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PRODUCTION OF CALCIUM SULPHIDE WITH USING
ELECTROPRODUCTIVE COMPOSITE SULFUR-GRAPHITE
ELECTRODE BY MEANS OF ELECTROCHEMICAL APPROACH

Abstract. This article provides the investigation results of the electrochemical process of calcium sulphide
production. For this purpose, an electrically conductive composite sulphur-graphite electrode specially designed by
authors was used. Sulphur and graphite are combined in this electrode in a proportion of 50:50. Electrochemical
synthesis of calcium sulphide was carried out by stationary electrolysis in an electrolytic tank with separated elec-
trode spaces. In order to separate the electrode spaces of the electrolytic tank, a cation-exchange membrane MK-40
was used. There is an influence of some parameters on the current yield of formation of sulphide ions. They were
studied. These parameters include the current density, the concentration of sodium hydroxide and the duration of
electrolysis. It is established that an increase in these parameters leads to an increase in the value of the current yield
of formation of sulphide ions. It is shown that sulphur in the sulphur-graphite electrode actively reacts with calcium
ions to form calcium sulphide. The maximum value of the current yield of calcium sulphide formation, produced by
the electrochemical method, is 90%. The results of x-ray phase analysis and infrared spectroscopy indicate the for-
mation of calcium sulphide. The electrochemical method for synthesis of calcium sulphide proposed by us is simple
and economically advantageous.
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The need for sulphur-containing compounds, such as sulphides, polysulphides, thiosulphates,
sulphites, alkali metal sulphates, etc., widely used in the chemical, petrochemical, tanning, metallurgical
and other industries is increasing every year [1-6]. To meet the demand of industries, it is necessary to
establish the domestic production of salts, in particular sulphides, based on sulphur generated by techno-
logy using simple resource-saving technologies [7-10]. In this regard, the creation of highly efficient
technologies for the synthesis of sulphur-containing multi-purpose products is an important task, and its
solution gives significant ecological and economic effect.

The electrochemical method of producing calcium hydrosulphide is simple and economically advan-
tageous and is required in the branches of the national economy. For example, calcium sulphide is widely
used in the ore-dressing treatment of non-ferrous metal ores as a sulphidizer. The approximate sodium
sulphide consumption, depending on the degree of ores oxidation, ranges from 10 to 600 g/t of oxidized
copper ore. One of the advantages of using calcium sulphide is its improved organoleptic characteristic
[11-20]. Calcium sulphide is odorless, which has a positive effect on the organization of occupational
safety and health.

Work objective. The investigation is concerned with the creation of an electrochemical technology
for the preparation of calcium sulphide solution (hydrosulfide) by means of an electrically conductive
composite sulphur-graphite electrode with an established percentage of sulphur and graphite (ratio 50:50)
in aqueous solutions of calcium chloride in membrane electrolyzers.

Research methods. For calcium sulphide production, the stationary e¢lectrolysis in the electrolyser
with electrode spaces separated by cation-exchange membrane-MK 40 was used. To provide electrolysis,
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an electrically conductive composite sulphur-graphite electrode with a ratio S and C of 50:50 is made.
Potentiometric method for determining the concentration of sulphide ions was carried out on an ionometer
H-160 MU, and a current-voltage method was performed on fluorat - 02-5M. The products obtained are
identified by X-ray diffraction and infrared spectroscopy.

Main results. The effect of the current density in a graphite current lead on the CY of calcium poly-
sulphide ions formation is studied. The results of the synthesis of calcium sulphides by the method of sta-
tionary electrolysis in the electrolyzer with electrode spaces separated by cathionite membrane (MK-40)
are shown in table 1.

Table 1 — Influence of current density in a graphite current lead on the current yield of polysulfide ions formation

i, A/m’ 50 75 100 125 150

CY, % 35.0 45.0 65.0 85.5 86.0

Note: 1=10,5 hour, electrolyte mixture: 1,0M CaCl,, t=25 °C.

As we can seen from table 1, an increase in the current density leads to an increase in the current
vield of polysulphide ions formation. The maximum values of the current output are set in the current
density range from 110 to 150 A/m2.

We have investigated the effect of calcium chloride concentration and the duration of electrolysis on
the current vield of polysulfide ion formation. As has been already noted above, the concentration of
sulphide ions was determined by potentiometric and voltammetric methods. When increasing the
concentration of calcium chloride in the range from 0.25 to 1.0 M, an increase in the current vield of
polysulfide ions formation, respectively, from 30.0 to 98%, a further increase in the concentration up to
2.0 M does not lead to a significant change of current output (table 2).

Table 2 — Effect on the current yield of sulphide ions formation in sulphur-graphite lump electrode depending
on the concentration of sodium hydroxide

C,M 0.25 0.5 1.0 1.5 2.0

CY, % 29.1 64.7 90.0 90.1 90.0

Note:i=100 A/m>,t=25°C,7=0,5h

The determination of the maximum value and inhibition of the current output growth is explained by
the achievement of high values of the electrical conductivity of the solution and saturation of the double
clectrical layer of the electrode surface by polysulphide ions with cathodically reducing sulphur and
appearance of the diffusion limitation of the withdrawal from the surface of the reaction product. The
above explanation also corresponds to the regularities on the influence of the electrolysis duration on the
formation of hydrosulphide ions (table 3).

Table 3 — Influence of electrolysis duration on the current yield of sulphide ions formation

7, hours 0.25 0.5 0.75 1.0 1.25 1.5 1.75 2.0

CY. % 13.6 25.0 38.8 48.1 55.0 70.0 71.5 72.5

Note: i=100 A/m>%, t =25 °C.

The electrolysis time interval from 0.25 to 1.5 hours favourably affects the current yield of poly-
sulphide ions formation from the composite sulphur-graphite electrode, and a further increase in time in
the interval of 1.5-2.0 hours results in a slight increase in the yield value the current of polysulphide
formation. Such a slowing down of the current output (insignificant growth) is explained by the fact that
when the c¢lectrode is continuously polarized from the S:C composition (50% -50%), the sulphur is
selectively etched, thus the sulphur content decreases and the surface is saturated with graphite, which in
turn, leads to an increase in the fraction of the hydrogen evolution reaction.
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The first experiments showed that sulphur in the sulphur-graphite electrode actively reacts with
calcium ions to form calcium sulphide, and the yellow colour of the solution indicates the presence of
polysulphide ions in the solution.

S’ +2¢=8" (1)
Ca”+S?=CaS )
ns’+82=8§, 3)
Ca™ + 8, =CaS, )

The formation of polysulphide ions can proceed in the following directions, sulphur receives from the
graphite two electrons becoming a negatively charged ion and immediately combines with the calcium
cation. At the interface between the electrolyte-electrode (cathode) phases, a layer of sulphide ions of high
concentration is formed, which is a good solvent of elemental sulphur, form polysulphides.

Figures 1 and 2 show experimental data obtained by X-ray diffraction analysis and infrared spec-
troscopy of the produced electrolysis product.
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Figure 1 — X-ray pattern of calcium sulphide

Figure 2 — Diagram of IR spectroscopy of hydrosulphide and calcium sulphide







