re3ef & " " #$$: $<2&6h&T&T] 4 23 APR 2003 Process for separating off organic
acids from ageous solutions The present invention relates to3APR®®93sS for
separating off organic acids 5 from aqueous solutions. In particular, the
invention relates to a process for cleaning up the process water in

al dolizgtion reactions. In many base-catal yzed condensati on reacti ons of
organi ¢ conpounds, in particular in the reaction of aldeh f i lic
aci ds, which neutralise 0 sone of the qatalyst, are formaﬁ Imum" mmﬁ;t. A
process of great industrial inportance is, for exanple, the condepsation of
n- but yr al dehyde to form 2et hyl hex-2-enal and water. In this process, the
reaction m xture ppcesddbt YeythliRg dtloini @bt RMSroihduedubidotlitisiep, the
product - cont ai ni ng organi ¢ phase 1s separated from the aqueous phase

(catal yst solution and reaction water] _ .. in a settling tank. OMng to
the polarity of e or an{l\% aci ds Lﬁgr med in the side re;act(i%fgns and the base
used as catal yst,' ThBEECHWGVSIATREIES %7 8T Esh P peRRAA RS E RO 3¢
aqueous phases Diffegagliegdd sHutinst hi s aqueous phase to the effluent
treatnment plant is therefore usually undesirable, owng to the high | oading
wi th bases and organic constituents. In addition, on account of the 2 C
injection of the,base.w th,the agueou hase fromthe, process, to ensure a
constant cat al yst" EohEHE" {8 'B}ﬁ?”qppé'ﬁﬁt%a@ea HWS%&E&%W%U%@% HECET t he
process, Wwhich i sy8885ih-41881888hYRRgncontradicts the actual neaning of the
termcatal yst. WD 92107648 di scl oses a process for the recovery of sodium
hydroxide 2 5 solution from process waters of the abovenentioned type. In
this process, the object of which is to treat the aqueous. phases arising in
the al dol condenirélt"i1 ,E?%e{?%ﬂfyé%ﬁ% S %F%ﬁ%’?”%ggow@ .CQ‘HBO%H{%B‘US
phase in this preggtiar i (AEeAdRA SOIGER IS ESLBRYIR! ¥iks, vAhiER reOfFRIdeS €S
the netal salts, 23 APR 2003 - 2 of t'he organic acid and al cohol forned
as byproduct® TrPesH|tne Faialyst acofuimet @s typrasiugh A precasaiegrepbimgesiriaint o a

the motal cati ont RREC At B MeCkpinshachaecy TERY PRl TR | =

hydr oxi de ions fetipteab-dnarafd GatdIOHEIHiIPpAIcESs, ttAe rEBdtRh MikHireXs dsuallyn the
anode circuit, an aqueous solution remains which conprises predom nantly

only the organi cwasiedsureroicdPwsHo the Miskplopathegirodirtsos@ining orgdanic iwassl ex,
since the organi ¢ constituents are onl resent, at w concentrations and
the sol ution canﬁo?eqéﬁ%tsedb@”? {H4=_Ee %Dgf%fﬁ%)’%ol'@agtaé‘ddﬁé%@a ater)
Rec?\ﬁ\% _yI of ihe prgsatimgdaidOwWRPIBER polrit Of IHRVBr§aRE BBids 3binfsthini{Re 8jgg0 not
wor ile.

reactions and the base used as catalyst, these two components are principal-
ly present in the aqueous phase. Direct feeding of this aqueous phase to the
effluent treatment plant is therefore usually undesi!'_able, owing to the high
loading with bases and organic constituents. In addition, on account of the
2C  injection of the base with the aqueous phase from the process, to ensure a
constant catalyst concentration, fresh base must constantly be fed to the
process, which is cost-intensive and contradicts the actual meaning of the

term catalyst.

WO 92/07648 discloses a process for the recovery of sodium hydroxide
25  solution from process waters of the abovementioned type. In this process,
the object of which is to treat the aqueous phases arising in the aldol
condensation, cation-exchange membranes are used. The aqueous phase in

this process, in addition to the basic catalyst, also comprises the metal salts
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'DE 196 04 903 discloses a simlar process for separating off alkali
solution fromthe product arising in the al dol condensati o3 ARRC2008 ocess
operates according to the principle of three-chanber electrolysis or

't hree-chanber electrodialysis. In this profess, the product-containing

phase, after re I of. .an.aqueous e. s cpnducted B.rou h.the
-central chamber n§¢/%%?%?@Etarcbcfg'gﬁsgﬁ%%nafs\%ﬂ"%ﬂ Elssg)ﬁ?faﬁﬁéa' ﬁ; IS4 ution 'Sf

ani on- exchange nesid@ied aREbUyhCRicl BRodX CRAaRERT NRIBD B aR-chdimbdiemeh®padd C
field, in the case of sodium hydroxide solution as catalyst, the Na+ ions

m grate through elgetrelysisaiedx\hengn eleatpcdinld igrapriied rtheimetalinations Augrate

Corution. "The outone <BMReE e B el i iRERRET e I bR L (e

ani on- exchange nesaoaseto ?tv@ theeman dfdedigdeemn trdanhsds tirkdit, art Bukbud ons
produced at the anode to Tormwater. I'n this process for separating off

al kal i sol uti on, selHéornygaRinswhishwpawrises predemipaibuenly thruergenie asids andand

both of the:abovaneneh SRas) gdnl Bl UERite? 8RR ¢ Brciple PIRGRREAL "

course of the el eat oolyysesentratédve coneaht@tiyas anditise delptieh ednriot tisiisisofaded
nmet al hydroxi de, ,and the conductivity of the solution decreases with,
advanci ng el ect r 8rg&lydodpergal wastrligpgsal. Recayey pihRreFHe agifs piesent in

i ncreasi ng REVET |o3Pcdritei f&wé‘i@‘%ﬁ%ﬁ arate off constituents still
present in the pLasce to rg'treate .'%tXNd{gw@ 2003 - 3 A further known
possi bl e method for treating aqueous sol utions conprising organic

constituents is i di fyi t he aqueouys sol ution_until phas epar at i on
results. However B f‘ﬁlﬁt % _§8é9§€'%§ﬁf ﬁlmaw@qe%fqrépea@tlagP%%@aﬁbﬁﬁvm the
solution, the Orﬂé‘fﬂ'tﬁe?‘?bcﬂﬁzt%ﬁ%'gqn'tﬁb gllas;f : MatidH afich Fr’bcé&’@bb%%;ibght here

is 5 further salting of the nass streamo e aqueous sol ution,
makes di sposal sadddrdimgrie thefdrinciglie of fireeahpmber elestrefysisconthdee-Chrambart he

invention is to provide a. s'ng%ille Process for, separating off organic acids
from aqueous sol SEFBALENRIS: I TS PIRFRS. di BROUF EER AT INER SR RIS
aqueous phaggs sepanadq@bodkfi pHdsemiscefictad trBudl the aehtraNenantbembf gHengl y)

it has been found that separating off organic acids from aqueous sol utions
i s consi derabl y slepiplysisezellbyhicihés bawndet ky ae enivoHieheage pieotraseandehe

present inventio e r t r separ atin . 15
organic acids f rgaﬁoglq%)gcbgésg o'ﬁ%fﬁlbgai‘g X ?mgﬁ(?%%ﬁ%rf{e&sﬁsﬁga&%ei %fgg%%u ‘Jq he
organi ¢ aci ds frigyarbkieesstlutioroas toatdigst! trRaNed ibys aligette aabagh tiad datiosesses.
Usi ng the process according to the invention, all aqueous sol utions of

organi c acids caPXdhe@ngedae@iransapkisgantn fpegrathang shaspley; with gha Oh; ions
particul ar 0s i I | oy i I e’ -t hese
base- cat al y%gd ?%P%@oﬁéﬁ%%ﬁ ?%%%ggfg&r@gﬁﬂ! 6%%%'%9%'Q§%%Hﬁgﬁ%8r?%ebﬁm
account of the rthacentva cmeoibanmigratethroogh de aaibarexceahge mechbpane dtartile of

al dehyde or ketone used. |n addition. the hase is added to the reaction as
an aqueous sol ut e ﬁﬁ?'@*’ef AR F%%F@M'%Fe 1BP% BF? Cﬁﬁa%éh%ﬁa%%?% ous
phase are presenyatef An3RRPratéssabf séfpatiR) b e(kal Q8lifbn, #hedass igrieewd ¥ 25
made of phase separation using a phase separator. The organi c phase
principally conﬁ?‘?@e@et wr@duatn&@@ tie degict andvesganie constitiguisorresemiaisethe
conprises t C ¢ constituents which frequently arise
in side reacsi o%ﬂﬁﬁ%ﬁﬁ%gggﬁﬂggﬁgggé%ﬂ on. In particular the

di sproportiona 23 APR 2003 _ q _ tion reaction of the al dehydes or

ket ones, which is also known as the Cannizarro reaction, is to be nentioned
here. In this reBdothhaf the ggovamentioned pvressasetigdbase txbe Yrategy duiin@tene

nol ecul e of car j ' - al ; r chain
Tongth depends. ceRae! of° FSEPEVERPrERArA S 18 RRled nlgsavEd A S0
are readily wat eiydsoxidb] andithd condudtiaity) of eegstiutibn 4detredses avithoadwaineing, SO
that they pri ncigal Ig remain in the aqueous phase in the phase separation.
lectrolysis or electrodialysis. This means that an ever increasing power
30  inputis necessary to separate off constituents still present in the phase to be

treated.



The organic acids are separated from aqueous sol utions by two variants of
the el ectrochem cal process according to the invention, elez3aAPR2003and 1
o electrodialysis. In the two variants, preferably, before the

el ectrocheni cal process according to the invention is carried out, sone of
the water is tal gn onrthe I b eneral | es,
he vater vt o AhLAGHD BB RePhl S SRR e pRRS

i norgani ¢ and or@ﬁ?(;an%wﬂshwbﬁ@t@aaaﬁlﬂ etquéo@@sélaﬂorﬁiurﬁm%byetsepértanbher
use or disposal wever, a partial 15 stream of the aqueous phase can al so
be wit hdrawn and resutst drtpvmweecrnl this casetordy énebighobgiters atearereered from the
separation is achiexed by introdueing the agueous sal uti aj ed
into the cathode® 8@ﬁ%é¢g8?ga§|’? aecl'%crfeﬁ‘glrvgl CROHEYE P ?q @écgtd 6%%% it
accordi ng to g he fijffrynéaimmy of tie ﬁ{as%%%bnpﬁﬁtr@gﬁiﬁé&lsaéolﬁmrpﬂvr@f?h@m@
nmenbrane, such as the AHA-2 from Tokuyama 2 o Soda Ltd., which separates
the cathode chansisposalssiilltmereadiiigeitchanber. The cat hode chamber is
preferably incorporated into a reservoir circuit into which the solution to
be treated is introduced. The anode chanber, into which the organic acid,

preferably the aghdobjecetdyefpreanddriying ﬂwean\%éﬂtr@hn@rb bovitk 4 siegledrodess
introduced, is preferably |ikew se connected into a circuit 25 containing

at |east one res&nasPArAtIORI YE3BICAAGH s RAUBEUE 8PINERRS WhHight BrParticiieh ent | y
or countercurren r t
However, flow caﬁé%lgggseﬁr%oﬁgﬁﬁ he %(%L[eﬁu%é;ﬁ aﬁéﬁngg %E%I@aﬂqﬁo ﬁgmn%%rlon

W t hout, in @achrescdiensrecircul ation of the solution to be treated or the
aci d soI ution introduced. 23 APR 2003 - 5 In the anode chanmber and the
cat hode chanber there is at | east one electrode in each case, that is to
say one anode an hgd C d 0 r Ry to
be used for el ect@rug@% @5’ E}r g? Iny%geﬁa?%gbzégg] egfg?% e}r"gbécia/rb?:lgnsr sts
according to theaqueems solotios Estmisrdeﬁatpiyatmpidrmtﬂ)amle usel aftdlenirachgméigahi t e,
m xed oxide, or it consists of a conbina tion of these constituents, pure
or applied to, oP'44%¢8%porated in, a support material, preferably titanium
Appl ying an el ectrical voltage produces an electric fi el d between the

el ectrodes. According to the invention, under the influence of the field,
the 10 cations, iThetpresealsnvention dherefmerpredgtemsea @a@eas,%zfed s,@pepaémt pfon of

octenyl 1o Myt 35BS AR RMCE IS, ST PP Sel et B o

radi cal s, but aI syt atrdﬁ&omnr@r@mﬁrdnhbmgreétb@ b?]l@iéhﬁ'oehéﬂﬁ&agﬁrdafeﬁiﬁsane
t oward the anode. At the cathode in the cathode chanber, the sodiumi ons

react wth the 15 hydroxide ions pr oduced at the electrode in accordance

with the forml adéﬁ@gatr \[lag?cesg'écctr é: fef mpggtfdgﬁm H ﬁé&xbglﬁtléﬁé Wi on.

At the anode, the y charge rad ave mgrated into
t he anode charrbeorgafmacm!stdantﬁeetréated dndependdothed thieirtdrigirelbet irr particiiar
accordance with rmula 2 o 202 .+ 2e to formthe acid. By

means of the abo rW ighate Brro(gb'ggg&ald?h‘?@tﬁpdﬁﬂ? ONSci ds are separated of f

in the cathode chanber fromthe solution to be treated conprising the
organi ¢ acids and these organic acids accunul ate in the anode chanber. The
process is tafer elrothesebasa-eatdiyned yldsmcmibheatims Bried pat iata knpvat mapngfani ¢

acids from aqueo%ﬁ a%gedhtt oP fh%—: rezgc |otnhn%e %Sn(lesrr? f1 mo? of water is formed per 2 mol of

aldehyde or ketone used. In addition, the base is added to the reaction as an
aqueous solution. After the reaction, an organic phase and an aqueous
phase are present. To separate off the wanted product, use is generally
25 made of phase separation using a phase separator. The organic phase
principally comprises the wanted product, whereas the aqueous phase
comprises the catalyst used and organic constituents which frequently arise

in side reactions of the aldol condensation. In particular the disproportiona-



catal yzed al dolization processes, the aqueous solution in the cathode
chanber to be treated al so conprises bases, in addition to 94aPR2008i ds.
This solution can not only be depleted in_the cathode chanber in organic
23 APR 2003 - 6 acids by the abovenenti oned process, but also be enriched

w th base, and thu an,. reused directly in the proces S a

W t hout needi ng tt'8%t E?a(ﬂ'gﬁo e eonge%\¥aee[shay§8founFF,OWa{c§1 Egaksse‘g}fbg{dn %gﬁé‘% nat es
from al dol i zat i orCpHREABIESCtBAdSitD bk ImntibAES he fNURtHIS reddlioadsliothelecties
organic acids, the basic catalyst, the ratio of acid to base in the aqueous

solution to be toézidahyde @ lgtanamrgducer prel male@ie ioficREDREC S6idaARH PBR

efficiency. By n l.z] i e S | s NGr:easi ng
t he aci d concent ?‘ﬁlléglﬁl% d[))fp%f; éﬁ%b%%tg ﬁecrég?(g’hﬁﬁ%}@gﬁ@tg %ﬁﬁg‘@rrﬁﬁat@éﬁy
present in the scldghyds dr ketthetusal THe otdihidaciEobie madilf watércsoublenp ion 10
conmparison wi th hydroxi de anions increases. As a result, the organjc add
can be transport &chai gk phé te ficabexaRmnsg o thatthaneringpdyHegrdr in the
selectivity, i.e. i LGl The electric current is
t herefore princi Sgpieg&g’%%%@?‘ﬁéﬁ%%égh‘g&é}c{?r& anions. Likew se, to optim ze
the separation efficiency and to decrease the energy 15 input necessary, a
strong mneral acg such as sulfuric acid, or a basii, pre&‘yerabl

tipst

i, d, - 0 f
present - the baj@eeﬂr%@&?cﬁﬂse%r@rﬁeﬁafﬁt?%EO%?%HGI%'ﬁ SO é‘é(Pé@?/'aBtéﬁfbe

dded to th i ki ' i ] t
added to the or gl %I@a{&ﬁem?éﬂﬁgtigg% n%égro?dlﬁuﬁﬁgatﬂeqﬁvéﬁ : Iedtr%_lﬁ'isdtﬁﬁ% 0

i ncrease the con trvity int I's advi sable, sing
conducti vitylof tehectrodialysisnini thettive \aniades, phefetaly, i eforeptedeedctranhetrtical 2 0
ionic concentration. This is onl% ver%.l ow when the ﬁure ehszi d EﬁOLU pon is

i ntroduced, si nc®GFES Fﬁ?ﬁrg'_”@éﬂﬁ hive 1'%'Si°§r%cb8‘!‘ltd§ e HEAH S3EEFALi on
constants of the offigafine rﬁé‘és%?re'amﬁfggé&u Iﬁflyéﬁég@%%d&@s@@,ﬁe%%b & flRsesent

in dissociated formin water and t the 1onic concentration of
the solution in tehepenatide. Thisvieter, istvituallyrfcRecof inbtganicand erganimieoltifamder

can be 25 matched too that i.n fhe cathqd hanber and as resul t _the. energy
i nput ~n be redu@@g.caéb&‘é‘étl?"? f?&e@r%cglyﬁgﬁ‘t‘&beédﬁeﬁf ?p‘?%%ki‘ﬁ%vetroafa Al NP
accordi ng t o 4 he skrB¥@Mifited aqldeuAEKkde @nddisé b WithBfdwie bhe eateeatirdey.
achieved. Firstly, the Kol be reaction at the anode can be exploited to

split organic acids 23 APR 2003 electrochemcally into water-insoluble

2k T RR (R 1 o OB Lt ne b Bl i PSeipo By irdofisde . "
resul ting hydrocaiqueobessiutiva tobertteatedming tHensahodd eharmbersef araglebieolysis
separated off fromthe anode |Iiquid, for exanple, by a phase separator
downst ream of t h&tbdre TBisaitb 8AURRA rasgOtdiNgIite PR AnveMtiqnu MR ert %Pékeg%i ng.
By choosing the vgifRe&al r?-%ﬁéhoal etrnéfﬁbr%hgcm éé“ﬁe%Hﬁ,—ét*ﬂ@rﬁ?%%?arﬁé‘e

possi bility, depending on rganic acids are formed in t

al dol i zat i or2@r oSesis, Ltdf wihéahi skpagatek dhdreathpde chambeét from tbe Bhedachamber. sone
of the acid is to be further processed as hydrocarbon which can be

synt hesi zed according to the fornula given above. The second effect which

the process accoriengtidtie Efarba8 pr&iBrabANinBBigdrated imtb.a BBRJMH dYguRihts he
way it is carried out, is apparently based on
which the solution to be treated is introduced. The anode chamber, into
which the organic acid, preferably the acid already present in the solution to
be treated, is introduced, is preferably likewise connected into a circuit
25  containing at least one reservoir. Flow passes through the cathode chamber
cocurrently or countercurrently, preferably cocurrently, with the anode
chamber. However, flow can pass through the cathode chamber and ancde
chamber without, in each case, recirculation of the solution to be treated or

the acid solution introduced.



i nduced convection flow in the nenbranes. Surprisingly, even neutral 15
organi ¢ conpounds are separated off during the el ectrolysis23APRR2003
aqueous solution to be treated. These coquyqﬂs frequently occur as
byproducts in aldolization reactions in the aqueous phase in addition to
bases and or gani cids. OMng .to the effect, the neutral ar i c_.conpounds
Mgt at o wi £1°t he T e GOHR SRS HEG A FAER RGN PR i 0° TR JRFHHET o
cat hode chamber %&%d@qﬁma&eéaéé?Qhaqi@,%%%gsmélhh@ab BPdhd ESRbEs THY O the
anode chanber, where they |ikew se can be séparated off by phase

separati on. The nrahodetonsisianfa matepalkidsvit tade wisiddone@ctralyseg direfetablf ed t o

di sposal or furthgr,ptocessi,ng. The second, variant qf the praoces ordi ng
Lo Lhe- i nvent | on 1eetel BE T gUae gl ¥  Ereista arearangar P Bl Goed T
relatively | & geplgdhumEsiacK, pfatindi, @paptatet nfedsxidd, artittsbreist®b608bobbiagl ds
are to be separated off from aqueous solutions in a relatively short tine.
For this purposetionieé thraebeansttuesi myee or BppligsetoePecpeRafsies inpasiePark

i ncreased in suc et ween the outer chanmbers which receive

t he el ectrodes, &ﬁﬁ%ﬁﬁgggﬁggégﬁgaﬁa%khose in 23 APR 2003 _ g _ the

el ectrolytic variant of the process according to the invention,

ani onexchange nenbranes and bi pol ar nenbranes are used_alternately.
Conmer ci al nmenbr ARRYiINga@nNbelegyed! vaitagai peduseth &hgelesif fighk betweerc e be

made of, for exappl e : ne £ro a . 5 as
bi pol ar nenbr anefg%t? gd%%rf‘%?@éﬁg?qﬁ)%ﬁw@%g m@;g}é%ﬁﬁgu%%o?ﬂgbgﬁgﬁﬂ%ane
from Aqual ytiiees. cdtiens; at tredeasshefriisr exantblé, tesehandigre! peparationgoftdeeenyl
solution to be treated are joint|ly or separately, preferably joi nt_I[y
preferably agai nfPRdBEaNS HEing SPAiL Rydradde selufiog s base, SerigNIPRS Mgt
solution to be tgpal | Stph gRfanidilo h_t.h ode
chanber counter Cl[.ll’ r eﬁﬁéy&g?dgc%gﬂgr entq'@,s’ Efreé?rgt?lg%]@ ccoégipggﬁ‘tg FF;‘/; G%toca?%cﬂe
stream of the ch®kbmns, migcateimoggh tee amionkexthengeanembrarditenard fHecamodekewi se
passes through t sol ution-copt ai ni ng chanbers countercurrently gr
cocurrently, pr e?‘grﬂé‘?ﬂc@h&f@uﬂ F@t',hoa% CREDEL D559 “’PHQ”_EHEW‘E%‘P’@‘ H?aea_ri ng
the acid. Thg anfAggokidRTbe :%Gcé&%f Ml e ctiqicGR ARG BNk %XEQ%rWu% acid
are jointly or separately, F;))referab y joirntly, preferably |ikew se
incorporated into a reservoir circuit into which acid is introduced. Flow
passes through the anode chanber co ercurrently or cocurrently,
preferably cocurrently, to the stre'gg:ﬁf*ﬁ'etﬁéﬁéﬁ’aé'ﬁgr bearing the solution
to be treated. Flow |ikew se passes through the acid chanbers 2 0

countercurrently or cocurrently, prefer ablé\gcocurrently, to the streamin
t he chanbers bealdfrfn sadiuRdVEIoXide salutise. At legtangde Abevregatively shaegedadd er in

the el ect ol yoi Srad GRAURGHHB%bfMed HTHEY Snddil el b it B ipns

conmpul sory. Applying an electric produces an electric fie

bet ween t he el ecprodldesd aftheosldctngdd im ddeerdamee miithdhe farmida t he ef fect of the
field, the 2 5 canons - in the case of, for exanple, base-catal yzed
preparation of octenal

20 H,0 - 2H* + %40, + 2¢"

to form the acid. By means of the abovementioned processes, the organic
acids are separated off in the cathode chamber from the solution to be
treated comprising the organic acids and these organic acids accumulate in
the anode chamber. The process is therefore outstandingly suitable for
25  separating off organic acids from aqueous solutions. In the case of base-
catalyzed aldolization processes, the agueous solution in the cathode
chamber to be treated also comprises bases, in addition to organic acids.

This solution can not only be depleted in the cathode chamber in organic



from butanal using sodi um hydroxi de sol ution as base, the sodiumions
mgrate toward the cathode to the cathode or a bipolar nmen23APR 2003t he
ani ons, preferably organic acid radicals,- lut- also OH ions, mgrate

t hrough t he ani on- exchange nmenbrane toward the anode or toward a bipolar 3
o menbrane. At ta@dgégfwgbmrﬁm;d}%fmn@es@haa%é@ barshriehed Weh BEBE)! @d
nmenbranes, in the solution circuit, the sodiumions, together with the 23
APR 2003 - 9 hytmuezaﬂbewemed;;hmtmadtmtproMSEaSemtawateMthOtatdmdmf@ebamth
the fornmula H20 i—; fO—I +'/2H2 or at the bipolar nenbranes by
splitting water 'ﬁ[’%sed-P and H~ ions, form sodi um hydroxi de solution. At

t he anode or the bipolar nenbranes, the 5 negatively charged acid radicals
whi ch have m grated into the anode chanber or the acid chanbers, together
wi th the H+ ionslfphegalidignde benleeatpd srigidtes fiomaidnlgatiee pmqeﬁswémﬂ itul a

ot and 1+ i Gns, TPEEatEnd: iniatfiBpdS oRn S B ublc Belel PSR Fland e

the organic aci de ke irs thecacpieeds odIltibn tbé h@at@dggpréfemblﬂvarmmttaldmtm@a
solution and these organi c acids accunul ate in the anode chanber and the

aci d chanbers. THE ssPa@tan effisienry tbf rpulralizing therRAsegNhe anveissAWionieat i ng

| ly |
he case ot baseERiaaiis ti sBRIRRCEAOGIH TRERIL b BRSSO WA PER [ 0
to be treated i naltdeelyprédentim thbaohsiones bi freiake, thiaptopostidrestracipatibas in

solution to be treated al so conprises bases, in addition to organic acids.
This sol uti 88 cafPrBRARRA Witk Aydivxislegaiipes HETRRFeANAS énieseilelfei HIBASEHY  he
abovenenti oned p r ring
the solution to %ﬁ"%zg?”%‘?b andt@%&?gﬁ% can §£Ch%hpect &%Féeﬁt}gg@ﬂ ﬁlgﬁﬁg
process as cat al yalectivitly, iéehtgmlentwcmnt effisienty edhe elaotrigicnatetisf thenefore

al doli zation processeﬁ 3 tb L{S conprises, in addition to organic

aci ds, the basi cPUSRAY {arggoqtgg Y B‘?@F'@ra%‘?’iﬁ to optinize the separation
efficiency, the ratio of acid to base in the aqueous solution to be treated
is varied. By neutralization of the base in 2 5 the aqueous sol ution by

i ncreasi ng the akikewisgntepptinizedne sppaativaefficianioy amdgardaﬁr%ﬂﬁedbememy are

I d b t.h f
o ons” chmpdena (Peh RERESR: 2 Birhe Ainslet Mk subl as™ ABRE 480 M a e
organi ¢ aci d Can%r*éféréﬂilﬁﬂﬁlpﬁééeﬁﬁ-h@'ﬂé’dshlré&ﬁ/ FBESIRNDSAERON todse HEReZ003 -

to menbrane with higher selectivity, i. i gher current efficiency. The

el ectrical curref@n P& adgadeioothe YERRIES 3nidy introddersb tite dlae lepodd €haeipar ini ons.
Li kewi se, to opt §§p ff| i,en 2C ner gy
i nput required, gmogg% nQ:?e tﬁaacfon(&ﬂct 'ty' é@g%ﬁa%ggh ﬁﬂggeéﬁagbé%;gﬁgesent

in 5 the soluti otmetabrialacm\msladifade soamohenalﬁkdedod@chémbeclswepehdedujmdwet 0
i ncrease the conductl Vi %/Wl n th$ chanmbers in which acid is int roduced Thi s
i s advi sabl €0 si RE¥ CARFEYREBR T Disty B¥Y Ve oM WF?%ﬁh‘? U &Cigh3RlEIXH Snber

and in the acid midgReEs éﬁc@'ﬁ%%ﬁ%or@@nﬁé‘t‘r“orl @@e&eﬁeéﬁﬁ&ﬁ fridf Hi98ocidifen ¢ he
pure acid solution is Introduced, this is onl | ow, since the ionic
concentration i sC¢r($t@n§peﬁﬂmrganlctamdsjlntrsdme!i B@rracwmgsbafm wbichti$prasegiani c
acid introduced ndss mateﬁformln

B din re
nater and i hus i RlRCERRlm MufARF Al kR inde Rt 1GF foniE BhraTiRnY
anode chanber, t§futipid e anvddeychafbeh eh@ BESRICEIFNR Bhe aﬁoaé]@twaﬁb@k sdrageber s
can be matched with that in the cathode chamber or in the chanbers
conpri si ng Rhe soriehrdip hat ibdha sathpde chambeianisasa result thetaneraniepylcamput
can be reduced. ﬁé( éoq}c%ng a current density of from100 to 1 DOO Al nz
according to the T hvent) on, two additional treatnent effects can be
achieved. Firstly, the Kol be reaction at the anode can be utilized to split
the organic acids electrochemically into water-i nsol ubl e, hydrocar bons in

accordance with BYSat#g Aoryran Hegsitnat fronr10P te 100QAymA sgcerding fo

invention, two additional treatment effects can be achieved.

Firstly, the Kolbe reaction at the anode can be exploited to split organic acids



(Ri$ any organic radical) by elimnating C02. Since the resulting

hydr ocarbons are chiefly water-insol uble, these can be sepapsiagpR 2003from

the anode liquid, for exanple, in a phase separ at or downst ream of the anode
chanber 25 and fed to disposal or further processing. By the choice of the

applied voltage, .there is thus in this process th ssibili . | di ng,
-dependi ng on whi Ef?cﬁPfg};?Hﬁ%a'Qdﬁ‘&sW%tﬁé" g‘ﬁﬂ%5&3@33@888@6@%FP@%*F%SM@;?@%ess,
whet her the aci digmusgdre of the acid is to be further processed as

hydr ocar bon whi ch can 23 APR 2003 - 11 . be synthesized in accordance
with the formula specified above. Since the Kol be reaction only takes place
directly at the anode, in th trodi tic~variangt of ~the process
according to the invention, gﬁ%{ﬁg —éﬁﬁﬂ%grﬁ)bﬂﬁ%éﬁt hg Reid can be
transfornmed into a hydrocarbon. 5 The second effect which the process

according to the invention can make use of, depending on the variant, is
appar ent | 'y based (R @y ere@nie aficadueslimioation @w @.nStnee the resdiirghydrocar-

adubous. Sol Ui on ona B AR ABHoRARE RHENE o  FORARRN R (hE Bbie

aqueous sol uti on ed during sé conpounds
frequently occur ligsiddfgpeempid, HyinptHdsedapratantowmsticznt bf lesariodetdmandgreous
phase in addition to pases and organic acids. OnMng.to this effect, the
neutral organi c EBR{RSURGSPRFRY AL GEIREFING: Binchapsinghingn®ltage aeghied. e

ani on- exchange ngyb I t: LGREGO i :
solution to be treandg%S%tt}g%Hg?%no e g’ﬁeg@%%g@ﬁa%%@&ﬁ#ﬁ@%@gﬁﬁ?%ﬁ gani c
conpounds can | i keids age foemsed frattat @dolifdtiohyrdess hafsdecidipg mdiettear principatihe
anode circuit or acid circuits, The neutral o'r:lgani c ccggggunds t hus qht ai ned

are again féd t ol aqRheszons oftie AREs K br Beterrocrres ygrocatRon¥lighus
sol ution treatedggsear hfﬁ@s{z@d%‘%ﬁ_ﬂmtthg'?oﬂnﬁ.ﬂé ?th%b@(}e?f fluent treatnent

plant or to further processing. anic constituents in the acid
circuit which have been separated off fromthe aqueous solution 2 o to be

treated trated and either fed directly to thermal di |
Fur ther pr ocesseane GOt Eer QR i BrapiebAeatinn o WRd Ven er TRBrD) o

conpounds by neagse aif, ae;?_élﬁﬁ@g PiAkAYy iand cdirerosd i9lappardntlyt bsed on
processed individually. The processes according to the Invention are

preferably carri élusel eanvestion dovpliethe mewbenes. Mmapinieglys gypy reutral
temper atur es bet yeen, 206,800 90G DRLLL QULALL Y Bref BLABlan A0 FAG 4o, 60C

The processés accot di ng out” ’continuously or
batchwi se by an abeetuskylEition ab e eadatatli Bhest Sompdlvidt fréhaestly esglirhaof the

electric field applied is dependent, inter alia, on apparatus conditions
and on 23 APR Ppereducts in aldolization reactions in the aqueous phase in addition to
bases and organic acids. Owing to the effect, the neutral organic compounds
migrate with the anions through the anion-exchange membrane from the
20  cathode chamber which comprises the agueous solution to be treated into
the anode chamber, where they likewise can be separated off by phase
separation. The neutral organic compounds thus obtained can again be fed

to disposal or further processing.

The second variant of the process according to the invention is electro-
25  dialysis, which is preferably used when relatively large volumes of solutions
are to be treated or organic acids are to be separated off from aqueous
solutions in a relatively short time. For this purpose, the number of chambers
in the electrolysis module is increased in such a manner, that between the

outer chambers which receive the electrodes, which correspond to those in



- 12" the material pairs present in the solution to be treated and shoul d
be of a level such that the effects according to the invent23APR 2003
achieved. Preferably, a current density of from50 to 1000 Alnz is set.
Figures 1 and 2 show by way of exanple two variants of the process 5

di he i ' i th h ] ricted to.these.
Froure Toshows a8l eeidis Pt tr e wPeoie Sira bl oL BRLPUFAEh P
invention. The elgghbAby HembirBAgS ant Disbi! feehbpnednaranised-Awehaane Omirbr ane

Ainto the two chanbers 1 and 2. The anode chanber 1, in which the anode
marked with + is raersigoRembransesirandedisgtighslanipprexelxangs! reemirane, 4seGasdeut i on
conprising butyrig¢_acid. HBs. The, a s solution t etre gk N i's
exanpl e a wast ewdl'a %f?froég%r{m?gﬁe%’ -rgg@b qro%gop%arg%glgﬁ%%%' ?Mgf
butyric acid Nagsas bibews nidhisraes, Lse caqbeafiads fendeim@e] of thBitibolas ménsposed
the cathode marked by -. In the electric field, the Na+ ions mgrate to the
cat hode and t her drapgfermequalytios. t he OH+ i ons formed, form sodi um 15

hydr oxi de sol ution. The H+ ions produced at the anode (+) react with the
anions O4 and Bs which have mgrated through the ani on-exchange nenbrane A
to formbutyric ateccatindiewhbmber &nd lecctianiskralrydivdiny #id solltiat td thetrpatedess
according to the inyention is showmn in Figure 2. The electrolysis mpdul e i s

di vi ded by four ¢ NG RaPRjEtedo PrafptabhnipitX, Bisterably agal RePEOraieAMtaAnes
BMinto a cathod . 1 r i,Ng
the ol ution to. Batrnared oufinfhtEniAsTeRiohto bb' e Ed ARG ORLChd bk
(HBs) - cont ai 10 ng pasksas i thropughhitheh dashadet chdmbed douatercessntlyoor ddturrehtbyys in

this exanple in the circuit cocurrently through the anode chanber . ich
i s marked by +. TheeRAYCOsHTERRNIR the e of thesthasbess R Foang ??'én‘mgy

wi th the sol uti ot [ WRSE 4R e | W i b
anode chanber an?cmedhg%?%hg%pgecomip\ﬁggg E(é"'rougﬁomsgwlrggi%ﬁiatlﬁgé

el ectrol ysi s noduhamieds &ountecturesritiydon nocurrertiyr wodferally cBeumenthy, go the
reservoir, the solutiaon,is fed to, the chanber t he sol,uti,on bei i vi ded
anmong chambers 1 SH§aM4" HRED eﬁ%&«ga%ﬂ%ﬂ{f}e’f’c'gﬁtﬁa W%Wpe[rl?@dctﬁgr? &
marked by - is dicheafiRds ré_@ei@ihgrtﬁ@da&@f‘eﬁéFj@ﬂﬂftlz}brbééprQely, gfiefé%l G8iatly, 13
solution to be treated, which conprises, i'n this case, NaOH and Nags, which
is introduced fr@fetefieblydikewissi incorporatad ivlvantiesesvar eyt inde ndriethacislobut i on

to be treated ar i S I u I i | Ut | |t roduced
in the reservoi r?%b}f\%}@g ' f(l)q%ﬁ% ﬁgg% g%%é@ﬂ%?ﬁ%@%tcgﬁ@ﬁg%?8‘fﬂéhcg&e!ﬁg§l o
chanbers 5 3 beardoogrénily, prefartblpBsciirterlly, {0 Rish@anrif tieeohamber bédritig theow ng
t hrough the el ectrodj al (l)c/,si s nodul e_and _are collected in the reservoir V2.

In the electric fSP8ItigN fonke fegatech dovikenast oasses trerah Hieypaidechambere

cat hode or tgth | rgg,rg.}r I t [ r med
at the cathode (- o'agg?%:ﬁrge |polé’§}:(1ﬁ§rrr1(aa r,gﬁgm%%ﬁ&? 8?%11}%(@% @ﬁt}h?}éﬁég@? @eﬁ]g

sol ution. The H+chambelidbéaringetieaolutivn tarbedicedted.) Aowaathe basebeganlienin the
menbranes BM react wth the OH .and Bs ani ons which, have m grated through
t he ani on- exchangk ewsar‘fgsoﬁp?r%ﬂ?ﬂ??ecsrﬁiat?ﬁfér@of"ﬁw%'siWBO%ﬁH & 1 or
the chanbers 4, to formorganic acid and water. The process according to
the invention is described in nore detail by the 15 follow n%exarrpl es,

wi t hout bei ng r eARPEN@ @R IMgatieal valtagrep $ aan eleniripfigte petveen the

the ol oot rodi al y e Reea AP gHIEL IR YienThictnd e, 38 by Tl the

Cd eani ng up Z5e rcations omm thetoase fof for exarepley basy-edtalyzad gadparatiorosf actendin a
t wo- chanber el ectrol ysis nodul e, whose chanbers are separated by an
ani on- exchange maiRsR NG URING-SPAiYM fydErida salutipr as hage, thenseqlidey 198p ysi s

was carried out : j i i.Lani um
e o o ol o Mgl 4 ind BARILE 18 e B06TRr UidlalRleRBRATE, dnd tht
expanded st ai nl esmicstse pfefenabbl organicragicdraslicdls dait alseaDidfiod) Unigndte thitoagB S

di stance of the %I]ect rodes fromthe nenbrane was 2.5 nm and the nem brane

area was 100 cn?N§ RRIRR-EXERRNgS: MemRrane fowaes dhe cnodg: ey tomans, ep BPplar ¢
acid soluti t 1 1% i ; i r QXj | Ut had
been added ?ng [ n?ﬁ%@g%hgb#gt}@%é\%%g \I/\r/gféh% %?F@ggc%@"wéi t%ﬁgd%aﬁ%og@c’%?
circuit, the reactémbranas.ein theomsoltioat tiyduittthaadodainldbng atdgetherwiwiti the
conpri ses 23 APR 2003 - 14 sodi um hydroxide solution and met hyl butyric
acid, was introduced. The conductivities of these solutions in all chanbers
were determ ned permanently using a nmeasuring apparatus from WIWduring the
entire el ectrodial ysis operation.



5 1In'the course of electrolysis, the conductivity in the reaction water
circuit increased to a maxi numvalue of 13 nS/cm In the anggaAPR”2008t, the
conductivity remains virtually constant. Figure 3 shows the tinme course of
conductivity in the anode chanber, and Figure 4 shows the tine course of
conductivity in the cathode c nber ean up t he
reaction wat er frt?}’ﬁf%é%lﬂ"él?é? p?&rﬂa? P@&UPEB&* ?Wrg WJ@E’PWPysi s
nodul e as specified in Exanple 1 with the sane equi pnent, three further

el ectrolyses were carried out. Instead of methyl butyric acid, the reaction
wat er used, which arose in octenal pk@paieati O +colipri sed butyric acid. In
t hese experinents, in addition, the ratio of 15 initial butyric acid
concentration to hydroxi de concentration was varied. For this purpose, in
the second and t hyrat tﬁbezﬁ;sdlaﬂ Néhﬁraﬁékeb%ggﬁtﬂﬁ?rv?étérolﬂtd)bl-p%?dmrclo%'fén’n” the
reacti on water was increased : by addi ng butyric acid.
The conducti vi t i esndpdim thydm;(lmlsulullonsAt thealanode aribe Dipwlae membranes abie

per manent |y u a maa ur| n ppar at rom duri entire

el ectrodi al ys g}e&@édﬁ 898 EIEJ A r\?gﬁ‘? th)- y?l'E'gg%ng 'Eéng% t3%fFons,
the conducti vi ty tﬁ\%‘ﬁﬂﬁ@%ﬁ&he @cm&wén@ts‘ergowgémé?wrpﬁﬁbw DAL QbR &s®et in
the reaction water is neutralized by the butyric acid. By neutralizing the
base in the aguedectiRslainiagromspncewitsdse fymuie aci d concentration,
preferably the organic acids which are 2 5 already present in the solution
to be treated, the proportion of acid anions increases in conmparison with
t he hydroxi de anions. As a result, HI;@ -omgamlygogclzd can be transported
through the ion-exchange nenbrane with higher selectivity, i.e. wth higher
current efficiency. The electric current is therefore principally
transported by t £ el Y,

APR 2003 - Z5 |ﬁr%gggs@ﬁv§|%ﬁ8ﬁ?€erg§%§“t '”é%rlé}gh ypﬁc%é{j:ﬂ'g 'tgﬁg*tfﬁ’"“

reaction wates ciaoidii By meanbiajuhe abovementionad: ptocesddst ities opgartc abmtsteeel
agai nst butyric acid co 16

t 23 APR 2003 - d
process for separsé’PnaFE}eaf"?PfI&r i ;ﬂ‘? @r%i'%@midr‘iﬁﬁt%a@@aiﬁmw %ﬁa<5 {Ps}%e ‘?/CH?‘&‘H arc
process waters wh gy &Ebﬁglaﬁm%éj%é&ea%{a%berr%ﬂﬁ‘il’?]eoé'lﬁd cﬁ%é"ss TRE pRdcess

el ect rochem cal process, el n sald electrochemcal process is

el ectrol ysis or d$ ébene(ﬁmibam;tstasdlng}ydsmlabmfmqrammghelqbwekyelaegaf\mlems d. The
process as clainmed in cl Hle wherein th orr%ani aci ds %c se%taratgd of f
by el ectrol ysis. [824C2af CW%‘@&Q&%@%%? fese olRasErAE

organi ¢ aci dgs ar G gsIRafiah procisedhel Rekbadlisdlidhlo K- trddted ih A eatHEe
claimed in claim2 wherein said el ectrochemcal process is electrolysis in

15 an el ect r ol ysichamhgilog,in $ke ghambersr brarinigstheothiltionhigvbe ieateslazlse tem-

charbet 2 cad an RAd9LB8Salon R o SALIRHR SHRTBRIR SIS SRR Som

sai d anode chanb <XC

process as clai rrmilgarnc atids an@emidhediim base d?/ ﬂﬁ@gmmﬁbﬂe@ ﬁmc@@Sé§ irl iBe
clectrodialysis 20,in an electr03%5|s nmodu sai d nodul e having acid

chanbers 4, separ&hogdechampener ig ﬁ&EﬁWPWﬂP%ﬁﬂS@éBeéQW@Gé@ bR dresird, 2ndnd
chanbers 3, 2/\6‘” cgh&ﬁm bé%lf&@l‘?y %gjggglihst %rﬂ&%&nags NaRe; treat ed, on the side

facing the catho y at | east” one ani on-'exchange ne rane A and on, the
side facing the anode by at |east one bipol ar rrenbr ane BM

If the solution to be treated originates from aldolization processes and if it
thus comprises, in addition to organic acids, the basic catalyst as well,
preferably, to optimize the separation efficiency, the ratio of acid to base in
the aqueous solution to be treated is varied. By neutralization of the base in
25 the aqueous solution by increasing the acid concentration, preferably the
organic acids which are already present in the solution to be treated, the
proportion of acid anions compared with the hydroxide anions increases. As

a result, the organic acid can be transported through the anion-exchange



25 6. The process as clained in at |least one of the preceding clains,
wherein a base is added to the acid, which was charged for 2hAPR200O3 of
anions, in the anode chanber andlor the ac'hg chanbers 4. 7. The Process as
clained in at |east one of the preceding ctdins, wherein neutral organi ¢ 30

conpounds are se ar ated off 23 APR 2003 17 5 The ces
.claimed in at Eﬁ“aqﬁ’ée Wfthhp@eﬁ%%rémth@echglhﬁgcur ffigie %eff’&%écaé)f at

| east one el ectredﬁeﬁff.ssﬁ&%%oreph@ﬁgamaﬁgﬁﬁeﬁ BBicf afbxed oxi de) pur e

pl ati num or of a conbination o Se con tuents in pure formof applied
to or incorporated in a support naterial. 9. The process as clained in at

| east one of the, precedin | ai wherein the se rocgss 1S
carried out at fI ﬁ?tt%%Eﬁ Wﬁéiep‘ﬁ?zloﬁr @Ec "s‘n(ﬁ a&?ﬁgga?% Hi5iP9)
wberein the Sepairﬁidt‘?@qtﬁ’if&f@ﬁaées {)Féérra‘b%ﬂ P prestint = fHeowaskOa B dy PreSerftin 11.
The process as clained in at |east one of the preceding clains, wherein the

process is cdrri b solutionite badwated; candelaiderhio the aciskistraduasiddpripererse at

| east one of clajns 1 ere t he process ,is. arrl baj chwi sc.
13 The r ocess B eang LT in W badorSan e aiid 5 riBiledh TSR R
wher ei t X or gani CprOrEReHe c@h@uétPMSItof%@%lbﬁér‘i‘ﬁmr@édddeaéhaﬁﬂ!%r%@dﬁ thg0 14.
The process as clained in at |east one of e preceding clains) wherein the

sol ution to be t peigdichamberss dspendsid on thﬁwrtw g@mﬂe@tratjorm Weea thireputeradithi s

an actd wni o 1 <salPen JpRuBRREEE SwRts SnTERLI isd T el BARthE €060

16. A process fodependdratonie afi§soeigioni conatintl of fﬁé)@ﬂgaﬂlm@ irt@duicednBy
conprising: an electrocheni cal process, wherein said el ectrochem cal

process is el cct REEING the Base whiehciscaresent i Q'Sﬁ%%ﬂeé foEn dn wriar and thus
conprising; 30 ajfAldeng iHILEonGertatiBh ¥ the SRS il the anode chamber, the

conductivity in the anode chamber or the acid chambers can be matched with
that in the cathode chamber or in the chambers comprising the solution to be

15 treated and as a result the energy input can be reduced.

By setting a current density of from 100 to 1000 A/m? according to the

invention, two additional treatment effects can be achieved.

Firstly, the Kolbe reaction at the anode can be utilized to split the organic
acids electrochemically into water-insoluble hydrocarbons in accordance with

20 the formulae
R-COO- - R'+1e"+ CO, and 2R -~ R-R

(R is any organic radical) by eliminating CO,. Since the resulting hydrocar-
bons are chiefly water-insoluble, these can be separated off from the anode
liquid, for example, in a phase separator downstream of the anode chamber
25 and fed to disposal or further processing. By the choice of the applied
voltage, there is thus in this process the possibility of deciding, depending on
which organic acids are produced in the aldolization process, whether the

acid or some of the acid is to be further processed as hydrocarbon which can



23 APR 2003 - 18 chanbers 3 bearing the solution to the treated and acid
chanbers 4, wherein the acid chanbers 4 are separated fromahaprRipeosnt!y
di sposed cat hode chanber and chanbers 3, on.the side facing the cathode by
at | east one ani on exchange menbrane A and ‘dn the side faci ng the anode by
at | east one bi p

-conpound by base cea%n 9%%%%1'%3?005%%‘5@3 q?%%r@b'%pwesqk#heﬁp at;ovgg‘tsﬂﬂ% tﬁh

al dehyde in the n(cﬂsémé@cﬂbfn m]oea%@stmaé@amalypétqﬁélahoe@nhah@blwtr@awmc
phase 10 and an aqueou ase, separating thé product-containing ganlc

phase fiomthe aq@é@utsofﬁﬁa@éocaﬁa agégdrrmﬁoﬁgemen@ﬂ@a@nlnaémaﬂsoww tHed

aqueous phase by r ein said process is
el ectrolysis or cq%a% glég%ﬁgﬁgpn&i'%tg %ﬁ%%%ﬁj of claim 17, wherein the
organi ¢ conpound made by base catal ysed al dol ~ s condensation conprises
octenal or 2-ethyl hex-2-enal . ) ‘ . _

. Al Fe. A@ AhF25 AhSheasegpnA effeat piaichABe), Proggss, 2ccardim {AREYINKSUDMSGNEER, E. A
Sr9. AS. A 9. Ay % i 3#1B
v2zupkfa\ W ca] ca]wg' ?5] %%r]%n%]rgga]ocam 5?&3'5] ca]aggf é‘f'&‘a‘] ﬁdca]]ca] ca(] ca]jca] ca
I ca] ca] ca] ca] cal co@hvahuﬂi goa] o ahéd aadmBtam@sU S fptisvgly, even neutral organic

;11 Lvgl gb] W] ca] ca] ca] ca] ca] ca] ca%ca] ca] ca] ca] calca]calca ca] ca] ca] ca
] ca] cal] ca] ca] ca]REPOH]ERFESERaRLa P BpDdhe adueus sevboriope eate@*%ﬁ'}"@%* +xx
-/ U1l. 2: 2;
222| w ngb] XU] ca] ca?c trol ?:'g] cra (s:’%] %%1 ncdas] (f:rg ent %%’] ca] %Vé’f?:% %t%]lga] caj
ca] ca] ca] calr@] caa]dmx]zata:]ma]act@sa“] the amlebﬁ@ éééZBﬁ&dlﬁmrﬁﬁﬂﬂé’a%leﬁﬂ&rgsme

RR RPN A N R R SRl e R e e e e e R o e

HJJJJ, KMNO. PTPI ReeR #Hmdrcal ca
] ca] ca] ca] ca] ca] caj ca]B?h] caﬂ%ﬁgm@g}@]‘ﬂ‘ ?Jé’?icg céa g%]cgl]%%:al EPR%ISE%]STEU V\/{/\QN

VWAEXXXX) YQYYY: ZZ2dtep comprises ther adueeovs]soi]toa] todiectedated datd ¢laq aam.«]e: ai seifica) ca
, | c f ggg5
|kl ek kI amerrpint SFREe 667 BEQLE ChoaT P OBPRE 7] [ SaPE P eaa CLP LSy oo ca
]U]C ; a] ca] ca] ced calphaté sefaticet snlisahasdd sirdrdcadid air&alsc ThE meatrsrdrgatieal cau
t u%i{ uuuuvvw{ wxy PPRERRNEs fhas(qhtaioed [are pyainded tadishesat|or furdes #Tecgssifioca) ca] ¢

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cajcal ~~r/fz%7{ A{{{& 6]||}o}}}~Q~| wnmhc”Y]]]ca] ca] ca] ca] ca] ca]ca]ca]ca]ca

] ca] ca] ca] ca] ca] Wéf@%ﬂl;@aihcahg@d@é@&aﬁ&aﬁéabaaakc@hﬂ@]mabWe@abﬁad a6 a
M H*s10% h& ()- &10% h& ()- 10% h& ()-F 10% h& ()- 3L10%h& ()-#S10%

h& () - F10% h& () @nieffient treatomnhlapy ordo @irtiuer, piecessing- 1w, aiganiy comtitosptrs () -
10% h& () - 110% ?r‘?‘ﬂ{e) acid ook \Wﬁ‘icﬁ)ha%%%en%gé?a?é’d ()ff%m%fehé?qu@ous solutiBro

h& ()- F. 10‘V h&
to be treated are concentrated and either fed directly to thermal disposal or

further processed, e.g. separated into water-soluble and water-insoluble
compounds by means of a phase separator and disposed of or further

processed individually.

The processes according to the invention are preferably carried out at
25  atmospheric pressure and preferably at temperatures between 20°C and
90°C, particularly preferably from 30°C to 60°C.

The processes according to the invention can be carried out continuously or
batchwise by an electrolysis or electrodialysis method. The strength of the

electric field applied is dependent, inter alia, on apparatus conditions and on
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Figures 1 and 2 show by way of example two variants of the process

5 according to the invention, without the process being restricted to these.

Figure 1 shows an electrolytic variant of the process according to the
invention. The electrolysis module is divided by an anion-exchange mem-
brane A into the two chambers 1 and 2. The anode chamber 1, in which the
anode marked with + is disposed, is here charged, for example, with a
10  solution comprising butyric acid HBs. The aqueous solution to be treated, in
this example a wastewater stream which comprises NaOH and the sodium
salt of butyric acid NaBs, flows through the cathode chamber 2 in which is
disposed the cathode marked by -. In the electric field, the Na* ions migrate
to the cathode and there, together with the OH" ions formed, form sodium
15  hydroxide solution. The H* ions produced at the anode (+) react with the
anions OH and Bs which have migrated through the anion-exchange

membrane A to form butyric acid and water.

An electrodialysis variant of the process according to the invention is shown
in Figure 2. The electrolysis module is divided by four anion-exchange
20 membranes A and three bipolar membranes BM into a cathode chamber 2,
an anode chamber 1, three chambers 3 bearing the solution to be treated
and three acid chambers 4. A butyric acid (HBs)-containing solution, which
is introduced from reservoir V1, flows in this example in the circuit
cocurrently through the anode chamber 1 which is marked by +. The acid
25  chambers 4 are likewise charged cocurrently with the solution introduced in
the reservoir V1. The solutions of the anode chamber and the acid chambers
combine after flowing through the electrolysis module and are collected in a
reservoir V1. From this reservoir, the solution is fed to the chambers, the
solution being divided among chambers 1 and 4. The cathode chamber 2, in

30  which the cathode marked by - is disposed, is charged cocurrently by the
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to be treated are likewise charged cocurrently with the solution mtroduced in

the reservoir V2. The solutions of the cathode chamber 2 and the chambers

5 3 bearing the solutions to be treated are combined after flowing through the

electrodialysis module and are collected in the reservoir V2. In the electric

field, the Na* ions in chambers 2 and 3 migrate to the cathode or to the

bipolar membranes BM and there, with the OH" ions formed at the cathode (-)

or the bipolar membrane BM, form sodium hydroxide solution. The H* ions

10  formed at the anode (+) or at the bipolar membranes BM, react with the OH’

and Bs" anions which have migrated through the anion-exchange membrane

A from the chambers 2 or 3 into chamber 1 or the chambers 4, to fom

organic acid and water.

The process according to the invention is described in more detail by the
15 following examples, without being restricted thereto. In the examples, the
process is illustrated on the basis of electrolysis, since this is also the basis

of the electrodialysis variant and other variants.

Examples
Example 1: Cleaning up the reaction water from a methylibutanal aldolization

20 In a two-chamber electrolysis module, whose chambers are separated by an
anion-exchange membrane of AHA-2 from Tokuyama Soda Ltd., an elec-
trolysis was carried out at a current density of 350 A/m? using an anode of
titanium with mixed oxide having a surface area of 100 cm?, and a cathode of
expanded stainless steel metal having a surface area of 100 cm?. The

25 distance of the electrodes from the membrane was 2.5 mm and the mem-
brane area was 100 cm? In the anode circuit, a preconcentrated methyl-
butyric acid solution, to which 1% by weight of the sodium hydroxide solution
had been added to increase conductivity, was introduced; in the cathode

circuit, the reaction water from a methylbutanal aldolization, which comprises
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conductivities of these solutions in all chambers were determined permanent-
ly using a measuring apparatus from WTW during the entire electrodialysis

operation.

In the course of electrolysis, the conductivity in the reaction water circuit
increased to a maximum value of 13 mS/cm. In the anode circuit, the
conductivity remains virtually constant. Figure 3 shows the time course of
conductivity in the anode chamber, and Figure 4 shows the time course of

conductivity in the cathode chamber.

Example 2: Cleaning up the reaction water from an octenal preparation

In a two-chamber electrolysis module as specified in Example 1, with the
same equipment, three further electrolyses were carried out. Instead of
methylbutyric acid, the reaction water used, which arose in octenal prepara-
tion, comprised butyric acid. In these experiments, in addition, the ratio of
initial butyric acid concentration to hydroxide concentration was varied. For
this purpose, in the second and third electrolysis, the concentration of butyric
acid in the reaction water was increased by 0.3 or 0.6 mols/I by adding
butyric acid. The conductivities of these solutions in all chambers were
determined permanently using a measuring apparatus from WTW during the

entire electrodialysis procedure.

At relatively high butyric acid concentrations, the conductivity decreases,
since the sodium hydroxide solution present in the reaction water is neutrali-
zed by the butyric acid. By neutralizing the base in the agueous solution by
increasing the acid concentration, preferably the organic acids which are
already present in the solution to be treated, the proportion of acid anions
increases in comparison with the hydroxide anions. As a result, the organic
acid can be transported through the ion-exchange membrane with higher
selectivity, i.e. with higher current efficiency. The electric current is therefore

principally transported by the acid anions. As a result, the current efficiency

.20 2;
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1. A process for separating off organic acids from aqueous solutions, which are process
walers which arise in aldolization reactions, comprising an electrochemical process,
5 wherein said electrochemical process is electrolysis or electrodialysis, and cleaning up the

process waters,

2. The process as claimed in claim 1, wherein the organic acids are scparated off by
electrolysis.
10
3. The process as claimed in claim 1, wherein the organic acids arc separated off by

clectrodialysis.

4. The process as claimed in claim 2 wherein said electrochemical process is electrolysis in
15 an electrolysis module, said electrolysis module having a cathode chamber 2 and an
anode chamber 1, said cathode chambers being separated from said anode chamber by at

least onc anion-¢xchange membrane A,

5. The process as claimed in claim 3 wherein said electrochemical process is electrodialysis

20 in an electrolysis module, said module having acid chambers 4, separated from the
adjacently disposed cathode chamber 2 and chambers 3, which comprise the aqueous
solutions to be treated, on the side facing the cathode by at least one anion-exchange

membrane A and on, the side facing the anode by at least one bipolar membrane BM,

25 6. The process as claimed in at least one of the preceding claims, wherein a base is added to
the acid, which was charged for the upteke of anions, in the anode chamber and/or the

acid chambers 4.

7. The Process as claimed in at least one of the preceding claims, wherein neutral organic

30 compounds are separated off.
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8. The process as claimed in at least one of the preceding claims, wherein use is made of at
least ope electrode of steel, platinum black, graphite, mixed oxide, pure platinum or of 2

combination of these constituents in pure form or applied to or incorporated in a support

material,
5
9. The process &s claimed in at least one of the preceding claims, wherein the separation
process is carried out at from 20 to 140 °C.
10, The process as claimed in claim 9, whersin the separation process is carried out a\:.froin
10 30 to 60 °C.

11. The process as claimed in at least one of the preceding claims, wherein the process is

cartied out continuously.

15 12. The process as claimed in at least one of claims 1 1o 10, wherein the process is carried out

batchwise,

13. The process as claimed in at least one of the preceding claims, wherein organic

compounds are split electrochemically at the anode.

20
14, The process as claimed in at least one of the preceding clairns, wherein the solution 10 be
treated comprises base, and organic acid is added to this aqueous solution.
15. The process as claimed in claim 14 wherein preferably an acid which is already present in
25 the solution to be treated is added.

16. A process for separating off organic acids from aqueous solutions comprising:
an clectrochemical process, wherein gaid electrochemical process is electrodialysis in an
electrolysis module said module comprising:
30 a cathode chamber 2

an anode chamber 1,
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17. A method of making an organic compound by base catalysed aldol condensation
comprising: ‘

reacting an aldehyde in the presence of a base to form a product-containing organic phase

10 and an aqueous phase, separating the product-containing organic phase from the aqueous

phase and separating off organic acids from said aqueous phase by an clcctrochemical

process wherelq said process is electrolysis or electrodialysis.

18. The metbod of claim 17, wherein the organic compound made by base catalysed aldol

15 condensation comprises octenal or 2-ethylhex-2-enal.



