1 Method for the production of decanecarboxylic acids The present
invention relates to the preparation of decanecarboxylic acids, in
particul ar decanecarboxylic acid m xtures having a high proportion of 5
2-propyl heptanoi ¢ aci d. Decanecarboxylq ¢ acids can be used, for exanple,
as internediate for the preparation of peresters, detergents and

| ubricants. 10 The preparation of pentanal m xtures by hydrofornylation of
a mxture of ljnear butenes is, described in.the patent texts DE 101 08
474, DEMethogforfhe pred gliopofdecanacarpoxylic agidss> ||, 51| the pat ent
texts, a rhodium catal yst having a di phosphine |igand having a xant hene
skeleton is used in at |east one hydrofornylation step. This catal yst
enabl es Thelpreseerkinvention rejates fto thy prepadation ofdroanesarhaxylic agidsoindi t i ons.
The ratio of n-pentanal, to.2-nethylbutanal is,85: 15. Doc nts DE 101 08
478 and PRECHAT GRFARPRathadli§2EE BydEs LEuna R RRPLROBRETRAT of or nyl aii on is
carri ed 0pfopythdpidhdié agRs. | n the first hydrofornylation stage, 1-butene
is converted’in a selectivity of 95% into n-pentanal using a catalyst
conpri sing rhodiumand a nonophosphi ne as |igand. The unreacted butenes,

20 mai nly. 2-but . e.r ed. |. ng_k I | af L on st-age
using t ec&‘b‘&%%ﬁ&"%ﬁé@ﬂ%@ﬁ%ﬁ?#J%'E%’é%ﬁﬁ%egs%itghﬁéﬁl?gw@qﬁ 1 08 4%6 and
DE 102, Pep@dtiohaf perddigisedetergentoyaicalibficatitet i on processes. As use for

t he n-pentanal/ 2- net hyl butanal m xture, all four patent texts claim inter
alia, the preparation of a m xture of isoneric decanecarboxylic acids. A
synt het i«g_r , C je S d 1 o i £ 1 yp~akdol
conderis o R a ubdlies B JaTraLERon b attbdurBE indatl oy e
hydr oge mitérnss igfddsefibee retrad patent texts DE O 08 47deDEN01 084761 e and
oxidation of ‘the latter_to ure of isoneric ‘decan%igr boxylic

ccids. 0 Aok 446 i 903%;%2.&&-% Siihg sPortfrlhes oo ldbmbod ron:
e ans ot ' . .
are e%}r{gg% gg)f}olgbpkre% Eyﬁn‘a Waﬁrﬁ%‘%g%{l{%t %I&yelI%BH il ub&d ﬁ‘?‘é%l'e?ﬁlt Gt Dby a

met hod ana eparati exanol ¢ acl rom
but yr al detdysfermyiiation stap. Jduis catalyst enablesiblitenes do badwdraferraylated

o isgdres ocenusd Eondlons i rah ShPeBRA b BBl AL ! 120 @
descri b%ddﬁq@ﬂe g@pb%&@ﬁm%ﬁ byt beEplistined prdbedsas (0 dhith fHe

2- et hyl hexanal . urther reaction conditions are nentioned. There are |
al so no hydfafoanylation ds carsiediautintwe efagiiseirstbeditat hysirefosmytation sthg@anns 5
Encycl opadi e der Techni schen ne..4ih .edition 1975,. vol u 9, page 144.
e o | (-pUBDEd? eAfVelted 12 SalRgtublat FuRie o8Nl Coindi SRBURY) hexanoi <
aci d canohshridiRPAHRuMYarké Afridphosphideaid iddnex Thalurtescttld Hutanis,t | ons of

al kali nmetal salts of 2-ethylhexanoic acid Increase the yields. Literature
r ef er endeainkr 2-bufenes. ate reagted i thersependdwdodarsylation stage usied th@at ¢ he

condensatj on nixtur cenal . ' t i-on

condi t i SPOVEE]S 'bﬁﬁ,g ré‘g&Hﬁﬂﬁgégﬁﬁhéﬁé'g?gﬁgrﬁ%gaﬁgpl'lyd%te%f%gggnal's in the
presencpei RS 280 diirBG&MgeRitage hpdreforiyiation frobbysds Alsoligs fdetheol s.
Descriptions of the catalyst and an indication of read ion conditions and

t he way ropertanali2-maetbibutanal nixlre il fgue ppiank teds claim, inter alia, the

preparation of a mixture of isomeric decénecarboxylic acids. A synthetic route

25 comprising the following steps is outlined: aldo! condensation of the_.-pentan‘al
~ mixture to form a decenal mixture, selective hydrogenation of the 'décenél mixture
io form a decanal mixture and oxidation of the latter to give a mixture of isomeric
decanecarboxylic acids. Neither the ability to carry out this synthesis nor an
embodiment are demonstrated. It is merely stated that it could be carried out by a
3o method analogous to the preparation-of 2-ethylhexanoic acid from butyraldehyde,

with, in particular, the following two literature references being cited. The first



15 Thus, no process for preparing decanecarboxylic acids has been ,
di scl osed sufficiently conpletely for it to be able to be perforned by a
person skilled in the art w thout car%i ng out conplicated experinments. It
was an object of the present inventioncto devel op a process which provides
20 decanals in a few steps from a hydrocarbon m xture containing |inear
C4- ol ef i ieferance &d0limaanal EncyichpaetiEnel WdustriahChemistely, Sthl Baitione doturak
oxygen-cont ai ni ng gases in high yields to the carrespondi ng
decanecafbdk 330 Figte db '%‘Q@%‘diéﬁ' Pﬂ%lse§t€€!'!¥teah%?‘Q}Py’g?é%‘i‘alicﬁf‘r% additives
being u L BV, i C i } ; reparing
i t ur el 6 24aRineRaRl; R Aed ebicfth CBRaRoRs BReRiBhed:

f ol | owi nthereee alsp ndyefeodraesito dhé bieratiura. Thalseamdh@fensnze is Ulimaninsi ni ng

conaensdenopiapdie s Feehinghen ¢ Rte. dtossltac Rk YolustaBat0e F L1 op o)

c) Sl SabiEHNABENAIANR 0¥ JhBIbAhYTh G ASRLIGAAANGLA) dahpses

from 3 step to aliphatic ydes; uncat al ysed oxi dation of
t he m xtprepargd by oxidation oC26thyliexsrvd eandribat additions of alkgli wetal swttetafr e

havi n oportion of at |east 70% ss of 2-propyl hept anoi c acid,
based-orp IS MHEAIBItBrid diredse neovieicRe LB EHE e HBRHY erediietse 5 The
process [gkih§SIni DE e 684785t [s"ftafedl thavinedcafienebAge mixtlRe (doeefial)i @, | S
very sel ective even at very hi git%i?converm ons, so that only snall ‘| osses of

mat er i@l depending oa the tiaaipp cooditipns selacteduimbydrogengtegraitner pertighydh have

to be di gposed. .are obtai hed i A iy _ _ ts are
incurre qDCOQ‘P_aESHE" tﬁﬁ?&?%%,% ?f&%u%éﬁ'g@%gﬁ%ﬁ%hé%%?4@?#2)?&&'&(}85@?& yst .or

pr oduct sdetenbke HdseapRdnior e ddlyst srpaalindiéatidresireatiion benditiessahd o
invention, the decanal m xture which has been prepared fromlinear butenes
in a thribevetyseiecaping eyl teaivacionaes @skingased on the decanal s present, 15
at | east 80% by nmass of 2-propyl heptanal is oxidized to the correspondi ng
decanecar boxylic acids. According to the invention, the oxidation is

carri ed Thus, nei proeesavdr iprapishirig decariecarimibyit yeids hislisedrydisclosadsi ti on

nmetal conpound, nor with addition of a stabilizer, for exapple an alkali

- metal saufficently eampletely for hicke ablests e perfamped by aperson skiled inthe - '

oxi dant , 5 i F'g?up élqé ?ugeoh‘lﬁﬁ?éiééf%ﬁﬁeriﬁ'{én@ ot her oxygen-contai ning gas

m xtures. eren grve 0 usi hg oxygen or oxygen/nitrogen m xtures
contai ning nore than 10% by vol une of oxygen in the process of the

inventiogn. 25 The oxidation is carried opt in the tenperature . range from
10" to. BOEaS A ARRRRIHER rserld e 8 B EIdPA PR GRBTIEN Pds ver y
parti il fdanaly il LlPbiepsTrdr @ RyHGABbH RiRE $@ntdiffydmeaPCAxtefins

and additionally iscbutene which are oxidized by means of oxygen-containing

gasesin _high yields to the corresponding decanecarboxylic acids without either a

catalyst or stabilizing additives being used.

25 The invention accordingly provides a process for preparing a mixture of isomeric

decanecarboxylic acids, which comprises the following steps:

a) hydroformylation of a hydrocarbon mixture containing linear C4-olefins using a
rhodium-containing catalyst system;
30 b) aldol condensation of a mixture of aliphatic C5-aldehydes obtained from step
‘a);

c) selective hydrogehétion of the mixture of unsaturated C’IO-aldehyd.es from



The absolute reaction pressure, neasured in the gas phase at the top of
the 30 reactor, is fromO.1 to 1 MPa, in particular fromO0.1 to 0.5 Mra.
4 and/ or the decanecarboxylic acid m xture formed therefromis present as
a continuous |iquid phase into which the oxidizing gas or gas m xture is
passed. The major part of the gas mxture is present as disperse phase. 5

As react or sstep b) i alsisstidC e04aidalneesi i rred vessel s or bubbl e col um
reactors into which gas i.s introduced in the vicinity of the bottom by

means ofd)a Watalysqd prdation ofiha meturesf aliphaic &w-zﬂldéhmeﬁs@m sep cjo avoi d

the f t i . : . ) T ae °
10°spacabiya Hixite HERREs Kodlribi bEat Kbl A0y tast o OMIERPREBlhdiCe 9°°
cont ent ariddasgeron the total ganteniac isddrgdsdanboasbagtic exieed 6% by vol ume.

The oxi dation can be carried out continuously or batchw se in one or nore
reactot (s). Wien a plurality of reactors is used, these can be connected

i 0 seri epndlBrRdl OF tdliniahbh Rhs thadiohs au f tid Qlry @
conver si on @? t he ar (f]ewyges of' fe'roe?ncg% togfgﬁ%frﬁ?gg%gpgioéﬁrbﬁfégﬁqw% to
95% i s sstedive.eved atrvery highhcmuwersipes,atd that oalycmalelosses obmatdvgalal dehydes
of from50 to, 95%,, i articular from70-to 90% is sought. After the

oxi dat i QQECU{-%G(}%%'E‘{J&OEHF){WH#@ . ?é‘é‘é‘p@@%ﬁﬁ%\’f’b ' to b digeoradi ng a
propor t i g8 dbtaiRed’ SPEERPEABRSEiIsAH Ab cdbtd 5@@:&@%& tHB Tatalidly fgcted 25
C o-al dehydes, by-products and possibly materials Ich were originally
present Saparatingielt theaused eatalysher produsts defivatkthenefcemm gt dispasalddf in this
n‘ixturet'b%mj'n the range from50 to 98% by nmass, in particular in the range
from80 1T0°93% by mass. . This mxture is preferably fractionated by
‘dirstillation. The fractional distillation can:30 be carried out at -~

at nospheric pressure or under reduced pressure.” The fractional :
di sti | | dbitles presept srvendionythesdegasal miiutmwbichrhatulbeeh prepased om naare

oxi dat i ] rew rated. in t ol l,owi nq four
rncei onudied i FilrBpiad smks S Y Gliilinghesed §a it 4P¥ s bident; on
pr oduct satfieast8do bytrhasouf 2prosyhéptanal islostizstetd thaddorispepdigi Si ng mai nly
decanal s, 5¢) a product fraction containing:virtual I_%/ only decanecarboxylic
aci ds: d)desaReeabesYicacids Aesringtadhe inkantigRathedpddatioraisicaried opt ef er abl y.
carried r%w] / ié&!ﬁ){ S| 'clg% ) ( L€ ‘ ' ected in °
‘series. eef%vhbm (@4 sgfaér)ga%'r a eggt)éf%ééi‘%nérphg{ e?élrcg)trﬁ%m%&m -
addition of a stabitizer, for example an alkali metal salt or alkaline earth metal salt
of a carboxyiic acid.
20 .
As oxidant, it is possible to use oxygen, air or other oxygen-containing gas
mixtures. Preference is giyen to using oxygen or oxygen/nitrogen mixtures

containing more than 10% by volume of oxygen in the process of the invention.
25 The oxidation is carried out in the temperature range from 10 to 80°C, in particular
_ in the temperature range from 20 to 50°C, very particularly preferably in the

temperature range from 25 to 35°C.

The absolute reaction pressure, measured in the gas phase at the top of the
30 reactor, is from 0.1 fo 1 MPa, in particular from 0.1 fo 0.5 MPa.

The oxidation is carried out in the mixed liquid/gas phase. The decanal mixture



| o colum, the al dehydes are separated off in the second col um and t he
decane_ carboxylic acids are separated off in the third colum, in each
case as overhead product. The high boilers are obtained as bottom product
fromthe third colum. The | ow boil ers#and high boilers which have been
separated off can be utilized 15 thermally or be used as starting nmateri al
for a syamdiesthe decmnetaritoxyli¢ atidenbiigh foonéethdrefrom isipresanitaiss a | arge
proportion of decanecarboxy|ic, esters,. jt can optionally he worked up to
bt GSAUEHS o THasg i which the Siciiad Jas OF casTnbiredp aRaTed B4 can
be reci rgd|RiRe offthé gasthixiurdliy pRisdhfbkdis h oxi dation stage. The
decanecar bJoxyI I c acl g? obt ali nedpcan be usg?,?s%gré%;arrpl e, for the
preparation of peresters, desiccants, detergents, plasticizers or

| ubrican;s. 25 Starting.naterials. for the proc of , the inyention are
hydr ocar o FEARSEu LS PRRYER RS SSRGS BIS O AL R FalLEED EARSDGHBE and no
acet yl enghigRRRUS iHrRie8IA R YictHity! (TR bBREMObY Fidindldtl diss Gik&TdmpH ene,
trans-2-butene and 1-butene. In addition, up to 5% by mass, 1n particular
up to ludejcerdesexaraple piitirawzalel y preferably up to 0.2% by nmass, of

i sobutene, in each case based on the C4-olefin 30 fraction, can be present
inthe starting materials. 6 fromrefineries, Ci-fractions fromFC

cr acker sT@avéidrthe foreiztiinesSan Bkpibyive mikiRe) Mitrog8k is ihtPREeEd FHH thEe 3RS

m xtures from dehydrogenation of butanes, m xtures forned by netathesis or
m xt utessaceralavedneisifase af dne fiawd &3 seeh ap arpurdthatihe comtentof @xygen

obt ai ned" 17000 KBoEA (i) HokS it Bbed B BUORERTe. {17 C1SC. Dt adi ene

is renoved in a first step. This is effected either by extraction or
extractiye distillation of the butadi ene or sSelective hydrogenation of the
latter. 1he g¥datiensar beLagried out continuosslyedhFichwisedn pngarirere vi z.

raf fi nat i i I | 5 ed from
o ko) B Ay of o 65080, 6080 o NS GRET BIEC
r eact iorand/ohinrpetradelol or preparation of ethyl tert-butyl ether by

"~ reaction with ethanol. O her possibilities are reaction of the isobutene
in the raffinate | with water to formtert-butanol or acid-catalysed

ol i gorrerj j i ‘ ' ook | Rvdad\6r G '

i sobut'er!gfflééetgﬂ\g%fel@a??gzﬁ&%‘;ﬁ%’ ?ﬂ@%ﬁ'%?ﬁ Il ,Iﬂgﬁ}rﬁ al ns, assgdté)si red,
t he | i ne28%bimt particulanttopo8s idP§%yis smeght. Optional |y, the 1-butene can al so
be separated off by distillation. Both fractions, those containing
1- butene or those containing 2-butene, can be used in the process of the
i nventg qA.coAfinfolidlbpERitioR 08 ToRVErsisH ottheRIIGA IR D drorH i50aB g o tiar ti ng
material is to hydroisonerize raffinate |, raffinate Il or a hydrocarbon
m xt ur e paticwgr Bomi 1 1aP0%oipesighiton in a reactive colum. Here, it is
possible to obtain, inter alia, a mxture conprising 2-butenes, small
proportions of 1-butene and possibly n-butane and al so i sobutane and

I sobut engrterdhe dxidétibhethe Reltioh whikiee tomprtes Beearssarbbxyliteadidy BBYINGN 1 S
the C4 mxture renmaining after the oligonerization of a m xture of [inear

ol ef i ns g Prosiamel Eprepyhepiascic agd of at leraki@%| by masehieactssbri ses -

butang, P0os48hadsS B ErERGets Zrd ity Ale TSR WniATRISE riginaly BrESG in 30
the decanal used. The content of decénecarboxylic acids in this mixture is in the
range from 50 to 98% by mass, in particular in the range from 80 to -93% by mass.

This mixture is preferably fractionated by distillation. The fractional distillation can
30 be carried out at atrnosph'eric pressure or under reduced pressure. The fractional

distillation is preferably carried out under reduced pressure.



The first step of the process of the invention is the hydrofornylation. To
obtain a proportion of 2-propyl heptanoic acid of over 80%in the end
product, it is necessary for n-pentanal to be forned in a selectivity of
greater than 85%in the 5 hydrofornyl aion of |inear butenes. If only
1-butene is to be reacted, the hydrofornylation can, for exanple, be

ef f ect edive bkidatien aiixiucd isspreferablystepayatedrintoahpfolkiwigg fixdiractionsd a -
nonophosphi pe, , for ex le triphenyl phosphine. If 2-butepes are also to be
feacted,  t Ab hiR Bel TACIEN oSS enbaly deqragafor Rerducts Bireding
conditions. TReSxiEeAps that a catalyst which is, under the reaction 10
conditions, able both to shift the double bonds in all Iinear butenes,

i .e. isonmeb)zn akdehydafractivn comprisingr mbimywieearmis hemterminally i s used.
Use is nade, of ca am/sts whi ch. convert |inear butenlif hfa\vi nﬁ any ratios of
t he i sbner g)iEhPE?c{y& ragign coteiniag, viiualy ooty draanecrthioXyiofCSpent anal to
the sum of 433 high-tRjilgeryefen. of greater than 85% As catalyst for this
purpose, it is possible to use, for exanple, thefl 15 bi sphosphines
described in the patent texts DE 101 08474, DE 101 08476, DE 101 08 476

T gands. i Taca FRATA EXRIALY ivedOyPein Bl SRR SRR oot
for thi SnpkeeaumAS chhfesteaandefieacthe®bveb6ilerefard BEpAr-HsEoF ivthd Afst

invention is the aldol condensation of the 05-al dehydes to form decenals.
The reacdalgnnptherldehystes are senasatesiaffin themsecrsd solugin epd tberdeaanagf t he

unr eact . ONS, ok 1 - I and
el | angioE SRS sdbat Sl BIpln RS S, 1R kroficBh o8 SAARERY Foca
- m xtur e produet Theirsgibbbkare ar8-obedingd asVottoui Fﬂﬁud frofm $ieahird icolure.
reaction mxture fromthe first stage. The al dehyde fraction contains at
| east 85% by mass of n-pentanal, |ess than 15% by mass of 2-nmethyl butanal
and | es 9 5 i fl an 1% by
s, -varhe ol By ool bole Rk M@ tRlen sobbEl it be ftfzdd -
3- net hy Ithatraalhy or Fe psed as stdrtingpnatedal fog arsyptindsisighs plarh. ICthehigahtyslier
m xt ure%@g% fromm xtLir-es rich in |]J ear (4-ol eﬁi ns is.described in DE
102008 dERFH8R contgips g igrae; propprion drGanegaIEVIG esters, iean priipnallvihn
al dol i zgfd ) yinl A, : Al , for exanple, by neans of a
di stilI?Edi"ggdgfep%gtaelgedeic%ggfﬁgmg%%?gggtion. In 8 the distillation,
n-val eral dehyde and 2-net hyl butanal are separated according to the desired
conposi t.on,, | ropriate h istillation cap he carrjed out, to give a
char per T aidkhvd FeBfin, SeFaraidf eff e Biblefithp 6 SRLRHEH Saudt: 1 on
of ong ahelRRiGiBARGARNtS. 5 As catalyst, it is possible to use hydroxides,
hydr ogencar bonat es, carbonates, carboxylates or m xtures thereof in the
formof alkali netal or alkaline earth netal conpounds thereof or tertiary

am nes, - ch e (o) ol,utians, Preference, i Lven to in
alkal 1 i FecRheediiono 34 el B, can b Hpedi T CXAIBIe, fordhcous cat al yst
sol uti ongepdition @f perddiels, desitahidc deRFGEntSApRENGFeisbtIbBrigsHtgous cat al yst

solution is generally in the range from0.1 to 10% by nmass, in particular
from0.1 to 3% by mass. Since water is fornmed in the reaction, the

noher (SRaly Mo 8 e Bdcels Grihliiveinb 1 BybEtaneh bitfouhgh ' ©
react i orhaveq muitiphaansstaratdd repnmiparidsend rd aotigleheastnpatindyahd ¢ aci ds
are forned fromthe starti n% naterial and to a | esser -extent fromthe

product CRRAIREE inast ape of ihe Rlefingicis-¢utens.dransy2-byteneornd drbutaeerInsal t s.

Di schar @i Ak feo l; i (o [ i 0 an

cqui val SoPRRER 50k 57 FESE MBI IER TR RRSSU At T, 1

car boxy|prefeaably upabtG2%nby hexssqobsobutameainysachkscdsd based on lblee Kaadlefim t he
range fromb5 to 40% b §s, The proportign of aqueous catal yst solution
base&ooﬁrqqq@no?%ﬁ?@é?%ﬁt"?#be ﬁ‘ﬁ"&@rég Bﬁer\éﬁ/ within wide limts. If a tube
reactor is used in the process of the invention, 25 mass ratios of organic
phase to catal yst phase of at |least 1:2, preferably greater than 1:10, are
possi bl dndustriaiaidyessostainng lineaa Shtdleling are light petrobefuns spirit érhctionsel s.

In specific enbodi nents of the present invention, the concentration of the
catal yst 30 solution is controlled by discharge or recircul ati on neasures.



above the boiling point of the aqueous catal yst solution in the range from
80C to 180C, in particular from 120 to 150C. Wen a stirred vessel is

used, this corresponds to the tenperature of the reaction mxture. In a

fl ow tube or tube reactor operated adi@fbatically, this tenperature is
reached only at the end of the 5 reactor. The pressure in the reaction
appar at ufsoinsrefineresyi GefiadiionsHeom & oragkees sustesamfcradiers,anixurestfornn t he

ecor di neper FDRRRD SN TiBRoPa TR U ERT it tnelon of bhBes, TGraD 2. 0
VP, parforgietial) deRitRéas ahihkrosT 2ot iR prlifspeact i on appar at us

for the al dol condensation can be at | east one stirred vessel or a cascade
of stirred vessels or at | east one tube reactor or a flow tube. In each

type of geactor. intensive mxing of the two phases .c be ensur by
s 15" o SXethpie; R s Tuesr Beictiaswhichére BURRSR G BeouabeSe o e

i nvent i Oipvehiith 846k dbRAIHE Fnh Bk Of, flabfofaf alieindesclles. IrtRfseiadd Y
carried out in a tube reactor containing static mxers, as described, for

exanpl e, bytaderels romoved i1 8 Justestepoltinds slecterd @ithet ky exsactiondmng t he

bhase. | TR ERE R REIGA B 1B BRlhe' R b USRS AR pea 10
DE 199 Stothlasedba Viriallg detddienedfreblT £irh€H, VY. FafinaRACIsddbtamed. In the
depressurized into a short-path distillation apparatus, -preferably to

at mos phe?9e@ngrderJpebutenein eerpaved fpmihgrCpsireamged: Symirapanstion afal s,
o N > i Ly Vo)
50 The: Snef B IAPREAR oltfrEITRER P HiagkBh Suith WX B Ui Bheyabior & vt 156 o

a di sti ltedtbutyl étherby adadtion vith stherha@thied possibiiities brd pidctionioitliet hin film
evaporat.or. or .a disti lf%‘pat'i on in a con‘gi ned falling filmthin film - -
evapor ati8PPUuteRe in the raftinate; | with walerde demn frtroytar @apr geidptalyeethr ef err ed
vari ant it ' teol : , € t-path
st 11 ap oy’ he BoPuTRAR ol dibBishl e R E¥eh e B and
chem calfradtioss vizd caffinatet |h contains yat desiced, $he hreaf mrtengs ahdpabsiphcarri ed

-out ith. id ti t “1h | t ~abl
e W S T
shor t - patdetding! {Hdsaldopaining ﬂﬁhférﬁﬁﬁho&@%of\iaﬁhg ‘r?'—;ﬁtﬁ]tgh%,aéérpﬂe used in

preferably carried out adi abatically, resulting enperature of the
bot t om gheduetedscodfiiyeliovantionhan t hat of the feed. The reaction product is
separated largely into an overhead product conprising 10 water and

C5- al dehydes and a bottom product conprising al dol condensation products,

mai nl y, g8 egiidrpossitie W%eﬁéﬁrg #SSuitaBRSStaRing! gt APlst toRRidfoisomerize

distillation. The overhead product may contain, in addition to the
abovener@fftngate | rafitnate |l of a1 Bydiacatboarnidyrerhaving ensiraifaratompnsition jrow

boil ers d I s, of 3-uynsat urated. al dehydes

( decenalré%ﬁﬁg&gfgﬁ'{?%lrﬁ% %’r %%u%‘?é%f/" t@@@f’n‘,"?‘?rﬁdai"E‘f‘@ﬁgt%“mﬂ?"hq xture of
~ decenal -bltknest aali ipropersions bf 9hmiteno afd sk nbwshE bAd alcoduct s from
the Canni zzaro reaction of the starting materials and small anounts of

starti ngsqagutgpe ang isobutene.-

25
A further feed mixture for the process of the invention is the C4 mixture remaining
after the oligomerization of a mixture of linear olefins (for example réfﬁnaté il o'r
raffinate Iil), which comprises butane, possibly isobutene, 2:-butenes and small
amounts of 1-butene.

30 | o .
Preference is given fo using hydrocarbon mixtures having, preféllébiy; at I"eaSt-1_5__°/§ o
by mass of linear butenes. o



20 The preferably uncool ed bottom product fromthe short-path distillation
can be separated in a settling vessel into an organi c phase (product
phase) and an aqueous phase, i.e. the aqueous catalyst phase. 25 The
organi ¢ product phase is washed with wdter to renpve traces of catal yst,
preferably using the aqueous phase of the overhead product of the
short-path distillation, and renmoved fromthe process Thi s crude product

can be retIy use furt her thet erreatlo age, nanely. the
el oot Ve 61ProRstS Bk ertioghis sF MmN, TGRSR ¢ i on
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| at ed d A snal t of th
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over head product of the short- path distillation is condens
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reactor; a part is disch ar?I i f appropriate. Part of the aqueous | ower
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wat er ofwhieacbnoert litkgebiienss lb&tvlrtg.m'liy matice it Rlomers itbigengarims evifral , are
-still present in solution in the aqueous phase. The 20 wastewater can be:
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stripping or azeotropi c organic's s’t ances. In the
conders diisphosphinespdedcribal, xnﬂaqapateﬂt lt@as@fﬂhm 98f4M4rBE 481 pBi4WE,y al dol 25
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fol | owi ng unsat urat ed al dehydes can be for er pr| mary a
condens &t usedfosdiistpirp@se.sopr opyl - 5- net hyl hex- 2- enal ,

i sopropyl - 4- et hyl hex-2-enal, 30 2-propyl-5-nethyl hex- 2-enal and
2-isopropyl hept-2-enal. According to the invention, the proportion of

2- pr opy IMePéechriRYRlachas 8tbprss ﬂ]B‘?)réé@Bs%f k! m\?@ﬁ@ﬁ% $he éld@ﬂ’@én@&@éﬁén”ﬁs S.

12 The crude al dol condensati on product, In addition to the decenal s
cont ai n®f ke Rsyaldelyesas talfaen d@@ﬁﬂahsihesea@tm M@dpoira)ff’thedlrstf&bag@xanpl e by

o Ko BRE e S B ind LGS HikiolSaRR! n'Peitaiage are preferanly

(valeraldehyde), 2-methylbutanal and small amounts of n-pentanol and
2-h1ethylbutanol. If the hydrocarbon feed mixture contains isobutene, 3-methyl-

25 butanal is present in the reaction mixture from the first stage. The aidehyde
fraction contains at least 85% by mass of n-pentanal, less than 15% by mass of
2-methylbutanal and less than 5% by mass of 3-methylbutanal, in particular less
than 1% by mass, very particularly preferably less than 0.2% by mass, of
3-methylbutanal. A process for preparing n-pentanal-rich C5-aldehyde mixtures

30 - from mixtures rich in linear C4-olefins is described in DE 102008 002187.3. Ifa

) particulér isomer composi'tioh is desired in the aldolization product, i-tcen' be

-obtained, for example, by means of a distillation step preceding the aldolization. in



5 the sel ective hydrogenation. The selective hydrogenation, in which only
the ol efinic double bond in decanal is hydrogenated, is carried out using
catal ysts which can contain palladium platinum rhodium and/or nickel as
hydr ogenati on-active conponent. The megBals can be used in pure form as
conpounds wi th oxygen or as alloys. Preferred catal ysts are those in which
the hydrﬁﬁ&ﬂ@ﬂilla@iﬁn,aﬁl\)a@al@@lie%ﬂ,?ﬁ%ﬂnﬂﬂﬂﬂahﬁfjarteos&)f%. écorcﬁ’Hgtt@b' €
support materials are al um nium oxi de, nmagnesi um oxi de, silicon ©xide,

ti t ani unihgi degingd compositien Ibapprepriatee thdistitaticn o be tavrEdoutdardioma Anong
t hese ca +particularly.preferred catalysts are palladium qn

act vat et SR teceribedidh fed hehifith pie hsateRfrepRdion.d oo

cat al yst of thergompdriegit®al | adi um and a support, the palladiumcontent is
fromO0.1 to 5% by mass, preferably fromO0.2 to 1% by mass. Particul ar
prefer&nce is given to using a catalyst conprising alum nium oxide, 20

pr ef er abj | L4 ni i.de, I a.Pd content .of fromQ.3 to 0.7%
Dy rmse. A4 gL BpSRsHb B st R L oo RS Hsr BPRAlBS: ances.
for exangarborylktlsi ormab@ires ANPROE I heForh ol SiIIGAGHhEE 6PBRAHAE Baith metal
concentrations of up to 3% by mass. The hydrogenation can be carried out
cont i nuctNROYRdeeeRii dedindy amines. i fach caps agaguenyssobitionse | i qui d
phase. - d i LU i I i . gas- phase
b ocess isieteneats Bvehita s afidh el RaRSE SLEh R oM Fubltidl 5

ci r cukat aqueedusraatalysl sotellored. gas. For the continuous |iquid-phase

hydr ogenation, it is possible to choose a variety of process variants. It
can be carried out adiabatically or virtually isothermally, i.e. with a

- tenper at oY ; i DI, ] s. In the:
ot or cang CONERATBIRY the Lack aliet i the dgoBle Al SBILRIET . 1,

i sot her ngenerally indhe range lireno fet it t0Podsli mbas, ingdrijcidmdiromned. Ot 8es byan be
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out the 'BEPECPNGR WAl SJemmed ghthereaciondhe corsentsation eHhesatalysl at i on of
produey . soliforinhegesd td fie feackd'is hithe? #har ﬁ%cdﬂtgﬁ’trﬁomr{hé*ﬂ@a&bﬁeq i

| i qui d/ gas phase or in the Iiquid phase in three-phase reactors, with the -
hydr ogerOwligg thefeannigiarpaeaeiibn aceurregassekondaryreacten,ialcahuds bndui d to -

be hydro d.. tn the interests of, a.5 uniformdjstrjbution of_Iiquid,
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| oadi ngs_of from 15 to 300 n8, in particular from25 to 150 n8, per n2 of
cross sdeispiarobio pad oftha gaiabst selutign andueplacing hwithcareequivalienpanwess f or

prepar| | ml.e.. LT qul d-phase.hydrogenation in two or

P o i U SEEACHIRAIP et Fote: He ESAOBNEatioh o e pRIRSE ¢ SEHHTSIh 48 ahlletis °h
descri beghtalpst$IGtidiBto B8 kepVihetherahg@ tlorns ¢e4aby By nadsor exanpl e 0. 5% by

mass on al um ni um oxi de, are used, the selective hydrogenation of

2-propyl heptenal to 2-propyl heptanal is 15 preferably carried out at

1606 aniEPropRridiFef &R el sdifigy Béscd Bp e bldAtE ST Eee 5 e,

can vary within wide fimits. If a tube reactor is used in the process of the invention,

- 25 mass ratios of organic phase to catalyst phase of at least 1:2, preferably greater
than 1:10, are possible. An analogous situation applies to the use of stirred
vessels. '

~-In specific embodiments of the present invention, the concentrat/ion of the catalyst

- 30, solution is controlled by discharge or recirculation measures.

The temperature of the reaction mixture at the reactor oﬁtlet is advantageoﬁsly



The hydrogenation product conprises decenals together with small anounts
of 20 decanols forned by overhydrogenation, snmall anounts of C5-al dehydes
and C5-al cohols and high boilers, nmainly higher al dol condensation
products and hydrogenation products th&reof. The content of

2- propyl hept anal based on the decanal fraction is over 85% by mass. 25

Hi gh boidtsnve thedioiiing gothisd thera;ue@us b@taﬁﬁﬂ@b&ﬁ@ﬂ infthe famga from 80° ¢l
hydrogenatl on_product m xture before the next reaction sﬁ@i) viz, the

oxi dat i ofP0°k. ibPRUigHIaEjrom 420 tp 460 TR WheprasiéTebrgswtis beer, thise oxi dati on
of the dag F’é&?'ogﬁk’fé tHefte! ﬁ-n‘g)ér%fdﬁfbtot?ﬂw&%afcﬁﬁﬂ‘?@ ? Iﬁ'é(flb'\mul% ot ric 30
s”can in pr ed ou

carboxylic a I'NCl pl'e be carri a manner known per se.
As oxi daetctaropesatpd sdlidiiatichily, dkie tevrm@wturalsrreech@d baly atihigendasfrithai ni ng
gas m xtures. The oxidation can be carried out uncatal ysed or catal ysed.
In the® I'&BEN- case, 14 transition netal conpounds, in particular cobalt
and manganese conpounds, are used as catal yst. The oxidation can be
carried out at atnospheric pressure aor superatnospheric pressure.

Accor di nthe pretslsarqoindbeseactiort amammsidmtermihed byitdevapoui presamrésemf out

i t hout t t hout,, f b | ddi t
rol Moui A58 eDmnedts n heleatuon uAfie, P8 mre ot firancieldRs, The Sial
2- propy| hpifeR8ation §éc§5r€ﬂn@§toffﬁé%\}éﬁtloh% pFéf@raQledS@be rstﬁ%hp@h o A

m xture having a high prdportion of n-pentanal prepared froma
m xt ure 20 MIPa,emrtlcldadyerazfmablynfmehﬂa’&ri@I0 b MRal er aI dehyde) and further
al i phatic C5-al dehydes al so forned were subsequently converted by al dol
condensation into the a, 3-unsaturated Cl10-al dehydes having a proportion of

at |eaStTr@Péé@Mog%?afétugfdﬁtﬁé)dldtﬂI%bﬂﬂ@hsathﬁﬁ@ﬂ‘n Bé at st ehalstipegunt  of

al dol condensati 5 products. 2-Propyl heptenal was subsequently
conver t &¢SBat @ @ paseasis ofslirmdoaselopaidegstans wbel repgtos er adtavw tiibe. In

ol Gorpst o o Pt BB o ardFE e et SRR e LiBEBURAens
descr ibesf stifridgdd¥ic@dOBsalié hixed. Which serves as basis. Al dolization: In

a ‘continuous experinmental plant conpri si ng a tube reactor (20 nm dianeter,
25 4000 mm length) filled with static nixing el ements from Sul zer,

Vel e ahdRDLAS AR SAONREHA! B GIda AL B 0P B HhyaughpUt of

81/h in resence o eous st re sodi um'h sol uti on
as cat alprsfergblproanigtpatt infa bd lbh);tcmtcohﬁﬁﬁngmht&: Bidrs,. asﬁtﬂésﬁfndeelahmg t he

reactor, the aqu S . C se was separated fromthe al dehyde phase
inabs Ie"é’é'ﬂi%l?a’ﬂe[g'% 1\9@2%@ 8(3{5%86: and 30 conveyed back into the reactor by
means,pf a circulation punp. The organi c phase separated off was collected

in a 100 | stainless steel vessel.
The reaction mixture leaving the reactor is separated into the catalyst phase and

the organic product phase. The reaction and work-up are preferably carried out as
described in DE 199 56 410.

25 1he reaction mixture leaving the reactor is depressurized into a short-path
distillation apparatus, preferably to atmospheric pressure. In the case of high-
boiling starting materials, 'depressurization can be carried out into a low vacuum
(0.01 to 0.1 MPa).

30 The short-path distillation can.be carried out as a flash distillation, a distillation in a
falling film evaporator, a distillation in a thin film evaporator or a distillation in a

combined falling film/thin film evaporator. The flash distillation described below is



The crude product output fromthe n-val eral dehyde al dolization has,
according to 15 GC analysis, the follow ng conposition in percent by
mass: 4.93% of n-val eral dehyde, 0.47% of 2-methyl butanol, 0.30% of
pentanol , 0.51% of 2-propyl- 4-methyl ABxenal, 91.81% of 2-propyl hept enal
~and 1.98% of residue. 5 Selective hydr ogenatl on: -The output fromthe
al dol i zathbcmeiamrmlr\ialangbemm i2 igothepsinipégst anrmsasf te@fdml:%néﬂ'mdshort-

| ti | in.the | i th di alyst H 14535 0.5%
of b orpaihslistiafion shelluFUBIRS B Bpcib hreau 38 2 Very T dieal a5e vps i &
circul até%l@BPﬁF&%‘tﬁiétﬁ tfw@rd@tea eﬂﬁ%’ﬂs"tﬁ@@&@'preFé?éblVHa?néﬂ‘bHP@ﬁh 200 m/h

of 10 starting material were pa onti1 nuously over 400 m of catalyst,
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2- propyl hept anal . 68% of 2- propyl hept enal propyl hept anol and

2. 1% of temperabire of the ttam ipcoducthsing lowestha if@i@fﬂw feledpt anoi ¢
aci d/ Conparati ve Exanpl e 20 The preparation of 2-propyl heptanoic acid by
| i qui d- phase oxi dation of 2-propyl heptanal was carried out in a heat abl e 6
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above-descri bed sel ective hydrogenati on contai ni ng about 86. 7% by mass of
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di stri bugigglidtiont he liquid in the | ower part of the reactor by neans of a
frit. A constant stream of nitrogen of 30 standard |/h and a stream of
oxygen regul ated according to the consunption by the reaction by neans of

an on-lipg, 30 'rﬁ%%a%rconsta&( cbhGi d)ri#o?&tﬁ %eﬁ% ab?v@?%nf?{)ﬁ&fﬁ)ﬁﬁ (?ﬁfnatered

into the reac stre rogen o andar

et er e watep ahbestgéing spatetiah bttdrdowedmiless (6.9. mérﬁaumip)aanqbamallcﬂmbhﬂts
reactor. A nmaxi num g&y%en content in the 16 offgas of 6% by vol une was
per mi t t e@f. o.Pritnsafuratad Jdebydes,acenal) dEis Bettomaraddctmay saptaindnout  at
reacti on, ur 0} [ 3 MPa.
o o oo IR AR sl M ihenl RS Ml ehiiehstifion 3 &

subsequeprodttisaprdduetstrom tﬁedmnﬁlhrameeacucrnofcthachtantmg snatetialst s smallde
products whose conpgosition is listed in Table 1, columm 2 and col unm 3,
wer e obt%i“ﬁéﬂtseﬁftsé@mﬂﬂ@%iﬁﬁéiﬁ ment had run for 4.5 hours.

20
The preferably uncooled bottom product from the short-path distillation can be
separated in a settling vessel into an organic phase (product phase) and an

aqueous phase, i.e. the aqueous catalyst phase.

25 The organic product phase is washed with water to remove traces of catalyst,
-preferably using the aqueous phase of the overhead product of the shor’t-path
distillaﬁon, and removed from the process. This crude product can be directly used
further in the third reaction stage, hamely the selective hydrogenatidn Optionally,
“high boilers (higher aldol addition and aldol condensation products) can

30 additionally be separated off and recirculated at least partly to the condensatlon

reactor.



Tabl e 1 Product conposition/ Conparative Exanple Conponent Oxidation at 50C
percent by mass Oxidation at 70C percent by mass n-Val eral dehyde 0.56 0. 23
2-Met hyl butanol 0.17 0.12 n-Pentanol 2.45 1.73 Pentyl formate 0.02 0.62
Co-acids 1.81 11 L

10

15

20

25

30

The aqueous catalyst phase is, if appropriate together with washing water
obtained, recirculated to the aldol condensation reaction. A small part of the
catalyst phase can be discharged and replaced by an equivalent amount of fresh

catalyst in order to keep the level of by-products constant.

The overhead product of the short-path distillation is condensed at a temperature
which is both below the boiling point of water and below that of a minimum
azeotrope. This gives a liquid mixture which can be separated into an organic

phase and an aqueous phase.

The organic phase of the overhead product is optionally pumped back into the

aldol condensation reactor; a part is discharged if appropriate.

Part of the aqueous lower phase can, for example, be used for washihg of the

product phase, as has been mentioned above.

The other part of the aqueous phase of the overhead producit or the entire
aqueous phase serves for discharge of the water of reaction. Organic substituents,

especially starting material, are still present in solution in the aqueous phase. The

‘wastewater can be sent to the water treatment plant, either directly or after

preliminary purification. The preliminary purification can be carried out by stream

stripping or by azeotropicaily distilling of organic substances.

In the condensation of n-pentanal, 2-propylheptenal is formed as primary aldol
condensation product. If 2-;methylbutana| is present in the Cs-aldehyde, '
2-propyl-4-methythex-2-enal is formed by cross aldol condensation. If 3-methyi-
butanal is additionally present in tﬁe Cs-aldehyde mixture, the following

unsaturated aldehydes can be formed as further primary aldol condensation

' producfs: 2—isopropyl—S—methyIrheX'f.’;Z-enaI, isopropyl-4-methylhex-2-enal,

2-propyl-5-methylhex-2-enal and 2-isopropylhept-2-enal. According to the
invention, the proportion of 2-propylhept-2-enal based on the sum of all decenals

is over 90% by mass.



2.25 Nonane 1.09 9.82 Nonanone 1.55 8.91 (C9-al cohols 8.68 18. 34
2- Propyl heptanal 27.32 0.26 2-Propyl heptenal 0.48 0.16 C10-al cohols 5.73
5.47 2-Propyl hept anoi ¢ acid '

12

The crude aldol condensation product, which in addition to the decenals contains
mainly higher aldol condensates, can be purified, for example by distillation, before
the next stage. Crude decenal mixtures are preferably used in the third stage, viz.

5 the selective hydrogenation.

The selective hydrogenation, in which only the olefinic double bond in decanal is
hydrogenated, is carried out using catalysfs which can contain palladium,
platinum, rhodium and/or nickel as hydrogenation-active combonent. The metals
10 can be used in pure form, as compounds with oxygen or as alloys. Preferred
catalysts are those in which the hydrogenation-active metal has been applied to a
support. Suitable support materials are aluminium oxide, magnesium oxide, silicon
oxide, titanium dioxide and mixed oxides thereof and also activated carbon.
Among these catalysts, particularly preferred catalysts are palladium on activated

15 carbon and palladium on aluminium oxide.

In the case of catalysts comprising p'ailadium and a sdpport, the palladium content
is from 0.1 to 5% by mass, preferably from 0.2 to 1% by mass. |
Particular preference is given to using a catalyst comprising aluminium oxide,

20 preferably y-aluminium oxide, and having a Pd content of from 0.3 to 0.7% by
mass. The catalyst can, if appropriate, contain modifying substances, for example
alkali metal components such as sodium compounds in concentrations of up to 3%
by mass.

The hyd rogenation can be carried out continuously or-batchwise and eith,gé._r_in the

25 gas phase or the liquid phase. Hydrogenation in the liquid phase is preferred since
the gas-phase process requires a higher énergy input because of the necessity of
circulating large volumes of gas. For the continuous liquid-phase hydrogenation, it
is possible to choose a variety of process variants. It can be carried out
adiabatically or vii’tually isothermal]y, l.e. with a temperature increase of iess than

30 10°C, in one or more étages. In the latter case, the reactors can be operated

~ adiabatically or virtually isothermally or one can be operated adiabatically and the

others can be operated virtually isothermally. Furthermore, it is possible to carry



49.79 51.62 High boilers 0.35 0.43 10 As can be seen from Table 1, the
2- propyl heptanal was virtually conpletely reacted at a reaction
tenperature of 70C. Apart fromthe desired product of value
2- propyl heptanoic acid, a series of bytproducts such as the C9-paraffin
nonane, the Crketone nonanone and Cral kohols were obtained at this
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sel ectivity. Reducing’the reaction te rature to ena
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about 86.6% by mass of 2-propyl heptanal were oxidized in the Iiquid phase
at rea@tU@fomedpmbamgn@illquldorrﬂlmr@geddemwal @f\,lmatuoéneaﬁtlozsamdh@(: a

of 1 gas 1 BLeen Byl o high St PSRRI AS Rtterro ol "

sel ect edpighliqiR] IbaaMdEoF fIUN38 t6 BUOAH? tih PArtictildrifidrR 25 o 15, é’er ey 2
and colum 3, were obtained after the experinent had run for hour s.

Tabl e 2 $PsasecticRAbES amply reasiss aarheur n@zttydmgenat@scprp@esfetw by mass
Oxi dat | oy iRg Yecanals is, for example, liquid-phase hydrogenation in two or more

‘10 reactors which are all operated with recirculation of product, as described in
US 5,831,135.

When palladium catalysts, for example 0.5% by mass on aluminium oxide, are
used, the selective hydrogenation of 2-bropylheptenal to 2~pr0pylheptana] is

15 preferably carried out at temperatures in the range from 120 to 180°C, in partlcular
from 140 to 160°C and a pressure of from 15t05 MPa, in parhcular from 2to ‘
3 MPa '

The hydrogenation product cotnprises decenals together with small amounts of

20 decanols formed by overhydrogenation, small amounts of Cs-aldehydes and
Cs-alcohols and high boilers, mainly higher etdo! condensation products and
hydrogenation products thereof. The content of 2-propylheptanal based on the
decanal fraction is over 85% by mass.

25 High boilers and/or low boilers can be separated off from the crude hydrogenation
product mixture before the next reaction step, viz. the oxidation. A work-up by
distillation is preferably omitted.

The oxidation of the decanal mixture to form the corresponding mixture of isomeric
30 carboxylic acids can in pﬁnCipIe be carried out in a manner known per se. As
oxidant, it is poss'ible to use oxygen, air or other oxygen-containing gas mixtures.

The oxidation can be carried out uncatalysed or catalysed. In the latter case,



Percent by mass n-Val eral dehyde 0.00 0.08 2-Met hyl butanol 0.15 0. 16
n- Pentanol 2.10 2.21 Pentyl formate 0.00 0.04 C5-acids 0.00 2.43 Nonane
0.79 0.72 Nonanone : ' -

14
transition metal compounds, in particular cobalt and manganese compounds, are
used as catalyst. The oxidation can be carried out at atmospheric pressure or
superatmospheric pressure. According to the process of the invention, the
oxidation is carried out without catalyst and without further stabilizing additives.

5 The following examples illustrate the invention.

Examples
Preparation of 2-propylheptanal (starting material for the aldehyde oxidation)

10 A mixture having a high proportion of n-pentanal was firstly prepared from a
mixture of linear C4-olefins. n-Pentanal {n-valeraldehyde) and further aliphatic
C5-aldehydes also formed were subsequently converted by aldol condensation
into the o, B-unsaturated Cqo-aldehydes having a proportion of at least 80% by‘
mass of 2-propylheptenal, based on the total amount of aldol condensation

15 products. 2-Propylheptenal was subsequently converted into the desired product
2-propylheptanal by selective hydrogenation.

Hydroformylation: |
A process for preparing n—pentanal-rich C5-aldehyde mixtures from a mixture
20 containing linear C4-olefins is described in DE 10 2008 002187.3, which serves as

basis.

Aldolization: 7
In a continuous experimental plant comprising a fube reactor (20 mm diameter,

25 4000 mm length) filled with static mixing elements from Sulzer, n-valeraldehyde
was converted into 2-propylheptenal at a throughput of 8 I/h in the presence of an
aqueous 2% strength sodium hydroxide solution as catalyst (throughput of 80 Ilh)
at 130°C and 0.3 MPa. After leaving the reactor, the aqueous catalyst phase was
separéted from the aldehyde phase in a 5 | separation vessel at 80°C and

50 conveyed back into the reactor by means of a circulation pump. The organic phase
separated off was collected in a 100 | stainless steel vessel.

The crude product output from the n-valeraldehyde aldolization has, according to



0.35 0. 89 CE-éIcohoIs 6.96 8.85 2-Propyl heptanal 7.48 3. 88
2- Propyl heptenal 0.61 0.57 Cl10-al cohols 6.34 6.21 2-Propyl heptanoic acid
74.55 73. 46 ngh boilers 0.58 0. 44

10

15

20

25

3C

15

GC analysis, the following composition in percent by mass: 4.93% of
n-valeraldehyde, 0.47% of 2-methylbutanol, 0.30% of pentanol, 0.51% of 2-propyl-
4-methythexenal, 91.81% of 2-propylheptenal and 1.98% of residue.

Selective hydrogenation:

The output from the aldolization comprising crude 2-propylheptenal was
hydrogenated selectively in the liquid phase over the paltadium catalyst H 14535
(0.5% of Pd on aluminium oxide), procured from Degussa, at 160°C and 2.5 MPa
in a circulation apparatus to form 2-propylheptanal. For this purpose, 200 mi/h of
starting material were passed continuously over 400 ml of catalyst, corresponding '
to a space velocity over the catalyst of 0.5 h -

The foliOWing typical composition in % by mass of the hydrogenation product was
determined by GC: 2.80% of n-valeraidehyde, 0.15% of 2-methylbutanol,

2.14% of n-pentanol, 1.09% of nonane, 0.12% of nonanone, 86.65% of
2-propylheptanal, 0.68% of 2-propyihepténai, 4.27% of 2-propylheptanol and
2.1% of high boilers. ‘ |

Example 1

Preparation of 2-propylheptanoic acid/Comparative Example

The preparation of 2-propylheptanoic acid by liquid-phase oxidation of 2-propyl-
heptanal was carried out in a heatable 6 | double-walled stirred vessel. The
hydrogenation product from the above-described selective hydrogenation
containing about 86.7% by mass of 2~propylheptahal was used as starting |
material. _
For a reaction batch, 5050 g of liquid starting material were placed in the reactor.
A nitrogen/oxygen mixture was used as reaction gas and was uniformly distributed
in the liquid in the lower part of the reactor by means of a frit.

A constant stream of nitrogen of 30 standard I/h and a stream of oxygen regulated
according to the consumption by the reaction by means of an on-line
measurement of the oxygen content in the offgas were metered into the reactor. A
constant stream of nitrogen of 330 standard I/h was metered into the gas space of

the reactor in the upper part of the reactor. A maximum oxygen content in the
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2-Methylbutanol 0.17 0.12

n-Pentanol 2.45 1.73

Pentyl formate 0.02 ' 0.62

C5-acids ' 1.81 ' 2.05

Nonane 1.09 9.82

Nonanone 1.55 8.91

‘ C9-alcohols 8.68 : 18.34

2-Propylheptanal - 27.32 0.26

2-Propylheptenal 0.48 0.16

C10-alcohols 5.73 5.47

2-Propylheptanoic acid 49.79 51.62

High boilers - 0.35 , 0.43

10
As can be seen from Table 1, the 2-propylheptanal was virtually completely
reacted at a reaction temperature of 70°C. Apart from the desired product of vaiue
2-propylheptanocic acid, a series of by-products such as the Ce-paraffin nonane,
the Cgrkefone nonanone and Cg-alkohols were obtained at this temperature. The
15 formation of by-products led to a severe reduction in selectivity. Reducing the
reaction temperature to 50°C enabled the selectivity of 2-propylheptanoic acid

formation to be improved, albeit at a significantly lower conversion.



percent by mass n-Val eral dehyde 0.28 0.21 2- Met hyl butanol 0.17 0.10
n- Pentanol 2.38 1.95 Pentyl formate 0.00 0.03 C5-acids 1.89 1.67 Nonane
0. 67 12. 34 Nonanone

17

Example 2

" Preparation of 2-propylheptanoic acid/according to the invention

s Using the experimental procedure described in Example 1, 5100 g of starting
material containing about 86.6% by mass of 2-propylheptanal were oxidized in the
liquid phase at reaction temperatures according to the invention of 25 and 35°C, a
reaction pressure of 0.3 MPa and an oxygen content of 6% by volume in the

- offgas to 2-propylheptanoic acid.
10 Under the reaction conditions selected, crude products whose composition is listed
in Table 2, column 2 and column 3, were obtained after the experiment had run for -

6 hours.

Table 2 Product composition

Components Oxidation at 25°C Oxidation at 35°C
| | Percent by mass Percent by mass

n-Valeraldehyde 0.00 " 0.08
2-Methyibutanol 0.15 0.16
n-Pentanol 210 2.21
Penty! formate 0.00 0.04

| C5-acids 0.00 | 243
Nonane | 0.79 0.72
Nonanone - 0.35 0.89 .
Co-alcohols ' 6.96 8.85
2-Propylheptanal 7.48 3.88
2-Propylheptenal 0.61 0.57
Cqg-alcohols 6.34 6.21
2-Propylheptanoic acid 74.55 73.46
High boilers 0.58 0.44

15
As can be seen from Table 2, the selectivity of the 2-propylheptanal oxidation
could be significantly improved by reducing the reaction temperatures to 35°C. At
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a reaction temperattjre of 25°C (Table 2, column 2), virtually no Cg-paraffins, no
Cs-acids and no Cg-ketone are formed. The selectivity of the formation of acid at
this temperature is reduced only by the formation of Cg-alcohols. The same
behaviour also applies for the oxidation experiment at 35°C. Here too, the

selectivity was reduced mainly by the undesirable formation of Cg-alkohols.

Example 3
Preparation of 2-propylheptanoic acid in the presence of Mn/Cu

catalyst/Comparative Example

According to the process of the invéntidn, the oxidation of the Cip-aldehvde
mixture to corresponding Cio-carboxylic acid is carried out without catalyst. In the

- following example, the results of the comparétive oxidation of 2-propylheptanal in

the presence of Cu and Mn salts as catalyst are reported.
For this purpose, 250 ppm of copper and 250 ppm of manganese in the form of
acetates were dissolved in 5040 g of starting material containing about 86.6% by

“weight of 2-propylheptanal before the oxidation. The reaction mixture was then
" oxidized by the procedure described in Example 1 at 35°C, a reaction pressure of

0.3 MPa and 6% by volume of oxygen in the offgas. For comparative purposes,
the oxidation was carried out without catalyst under the same conditions. After the
experiment had run for 4 hours, the compaosition of the product mixture was
determined by GC analysis. The composition Q.f the crude products obtained with

and without catalyst is shown in Table 3, columns 2 and 3.
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As shown in Table 3, the conversion of the 2-propylheptanal oxidation was

considerably improved in the presence of a homogeneous copper-manganese

5 catalyst compared to the uncatalysed reaction. The residue contents of 2-propyl-

heptanal of about 10.42% by mass determined after 4 hours in the presence of

catalyst are lower than the corresponding residue contents of 24.71% by mass of

2-propytheptanal in the uncatalysed oxidation. However, the selectivity of the

catalysed oxidation was significa

ntly worse compared to the oxidation without

10 catalyst. As can be seen from Table 3, column 3, the selectivity in the

homogeneously catalysed oxidation was reduced by the formation of by-products

such as nonane and nonanone. As a result, the yield of isomeric decanecarboxylic

acids is comparab'le to the yield in the uncatalysed oxidation despite higher

conversions of about 55% by mass of 2-propylheptanoic acid.

15 The experiments thus show that an uncatalysed oxidation by means of oxygen at

low temperatures is advantageous for preparing 2-propylheptanoic acid in high

yield from 2-propylheptanal.



3. Process according to either of Claims 1 and 2, characterized in that
the oxidation of the m xture of aliphatic Cl0-al dehydes is carried out in
a tenperature range from25 to 35C. 25 4. Process according to any of
Clains 1 to 3, characterized in that e oxidation of the m xture of

al i phatic Cl10-al dehydes is carried out at a pressure in the range fromO0.1
to 1 MPag rocess according to any of Clains 1 to 4, characterized in
that the oxi dation of the m xture of aliphatic Cl0-al dehydes is carried
out at a pressure in the range from0.1 to 0.5 Mra.

1. Process for preparing a mixture of isomeric decanecarboxylic acids, which
comprises the following steps: _
5 a) hydroformylation of a hydrocarbon mixture containing linear

C4-olefins using a rhodium-containing catalyst system;

b) aldol condensation of a mixture of aliphatic C5-aldehydes obtained
from step a);

c) . selective hydrogenation of the mixture of unsaturated C10-aldehydes

10 ' from step b) to aliphatic C10-aldehydes;

d) uncatalysed oxidation of the mixture of aliphatic C10-aldehydes from
-step ¢)

to give a mixture having a proportion of at least 70% by mass of

2-propylheptanoic acid, based on the total content of isomeric

15 decanecarboxylic acids.

2. Process according to' Claim 1, characterized in that the hydrocarbon
 mixture containing linear C4-olefins in step a) contains up to 5% by mass of
isobutene, based on the fraction of linear C4-olefins.
20
3. Process according to either of Claims 1 and 2, characterized in that the
oxidation of the mixture of aliphatic C10-aldehydes is carried out in a

temperature range from 25 to 35°C.

25 4. Process according to any of Claims 1 to 3, characterized in that the
oxidation of the mixture of aliphatic C10-aldehydes is carried out at a

pressure in the range from 0.1 to 1 MPa.

5 Process abcording to any of Claims 1 to 4, characterized in that the
30 oxidation of the mixture of aliphatic C10-aldehydes is carried out at a

pressure in the range from 0.1 to 0.5 MPa.



