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Claim

1. An electrochemical process for the production of sulphuric acid and

sodium hydroxide by the electrolysis of an aqueous solution

of sodium sulphate characceri;ed in that the aqueous sodium sulphate
solution which is electrolysed is an acidified aqueoué sodium

sulphate solution having a sodium sulphate concentration greater than
that of a saturated solution of sodium sulphate under neutral

conditions and at the temperature employed.

10. An electrochemical cell for the production of

sulphuric acid aud sodium hydroxide by the‘

electrolysis of an aqueous acid solution of sodium

sulphate comprising at least one anode in an anode
compartment separated from at least one cathode in

a cathode compartment by at least one ion-exchange

membrane, a sodium sulphate re-saturation

reservoir characterised in that the reservoir is in f£fluid
flow connection with the anolyte compartment such that at
least a portion of the product therefrom may be recycled
through the reservoir.
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11, An electrochemical cell for the production of
sulphuric acid and sodium hydroxide by the electrolysis of
an aqueous acid solution of sodium sulphate comprising at
least one anode in an anode compartment separated from at
least one* cathode in a cathode compartment by at least one
ion-exchange membrane, a sodium sulphate «re-saturation
reservoir and an intermediate compartment characterised in
that the reservoir is in £fluid £flow connection with the
anolyte compartment and/or the intermediate compartment
such that at least a portion of the product therefrom may
be recycled through the reservoir.
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"Electrc shemical process and cell for the production of sulphuric acid and sodium
hydroxide".

This invention relates to an electrochemical
process and more particularly to an
electrochemical process for the production of
sulphuric acid and sodium hydroxide from an
aqueous solution of sodium sulphate. In a further
aspect the invention relates to an electrochemical
cell in which to operate the process of the
invention.

Many industrial processes involve the
neutralisation of either sulphuric acid or sodium

10

hydroxide. These processes generally produce as a
by-product sodium sulphate which is of little
commercial value. An example of this type of
process is the production of reconstituted

13 cellulose where for every tonne of cellulose film
or fibre produced, slightly more than one tonne of
waste sodium sulphate is discarded. Many other
processes involve the production of sodium

sulphate as a by-product.
20 Electrochemical processes are known for the

splitting of sodium sulphate into its component

acid and base, sulphuric acid and sodium
hydroxide.

. Known electrochemical processes for the
: 25

vees production of sulphuric acid and sodium hydroxide

from aqueous sodium sulphate solutions are of two
types, so-talled "electrodialysis" and

ceeo electrolysis. In the electrolysis type process,

the electrode reactions:
30

Cathode: 2 Hp0 + 2 e~ ----> Hp + 2 OH- and
) Anode: 2 HpO ----> 4 Bt + 03 + 4 e~
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are used to split water, and ion-selective
membranes are used to keep the ions apart. The
process may be carried out in a two compartment
cell, a three compartment cell or a cell having
more than three compartments.

In the twvo compartment cell, an anion
selective or cation selective membrane may be used
to separate the anode compartment of the cell from
the cathode compartment of the cell. Where a
cation selective membrane is employed, an a,ueous
sodium sulphate stream is fed into the anode
compartment of the cell where it is converted to
sulphuric acid and oxygen and sodium ions migrate
across the membrane to the cathode compartment
where sodium hydroxide and hydrogen are produced.
Where an anion selective membrane is employe2, the
aqueous sodium sulphate solution is fed to the
cathode compartment of the cell and the sulphate
ions migrate across the membrane to the anode
compartment where sulphuric acid and oxygen are
produced, a sodium hydroxide solution and hydrogen
being produced in the cathode compartment.

In a three compartment cell which has a
central compartment, an anode compartment and a
cathode compartment, the aqueous sodium sulphate
solution is fed into the central compartment. The
central compartment is separated from the anode by
an anion selective membrane and from the cathode
by a cation selective membrane. When current is
passed through the cell, sulphuric acid is
produced in the anode compartment and sodium
hydroxide in the cathode compartment, the sodium
sulphate in the central compartment being depleted
by an equivalent amount.
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In the so-called electrodialysis process the
cell comprises a series of alternating bipolar
membranes and ion exchange membranes between a
terminal anode and a terminal cathode. The
bipolar membranes are used to split water into H?
and OH-, which are separated to opposing sides of
the bipolar membranes under the influence of the
electric field. In an electrodialysis process
employing, for example, a cation-exchange
membrane, aqueous sodium sulphate is charged to
the anolyte side of the bipolar membranes and the
sodium ions migrate through the cation selective
membrane to the catholyte side of an adjacent
bipolar membrane where sodium hydroxide is
produced, sulphuric acid being produced at the
anolyte side of the bipolar membranes.

However these known processes do suffer from
disadvantages. Thus the current efficiency of the
process, measured in terms of the ratio of Nat
ions to the total Nat ions and Ht ions transferred
across the cation selective membrane, may be
disadvantageously small and the concentration of
sulphuric acid produced by the process may not be
sufficiently great as to make the product
commercially acceptable, due to the transference
of Ht across the membrane.

The aforementioned known processes are
operated at temperatures up to 60°C using as
anolyte, aqueous sodium sulphate solutions having
concentrations of up to 30 wtZ sodium sulphate. A
30wt I sodium sulphate solution is a saturated
sodium sulphate solution under neutral conditions
at the temperatures employed in the known

processes.
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The present invention provides an
electrochemical process for the production of
sodium hydroxide and sulphuric acid from aqueous
sodium sulphate solutions in which the current
efficiency tends to be substantially higher than
that of heretofore known processes and in which
the concentration of sulphuric acid produced by
the process may be much greater, thus making the
process more commercially attractive.

According to the present invention there is provided an
electrochemical process for the production of sulphuric acid and
sodium hydroxide by the electrolysis of an aqueous solution
of sodium sulphate characterised in that the aqueous sodium sulphate
solution which is electrolysed is an acidified aqueoué sodium
sulphate solution having a sodium sulphate concentration greater than
that of a saturated solution of sodium sulphate under neutral

conditions and at the temperature employed.

Under neutral conditions, the concentration
of a saturated solution of sodium sulphate is
about 30wt at most temperatures, although the
concentration may be higher, but at most, about 32
wtZ at about 35°C. In the present invention the
concentration of sodium sulphate will therefore be
greater than 30wtZ, preferably greater than 32wtZ
sodium sulphate, more preferably greater than
34wt sodium sulphate and especially greater than
36wt sodium sulphate based on the total weight of
the solution, since we huve found that the current
efficiency of the process increases as the
concentration of the aqueous sodium sulphate

solution is increased.



10

15

20

25

30

35

It is to be understood that by
electrochemical process there is meant both the
so-called electrodialysis process and couventional
electrolytic processes and the process of the
present invention may be usefully employed in any
electrochemical process for the production of
sodium hydroxide and sulphuric acid from an
aqueous solution of sodium sulphate provided that
the sodium sulphate solution is as hereinbefore
defined. Thus where the process of the invention
is carried out by electrodialysis, the aqueous
sodium sulphate solution is charged to the
compartments on the anode side of the bipolar
membrane whereas in electrolysis, the agueous
sodium sulphate golution will be charged to the
anode compartment of a two compartment cell
comprising a catlon-exchange membrane, or to the
central compartment of a three compartment cell.

However, we prefer to operate the process of
the present invention in a two compartment cell
wherein the anode and cathode are separated by a
cation-exchange membrane, since operation in such
a two compartment cell allows the use of
electrodes and membranes which may usefully be
employed at the higher preferfed temperatures of
the process as described hereinafter.

According to a preferred embodiment of the
invention there is provided a process for the
production of sulphuric acid and sodium hydroxide
by the electrolysis of an aqueous solution of
sodium sulphate in an electrolytic cell comprising
at least one anode in an anode compartment
separated from at least one cathode in :a cathode

compartment, said anode and cathode compartments
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being separated by a cation-exchange membrane
characterised in that the concentration of the
aqueous sodium sulphate solution which is
electrolysed is greater than that of a saturated
solution of sodium sulphate under neutral
conditions at the temperature employed.

For clarity, the invention will be described
hereafter with reference to carrying out the
process of the invention in the electrolytic cell
of the preferred embodiment of the invention
although the invention is not limited thereto.

As previously described, a saturated aqueous
sodium sulphate solution under neutral conditions
comprises not more than 32 wtZ sodium sulphate and
this has hereto established an upper limit upon
the concentration of the aqueous sodium sulphate
solution which is electrolysed. Furthermore, this
optimum conéentration of sodium sulphate is only
obtainable over &2 very narrow temperature range
between about 30°€ and about 40°C, and this has
also established a narrow band of operating
temperatures using such a high concentration of
sodium sulphate.

In order that the concentration of the
aqueous sodium sulphate solution which is
electrolysed may be greater than that of a
saturated solution of sodium sulphate under
neutral conditions at the temperature employed,
the aqueous sodium sulphate solution may be
acidified, for example, the sodium sulphate
solution may also comprise sulphuric acid. Thus,
the aqueous sodium gulphate solution which is
electrolysed may be prepared by dissolving sodium

sulphate in a sulphuric acid solution, rather than
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water. The aqueous sodium sulphate solution may
comprise at least 0.5 wtZ sulphuric acid, usually
at least 1wt sulphuric acid, preferably at least
5 wtZ, more preferably at least 7 wtZ sulphuric
acid since the maximum possible concentration of
sodium sulphate in aqueous sodium sulphate
solutions comprising at least 7 wtI sulphuric acid
may be substantially increased compared to neutral
solutions. Where the aqueous sodium sulphate
solution comprises 7wt sulphuric acid, the
concentration of sodium sulphate may be increased
to 34wtX at 60°C.

Furthermore, the concentration of sodium
sulphate in acidic aqueous sodium sulphate
solutions may be substantially increased by
increasing the temperature. In the known
processes, no benefit in terms of sodium sulphate
solubility was gained by increasing the
temperature since the concentration of sodium
sulphate in a saturated neutral solution of sodium
sulphate does not depend significantly upon the
temperature, indeed the concentration of saturated
sodium sulphate solution falls slightly with
increasing temperature above 35°C for neutral
solutions. However, where the aqueous sodium
sulphate solution which is electrolysed is an
acidified solution, in prrticular a solution of
sodium sulphate in sulphuric aid, the
concentration of the sodium sulphate may be
increased with increasing temperature. Preferably
therefore the temperature at which the process is
operated is at least 65°C and more preferably
greater than 75°C. Furthermore, the effect of °

increasing the temperature on increasing the
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solubility of sodium sulphate is more dramatic
where the aqueous sodium sulphate solution
comprises at least 7 wtZ sulphuric acid and
especially where the solution comprises at least
12 wt Z sulphuric acid and the process is
preferably operated with a sodium sulphate
solut}on comprising at least 7 wt sulphuric acid
at a temperature greater than 65°C, more
preferably with a sodium sulphate solntion
comprising at least 12 wtZ sulphuric acid at a
temperature greater than 75°C. Thus the
concentration of sodium sulphate in an aqueous
sodium sulphate solution comprising 12wt Z
sulphuric acid may, at a temperature of 80°C, be
as high as 36 wtZ sodium sulphate. Generally the
temperature at which the process is operated will
not be greater than about 100°C since the
membranes and electrodes used in the process may
not operate as efficiently and for as long a time
when temperatures in excess of 100°C are employed.
It is also to be understood that in the
electrochemical process of the present invention
in which aqueous sodium sulphate is split into
sulphuric acid and sodium hydroxide, sodium
sulphate and water are consumed in the process and
thus the concentration of sodium sulphate in the
anolyte solution may decrease. However, in the
process according to the invention the initial
concentration of the aqueous sodium sulphate
solution, which may be the concentration of the
aqueous sodium sulphate anolyte feed solution to
the anode compartment of the electrochemical cell,
is greater than that of a saturated solution of

sodium sulphate under neutral conditions at the
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temperature employed. Thus the process of the
invention may comprise dissolving sodium sulphate
in aqueous sulphuric acid to a concentration
greater than that of a saturated solution of
sodium sulphate under neutral conditions at the
temperature employed and feeding the solution to
the electrochemical cell.

Furthermore, in a preferred embodiment of the
invention, the concentration of sodium sulphate in
the solution is maintained at above that of a
saturated solution of sodium sulphate under
neutral conditions at the temperature employed,
despite the consumption of dissovlved sodium
sulphate from the solution during the process and
the increasing sulphuric acid concéntration in the
anolyte.

This may be achieved for example by
resaturating the anolyte rolution with sodium
sulphate, for example by feeding an aqueous sodium
sulphate solution to the cell which is saturated
in sodium sulphate and which also contains further
suspended solid sodium sulphate in order to
maintain the concentration of the sodium sulphate
solution as the dissolved sodium sulphate is
consumed during the electrolysis.

Preferably however, the anolyte solution is
resaturated by recirculating the aﬂolyte solution
through a re-saturator vessel containing solid
sodium sulphate and back to the electrolytic cell.
Where the electrochemical cell is a
three-compartment cell, product sulphuric acid is
produced in the anolyte, whilst the depleted
sodium sulphate solution is removed from the

central compartment. In this arrangement, at least
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a part of the sulphuric acid produced in the
anolyte may-be recycled with the depleted sodium
sulphate from the central compartment in order to
provide the required sulphuric acid in which to
re-saturate the sodium sulphate solution returned
to the central compartment of the cell.
Alternatively sulphuric acid may be added directly
to the depleted sodium sulphate solution recycled
from the central compartment of the cell or the
sr3ll amount of acid concentration produced in the
central compartment due to imbalance of the
efficiencies of the anion- and cation- exchange
membranes employed may be allowed t. build up
whereby to provide the required sulphuric acid.

According to a further aspect of the present
invention there is provided an electrochemical
cell for the production of sulphuric acid and
sodium hydréxiée by the electrolysis of an aqueous
acid solution of sodium sulphate comprising at
least one anode in an anode compartment separated
from at least one cathode in a cathode compartment
by at least one ion-exchange membrane (and
optionally an intermediate compartment) and a
sodium sulphate re-saturation reservoir
characterised in that the reservoir is in fluid
flow connection with the anolyte compartment
(and/or the intermediate compartment) such that at
least a portion of the product therefrom may be
recycled through the reservoir.

The structure of the nell, for exumple anode
and cathode materials, the ion-exchange membrane
(in particular cation-exchange membrane), and the
type of cell, for example filter press type, may
follow conventional technology.
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Thus the cathode of the electrochemical cell
may be constructed from any of the conventional
materials employed for cathodes at which hydrogen
is produced. Thus the cathode may comprise a
metallic substrate ccated with at least one
platinum group metal and/or at least one platinum
group metal oxide in order to reduce the hydrogen
overvoltage. As examples of metallic substrates
may be mentioned ferrous metals, for example iron,
or preferably non-ferrous metals, for example
copper or molybdenum, or alloys of these metals.
However, the metallic substrate more preferably
comprises nickel or nickel alloy. The metallic
substrate of the cathode may be made of nickel or
a nickel alloy or it may comprise a core of
another metal, e.g. iron or steel, or copper, and
an outer surface of nickel or a nickel alloy.

A particularly preferred cathode comprises a
coating of a platinum group metal or a mixture
thereof, or a platinum group metal oxide or
mixture thereof, or a coating of a platinum group
metal and a platinum group metal oxide on a nickel
or nickel alloy substrate.

The anode of the electrochemical cell may be
constructed from any of the conventional materials
employed for anodes at which oxygen is produced.
Typically the anode cbmprises a substrate of a
film-forming metal, for example titanium,
zirconium, niobium, tantalum, or tungsten or an
alloy consisting principally of one or more of
these metals, and a coating of an
electrncatalytically active material, for example
one or more platinum group metals, that is

platinum, rhodium, iridium, ruthenium, osmium and



10

20

35

- 12 -

palladium or alloys of said metals and/or an oxide
or oxides thereof. Electrocatalytit iy active
materials which are particularly suitable for use
in the preferred embodiment of the invention
include coatings comprising IrO3, for example a
coating of IrOp itself; a coating comprising Ir0j
in a solid solution with an oxide of a valve
metal, for example a solid solution of IrOz and
Tag05; and a coating comprising a mixture of Pt
and IrOs.

The nature of the cation-exchange membrane is
such that the membrane should be resistant to
degradation by the cell liquors, i.e. sodium
sulphate, sodium hydroxide and sulphuric acid. The
membrane is suitably made of a fluorine-containing
polymeric material containing cation-exchange
groups, for example sulphonic acid, carboxylic
acid or phobphonic acid groups, or derivatives
thereof, or a mixture of two or more such groups.

Such cation exchange membranes are well known
in the art. Suitable cation-exchange membranes are
those described, for example, in UK Patents Nos
1184321, 1406673, 1455070, 1497748, 1497749,
1518387 and 1531068.

In operation of the process of the invention
in a two-compartment cell comprising a .
cation-exchange membrane, the aqueous sodium
sulphate solution as hereinbefore defined is
charged to the anode compartment of the cell and a
sodium hydroxide solution is charged to the
cathode compartment of the cell, whilst in a
three-compartment cell, the aqueous sodium
sulphate solution as hereinbefore Gefined is

charged to the central compartment of the cell,
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water or a sulphuric aid solution is charged to
the anode compartment of the cell and a sodium
hydroxide solution is charged to the cathode
compartment of the cell. During operation of the
two-compartment cell, the concentration of sodium
hydroxide in the catholyte increases due to the
consumption of water at the cathode to produce
hydrogen and OH- and the production of sodium
hydroxide by the reaction of OH- with Na‘t ions
which migrate across the cation exchange membrane
from the anolyte to the catholyte. Similarly, in a
three-compartment cell the concentration of sodium
hydroxide in the cathode compartment increases due
to migration of Nat from the central compartment
of the cell to the cathode compartment.

The concentration of the sodium hydroxide
solution which is charged to the cathode
compartment'of the cell may vary withla wide
limits, depending upon the desired concentration
of the final pure sodium hydroxide solution
produced in the cathode compartment. Typically the
concentration of the sodium hydroxide solution
which is charged to the cathode compartment of the
cell will be in the range from about 5 wtX to
about 32 wtl, and preferably in the range from
sbout 15 wtZ to about 32 wtZ such that sodium
hydroxide solutions with concentrzations as high as
35wt may be produced in the process of the
invention.

The process of the invention may be operated
in a batch-type process in which the aqueous
sodium sulphate solution is fed to the anode
compartment of the cell (or central compartment in

a three-compartment cell) at the desired
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temperature, and sodium hydroxide solution is fed
to the cathode compartment of the cell at the
desired temperature. The anolyte is preferably
recirculated through a separator, for example a
vapour trap condenser, to separate oxygen gas
produced at the anode from the anolyte solution
and the anolyte solution meay then be passed
through a sodium sulphate re-saturator and back to
the anode compartment of the cell. The sodium
sulphate resaturator is preferably also maintained
at the preferred temperature of operation in order
to allow the maximum degree of re-saturation. The
product sulphuric acid solution may then be
collected, for example drained from the cell or
the recirculating anolyte stream, after the
desired time.

Similarly the sodium hydroxide solution
charged to the cathode compartment cf the cell may
be recirculated through a separator, for example a
vapour trap condensor, to separate hydrogen gas
produced at the cathode from the catholyte
solution and at least a part of the catholyte
solution may then be returned to the cathode
compartment.

Preferably however, the invention is operated
as a continuous process in which aqueous acidified
sodium sulphate soclution, produced for example by
dissolving sufficient sodium sulphate in sulphuric
acid of the desired concentration to give the
desired concentration of sodium sulphate and
sulphuric acid in the anolyte feed solution, is
continuously pumped into the anode compartment of
the cell and aqueous sodium hydroxide solution is

continuously pumped into the cathode compartment
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of the cell. The anolyte may be continuously
withdrawn from the anode compartment and passed
through a separator to separate oxygen produced at
the anode from the anolyte solution and the
anolyte solution may then be recirculated through
a sodium sulphate saturator vessel and resaturated
with sodium sulphate. The product sulphuric acid
solution may be continudusly tapped off from the
recirculating anolyte stream. In this way the
recirculating anolyte stream may provide the
necessary sulphuric acid concentration so that the
addition only of water and sodium sulphate in the
re-saturator maintains the required sodium
sulphate concentration in the feed to the anode
compartment of the cell.

The flow rate of the recirculating anolyte
feed to the anode compartment of the cell may vary
within wide limits depending, inter alia, upon the
active area of the membrane employed in the cell.
The anolyte feed flow rate should be such as to
ensure the maximum degree of saturation in the
anolyte and the required product acid strength.
The anolyte feed flow rate is typically in the
range, for example, from about 0.01 metre” per
hour to about 20 metre3 per hour.

The process of the invention makes possible
the production of sulphuric acid solutions which
may be much more concentrated than those produced
by known processes. Indeed the sulphuric acid
solution may be a 10Z sulphuric acid solution and
even a 157 sulphuric acid solution. Residual
sodium sulphate in the product sulphuric acid
solution may be crystallised out of the solution
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and returned toc the saturator for resaturating the
recirculated anolyte.

The process of the invention may operate with
a current efficiency as high as 757 and even as
high as 802 whilst allowing sulphuric acid
solutions having a 152 sulphuric acid

concentration to be produced.

The invention is illiustrated with reference
to the accompanying figure which is a schematic
representation of apparatus for batch operation of

the preferred embodiment of the invention.

In the figure, a two compartment divided
membrane electrolyser 1, in this case an FM-01
electrolyser (available from ICI Chemicals &
Polymers Ltd) comprises an anode compartment 2 and
a cathode cbmpartment 3 separated by a cation
exchange membrane 4, in this case Nafion 324
(supplied By E.I.Du Pont De Nemours) having an
active area of 0.0064 m2, The anode compartment is
provided with an anode (not shown) comprising a
titanium substrate having an IrOj
electrocatalytically active coating, and the
cathode ccmpartmen® is provided with a cathode
comprising grit-blasted nickel.

An anolyte saturator/reservoir 5 is provided
with a heater 6, an anolyte vapour condensor 7, a
temperature indicator 8, a stirrer 9 and a
sintered glass divider 10. The anolyte reservoir 5
is connected tc the anode compartment of the cell
via an anolyte circulation pump 11. The anode
compartment of the cell is connected via an outlet

12 to the anolyte reservoir 5.
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A catholyte reservoir 13 is provided with a
heater 14, a catholyte vapour condensor 15 and
temperature indicator 16. The catholyte reservoir
is connected to the cathode compartment of the
cell via a catholyte circulation pump 17. The
cathode compartment of the cell 3is connected via
an outlet 18 to the catholyte reservoir 13.

In operation of the apparatus, anolyte
solution is prepared by charging known masses of
aqueous sulphuric acid and sodium sulphate to the
anolyte reservoir. Sufficient sodium sulphate is
added in excess of the amount required to maintain
a saturated solution throughout operation. The
sintered glass divider in the anolyte reservoir
prevents solid sodium sulphate being drawn into
the pump and blocking the cell ports. The anolyte
solution isvheated and circulated through the
anode compartment of the cell. The catholyte is
prepared by charging aqueous sadium hydroxide, of
the desired concentration so as to yield sodium
hydroxide of the required concentration at the end
of operation, to the catholyte reservoir. The
catholyte is heated and circulated through the
cathode compartment of the cell. The cell may then
be connected to a source of electrical power and
charge passed between the anode and the cathode.

The anolyte and catholytes are continuously
recirculated through the cell. The anolyte
discharged from the cell returns to the anolyte
reservoir, depleted in sodium sulphate and
enriched with sulphuric acid, and contaminated
with oxygen. The oxygen is separated and

discharged by the vapour trap condensor. The
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solution phase is resaturated with sodium sulphate
and returns to the anode compartment of the cell.

The catholyte discharged from the cell
returns to the catholyte reservoir together with
hydrogen produced at the cathode. The hydrogen is
separated and discherged through the wvapour trap
condensor. The hydrogen-free catholyte is returned
to the cathode compartment of the cell via the
catholyte circulation pump.

Circulation of the anolyte and catholyte is
continued for the required time and then the
catholyte and anolyte solutions are discharged

from the cell and the reservoirs.

The invention is further illustrated by the
following examples which were carried out in an

apparatus as described generally above.
Example 1.

This example illustrates the effect of
carrying out the electrolysis of sodium sulphate
with an anolyte comprising sulphuric acid and
maintaining the concentration of godium sulphate
in the anolyte at greater than 30X by resaturating

the anolyte stream.

A slurry comprising 0.7013 kg of sodium
sulphate, 0.1016kg of sulphuric acid and 0.6008 kg
of water was charged to the anolyte reservolir.

A solution comprising 0.1509 kg of sodium
hydroxide and 0.8537 kg of water was charged to
the catholyte reservoir. The anolyte and catholyte

were circulated through the cell at a flow rate of
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1.2 litres per minute and at a temperature of
62.20C.

A current of 19.2 amperes was passed across
the cell and the cell was operated for 299
minutes. The concentration of sulphuric acid and
sodium sulphate in the anolyte, sodium hydroxide
in the catholyte and the current efficiency were

monitored and the results are shown in Table 1.
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TABLE 1.
Elapsed Anolyte. Catholyte.| Current
Time. H9S04 NagpS50y NaOH Efficiency.
min kg/kg kgikg kgl/kg b4
0 0.0873 0.3272 C.1394% 0.0
19 0.0947 0.3365 0.1442 65.8
61 0.1084 6.3457 0.1522 66.0
79 0.1170 0.3704 0.1575 66.3
104 0.1276 0.3519 0.1630 66.6
129 6.1362 0.3753 0.1685 67.0
144 0.1422 0.3643 0.1717 67.3
164 6.1493 0.3704 0.1752 67.7
183 0.1541 0.3766 0.1793 68.1
204 0.1614 0.3674 0.1831 68.6
225 0.1696 0.3735 0.1860 69.1
244 0.1731 0.3828 0.1897 69.6
289 0.1871 0.3859 0.1983 71.1
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The results show that even as the acid strength
increases, up to 18wt2 sulphuric acid, the current
efficiency of the process remains as high as 70Z.

Examples 2 and 3 illustrate the effect of
increasing the temperature on the current

efficiency of electrolysis.
Example 2.

The procedure of Example 1 was repeated
except that the anolyte comprised 0.7021 kg of
sodium sulphate, 0.1002 kg of sulphuric acid and
0.6009 kg of water, the catholyte comprised 0.:50
kg of sodium hydroxide and 0.8503 kg of water and
the electrolysis was carried out at 72.10C.

The results are shown in Table 2.
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TABLE 2
Elapsed Anolyte. Catholyte.| Current
Time. H2S04 NaS0y NaOH Efficiency.
min kg/kg kg/kg kg /kg b4
0 0.0853 0.3457 0.1416 0.0
21 0.0945 0.3457 0.1476 7.0
52 0.1083 0.3550 0.1564 71.5
76 0.1191 0.3396 0.1623 72.0
116 0.1347 0.351i9 G.1721 72.9
145 0.1466 0.3766 0.1784 73.7
175 0.1563 0.3766 0.1856 74 .6
209 0.1684 0.3365 0.1924 75.7
236 0.1770 0.3828 0.1986 76.6
267 0.1854 0.3797 0.2036 77.8
294 0.1945 0.285¢ 0.12092 78.8
Example 3.

The procedure of Example 1 was repeated

except that the anolyte comprised 0.7002 kg of
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godium sulphate, 0.1002 kg of sulphuric acid and
0.6001 kg of water, the catholyte comprised 0.1517
kg of sodium hydroxide and 0.8501 kg of water and
the temperature was 80.3°C.

The results are shown in Table 3

TABLE 3

Elapsed Anolyte. Catholyte.| Current
Time. H9S04 Na S0y NaOH Efficiency.
min kgl/kg kgl kg kg / kg z
0 0.0827 0.3726 0.141€ 0.0
29 0.0955 0.3430 0.1595 72.9
48 9.1078 0.3479 0.1579 73.3
85 0.1183 0.3661 0.1655 74.3
118 0.1321 0.3544 0.1735 75.3
147 0.1442 0.3853 0.1809 76.2
178 0.1553 0.3797 ‘6.1880 77.3
200 0.1637 0.4217 0.1938 78.2
223 0.1710 0.4028 0.1970 79.1
243 0.1777 0.3917 0.2020 79.9
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The results show that at higher temperatures
the current efficiency of the process is
maintained at a higher level.

In the following examplee 4, 5 and
Comparative Example 1 which were conducted in
order to simulate continuous operation of the

rrocess oi the invention, the apparatus employed

. for Examples 1 to 3 was modified by replacing the

resaturator vessel with a sodium sulphate feed
reservoir vessel and an anolyte collection
reservoir. In the Examples 4, 5 and Comparative
Example 1, sodium sulphate feed solution is
continuously fed from the feed reservoir through
the anode compartment and the product from the
anode compartment is ptinuously collected in the

anolyte collection resesvoir.

Example 4.

Sodium sulphate solution comprising 2.6 wtl
sulphuric acid and 32.3 .t sodium sulphate was
continuously fed to, and product anolyte solution
was continuously removed from, the anode
compartment «t a flow rate of 0.37 kg/hour for a
period of 6 months. Over this time, the current
efficiency was maintained at an average of 752%,
and a product anolyte solutio. was collected with
ean average sulphuric acid concentration of 82 by
weight.

Example 5.

The procedure of Example 4 was repeated
except that the sodium sulphate feed solutiowu
comprised 8.62Z sulphuric acid and 34.5% sodium
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sulphate. The feed solution was continuously fed
and product solution continuou:ly collected at a
flow rate of 0,28 kg/hour for a period of 4
moaths. Over this time, the current efficiency
was maintained at an average of 702, and a product
anolyte solution was collected with an average
sulphuric acid concentration of over 157 by
weight.

Comparttive Example 1.

This example demonstrates the benefits, in
terms of current efficiency and product acid
strength, of operating with a sodium sulphate
solution having a concentration greater than that
ol tainable using a neutral sodium sulphate
stlution. ,

The procedure of Example 4 was repeated
except that the sodium sulphate feed solution
comprised 10.7% sulphuric acid and 25.02 sodium
sulphate. The feed solution was continuously fed
and product solution continuously collected at a
flow rate of 0.30 kg/hour for a period of 1 month.
Over this time, the current efficiency was
maintained at an average of 56z, and a product
anolyte solution was collected with an average
sulphuric acid concentration of 15Z by weight.
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LEBATKIX The claims defining the invention are as follows:

1. An electrochemical process for the production of sulphuric acid and

sodium hydroxide by the electrolysis of an aqueous solution

of sodium sulphate characterised in that the aqueous sodium sulphate
solution which is electrolysed is an acidified aqueoué sodium
sulphate solution having a codium sulphate concentration greater than
that of a saturated solution of sodium sulphate under neutral

conditions and at the temperature employed.

2. A process as claimed in claim 1 in which the
concentration of the aqueous sodium sulphate
solution which is electrolysed is greater than 32
wtZ based on the total weight of the solution.

3. A process as claimed in claim 2 in which the
concentration of the aqueous sodium sulphate
solution which is electrolysed is greater than 34
wtI based on the total weight of the solution.

4, A process as claimed in claim 1 in which the
process is operated in an electrolytic cell
comprising at least one anode in an anode
compartment separated from at least one cathode in
a cathode compartment, said anode and cathode

compartments being separated by a cation-exchange

membrane.

5. A process as claimed in any one of claims 1 to
4 in which the aqueous sodium sulphate which is

electrolysed further comprises sulphuric acid.
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6. A process as claimed in claim 5 in which the
aqueous sodium sulphate solution comprises at
least 0.5 wtZ sulphuric acid.

7. A process as claimed in any one of claims 1 to
6 which is operated at a temperature of at least
65°C.

8. A process as claimed in any one of claims 1 to
7 which comprises dissolving sodium sulphate in an
aqueous solution of sulphuric acid to a
concentration greater than that of a saturated
solution of sodium sulphate under neutral
conditions and at the temperature employed and

electrolysing the solution.

9. A process.as claimed in any one of claims 1 to
8 in which the concentration of the aqueous sodium
sulphate solution is maintained at greater than
that of a saturated solution of sodium sulphate
under neutral conditions and at the temperature
employed, by recirculating the aqueous sodium
sulphate solution and at least a part of the
sulphuric acid produced through a sodium sulphate

re-saturation vessel.

10. An electrochemical cell for the production of
sulphuric acid and sodium hydroxide by the

electrolysis of an aqueous acid solution of sodium
sulphate comprising at least one anode in an anode
compartment separated from at least one cathode in
a cathode compartment by at least one ion-exchange

membrane, a sodium sulphate re-saturation
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reservoir characterised in that the reservoir is in f£luid
flow connection with the anolyte compartment such that at

least a portion of the product therefrom may be recycled
through the reservoir.

11. An electrochemical cell for the production of
sulphuric acid and sodium hydroxide by the electrolysis of
an aqueous acid solution of sodium sulphate comprising at
least one anode in an anode compartment separated from at
least one cathode in a cathode compartment by at least one
ion-exchange membrane, a sodium sulphate re-saturation
reservoir and an intermediate compartment characterised in
that the «reservoir is in fluid flow connection with the
anolyte compartment and/or the intermediate compartment

such that at least a portion of the product therefrom may
be recycled through the reservoir.

12. A process as claimed in claim 1 substantially as
hereinbefore described with reference to any one of
examples 1 to 5.

13. An electrochemical <cell as claimed in claim 10
substantially as hereinbefore described with reference to
the embodiment illustrated in the accompanying drawing.

DATED: 20 April 1994

PHILLIPS ORMONDE & FITZPATRICK
Attorneys for:

IMPERIAL CHEMICAL INDUSTRIES PLC

6462N
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ABSTRACT

An electrochemical process for the production of
sulphuric acid and sodium hydroxide by the
electrolysis of an aqueous solution of sodium
sulphate in which the concentration of the aqueous
sodium sulphaﬁe solution which is electrolysed is
greater than that of a saturated solution of
sodium sulphate under neutral conditions and at

the temperature employed.

The process may be effected in a two-compartment
electrolytic cell comprising an anode compartment
and a cathode compartment separated by a

cation-exchange membrene.
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