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ABSTRACT

The article presents the results of a study of the kinetics of extraction of non-ferrous metals in the form of inorganic
chlorides from lead fusing slags in the presence of a distiller's liquid. It is established that the maximum degree of
chloride distillation of non-ferrous metals from the fusing slag (lead by 92.2%, copper-89.2%, zinc 92.0%) is
observed at a temperature of 1000°C for 90 minutes. It was determined that an increase in the degree of chloride
distillation of copper and lead is accompanied by a decrease in the Egp for copper from 126 to 54 kJ/mol and lead
from 128 to 88 kJ/mol. Chloride distillation of copper at the beginning of the process proceeds in the kinetic mode,
at the end in the transition, and lead - in the kinetic model. The life span of the generation period of copper chloride
distillation is 140 kJ/mol, and lead-162 kJ/mol. Zinc chloride distillation takes place in a transient mode and is
characterized by E,, 58 kJ/mol. Intensification of metal chloride distillation from slags is possible due to an increase
in temperature.
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INTRODUCTION

In modern conditions, when the issue of protecting the environment from harmful industrial influences
has become particularly acute all over the world, research in the field of processing various wastes, in
particular waste from the production of calcinated soda-distiller liquid, is of greater importance. The main
components of the distiller liquid are calcium chloride(CaCl2, 118-125 g / m?) and sodium chloride
(NaCl, 50-80 g/m?).Several new methods of distiller liquid processing have been developed: production
of calcium-magnesium phosphates,'gypsum,? flue gas neutralization,® productions of calcium carbonate
and hydrogen chloride*, ammonium chloride,’ anhydrous calcium peroxide.® The applied technologies for
processing distiller liquid do not solve the problem completely, due to the large volume of waste
generated, for example, in Russia, the Czech Republic, China, France and Germany, dumping is
performed all year round.” We suggest using a distiller liquid to extract non-ferrous metals from fusing
slags in the form of inorganic chlorides.® Despite the positive results of this method, the kinetics of
chloride distillation of metals from fusing slags in the presence of a distiller liquid has not yet been
studied. The purpose of the work is to determine the kinetic regularities of chloride distillation of copper,
zinc, and lead from the blown slags of mine lead smelting.
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EXPERIMENTAL

Materials and Methods

The research was carried out on a laboratory installation, the scheme of which is shown in figurel. the
Installation provided for the horizontal movement of air and gas in the reaction space. The installation
consists of a tubular furnace with carborundum heaters. In the inner space of the furnace, there is a quartz
tube (2) with an alundumboat (3) the process Temperature was controlled by a thermocouple PP-1 (4),
working together with a potentiometer KSP-4 (5). Control of the airflow supplied by the compressor
(Mateus, Italy) was carried out by a rheometer (6). The voltage to the furnace was supplied from the
transformer RNO-250. Non-ferrous metal chlorides were detected in flasks filled with Ca (OH) solution
(7,8). The boat with the granulated charge was loaded into the quartz tube of the furnace, which was
preheated to the required temperature.

After the experiments, the firing products were weighed and analyzed for non-ferrous metals using the
volumetric method or the AAS-1N device. The relative error of the experiments did not exceed 3-4%. The

degree of chloride distillation of non-ferrous metals was determined by the ratio of the mass of the ignited
metal to the mass of the metal in the loaded charge.
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1-tube furnace; 2-quartz tube; 3-boat with a charge; 4-thermocouplePP-1; 5-potentiometer KSP-4; 6-rheometer; 7,8-
bottles filled with a Ca(OH),solution
Fig.-1: The Installation for Study of Metal Chloride Sublimation Kinetics

The composition of the fuming slag applied for the research is shown in Fig.-2.
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*The lead content in the slag was determined on the device AAS-1N, was 0.3%.
Fig.-2: The Elemental Composition of the Slag Determined by the Scanning Electron Microscopy Technique
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The composition of the dry residue of the distilled liquid is represented in Fig.-3.

2 4 =} g 10 12

Element 0) Na Mg Al Si S Cl Ca Fe
Mass % 29.43 8.41 0.87 0.33 0.43 1.81 35.93 21.85 0.94

Fig.-3: The Elemental Composition of the Dry Residue of the Distilled Liquid Determined by the Scanning Electron
Microscopy Technique

The weight of the distilled liquid’s dry residue (mass %: 61.0 CaCl,; 29.7 NaCl; 4.7 Ca(OH),; 1.3 CaSOs;
0.2 SiOy; 3.0 CaCOs; 0.1 others) was 10 % of the slag weight. Before the experiment, the slag was ground
to a fraction of less than 0.1-0.15 mm. Then the slag was mixed with betonies clay and the distilled liquid;
the mixture obtained was pelletized. The wet granules (8-10 % of water) were dried at a temperature of
200-260°C for 30 minutes. The top drying limit was bounded to the possibility of CaCl, decomposition
according to the reaction CaCl, + H,0 — 2HC! + Ca0, that leads to chlorine losses.

RESULTS AND DISCUSSION
Figure-4 contains the information about the temperature effect on the chloride sublimation of copper and
lead from the fuming slag.
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Fig.-4: Temperature and Time Effect on the Copper and Lead Chloride Sublimation From the Fuming Slag

The results point to the fact that the copper and lead chloride sublimation increases with an increase in the
experiment temperature and duration. The maximum copper and lead chloride sublimation degree from
the fuming slag was reached at a temperature of 1000°C and duration of 90 minutes (for copper —89,2 %,
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for lead — 92,2 %). To determine the apparent activation energy (E.,) we used the method described in.’
Following this method the calculation of E,, is implemented based on the time necessary for the
achievement of the same process level at different temperatures,7(«;). The time of achievement of several
levels of copper and lead chloride sublimation is shown in Table-1.

Table-1:Time of Achievement (min) of Several Levels of Copper and Lead Chloride Sublimation (o, %) in
the Temperature Interval of 900-1000°C

900°C 950°C 1000°C
a, % Cu Pb Cu Pb Cu Pb
20 17 54 10 30 7 20
30 25 64 20 43 13 35
40 35 73 28 54 20 33
50 45 80 38 63 30 40
60 81 72 47
70 77 65 50

The lgt(a;) — 1/T curves for several levels of copper and lead chloride sublimation are represented in Fig.-
5 and 6. These curves allowed us to determine values of the tangent of the inclination angle of each the
straight to the X-axis,(tg ;) for several levels of the copper and lead chloride sublimation.
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Fig.-5: The 1gt (a;) — 1/T Curve for Several Levels of the Copper Chloride Sublimation

The apparent activation energy, E.p, for different levels of the copper and lead chloride sublimation from
the fuming slag was calculated using the following equation:
Egp = tge - 19,169 (1)
The calculated E,, values are represented in Table-2.
Table-2: Values of E,, for Different Levels of the Copper and Lead Chloride Sublimation

a, % 20 40 50 60 70
Cu Pb Pb Cu Pb Pb Cu
Eap, kJ/mol 126 138 109 72 96 88 54

It is obvious, that at the increase in the copper and lead chloride sublimation degree the apparent
activation energy decreases (for copper from 126 to 54 kJ/mol, for the lead from 138 to 88 kJ/mol).
According to,'*!! it is possible to assume, that at the beginning the copper chloride sublimation process
occurs in the kinetic regime, and then, at a.w=70 % — on the border of kinetic and transient regimes, and
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for the lead at an= 20-60 % — in the kinetic area. The dependence E,, = f(a)(Fig.-7) for chloride
sublimation of copper and lead was found using the data represented in Table-2.
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Fig.-6: The lgt(a;) — 1/T Curve for Several Levels of the Lead Chloride Sublimation
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Fig.-7: Dependence of the E;, Activation Energy on the Degree of Chloride Distillation of Copper and Lead

The dependence of E,;, = f(a)for copper and lead can be described by the equations:
Eqp(Cu) = 140.04 — 1.295a,y, 2
Eqp(Pb) = 162.03 — 1.277a,y 3)

As follows from equations (2) and (3), at the initiation of the copper chloride sublimation process,
whena approximates to zero, Eq,makes 139.8 kJ/mol, the similar value for lead is 162.03 kJ/mol. To
determine the regime of the copper chloride sublimation from the slag after the fuming the experimental
results were processed using the Pavlyuchenko equation,'? which describes the processes occurring in the
kinetic regime:
1-V1i—-a=k-1 4)

Thel — ¥/1 — a = f(7)the curve for chloride sublimation of copper from the fuming slag is shown in
Fig.-8. The tangent of the inclination angle of the straight lines to the X-axis,tge, was applied to
determine the rate constant of the process,tge = k (Table-3).

Table-3: Values of k for Copper and Lead Chloride Sublimation

T,°C 900°C 950°C 1000°C
k, min! Cu 0,004 0,005 0,006
Pb 0,002 0,003 0,005
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Fig.-8: Thel — Y1 — a = f(t)the Curve for Copper Chloride Sublimation from the Fuming Slag

The lgk = f (%) curve is represented in Fig.-9.
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Fig.-9: Thelgk = f (%)-104 Curve

The tangent of the inclination angle of the straight line to the X-axis was determined using Fig.-9. Then
the apparent activation energy was calculated on formula (1): E.p(Cu) = 96 kJ, Eqp(Pb) = 191 kJ. It is
evident, that the E,, values are equal to the E,, determined previously. Therefore, the process occurs in the
kinetic area.

A fragment of the temperature and time influence on the chloride sublimation of zinc from the slag is
shown in Fig.-10. As is obvious from the figure, the 80-90 % chloride sublimation of zinc (the fill area of
Fig.-10) occurs within 69-90 minutes in the temperature interval of 950-1000°C. The curve of
Igt(60)=f(1/T) for 60% zinc chloride sublimation degree is represented in Fig.-11.
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Fig.-10: Temperature and Time Effect on the Zinc Fig.-11:The Igz(60)=f(1/T) Curve for the Chloride
Chloride Sublimation Degree from the Fuming Slag Sublimation of Zinc from the Fuming
(Fragment) Slag

The apparent activation energy for chloride inetic regimes.
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CONCLUSION

Based on the results obtained on the kinetics of chloride distillation of non-ferrous metals from slags after
fusing, the following conclusions can be drawn:

10.

11.

12.

The maximum degree of chloride distillation of non-ferrous metals from fusing slag (lead by 92.2%,

copper-89.2%, zinc 92%) is observed at a temperature of 1000°C for 90 minutes.

An increase in the degree of chloride distillation of copper and lead is accompanied by a decrease in

the Ea, for copper from 126 to 54 kJ/mol and lead from 128 to 88 kJ/mol. Chloride distillation of

copper at the beginning of the process proceeds in the kinetic mode, at the end in the transition, and

lead-in the kinetic model. The age of the origin of copper chloride distillation is 140.04 kJ/mol, and

lead -162.03 kJ / mol.

The chloride sublimation of zinc occurs in the transient regime; the E,p, in this case, is 58kJ/mol.

Growth of the process temperature promotes intensification of the copper, lead and zinc chloride

sublimation.
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