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'sol utions canprising bases and organic acids 5 The presen25 i R003n

. relates to a process for treating aqueous sol utions conpriggpegspdses and
organic acids. In particular, the invention relates to a process for

cl eaning up the process water in aldofization reactions In nmany--

" base-catal yzed condensation reactions of organic conpouncs m 10 artlcular
in the reaction of aldehydes, carboxylLig¢ acids are fornemmmmmm’mm

whi ch neutralize some of the catal yst. One process of gr

i nportance, is, for exanple, the condensation of n-butyral deswde to farm

2- et hyl hex- 2- enal Pagelessaiiostreatingt dfjiueatgssolutidres cemptison hrisgs @nd drganic
custonmarily worked up. as follows: in the first step, the product-containing
15 organi ¢ phase ?%Lgeparated fromthe aqueous phase (catal yst solution aid
reaction water) in a settling tank. On account of the polarity of the
organic acids forned in the side reactions and of the base used as

catal yst) these tWieddrpRndmentiandelatents paraoess forttrratiagweueeuppRIgENsD r ect
feed of this aque uent treatment plant is therefore
frequently 20 undg@ﬁPR%ﬁéﬁaEQséﬂ?ogkgi ?é%h | oadi ng with bases and organic
constituents In addition, owng to injection of the base fromthe process
toget her with the, aqueous ﬁBase to maintain a constant catal

st
concentration, frHBsRAESHEN R INVEHHSR Selpley tpa Precess dor 3 %a"m@o%é‘@,mﬁﬁﬁséh is
cost-intensive ang,6an 5%q,ggt§mtrlggcﬁ&{sual meani ng of catalyst. 2 5 WO
9?J07ti 4t 3 di scloses a process for recovering sodi um hydroxi de sol ution
fromprocess waters of the abovenentioned type. In this process, the object
of which is treat a ase arlsm i,h the aldol condensation,
rati on- exchange rrlﬂ’rﬁ}a 33535§ ??ngzeggpcoﬂﬁjgn ?ﬂ?@ tf?ﬁ'isog O'Q‘Fnﬂ%‘f%m%?%’ccgs'é
conpri ses thaosodparticairtis thé reaetiat @amldet@eesd ﬁrb@lyﬂemldsfﬂbnﬁm% as 29
APR 2003 byprodu in the aldolization. Th S sol%jtl o] assed through

t he anode charrbergY’Pl rogueifo WhIERnBRYt ﬁiﬁoﬁ}?eoeméﬁar‘ ecPé Fess\yHeheAn

electric field 'Suﬁﬂlﬁlrlaﬁﬁnpdrﬁ#ucgmsafor‘éi‘éﬂnﬁl@sth@‘cﬁyhééﬁsduﬂhQf ﬁJ&a abbgde
chamber and react with the hydroXxide ions formed at the cathode to form
sodi um hydr oxi de. tq fprfhg<thylnex-2-enal and water. In this case, the reaction mixture is

customarily worked up as follows: in the first step, the product-contzining
15  organic phase is separated from the aqueous phase (catalyst solution end
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 constitusnts
In addition, owing to injection of the base from the process together with the
aqueous phase, to maintain a constant catalyst concentration, fresh bass
must constantly be fed to the process, which is cost-intensive and contradicis

the actual meaning of catalyst.

25 WO 92/07648 discloses a process for recovering sodium hydroxide soluticn
from process waters of the abovementioned type. In this process, the object
of which is treating the aqueous phase arising in the aldol condensztion,
cation-exchange membranes are used. The aqueous phase in this prccess

comprises the sodium salts of the organic acid or alcohol formed as

I
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+5 process, only the sodi um hydroxi de solution is separated off as catal yst.
In the anode circuit, an aqueous solution remains whi ch pr26d6RRR2003 y
-conprises only the organic acid or alcohol. Disposal of this solution is
conpl ex, since the organic constituents are only present in | ow
concentrations and the solution thus canngt _be fed directly to the thernal
- 10 di sposal system Recovery of the organic acids present mlow

concentrations ib??ﬁticﬁ@tsni@ntthw@dﬂ%iibﬁ-ﬂ@g sHRfoR4s PASsel e RfFehedaripdacess

for separating o al kali metal hydroxide solution fromthe product arising

in the al dol coff@mBELinaiworhRrERepReTEFscsirstalyes callciinensg qlecttipgeld
principle of the %é]ﬂi@&:ﬁ@ﬁ@?ﬁ%aﬁéyﬁ%irg%télﬁém%rca%%o% &%Htﬂaﬂaﬂ%ﬁéécﬁwithn this
od - asé€, a g o

process, the pr t-confaining p er separatin hé aqueous
phase, is passedh¢ hydwgluetibes temedadt tiedeathede of formesodluae hydrbyige sindieisl  whi ch

i s bounded by an ani on- exchan nbr ane and.a cati on-exchange nbr ane. In

the electric’fi &r%c,espnorﬁy'&ecag ung%y '&ﬁﬂ%ﬂ%b@i%@a%?%f’ @ﬁ?@a{%@t‘ﬂ% i ons

migrate through eyl ewclﬁfgcgﬁr&gje%g_s”?&mcﬁﬁ?emamsf @hfBh wédanﬁmtng*' i ons
hy anb

produced at the cathode, sodium hydroxide solution in the cathode c er.
The OH ions pr&9mpriseh arte the wrgaiic deithberloshgl dispasat efidinistgedution is

ani on- exchange e.inko e e 1ber, a r t w t he i ons
produced at therggﬁ(ljég{]t (S)fnP%rrtrqi%\/a?'@r%% nC%Bﬁﬁ“gg%tFo%g%sgﬁ@ éj\g%%e?]étreh olw sodi um
hydr oxi de sol ut iconcerttfatiohas@di the 2olutientkes chrronbehfed pfiedtig to tHeuthetrhal base
present in the a ueoéﬂié %)hasg and thfe or'gani c constituents are not,. worked
up. In the tho Ao BCPEOE RSB aT9aIRCKls RERSRIY oW FULPRERYAS

depl eted in theisadeset @brthlRile! ectrolysis or electrodialysis in dissolved

nmet al hydroxi de) and the conductivity of the solution decreases with
advancing electrolysis or 3 0 efectrodialysis. This nmeans that a constantly

; . ! 5 . o
e oo 10 Poue i 1t 05 ARER-0SSTISRI I LBRRALEI S SRATHHARID B,

P aci i fy7ng t ho Soluton uat L1 Dhase sopar gt o onsur Lowevery it hi o
IS acl dl . .

case, onl § tgg rﬂP&Fﬁ?B%ia]Cg?@"}% LO }'g‘?rﬁ’o@ﬂp'f?%rn&‘?h reFREMRS. \é\.ﬁﬁgo%?'aa% c

aci ds remaifsi n efditroarien)s IPhgse procasidi HeOprodudt-tbetairidd t pigsedf affert he

mass stream of the aque&gs solution is performed, which nmakes, di sposal nore
difficult. The SBPREtNQPHER3AUSGUE RBasHVERISEH thioepBit eentel chapPeifde a

sinpl e process fﬂ%elbét?cﬁﬂ@&elﬁﬂHn%ﬂ'fi@FﬁLg"%git@?ﬁrﬁﬁfﬁ’—%&éﬁ%eﬁﬁ?ﬁﬁraﬁ@%n@rgani c

aci ds, which process separates of S 1d organi ¢ acids fromthe
sol ution and 10 @edigncRxshengenmesgraner Iniheteledie fiekshtedhengasabsedvmt i on in

a formsuitably r . prgcessin r further e, lt 3 1,si ngly
now been found trﬁg{ox[#etsp@égﬁ‘n&net 0 g’&'ge'glggatgoﬁ?@h.Th%:é:r?g?ﬁse?%&@gses and
organi ¢ aciziz i snerobrendemabiopmgsimithlthé G ibys sraduckdrzdlis lcgtieepasadiumg  of f

bases and organic .acids .el ectrochem.cal 1 rocesses. The present
i nvention t her ef SFEX E\&égo 6”;[“%198@89% CPB?‘E?Eeﬁﬁ ﬁ?é‘ﬂf‘ﬁeBiﬁfgggﬁﬁeons
conprising basegeangl eizgatiErniggatdsthroMyhCie GRNGH-bhabhaUhémbemashio the
separating off bases and organic acids an el ectrochem cal process. 20

b
Usi ng the proceSSO88HRH10%H and repe Wiﬁ\/ﬁ\‘?{*ﬁbiﬁﬂs iR seA R Abe gngde {higrp

origin. all aquepus mAhilHredsssab sepakte 8 doRLAAYdFoade I8ILGAR the bhseat ed,
but in particular those which are produced 1 n al'dolization reactions. In

the case of2% hesempus@ireanihe preducs| bldithe bastkepreaentdndhe aguéats @haseiandknown
manner, such as t . h-unsat urat ed carbonyl conpounds, on 25
account of the rﬂgétgt é%@ﬂ%ﬁpgﬁrgf%ﬁg@ﬁﬁp l%at er is produced per 2 not of
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
30 electrodialysis. This means that a constantly increasing power input becomes

necessary to separate constituents still present in the aqueous solution.



al dehyde or ketone used. In addition, the base is added as aqueous sol ution
to the reaction. After the reaction, an organic phase and 25 ARRI2003 phase
.are present. To separate off the desired product, generally, use is nmade of
phase separation by neans of a phase separator. The organi c phase 25 APR
2003 - 4 principally conprises the desired product, while the aqueous
"phase conprises the catal yst used and organic constituents, which are
frequently prod i § : Qﬁﬂg' e to be
menti oned here gﬁ@?hgﬁaggﬁfﬁgﬁﬁgpﬁafﬁg&ﬁﬁggP%%gg%Wgﬁﬁgfon fgﬁg%%gﬁﬁbf

al dehydes or 5 ketsttgsntswi ceidifyira dloe ksvbwtionasntithph&senrseparationr ezeis on. | n

this reaction, mol ecul.es_of al dehyde or.ketone produce one np| ecul e of
car boxylic aci d%ﬂe V6he" mge‘:@g?e"%ﬁr ﬁﬁﬁ'@ﬂgﬁoﬁem%éerBQY%ﬁD'Eﬁ%? ﬁOll"Q%rgt his
dependent on t hehcabrgahiy deidereliainan ehals@iboud PRasy gaaugitias, fdghar Ritreadi |y
wat er soluble up to a chain | ength of carbon atonms, so that they

princi pal | y & emiienmass strpam of the gaveauspiehdien tupdrisgmedeviyaa swkes gispasi on.

Thi s aqueous SO'n‘rHr!e?iﬁfi Itthe basi ¢ catal yst and organi c acids must usually
be post-treated prror to being passed on or discharged. According to the
invention, this treatnent is performed by an el ectrochem cal process for
separating the Sr%% an %%F_or ani c acids fromthe aqueous sol ution. 15
The bases and or'§&RPECHENRIYNEINedpeoadNeretans Bdadpayde 81STPISMECTHRFS t wo
ways of carryi ngorot\v@atifnbeaqﬂe%%Fs@ﬁﬂi%ﬁh%hpﬂ%iﬁ@%%%e@%ﬁ@rdﬂgé}gc beidsh&nicAvent i on
el ectrolysis and electrodialysis. In the electrolytic way of carrying out
the invention, PHeCcesspwPafaten affsthedrases emdoygame ectisciong thdcokiyorGns
solution t e ' : [ ; -and

cat hode chglrgger?f&ﬁ%qghg{ngggr@“%g%qé%%gﬁgp Zagﬁﬁ ?lgsm Eﬁﬁglﬁo‘%@ﬁgﬁ%ﬂ @r’ by at
| east one ani onf@Xuibergeonessingorefughdr iseom t he cat hode chanber by at | east
one cation-exchange nenbrane. Commerci al nenbranes can be used. As

ani on- exchange nenbrane, use can be nade, for exanple, of the AHA-2
nmenbrane from 2% HKetpAsin w-blen fifhd tASt thetreSiindt ©R g UsRBNItRRE, USe
can be mach. for exanple, of the C66 10 F nmenbrane from Tokuyama Soda Ltd.
The cat hode chafBEPMEQIpOSE.S aBNY PHERNDAEYASedS | pensiderablyesiorplifiedi Péuit. in
whi ch t he base, ; 0 i o to be
freated s ohand Eran sebest PR B GARE cchdh B BIcERbindes ' 5
currently ars copeaesped.y, preferably cocurrently, to the stream of sol ution
t hrough the central chanber. The anode chanber, in which organic acid. 25
APR 2003 - 5 - preferably the acid already present in the aqueous sol ution
to be treated, iTheqitasgednverdiopriabrsiadel (gldiékna peodese doppeatiredadueons a
reservoir circuit, Flodv |ikew se passes through the anode, chanber

count er cur r ent | yOB#HORY c GPIRAPING, tb%@ﬁer%l )Pr%'%ﬁr PERISH y WNGE ($RISES am of
sol ution througkiniane®isly sdpatdimgletibasts hid blaania e leEtrédHentied hode
chanber is situated in each case at | east one electrode, that is to say an
anode in the anBtRC€€Ranber and a cathode in the cathode chanber. The

cat hode consists of a material known to be used for el ectrol yses,
preferably steel. The anode consists according to the i~ inn itiuri N
eferat Jly 20 St &lsing iReqrecess aricanking fd teiinventiogringeperdently pbtheinarign. 10 or
it consists of o i_nation. of co ' nt s r | to or

i ncor porated i nag és)cﬂ%ﬁgrgté‘%{‘&% ‘éfh?gsgers e?“%f éﬂg%tjﬁﬁﬁ%sn?ﬁrﬁn%e,%\ﬁ%qqggn%&gﬁ

el ectrical volt pgeictiar thoserwititieate pmduted th diedlivaton tduetiohect r odes.
According to the invention, under the influence of the field, the cations,
in the case, for exanple, of the base-catal yzed octenal preparation from
butanal 15 usi ngh sdiade by HeRs! SRSt a@8] BFRRNshithsSQHHEMILPRS=M grat e

t hrough the cation-exchange nmenbrane in the direction toward the cathode
and t he known manner, such as preparing o, B-unsaturated carbony! compounds, on

25  account of the reaction mechanism, 1 mol of water is produced per 2 mol of
aldehyde or ketone used. In addition, the base is added as aqueous soluticn
to the reaction. After the reaction, an organic phase and an aqueous phease
are present. To separate off the desired product, generally, use is made af

phase separation by means of a phase separator. The organic phasz



;ani ons, preferably organic acid radicals, mgrate through ihs

ani on- exchange nenbrane in the direction toward the anode.25\APRI2003t hode
.in the cathode chanber, the sodiumions together with the hydroxide ions
formed at te 2 0 electrode in accordance with the formula HZO+ 1 e' -> O+
+' /[ ZHZ form sodi um hydr oxi de sol uti on. Ehe anode, the negatively charged
"acid radicals which have migrated into tﬁe anode chanber toget her with the

rlons toried Bbriddfalf) E6pALEs | MeBEaFARREGIIM Dl CnbORIEdeZ pRal#0 -

2H~ +'/20Z + 2e' "react he a erren i oned
processes, the beweprisasdhercgsayst Laed@sda]r@rsepmmmmwhlcfharmftdwesm} ution

e BT B e A e
accunul ate in thﬁef%atah@d@ atraar fe Hﬂﬁr@@ﬂ%aﬁ&@@@étloﬁ%f la!fdeﬁpcﬂléé)@fl ate m
the corresponding circuits 'process i's therefore outstandi ngl szq

ng

sui t abl e for 5t hek&iprgs, WQWQ&J@IS@ k@@twrﬁﬁﬁthedta@qaaer@mga@mnutn tbisgeadtifdy

bases and or gani t

sol uti on which |'(SE| \?ﬁcdru'(tp%s (?e'ﬂ é]—g,daﬁg%'?%tgpﬁ) d‘gn@% rgggnr%@%@ﬁ%ngg%rrbaghl c aci ds IS
obt ai nabl e, whi cénd onhd h\olﬂatulélmf taimehott whade@nbon ¢ham mgﬁusﬁbﬁenwﬁdmtm t he
process or fed to ffluent tre t nt plant, Wth dgvancm | ectrol ysis,

the aquP-us sol ~ idFF PKElPRe Ha e QENFEFids are BaAMY M@t O %HPt%d

ions. The ionic ganemMidmt 85 cE‘arbBﬁ aqahétogtﬁtrtahaﬁréy brlnétQallynre%H?ﬁ iRHhs
i ncreases with advancing electrolysis, since the base formed mthe case of

NaCH i mredi dfel yagigscpiasesiurng t ﬁ@héﬁejdép@'ﬁmm&mls afeedusHOtEprE dt 1 at i on
changes only insiani EE&W}E Lr)c(jd H%;raénﬂcgﬁ&?%%%@t t9§ua :grogt t¥§ét§ ﬁbpfceoéi aci d

radi cal s whi ch have m grate e anion- nbrane Teconbi ne
wi th the hydr ogepassaus oﬁoormﬁdctaﬂrgedeAamIdmg fﬁhetel tmenttdkﬁ tbrsntcemttrrealt oN is
i SsocCi t| on cons t of t aci d

h f | d
et Tn e he ot RER BB A Ees B P ar S e Pash ahd

conductivity at sfnkiadds fedm eheabuobosdoiution, hi gh in the aqueous sol ution,
whereas, in the anode and cathc~e chanbers, it is tow or determ ned by the

concentration of base and organic 20 acids of the solutions charged in the

reservoirs. ;Wt hTﬁé’tﬁgE'&é A% Sr'r?%%éé?éuéfs b s dé?at&?ﬂgttﬁédd’éohé’ sbrambﬂgbgawod.e

chanber incréases an at constant current streng approaches the maxi mum
possi bl e val ue caagutdfateaying oomhendestodanbimical praessiactording tditheniagentiothe
conductivity in the node g%%%renm ns virtually constant in the course

of electrolysis ?ﬁﬁtrags‘F&N & ysis

In the electrolytic way of carrying out the irtventlon, the separation s
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-exchangs
membrane and from the cathode chamber by at least one cation-exchangs
membrane. Commercial membranes can be used. As anion-exchangs
membrane, use can be made, for example, of the AHA-2 membrane frcm
25  Tokuyama Soda Ltd. and, as cation-exchange membrane, use can be mads.

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 countsr-
30 currently or cocurrently, preferably cocurrently, to the stream of soluticn

through the central chamber. The anode chamber, in which organic acid.



,2 5. with the conductivity in the cathode chanber. According to the
invention, therefore) in a preferred enbodi nent of the pr BRéﬁﬁﬁ%ding to
_the invention, to increase the conductivity of the solution in the anode
chanber an acid, preferably a strong mneral 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 4 I i i i t he
entire troat mont Foacr oy SeqeR AL T B M D O
necessary. The ceheegrd, as ipeaiersbly-ewissinapp@aed ittase résentdveciemdd & low
solution, prefer - ' [ resent in ~=~ agueous .sol ution
o be treated | anakissrdras Tl b bER ntsr BR bk e E AR o 1
and 1 nol 1, m paréfecabyesocuinatyvierthe Sedanveensdutibnitoubh éndcdhtial oimdrhbsr. The
conductivity of the aqueous solution to he treated is used a~ 5 a neasure
of the progression of- the process. By setting a current density greater

than from 1005t o |26 Mddfk chéM@eraé?{élictaitﬁBg chéﬁ%&@?@ﬁuﬁ.&ﬁ ﬁpéa;cnq%@e%@_@%hiheved-

Firstly, the f<olbe reaction at the anode can be exploited to split the

organi ¢ aci ds i ntoveweaiodenibel ish eaygpdroode othe asbde charabrreincla Cgthpde

accordance with t r - ->R~tle' + nd 2R-->R-R (R s any
organi ¢ radi cal )R'E$héel%ﬁm6ﬁ§%h%g‘b&% %%qu%go'?sgs‘g%P?Pr{aglﬁg}@rmoé{vrnognﬂé“ are
primarily wat er - iusedfardlectrolyses eprefenalile seep dhatapdde tbndiste accdiimgaguieous
phase, for exanple in a pha_s«? sgé)arat_or di sposed in the anode circuit, and
fed to disposal dVeliiipi Refergiypledssingatmuns Blegb iUy SfaRbG JNxeg Ox s,

supplied, thege ics jabaesidtdof BAvRIIMAtohf ithede bohsRUBRHES SuredfRPEAG BN
Wt ~sd-~ organic acids are formed mthe aldolizaiion process, of deciding

whei i - ~r chi ef | y ingaiporataddn grsupppe mateial; prefeieh!y litagdinhy dr ocar bon whi ch can
be synthesized in accordance with the above-described fornmulae, is to
bproduced. 2 0 The second effect which the process according to the

i nvention can ex@#ipplyingpeediica) voltagefermaan eleciric fistd lodtwieen ire elactrédsd. out ,
is apparently based on an.induc convect i, flow.n.t nenbr anes...

Sur prisingly, du?'cﬁardﬂwgoéqeégf?ﬁ%'ﬁ e%\?f'gﬁ'%ﬁ’gﬂf‘?\é\flth&f'agﬁf% %;g'r?ﬂgdﬁcﬁ%“ are
separated of f freaséheragarsisosbluidseaty e dodal pebpafdiRadr ¢ Hacimds

frequently occur as 25 roducts in aldolilzation reactions in the aqueous
phase in addt?i oSty f?@‘y’gﬁ %’Xéf?os%‘t't@é?rﬁscb%s@i the sogimy IR dErase thrRRILf f ect

the neutral orgamhé cERIMORERgETHNMSnd PARE BRECHMNtEWAIIANL @ARoduRAR tRd
electric field is applied. through the ani on-exchange nenbrane or the

cati on- exchange ifhsaplelerathhoropeic esidtradicals Heigtats thigiiattihe GRIFNF &EHapgR
agueous sol ution I; i e r; a
queou ution tanRenk lri? e%réﬂg@%@%ﬁ%&gmg@%o& in % BRASde

chanber, where they can | W se g _
chamber, the sodium ions together with the hydroxide ions formed at the

20 electrode in accordance with the formula
H,O + 1e" -> OH + %iH,

form sodium hydroxide solution. At the anode, the negatively charged acid
radicals which have migrated into the anode chamber together with the H*

jons formed at the electrode in accordance with the formula
25 H,0 -> 2H" + %0, + 2’
react to form acid. As a resuit of the abovementioned processes, the basss

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



, separated off by phase separation. The neutral organic conpounds thus

obt ai ned can again be fed to a separate disposal or furth@5 APRZMS ng The

. second way of carrying out the process according to the invention E

el ectrodialysis, which is preferably used if relatively large volunmes ef 5

solutions are to be treated or treatnent of the solution conprising bases

~a; ,d organic acids is to be perforned in a ée_latively short tinme For this
pur p~~e the nunber of chanbers in the electrolysis nodule is increased in
suc’ manner that, Belueen . aubers SRaTREss it aRelnmpbns: fESFhed

whi ch correspond to those in e electrolytic way of carrying out e
proc~~s 10 accor di myatribet ler if mpprapiriate, ini thstopadspindoecichidsbdhevirocdss s

conprises the solutjon.to be treated, e, nynber of chanbers |s

T oduced, whet = e BT Hughh o e fortkpus FRSRRRE obqpeprap o
whi ch can be any nablit@hs @Umﬁﬂim@nds& anth &5 en€ haib e Spartfgdinspe $edtrhdht such
a manner chat at |east one chanber which conprises the solution to be

treated i s next3t o PPUSM]8N 8AEERYSHRMIORAIET § virk@lly gompigtely fraed fromePasgs ue 1,

which is equival entygopighhR &i&F I ddihbisie VaMIcAT wlidsUt Yirfd YébtrhdIR, BAPEESS
according to the invention. For n = 1, X takes the value 4, which neans

that the anode chart#éheriused § ihg-processosfadtomp effluanatfbalmeabpiht si ng t he
aqueous solution to b~ treated) then a chanber hol ding a base, then a
chanmber holding an acid and finally agein a 20 chanber containing the
agueous sol ution t dVite ativawmireteledhdy g tircadquecoh antbion indnerserntted ceardberfis t hi s

nodul e. For n greatgr,than 1. the.electrodialysis nodule is,carrespondingly
extended by n uni tsd%g@&esq%gtdlsﬁalvggcogsb %eelogﬁac & “,faé'ﬁné{bf?‘a C@W&ﬁﬁgsaﬁﬁﬁ‘a
chanmber conposig timeostaddltinarates With hdwentiad eldetrglysie, finshibahasza formad in

el ectrodi al ysis nogule in ich n takes tt~ 25 value 3. Just as jn the case
of “the el oct rol yt 1 e A T TeED ditrecfiess BubS atieds Bharmeroeuant
invention, in the eaacerbtibhchambesbhi@msighiicamiywashedoursd 67\idt@roBidis, binee
process according to the invention, also) the cathode chanber and . .the base

chanbers whi ch are % PedefafieaihvHes xR Faig e HEPUHE dNSRNINEBY PGSR ed

jointly or separat ehambrBhEfeRb@Bing vitAittit hyirodeRtiGhsfofrm&®aMAE Bn&dd. Wetiodit ;
whi ch base, preferably the base which is already present in the solution to

> b : y ut 1
be created, islTharcgeeentraten isthripipesessentigfy derprdenionihe fgaciatipmyesiznt 25

APR 2003 - 9 counte{ifdiidi§Ptds¥nCh 16OSHA tRABbe: Preferably cocurrently, to
the streamin a ;~ chanbers bearing the solution to be treated. The fl ow

| i kewi se pa~~~~ through the base chanbers countercurrently or cocurrently,

pref er ~b4y cocurre i : d fion to
be trea:~. 5 The a%tgh@ecibgv @?ﬂtg’lﬁgwtr%%oh%gﬂgg@?&r%g\gﬁﬁfgﬂtgrﬁgglg?g&zfe for
preferen~, :. incorporagledn]benaquecss ssigianatblergasprrftee dpogde |and cathciint o a

reservoir clfcu-l hatiBeridSIoh oL RTAR! By hBBoRGRraNBh Bfbdst Mo Ggec

present in the aqu-~o
20  acids of the solutions charged in the reservoirs. With advancing electrolysis,

the conductivity in the cathode chamber increases and, at constant currsnt
strength, approaches the maximum possible value calculated from ihe
solubility product of the base. The conduclivity in the anode chamber
remains virtually constant in the course of electrolysis and is low comparsd
25  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 chambsar
an acid, preferably a strong mineral acid, such as sulfuric acid, or a bass,
preferably the base already present in the solution to be treated, is addzd.
30 This ensures that the ionic concentration and thus the conductivity in ihe
anode circuit remains virtually constant over the entire treatment period and

as a result a higher energy input is not necessary. The concentration of the



,solution to be treated, is charged. The fl ow passes through the anode
chanber count erc~. |rrently or cocurrently, preferably coc@®5ARR 20030 the

. ~~~~, 10 in the chanmbers bearing the solution to be treated. The flow

| i kew se pa: =~~ through the acid chanbers countercurrently or cocurrently,
preferably cocurrently) to the flowin the chanbers bearing the solution to
" be treated Wereas the anode chanmbers are segparated fromthe chanber
conpn~~ng the solution to be treated preferably by an ani on-exchange
menbrane and 15 t hgaseah Hdmoah 8sgsS p?éf@raﬁ?ﬁﬁé %@Qbéé&%kﬁ% (TBSEFRGH e
conprising tr;~ solution i o be treated erably a cation-exchange
menbrane, bi col ar Wn&“tmt%g%&e&lﬁ%ﬂ%ﬁ@@fﬂlﬁgttﬂéhﬁ? mventqroAraferetigpar at e
dire~Jy adj acent YN I

electric ~ fiel ﬂgg@?g@%&gﬁ@a E&S@U@gawﬁ mhﬁ%é%gg%gﬁgr?smgﬂ reI ease
t hese info the 2 00.adn@lt etie euiddetivoty dﬁﬁmeemeoums@lut;dnahﬁ&rtseaté'me Usas as
chanbers are sgpar at ed @{e gzﬁl on-exchag& nenbr anes fromthe chanbers
bearing the aqdec~2 "$6FUE VAT B OHEIPE PIBHFSt he acid chanbers are
separated by ani cnexchange nenbranes fromthe chanbers beari ng the aqueous
solution to br treated. Comercial .nmenbranes can, be us ani gn- exchGnge

25 nenbrane, use cBASHEGRGATErf gensily grRsies tha@ffmﬁheo%%?oﬁ’ /H@nﬂwaﬁ‘gd'l“f"%

Tokuyana Soda Ltd. t,reaﬂﬁneﬁﬁéﬂfébms €7¢ P3 BEIR e VRITPI 8 1heREIDE }BadiBn lamle arfoRs
exanpl e, of the C661 OF nenbrane from Tokuyame Soda Ltd and as bi pol ar

nmembr ane, use can %R hesRKeIYed F%?Pﬂf'é‘ﬁé%qqm‘bﬁ?'%hlﬂ‘é? WF’&@S@WNP&&/GVG%H)DSBda
Ltd. 3 o Applying é!Bct?ddﬁ%HdaﬂmrP 66&%,1[95 H?t?esg?rﬂul% ectric field between
e i nvention

the el ectrodes. According to e influence of the
field. tire cations, in the case, for exanple, of the base-catalyzed

octenal pr epar@tl o~ 25 APR 20%3(:001 OR. +%I+Eob%\8%{ ﬁshng sodi um hydr oxi de
sol ution as base t he sodi umi ons, grate through the cati on-exchange

menbrane mthe direction toward the cathode to the cathode or to a bipolar

menbr ane and the Q refera gani ¢. aci d rate through
The ant on. exchangdThamorahes b nitil B SrdReind, 3t hEea bl g e
anode or to a bi pdhmodafﬂmnsampnrﬁémy h/etetba’isbmﬂ:&z Itrﬁlasehﬂn(b@tsbpﬁletemﬂfmeﬁ and

t the bipol th di t th
i th the. hyar oxi Gant GG BPRet A FRBMEA RHESH sracdt Wimcath IR e

fornmula HZO + 1 e'circhit,@rld fed {oZdispddal quﬁhed;h&cebds@@ By seroivhaifse Myliagt eavage
of water into OH and

ons, fcrm sodi h oxi de sol ution. At e anode
or at the bipdPar ?’r&?ﬂ?%n‘bgre IS (RlS eﬁqs§‘§rn %HQP&BC%%& 8°9“§8|”@a9rbw\;ﬂﬁ ‘ch
have m grated i nt corghgicaiefieare Harmies inQhe btu@n@anoﬁ prbedEREhi defilg Whetet he H
ions fornmed at the anode in
chiefly, the acid or a part of the acid, as hydrocarbon which can be
synthesized in accordance with the above-described formulae, is to bz

produced.

20  The second effect which the process according 1o the invention can exploit
depending on the manner in which it 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 {o be treated. These compounds frequently' ocecur 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 treaied

30 into the anode chamber or cathode chamber, where they can likewise be



,accordance with the formula 15 H20 -> 2H +'/QZ + 2e or at the bipolar
menbr anes by cl eavage of water into OH and H+ ions to for2h ARR 3. By
_.means of the abovenentioned processes, the bases a~,d organic acids are
separated off fromthe solution to be treated whici~ conprises bases and
organi c acids and the bases accunulate in the cathode 2 0 chanber and in

t he base chanbers) and the organic acids accunmul ate in thn anode chanber
and in the acid chanbers. The process is t fePefore out st andi ngly suitable
for the sinultaneou e i vel r I f S

sol utions conpri si n%e':[)ag%gé rgzpnlély g%'%%nlg%éé%@&g .ﬂh%e'%g'ﬁrélpﬁ o% (%)H]é)%ﬁ ﬁggm’ént
duration and i nt ensobtginedicaaggeiols fsdliab separae Aépdsal oefdrimripcdressingi rtual |y
conpletely free from bases and organic acids and which, w thout further
treatnment, can be further processed or fed to an effluent treatnent plant.
Wth continuing el eThe edi@id/whg of t&eyR§HEOME Heddt igRBoldhgt ibehes hehesrS:s
bearing the soluti o%} twe treated is depleted in _dissolved ions. The ionic
25 APR 2003 - 11 cBREERIR!LEIP.oNNICR tSherefespilydeseshif miskrivabidiaraer Melumes eof
chanmbers, in conrtrasd @R &fAblbY 1eARHR etk Bflﬁ@%‘u%h'agmﬁrli% bagsal-ysi s,
since the base forned usually dissociates Imediately. |In the anode chanber
and mthe acid chantrgesic acigs i$ e petnoedtn aréletivehhsimgeléma oy this purpose
insignificantly in e t:he el odi [ S, :Si t. Ld
radi cal s which havelth%e'bra erdpft%ﬂfgrggéﬁ 'Pﬁrée g%ﬁ%ﬁly%éﬁ}oﬁn&emr@r arc%rclie'n%é’ggﬁbi ne
wi t h the hydrogen imasnérolihat deavedrhtheamdde cloamizdrs hdctbigeelvarthereni@des. The
ionic concentration ril.s t herefo 8.4 ssentli al lI éwgefendenft on the di ssociation
constant of the aci P ELEIPORHIOHASE IR e el WA PG QUL RET T i oned
reasons, the canducadoordiyg & tHehimvehtion ieteddhof eheceiidrmbarswisch sompdses het he
aqueous sol ution, whereas, in,the apnode and c¢ajhode chanmbers, or in the
acid and base chanb%oﬁ‘ét,'or] fo %’% tiegikdo ed@f’@?%)ﬁgbgwﬁeq%é '%WEi‘fﬁerdaWhBFF f
bases and organi c agheys thé fdririasRI 1Y i408S rCRMEEELH id a VaPiabRevHiGS 4y Okl#Hy AS

the el ectrolysis continues, the conductnty increases in ttv~ 15 cat hode
chamber and in the Hida!l nmhasend Oadbest chagrheranie dsnasedin sich@ gapner that

approaches the maxi sUBsPOSSERINBel BhRE cormpises @RAUMILN 4 Ye IrBabd & AIQUSre
chanber and in the acid chanbers remains %gneral l'y virtually constant in
w

i h~ course of tRe etleetiadsighambersniior 8 =IGwhes tparalier hi which seasbyAtantta ety in
the cathode chambergghhib whlef _ n&gﬁqﬁgblﬁjﬁeécg&'bpdiﬂgtc}iﬂe ﬁr{g_%nﬁ&W.%F Kon.

20 therefore, in a preferred enbodi nent o e process according to tJr

i nvention, a base i3sladdekes ths vhiwethavhichigeeais thaethelasere shgmabey is felovadr ease
the conductivity ofgkhie s el dah@Br EOmpi @é'ﬁ ti B yrddid aRkd
chanber Addi ng bases tg ?he .anod{a chgﬁ%§maégé§qut%§ t @La@?% chénéger's ) :

t heref ore ensures t#H@nbeneolfipapdasaribema chamber haiding ko scidiad dipabuesFVEL y

remins 2 5 vi bhual bbb HBCaqRelE GHGH fo BYCHedlie AR idafcaer i od

of treatnent an
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 comprising the solution to
be treated. Figure 2 shows an electrodialysis module in which n takes the

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 electrodialylic way of carryng
out the process according to the invention, also, the cathode chamber and
the base chambers which are to receive the base are for preference
30  incorporated jointly or separately, preferably jointly, into a reservoir circuit in
which base, preferably the base which is already present in the solution tobe

treated, is charged. The flow passes through the cathode chamber



as a result, a higher energy input is not required. The concentration of

' the bases in the anode solution or in the acid circuit, p25fb°é?&89930f t he
sanme base which is present in the aqueous solution to be created, is,

" according to the invention, preferably between 0.01 nolll and 1 nolll, but
in particular 30 between 0.1 nolll and 0.5 nolll. The conductivity of the
- aqueous soiutiento be treated is used as a neasure of the progression of
the process. By setting a current density actor di ng to the invention above
100 to 'f DLO 25 T t i L reat t effects
can be achi eved. FiCPsﬁeic,QJQ t%r%ly égf%(é{r%gét%fﬁ?%% %Cgﬂ%h%ég@aen@%gmeg?ﬁl’:oi ted
to split the organicbambedsbedragt el sahigam tmbeytreated Ted dow rikewiski passa:

hydr ocar bons according tq, the formulae R ->R~+1 e' + (0~ and 2R~->R-R 5
(R any or gani o uarahith 5mser HARETs R T&T o  eumaan g e oy
hydrocarbons are chbéfirantyatetheifdgohubd ehahhss esaiy PR HRRBAAE 86 t@f:fzdf rom

t he aqueous phase, _for exanple in a phase separator disposed in the anode

circuit, and fed tdhaieapdaeianher pod Hifcshamecetespiving thy agid age for peefetsace

vol tage applied, tk i Wa NN i i . of
deci di ng 10 depend!&%ﬁ)%aﬁaﬁp gﬂ?%ﬁggﬁ%@%ﬁﬁégpk ‘é%ﬁ%@gﬁtﬁ%ﬁ\@gﬁg’%ﬁﬁzati on
proc~s~, whet her t whicicaeldopreferphlytihefacichwhizbiisl airsady gresealr bothevdriushucan Ge
synt hesi zed in acc it 0 gve bove | roduced

Si nce the Kol be regé ?gﬁ%on eyn?élﬁggsgspls@%ég%i 4r”iectﬂf)\?} ’%S%F %Zhréﬁ%'g??epiaﬁ%e
case of the el ectr otambgt caunteagurodntly ar cgcurgendiyt prefeeatpy ocesenty dorttck gy t o

the invenl5 tipn, on sl art, of the acid can converted into a
hydr ocar bon. Tﬁg s&%’%8%%'?1?%8%85%90%%53@5'“8?gocgéesge%g%gﬁm 'ﬂodv %Wfsr?epa”“

i nvention, depenci through thevadid dhambars icednterturreatdn oexgdcairentlyl prefepeyent |y
based on an induced convection flow jn the nmenbranes. Syrprisingly, during
the electrolysis, SoeHEMYtpdne ﬂ?‘ﬁé{Hh@ %@WG[}"%”H@ g‘es%‘#‘é{ Qttgaeg?%u?drom t he
aqueous solution io be 2 o treated. These conpounds frequently occur in the

aqueous phase in addi ~ion to the bases and organi c acids as byproducts in
al dol i zati on react V¥geaplheanode ghamBers e seBFRRIRM BifedhaBPeeEeMPEHY

neutral organic copRoshdsort @AR heitepidlelaBfy ByoaSarlibibREHNES FirRahd End

ani on- exchange menbrane or the cationexchange nenbrane fromthe chanber
whi ch conpri sek t héheagakeds Pembgrueicoaeryaled feredbehpmPe EpBPEFIBEd=and

cathode chanmbers 0kof fign 886 1Bk PAGEbSHNF IS Satibhekendiim&ARrahb keiphige be

separated of f by phase separation.” The néeutral organic conpounds’ thus
obt ai ned can agai nnsElredes @reli 43gds arcasding utot er inyealians 49 rigramtefdrai v,

the bases, after sshmeahi/Msdiemiotl. L amide PO iAo lific gabe

treated, are taken up outsi pure Dases charge ere and in

these membranes produce H* and hydroxide ions and release these into ths

20  adjacent acid- or base-circuit chambers. The base chambers are separzsted
by cation-exchange membranes from the chambers bearing the aquecus
solution to be treated, and the acid chambers are separated by anicr
exchange membranes from the chambers bearing the agueous solution {o bz
treated. Commercial membranes can be used. As anion-exchange

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 C66 10F membrane from Tokuyama Soda Ltd and as bipolar
membrane, use can be made of membranes from Aqualytics or Tokuyama
Soda Ltd.

30 Applying an electric voltage produces 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 preparztion



. 25 APR 2003 - 13 this manner concentrated and recovered. The bases worked
up in This manner are preferably fed back to the aldollza25d“"5399§ss as
_ catalyst. The organic constituents in the acid circuit separated off from
t he agueous solution to be treated are concentrated and either fed directly
to thermal 5 disposal or further processed, e.g separated by neans of a
- phase separ~lor into water-soluble and water-: bnsoluble conpounds and

di sposed of or furh~r processed |nd|V|duaIFy The aqueous sol ution treated
according to t~~~ i b e n at Ia io a
conbustion unit c. Qgﬁ?ﬂh QNL&H'é%T%n¥h&BMH%E%%égg%éﬁgggdﬁ %
invention is for prerigeaterlbre)ugartme ealicuexchbngd nmesrptmenm:therdamhmreto&mdd the
preferably at tenperatu e d aHicIaH refra y at
30C to 60C. The pr oc%é%aegéé@ %amﬁ‘%‘“tg'o PPt memBAng AL o § SEB’Y
conti nuously or batc@mmsechyamhﬂsah@mﬁemmhuyﬁw@km&haﬂ&h@ﬂxﬁhwhb@némﬁh@d The
strength o. use 15 gJectrlc fi Id a plled i s dependent, inter alia,

equi prent condi i onSTEH@NIAvVE dedo hganedsr Ip@ bipslanmBrphene; At @éch a

manner that the effcﬂho@qﬁﬂ{%dﬂ%de%hfa%erQr\(@é‘ttthé’ﬂrgb%r?rfeﬁlb‘?é/r?éi orthefhgeabl y,
a current density of from 100 to Aln2 is use ures 1 and 2, two

ways of carrying outirauiiesigs. daesedid@dendiosgtheowith-the fB/@FQXrﬂﬁelﬁm tomad @t Bhown
as exanples, w't houE b% :Wa%&%i%n@%mﬂ theei%rrhula' ~d thereto. Figure 1 shows

an electrolytlc way of carr process according to the invention.

The electrolysis nodule is d|V|ded info three chanmbers 1, 2 and 3 by an

ani on- exchange nenbrane A and a rathq(fxq ange .meprar ~~ 25 K. The aqueous
solution to be treated, in this exanpl® a Vaste 'waf’er stream which

conpri ses NaOH and the sodiumsalt of butyric acid, Nags, flaws through t he

central chanber 2 Th n whic

o bated by 107y orR iR SR re TheReaby Heatas e SR e

fc?)rrpri sihng tEe_ Org_?_f]bdiurﬁMydrddfd%hdeIldrhM ﬂwecwdgﬁﬁ aL trrmmpdﬂer m@ﬁﬁl‘aﬂe!é[ mgo V%E;
OWStI‘OUg 1t. e oae C er | ch the catho I CcCH €

APR 2003 - 94 by - FR Py HEUEET Shh RS AT A THORIEIVG] o IR

and an NaOHcont ai ni giganfistr oF tNacMichimbsr reBar@®dné HoMsiermSANN®ahod&nf | ows

i hrougf ~ a In the electric field, the Na+ ions mgrate through the

cati on- exchange menBCRranRe Mihdne ISR hode chamber 3, where, with the OH
ions fornmed ai 5 the cathode (-), they form sodi um hydroxi de sol ution. The
H ions fornmed ~t the anode (+) react with the anions OH and Bs' which
have nigrated t#rough the ani on- exchamdg-naibr %P +Ae t o form organic acid
and water. An electrodialytic way of carrying out the process according to
the nvet~~:~ is shown in Figure 2. The electrolysis nodule is divided by
four ani onl 0 exchangeatiberbingtassnembiapgs bt&tﬁamee@(fcfrﬁiﬁgélorﬂhb@%hés'qmaﬁd

hr == bi pol ar ey s Bk wiechRdIATeaseARRfarka LR o batesad,

four chanbers 2 bearing solutidon to be treated se ¢hanbers 4 and
three aci d chanber soanithacide ase isepamitad iadhiren the Qﬂﬂld@De'@, b¢ dreatads wlichnpl e

a waste vater streagubiel,cORkeRsa AR 1idasa0 dLyMGakin Bl Lttt ©

20 chamber and in the base chambers, and the organic acids accumulate in the
anode chamber and in the acid chambers. The process is thereiore
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 conltinuing electrodialysis, the aqueous solution in the chambsrs

bearing the solution to be treated is depleted in dissolved ions. The ionic



.15 acid Nags, flows through the chanbers 2 A solution conprising the orgy:
~ic acid HBs, which is charged fromthe reservoir Vi, flo@5 ABR2GQht |y
.through the anode chanber 1, in which is disposed the anode indicated by
(+), ~n~ the acid chanbers 5. The solutions exiting fromthe acid chanbers
5, through which the flow passes cocurrently to the chanbers 2, conbine,
“after flov,inc 2 0 through the chanbers, wth the solution fromthe anode
chanber and are collected again in a reservoir V1. Fromthis reservoir, the
solution is pas~~d i ver
chanbers 1 and ~. Eéﬁ%etg? 'Ogl]gﬁc ﬁQT%%@?HH}t@s BQﬁbrﬂgo[g 'x'e c%ﬁode
marked by (-), is fgedeﬁaﬂgmor%ﬁelsywubyctmhsoﬂngtalemwdtatyprSI, snnc@tmat@ﬁe fnbiech

solution is charge erv L0 V3, The hanb ) are

i kewi se fed cocur?%n%lwndéso?%\gs ' ycH‘aPEe?f‘Od% ?Srﬁ‘ r‘“&?gﬁ\)Bi@e\ﬁf‘d The
sol uti ons of the cahahmbk&sdh\@ﬂh&fcrﬁﬂdmﬁéﬂ@nbﬂ%ﬁgémﬁm)%@nmomrhymelheatchefe

flow ng through the ect r.odj ~l S ul e, are collected a ninthe
reservoir V3. Ih tl’?ée@q gettra gly%%pancq Wagt‘i%‘ﬁ?ﬂ“f%?‘@ W'H@W&ﬂ@%ﬁﬁamers
2 through the cati %M@&agng’@mammr@%c&nb.ﬂéwhhee Rk SRAGoEBIRERE o8 OF
into the base chanbers 4 where, ether with t OH ’dons formed at the
cat hode (-) and th@%'wéﬁ&rawbﬁﬁr @@N@raﬂﬁ%ﬁhﬁmw sWeOAlioNds Hgraiere
solution. The H i t \ﬁﬁj khat the
bi pol ar nmenbr anes %Q rngg %%e@entﬁﬁ%aéﬁ(%l% nco&%ant?)dgﬂme I 'ﬁre%bteﬂrtrrllégr at ed
t hrough t he ani on- exiclvhagéersenbr ane A from ~h~ chanbers 2 info the chanber
1 or ttie chanbers 5, to formorganic acid ~r water. 5 The processes
according to the invention are described mnore detail by the foll ow ng
exanpl es, wi thaut FBer e rﬁm&emehmadhmasbms 'th tdreluetivdlppdiethe sthe pf deess i s
i1 lustrated with re[ere cet Eﬂ Si s, nce EBISIS athSOttd basi s
of the el ectrodial ﬁcho 8‘§|'§ $hé ?Pé{‘rsl’?fﬁ §i¥5Pe'nhe [rode an
Purification of t heathe@e:tthambembeh the adid aad easd crwnmmiaomwﬁire:tdtemmai S was

carried out at at r f om4 0 50C at. a currant densit f 350
T o o o o2 BB Satertiehtn blRabsde raons 2t f B a0 azat Y fpor o
are separated by ame&ﬁbé?{?on%XAﬁﬂié&ﬂ?edffBW&l’s@Bﬁllr@es iy CoridbnRy itiledses in ths

cati on- exchange rre t{_'ane of t e C66 %OF from Tokuyama 15 Soda Ltd., each

of which have a‘ftf’ed?f"@& fd fide B3ge chaaPRE 4 aéﬁB‘Eﬁia'BF“'irF?taﬁchoat ed

with m xed oxide hapschﬁeref m@mameao@‘ué%mnﬂha%nau&mwﬁdm@bn@depanded
stainless steel nmetal having a surface area of 100 cne. |In the anode

circuit, al %stré tP?réﬁGéb‘Dg a§'8d?‘é'ﬁp?f§d‘?@§dﬂij%e%€l"l¥t\1'%"¥ censtaghigtfed,
and in the cat hodecsuﬁsewfih@eiécﬁapg.gaga 1S %Wr&i‘%ﬂﬁ e @REuARI§ah Y on

was charged. In the central chamber, octenal ste water ~ici~ conprised,

inter alia, butyri&athers cambeapndis the breseychamberaAcspidng tetthe . invernjos
conducti viti ezzépf el Ui QNSreliicl SRbEGIFRESr GRNPIRBEL YcdithiRD1d e

entire electr ysi's operation using a measuring instrunent from WW In
the course of the mV@Gt!quﬂpéfF%/@IaS’de‘ﬂf?@ ip dirdeaseiof theyeleetraitsis, oinergasedisr a~i t
25 decreased to VeEMﬂdLBWIIi¥ er%oﬁxﬂro% |Hﬁlé¢éﬂ de!Rahbér z?rﬂﬁﬂ%me%cﬁ&‘ﬁhémb&r@e
conductivity remained virtual const ant, whereas in the cathode Circuit
the conductivity i Addinaskasegite hhe Abedschambeiianstiodhe @Eid: shambees theasaioe ysi s

up to a ensures that the ionic concentration and thus the conductivity remzins

25  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 treated, is, according to the
invention, preferably between 0.01 mol/l and 1 mol/l, but in particular

30  between 0.1 mol/l and 0.5 mol/l. The conductivity of the aqueous soluticnto

be treated is used as a measure of the progression of the process.

By selting a current density according to the invention above 100 to 1000



. maxi mum val ue of > 180 nSlcm Figures 3 to 5 show the tine course of ~
conductivities in the three chanbers. Figure 3 shows the @SUABR 200330
.conductivity in the anode chanber, Figure 4 shows the course of

conducti Yrty 25 APR 2003 - 16 in the chanber conprising the solution to
be treated and Figure 5 gives the course of conductivity mthe cathode

" chanber. At the start and finish of the eleg¢frolysis, sanples were taken
fromthe central chanmber and the total carbon content and sodi um content of

the solution 5 \Aern/n@hetwé @uamenaum%uﬂ@n%fre%@k V& HEBciiByad. FRstiyeafe ®dipsf rom
t he tabl e bel ow. 25 A to Table: Analytical results of

sanpl es taken f roni&ﬂ@éo%éhthea@n%iee‘éﬁwm explojted ghapithdine orgapisaagydseslesiot ot al
b tent i S : 9 ! le 2
carbon con . | Sy kol B oSS gl ot ol g

(finish of elec-0. ses of 5odi um content
1Sanple 1 (sfart of elec-1.4% Nal3. 20g sodi umrot sisSanple 2 (finish of

el ec-0. 01%Na0. 08g sodi untrot si cre otal carbon
content in the central chanber F%CQ}ZHI cu‘Far C??'gea'gfé: Thus, in the
course of the electrolysis, the carbon 15 content decreased from0.93%to

0.098% This is al]_the nore inporlant since act uaII only 0.6% was charged
as organic acid, ati 'ﬁh@@yt?féam'ésf%ﬂﬁﬁl ©¥r BmiInatg dr®2- dﬁ@c? othRefigsing

organi ¢ conpounds N@aHoOBR% arel AElytviifel hQ@lbbl%ofP\Tegé‘Ear\{Vﬁé saaér%eéa ¥ RgAeat h

this value, this denotes that even neutra organi ¢ conpounds mgrate from
the central chanbeﬁhetan\d@mgmhﬁ%f@@xwen*ﬁr"aﬁwasgﬁma@r dispogddn He Aortieal ysi s

was carried out us t AR i al ysi s
nodul e as shown i né Elgngt Q';d I'n adé%ﬁkﬁpﬁ?@% | s exﬁiﬁye&éoﬁnghﬁ%bg%l de
sol ution was addedammiedh@eyatiyﬂh@fe&xfe dhé poshibilipnwille this petess 28 degiding t

unt il Che PH 485 BMARLELA S JoalaaH sPEfhal f B GRORMGL] Yidn the

anode or acid Circul dasig can con vity conpar
wi th that determ neldether E)eaaplldeorla fare cxfrﬁaelﬂmrd asdh){aiamadjoncwhcdhct:amom es in

the three circuits_are shgun otted hi.cal | s~t.h nent al
time in Figures 6 VYOUESZE '%Fgﬁ?f%a%es"ﬁme f?f@”!:%@l'?’g a@?vedf)ﬁod Ef‘%ﬁt‘ﬁy in the
anode chanber or tS8ieca#ddw Kolbe reaction only takes place directly at the anode, in the case

of the electrodialytic way of carrying out the process according to the inven-

15  tion, only a small part of the acid can be converted into a hydrocarbon.

The second effect which the process according to the invention, depending
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 to be
20  treated. These compounds frequently occur in the agqueous phase in addition
to the bases and organic acids as byproducis in aldolization reactions. As a
result of the abovementioned effect, the neutral organic compounds together
with the ions migrate through the anion-exchange membrane or the cation-
exchange membrane from the chamber which comprises the aquecus
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 neulfral organic compounds thus obtained can again be fed

to disposal or further processing.

Preferably, the bases, after separating them off from the aqueous solutiento

30 be trealed, are taken up outside the cell by pure bases charged there and in



. 25 APR 2003 - 18 chanbers, Figure 7 shows the course of conductivity in

t he chanbers conprising the solution to be treated and Fi25APRB2003ws t he
~course of conductivity in the cathode chanber or base circuit. The addition
of sodi um hydroxide solution to fhe acid circuit therefore causes a
substantially hichcr 5 and virtually constant conductivity in the anode

- chanber As a result thereof the required total energy input to treat the
aqueous sol uiion is halved. 25 APR 2003 - 149 Cains: 1. A process for

treating aqueous sgl.utions co 2o ses a a aci

conpri sing si nul taﬂ'@%dg?ry‘eéecﬁg E%%fg&fla rgag\{e(ge%afl% 5@?855%&8(? éﬁ’nf% hétsm ds
by neans of an 5 ehegheosieenefemblplfeodemR tifiesr fdolzatorfpraceBisTatay it Tigns are
produced in aldolization reactions. 2. The process as claimed in claiml,

wherein sai d basi sCERME FepsiliRNS i dhe AgishFECulcrenaralpd o dpap dhe daueeus
si mul taneously by ebeghbr b lﬁé't?eatécpa% cIPenREREEHRI Shef fed &Pééth'{ o ?ﬂ\@hﬁ? 1)

wherein said basic catal yst and said organic acids arc separate
si nul t aneousl y Sby dispesal edfuahgrirecesged, Bige sppasgied by areaoh af ﬁ@hasermseﬂaa¢tm 2,

wherein said ol Utj 0, L0, 08 AL SRl oA NELOINESA LOLA: BcfosBBRER:2

di sposed between t AR5a87¢E the
chanber 2 is separ ptagstedindividuaiyoddec agqueres éohhlyonatreétedigtccmdmg to the

ani on- exchange nenbrane A and erein the chanb S ted fi~omthe
cat hode chamber 3 BY® ‘P'HC@a&e“%& aezfé}f?"i%ﬁ g 'ﬁ@hiﬂ %{R QBL‘@IO‘I’H’e
process as ctai ncdfiirtheg bficBssngwherein, in the el actrodi al ysis, chanbers -~

and 5 which serve as reservoirs for receiving canons or anions fromsaid
solution to be treated and arc situated between the cham xrs 2) which are

fed with the sl utiTRe pecd® héRpliRg to Ae .wab@uﬁbrbpreﬂ@rmbafarmmaaes HM
25 6. The process as claimed in at |east one of clainms 1 to wherein acid

to which base i s adHeesnhsrieRERSFEEE ARY Brafer@biynnBBPeraiiet HG@@FD@Q & #¥cei ve

the anions. 7. Theght@oRifodsiyiraletRily hiB@ic best, one of clainms 1 to 6,
wherein neutral or gan(i@c COITpOUVI:’lHdS are additionally separated off firomthe

solution to be treated.
The process according to the invention can be carried out continuously or

batchwise by the electrolytic or electrodialytic method The strength oi the

15 electric field applied is dependent, inter alia, on equipment conditions znd
material pairs, and must be dimensioned in such a manner that the effsc
according to the invention is achieved. Preferably, a current density of from
100 to 1000 A/m? is used.,

in Figures 1 and 2, two ways of carrying out the process according o the
20  invention are shown as examples, without the process being restrictzd

thereto.

Figure 1 shows an eleclrolylic way of carrying out the process according 10
the invention. The electrolysis module is divided into three chambers 1, 2
and 3 by an anion-exchange membrane A and a cation-exchange membrana
25 K. The aqueous solution to be treated, in this example a waste water strezm
which comprises NaOH and the sodium salt of butyric acid, NaBs, flows
through the central chamber 2. The anode chamber 1, in which is disposed
the anode indicated by +, is incorporated into a reservoir circuit and a
solution comprising the organic acid HBs, which is charged from the reservoir
30 V1, flows through it. The cathode chamber 3 in which the cathode indicated



. 30. 25 APR 2003 - 20 8. The process as clainmed in at | east oue of clains
1 to 7) wherein use is nade of clcctrod es of steel, plat25ARRREGEK,
graphite, m xed oxide, port platinumor of a conbination of these
constituents in pure formor applied to or incorporated in a support
material. 5 9. The process as clained in at |east one of clains 1 to 8,
wherein the process is carried out at from20 to 90 C. 10. The process is
olaincd in claim9, wherein the separation process is carried out at rom 30

10 60, C 1O LI Ths DroaRsnead clAlBial Al LoRskaPgytl, HIF o AbAR 1 1O

10, wherein the p ess Is carrre conti nuous process as
claimed in at | eastontmeingfsoktian mbich it ohdrged Whertee reseheirproiesstihicugbalr ri ed

out 15 batchw se. ,13. The process, as, clained in | east one of the
precedi ng cl ai ms) Iﬂh@?e?'ﬁcg‘lpg‘céﬁi cthEoBolARg sTigrate géﬁoiuﬂhéh%&?'r'%ﬁ’écrﬂa@% ly at

the anode. z0 14. J&8oBHOKER® RS cAhGISBREMbE RlwHeRASHNARCORT iofs Mokt 0 10,
wherei n the nunber of chanbers between chanbers containing an el ectrode is

X =1 + 3 n. 15. ‘imealppde é3shesiosmaodien ivdrexdd ssdigionofies Ot ionhiEorgledizhs 1 to

10, wh . C . . : _ : - q
cat hode. a5 b ect r ANEad (§eBELIAT B dubR OP ARASE bRy A MigaR8 60855, o1 &
appl i ed across t hdhebawhrodhsngd membhna iy as frmrgakc add prdwetes. conpri si ng:

Si mul t aneously, clectrochem cally separating a basic catal yst and organic
acids from an aqueous sol ution, wherein said agueous solution is produced

in aldoliration regrélbansialdR whiesi@aRyingas®eipfoBs abRithg &f th@ «&kmicd mol |
is added to the aqueous solution in t r]e anode chanber. %5 APR 2003 - 21
17. A process conp?iSeig: in Figure 2. The electrolysis module is divided by four anion-
10 exchange membranes A, four cation-exchange membranes K and thrss
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 &
waste water stream which comprises NaOH and the sodium salt of butyric
15 acid NaBs, flows through the chambers 2 A solution comprising the orgeaic
acid HBs, which is charged from the reservoir V1, flows cocurrently through
the anode chamber 1, in which is disposed the anode indicated by (+), end
the acid chambers 5. The solutions exiting from the acid chambers 5, through
which the flow passes cocurrently to the chambers 2, combine, after flowina
20  through the chambers, with the solution from the anodes chamber and are
collected again in a reservoir V1. From this reservoir, the solution is passs
to the chambers, with the solution being divided over chambers 1 and 5. Ths
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 ths
solution charged in the reservoir V3. The solutions of the cathode chambsr
and the base chambers combine, after flowing through the electrodialysis
module, and are collected again in the reservoir V3. In the electric field, ths
Na* ions migrate from the chambers 2 through the cation-exchange
300 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 bipclar
membranes BM, they form sodium hydroxide solution. The H* ions formed at



. Simul taneously, electrochemcally separating a basic catal yst and organic
acids from an aqueous sol ution, wherein said aqueous sol ubAPR2008oduced
. in aldoLizatioa reactions) 5 wherein an acid to which a base is added is
charged into the chanbers which serve to receive the anions. 18. A process
conprising: Sinultarseously) electrochemcally separating a basic catal yst
" and organic acids froth as to aqueous sol utjon, wherein said agueous
solution is produced in aldolization ructions, wherein a neutral organic

conpound i s separ i [ on . rtx.e canpri sing:

Si mul t aneousl y, eﬁbg% Pé@%g%%géaﬁq@/Bagg%g&’gppﬁ%e%%ﬁ%t ggﬁg\“yﬂongigﬂmn&ani C
acids froman t 5 Bgudihhavelmigiatet thihghehdasiah exatrgRUsesRhtg AGToM $e
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el ectrocheni cal | y ambges 3 K the chgmber 1 or the chambers 5, to form organic acid znd
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In the course of the electrodialysis, the conductivity in the oclenal cireuit
25 decreased to very low values (0.1 mS/cm). In the anode circuit, the
conductivity remained virlually constant, whereas in the cathode circuit the
conductivity increased with increasing duration of the electrodialysis up to a
maximum value of > 180 mS/cm. Figures 3 to 5 show the time course oi ithe
conductivities in the three chambers. Figure 3 shows the course of

30 conductivily in the anode chamber, Figure 4 shows the course of conductivity
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102 in the chamber comprising the solution to be treated and Figure 5 gives the

course of conductivity in the cathode chamber.

At the start and finish of the electrolysis, samples were taken from the ceniral
chamber and the total carbon content and sodium content of the solution
5  were determined. The measured values may be read off from the table

below.
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Sample 1 (start of elec- 14 %Na | 13.20 | g sodium
10 trolysis)

Sample 2 (finish of elec- 0.01 %Na | 0.08 g sodium

trolysis)

The marked decrease in total carbon content in the central chamber is

particularly noticeable. Thus, in the course of the elecirolysis, the carbon
15  content decreased from 0.93% to 0.098%. This is all ihe more imporiant

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 neulral

organic compounds migrate from the central chamber through the
20  membranes.

Example 2:
An electrodialysis was carried out using the same experimental parameters

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 zaid
25  circuit until the pH was approximately 6.0. Measurement of the conductivily
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 againsithe

experimental time in Figures 6 o B.

30 Figure 6 shows the course of canductivity in the anode chamber or the acd
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2. The process. as claimed in claim 1, wherein said basis catalyst and said organic acids are
separated off simultaneously by electrolysis.
10
3. The process as claimed in claim 1, wherein said basic catalyst and said organic acids are

separated off simultaneously by electrodialysis.

4. The process as claimed in claim 2, wherein said solution to be treated is introduccd into a

15 chamber 2 disposed between the anode chamber 1 and cathode chamber 3, whezein the
chamber 2 is separated from the enode chamber 1 by at least one anion-cxchange
membrane A and wherein the chamber 2 is separated from the cathode chamber 3 by at

least one cation-exchange membrane K.

20 5. The ptocess as claimed in claim 3, wherein, in the electrodialysis, chambers 4 and 5
which serve as reservoirs for receiving cations or anions from said solution to be treated
and are situated between the chambers 2, which are fed with the solution to be treated,

are separated by bipolar membranes BM,

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 from the solution to be treated.
30
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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 clcctrochemicalb at the anode.

20 14, The process as claimed in at least one of claims 1 to 10, wherein the number of chambers

between chambers containing an electrodeis X =1+3 *n.

15. The process as claimed in at least onc 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

25 current density of 100 — 1000 A/m? is applied across the electrodes of said apparatus.

16. A process comprising:
Simultaneously, electrochemically separating a basic catalyst and organic acids from an
aqueous solution, wherein said aqueous solution is produced in aldolization reactions,
30 wherein a base in an amount of 0,01 — 1 mol/] is added to the aqueous solution in the
anode chamber.
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aqueous solution, wherein said aqueous solution is produced in aldolization 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:
Simultaneously, electrochemically separating a basic catalyst and organic acids from an
10 aqueous solution, wherein said aqueous solution is produced in aldolization reactions,

wherein a neutral organic compound is separated from said solution.

19. A process comprising:
Simultaneously, clectrochemically separating a basic catalyst and organic acids from an
15 aqueous solution, wherein said aqueous solution is produced in aldolization reactions,

wherein organic compounds are split electrochemically at the anode.



