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Removal of magnesium from sphalerite concentrates by means
of spent electrolyte deriving from
the process of cathode zinc extraction

Introduction

The domestic source of zinc and lead are deposits in dolomite rocks in the Silesia-Cracow
region. Their economic utility is estimated at about 90.42 million tons of ores (Gawlik,
Mokrzycki 2011). These ores contain an admixture of dolomite, which is an undesirable
component in the process of zinc extraction trough hydrometallurgy. The content of mag-
nesium amounts to as much as 2.5% MgO.

In practice, about 90% of magnesium included in zinc concentrates passes to the
last production stage, i.e. to the electrolysis process of cathode zinc electrowinning from
sulfate solutions. During the zinc electrodeposition process, magnesium accumulates in the
circulating solutions. The increment of magnesium concentration in the electrolyte is one
of the factors liable for a decline in zinc quality. The presence of this component in
the electrolyte, especially in concentrations exceeding 17 g/dm3, impairs the electrical
conductance of the solution, affecting the technical and economic indexes. Because of the
detrimental effect of electrolyte contaminations by magnesium, as well as other admixtures
on the development of zinc electrodeposition, and since they affect the quality of cathode
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zinc, a set magnesium limit concentration should be maintained during the process. In order
to keep this limit concentration at the required level, a part of the electrolyte is removed from
the electrolysis system.

One of the ways of decreasing the magnesium content in sphalerite concentrates is
pre-leaching with sulfuric acid solutions (Sanak-Rydlewska, Matysa 1996; Matysa, Sanak-
-Rydlewska 1999).

The degree of removal of magnesium and other admixtures, and the rate of leaching are
connected with the structure of the initial concentrate, its graining, the concentration of the
applied sulfuric acid solution, etc. (Jarosinski, Fela 2005, 2007).

Quantitative analysis of this process allows the selection of optimum leaching
parameters, as well as an optimum degree of purification of sphalerite concentrates
from magnesium compounds. During chemical treatment of concentrates gypsum is
formed. The presence of this phase in the concentrate is undesirable because it decreases
the content of zinc and causes an increase in moisture and some distributions in the process
of zinc winning. In order to remove gypsum after chemical treatment, the concentrates
are floated.

The contaminations should be removed from the waste water generated during the
chemical treatment of the concentrates. The relative low concentration magnesium and other
components makes their recovery economically unfeasible.

No literature has been found regarding the decrease of magnesium from sphalerite
concentrates by means of leaching with spent electrolyte derived from electrowinning of
cathode zinc.

The subject of this paper is obtaining of low magnesium concentrates by means of
chemical treatment and flotation using spent electrolyte from the zinc electrodeposition
process as the leaching agent.

1. Subject and method of investigations

In the experiments, sphalerite concentrate was obtained during the selective flotation of
zinc and lead ores. The samples were derived from the mechanical preparation department of
a domestic zinc-lead plant. The chemical composition of the initial material is given in
Table 1. The run of the research procedure is shown in Fig. 1.

In order to characterize the initial and final concentrates, X-ray investigations were
carried out with the use of Philips diffractometer system X Pert and microscope observations
(JEOL JSM 5400).

The main leaching experiments were conducted with 100 g of sphalerite concentrate
samples and spent electrolyte. The pulp was stirred with a constant speed (80 rate/min)
mechanical stirrer fitted with a stainless impeller. The solid/liquid mass ratio was 1:5.
The removal of magnesium and other components was carried out for 1 hour at a tem-
perature 20°C. After completing the leaching, the contents of the reaction vessel were
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TABLE 1
Content of some components in spent electrolyte
TABELA 1
Zawarto$¢ poszczegélnych sktadnikow w zuzytym elektrolicie
Content [g/dm3]
Kind of solution
Zn Mg Mn Pb Fe SO, Ca
Recycled electrolyte 120 <9 1.0-2.3 | traces 0.01 - -
Spent electrolyte (average ) 30-60 9-22 0.5-4.0 | 0.002 0.046 235.0 —
Spent electrolyte (used in tests) 58.49 11.4 4.67 0.002 1.33 229.9 0.43
Initial concentrate Sulfuric acid solution
Leaching —stage [
A 4
Concentrate I
Chemical [% Solution I > Dilution
analysis l
Initial | Leaching —stage 1T v
concentrate i Chemical
y analysis
Concentrate II
Chemical [« Solution IT > Dilution
analysis
A 4
Concentrate .| Leaching —stage III v
Chemical
analysis
Concentrate II1
Chemical | Solution IIT ° Dilution
analysis
4
. ’ Chemical
Chemlcgl Itregtment analysis
(precipitation)

Fig. 1. The run of research procedure of magnesium removal on the way of chemical treatment

Rys. 1. Schemat postgpowania podczas usuwania magnezu droga chemiczna
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filtered. The solid residue after chemical treatment was dried and dissolved, then analyzed
using the ICP method. The filtrates were also analyzed.

The flotation was performed in a 1.5 dm3 laboratory flotation cell. The following reagents
were used: sodium ethylxanthate (EtXNa), copper sulfate and pine oil. The data listed
are average values from at least three identical experiments.

2. Results and discussion

The mineral composition of the initial sphalerite concentrate is presented in Fig. 2.

In the tested samples, an essential component was sphalerite — ZnS, while galena — PbS,
dolomite — Ca, Mg(CO3), and calcite — CaCOj3 appeared in meager amounts. Zinc can
be observed as smithsonite — ZnCO3. Data from existing literature on the mineral phases
of zinc and other elements are discordant. For example according Riesenkampf (Riesenkamf,
Hamankiewicz 1981), a part of zinc is connected with dolomite — Ca(Mg, Zn)(CO3)5.
The presence of this mineral in zinc-lead ores results from the similarity of ionic radiuses:
Zn%" — 7.4 and MgZ" — 6.6 nm.

SEM photograph of typical initial concentrate as used in this work is presented
in Fig. 3.

The main mineral is sphalerite with a light, gray-white colour, the second sulfide mineral
is galena, also appearing as a tint of light gray-white. Dolomite as a main mineral of gangue is
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Fig. 2. X-ray diffraction of initial sphalerite concentrate used in research
S — sphalerite, G — galena, D — dolomite, K — calcite

Rys. 2. Dyfraktogram koncentratu sfalerytowego przed oczyszczaniem
S — sfaleryt, G — galena, D — dolomit, K — kalcyt
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Fig. 3. SEM micrograph of the initial sphalerite concentrate

Rys. 3. Obraz SEM koncentratu sfalerytowego przed oczyszczaniem

visible in the form of darkened area of the use surface. This mineral occurs in the concentrate
as free grains generally not more than 10 pm, and as intergrowths with sphalerite. Moreover,

oxidative minerals in the from of smithsonite are observed.
In the first stage, the removal of magnesium from the initial concentrate on the chemical

treatment was implemented. The results obtained were presented in Table 2.

TABLE 2

Leaching efficiency of some components from initial sphalerite concentrate in respective stages
of chemical treatment

TABELA 2
Efektywno$¢ tugowania poszczegolnego sktadnika na kazdym etapie z wyjsciowego
koncentratu sfalerytowego
Leaching efficiency [%]
Stage of leaching
Zn Mg Ca Fe
Stage 1 1.86 80.1 11.0 214
Stage 11 1.85 80.8 10.8 20.4
Stage 11T 1.67 71.7 9.7 17.9
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Data indicates that losses of zinc during the selected chemical treatment were low.
The composition of obtained solution and sphalerite concentrates after each stage of leaching
is shown in Table 3.

TABLE 3
The composition of obtained solution and concentrates after each stage of leaching
TABELA 3

Sktad roztworu i koncentratu na kazdym etapie lugowania

Com- Con- Stage | Stage II Stage II1
ponent | centrate | qqjytion T | concentrate 1| solution II | concentrate II | solution Il | concentrate 11T
[g/dm’] | 61.1 - 63.7 - 65.9 -
Zn
[%] — 54.5 — 54.6 - 54.6
[gdmd] | 14.1 - 16.7 - 19.3 -
Mg
[%] - 02 - 025 - 0.40
[g/dm3] 1.12 - 1.81 - 242 -
Ca
[%] - 225 - 226 - 2.15
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Fig. 4. X-ray diffraction pattern of the obtained concentrate after III stage of leaching
S — spalerite, G — galena, E — gypsum

Rys. 4. Dyfraktogram koncentratu sfalerytowego po oczyszczaniu — tugowanie 111
S — faleryt, G — galena, E — gips
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Magnesium content in the obtained concentrates I and II were very low, which cor-
responds to technological requirements. In concentrate after I11 stage amounted to 0.4% Mg.
In all concentrates content of main component decreased to 54.6% Zn. In all the obtained
concentrates after leaching, the presence of gypsum is confirmed, for example, as in
concentrate III (Fig. 4).

Therefore, in order to purify the concentrate from the gypsum phase, the flotation
was used.

The effect of flotation on the removal of magnesium and calcium from the concentrate
after the chemical treatment is presented in Fig. 5 and 6. The results confirmed that flotation

Initial concentrate
After chemical treatment

CuSO, 200g/t
Yield [g] Zn Pb ..
%] % Mixing
Yield Recovery | Recovery NaXet 200g/ t OS SOg/ t
%] Zn[%) | Pb[%l .

Miting

410 54.15 1.89

A 100 100 100

Flotation 3’

111 61.92 1.75 299 51.78 1.94
P2
270 30.7 25.0 73.0 69.3 75.0
v y
Pl Flotation 5’
114 60.9 1.60 185 46.08 2.15
P4
27.9 31.2 23.7 45.1 38.1 513
4 A4
P3 Flotation10’
134 60.03 1.21 51 9.70 4.60
32.6 | 3590 | 20.9 12.5 2.2 30.4
v 4
PS5 P6

Fig. 5. Qualitative-quantitative flowsheet of sphalerite concentrate obtaing after chemical treatment for zinc
and lead: leaching agent — spent electrolyte, time of leaching — 1 hour

Rys. 5. Schemat ilo§ciowo-jakosciowy otrzymywania koncentratu sfalerytowego (cynk i otéw)
po chemicznym oczyszczaniu: czynnik tugujacy — zuzyty elektrolit cynkowy, czas tugowania 1 godzina
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Initial concentrate
After chemical treatment

CuS04 200g/t
Yield Mg Ca i
l2) 4l (%1 Mixing
Yield Recovery | Recovery NaXet 200g/t OS 50g/t
[%] Mg [%] Ca[%] v
Mixing 3’
410 2.15 0.39
Y 100 100 100
Flotation 3’
111 0.48 0.59 299 | 0.36 2.73
P2
27.0 332 | 7.40 73.0 67.2 92.7
v A
P1 Flotation 5°
114 0.44 0.63 185 0.31 4.033
P4
27.9 314 8.2 45.1 35.8 84.5
v A
P3 Flotation 10’
134 0.27 0.38 51 0,41 13.5
32.6 22.6 5.8 12.5 13.1 78.5
4 \4
PS5 Po6

Fig. 6. Qualitative-quantitative flowsheet of sphalerite concentrate obtaing after chemical treatment
for magnesium and calcium: leaching agent — spent electrolyte, time of leaching — 1 hour

Rys. 6. Schemat ilo$ciowo-jako$ciowy otrzymywania koncentratu sfalerytowego (magnez i wapn) po
chemicznym oczyszczaniu: czynnik tugujacy — zuzyty elektrolit cynkowy, czas tugowania 1 godzina

was an efficient way of removing impurities from the concentrate after leaching such
gypsum. In Fig. 7, curves of kinetics enrichment of zinc and lead by flotation are presented.
Data indicates that recovery of zinc is high.

The phase examination of concentrate after chemical and flotation treatment of initial
sphalerite concentrate confirmed in samples(P1, P2) only sphalerite as the main phase, and
only a small amount of galena (Fig. 8).

The results of flotation indicated that this means of gypsum elimination from concentrate
was very efficient. These products can be numbered to high quality concentrates.
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100

Fig. 8. X-ray diffraction pattern of the obtained concentrate after III stage of leaching
B — spalerite, C — cerusite, E — gypsum

Rys. 8. Dyfraktogram koncentratu otrzymanego po III etapie tugowania
B — sfaleryt, C — cerusyt, E — gips
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Fig. 7. Curves of kinetics enrichment of zinc and lead by flotation
Rys. 7. Krzywe kinetyczne wzbogacania cynku i otowiu w czasie flotacji
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3. Remarks

The following conclusions can be drawn from this paper. The research of the sphalerite
concentrate leaching process with spent electrolyte confirmed the usefulness of this method
of magnesium removal. The leaching efficiency of magnesium for each stage of leaching was
high amounting to over 77% . Losses of zinc during the chemical treatment were low, which
is beneficial for processing the recovery of zinc ores.

The solutions derived from each stage of chemical treatment characterize a high con-
centration of magnesium. This issue is a subject of separate studies.

The level of impurities ccontained in sphalerite concentrates obtained by means of
chemical treatment, using sulphuric acid or spent electrolyte deriving from the zinc
electrodeposition process as the leaching agent, as well as the cleaning flotation, is
comparable.
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USUWANIE MAGNEZU Z KONCENTRATU SFALERYTOWEGO ZA POMOCA ZUZYTEGO ELEKTROLITU
Z PROCESU OTRZYMYWANIA CYNKU KATODOWEGO

Stowa kluczowe

Przerdbka rud cynku i otowiu, usuwanie magnezu, koncentraty sfalerytowe

Streszczenie

Wystepowanie zt6z rud cynku i otowiu w skatach dolomitowych sprawia, ze otrzymane koncentraty sfa-
lerytowe zawieraja domieszke dolomitu. Praktyka wskazuje, ze znaczna cz¢$¢ wprowadzanego magnezu z su-
rowcami cynkowymi przechodzi do ostatniej fazy produkc;ji, elektrolizy cynku. Obecno$¢ magnezu w elektrolicie
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obniza przewodnictwo elektryczne elektrolitu i powoduje pogorszenie wskaznikéw techniczno-ekonomicznych.
Celem opisanych w tym artykule badan byto opracowanie metody usuwania magnezu z surowego koncentratu
sfalerytowego na drodze chemiczno-flotacyjnej, stosujac zuzyty elektrolit pochodzacy z elektrolizy cynku.
Opracowanie ukierunkowano wokol doswiadczalnego zobrazowania istniejacych zaleznosci i ustalenia opty-
malnych warunkéw zaproponowanej procedury. Stopien wylugowania magnezu wynosit okoto 80%. Straty cynku
wynosity ponizej 2%, natomiast stgzenie magnezu w roztworze wynosito 20%. Z tych roztworé6w mozna odzys-
kiwa¢ magnez i cynk, co bgdzie przedstawione w nastgpnej publikacji.

REMOVAL OF MAGNESIUM FROM SPHALERITE CONCENTRATES BY MEANS
OF SPENT ELECTROLYTE DERIVING FROM THE PROCESS OF CATHODE ZINC EXTRACTION

Key words

Processing of zinc and lead ores, removal of magnesium, sphalerite concentrates

Abstract

Due to the occurrence of zinc and lead ore deposits in dolomite rocks, the sphalerite concentrates obtained
from these ores contain an admixture of dolomite. In practice, a substantial amount of magnesium included in zinc
ores passes to the last production stage, i.e. zinc electrolysis. The magnesium present in electrolyte impairs
electrical conductance and appears in the technical and economical indexes. This paper deals the attempts to
remove magnesium removal from initial sphalerite concentrates by means of chemical flotation using spent
electrolyte derived from zinc electrolysis. The authors attempt to substantiate the existing relationships, as well as
to derermine the optimum conditions for the procedure suggested. The leaching efficiency of magnesium amounted
to about 80%, and is dependent upon the stage of the leaching. Losses of zinc were below 2%, and the magnesium
concentration in solution amounted to about 20%. These solution can produce magnesium and zinc, which will be
presented in the following paper.






