13BecTis By30B. LiBeTHaOs MeTanAyprng o 2024 o T.30 o N24 « C. 11-21

KonecHukos A.B., AreeHiko E.M. K BONpocCy LLeMeHTALMOHHOM O4MCTKM LIMHKOBBIX PACTBOPOB

METALLURGY OF NON-FERROUS METALS / METAAAYPTAS LUBETHbIX METAAAOB

UDC 541.138 Research article

https://doi.org/10.17073/0021-3438-2024-4-11-21 HayuHast ctaTbst @

On the cementation purification of zinc solutions
A.V. Kolesnikov, E.I. Ageenko

Chelyabinsk State University
129 Bratiya Kashiriny Str., Chelyabinsk 454001, Russia

P4 Egor I. Ageenko (ag-40@mail.ru)

Abstract: The article focuses on researching the technology of cementation purification of zinc sulfate solutions from impurities that adversely
affect the electrolysis of zinc. The purpose of this work is to explore new approaches for deep cementation purification of solutions, aimed at
reducing the consumption of zinc dust and activating additives (antimony and copper compounds) in the technological process, while improving
the quality of the purified solution by decreasing the content of cobalt, nickel, and cadmium in the solution supplied for zinc electrolysis. In this
study, a new technology for the cementation purification of industrial solutions was developed, which includes the following stages of impurity
removal using zinc dust: preliminary purification stage to remove copper to a concentration of 90—110 mg/L; co-precipitation of copper,
cadmium, cobalt, and nickel with the addition of antimony trioxide; deep purification of the solutions from all impurities remaining after the
first stage. The purification process was conducted under the following conditions: the preliminary deposition took place at a temperature
of 50 °C, with a duration of 30 min and a zinc dust consumption of 0.2—0.4 g/L; the first purification stage occurred at a temperature
of 80 °C, for a duration of 1 h, with a zinc dust consumption of 2—3 g/L, and an antimony dosage of 3—6 mg/L; the second purification stage
was carried out at a temperature of 75—80 °C, for a duration of 1 h, with a zinc dust consumption of 2—3 g/L, and dosages of copper sulfate and
antimony at 50 mg/L and 2—3 mg/L, respectively.
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Annoranusa: CTaTbsl MOCBSIIEHA MCCIENOBAHUSM TEXHOJOTMU LEMEHTAIIMOHHON OYUCTKM CyAbGaTHBIX LIUHKOBBIX PACTBOPOB OT
npumMeceii, OTpULIATENbHO BAUSIONIMX Ha DJIEKTPOIU3 HMHKA. Lleab paboThl — MOUCK HOBBIX BApMAHTOB INYOOKOI LIeMEHTallMOHHOM
OYHMCTKH PAaCTBOPOB, MO3BOJISIIOLUINX COKPATUTh PACXObI LUHKOBOU MbUJIM U AKTUBUPYIOLIMX 100aBOK (COCAMHEHM A CYpPbMBI U ME1U) B
TEXHOJIOTUYECKOM Tpollecce M YIYUIIUTh Ka4eCTBO OUMIIIEHHOTO pacTBOpa (CHUXEHUEM B HEM COlepXKaHU i KoOaabTa, HUKeJ s, Kall-
MUsT), TTIOlaBaeMOT0 Ha 3JIEKTPOJIN3 IMHKa. PazpaboTaHa HOBast TEXHOJOTH S IEMEHTAIIMOHHOW OUMCTKY MPOMBINIIJIEHHBIX PACTBOPOB,
BKJTIOUAIOIIAS CIENYIONNe TPU CTAAUM IEMEHTALNMU MTpUMeceil IMHKOBOU MBLIBIO: TPEABAPUTEIbHAS — OUMCTKA PACTBOPOB OT MEIU
1o koHueHTpauuu 90—110 Mr/n; mepBasi — COBMECTHOE OCaxkeHUe MeAU, KaAMUsl, KOOaJIbTa, HUKEJ s ¢ T0OaBKOW TPUOKCUIa CYPbMBI;
BTOpasi — r1y0oKasi 0O4UMcTKa paCTBOPOB OT BCEX OCTABILMXCS Moce 1-ii cTaauu npumeceii. TH cTallu OCYLIeCTBIISIIUCH TPU CIAEAYI0-
KX peXrMax: MpelBapuTesbHOEe OCaXAeHue npoTekaso npu remmeparype ¢+ = 50 °C, npopojkuTeabHOCcTH T = 30 MUH U pacxone
uHKoBOM mbtu m = 0,2+0,4 1/1; 1-s1 ctagust ounctku — ¢t = 80 °C, 1= 14, m = 2+3 1/1, 103UPOBKa MO CypbMe — 3—6 MT/J; 2-51 CTaausi
ounctku —t=75+80°C, 1= 14, m = 2+3 /71, 103UPOBKA METHOTO KyTnopoca 1o menu — 50 Mr/J1, o cypbMe — 2—3 mr/n. PazpaboTaHHBbIi
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Introduction

In recent years, there has been an increasing de-
mand for high-quality zinc of the “Special High Grade”
(SHG), in which the zinc content is 0.015 wt. % higher
compared to the TsOA grade zinc (Table 1).

One of the main requirements for producing
high-quality zinc is obtaining solutions that are deeply
purified from cobalt and nickel. This becomes more
challenging at facilities with high levels of organic
matter, iron, and other impurities in the electrolytes,
which are processed for cementation purification. The
operational practices of zinc plants show that cobalt is
the primary impurity in zinc solutions, and other trace
impurities are highly correlated with it. In 95 cases out
of 100, it can be assumed that removing cobalt from
the solutions to concentrations of less than 1 mg/L re-
duces the other impurities to levels acceptable for elec-
trolysis [1; 2].

Analysis of studies on the Kinetics
of cementation with zinc dust

As a rule, the cementation process proceeds quick-
ly compared to corrosion and cannot be characterized
by a single mechanism from start to finish. The entire
cementation process, from the moment the cementing
metal comes into contact with the solution to the final
stage of reaction slowdown, can be divided into several
distinct periods, each governed by its own laws [3].

A typical kinetic curve of the cementation process
rate is presented in Fig. 1. Its form allows for the iden-
tification of four periods in the cementation process. As
noted in the study [3], period [ is observed only when

passivating films are present on the surface of the metal
and is associated with their removal due to dissolution
upon interaction with the electrolyte. However, if the
metal surface is in an active state (without passivating
films) at the moment of contact with the solution, the
surface activation period is absent, and cementation be-
gins immediately after the metal isimmersed in the elec-
trolyte, i.e., without an induction period.

According to [3], the second period (/]) is associ-
ated with the process of forming the cathodic surface,
which cannot be separated from the process of its growth
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Dependence of cementation rate on time
1, 11, 111, IV — periods of the cementation process

3aBUCUMOCTD CKOPOCTHU LIEMEHTAIIUU OT BPEMECHU

1, 11, I11, IV — nepuobl mpoliecca [eMeHTaluu

Table 1. Chemical compositions (wt. %) of zinc grades TsOA and SHG

Ta6auua 1. Xumuveckuii coctaB (Mac. %) umHka Mmapok LIOA u SHG

) 7n Impurities, not more than
Zinc grade | ’ h
not less than P | cd Fe Cu Sn Al
TsOA 99.98 0.01 0.003 0.003 0.001 0.001 Not standardized
SHG 99.995 0.003 0.003 0.002 0.001 0.001 0.005
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in thickness. As soon as the first crystallization centers
of the reduced metal appear, the growth of the existing
centers begins simultaneously with the formation of new
ones.

The third period (/1) is the main phase of the pro-
cess, during which the precepitation of the reduced met-
al primarily grows, and the concentration of its ions in
the solution decreases. The rates of side reactions during
the main period can generally be neglected.

The fourth period of cementation (/V) is the final
phase of the reaction’s slowdown, which is typically ac-
companied by a significant increase in the role of side
reactions (see the dashed line in Fig. 1). These side reac-
tions often terminate the reduction process long before
thermodynamic equilibrium is reached [3].

In the hydrometallurgical production of zinc, the
neutral zinc solution (pH = 5.0+5.2) obtained after the
complete dissolution of roasted zinc concentrate in sul-
furic acid undergoes cementation purification to remove
copper, cadmium, nickel, cobalt, antimony, thallium,
and certain uncontrolled trace impurities.

Cementation precipitation of impurity metals
(MeZ™) from the solution is carried out using metallic
zinc. This process is based on the fact that zinc does
not contaminate the zinc solution and is more elec-
tro-negative than the precipitated impurities, which is
why it acts as a reducing agent for impurity cations. The
impurities precipitated on the zinc during cementation
form the following decreasing series in terms of cemen-
tation rate at temperatures <70 °C: Cu > Cd > Ni > Co,
while Fe?* does not precipitate. At temperatures above
80 °C, as noted in the literature, cadmium precipitates
less than nickel and cobalt. This order is typical for the
impurity concentrations encountered in zinc produc-
tion.

The tasks of cementation purification of zinc solu-
tions from impurities include the following:

— improving the degree of solution purification;

— increasing the cadmium content in the cementa-
tion precipitates (a raw material for cadmium produc-
tion);

— reducing the specific consumption of the cement-
ing agent (zinc dust).

The factors influencing the cementation process
include temperature, pH level, the quantity and ratio
of precipitated impurities, the mass of solid suspended
particles in the initial solution, the duration of the oper-
ations, and the methods for separating the cementation
precipitates from the solution [1].

The degree of cementation purification of the neu-
tral solution effectively increases only during a limit-
ed contact time between the zinc dust and the solution

(20—30 min). After that, the oxidation of the reduced
cadmium begins to dominate over the precipitation of
impurities, and the purification performance no longer
improves, and may even worsen if “fresh” cementing
agent is not added [1].

Thus, the intensification of cementation, as shown in
the aforementioned studies, is achieved by the following
methods:

— increasing the specific consumption and dispersi-
ty of the zinc dust;

— using activators for zinc dust;

— increasing the temperature to the optimal level;

— increasing the stirring rate of the solution;

— avoiding prolonged contact between the solution
and the cementing agent.

In the initial stages of cementation purification,
copper and cadmium are usually removed. Copper is
relatively easily removed from the solution with a sto-
ichiometric consumption of zinc, while complete re-
moval of cadmium is more challenging, as its cementa-
tion precipitate can redissolve. The presence of arsenic,
antimony, germanium, and oxidizers like Fe’" in the
zinc solution promotes the dissolution of cadmium pre-
cipitates [2].

An understanding of which metals can be precipi-
tated from a solution via cementation with zinc can be
gained by comparing the standard electrode potentials
of the metals. Electrochemical theory suggests that all
metals with a standard potential more positive than
—0.763 V can be cemented with zinc.

Practical approaches to purifying zinc
solutions from impurities that negatively
impact zinc electrolysis

Based on data from the information-analytical
database [1], we analyzed the technologies and puri-
fication parameters used by 32 plants worldwide for
cobalt removal, considering both periodic and con-
tinuous schemes, the number of purification stages,
activators, purification temperatures, and the cobalt
content in the purified solutions. The majority of
plants use continuous impurity removal processes,
typically with two or three stages. In 22 % of the cases,
o.—B-naphthol is used as an alternative to zinc dust
for cobalt removal. The most common temperature
range for cobalt purification is 60—70 °C. The level
of cobalt removal is relatively consistent, with final
concentrations ranging between 0.1 and 2.0 mg/L.
Common zinc dust activators include Sb,03, As,0s3,
CuSO,, with Schlippe’s salt and potassium tartrate
used less frequently.
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One zinc plant implemented a two-stage purifica-
tion process using zinc dust with different particle si-
zes: +0.063—0.25 mm in the first stage and —0.063 mm
in the second. In the second stage, copper sulfate and
antimony compounds were added as activators. This
stage operated at a temperature of 70—90 °C. The first
stage was designed to reduce copper and cadmium con-
centrations in the solution to less than 1 mg/L (Cu) and
7—10 mg/L (Cd), resulting in a copper-cadmium cake
that could be used for cadmium production. The se-
cond stage focused on purifying the solution from nickel,
cobalt, cadmium, and other impurities to meet the spe-
cifications required for SHG zinc electrolysis [1]. How-
ever, when the new scheme was introduced, challenges
emerged in preparing the solutions for zinc electrolysis.
The situation became more complex when the plant pro-
cessed zinc concentrates and oxidized ores with high
cobalt and nickel content, leading to increased levels of
these metals in the zinc solutions undergoing cemen-
tation purification. This situation necessitated a more
thorough investigation of the cementation process for
cobalt and nickel.

It is well established [I; 2] that the most common
method for purifying zinc solutions from cobalt is ce-
mentation with zinc dust, along with the addition of
activators, most frequently arsenic and antimony in
the form of salts, oxides, or elemental substances. Zinc
dust activation is typically enhanced when antimony
and arsenic are introduced into the solution along with
copper ions. Some studies have demonstrated the ad-
vantages of using pentavalent antimony as an activator
for the removal of Co?" and Ni*" at concentrations of
0.25—0.4 mg/L [4].

Zinc dust containing inclusions of lead, aluminum,
copper, and antimony is also employed for the cemen-
tation of Co?* and Ni2* [5—7]. In one study [5], it was
proposed to purify zinc sulfate solutions from impu-
rities using zinc dust with the following composition,
in %: 0.001—0.03 Al, 0.05—1.0 Pb, and occasional-
ly 0.02—0.1 Cu. The alloy for producing zinc dust is
prepared by adding lead and zinc to a zinc-aluminum
alloy [5—7]. The purification process with zinc dust is
conducted in two stages, following a counter-current
principle. Zinc dust containing these impurities is add-
ed in excess during the second stage of cementation,
where cobalt and nickel are removed from the solution.
At least part of the cementation precipitate, along with
excess zinc dust, is directed back to the first stage of
cementation to precipitate cadmium and copper from
the solution.

The authors of study [8] examined the effect of PbO
and oxides formed during the first stage of the Harris
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process, which represents a mixture of lead and anti-
mony oxides. Their findings showed that lead oxides
in the solution promote more complete precipitation
of cobalt and nickel during cementation with zinc
dust. To enhance nickel precipitation efficiency, it was
suggested to introduce zinc cakes, as well as lead and
zinc sulfides [1]. Another study [9] proposed that in
addition to antimony, the purification process could
benefit from the addition of lead salts (20—100 mg/L),
sulfur (100—5000 mg/L), activated carbon, bentonite,
and limestone.

The Debari zinc-electrolyte plant in India was
commissioned in 1967 [10], and its production capacity
was expanded to 45000 tons in 1976. During this ex-
pansion, an electrolyte purification process was intro-
duced, which involved the addition of K—Sb-tartrate
to zinc dust for cementation of impurities. Initially, the
zinc dust consumption was 62 kg per ton of zinc, but
starting in 1977, the specific consumption steadily in-
creased, reaching 80 kg per ton due to the declining
quality of zinc sulfide raw materials. Based on studies
aimed at reducing zinc dust consumption, a two-stage
purification scheme was developed. The first stage in-
volved a reduced amount of zinc dust, and the resulting
copper-cadmium cake was removed from the process.
In the second stage, additional zinc dust was intro-
duced, and the cake separated by a hydrocyclone was
returned to the first purification stage. The implemen-
tation of this two-stage method reduced zinc dust con-
sumption to 35—40 kg per ton.

In study [11], a three-stage purification process is de-
scribed. In the first stage, recycled zinc dust from the
second and third stages is introduced, and at a tempe-
rature of 70—75 °C, copper and cadmium are completely
precipitated, along with a significant portion of cobalt.
The precipitate is separated in two thickeners, each
9 meters in diameter. The overflow is heated to 95 °C
and sent to the second stage (a cascade of four tanks).
Here, the remaining cobalt is removed by adding Sb,0;
powder to the first tank and zinc dust to the first, third,
and fourth tanks. The excess zinc dust, together with the
cobalt precipitate, is separated from the solution in hyd-
rocyclones and returned to the first purification stage.
The hydrocyclone overflow is sent to the third stage,
which serves as the final purification and acts as a buffer
before the solution is sent for filtration. A small amount
of zinc dust is added in the third stage to prevent cobalt,
cadmium, and copper from re-dissolving into the solu-
tion. The pH of the solution is maintained at 3.6—3.8
for better filterability. Filtration is carried out using filter
presses with polypropylene fabric and kraft paper. The
filtered solution is then sent to electrolysis.
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Several studies have demonstrated the effectiveness
of removing cobalt from solutions using butyl xanthate
and other organic substances such as hydroxylamine,
ethylenediamine, urea, and water-soluble nitroso com-
pounds, water-soluble salts of nitroso compounds [12;
13], as well as salts of tartaric acid [14]. At the same time,
it has been noted [1] that the presence of organic sub-
stances significantly slows down the cementation of co-
balt due to their adsorption on the cathodic areas of the
zinc metal. Therefore, the methods developed for impu-
rity removal [15] are of practical importance not only for
wastewater treatment but also for obtaining high-quality
solutions for electrolysis.

It has been established [16] that the addition of no-
nylphenol polyethylene glycol and polyethylene glycol
negatively affects the cementation of cobalt, while the
addition of dinaphthylmethane-4,4-disulfonic acid does
not influence the cementation process. It was shown
that copper has a positive effect on cobalt cementation,
whereas antimony has a negative effect. It was also not-
ed that at a temperature of 65—85 °C, the cementation
reaction of Co®" proceeds in a kinetic regime and fol-
lows first-order reaction kinetics. The studied process
includes two periods: an initial period (up to 4 min) and
a main period (up to 10 min), which is associated with
intensive hydrogen evolution.

Publications [17; 18] xplore the effect of surfactants
(SAA) on the cementation of nickel using zinc powder
with a particle size of 54—74 um from solutions con-
taining 180 mg/L of nickel and 200 mg/L of copper,
respectively. Surfactant additions ranged from 15—
30 mg/L. It was found that the presence of surfactants
inhibits the nickel cementation process, resulting in
smaller grain sizes and lower porosity of the cementation
precipitates. As the temperature increases, nickel crystal
size and precipitate porosity also increase.

Study [18] also investigated the effect of adding
nonylphenol polyethylene glycol on cadmium cemen-
tation using zinc powder with a particle size of 54—
74 um from solutions containing 202 mg/L Cd?* and
200 mg/L Cu?®' at a pH of 4.5. It was found that, un-
like the negative effects on nickel cementation observed
with all tested surfactants, the cadmium cementation
process was accelerated. The rate constant for cad-
mium cementation in the presence of copper (K-10°,
cm/s) decreased in the following order: from 4.2 in
the presence of nonylphenol polyethylene glycol, to 3.7
(without additives), to 3.3 with the addition of polye-
thylene glycol, and to 2.6 in the presence of dina-
phthylmethane-4,4-disulfonic acid.

The authors of study [19] noted that in organizing a
continuous process for purifying solutions to permissi-

ble levels of impurities that negatively affect zinc electro-
lysis, the presence of surfactants in the initial solution
would require an increased consumption of zinc dust to
achieve the desired level of purification.

In study [20], Sb,0O5 powder was used as an activator
for cobalt cementation. Optimal conditions were deter-
mined for cobalt cementation from zinc sulfate solutions
containing 150000 mg/L ZnSO, and 24 mg/L cobalt.
The Co?" concentration in the solution was reduced to
1 mg/L under the following cementation conditions:
zinc dust with a particle size of 120—150 um was used
at a dosage of 5 g/L; Sb,O5 was added at 4 mg/L; the pH
of the solution was 4.5; and the temperature was 85 °C.
The optimal conditions for cobalt removal with anti-
mony (/1) oxide were established as follows [20]: tem-
perature of 80—85°C, Cu?" concentration of 200—
300 mg/L, and Sb to Co ratio of (0.5—2):1.

In study [21], a modified method for deep puri-
fication of zinc sulfate solutions from cobalt was de-
scribed. The initial solution contained (in mg/L): 80—
180 Cu, 300—450 Cd, 4—8 Co, 4—8 Ni, 5—12 Ti, and
0.1—0.15 As. Under optimal conditions—zinc powder
dosage of 3.0—3.5 g/L, potassium antimony tartrate
(K(SbO)C4H,40¢) at 1 mg/L, CuSO,4 at a minimum of
25 mg/L, pH = 4.5+4.8, temperature of 80—85 °C, and
a contact time of 3.0—3.5 h a purified solution was ob-
tained, containing 0.1 mg/L Co, less than 0.3 mg/L Ni,
and increased levels of copper (0.13—0.15 mg/L), cad-
mium (1.0 mg/L), and thallium (2.0 mg/L).

Study [22] investigated the conditions for purifying
zinc sulfate solutions from cobalt, with zinc concen-
trations of 154000 mg/L and impurities (in mg/L) as
follows: Cu — 290, Cd — 610, Co — 22, Fe — 3, Ni —
6, Sb — 2. Cementation was carried out in two stages
at a temperature of 70 °C, pH = 4.5, with the addition
of 20 mg/L Cu?*, 100 mg/L As, and 2 g/L zinc pow-
der. In the first stage, the degree of cobalt purifica-
tion reached 50 %. After the second stage, cobalt con-
centrations in the solution were reduced to less than
0.75 mg/L.

Research [23] investigated the impact of metal salt
additives (Cu, Cd, Pb, Sb, Sn) on the kinetics of co-
balt cementation using zinc powder with particle sizes
ranging from 50 to 750 um and a specific surface area
of 1.74 mz/g. The optimal conditions for cementation
were identified as follows: temperature of 85 °C, and ad-
ditive concentrations (in mg/L) of Cu — 15, Cd — 10,
and Sb — 2. The cobalt cementation process was found
to follow a first-order kinetic model, with an activation
energy of 51 kJ/mol. Significant differences were noted
between the cementation behavior of cobalt in industrial
and synthetic solutions.
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Research conducted in study [24] demonstrat-
ed that when Sb,05 is added during cobalt cementa-
tion, antimony co-precipitates with cobalt, resulting
in a cementation product containing a metallic CoSb
compound.

Study [25] explored the cementation of cobalt using
zinc powder from a solution containing (in mg/L):
13—28 Co, 3.0 Sb,O3, and 150000 Zn at a pH of 5.0.
The optimal cementation conditions, which reduced the
cobalt concentration to less than 0.5 mg/L, were deter-
mined to be: temperature 85 °C, contact time 90 min,
stirring speed of the pulp 300 rpm, and zinc powder con-
sumption (particle size <55 um) of 1.6 g/L.

Optimal conditions for cobalt and nickel cemen-
tation in the presence of CuSO, and K(SbO)C4H,O4
as activators were identified in study [26]: temperature
80 °C, contact time 75 min, and zinc powder consump-
tion of 1500 % of the stoichiometric amount, with an
Sb : Co = 1. It was noted that extending the purification
time beyond 75 min resulted in partial dissolution of the
cementation precipitates. The absence of copper in the
solution significantly affected nickel cementation, while
the absence of arsenic had a lesser impact.

Study [27] highlighted the negative effect of high
zinc concentrations on cobalt cementation. It was noted
that at zinc concentrations greater than 50000 mg/L,
only a few percent of cobalt was removed from the solu-
tion after 3 h. The cementation process was carried out
on a rotating zinc disk at 90 °C, with an initial cobalt
concentration of 10 mg/L, pH = 3.3, and no activators.

Study [28] examined the mechanism of cobalt re-
moval using zinc dust with the addition of As,O5; and
Cu in a galvanic cell with a membrane, a zinc anode,
and a copper cathode. The cell design was described,
and the following cathodic reactions were presented:
2H' +2¢~=H, (1), 2Co*" + 2HAsO, + 6H' + 10e~ =
= 2CoAs + 4H,0. The anodic reaction was: Zn =
= Zn?" + 2e. It was shown that the degree of cobalt
removal increased with higher temperatures and the
amount of added As,0O;. The addition of Cu®" accele-
rated cobalt precipitation, explained by the formation
of a galvanic couple between zinc and copper. The
pattern of cobalt cementation changed significantly
with the addition of activators. Comparative data on
cobalt cementation rates (relative units) were provided
in studies [28, 29]: 1 (no additives), 1.1 (copper added),
3.0 (antimony added), 18.0 (copper + antimony added)
at a temperature of 73 °C, with initial solution concen-
trations (in mg/L): Co — 30, Cu — 30, Sb — 1.5, and
zinc dust consumption of 4 g/L, pH = 3.6.

Studies [2; 9; 30] have noted that the effect of sur-
factants (SAA) on cementation processes lies in their
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adsorption on the surface of cementation elements,
creating additional resistance in the electrical circuit,
which reduces the current. In macroelectrolysis, the de-
sired current can be easily maintained by adjusting the
voltage supplied to the bath, but in low-power cemen-
tation systems, overcoming this additional resistance
would require selecting a galvanic couple with a high
electromotive force (EMF). Ultimately, the presence of
surfactants in solutions undergoing cementation leads
to an increase in the time required to achieve the target
residual concentration of the precipitated metal in the
solutions [30—34].

An analysis of the literature shows that nearly all
plants have implemented a three-stage purification
scheme, which includes an intermediate stage for par-
tially removing copper from the process. It is known that
for deep purification of solutions from cobalt and nickel,
increased consumption of zinc dust with a particle size
of less than 55 um is necessary, along with the manda-
tory addition of antimony compounds and the presence
of copper in the solution. A significant reduction in zinc
dust consumption was achieved at the “Zinkgruvan”
plant (Kokkola, Finland) by using arsenic trioxide dur-
ing the cementation stage [1]. Additionally, this plant
differs from other known purification schemes in the
sequence of operations: after the intermediate stage of
partial copper precipitation, the first stage involves deep
purification from cobalt and nickel (while at most other
plants, the first stage targets copper and cadmium), and
the final stage focuses on deep cadmium purification
(while other facilities prioritize cobalt and nickel at this
stage).

In light of the above, the present study investigated a
purification scheme involving deep precipitation of co-
balt and nickel in the first stage.

The aim of the study is to explore new approaches
for deep cementation purification that would reduce
the consumption of zinc dust and activating additives
(antimony and copper compounds) in the technologi-
cal process, while improving the quality of the purified
solution lowering the concentrations of cobalt, nickel,
and cadmium supplied in the solution used for zinc
electrolysis.

Experimental

The following technology for cementation purifica-
tion of industrial solutions is proposed:

Preliminary stage — cementation purification of
the solutions from copper to a concentration of 90—
110 mg/L (=50 °C, t = 30 min, zinc dust consumption
m=0.2+04g/L),
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Stage 1 — co-precipitation of copper, cadmium, co-
balt, and nickel with the addition of antimony trioxide
#=80°C,t=1h, m=2+3g/L, antimony dosage —
3—6 mg/L);

Stage 2 — deep purification of the solutions from all
impurities remaining after the first stage (r = 75+80 °C,
T =1h m = 2+3 g/L, copper sulfate dosage —
0—50 mg/L, antimony dosage — 2—3 mg/L).

The overall consumption of reagents was as follows:
zinc dust — 4.2—6.4 g/L, copper sulfate dosage —
50 mg/L, antimony dosage — 5—9 mg/L. The varia-
tion in reagent consumption is due to the differing im-
purity content in the neutral industrial zinc solution
used in the experiments.

The following starting materials were used:

— neutral industrial zinc solutions with the fol-
lowing average composition (in mg/L): Zn — 136800,
Co —4.09, Cd — 562, Cu — 306, Ni — 3.85, Sb — 0.41,
As — 0.35, total Fe — 91.1, Fe?" —22.9;

— antimony trioxide solution — a suspension with a
solid concentration of 800 mg/L;

— copper sulfate solution;

— fine zinc dust.

During the preliminary precipitation stage, copper
was cemented from zinc solutions obtained during the
leaching of roasted zinc concentrate, using zinc dust
(40—60 % fraction size —0.063 mm).

As a result of the preliminary precipitation, fil-
trates with varying copper concentrations were ob-
tained and used in the first stage of cementation pu-
rification:

Filtrate number .......... 1 2 3 4 5 6 7
Cu,mg/L.....ccuee... 65 93 100 115 124 200 300

In the first stage of cementation, the starting fil-
trate with different residual copper concentrations
(from 65 to 300 mg/L) after the preliminary preci-
pitation was treated with antimony as a Sb,O5; pulp
(with an Sb: (Co + Ni) ratio of 1: 1), and zinc dust
with a particle size of —0.063 mm was added for im-
purity precipitation (Cu, Cd, Co, and Ni) at a dosage
of 2.5 g/L. Cementation at this stage was carried out
at 80 °C for 1 h. The parameters (zinc dust consump-
tion, temperature, and duration of the process) were
determined through additional experiments using
filtrates obtained after preliminary copper precipita-
tion to concentrations of 90—110 mg/L. The effect of
copper content in the filtrates after preliminary pre-
cipitation on the residual cadmium and cobalt con-
tent in the solution after the first stage of cementation
was established:

Cu, mg/L...... 65 93 100 111 124 200 300

Cd, mg/L.....0,12 0,13 0,15 0,25 2,6 4,8 104,5
Co, mg/L.....0,26 0,21 0,22 0,27 0,30 0,35 2,62

It is clear that the cadmium and cobalt concentra-
tions in the solution after the first stage of purification
decrease as the copper content in the solution follow-
ing the preliminary cementation is reduced. Thus, a
preliminary conclusion can be made that to achieve
acceptable levels of cadmium and cobalt for zinc elec-
trolysis, the copper concentration in the solution after
the preliminary cementation should be between 90 and
110 mg/L.

As mentioned earlier, additional experiments were
conducted to establish more accurate purification
conditions, determining the temperature, duration,
zinc dust dosage, and activating additives. It was also
proven that the preliminary stage of copper precipita-
tion to the indicated concentrations (90—110 mg/L) is
necessary. The results of the experiments are presented
in Table 2.

The data in Table 2 show that increasing the tempe-
rature reduces the concentration of certain impurities in
the filtrate. However, at 85 °C, after 1 h, cobalt undergoes
reverse dissolution, leading to a rise in its concentration.
Therefore, a temperature of 80 °C is considered optimal,
as the concentrations of other impurities remain within
acceptable limits at this level.

Experiments were also conducted on the cementa-
tion of impurities at the first and second stages of pu-
rification with varying zinc dust dosages (Table 3), with
copper and antimony concentrations of 50 and 2 mg/L,
respectively.

As seen from the data (Table 3), acceptable purifica-
tion results were obtained at the first stage with zinc dust
dosages ranging from 2.5to 4.0 g/L. At the second stage,
with high-quality solutions after the first stage, consist-
ently high purification levels for cobalt and cadmium

Table 2. Chemical analysis of solutions (mg/L)
after the first stage of purification from impurities
that negatively affect zinc electrolysis

Tabnauua 2. XuMU4IeCcKUit aHaIU3 PacCTBOPOB (MT/JT)
rocie 1-i cTagum OYnMCTKYU OT IPUMeECei,
OTPULIATEILHO BIUSIIONINX HA 3JIEKTPOJIU3 [IUHKA

t,°C Cd Co Ni
75 0.15 0.39 0.31
80 0.11 0.22 0.31
85 0.07 0.41 0.21
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Table 3. Concentration of impurities (mg/L) in the solution after purification at different zinc dust dosages (g/L)

Tabnuua 3. KoHueHTpalus mpuMeceil B pacTBope (Mr/J1) mocjie OUMCTKU MPU Pa3HbIX 103MPOBKaX

LIMHKOBOM mblLIK (T/J71)

Stage | Stage 11
Zinc dust Cd Co Ni Zinc dust Cd Co Ni
25 0.24 0.20 0.29 1.5 0.105 0.233 0.218
3.0 0.23 0.19 0.23 2.0 0.103 0.209 0.162
4.0 0.22 0.13 0.19

Table 4. Impurity content in the solution after purification with zinc dust when varying the dosage of activating
additives at the second stage of cementation (t = 1 h, = 80 °C, zinc dust consumption 2.5 g/L)

Tabnuua 4. ConepxxaHue mpuMeceil B pacTBOpe MOC/e OUMCTKU LIMHKOBOM IMbLIbIO TPU UBMEHEHUU JTO3UPOBKU
aKTUBUPYIOIIMX 100aBOK Ha 2-ii cTanuu uemeHTauuu (T =14, = 80 °C, pacxol LUMHKOBOW MblIU 2,5 /1)

Dosage of reagents at the second
stage of cementation (mg/L) i gL Eley gL

Solution Purified solution Solution Purified solution
Cu Sb after the first stage after the second after the first stage after the second

of cementation stage of cementation stage

0 2 0.32 0.11 0.37 0.33

50 2 0.20 0.10 0.35 0.14

50 0 0.15 0.10 0.26 0.28

50 4 0.35 2.59 0.45 0.43

were achieved (at 0.2 and 0.1 mg/L, respectively) with a
zinc dust dosage of 1.5 g/L.

Experiments were conducted using different rea-
gent additives as cementation catalysts, specifically
with a copper sulfate solution (50 mg/L Cu) and anti-
mony in the form of Sb,0; pulp (6—7 mg/L Sb) at the
second stage of purification. The results are shown in
Table 4.

The data in Table 4 show that at the second stage of
cementation, the introduction of 50 mg/L copper and
2 mg/L antimony minimizes the impurity content in
the purified solution. However, increasing the antimony
dosage to 4 mg/L, along with the additional introduc-
tion of 50 mg/L copper ions during the second stage of
purification, worsens the solution quality. In the purified
solution, the cadmium content increases to 2.59 mg/L,
and cobalt to 0.43 mg/L.

Table 5 provides data on the effect of cementation
duration during the first stage on the quality of the ob-
tained solution. The zinc dust consumption was 2.5 g/L.
During the first stage of cementation, the solution used
came from the leaching of roasted zinc concentrates
without the preliminary copper precipitation stage, and
its copper content was 300 mg/L.

18

Table 5. Cobalt and cadmium content (mg/L) at the first
stage of purification with increasing process duration

Ta6nuna 5. Cogepkanue Ko0aabTa U KaaMus (Mr/ 1)
Ha 1-if cTaguM OYMCTKY NP YBeJINIeHUN
NPOJOIKUTETLHOCTH NMpoIecca

T, min Cd Co
0 516 3.54
30 15.5 1.41
60 15.8 0.73
90 59.3 1.64
120 104.5 2.62

According to Table 5, the lowest impurity content
is observed after 60 minutes of the first stage, while in-
creasing the duration results in higher cadmium and
cobalt concentrations, indicating their reverse dissolu-
tion. The data in Table 5 further confirm the necessity
of preliminary copper cementation in the solution to a
concentration of 90—110 mg/L.

Table 6 presents comparative data on cementation
purification of solutions according to the known [1] and
developed technologies.
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Table 6. Comparative data of the known and developed technologies

Ta6nuia 6. CpaBHUTEIbHBIE TaHHBIE U3BECTHOM M pa3pabOTaHHOM TEXHOIOI I

Ne Known technology

Developed technology

1 | Partial cementation purification from copper

Preliminary stage of cementation purification from copper
to a concentration of 90—110 mg/L in the solution

2 | First stage of cementation — copper-cadmium
purification

First stage of cementation — purification from impurities:
Co, Ni, Cd, Cu, etc.

3 | Second stage of cementation — purification
from Co, Ni, and other cementation impurities

Second stage of cementation — deep purification
from cementation impurities remaining in the filtrate
after the first stage

4 | Total consumption of zinc dust (particle size —0.63 mm)
for the 1% and 2" stages — 75 kg/ton

Total consumption of zinc dust (particle size —0.63 mm)
for the 1 and 2" stages — 35 kg/ton

5 | Purified solution content (mg/L):
Co—0.28; Cd —0.53; Ni — 0.31; Sb — 0.12; Cu—0.18

Purified solution content (mg/L):
Co—0.1;Cd—0.1; Ni — 0.2; Sb — 0.015; Cu — 0.069

Conclusions

1. A new scheme for cementation purification of zinc
solutions has been proposed, which includes:

— preliminary cementation of impurities using
zinc dust in solutions after the leaching stage of roas-
ted products, reducing copper concentrations to 90—
110 mg/L;

— conducting the first stage of cementation for co-
balt, nickel, and other impurities using zinc dust with a
particle size of —0.063 mm at 80 °C, with the addition
of antimony compounds;

— carrying out the second stage of cementation for
cadmium and other impurities using zinc dust with a
particle size of —0.063 mm at 80 °C, with the addition of
copper and antimony compounds.

2. The necessity of preliminary copper precipita-
tion from leaching solutions to concentrations of 90—
110 mg/L before the first purification stage has been ex-
perimentally proven, which significantly improves the
performance of cementation purification.

3. The developed method allows for reducing the
impurity content in the initial solution to the levels re-
quired for the electrolysis of high-quality SHG zinc.
At the same time, the zinc dust consumption for the
first and second stages can be reduced to 35 kg per ton
of zinc.
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