1°Producing a, -unsaturated al dehydes by neans of a reaction m xing punp
The tnvention relates to a process for preparing a, 3--unsaturated

al dehydes, in which a catalytic aldol condensation of starting al dehydes
in the presence of an aqueous base is carried out wthin a reactor through
whi chygg ol Rro38esy! ow occurs. Such a process is known pE-pepd6igftied2885342
Al . Unsaturated al dehydes are, because of their reactivity, starting
materials for preparing nany organlc.ponpounds Sel ecti ve hydrogenation of
t hem gi ves the correspondi ng saturated al dehydes which are |ikew se the
basi s of many syntheses Oxi dation of the aldehydes |eads to carboxylic
aci ds _whi,.ch are on of the al dehydes

| eads PL@duUGIng.a, ™ S0 F—H o ci zers and
detergents. The aIdoI reactlon of n- butyraldehyde wi th sinultaneous
elimnpation of water to form 2-ethyl hexenal is carried out worldw de on a
| ar ge T8@ Hiventignyelates e a R{asess; R atePaing¥.Bdvneaturstpd aldebyslenyin waigh satatalytic used

in | ap@el sykaadatibresr s'm@ Aabhyeleg ﬁfth@'p?é%@ﬁ&e ofh depbaltike iUSRriddSoisual 1y
made of a base djssolved in water, The use of aqueous sodi um hydroxide

haV|n&“@ﬁaNE@?@HBWWBthFHCPH@“BB?@%%P%@%?range is typical. The reaction is
frequently carried out in a tenperature range of 80-150C, a pressure of

| ess t.han bar and a pha rati or gani ¢ phase to aqueous cat al yst
phasegH%’?PﬁﬁFﬁPﬁkQ@WQEﬁﬂjﬁgéﬁbﬁﬁag%geg sing, October 1980, Section 2,
pages 93-102). This reaction can, for exanple, be carried out in a stirred

vesse 927 6 um whi ch i s erated in
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react i SQPQ Le@ction neutralizes

t he b%%P?“%Q%%#@%%ﬁm a%%l%?éﬂthQUE ?E%hso %ﬁ%%&g nﬁglnlng a high burden
of organic material therefore has to be continually discharged and

repl a%ﬁgahxn .—Bé&ep of ﬁrbggﬁa?lae yh8 with SRS e RHIRGRANSH blvAlay fore! dehyde,

n- pentanal (n-val eral can be converted 1nto the unsaturated

C10- a?tfé'WI%efzﬂl pfr@mﬁd%p'péﬁ\a'rie oTRdarge getle shRe Bredweraganaiion priuck vigt dehyde
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heat exchangers to renove 2 his nethod of” carrying out the
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However, ring in a stirred vessel uires 1nput o ani cal energy

to drPwﬁmvﬁETgﬁh@Eé¢§ndmﬁ*ﬂ@d@&éeﬁmgﬂEW@duct|on costs, it is desirable to

i ntroduce the nechanical stirring work required to nalntain the reaction

very effectively in order to reduce the total energy consunption. It is
known ¢ BATNAD 208029 (e Suutypldeingle, pRentangldnivalaraldshyealisap be camvearied et in a

react e UMBhIGRatdSCIRMR Y prrcﬁbyphélﬁerem dra Maﬁﬂbnéﬁ%{%h BethE ics@fehyde can

t ur bu| ence-generati ng el ement centri fufg unp allows the reaction

m xt uP%C?'He‘ggutd? PltR f”@ﬁo'fsm’rb?]b"f‘feteﬁe'ptj%l@'t inter W‘@%ttﬁxf’h"l‘fpempéﬁn?‘(ﬁ bul ence
is generated at the turbul ence-generating elenments. The turbul ent flow of
the reaction liquid leads to turbulent m xing of its phases, which nakes
mass transfer between them possible. The apparatus described here is
possibly a |l oop reactor. Conparative exanples to indicate whether the

t ur bul ence-generating effectiveness of such an al dolization reactor is
better than that of a reactor having rotating stirrers are not presented.
In any case, the construction of an aldolization reactor with fixed




a) a fixed punp housing, b) an inpeller which is nounted so as to be able
to retate in the punp housing and has a plurality of radially extending
m xi ng chanmbers which are open in the direction of the circunference of
the inpeller, c) a mxing channel which encl oses the m xi ng chanbers and
exten punp housing along the circunferencg r
d) at qﬁ’%\g?ﬂongé% et for reaction starting naterials an Iaﬁ%gluqlp'gfééf%r
reaction products, with inlet and outlet being connected so as to allow
fluid flow by the m xing channel, e) not or, by nmeans of which the

i npel | er can be rotated. The followi ng reports on carryi ng out reactions

by ne eacti o Xin s haye hitherto appeare Reacti on of
ohosgaht ek ERR RISt EPmATENENg teRciondndFuaeed. S saPed VO SBRAY.
ghE i (r)nz gaggg%rgmdlg Atci el oY bhrts pagesnialysdscepfiné ymdamneét@dhu@rc@dstﬁi’ct &l :j n

: seudoi onones into the correspondi ng
i onondQa ! '\%%”fﬁﬁ%c%usﬁ%aﬁégﬁ&apﬁ?@"ﬂ? Wl izati on under acidic
condi ti ons, not an al dol condensatlon under al kaline conditions. 4 In the
i ght of this i S an ect of the invention to provide a
pr oces’g"l?%f? cer H‘SI%‘C@F‘?W”W'%P aH wegsmﬁenar@aﬁatw@ "E)B??rrﬁ? ign of two
parti thmrdhmsax:@rgmocmelhyde Phasen bijeus k:@ta@@tmhey@dvmnh AtS ivit@ialy ire@Esdiblen
m Xxi ng[qn| np_ 2 react or. Iﬁfg %I ontI er fore rowfdquI acf)ro ess for
pr epar | Wy a28-\ scgpu?rglf’%a’é‘f %‘3‘&1 g 1'% %rﬁ ”8" AEA1'9 e M aytually
conderisatisdibie fuic plzasts gbeabrdebhtdes mt:mateha)qnxoewmmom arﬁotlaen dafhgtheebdinn i S
carrie 0 nt i nuou w occurs, wherein
t he regc?d&toy\éé\}egéo&eegtg%ﬁ%%g%n '[Im!il%rlr%% Se'ﬂ) hﬁ%‘? sngy 8 7>%on| y as
means tahster aresgetweanghatvicaphases irdedfyrdcraa tubgpgedmted bymeabs ofweitslblee ti me
al so che%g%ggeer@rrﬁé/dsng out an al dol condensation by neans of a reaction
m Xi nd punp excee expect ations as to the economics of the process to a
surprising degree. This may be attributed to the fact that the reaction
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related to t econom he process: irst y, menti on na
t he coalgrlver-CUBRINNG plase aRg thpAsiuePUSCatabst Phash israngimed wpanpsmwﬂr@r:l viesshlrc es

t he dqunteﬁmf]mn%netménesm@ﬂeéfr@é&o@@wth?AmenFﬂHv& hermore, the specific
mechani'cal energy consunption of the reaction mxing punp is |ow since it

achi eves effective generation of turbulence. Finally, there is

SUr prigdvisky, sBRing rﬂf’é Qtﬁﬁﬂ wekd %ddf'ﬂe& ﬁ'vpu{ J@ne(ﬁﬁllﬂ?% \%ﬁ?rg?/ kElifleQhe %l}}?ers Ta

a43-unsat ur ated al dehydes to be'p uce mati on of undesirable
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the adyantaRaRs régcnérheerpé@ézﬁsaymorhaao réaiee&h@tetaaéﬁe@@odauaﬁnaﬂ el d of
a, p-unsaturated al dehydes in a single pass and the Snall space requirenent

of the sub-plant for preparing the mixture of crude a, p-unsaturated

al dehyigdgknbih ¥bMe0 20090854254 | Ihbdhb %rabn@aagn Eéhebé eéfeﬁé G@R b Aackdrdndament

conpared to a plant having a conventional reactor. Advantageous
enbodilfrE1#de upfr & febei and ereopenhbavingdixe dirbyencs-generaiiap elstents. Alcantiigahd can

. be derhingalloWaihd REcERSAkILRL e WRlIBRdINBUGIIE AR, 304 rdf of—‘%aenl es.
Starti n% mat eri al s The process of the invention _is suitable for the

r eact iigitulshce isgeRgiad 3 thefumruigige-grpsetinclempits i hedurbulent flow of the reaction

liquid leads to turbulent mixing of its phases, which makes mass fransfer between them
possible. The apparatus described here is possibly a loop reactor. Comparative examples to
indicate whether the turbulence-generating effectiveness of such an aldolization reactor is better

than that of a reacior having rotating stirrers are not presented.

In any case, the construction of an aldolization reactor with fixed turbulence-generating elements
arranged ouiside the centrifugal pump, as described in WO 2004/065342 A1, has the

disadvantage of a large holdup. The holdup of an apparatus throngh which flow occurs in



can undergo condensation reactions. If only one al dehyde is used, this has
to have two a-hydrogen atons on the same carbon atom next to the CO group.
If two or nore different al dehydes are used, at |east one of the al dehydes
has to have two a-hydrogen atons on the sane carbon atom Al dehydes having
two a- according to the above definition e:
acetalggﬂeggﬁﬂg?%ggﬁe!, n- but yr al dehyde, n-vaIeraldehyéﬁ?ﬁEP&aﬁORﬁﬁagé

3- et hyl but yr al dehyde, n-hexanal, 3-ngthyl pentanal, 4-nethyl pentanal,

n- heptanal , n-octanal, n-nonanal, n-décanal. These are also suitable for a
honocondensati on. Exanpl es of al dehydes havi ng one a-hydrogen atom

accordin ‘Jo,tq§ aﬁﬁéf %efinLtion are: isobutyral dehyde, )
2- met RORBHMPra GRS of BideyiNg faiaing e apparahip iR ekl state of the plant with
cycl ohguripsadvilehydlerr. ThsdaTiup of the Addiektiod esadia\dist®s8@ intw iy iDage 5344 AMsar €.

benzal dehyde 2-di me |. propanal, and_fornpl dehyde. The al dehydes of the
Do | o060 St Feiig ot e DR aRg SouRe o el By RRRERETior a0 SRFy: SA S

al dehyplenfbmisirg). t wo a- hydrogen atons. Preferred starting al dehydes for the
process of the invention are: n-butyral dehyde, n-val eral dehyde, a m xture
of n-butyral dehyde and i sobutyral dehyde, m xtures of n-val eral dehyde with
2- met hihanks Yo thkid elngliboldup, 3eantiomylixing yuradsderh ptiective ddreacior foespepdiimgus
threre-&gmgir}ﬁpéacm@(%gtg%c r(%]eﬂ:t ticular, use is nmade of C5-al dehyde

m xt ur és contai ni ng nore than % by mass of n-pentanal, very particularly
preferably nore than 95% by mass of n-pentanal. It is |ikew se possible to
use a m Fo B al dehydes can, for exanple, be
pr eparggé%%lﬁrygéng%mrﬁgﬁé%%lﬁgglgggﬁ%ﬁ%@.sﬁ%én nore than one al dehyde or
an aId@hy@%&ﬂﬁ@ﬂﬂﬂh@uﬂggused, t he individual conponents can be fed

separ agyel i implfdrSirithl 1Y noinfeB @ oRdAP be LHIE % tdife § HE mngfhohgﬁ Qﬁc? ﬁési?t
tis bl [ Ing materrals

—

solution. It I't kew se possible to mx all starti efore
i nt r oductRl¥altystradisbhyextarding mixnsydapbers whieh areopen i the Hisedicaehtpges can be
used as &iAntdréRR-of e impbents, it is possible to use inert |iquids which
have little solubility in the catalyst solution, e.g. hydrocarbons

Heds ot

( pent afle, @ WYRNdsHERRg| whichsngloges the mixipg eharykars ard ¢ e gHmphe

I nvent i orhouking lafong AsStiRUMIdrendssst tNdiipeti&ol ubl e, basi ¢ conpounds such as
hydr oxi

de hydr ogencar bopat es,. carbopates, carboxyl ates or m xtures
her oo | B ELOTORR B FeRET SGHRG BN RRIP! FECEaAFFES ith e
conpoundsandRyusibieeirigosnhéctéd ¥€8s totallo®i N Wi the Mdtigd chadnBly dr oxi des such as

sodi um.hydroxi de. The concentratipn of th talyst in the continuous
phase s E}Wofoﬁgjyr"é??é‘é O?Wgﬁﬁghel'"}pgﬁqé@?l?? rﬁﬁé’@; in particular fromo0.3 to

5% by mass. |If pentanals are converted into decenals by the process of the

of - no OB SRR B SR b8 RO R At S oo Rl Blnnt el et

react iappedtedch i s discharged. To conpensate for the | osses of sodi um
hydr oxi de, fresh sodi um hydroxide is introduced. Here, the fresh sodi um
hydr oxi de together with the recycle alkali forns the process al kali which
i s feds i Meactitreofrphasganann Finkj Digtep armp Wb, Areryst Puabésldie @@misahéas sodi um
hydr oxi de~t her .wW th iums of carboxylic acids, mainly pentanoic
aci ds. Tﬁg“%§538 §WT8M¥&§8géP€§sﬁ%§%‘essentially been fornmed by the

Canni ze arRplycegwha@produttibrhia F 1020880088414 | nventi on, the sodi um cont ent
of the process. alkali at the reactor inlet in the rﬁgaration of decenal s
s {1 -UUSEIPRL PERHRIPARRRINIG e BRTSSPERAng Ionensh A WO BGA2F0 MM HRss . To
adj ust t eis 8l cyoization casér sidiocor@ftioh) @opamalasiconddibiion ffdep BikaIp@E um

hydr oxi de sol.uti on having a concentration of greater than 2.5%by mass is
i nt roducé@™PHPY the recycle alkali. To introduce a little water into the
reaction system preference is given to using sodi um hydroxi de sol ution
having a relatively high concentration. In the process of the invention,
sodi urifPWRYED FRAEENS ewﬁﬁdngbﬁatw M gnezng ehicastiondpixiog PLMPE Ras relhgeome sReWN t o
30% byhitkags, for exanple 10% by nmass, is preferably used. Reaction m xing
punp A reaction mxing punp is used for transporting starting material (s),
products and catal yst solution and also for carrying out the reaction in
the process of the invention for preparing unsaturated al dehydes by al dol
condensation. The reaction mxing punp is in the broadest sense a

peri pheral wheel punp having a plurality of inlets (transport channels)
for starting materials and catalyst solution in the circunferential wall
of the m xing chanber of the punp and also an outlet for the reaction

m xture. These apparatuses have the properties of a punp, of an effective
m xer and of a reactor. Sone of these apparatuses are provided with
cooling and/or heating devices or can be thernostatted in another way, so



8 the range from 120 to 140C. The reaction pressure in the reaction m xing
punp-is at |east so high that both the process alkali and the organic
materials (starting material, product and optionally solvent) are in each
case present as liquid phase. In the conversion of pentanals into

decen ggysure in the reaction mxing punp is

in pa?{\@cu?ar ?gromo 3to 1l MPa, very particularly pre? ‘rﬁ%ly foﬁfgsm

0.5 MPa. The ratio [kg/kg] of process,alkali to starting material at the
punp inlet is in the range from5 to gOO in particular in the range from
20 to 400. In the conversion of pentanals into decenals, this ratio is
from10 to, EOO, in particular 40 to 240. In the process of the invention,
the avefgid FIdh R [t e Pbied Of e duiegtionioganiide aprcastevihe ajsielizaien i n
the r eAaldeRytcgiwhidhdtah BB pbatedSarticliiaty dcbadmibaiyh phases flow at the same
speed, in the range fromO0.05 to 3 seconds, in particular in the range
from0.1 to 2 seconds. In the conversion of pentanals into decenals, the
aver agihercbictie rckietddi®y using afaeti@bhikingrpemplaskeddorl. 5 seconds, in
particular from0.1 to 1 second, very particularly preferably from0.2 to
0.5 second. Woirk-up The out put fromthe punp is cool ed and the organic
phase Tihe isvweptorathefdre provides agiréadss fqyipeegaring - lmsameatscealaemdie@,nn whiochar ri ed
out i en .a decen m. Xt u

For g2 iR Rrbiefof 88wt 3BRshh hEHesalel BB bt < e
out i reut hféhltlerrpmtatﬂumegh‘ahgbcbmtmwwﬂamommwheneirvaemactdrwa reactidte r ange
from?7 to
1100, "enEpatP ek A boA: b P ERRlah ol 6, IBMDASCHATERT s,
it is Ppedst bitatthe same tlisgplsamavreacighi ch nmake phase separation possible with
- sole utilization of gravity. These gravity separators can al so be provided
W th coal escence-pronoting internals to i nprove the separation

per f orGeamying.ouThr aldslecoodierisation hnineancofe readionaniking punpleeseds egpantations

sedi i r
examﬁ%t@tqe;&gg&ngggﬁm gaggg@ntp%tsgsmsgﬁa%gc rrh[ss VROl R et vl

pr eci phe eaeion migngpHmp sseliangedrsexsagisasa penifive gl.-lne@pea@ thessdagtprgirefated

hor i zqotral ec¥RSmRS 8f RE pro%e§§ ity | BN SRS BSmadSofdfe @Arﬁﬁdfrara‘lﬁfreb/ cf.‘?néll%ow vity

separ ators, It 1S OSSI e to Use separ ators oper at i Nng acco
cent r if ageActigh mwiqowlpf sehighi rqﬁwsﬂhqﬁﬁasl reepstian 9f 8 InveRtechesRifg. phase i s
separ #upfemidre itve sRAMS nfchaMmBAl relné.tgg%bnémﬁeﬁ of the Fedc@bRRRAG SUMHTs 1 Or der

to separate of f the heavy gueous hase reference i;s given to using
gr avi WC@&&&P@V%@%@@%&% 0 oftusRiienge Janalivathereds sdpfisipdly ap inyroved
essentse&lci.\my hy. bpetiérajielyy 658 losB-thidtuiafidelidetlydes tbbelpieiuRE® GRS fovdlorhARdn

i nventi.on t of the se whi.ch has b separated off is

di sch&f a%q]esp'g ?wauﬁﬁ&eﬁahep%%&'l‘BH“’CQHHW?%%O rﬁﬁeaﬁ'r& is recircul at ed
to the reactor. Part of the carboxylic acids forned as by- products (as
sodi u saltisnle@gnd sodi m hydr oxi de are al so sgeparated off with t

di sch&tgells RN alﬂﬁs ‘éﬁ?ﬁ%&ﬁ“ﬁé“‘ﬁ&%’éaﬁt B'QM'PH'O‘CPF%H‘E%H?WBI ant .
Hovev iidehidesi if adirgR 1206 ahd e ér@awwalse wa,utrahsntsf ﬂ@@bfmﬁt @ prdpath@ie part

f t t. th des 198 49 922 d DE
205 499uip o Rl Bosip e b it BREE o By pAme e swer eadahoat | on

produm\&smtsmdzdrecanmlmst edvingryr @meétibnatraadterng nmateri al but al so ot her
by- products such as carboxylic acid salts, sodium hydroxi de and di ssol ved
wat er, traces of base and part of the carboxylic acid salts can be renoved
by nedwsamhgeous@irbodisentdnf tihievevdibe mresdt fatit in tHet depeadent elagncand de hesed f or
maki n 1 and 2). The organic
phase%ggﬁeqt)e Workegcrﬂ) ’Eﬂmﬁﬁhf?&%ﬁdq g)gagrﬁ%rstl ng materials separated
of f here can be partly reC|rcuI ated to the reaction m xi ng punp. The

a, 1 3-ynsat ur at ed. al dehydes produced can be used for preparing carboxylic
aci dslé(qﬁal ﬂgtl on of the ol efinic double bond and oxidation of the
al dehyde group) or for preparl ng pri mary al cohol s (by total

hydr oq_enatl on). In the preparation o ri nar(iépal cohols, the crude m xture
can al'§8 p&???%‘f‘fzgﬁ 'pveaaom?aww&faﬂ@a r%wgortqaf@l ylosiop ALENYIR STXMIEEMNSA can be

carried out after the hydrogenation.



10 after |leaving the reactor and before the phase separation. Here, the
hot reaction m xture is depressurized into a vessel. A mxture of water
and mainly starting material is obtained as distillate and this can be
conpletely or partly recirculated to the reactor. (Separation of the

distil ircul ation of part of the organic di gl i

shown W?lgﬂg?éé . Such a process is described, for eégé%#gﬁﬁ@s@gﬁQ 56
410. Process variants The present inv%ntl on is described in nore detail
below with the aid of figures 1 and 2~ A block di agram of an enbodi nent in
whi ch the process of the invention can be carried out is showm in figure
1. The starting al dehydes as starting materi al % and t he agqueous base as
cat al yi@n¢afergo afmev@t'arr' Breeiansalf Raly png Blplehyds ifpised thig hasteyhave vl dchydrogs) and

fresh abkabh th%%hme'cﬁrbgﬁ aith hdkt RMht 28 ér@lfi}?tlf't\?womﬁr’e%gfe%m étﬁ%{% areTJggd al dol
condensatl on takes B ace in the reaction mxing p 9 tput (2)

f r om tFE3BLIRS af the V%Sé'@ST%hQW@éWQQpMQGBﬁtQWMéhB (5@9'6 tatbon %tnmor gani c

phase (4) containing the target product and an al kali phase of which part

(5) is discharged and the other part (6) is recirculated to the reaction

m xi ng@Riwpey RviDg twepdydregen steawscecrding taibe am@eﬁmmtar@ﬁortehempheocess of

the i eiide f36arkdi i -~ €q_ t riant in
H?jhag ?a QSRR j d@{:ﬁ vélé\‘a bﬁ’}&’e 3-neftlylb Erﬁ/ e];]gc%frb h@ﬁarﬁ?

figure 1 in he "out put romt epurrplss 'ash
di sti I3aethyrentand, Hemﬁtbﬂﬁ?’ﬁ%” ntlgptangh arastapal - nmanﬁhe-dlemabEhtkmafe els0) |

mai nl syl eRe b BEmsécndbhdatodat erial , i s separated off, before the phase
separation in the vessel (3). Exarrpl es The follow ng exanples illustrate
the invention without restricting its scope which is defined by the

descr imahPRs %ﬂQdéH}ﬁe§ haVingFoneBXRRIrdJER Mt a@d&&m{g% Y abla&e Q&hnitibA 2R

experllrgrei?nt al pl ant correspondi ng schematically to the process vari ant

shown §APUbTARANMIS; 2 "TﬂBY“?}W'idﬂhd@Gsz'M’B{fpg?gftanﬁh%g@y’b?’@@@*c%lobew&ild#WGe and 7
(fr estExaRflicd & auélfyeés ﬁ’@.r@q{d&-w&génsat&ﬁ Gre bénﬁraehﬂieei 2! %}ﬁ&hﬁyfﬁ%ﬁ?&ﬁd on

m Xi n%?rgﬁg) nodel rom and circul ated

(n- pe eﬁy%ghwisé@wd?ﬁoffth%hﬁfq lngtenamediggougs mmrgotﬂneeddobmdaesat@act i on
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The starting material 12 n-val eral dehyde was taken froma 100 | drum
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capillary into the NaOH circuit upstreamof the reactor inlet. The m xture
of product phase and aqueous catal yst phase was fed to a phase separation
vessel downstream of the reactor. In the phase separation vessel, the
organi ¢ product phase was separated fromthe catal yst phase at 80C. After
t he product phase had been separated off, the aqueous phase was introduced



The catalyst circulation (2.0% strength aqueous NaOH) was 80 I/h in al |
experinments. The starting material n-pentanal was fed at a throughput of
81/ h, corresponding to a phase ratio (PR) of organic phase to aqueous
phase of 1:10, into the NaOH circuit. The starting material contained

99. 12%¢cppoiH38967 n- pent anal , and al so 0. 88% by mass GCHEPQOUR/051238
conponents including 0.70% by mass of high boilers/mscellaneous. Table 1

bel ow shows the results of the al dol ic?zation of n-pentanal at three
tenperatures 110C, 120C and 130C, and a pressure of 4 bar at a stirrer
speed of 2000 rpm (unit: revolutions per mnute/rpm. In continuous

operation after a time of 3.hours in the steady state, the follown
r esul RYErQYSS SYRR &5 Fdm %fﬁ?’%& { ;

_ g, 1. Aldolization of n-pentanal in a stirred
vessel Reaction conditions n- Pentanal (1/h) 8 8 8 Tenperature (C) 110

120 136 F5igbirdtbn S AL bh TREch a8l n PRFSTe rbf 1 & 6% By sy oduct

_in particular from 0.3 to 5% by mass.

If pentanals are converted into decenals by the process of the invention, sodium hydroxide is
preferably used as catalyst. A smalf part of the sodium hydroxide is discharged fogether with the
water of the reaction which is discharged. To compensate for the losses of sodium hydroxide, fresh
sodium hydroxide is introduced. Here, the fresh sodium hydroxide together with the recycle alkali
forms the process alkali which is fed into the reaction mixing pump. The recycle alkali contains
sodium hydroxide together with sodium salts of carboxylic acids, mainly pentanoic acids. The

carboxylic acid salts have essentially been formed by the Cannizzaro reaction.

In the process of the invention, the sodium content of the process alkali at the reactor inlef in the
preparation of decenals is from 0.60 fo 1.75% by mass, in particular from 1.1 to 1.20% by mass. To
adjust the sodium concentration of the process alkali, fresh sodium hydroxide solution having a
concentration of greater than 2.5% by mass is introduced info the recycle alkali. To introduce a little
water into the reaction system, preference is given to using sodium hydroxide soluiion having a
relatively high concentration. In the process of the invention, sodium hydroxide solution having a

concentration in the range from 5 fo 30% by mass, for example 10% by mass, is preferably used.
Reaction mixing pump

A reaction mixing pump is used for transporting starting material(s), products and catalyst
solution and also for carrying out the reaction in the process of the invention for preparing
unsaturated aldehydes by aldol condensation. The reaction mixing pump is in the broadest
sense a peripheral wheel pump having a plurality of inlets (transport channels) for starting
materials and catalyst solution in the circumferential wall of the mixing chamber of the pump and
also an outiet for the reaction mixture. These apparatuses have the properties of a pump, of an
effective mixer and of a reactor. Some of these apparatuses are provided with cooling and/or
heating devices or can be thermostatted in another way, so that reactions can be carried out

therein at desired temperatures.



n- Pentanal (% by mass) 6.33 5.34 4.43 n-Pentanol (% by mass) 0.12 0.10
_0.11 2-Propyl heptenal (% by mass) 90.86 92.04 93. 27 Cl0-aldols (% by nass)
'0.93 0.58 0.00 High boilers/mscellaneous (% by nass) 1.76 1.93
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The structure and functional principle of reaction mixing pumps are described in the technical
literature (D. Fink, A. Wélfert, Chemie Technik, July 2007, pages 52-54).

The typicai reaction mixing pump (reaction mixer) consists essentially of the drive, the pump
housing and the mixing rotor {impeller) present therein. The impelier is driven by the motor,
preferably via a magnetic coupling. The chambers (transport cells) arranged radially on both
sides of the impeller, the respecfive inlet (iransport channel) and a baffie lead to the typical
transport and mixing behavior of reaction mixing pumps. The transport cells on the mixing rotor
together with the ring-shaped channels at the end faces of the mixing chamber form the
pressure cells typical of a peripheral wheel. The pronounced turbulence in the transport and
reaction space leads by mutual interaction to continual exchange of the faster moving liquid
content of the pressure cells with the more slowly flowing liquid sfream in the region of the
transport channels and thus to intensive mixing of the liquids. This mixing produces a
homogeneous and stable mixture which is continuously discharged through the outlet. This
pronounced momentum exchange and mixing effect of the reaction pump is employed in the

present invention for carrying out the aldol condensation of aldehydes.

As is shown for the example of the process of the invention, the use of reaction pumps is
especially prefered when highly chemically reactive components are to be mixed and
homogeneously distributed for the reaction. Depending on the reaction conditions and process
engineering boundary conditions, the reaction mixers can be equipped with special devices.
Thus, for example, the pump heads can, depending on the viscosity and reacitivity of the starting
materials or depending on the reaction time, be equipped with additional residence chambers
and premixing chambers or with additional inlets for recirculation of intermediates into the

transport space.
Reaction conditions

According to the invention, the aldol condensation is carried out in the temperature range from
50 to 160°C. If pentanals are converted info decenals, the reaction temperature is in the range

from 100 to 150°C, in particular in the range from 110 to 140°C, very particularly preferably in



2. 20 n- Pent anal conversion (%9 93.6 94.6 95.5 Selectivity (%9 97.9
98.1:98.5 13 As can be seen fromthe table, the n-pentanal conversion
increases with increasing reaction tenperature. To achi eve hi gh n-pentanal
conversions of greater than 95% reaction tenperatures above 120C are

requi nggh 90%033%6{7 sel ected reaction conditions. Exanpb%ﬁgﬁgﬁfglpﬁi'ggst 0
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reaction mxing punp. In the foll ow ng exanpl e, the preparation of

2- propyl hept enal by condensation of n-pentanal in a reaction m xing punp
is described. A reaction punp nodel HRO60 from Fi nk having a heated

housi and pu str of about 15 ml was used as reaction m xer. The
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pr odu béeen separated of f, the aqueous phase was introduced
into the NaOH circuit. The catalyst circulation (2.0% strength aqueous

Na t : . . t L ngs
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aqueoystidPidaseh fd tol3080in phRult 26 id Sub. materi al contai ned 98.82% by mass of
n-pentanal, and also 1.18% by nass of secondary conponents including 0.07%

by nmass of n-Pentanol, 0.53% by mass of 2-propyl heptenal and 0.58% by nass
of h_i A tROPrb&sss/oftHRGRIENBAIE MESaverage residence time of the liquid (organic and agueous

phases} in the reaction mixing pump is, assuming that both phases flow at the same speed, in
the range from 0.05 o 3 seconds, in particular in the range from 0.1 to 2 seconds. In the
conversion of pentanals into decenals, the average residence time is preferably from 0.1 to 1.5

seconds, in particular from 0.1 to 1 second, very particularly preferably from 0.2 to 0.5 second.

Work-up

The output from the pump is cooled and the organic phase is separated from the alkali phase.
- The phase separation is carried out in the temperature range from 20 to 130°C.

When a decenal mixture, formed from pentanals, is separated off, the phase separation is
carried out in the temperature range from 60 to 130°C, in particufar in the range from 70 to
120°C, very particularly preferably in the range from 90 to 110°C.

To separate the heavy, aqueous phase from the light, organic phase, it is possible to use
separators which make phase separation possible with sole utilization of gravity. These gravity
separators can also be provided with coalescence-promoting internals to improve the separation
performance. The use of internals accelerates the coalescence and sedimentation process. As
coalescence aids, it is possible to use, for example, plates, packing elements, mesh packings or

fiber bed precipitators. Gravity separators can be configured as essentially horizontal vessels or



Tabl e 2 bel ow shows the results of the aldolization of n-pentanal at three

reaction tenperatures of 110C, 120C and 130C, and a pressure of 5 bar. In
continuous operation after a time of 3 hours in the steady state, the
followi ng results were obtained: 14 Reaction conditions n- Pent anal

(1/h) w0§@1mg7ature (© 110 120 130 PR (I of st ar tpergremaipaniggy2bgof
cat. phase) 1:80 1:80 1:80 Product conposition
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as upright vessels.

As an alternative to gravity separators, it is possible to use separaiors operating according to the
centrifugal principle for liquid-liquid separation. The heavy phase is separated off by means of

centrifugal forces in a rotating drum.

In order to separate off the heavy, agueous phase, preference is given to using gravity
separators, preferably gravity separators configured as essentially horizontal vessels with

internals, in the process of the invention.

Part of the alkali phase which has been separated off is discharged to remove water of reaction, and
the other part is recirculated to the reactor. Part of the carboxylic acids formed as by-products (as
sodium salts) and sodium hydroxide are also separated off with the discharge stream. This stream
can be passed to a water treatment plant. However, it is also possible to work up this stream and
recirculate part of it to the process, as described, for example, in DE 198 49 922 and DE 198 40 624,

If the organic phase contains not only the aldol condensation products and small amounts of
unreacted starting material but also other by-products such as carboxylic acid salts, sodium
hydroxide and dissolved water, traces of base and part of the carboxylic acid salts can be removed
by means of a water scrub. The water exiract obtained here can be used for making up the fresh
alkali (not shown in figures 1 and 2).

The organic phase can be worked up by distillation. The starting materials separated off here

can be partly recirculated to the reaction mixing pump.
The a,B-unsaturated aldehydes produced can be used for preparing carboxylic acids (by
hydrogenation of the olefinic double bond and oxidation of the aldehyde group) or for preparing

primary alcohols {by total hydrogenation).

in the preparation of primary alcohols, the crude mixture can also optionally be hydrogenated

and the fractional distiliation can be carried out after the hydrogenation.

A further option in the present invention is to subject the reaction mixture to a flash distillation



n- Pentanal (% by mass) 5.91 5.24 4.36 n-Pentanol (% by nass) 0.10 0.10
0.11- 2- Propyl heptenal (% by mass) 89.98 91. 69 93.43 Cl10-al dols (% by mass)
2.95 1.88 0.96 Hi gh boil ers/ mscell aneous (% by mass) 1.05
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after leaving the reactor and before the phase separation. Here, the hot reaction mixture is
depressurized into a vessel.

A mixture of water and mainly starting material is obtained as distillate and this can be
completely or partly recirculated to the reactor. (Separation of the distillate and recirculation of
part of the organic distillate is not shown in figure 2). Such a process is described, for example,
in DE 199 56 410.

Process variants

The present invention is described in more detail below with the aid of figures 1 and 2.

A block diagram of an embodiment in which the process of the invention can be carried out is
shown in figure 1. The starting aidehydes as starting material (1) and the aqueous base as
catalytically active process aikali (8), comprising recycle alkali (6) and fresh alkali (7}, is drawn in
by the reaction mixing pump (RMP). The aldol condensation takes place in the reaction mixing
pump (RMP). The output (2) from the pump is separated in the separation vessel (3) into an
organic phase (4) containing the target product and an alkali phase of which part (5) is
discharged and the other part (6} is recirculated to the reaction mixing pump (RMP).

Figure 2 shows a further embodiment of the process of the invention. The process variant in
figure 2 differs from the variant in figure 1 in that the output {2) from the pump is subjected to a
flash distillation in the apparatus (9), where part of the low boilers (10), mainly unreacted starting

material, is separated off, before the phase separation in the vessel (3).

Examples

The following examples illustrate the invention without restricting its scope which is

defined by the description and the claims.
Experimental apparatus

The aldeol condensation of Cs-aldehydes according to the process of the invention was carried



1.09 1.15 n- Pent anal conversion (% 94.0 94.7 95.6 Selectivity (% -
96.3 97.4 98.3 As can be seen fromthe table, high n-pentanal conversions
of > 94% and 2-propyl heptenal selectivities of > 97% are achi eved when
using a reaction punp for the aldolization of n-pentanal under the

sel ec_twé JPashzgus7condi tions at tenperatures above 1208CHAERROO/G61238er
reaction volunme. Exanple 3 (according to the invention): Preparation of

2-propyl heptenal from n-pentanal in gq4reaction mxing punp The follow ng
exanpl e presents the preparation of 2-propyl heptenal at a pentanal
throughput of about 11/h and a phase ratio of 1:160. Conpared to exanple

2, pent anal throughput wa I reaction
condl tOUBWsa" Sf(gﬁmgerggrpi%‘grct%gef%oé'%gg%gp{%gn%%ggﬂort@%E'%P S‘)T%n%’q%%‘fklﬁﬂ{ i zati on
at thrfigarereaction tenperatures of 110C, 120C and 130C, and a pressure of 5
bar. In continuous operation after a tinme of 3 hours in the steady state,

the following results were obtai ned:
The continuous catalyst phase (recycle alkali) 6 and 7 (fresh sodium hydroxide solution} is fed

via an inlet into the reaction mixing pump model HR060 from Fink and circulated. The
Cs-aldehyde (n-pentanal) was mixed in from fine 1 via a second inlet on the reaction pump. The
liquid stream obtained downstream of the reaction pump (product and catalyst phases) was
conveyed via line 2 into a phase separation vessel 3, Here, the aqueous catalyst phase (lower
phase) was separated off and retumed via line 6 to the circuit. The organic phase (upper phase),
which contains the reaction product, can be taken off via line 4. The water of reaction formed
can be discharged continuously via line 5. To compensate for the losses of sodium hydroxide
due to discharge of the water of reaction, fresh 10% strength sodium hydroxide solution is
continuously introduced via line 7. The heat of reaction was removed via the heat exchangers
located outside the reactor (not shown in figure 1). To carry out a comparative aldol
condensation of pentanals which is not according to the invention, a stirred reactor was used as

reactor instead ofé reaction mixing pump, as described in example 1.

The tables accompanying examples 1 and 2 show the reaction conditions of the Cs-aldehyde
condensation in the upper part of the tables. In the lower part of the table for each example, the
product composition is likewise listed in % by mass from the GC analysis. In the interests of
clarity, no distinction is made between the isomers of the individual Cy-aldehydes and
Cqo-hydroxyalkanals (aldols). These values are summarized as “2-propylheptenal” and
“Cyo-aldol”. The by-products of the aldolization, e.g. trimers and tetramers which have come from
the aldol reaction (addition and condensation) of three or four Cs-aldehydes, are likewise

summarized as “high boilers/miscellaneous”.

Example 1 (Comparative example):
Preparation of 2-propylheptenal from n-pentanal in a stirred reactor

2-propylheptenal was prepared by condensation of n-pentanal in a stirred reactor in the form of
an extraction column (volume 2.1 liters) having 10 mixing chambers, which were equipped with a
4-blade stirrer mounted on a stirrer shaft. The continuous catalyst phase (2% strength sodium

hydroxide solution) was circulated by means of a circulation pump. The starting material



15 Table 3. Aldolization of n-pentanal in a reaction mxing punp Reaction
conditions n-Pentanal (Vvh) 1 1 1 Tenperature (C) 110 120 130 PRO of
starting material/lof cat. phase) 1:160 1:160 1:160 Product conposition
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n-valeraidehyde was taken from a 100 | drum (starting material reservoir) and pumped
continuously through a thin capillary into the NaOH circuit upstream of the reactor inlet. The
mixture of product phase and aqueous catalyst phase was fed to a phase separation vessel
downstréam of the reactor. In the phase separation vessel, the organic product phase was
separated from the catalyst phase at 80°C. After the product phase had been separated off, the

aqueous phase was introduced into the NaOH circuit.

The catalyst circulation (2.0% strength agueous NaOH) was 80 I/h in all experiments. The
starting material n-pentanal was fed at a throughput of 8 I/h, corresponding to a phase ratio (PR}
of organic phase to aqueous phase of 1:10, into the NaOH circuit. The starting material
contained 99.12% by mass of n-pentanal, and also 0.88% by mass of secondary components
including 0.70% by mass of high boilersfmisce[laneous. _

Table 1 below shows the results of the aidolization of n-pentanal at three temperatures 110°C,
120°C and 130°C, and a pressure of 4 bar at a stirrer speed of 2000 rpm {(unit: revolutions per
minute/rpm). In continuous operation after a time of 3 hours in the steady state, the following

results were obtained:

Table 1. Aldolization of n-pentanal in a stirred vessel

Reaction conditions

n-Pentanal (I/h) 8 8 8
Temperature (°C) 110 120 130
PR (I of starting material/l of cat. phase) |1:10 1:10 1:10
Product composition ‘
n-Pentanal (% by mass) 6.33 5.34 4.43
n-Pentanol (% by mass) 0.12 0.10 0.1
2-Propylheptenal (% by mass) 80.86 92.04 93.27
Cig-aldols (% by mass) 0.93 0.58 0.00
High boilers/miscellanecus (% by mass) | 1.76 1.93 2.20
n-Pentanal conversion (%) 936 94.6 95.5
Selectivity (%) 97.9 98.1 98.5




n- Pentanal (% by mass) 4.05 3.03 2.77 n-Pentanol (% by nass) 0.10 0.10
0.11.2-Propyl heptenal (% by nass) 89.98 91.69 95.37 Cl0-al dols (% by nass)
1.37 0.57 0.35 High boilers/mscellaneous (% by nass) 1.22 1.36 1.40
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As can be seen from the table, the n-pentanal conversion increases with increasing reaction
temperature. To achieve high n-pentanal conversions of greater than 95%, reaction

temperatures above 120°C are required under the selected reaction conditions.

Example 2 {according to the invention):

Preparation of 2-propylheptenal from n-pentanal in a reaction mixing pump.

In the following example, the preparation of 2-propylheptenal by condensation of n-pentanal in a
_ reaction mixing pump is described. A reaction pump model HR060 from Fink having a heated

housing and a pump stroke of about 15 ml was used as reaction mixer.

The continuous catalyst phase (2% strength sodium hydroxidé solution) was introduced into the
reaction mixing pump via an inlet. The starting material n-valeraldehyde was taken from a 100 |
drum (starting material reservoir) and pumped continuously via a second inlet into the mixing

.. chamber of the reaction pump. The mixture of the product phase and aqueous catalyst phase
was discharged from the reaction pump via an outlet and conve;}ed via a stainless steel line (2 m
length, 12 mm internal diameter) to a phase separation vessel. in the phase separation vessel,
the organic product phase was separated from the catalyst phase at 80°C. After the product
phase had been separated off, the aqueous phase was introduced into the NaOH circuit.

The catalyst circulation {2.0% strength aqueous NaOH) of 160 I/h was kept constant at all
experimental settings. The starting material n-pentanat was fed at a throughput of 2 I/h into the
reaction mixer, corresponding to a phase ratio (PR) of organic phase to agueous phase of 1:80.
The starting material contained 98.82% by mass of n-pentanal, and also 1.18% by mass of
secondary components including 0.07% by mass of n-Pentanol, 0.53% by mass of
2-propylheptenal and 0.58% by mass of high boilers/miscellaneous.

Table 2 below shows the results of the aldolization of h-pentanal at three reaction temperatures
of 110°C, 120°C and 130°C, and a pressure of 5 bar.
In continuous operation after a time of 3 hours in the steady state, the following results were

obtained:

Table 2. Aldolization of n-pentanal in a reaction mixing pump



n- Pent anal conversion (%9 95.9 96.9 97.2 Selectivity (%9 97.8 98.6 98.7
As can be seen fromthe table, the n-pentanal conversions could be

" “inproved conpared to exanple 2 by reducing the n-pentanal throughout. In

this way, high n-pentanal conversions of about 97% at selectivities of >
98% i@%g t reaction tenperatures of 120C an

(accmjénzgﬁbé t eT?nvention): Preparation of 2-propyl gg%’?fa% fromf384
n-pentanal in a reaction m Xxing punp,ll n the foll ow ng exanple, the

i nfl uence of increasing the NaOH circul ation at a constant pentanel

t hroughput on the conversion and selectivity of the aldolization is
described_For this purpose the catalyst citrculation.was varied in the

r ange| Feasticagongitiong1/ h at 12dC and 5 bar ahd a pentanal throughput |of 2
Vh. [LEpBedhra (7)) the steady stlate, the TollTpsmng resul tspwere obt al ned:

Tabl e tanal in a readction M xing punm Reactilon
condi 1 Tesmrerature (°C) 110 120 130
PR (1 of starting material/l of cat. 1:80 _ 1:80 1:80
phase)
Product composition
n-Pentanal (% by mass) 5.91 5.04 4.36
n-Pentanol (% by mass) 0.10 0.10 0.1
2-Pz"0pylheptenal (% by mass) 89.98 91.69 93.43
Cq-aldois (% by mass) 2.95 1.88 0.96
High boilers/miscellaneous (% by [1.05 1.09 1.15
mass)
n-Pentanal conversion (%) 94.0 94.7 95.6
Selectivity (%) - 96.3 97.4 98.3

As can be seen from the table, high n-pentanal conversions of > 94% and 2-propyiheptenal
selectivities of > 97% are achieved when using a reaction pump for the aldolization of n-pentanal
under the selected reaction conditions at temperatures above 120°C despite a lower reaction

volume.,

Example 3 (according to the invention):

Preparation of 2-propytheptenal from n-pentanal in a reaction mixing pump

The following example presents the preparation of 2-propylheptenal at a pentanal throughput of
about 1 I/h and a phase ratio of 1:160. Compared to example 2, the n-pentanai throughput was

halved under otherwise identical reaction conditions.

Table 3 reports the experimental results of the aidolization at three reaction temperatures of
110°C, 120°C and 130°C, and a pressure of 5 bar. In continuous operation after a time of 3

hours in the steady state, the following results were obtained:



n-Pentanal (1/h) 2 2 Tenperature (C) 120 120 120 NaCH circul ation (1/h)
80 160 240 PR (I of starting material/1 of cat. phase) 1:40 1:80 1:120
Product conposition '
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Table 3. Aldolization of n-pentanal in a reaction mixing pump

Reaction conditions

n-Pentanal (I/h}) 1 1 1
Temperature (°C) 110 120 130
PR (I of starting material/t of cat. 1:160 1:160 1:160
phase)

Product composition

n-Pentanal (% by mass) 4.05 3.03 277
n-Pentanol (% by mass) 010 ¢.10 0.1
2-Propylhepienal (% by mass) 89.98 81.69 . 95.37
Cyp-aldols (% by mass) 1.37 0.57 0.35
High boilers/miscelianeous (% by |1.22 1.36 1.40
mass)

n-Pentanal conversion (%) 95.9 96.9 972
Selectivity (%) 97.8 98.6 98.7

As can be seen from the table, the n-pentanal conhversions couid be improved compared fo
example 2 by reducing the n-pentanal througheut. In this way, high n-pentanal conversions of
about 97% at selectivities of > 98% were achieved at reaction temperatures of 120°C and
130°C.

Example 4 (according to the invention}):

Preparation of 2-propytheptenal from n-pentanal in a reaction mixing pump -

In the following example, the influence of increasing the NaOH circulation at a constant pentanal
throughput on the conversion and selectivity of the aldclization is described. For this purpose the
catalyst circulation was varied in the range from 80 to 240 t/h at 120°C and 5 bar and a pentanal
throughput of 2 I/h.

Table 4 shows the experimental results of the aldolization at a constant aldehyde throughput for
three of the circulation settings 80, 160 and 240 I/h. In continuous operation after a time of three



- n-Pentanal (% by mass) 6.56 5.24 5.22 n-Pent anol (/0 by mass) 0.11 0.10
0.11. 2- Propyl heptenal (% by mass) 89.39 91.69 91.94 Cl10-al dols (% by rrass)
2.65 1.88 1.61 High boilers/mscellaneous (% by mass) 1.10 1.09
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hours in the steady state, the following results were obtained:

Table 4. Aldolization of n-pentanal in a reaction mixing pump

Reaction conditions

n-Pentanal {Ifh) 2 2 2
Temperature (°C) 120 120 120
NaOH circulation {I/h) 30 160 240
PR (I of starting material/l of cat. 1:40 1:80 1:120
phase)

Product composition

n-Pentanal (% by mass) 6.56 5.24 5.22
n-Pentanol (% by mass) 0.11 0.10 0.1
2-Propylheptenal (% by mass) 89.39 91.69 91.94
Cyp-aldols (% by mass) 2.65 1.88 1.61
High boilers/miscellaneous (% by [1.10 e 11.09 ' 1.13
mass) -

n-Pentanal conversion (%) 93.4 94.7 94.7
Selectivity (%) 96.3 97.4 97.7

As can be seen from the table, increasing the circulation from 80 to 160 and 240 i/h,
corresponding to an increase in the phase ratio from 1:40 to 1:80 and 1:120, led to a significant
increase in the n-pentanal conversion from 93.4% to 97.7%.



1.13 n- Pent anal conversion (% 93.4 94.7 94.7 Selectivity (%9 96.3
- 97.4 97.7 As can be seen fromthe table, increasing the circulation from
80 to 160 and 2401/ h, corresponding to an increase in the phase ratio from
1:40 to 1:80 and 1:120, led to a significant increase in the n-pentanal

conver gj®nohi@3e8874% to 97.7% 17 Cains: 1. A proceprf/ep2pnonuing
a, p-unsaturated al dehydes, in which a catal ytic al dol condensation of

starting al dehydes in the presence of 4an aqueous base is carried out
within a reactor through which continuous flow occurs, characterized in
that the reactor is a reaction m xing punp.

Claims:

1. A process for preparing a,B-unsaturated aldehydes, in which a catalytic aldol condensation
of starting aldehydes in the presence of an aqueous base is carried out within a reactor
through whieh continuous flow ocours,
characterized in that

the reactor is a reaction mixing pump.

2. The process as claimed in claim 1, characterized in that the reaction mixing pump has the
following features: '

a) a ﬁxed';')ump housing,

b) an impeller which is mounted so as to be able to rotate in the pump housing and has a
plurality of radially extending mixing chambers which are open in the direction of the
circumference of the impeller,

¢) amixing channel which encloses the mixing chambers and extends within the pump
houéiﬁg albng the circumference of the impelier,

d) at least one iniet for reaction starting materials and an outlet for reaction products, with
inlet and outlet being connected so as to allow fluid flow by the mixing channel,

e) a motor, by means of which the impelier can be rotated.

3. The process as claimed in claim 2, characterized in that when the impelier is rotating, the
starting aldéhydes and the agueous base as reaction starting materials go through a joint
inlet or separate inlets into the mixing channel, in that the aldol condensatioen occurs within
the mixing channel and in that a, p—unsaturated aldehydes as reaction products leave the

mixing channel through the outlet.

4. The process as claimed in claim 3, characterized in that the aldol condensation occurs

exclusively within the mixing channel.

5. The process as claimed in claim 3 or 4, characterized in that the impeller rotates at a
circumferential velocity which is greater than the average flow velocity of the reactants along

the mixing channel.



2. The process as clained in claim1, characterized in that the reaction

~ mxing punp has the followi ng features: a) a fixed punp housing, b) an

i npeller which is nounted so as to be able to rotate in the punp housing
and has a plurality of radially extending m xing chanbers which are open
in theye sPavesHysef the circunference of the inpeller,pcY/EP2090/081Z3%Nnnel
whi ch encl oses the m xi ng chanbers and extends within the punp housing
along the circunference of the inpellqgr, d) at least one inlet for
reaction starting materials and an outlet for reaction products, wth
-inlet and outlet being connected so as to allow fluid flow by the m xing

channel , _.e) a notor, by nmeans of whi,ch_.the inpeller 3. The
proces&- ﬁ‘e@r%‘ieﬁ%as ?'ﬂ‘"{eldé'i’ ﬁ?&?focéﬂ'g?gg? grﬁt}%%?t rﬁe{l ﬁ’a?gt\%ﬁ%ge??%gétlﬂ}r?ggﬁeer i's
r ot at i ng,mikihg clsdrmet i ngiradidedindbs ragd folebtaiqUE0s base as reaction starting
materials go through a joint inlet or separate inlets into the m xing
channel, in that the al dol condensation occurs within the m xi ng channel
and i n 7t [Tae pageeiBasidsiatedriatoylobdiainhpde §, charaderized onthpltbel raliof preugaust he

m xi ng channel . |81y 4. clainmed in claim3,
char act e?‘?%‘g% Sltgr\l'}ﬂ{]sﬁgﬁtgg?){?ggé {&%I"ﬁ%%sn@gﬂ%g%ﬁg?@@%??%gkcI usively wthin the
m xi ng channel. 5. The process as clainmed in claim3 or 4, characterized
in thatg t ' i i-al ; EbasiddAkg Bmiesn

ar et o (T 28 e BRI i ng
channel . the @agtionmiking PEEeds fram &1 9 488$ON¥E-any of claims 3 to 5,
characterized in that the tenperature in the m xing channel is maintained
in the range from50 to 180C. 7. The process as clainmed in any of clainms 3
to 6, chaharresessasdpimadinany aeclaigsi3do & chaprierized Puibat R%‘twﬁﬁr "ng

al dehydesygohierddagnth @k&dnalss i1 n the range from 20 to 400. 8. The process as
clained in any of clains 3 to 7, characterized in that the residence tine
in the reaction mxing punp is fromO0.1 to 2 seconds. 9. The process as

cl ai meg, iThemycedt a€ iainteY id claim 8, cleiana@izee in theth Cpaldbiatdepririusaisd vingare
converted intoéﬂec na%l .10, %Wr ocess as claimed in claim?9,

char act erRERNA, QMR ohatdeasy dB %t % having an n-pentanal content
of at |east 90% by nmass is used. 11. The process as clainmed in claim 10,
characterized in that.a C5-aldehy m. X V] - -cont ent
of at 1eatﬂe Re¥B 7> ?flgggeq ' cf?érggg %ra%‘%g%&o@%sésegas@%@ie?r@g&%&"f% m 9,
char act ern-gadanah céritait of Atded s 9p%riptoass is aseche m xi ng channel is in the
range from 110C to 140C. 13. The process as clainmed in claim9,
characterized in that the ratio of aqueous base to starting al dehydes in

t he i M2tTHeprocess Ae clalmeagein iclarm24 characterived in that thp demppesatrssindhe wpdIgGTed i n:
claim?9, ol end i o k idence tinme in the reaction m xing
punp is 0&%%%%&'6?%%@%%@%&“?2&%edoggbcess as claimed in claim9,
characterized in that the punp output |eaving the reaction mxing punp via
the oufd efhe'lpzaééééglag%faﬁqe& A iR A SRrsQeRealin GRt thd ritorbaiRRisdans & r ange

from70 to : o
starting aldehydes in the inlet is in the range from 40 to. 240.

14. The process as claimed in claim 9, characterized in that the residence time in the reaction

mixing pump is 0.1 to 1.5 seconds.

15. The process as claimed in claim 9, characterized in that the pump output leaving the
reaction mixing pump via the outlet is subjected to a phase separation in the temperature

range from 70 to 120°C.



