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The article proposes a method for calculating parameters of feed water replenishment in an alkaline

electrolyzer, taking into account the given alkali concentrations and the actual electrolyte

consumption. The analysis of the electrolyte specific electrical conductivity under electrolysis

process is carried out. Recommendations are given for increasing the water electrolysis process

efficiency by reducing energy consumption when ensuring the optimal specific electrical electrolyte

conductivity at a variable alkali concentration. One of the possible algorithms is presented for

calculating electrolyzer parameters to ensure its specified operational characteristics under process

of hydrogen and oxygen generation.

Introduction

The alkaline electrolytes, namely,
aqueous solutions of the potassium hydroxide
(KOH) or sodium hydroxide (NaOH) are used
for generating hydrogen and oxygen under
industrial water electrolysis processes.

These electrolytes meet the criteria of
availability, low cost, low aggressiveness, and
the

high electrical conductivity providing

possibility for reducing voltage losses to
overcome the ohmic resistance of the electrolyte
in the cell [1-15]. Aqueous solutions of some
salts and acidic electrolytes are sometimes used

to carry out the special water electrolysis

processes (in the area of measuring equipment).

Three water electrolysis technologies are

exists: Alkaline Electrolysis Cells (AEC),
Proton Exchange Membrane Electrolysis Cells
(PEMEC) and Solid Oxide Electrolysis Cells
(SOEC). AEC is

electrolysis technology and widely used for

the incumbent water
large-scale industrial applications. AEC systems
are readily available, durable and exhibit
relatively low capital cost due to the avoidance
of noble metals [1]. Water electrolysis is the
most promising method for efficient production
of high purity hydrogen (and oxygen), while the
required power input for the electrolysis process
can be provided by renewable sources (e.g. solar

or wind) [2].
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Despite the alkaline electrolyzer design
variety, some general patterns can be identified
to determine the possible technical solutions
improving the operation parameters of the
electrolyzers requiring periodic water addition.

Only water is consumed from the
electrolyte under process of hydrogen and
oxygen generation by water electrolysis whereas
alkali contained in the solution is used only for
ions transferring. So, it needs to replenish water
into an electrolyzer periodically. The necessity
for water replenishment is occurred when the
limited electrolyte volume becomes minimal.

a high

electrolysis it is very important ensuring the

To have efficiency water
optimal range of changes of alkali concentration
in electrolyte during the electrolyzer operation
to maintain the electrolyte maximum specific
conductivity.

The aim of this work is to develop a
methodology for calculating the parameters of
feeding water replenishment in the electrolyzer,
the alkali

the

taking into account specified

concentrations and real changes of
electrolyte volume as well as clarification of the
electrochemical

electrolyte properties  to

improve the electrolyzer design.

Selected model and calculation methodology

The electrolysis process takes place
under variable concentration of alkali in the
consumed from the

electrolyte if water

electrolyte is periodically dosed replenishes.

When using an aqueous solution of KOH, it

causes changing the electrolyte specific

electrical conductivity (Fig. 1) and as a result
affects the energy consumption for hydrogen

and oxygen generation.

Conductivity [S-cm-]

Figure 1. The specific electrical conductivity of KOH
water solutions [16]

The water volume in the initial
electrolyte can be conditionally divided into two
components, namely, the technological and
consumable volume.

The technological water volume is the
technologically necessary minimum water
volume that ensures the electrolyzer operation,
1.e. the electrolysis process itself.

The consumable water volume is water
decomposed during the electrolysis process to
obtain hydrogen and oxygen during the
electrolyzer operation without refilling.

Then the water mass in the electrolyte is
(1)

where my is the water mass in the electrolyte;

Mw = Mwt T Mwcons = (th + Vwcons)'Pw 5

my is the mass of the technological water

volume in the electrolyte; mwcons 1s the mass of
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the consumable water volume in the electrolyte;
Vit 1s the volume of the technological water in
the electrolyte; Vwcons 1S the consumable volume
of water in the electrolyte; pw is water density.

The mass of electrolyte filling the
electrolyzer initially, taking into account the
equation (1), is determined as

Me] = My + MKOH = (th + Vwcons)'pw + MKOH, (2)

where: me is the mass of the electrolyte in the
electrolyzer; mxon is the mass of KOH in the
electrolyte.

When KOH is dissolved in water, the
volume of the electrolyte is equal to water
volume. Basing on this condition and taking into
account the equations (1) and (2), we can write

Vel = th + Vwcons ) (3)

where Ve is the electrolyte volume in the
electrolyzer.
The alkali concentration in electrolyte is

defined as

Cxkon = mﬂf:“ , (4)

where Ckon i1s KOH concentration in the
electrolyte.
From the equations (1), (2) and (4) we

obtain

i — Myt Meyweons (5)

Me] =
1-Cyoy 1 - Cyon

Under electrolysis process with periodic
dosed feed water replenishing, the KOH
concentration in the electrolyte changes from its
minimum value Cpmin (at the initial moment after

water adding) to the maximum value Cnax (after

entire consumption of consumable water).

In this case, the KOH mass remains
practically constant, but the water mass in the
electrolyte decreases to the mass of the
technological water - my:. Therefore, taking into
account the equation (5), the mass of the

technological part of electrolyte is determined as

Myt (6)

1-Cran

Mel.t =

where: mel ¢ is the mass of the technological part
of electrolyte; Cmax is the KOH concentration in
the electrolyte after entire consumption of the
consumable part of water.

Then, taking into account the equation

(6), the KOH mass in the electrolyte is
C!'I:I.B:K
(D

1 - Coay

MKOoH = Mel.t' Cmax = Mt

As it is following from the equations (1),
(2), (5) and (7), and also taking into account the

KOH initial concentration in the electrolyte, we

obtain
.+t .
Me = Myt T Myweong ,
1-Cmin
(8)
— G]‘nax
Mel = Mwt (1 + —) + Mwcons,
- C]‘nax

where: Cmin — is the KOH concentration in the
electrolyte at the initial moment after water
adding.

From the system of equations (8), we
determine the mass of the consumable part of

water in the electrolyte composition

C 1
14 _lmex _
1 Gy 2 Emm
Mwcons = Mwt” : -1 ) (9)
1-Cmin

or
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Mywcons = Mwt'Kac , (10)
1+ Cmax
i- Emm{ i- l:ﬂ:l.l.ﬂ. )
where: Kac= ER— 1s the
1-Cmin

coefficient taking into account the change of the
alkali concentration in the electrolyte during
electrolysis.

From the equation (10) we can
determine the volume of the consumable part of
water in the electrolyte composition

(11)

Taking into account the equations (3) and (11),

weons = Vwe'Kac.

the volume of the electrolyte Vel with minimum
KOH concentration under initial filling the
electrolyzer, is determined as
Ve = Vi (1 + Kac). (12)
The efficiency of an electrolyzer as to
hydrogen is determined by its technical
possibilities and construction. And the need of
feed water for the electrolyzer is determined by
its productivity. The time of consuming the
consumable part of water in the electrolyte
under electrolysis process can be calculated by
the formula

Mo cons

PIL: ¥eons

(13)

Twcons —

where: Tweons 18 the time of consuming the
consumable part of the water in the electrolyte;
Pu2 is the electrolyzer hydrogen productivity;
Yeons 1S the consumption of feed water to obtain
1 m?® of hydrogen.

We can determine the KOH current
concentration in  the

electrolyte  during

decomposing the consumable part of water

under electrolysis on the base of the equation
system (8) and the formula (13) changing Cmax
on tO Ci (CminS Ci<Cmax) and Twcons ON tO T

(O << Twcons)

1

Ci= Tt 1

(14)

(Mt + Ty PrzYeons) (=g —
where C; is the KOH current concentration in
the electrolyte during decomposing of the
consumable part of water; 1; is the current time
of this water decomposing under electrolysis.
These calculations give the possibility

for improving the existing -electrolysers to

increase their efficiency as well as for
developing the new  highly effective
electrolyzers.

To ensure the electrolyzer specified
operational parameters, one of the possible
calculation algorithms is the following:

1) set the limiting values Cumin and Cmax;

of the KOH concentration in the electrolyte
based on the effective range of changes in the
electrolyte specific electrical conductivity [16,
17] and taking into account the temperature
regime;

2) set the required amount of the technological
part of water in the electrolyte composition
(myy) based on the electrolyzer design;

3) determine the amount of the consumable part
of water in the electrolyte composition (Mwcons)
using the dependence (10);

4) determine the volume of electrolyte filling

the electrolyzer initially by the dependence (12);
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5) the volume of the electrolyte determines the
mass-dimensional parameters and the layout of
the electrolyzer to be developed;

6) determine the time of consuming the
consumable part of water (Tweons) and specify the
periodicity of feed water topping up based on
the amount the consumable part of water (Twecons)
and given electrolyzer hydrogen productivity
(P2 by the relationship (13).

Other calculation algorithms are possible
depending on the given parameters of the
electrolyzer. The described technique is also
applicable to an electrolyte made on the base of

an aqueous NaOH solution when using [17].

Results and their discussion

The regulated frequency of topping up
the feed water can be set based on the duration
of consuming the consumable part of water in
the electrolyte and then can be used this data for
the electrolyzer control system.

The obtained calculated dependencies
make it possible to ensure the specified energy-
efficient limits for changing the KOH
concentration in the electrolyte during the
electrolyser operation. With increasing the KOH
concentration in the electrolyte (> 40%), its
specific  electrical ~ conductivity initially
increases rapidly and then slows down (Fig. 1).

This character of changing the electrolyte
specific electrical conductivity with increasing
the alkali concentration can be explained by a

decrease of ions mobility in the concentrated

solutions due to an increase in viscosity and due
to the interaction of the charged ions resulting in
inhibition of their movement. The electrical
conductivity of an aqueous KOH solution also
increases with increasing temperature. For each

temperature, the electrical conductivity passes a

maximum with an increase in the KOH
concentration [16, 17].

In the range of KOH optimal
concentrations  (28-33%), the electrolyte

resistivity changes insignificantly with a change
in the alkali concentration. Therefore, some
deviations from the optimum do not cause a
noticeable increase in voltage losses to
overcome the electrolyte ohmic resistance.
When choosing the alkali concentration in the
electrolyte, one should also take into account an
increase in the corrosion rate of electrolyzer
parts with an increase in the concentration of
alkali, which, in turn, significantly affects the
trouble-free operation and operating costs.
Application of the obtained
dependencies for operating electrolysers with
periodic replenishment of feed water makes it
possible: - to analyze the specific electrical
conductivity of the electrolyte based on the
initial and final (before water adding) KOH
concentrations; - to calculate the parameters of
water topping up, taking into account the
specified KOH concentrations and real changes
in the volume of electrolyte during electrolysis;
- as well as to correct the automatic control

modes of this process.
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The sequence regime of operation of the
developed in the IPMash NAS of Ukraine
membrane-less high-pressure electrolysis plants
[15] involves the periodic dosed replenishment
of feed water consumed from the electrolyte for
hydrogen and oxygen generation.

Due to the need to ensure the electrolyte
maximum specific electrical conductivity and
taking into account the electrolyzer’s design
features, the range of KOH concentration
changes in the electrolyte was selected 25-30%.
And the coefficient, which takes into account
the alkali concentration change in the electrolyte
during electrolysis, is Kac = 0.286.

Table 1 shows  the operational
parameters of the electrolyte under water
electrolysis in the electrolyzers developed in the
[PMash NAS of Ukraine. Table 1 shows also
the maximum estimated time of consuming the
consumable part of the water from the
electrolyte, Tweons. This time determines the
periodicity of feed water refilling that is
multiple to filling the standard cylinders of

0.04 m® capacity under the maximum pressure

of 14.7 MPa.

Table 1. Operational parameters of the
electrolyte for the high pressure electrolyzers developed
at the IPMash NAS of Ukraine.

IR P, Ve, Mwt, | Mweons, Yeons,  Tweons,
Electrolyzer o g ke Ciin | Crnax kem®  h
EHP1.0-150 1.0 182.6| 1420 | 40.6 495

25 2
EHP05-150 05 913 ] 70 | 203 ¥ | 030 ) 082 =53

Our high-pressure electrolyzers are of
modular design [15]. It provides the ability for

increasing their productivity by increasing the

number of modules with the identity of the
electrolysis process. This stipulate for the

identical duration of consumable water
consumption period, Tweons, in EHP 1.0-150 and
EHP 0.5-150 (table 1) and the identical change
of KOH current concentration in the electrolyte
(Fig. 2). The of the

electrolyzer design were tested under creating

technical solutions
the different performance electrolyzers. Such
electrolyzers can be adapted to operate in
combination with the autonomous power plants
feeding from the renewable energy sources.
Figure 2 shows the calculated change of
KOH current concentration in the EHP 1.0-150
and EHP 0.5-150 during decomposing the
consumable part of water under condition of the
constant electrolyzer productivity by hydrogen,

Puo.
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Figure 2. Change of KOH current concentration in the
EHP 1.0-150 and EHP 0.5-150 during decomposing the
consumable part of water

Thus, the proposed dependences make it
possible to increase the efficiency of the
electrolysis reducing

process by energy

consumption when ensuring the optimal specific
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electrical conductivity of the electrolyte at a

variable alkali concentration.

Conclusions

The electrolysis process takes place
under variable concentration of alkali in the
electrolyte if water consumed from the
electrolyte is periodically dosed replenishes.
When using an aqueous solution of KOH, it
causes changing the electrolyte specific
electrical conductivity (Fig. 1) and as a result
affects the energy consumption for hydrogen
and oxygen generation.

The proposed dependencies and the
methodology developed on their basis give the
possibility for:

- analyzing the efficiency of the applied
electrolytes at variable alkali concentration
taking into account the specific electrical
conductivity of the electrolyte;

- reducing energy consumption during
electrolysis using the optimal range of changes
in the specific electrical conductivity of the
electrolyte by choosing the limit values of the
alkali concentration in the electrolyte;

- taking into account the specified
operating parameters under stage of electrolyzer
developing.

When we ensure the maximum specific
electrical conductivity of the electrolyte under
electrolysis process, the optimal range of KOH
concentration changes is of 28-33%, with Kac =

0.267.
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