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Abstract. The present work describes the modeling parameters of an electrolyzer in
production of caustic, hydrogen and chlorine by electrolysis. The dependence of
temperature on the current-voltage characteristics of the electolyzer and the ratio that
determines the current as a function of the design parameters were found. It is shown
that an increase in the current in the electrolyzer with increased temperature is due to
decreasing viscosity of the electrolyte and reducing the radii of solvated ions and
sodium chloride. The yield of sodium hydroxide, chlorine and hydrogen was
determined based on the technological and construction parameters of the cell. These
relations are used in the developed simulation and modeling software.

1. Introduction

Improvement and modernization of chemical-technological processes for obtaining sodium hydroxide,
chlorine and hydrogen require a corresponding development of computer-modeling systems that
provide determination of physical and chemical parameters that can not be directly measured in the
course of chemical reactions, determination and maintenance of optimal regimes pro-conduct
processes promoting an accident-free operation. To use these intelligent systems of modeling and
control of technological systems requires professionals with certain skills to operate computer systems
and to have knowledge of the features of chemical technology of the process. The development of
information technology makes it possible to create computer training systems that allow obtaining
professional skillsfor process management, complementing [1-4].

This arcitcle demonstrates the possibility of simulation and modeling of the complex of one of the
most common chemical productions - the process of obtaining sodium hydroxide, chlorine and
hydrogen by electrolysis - which allows simulating the operation of the technological equipment when
changing process parameters (current-carrying capacity, the concentration of NaCl in brine,
temperature).

2. Resultsand Discussion
The first stage of the process of obtaining caustic soda with the formation of chlorine gas and sodium
amalgam is carried out in the electrolyzer. Then the amalgam is fed to decomposer, wherein caustic
soda and hydrogen are obtained; circulation of mercury is performed by a pump [5, 6].

The elecrolyzer has a floating mercury cathode. An anode is generally made from ruthenium and
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titanium oxides with a titanium base.
The main process on the anode is the discharge of chloride:

2Cl~ —28=C|2.

The basic process of the mercury cathode electrolytic cell suitable for the purpose of industrial
electrolysis is a bit of sodium ions.

Na™ +e(nHg) = Na(Hg),.

As follows from the stoichiometry of chemical reactions and the conservation law of electric
charge, when the charge of 1000 Ah (3600C) is passing through the cell, then 1.323 kg of chlorine
(Cl), 0.0376 kg of hydrogen (H,), and 1.492 kg of sodium hydroxide solution (NaCl) is released.

Thus, the consuption rates of the charge are as follows:

- for chlorine K¢= 3.675- 10’4kg/C;

- for hydrogen Ky=1.044-10"kg/C;

- for hydroxide solution Ky,op=4. 144-10* kg/C.

To develop a computer-simulation software to model electrolyzer operations, a mathematical
model linking technology parameters, such as current, voltage, temperature, etc. and design
parameters of the cellare are required [7-10].

To determine the effect of the design parameters of the cell performance and the cost of electricity,
it is necessary to establish the dependence of the electric current on the technological parameters. The
electric current between the anode and cathode of the electrolytic cell is given by

I=enNaz)NaS + enClDC]S, (1)
where ny,, nc; — the concentration of sodium and chloride ions in the electrolyte; ona, vc — speed
directional motion of the ions; S — anode electrolysis area.

Na® ions are moving to the mercury cathode and CI ions are moving to the anodein the electric
field between the anode and cathode. To determine oy, speeds, v¢, let us write the equation of motion
based on the forces of the electric field and the viscous resistance:

e SN2 = e — F, @)
du
Mgy d? =eE-F¢y, 3)

where my, — solvated mass ion Na; mg - solvated mass ion ClI; E =% — the electric field

intensity in the gap between the anode and the cathode; U — thepotentialdifference (voltage); d —
distance between the anode and the cathode.

FNa =671 NaDs , Fop =679~ — viscous drag forces when driving solvated ions Na*, CI'; p —
the dynamic viscosity of the electrolyte; ry,, rc; — characteristic radii of solvated ions; my,, mc; — mass
of solvated ions

Radii of solvated ions may be evaluated by:

1 1
e |2 1+37190kTpe 2 +&’
67E(KT e’ 2e

where e = 1.6:10"° C - elementary charge; p, - dipole moment of water molecules (H,0); g =
8.86:10"* F/ m - electric constant; k = 1.38:10%J / K - Boltzmann constant; T — absolute temperature
of the electrolyte.

Weights of solvated ions may be determined from the following relations:
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3
Hu,0| 2
My =08 1+ 1 [dRCJ , 5)
A HNa (@)
3
Hu,0| 2
A Hal Ha0

where Lng, HUol s HH,0 - molar weight of Na, Cl, H,O, respectively; dH20 — characteristic

diameter of molecule H,O; N, = 6.02 - 10 1/mol — Avogardo’s constant.
From the solutions of equations (2) and (3), we can determine the speed of movement of sodium
and chloride ions in the interelectrode space:

__ & —expl —
RPN

_ €U _ _t
% _67MCId(1 exp( Iql D ®)

wherety,, Ty — the time of "acceleration" of sodium and chloride ions in the electric field.

—_ MNa
TnNg = , 9
Na 67 Na
_ Mg
Icl = . (10)
671y

Considering that 7, <<1,7¢ <<1I, so that exp{—Lj <<1 and exp{—Lj <<1, the velocity of
I'Na Icl
the ions can be calculated by formulas

eu eu

= G~ =—
N " UCl .
® 6y, 670¢;d

Knowing the velocity of directional motion of the ions, let us determine the dependence of the
current in the electrolyzer from structural and technological parameters of the process:

2
| :e_S[M.{.nL'JU ) (12)
6rgd\ Ina T

Considering that the concentration of chlorine ions in the electrolyte solution of sodium is
practically the same and is determined by the concentration of NaCl in the brine, this relation can be
written as

(1)

2
_ne SD u
6770 1 1
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From the last relation, it follows that the dependence of the current in the electrolyzer is defined as
the design parameters, in particular, the areas of anode and cathode S, the distance between electrodes
d, and process parameters: n - concentration of brine n; and temperature T, p — dynamic viscosity.

Equation (13) also makes it possible to determine the temperature dependence of the current,
voltage characteristic of the electrolyzer, taking into account changes of viscosity of the electrolyte
when the temperature changes (Figure 1.). Knowing the dependence of the current on the design and
process parameters, it is possible to determine electrolyzer performance and specific energy costs G (J
/kg) (fig.2,3).

U U U
Gal =1 3BH =1 —GnaoH =
cl H

, (14)
KNaOH

where U - voltage on the electrolyzer determined at a predetermined current according to formula
(13).
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Figure 1.Dependence of the current on temperature in the electrolyzer at a fixed inter-electrode
distance and the voltage of 3.65 V.
From formula (13), it follows that for a specified current in the cell, the voltage on the electrodes is

determined by formula

1

1
y = [ e j2{1+—3”‘?0p9k12 i P (15)
ne’S || 67Z0KT 2e? 2e

From which it follows that with the increase of temperature of the electrolyte the voltage decreases.
Figure 4 shows the temperature dependence of the voltage on fixed current values when the inter-
electrode distance is 5 mm.
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Figure 2. Specific energy consumption G for chlorine and caustic.
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Figure 3. Specific energy consumption G for hydrogen.
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Figure 4. The temperature dependence on the voltage at fixed current values when the inter-
electrode distance is 5 mm.

The resulting dependence realized in the simulation modeling complex is an "electrolysis stage of
production of caustic, chlorine and hydrogen."
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3. Conclusion

Using the developed simulation and modelling software will help to ensure optimum modes of
technological processes, to predict the changing parameters in the event of emergency situations that
increase the level of fail-safe operation.

In the training and supervising operating modes using simulation and modeling, software can
quickly assess the level of training, as well as to carry out its own training on the basis of the included
modules of virtual simulation of the process if necessary.

Studies have found that an increase in the temperature of the electrolyte decreases the dynamic
viscosity, and the diameters of solvated ions are reduced, resulting in increased conductivity and
increased electrolytic current at a given value of the voltage between the anode and the cathode.
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