2%-FEB.2007 PF 55723 1 Catalyst and process for the hydrogenation of carbonyl
conpounds The present invention relates to a process for the hydrogen t?
organic, 5 conpounds containing at |east one carbonyl group using a ca £QQW7
whi ch conprises copper oxide, alum num oxide and iron oxide and is formed by
addition. of irpRsgrde so as to produce a catal yst having a high selectivity
and at the sane tinme a high stability. In its production, copper powder,
copper flakes or cenent can additionally be added. The present invention

| i kewi se relates to the catalyst itself 101and quite generally to the use of

| ant hanum oxi de in the production of catalysts having high selectivity
conbined with high stability. The catal ytic hydrogenati on of carbonyl conpounds

such as_car boxybatéyacidpriess taH RO KYdrbGertbR b A6 cBmpBtndsTPOr tant posi tion

in the production lines of asi ¢ chem cal s |ndustry In industria
processes, the catalytic hydrogenation of carbonyl conpounds such as
carboxylic estdmne pesestr rmeﬁltmutelmegttuaéIpfo@eselwuhelhydwgefnbmdnbeﬁgérﬁ@ctors

Fi xed- bed I f f

cspeci al Iy SuppSiEoias Ezpie 2 bos BREAEOUbIERS Wkka BRI et al
catal ysts. US 2pBp@séddomes oxid@,@umhum @idenaiceiroraoxidé ahy &t foohed by addifigrer
oxi de/ zi nc Ox'o?%ﬁlo %Hrgs%' gr?dnutc¥%e ﬁtalgbﬁ h%bf\?%vrﬂgﬁ §9|SctR)c[ am:lsat e?ngeSt IS

that it has nsu CI ent ani ca uring t € reaction and
t herefore disi Fﬁlﬂ"@gﬁ high stapiity. ¢ s produdtionuceniey powmrs coppeflakes or cemenbpan n

activity and t hggRbhdisf Hégadﬂédoﬁhé‘ prébicht Rl EMIdnalkeRiseSatkités Ravﬁl(e 5aﬂ§ysrt @ggf or due

to the disintegrating catal bodi es. As a consequence, | ant has to be

shut down pPengndrity generaimo e aa_eeoélaaﬁr@ewmb@@d%lrpmda@guqt@n th iretaddtsal yti c

hydfFogenat i on ®hvifg dyhteictivityddnisaeowitithigh stdbgipr esence of a catal yst
conprising a support, which conprises predonminantly titanium dioxide, and, as

active conponent, copper or a mxture of copper with at | east one netal
sel ect ed from fThe ggtatyiic pensgesttiorgobtarbomd con'@bundsnamh e® catbokylicoddids oet al s and

Tore than 10 noFooRleRauR ofclbies et ndciBnt BHEGE T M BrQuchaPRics BEKED, 10
di oxi de wi th abﬁﬁpﬁbeﬁ‘ltﬁﬁisdféﬂtﬁrym rconi um oxi de or

In industrial processes, the catalytic hydrogenation of carbonyl compounds such

as carboxylic esters is carried out virtually exclusively in fixed-bed reactors. Fixed-

bed catalysts used are, apart from catalysts of the Raney type, especially support
20  catalysts, for example copper, nicke! or noble metal catalysts.

US 3,923,694 describes, for example, a catalyst of the copper oxide/zinc
7 oxide/aluminum oxide type. The disadvantage of this catalyst is that it has
(_ insufficient mechanical stability during the reaction and therefore disintegrates
25  relatively quickly. This results in a drop in activity and the building-up of a
differential pressure over the reactor due to the disintegrating catalyst bodies. As

a conseguence, the plant has to be shut down prematurely.

DE 198 09 418.3 describes a process for the catalytic hydrogenation of a carbonyl
30 compound in the presence of a catalyst comprising a support, which comprises
“predominantly titanium dioxide, and, as active component, copper or a mixture of
copper with at least one metal selected from the group consisting of zinc,
aluminum, cerium, noble metals and metals of transition group VIl, with the
surface area of copper being not more than 10 m?%/g. Preferred support materials
35 - are mixtures of titanium dioxide with aluminum oxide or zirconium oxide or



21 FEB 2007 PF 55723 2 al um num oxide and zirconiumoxide. In a preferred
enbodi nent, the catalyst material is shaped wth addition of metallic2 oﬂﬂg@
powder or copper flakes. DE-A 195 05 347 describes, quite generally, a gr y
of catalyst pellets having a 5 high nechanical strength, with a metal powder
or a powder of ﬁﬁgﬁ%gb all oy being added to the material to be pelletized.

Al um num powder per powder or copper flakes, inter alia, is added as
net al powder. However, in the case of a copper oxide/zinc oxide/alum num oxi de
catal yst, the addition of alum num powder ,gives a shaped body whi ch has poorer
| at eral conpressive strength than a 10 shaped body produced w thout addition of

al um {mm pgwdelraaura@dm vhiga é#@eﬁrc%‘ﬁiunpoﬁﬂba!ry%? ?reFéﬂ%ﬁS@rﬂgsgnﬁﬂgwhéfﬁaHl?st duced

i nvention displayed a poorer conversiqgn activity n did catal ysts produce
it hout addi ¢ GRAETA SRR HARGIN Of e RliR CARBHE POV Shicceial Bk ses o

hydr ogenati on catal yst conprising NNO, ZrQ2, MoG3 and CuO, in which Cu powder,
inter alia, wa 1, X | I t. roduction. However, .thi 1 ocunent gives
o nf or mat i on B 85 GAT Besrrpel DY GhheiRny, BRGeor satahiet EslsEkA VLS 2
process for 5pr dyiglr meghaticad stresgthr with 8 ymatdlgewslegasa pewder ofcatmeta) stisy beisgd on

Cu/ Al'/ Zn whi ch t,al } kL ' ' i | Lic
copper powder oa?irdggégetﬁé ?‘I‘? %ﬁ@%:tg%?ebgle@g%@rsm %@?gﬁggﬁ%ﬂsgﬂg&rﬁe{a p(?i(@tggtotlrad 20 at
t he preparati orfopemilaiear interoaliaCis edded a®mwstal, pawdert Hewpyaic isthe gaseagfra ed out

in a reactor wWipssr dkeind biélakRiiith BRidé caiyal, Y adiidn & AurhiBLRidowrley hi gh
proportion of copper powder or akes "and whose | ower third contains a
r

powd copper fl ,
cat al yst havi n@Ves B o¥iEPeRRAsr Whish 87 PORISE'AtSRlMRSRSE G sERNIth 88 825 1t i s
an obj ect t ga Ei lsbapeebediyt pﬂoﬂué’ét{ \hzmodtgdaitiorvitoﬂglug]ir{un@@ewaergradd,c\ah@i Msdd ?‘*” c[lh
ovepcone the di sadvantages o e prior art and to provide processes. for e
cathlytic: hydr GHENSE bR SrrepodngT e st SRRmee B miser VSR S8 i ch
have both a hi ¢iamdidhatalystd pstdabed withowt raddiiohiod alumyiouro gemaer. orheaddcuwieny and
selectivity. 3 . ' | LS. | i eous
precipitation g}}f( é/\gsg'g}égigggé‘é'g%@g%@tﬂgﬁzagﬂ)&ﬁ%ﬂﬁ%ﬁg?&\r?g@é,%oghgﬂrﬂr %ﬁ@borrpound
and in which Cu powder, inter alia, was mixed during its production. However, this

15  document gives no information on the selectivity or the activity.

DE 256 515 describes a process for preparing alcohols from synthesis gas using
catalysts based on Cu/Al/Zn which are obtained by comilling and pelletization with
metallic copper powder or copper flakes. The process described is mainly directed

20  at the preparation of mixtures of C,-Cs-alcohols, and the process is carried out in a
reactor whose upper third contains a catalyst having a relatively high proportion of
copper powder or copper flakes and whose lower third contains a catalyst having
a lower proportion of copper powder or copper flakes.

25 It is an object of the present invention to provide a process and catalyst which
overcome the disadvantages of the prior art and to provide processes for the
catalytic hydrogenation of carbonyl compounds and to provide catalysts which
have hoth a high mechanical stability and a high hydrogenation activity and
selectivity.

30
We have found that this object is achieved by simultaneous precipitation of a
copper compound, an aluminum compound and an iron compound and
subsequent drying, calcination, tableting and by addition of metallic copper
powder, copper flakes or cement powder or graphite or a mixture, giving a catalyst



subsequent drying, calcination, tableting and by addition of nmetallic copper
powder, copper flakes or cenment powder or graphite or a mxture, givin
catalyst 21 F E B 2007 PF 55723 3 which, due to the addition of an 24FEB 207
compound, displays high activities and selectivities and has a high stability
of the shaped Qﬂgg ggd as catalyst. The present invention accordingly provides
a process for t ﬁz ogenation of an 5 organic conpound containing at | east
one carbonyl group, which conprises bringing the organic conpound in the
presence of hydrogen into contact with a ghaped body which can be produced by
a process in which (i) an oxidic material conprising copper oxide, alum num
oxi de a][lfl Ik ron mvmrdmuellﬂa :Hie BBgigoR\6Ri drabe, coﬁldduhbi Bidbgs LH@?Tachﬁe]?J bh& gor)per
copper akes yerul ent cemen ure eof can be
adggd to the O)?E’éﬁf VItES 3 has a 6 %?"'gf &Rgeﬁh@ Q@Mﬂ‘ée ééﬁ?ﬁaﬂﬁg from(ii) is
shaped to forma shaped body Iron oxi de is understood to nean Fe(lll) oxide.
In preferred e aodi e t he |nven |on re used
as 20 uni formﬁgﬁgpom o Cgﬁ%};@gﬁ@gip d}a@a?rgaescspflééﬁ%qﬁygrogggg rfal ysts
and precipdt atoegzhrtr;atcalnpeum cohiairirg aaltyleastuemj darbariyle gmtmcmcrofcomwsesnventu on
i s distinguish v num and
8fn tgl.feﬁb%trb'n'c @oniggotg]erﬁqw eé\e‘ﬁetgg{fe &BJ&SeﬁW%ﬁ%} WntHrQ n

t he component iro ecl pi rrmul t aneous
successi on by #8 Qﬁdydvmﬁmanﬁ%amsa%@%amﬁsw witieh subsequent | y dr| ed,

cal ci ned, tableted and cal ci ned agai n. I n part| cular the follow ng :
precipitation thod IS useful 30 A %ra@ﬁ sol ution, an al um num sal t
sol ution and albol ufP&Xidssmateriplcame éﬂgtc %P’g Yrgipurm AP P B pper

salt, an al@m num s& mademdvailableron salt is/are precipitated in parallel or in
suceessi on by neans of a sodium carbonate solution. The precipitated materi al

ubsequently dried and, if appropriate, calcined. 35
(i) pulverutent metallic copper, copper flakes, pulverulent cement or graphite

or a mixture thereof can be added to the oxidic material, and
15 (iii) the mixture resulting from (ii) is shaped to form a shaped body.
Iron oxide is understood to mean Fe(lll) oxide.

In preferred embodiments, the shaped bodies of the present invention are used as
20 uniform-composition catalysts, impregnated catalysts, coated catalysts and
precipitated catalysts.

i The catalyst used in the process of the invention is distinguished by the active

Q component copper, the component aluminum and the component iron preferably
25 being precipitated simultaneously or in succession by means of a sodium
carbonate solution and subsequently dried, calcined, tableted and calcined again.

in particular the following precipitation method is useful:

30 A) A copper salt solution, an aluminum salt solution and a solution of an iron
salt or a solution comprising a copper salt, an aluminum salt and an iron
salt is/are precipitated in parallel or in succession by means of a sedium
carbonate solution. The precipitated material is subsequently dried and, if
appropriate, calcined.

35



21 FEB 2007 PF 55723 4 B) Precipitation of a copper salt solution and a
solution of an iron salt or a solution conprising a copper salt and at %

one salt of iron onto a prefabricated al um num oxi de support. In a VEED 2007
particularly preferred enbodinment, this is present as powder in an aqueous
suspension. 5 qugﬁagg the support material can also be in the form of spheres,
ext rudat es, sh terial or pellets. Bl) In an enbodinent (I), a copper
salt solution and a solution of an iron salt or a solution conprising a copper
salt and a salt of iron is precipitated, }0 preferably by nmeans of sodium
carbonate solution. An aqueous suspension of the support material alum num

oxide is used @& lnlPmabltatmaéf%coﬁﬂei@anléomwﬁ dridsallsblufién of @amikth it &) aare
filtered and preferablg}{ washed. free o in _a cus manner, as is

described, for exanpiOdtion CoRPripEg 69°°EE§r §gﬂ §BFII‘F'% lrastepRp 6?@&6?@ PPN A) and
those from B) are drprefdbadatéd oaublihuno d56E, supped. emabhy patticuROIE pnsferred

200 t0 600, in por oreiscfRy 303 BresSEOAR PR Mt BB A BRE Yy T

200 to 600C, in partic Fom
and/ or B), Bt is in However,pthe Rupnont toateriad canl aBw( by tanmeorforrrOm@Ismeml,ts whi ch

are soluble in the sgiWgRks HSERd n?efteﬁé?%?k&l?été on to'the support, for exanple
ates

nitrates, carbonates, acetates, amoni um conpl exes, C anal ogous
alum numsalts and iron salts. For nmethods A) and B), particular 25 preference

i's given to usigyy cqnaﬁremuoarneérﬁ(:) laedpper ﬁl@é‘mﬁ.&ﬁm%fndtd‘ﬁltﬂfoﬂiﬂﬁh iroR\$8MAbF ON, the
above-descri bed dried ropriate calci nge%(lps)gludg I s, preferaply
t

converted into pel | & §°V gqmggmpgﬁﬂ%|ad,c0p%| palt an QN s, BERSiPiBIRSs or
simlar shaped bodi geeferdibly shyi trabdres naft vodiam 3chrkorate Solothor. h@mpra’cpneoast are

congcei vabl e for thi e e | L he oxi rlal

ger{ceal |y such that Ssy%%‘ér%fo?)xpgfr I&oﬁﬁgwpﬁ%%@%' %ern‘ é’% Ox'drd? %h ran tfra'?)m 40 to
90% by wei ght, the phaigerti on of oxides of the iron oxide is in the range from
0 to 50% by wei ght and the proportion of

Precipitates resulting from A) or B) are filtered and preferably washed free of alkali
15  in a customary manner, as is described, for example, in DE 198 09 418.3.

Both the end products from A) and those from B) are dried at from 50 to 150°C,
preferably at 120°C and subsequently calcined if appropriate, preferably for
2 hours at generally from 200 to 600°C, in particular from 300 to 500°C.
20
As starting materials for A) and/or B), it is in principle known to use all Cu(l) and/or
Cu(ll) salts which are soluble in the solvents used for application to the support,
7 for example nitrates, carbonates, acetates, oxalates or ammonium complexés,
Q analogous aluminum salts and iron salts. For methods A) and B), particular
25 preference is given to using copper nitrate.

In the process of the present invention, the above-described dried and if

appropriate calcined powder is preferably converted into pellets, rings, annular

peliets, extrudates, honeycombs or similar shaped bodies. Ail suitabie methods
30  known from the prior art are conceivable for this purpose.

The composition of the oxidic material is generally such that the proportion of
copper oxide is in the range from 40 to 90% by weight, the proportion of oxides of
the iron oxide is in the range from 0 to 50% by weight and the broportion of
35 aluminum oxide is up to 50% by weight, in each case based on the total weight of



35 -alum num oxide is up to 50% by weight, in each case based on the total

wei ght of 21 F E B 2007 PF 55723 5 the abovenenti oned oxidic consti tuenh?
with these three oxides together naking up at |east 80% by wei ght of tdeFEB 2007
oxidic material after calcination and cenent not being included as part of the
oxidic materi alprmsriag above sense. 5 In a preferred enbodi nent, the present

i nvention accordingly provides a process as described above in which the
oxidic material conprises (a) copper oxide in a proportion in the range 50s x<_
80% by weight, preferably 55< x< 75% by we ght, 10 (b) alum numoxide in a
proportion in the range 15<_y s 35%by weight, preferably 20 <_y <_ 30% by
wei ght, and (c)the ebaveneriioned oxidisy eqnstitueots. Mthtﬂhﬁﬁertaregeomes tegethgomtalipgwei ght ,
preferably 15 g st 25stdt By Wb thd ax.e@qhateaaeaﬂ%aéaemafbﬁaﬁa Eah@ht H\ﬁ' ght of

the oxidic naterial, after calcination wher e 80 100,
particul ar 95< being included ggpart spiheaxidiz patesial igthe ﬂ%""ﬁrﬁ?ﬁé‘ht i nventl on and t he

catal ysts of the present invention are di stingui shed by the fact that the
of the shaped

addi tion of n.in prec t a high stabilit

Body used a8 cdb A etereclrBEEnG, Y ereRRE neryen AErIEPaY VLY oS pper

fl akes or pul versulesntibexkateve in %lcblthegbmplblrmaendm camptisdsur e t hereof is contained
to the oxidic material is in the range from1 to 40% by weight, preferably in
the range from2 to 20% by weight and particularly preferably in the range
from3 to 10% H§) weicghper ioxideadh ac psepdtiredn e tanget 60 &lx WB°§hby oveight oxi di ¢
material. 30 As cengpiferdMiebSLRNCAY, By Weyd 10 Using an alum na cenment. The
alum na cenent particularly pref erab?ly consi sts essentially of alum num oxi de
and cal ci utPoxide, in particular it conprises fromabout 75 to 85% by wei ght

| gl um num oxi(ge armbmmumrrbﬁb@uh rbSorB&Voil thavehady 1ef<ycat35wfsywengm, It is
al s

possible to use nesi um oxi de/ al um num oxi de, cal ci um
oxi de/ si | i con oxi deP %g a&ﬁ’g&gap’m |“@Eglalﬂ?l num oxi de/ i ron oxi de.
(c) iron oxide in a proportion in the range 1 <z < 30% by weight, preferably
15 2 <z <25% by weight,

in each case based on the total weight of the oxidic material after calcination,
where 80 <x +y + 2 <100, in particutar 85 < +y + z < 100.

20  The process of the present invention and the catalysts of the present invention are
distinguished by the fact that the addition of iron in the precipitation leads to a high
stability of the shaped body used as catalyst. -

C In general, the amount of pulverulent copper, copper flakes or pulverulent cement
25  or graphite or a mixture thereof is contained to the oxidic material is in the range
from 1 to 40% by weight, preferably in the range from 2 to 20% by weight and
particularly preferably in the range from 3 to 10% by weight, in each case based
on the total weight of the oxidic material.

30 As cement, preference is given to using an alumina cement. The alumina cement
particularly preferably consists essentially of aluminum oxide and calcium oxide, in
particular it comprises from about 75 to 85% by weight of aluminum oxide and

~ from about 15 to 25% by weight of calcium oxide. It is also possible to use a
cement based on magnesium oxide/aluminum oxide, calcium oxide/silicon oxide

35 and calcium oxide/aluminum oxide/iron oxide.



21 F E.B 2007 PF 55723 6 |In particular, the oxidic material may further
conprise a proportion of not nore than 10% by wei ght, preferably not nore than
5% by wei ght., based on the total weight of the oxidic material, of at?hd¢agt
one addi tional component selected from5 the group consisting of the elenents
Re, Fe, Ru, Co,pRi T? , Ni, Pd and Pt. In a further preferred enbodi ment of the
process of the inventron, graphite is added in addition to the copper powder,

t he copper flakes or the cenment powder or the mxture thereof to the oxidic
material prior to shaping to formthe shapgd 10 body. Preference is given to
addi ng such an anmount of graphite that shaping to forma shaped body can be
carried out nore readily. In a preferred enbodinent, fromO0.5 to 5% by wei ght

of graphite, b hg. .t af: L aht L di i.al , i d. Here,
"t fs e er i a7 Rarny el 6 bRl mE sirtn 2Blke Bpliveh ot ol ML or
or after or sirthan 4A%obys weight, titefetablic optpperepthad % biyhweightobassigpar thel tekals or t he
cement . powder %ei%ljfteof%ébkﬁﬁl% r%%l%ﬁ@?f:f aﬂé@st\?\ﬂ?esﬁ&ﬁitidrféxE@%b%r@%@f&@d%rﬁ al so
provi des a procesS as described-above In I C raphite 1n an anmount of from
0.5 to 5% bE wehg Broupsegsstingrofithreelements RevdieyRU. gp Ehéndﬂu%ﬁienq&ﬁt-eri al, is
added to the oxidic material or the mxture 20 resulting from(ii). In a
preferred enbo inventi O‘E‘ﬁt her ef or e _al .so?j_Br ovi de . Shaped

body conpri si ng}‘z‘[?E %@E%ﬁ%{?{ﬁ?@%@ﬁ%ﬂ SBrREFFRS PTaireciBy 'Pnoﬁfacﬁ’g'it?risa
proportion in taieed dngedifidh togthe <ofPéh trywdee] Bhistcopper fidkes ablthye Eﬁh&x!pbu?é% by
wei ont, pr of el IS BTl BB IICRE oy 15 $pb T ¥R BRB8Yor i o
in the rang€ 1 body<Preffendsyis\givarhio, aqsling eucibay anfauohoDgraphits teabghawinge, 35 21
FEB(2007 form a shaped body can be carried out more readily. in a preferred embodiment,
a from 0.5 to 5% by weight of graphite, based on the total weight of the oxidic
material, is added. Here, it is immaterial whether the graphite is added to the
oxidic material before or after or simultaneously with the copper powder, the
15  copper flakes or the cement powder or the mixture thereof.

The present invention accordingly also provides a process as described above in

which graphite in an amount of from 0.5 to 5% by weight, based on the total

weight of the oxidic material, is added to the oxidic material or the mixture
20  resulting from (ii).

In a preferred embodiment, the present invention therefore also provides a
shaped body comprising

T

25  an oxidic material comprising

(a) copper oxide in a proportion in the range 50 <x<80% by weight,
preferably 55 < x < 76% by weight,

30 (b) aluminum oxide in a proportion in the range 15 <y <35% by weight,
preferably 20 <y < 30% by weight, and

(c) iron oxide in a proportion in the range 1 <z < 30% by weight, preferably
from 2 to 25% by weight,
35



PF. 55723 7 in each case based on the total weight of the oxidic materi al after
calcination, where 80< x +y + z<_ 100, in particular 95 < x + vy + z<

metal | ic copper powder, copper fl akes or cement powder or a mixture thé_Te%E‘B 1087
a b5 proportion in the range from1l to 40% by wei ght, based on the total weight
of the oxidic ppiggybgl, and graphite in a proportion of fromO0.5 to 5% by

wei ght, based on the total weight of the oxidic material, 10 where the sum of
the proportions of oxidic material, nmetallic copper powder, copper flakes or
cenent powder or a mxture thereof and graghite nmakes up at |east 95% by

wei ght of the shaped body. 15 After addition of the copper powder, the copper
fl akes or the c¢ereach gaerbasedron theetotal xicighe df ke ealdicamadterial afippcalpinatidre,

graphi te to the,prl dhe JTRLer) alo (B, sANPYs Rody ., ghl flqied after shaping is, if

appropri at e, CI ne east once fora peri od generally from0.5 to 10
hour s, preferably fromO0.5 to 2 hours. The tenperature in this calcination

step or steps 'rﬁetgﬁi@%gﬁ%ﬁﬁaowge% ¥BpbéNiiRes bPERER dodBPbiCa niktuRl RERIAM ¥ 1 L he

range from 250 to 5 re erably in the range  from 270 to
400C. In the c&EPIBHorsRipe rﬁ@‘gﬁsf“?f@ Icterfiite by expiadt, based r?&)ﬁh%éota'dv%lﬂ't'ta‘y‘ébﬁs to

moi sten the shapedmBrdy akgai ned before calcination with water and
subsequently to dry it. 25 Wen the shaped body is used as catalyst in the
oxidic form it is prereduced by neans of reducing gases, for exanple

hydr ogen, pref @ra:birty imacprog@tion oefrdmdes to Siaxtyuweight, baserhon treufotal weight of
hydrogen/ ni troge HH}%I at from 100 to 500C, preferably from 150 to 350C
and in partlcul ar m to 200C, prior to being 30 brought into contact with
t he hydrogé®ati on soI ution. This is preferably carried out -using a m xture

havi-ng a hydr 0%@r§% S0k bf‘tﬁeh? p%ﬁga‘ﬁgféfoé%&lctrﬂateﬁgl%npéfal |&’Q:|0H|5'§' R@%éﬂ cularly

praferably in the range from1 di ment, the
shaped body of cPPRef flakenor gamest a%“h"i’QfaRreﬁj mixurg thS@Oﬁ&ﬁﬁ@amﬁévﬁia'@r ug @t py
treat ment wi thidae€95%ny waghtdf Bid sHapk@bbge as catal yst.

15  After addition of the copper powder, the copper flakes or the cement powder or
the mixture thereof and, if appropriate, graphite to the oxidic material, the shaped
body obtained after shaping is, if appropriate, calcined at least once for a period of
generally from 0.5 to 10 hours, preferably from 0.5 to 2 hours. The temperature in
this calcination step or steps is generally in the range from 200 to 600°C,

20  preferably in the range from 250 to 500°C and particularly preferably in the range
from 270 to 400°C.

In the case of shaping using cement powder, it may be advantageous to moisten
C the shaped body obtained before calcination with water and subsequently to dry it.
25
When the shaped body is used as catalyst in the oxidic form, it is prereduced by
means of reducing gases, for example hydrogen, preferably hydrogen/inert gas
mixtures, in particular hydrogen/nitrogen mixtures, at from 100 to 500°C,
preferably from 150 to 350°C and in particular from 180 to 200°C, prior to being
30 brought into contact with the hydrogenation solution. This is preferably carried out
using a mixture having a hydrogen content in the range from 1 to 100% by
volume, particularly preferably in the range from 1 to 50% by volume.

in a preferred embodiment, the shaped body of the invention is activated in a
35 manner known per se by treatment with reducing media prior to use as catalyst.



21, FEB.2007 PF 55723 8 The activation is carried out either beforehand in a
reduction oven or after installation in the reactor. If the reactor has been
activated beforehand in the reduction oven, it is installed in the reddtf@B werd
supplied directly with the hydrogenation solution under hydrogen pressure. 5 A
preferred arealgﬁsggabication of the shaped bodi es produced by the process of
the present inventronis the hydrogenation of organi c conpounds containing
carbonyl groups in a fixed bed. However, other enbodi ments such as a fluidized-
bed reaction using catalyst material in upyard and downward swirling notion are
10 I'i kewi se possi ble. The hydrogenati on can be carried out in the gas phase or

i E the fI i qui d Tea | 2€tivalibe ibéﬁrﬂ?}f%ﬂéﬁgei %eﬁr&ﬁa@fdam ¥ ERutied oo?]ﬁ drngﬂé‘ie l'iquid
P et i ad out AalaEn bR IBARRD L 18 AP (iR IDSH AEivated DETCrRLERH i st ne -
{eacL Ior corrprj(sédlg:tbheow?r, bibris!!instalmbmmdhtéorelaetohyﬁrdpgepxﬁigdddi’:]&élya\bvlth)vwad to
ri ckl e over i or ch is under hydrogen pressure,
HfREReVeH s o e AydiFEE Seplte hand, when the

formng a thin m on e cata he ot her
hydrogenati &n is carried out in upflow node, hydrogen is introduced into the

reactor fl oodedy Wéfé}réd;?rebgcg‘ﬁggliéﬁaﬁt&f% Qﬂagiﬁgrt?%ggé%dqé&?ceﬁytgfn@gg?o%%s

t hrough 20 the catal yst, | as, r1sing gas bubb n one ment, the
sol ution to be My dqreghdpeantirs iguipeydogsnatine ofaerappist coprayndp eniaingle pass.
I n anot her enb@_drtr&mpt?r@hps [tea RXQLBSS HfwdvRe dihaodirh&ME BLEREs aRRidizRf t he

roduct i s continuous t aken of f as product stre after, 25 passing through
: pedirpachioh usiis Crayst RatgHad AT A, Jawewll, SMTIRG MGtBR 8 der! ned

the reactor and®Si'Fac

above. The 10t hdikewiae posdible "Ehep hydtogénatian canbenarhed dunirf the Has phbkee bi inghaat eri al
Thi s, node of

conprising the.carbonyl compoun d f.ed hack int he react.or.

opeat o wi I - AERATREE. T BERGe Rbn € pretaEtu Sded B RPE Mg RS8Rt ne
downf | ow node iezamhtsde theadovenfioatinadaor afflomhmoge.esent i nvention, the
circulation node is preferred. Further preference is given to carrying out the

hydrogenation in the circulation node using a main reactor and an )
aft er-react or. When the hydrogenation is carried out in the downflow mode, the liquid starting

15 material in the reactor comprising the carbony! compound to be hydrogenated is
allowed to trickle over the catalyst bed in the reactor which is under hydrogen
pressure, forming a thin licjuid film on the catalyst. On the other hand, when the
hydrogenation is carried out in upflow mode, hydrogen is introduced into the
reactor flooded with the liquid reaction mixture and the hydrogen passes through

20  the catalyst bed as rising gas bubbles.

In one embodiment, the solution to be hydrogenated is pumped over the catalyst
_ bed in a single pass. In another embodiment of the process of the present
( invention, part of the product is continuously taken off as product stream after
25 passing through the reactor and, if appropriate, is passed through a second
reactor as defined above. The other part of the product is combined with fresh
starting material comprising the carbonyl compound and fed back into the reactor.

This mode of operation will hereinafter be referred to as the circulation mode.

30 If the downflow mode is chosen as embodiment of the present invention, the
circulation mode is preferred. Further preference is given to carrying out the
hydrogenation in the circulation mode using a main reactor and an after-reactor.

The process of the present invention is suitable for the hydrogenation of carbonyl
35 compounds such as aldehydes and ketones, carboxylic acids, carboxylic esters or



The process of the present invention is suitable for the hydrogenation of
carbonyl 35 conpounds such as al dehydes and ket ones, carboxylic acids,
carboxylic esters or 21 FEB 2007 PF 55723 9 carboxylic anhydrides tal Ffge 00he
correspondi ng al cohols, wth preference being given to aliphatic and
cycloaliphatic,p F ted and unsaturated carbonyl -conpounds. In the case of
aromati c carbony conpounds formation of wundesirable by-products by

hydr ogenati on of the aromatic ring nmay occur. The 5 carbonyl conmpounds may bear
further functional groups such as hydroxyl ¢r am no groups. Unsaturated

car bonyl conpounds are generally hydrogenated to the correspondi ng saturated
al cohol s. The t@arpoXyiiarbbydrides dopgiventths" canseponding hiechals nivitx foreférenbe bieingent i on

enconpasses al | (efelyyeTell nt_ap,ni =0 g [ b aci ds
and their deri v%tlves n%ﬁhactfé % CP%OQIQQ_@$0§%§%§?%I%C{ u%%ﬂﬁgtg@o%é#abg’

m xtures of twocampaunde. dar Bmyqaseonboamtmtlc Foarbhay! meprapowndsh fqrmatlan defal

car bonyl  conpouRiekRahe H}yaameyqﬁs%@neﬂmﬁpop%t %%aﬁf?rrﬁgt R b Tear bony!

group. The process of thé present ention Is prefera for the
hydr ogenat i 6n dfarbany! é’l"l"]ﬁﬁ’l@&ﬂ‘i’ﬁ: maYdBeRFaBithen fencdQia| Qf@H%IéS’Ch l@é"t Byrrexyl @i ds,

esters, anhydrigiino grb?sé Qﬂ%&ttﬁﬂddsdéﬁﬂfr@l caﬁsémfd@@eadanamylr@daig@ﬂ%de@ are

branched and unpranche saturate n at,,ur al i "
o7 G505 a1 denydabe BRireienale sahTaien afhos; pre i prBoty somsBums feedin e oxo
process from | icoetext of the invehich ehefmpesses all nympoueds abntainingea+@lgrdopbl e

Donds 1L 2 2138888 Yahlci i0a0NILRGTAL ook GRS CoiaImpg, 5RO0RA' @1 N o e

t han 30 car bonyl group rrmal dehyde,
pr opi onal déRydewdrpgenater B]M'é‘ﬁ?d?é WVDSQIUEIDS& aar@ehxld@mpquaﬂ%rawrﬂ@ﬁmeee, each

t hyl but yr aijd@Ryda. ca?odﬁ'ﬂM&%Mﬁ@bgﬁgﬂ%g)eﬁétéﬂ’ﬁéﬁ ﬁfsélc@ﬁﬁ%ﬁﬁnbre than one

di et hyl pr opi onal dehydé (pivalinal de , caproal dehyde,
2 nethylvaleraﬁﬁgﬁyﬁbgmﬁpnnthylvaleraldehyde, 4- et hyl val er al dehyde, 2 30
et hyl but yr al dehyde, 2, 2-di et hyl but yr al dehyde, 3, 3-di net hyl but yral dehyde,

The process of the present invention is preferably used for the hydrogenation of
15 aliphatic aldehydes, hydroxyaldehydes, ketones, acids, esters, anhydrides,
lactones and sugars.

Preferred aliphatic aldehydes are branched and unbranched, saturated and/or
unsaturated aliphatic C»~Csp-aldehydes, which are obtainable, for example, by

20 means of the oxo process from linear or branched olefins having internal or
terminal double bonds. It is also possible to hydrogenate oligomeric compounds
containing more than 30 carbonyl groups.

( Examples of aliphatic aldehydes are:

25
Formaldehyde, propionaldehyde, n-butyraldehyde, isobutyraldehyde,
valeraldehyde, 2-methylbutyraidehyde, 3-methylbutyraldehyde (isovaleraldehyde),
2,2-dimethylpropionaldehyde (pivalinaldehyde), caproaidehyde,
2-methylvaleraldehyde,  3-methylvaleraldehyde, 4-methylvaleraldehyde, 2-

30  ethylbutyraldehyde, 2 2-dimethylbutyraldehyde, 3,3-dimethylbutyraldehyde,
caprylic aldehyde, capric aldehyde, glutaraldehyde.

Apart from the short-chain aldehydes mentioned, long-chain aliphatic aldehydes
as can be obtained, for example, by means of the oxo process from linear
35 q-olefins, are also particularly suitable.



caprylic al dehyde, capric al dehyde, glutaral dehyde. Apart fromthe short- chain
al dehydes nentioned, |ong-chain aliphatic al dehydes as can be obtai ned,
exanpl e, by means of the oxo process from|inear 35 a-olefins, are al 40 FEBZWW
particularly suitable. 21 FEB 2007 PF 55723 10 Particul ar preference IS glven
to enalization %%?9 s such as 2-ethyl hexenal, 2- nethyl pentenal,

2, 4-di et hyl oct enal 2,4-di met hyl heptenal. 5 Preferred hydroxyaldehydes are
C3-C12-hydroxyaldehydes as are obtainable, for exanple, fromaliphatic and
cycloaliphatic al dehydes and ketones by al gl reaction with thensel ves or

f or mal dehyde. Exanpl es are 3-hydroxypropanal, dinethyl ol et hanal,
trimethyl ol ethanal (pentaerythrital), 3-hydroxybutanal (acetaldol)

3- hydr oxy- 2- et r ox nmet.h (propene
oy 5 e iR s el nereDdide §Uﬂyé?§ﬁ%§” 8ehyt bt anal
3- hydr oxypent araéthylRemtetdly 2, érdnthﬂntatbna!br 2 adfimethiyfieptemat. anal |,

hydr oxypi val al dehyde. Particul ar preference is given to hydroxyplvalinaldehyde
(HPA) and di net hyl ol but anal 15 Preferred ketones are acetone, butanone,
2- pent anone® B&FQWF&ﬁMéTOXZa'dﬁE!GLEﬁOﬁfQ CaChdwdremaldelpier siseararabiiainable ofsiior one,

met hy| |50bUty|exEﬁ‘Fp@efromnEFﬁjhta}ié éﬁﬂ Q?cloa RGP NEdHY8es mreplk@@hegcwe,ardor
benzophenone, benzal ac acet one, benz?Iace henone,

to
2, 3- but anedi ond&adioR. ngf‘ut gﬁ@&?’&ﬁ% or yfogmalfgluice FPGIPIEH @ rer IYATOXYPIRPANRkt one. 20
Furthernore, calirbsthylblethanal, ds tantiglesietianalves(pehiaestritalpr ef BhadrbyyHutass havi ng

b icul a | | ow b
L 20 Caron o gl 0SSR Sk B G e, LRl Ph SHARRAT
acid, butyrnDc deiogen5 aldathutdrmiethyiadprdpanal,v aP@rdimetiylothropariavet Byydrosy2e aci d
("pivalic acid ﬂeth;ﬁ&ﬂéﬁélc %ﬁﬁ(oxyﬁé‘rﬁ%é}' Cz@ﬁétﬂgoﬁaﬁférnxr ' ?f‘ﬁin‘i’et?ﬁ&%ﬂaﬁ gci d,

laugic acid, nyris cid
met hacryl i ¢ acindrosyrivalalgenyse. dasieular prefeenasi isogiuer tedrydroxyrpwalmammfdecr d,

cycl ohexanecar haryl bid difdethyidBrgraigpMe)d. phenyl acetic acid, o- toluic aci d
mtoluic acid, p-toluic acid, o-chlorobenzoic acid, p-chlor obenzoi ¢ aci d,

15 Preferred ketones are acetone, butancne, 2-pentanone, 3-pentanone, 2-
hexanone, 3-hexanone, cyclohexanone, isophorone, methyl isobutyl ketone,
mesityl oxide, acetophenone, propiophenone, benzophenone, benzalacetone,
dibenzalacetone, benzalacetophenone, 2,3-butanedione, 2,4-pentanedione, 2,5-
hexanedione and methy! vinyl ketone.

20
"Furthermore, carboxylic acids and derivatives thereof, preferably those having 1-

20 carbon atoms, can be reacted. In particular, the following may be mentioned:

( carboxylic acids such as formic acid, acetic acid, propionic acid, butyric acid,
25 isobutyric acid, n-valeric acid, trimethylacetic acid ("pivalic acid"), caproic acid,
enanthic acid, caprylic acid, capric acid, lauric acid, myristic acid, palmitic acid,
stearic acid, acrylic acid, methacrylic acid, oleic acid, elaidic acid, lincleic acid,
linolenic acid, cyclohexanecarboxylic acid, benzoic acid, phenylacetic acid, o-
toluic acid, m-toluic acid, p-toluic acid, o-chlorobenzoic acid, p-chlorobenzoic acid,
30 o-nitrobenzoic acid, p-nitrobenzoic acid, salicylic acid, p-hydroxybenzoic acid,
anthranilic acid, p-aminobenzoic acid, oxalic acid, malonic acid, succinic acid,
glutaric acid, adipic acid, pimelic acid, suberic acid, azelaic acid, sebacic acid,
maleic acid, fumaric acid, phthalic acid, isophthalic acid, terephthalic acid;



30 o-nitrobenzoic acid, p-nitrobenzoic acid, salicylic acid, p-hydroxybenzoic
acid, anthranilic acid, p-am nobenzoic acid, oxalic acid, malonic acid,
succinic acid, glutaric acid, adipic acid, pinmelic acid, suberic acidl 1d48 #blc
acid, sébacic acid, maleic acid, fumaric acid, phthalic acid, isophthalic

aci d, terephthq##%sqﬁbd 21 FEB 2007 PF 55723 11 carboxylic esters such as

t he Cl-Clo-al kyl esters of the abovenmentioned carboxylic acids, in particular
met hyl formate, ethyl acetate, butyl butyrate, dialkyl esters of phthalic
acid, isophthalic acid, terephthalic acid,qqdipic acid and nmaleic acid, e.g.
the dinethyl esters of these acids, nmethyl (nmeth)acrylate, butyrolactone, 5
capr ol act one amﬂarmdyymaem:sybum esd ahs, CpCo-alipyd| wetersy | dfc trenchbpodramtidmadr yl i c

esters and thei S, .a ol Q t hac te or
Cor opht nal | ¢ o< PLrE9fe 4TS in eANCHRE miTRA T Fres i BECHIE L o0l i
reactions car rQS&IS@mphﬁ]a&t; acid, isaplnmelld acidl, tarephtivpdio akigs edipici acd anthenatelact i on of
esters to form 'ﬁ%@’“ﬁ' aagkgd I I lic
anhydri des suchatcgg t gﬁéﬁhy r ges 0 tﬁﬁs oé\?ggnég |r($)'ﬁte c%g{g %&%ﬁds in
particul ar Acetdapraifigns iand, pplvearbexiilie esterpdra.gle polyaeryiis @ndnhyldmﬁti@caﬂid 15

mal ei ¢ anhydri ct%tergaerr@om 9@50 fﬁﬁ&g and fy@Rarsles 8a%watﬁ&ﬁ  mEh a8y RpAg- de,
st ear am de, tereg’pI | am de. i.,;s, al so possi Rydr oxycar boxyl iC

acids, e.g. |ade®® iesters, ;ndh piher dndusirial iplasties;jip, these &?r?’-’f?o the irgactiogs g
gl yci ne, al ani noarriger @t iare Ilﬁﬂéhlelﬁlgﬂ hiythSgerdldbeR Sind. itoke o clcBorDer estet8 ed Bm the
particularly pr efer r0 d or %}ﬁ% nds saturated or unsaturated carboxylic
25 acids, car bof{fﬁf% g‘%ﬂﬁ C anhydrl des or | actones or m xtures of

two or nof@ thereof are hydrogenated The present invention therefore also
provi des a proggss as descri bed above in which the organic conpound is a
caripoxylic acid, a carboxylic ester, a carboxylic 30 anhydride or a |actone.

carboxylic anhydrides such as the anhydrides of the abovementioned carboxylic
acids, in particular acetic anhydride, propionic anhydride, benzoic anhydride and
15  maleic anhydride;

carboxamides such as formamide, acetamide, propionamide, stearamide,
terephthalamide.

20 It is also possible for hydroxycarboxylic acids, e.g. lactic, malic, tartaric or citric
acid, or amino acids, e.g. glycine, alanine, proline and arginine, and peptides to be

reacted.

( As particularly preferred organic compounds, saturated or unsaturated carboxylic
25 acids, carboxylic esters, carboxylic anhydrides or lactones or mixtures of two or
more thereof are hydrogenated.

The present invention therefore also provides a process as described above in
which the organic compound is a carboxylic acid, a carboxylic ester, a carboxytic
30  anhydride or a lactone.

Exampies of these compounds are, inter alia, maleic acid, maleic anhydride,
succinic acid, succinic anhydride, adipic acid, 6-hydroxycaproic acid,
2-cyciododecyipropionic acid, the esters of the abovementioned acids, for



Exanpl es of these conpounds are, inter alia, nmaleic acid, maleic anhydride,
succinic acid, succinic anhydride, adipic acid, 6-hydroxycaproic acid,

2-cycl ododecyl propionic acid, the esters of the abovenentioned acids, 1 6:FEB 2007
FEB 2007 PF 55723 12 exanple the nethyl, ethyl, propyl or butyl ester.

Furt her exanpl gsF &5¢2%- butyro- | actone and caprol actone. In a very particularly
preferred enbodi nent, the present invention provides a 5 process as described
above in which the organic conpound is adipic acid or an -ester of adipic acid.
The carbonyl conpound to be hydrogenated cth be fed to the hydrogenation
reactor either alone or as a mxture with the product of the hydrogenation
reaction, 10 @fampkentheemetvl, iathyl.npronyiariiugd estarnfurtherséxamples argdi-butyreal

sol vent . Suit alhgoishd bé]ﬂalactgggvent s are, in particular, water and al cohols
such as nethanol, ethanol and the al cohol fornmed under the reaction
conditions. Pref erred solvents are water, THE and NWP; particul ar preference

is given to watigra vé@ Bagiclsay %ﬁ@ﬂédﬁ @mﬂaﬂirﬁerﬁtntﬂehﬁrééﬁﬁﬂ mnofemmepmme»snat he

downf | ow node, in each ,case preferabl the circul ati eneral ly
carri ed out Sai AT 38 donabebos: Bty st FoTPRURd BTRE AKEaT aR Ty
preferably fromstd0f bdipi2&2ld. and a pressure in the range from3 to 350 bar,
preferably in the range from5 to 330 bar, particularly preferably in the
range from 10 to 300 bar. 20 In a very particularly preferred enbodi nent, the
catal ysts of tA&epeasbemy! compennd do beahydrogendtéch can deectedeto ther hydregsmation

hexanedi ol and/r@sxct&aé&he} é\BF]é’BF‘as Q%tﬁh% wﬂ?ﬁm‘éﬁir@&f& bithER ngh%g ggt.o%%actlalﬁ 196 07

955, DE 196 47 348 and conversi o selectivities are
achi eved i A0t h@Npretebs foj 'f‘h'é‘ W@H@ﬁ’t foran%HF‘FQrﬁ%@ﬂﬁ'&]o'ﬁ%\es%‘ﬁ”hl Jditableryf t he

present invent laeamopéél §dl@erﬁ@rmetirmartrcb@r wated! ot 2lIceholk hsuddr s ahéthaRyient i on

havie a high che ani.cal ese nvention. therefore
provides quite® W“efn%F&Mém 4 '@?bA}h%%aﬁté&rh‘?‘ﬂf%ﬂt?"sx?\%re@ﬁregysoﬂ‘f?@t%dd| tion
of | ant hanum amgamcaﬁFHFrmmq’NNmmamcuiat preifaramceain @iven ta@ wateoni um oxi des in the
production of a catalyst for increasing both the

15  The hydrogenation both in the upflow mode and in the downflow mode, in each
case preferably in the circulation mode, is generally carried out at from 50 to
350°C, preferabily from 70 to 300°C, particularly preferably from 100 to 270°C, and
a pressure in the range from 3 to 350 bar, preferably in the range from 5 to 330
bar, particularly preferably in the range from 10 to 300 bar.

20
In a very particularty preferred embodiment, the catalysts of the present invention
are used in processes for preparing hexanediol and/or caprolactone, as are
described in DE 196 07 954, DE 196 07 955, DE 196 47 348 and DE 196 47 349.

25 High conversions and selectivities are achieved in the process of the present
invention using the catalysts of the present invention. At the same time, the
catalysts of the present invention have a high chemical and mechanical stability.

The present invention therefore provides quite generailly for the use Cu-Al

30 catalysts, which by the addition of lanthanum, tungsten, molybdenum, titanium
and/or zirconium oxides in the production of a catalyst for increasing both the
mechanical stability and the activity and selectivity of the catalyst.

In a preferred embodiment, the present invention provides for the use as
35 described above of such a catalyst comprising copper as active component.



mechani,cal stability and the activity and selectivity of the catalyst In a
preferred enbodi nent, the present invention provides for the use as

descri bed above of such a catal yst conprising copper as active conponeﬂﬂFEﬁﬂm7
FEB 7007 PF 55723 13 The nechanical stability of solid-state catal ysts and
specifically thg sts of the present invention is described by the

par anet er Iaterar conpressive strength in various states (oxidic, reduced,
reduced and suspended underwater). 5 The | ateral conpressive strength was
determ ned for the purposes of the present qgpatent application by neans of a "Z
2.5/ T 919" instrunent of Zwick (Um. In the case of both the reduced

catal ysts and the used catal ysts, the neasurenent were carried out under a

Beanple 1 Proal Mesiafeafafifdic? sohfels budlefatd food Bl YbTste i br oo
12. 41 kg of a 1tbe3sssent inyagtion @cqgserlbem by Hteepea'ematardateralttomsrelsglvefstrangthB 12%
strength al ull fHALAbid dbs 0L BRuaRl ey Kid Ol négd§§ r%art@rggth tron 20

nitrate x 9H20 sol uti on wa |sso ter utlo Sol ution 2
conpri ses 6@ kg of a 20% strength anhydrous Na2CO3. Solution 1 and solution 2

are introduced Wearaeeﬂafoa&;ﬁeégnréeeré tHPwas BERFhREH 36 thE \ﬁﬁﬁ:%eé. ofMHeChteséntpr ovi ded

wth a stirrer tarn ated to 80C. H rought to
6.2 by C approcb"?‘?'gt ?ﬂ 'Ggherﬁ?arﬁﬁ °ft¥1@§eséﬁ% ét @§tr‘f'rBP”%?fI%’Y'F'bﬁ"lﬁ"\svalﬁcfp@ol ution
2. 25 Wil e keepisa@f bbid tpérrermaetiaeralysts dhdxhandedreatalysispthegnéasuesmentaieree of
80C, all of so re | odr um car pona Th us

formed in this c!a\\l’\rﬁaéao\%gés u‘ﬁ@ ! ﬁ@%@? V\Athﬁf r<1aecfefsoc'r %§ got ﬁ'&ég reﬁéﬁeﬁo%%f r}ﬁ%he pH
bei ng i ncré@secbataiysw 2 by occa5| onal addition of dilute nitric acid or sodium
car onate solution 2. The 30 suspension was filtered and washed with distilled

wat until the nitrate content of
Examples

Example 1: Production of catalyst 1
15
Production of the catalyst

A mixture of 12.41 kg of a 19.34% strength copper nitrate solution, 14.78 kg of an
8.12% strength aluminum nitrate solution and 1.06 kg of a 37.58% strength iron
20 nitrate x 9H,O solution was dissolved in 1.51 of water (solution 1). Solution 2
comprises 60 kg of a 20% strength anhydrous Na,CO;. Solution 1 and solution 2
are introduced via separate lines into a precipitation vessel which is provided with
a stirrer and contains 10| of water heated to 80°C. The pH was brought to 6.2 by
C _ appropriate adjustment of the feed rates for solution 1 and solution 2.
' 25
While keeping the pH constant at 6.2 and maintaining a temperature of 80°C, all
of solution 1 was reacted with sodium carbonate. The suspension formed in this
way was subsequently stirred for another 1 hour, with the pH being increased to
7.2 by occasional addition of dilute nitric acid or sodium carbonate solution 2. The
30 suspension was filtered and washed with distilled water until the nitrate content of

the washings was < 10 ppm.

The filter cake was dried at 120°C for 16 hours and subsequently calcined at
300°C for 2 hours. The catalyst powder obtained in this way is precompacted with
35 1% by weight of graphite. The compact obtained is mixed with 5% by weight of Cu



t he washings was < 10 ppm The filter cake was dried at 120C for 16 hours and
subsequently calcined at 300C for 2 hours. The catal yst powder obtained in
this way is preconpacted with 35 1% by wei ght of graphite. The conpact
obtained is mxed with 5% by weight of Cu 21 FEB 2007 PF 55723 14 f| dKelEBf HBim
Uni coat and subsequently with 2% by wei ght of graphite and pressed to form
pell ets having prgsypater of 3 mmand a height of 3 mMm The pellets were
finally calcined at 350C for 2 hours. 5 The catal yst produced in this way has
the chem cal conposition 57% CuQ 28.5% Al 203/ 9. 5% Fe203/5% Cu. The | ateral
conpressive strength in the oxidic state wa4 117 N and in the reduced state
was 50 N, as shown in Table 1. 10 Exanple 2: Hydrogenation of dinethyl adipate
over catalyst 1fiahemdionyUniggrtrandesupsequsrily vgiorte oo waighti of gsarhiite and rressedownf | ow

node with reci FonHf'n@bes hh ARG LIRS Eoff REdnPamd QWefpg)'ut 8t 3 n\HPE el ersd/ (17 ),

a pressure of f2 (P and reaction tenperatures of 190C in a vertical tube
react or char ged %Yﬁa'§@e§@b3ﬁq CofPFQQPEi’lSyst 1. The experinment was carried out
for a total time of 7 days GC analysis found ester conversions of 99.9% a
hexanedi ol t|V|t 7.5%in action product at 190C t renoval
fromthe re ct?)fh ?‘?{@ ﬁta‘?rg W'M‘%’s “PBL?W&%%CWQ&qqmﬁoéﬁlﬁpéé‘?&“f:)ﬁsa% and had
a hi gh mechani calbOg%.8% Fa,0u/5% Ba. experinmental results are summarized in Table

1. 20 Exanple Srqﬁrétgqgvgctghgﬁe% Ag,féb B {;]}'ég‘é‘ skt é\)aﬁﬁ?%& th%,- ré)cibg

conparative cata ogous to t cat al yst

2, but without Qtﬁé‘fmoﬁqmoﬁﬁ %iTO\*\tFHB aptenl.ni trate sol ution: 14. 5 kg of a 19.34%

25 strength copper nitrate solution and 14.5 kg of an 8.12% strength al um num
reci p| tated by nmeans of sodi um carbonate

nitrate solution (solution 1) are P
sol ution ind% E?@&?HE? 2 dvdregration of dimetiv adirate ovgecatalysl st produced in this
wayhas the chem cal conposi t| on 66.5% 30 Cud 28.5% Al 203/ 5% Cu. The | ater al
conpressive st rlf‘rr%rthr}l 'ar(]:hptahéa \r«(f)axsI gy&rogenated continuously in the downflow mode with
recirculation (feed/recycle ratio = 10/1) at a WHSV of 0.3 kg/(I*h), a pressure of
200 bar and reaction temperatures of 190°C in a vertical tube reactor charged with
15 200 ml of catalyst 1. The experiment was carried out for a total time of 7 days. GC
analysis found ester conversions of 99.9%, a hexanediol selectivity of 97.5% in
the reaction product at 190°C. After removal from the reactor, the catalyst was
found to be still completely intact and had a high mechanical stability. The
experimental results are summarized in Table 1.
20
Exampie 3: Production of the comparative catalyst without iron

The comparative catalyst was produced by a method analogous to that for
( catalyst 2, but without the addition of the iron nitrate solution: 14.5 kg of a 19.34%
25  strength copper nitrate solution and 14.5 kg of an 8.12% strength aluminum nitrate
solution (solution 1) are precipitated by means of sodium carbonate solution in a
manner analogous to catalyst 1.

The catalyst produced in this way has the chemical composition 66.5%
30 Cu0/28.5% Al;0:/5% Cu. The lateral cpmpressive strength in the oxidic and
reduced states is shown in Table 1.

Example 4: Hydrogenation of dimethyl adipate over the comparative catalyst



reduced states is shown in Table 1. Exanple 4: Hydrogenation of dinethyl

adi pate over the conparative catal yst 21 FEB 2007 PF 55723 15 Di net hyl

adi pat e was hydrogenated continuously in the downflow node with recir@dlkBi a6
(feed/recycle ratio = 10/1) at a WHSV of 0.3 kg/(I*h), a pressure of 200 bar
and reaction t gpegppsres of 190C in a vertical tube reactor charged with 200
m of catalyst 2. The experinent was carried out for a total tinme of 7 days. GC
5 anal ysis found ester conversions of 80.2%in each case and hexanedi ol
contents of 86.6%in the reaction productisgmt 220C and 240C, respectively.
After renoval fromthe reactor, the catalyst was found to be still conpletely
i ntact and had Dimethyh adipaten sais claydregeriatdd pyntin'Dheslgxipethbnmrdllow awdet withar e
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contents O e exane | ou rom react or.

Sobl o 1° Cat 8l y eneREs SourBl SR RS BRa A caok Bt oS

(é; rrelt hyl :ildll SSMSSGWSmtmEIré%t/tgﬁrnﬂdim ayve20° DQ}nlc{ 240°Coespbtivepl h\ft(af\i)enﬁmlad /red.
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or gani ¢ conpoumechenitalistabilgy. dthel expstimentaeresaltoam\surgnarzed inhakdé 1conpr i ses

bringing the organic conpound in the

10  The data in Table 1 below show that the catalysts of the present invention have
(— considerably higher hydrogenation activities, i.e. higher conversions of dimethyl
adipate, at 190°C than the comparative catalyst, and also give higher selectivities
to the desired product, i.e. higher contents of the target products hexanediol in the
output from the reactor.

15
Table 1
Catalyst Reaction Conversion of Hexanediol Lateral
temperature | dimethyl adipate selectivity compressive
[°C] [%] (%] strength (N)
oxid./red.
Catalyst 1 190 99.9 g7.5 117/50
Comparative 180 80.2 86.6 77145
(_ catalyst




5 presence of hydrogen into contact with a shaped body which can be produced

by a-process in which (i) an oxidic material conprising copper oxide, alum num
oxi de and iroRF ¥P8e is nade available, 10 (ii) pulverulent metallic Zbppafl’
copper flakes, pulverulent cenent, graphite or a mixture thereof is added to
the oxidic material, and (iii) the m'xture1éesulting from(ii) is shaped to
forma shaped body. 15 2. The process according to claim1, wherein the oxidic
materi al conmpywesEairkd) copper oxide in a proportion in the range 50< x < 80% by
wei ght, preferably 55 < x < 75% by wei ght, 20 (b) alum numoxide in a
proportion in the range 15<_ y<_35%by weight, preferably 20 <y < 30% by

wei ght, and (¢) irénprogesiefor thea hpdropenmdtionrofiam driganic adagpoling_containktyebieaeei ght ,

o . . .
Phe oxi di & mater: aParrbPrbgisiRaprish, E¥GilsPE g3 the Wladn cbigfund i € '
particul ar5 95< x +presengsoflify@rogendnioerontect with mothaped dbdyl edichscapare protiutdte
oxidic material in e. 30 3. The process according to claim1 or
2, wherein the pul sgrggjlrgc%?g%e\?gpﬁl c copper, the copper flakes, the pul verul ent
cenment or graphite or the mxture thereof is added in an anount in the range
fromd to 40%by vejoht, hae@dicqfatehl doffbing ¥8bakHoxie, bllfnifith ShieBHLRdA! - PP
55723 21 F E B 200 17 4. The process accorgi ng to any of clains 1 to 4,
wherein graphite is added®¥qp igAnade@y@ablen the range from 0.5 to 5% by wei ght,
based on fghe total weight of oxidic material, to the oxidic material or the

m xture resulting mom (M 5| 5, qull.grocess according to a]n% f. clai lto
4, wherein the orgii c coMPEHEN; dmetgilic o PPRREL CRPRR fakes. -pYlK %@PF cCHeEy  a

carboxylic anhydri de or agraphkiteoorea mixture thereof is added to the oxidic material, and

iii) the mixture resulting from (ii) is shaped to form a shaped body.

15
2, The process according o claim 1, wherein the oxidic material comprises
(a) copper oxide in a proportion in the range 50 <x <80% by weight,
preferably 55 < x < 75% by weight,
20
(b) aluminum oxide in a proportion in the range 15 <y <35% by weight,
preferably 20 <y < 30% by weight, and
(c) iron oxide in a proportion in the range 1 <z < 30% by weight, preferably
25 2 £z < 25% by weight,
in each case based on the total weight of the oxidic material after calcination,
where 80 < x +y + z < 100, in particular 95 < x +y + z < 100, and cement is not
included as part of the oxidic material in the above sense.
30

3. The process according to claim 1 or 2, wherein the pulverulent metallic copper,
the copper flakes, the pulverulent cement or graphite or the mixture thereof is
added in an amount in the range from 1 to 40% by weight, based on the total
weight of the oxidic material.



6. The process according to claim6, wherein the organic conmpound is adipic
acid‘ or an e f, adipic acid. 10 7. A shaped body conprising an oxid

mat eri al conpﬁJFe#%alS (a) copper oxide in a proportion in the range 5}6(1?)5.%@@@%
by weight, preferably 55 < x< 75% by wei ght, (b) alum numoxide in a
proportion in the range 15 <y<35% by wei ghtyy preferably 20 <y s 30% by

wei ght, and 20 (c) iron oxide in a proportion in the range 1 < z!5 30% by

wei ght, pref edabl y Th2: ﬁoc%s&cﬁ&%@ﬁomﬁygﬂtclalmﬁ 1€taelhw©am Qrawm isnaddbe it @h al

wei ght of the oxidi | 2hk I <x+

particul ar 95<x + y%lmg%kf?e ra%? olng%c%é)cpgl/ g%vﬁéﬁé S%Se%n engQrg 0rient
powder or graphi teOmdlcamatﬁrlﬂttﬂrtﬁetmehcemﬁtemal@rtbe O'pdtmtelresultmg ftcm(lr)ange from1l to
40% by wei ght, based on the total weight of the oxidic material, and 30
graphite in a proportlon of fromO0.5 to 5% by weight, based on the total weight
of the oxi @i c Srat erliNgIProgass PECATHIBISR ANY BT elpiEisst iogo Mhetws therorganieirempeynstis al |

metal |ic copper powrbcsa@ncé’»cﬁdf@eemaéxyne\ég@f aoéar@mghééhﬁyanaé‘gfﬁﬂctcﬁﬁd graphite
nmekes up at |east 95% by  wei ght of the shaped

6. The process according to claim 6, wherein the organic compound is adipic acid
or an ester of adipic acid.
10
7. A shaped body comprising
an oxidic material comprising
15 (a) copper oxide in a proportion in the range 50 <x < 80% by weight,
preferably 55 < x < 75% by weight,
(b) aluminum oxide in a proportion in the range 15 <y <35% by weight,
preferably 20 <y < 30% by weight, and
20
(c) iron oxide in a proportion in the range 1 <z < 30% by weight, preferably
2 <7 < 25% by weight,
in each case based on the total weight of the oxidic material after calcination,
25 where 80 <x +y + 2z <100, in particular 95 <x +y + 2 < 100,
metallic copper powder, copper flakes or cement powder or graphite or a
mixture thereof in a proportion in the range from 1 to 40% by weight, based on
the total weight of the oxidic material, and
30

graphite in a proportion of from 0.5 to 5% by weight, based on the total weight
of the oxidic material,

where the sum of the proportions of oxidic material, metallic copper powder or
35 cement powder or a mixture thereof and graphite makes up at least 95% by
weight of the shaped body.



