' ryzZe3edLa| (6TLAG i ~". -7 duN iooi Process for the sql({@@pzigetp
“hydr ogenati on of ?‘MW’H’M,@"M’WU on m xtures The invention relates to a
process for the select]ve ogenati on of hydrofornylalion mi‘h r whi ch
"are produced in the pr¥§itati on of higher oxo al cohols by Hydr ﬁrf@?al i on
of the corresponding olefins. The hydregenation is selective to the extent
“that the al dehydesJﬂlmmummum“ byproducts of the hydrofornylation are
hydr ogenated to gi d al cohol s, whereas the unreacted starting.
"olefins are retained visegowzl | y conpl etely. H gher alcohols, in particular
those having from6 to 25 carbon atons, are known to be able to be prepared
by catal ytic hydrotessior thé selective bydrogaaitioonof Igfdrobfenaytionanixtiiesg one
carbon atom | ess and subsequent catal ytic hydrogenati on of the al dehyde-
and al cohol -containing reaction m xtures. They are predom nantly used as
starting materi : a i I Gd . s tg. It is
known that in tﬂ{g% cgﬁgpgﬁé@lﬁl%r S)c?tglr Eﬁcgg? gh.ag.%,é ﬁ%ﬁlﬁg%y@%gﬁ?nﬁ xtures
are formed whi cliydegfeimyldtioprmixhees ebichemte prodiueidsin the preparalisinyd ddgtend t he
correspondi ng al cohol s, dependi on the c | yst and the reactio
conditions, can °&‘8n?&?ﬂ?lsi Yaﬂ%‘f}gﬁ°gﬁylﬁg°fhn‘?fte§a¥e%9fﬁﬁsgpﬂﬂgg B@ﬁ?%d&??s and
secondary produgiygrdfentlién iy deREVEE Md @Rtent Wkt M2 §I6&Wo%%‘%?1d1¥¢94iagﬁaf bons
resulting fromthe ol efins by hydrogenation, water, esters of the desired
al cohol s (e.g. thyprastusts) of thediysrafounylalinm aier hedrogenalad tts givedibhydbsiradd
al cohol ) enol ethers,and other, byprodycts or. secopdary products.. Said
subst ances can @écowgdi\@?edé%s il olpqr%\#%%ﬁt"éﬁ“gghﬁl\‘?ﬂﬂﬁ %{et{&fﬁ'ﬁ'% VEBERY bel ow
the boiling poi gbnpfetdifpe al dehyde and hi gh-boilers having a boiling point
above the boiling point of the alcohol. During the hydrogenation of the
reaction m xtures, the desired alcohols are formed from sone of the
byproducts, suchy; i &, j.oproye i t he
ot her hand, it nglBlZeérgalﬁIr:(?‘Lq?sé%gﬁgﬁ&ﬁ ﬁgktﬁoﬁs\é@gﬁ@dfr%eé)%n% %%ﬁg%{ﬁ?c#nﬁs.t e
hydr ogenati on s&nowattot beeyable to beJpidpaa2by catalgtion hpérofaemilatioh gbredxs o t he
hydr of ormyl ati on_reacti af.ter separating themoff fromthe, hydrogenation
m xture. Obvi ou§??/cﬁ'°f‘$1é’?gh%fqlﬁ®sc5319'89a?qﬁegagpol?ea?é'bd?%f‘t@ (ﬁups%qqeg? to the
hydrogenat i on ofkatdhiciiirederatish aifithe afeHydee ahd SlesHdlch@biniiy Rfactibie
al dehydes and the al cohols. However, this would nmean an additional process

step, since theMiyErast othayl ate dedemingplly msed pe slipging maderiats dey toaase
after the hydro j f i85 he catal ytic hydrogenation of
reaction m xt urg)gé}%rtﬁ%l%& rléeé?%'rzgt)ar eéa(i er&%bal t-catal yzed hydrofornylation
of olefins having from2 to 24 carbon atons is described in DE 35 42 595.

The hydrogenation |s carried out, in ta . e first stage, the
hydr o%/or rrsl ati Iogt 'ﬂl"}q"ﬁ}aléa{ 'quﬂ?/g?lgb/é'ﬁ&Ymg@%ﬁ%’%@nfgé’g}ﬁ'ﬁo}eﬁcwggﬁﬂs
pressure of 10- 3bd fdredWitith, 8paRSPorm any 8&SifedpedudtsS O PRddHdeSialY tigat al yst

whi ch conprises 5-15% by wei ght of nickel and 2-20% by wei ght of nol ybdenum
in the formof &8I Sgahels, | denandinge ©8n e taatlysty ped Hfpar 6geteR i on i s

conpleted at 15Q: 0; : . t whose
active nmss con%?é?@oéﬁ'a%bg{%%? S/"#v)\g":icg’;' t@g@@@%ﬁeﬁﬁ%@ﬁ%g&@&%ﬁﬁ of
copper, 4-10% bysevamridgtyt productsaeidibe bydrofamayl&idst/sbgh aeisghurated hpddogdrtbensim i n
the form of nol ybdenum oxi de an Lf .approprjate, up to 10% wej ght of
activating addi %??)‘g@.‘gn}rﬂmt 'ﬁ'& ‘a?ﬁh:seb)é ,hyﬁﬁ)@egab%t‘%@egn%st%{ée‘?fdﬁé dﬁ?@% nt in
the mxture areaﬁﬁ%ﬂ&l@(é.ﬁﬁoﬁnﬂatéi)?adéﬂélé Sﬁﬁemirgagp@haaegcdr‘e&ya’@%naé% §5 i

obvi ously not ai at a sel ective hydrogenation wt ention of the
ol efins, since tneketharssantbetheehyprodects ar satondary ptavuctsoSaid subdlapaeyant age

in the process is that 'the h 0 tion is carri.ed out int t.ages and
at high pressur &N bfc%%'%eéyﬁgo Wég%&éﬂwﬂn%ta by %ponghgqu\g\rll\ﬁe ﬁ%‘ﬁ ding to
US-A 5 399 793, potit dffiRe fiydbtydertrid highdoildRChRBAhG &f bbiliag (pofit dBo¥é YUhes, as
arise in the hydrofornylation of C5-C-Z olefins) use is made of N I M

catal ysts on Al 2odingr ppig} o) theatrehols Dppiag tthaaliydrpaenrationhef thet egachiedcess
conprises the fqlL.l.ow A : t- I

nydr of or myl at 1 on e EyEere dBcal ol Rimeior 3Bl srifi Bréaibis sy o -
(c) hydrogenati @s eflershandcacedalsy whichiimproviestibe gielt. Ohethatoticertemdeitas ur e and

at el evated pressur roductjon, of al cohols having very |o unts of
al dehydes by di sqsﬁsif?%ﬁé %h@smﬁa@kdﬁ'ﬁfrgﬂewm @d@ﬁz‘tyf‘@%ea?“‘%/rh%’ BeeBRYI's The
hydr ogenati on of stages (c) andlor (e) can be carried out using a

bi metal i c, phosphorus-free Ni|IM hydrogenation catalyst. This

hydr ogenati on catal yst produces fewer high-hoiling byproducts than a
correspondi ng phosphorus-containing catalyst. Al though, mthe exanples, the
presence of lowboilers, that is to say olefins and paraffins) is
mentioned, no information is given on the nmass rati o of these substances

Y o o Y . e S ST a1




- 7.JUN 2D02 4 _ olefinic double bond. For this purpose, according io
Applied Catalysis, 25 (1966), 1 Bl-1 B9, use is made of ruthenium catalysts
and a yield of up io 90l is achieved. Using Cul Cr catalysi 597a\¢[¢nr2:ﬂﬂag to

| v. Akad. Nauk. G uz. SSR Ser. Khim 16(4) (1990), 287-292, a yield of 92%
was achi eved. On the ocher hand) it is kRown that 2-eihyl hex-2-enal, when

-use is nade of a Cul CrlNi t al yst ich contains an al kali. t al
conponent , canC"i’féb‘ﬁWFB‘B%W@?%&%Wdﬁo\-l}h@f%t??é‘iﬁ%f)”(ﬂ"f‘ﬂréegﬁr@t”@nﬁ‘eﬂ??ﬁ In this
- case, not onl ygrbmetheahpayéndtioRCinb@reD Bhviduaf, the ofdiigh i ddufi Sirsdlyephond are

hydrogenat ed. The object under|ying the present invention was to
hydr ogenat e r eseparatedeikpiierde tbe hydeodepatien ef thy lhadiofermyfatios miiuc2hy ol ef i ns

under conpar at j . m C it vt articular .l ow pressures,
selectively i n&‘é@!ﬂuoﬁ‘ Olrfrg]r?n%'rH gb%%&%%%&gla&%eﬁogﬁﬁerc@ﬁ glonga{E%%'ﬁﬁ'&nyi ng
subst ances pr eaddifioriahpraddss step, sincalieohairsfoandamnhugesaust be BRtitlegul ar
formai es, are converted as substantially as possible info the desired

1y
al cohol s and t ieanyFasg At s Bydragenaloniaf drargldpbdes. as |ittle as possibl e.
This object was surprisingly achieved by a process for the selective
hydr ogenati on of reaction m xtures which originate fromthe
hydr of or nyl at i ©he chatadBia bydidgemdten ofsreastiorgmintares gehichawesopriegarsat by ysi s at

| evated t t d | evat ed. e, .in which ,
catatyst,  uos pbalieuafed i ElicL L PPER: nevieh s 5 B8 ebfbonent s,
conprises cOppfomsNé Béktibadh DRMEBALHYS5, Firr@frﬁ@ eVatidttR daprid®Bslft iRiwd he

supported catal yst disclosed by EP D 326 67 , Wni ch supported catalyst,
as active conpstagassin thedipsti siage, dbp gwdrddernyiatiokenixbre iohydagensieédat of in

each case fro 1.0, 15% ight, chronj i _a co ration.of from
Or08 £o%. bhe pihZa e Al s Recrie tros st 8 GahE bt B0 S5 Bl | oo o
from0.01 io lof¥shypoied®iO, catalysawiicls 86@phssesi19% tyheeightp aickeHagdt al yst .

Anot her advant a eous supported catal yst conprises copper, nickel and
chronmi um i n t h&28%nMeigipafinpelgbdenim imihedormiof mabbsene®misieed thay t hi n
the context of SOAL hvifouehAd j [ 5d o i 10- Rb and
Cs. - 7 JUN %%c%gd%ag 'Stﬁoggs's%bagé%r .s%gm?’!)éfﬂét 1|~§r%1ltf?;}’r1qt :CZ%HO}Q‘ g’?‘(gbgr nunber
of advant ages. hykiegei prelsgdieson a calaly i ywihose @ctivd masoronsists af Hs6aveby

hydr ogenated to t o] ongi | c Ls in _onl ng o hydr tipn stage
at conversion ﬁgp@i %r Eééatfaztr? ﬁgg%g}% g{é%ﬁsdglg p|e\¥/'i tagﬁ)o}# %r&%?@ Pﬁan 99%
The esters andmahgarigsetandd-a%, by weighbofablgbdariish il the forheofasayisdehar e

| i kew se converted intop the desired ‘ﬂ)oc hols. The starti na, ol efins present
in the mixtureoddf Brd.di FRAGPrAIRRR 1S PP Ryukiebhal palivafing #eflikefedn 1A t hough
the sane catal y.%késy{r@%ms‘éwplaﬁ@aé&a@mem iﬁgfﬁ m&ﬁreaéré Xlorg}é?t@&'té ;d vely

hydrogenate the ol efinic double bond in 2-ethy X-2-enal. In contrast, in
t he process acewrespanding aleehalsvEia posess issebvidusly relainmed alea seletlives of the

starting mater| re, rocarhb . e [ jon can
be carried out hﬁo%@tt%&[@%@%@&ﬁofﬁg% %eg#'g’f &@C(ﬁqg'\% %g&b@f%geﬁﬁgﬁ?g%{ gh
space-tine yi ehl Furfieemerepadisgivantageiintie frocedstie tHay dicfiyaxsgdnatibais ar e
nonool efins having fram5 to 24 carbon atons and a term nal or

mi ddl e- posi t i ofATEeEoUdY YQStagRs a0H 2 highPregsures: ascordingio e example 8t pent ene,
2-met hyl - 1- but @6 or 345 b4 O 3hexene, the isomeric Cs olefin mxture

(di propene) produced 1n the dinerization of propene, 3-nethyl-1-hexene,
1-octene) the isonmeric C8 olefin mxture (dibutene) produced in the

di meri zati on of butenes - - a3qr A-nmethyl -1-o0c e, the isoneric
C9 ol efin mxt ﬁpréorgppﬁgPG%:&?;?E%?8aﬁggweﬁwd{qp§n9{?$'rhgfrlqegg@§ﬂeﬁ rgﬁcﬂﬂ)‘?rbpene_,
1-, 2- or 3-degpaales2ashhys inltHechRricformylBRSIE6ROLC,, IdMinsS aseisirhade & Ol ef i n
m xture (tetraﬁ'(o ene or tributene) produced in t Re tetranerization of
propene or theNi/Marsaiaisls on 8ROpAT -Sifd eas sdppash@alearialer Tie nelehdecene,

butence, and oPdreR EPt RS E PRl ha R RERT 725t o OF ol ot ins

havi ng di fferent carbon nunbers (preferably 2 to 4), if appropriate after
separating off by distillation info fractions of identical or simlar

carbon nunber . (@ ef eRbAYrGPtalzsd yqrefosprlalonr ogenat ed which are produced in
the hydrof or ny|i§)i | ofe@baftihg JFBle feabtidh nfxtSre0! €f i n m xtures. The olefins are
hydrof ornmyl ated 'in a conventional manner and then give the starting
materials for the hydrogenation process according to the invention. Rhodium
catal ysts) or preferably cobalt catalysis, are therefore enpl oyed. - 7
~u~ Zoa2 - 6



wkth or wi thout conplex-stabilizing additives, such as organi c phosphi nes
or phosphites. The tenperatures and the pressures can vary, depending on
catal yst and olefin, in broad ranges. A description of the- pydUN;fZﬂﬂzryl ation
of olefins is found, for exanmple, in J. Fal be, New Syntheses with Carbon
Monoxi de, Springer-Verlag, Heidel berg-Ney York, 1980, pages 99ff., and in

- Kirk-Q hner, Encycl opedia of Chem cal Technol ogy, volunme 17, 4th edition,
John Wley & Seps, Hyaasfendfcn aﬂ@.e(cl@@@beacﬁ&enhm&reocﬁ%lﬁé%k@ftlka]ﬁibeféiall;é' on

m xtures are expediently firstly freed fromthe catalyst. a cobalt

catal yst was used, andial eteyglaskpreesiireved by pressure relief, separating of f
th | , I I f ot b, d
Fora ning- i n (AL e BRARR eCHEORAIL Havila VS, RLRbLRE I REREET D, g

out the resulting cidditlatiocangpounds wi sh wat er or aqueous acid. Decobalting
processes are well knp ,, see, for exanple, J. Falbe, loc. cit.,

Kirk-o hrer, 1(8¢. éHS%mYPGQQeWQD opisralephiess; and EPO 850 905 Al. If a

r hodi um conmpound served as hydrofornylation catalyst, it can be separated
off fromthe hydroformylation m xture as distillation residue by neans of

t hi n-fi | m evaptreatiydrogenhtor ofl rstdgasnic) andior (eg@ahilen canretiud susngedi ent | y

freed fromthe.hydrofornyl ati on catalyst geperally conpris -40% by
wei ght, at no '"%%’9% by PP HHS"E € ()&’?MBi I BY‘i’?g U9R; p&f‘tlasfsgl e&ﬁoﬁ’s, in
addi tion the qgif&sarRNEH NEASIRSIUPASRBeS NEWEE HidHBSIiRN byprRidREls #Rrd@% by

wei ght of al dehydes, 5-60% by wei ght of al cohols, up to 10% by wei ght of
formates of t RESEsSEPRGND IPHOSPRPIES-6aANBININY ¢adybly Abbydh, thenexpgmpes. ers. |t

may be enphasi g €SS, aC di ng. to ] ntion can
al so be carri éﬁggﬁﬁsgﬁé}?%@&%yép%%'&b%g?Qo[?a%n&%"%%}%{e%ér\%ﬁ@é’e'sbﬂeﬁﬁ%ﬁfg?’i on does
not corresponchd inféfesiondp givehi aratheanass ratiohifdhede §ubtarices dlfore Hmdp.
Preferred catal ésts at which the hydrofornylation m xtures are hydrogenat ed

conprise in eadierdaBydiogenalionyll isaidigadvantage gy case thaldrereRaig anas ™ ~
- 7 JUN 2002 i . : - 8. j i J
advant ageousl 3&4—8&%@@3%&%@&%@& ‘éﬁi:taérga]t I@f B%%qu %%@E\%ﬁ ghr’%/tO of an

al kali netal dydooganationstages #opoecessatieandinat prleastrialhe/hydragemalionoxi de or
silicon dioxide. The a . ified,r te. to t atal yst _prepared as
descri bed bel oﬁ?g%\ﬁ?@ﬁ&?ig&m'@ﬁsféﬁwﬁ eogiL]@é@?swﬁgb%tfq‘égﬁa'ﬁ@%gfse% onent

can, as nentioned) alternatively be absent. The ~ catal yst conponents can
be honobgeneously djstributed in th§)§pores of a support material or enriched
inits edge zdReAddiYan, PRRCESEPHEAVE RELOMS KnauiclpUEhiEld |2 EpBRPYNT WRIFE up whi ch
conprises the GOIRAREAbbAYIFle:tibAdRdUn HREiRL doablectRl 6 l@logehateecur sor
and whose vol une expedi entl’y roughly corresponds to 0.8 |ines the pore

vol ume of the caiplytieallyrtatibe i%ffﬂsw%’@mﬂ@ﬂh@aﬁeﬂ%&llvﬂvdﬁlﬂlﬂl@@lhesObfln@hr0n1 um

salts, use is otﬁk a@gg@- t [ s ) 1eat i ng
i nt o oxi des, suc\{)?é;?gﬁ‘?t ra syés an 'rgcteot‘é e??\g?ip%[éﬁg a?gﬁc%h}/ﬁﬁ[ﬁ?!@%ﬁcom ain
an al kal i net al1036ApPoernal ishetedtiasly ihgdicgenatddte d-doteret ok at fabrh7Oabr omi um i n

the formof alkali netal chromate or alkali metal dichromate, ip particular
as sodi um chrotRlt &-dﬁsejﬁ'ﬂ%magggfﬁraoﬁp@!uwwé'dﬁﬁaéﬂw%aﬂr ta E"i‘)tﬁﬁ’éhwg_ ion in
the sol ution dﬁ?\%{éﬁﬁof%ﬂlebéﬁw(é%fuﬁerﬁetﬁl@%ﬁ@ﬁ{iﬁ(ﬁ}dogpe%nc? hr? H&wver thise

a salt solu

conponent in the finished catalyst. The neta 0 ion 1s 'then sprayed
on to the non-poectsmthad thepgisadvaniags ithat, a ssalvent dsl usedawbicht imaigt deum and

penetrates into th ores t.hereof .. .The catalyst, is then dried..1f a
catalyst is de%‘?ﬂaégeﬁaq;f ﬂ%a'ﬂ'o[‘fi)aﬂ@H?@e'\'fx‘ﬁi%%'%P@eesrﬂ"ﬂc@_ﬁw V'ﬁﬁg‘h'@ M8ge zones
of a porous ortefmpEP4tared Fandes of FONE TN &L 130PO 04k 1Bt W #dr, ah NadugGal sal t
sol ution can be sprayed onto a preheated support nmaterial and the support

materi al can bapHligationeft ghgrdemprralumrs atndichibehydiggenaliontale is highgat er
evapor at es an h : f i e surface
, O]E) t he suppg\hrte ﬁ’é%@%%@hééé%@&g?%%r% 3 H?E@g/orsiieg E:da?*af% ¥"§§’?”. ? whi ch

t he catal yst ilsydrogeriationgtendwe sajurdiesit aicbhibleitotdai; thephydrbgemstione done by

conventi onal nethods kngwn to those of ordinary skill in the art. After the
catal yst conpofRiREWIYIQ Siaﬂrlﬁ?tefjr?éc%‘ﬁf'élﬁ}’%gy 9?|8Wc9aﬁ#&-i ned, i.e. depending
on the catal yst precursor used, healed to tenperatures of 200400C, which
convert the catalyst precursors into the oxidic state. The catalyst is then
reduced with hipdeddian.acitreag!ial iyay &g dnaroarnateshise cifonelsl, retaining N 2002 e
The reduction can be performed just after the catalyst is prepared or
expediently not until the hydrogenation reactor. The catal ysts are

advant ageously used in a formin which they offer a | ow resistance to flow,
e.g. in the formof granules, pellets or shaped bodi es such as tablets)
cylinders, rod extrudates or rings. They are expediently activated prior to
use by heating in a hydrogen stream for exanple at from 150 io 250C, if

e N .



.The. I'i qui d- phase hydrogenation is generally carried out at an overall

pressure of from5 to 30 bar) in particular between 15 and 25 ﬂﬁﬁ ‘ﬁiﬂe

gas- phase hydrogenation can al so be carried out at |ower preds szn ith

correspondi ngly greater gas volunes. The reaction tenperatures, in the case

of hydrogenations in the liquid or gaseous phase, are generally between 120

and 220C) in particular between 1d0 and 80C. After the hydr ogenati on, the
distillation. This dient|ly

ti i Xt . ked up.b ] i
achi eved at  r edEHe HPUElE, PRnTcFeY Wi Rppost cegeroing: iy AppliedCaigysioo nbar
The ol efins cansheos®CiBr1Bot Gk istnadeof tithefth BXlafisiC8nd AFiel basHp Of

hydrogenation, the amount of olefin in the product 'is preféerably > 90 w.
% nmore prefer 8P is-achiegduUsing Caylercatplystsppetaediagity v Aka@blauk.Grugz) even

Content of ¢ he S vl B TTOS0L 287 202, p Vielf ol wib bRt "t b amount

of al dehyde in the product is preferably s 5 w. % nore preferably < 3
Ww. % even nore preferably <2 w. % even nore preferably _<_ 1 wt. of
the al dehyde cEmtibatollagr hang, 8tiskopwy thal 2eethyhex-ZHemah vdwause invada afn i s

al so directed to 1 egr -of 1) drogenation of a reaction
m xture from h%P@%fpﬂbﬁg&ag@gw&%ﬁ@% Fﬂsa,lig% ynegép%qrg;?qrgﬁ[, o‘f’arhI%thol
fromolefin; anRgdrobénatéydrBemyimekantol (BP 0R26®74A2). haRRVEs8hdt Ay theep i) .
The present invention is, al soaﬂslr ct c?d to . an |nt§grat ed process of i)
hydr of or nyl at i FabeniIunetion kutigls 'i?ﬁe)o?ﬁfm%}gﬂﬁpp afenydragenatesh i xt ure of
step i); iii) separation of alcohol fromolefin; and iv) recycling the

olefin recovered fromstep ii) to step i). Having generally described this
i nvention, a fhehjeainumdedyingdhepresant invenlivaiwasdolhydrederatsneactioncer t ai n

speci fic exanples whi r rovi.ded rei for. purposes of illustration
only and are nB"ﬂ’aﬁ"rﬁf eﬁ‘g‘sﬁyﬁﬁ%@y'ﬂ%ﬁ?f’rﬁgmﬁr Q%Q“gtlﬂ eLeppacaively mild -
0 _ - ~ ~UN aogghdition8RanhE, ih pattURE BWbie@Buret, Seled ' iagui d
phase One i ferﬁazflgah;ﬁ%a(it‘{dpm di,sghafr)ge, mﬁgéeﬁggﬁgggﬁj;?gneéﬁ? E)Hr?ﬂcat al yst
by i hi nfil m eviiscridehysies andnaraneateempanying ssbstanceopresant inaddition tof a C, ~
olefin m'xturea-,% Libuizage Bydriqg Qﬂﬁ:ﬁ%riﬂ: a(e%Ciéfeu' Snbgr@e pparatus at
175C and an overaﬁ’ pressure P %0 @a? W hy(lﬁogeh on 1% §) ch catal yst.
The cat al yst) sulzptantiely as pdssiteintodine desintd adsoheisparat theroreadied dlefins or i o

activation ' with hydrogen, (8. t conprised 12.1 % by wei ght of Cu
3. 0% by wei ghta'&fq‘%@%%‘ﬁﬁ%ﬁ’z‘? é%/é'@ﬁ%\ﬁeﬁ%’%g@eof !

This object was surpriéingly achieved by a process for the selective
hydrogenation of reaction mixtures which originate from the hydroformylation
of Cs to C,, olefins using hydrogen at solid catalysts at elevated iemperature
and at elevated pressure, in which process, as catalyst, use is made of a
supported catalyst which, as aclive components, comprises copper, nickel

and chromium.

Preferably, use is made of the supporled catalyst disclosed by
EP 0 326 674 A2, which supporled calalyst, as aclive components,
comprises copper and nickel at concgnirations of in each case from 0.3 o
15% by weight, chromium at a concentration of from 0.05 to 3.5% by weight
and an alkali metal component at a concentration of from 0.01 to 1.6% by
weight, in each case based on the supporied calalyst. Another advantageous
supported catalyst comprises copper, nickel and chromium in the amounts
specified, but no alkali metal component. Within the context of the present.
invention an alkali metal is Li, Na, K, Rb and Cs.



The. catal yst was present in the formof rod exirudai es having ~a bul k

density . of 0.67 kgll. The anal yses of starting nateri al _a.?d @i@m can
be taken from Table 1 below. Table 1 (Amounts of substance rIJ 0 i ght;
1/LHSV in h~ h/1",~~,) 11 LHSVA eSnsPar ai fi nsAl dehy- desAl co-

hot sEst er sHi gh-boi - |l ers\WaterStarting- s -
mat eri al 014. 81. 376. 56. 401. OOPr oduct 1. 7514. 31. 80.582.101.30 It can be seen

that rnore thammheplocets tbeordingabyisemvehlidn 6mdry aanpissrionatinagd® ahet he
olefins, were h drggenat d. | e 2 Hydrogenation of Ce al dehydes in the

Exa )
liquid phase hyfeg rinothes NYEpramMationr Brdtiiesnath Juseragaaisd {hdhe
cobalt-cataly ti ! ) XL LUl ) was ~
hydr ogenat ed éﬁ?‘?@ﬁﬁg@%g[edﬁ“g? qgg'@@?@?@@%&%ﬂ {aagi)éoéfn Cg%\%)%%’lgﬁtsggt he
overal | pressgreateethan Mot saedivily of grémerctinal 3856, e Estarspdred, inwas used,

the Iiquid I oadi,; 5 ni f t . tion, ficial
tube) and. houpattetial Hie Tpief i Fedie A6 ave kaiie o OISR be seen
in Table 2 belewired atcoholUYhe0fartihghbisfind prAEBHNTNSIHRS mbiRet psRihdgly %0 by
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ha, ~hl | s, a, , ~FRaNeery subgtaptigyarchanged, Raltheugh tthe samgecatalysts under

comparable conditions virtually quantitatively hydrogenate the olefinic double
bond in 2-ethylhex-2-enal. In contrast, in the process according to the
invention, less than 5% of the olefins of the starting material are
hydrogenated to hydrocarbons. The hydrogenation can be carried out in the

low-pressure region of below 25 bar and at high space-time yields.

The starting materials for the hydroformylation are monoolefins having from
5 to 24 carbon atoms and a terminal or middle-position C-C double bond or
their mixtures, such as 1- or 2-pentene, 2-methyl-1-butene, 1-, 2- or 3-
hexene, the isomeric Cg olefin mixture (dipropene) produced in the
dimerization of propene, 3-methyl-1-hexene, 1-octene, the isomeric C, olefin
mixture (dibutene) produced in the dimerization of butenes, 1-nonene, 2-, 3-
or 4-methyl-1-octene, the isomeric C,4 olefin mixture (tripropene) produced in
the trimerization of propene, 1-, 2- or 3-decene, 2-ethyl-1-octene.
1-dodecene, the isomeric C,, olefin mixture (tetrapropene or tributene)
produced in the tetramerization of propene or the trimerization of butenes, 1-
tetradecene, 1- or 2-hexadecene, C,, olefin mixtures (tetrabutene) produced
in the tetramerization of butenes, and olefin mixtures prepared by
cooligomerizatian of olefins having different carbon numbers (preferably 2 to
4), if appropriate after separating off by distillation into fractions of identical
or similar carbon number. Preferably, mixtures are hydrogenated which are
produced in the hydroformylation of C,, C,, C,, or C,¢ olefin mixtures.

The olefins are hydroformylated in a conventional manner and then give the
starting materials for the hydrogenation process according to the invention.

Rhodium catalysts, or preferably cobalt catalysts, are therefore employed.
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The hydroformylation reaction mixtures are expediently firstly freed from the
catalyst. If a cobalt calalyst was used, this can be achieved by pressure
relief, separating off the aqueous catalyst phase, oxidation of the cobalt
carbonyl compounds remaining in the hydroformylation mixture with air or
oxygen and scrubbing out the resulting cobalt compounds with water or
aqueous acid. Decobalting processes are well known, see, for example,
J. Falbe, loc. cit., Kirk-Othmer, loc. cit., 164, 175, BASF process; and EP-
0 850 905 A1.

if a rhodium compound served as hydroformylation 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 the
hydroformylation catalyst generally comprise 3-40% by weight, at most 5-
30% by weight, of low-boilers, principally olefins, in addition the
corresponding saturated hydrocarbons and water, 30-90% by weight of
aldehydes, 5-60% by weight of alcohols, up to 10% by weight of formates of
these alcohols and from 5 to 15% by weight of high-boilers. It may be
emphasized, however, 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 or that relationship.

Preferred catalysts at which the hydroformylation mixtures are hydrogenated

comprise in each case 0.3-15% by weight of copper and nickel and, as
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dichromate, in particular as sodium chromate or sodium dichromate. The
metal salt concentration in the solution depends on the desired concentration
of the respective component in the finished catalyst. The metal salt solution
is then sprayed on to the non-preheated support material, situated in a
'coating drum and penetrates into the pores thereof. The catalyst is then
dried.

If a catalyst is desired having components which are enriched in the edge
zones of a porous or a more or less pore-free support material, the metal salt
solution can be sprayed onto a preheated support material and the support
material can be further heated during the spraying, so that the water

evaporates and ,1he catalyst components are fixed essentially on the surface,
of the support material. Preparation of a supported catalyst, in which the

catalyst is not homogeneously distributed on the support may be done by
conventional methods known to those of ordinary skill in the art.

After the catalyst components are applied, the catalysts are calcined, i.e.
depending on the catalyst precursor used, heated to temperatures of 200-

400°C, which convert the catalyst precursors into the oxidic state. The
catalyst is then reduced with hydrogen at said hydrogenation temperatures.
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having an increasing carbon number requires more and more energy, and,

in addition, the starting material loading of the reduction gas decreases, so
that the gas-phase process virtually can no longer be operated economically

in the case of aldehydes having a carbon number greater than about 8.

Various process variants can be selected for the liquid-phase hydrogenation.
It can be carried out adiabatically or virtually isothermally, i.e. having a
temperature rise of <10°C, in a single stage or two stages. In the latter case,
both reactors, expediently tube reaclors, can be operated adiabatically or
virtually isothermally or one can be operated adiabatically and the other
virtually isothermally. In addition, it is possible to hydrogenate the
hydroformylation mixtures in a straight pass or with product recycling. The
reaclors can be operated as cocurrent flow reactors with a trickle bed (trickle
flow) or preferably with high liquid loadings (pulse flow). In the interest of a
high space-time yield, the reactors are preferably operated with high liquid
loadings of 5-100 m?, in particular 15-50 n? per M of cross section of the
empty reactor and hour. If a reactor is operated isothermally and in a straight

pass, the catalyst space velocity (LHSV) values can be between 0.1 and 10
h!, preferably between 0.5 and 5 h',
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The liquid-phase hydrogenation is generally carried out at an overall pressure of from 5 to
30 bar, in particular between 15 and 25 bar. The gas-phase hydrogenation can also be
carried out at lower pressures, with correspondingly greater gas volumes. The reaction
temperatures, in the case of hydrogenations in the liquid or gaseous phase, are generally
between 120 and 220°C, in particular between 140 and 180°C.

After the hydrogenation, the reaction mixtures are worked up by distillation. This is
expediently achieved at reduced pressure, e.g. at an absolute pressure of 400-900 mbar.
The olefins can be recirculated to the hydroformylation.

As a result of hydrogenation, the amount of olefin in the product is preferably > 90 wt. %,
more preferably > 93 wt. %, even more preferably > 95 wt. %, even more preferably > 97 wt.
%, most preferably 100 wt. % of the olefin content of the starting material.

As a result of hydrogenation, the amount of aldehyde in the product is preferably < 5 wt. %,
more preferably < 3 wt. %, even more preferably < 2 wt. %, even more preferably < 1 wt. %
of the aldehyde content of the starting material.

The present invention is also directed to an integrated process of i) hydrogenation of a
reaction mixture from hydroformylation of Cs.,4 olefins; ii) separation of alcohol from olefin;
and iii) hydroformylating the olefin recovered from step ii).

The present invention is also directed to an integrated process of i) hydroformylating a Cs.»4
olefin; ii) hydrogenation the reaction mixture of step i); iii) separation of alcohol from olefin;
and iv) recycling the olefin recovered from step ii) to step i).

Having generally described this invention, a further understanding can be obtained by
reference to certain specific examples which are provided herein for purposes of illustration
only and are not intended to be limiting unless otherwise specified.
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and an overall pressure of 20 bar with hydrogen on 100 g of catalyst. The
catalyst, together with aluminum oxide as support material, prior {0 activation
with hydrogen (8 h at 200°C) comprised
12.1% by weight of Cu
3.0% by weight of Ni
and 2.5% by weight of Cr
The catalys% was present in the form of rod exirudates having a bulk density
of 0.67 kg/l. The analyses of starting material and product can be taken from

Table 1 below.

Table 1
(Amounts of substance in % by weight; 1/LHSV in leat N iarting matesiar)

1/ | Olefins | Paraffins | Aldehy-| Alco- | Esters | High-boi- | Water
LHSV des hols lers
Starting 0 14.8 1.3 76.5 6.4 0 1.0 0
material
Product 1.75 | 143 1.8 0.5 82.1 0 1.3 0

It can be seen that more than 99% of the aldehydes, but only approximately
3% of the olefins, were hydrogenated.

Example 2

Hydrogenation of C, aldehydes in the liquid phase

One liter of a decobalied reaction discharge of the cobalt-catalyzed
hydroformylation of a C, olefin mixture (dibulene) was hydrogenated with
hydrogen at 170°C in a recirculation apparatus, the overall pressure being
20 bar. 100 g of the catalyst of Example 1 was used, the liquid loading was

35 m® per m? of reactor cross section (superficial tube) and hour.

The starting material and product analyses can be seen in Table 2 below.
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(Amounts of substance in % by weight, calculated as anhydrous, except for
water); 1/LHSV in | h/l

slarling matelial)

1ALHSV| Olef- | Paraf- | Alde- | Alco- | Esters | Meth- [High-boil-| Water
ins fins | hydes| hols anol ers
Starling 0 76 44 472 | 3241 4.5 0 42 2
material
Product 0.65 7.3 4.7 0.3 82.5 0.1 0.8 4.3 2

it can be seen thal, again, more than 99% of the aldehydes, but only

approximately 4% of the olefins, were hydrogenated.

Example 3

Hydrogenation of C, aldehydes in the liquid phase

One liter of a reaction discharge of the Rh-catalyzed hydroformylation of a C,
olefin mixture (dibutene), which was freed from catalyst by thin-film
evaporation, was hydrogenated with hydrogen at 170°C in a recirculation
apparatus, the overall pressure being 20 bar. 100 g of the catalyst of
Example 1 were used, the liquid loading was again 35 m’ per m? of reactor

cross section and hour.

The starting material and product analyses can be seen in Table 3 below.

Table 3
(Amounts of substance in % by weight; 1/LHSV in |y 1l ing matesiat)
1/ | Olefins | Paraffins |Aldehy-| Alco- | Esters | High-boi- | Water
LHSV des hols lers
Starling 0 54 0.6 87.9 4.1 0 20 0
material
Product 0.55 5.2 0.8 0.3 91.6 0 2.1 0

It can be seen that more than 99% of the aldehydes, but only approximately

4% of the olefins, were hydrogenated.
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Obviously, numerous modifications and variations of the present invention are possible in:
light of the above teachings. It is therefore to be understood that within the scope of the
appended claims, the invention may be practiced otherwise than as specuf cally described
herein.

The application is based on German patent application 19842370.5 filed with the German
Patent Office on Sep. 16 1998, the entire contents of which are hereby incorporated by
reference.
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3.  The process of claim 2, wherein said catalyst further comprises an alkali metal
component at a concentration of from 0.05 to 1.6% by weight based on the
weight of the supported catalyst.

4, The process of claim 3, wherein the concentration of the alkali component is
0.2-1.2% by weight.

5. The process of claim 2, wherein the supported catalyst does not comprise an
alkali metal component.

6.  The process of claim 1, wherein said supported catalyst is supported on a
support material selected from the group consisting of silicon dioxide, aluminum
oxide and a mixture thereof,

7. The process of claim 1, wherein said catalyst components are homogeneously
distributed in the pores of the support material.

8. The process of claim 1, wherein said catalyst components are homogeneously
enriched in the edge zones of the support material.

9. The process of claim 1, wherein said mixture is from the hydroformylation of Cg,
Cy, Cy, or Cig mixtures.

10. The process of claim 1, wherein the hyfrogenation is carried out in the liquid
phase at an overall pressure of from 5 to 30 bar.
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13. The process of claim 1, wherein the temperature is from 140 to 180°C.

14. The process of claim 1, wherein the hydrogenation is carried out in the liquid
phase and at liquid loadings of 5-100 m? per m? of cross section of the empty
reactor and hour.

15. The process of claim 1, wherein the liquid loading is 15-50 m> per m? of cross
section of the empty reactor and hour.

16. A process comprising:

i)  hydroformylation Cs.,4 olefins;

ii) hydrogenating a reaction mixture from step i) using hydrogen and a
supported catalyst which, as active components, comprises copper, nickel
and chromium;

iif) separating the hydrogenation mixture by distillation, and

iv) recycling said olefin to the hydroformylation.



