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WO 2009/ 027135 PCT/ EP2008/ 058780 Hydr ogenati on
catal yst and nethod for the production of al cohols by
hydr ogenat i ng carbonyl conpounds The invention rel ates

mgodgy@zﬂggnatl on catalyst and a process fop TIEP2008/058780
preparing al cohol s by hydrogenati on of car% onyl

conpounds, in particular al dehydes. Al cohols can be
prepared by catal ytic hydrogenation of carbonyl

ounds, which have been obtained, for_ exanple
'ﬁygp Iratinnsaalvsirans methed fenthaprogdngtion pte%lceihols by

rfatmfgc%%gypé o{flYs and as internediates for

pr epar| ng many " or gani ¢ conpounds. | nportant
downst ream pr oduct s of alcohols are plasticizers and
det er gent s. I's known that carbonyl conpounds, in

icall :
P bk a0y GG e
dlsomeld &y dfydeagemagisn ©f whibamytcornpoundd, i pasicutanaldatlyaks.

of groups 1 b, 2b, 6b, 7b and/or 8 of the Periodic
Tabl e of the El enents. The hydrogenati on of al dehydes

Alabhbie ceargd ﬁt@p@k@d 19;9Béﬂaﬂk!i%qﬁ)d)’oéé'na@iéh@?%ﬁfodgﬂcérﬂﬁounds

gas phase or liqu hase using pul verul ent

@phétaw@éx@e@aﬁbéalygds or egampée, |b|ydw9lrcgfpah¥lph@paf alefios. lodrge
GUAREL o B BB B S S o paring

many begam@ eompandg empoetaHBoRh StEbkH ?ro@@dté bedicBHbIsidte
phase or |iquid phase using xed

@%ﬁ%ﬁ ?@nﬁﬁkﬁﬁﬁﬁﬂﬁhous processes. 25 Cbnpared to

gas- phase hydr ogenati on, |iquid-phase hydrogenation

has the nore favourable energy bal ance and the higher

It'pdo“@wn tnat gasiody| dsmphend liraparticalzs atiferydes adatetwy de
drogenated increases, i.e.. as the boilin ,

?'m'ca%@s’@%%oeey nﬁ?@S&ﬁ@%{ﬂf%@@ BifofmalqRios tisroamaenty
LECS @Vc@t@ly@f&@hicﬂfdo%@aﬁﬁ%t lecldh Qhérm&%\ﬁ@ﬂ% s h%VFB%b 7b
nore than 7 carbon atons are therefore erab

an%@ro@@ﬁﬁleléaenqd i¢ feblei afihe Eyiﬂmgets Ihu\myamr@z@nm aldehydes
B AR R AR o R s 5 R P8 PR phase

usmg pulverulent or pelletized catalysts.

The industrial preparation of alcohols by hydrogenation of aldehydes from the
oxo process (hydroformylation of olefins) is, especially in the case of large-
volume products, carried out in the gas phase or liquid phase using fixed-bed

catalysts in continuous processes.

Compared to gas-phase hydrogenation, liquid-phase hydrogenation has the
more favourable energy balance and the higher space-time yield. As the molar
mass of the aldehyde to be hydrogenated increases, i.e. as the boiling point
increases, the advantage of the more favourable energy balance increases.
Higher aldehydes having more than 7 carbon atoms are therefore preferably

hydrogenated in the liquid phase.
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formati on of high boilers by subsequent and secondary
reactions is favoured because of the high

concentrations both of al dehydes and of al cohol s.
Wutise09/6d7dgBydes can nore readily undergo al gel/ep2008/058780
reactions (addition and/or 5 condensation) and form

hem acetals or full acetals wth alcohols. The acetals
formed can undergo eI i m nati on of water or aI cohol to

f.orm enol ether rt

HOWEVFORYEBRR ieBichphies B8 Tiesdadtimiens et the

fohesgos %@ﬂ@ﬁ'\%dﬂe%’b? %QS’éJé‘c}L%n'{ BHg s%@é’wé?rgtrsgctwn%' ﬁfathu‘?ed
-products referred to as high boilers can at

by-
b@ecagv@etquhe é!ﬂfsmeatrehiommb@hp:f@iﬁ&msieefandadfwm Ths!s,

PR 7 o PR Bt b Rsfp iR i et e

tardemgdtiogensat form Hareauerld or filliRats GRAtaAidholdliITHR acetals
boilers in various concentrations. 15 The

eyareaniNder 9@ Rlivinadipaf matemoralechn! de &aroeens! atlgraiwhich

SRS e SR U5t AN 0L B ers.
'élmiseeﬂsdrmmiaqndy-@kammml redase tiegiekioThery-protiutsesterred to
m .tHresI are %dro enated in the gas phase, the najor
%%5‘9 JOIERC ghPglitegraltl )éae?fi'%%)%t@gamtatmadwﬁ of Malyﬁéuch as
étéﬁi‘ﬁ"g'aﬂ@éh@e@ mﬂfr%euepam%&%dswﬂgw&érﬁ ﬁ%ntga' ue in a

0 séparat'e process step
Iqu|d phase hydrogenation the high boilers remain in

hyGrtoBERTR Rk BPtye" SodhlpiaRoelaiio redigan Jotistirain
High betieredn varipuodusserfatispsue fromthem 25 In US
5,059,710, the yield of alcohols by hydrogenation of

crude al dehydes is increased by redissociating part

Tl oA B et TRRR St onBi oFePT Fien cguoe
aidiemyctazsemeldh rgntdimaotyely t‘ﬁ@ﬁﬂﬁéi; ot aldpdi@dlysdsu@schigher

g\dn%gl on are therefore separate 30 process
EF #F pisoasetplags gl hellsiat léﬁh@@rmewre@far@ he

@dg/%r% @ irPe %@5%”%5%6 s p\éq @Hﬂ%’h@&%éﬁem can be

P20081058
separated off in the vaporizer and worked up to give products of value in a

separate process step.

On the other hand, in liquid-phase hydrogenation the high boilers remain in the
reactor feed. They are mostly hydrogenated in the hydrogenation stage, so that

it is no longer possible to recover a product of value from them.

In US 5,059,710, the yield of alcohols by hydrogenation of crude aldehydes is
increased by redissociating part of the high boilers by means of water at
elevated temperature to form aldehydes or alcohols in a process step preceding
the hydrogenation. Hydrolysis and hydrogenation are therefore separate
process stages; nothing is said about the water content of the mixture to be

hydrogenated.
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A simlar process is disclosed in US 4,401, 834. Here
too, dissociation of high boilers in the presence of
water is carried out before the actual hydrogenation

AlcePoodPoFR38 142 010 describes a process for
hydr ogenati ng crude al dehydes which have frg%T/E)EP200§/858780

carbon atons and contain high boilers and snal

anmounts of sul phur conmpounds to the correspondi ng
saturated al cohols. The hydrogenation is carried out
in two reactors connected in series. The first reactor

AQhAdMSoaBssl @ doeddd matalyssq ﬁ&j mﬁé JéSCéPiQQo&S@&{ 8f high

contains an Ni/A1203 catal yst. rogenation
Doitetis rret’&@t wesenee chwaieeds carriediout baﬁweﬁm@acmfal oy rogenation
%{gép steam based on the feedstream in the
erature range from 180 to 260C and a hydrogen
partl al pressure of from 150 to 210 bar using a | arge
xcess_of rogen. According to the exanples, this
G§ 5442 Qﬁ@éﬂqsrxabe& A@roassrionbvidagesatigy @megaﬁdehyoes which

I h
e £8P Yalt ot G AR n T RSl Sl apaues of
syp yrcroogemai dsstoshe totrbspendhod shturatetial diHigs. l'lSweSr?diogenatlon

.about cg\gutllncrease or decrease in high boilers an

P GAMRE R tWoBagiRHy erjuIestsbin. ser@sushe fisggeastor contains an
M@§9/C' ofas @t Lhg %Héjségb?w%eregéf@? QSﬁ{éﬂ%é QR NPl J.Ozcatalyst, The

hydr of orny ation mxtures int resenc
IS@rpgrrationrin dioth repctersas ya:tr@dame vuSE@blcaBon ohtiaky $0% of

SPan §eR BNt BlsiredRly ' e Biinsuruis raliengs Tadm 0
@{Ma hoddteh cPd}tlélftﬁeﬁ’éLﬁé%Wﬁ%n?ﬁ 5@ E@Q‘I é baYr Qsﬂﬂg % roe eécess of

wat er, based on starting material. keep
Ryglregen. r?\qcﬁéd@@éo 2417 @*ﬁi@@lesa’thlaalsgs@ Iesgﬁe‘@at tfe Wytﬁr@g!dad is

F{c,rtgartl ng ter?ﬁ]6 h%t@ﬁ% r&E @g%&'&gqﬁmslﬁ}r%‘f?séiﬁé%s

smxﬁopl'&;eﬂ;rtbgémmatl‘cef @rrre,xm@carrwn@@y e o dePolydes 6 the s s
010. The high specific energy consunption

NGO 58814 o d an Drisaas dncagEase 10Aah psieen 1a0naes in
tﬁé’hw e%ﬁ&ﬁss for the hydrogenation of
yro ation mxtures is disclosed in DE 198 42

370. Here a description of how hydrofornylation 3

US 2,809,220 describes a liquid-phase hydrogenation of hydroformylation
mixtures in the presence of water. Sulphur-containing catalysts are used as
catalyst. The hydrogenation is carried out in the pressure range from 105 to
315 bar and the temperature range from 204 to 315°C in the presence of from 1
to 10% of water, based on starting material. To keep the added water in the gas
phase, a large excess of hydrogen (from 892 to 3566 standard m® of hydrogen
per m® of starting material) is used. As regards the high excess of hydrogen,
reference may be made to the discussion of GB 2 142 010. The high specific

energy consumption continues to be a disadvantage of this process.

A further process for the hydrogenation of hydroformylation mixtures is
disclosed in DE 198 42 370. Here, a description of how hydroformylation
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WD 2009/ 027135 PCTI EP2008/ 058780 m xtures can be
hydr ogenated in the liquid phase over supported
catal ysts containing copper, nickel and chromumis

@Y 86be/dBResdi ng on the process by which th
hydr of or ?atl on m xtures have been prepared ?Fh55&°8%°5378°

or cobalt processes), these m xtures contain water.

The process disclosed is designed 5 for the selective
enat i on f al dehydes to al cohol s w thout

MW& eCﬁatt?eo*ﬁy fSEGE‘%f@dd'P 16 IavigRhase RY9ESYRIOMNSEGRtalysts

ESRAGIAY d;dbpfe'?emeb(ﬁr&fdoém Hw‘?é‘%lvéneDebé‘ﬁdIH{; %Q the process by

boil ers (especially acetal not conver
whishube hMﬁFOﬁwmr)éatldrmth@s I‘eayerb:aanqabbyrem(frhmhumadm cmbalt
rov ment DE 100 .6

bl
HeEetTaahEEs rERAEE FoRbim et o ore hy Rossends Panoned

fof the %ééti\@hyﬁré@é’rﬁﬁﬁan%f%éﬂ%e@%@ %Qfo‘?u‘bW\Lvﬁﬁd)lﬁrhy%frogenatnon
ol efins having from4 to carbon atonms In

bidhe geatvsyehich fave nehheen m@teqi indése- hy@dofoanauaysm,sn e. the high

t . f th ighth. . .
PeE (oK egy B8l R b Bl plodefp il ernis is
dmmmgac@byumﬂavwmdlemmmeeéfotéﬂ@a@ﬂl@ gt irhproNetaat.
reactor still containing 15 from0.05 to 10% by nass

of water and, in the steady state of the process, from

%EH@OW/M@H@s%}‘dgsoﬁﬁfbgtegé@ori t@ﬁ%ﬂﬁr‘ﬂu@% BY. Eggn%’uon of
ydrogenati on bei ng R, RN,
raavmn apdutelsatorniee pydpdortiydaticof oﬂnlgﬂméam\hﬁg $om4 tthe 6

fromt hydr o tion at the i nni hg of a
PGt e FReA T @haS@aqvarffggd{E;w@lyﬁ@mwhlch
ddh\mﬁ%l‘t ledshBnBMIAEAT &rthé’feodwtlg lﬂaﬁ@i‘tlb ou;S‘Bf ﬁ”%slﬁérx&ﬂ@ Table,

the 20 yield of al cohols drops as t perlo
ihethanogengasdissid phasapthe3T8og frarh éhd mmrostmmntammg

fmﬁ'bqgf{g)a{do%rbg r?%é% E%a%raadm xe@] \(’\%z?df gtaé%ggﬁﬁaqrpcess from
;mex@0%|memyda0gereqwnv;elc©ntumtedw thb K@Hrdgeer@%hfb @d in.
an anion of an acid having 25 a

116\*3 a?ogﬁs%haﬁ ﬁ'am dQV%magﬁ that thﬁ@r%qram ef bfghttmlemrbhhe output
fidmh e h?drég%Hﬁﬂlc?n af t'ﬂ‘érb%l r?g% ﬁ ﬁ&g g;gen%g#ﬁg)ﬁ? gg with fresh

formation oduct
catalgdtysiesry ldwd Hsambwantthg@r@ﬁortlbm of highassiiers hckdwiestdri the

ent in the gutput fromthe
yfﬁ%r"i@@ﬁg?géﬁo%@é ¢ RETIRY Of BRRIRHPNdNCreasRBe materi al s
can only be separated off with difficulty and thus
i ncur costs. In the work-up by direct 30 distillation,
I HéO £4/8 780k el fesatrtotibe dhypaienetion meddier i sdrhikbdwitbnan

amo%tt of'8 sallt?li% btaose (M%) (A™), where (M*) is an alkali metal ion or an
equivalent of an alkaline earth metal ion and (A™) is an anion of an acid having
a pKa of greater than 2 and n is the valence of the anion, which is soluble
therein in order to reduce the formation of by-products in the hydrogenation of
aldehydes: A disadvantage of this process is that the salts added are presentin
the output from the hydrogenation after the hydrogenation. These materials can
only be separated off with difficulty and thus incur costs. In the work-up by direct
distillation, the salts added can be deposited in the distillation plant and lead to

production malfunctions. If this does not occur, the salts added go into the
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production mal functions. If this does not occur, the
salts added go into the 4 WD 2009/ 027135
PCT/ EP20081058780 distillation bottons. These are

WeLSogeiisyags e for many purposes because of ﬁE?/Erpzéé‘é/bsmo
content. It is therefore an object of the invention

di scover a hydrogenation catalyst and 5 develop a
hydr ogenati on process by neans of which carbonyl

.onpounds, . in articul ar al dehydes, are hydrogenated
%?%? i&tt@ i VEP§e 68 (R %Wﬁaé’i%@fﬁd”w Ptﬁﬁpa@%b@%ﬁus‘e of
Rr AR SntaMit h the selectivity being kept virtually
constant over a long period of tine and the addition

of materials which are difficult to renove from the

DR AT RaBCLa! B e tbn B aiaver » idraastiatin catast and
S vigdyy S%drd‘g@ﬂah@n pRYCHSRARNAESHs 81"\%10% da?@&w;@%bhfb@uﬁfﬂs in

time with hi virtual ly ‘constant selectivity
RAtieapaldeh smsceahaﬁs:gmatedahlgWr&e@@ﬁaeﬁydn tb@patrgsmonomg

Rl £ ARBRORC R o€ YRBRLYERRD kBhiEHe Do BB giE Alone
peatoef ofdime andasedditiohidf anitenaldivavetigre diffict@nd vsove from
al um nium oxide, silicon oxide or m xed

i de,
fgﬁ?uééo&qméﬁeaprwtwngwﬁw on-active netal is
at | east one el enent of the group consisting of
copper, cobalt, nickel, chrom um and the support
Itrhae nbal besorfoand shatreariedrereompoandsiinipartic dat. aldéhydes, can be

S T .
tbQﬁéboﬂ@@p&Wﬁ@g%Bﬁbls%h&%'h%rdﬂ‘én%hoﬁ'&@tdl%t%;%c&ﬁ%rlses a

support material is based on-titaniumdioxid
stippedrnaterial axd dkleast ané hiydipgeogiioeactvd inetad amh kdcwhjch the

SR R SR R T SR
axues istlicon ®xitfe SOPPRID, 0@ tHere o aﬁHﬁethe H/aréduriditioHBctive metal
char acterized in that the support material contains

i$ Ableasbarm elenritialihe raUA wm’tm@rpfquppﬁ@rcoba&wal@%l a
o‘Pnrr&ﬁ:\ﬁﬁﬁ 8 rthé) EEB rjt H?at@ \Aﬂoébﬁ H?the Q%H{e(?@%?ﬂhhoﬂ Rk

carbony oun ydrogenation is
carried out

The invention accordingly provides a hydrogenation catalyst which comprises a
support material and at least one hydrogenation-active metal and in which the
support material is based on titanium dioxide, zirconium dioxide, aluminium
oxide, silicon oxide or mixed oxides thereof and the hydrogenation-active metal
is at least one element from the group consisting of copper, cobalt, nickel,
chromium, characterized in that the support material contains the element

barium.

The invention further provides a process for preparing alcohols by
hydrogenation of carbonyl compounds, in which the hydrogenation is carried out

in the presence of a hydrogenation catalyst as characterized above.
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30 in the presence of a hydrogenation catal yst as
characterized above. 5 WD 20091027135
PCTI EP20081058780 The process of the invention using

ee2e0ti@l7M3s of the invention has a series OpcT/EP2008/058780
unexpected advantages. The formation of high boilers

in the hydrogenation of aldehydes in the liquid 5

phase as a result of secondary reacti ons such as al dol
ddition condensat o

B BISRs ehtiive SRS o Gatah o b thedupgtar ey serigs o

umt@a@aﬁté@s@d The selectivity for al cohol
formation remains virtually constant over a |ong

perlod of time, typically nore than 2000 hours of

I Vit f hecIaI S creases . .
BRF Tt e r P Bl e v o P s SRR TR i
@”ms"eoanr & aéwlmcb"e@bndmyl rebtishd i ydhua£sldbPad@ition, aldol
i sononanol, the actjvity after about 2000 hours of

abien.iasell formatiancoriather oomatien isery owavhearthgicatalysts
c?fqhQWe?tlbﬁ a?ﬁ%é(’}i]y §¥el\é@{l\9§g5)f35ﬁ8ﬁﬁg§3gﬁ$§+ L évmlélgﬁ virtually

out put from rogénati
castadtovenadondperiad prﬁmfar typidatie mdrgdhag 2000 ihonrsavfeoperation.

TR T e RGeS PaeBion SRV ETETB: in the
I'Wo%gérﬂa?ﬁo'n% a%'pY@pQ—na‘%é‘hgd fd’f@ﬁn%étl?&wt h\%}nére‘éﬂb %‘rn‘?héo?u\é(nﬁnol the

hem to be utilized re red
aﬁwéraﬁer alyquttaﬁ)@OHw:ragaénaenaunn is eni’pmnoa& trem @366 ctféhe value

bl
RS ERRRLs SholBiondly RBRAT L BGEnaRsT BiSeutil RERTHNE! X
mailﬂo??@‘nati’cbm NG AThtérials hicPeak gt me@ﬂ%t@nbutaﬁaomhﬁe
cat st activity falls off, which leads to a

gnpionzge &difrgnithe satglyst neateadlgujieg.the hydrogenation.

?trgg?ﬁ{ }9? IE\/?& D%%&gﬁ?&p%&bﬁg \}ees t{ﬁ%é‘frg r{ | on'Ch'ﬁqlow them

tb)b(darwigleeatrmcnm readiigl. Yvingfto ﬁHikehlgth%mécttNﬁy ciheTHyidsegertation
support mat eél al whic is based on titanium di oxi de,
ISMPEEHHIFFRIT BRinfscasgdMtiP R RPRIECIadIS INcERRSSNEECopdary

r@écﬁBﬁé@cd&Mﬂ{ﬁ%ﬁ A tf?é“gpé‘t%”ﬁrﬂbﬁ/i?l& hen ?Jeeiﬁﬁfétased or can

bari um and ogenation active
beelmt conetagt eaﬁm cétatyst bivityrfalpoff onbichtieads tof a pogipeged
um a

PR A8 R Bl ThBegPBihS Tyt edeAatiod ToRBetajutasaliows
bt rUnii AR dee hahtush HRBbdd tlos.

The hydrogenation catalyst of the invention comprises a support material which
is based on titanium dioxide, zirconium dioxide, aluminium oxide, silicon oxide

or mixed oxides thereof and contains the element barium and a hydrogenation-
active metal which is at least one element from the group consisting of copper,

cobalt, nickel, chromium applied to this support material.

As support precursor, it is possible to use aluminium oxide, aluminosilicate,
silicon dioxide, titanium dioxide, zirconium dioxide. A preferred support

precursor is aluminium oxide, in particular y-aluminium oxide.
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30 silicon dioxide, titanium dioxide, zirconium

di oxi de. A preferred support precursor is alumnium

oxi de, in particular y-alumniumoxide. 6 WD

WRPIdH2335 PCT/ EP2008/ 058780  The support ”Bb‘?{glﬁk'oo@fossmo

the support precursor generally has pores. In the

support material used, a distinction can be nade

bet ween m cropores (pore dianeter less than 2 nm,

nmesopores (pore dianmeter from2 to 50 nm and 5

macropores (pore dianeter greater than 50 nm. The

PRE QBppIrt Alatbhe o?lt'lﬁ)é)Qﬁéporf’BFe‘trdréérsq’e?%'FalRﬁné@béreémnythe

m cr opor ous, MESOpPOr ous or macr opor ous, “but ‘any

swmsirhanetesial osed hedistipotian carz be ohadeslestwean naicsxpdres (pore
resent, Binmodal pore size distributions e

PebRieHers VLo oRDer BatréRes Boiodptireriond Bupery and

matRIPortS (ddteldidheRt byestethanBd niheTiy 86398y BRRR siipghort
dianeter is fromabout 10 to 30 nm the BET surface

Aptaials can bmuafelmlygoictaporgo® mesepainds DhEaseerOroes, s any

bRl B G SR ooy ARG KB RTes T B dg Boye size
dispripationpaeciregosrtlyareoknmmdper se and are 1s
mrerci,al Iy avail able in nany rms. The support

f
FieEaicsyy of e Siredtmaarialsisopioall séstpiiahing ovageae pore
dbiQﬁm_eftéﬂ_éffr'%%jabé&‘tpRPfot S%hﬂw 4he BEHPAR e Egﬁ%@[}mﬂ%@t 80 to

ariymis present 1n the oxidation state
30 oélg ard el porefvotumee {dgptpaninedrcmesns of A ojicketbxane

xi.de,or, if appropriate, 20 as another conpound. The
@8 Ogl)ﬂ!s %?mb%’cﬁ‘{ﬁ&{{%@gdﬂﬁg cal cul ated as barium
oxi de and based on the reduced catalyst, is in the

range fromO0.1 to 2% by mass, in particular in the
JEHyRIARGhing g ials 00s gPRast PiessEsoraare kagwn peese and are

%r% Lonp-act fromthe group consisting
0 cgg'g@yé\%glgggh'bgﬁ?mﬁhsckel , cobalt is applied to
the support material which has been nodified in this

ﬂ%y W th barium The catal %st can contain one or nore

SHRPOTHYGCHERON i Tesistadbwith @ hastuan sompieeind 4e givesthedinished

ApBtHe SREBIEhSERE] Yo BB T Sy PRIEK e 2 o
neetat akide, ahiealt ofrthiersuppont mecutser tdy eixatedads ot dbaesropriate,
chrom um and nicfkl%l as . ,

as another compound. The content of barium compound, calculated as barium

oxide and based on the reduced catalyst, is in the range from 0.1 to 2% by

mass, in particular in the range from 0.3 to 0.7% by mass.

At least one hydrogenation-active metal from the group consisting of copper,
chromium, nickel, cobalt is applied to the support material which has been
modified in this way with barium. The catalyst can contain one or more of the
hydrogenation-active metals. The catalyst of the invention preferably contains
the metals copper, chromium, nickel. The catalyst particularly preferably
contains the combination of the three metals copper, chromium and nickel as

hydrogenation-active metal.
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30 hydrogenation-active nmetal. 7 WD 2009/ 027135
PCT/ EP2008/ 058780 The total content of
hydr ogenati on-active nmetals is, based on the reduced

W 8bogida713§ the range from 1 to 40% by masspcirfEp2008/058780
particular in the range from5 to 25% by nass,

calculated as netal. 5 The process for producing the
hydr ogenati on catal yst of the invention is carried

t appl yi a solution containjng a bariu
@_ﬁ%@%mg@sx&%&ﬁmnmﬁw 4P mﬁbtak«ég, R iqrhﬁeqﬁfiuced
@ét_@?‘sﬁ!@m tHe FAHYR st il X4 (6 byahH&d WH?‘aH?&'u in Hd 1ahB8 from 5 to
oxi de or m xed oxi des thergof, drying the suppor
Aoy @iasencaleulptesl dremetalreated in this way and

subsequently calcining it in a first stage and
applying a solution 10 contai ning at |east one

Thapastrdsdbr Hriaeiueingrre hydeepefion eakd st of tHeCk@bntion is carried
chromum¢to the support material which has been

Pyl RPIViR s QuliRly Corfpipingga brreumseqspRPEndrie @ support material
SNl i B A BLTER Y o

wixedhexigeoitessof, dringiheruppobahaténat afpLEsSheatrégted in this
ort precursor. This is preferably

applied to the su _ [
e be YRS %ffﬂthlﬁaﬁ‘gma_géwmﬁ fishs@gend arpl¥og gorlution
RIREAINZCAt 18Ast HY EGRBbUMIof A e?é*rﬁ’&%ﬂ{st Ccﬁ{pee?,%o%%ﬁ H‘fckgl a
solutidn contalning one or nore barium conmpounds.” 20
P do ke suppat matenad svhacte has beeet@ateein thanwvayndrying the
bar i hl ori d h e), barium hyd ide . .

FEPSTBpisr BT WA s o e BT S asna o SURssipnly Galcining
it at® sedoritf thger ed conpound is bariumnitrate. 25 The

bari um conpounds are preferably applied as aqueous
sol ution. The application of the barium conpound can

. ! , ' it ; .
g it SR b brp e hE8 Bl B ik EiBrolfuSran pegappiied
tbeéhergupidre ptecursor Tars i préferaty effectedagnéprayinga $digtion onto
onposition. 30 After application of the barium ,
tﬁ%ﬁfﬁsawa PreqiEserQy IgRhparatingdhesugrortdreewges with a solution

containing one or more barium compounds.

Suitable barium compounds are, for example, barium acetate, barium chloride
(hydrate), barium hydroxide octahydrate, barium nitrate, barium chloride
dihydrate.

A preferred compound is barium nitrate.

The barium compounds are preferably applied as aqueous solution.

The application of the barium compound can be carried out in one steporina
plurality of steps, with the solutions used in the individual steps being able to

differ in terms of concentration and composition.

After application of the barium compound, the raw support material is predried
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8 WO 2009/ 027135 PCT/ EP2008/ 058780 1in the tenperature
range from80 to 120C in a streamof air. If the
barium conpound is applied in a plurality of steps,

WobdhigAnshe carried out after each step. Abifipaoosioss7se
predrying, the raw support material is calcined ?1

tenperature range from 400 to 650C, in parti cul ar in
the range from 420C to 550C. 5 After calcination, one

BHPB RS Al e BeGUR R ta 0Spun Airoes: phair JL pgdiarium
BEhBbLAd is diflicanRldl C@@Féhﬂf‘of‘ dﬁ?pé: an&hﬁ%aﬂ%e tdhried %Fﬁﬁﬁre each

anaFogous to that scri'b or t ['Tcation o
slapi Aﬁetcpmdqungl,, theaewl suppyrttmatatiahig deilmnesdJ patbettemperature

nat erd al sQl uti o t 10 a 0 a
Db olrin g boisp oy En by biife sudf Ry hiad e B¢
sol uti ons of conmpounds of the hydrogenation-active
netals. To prepare these solutions, it is possible to

nfer calgpabanmsiecor mAee @fdhsdwpr@erﬁﬁnpcasxﬂus mettslsaopper,
ot : nERER Sboaf &k SyicaBREL sEL Atendl TS Perlisayion i

tdrded @ut #spomatineg aaglogoasdo amnd@@cnt@@dmirem@pgrcambasﬁ the
con@‘gunds cobalt formate, cobalt acetate
|08€"p0é‘69al"?mﬁ?yt %tr@a’ﬂrtgo%@ Scupmr’trmateélai witgegalution of the

5}5 lét%%%%s Fﬂ%}?e, IS 9er9%@&?§fa§u@§l[1%\é§@tlons

refrom keI ace
ca‘mwymamismfahe,hydrageabticmﬂaoti\'yedmetaisckel nitrate,
ni ckel sul phate and aquo and anm ne conpl exes derived
therefrom chrom um formate, chrom um acet at e,

F%Béﬂ@‘tl@é‘s%t yél@ﬁ@{sont% %osé%BFeOthé@ fSTHRM SIS the 1o RNiHE

rate, chrom um sul phate and aqud and anm ne
@é@s derived therefromand al so 25 ammnl um

d [ If the c lyst of
<f<ﬂ> R o Y B Bl EPRBBb Brigha s TG o
duyshiatg ecedpep acatliaostondtetanld, the ke rredperdihgiaguo and ammine
advant ageousl y treated with a joint solution of

HmIeueRIel thesewanastdss to be conbined. However, it
dobaft! S BRSEbBAIPal AafPRbYaRBRIGAAE! &SSalt nitrate, cobalt sulphate,

cobalt acetylacetonate and aquo and ammine complexes derived therefrom;
nickel formate, nickel acetate, nickel acetylacetonate, nickel chloride, nickel
nitrate, nickel sulphate and aquo and ammine complexes derived therefrom;
chromium formate, chromium acetate, chromium acetylacetonate, chromium
chloride; chromium nitrate, chromium sulphate and aquo and ammine
complexes derived therefrom and also

ammonium chromate and ammonium dichromate.

If the catalyst of the invention is to contain more than one hydrogenation-active
metal, the support is advantageously treated with a joint solution of compounds
of the metals to be combined. However, it is also possible to apply appropriate

solutions of the metals to be combined to the support in succession, with drying

being able to be carried out after each step.
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30 solutions of the netals to be conbined to the
support in succession, with drying being able to be
carried out after each step. 9 WO 2009/ 027135

\R@é 8458780 In a particularly pr efe”ﬁeT/EP2008/058780
odi nent the catal yst support is treated wt

joint solution of conpounds of the three netals
copper, chrom um and nickel. 5 After application of
t he conpounds of the hydrogenation-active netals and
predrying, the raw catalyst is calcined in the

r f rd Mol
P R RO e o 2 PR R wiTa
jrird solydinataf compouinde ofrtteaihseanmetalpgbpper, @b rdroumated nakel.
nitrates to the 10 support, it may be possible to
omt calcination. The catal ysts of the invention are

Rﬁé@ﬂ@@ﬁ% bi/th%réoi'ﬁ'ﬁ&ﬂwdsrbf%é AuAoyehahion-aklivd fetalk %Wd

fl ow resi stance during the hydrogenation, for exanple
RernéIg the cgwioatrlyst,is ealcingdab dise températiwre range from 400°C to

PO Lo Be e Bhits e RSt iRA Fr o0 mea

support precursor is also comercially avallable The

rocess of the invention for preparing al cohols by
Ih & DitrgenadiProrctivednaialy erecanpiiedrassforatas: on nitialssto the

SUIFRANR NOUBoBELIE ofit balf2igh, YT ogenati on s

e presence of a hydrogenati on
catal yst according to the invention as descrlbed

bov o Ilnt rocess of the jnvention,
?%@ Qﬁgﬁ ‘i"gﬁeg%‘f?rg'@”@é? BONANGIE USSRy ?‘?Hﬁﬁ?s'mﬁ form which
d¥REr€ BVb €100V Rsi STASREAGHSY fHe‘"'r?JcNogZéﬁ’étE)yd M exaaNe Yellets,

fi xed-bed 25 catal ysts.” Cont’i nu drogenat’i on over
Célllmd&rédeﬁé@aias ar yisgs. Indhewraductine orﬁrthndoaﬂaﬁ;est dheisogport

h S I, in the | q at e under .t he
FRLEs0El BRI Mg Papdifriate Hirin. Srbea SlbBon
mgdliregﬂﬁaikk@ﬁomm@r@raﬂly%dai%lile continuously over a
fi xed-bed catalyst, it is 30 advantageous to convert

the catalyst into the active form before the

ﬁ%%r%@?%‘?‘& g’ﬂ'@e mJ@r‘]t?an%P P%‘? SR ShIOYy h%}" gten%ﬂoR

e ca
carbonyl compounds is camed out in @ manner known per se, but the

hydrogenation is carried out in the presence of a hydrogenation catalyst

according to the invention as described above.

In the process of the invention, the hydrogenation can be carried out
continuously or batchwise over suspended finely divided or shaped, fixed-bed
catalysts. Continuous hydrogenation over a fixed-bed catalyst, in which the
product/starting material phase is mainly in the liquid state under the reaction

conditions, is preferred.
If the hydrogenation is carried out continuously over a fixed-bed catalyst, it is

advantageous to convert the catalyst into the active form before the
hydrogenation. This can be effected by reduction of the catalyst by means of

10



10

15

20

25

30

WD 20091027135 PCT/ EP20081058780 hydr ogen- cont ai ni ng
gases according to a tenperature programe. The
reduction can, if appropriate, be carried out in the

WC%?W@Z?%S"" liquid phase which is p_assed gggf?gagalow-,so

cata as described, for instance, in DE
348. s The process of the invention is carried out in
cocurrent in the trickle phase or preferably in the

uid phase .in three-phase reactors, with the
Wﬁ%@%ﬁoa@mgg OPF AR PG SEP SR IMTRErAtUR SRS AR The

idaRictibsiehs lfgﬁg/opﬁg@ﬂ%% <fatrrr| ght lhr{hég n'&%%f%slf o(ff)hase

uni formdi'str lon O rem)va
Whighlie aased oveeretbe|oata|ystdasadbsqrbesipémeﬂ$tanee,yh € 198138 348.
reactors are preferably operated at 10 high |iquid

space velocities of from15 to 120 nB, in particul ar

Tfﬁ@mé’&sé of He MBentidtels é@né’cﬁ ofif PSocBReht thth@ftnéll”l@ phase or
enpty reactor and hour. a reactor is operated

pretaraklyralhs licwid phasa wsthfgeeon;aasgea@ths, syiidctheihy dsggarebeing

YRIbtRh o AfyfEL Rt in eVl BB e biasih ke

insrestshof dndgen distritutinesSigugl, ipasfvedireaioval b0théHedbar ,
rpreferablyfromSto 40 bar, particularly preferabl
eAcRand 3dyeh spass-ione wefzi5th9aweachqﬁ§ affy areigeakbit pPperated at

t
eARaLRlee RIS o oRts P RS i g s0
nmenﬁyﬂmrogeaacﬁimnofcme aropiyaeactonent hoas dba seadtons operated
ane, or Pr ef Er ence._i s i ven to usi

RoRPREN Hnd Inh S5k phss 167 SPesia srics NaRcBe el e catalyst

(RRISV)dihade 86920 ¢ltotihan’ 99% Various process variants
can be selected for the process of the invention. It

can 25 be carried out adiabatically or virtually
TRERERES of theghuSuotl e i gRE ShorhiooREin & regSe rance

fedrh 5rtealoos A, gre’iébé@'ﬂ} RELOSIE ¥0 bap & areanhdy §reféﬁ§ﬂ>l)bi‘ﬁ the
oper at ed adi abati cal lé or virtually isothermally
4

r3hae JoaP &0 éarpapel p Braosgnatomisanperaturgs anel in e range from
g‘g;t%@d?’énlrpﬁart&?l%? ?r‘oﬁ?'ﬂq) tJ yabdy isothermally.

hernof e ossi bl e” t 0 hydrogenate the 30
carbonyl conpounds or m xtures of carbonyl conpounds

in th resen 0 ter in a single pass or with
fﬂed@(jﬁp&%eﬁﬁg‘f@rg%%&grqunaﬁon can'contain inert gases such as
methane or nitrogen. Preference is given to using hydrogen having a purity of

greater than 98%, in particular greater than 99%.

Various process variants can be selected for the process of the invention. It can
be carried out adiabatically or virtually isothermally, i.e. with a temperature rise
of less than 10°C, in one or more stages. In the latter case, all reactors,
advantageously tube reactors, can be operated adiabatically or virtually
isothermally or one or more can be operated adiabatically and the others can be
operated virtually isothermally. Furthermore, it is possible to hydrogenate the
carbonyl compounds or mixtures of carbonyl compounds in the presence of

water in a single pass or with product recirculation.

11
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WO 2009/ 027135 PCT/ EP2008/ 058780 It is in principle
possi bl e to hydrogenate all carbonyl conpounds to the
correspondi ng al cohol s using the hydrogenation

%%0@?627‘35 the invention and the process 050&7!‘:9?2008/058780
I nvent1 on. ?n particular, it is possible to

hydr ogenate 5 al dehydes to primary al cohols, ketones
to secondary al cohols, a,(3-unsaturated aldehydes to
saturated primary al cohols and a, (3-unsat urat ed
ketones to saturated secondary al cohols. These

& Wyﬂciﬁgﬁg%‘ip%?ﬁg@& (Eatk %mtc'a%or_ndg gﬂ@pbeﬂﬁé thRUPS

such ‘as hyd OXYy groups. nor e,

tarespendingoaicongls gatngdthel hedrogemation lohéal st vd $hee avebion and
resent and these can, depending 10 on the catal yst

B iBReTha NG rtvRGH oD bLeSchd! srgRSDIe Brurdogenae

ﬂﬁbMWé&@Wrﬁé’qhegé%@tgs,ﬂ@téh@é b@é&bn@@%l@é%l%’, a, gt-uencfaturated

hydr ogenat ed. wydrogenation of a, ('3-unsatur
#lded lorsajuraéety demans aispbblsraitsl ,B-wsaturatedokatones to

| [ 11 f d .t he, hyd ' f
LRI SR il ThesRaria Ly aRe e e Ehate firjrer
fuactiorel geotipséuidh @slBydriosyl &t alN@droups e, fufther

exanple, in DE 100 62 448. The process of thre .
NAFOMYSSET slehnisrdauble Yondeaan bernyasenjanditbesacpongepending
' C t o
SOMROLRATSLE1) B e AR S Raini iy grogenated

Kdiepadiahaer ogmpietely hytioogdmated. bon atons. To mi ni i ze
secondary reactions and thus increase the al cohol
yield, it is advantageous to |limt the concentration

e ﬁwrbgeméti&%mEt\?r%ainﬁkaEékaétsﬁQs B?aﬁ%ﬂ?%%@%%r{éferabw

Particularly in the hydrogenation o or atio
GArsied pebwWitbow=additiprt elonater eod1ie bgdiogenatiomsf noheonjugated

I [n.the ed to,the .reactor i.s froml
RO Ay SRRLER bl ity biwiE 539680 Vratgl B
deseribdesfor edarpphc @NDEA10®A21438ge can in the case of
reactors which are operated in a recycle node be set

via the recycle ratio (ratio of recycled hydrogenation
; n S i

T Pideeat O Bl enD, ThecRREHY b ESTDENANSAHS Gl

compounds having from 4 to 25 carbon atoms, in particular saturated or

unsaturated aldehydes or ketones having from 4 to 25 carbon atoms.

To minimize secondary reactions and thus increase the alcohol yield, it is
advantageous to limit the concentration of carbonyl compounds in the feed to
the reactor. Particularly in the hydrogenation of hydroformylation mixtures
having from 8 to 17 carbon atoms, the aldehyde content in the feed to the
reactor is from 1 to 35% by mass, in particular from 5 to 25% by mass. The
desired concentration range can in the case of reactors which are operated in a
recycle mode be set via the recycle ratio (ratio of recycled hydrogenation output
to feed).

The carbonyl compounds used in the process of the invention can be prepared

12
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WD 2009/ 027135 PCTI EP2008/ 058780 in various ways:
a, (3-unsaturated ketones can, for exanple, be prepared
by condensation of two ketones or condensation of a
gan al dehyde, for exanple oct-3-e
‘?@om n- pen?anal and acetone; 5 a, (3- unsatura’?gﬁmﬁ%slossmo
al dehydes can be prepared by al dol condensati on of
al dehydes, for exanpl e 2-ethyl hex-2-enal from
n-but anal , 2-propy! hept-2-enal fromn-pentanal or a
IR %B(IGHE WYSi someri ¢ decenal s by condensation of at

% gatﬁsat&r‘é@edjkétgﬁé§%n GBr @k%g)@d%ﬁ prgﬁ%feﬁr%deﬁsgflaﬁaf two

using a decenal mxture are nsat | on
kefto@ss at d@'kqejsahom of p&etoreuven amadl@e@déefqr@aarr&ﬁe tbe3-en-2-

non 1[1 turated al dehydes used in the
ﬁgg‘!lsng F‘W@ @@ﬁ? ©°8f are predominantly prepared
@B Lmé@'hﬂfa%dmhéhyd& caﬂ“@e Pr&tdred g@écﬁrdoﬁbénéé%fonb%f

preparing the aldehydes or the reaction mxture
el ystas: ryrl exanume arethyhekiZagnarfram xthutasaloR-podpyihept-2-enal

ticul f 4 t
T bR Bk iftdis oapB b dbahiaich edabipia of at east
thondifferetit Cs-alddlceBerrefe RINceNE givieRdB WisBida ddcerM] mixture
2-pentene, 2-nethyl-1-butene, “2-nethyl-2-butene,

PIeRBIeR)PY. aondansatien of Cs-ajdetyides, inepastieular valeeiiahiyeei n
m xture obtained in the dinerization of propene
(di propene), heptenes, 2- or 3-nethyl-1 20 hexene,

Tt poeesynjWyated hpbhtepated %derﬁfdnsetdﬁw hetep@sess of the invention
2- hept ene

5-me
aj?é)trﬁ?ﬁ/mmaﬂgxgﬁ%oarﬁﬂgyrﬁy)g{(af%égn%lfa tiPRomeri ¢ C8-ol ef i ns
obtained in the dinerization of butenes (dibutene),
nonenes, 2- or 3-nethyl- octenes, the Cg-olefin
Thexstartmgonats riadfor rmretpaarlngrhhnfaidefmdesmrdlﬁe peandienemixture by

RS REBRERE) r TRAPS R Aty bG8 FOfna PRI E%0%%: i
peeticarefromad 1016, WarlsaRMESs Bhd tdenihall dFeRterall T @uble
but enes (tetrapropene or tribut ene%tﬂ t et radecenes,

b&@ﬁﬁa@@cérﬁé&en%@caw@@n@@butqﬁ@ 16t 2gieatene, @metme-1-butene,

h t| 0 of , .
RS IR b8ob " B 120 O SRR i el micure
o@¢mhe@mr’&1rel duaternzatl@ni obpefpeng (HRvopend]] hiémenss, Duwrerfethyl-1-
caqu%on at ons referably from2 to

hgﬁﬁp%pq 80es, & m&th RERIPRES, n‘@hylheptenes)S mefthyl 2-heptene,

6-methyl-2-heptene, 2-ethyl-1-hexene, the mixture of isomeric Cs-olefins
obtained in the dimerization of butenes (dibutene), nonenes, 2- or 3-methyl-
octenes, the Cg-olefin mixture obtained in the trimerization of propene
(tripropene), decenes, 2-ethyl-1-octene, dodecenes, the Cy,-olefin mixture
obtained in the tetramerization of propene or the trimerization of butenes
(tetrapropene or tributene), tetradecenes, pentadecenes, hexadecenes, the Cie-
olefin mixture obtained in the tetramerization of butenes (tetrabutene) and olefin
mixtures prepared by cooligomerization of olefins having different numbers of
carbon atoms (preferably from 2 to 4), if appropriate after separation by
distillation into fractions having the same or similar chain length(s). It is likewise

possible to use olefins or olefin mixtures which have been produced by Fischer-

13
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30 distillation into fractions having the sane or
simlar chain length(s). It is |ikew se possible to
use olefins or olefin m xtures which have been
Fi scher- 13 WD 20091027135
PCTI EP 008?858780 Tropsch synthesis and ole FEISEPV%IQOWIQF’SRO
have been obtai ned by oligonerization of ethene or
ol efins which can be obtained by neans of netathesis
teact ons Preferlgﬁd starting materials for the

SYnihesiranthe 9%1w6fq51rW%b@%omamﬁr@sohwr@@hon of
&%ene%*%kﬂn@ whicR rcgﬁjo@ dHt?E}eHrbmprfE?ﬁ?Ef miefathdSs Péé’cﬁ%%%

of the invention, erence 1s given t
Bsafﬁged]ystiammg) ma}emals a’m the xreparsatipn eptrecklydrofonmyB8on anmxtu res

G oy G Comat Ao TR Ean b edisogs saud g invention,

Wﬂb@f&@gf@f&@dc@ﬂs vaeﬂ'tbl&%ﬁ“@%yoﬁoféﬁﬁﬁ/la@l%&ﬁ:kwres Frepared from
grefera used. 1o The olef’i ns areﬁﬁro or ny

ey Qulsqi@‘mv € aghiGn-odefth Mikwregi Vbe eald@hxeﬁeusﬁ@ondnal
t
‘uﬁﬁi/cg:] aﬁot%e E%&”&ﬁ@yﬁg‘{rgﬁg\yﬁti%‘n&{ C@%ﬁ%?%m%'aw pLgferably

wsdd.usi ng rhodi um or cobalt catalysts, either with or
wi t hout additives which stabilize the conplex, e.g.
organi ¢ phosphi nes or phosphites. The tenperatures

m@ RS SHE B9 %ﬁvmﬁggg i F%s?&n&& %Qﬁmﬁaatn@l Heh e the

vary mts escri ption
sttgdmgf mate]ﬁaw foo me)hyabbgénalmmmoobes bbthedinvémtioneXaepl e,
nt heses on Mbonoxi
WPW@@W'@@PN%@GH@%@@PH@% Can@d'urm@owgaatawfs
dither vahdor Wlt%dt%d@tﬁ@@%hl&%ﬁé%ﬁl&@%ﬁé %oPrf léih“é'ﬁ Qﬁ%amc

Technol ogy, Volune 17, tion,
Hsphinesqeprasphites. gire femm;atura@arm@remms oam depending on

e g8 g, G YER Ry, &N RN 1Y
Wd@@fbfﬁmy@fhoh hﬁ olgfvenhapbe fddind feo™rhpleatnal. Mbéﬂ afew
een used, this can be effect ed b dep ressurlzatlon

%m@%%w'ﬂaﬁarh@n dsexide, Saripoair eda@pﬁaﬁ@&ﬁe\r@%avw@&

f
{420, PP 1 A0 R e 5l PERASE 1oy,
\pdsiam 1maletinrwurtutnmgv:legr&%as,epa@éﬁ@@td 91@101/996).366,

for exanple, J. Falbe, loc. cit., Kirk-Qhner, |oc.

The reaction mixtures from the hydroformylation are advantageously firstly freed
of the catalyst before use in the process of the invention. If a cobalt catalyst has
been used, this can be effected by depressurization, oxidation of the cobalt
carbonyl compounds remaining in the hydroformylation mixture in the presence
of water or aqueous acid and removal of the aqueous phase. Cobalt removing
processes are well known; see, for example, J. Falbe, loc. cit., Kirk-Othmer, loc.
cit.,, 164, 175, BASF process.

If a rhodium compound is used as hydroformylation catalyst, it can, for example,

be separated off as distillation residue by means of thin film evaporation.
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cit., 164, 175, BASF process. |If a rhodi um conpound is
used as hydrofornylation catalyst, it can, for
exanple, 30 be separated off as distillation residue

thin filmevaporation. 14 WO 200
%?%%58780 The reaction m xtures fro%%?ﬁgﬂﬁgsmssmo
cobal t - cat al ysed hydrof ornyl ati on which have been

freed of the hydrofor rryl ation catal yst generally
%ontalnfromsto 40% b mass, usually from5 to 30%

98 FRadiongniXtERs Higi 81%00%?%@3/@%@ @adEOé@rna{I@tfqrhwhlch have

S e M e AERTRA AR A A 8385, v
lmlﬁssam?yaﬂfy flaindéh?(@j&g% bﬁ/mmamaﬁ o]f tmfvxﬁB%éJy nma]{:rﬂy Ohreacted olefins,
GoeliIEtnalR defismPan 9o S Aty RELGCHIDOR GRCBET £%5 1o 5% by
v*ﬁ@‘é@‘é‘?(/v&atért frohPsh ¢ b@°/ tgﬂpﬁw%%%%?‘él&erﬁggeé NPoR e B mass of

the i nventl on can al so carr out usi ng
aﬁydiﬁ@iﬁoumrm 4070y miasswf éznvites of ttmpc&émhoumandlfrbm $tori5%

t es not correspond to the above. Thus,
aesiaz‘%\?@‘ b? é hydrocarbons (ol efins and paraffi ns)
can be separated off fromthe hydrofornylation m xture

prior to the hédrogenatl on. 15 The hydrogenati on
%QWEM% itsthoaicheel epyphasizegribalibe ripcedreof thednartiansas also be

c‘,’@rﬁgﬁ%ut HQ|nB34'1|>/EJirc§ftoth£/I%br9ﬂ1 xtTPésS\ghésg %5@ it 3Htin %s or any

t nospheric or “un essure.
rtelspectaiaces:rﬁotl’oogrlesbonh itan thead o0 Thus dfo$felxbhﬁile ahe hyd@carbons

@ieguce res is preferred. 20 The follq Xﬁ
RUBTES 621 bE sePRERtEd ofEToR BRIy BFPTTIBAN ikeure

mrepthO RvdiRelengtibgst ricted thereto. Exanple 1:
ﬂl):’r oduct | o% 'koe)? a Lydr ogenation catalyst (not according

to the invention) 25 A commercial al um ni um oxi de
EPEREopkhaGM GBI ebiines by Meriess abbednisnton ore Worked
tﬁbbyltjls%ﬁQtlcbﬁZ/TQwlﬁlédcarﬂe@@U?aN&HH%héﬂétp%éﬁLﬁé@r QMdé‘t'er@&@ced

of the cycl ohexane net hod firstly
RfsEsYeetl the qzﬁﬁﬁt@fahfgm-@gthﬂalaiczmqls)mlsiﬁlaa@n dndér keslupgd

OreaiFeqt pPadlue!

The following examples serve to illustrate the invention without the invention

being restricted thereto.

Example 1: Production of a hydrogenation catalyst (not according to the
invention)

A commercial aluminium oxide support (from Axens) in the form of extrudates
having a diameter of about 1.2 mm, a BET surface area of about 260 m2/g and
a pore volume (determined by means of the cyclohexane method) of 0.7 ml/g
was firstly modified by partial neutralization of acid sites by means of sodium
compounds. For this purpose, 500 g of the extrudates were placed in a glass
tube and this was evacuated for about 30 minutes. The impregnation solution,
viz. a dilute aqueous sodium hydroxide solution (w(NaOH) = 0.24%), was
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compounds. For this purpose, 500 g of the extrudates
were placed in a glass 30 tube and this was evacuat ed
for about 30 m nutes. The inpregnation solution, Vviz.

i eous sodi um hydr oxi de sol ution ( T
%".‘g%@%@f’&mﬁ?*’w VO 2008, 05y 30 Pey Ep00Ss 058 EhER 20081058780
subsequently drawn up fromthe bottomto above the
upper surface of the bed of solid. After a residence

time of about 15 minutes, the solution which had not
peRseaugRBAdigyvbyP fieen teppreifam d@gbayathesdnperiseirface of the bed
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Ehe a%ﬁ%a?éfé%ﬁrby SHfR8E ©a15 SUPBMUCHIY hfe@mﬁ# esdnin s

6040 Gha1Bh R HRAGheVRBrSHP BIUIRN T E4B1ROPRIERor

y vacuum | npregnation wt an anmoni acal SO

Rredtiaethimifinwek dormaliympeatainecd. Chbymhass obsgubumds. For
te so

' urpose,.. an .anmoni um.di chro ution 10
T e AP R R e U SURSSEbivEy Shases Sgd Impregnated
By vaddum shprggpdtibRWgthaarThprimbriadd| soluBibh 2BNtdSiHEMEE!, copper
carbonate solution (Cu content by el ectrogravonetric

e eMHE GRmpaB1dsy By thimesrpage3ar emreeniubydicheomate solution

e e

i Yoloh %y, Si. . : .
8R0S et ARty BB s e o
tetratrenine cop | catriesh dte aolsivarn Cungnesrtigusigdetrddraddmestic

SS, . NgB _conéoent by 1s the Kjeldahl nethod: 18.6% b){)
driseningtio; 149 % by otess1NbG cgnisspy the Klaidalanetiogh 13.0% by

o@n I . :

RSty SKCD: 0 AR ol RSB onat soluo
(&b epoientsalmalatd frotrbstartmgscampawophdr, 2% .06%mbys, Mies somient by

PR Rlins o el By Ty res dienety Sl st L diatdat e sontent
ST@QpPepinidkes afY ChHSIAILAS oPBIcS 4tk 3f&ch inﬁ‘pr%tgégti@ﬁT ﬁgﬁltibh'be

and this was evacuated for about” 30 m nufes.
Gatgtalgddtane the siartind eempasnduyee Gutihttymasawh cappdn 8% by

hars PR 72 Pubibs F o oS RE S oRlpg was

526 gfdroh Fahivabulradmpeégrizion, 5o grofuRe kxtrlibstesupdRrdlaced in a
was drained. The noist pellets were firstly dried at

A3%FAUPR adsiNiseWRs sivaaiated demakatlidhtmiputesatTde iatpregnation
solution was subsequently drawn up from the bottom to above the upper
surface of the bed of solid. After a residence time of about 15 minutes, the
solution which had not been taken up by the support was drained. The moist
pellets were firstly dried at 120°C in a stream of air, subsequently heated at
3 K/min to 450°C and calcined at this temperature for 10 hours. After the
calcination, the catalyst formally contained: 86% by mass of Al,Os, 6.4% by
mass of Cu, 2.9% by mass of Ni, 0.6% by mass of Cr and 0.09% by mass of
Na.
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25 3 Kfmn to 450C and calcined at this tenperature
for 10 hours. After the calcination, the catalyst
formal |y contai ned: 86% by mass of Al 203, 6.4% by

VWP 30080234 352. 9% by mass of N, 0.6% by nasspei/Ep2088@558780
0.09% by mass of Na. 16 WD 2009/ 027135

PCTI EP2008/ 058780 Exanple 2: Production of a
hydr ogenati on catal yst accordi ng to the invention A

omer ci,al,_al unm. ni u fro n in
ERATRLS 2EProunEhen ST adi i oahaRGhsate V8T 2 EEaHiTng 1 thely
invBRfiopur f ace area of about 260 er/g and 5 a pore

di anet er (]determ ned by neans of the cycl ohexane
A@Pﬁb’ﬂ?fqﬁ aQurzinfdm @xmsstmnostt (Frprmbréns) drl they fopar ofi extrudates

RS BRI ShoBL bt &Y sUERF P S264daspao nc
a’l\@bﬂa plagrester d@t@mﬂh@@@yl_ niedIs GMHe htisharmeemaamt)ed 0.7 mlig
for about 30 m nutes i.mpregnation solution, viz.

Wagfirslly énadfiied by oAl IvRLiTRli# 08 @ aioit piss lpyreans of barium
(912145/@ AFop Wﬂ§§9 o )506% &tﬁ%xﬂﬂd%teg elrgepl%%aI RY bféss

e upper Ce 0 he”"bed 0
tuéelamelrtbts Wamevaxfuaada@wr dbouhBouhiastest ﬂTEesmbtégrmmomodlmon

ad t, b t ak d d, The
{2 stazﬁré@%?#ogﬁa?ﬁ@traé%&w bR eI ava e sgbsaventy
&a%ﬁﬁﬁﬁbﬁﬁhé'ﬂoﬂoﬁ#‘ﬁaﬁ LeAa&d ?th'é/ dof $blid. After a

450C and cal ci ned t rature ours
repislepae dnmyesof ahad dﬁgnmuﬁﬂa)dm edlutmn mecsh iwy nmsbeen taken up

t{ap I@Eé%p}égﬁlﬂpﬁssa arairq%ﬁglﬁzeu%mb%ﬁ rmst%g %{))(Hga? e\%é/gere rlrstly dried at
REISeguestidam iotpiregiigdRienlly huafidenad RPRIRAB 5000 aMd dalcined
an anmoni acal sol ution containing nickel, copper and
HAPIS e MREES HiFOIAh @shoursy Theratapst pmrscarpr@mmq wrthis way
fg)rgatrfmgmaaldl@mw ek ebanad chrom um content: 7.1

rre inhto a m xture of

Tiheet bmmmomppeelwalmhmakmeswpﬁoﬁomi Subgoieatly impregnated
el ect r ogr avonet ter m nation: 13.9% by mass,  NH3

Kot wpr@ﬁaa{é%w& AN %ﬁamwcai@ow@wonmgg nickel, copper
enguiish o2 al O pBaRaBcHp I AF0LF Bhpromate soutn
(salgn laitergcfar@umommbntem 8% % pymasass) Wissfirstipstmed Intotahmixture of
tetramminecopper carbonate solution (Cu content by electrogravometric
determination: 13.9% by mass, NH3 content by the Kjeldahl method: 13.0% by
mass, density at 20°C: 1.29 g/cm®) and hexamminenicke! carbonate solution (Ni
content calculated from starting compound: 10.6% by mass, NH3 content by the
Kjeldahl method: 18.0% by mass, density at 20°C: 1.21 g/cm?®). The content of
copper, nickel and chromium of the dark green impregnation solution calculated
from the starting compounds was 7.7% by mass of copper, 3.5% by mass of
nickel and 0.8% by mass of chromium. The density of the solution was

1.23 g/cm®. For vacuum impregnation, 500 g of the extrudates were placed in a
glass tube and this was evacuated for about 30 minutes. The impregnation
solution was subsequently drawn up from the bottom to above the upper

surface of the bed of solid. After a residence time of about 15 minutes, the
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shoalnyini Tabdd 1tThe anehysis atdincazes indzatanhesichipusitin ¢hide

SE@’?”I naterial. Table 1: 20 Tinme of C8- C9-al
'egabl Hi gh boilers
Table 1:
Time of Cs- - Cgral . Formate - Cq-0l High boilers
operation | hydrocarbons ' , , S |
(hours) (% by mass) | (% by mass) | (% by mass) | (% by mass) | (% by mass)
0 6.31 60.65 3.95 2715 1.94
50 6.21 0.52 0.48 90.81 1.98
500 6.05 0.72 0.49 89.99 2.75
1000 5.98 1.04 0.49 88.80 3.68
1500 5.97 1.67 0.51 87.85 3.98
2000 5.81 1.99 0.51 87.12 4.60

As can be seen from Table 1, increasing formation of high boilers occurred as
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operati on hydrocarbons (hours) (% by mass) (% by nass)
(% by mass) (% by nmass) (% by nass) 0 6.31 60.65 3.95
27.15 1.94 50 6.21 0.52 0.48 90.81 1.98 500 6.05

W 2ofdsF189. 99 2.75 10 00 5.98 1.04 0.49 88:8Rp3068055750
o Y 0 51 67 85 3. 98 2000 5. 81 1. 68 C72Y

87.12 4.60 As can be seen from Table 1, increasing
formati on of high boilers occurred as 18 WO

009/ 027135 PCTI EP2008/ 058780 he period of operation
FRAE0R] GBe HHe0 A FROEANAT O PoR SRHRS G ISP SAGR pYel the

treai j ; 0
%ﬁgfé’@r ! tegkalTye resxgggl Edibdds C%Q%?/@%ose |HEreaSﬁ% from 0.52%

dehydé I ncreased from 0.52% ss at t
e giasaiat heobegihringyaftbg épdtdgenation thebioutZ% by massafter 2000

R Sl BB ReeA T b o BRavos Raehoh 2ty FnegRena g o

tigh Woliler rieBukdreinythelyielafof theddgrdd B@bdRerddsdnanol in the
i sononanol in the hydrogenation being reduced as the

eirpgenajiondiriparedisedrrs Benatiodmfepesatiamincregsed. The content

A aRBHS upPhEds ABG.CaTH, BYWRIGR e IR 80 abed Te o
Rypdvggeveatipint deopgred20CHoad 87 1% b visigintd\eer 2000 hours.

Hydr ogenati on of C9-al dehyde over the catal yst
produced in Exanple 2 (according to the invention): A

o : ; ] _
EESORICN. RYSRtEndHat Uf B IdehydE obohid cd@ibpaibluced in
e plef 2 {(dec @eling de el invartion)anal was hydr ogenat ed
ti Ly in the_liqguid ph [ i rcyl atior
Bactan R Selotriaulf romi e sl SaplisPaaifaughon gf
disgtehesprslhing 600348 byl ha8é of Heat y.aldehyb& MbrioRBARI was

testing was carried out under reaction conditions

hystipaenaiee ceptinugusieinftbe linhis phasedaradcicadatiopsapparaioim at

[ I 20z Q7 [h. of .. d ed_in
RODuf 2 pal oM Sefioss Slpprethdiani oo BF o Fliab®:
lversy - E0mst stivstawes chfied direurairlrysanodoriditorstantpargble to
mat eri al and dpr oduct are shown in Table 2.
those for the standard catalyst (from Example 1) in Example 3. 0.075 I/h of feed
was fed in at a circulation rate of 45 I/h. The amount of offgas was 60 standard

I/h. The analyses of the starting material and product are shown in Table 2.

Table 2:

Time of Cs Ce-al Formate - Cg-0l High boilers
operation | hydrocarbons| | | ‘ | ‘ e
'(hours) (% by mass) | (% by mass) (%by mass) | (% by mass) | (% by mass)

0 6.57 60.34 3.15 28.07 1.87

50 6.13 0.62 0.45 90.85 1.95

500 8.11 0.73 0.36 91.01 1.75

1000 6.02 0.78 0.31 91.02 1.86

1500 6.04 0.89 0.31 90.85 1.87

2000 6.03 1.02 0.28 90.65 2.03
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20 Table 2: Time of O C9-al Formate C9-ol Hi gh
boil ers operation hydrocarbons (hours) (% by mass) (%
by mass) (% by mass) (% by mass) (% by nmass) 0 6.57

BB AbM383 056 01, 01 175 1000 6,03 0. 76CHIELI0EI5ETE0

91.02 1.86 1500 6.04 0.89 0.31 90.85 1.87 2000 6.03
1.02 0.28 90.65 2.03 19 WD 2009/ 027135

PCT/ EP2008/ 058780 As can be seen from Table 2,
smal | er anmounts of high boilers were fornmed in the
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catal yst, _i ch indicates a er decrease in
more siowyy withdimenpt opedtise et inihe raaedf thet $tandgrdotataiyet,

1 l'X t _accor di OAO the invention conpared to
isBdidieats A ynallet RS @t ted in the yields of
The irdeiveadelsktivipy aad %\bti\i/iﬁ@é’fQHéf&étalmtacbgﬁdﬁggrﬁﬁt%@q%ntion
appreci ably during the period of operation. The high
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5 on titani um di oxi de, zirconium dioxide, alum nium
oxi de, silicon oxide or m xed oxi des thereof and the
hydrogenati on-active nmetal is at |east one el enent
W@%Mﬁﬁ@w consi sting of copper, cobalt, Blﬂ.‘éﬁbo /058780
chromum "characterized in that the support rrater ?
contains the elenent barium 10 2. A hydrogenation
catal yst according to claim1, characterized in that
éhe catal yst contains fromO0.1 to 2% by mass of

m@m preferably from0.3 to 0.7% by mass of
barium cal cul ated as barium oxide. 3. A hydrogenation
catal yst according to claim1 or 2, characterized in
t ha«ta htydmgeh&tisu pptaiytst netic t@hprnseé)asedp@g_nadtéﬁélmmt lfeast
oxi de. enati on catal yst according to any 0
cl a(?rif%h‘fidrpaeﬁgt' halP et BRI 48 WG SUDESH BRIRERY diased
1 téh fRMBY s %flchMﬂFrP%%Q@te' Qﬁxn?ﬁﬁJWSXHEt &liSon oxide or
preferably froms
hy dﬂb@érfatld&mmceor\a@dnbe éiyd rogeMatiah-actied etbtalss mktemst one

t I di f
7 e R P §oF5 o, B SeHo oA SR chforiLim,
conghignasteared®in thaetHd s @ omhalesiat @@rﬁ’t@fns tﬁBréPéﬁwém FeHlim.
ni ckel as hydrogenation-active netal

hydr ogenati on catal yst according to any of cI ains 1to

SRR FF B BULR P le i
bbby ke s ey (m
barQ'Z%ab% 1as§194Pagun Cﬁ@f‘!ﬂte%ﬁﬁcﬂ’@w@'oo’?deAypr ocess for

produci ng a hydrogenation catal yst according to any of

clainms 21 WD 2009/027135 PCTI EP20081058780 1 to 6,

c?naﬁc Aydrogeration natahyst aaccsrdlngﬁomhaionmtoaiZn charaatdyeredumthat the
ounﬁ1 i S agglged to rgﬁort .nmateri al based on

tlté'ﬁlpﬁ BRGNS, PESEA BN HPH' BXPH@S-  al umi ni um oxi de,

silicon oxide or m xed oxides thereof and the support

mat eri al which has been treated in this way is dried

dhe Bydysegnatien gatalyst according to any of claims 1 to 3, characterized in

that it contains from 1 to 40% by mass of hydrogenation-active metals,
preferably from 5 to 25% by mass of hydrogenation-active metals,
calculated as metal.

5. A hydrogenation catalyst according to any of claims 1 to 4, characterized in
that it contains the combination of the three metals copper, chromium and

nickel as hydrogenation-active metal.

6. A hydrogenation catalyst according to any of claims 1 to 5, characterized in
that it contains from 1 to 20% by mass of copper, from 0.2 to 6% by mass of
chromium, from 1 to 20% by mass of nickel, in each case calculated as

metal, and from 0.1 to 2% by mass of barium, calculated as metal oxide.

7. A process for producing a hydrogenation catalyst according to any of claims
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5 calcined in a first stage and a sol ution containing
at | east one conpound of the el enents copper, cobalt,
ni ckel, chromumis applied to the support naterial

W@Eﬁbﬁ@cﬁ?en treated in this way and the sgppRBE2008/058780
a drie

mat er | Ich has been treated in this way I's

and subsequently calcined in a second stage. 10 8. A

process according to claim7, characterized in that
carried out in the tenperature

t he gorgig%st%?s é\r,e ( ,

r anh® Pr OIAraeterized SbibakAcokiion GRataining a Barys cepypound is
car 4 ' ; fy: : :

o Y o bR AL B SR e gy dloxide,
pr calegénifior oxide palidongoxad & o holixe dogxithesl thegeofaridotheafupport
carbanyl ¢ ound haracterized .in that th

ny dPBGERAFTIT 12 Bés eategn his Waes sisdandes thseguently

hy di0@i8@ A amirgadade 8hd ACEMItIN i #Yatdéast! AeBordpdithd of
6. 20 10. A process according to claim9,
chdha@epprisdcdpper eabattheicksld clageriami ismppied tathe spport

oo AP P RS0 o S P B Rt whicn
pr efae pddrytréaten il @hit avadbis lpied Mt BsequehtidefeipBatih @second
tenperature of from 120 to 220C, preferabl'y from 140

to S149®C. 25 11. A process according to either of

clainms 9 and 10, characterized in that saturated or

unsat ur at ed al dehydes or ketones having from4 to 25

carAhorocess aesoaling trseldinag, claaroteyized dmiedtioks drn@ty $Rpshare
0cess acgp

' t f clai 9t : L
O SBaRBHE B o Bl B A0 et
hy diep O& ey EaticadLRILHESBfhpefduMdD ARRFIAR 4330 650°C,
PCTI EP2008/ 058780 13. A process according to any of

cl diraieraply in e rangarfaan d202@8do 50t Gat  hydr of or nyl ati on
m xtures prepared from C38- or Cl2-olefins or C38- or
Cl2-

9. A process for preparing alcohols by hydrogenation of carbonyl compounds,
characterized in that the hydrogenation is carried out in the presence of a

hydrogenation catalyst according to any of claims 1 to 6.

10. A process according to claim 9, characterized in that the hydrogenation is
carried out using hydrogen in a pressure range from 5 to 100 bar, preferably
from § to 40 bar, particularly preferably from 10 to 25 bar, and at a

hydrogenation temperature of from 120 to 220°C, preferably from 140 to
190°C.

11. A process according to either of claims 9 and 10, characterized in that
saturated or unsaturated aldehydes or ketones having from 4 to 25 carbon

atoms are used as carbonyl compounds.

12. A process according to any of claims 9 to 11, characterized in that carbonyl

compounds obtained by hydroformylation are used.
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olefin mxtures are used. 5 14. A process according to
any of clains 9 to 13, characterized in that the C9-
al dehyde i sononanal which can be obtai ned by

tion of dibutene is used. 10 15
mg&égﬁeﬁégrdi ng to any of clainms 9 to 13, PC%EPZOOSIOSWSO

characterized in that a decenal m xture prepared by

condensati on of Cb5-al dehydes, in particul ar

val er al dehyde, is used. 23

13. A process according to any of claims 9 to 12, characterized in that
hydroformylation mixtures prepared from Cg- or Cqp-olefins or Cg- or Cyo-

olefin mixtures are used.

14. A process according to any of claims 9 to 13, characterized in that the Cq-
aldehyde isononanal which can be obtained by hydroformylation of dibutene
is used.

15. A process according to any of claims 9 to 13, characterized in that a

decenal mixture prepared by condensation of Cs-aldehydes, in particular

valeraldehyde, is used.
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