
;OPe3eC@86,T*. WO 99/31297 -1 PCT/EP98/07974  Method of electrochemical
processing of HCI gas to high-purity chlorine The invention relates to a
method for the electrochemical processing of HCl gas to high-purity
chlorine in which HCl gas-phase electrolysis is combined with S
hydrochloric acid electrolysis, with or without a consumable oxygen
cathode, to form an HCl recycling unit. HCl gas, a by-product of numerous
different chemical reactions, is commonly converted to chlorine gas which
can then be passed back into the production cycle 10 again. In one known
such method HCl gas is converted to chlorine gas by gas-phase electrolysis.
The resulting chlorine gas, however, always still contains a certain amount
of HCl gas which has not undergone full conversion. The HCl gas is
separated from the chlorine gas by technology which is known in principle.
In the course of high-pressure liquefaction, cooling results in the
production not only of the 15 purified liquid chlorine but also of the HCl
gas as "overhead gas". High-pressure distillation of the liquid chlorine
expels further residues of HCI gas from the chlorine. The gas-phase
electrolysis of hydrogen chloride to chlorine gas is described, for
example, in the patent specification US 5 411 641. 20 The known separation
method described above has the disadvantage that owing to the cooling and
reheating operations the separation of the HCl gas from the chlorine is
highly energy-intensive and complicated and that the separation of HCl is
incomplete. In addition, it is impossible to avoid handling relatively
large amounts of liquid chlorine in order actually to be able to start the
process which results in 25 hydrogen chloride as a by-product. The
alternative - a hydrogen chloride liquid gas storage facility - is even
less attractive, since in that case even higher pressures must be employed
in order to liquefy the HCl gas. EP 785 294 A1 describes an electrolytic
method in which aqueous hydrochloric acid 30 having a maximum concentration
of 20% is reacted anodically to chlorine gas in a membrane electrolysis
cell. This reaction is operated cathodically with a consumable oxygen
cathode. The current density which can be achieved in continued operation
of this method is limited to about 4 kA/mz. 35 On the basis of the
above-described prior art, therefore, there is a need for a simple method
of processing HCI gas to elemental chlorine which avoids the complicated
liquefaction of HCl and/or chlorine, can be operated with a considerably
higher current density, is more favourable in terms of energy consumption,
and, moreover, *G00002*   S i `.~ ~ of ~il~ ~~~' -2 can easily be coupled
onto any other continuous processes where HC1 gas is obtained as a product.
The object is achieved in accordance with the invention by a method for the
5 electrochemical processing of HCl gas to high-purity chlorine which forms
the subject of the invention and is characterized in that the HCl gas is
reacted in a first gas-phase electrolysis stage to give a chlorine gas
which comprises HCl gas, 10 in that the HCl-comprising chlorine gas is
scrubbed extractively in a second stage of a with depleted liquid
hydrochloric acid as the absorbent, to form enriched hydrochloric acid, so
freeing the chlorine gas from the HCI gas, 15 in that the enriched
hydrochloric acid is broken down in a third stage of liquid-phase
electrolysis into chlorine gas, with formation of depleted hydrochloric
acid, and, especially when using a consumable oxygen cathode, to form
chlorine gas and water, in that the depleted hydrochloric acid is passed
back into the absorption stage 



20 and in that the chlorine streams generated in the gas-phase electrolysis
stage and in the liquid-phase electrolysis stage are drawn off, combined if
desired and dried if desired. 25 The chlorine streams can subsequently be
passed again to a chlorine-consuming chemical process. Purified HCl gas,
which is obtained, for example, as a by-product of numerous chemical
processes, such as the manufacture of isocyanate or polycarbonate, is 30
reacted in a first stage at very high current densities to form chlorine
and hydrogen. The reaction can be operated at high yields with low
pressures or even at atmospheric pressure. The chlorine produced by the
reaction is freed from unreacted HCl gas fractions in a relatively small
HCl absorption unit. This absorption unit is connected in a circuit to a
downstream hydrochloric acid electrolysis stage with a consumable 35 oxygen
cathode, or to an electrolysis stage which generates chlorine and hydrogen
and which is known, in principle, from the prior art. In this stage, thin
hydrochloric acid with a concentration, in particular, of 12-14% (e.g. the
anolyte from the   0 ;~ LIAR 2~~2 -3 downstream electrolysis), is passed
countercurrent to the HCl-comprising chlorine gas, so that the enriched,
high chlorine-content hydrochloric acid can be passed to the second
electrolysis stage. The chlorine gas, which is wet but virtually free of
HCl owing to its subsequent purification with the low-strength hydrochloric
acid, can be 5 passed on as a first substream for drying. Owing to the
method it is free of oxygen. The products of the gas-phase electrolysis
stage and/or the liquid-phase electrolysis stage preferably include not
only chlorine but also either hydrogen or water. 10 The HCl fraction not
reacted in the first stage is reacted in the downstream hydrochloric acid
electrolysis stage likewise to form high-purity chlorine (the chlorine
content is at least 99.9%) which, together with the chlorine main stream
from the first stage, can be freed from disruptive fractions of steam in a
downstream drying stage. 15 In a preferred method, the liquid-phase
electrolysis stage and/or the gas-phase electrolysis stage are/is operated
with a consumable oxygen cathode. In particular, the water which may be
formed in the liquid-phase electrolysis stage in 20 the case of the
cathodic reaction is passed back into the hydrochloric acid circuit of the
absorption stage. In one variant of the method of the invention the
electrolysis conditions in the gasphase electrolysis stage are set such
that the HCl conversion is from 40% to 90%. 25 A further preferred method
is characterized in that the electrolysis conditions in the liquid-phase
electrolysis stage are set such that the concentration of the depleted
hydrochloric acid is from 5 to 19%, in particular from 12% to 14%, and the
concentration of the enriched hydrochloric acid is from 6 to 20%, in
particular from 30 13% to 15%, corresponding to the optimum attainable
conductivity. The amount of hydrogen generated in the first stage can be
regulated by supplying a larger or smaller excess of HCl to the gas-phase
electrolysis. As the level of the excess increases, increasingly more
favourable electrolysis conditions are established 35 and so the energy
requirement for the possible hydrogen by-product falls. It is therefore
possible to regulate the amount of hydrogen generated by operating in the
second stage with the energy-saving consumable oxygen cathode.   o ~ r~~p
z~oZ -4 A product of the second electrolysis stage, in particular as a
by-product of the reaction of the cathodically reduced oxygen with the
protons that pass through the membrane, is water, which is obtained in the
form of weak hydrochloric acid (<1 %). 5 Some of this water can be passed
back into the hydrochloric acid circuit to compensate for the fractions of
water discharged with the chlorine and through the membrane. As a result,
net losses of chlorine/HCl remain low. 1n addition it is also possible by
this means to compensate losses from the catholyte circuit of the gasphase
electrolysis which are associated with the separation of the hydrogen. 10
The drying of the chlorine takes place in a procedure comprising, for
example, two stages. The initial drying can be carried out in a column with
dilute sulphuric acid, whereas the subsequent drying can take place in a
blower configured as a liquid ring pump, which for this purpose is fed with
concentrated sulphuric acid. The sulphuric 15 acid discharged at this stage
then feeds the abovementioned column. The concentrated sulphuric acid can
of course be fed into a secondary-drying column in accordance with the
method known from the prior art. 



In this variant the blower merely has the function of overcoming the
pressure losses 20 to the chemical plant which is upstream in the circuit.
In view of the excellent chlorine quality obtained with the method
according to the invention, the otherwise customary chlorine compression
and liquefaction stages can be omitted. The run-up buffer for the supply of
chlorine to the main plant is preferably the store 25 of the hydrochloric
acid circuit of the second stage, which for this purpose must be
dimensioned appropriately. Chlorine from the hydrochloric acid electrolysis
can be used to start the main plant initially. HCl gas obtained here can
first of all be fed directly into the absorption of the second stage until
the rising production produces sufficient HCl gas to start the first stage.
30 If at a particular site it is not possible to deploy the resulting
hydrogen for chemical purposes, the first stage can also be operated with a
consumable oxygen cathode, which constitutes a further marked energy
saving. 35 Further advantages of the method of the invention are as
follows: Relative to conventional HCl recycling processes, the novel method
has a lower overall energy requirement. The method produces an excellent
chlorine quality (the   0 ;a f i,'1; 5 ~;~ ~2 -s purity being, in
particular, greater than or equal to 99.9%). The method does not involve
any laborious cleaning processes. The proportion of hydrogen in the product
can be controlled within certain limits, down to zero if desired. Through
the construction of a highly compact first stage (about 1 /3 of the
electrode and membrane s surface area of conventional electrolyses), which
according to trials to date can be operated at atmospheric pressure up to
12 kA/m2, and by virtue of markedly reduced absorption, it is possible,
relative to conventional electrolysis, to achieve a less complicated
construction and hence lower capital costs. 10 The method features very low
net losses of chlorine. Little waste water is produced from water of
reaction and from transportation through the membrane, as weak (<1 %)
hydrochloric acid, and the NaOH consumption for water purification is
small, since the catholyte in the first stage is operated merely as
approximately 1-normal hydrochloric acid and the catholyte pressure is
higher than the HCl gas pressure on 1 s the anode side, so that chlorine
impurities in the hydrogen are unlikely. The plant for operating the method
of the invention can be operated, advantageously, with high flexibility as
an auxiliary plant for any desired chlorine-consuming chemical process. 20
In a preferred variant of the method, the method is started with the
liquid-phase electrolysis in order to form chlorine gas for any desired
chemical process in which chlorine gas is employed and HCl gas is formed.
The HCl gas obtained from the attached chemical process is first of a11
guided past the first stage, the gas-phase 2s electrolysis, and passed
directly into the absorption stage. It is fed into the first stage, the
gas-phase electrolysis, only when the amount of HCl gas produced is large
enough to obtain satisfactory operating conditions here. The invention is
elucidated in more detail below by way of example with reference to 30 Fig.
1. Examples A gas-phase electrolysis cell 1 operated at atmospheric
pressure and with an active 3s surface area of 109 cm2 is connected, via a
reservoir 2 with dilute hydrochloric acid for the passage of the product
gas and for the adsorption of the residual HCI content,   0 5 ~I,QR 2002 to
the anolyte chamber of a laboratory cell 5 which operates with a consumable
oxygen cathode having an active surface area of 30 cm2. The temperature in
the gas-phase electrolysis cell 1 was kept constant at 78C via a 5 heat
exchanger with the aid of the catholyte acid (approximately 1-normal
hydrochloric acid) in a pump circuit 3, 4. The concentration of the acid in
the anolyte circuit of the cell ~ with a consumable oxygen cathode was held
in the range fi om 12 to 14t HCl by, adjusting the current density in this
cell ip each case such that the amount of HCl ab'sprbed `in the reservoir
was converted in the hydrochloric aci d 10 electrolysis wvith the
consumablE oxygen cathode. The temperature in this circuit 3, 4 was kept
constant at 57C by means ~of a beat exchanger. .` , , 7 . . y ~ ~ n ` ` ~
... ~ n ` ~ '. ' . ~ f , : . ~. . . i , ` 1 4 ' , _ ~~ 'Tlie~ctiiiv~rsions
imthe pas-p~iase-electro~ysis 1 were determined by analysing product . '.
gas obtained by means pf sa~n~lang; the incoming' amount of I~Cl was
measured with 1 S ~ 'a rotameter. 'the twQ chlo~n~ $tre~s were combiined in
the drier 6, and the initial chlorine eoncentratiora~wvas deierinined: ~ ~
' ' 



' The liy-products 'of the reaction - hydrogen from 'the gas-phase
electrolysis and water ' of reaction and condentsate frpni the cell 5 with
the consumable oxygen cathode 20 were discarded. ~ ~ ' The results shown in
Table 1 were achieved in three runs. In the existing arrangement, with
higher current densities, it vvas possible to achieve a conversion of only
4$% in the gas-phase electrolysis without a disproportionate increase in
the '- ~ 25 voltage. TabDe 1 CurrentVoltageHCICurrentVoltageInitial
chlorinedensity inin cell 1converdensity inin cell
2concentrationcelll-lionce112I (kA/m2U(%I (kA/m2U (V(% totalRun
161.60832.81.1899.9Run 281.6876.53.61.2799.8Run 3 ~10 ~1.73 ~84 ~4.4 ~1.36
~>99.9   WO 99/3l297 PCTIEP98/07974 o ~; May 2ooz Patent Claims 1. Method
for the electrochemical processing of HCl gas to high-purity chlorine
characterized 5 in that the HCl gas is reacted in a gas-phase electrolysis
stage (1) to give a chlorine gas which comprises HCl gas, in that the
HCl-comprising chlorine gas is scrubbed extractively in an 10 absorption
stage (2) with depleted liquid hydrochloric acid as the absorbent, to form
enriched hydrochloric acid, so freeing the chlorine- gas from the HCl gas,
' in that the enriched hydrochloric acid is converted in a liquid-phase 15
electrolysis stage (S) into chlorine gas, with formation of depleted
hydrochloride acid, in that the depleted hydrochloric acid is passed back
(3, 4) into the absorption stage (2) 20 and in that the chlorine streams
generated in the gas-phase electrolysis stage ( 1 ) and in the liquid-phase
electrolysis stage (S) are drawn off, combined if desired and dried if
desired. 25 2. Method according to Claim 1, characterized in that products
formed in addition to chlorine gas in the gas-phase electrolysis stage ( 1
) and/or in the liquid-phase electrolysis stage (S) are hydrogen or water.
3. Method according to Claim 1, characterized in that the liquid-phase 30
electrolysis stage (S) is operated with a consumable oxygen cathode. 4.
Method according to one of Claims 2 or 3, characterized in that
HClcontaining water obtained in the cathodic reaction in the liquid-phase
electrolysis stage (S) is passed back into the hydrochloric acid circuit of
the 3S absorption stage (2). 5. Method according to one of Claims 1 to 4,
characterized in that the gas-phase electrolysis (1) is operated with a
consumable oxygen cathode.   _g_ 0 ~ M~IR 2flfl2 6. Method according to one
of Claims 1 to 5, characterized in that the HCI conversion in the gas-phase
electrolysis stage (1) is from 40% to 90%. S 7. Method according to one of
Claims 1 to 6, characterized in that the concentration of the depleted
hydrochloric acid from the liquid-phase electrolysis stage (5) is from 5%
to 19%, in particular from 12% to 14%, and the concentration of the
enriched hydrochloric acid is from 6% to 20%, in particular from 13% to
15%. 10 8. Method according to one of Claims 1 to 7, characterized in that
the method is started with the liquid-phase electrolysis stage (5) in order
to form chlorine gas as a starting material for any desired chemical
process in which HCl gas is formed and in that the HCl gas obtained from
the attached process is fed 15 into the gas-phase electrolysis stage (1).
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