Hydr ogenati on catal yst and nethod for the production of alcohols by

hydr ogenati ng carbonyl conpounds The invention relates to a hydrogenation
~.‘catal'yst and a process for preparing alcohols by hydrogenation of carbonyl
conmpounds, in particul ar al dehydes. Al cohols can be prepared by catal ytic
hydr ogenati on of carbonyl conmpounds whi ch have been obtai ned, for exanple,
by hydrofornylation of olefins. Large quantities of alcohols are used as-
solvents and as internediates for preparing 10 nmany organi ¢ conpounds.
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It is known"tha rbonyl Conpounds, 1n particular al dehydes, can be

cat al yt i cahydrogehating barbesylscarhpbyddsgen to form al cohols. Use is
frequently 15made of catal ysts which contain at |east one netal of groups

| b, 2b, 6b, 7b and/or 8 of the Periodic Table of the Elenents. The _
hydr ogenati on of al dehydes can be carried out continuously or batchw se in

t he gas ph#&be imventionuetiteh s a hydrogenadibn eatdlpsttarst a peddassifeepdrepariagyst s. 20

The industrja reparation of alcohols by hydrogenation, of  aldehydes from
t he oxo® pr BEQEQP,S(M@Y%PS?H?{?%P i Pn}ﬁll‘ﬁ??\é‘jncrg,m BQE@H,%Q@FWH he case of
| ar ge- vol unme products, carried out in the gas phase or |iquid phase using
fixed-bed cat al ¥sts I n continuous processes. 25 Conpared to gas-phase
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havi ng. nore than 7 carbon atons are therefore prefg,\&&glo a?c%ﬂ%fjsr or%enat ed in

the |i dui dMpRs@ganic compounds. Important downstream pro a

plasticizers and detergents.

It is known that carbonyl compounds, in parﬁcular aldehydes, can be 7
catalytically reduced by means of hydrogen to form alcohols. Use is frequently
15 made of catalysts which contain at least one metal of groups 1b, -2b, 6b, 7b |
A _and/or 8 of the Periodic Table of the Elements. The hydrogenation of aldehydes
can be carried out continuously or batchwise in the gas phase or liquid phase

using pulverulent or pelletized catalysts.

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

catalysts in continuous processes.

26  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 hydr_ogenated increases, i.e. as the boilling point
increases, the advantage of the more favourable energy balance increases.
Higher aldehydes having more than 7 carbon atoms are therefore preferably

30 hydrogenated in the liquid phase.



However, hydrogenation in the |iquid phase has the di sadvantage that the
formation of high boilers by subsequent and secondary reactions is favoured
“becalise of the high concentrations both of al dehydes and of al cohols. Thus,
al dehydes can nore readily undergo al dol reactions (addition and/or
5condensati on) and form hem acetals or full acetals with alcohols. The
acetal s formed can undergo elimnation of water or alcohol to form enol

et hers which are hydrogenated under the reaction conditions to formthe.
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hydr ogenat ron es’'1's ’l ncrease drssociating part of the
hi gh baé | estartiyg akelehyde$ andtprodadt ai¢ehals addowngtesarnplantso f or m al dehydes or
al cohols in a process step precedi ng the hydrogenation. Hydrolysis and

hydr ogenati on are therefore separate 30process stages; nothing is said

about the yafRkif ¥MEHYdedhidiiesTisetybehy@robBnaliéh fagaktBalready contain

high boilers in various concentrations. :

15 The hydroformylation of olefins in the presence of cobalt catalysts gives crude A
aldehydes which contain not only formates but also aldol products, higher
esters and ethers and also acetals as high boilers. If these mixtures are

~ hydrogenated in the gas phase, the major part of the high boilers can be
separated off in the vaporizer and worked up to give products of value in a

20 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.

25 ‘
In US 5,059,710, the yield of alcohols by hydrogenation of crude aldehydes is
increased by redissociati'ng part of the high boilers by means of water at
elevated temperature to fo_rm éldehydes or alcohols in a process step preceding
the hydrOgenafion. Hydrolysis and hydrogenation are therefore separate

30  process stages; nothing is said about the water content of the mixture to be
hydrogenatéd. ' V



A simlar process is disclosed in US 4,401, 834. Here too, dissociation of

hi gh boilers in the presence of water is carried out before the actual
“frydr-dgenati on step. GB 2 142 010 descri bes a process for hydrogenating
crude al dehydes which have from6 to 20 carbon atons and contain high

boil ers and smal |l amounts of sul phur conpounds to the correspondi ng
saturated al cohols. The hydrogenation is carried out in two reactors
connected in series. The first reactor contains an 10MbS2/C catal yst and

t he second reactor contains an Ni/Al 203 catal yst. The hydrogenation in both
reactors is carried out with addition of up to 10% of steam based on.the
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partial pressure of from 150 .to 210 bar usi | ar ge_exgess of hydrogen.
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15pr esent g{ertpt ually only in the gas phase. The objective of this process is

to suppress the formation of hydrocarbons by hydrogenol ysis of the
al cohols. Nothing is said about an increase or decrease in high boilers and

formates i \ enation. 20US 09, 220 descri hes | i qui d-.phase
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and a hydrogen partial pressure of from 150 to 210 bar using a large excess of -
hydrogen. According to the examples, this is so large that the water added is

15 present virtually only in the gas phase. The objective of this process is to |
suppress the formation of hydrocarbons by hydrogenolysis of the alcohols. .
Nothing is said about an increase or decrease in high boilers and formates in

the hydrogenation.

20 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
3135 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

25 phase, a large excess of hydrogen (from 892 to 3566 standard m?® of hydrogen
per m® of startihg material) is used. As regards the high excess of hydroge‘n,

-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."

30 A further process for the hydrogenation of hydroformylation mixtures is
disclosed in DE 198 42 370. Here, a description of how hydroformylation



m xtures can be hydrogenated in the liquid phase over supported catal ysts

cont ai ni ng copper, nickel and chromumis given. Depending on the process
by wHi ch- t he hydrofornylati on m xtures have been prepared (rhodi um or

- cobalt processes), these m xtures contain water. The process disclosed is

designed 5 for the selective hydrogenati on of al dehydes to al cohols w t hout

hydr ogenati on of the ol efins which have not been reacted in the

hydrof ornmyl ation, i.e. the high boilers (especially acetals) .are not
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equi vah@ntDEf1@m6al4kl@Idé§tnbéétafpméQé fdrahe adAtif@sYs hydragenatiamobf ~an aci d
havi ng 25a pKa of greater than and n is the valence of the anion, which.
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being kept virtually constant over a |on eriod of tine and the addition
of mat er i aFatalyst énverydowi Howeyet, the pr @nﬂfbiﬁh beilafy incsgesei Ao the oduct

bei ng ik ne)c,lgisos 8f dicohols drops as the period of operation increases.

In WO 01/87809, the feed to the hydrogenation reactor is admixed with an
amounf of a salt-like base (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
25 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
30 ~ 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



10 It has now been found that carbonyl conpounds, in particul ar al dehydes,
can be hydrogenated over a long period of tinme with high, virtually
constrant selectivity to the correspondi ng al cohol s when a hydrogenati on
cat al yst which conprises a support material and at |east one

hydrogenati on-active netal and in which the 15support material is based on’
~titani um di oxi de, zirconium di oxi de, alum nium oxide, silicon oxide or

m xed oxi des thereof and the hydrogenation-active netal is at |east one
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accor di ngl hep il stefiedt. hydr ogenati on catal yst which conprises a support
material and at |east one hydrogenation-active netal and in which the
support material is based on titanium dioxide, zirconiumdioxide, alumnium
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of secondam? Pé‘ﬁﬁg?% O%nggggﬁggﬁ%gg%#gh, al dol condensation, acetal
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to the corresponding alcohols when a hydrogenation catalyst which comprises a
SUppor{ material and at least one hydrdgenati.on—active metal and in which the
15 supportA material is based on titanium dioxide, zirconium dioxide, aluminium
oxide, silicon oxide or mixed oxides théreof and the hydrogénation-active metal
is at least one element of the group consisting of copper, cobalt, nickel,

chromium and the support material contains the element barium is used.

20 The invention accordingly provides a hydrogenation catalyst which comprises a
| support material énd 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, cobal, nickel,‘
25 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 hydrogenaﬁon is carried out

30 in the presence of a hydrogenation catalyst as characterized above.
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hydrogenation of appropriate hydroformylation mixtures to form |sononanol the
activity after about 2000 hours of operation is still more than 99% of the value

~after 50 hours (proportion by weight of isononanol in the output from the

15

20

25

30

hydrogenation). No materials which can get into the output from the
hydrogenation are leached from the catalyst material during the hydrogenation.

~ As a result, the work-up by distillation gives salt-free fractions which allow them

to be utilized more readily. Owing to the high selectivity, the hydrogenation
temperature can be increased without an appreciable increase in secondary
reactions occurring. As a result, the space-time yield can be increased or can
be kept constant as the catalyst activity falls off, which leads to a prolonged
operating life of the catalyst. Increasing the hydrogenation temperature allows

better utilization of the heat of hydrogenation.

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 elemvent from the group consisting of copper,

oobalt, 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.

upport



support material used, a distinction can be nade between m cropores (pore
di aneter less than 2 nn), nesopores (pore dianmeter from2 to 50 nm and 5
rmacr.opores (pore diameter greater than 50 nnm). The porosity of the support
materials can be unifornmy rnicroporous; nesoporous or nacroporous, but any
conbi nati on of these pore size classes can al so be present. Binodal pore
size distributions are frequently encountered. The porosity of the support
materials is typically such that the average pore 10 dianeter .is from about
10 to 30 nm the BET surface area is fromabout 80 to 300 n2/9 and the pore
vol une (determ ned by neans of the cycl ohexane nethod) is fromabout 0.4 to

0.9 m/g. The sGppbrishatesial onthicestipplost precetsppgeheralighassmres ainghkenown per se
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m*-/g and the pore volume (determined by means of the cyclohexane

method) is from about 0.4 to 0.9 ml/g.

Such support materlals or support precursors are known per se and are

15 commercrally available in many forms.

The support precursor is reacted with a barium compound to give the finished
support. In the support material, the barium is present in the oxidation state 2 as
metal oxide, as salt of the support precursor, as mixed oxide or, if appropriate, |
20  as another compound. The content of barium compound, calculated as barium
oxide and based o’rr 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,
25 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—actiVeAmetals. 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
30  hydrogenation-active metal.



The total content of hydrogenation-active netals is, based on the. reduced
catalyst, in the range from1l to 40% by nass, in particular in the range
from:5 to 25% by mass, calculated as nmetal. The proecess for producing the
hydr ogenati on catal yst of the invention is carried out. by applying a

sol ution containing a barium conpound to a support material based on
titani um di oxi de, zirconium dioxide, alum num oxide, silicon oxide or m xed
oxi des thereof, drying the support material which has been treated in this

way and su L L L 400 & Jd (V4! sol ution
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chr om um t eatalyst S0 tire rangefrem tto M%chy hessbmeparticelat edthierranpe $romap, todr yi ng
‘the support _paterial gq/;}i ch has been treated in this way and. subsequently
cal ci ni ng £979 by Bagsc SU@F%{SE.S mefal.n the first stage of the process, one
or nore barium conpounds can be applied to the support precursor. This is
preferably effected by spraying a solution onto the support precursor or
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bari um conpounds. 20 Suitahl e bari.um conpounds are, for_exany ' um
acetate, @VE%WBWVW!%@I?‘FH)%PQP '?'ngfrg%mrﬁfﬁm% tgcq g@%ﬁﬁg@@@n um
nitrate, bpadatbs fitaHilshedigkiagdzipdchium doAEE alechisaniidy! silcopadideroni trate.
25 The barium conpounds are preferably applied as aqueous sol utiaon. The

appl i cat i omixgd exides hergaf, cbyipg dhel suapoh enatarial which asi heesniseateddn dhisi na -
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appl i cag i oorsthirife ablkaistione eonpotdd dfitiee elsments appernedobaitahicksl, pr edri ed
chromium to the support material which has been treated in this way, drying the
- support material which has been treated in this way and subsequently calcining

it in a second stage.

15 In the first stage of the process, one or more barium compounds can be applied
to the support precursor. This is preferably effected by spraying a solution onto
thesuppdrt precursor or impregnating the support precursor with a solution

containing one or more barium compounds.

20  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.

25  The barium compounds are preferably applied as aqueous solution.

The application of the barium compound can be carried out in one step orina
plurality of steps, with the solutions used in the individual steps being able to
differ in terms of concentration and composition. |

30

After application of the barium compound, the raw support material is predried



in the tenperature range from80 to 120Cin a streamof air. If the barium
conpound is applied in a plurality of steps, drying can be carried out
-aftern each step. After predrying, the raw support material is calcined in
the tenperature range from 400 to 650C, in particular in the range from
420C to 550C. 5 After calcination, one or nore of the hydrogenation-active
metal s copper, chrom um nickel, cobalt are applied to the support
material. The application is carried out in a nmanner anal ogous to that

descri bed for th | i ' d : reating

t he supporin %ttgﬁ]p%%%r%ﬁé@oégféﬁﬁéd;ﬁo 2?6%@ ﬁgggglbh;]%parlﬁg{@%%%rﬁconpounds.
Er gf er encecompBumns bppﬁé‘c} imoa _?_rwamy@f stdm}] deyiisg oéin bengzotied subafteheach
ydrogenation-active nmetals. To prepare these solutipns, it is possible to

use, ‘for eﬁ'@?p%t,erpﬁ%dfvtﬂgbIﬂﬁF?dV§6ﬂﬁ?ﬁiﬁHt%?r'§|5%86|§§Pe£'8rthﬁtt%mp@ H&: |

acetate, cARR! a6l Aid (a5 PRRTbaRIdUIAIA th PRRRY froiW AP0t TR

acetyl acet onate and € corresp I ng aguo and anmm ne conpl exes of these
conpoungls; cobalt fornmate, cobalt acetate, cobalt chloride, cobalt nitrate,

cobalt sul phate, cobalt acetyl t d : d ] | e;
dertved t hBHgr FalRin3on; eREP Ttad ahe Ry diBenalat-2c0ve FalRE copBar, ©°°
acetyl acet gRadRiun i@l &Y= drdeapplicd 6 thastpFdre matehieThe Wpphedtoraisd aquo

. ¥ l;
and anm ne conpl exe_sgk(?erl ved therefrom chrom umformate, chrom um acetate,
chr oni um acetrigidaauitin @anannehanaipgeus tn that descritechiar the application eftheni um

amoni um cRPBARL @R AT HA el AR R B S POl P A RO oo, o

is to gent apprd;ma&@m&am@ﬁpow.tmememmsa@wweo osinglaqusbes Sohytions i s
advant ageously treated with a joint solution of conpounds of the netals to
be conbi nedf cempeunds of the Bydpgenaisasiive Metalppl y appropri at e

To prepare these solutions, it is possible to use, for example, the following
compounds: ' | '
15 -~ copper formate, copper acetate, copper chioride, copper nitrate, copper
sulpha’té, coppef acetylacetonate and the corresponding aquo and ammine
complexes of these cdmpounds;
cobalt formate, cobalt acetate, cobalt chloride, cobalt nitrate, cobalt sulphate,
cobalt acetylacetonate and aquo and ammine complexes derived therefrom;
20 nickel formate, nickel acetate, hickel acetylacetonate, nickel chloride, nickel
nitrate, nickel sulphate and agquo 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

25 ammonium chromate and ammonium dichromate.

If the catalyst of the invention is to contain'more than ohe 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
30  solutions of fhe metals to be combined to the support in succession, with drying

being able to be carried out after each step.



30solutions of the netals to be conbined to the support in succession, wth
drying being able to be carried out after each step. |In a particularly
-pref.erred enbodi nent, the catal yst support is treated with a joint solution
of conpounds of the three netals copper, chrom um and nickel. 5 After
application of the conpounds of the hydrogenation-active netals and
predrying, the raw catalyst is calcined in the tenperature range from 400C
“to 650C, in particular in the tenperature range from 420C to 550C. | f

t he hydrogenation-active nmetals are applied as formates or nitrates to the
10support, it may be possible to omt calcination. The catal ysts of the

i nvention gy & pafitaldrfosenstrad Brddaaent, thacatalyst sbpsdrt & freatedawitiow f 1 ow
resi stance durlng t he hydrogenati on, for exanpl e pellets, cy Ilndg f

ext r udat esjoint solyiigs off Qomw@lﬂlﬂﬁo@fdb@ltbﬁ@edﬂet%%%% FhromiuALa8d 5
15precursor is usually brought into the appropriate form Shaped support
precursor is also comrercially available. The process of the invention for

preparld’lgkAftépbp;bI&:alm}bnmgdh@gﬁnmglunds@1fthmhmgbnatmpaum%metalsmd ed out in
a manner known per se, but e e on is, carried_out

presence olPreéirYiQGr‘ifGe"ﬁ&‘f ] Yé‘étsa‘F%% 33% SNPYTBtUTR dangR fRm 6{}8&(2?0

deSC“ bed 8@@“@ in particular in the temperature range from 420°C to 550°C.

If the hydrogenation-active metals are applied as formates or nitrates to the

10 support, it may be possible to omit calcination.

The catalysts of the invention are advantageously produced in a form which
~ offers a low flow resistance during the hydrogenation, for example peliets,
cylinders, extrudates or rings. In thevproduction of the catalyst, the support
15 precursor is usually brought into the appropriate form. Shaped support

precursor is also commercially available.

The process of the invention for preparing alcohols by hydrogenation of
carbonyl compounds is carried out in a manner known per se, but the
20  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
25 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

30 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



In the process of the invention, the hydrogenation can be carried out
continuously or batchw se over suspended finely divided or shaped, 7
.-fi xed- bed 25catal ysts. Continuous hydrogenation over a fixed-bed catal yst,
in which the product/starting material phase is mainly in the liquid state
under the reaction conditions, is preferred. I f the hydrogenation is:
carried out continuously over a fixed-bed catalyst, it is 30advantageous to
convert the catalyst into the active formbefore the hydrogenation. This

can be effected by reduction of the.cataly

hydr ogen- cﬁ@@pﬁp'ﬁm Qg %@érﬁcﬂﬁd'[‘%tt%attghwg %tgﬁ?g?%q?%m%he The
reduction gyuctibh cARPH @Pbrédriste Nse Badfiedaslitatthe pradseacerof sdiesd phasge | i qui d
phase which is passed over the catal yst, as described, for_instance in DE
199 33 348whigh igipasped ovesther catalyst, mscdascohensfos iistanee.daDE A993384&nt in
the trickle phase or preferably in the |iquid phase in three-phase

reactors, with the hydrogen being finely dispersed in a known manner in the

l'i qui d § eeTthepestss ¢ittheamentionti® earriddes@sihcoatirrent inthentdélde phiaseioon of
liquid, inproved renmpval of the heat of reaction and ﬁ hi qugpace-,ti me

yi el d, thePreder@bbrin thedioyibphasainthimasphage reactais, Wity hPifg( rRgepieing

vel oci ti esg f ' it b Gi t thaer n of
cross seot inY SiHRe e KADu inahe thi HL R teb R d et et TR e
i sot her mal ijerests ofrurdfamndibteibpéies of lieids repioved repeval ofthedigaf obver t he
catal yst (LHSY) can be.from0.1 to. h-1. 15 The praqce f the ipvention.
is carri ed"GHIONENTF mm-ﬁmeg '%ge@gdre@cé’éﬁaée BF%%%& §p§r@6e%gp,

pr ef er apl yhr%;hqrq@ £9adOvEiREiticB 2 Fiopil 81td Y1 201AT 8k pBkicular fidiA 2530080 hiom 10
to 25 bar. Th ydrogenation tenperatures are in the range from 120 to
220C, in ppet iné @if srogs sgntion®fithe epmty reactor and hour. If a reactor is operated

isothermally and in a single pass, the specific space velocity over the catalyst
(LHSV) can be from 0.1 to 10 h™.

15 The process of the invention is carried out using hydrogen in a pressure range
from .5 to 100 bér, preferably from 5 to 40 bar, parﬁcula’r_ly preferably in the
range from 10 to 25 bar. The hydrogenation temperatures ére in the range from
120 to 220°C, in particular from 140 to 190°C. '

20 - The hydrogen used for the hydrogenation 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

25  be carried out adiabatically or virtUally isothermally, i.e. with a temperature rise

'A of less than‘ 10°C, in one or more stages. In the latter case, all reactors,
advantageouSIy tube reactors, can be operated adiabatically or virtually
Visotherma‘lly or one or more can be operated adiabatically and the others can be
operated virtljally isothermally. Furthermore, it is possible to hydrogenate the

30  carbonyl compounds or mixtures of carbonyl compounds in the presence of
water in a'single pass or with product recirculation.

11



20 The hydrogen used for the hydrogenation can contain inert gases such as
met hane 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 25be
carried out adiabatically or virtually isothermally, i.e. with a
tenperature rise of less than 10C, in one or nore stages. In the latter
case, all reactors, advantageously tube reactors, can be operated

adi abatically or virtually isothermally or one or nore can be operated

adi abatically and the others can be operated virtually isothermally.

- Furthernor g,is id Biiﬁci RSsod¥itfle 0 hhuRaBRRAI caltongDeorapbandd tciipounds or
m xtures of carbon conpounds in the presence of water in a single pass or

wi th producerreseonding @laahels using tke hydiagenation aigdysdobthe tnyenljean s§enat e al |

car bonyl c t A : l 1S4 rogenation
cat al yst o&?ﬁ%&%@@ﬁﬁ%ﬁ@ﬁg&iﬁg (')(['(;"g%'g |tg€tﬂt8 %g'bﬁ@gﬂférgﬁ?ﬁ‘?&% particul ar,
it is pgsshpietyties iy gringepalcdhals] &biahes tbeeobhdanyyaledteals ol §-urhsstoratad t o
secondary al cohals, 0, 13-unsaturated al dehydes to saturated gri mary

al cohol s aﬁ&iedMQeﬁﬁ%ﬁﬁthﬁfterori(@@Wr@%OfﬂQis§_§glﬂv Wgalye tone$ &dhol s. These
carbony! coapRUAASLBRIBRY SIcHHO "FheddiBaTHOAIPLoRBLRGS Batt Rads fikadsroxy! of

al koxy groups. ernor’e, further nonconjugate I ni ¢ doubl e bonds can
be present fandiohbeg®uparsuch escmairoxy! DO atiroxyrgroups.df yrthermade darthise f ur t her

process conditians,, remal.n unhydrogenated, or be partially or | ly - |
hydr ogenat QBUCWHgﬁWr%ﬁWS&%%OI?g@SL%QQJH@zﬂ' %?eiﬁéﬂ'dktﬁ?%&@o&gg?@hgdes i's
pr ef er gpl yoﬁgﬁé'cﬁfﬂawtaﬁa S furghdl bredbselcomitRinsarshaieurthydregsied on of
‘nonconj ugated 15ketones and al dehydes is preferably carried out with

addi ti on obr hetpartiallysoreaoplietriv hydwgesriel e, in DE 100 62 448. The

process of the invention is preferably used to hydrogenate carbonyl
conpounds having from4 to 25 carbon atons, in particular saturated or 20

unsat ur at edhal Hleiygssation dfel, presahadtetbkdtonss ér ailehydesidprefatabir. To
m.ni m ze secondary reactions and thus increase the gl cohol ield;F%L i's
feed

advant ageo@arres eutwithauiadgiiareel waler anddhe AyFIRgerRles fhAGRE_NIME

to 15 ketones and aldehydes is preferably carried out with addition of water, as
described, for example, in DE 100 62 448.

The process of the invention is preferably used to hydrogenate carbonyl
compounds having from 4 to 25 carbon atoms, in particular saturated or

20 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

25 having from 8 to 17 carbon atoms, the aldehyde con’tent in the feed to the
reactor is 'frorh 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), S | |

30 -

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

12



the reactor. Particularly in the hydrogenation of hydroformnylation m xtures
25 having from8 to 17 carbon atons, the al dehyde content in the feed to
the reactor is froml to 35%by mass, in particular fromb5 to 25% by nass.
“The desired concentration range can in the case of reactors which are
operated in a recycle node be set via the recycle ratio (ratio of recycled
hydr ogenati on output to feed). 30 The carbonyl conpounds used in the
process of the invention can be prepared in various ways: a,3-unsaturated
ket ones can,- for exanple, be prepared by condensation of two ketones or
condensat i BnVaOUS Wd%ne with an al dehyde, for exanple oct-3-en-2- one from

n- pent anal a;?lan@é%ﬁﬁéf@@ke&ar%sww@@a%léj b bysinsed by dundeneatioredf two al dol

condensat i on of al dehydes, for exanple 2-et hill, hex- 2-enal from n-butanal,
2- pr opy| heketopeewaicondensatignesfiaketonewith an ridehyder far exagmile ogkd®iuls by

- condensation of at | St ot Lf ent C5-al dehydes. Preference is given to
“using a deBB% PWS&%&%ﬁ%r%@aéi%e&é@ ' condensati on of 05-al dehydes, in
par ti cu ar o\mlrsaLAREY GRiehldes hantpeparahbyaldol sahdensatbnadfdehydes used

in the process of the invention are predon nantl repar ed
hydr of or nyaldehydes, faeexampla #gthaher eﬁr??f@f“ Brté%%'ﬁ)@ng'pcrﬂ%ylggﬂté%f@@% or the .

reacti on n?réémuﬁ%e%én]aﬁI&Ygrrﬂfxﬂﬁrgydf%élﬂarié‘ﬂgcé’ﬂ\ﬁg bTPdeRbXidH 6Fatdbadl ef I NS
having froms t6 24, Tn : -
two different Cs-aldehydes. Preference is given to using a decenal mixture '
prepared by condensation of Cs-aldehydes, in particular valeraldehyde.
10 ' | v
The nonconjugated unsaturated aldehydes used in the process of the invention

- are predominantly prepared by hydrbformylation.

The stérting materials for preparing the aldehydes or the reaction mixture by

15, hydroformylation are olefins or mixtures of olefins having from 3 to 24, in
particular from 4 to 16, carbon atoms ahd_ terminal or internal C-C double
bonds, e.g. 1-butene, 2-butene, isobutene, 1- or 2-pentene, 2-methyl-1-butene,
2-methyl-2-butene, 3-methyl-1-butene, 1-, 2- or 3-hexene, the Cg-olefin mixture
obtained in the dimerization of propehe (dipropene), heptenes, 2- or 3-methyl-1-

20 hexene, octenes, 2-methylheptenes, 3-methylheptenes, 5-methyl-2-heptene,

| 6-methyl-2-heptene, 2-ethyl-1-hexene, the mixture of isomeric Cg-olefins

obtained in the dimerization of butenes (dibutene), nonenes, 2- or 3-methyl-
octenes, the Cq-olefin mixture obtained in the trimerization of propene
(tripropene), decenes, 2-ethyl-1-octene, dodecenes, the Cy2-olefin mixt_Ure

25  obtained in the tetramerization of propene or the trimerization of butenes
(tetrapropene or tributene), tetradecenes, pentadecenes, hexadecenes, the Cqe-
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 appropriafe after separation by

s distillation into fractions having the same or similar chain length(s). Itis likewise

possible to use olefins or olefin mixtures which have been produced by Fischer-
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particular from4 to 16, carbon atons and termnal or internal C C double
bonds, e.g. 1-butene, 2-butene, isobutene, 1- or 2-pentene,
2-met’hyl - 1- but ene, 2-nethyl -2-butene, 3-nethyl-1-butene, 1-, 2- or
3-hexene, the 06-olefin mxture obtained in the dinerization of propene

(di propene), heptenes, 2- or 3-nethyl-1- 20hexene, octenes,
2-met hyl hept enes, 3-net hyl heptenes, 5-nethyl -2-heptene, 6-methyl-2-heptene,
- 2-ethyl -1-hexene, the m xture of isomeric 05-olefins obtained in the

dimerizati of .but enes (di,bytene en or_ 3-nethyl octe

N N R R S R R R L T A
decenes, Zeg{dhd orloléﬁrﬁ@%icrﬂ@éh?ﬁé'Eb%amédi'@y%@aﬁ’é 6f mdtathsiy ractisat ai ned in
thetetranerlzatlono ;)ene or the trinerization of butenes

(tetrapr OpEm@feorredtstaﬁmngeme fladsequéhl%ﬁé&f@;{atl%ﬁf Hectichieformylatignaodieres t he
Qs-olefi ”a@ é{s s ta'c'? 8* g:Qt-BF‘efﬁm%(x?u%E' frdthe ﬁﬂo?és%)efl Qeiﬁ%éﬂtﬁ%r abut ene)

and ol efin prepale cool i gonertzati 5 avi ng

di fferent partoelar préfarantois ?wmnso upingfredadioymi/iation Inikturds prédaregiroppr i at e
after separation by 30distillation into, fractjions having the same or

Similar oh&enor Enbleis oF Ge- PE Cre-RISNgBIIESi Hhe Cecpldelyds EPNARaRAl ol ef i n
01 of i ne vy EH B B R B e S a8 S Qe TR TSl

0 |goner|za on o
whi ch can beedbt ai ned by neans of netathesis reactions. Preferred starting
materials for the preparation of the hydrofornylation mxtures are Gr,

C9-, Cl2'1 C15- or Gl5-olefin mxtures. In the process of the invention,
Sparti Gyl aﬂ'hBﬁﬂéﬁf§é‘l‘é@nyoﬁoﬂer&té@Wé'cnugtd?ﬁﬂrry%glﬁﬁwaﬁd t‘h@n@v)@ tHees prepared

from starting materials for the hydrogenation process of the invention. The

hydro_f'ormylation‘ is generally carried out using rhodium or cobalt catalysts,
either with or without additiveé which stabilize the complex, e.g. organic
phosphines or phosphiteé. The températures and pressures can, depending on

15 the catalyst or olefin, vary within wide limits. A description of the
hydroformylation of olefins may be found, for example, in J. Falbe, New
Syntheses with Carbon Monoxide, Springer-Verlag, Heidelberg-New York,
1980, page 99 ff., and in Kirk-Othmer, Encyclopedia of Chemical Technology,
Volume 17, 4th edition, John Wiley & Sons, pages 902 to 919 (1996).

- 20 _

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

25  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-Othmei', loc.

© - .cit; 164,175, BASF process.

If a rhodium compound is used as hydroformylation catalyst, it can, for example,
30 be separated off as distillation residue by means of thin film evaporation. -

14



C8- or Cl2-olefins or C8- or Cl2-olefin m xtures. The C9-al dehyde

i sononanal which can be obtained by hydrofornylation of dibutene is
-particularly preferably used. 10 The ol efins are hydrofornylated in a
customary fashion and then give the starting materials for the

"~ hydrogenation process of the invention. The hydrofornylation is generally
carried out using rhodium or cobalt catalysts either wwth or wthout

addi tives which stabilize the conpl ex, organi c phosphi nes or

phosphites. The te ture end n..lhthe catal yst
or ol efin, TOEIGaGH qﬁ ?mﬁg? §°8§E g%fﬁ%f“fﬁo rn}y’?gﬁ}qwlp 85 | ati on
of ol efi nsb@@r){fr*é%dfd?‘ﬂﬁ@hy&%fo@%ﬁﬁ%@caﬂaﬂys@ geﬁé.‘ah coNeath Pomh Baseomiyh
Car bon Monoxi de, Springer - Verl ag, ngeW York, 1980, page 99 ff.

and in Ki rmasshuemauyﬁrmyucﬂ @p@@%doyomasaecaﬁlow cn@cmmambyunrvaptﬂﬁeol@fanAth

%d;t L?gs f %%t%lﬁ' yﬁ} Son?%#oéﬁ?@]g%uéétggﬁﬁ{ééaﬁg@ 9@@&2‘? Py&?ﬁ rbo\f t he

catal ys§ bgfaeeafuifet, frdrh 80ROTDSS DyThaddef alderydedfronh 5 ta 60% dlytmasgs af yst
has been used, this can be effected by depressurization, oxidatign of the

cobalt car BlseliplscypredRds byéﬁ%%anermﬁtQSr@‘ those alconela and BAMP 4@ 1P% i n t he

presence 2‘3 ?rﬁaé%feﬁl Rbofgieous acid and renoval of the aqueous phase.
Cobal t rendY I'ng proc%sses are vveII known; see, for exanple, J. Fal be, | oc.
cit., Kirk-Ghmer, loc. <cit., 164, -176, BASF process. I f a rhodi um

O EN s A A A TS N N A L
10 carried out using hydroformylation mixtures whose composition in this or any :
respect does not correspond to the above. Thus, for example, the hydrocarbons
(olefins and paraffins) can be separated off from the hydroformylation mixture

prior to the hydrogenation.

15. The hydrogenation outputs obtained by the process of the invention are worked
up by distillation. This is carried out at atmospheric pressure or under reduced
pressure. In the case of high-boiling alcohols, distillation under reduced

pressure is preferred.

20  The following examples serve to illustrate the invention without the invention

being restricted thereto.

Example 1: Production of a hydrogenati‘on catalyst (not according to the
invention)
25 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 2601 m?/g and
A 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
30 tube and this was evacuated for about 30 minutes. The impregnation solution,

viz. a dilute aqueous sodium hydroxide solution (w(NaOH) = 0.24%), was

15



The reaction mxtures fromthe cobalt-catal ysed hydrofornyl ati on which have
been freed of the hydrofornylation catalyst generally contain from3 to 40%
by miss, usually from5 to 30% by nass, of |ow boilers, nainly unreacted
ol efins, together with the correspondi ng saturated hydrocarbons and from
0.05 to 5% by nass of water, from30 to 90% by nass of al dehydes, from5 to
60% by mass of al cohols, up to 10% by mass of fornates of these al cohols
and from3 to 15% by nass of high boil ers However, it should be enphasized

that th f t t b d
hyar of o my PabseHaRty iRt U hen Beton foabors e S alBEPedoes ot
correspondgt Qoﬁc{;%f%t?%vl%swm 4inh@ bf SBEP1 @mlﬁlh'tés hﬂ‘r@rémé’tfdmnﬁlcﬁq{éﬂ héxs and

paraffins) can be separated off from the hydrof ornylation mxture prior to
t he hydr ogbeenitaken ms byike lsyupo@mdr@me@l,l Immwmtﬁd@wwate@ \fqel@:ess of

atmospheri ERGYALES'S TG R 4 reatlora b LB BNy e el e Gl boi 11 ng

al cohol g, dbete lahatdafiinedraethis eaiﬁp@@tmeefasemum THetatalet pretrddre
foll owi ng exanples serve to illustrate the inventi on wi t hout the invention

bei ng r est pradusedtindhistvery f@fmﬁwomta"mdaadc/p ipyrinass af $8iE@genat i on cat al yst

(not accor I C port
(from Axens E%r?tdﬁhrénﬁ%#'ﬂngg @ urﬁg‘)txﬁ.‘lse rggwgg ang?lg'érﬁ{(r?f H%gg?éﬂ%% nm a
BET surf acbya/aeaumfmqivegmatkﬁﬂwrtﬁla% mnmomlam eoMbnmn(ainmgrmtkwdcdznpemeans

of the cycl ohexane met hod f 0_7 nt/ was firstl ITDdIfJ art
neut r al i zaBNEFNEPMELED §08) Fﬂ’é@l“% WiPOosEafty PrB'b’Uhe ¥te[§ﬁl§ iéh

pur posg, ?&A&#Igfreot%}ﬁ' %@%@ﬁ&ﬁ PeYog by g'rﬁsé‘é% Was ﬁrsﬂb%‘ﬁﬁeaqntb@ﬁuﬂ% bhi s

was evacua m nut es. I nprregnati on solution, viz, a
dilute aqué&itm’nsmnhompbydad)ormee soHuﬂonQGu(Wﬁ@rﬂ@y eieotrwlr%/pmﬁém

of soria, SperiRall g R FasS  ARbb iR BY oo KiekERihetbhs TBRA i o

- had not beﬁfhstsaﬁéﬁsﬂ&l@amoq(f‘el mgmm)mhdk@hﬁﬁden@k@ dafipo e doketion
extrudates were fi rstly dried at 120C in a stream of air, subsequently

heat ed at Nikeontant ealellatydramdstadingi qesapeund: Hl"sz%é?bb@ﬁéﬁumﬁs ceptent l‘%{ur s.
O o P RGBT FH 6 okl SRl BERDTL PSR L ety s
i npr egnat edf byper nivkel amd ebrexhivanofihiedah @e@mnhpmynasoh lsblenncont ai ni ng
- nickel, copper and _chrom um conpounds. For this purpose, an a m
" di chr onmat e Ccalsulated from the starting compounds was 8.1% tg) mass of coppel[ngoéuo
mass of nickel and 0.7% by mass of chromium. The density of the solution was
1.26 glcm?®. For vacuum impregnation, 500 g of the extrudates were placed in a
20 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
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
25 3 K/min to 450°C and calcined at this temperature for 10 hours. After the
calcination, the catalyst formally contained: 86% by rhass of Al,O3, 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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10(cal cul ated chrom um content: 7.1% by mass) was firstly stirred into a
m xture of tetramm necopper carbonate solution (Cu content by

el ectrogravonetric determ nation: 13.9% by mass, NH3 content by the

Kj el dahl nethod: 13.0% by nass, density at 20C. 1.242 g/cn) and

hexarmm neni ckel carbonate solution (N content calculated fromstarting
conpound: 11.2% by mass, NH3 content by 15 the Kjeldahl nethod: 18.6% by
mass, density at 20C. 1.29 g/cnB). The content of copper, nickel and

ctarting cEnpBINEZ: REelion Bl FRUEaGEh AR bty REAELORNRE GG, (70 g
0. 7% by naﬁﬁ,eqi‘tlmhrom um The density of the sol ution was 1. 26 g/crrB For

- vacuum i npregnation, 500 g of the extru gt es Werg din a 20 | ass tube
and this wAscanmerciakiumiiiuaLexide SoPRPH (e Axens)il g%%\‘?fo??‘% $ on was

subsequent ¥yl R iallferibf SFABdR LA EE ggﬁscé Bfed BPRfoU 20ARE/GRInd he bed

of solid. m nut es e sol utlon whi ch
had nots bearpdraldwmetertheﬂehmmaniolmpnteamasafcﬂlnacy@dheﬁm rmrdmd)mflq emdigrere -

firstly dried at 120 t f b Y neated aliape K
Lo 4500 anbieedTewhawalied iy BatEhnesnfreional SE6T R aY mRERSIO!EA m

cal ci nati Oeo?fpg st%ryﬁs [{)Wﬁ%é' SO@ﬁﬁf%ééﬂtru%%WerE%ﬂécéd‘ mAé éﬁa%s 6. 4% by

mass of Cu mass o mass of Cr and 070990 by mass of
Na. ExarrptL&)Qand?tl’ushwasl evacunted foy @bogbaamiortesall A ympregnationi SUEAN. t he

A | f_ f
ext 1 udar o5 aao S eAred Bpun Mgt Sl Bt Bb LGN RS lsubBebignty L0 0
260 n2/g aaﬁbvan rfﬂ)rﬁltﬁéfbbﬁbn(l@eétﬁf\ﬁ@ thedipper surasce of tHé”ll@ecty)f:k@Iidemtwa

nmet hod) of 0. %ﬁwasflrstly nodi fied by parti, utr I|zt|on of acid
STt os by nessidente Bae afAbohS MOSES-0i6 BALYS RIS BAT S0bbELs IaKaTLUS

ext r udat esRgﬁqagnspéggﬁwsnd@@fmt.m@@eweg fa]x&uwa?es%@mrsﬁg dfigls febout 30

m nut es. ati1on solution ute aqueous bariumnitrate
sol uti on (W2B iraGtddm ofais, swttmmeaﬂy hgate@ atr2kKfmimptof 45607Ct dred balcineh t o
Afte res

e e R Sk Gtor BT E oAy Rl prdbebn SeBREhFE eV ol or
s S ey RSRBRS Sy ueuagane 111 341Y 01 8 e
- The barium-modified aluminium oxide support was subsequently impregnated
by vacuum impregnation with an ammoniacal solution containing nickel, copper
and chromium compounds. For this purpose, an ammonium dichromate solution
(calculated chromium content: 7.1% by mass) was firstIAy stirred into a mixture of
20 tetramminecopper carbonate solution (Cu content by electrogravometric
determination: 13.9% by mass, NH; content by the Kjeldahl method: 13.0% by
mass, density at 20°C: 1.29 g/cm®) and hexamminenickel 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
25 coppef, 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 ;:h,romiUm._ 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
30  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

17



at this tenperature for 6 hours. The catalyst precursor produced in this
way 15 formally contained 0.32% by mass of barium The barium nodified

-al unini um oxi de support was subsequently inpregnated by vacuum i npregnati on
wi t h an amoni acal ‘sol uti on containing nickel, copper and chrom um
conpounds. For this purpose, an amoni um di chromate sol uti on (cal cul ated
chrom um content: 7.1% by mass) was firstly stirred into a mxture of 20

t et ramm necopper carbonate solution (Cu content by el ectrogravonetric

det er mi nat L Qns: 9 IRl fe hisfl3. 0% by
mass, dens#@gtl%%%?%g qu gg%g?%ﬁ'g%@gugﬁ ngt(%%gnué\éﬁ? (@I?gld}gﬁre ggﬁgtggﬁglgﬁut I on
(NI cont enpeltsts audratiestlyf dried at 42090 @ strpammnaf:ail Gubsedyentysigatepat cont ent

by the Kjel hl, t : 18.0%.b .. d i t S LenB). The .
ot om0 3 KM i eb0°t aodplaee BRTtene pie o080 Hoyr AP M8 eanat | on
sol uti on C@él‘éhﬁ'taﬂ%ﬁb h%r&g%llggfgfogﬁ}ég{lbaﬂtaﬁﬁéﬂ?@qwéyméss%ﬁ%%x gssbpf copper,

3.5% by mass o | mass of chrom um. The density of the
sol uti on vwamss.af Tuy/2c8B. byrmassaf INin®.Bip by grass ofor a0d 0% bytmase gt Badat es
were placed in a glass tube and this was evacuated for about 30 m nutes.
The inpregnation 30 solution was subsequently drawn up fromthe bottomto

above the pRrafipléd: HaRogenaionteXCoaldetydé infthediquidr sisasteover there of
about 15 mnutes, the solution which had not been taken ufm?liethe support

was dr ai negatatyet prsiditceskin Example d (epmpanse.inat ageording stream of
air, subseﬁﬁgﬁi%heat ed at 3 K/mn to 450C and calcined at this

t enper at ur hours. After the calcination, the catalyst formally
cont ai aed: AGé%ction prsico niduP® fronbthgdedhaltscatalysed hyrofoln@stitry ofrass of N,

0. 6% by mai%u?gneccr:or?tg%ir?g g?)%%k g?lsrﬁag otBt?\'e Cy-aldehyde isono‘nanal was
hydrogenated continuously in the liquid phase in a circulation apparatus at
180°C and 25 bar absolute over 70.2 g (corresponding to 100 ml) of catalyst.
0.075 I/h of feed was fed in at a circulation rate of 45 I/h. The amount of offgas

15~ was 60 standard I/h. The analyses of the starting material ahd product are
shown in Table 1. The analysis at tirhe zero indicates the composition of the

starting material.

Table 1:

20

i e . & i
50 621 052 0.48 9087 198

500 605 | 072 | 049 89.99 275

[ 7000 598 104 | 049 8680 | 368
7500 5.97 167 0.51 §7.85 3.98
2000 5.81 198 | 051 87.12 460

'As can be seen from Table 1, increasing formation of high boilers occurred as
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Exanpl e 3: Hydrogenati on of C9-al dehyde in the liquid phase over the

catal yst produced in Exanple | (conparison, not according to the i-nvention)
10 A"reaction product mxture fromthe cobalt-catal ysed hydrofornyl ation of
di but ene contai ning 60.65% by nass of the C9-al dehyde isononanal was

hydr ogenat ed continuously in the liquid phase in a circul ati on apparatus at
180C and 25 bar absolute over 70.2 g (corresponding to 100 m) of catalyst.
0.075 I /h of feed was fed in at a circulation rate of 45 |/h. The anount of

of fgas 15 was 60 standard |/h. The analyses of the starting materjal and
ot oduct ar LRReNeE EOREAfen iMcreras RRpIRER afndtfh TufthorhlBy Ll e
conposi t i OBtaPidakd Batiyat. TR rédd §dlicohtents bf €, bIdydesilcRaseadron nosrdabl e 1,
i ncreasing formation ‘of high boilers occurred as ™ the period of operation

i Rcr eas e(cji by niass althe hpainning of §ie hydreaaation tovaboutSe dyanass aftee @@Q/sth .
T [ ﬁﬁ[: : 1(%- | fgg ﬁ)‘LP :I‘E’#OO gﬁg
begi Lﬁ?lngug{pu{snog yé?%‘%ﬁa‘na |@%grt%§¥ggnoﬂ‘[éc 0 @gpﬁ%is aaﬁ er éiBﬁB oﬁ?gt 01E ©

oper at i on. highebaliees essidtedrin tihe yisid of thet detitddviroduetidondeariadimtiie on of 5hi gh
boilers resulted in the, yield of the desi rgg product,,isonoaaﬁol in the
hydr ogenat N¥#rOgeNAlCn beiisigdysed gs themesad &if opgeatian iprreasereha gontad

content of - 3 P whivhi % @';5,%0 | : t egi nni ng of
t he hydroggﬁg ?Jtl)n, dr‘%%%@ﬁbo aaotut' . 1% Iyéhaéitg tgo Igfrfngo(ggh%ours. 10
Exanpl e 4: hyiyuhgegation,i dnoppéd €9abbdediF.déo by areighteoven2800dtoyps.oduced i n
Exanple 2 (according to the invention): A reaction product mxture from
t he cobal t-catal ysed hydrofornyl ati on of di butene containing 60.34% by nass
of -t he 1£9- Bk &4 iFRIIOGRAALIONEST OY-dIRIRRS Sde LY Latalyst producledsn! i qui d
phase in a_crrculati on apparatus at ] : :
- Example 2 (according to the invention):

A reaction product mixture from the cobalt-catalysed hydroformylation of
dibutene containing 60.34% by mass of the Cg-aldehyde.isononénal was
hydrogenated continuously in the liquid phase in a circulation apparatus at

15 180°C and 25 bar absolute over 69.5 g (corresponding to 99 ml) of catalyst.
Long-term testing was carried out under reaction condi'tions comparable to
those for the standard catalyst (from Exétrhple 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.

20 |
Table 2:

0 1.87
50 .13 0.62 90.85 195 | o -
500 6.11 073 91.01 175
1000 | 6.02 0.78 " 91.02 1.86
1500 6.04 0.89 90.85 187
2000 603 1.02 90.65 2.03
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15180C and 25 bar absolute over 69.5 g (corresponding to 99 m) of

catal yst. Long-termtesting was carried out under reaction conditions
~conparabl e to those for the standard catal yst (from Exanple 1) in Exanple
3. 0.075 1/h of feed was fed in at a circulation rate of 45 |/h. The anount
of offgas was 60 standard |I/h. The analyses of the starting material and
product are shown in Table 2. 20 Table 2: As can be seen from Table 2,
smal | er anobunts of high boilers were forned in the hydrogenation of crude

i sononanal over the BaO-nodified Cu/Cr/N catalyst according to the
invention (from Exanple 2) conpared to the standard catalyst 5 (from

Exanpl e 1) Asan BeeséshifbrCOaBled: Rysiflie? @RicMtS of n'?h&ﬁﬂlecb wegnfdriveahinl y nore
slowy with tinme of operation than in the case of the standard catalyst,

whi ch’ i ndi thet ydragenalioreef eregedsenonanaheyentheBaCmaodifipd Sée /b catalysyi v

Gnmod 11 eaeSrdlrlier® B8 ESAbESH Fxale 2l b eiia e SaTRERAs
products i sgrsan@mpletl) Ehe gediedal@galdphydes cabientslincreasednsigpiicantty of
operation. The high C9-al cohol contents of over 90. 5% gﬁgég\%lo%t%tey\é\glr gst

mai nt ai nedMveslaly aithyine aiepesationdhans the case A sy

whi ch conpy,j A 8 I wikgast one hydrogenation-active
nmetal and qu?ﬁlpglé#%ggsshqp%%??étﬁgaesr%iqglaélf“ghgased on titani um di oxi de,

zi r coni um Thexingegverl sefedivity and atjvityidf it natakist acoerdingtedthexnritiarer eof

containing the el nt barium. characterized in that the. . .
hydr ogenat PBWP&&%C?EU%‘P§|%5§%”%M%@¥ §t0rﬁ3841eq H‘e@'[e 'g@sr?étﬂ%ﬁ geé'(g%%er ,
chrom ym apghdiict k¥Inonanal not being reduced appreciably during the period of

operation. The high Cg-alcohol contents of over 90.5% by weight were

maintained even after 2000 hours.
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-2. "A hydrogenation catal yst according to claim1, characterized in that it .
contains al um nium oxi de as support material. 3. A hydrogenation catal yst
according to claim?2, characterized in that it contains from1 to 20% by
mass of copper, fromO0.2 to 6% by mass of chromium from1l to 20% by nass
of nickel, in each case calculated as netal, and fromO0.1 to 2% by nass of
barium cal cul ated as netal oxide. 4. A process for preparing al cohols by
hydrogen@t‘g%.of car bonyl conpounds, characterized in that the
hydrogenation is carried out in the presence of a hydrogenation catal yst
according to any of claims Ito 3. 5. -A process according to claim4,

characterized that,.the h ation.is ' . gen in a
pressure rfa z\ﬁ ({]rpgﬁpgthrbcqtgélsgg& %?%PBP%%? §%Pbb§ﬂ§9%\%r|§gé@(gra mé%%?t icularly
preferably fham éhe&%nbé’étweaﬁétaﬂibnd |ﬁwwm@éumdm@miaﬂsubaseﬁ from
120 to 220C, pr erab y from 140 to 190C. 6. A process, accor%\%dto ei t her

of clains 4oartiasium tioxide: gircoridm aioxisg: ab&'ﬂ'ﬂﬂ&'ﬁ O¥idsy S{igeR X al dehydes

7 A procesd Kook ghes R soRiThE e BGRRYFiUE TheRoe Lol e TP o s

car bonyl C%@ﬁya epbtiehzetvédyndtitisef compinationof drethieednetals doppescess
according to any of clains 4 to 7, characterized in that hydrofornylation
m Xt ures pr@bé@@ﬂlnﬁlaﬂﬁhr@k%r Cl2-olefins or O or Cl2- olefin nixtures are
used. 9. A process according to any of clains 4 to 8, characterized in that
the C9- al dehyde isononanal which can be obtained by hydrof or Iatlon of

di but ene 25 Alagdrogéfiatidn patatyest sacaon:lmgjtmgjam 1anharsicterizednn that i

characterized In that a,decen m Xt ur repgred by condensation of
C5- al olehyoleésonitfa\i"%)éfl '&W%MP%%%&P%‘H%H& ,p@. used.

3. A hydrogenation catalyst according to claim 2, 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.

4. 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 1to 3.

5. A process according to claim 4, characterized in that the hydrogenation is
carried out using hydrogen in a pressure range from 5 to 100 bar, preferably
from 5 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.

6. A process according to either of claims 4 and 5, characterized in that
saturated or unsaturated aldehydes or ketones having from 4 to 25 carbon
atoms are used as carbonyl compounds.

7. A process according to any of claims 4 to 6, characterized in that carbonyl
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8.

10.

compounds obtained by hydroformylation are used.

A process according to any of claims 4 to 7, characterized in that
hydroformylation mixtures prepared from Cg- or Cs2-olefins or Cg- or C12-

olefin mixtures are used.

A process according to any of claims 4 to 8, characterized in that the Co-
aldehyde isononanal which can be obtained by hydroformylation of dibutene

is used.
A process according to any of claims 4 to 9, characterized in that a decenal

mixture prepared by condensation of Cs-aldehydes, in particular

valeraldehyde, is used.
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