m xtures The lates to a process for the hydrogena@6drERB2003
hydr of or myl at xtures which arise in the preparation of hifgluergoxo
- al cohol s by hydr o"PWyI ation of the corrésponding ol efins. Higher alcohols,
in particular those having from6 to 25 carbon atons, can be prepared, as
_is known, by catalytic hydrofornylation (or oxo reaction) of the olefins
havi ng one crbon ato tion of the
al dehyde- ane : a2 antly
used as startnmur@tserl aI s for prepar| ng pl astl Ci zers or det ergents It is
known that, in the catalytic hydrofornylation of ' olefins, reaction
m xtures_are fornmed which) apart fromthe desired products, i .e. aldehydes
and t he corr &pondiimyealtdomnol s redepesdi ngoon &he prvaegst aheort hetheaction

condi ti ons, @&r& A by - r dar u ,

unr eact ed oI e satt?r%gt e h§ ggég?gﬁgléﬁggﬁeg\ %rtgg#ghg}% é]fsl ns %?/

hydr ogenat i o vvatib1E asreparafiathe @dsi redgAeEohsi® (ealgohpdsmaties),
acetal s of th@éx%rf%%ya a2d et %falt%%h%%r@@goahqaaob,leeaﬁg ethers and ot her
by- produets orf secondary products ai d stanceés can be subdivided into
| ow- boi | ers having a boiling point below the boiling point of the al dehyde

and hi ghboi | @ﬁ%}H&&VlaﬂQc&mbI%“ﬂﬂ pairtt cahaye Eﬂl%é)ohévﬁﬂg p@!rﬂﬁ\ ef tde
alcohol. Int \édgogenatl on of the_reaction 1r;}éxtur es). m some of the

by- pr oduct s, st2FeMEnd Kbt Bes, PTAB2AFLohdts \Riﬁ‘nt BOYHR- t et
product are fcrartrmg/,tl\dm hbdu:mﬁbﬁmgsatlﬂenyl ebrd. dxo pateictdloan i bfi scigkesired
that the’forngtes,. whi .can gccur u 1 by ht) .are
hydr ogenat edrgﬁlr(la ernsco%g%g ive?y m+%b%gﬁgﬂ:t ?“onge%(r%’d %‘a{%s‘\ﬁ? gci[ g%ﬁ | ow
*166166*  Fc26alER iz00@vdrogemprtebemr efudihyy aodeheder alangd c@lmﬁmmlﬂnal
cataysts 10 Gt kfiagiesboedishcaliokc (AN Mathanokyas By e@mﬂa%x%ly The

catal yti c hydrogenati on of reaction m xtures wer e prepa

cobal t - cat al WAEE hgelr 6tar NGt iNAE BT it ef FAE wg\ﬁ%%@ %162142%? bon
atons i s des@y rAedfg@ntexanple, in DE 35 42 595. The hydrogenation is _
carried out in two stages. In the first stage, the hydrofornylation m xture
i s hydrogenated at 150-230C and a hydrogen pressure of 10-350 bar with

80- 95~ conver ais othawrs uppat | ednSith2 GHtailwimmmmmmo& 156 by

wei ght of . ni I d 04 e

nol ybdenum o%ﬁ%fﬂ’l@h t%:ﬁé gel?é‘ngﬁ)g%eg ta{:%qJ hydr o en‘g’%i%mn i corrp eted at
150- 230C and the 35@elsdredydr pgeduptessur é-6n a ehdahydeswhozedactihe nass
consi sts ‘of %%v6Q%r iR %ic&floPé)baliEﬁegiéiﬁg%'orPYtM\@' htca@fyseoppes . 4- 10%

by wei ght of nanganese, and 2- 5% t of }t; denumin the form of

mol ybdenum o¥ifife BRctien aﬁBPé}}Fllaf‘é‘ Lﬁ?rt oS /IF b wWaIYGIE O LSt i i ng
additives. | rsddquarxqcesgxoﬁl&etfsor nabashandaacetahse@ceeént ohefires m xture
are converte nheshondin al I}qygqver S s the
di sadvant age%ta{%q‘\éatqh rdgé)er?grtblog’r? i ?0(%?% ed ou i jgg%s's al%g at

hi gh pressurééldrqgﬁrtarteoeuanpaeeat 250 ensd 245 the . dﬂ@@@)‘ledl nyleghaldss A 5 399

793, for the @‘HOQGP@HQ& Colaétettaqul ejsed EﬁéCt'tfdeEtXt U £5dudss ar i se
in the hydrofo%atlon olefins, use is_made of Ni/M_catal ysts

on A1203 or y&iep 2ngk %]tﬁfﬁ}:ﬁ]t RRQY | afRers BRA t QERET PPBTRERIG DI | ses

the fol | ow ngd ndisecdHahr§t epsrodué s . cot@dltd catsalbgzechdedr otaanylwé i on (b)

cobalt de Ietl n of, e r.eacti n M Xt
p d1v1 e into oi ers having a boiling point

., ope3ea &a] LGTW s for the hydrogenation of hydrofornylation

below the boiling point of the aldehyde and high-
boilers having a boiling point above the boiling point
of the alcohol. In the hydrogenation of the reaction
mixtures, from some of the by-products, such as esters
and acetals, the alcohols wanted as target product are
formed, which improves the yield. In particular it is
desired that the formates, which can occur in amounts
up to 10% by weight, are hydrogenated under

comparatively mild conditions and particularly at low
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,(c) hydrogenation of the crude reaction m xture at el evated tenperature and
at el evated pressure (d) production of alcohols having very | BERBAAOS of
al dehydes by distillation and ‘' 26 FEB 2003 - 3 (e)

- finish-hydrogenation of the al cohols. TFThe hydrogenation of stages (c)

and/or (e) c r ut I n iet i h 3 Ni / Mo
_hydrogenat i oﬁﬂf:%?%ﬁ%t .h%‘df'ﬁlgs %Oﬁ 'Inoegfecra]ié% lgﬁ %%J%% I@%J?&gggdgégél{'é\?\gr to

hi gh-boi | i ng ®yverthecdesihed alcohekspandi ngthmeebhos ey domdiatng
catal yst, A disadvantage with this process is that to prepare an
on-specification alcohol which is suitable for preparing plasticizers, two
hydr ogenat i onTRe agasadvéigedvsrngenatd ahRL arerebsen| Wlﬁgér%di‘”@g@ﬁat i on
stage (b) a rgbabi yalapdtied ByeTHHA tofcakQ0QARE h{dboEbriPldeidn i Sf
necessary. The_object which underlays the present |Invention was .to
hydrogenat e r@hefi8h heXindedror ehdhytht of oF MYP af FBRS of ScEes6TEP% %) ef i ns
under conpar aféyel ¥xaimble congh t ivMS3 RN 1 FOPAr 1T Ay drol @S €5 50N
conventional catal ¥€ts havi,ng a hi %h Ser Vi 03 life iré.SUﬁh aqmanner t hat the
al dehydes and“#he!¢3r Attes IBr ¥t 429550 ofictd %r E1E5Hvet 13%F i nthet he
desired al cohby@rofbirmybht ech WAKtaeprisi Myldy caehacedd dy 4 50-aC@ss f or
t he hydrogenatjon of reaction mixtures fromthe Lof or myl. at i Qf.,CS to
C29 ol efins ué":uﬁg yd}?%gre%g%?l et %‘3 alcilf;nt slt}gt{g\eqjeb\%artpe?ﬂtglnpgaagér%e, in
whi ch processconeens liehydesh supplesited fSoCratesadmdt! shehl eomparises
evaporated fr e act | 1 re. ar assegng n e ya st.gt e over
a support-fre'Eé)nlC'f’J?Crk“r“ga'ﬁ'?ﬁl?/%htd.’n Zotﬁa%tlgggélus?n? e%t?%% net%fdrw(;eg]%g{ts E))
hi ghboi | érs aPelyederuhediiof ther ofPEhe @F aperlabdenuny| gskddes, Tl &bisol s,
formates and Ltewbhai | ataigenst regen - notirbgenhydeagenat i OBomgNetHHOCRES
according to éh@ #nvg)ntl on offers a ng)nber of _advant gges. The hi gh- boil ers
entrai ned as UrBpfaPsCreABAni AQ PR % hPB apgY A hnPLEESB LG afag@ous! y
separ at ed of fchtalvsbewnyaponatedeamdebydeasiaksobdl §5-60rMbesiedatit

| ow- boilers arg no - hydr nat ed) .a 6 FE 003 s 0_.nhat
therefore buragncf’hgiﬁydﬁgg'gﬁgt ?’a’n "Qsetlagglceit. q‘%eflogg%r,z’ f%Fl‘ééaﬁ’& (‘év,eq Etor ked
up by cl eavagefomangacieiseg 4rd gRvB%niyervaighbf ofalned. ybivnu dehy dbe are
hydr ogenat ed Eeﬁlg fCﬂégggagﬁdhngxilthQﬁb? 3k aﬁpx%ﬂeeecah@ﬁ £8V8pg98%in

a selectivity o ove Yo n on drogenatl on stage. e esters

. onl'y one
present, :in part FeipRE ofe U@ty a’%“E‘XthHééﬁ/ﬁ-senhyEI]F‘%ggﬁaFééstotthﬁ’e
desired al cohebsmatlbs hxdaOgERAIHAAR CPrdremer fii neghén hhethew paessure
range of '‘bel ow 25 bar. A desired side_effect islltqﬂt the . starting olefins
present i'n t hEPPEEEERSn B9 xtF e CRFE CFPRRBIA Hart 1S 10t hy P BGEREt edFwhi ch
enabl es t:hem poobessebhaschat et dzaivarecdyadr ihar nyhat hgydrpgeobitonn Tise
figure shows L.agr a pl i Lehyte ]p&eﬁgﬁ_ cording to
the inventi oné%gkggé %léll;%r ilgjtijn g{ﬁ) cs(%r?gi%tr?uo%é%égvi th%%‘rge(%%rcu atélasgn aglncycl e
gas of the hyfh8gexanpda Al d?oeeand TAED ¥ of ornyl ation nmixture is
introduced as starting material 1 into the evaporator 2, through which

heat ed hydrogen 3 passes caocurrently. hydr ogen stream 4 | oaded with

al dehydes, al €6h8FS1ng ofRatey 2and Pé\‘ﬁ &gle“*l'er o stelaﬁnbﬁ&88ef‘ﬁgbﬁﬁh O\tgz\llhe

dem ster 5, andbahe-8eghebedll ersasepan atreilxtodfed herses ared itdwseanr ergheni ng i n
t he evaporato .Qff _coptinuousl y. b hwi_s igh-bai | er
fraction 6. Thgaﬁégggﬁdgggg ggaﬁ??%ﬁ@éhg?§¥%§éédﬁ%§o¥5hlﬁ1§ -%bgllflgglrls/%gnd

| oaded with ardéayuess alrcoRdb®; 6or PHREsSifd lagw- pebbers imatrasiadd i nto

t he hydr ogenainj,@n to 0 ' i t h nat. g xtiure 9
whi ch is cool tghgi n&?%gl cg)glggrtafs%o.r%%]fcﬁseg%rtg Sctgcr)g%:/g‘ik%g? %tld,&)it%hl(ra&d&l

hydr ogenat i onSEPREare separates into hydrogenation product 12 and cycle gas
13, fromwhich a portion is taken off as exhaust gas 14, in order to keep
the inert gas |level to_an acceptable height. The, hydrogen consuned is

repl aced by frlésh R9BRrbEeRaEs1lYFRd EYQF?gﬂﬁm%?'é’r‘P%I s for the

hydr of or nyl at ilbh atepbabaogkpleBsohavEnghér peadtion 2dixanbon atons and a

(c) hydrogenation of the c¢rude reaction mixture at

elevated temperature and at elevated pressure
(d) production of alcohols having very low amounts of

aldehydes by distillation and



,26 FEB 2003 terminal or mddle-position C C double bond or m xt Uéﬁg % such
monool efins, such as 1- or 2-pentene, 2-nethyl-1-butene, 200
3- hexene, the isomeric C6 ol efin nixture (di propene) produced in the
- dimerization of propene 3- net hyl - 1- hexeBle— 1-octene, the isoneric CB

olefin m xtur(a (dlf Sﬁﬁ)}r’}ﬁ&d&med ‘?‘ﬁ didreri 48idqn of butenes,
oct ene,

1- nonene, e |1soneric olefin m xture

) (trlpropene) produced in the trimerization of propene, 1-, 2- or 3-decene,
2-ethyl 1- oct epg, kﬂﬂ% &rhedéogeabesCl?cpl efddy g Xt(lél’)e Efaﬁ”BBr opene
or tributene) produce e tetraneri zation propene or

trinerizatiorf®frigd eﬁé§) U_LSJtIESI r adduidmptaliicyy qu’l%?(l&d@b%‘rv%re%l’t‘}lévl@fl n

mxtures (tetnaddfdile R8Pdusgdaipsthe @rﬁléanﬁpaz bRAL 9bnbutgpgsysand
ol efin m xtures (g;epared by cool.i gorrerl zatl on %é( 2 ol efins having d| fferent
t

car bon numberRFYMieter afigver t o hgh reAuELSsephfahi ng2of f by

distillation ¢dteedpiedi s ofpn@lsqmélaﬁé CQi'ntﬁlﬁ‘h'r@r caeacaamuﬁber A
Pref erably, xtures are r%ge at ed WIéICh ar.e pr duce:d in th

hydr of or nyl at$bH7# Yart‘iéag‘tQ 151 BLBFEFFn 1f xtifF ks tO ﬁﬁe%%efl A8 are
hydr of or ny!l at@d—s;psbcalﬂ:ma/tem:h onalcolmhnerwtdnt t hds gi veithelst ar fborg
materials for_the dro natl on roces acctc,l)r |n o) Ihe i vent| on. Rhodl um
catal ysts, or 5‘?%% %&%ﬁ*ﬁctl %f"s %eere or e enﬁl 5Ved> Wi th or
wi t hout corrplmcss;edmry i andg thddi taltve'lseamcin asher bmdiregphat pbi nesage
phosphi tes. tenmp nd fé}%ﬂ{ n ggq n

cat al yst and 0 )ef :aan ‘EE% ragg raﬂ%gﬁ B escri pt ?onyo v, %;d?% %rrryl ation
of ol efihs is79 der) I%rnwmey in J. Fal be, New Synt heses wi th Carbon
Monoxi de, Springer-Verl ag, Hei del berg New Yor k, 1980, pages 99ff., and in
Kirk-Q hmer, Encycl opedi a_ of Chemi c Tec nol ogy, volune 17, 4th edit| on,
John Wiey & TmsoP b%‘@%sw}gﬁgh%@d?{gég epﬁ%?’d?o?ﬁyﬁﬁﬁ‘dﬂ ¥88ctPon

m xtures are @rlﬂid:é’ frieasitliyonf reegcfresn bife tc‘raéahys’ltrofbfrmglaﬁtbaht

tal yst - E th hj
(r:gl ?e?‘/,s ' sep%g E? ﬁbo Sor ?ﬁg\ﬁgaﬁeb‘ﬂgl)egatcg’ﬁgg?gtEgggg ]61)?(;(% ?}éﬁ@é?%ﬁ%;e
cobal t car bonyhd corpounmisr trismmlaw nglbw t e asysreisor ngth at conveingtionalwi t h
air or oxygen %pgg%{gfﬂgwpguta gk esubyiad geRal tint ARAUNGSmithhBrvat er

or aqueous acr ti‘on processes are wel | known, see, for
exanpl e, J. Felde, thsc. aéﬁ?hydf§4 angs f(@ASﬁoﬁF‘éE%s)pr%?’kt oAfrePY | oc.

cit. and EP-0pB5Qu8PS e ddnverbodi it Ori® ULk Sesd e cshdlydr of ornyl ati on
catalyst, it can be separated off fromthe hydrofornylation m xture as

distillation residue by nmeans of thin-film evaporation. The

hydr of or nyl at Tloihs r eag et Onwaisx tawrrgs: iesdpedive ridhi dfuege dof r@anpratasystor

general ly co se ght , - us \Q%sghtf the
B T e e

| owboilers, In ad wei es, b- yvvelght of
al cohol s, up ltlbdllgfcmyitwhﬁltlegfoﬁst es &2a] @bhbins a%ﬂlqigoﬁi’ér?@e%onby

wei ght of hi ghshei! etgraliPuRNEr ati t dTRYaReaSt teﬁ@eeath@te t hgnpr @&ass
according to the invention can al so be carr.i out. usi ng hydr fo r%I ation
i xt ures whoskre8fPdsi then %Ih‘e%h%%?scor?]e%@d;'t o fArmad %ssp afW¥ns in
this and/ or tbailegsatarenssiraporheedl datordeshe alreakalion fm)imm:es amd

| owboilers are then eyaporated from the generally [

hydr of or nyl at 'of PR3Tt ]E:n gi??u?’élpovm |%f ggsgroprs:d%%éﬁﬁ:s ree ngm
cat al yst. Thechbalpst| ePslvparttagadumly, | ectoaenedr daordetsl edf ndighd t he

correspondi ng,§4 Ypat ed, ydr Pans.d or ge¢ duping the,dydibopslald on and

water. The content of Iowboilérs in the reaction mxture varies within the
limts nentiontdehpydees, adgohdilsy ofrimaleRt ARG ndO¥rEPiLACrBhADSEEER N
condi tions andet PRedggaLEGLHaEPBMEr SiON of the hydrofornylation. The

hi gh-boi |l ers which according to the invention are not to pass to the

hydr ogenati on 26 FEB 2003 _ 7 _

The process according to the invention offers a number
of advantages. The high-boilers entrained as droplets
remaining in the evaporator and also advantageously
separated off from the evaporated aldehydes, alcohols,

formates and low-boilers are not co-hydrogenated, and



,catal yst conprise, inter alia, aldolization and/or condensation IFrBdUCt s of
the resulting al dehydes and al so acetal s and enol ethers and 1?6 FE 2003
hi gher nol ecul ar - wei ght subst ances, consi derably higher than the al cohol s,
- al dehydes, formates and | ow boilers. The a«onditions under which al dehydes,
al cohol s, forpat n Ll er e a e highboi J.ers are
_consi derably epgﬁodﬁgngh%%g\%ﬁgécz)ru%g%%nu %rﬁg{jﬁgﬂéﬁg aér“Fi r?g:a%fqéfi#hs?y The
reaction m xt gea,i oaxmpedimnmitd y beparrked undby cleavage condirdduian th
respect 1o temgerajiye aﬂqt@&‘ié%we dpdegaiipch t'ﬂ‘}?efSUQ?a%H Bbs  ar
hydrogenation is carried out. The pressure is accordingly generally ebel ow
25 bar. 1t ishydsegenated frém 1 A5 RALTSERPIN Nar t ickddiols omals to 20
bar. In the cagevelsiBackheBsMovlw 83ef riama he udriefieymd At Hfogy ef i ns
having from6 to 12 carbon atons (fqor exanpl e octenes which were obtained
by di meri zi ng HButodri¥s Pnet dpjsiogiamadd odf S tegie -exdifp IS8 Lo RS 23D C,
advant ageous| ypafitanuiae tthe?206rmaaBshe L8| DyrEwi FOr hotielenated to

hydr of ormyl ation m xtures, the optinmumt erature condi,tions for
separating of £Phe ‘fxﬂ?ifnf-%%n Bt he dSPer niEF SHERGCT: 1 FRBu 837 by
prelimnary eyegfior@ets.inl clsepbswtgrédeuty drafge iy E abetpwni2b Wags, ASe i S
made of conventional, apparatu ... g thi.n-filmevaporatars or .
falling-film @\?asﬁgregt OtséL.%el nS neg&vaﬁtsagggll%st er‘rtgqoedi nsgcrﬁsatlt% rﬁlx%qfrrés is
added to a hyoregemtstireanhef rapprtipn atixtuwnpeane upredomdepandentigt of t he
evapor ati on I ed, 1.t 1] SeLonkr - r eam
from hi gh- boﬁg:&?&%& gfgtsi,' ,&Hr%ccgi isen t ?éég an%ﬁ%gr t%hggs?r%\‘/:ltl%g:ﬁ\il I%t@a%dof%o'[ he
catal yst is if&echyddofosmylatinter6fcE&dmenti onal demisters, in which the
velocity of the vapor streamis decreased, the vapor streamis exposed to
the action of centrjfugal forces qr. the droplets are separated off, l%_}/

i npact, e.g. Sﬁebaﬁlfqlgse ofNQEs e@nPlock gba o083 @ Plaptipg whic

hydr of or nyl at ithe Brdddss WaSceraPed ated dhe | Nivatiicin osahnte adiastetl

hydr ogen stream._ the hydrogen/vapor m xture i s conducted over t at al yst .
Ot her wi se, hytﬁﬂ“&g&?rﬁt&%&&&ggyt & er\?acﬁgrcu%axtﬁt?rneésTﬁ Cﬂfdrgc?gser? i stche
expedi ent | y elmyldoypeenianianc ysirdegeabl &hst divshricdieemyiletéxressixture is
Advant ageous| ¥n.3 AdEA0eN ! ar (L ng- TR ST | dhafBSSal ali @ of ifigm 3.dhidl Lo
0.7:1, in particular from 35 to 1.1 sic]l,. 1s enployed. The_unconsuned
hydr ogen can E¥apeziateyl dr edthmeiok atviiydy heated yfysiiegereed cpagses

catal yst. It ic%dﬁ&ﬁ%ﬂit@pt.lby izi12) Ow%r@@@ figeﬂz&fﬁd @at awaaeandggieﬂeralhl y
conprises trom,25 to 40~ i ght of _copper an om 18 {0.30~ by weight
of chrom um f‘l]rée@é(pélsyst %]a?mfg?:‘gﬁiwi séoﬁg‘gFSSZOi“ %P@ﬁ%obieﬁﬁsi cs

subst ances, suomdas tadkahrowefal tloxi desisterl kal Bnd d¢dwet thighi-dboiodedes or
al kal i net al *%Yeg%%'éﬂﬁs. YeAl kpLLps earltn natale hypopxi des, angd OtJ}ﬁ{ ’
inert or propertynodiTying substances I n the same anounts,” for exanple
graphite. "SuSyerorptes" 2ngaes tatkeraledeh condfinignsdmt aratRat diwigR @F has
been sprayed ofignplogdest §daMtilbra 60! thé ORyaFob&e 3erb¥A GORPARENtSs Of
ont o whi ch th% actjve corrponentf) have been_adhesively atﬁgl ied i.n another
manner. The i iFGeS | $*8% dPégea 8P‘$§Fsi s2BR petiraded y Yrlduc e 48P i ng
over hydrogen adlcotlodat etbirergey abnde,l ow-Ppoilllee shyidr ogesaédonntenpeiat ur e,
and then deve its optinmmactivity.q The cif| ercen es wei ght
relate to thelh X &gg,nagrjif’gduc]é‘ag ('53?51 ofa‘t he f%z%t%al ylgﬁgcgui t% #ggcat a eyst S
are, for exanmplveirogesataval ysitxtEa@6T WwhoghMild | erkkestit inErtihe cooler
Pennsyl vani a, A and C - Ch,gig e KRxE i ch.
The cat al ystslalérs'e g@pegﬁgnt P%B!&éég fgggeyégﬂ V\Sﬂ/mﬂch 0 fer@%n?ggw reis\,é:’}gt ance
to flow, e.g. Mixtiwe f eeppbitgranined, helnagenadiioghapsadhsdi ed2 s as
tablets, cylindens &4 @strUdabgs wHidH NES pok@iRe at §r esadn t Bercatal yst
and the pressure advant agequsly correspond, as nentjoned, to the conditions
under which t ERaUSEhPass 14, g maglepd keep the omird 937 Wl &y

| ow-boi | ers arg ermaRralaeé flrfeci(f?tidle T nafdrdgdratddizuiied WE. rdpEa®gd i mum
tenmperature i 0 t rkerﬁ%%?{]?‘&\é%t be i55 expediently determned for a given

hydr of or nyl at i-6n " ?95PePrti nary experinents. In the

hydr of ormyl ati on m xtures which were obtained by hydrofornylation of

ol ef i ns havi ngufro 2 o] I t4l.S, i . fro 50 to
250C, advant ag‘ehgus %gﬁzgn 16‘8%%952]33% n%r i tghgxpgglagﬁ?gghgtmggﬁggt egrrqpeelr ature
of the cycle g@haedfdrinsi ngay hedeviapor abedt®ortd oR2BPORh 4RI oRBANYR at i on
m xture at the inlet of the hydrogenation reactor is at |east as high as at
the outlet of the dem ster. Advantageously, it is therefore provided that
the cycle gas in this process section can be heated, expediently can be
indirectly heated, and can be thernostated. The hydrogenati on proceeds
exotherm cally. The reaction can be conducted adi abatically with

M B S Al 2 4= o o o o v o o M



.- 10, The hydrogenation m xture can, after separating off excess hédro en,
be fractionated into its constituents by fractional condensat i26-Fl5 W%
conpl ete condensation and distillation. The non-hydrogenated ol efins can be

- recovered fromthe | ow boiler fraction,- &wantageously by distillation, and
recircul ated ipt-g;hAa dr af5 @R or A8 RREIME Yoordd & 018

_together with t%g]lgla?u%t éng(%lgrlgg%rl%or?g formed from themn n;aheﬂ?res
hydr of or nyl at @8n o¥u¢he RpBPe4eRidRFon cHiFbe B8ed s raW meddeheTor

ﬁrgckfers olr f_QLm@Q&yHDQ—BU'EEgE?_S-lﬁ-l,_ﬂ!zs—hl§rtBehéﬁéﬁef«‘fsl%%%‘ aldomddid h@? .
ydrof ornmyl ati gn was qperated wit [ conversion of the starting ol efins.

The al cohol s gﬂ@fl},’ﬂo &*en (éhﬁﬁpw%éf @@Q‘E,e%éfbr%%éﬁl’wlzatglon

gas- chr onat ogedphpirepanal, ySi-metihe-1ehkedunecan-betenapi tied Wsbdhethe c;

hi gh- boi | ers, i.ch remained jn.the evaporation.of_ the al dehydes, .al cohols,

forates and PoBEat: M il Sur bRrteior REAUNTES ouBt RBE Vi THR A {5

materi al s of wdl axtdnms, exampresndyy Z+¥ acRi-ngr d-efeathylcan doeepneqdudsed whi ch

inturn can b refornyl ated. The, exanpl re_t xpl ain the

i nvention fur?ﬁg%grgﬁt Cﬁof){%fa Fel ?{itgfferﬁg%ﬁpgﬁh%ge?a%ﬁlol%g%%%onln\/\htihc% IS

given by the patiewrich&ivs. ofxanpiperie Aslstalti py Padedeale,1,2-ethyl-
hydrof or ny! at qd di=Rebut eng, yas.{&d brea BLELING PUMDLLBEPt B BYAROT at or

2 of a gasphase hygrogenatl on apparatus according to t he igure, 1nto a
hydr ogen stred®e3rapzoReNE0 200C. ThE1kpEEB§en SR chnl eavd®® t he

evaporat or an@eicsah@aded cWohh akdepydgencal 6photise foF imtesz AN ovsiboi | ers
and conpri ses_hi %h- boi |l er drop] ets was passe%_}gou h the dem ster_5 and,

after separ at PRGEBRE  hilgH-Hdiddacenms! passe SR strefheEYb the
top of the hydhegeraki oftd@atien?) Theodigdd bohl ehs 6 ewrmiet gt o he
evaporator and_separated off_in t emster 5 were taken qff . every 12 h.
26 PEB 2003 - Of1 BHERSSA0t o?n%sggeg} el“‘%’éB‘gr%? 3§r%ﬁ1§58§n Wt h“?l"i n
which 800 ml @EIigRpergrasfionheofat alyst nE408HEY ifvgomAvH fleneskr odtarizeh been
arranged, fix i.0..th el L et The catal ygioidbd i oXi

unr educed for%%éngﬁgf’i_sgggﬁgkgélgeibhtégf Ac];ﬁo equi%/éapf ec;r'ﬁ lto_33.af51ﬁ!y 5

wei ght of Cu $@papptisioghtofdf G&203degulbbhaehent oinfo3p IFpckdionst off Cr 8~

by wei ght of Ba@nai¢aiO~ H¥ wejghih4f gkaphbhe. dhebéeat al yste tasayigduced by
2500 1(S. T.P.)/h of nitrogen firstly bejn sed, at 150C and,1 bar, over
¢ 3 pEfy By

800 m of cat IWSEreR nakt midFeasrase r feh RESIPESHac ¢

hydr ogen and tiyelrgdsraiiaaiobnwasfcant ray,| €d; ioxr SWyeghohefrnneixthadst he
tenperature rise renai ned below 10C. After 2 h in each case, the volunetric
concentration of the hydrogen was increased by 5~. After reduction had
finally been G&eri ededinsusiang plvslrofdraydatedhe inenper stAreenEsod levat ed

to 1 60C. Aftemadnky tHed ZHan NgPREN tiRSesthPei hg MRRItA A dVasokNaGiRased
each tinme by i&%é After .a tenperature of 190C had been_reached,

t he
hydr ogen pres AfgRasiefat &F SESFW AT A Dar tandéPest rieR e RIer at ur e

control and tRaoddual wsitalsssdeeptoringeeféhalsey canbaltoratfadryst? h.ardhe

hydr ogenati on _m xture was _cooled in. the cqoler 10. Th ondensed. .

hydr ogenat i on t?re(g&u&relf ?ytegkeﬁllo Y S oeu]tr eccoe“fR(T\/lee(r:}c 1Sclit,ar}pﬁjglzclyn(ﬁe gas

13 recircul at eddi¢ ivies , evapon atagr andasboe mfostid ngsc| ergashagmhitden of f

as exhaust gasgplé. e ged-hy £ St Qaeit, 5. The
Thb tﬁ&@%%ﬂﬁﬁgggygﬁgﬂfg?%gﬁrggghﬁ £dct B30 s a

process was carrie f OW ng condi tions: o
on catalyst and olefin, in broad ranges. A description

of the hydroformylation of olefins 1is found, for
example, in J. Falbe, New Syntheses with Carbon
Monoxide, Springer-Verlag, Heidelberg-New York, 1980,
pages 99ff., and in Kirk-Othmer, Encyclopedia of
Chemical Technology, volume 17, 4th edition, John Wiley
& Sons, pages 909-919 (1996).

The hydroformylation reaction mixtures are expediently

firstly freed from the catalyst. If a cobalt catalyst
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appr oxi mat oy, J0Q(AGP1 (AT Ean) U2SANESSE o)/ HAQMES,T PrlAlidg) h 180 C

185 C 185 C 16 anal yses of the starting material and’of the
hydr ogenat i ons%ﬁa%ﬁ%u'é%n@a‘?éftﬁ}éefBQPBWHHgC@&F‘&é@t BhBSEane¥58aEiPRgOkat eri al

(~ by wei ght)8h@dudoda1tbyY carbonyl compounds remaining in the
wei ght) | sonoggm(gl sgg 40, 2| sononanol s41. 887, 91 sonpnyl format es4. 2<
0. 1Hi gh- boi | R¥Br @BOBMKF 2 &3Ol neMAXEYREF o/ e wBdk, &7Tst cXHILR at 8as

reached and ther@bbﬂwtoa@npnélfegﬁlt@ﬁgl nedauhecsapeuﬁds aipkr wadeef nore

than 6 nont hs, le 2 If, ex Nt was carried out wthout a
deni ster unde?® oﬁﬁ%“sge S tlcciqeg%o% etgf]o% 1O sPEEER"ES® aft'er gegvgeks a
mar kedl y i npaknesn hydeegetiaki exapelieqr Rhncealies, obser veit . ret64gni 286l e by a
higher contentpPkri SN ) O B8RS0t hmer, loc. cit. and EP-0 850

905 Aal.

If a rhodium compound served as hydrofqrmylation
catalyst, it can be separated off from the
hydroformylation mixture as distillation residue by

means of thin-film evaporation.

The hydroformylation reaction mixtures expediently
freed from catalyst generally comprise 3-40% by weight,
usually 5-30% by weight, of low-boilers, in addition
30-90% by weight of aldehydes, 5-60% by weight of
alcohols, up to 10% of formates of these alcohols and
from 5 to 15% by weight of high-boilers. However, it
may be stressed that the process according to the
invention can also be carried out using
hydroformylation mixtures whose composition does not
correspond to these specifications in this and/or that
relationship.

The aldehydes, alcohols, formates and low-boilers are
then evaporated from the generally undistilled
hydroformylation reaction mixture, which if appropriate
is freed from catalyst. The low-boilers particularly
include unreacted olefins and the corresponding
saturated hydrocarbons formed during the  hydro-
formylation and water. The content of low-boilers in
the reaction mixture varies within the limits mentioned
above, depending on the starting olefin, the reaction
conditions and the degree of conversion of the
hydroformylation. The high-boilers which according to

the invention are not to pass to the hydrogenation



26 FEB 2003 Clai s: - 13 1. A process for the hydrogenation &f§£ %bbgn
m xtures fromthe hydrofornmylation of CS to C24 olefins, conp B |€€:
evaporating the al dehydes, al cohols, formates and | ow boilers froma
- reaction mxture obtained fromthe hydrofornylation of CS to C24 olefins to

produce a vapor,_and reacting the y r with_hydr .Ln.the presence of a
_support-free %JL}??Y%%t a?(ffns?’flqi.’ Th%ag%%)ceggl%f Oaggﬁqﬁli,kat erei ﬁnézgrprocess
is carried oworgensaubes| productise ¢f oddss oesulbingl aldedneias asidng a

deni ster, entyaiged, droplet gnaf Bhoh boihers aksasepanat edsof hifhamthe
evapor at ed al dehydes, al cohols) formates and | ow boilers upstream of the
hydr ogenat i orfto kecylar tWeokalss substanses) whereidcraelhi it e£Bapr oduced

in the dem stefe agtedioidle EVAIYFRHSD RGaMEKethdn d vRLal s of val ue.
5. The process of Claim3, wherein the cycle gas, after |eaving the

dem ster and upstreamof entry into the hydrogenation reactor, is heated

and thernost atigdl. &Gonlia iRecesan8brC aiich WREI®Hydde t eapespbuse of the
cycl e gas at jEhe i nl et of the hydro%%nation reactordi sE at | aest ashbi gh as

at the outl et %ﬁm??ﬁﬁdéﬁgs@&W'bOlle are separate rom t hig
boilers are considerably dependent on the carbon number

of the starting olefins. The reaction mixture is
expediently separated under the same conditions with
respect to temperature and pressure under which the
subsequent hydrogenation is carried out. The pressure
is accordingly generally below 25 bar. It is
expediently from 1 to 25 bar, and in particular from 15
to 20 bar. In the case of reaction mixtures from the
hydroformylation of olefins having from 6 to 12 carbon

atoms (for example octenes which were obtained by

dimerizing butenes), temperatures of, for example, from
150 to 250°C, advantageously from 160 to 220°C, can be
employed. For other hydroformylation mixtures, the

optimum temperature conditions for separating off the
high-boilers can be determined without difficulty by

preliminary experiments.

To separate the hydroformylation mixtures, use is made
of conventional apparatuses, e.g. thin-film evaporators
or falling-film evaporators. In an advantageous
embodiment, the mixture is added to a hydrogen stream
of appropriate temperature. Independently of the
evaporation method selected, it is advantageous to free
the vapor stream from high-boiler droplets, since in
this manner the service life of the catalyst is
increased. Use is made of conventional demisters, 1in
which the velocity of the vapor stream is decreased,
the vapor stream is exposed to the action of
centrifugal forces or the droplets are separated off by

impact, e.g. on baffles or screens.
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26 FEB 2003 - 14 7. The process of Caiml, wherein the catal ¥s% ﬁg@ﬂ ses
from25 to 40% by weight of Cu and from 18 to 30% by wei ght o E 3d on
the oxidic formof the catalyst. 8. The process of Caim?7, wherein the

- catal yst conprises up to 20% by wei ght_og a basic substance. 9. The process

of Claim8, rein the catal yst. conprises up to 20% by wei ght of an inert
_or property- ifW‘?‘lgh’%\ﬁ‘gg‘?g?%’@.'lﬁﬁl@ﬁ‘hemﬁ%ﬁﬁgs gfsa é?’?r?ﬁ’,ga ref¥ the
hydr ogenat i onintsreductissh outinon a & | xedabed cayslrysgten 11stridean,pr ockss of

Claim1, whenel e ' I §.C t t 0 . 12.
The process o&%éﬁ%)}y‘{gﬁ%rﬁﬁtﬁﬁ% ?ﬁ?d%o%g’;éﬁlacft%cﬁ ?Jsérggln}}uc égaﬁfg% 160 to
220C. 13. TheOthewxwsse of h@fiadaen, ishedded thse tHhealroeeerat hbntuse cofbact ed

adi abatl ca' ! hydebogdlie £ 0G8RllendId) Mekp MARIE firl Mg NYORO9GDALLED | S

essentially CO¥I yc%ed ilsot herm caq ?bf]nc?ontﬁ)l ling the tenperature by

f eedi ng col d Ye@ichiometric excess. Advantageously, a
hydrogen:starting material mass ratio of from 3.5:1 to
0.7:1, in particular from 3:1 to 1.1 [sic], |is

employed. The unconsumed hydrogen can be recirculated.

The catalyst is a support-free Cu/Cr catalyst. It is
expediently emplioyed as a fixed-bed catalyst and
generally comprises from 25 to 40% by weight of copper
and from 18 to 30% by weight of chromium. The catalyst
can comprise up to 20% by weight of basic substances,
such as alkali metal oxides or alkaline earth metal
oxides or alkali metal hydroxides or alkaline earth
metal hydroxides, and other, inert or property-
modifying substances in the same amounts, for example
graphite. “Support-free” means the absence of support
material which has been sprayed or impregnated with a
solution of the active components or onto which the
active components have been adhesively applied in
another manner. The initially oxidic catalyst is
expediently reduced by passing over hydrogen at
elevated temperature, e.qg. the hydrogenation
temperature, and then develops its optimum activity.
The specified percentages by weight relate to the
oxidic, unreduced form of the catalyst. Suitable
catalysts are, for example, the catalyst E406TU from
Mallinckrodt, Erie, Pennsylvania, USA and the catalyst
G99B from Siid-Chemie AG, 80333 Munich. The catalysts
are expediently used in a form which offers a low
resistance to flow, e.g. in the form of granules,
pellets or shaped bodies such as tablets, cylinders,
rod extrudates or rings. Temperatures at the catalyst
and the pressure advantageously correspond, as
mentioned, to the conditions under which the aldehydes,



26 FEB 2003 - 15 1 S. The process of Claim1l, wherein the hydrogenatiqn is

"conducted at a pressure of from1 to 25 bar. 16. The process @b %ﬁ%‘@,

wherein the hydrogenation is conducted at a pressure of from 15 to 20 bar.

- 17. The process of Clai m 1, wherein the §iquid hourly space velocity of the
catal yst is bet 07 h' and rocess of Claim1,

.18. The
wherein the IEqu‘iH ]rﬁjurf?/r’g?)'é%% Qﬁpogl%bé’fljlterfeq cadrf‘gl EIPPIAYRA WeEAM 0. 12
" h'' and 0. 25 the .hy®o flhenraiciess nafxt@rad.m |, wherein the hydrogenation is
conducted at a hydrogenatarting material mass ratio of from35:1 to 07: 1.
20. The process of Claim1l, wherein the hydrogenation is conducted at a
hydr ogenat ar tThg nepeiman nmasgpegeitorel fyom 8he t ¢atalys2l. bEek piscess of

daim 1, wher;,%g% J(]&Q%P Q{eotrer%% N gegacti onyiRiext ug, kéfeg@ﬂ%ﬁom

cobal t - cat al ation he procCess of erein the
hydr of or ny!l atril@ntme%ct i M m xpuediminandi st i ¢X¥pekiments. In the

hydroformylation mixtures which were obtained by
hydroformylation of olefins having from 6 to 12 carbon
atoms, it 1is, as mentioned, from 150 to 250°C,
advantageously from 160 to 220°C. It is expedient that
the temperature of the c¢ycle gas comprising the
evaporated portion of the hydroformylation mixture at
the inlet of the hydrogenation reactor is at least as
high as at the outlet of the demister. Advantageously,
it is therefore provided that the cycle gas in this
process section can be heated, expediently can be
indirectly heated, and can be thermostated.

The hydrogenation proceeds exothermically. The reaction
can Dbe conducted adiabatically with temperature
increase. Alternatively, it is also possible to arrange
the hydrogenation essentially isothermically, i.e. to
permit a temperature rise of only up to 10°C from the
reactor inlet to the exit of the hydrogenation mixture.
In the latter case, the temperature 1is expediently
controlled by feeding cold hydrogen.

The process according to the invention permits high
throughputs. The liquid hourly space velocity (LHSV) of
the catalyst is given as the hourly volumetric flow of
the still 1liquid starting material divided by the
catalyst volume. It depends, inter alia, on the
temperature selected and is generally between 0.07 ht
and 0.40 h™', in particular between 0.12 h™' and
0.25 h™. The residence time of the gas phase in the
catalyst =zone essentially depends on the GHSV (gas
hourly space velocity), the temperature selected and
the pressure and can be, for example, between 3 and

30 seconds.
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hydroformylation. Alternatively, the olefins, together
with the saturated hydrocarbons formed from them in the
hydroformylation or the hydrogenation can be used as
raw material for crackers or for heating purposes. This
is the case especially if the hydroformylation was
operated with high conversion of the starting olefins.
The alcohols are produced in a purity of > 99%,
determined by gas-chromatographic analysis. The residue
can be combined with the high-boilers, which remained
in the evaporation of the aldehydes, alcohols, formates
and low-boilers, and can be worked up together with
them to materials of wvalue. For example, by cracking,
olefins can be produced which in turn can be

hydroformylated.

The examples below are to explain the invention
further, but not to restrict its field of application

which is given by the patent claims.

Example 1

As starting material 1, hydroformylated di-n-butene was
fed by a metering pump into the evaporator 2 of a gas-
phase hydrogenation apparatus according to the figure,
into a hydrogen stream 3 heated to 200°C. The hydrogen
stream 4 which leaves the evaporator and is loaded with
aldehydes, alcohols, formates and low-boilers and
comprises high-boiler droplets was passed through the
demister 5 and, after separating off high-boilers, was
passed as material stream 7 to the top of the
hydrogenation reactor 8. The high-boilers 6 remaining
in the evaporator and separated off in the demister 5

were taken off every 12 h.
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The catalyst was reduced by 2500 1(S.T.P.)/h of

nitrogen firstly being passed, at 150°C and 1 bar, over
800 ml of catalyst. A maximum of 5% of the nitrogen was
replaced by hydrogen and the gas stream was controlled
in such a manner that the temperature rise remained
below 10°C. After 2 h in each case, the volumetric
concentration of the hydrogen was increased by 5%.
After reduction had finally been carried out using pure
hydrogen, the temperature was elevated to 160°C. After
a further 2 h 1in each case, the temperature was
increased each time by 10°C. After a temperature of
190°C had been reached, the hydrogen pressure was
elevated stepwise to 15 bar under strict temperature
control and the catalyst was kept under these

conditions for 12 h.

The hydrogenation mixture was cooled in the cooler 10.
The condensed hydrogenation product 12 was taken off
from the receiver 11, the cycle gas 13 recirculated to
the evaporator and some of the cycle gas was taken off
as exhaust gas 14. Consumed hydrogen was replaced by

fresh hydrogen 15.

The process was carried out under the following

conditions:
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10. u. u 1¥°Q. g/h
Fresh hydrogen fed 62 1(S.T.P.)/h
Cycle hydrogen gas 2500 1(5.T.P.)/h
Exhaust gas 50 1(s.T.P.)/h
High-boilers 3 g/h
Temperature downstream of the
evaporator 180 ©°¢C
Temperature at the hydrogenation
reactor inlet 185 o°¢C
Temperature in the hydrogenation
reactor 185 o¢C
Pressure in the system 16 bar
Hydrogenation product approximately 158 g/h
GC analyses of the starting material and of the

hydrogenation product gave the following values:

Substance Starting material Product

(% by weight) (% by weight)
Isononanals 39.4 0.2
Isononanols 41.8 87.9
Isononyl formates 4.2 < 0.1
High-boilers 5.9 2.2
After operation for one week, a steady state was

reached and the product composition remained the same

for a period of more than 6 months.

Example 2
If the

demister under otherwise identical conditions,

same experiment was carried out without a

as soon

as after 6 weeks a markedly impaired hydrogenation

performance was observed, recognizable by a higher

content of isononyl formates.
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1. A process for the hydrogenation of reaction mixtures from the hydroformylation of
C, ta C,, olefins, comprising:

evaporating the aldehydes, alcohols, formates and low-boilers from a reaction mixture
obtained from the hydroformylation of C; to C,, olefins to produce a vapor; and

reacting the vapor with hydrogen in the presence of a support-free Cu/Cr catalyst.

2. The process of Claim 1, wherein the process is carried out continuously.

3. The process of Claim 1, wherein, using a demister, entrained droplets of high-
boilers are separated off from the evaporated aldehydes, alcohols, formates and low-boilers

upstream of the hydrogenation.

4. The process of Claim 3, wherein the high-boilers produced in the demister and in

the evaporator are worked up to materials of value.

5. The process of Claim 3, wherein the cycle gas, after leaving the demister and

upstream of entry into the hydrogenation reactor, is heated and thermostated.

6. The process of Claim 3, wherein the temperature of the cycle gas at the inlet of the

hydrogenation reactor is at least as high as at the outlet of the demister.
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9. The process of Claim 8, wherein the catalyst comprises up to 20% by weight of an

inert or property-modifying substance.

10. The process of Claim 1, wherein the hydrogenation is carried out on a fixed-bed

catalyst.

11. The process of Claim 1, wherein the hydrogenation is conducted at from 150 to

250°C.

12. The process of Claim 1, wherein the hydrogenation is conducted from 160 to

220°C.
13. The process of Claim 1, wherein the hydrogenation is conducted adiabatically.

14. The process of Claim 1, wherein the hydrogenation is essentially conducted

isathermically, by controlling the temperature by feeding cold gas.
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from 1 to 25 bar.

16. The process of Claim 1, wherein the hydrogenation is conducted at a pressure of

from 15 to 20 bar.

17. The process of Claim 1, wherein the liquid hourly space velocity of the catalyst is

batween 0.07 h! and 0.40 h™'.

18. The process of Claim 1, wherein the liquid hourly space velocity of the catalyst is

between 0.12 h™! and 0.25 h'.

19. The process of Claim 1, wherein the hydrogenation is conducted at a

hydrogen:starting material mass ratio of from 35:1 to 07:1.

20. The process of Claim 1, wherein the hydrogenation is conducted at a

hydrogen:starting material mass ratio of from 3:1 to 1:1.

21. The process of Claim 1, wherein the hydroformylation reaction mixture is

obtained by cobalt-catalyst hydroformylation.

22. The process of Claim 21, wherein the hydroformylation reaction mixture is

undistilled.



