
;PQe3e;8<R(6^T(+#WO 03/048419 , PCT/EP02/13119  Method for carrying out the
electrolysis of an aqueous solution of alkali metal chloride The invention
relates to a process for the electrolysis of an aqueous alkali metal
chloride solution. The preparation of chlorine and aqueous alkali metal
hydroxide solution, for example sodium hydroxide solution (also referred to
below as caustic soda solution), by electrolysis of an alkali metal
chloride solution, for example sodium chloride solution, by means of gas
diffusion electrodes as oxygen-consuming cathodes is known. The
electrolysis cell here is composed of an anode half element and a cathode
half element, which are separated by a ation exchanger membrane. The
cathode half element consists of an electrolyte space, which is separated
from a gas space by a gas diffusion electrode. The electrolyte space is
filled with alkali metal hydroxide solution. The gas space is supplied with
oxygen, air or oxygen-enriched air. An alkali metal chloride-containing
solution is located in the anode half-element. EP-A 1 067 215 discloses a
process for the electrolysis of an aqueous solution of alkali metal
chloride using a gas diffusion electrode as oxygen-consuming cathode, in
which the flow rate of the alkali metal hydroxide solution in the
electrolyte space of the cathode half cell is at least 1 cm/s. According to
EP-A 1 067 215, the high flow rate of the alkali metal hydroxide solution
causes good mixing and thus homogenization of the alkali metal hydroxide
concentration in the electrolyte space. In the case of alkali metal
chloride electrolysis without a gas diffusion electrode as oxygenconsuming
cathode, by contrast, high flow rates are unnecessary since the hydrogen
formed at the cathode in electrolysis operation ensures adequate mixing of
the alkali metal hydroxide solution. A disadvantage of the process
disclosed in EP-A 1 067 215 is that the current yield decreases with
increasing flow rates of the alkali metal hydroxide solution. On the    -2
other hand, the temperature of the alkali metal hydroxide solution in the
cathode half element increases to a greater extent with decreasing flow
rate. The object of the present invention is therefore to provide a process
for the electrolysis of aqueous solutions of alkali metal chloride which is
simple to carry out and works with the lowest possible flow rates without
adversely affecting the functioning of the electrolysis cell or of the
electrolyser, in particular due to excessive temperatures of the alkali
metal hydroxide solution in the cathode half element. The object is
achieved in accordance with the invention through the features of Claim 1.
The invention accordingly relates to a process for the electrolysis of an
aqueous solution of alkali metal chloride, in particular sodium chloride,
by the membrane process with an aqueous solution of alkali metal hydroxide,
in particular sodium hydroxide, as catholyte, where the temperature of the
alkali metal chloride solution in the anode half element and/or the volume
flow rate of the alkali metal chloride solution in the anode half element
are set in such a way that the difference between the temperature of the
alkali metal hydroxide solution at the entry into the cathode half element
and the temperature of the alkali metal hydroxide solution at the exit from
the cathode half element are not greater than 15C. 



Surprisingly, the temperature of the alkali metal hydroxide solution in the
cathode half element can successfully be regulated by the process according
to the invention with the aid of the temperature of the alkali metal
chloride solution in the anode half element and, if an anolyte circuit,
i.e. a circuit of the alkali metal chloride solution, is present, with the
aid of the volume flow rate of the alkali metal chloride solution. One of
the two measures or both measures together allow warming of the alkali
metal hydroxide solution to be countered, in particular even at low flow
rates of the alkali metal hydroxide solution of less than 1 cm/s. A
temperature difference of greater than 15C, preferably greater than 10C,
between the entry and exit of the alkali metal   -3 hydroxide solution is
undesirable, inter alia since a strong gradient in the conductivity of the
alkali metal hydroxide solution would be associated with a strong
temperature gradient between entry and exit. The alkali metal hydroxide
solution in the cathode half element can thus be cooled during the
electrolysis process in such a way that the alkali metal hydroxide solution
in the cathode half element does not exceed the requisite temperature
difference, either for a given volume flow rate and a given outflow
temperature of the alkali metal chloride solution in the anode half-element
with the aid of a low inflow temperature of the akali metal chloride
solution or for a given inflow temperature and given outflow temperature of
the alkali metal chloride solution with the aid of a greater volume flow
rate of the alkali metal chloride solution. The two measures can also be
combined with one another. The volume flow rate of the alkali metal
chloride solution is regulated by means of the amount of alkali metal
chloride solution circulated by pumping. An advantage of the process
according to the invention is that the temperature of the alkali metal
hydroxine solution does not have to be regulated by a high flow rate of at
least 1 cm/s in the cathode half element. Since the current yield drops
with increasing flow rate, it is particularly advantageous to work at low
flow rates of less than 1 cm/s. Alternatively, the temperature of the
alkali metal hydroxide solution can also be regulated with the aid of a
heat exchanger installed upstream of the cathode halfelement. However, this
is unnecessary in the process according to the invention and saves the
additional equipment complexity that would be caused by the installation of
a heat exchanger. In a preferred embodiment of the process according to the
invention, the temperature of the alkali metal chloride solution on exiting
from the anode half-element and the temperature of the alkali metal
hydroxide solution on exiting from the cathode halfelement are from 80C to
100C, preferably from 85C to 95C.   -4 Preference is furthermore given to
an embodiment in which the flow rate of the alkali metal hydroxide solution
in the cathode half-element is less than 1 cm/s. The process according to
the invention is preferably carried out using a gas diffusion electrode as
cathode. The alkali metal chloride solution as anolyte and the alkali metal
hydroxide solution as catholyte are derived from the same alkali metal, for
example sodium or potassium. The alkali metal chloride solution is
preferably a sodium chloride solution and the alkali metal hydroxide
solution is preferably a sodium hydroxide solution. The volume flow rate of
the alkali metal chloride solution in the anode half-element is dependent
on the current density at which the electrolyser is operated. At a current
density of 2.5 kA/mz, the volume flow rate per element should be from 0.02
to 0.1 m3/h. At a current density of 4 kA/m2, the volume flow rate is from
0.l1 to 0.25 m3/h. The process according to the invention can be operated
at current densities in the range from 2 to 8 kA/m2. 



-5 Examples The electrolysis of an aqueous alkali metal chloride solution
in accordance with the examples described below was carried out using an
electrolyser consisting of 1 S electrolysis cells. The cathodes used in the
respective electrolysis cells were gas diffusion electrodes, with the
separation from the gas diffusion electrode to the ion exchanger membrane
being 3 mm and the length of the gap between ion exchanger membrane and gas
diffusion electrode being 206 cm. The anodes employed were titanium anodes
coated with ruthenium iridium oxides. The surface area of the anodes was
2.5 m2. The ion exchanger membrane used was a Nafion NX 981 from DuPont.
The concentration of the sodium chloride solution (NaCI) on exiting from
the anode half element was 210 g/1. The concentration of the caustic soda
solution (NaOH) in the cathode half element was between 30 and 33% by
weight. Unless explicitly stated in the following examples, the current
density was 2.45 kA/mz and the volume flow rate of the caustic soda
solution was 3 m3/h. The latter corresponds to a caustic soda solution
velocity in the gap between ion exchanger membrane and gas diffusion
electrode of 0.85 cm/s. The results of the examples are summarized in
Tables 1, 2 and 3. Example 1 Under the abovementioned conditions, a volume
flow rate of the sodium chloride solution in the anode half element of 1.0
m3/h was selected. The temperature of the sodium chloride solution at the
inflow was 50C and that at the outflow was 85C. The temperature difference
between inflow and outflow of an anode half element was thus 35C. The
caustic soda solution was fed to the cathode half element with a
temperature of 80C and discharged again with a temperature of 85C. The
current yield was determined as 96.20%.   -6 Example 2 Under the
abovementioned conditions, a volume flow rate of the sodium chloride
solution in the anode half element of 1.1 m3/h was selected. The
temperature of the sodium chloride solution at the inflow was 50C and that
at the outflow was 86C. The temperature difference between inflow and
outflow of an anode half element was thus 36C. The caustic soda solution
was fed to the cathode half element with a temperature of 79C and
discharged again with a temperature of 85C. The current yield was
determined as 96.09%. Example 3 Under the abovementioned conditions, a
volume flow rate of the sodium chloride solution in the anode half element
of 1.2 m3/h was selected. The temperature of the sodium chloride solution
at the inflow was 51 C and that at the outflow was 85C. The temperature
difference between inflow and outflow of an anode half element was thus
34C. The caustic soda solution was fed to the cathode half element with a
temperature of 76C and discharged again with a temperature of 83C. The
current yield was determined as 96.11 %. Example 4 Under the abovementioned
conditions, a volume flow rate of the sodium chloride solution in the anode
half element of 1.3 m3/h was selected. The temperature of the sodium
chloride solution at the inflow was 55C and that at the outflow was 86C.
The temperature difference between inflow and outflow of an anode half
element was thus 31 C. The caustic soda solution was fed to the cathode
half element with a temperature of 77C and discharged again with a
temperature of 83C. The current yield was determined as 95.63%.   _7_ 



Example 5 (Comparative Example) Under the abovementioned conditions, a
volume flow rate of the sodium chloride solution in the anode half element
of 1.3 m3/h was selected. The current density was 2.5 kA/m2. The
temperature of the sodium chloride solution at the inflow was 85C and that
at the outflow was 86C. The temperature difference between inflow and
outflow of an anode half element was thus 1 C. The volume flow rate of the
caustic soda solution in the cathode half element was 10.5 m3/h,
corresponding to a caustic soda solution velocity in the gap between ion
exchanger membrane and gas diffusion electrode of 2.95 cm/s. The caustic
soda solution was fed to the cathode half element with a temperature of 80C
and discharged again with a temperature of 86C. The current yield was
determined as 95.4%. Example 6 The current density here was 4 kA/m2. A
volume flow rate of the sodium chloride solution in the anode half element
of 2.08 m3/h was selected. The temperature of the sodium chloride solution
at the inflow was 77C and that at the outflow was 86C. The temperature
difference between inflow and outflow of an anode half element was thus 9C.
The volume flow rate of the caustic soda solution in the cathode half
element was 3 m3/h, corresponding to a caustic soda solution velocity in
the gap between ion exchanger membrane and gas diffusion electrode of 0.85
cm/s. The caustic soda solution was fed to the cathode half element with a
temperature of 82C and discharged again with a temperature of 87C. The
current yield was determined as 96.1 %. This shows that the process
according to the invention can be operated with good current yields even at
higher current densities.   _g_ Table 1: Measurement values in the anode
half element ExampleTemperature of NaCI at inflow foClTemperature of NaCI
at outflow IoCITemperature difference of NaCI foClVolume flow rate of NaCI
Im3/h11508535125086361.135185341.245586311.35858611.36778692.08 Table 2:
Measurement values in the cathode half element ExampleTemperature of NaOH
at inflow 



IaC~Temperature of NaOH at outflow (oClTemperature difference of NaOH
(oClVolume flow rate of NaOH
fm3/h1180855327985633768373477836358086610.56828753   -9 Table 3: Current
density and current yield ExampleCurrent density [kA/m2]Current yield
[%]12.4596.2022.4596.0932.4596.1142.4595.6352.595.4064.096.10   WO
03/048419 - 10 Patent Claims PCT/EP02/ 13119 



1. Process for the electrolysis of an aqueous solution of alkali metal
chloride, in particular sodium chloride, by the membrane process with an
aqueous solution of alkali metal hydroxide, in particular sodium hydroxide,
as catholyte, characterized in that the temperature of the alkali metal
chloride solution in the anode half element and/or the volume flow rate of
the alkali metal chloride solution in the anode half element are set in
such a way that the difference between the temperature of the alkali metal
hydroxide solution at the entry into the cathode half element and the
temperature of the alkali metal hydroxide solution at the exit from the
cathode half element are not greater than 15C. 2. Process according to
Claim 1, characterized in that the temperature of the alkali metal chloride
solution on exiting from the anode half element and the temperature of the
alkali metal hydroxide solution on exiting from the cathode half element
are from 80C to 100C, preferably from 85C to 95C. 3. Process according to
one of Claims 1 and 2, characterized in that the flow rate of the alkali
metal hydroxide solution in the cathode half element is less than 1 cm/s.
4. Process according to one of Claims 1 to 3, characterized in that the
cathode employed is a gas diffusion electrode. .AsN.A`&.Ar.A.A`&.As.A`.A;
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