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Abstract—This article is devoted to the influence of sodium lignosulfonate (SL), anionic surfactants (sodium
dodecylsulfate (SDS), sodium dodecylbenzene sulfonate (SDBS)), and their mixtures on the copper cemen-
tation rate by zinc. The results demonstrated a copper cementation rate decreasing at LS and SDBS concen-
trations increasing. Excessive zinc consumption was also detected on copper-ion cementation due to LS and
SDBS anion adsorption onto positively charged zinc cathodic areas and copper particles. This led to a
decrease in the growth rate of nuclei of copper particles and energy consumption for the formation of new
nucleation centers, as well as the creation of conditions for reducing the overvoltage of hydrogen evolution.
At the same time, an increase in temperature led to zinc consumption decreasing in the presence of LS. The
reagents under investigation could be ranked according to their degree of negative influence on copper
cementation increasing in the following order: SDS < SDBS < LS. Testing LS and SDS mixtures showed their
irregular influence on the copper cementation rate at different temperatures. In experiments with LS and
SDBS mixtures, a linear decrease in the copper-ion cementation rate upon an increase in SDBS concentra-
tion and simultaneous zinc-consumption enhancement was fixed. Due to the negative influence of the inves-
tigated reagents, we offered a purification method from organic impurities through the use of multilayered
alumosilicates modified by cationic surfactants. The results indicate the high effectiveness of removing
organic impurities from solutions, which allowed us to increase the cementation rate in the presence of the
LS and SDBS mixture by 50% while, at the same time, decreasing zinc consumption.

Keywords: cementation, copper, zinc, sodium lignosulfonate, sodium dodecylsulfate, sodium dodecylben-
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INTRODUCTION
In hydrometallurgy, organic reagents and surfac-

tants are often used, for example, in electrolysis, to
create dense foam on the bath surface [1, 2] or to
obtain powders of a given size [3–7]. In the autoclave
processing of sulfide zinc raw materials, surfactants
are also often used to reduce the wettability of minerals
by molten sulfur formed during leaching [8–10]. A
number of papers [11–13] indicate deterioration in the
performance of hydrolytic purification from iron and
cementation purification from copper, nickel, and
cobalt from solutions after autoclave leaching in the
presence of high amounts of lignosulfonates.

Studies have shown that the cementation process is
very sensitive to the presence of surfactants and
organic impurities [11–14]: the extraction of metals
from solutions decreases and the particle size of

cementate decreases [15–17], which is associated with
an increase in hydrogen evolution and passivation of
the cementitator surface. However, individual studies
indicate a positive effect of some organic compounds
(nettle extract and sodium diethyldithiocarbamate) on
the cementation rate of copper with zinc and a
decrease in the zinc consumption, including to the
evolution of hydrogen [18–20]. Therefore, a prelimi-
nary assessment of the effect of organic reagents used
in leaching on the subsequent stages of the process
plays an important role in predicting the feasibility of
using reagents.

Our earlier studies have shown the possibility of
reducing the consumption of lignosulfonates due to
the additional introduction of anionic surfactants
[21, 22]. This paper is devoted to studying the effect of
sodium lignosulfonate, anionic surfactants, and their
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Fig. 1. Influence of the concentration of reagents on the
cementation rate of copper ions (t = 45°С). (d) SLS,
(m) SDS, and (j) SDBS.
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Fig. 2. Influence of a mixture of SLS + SDS on the cemen-
tation rate of copper ions at different temperatures (СSLS =
400 mg/dm3). (d) 25, (j) 45, and (m) 65°С.
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mixtures on the indicators of cementation purification
of solutions from copper.

EXPERIMENTAL TECHNIQUE
Experiments on the cementation of copper were

carried out using the technique of a rotating disk made
of zinc of Ts1 grade, which was glued into a polyamide
shell. In the course of the experiments, temperature
(t = 25–65°С), duration (τ = 60–900 s), the concen-
tration of sodium lignosulfonate (SLS) produced by
Solikamskbumprom JSC, sodium dodecyl sulfate
(SDS), and sodium dodecylbenzenesulfonate (SDBS)
and their mixtures (50–400 mg/dm3) were varied. The
disk rotation speed remained unchanged and was
800 rpm, the initial copper concentration was
0.54 g/dm3, and the solution pH was 5.0. After cemen-
tation, the solutions were analyzed for copper and zinc
content on an Analytic Jena novAA 300 atomic
absorption spectrophotometer.

The specific reduced rate of cementation of copper
(W, g/(s cm2)) was calculated using the formula

(1)

where V is the volume of the solution, dm3; С0Cu and
CτCu are initial and current copper concentration,
g/dm3; τ is duration of the experiment, s; and S =
3.14 cm2 is disk area.

The specific dissolution rate of zinc (ν, g/(s cm2))
was determined to establish its excess consumption
during the cementation of copper. The following
equation was used:

(2)
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The size of the cementate particles was assessed
micrometrically using a Micromed 3 microscope. The
sample was preliminarily diluted with technical alco-
hol ≈10 times and applied to a glass slide. A video eye-
piece was used to take pictures of the particles. The
resulting images were processed using an ImageJ spe-
cialized software, and the average particle size was
determined.

The adsorptive removal of organic impurities was
carried out using a highly dispersed layered aluminos-
ilicate modified with a cationic surfactant (hereinaf-
ter, MAS) [23] (the content of the cationic surfactant
was 5%). The MAS consumption was maintained at
0.5 g/dm3 and the sorption time was 10 min.

RESULTS AND DISCUSSION
Preliminary experiments on the cementation of

copper ions in the presence of individual reagents
(Fig. 1) showed a significant negative effect of SLS on
the process, with the addition of which its rate
decreased by 30–55%. With the introduction of
100 mg/dm3 of SDBS, the cementation rate of copper
ions decreased 15%, and a further increase in its con-
centration to 400 mg/dm3 led to a smooth decrease in
W by another 6%. The addition of SDS had no effect
on the cementation rate at t = 45°C, but at 65°C it
decreased 11%. Thus, the studied surfactants can be
ranked according to the degree of increase in the neg-
ative effect they have on the cementation of copper
ions in the following order: SDS < SDBS < SLS.

Testing a mixture of SLS + SDS showed its non-
uniform effect on the cementation rate at various tem-
peratures (Fig. 2). Thus, at room temperature, the val-
ues of W decrease almost linearly from 4.4 × 10–6 to
l. 61  No. 5  2020
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Fig. 3. Influence of a mixture of SLS + SDBS on the

cementation rate of copper ions at different temperatures

(СSLS = 400 mg/dm3). (d) 25, (j) 45, and (m) 65°С.
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2.5 × 10–6 g/(s cm2) at СSLS = 400 mg/dm3. An

increase in t up to 45°C leads to a linear increase in the

cementation rate of copper ions with an increase in

the concentration of SDS in the mixture up to 8.3 ×

10–6 g/(s cm2). This may be due to the physical
RUSSIAN JOURNAL 

Table 1. Zinc consumption for the cementation of copper ion

Reagent Сsurfactant, mg/dm3 t, °С

Without surfactant – 25

45

65

SLS 100 25

45

65

SDS 100 25

45

65

SDBS 100 25

45

65

SLS 400 25

45

65

SLS + SDS 400 + 100 25

45

65

SLS + SDBS 400 + 100 25

45

65
desorption of SLS from the surface of the zinc disk

during heating. The minimum on the curve at t = 65°C

(100 mg/dm3) may be due to a decrease in the over-

voltage of hydrogen evolution upon the addition of

SLS to SDS with increasing temperature.

When testing a mixture of SLS + SDBS (Fig. 3) at

room temperature, a linear decrease in the cementa-

tion rate of copper ions was recorded with an increase

in the concentration of SDBS by 54% (at СSDBS =

400 mg/dm3). In the range of СSDBS = 100–

400 mg/dm3 at t = 45 and 65°С, a linear decrease in

the value of W is recorded. However, at concentrations

of SDBS up to 100 mg/dm3 in a mixture with

400 mg/dm3 SLS, an insignificant increase in the

cementation rate is observed from 5.1 × 10–6 to 5.6 ×

10–6 g/(s cm2) at t = 45°С and from 10.8 × 10–6 to

12.6 × 10–6 g/(s cm2) at 65°С.

Table 1 shows the results of calculations of the con-

sumption of the metal-cementing agent for the reduc-

tion of copper ions relative to the stoichiometric molar

consumption of zinc. The data indicate an excessive

consumption of zinc (Zn/Cu) during cementation in

the presence of SLS, and its values decrease with an

increase in temperature from 1.33 (at t = 45°С) to

1.15 (at 65°С) due to the desorption of SLS from the
OF NON-FERROUS METALS  Vol. 61  No. 5  2020

s in the presence of reagents

W × 106, g/(s cm2) ν × 106, g/(s cm2) Zn/Cu

84.48 89.05 1.03

114.56 126.75 1.09

158.08 180.05 1.12

64.64 91.65 1.40

83.84 113.75 1.33

106.88 124.15 1.15

80.64 75.4 0.92

121.6 117 0.95

152.96 161.2 1.04

109.44 118.95 1.07

97.28 113.1 1.15

145.92 165.1 1.12

44.16 58.5 1.30

51.2 64.35 1.24

107.52 133.9 1.22

32.64 36.4 1.10

54.4 69.55 1.26

78.72 117 1.46

37.76 41.6 1.08

56.32 66.95 1.17

126.72 161.85 1.26
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Fig. 4. Influence of solution purification with modified aluminosilicate on the kinetics of metallic copper isolation (a) and zinc

dissolution (b) in the cementation process. t = 65°С, С0Cu = 0.5 g/dm3, and V = 0.1 dm3. (1) Solution without adding reagents;

(2) solution before purification from reagents containing, mg/dm3, 400SLS + 400SDBS; and (3) solution after purification.
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surface of the cementing agent. The SDBS reagent

insignificantly increased the consumption of the

cementing agent with increasing temperature. In addi-

tion, the average size of cementate particles in the

presence of organic impurities decreased from 105 μm

without surfactants to ≈90 μm upon their introduction

(Table 2). In the presence of SLS mixtures with

anionic surfactants, an increase in the consumption of

the cementing agent with increasing temperature is

noted, which may be associated with a decrease in the
RUSSIAN JOURNAL OF NON-FERROUS METALS  Vo

Table 2. Results of the analysis of the particle size of the
cement sludge

С0Сu = 0.5 g/dm3, τ = 900 s, and t = 45°C.

Reagent
C@ПАВ, 

mg/dm3

Ср. particle size, 

μm

Without surfactant 0 105.58

SLS 200 99.83

SDS 200 88.40

SDBS 200 90.81

50 mg/dm3 LS + SDS 200 90.96

200 mg/dm3 LS + SDS 200 87.54

400 mg/dm3 LS + SDS 200 80.45

50 mg/dm3 LS + SDBS 200 67.71

200 mg/dm3 LS + SDBS 200 68.30

400 mg/dm3 LS + SDBS 200 69.69
overvoltage of hydrogen evolution due to heating and

due to the adsorption of surfactants on positively

charged cathode sites, including on the surface of

freshly deposited copper. The latter assumption is

confirmed by a decrease in the average particle size of

cementate particles to 70–85 μm, which indicates the

consumption of energy of the system for the creation

of new nucleation centers, the growth of which is sup-

pressed by the adsorption of organic impurities.

In view of the negative effect of mixtures of SLS

with anionic surfactants, an assessment was made of

the possibility of purifying solutions using aluminosil-

icate modified with a cationic surfactant (MAS). The

mechanism of action of this sorbent is the physical

adsorption of anions by the positively charged surface

of the MAS. The experimental results indicate (Fig. 4)

an increase in the degree of copper extraction by ≈50%

after purification from the mixture of SLS + SDBS

reagents. In this case, the cementation rate increased

from 4.4 × 10–6 to 10.3 × 10–6 g/(s cm2), and without

additives it was 11.3 × 10–6 g/(s cm2). Zinc consump-

tion (Zn/Cu) also decreased from 2.8 to 1.04 after

purification.

CONCLUSIONS

The use of lignosulfonates and their mixtures with

anionic surfactants at the stage of autoclave leaching

can lead to a decrease in the rate of copper extraction

and an increase in the consumption of the cementing

agent due to a decrease in the overvoltage of hydrogen

evolution. It is shown that the studied surfactants can

be ranked according to the degree of increase in their

negative effect on the cementation of copper ions in

the following order: SDS < SDBS < SLS. The com-
l. 61  No. 5  2020
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bined addition of SLS and SDBS leads to a decrease in

the cementation rate of copper ions with an increase in

the concentration of SDBSN. When using a mixture

of SLS + SDS, a linear decrease in the rate at room

temperature and its increase at t = 45°C and an

increase in the consumption of SDS were observed.

A method for minimizing the effect of surfactants

through the use of a modified highly layered alumino-

silicate (MAS) has been proposed. The proposed

method for removing organic impurities from solu-

tions may be relevant for the traditional technology of

processing zinc concentrates, where lignosulfonates

are used in small amounts in zinc electroextraction.
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