 06paboTKu.

KnioueBble cnoBa: CBMHLOBO-UMHKOBasA pyaa, ¢$as3oBbl aHanus, cynbduamM3aumsa, BbIXo4,
COAEPKAHWNE, U3BNEYEHME.
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