
;e3e||}T~R>6LTcp N25 APR 2003 ~q0 ~35~~I   Process for treating aqueous
solutions camprising bases and organic acids 5 The present invention
relates to a process for treating aqueous solutions comprising bases and
organic acids. In particular, the invention relates to a process for
cleaning up the process water in aldofization reactions In many
base-catalyzed condensation reactions of organic compouncs m 10 particular
in the reaction of aldehydes, carboxylic acids are formed as byproducts,
which neutralize some of the catalyst. One process of great industrial
importance, is, for example, the condensation of n-butyraldenyde to farm
2-ethylhex-2-enal and water. In this case, the reaction mixture is
customarily worked up as follows: in the first step, the product-containing
15 organic phase is separated from the aqueous phase (catalyst solution aid
reaction water) in a settling tank. On account of the polarity of the
organic acids formed in the side reactions and of the base used as
catalyst) these two components are principally in the aqueous phase. Direct
feed of this aqueous phase to the effluent treatment plant is therefore
frequently 20 undesirable, owing to the high loading with bases and organic
constituents In addition, owing to injection of the base from the process
together with the aqueous phase, to maintain a constant catalyst
concentration, fresh Gale must constantly be fed to the process, which is
cost-intensive and contradicts the actual meaning of catalyst. 2 5 WO
9?J07ti4t3 discloses a process for recovering sodium hydroxide solution
from process waters of the abovementioned type. In this process, the object
of which is treating the aqueous phase arising in the aldol condensation,
ration-exchange membranes are used. The aqueous phase in this process
comprises the sodium salts of the organic acid or alcohol formed as     25
APR 2003  byproducts in the aldolization. This solution is passed through
the anode chamber in a two-chamber membrane electrolysis cell. When an
electric field is applied, the metal cations migrate into the cathode
chamber and react with the hydroxide ions formed at the cathode to form
sodium hydroxide. In this 



5 process, only the sodium hydroxide solution is separated off as catalyst.
In the anode circuit, an aqueous solution remains which predominantly
comprises only the organic acid or alcohol. Disposal of this solution is
complex, since the organic constituents are only present in low
concentrations and the solution thus cannot be fed directly to the thermal
10 disposal system. Recovery of the organic acids present m low
concentrations is also not worthwhile. DE 196 04 903 discloses a process
for separating off alkali metal hydroxide solution from the product arising
in the aldol condensation, which process operates according to the
principle of the three-chamber electrolysis or 15 electrodialysis. In this
process, the product-containing phase, after separating off the aqueous
phase, is passed through the central chamber of the electrolysis cell which
is bounded by an anion-exchange membrane and a cation-exchange membrane. In
the electric field, in the case of sodium hydroxide solution, the Na+ ions
migrate through the cation-exchange 20 membrane and form, with the OH' ions
produced at the cathode, sodium hydroxide solution in the cathode chamber.
The OH' ions present in the central chamber migrate through the
anion-exchange membrane into the anode chamber and react with the H+ ions
produced at the anode to form water. In this process to separate off sodium
hydroxide solution, the base is 25 removed from the product, but the base
present in the aqueous phase and the organic constituents are not worked
up. In the two abovementioned processes, the phase to be treated is
depleted in the course of the electrolysis or electrodialysis in dissolved
metal hydroxide) and the conductivity of the solution decreases with
advancing electrolysis or 3 0 efectrodialysis. This means that a constantly
increasing power input becomes necessary to separate constituents still
present in the aqueous solution.   < < 25 APR 2003 - 3  A further known
possibility for treating aqueous solutions comprising organic constituents
is acidifying the solution until phase separation occur However) in this
case, only the high-bailers are removed from the solution. the organic
acids remain in the aqueous phase In addition, further salting of 5 the
mass stream of the aqueous solution is performed, which makes disposal more
difficult. The object underlying the invention therefore is to provide a
simple process for treating aqueous solutions comprising bases and organic
acids, which process separates off the bases and organic acids from the
solution and 10 provides them together with the treated aqueous solution in
a form suitably for further processing or further use. It has surprisingly
now been found that the treatment of aqueous solution. comprising bases and
organic acids is considerably simplified by simultaneously separating off
bases and organic acids by electrochemical 15 processes. The present
invention therefore relates to a process for treating aqueous solutions
comprising bases and organic acids, which comprise simultaneously
separating off bases and organic acids by an electrochemical process. 20
Using the process according to the invention, independently of their
origin. all aqueous solutions of bases and organic acids can be treated,
but in particular those which are produced in aldolization reactions. In
the case of these base-catalyzed aldol condensations carried out in known
manner, such as preparing a, p-unsaturated carbonyl compounds, on 25
account of the reaction mechanism, 1 mol of water is produced per 2 mot of 



aldehyde or ketone used. In addition, the base is added as aqueous solution
to the reaction. After the reaction, an organic phase and an aqueous phase
are present. To separate off the desired product, generally, use is made of
phase separation by means of a phase separator. The organic phase   25 APR
2003 - 4  principally comprises the desired product, while the aqueous
phase comprises the catalyst used and organic constituents, which are
frequently produced m side reactions of the aldol condensation Those to be
mentioned here are, in particular, the disproportionation reaction of
aldehydes or 5 ketones, which is also known as the Cannizarro reaction. In
this reaction, two molecules of aldehyde or ketone produce one molecule of
carboxylic acid and one molecule of alcohol, whose carbon chain length is
dependent on the aldehyde or ketone used. The organic acids are readily
water soluble up to a chain length of 5 carbon atoms, so that they
principally remain in the 10 aqueous phase during the phase separation.
This aqueous solution of the basic catalyst and organic acids must usually
be post-treated prior to being passed on or discharged. According to the
invention, this treatment is performed by an electrochemical process for
separating the bases and the organic acids from the aqueous solution. 15
The bases and organic acids are separated from aqueous solutions by two
ways of carrying out the electrochemical process according to the invention
electrolysis and electrodialysis. In the electrolytic way of carrying out
the invention, the separation is achieved by introducing the aqueous
solution to be treated into a chamber 20 disposed between the anode and
cathode chambers, the chamber being separated from the anode chamber by at
least one anion-exchange membrane and from the cathode chamber by at least
one cation-exchange membrane. Commercial membranes can be used. As
anion-exchange membrane, use can be made, for example, of the AHA-2
membrane from 25 Tokuyama Soda Ltd. and, as ration-exchange membrane, use
can be mach. for example, of the C66 10 F membrane from Tokuyama Soda Ltd.
The cathode chamber is preferably incorporated into a reservoir circuit. in
which the base, preferably the base already present in the solution to be
treated, is charged. Flow passes through the cathode chamber count=r 30
currently or cocurrently, preferably cocurrently, to the stream of solution
through the central chamber. The anode chamber, in which organic acid.   25
APR 2003 - 5 - preferably the acid already present in the aqueous solution
to be treated, is charged, is preferably likewise incorporated into a
reservoir circuit. FIo4v likewise passes through the anode chamber
countercurrently or cocurrently, preferably cocurrently, to the stream of
solution through the central chamber. 5 In the anode chamber and cathode
chamber is situated in each case at least one electrode, that is to say an
anode in the anode chamber and a cathode in the cathode chamber. The
cathode consists of a material known to be used for electrolyses,
preferably steel. The anode consists according to the i~ inn itiuri Ni
eferatJly ~f Steel, Nlatmuro black, platinum, graphite, mixed oxia~, 10 or
it consists of a combination of these constituents, pure or applied to or
incorporated in a support material, preferably titanium. Applying an
electrical voltage forms an electric field between the electrodes.
According to the invention, under the influence of the field, the cations,
in the case, for example, of the base-catalyzed octenal preparation from
butanal 15 using sodium hydroxide solution as base, the sodium ions migrate
through the cation-exchange membrane in the direction toward the cathode
and the 



anions, preferably organic acid radicals, migrate through ihs
anion-exchange membrane in the direction toward the anode. At the cathode
in the cathode chamber, the sodium ions together with the hydroxide ions
formed at te 2 0 electrode in accordance with the formula HZO + 1 e' -> OH-
+'/ZHZ form sodium hydroxide solution. At the anode, the negatively charged
acid radicals which have migrated into the anode chamber together with the
Hr ions formed at the electrode in accordance with the formula 2 5 H20 ->
2H~ +'/20Z + 2e' react to form acid. As a result of the abovementioned
processes, the bases and organic acids are separated off from the solution
to be treated which is in the central chamber and comprises bases and
organic acids, and these   25 APR 2003 - 6  bases and organic acids
accumulate in the cathode chamber or the anode chamber (or if appropriate m
the corresponding circuits). The process is therefore outstandingly
suitable for the simultaneous treatment of aqueous solutions comprising
bases and organic acids Depending an the treatment 5 period, an aqueous
solution which is virtually completely freed from bass and organic acids is
obtainable, which, without further treatment, can be further used in the
process or fed to an effluent treatment plant. With advancing electrolysis,
the aquP~us sol~_ition in the central chamber is depleted in dissolved
ions. The ionic concentration in the cathode chamtrr, 10 in contrast,
increases with advancing electrolysis, since the base formed m the case of
NaOH immediately dissociates. In the anode chamber, the ionic concentration
changes only insignificantly in the course or electrolysis, since the acid
radicals which have migrated through the anion-exchanga membrane recombine
with the hydrogen ions formed at the anode. The ionic 15 concentration is
therefore essentially dependent on the dissociation constant of the acid
present in the acid chamber For the abovementioned reasons, the
conductivity at the start of electroly=is is high in the aqueous solution,
whereas, in the anode and cathc~e chambers, it is tow or determined by the
concentration of base and organic 20 acids of the solutions charged in the
reservoirs. With advancing electro(y~is, the conductivity in the cathode
chamber increases and, at constant current strength, approaches the maximum
possible value calculated from ine solubility product of the base. The
conductivity in the anode chamcc-r remains virtually constant in the course
of electrolysis and is low compared 



2 5 with the conductivity in the cathode chamber. According to the
invention, therefore) in a preferred embodiment of the process according to
the invention, to increase the conductivity of the solution in the anode
chamber an acid, preferably a strong mineral acid, such as sulfuric acid,
or a basa, preferably the base already present in the solution to be
treated, is added. 3 o This ensures chat the ionic concentration and thus
the conductivity in the anode circuit remains virtually constant over the
entire treatment period and as a result a higher energy input is not
necessary. The concentration of ~e   25 APR 2003 base in the anode
solution, preferably the same base which is present in ~~~ aqueous solution
to be treated, is according to the invention preferably between 0.01 molll
and 1 molll, m particular, however, between 0.1 molll end 0.5 molll. The
conductivity of the aqueous solution to he treated is used a~ 5 a measure
of the progression of the process. By setting a current density greater
than from 100 to 200 Alm', two addition! treatment effects can be achieved.
Firstly, the f<olbe reaction at the anode can be exploited to split the
organic acids into water-insoluble hydrocarbons electrochemically in
accordance with the formulae 10 R-COO'->R~+1e'+CO, and 2R~->R-R (R is any
organic radical) by eliminating COZ Since the resulting hydrocarbons are
primarily water-insoluble, these can be separated off frc"~ the aqueous
phase, for example in a phase separator disposed in the anode circuit, and
fed to disposal or further processing By selection of the voliag~ 15
supplied, there is also the possibility in this process, depending on
wt~sd-~ organic acids are formed m the aldolizaiion process, of deciding
wheii-~r chiefly, the acid or a part of the acid, as hydrocarbon which can
be synthesized in accordance with the above-described formulae, is to
bproduced. 2 0 The second effect which the process according to the
invention can exploit depending on the manner in which ii is carried out,
is apparently based on an induced convection flow in the membranes.
Surprisingly, during the electrolysis even neutral organic compounds are
separated off from the aqueous solution to be treated. These compounds
frequently occur as 25 byproducts in aldolization reactions in the aqueous
phase in addition to the bases and organic acids. On account of the effect,
the neutral organic compounds migrate together with the ions, when an
electric field is applied. through the anion-exchange membrane or the
cation-exchange membrane from the central chamber which comprises the
aqueous solution to be treated 30 into the anode chamber or cathode
chamber, where they can likewise be   25 APR 2003 _ g _ 



separated off by phase separation. The neutral organic compounds thus
obtained can again be fed to a separate disposal or further processing The
second way of carrying out the process according to the invention E
electrodialysis, which is preferably used if relatively large volumes ef 5
solutions are to be treated or treatment of the solution comprising bases
a; ,d organic acids is to be performed in a relatively short time For this
purp~~e the number of chambers in the electrolysis module is increased in
suc" manner that, between the outer chambers which receive the elecirod~~
which correspond to those in the electrolytic way of carrying out the
proc~~s 10 according to the invention, instead of one chamber which
comprises the solution to be treated, the number X of chambers is
introduced, whet=_ obeys the formula X = 1 + 3 ~ n, where n is a variable
which can be any natural number and 0. These chambers are disposed in such
a manner chat at least one chamber which comprises the solution to be
treated is next to T~e 15 electrode chambers. For n = 0, x has the value 1,
which is equivalent to tfie electrolytic way of carrying out the process
according to the invention. For n = 1, X takes the value 4, which means
that the anode chamber is follo~~~ firstly by a chamber comprising the
aqueous solution to b~ treated) then a chamber holding a base, then a
chamber holding an acid and finally agein a 20 chamber containing the
aqueous solution to be treated. The cathcxie chamber forms the end of this
module. For n greater than 1, the electrodialysis module is correspondingly
extended by n units consisting of a base chamber, an acid chamber and a
chamber composing the solution to be treated. Figure 2 shows an
electrodialysis module in which n takes tt~ 25 value 3. Just as in the case
of the electrolytic way of carrying out the process according to the
invention, in the case of the electrodialytic way of carrying out the
process according to the invention, also) the cathode chamber and the base
chambers which are to receive the base am for preference 30 incorporated
jointly or separately, preferably jointly, into a r~servoit circuit ir;
which base, preferably the base which is already present in the solution to
be created, is charged. The flow passes through the cathode chamY~f   25
APR 2003 - 9  countercurrently or cocurrently, preferably cocurrently, to
the stream in a ;~ chambers bearing the solution to be treated. The flow
likewise pa~~~~ through the base chambers countercurrently or cocurrently,
prefer~b4y cocurrently, to the flow in the chambers bearing the solution to
be trea:~. 5 The anode chamber and the chambers receiving the acid are for
preferen~,:. incorporated jointly or separately, preferably lomtly, into a
reservoir circu~i ~n which acid, preferably the acid which is already
present in the aqu~ou~ 



solution to be treated, is charged. The flow passes through the anode
chamber counterc~.irrently or cocurrently, preferably cocurrently, to the
`~~~~, 10 in the chambers bearing the solution to be treated. The flow
likewise pa:=~~ through the acid chambers countercurrently or cocurrently,
preferably cocurrently) to the flow in the chambers bearing the solution to
be treated Whereas the anode chambers are separated from the chamber
compn~~ng the solution to be treated preferably by an anion-exchange
membrane and 15 the cathode chambers are separated from the chamber
comprising tr;~ solution io be treated preferably by a cation-exchange
membrane, bicolar membranes are used according to the invention to separate
dire~Jy adjacently disposed base- or acid-receiving chambers. In the
electric ~ field. these membranes produce H" and hydroxide ions and release
these info the 2 0 adjacent acid- or base-circuit chambers. The base
chambers are separated by cation-exchange membranes from the chambers
bearing the aquec~. solution to be treated, and the acid chambers are
separated by anicnexchange membranes from the chambers bearing the aqueous
solution to br treated. Commercial membranes can be used. As anion-exchGnge
25 membrane, use can be made, for example, of the AHA-2 membrane from
Tokuyama Soda Ltd., as cation-exchange membrane, use can be made, for
example, of the C661 OF membrane from Tokuyama Soda Ltd and as bipolar
membrane, use can be made of membranes from Aqualytics or TokuyGma Soda
Ltd. 3 o Applying an electric voltage produces an electric field between
the electrodes. According to the invention, under the influence of the
field. tire cations, in the case, for example, of the base-catalyzed
octenal preparGtio~   25 APR 2003 - io  with butanal using sodium hydroxide
solution as base, the sodium ions, migrate through the cation-exchange
membrane m the direction toward the cathode to the cathode or to a bipolar
membrane and the anions, preferably organic acid radicals, migrate through
the anion-exchange membrane in the 5 direction toward the anode to the
anode or to a bipolar membrane. At the cathode in the cathode chamber and
at the bipolar membranes on the ba~~ circuit side, the sodium ions together
with the hydroxide ions formed at the cathode in accordance with the
formula HZO + 1 e' -> OH' +'/ZH~ 10 or at the bipolar membranes by cleavage
of water into OH' and H~ ions, fcrm sodium hydroxide solution. At the anode
or at the bipolar membranes, the negatively charged acid radicals which
have migrated into the anode chamber or the acid chamber react with the H'
ions formed at the anode in 



accordance with the formula 15 H20 -> 2H` +'/OZ + 2e or at the bipolar
membranes by cleavage of water into OH' and H+ ions to form the acid. By
means of the abovementioned processes, the bases a~,d organic acids are
separated off from the solution to be treated whici~ comprises bases and
organic acids and the bases accumulate in the cathode 2 0 chamber and in
the base chambers) and the organic acids accumulate in thn anode chamber
and in the acid chambers. The process is therefore outstandingly suitable
for the simultaneous treatment of relatively large volumes of aqueous
solutions comprising bases and organic acids. Depending on the treatment
duration and intensity, an aqueous solution is 25 formed which is virtually
completely free from bases and organic acids and which, without further
treatment, can be further processed or fed to an effluent treatment plant.
With continuing electrodialysis, the aqueous solution in the chambers
bearing the solution to be treated is depleted in dissolved ions. The ionic
25 APR 2003 - 11  concentration in the cathode chamber and m the base
chambers, in contrast generally increases with continuing electrodialysis,
since the base formed usually dissociates immediately. In the anode chamber
and m the acid chambers, the ionic concentration changes only
insignificantly in the cour ~e 5 of the electrodialysis, since the acid
radicals which have migrated through the anion-exchange membrane recombine
with the hydrogen ions formed at the anode or at the bipolar membranes. The
ionic concentration is therefore essentially dependent on the dissociation
constant of the acid present in the acid chambers 1Q For the abovementioned
reasons, the conductivity at the start of th~ electrolysis is high in the
aqueous solution, whereas, in the anode and cathode chambers, or in the
acid and base chambers, it is low or determined by the concentration of
bases and organic acids in the solutions charged i, to the reservoirs. As
the electrolysis continues, the conductmty increases in ttv~ 15 cathode
chamber and in the base chambers and at constant current strength
approaches the maximum possible value. The conductivity in the anode
chamber and in the acid chambers remains generally virtually constant in
ih~ course of the electrolysis and is low compared wish the conductivity in
the cathode chamber and in the base chambers. According to the invention.
20 therefore, in a preferred embodiment of the process according to tJr
invention, a base is added, as in the case of the electrolysis, to increase
the conductivity of the solution in the anode chamber and in the acid
chamber Adding bases to the anode chamber and to the acid chambers
therefore ensures that the ionic concentration and thus the conductivity
remains 2 5 virtually constant in the anode circuit over the entire period
of treatment and, 



as a result, a higher energy input is not required. The concentration of
the bases in the anode solution or in the acid circuit, preferably of the
same base which is present in the aqueous solution to be created, is,
according to the invention, preferably between 0.01 molll and 1 molll, but
in particular 30 between 0.1 molll and 0.5 molll. The conductivity of the
aqueous soiutiento be treated is used as a measure of the progression of
the process. By setting a current density according to the invention above
100 to 'f DLO   25 APR 2003 - 12  A/mz, two additional treatment effects
can be achieved. Firstly, the Kolb= reaction at the anode can be exploited
to split the organic acids elects L chemically into water-msolubie
hydrocarbons according to the formulae R-COO-->R~+1 e' + C0~ and 2R~->R-R 5
(R is any organic radical) by eliminating C02. Since the resulcmg
hydrocarbons are chiefly water-insoluble, these can be separated off from
the aqueous phase, for example in a phase separator disposed in the anode
circuit, and fed to disposal or further processing. By selecting the
voltage applied, there is therefore the possibility with this process of
deciding 10 depending on which organic acids are formed in the aldolization
proc~s~, whether the acid or a part of the acid as hydrocarbon which can Ge
synthesized in accordance with the formula given above is to be produced
Since the Kolbe reaction only takes place directly at the anode, in the
case of the electrodialytic way of carrying out the process according to
the inven15 tion, only a small part of the acid can be converted into a
hydrocarbon. The second effect which the process according to the
invention, depencir~o on how it is carried out, can exploit, is apparently
based on an induced convection flow in the membranes. Surprisingly, during
the electrolysis, even neutral organic compounds are separated off from the
aqueous solution io be 2 o treated. These compounds frequently occur in the
aqueous phase in addi~ion to the bases and organic acids as byproducts in
aldolization reactions. P~ a result of the abovementioned effect, the
neutral organic compounds together with the ions migrate through the
anion-exchange membrane or the cationexchange membrane from the chamber
which comprises the aqueous 25 solution to be treated into the anode and
cathode chambers or the base and acid chambers where they can likewise be
separated off by phase separation. The neutral organic compounds thus
obtained can again be fed to disposal or further processing. Preferably,
the bases, after separating them off from the aqueous solution to 30 be
treated, are taken up outside the cell by pure bases charged there and in



25 APR 2003 - 13  this manner concentrated and recovered. The bases worked
up in This manner are preferably fed back to the aldolization process as
catalyst. The organic constituents in the acid circuit separated off from
the aqueous solution to be treated are concentrated and either fed directly
to thermal 5 disposal or further processed, e.g separated by means of a
phase separ~lor into water-soluble and water-insoluble compounds and
disposed of or furh~r processed individually. The aqueous solution treated
according to t~~~ invention can be fed to an effluent treatment plant) io a
combustion unit c. ~o further processing 10 The process according to the
invention is for preference carried out at atmospheric pressure and
preferably at temperatures between 20C and 90C, particularly preferably at
30C to 60C. The process according to the invention can be carried out
continuously or batchwise by the electrolytic or electrodialytic method The
strength o. use 15 electric field applied is dependent, inter alia, on
equipment conditions end material pairs, and must be dimensioned in such a
manner that the eff ~t according to the invention is achieved. Preferably,
a current density of from 100 to 1000 A/m2 is used. In Figures 1 and 2, two
ways of carrying out the process according to `~~e 20 invention are shown
as examples, without the process being restri~i~d thereto. Figure 1 shows
an electrolytic way of carrying out the process according to the invention.
The electrolysis module is divided info three chambers 1, 2 and 3 by an
anion-exchange membrane A and a ration-exchange membrar~~ 25 K. The aqueous
solution to be treated, in this example a waste water stream which
comprises NaOH and the sodium salt of butyric acid, Nags, flaws through the
central chamber 2. The anode chamber 1, in which is disposed the anode
indicated by +, is incorporated info a reservoir circuit and a solution
comprising the organic acid HBs, which is charged from the reser~cir 30 V1,
flows through it. The cathode chamber 3 in which the cathode indicGted   25
APR 2003 - 14  by - is disposed is incorporated into a reservoir circuit
and an NaOHcontaining solution which is charged from the reservoir V3 flows
ihrougf ~ a In the electric field, the Na+ ions migrate through the
cation-exchange membrane K into the cathode chamber 3, where, with the OH'
ions formed ai 5 the cathode (-), they form sodium hydroxide solution. The
H' ions formed ~t the anode (+) react with the anions OH' and Bs' which
have migrated through the anion-exchange membrane A) to form organic acid
and water. An electrodialytic way of carrying out the process according to
the mvet~~:~ is shown in Figure 2. The electrolysis module is divided by
four anionl0 exchange membranes A, four cation-exchange membranes K and
thr~~ bipolar membranes BM into a cathode chamber 1, an anode chamber 3,
four chambers 2 bearing solution to be treated, three base chambers 4 and
three acid chambers 5. The aqueous solution to be treated, in this example
a waste water stream which comprises NaOH and the sodium salt of butyric 



15 acid Nags, flows through the chambers 2 A solution comprising the orgy:
~ic acid HBs, which is charged from the reservoir V1, flows cocurrently
through the anode chamber 1, in which is disposed the anode indicated by
(+), ~n~ the acid chambers 5. The solutions exiting from the acid chambers
5, through which the flow passes cocurrently to the chambers 2, combine,
after flov,inc 2 0 through the chambers, with the solution from the anode
chamber and are collected again in a reservoir V1. From this reservoir, the
solution is pas~~d to the chambers, with the solution being divided over
chambers 1 and ~. ~e cathode chamber 3) in which is disposed the cathode
marked by (-), is fed cocurrently by a solution comprising NaOH, which
solution is charged from 25 the reservoir V3. The base chambers 4 are
likewise fed cocurrently by the solution charged in the reservoir V3. The
solutions of the cathode chamber and the base chambers combine, after
flowing through the electrodialy~is module, and are collected again in the
reservoir V3. In the electric field, the Na+ ions migrate from the chambers
2 through the cation-exchange 30 membrane K into the cathode chamber 3 or
into the base chambers 4 where, together with the OH' ions formed at the
cathode (-) and the bipcfar membranes BM, they form sodium hydroxide
solution. The H` ions formed at   25 APR 2003 - 15  the anode (+) or at the
bipolar membranes BM react with the anions OH' and t3s- which have migrated
through the anion-exchange membrane A from ~h~ chambers 2 info the chamber
1 or ttie chambers 5, to form organic acid ~r water. 5 The processes
according to the invention are described m more detail by the following
examples, without being restricted thereto. In the examples, the process is
illustrated with reference to electrolysis, since this is also tt;~ basis
of the electrodialytic design and other variants. Example 1: 10
Purification of the reaction water from octenal production Electrolysis was
carried out at a temperature of from 40 to 50C at a currant density of 350
AImZ in a three-chamber electrolysis module as in Figure 1, whose chambers
are separated by an anion-exchange membrane o. type AHA-2 and a
cation-exchange membrane of type C66 10F from Tokuyama 15 Soda Ltd., each
of which have a membrane area of 100 cm', using an anode of titanium coated
with mixed oxide having a surface area of 100 cm2 and a cathode of expanded
stainless steel metal having a surface area of 100 cmz. In the anode
circuit, a 1 % strength aqueous sodium hydroxide solution r~ra~ charged,
and in the cathode circuit a 5% strength aqueous butyric aad 20 solution
was charged. In the central chamber, octenal waste water ~ici~ comprised,
inter alia, butyric acid and various aldehydes, was circulated. -fh~e
conductivities of the solutions were determined constantly during the
entire electrodialysis operation using a measuring instrument from WTW. In
the course of the electrodialysis, the conductivity in the oclenal cira~it
25 decreased to very low values (0.1 mSlcm). In the anode circuit, the
conductivity remained virtually constant, whereas in the cathode circuit
the conductivity increased with increasing duration of the electrodialysis
up to a 



maximum value of > 180 mSlcm. Figures 3 to 5 show the time course of ~
conductivities in the three chambers. Figure 3 shows the course of 30
conductivity in the anode chamber, Figure 4 shows the course of
conductiYrty   25 APR 2003 - 16  in the chamber comprising the solution to
be treated and Figure 5 gives the course of conductivity m the cathode
chamber. At the start and finish of the electrolysis, samples were taken
from the central chamber and the total carbon content and sodium content of
the solution 5 were determined. The measured values ma.y be read off from
the table below.   25 APR 2003 - 17  5 to Table: Analytical results of
samples taken from the central electrol;: _i~ chamber __ Analyses of total
carbon content iSample 1 (start of elec-0.93%C8.77g carbontrol sisSample 2
(finish of elec-0.098%C0.81g carbontrol sisAnal ses of sodium content
1Sample 1 (sfart of elec-1.4% Na13.20g sodiumtrot sisSample 2 (finish of
elec-0.01%Na0.08g sodiumtrot sis The marked decrease in total carbon
content in the central chamber i: particularly noticeable. Thus, in the
course of the electrolysis, the carbon 15 content decreased from 0.93% to
0.098%. This is all the more imporlant since actually only 0.6% was charged
as organic acid, and thus the residual carbon content due to neutral
organic compounds was 0.33%. Since the final content was markedly beneath
this value, this denotes that even neutral organic compounds migrate from
the central chamber through the 20 membranes. Example 2: An electrodialysis
was carried out using the same experimental parameter in an electrodialysis
module as shown in Fig. 2. In addition, in this example sodium hydroxide
solution was added to the butyric acid in the anode or acid 25 circuit
until the pH was approximately 6.0. Measurement of the conductivrty in the
anode or acid circuit showed a significantly higher conductivity compared
with that determined in Example 1. The measured values of conductivities in
the three circuits are shown plotted graphically agains~the experimental
time in Figures 6 to 8. 30 Figure 6 shows the course of conductivity in the
anode chamber or the aad   



25 APR 2003 - 18  chambers, Figure 7 shows the course of conductivity in
the chambers comprising the solution to be treated and Figure 8 shows the
course of conductivity in the cathode chamber or base circuit. The addition
of sodium hydroxide solution to fhe acid circuit therefore causes a
substantially hichcr 5 and virtually constant conductivity in the anode
chamber As a result thereof the required total energy input to treat the
aqueous soluiion is halved.   25 APR 2003 - 19  Caims: 1. A process for
treating aqueous solutions comprising bases and organic acids, which
comprising simultaneously separating off basic catalyst and organic acids
by means of an 5 electrochemical process wherein said aqueous solutions are
produced in aldolization reactions. 2. The process as claimed in claim 1,
wherein said basis catalyst and said organic acids are separated off
simultaneously by electrolysis. to 3. The process as claimed in claim 1)
wherein said basic catalyst and said organic acids arc separated off
simultaneously by electrodialysis. 4. The process as claimed in claim 2,
wherein said solution to be treated is introduced into a t s chamber 2
disposed between the anode chamber 1 and cathode chamber 3, wherein the
chamber 2 is separated from the anode chamber 1 by at least one
anion-exchange membrane A and wherein the chamber 2 is separated fi~om the
cathode chamber 3 by at least one canon-exchange membrane K. Zo 5. The
process as ctaimcd in claim 3, wherein, in the elactrodialysis, chambers ~
and 5 which serve as reservoirs for receiving canons or anions from said
solution to be treated and arc situated between the chamlxrs 2) which are
fed with the solution to be treated, are separated by bipolar membranes HM.
25 6. The process as claimed in at least one of claims 1 to 5) wherein acid
to which base is added is charged into the chambers which serve to receive
the anions. 7. The process as claimed in at least one of claims 1 to 6,
wherein neutral organic compounds are additionally separated off firom the
solution to be treated. 



30   25 APR 2003 - 20  8. The process as claimed in at least oue of claims
1 to 7) wherein use is made of clcctrod'es of steel, platinum black,
graphite, mixed oxide, port platinum or of a combination of these
constituents in pure form or applied to or incorporated in a support
material. 5 9. The process as claimed in at least one of claims 1 to 8,
wherein the process is carried out at from 20 to 90 C. 10. The process is
olaimcd in claim 9, wherein the separation process is carried out at rom 30
to 60 C. !0 11. The process as claimed in at least one of the claims 1 to
10, wherein the process is carried out continuously. 12. the process as
claimed in at least one of claims 1 to 10, wherein the process is carried
out 15 batchwise. 13. The process as claimed in at least one of the
preceding claims) wherein organic compounds are split electrochemically at
the anode. z0 14. The process as claimed in at least one of claims 1 to 10,
wherein the number of chambers between chambers containing an electrode is
X =1 + 3  n. 15. 'The process as claimed in at least one of the claims 1 to
10, wherein said process is performed in an apparatus having an anode and a
cathode as electrodes and wherein a z5 current density of l00 -1000 A/m' is
applied across the electrodes of said apparatus. 16. A process comprising:
Simultaneously, clectrochemicalIy separating a basic catalyst and organic
acids from an aqueous solution, wherein said aqueous solution is produced
in aldoliration reactions, 3o wherein a base in an amount of 0,01 - 1 moll
is added to the aqueous solution in the anode chamber.   25 APR 2003 - 21
17. A process comprising: 



Simultaneously, electrochemically separating a basic catalyst and organic
acids from an aqueous solution, wherein said aqueous solution is produced
in aldoLizatioa reactions) 5 wherein an acid to which a base is added is
charged into the chambers which serve to receive the anions. 18. A process
comprising: Simultarseously) electrochemically separating a basic catalyst
and organic acids froth as to aqueous solution, wherein said aqueous
solution is produced in aldolization ructions, wherein a neutral organic
compound is separated from said solution. 19. A prtx;ess comprising:
Simultaneously, electrochemically separating a basic catalyst and organic
acids from an t 5 aqueous solution, wherein said aqueous solution is
produced in aldolization reactions, wherein orgeaic compounds arc split
electrochemically at the anode. .A
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