PF 55723 1 Catalyst and process for the hydrogenation of carbonyl
conpounds The present invention relates to a process for the

hydr ogenat i g,}*irgani c 5 conpounds containing at |east one . carbonyl
group usi néﬁgs | yst which- conprises copper oxide, alum num oxide and
iron oxide and is fornmed by addition of iron oxide so as to produce a
catal yst having a high selectivity and,at the sanme tinme a high
stability. In its production, copper meder, copper fl akes or- cenent can
additionally be added. The .present invention |ikew se relates to the
catal yst itself 10 and quite generally to the use of |anthanum oxide in
t he producﬁaﬁiyséﬁné@m@%fogthwrwnﬁﬁqnofs@rWI SArgoWweRbi ned with high
stability. The catal ytic hydrogenati on of carbonyl conpounds such as
carboxylic_acids or  carboxylic esters occupies an inportant position in
the product/fBnPERHEsINKENtiPRTeIAlES fad Proasssitealte ihydipeenation| af PFEANG ri al
processgs, chimpogrdsalcyitaibingy @f 0gaR abhed taffongRIghsUdy lusih@MRObEREFsts whith as
carboxylic esters is carried, out vi rHJeal Idy. excl.éjs%_f\ﬂs.l i i n‘iﬂrsl xecg%.tbed -
reactors. -EPRBASCLERPELLXYS AUNURPXIdEANAIRn PXgS A i dpraisrisadsttiqne
Raney type of espexidakb ps o pmaute a2atatyat bayisg s, highoselectiaitphed abthpaeameni ckel
or noble I . 6 |L.he at al yst
of the 'cogg@% aoﬁ%ga)zélﬁ"%m %)é)%) rggl?%' ﬂ’mgo 8%”?%@‘#2 ?dyg%?ﬁa}%éaog? é'g‘avg%%age of
thi s cat al pdditipraliy hetaddedhdle piaseut invaritiontlikewish aelates! toshaloatalyst/itshlir i ng
the reagti 1SN Jelatl | S
resul tgGi nggdg‘?g]eobigﬁéggﬂc\?wgyﬁgngﬁtg 'f']tg"t"@f?]" @Oﬁeg'b %é X)? A%{ch%ﬂ ? JF(E%“S' tzféal
pressure oPaying Rghselestidly canwined withehigh sfaliliygr at i ng cat al yst bodi es. As
a consequence, the plant has to be shut down prematurely. DE 198 09 418.3
descri bes &groc ss for the catalytic h drogenati%n of carbonyl 30
conpound i nPE r&tabitisSWArgeRation efagdP CRBRRYRTS S5 aassE?fEB’F IC SRS cH
conprises caibefdial ¢bidrt | gtclpie@rinumMpdrant pesitichnh, thaspelittivn rRspsMet |
copper ] ppper with at | east one netal selected fromthe

gr E m. X é”‘eaIOf' <
group LdnsPRYTREBFASINASTY 51 uni num cerium noble netals and metals of
transition group VII1I, with the surface area of copper being not nore

than 10 nﬂ{r'gindﬁétﬁgleﬂr&?e%sééfwg rctatarIWiEEf'\ryE?olg%nation of carbonyl compounds such
' as carboxylic esters is carried out virtually exciusively in fixed-bed reactors. Fixed-
bed catalysts used are, apart from catalysts of the Raney type, especially support

20  catalysts, for example copper, nickel or noble metal catalysts.

US 3,923,694 describes, for example, a catalyst of the copper oxide/zinc
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 consequence, 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 fransition group VHI, with the
surface area of copper being not more than 10 m%g. Preferred supporf materials
35 - are mixtures of titanium.dioxide with aluminum oxide or zirconium oxide or
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35 are mxtures of titaniumdioxide with alum num oxide or  zirconium
oxi de or PF 55723 2 al um num oxide and zirconiumoxide. In a preferred
enbodi nment e,;gg Egt alyst material is shaped with addition of metallic
copper wdD f opper flakes. DE-A 195 05 347 describes, quite

gener al I y, a process of catalyst pellets having a 5 high nechani cal
~strength, with a nmetal powder or a pO\r/ﬁer of a nmetal alloy being added
to the material to be pelletized. Al unfnum powder or copper powder or

copper fl akggnini, t?ildélla'na zit e/ aﬁ'ﬂ@ﬂdésln@t;ﬁéfe%&d%ﬁbommv?ﬁ dgl Liynshe case

of a copper oxi Zl nc oxl m num oxide cat ti'on of

al um num chﬂi@rl*a' igFhaped yvithiageiign oh mptallisi Q@ﬁpﬁd@\’fﬁ@bpéﬁonw 8akgs. conpr essi ve
strength than a 10 shaped body produced wi thout addition of al um num

- powder, t he shaped body of the invention

use cat al yst,
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515 descri > y ' si ng
catalysts baoed HREAFOIABRARA bhde SRl AR LA pARe
pel | eti zat !mswa tghape@thadyi which prasr ppered daterst omwp@swrel aﬂz@mth Than @ ocess
descr i '@?d lsRa e ;S’rb&@éétdeﬂ:tr?o%t é&duﬂé}?oipélgxﬁ’uﬁfuﬁ{ FcSWdé?f afl X{HEneSe Rl as

Cl- C5- al coho s rocess Is carrie reactor whose upper
third cont &Atalysh tb%usa@wfbcpf&wfrtae dnvestien fiselpyechp Georar G9BYREIBA astiviic opper
powder or @RP&H cE{aN@%Sp@Hdcé’W@m%dt%&hoﬁ Bf BnfrUM bﬂ@eraTﬁéto%bMﬁbnhaVl ng
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over cone t frewtichaly oivaigesntef aliiewps intixedadbrirgnits peodoiction. ddowvecethiees f or
catal yeto SRPIREMRGE TP han A R SR BT 8RR LY s hi g
hydrogenat lon activity and selectivity. 30

DE 256 515 describes a process for preparing alcohols from synthesis gas using

catalysts based on Cu/Al/Zn which are obtained by comi!ling'and pelletization with

metallic copper powder or copper flakes. The process described is mainly directed

20  atthe preparation of mixtures of C-Cs-alcohols, and the process is carried outina
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 ltis an bbject of the present invention fo 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 both 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 jron 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
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W have found that this object is achieved by sinultaneous precipitation
~of a copper conpound, an al'um num conpound and an ir.on conpound and
subsequentJﬂ£¥%Pg% cal ci nation, tableting and by addition of netallic
copper pper flakes or cenent powder or graphite or a m xture,
giving ‘a catal yst PF 55723 3 which, due to the addition of an iron
conpound, displays high activities and, selectivities and has a high
stability of the shaped body used as cgtalyst The present invention

accor di ngl erHH{rPVdLQeﬁa %epé@&ﬁ&? of AUn Frgrﬁ Tf%%@”éz&%ﬁfbcﬂfghaﬂctwﬁlegrSf?d“' ¢

~ conpound cont ai ni ng | east one car gr.oup, rises
bringi ng t Selegigias; %’dd@?ﬁomjﬁlasiaﬁ'“im the é‘%ﬂi}%‘@o@? Uﬁ%?%@@ﬁ'l’ﬂnt o contact

with a shaped body which can be produced by a process in which (i) an
oxi di c rrat ising co r oxide, alumn xi de and jron oxide
70 15 e 186 resB BVeian ol Ptidsha: PSS CbBeVaBaian o Skes.
pul \éeruﬁentorngﬂimlﬁbmﬁburm ?;bhiairﬁhg @t Igagni majrcerﬂo:nﬁr gm‘upcamd:he‘:amﬂﬁsbsth 0 tge
oxi di ¢ mat er.i 15. (11 xture resultin shape
7o form a Diiadhe BOmenic famauida The WisrarE R sherblen il celiebt 1 fe.

| n pr ef er r edapaddumiyvérichscan beeproblapestbyba dicgssoih vitieh present i nvent| on are
used as 20 uniformconposition catalysts, inpregnated catalysts, coated
catalysts and precjpitated catalysts. The catalyst used in the process
of the invéhti oBnjoxid @ﬁteﬂgmc@mwwopner adda, wlimiggmewideanddiep sxide t he

conmponggt al um L@ gvdiBBieconponent iron preferably 25 being
preci pitated simultaneously or in succession by neans of a sodi um

carbonate sol ution and subsequently dried, calcined, tableted and

cal ci ned aggi n. pulvBrupsat weﬂa:h@bopsdee édpipbpmm pLIeGiuRINt Bérhent drejragitite S
useful: 30 A) A _cop al um.num salt sol ution and a

sol ution of an PFBHP’EEE?I'SE@PF?%B? ﬁ‘ﬂq%ﬂoé'&W' digmeeh Bloer salt, an

alumnumsalt and an iron salt is/are precipitated in parallel or i

. n
- supcesTOndhY THAls fetfa i AR R Bped Byt ool Pt at e

material 1S ‘subsequén

Iron oxide is understood to mean Fe(lil) 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.

The catalyst used in the p_rocéss of the invention is distinguished by the active

component copper, the component aluminum and the component iron prefefably
25 being precipitated simultaneously or in succession by means of a sodium

carbdnate 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 ah iron
salt is/are precipitated in parallel or in succession by means of a sedium
carbonate solution. The preci'pitated material is subsequently dried and, if
appropriate, calcined.

35



appropriate, calcined. 35 PF 55723 4 B) Precipitation of a copper salt
solution and a solution of an iron salt or a solution conprising a
copper Salgﬁggg 2§ | east one salt of iron onto a prefabricated al unm num
oxi de supp: {a particularly preferred enbodinment, this is present
as powder in an aqueous suspension. 5 However, the support nmaterial can
‘also be in the formof spheres, extrugates, crushed material or pellets.
'B1) In an embodinent (1), a copper salt solution and a solution of an

iron salt @ a Fﬁ@&b‘&dti@ﬂ d?%r%dp%!' 3t %o&:ﬁ&P%ﬁd $ALSufRdofar’ bh s%ft drfn i's
precipitated, 10 preferably by means sodi um car bonate_sol ution. An

aqueous suspensiSGHEN QEAWISNG 7 cOPRRIt @"i and at (agsh aneosalbi ef iren i &s

initial charge prétaBedatd aélamnrfuﬁs Ub)fldjélgs@ﬂﬁéﬁ' A)n Of Bartitiarly | bie%r%ﬁ and
preferably washed free omary nmanner,

CHTS ot Sowden.
descri bed, for  &ngadireent; ’1‘5)E's @@36@ EEBP%W E’f.%oi”h af'h@qlé?ﬂﬂ‘spﬁ'&ﬂ?é‘?'gnf rom A)
and thoSe from B)ovmver dﬁheesbmiortf materz) dao 280Che ipripkefordl yf aphd2e@C and

subsequent |y cal ferably for 2 hours at
general |y from 2 8{55'&%%6&%5{8{3 afat BLoteTS. ¢ L om 300 to 500G, 20 As
starting materials for A and/or B), it is in principle known to use all

Cu(l) and/ ‘Bﬁg Cyd L Em%%h%n‘(‘ﬁjf %*?:ogg;(@r s%lﬂ'sH%Sn afd ta'%%lu?i%‘é?&ﬁ Ror!S&flof O

application to the suppo frates, carbonates, acetates,
oxal ates or amé@nPeiHiTOAPNESERY a ﬁ@ﬁ?e@gﬁﬂisa@! ansallief dent’s preaipitated. sal t s.

For methiods A) apsdelBbly MAT thédHsarof 26dibmel @FSHHak | SolioneNARO adELES copper
. hitrate. In the Brocess of the present lnv ntjon, the above- descrlfed

dried and if . aSpPPR&PSICRt & e 8y Brenal aluminugy gxigs) i 5o @s tBYak nt o

pellets, rings, cam@uj ar pellets, extrudates, honeyconbs or simlar
shaped bodies. Al suitable net hods 30 known from t he prior art are

-concei vable for this purpose.
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!o'r 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,
for example nitrates, carbonates, acetates, oxalates or ammonium complexés,
analogous aluminum salts and iron salts. For methods A) and B), particular
25 . preference is given to using coppér nitrate.

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

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

pellets, extrudates, honeycombs or similar shaped bodies. All 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



The conposition of the oxidic material is generally such that the
~proportion of " copper oxide is in the range from40 to 90% by wei ght, the
proportionp%f ':ges of the iron oxide is in the range fromO to 50% by
wei ght and h%%# portion of 35 alum numoxide is up to 50% by weight, in
each case based on the total weight of PF 55723 5 -the abovenenti oned
oxidic constituents, with these three gxides together naking up at |east
80% by wei ght of the oxidic material after calcination and cement not

reforrod ey emeplngtl ke MMEERIP hale tted DR, RUBLER Mding 11 2

i i ny | [ Vi '
process /5P GO Bath BoweBhT o GRicHG Reteaml sk %&ﬂr@%f%@ne&%ﬁﬁng@et (a)
copper oxi 8einglincudeaRqdri 6fihé Bxitibenatemd et He absvesser®@% by wei ght ,
preferably 55 < x < 75% by weight, 10 (b) alum numoxide in a proportion
in the range 15< y< 35% by weight, preferably 20 < y< 30% by wei ght, and
(c) iroh oki derefarred prdypdinentrthe prédeat maagionlaccoringyBpdvidles \@eprobéss

preferably F%aés&ibéé aﬁofﬁ—inm%lp%]]e}[’@o%g%?teiﬁgl fo n{sggse based on the total .

wei ght of e oxidic materia al"Ci nat’l where 80< _ x +y +
z:-< 100, in particular 95< +y + z:5 100. 20 The process of the present

i nvention dt t aliyst: f brese i tg oz, 04 ?l‘&}kl i shed
by the fac?é}t ha’?@%ﬁ g)g%]étllﬁoﬁ %r;o'ﬂler;tlgﬁ ﬁn%%égﬁﬁcﬁgﬁ?%t@?n%yé to a
hi gh stabilityPtsferably Soraped Skl weighld as catal yst. In general, the

amount q@f pul verul ent copper,. copper flakes or pulverul ent cenent 25 or
graphite or_a mxture thereof is contained to the, oxidi terial is in
the range Et?)rorﬁ'=1 ”i"l}"ﬁ(ﬁ%"{?y"b\@i QF?PPPEBPePe&E‘;bWGFn1§ﬁé Sr%g’yf Wi (o0 20%
by wei ght and pmférabiyl2ard y<pB0% By wdibkt, andt he range from 3 to 10% by

wei ght, in each case based on the total weight of the oxidic material.

30 As cenent, preference is given to using an alum.na cenent. The al um na
cement pafdi culrem loyidpriefaeprabbrion dn $he rangest s ati 30% pyoseightu piafensblyxi de

and cajgi um oxi §&,; & Bsy, 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 <+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.

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 io 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.



particular it conprises fromabout 75 to 85% by wei ght of al um num oxi de
and from about 15 to 25% by weight of calcium oxide. It is also possible
to use a é._ggggt ?ased on nmagnesi um oxi de/ al um num oxi de, cal ci um

oxi de/ si | i 7 35 and cal ci um oxi de/ al um num oxi de/iron oxide. PF
55723 6 In particular, the oxidic material may further conprise a ‘
proportion of not nore than 10% by weight, preferably not nore than 5%
by wei ght, based on the total weight of the oxidic material, of at |east
one addi tional conmponent selected from 5 the group consisting of the

el ement s i and Pt. In furthegja referred

,.Co, Rh, Ir, N, Pd
enmbodi ment ?%Paftwagﬁrtbe é%‘?%ﬂ’a{?{@' i“?ﬁ)fee‘?‘f‘ﬁ%m'ﬂi’%iﬂwﬁt%m?@'mha ngre
aﬁdl tion tQhérheo%cuymélgmﬁ‘pftﬁérabtyhﬁ)tméﬁhaﬁ Bk BB weight, hhﬁseermrthe ]E!Obaﬁer ) or
the m xture ther t o .the oxi rior to shaping to . formthe
shaped 10 ST bt e dtatptge e Bod SnR adblo Bt oo AR S8 "hhi 1 e
t hat shapi tige gmupbommstmgs:lﬁ&ree&iemedtg ReafrepRucao, rRiedr, dlijtPdardPreadi ly. I n a
preferred enbodinent, fromO0.5 to 5% by weight of graphite, based on the

total weight of the oxidic nmaterial, is added. Here, it is inmaterial
whet her t hén gr unther eraf@rr%tijaar@odmetnh@f toa ipioaessref dhe dnveptiernr graphiteals er or

si mul taneo ElBé!d W éd@ﬁdﬁ%%@%ﬁ Er th@%opﬂe’? fEREPEF thel @kRsht Bowhibe

cement po er or m Xt ure ere resent | nventl on accordi ngI Yy
al so provi &ééheaw'éf@éggrea%toa@@&w%maéﬁw@ﬂprnto AR Griaphithe shapath

amount 10f fheaym fﬂreﬁrérﬂzeﬁa/ n%'@ﬁﬁng Qamesh Qmomeoftgrhahte thei Siepirf td he

di t I dj t
Cesul i ng. 197G ehaged Ki:ea e GTR oLk BOR 1RBRby. '8 APTHPRER NPT on
t her ef or e &bso 0 fovbUeby aveighh aip eplafidiey base vh stha dotab weight i divec oxiglicer i al

ergnt R el LR 1D RiaRAH WAGRr "G RE § AR 2
propor t i onokidict netemahgefonesweﬁesmwumegthsly willr éfee cajpiey mwey<tfi§0% by

wei ght ¢5 andopper fiakes 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

25  an oxidic material comprising

(a) copper oxide in a proportion in the range 50 <x<80% by weight,
' preferably 55 < x < 75% by weight, '

30 (b) aluminum oxide in a proporhon in the range 15<y<35% by welght
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



(c) iron oxide in a proportion in the range 1 5 z< 30% by wei ght,
preferably from2 to 25% by weight, 35 PF 55723 7 in each case based on’
t he total égl%]} of the oxidic material after calcination, where 80 < X
+y + z< 100, r?aparticul ar 95 < x +y + z<_ 100, netallic copper powder,
copper flakes or cenent powder or a mixture thereof in a 5 proportion in
the range from1l to 40% by wei ght, basged on the total weight of the
oxidic material, and graphite in a proportion of fromO0.5 to 5% by

wei ght, bapegadPNcddeenidtidabn Wl @l Wlight! SretheXdxHi€ nierémdl iMer caRinafishe the
sum of the Eroportlons of oxidic ma}erlal, metal 'l c copper powder,
copper f| a¥BEEG0 TEifaht 2 Folideln RFFIKIEER s BY thier dBF: and graphite makes up
at |east 95% by wei ght of the shaped body. 15 After addition of the

copper powder..the copper flakes_qr the cenent powder o0 he mi.xture
Cher cof | antiele RpRRCRM R e CoRPL iR & E8 EHEP AR . aracers HEFedif aghaped
body ol ai pregodibt ér irehvapge dromst ta 40% fiprvegghtabasedoad thiertetdl weighkaktheonce

for a peri diefmat Iegn%llly fromO0.5 to 10 hours, preferably fromO0.5 to 2
hours. The tenperature in this calcination step or steps is generally in
the range from 200 to 600C, 20 preferably in the range from 250 to 500C

- and parti Cylaghe/inPs Sifo%BﬁBhvy%gﬂan{ dlﬁ‘? "{’E?QE% m%@m 1268d oA A9 Yeal v!:élglgt'r']@ case

of shapi ng:using cenent po , ant ageous to noi s t he
shaped bod{res¥idis MarBkef ore cal cination with water and subsequently to
dry it40 25 Wen the shaped body is used as catalyst in the oxidic form

it ' b f duci [ f | e hyd ,

br ef or bl y ST DgeSHT (DS GePorioR o Gt fatsel | wErF SFRELGERRRN r ogen
m xtures, edpper fakek0f ¢eonérll @owdepoehaniatiry tHereoh drllgraphiibiakes api at
particul ar Lol 80,68 sRE3d bdd. P&! Nd

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 éppropriate, 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
‘the shaped body obtained before calcination with water and subsequently fo 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 krown per se by treatment with reducing media prior to use as catalyst.
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30 brought into contact with the h’ydrogenation solution. This is 7
preferably carried out wusing a mxture having a hydrogen content ‘in the

range fromfé:/g,MO% by volume, particularly preferably in the range
9 olume. In a preferred enbodi ment, the shaped body of

the invention is activated in a 35 manner known per se by treatnment with
reduci ng nedia prior to use as catal ys§. PF 55723 8 The activation'is
carried out either beforehand in a reduction oven or after installation

in the reaqheractivhtidh® t8ARHObutNEhPERTo@RbAY Ak & baiabehARe bingkibe
reduction oQven, it is installed in the reactor an plied directly with

d d
the hydr oSl i autsasteruidbe rﬁt?ﬁ%('j‘éﬁ b&ﬁ@s%qw%t.zg%’eﬁ@rﬁ?@deﬂ ¥ area

of applicaréduptioi dvBe, shapedtdiedi istHy eeutadaby Suppiigy Qresty @fith tHie
on _of organi ¢ conpounds cont ai ni ng

present inyention.s t hydr ogenat i

carbonyl g )ﬂfﬁgeﬁ'ﬁﬁ'oaSPEE%XB%%'%VEWQUQF?SSBE%H embodi nents such as a
fluidi z&d- bed reaction using catalyst material in upward and downward
swirling t - ' .SE | [ Lan

carried ou F|5 r%%tr%éeaé%% othég?géti& | nﬂg ﬁhe)'gs?ﬂjéﬁ@%géﬁ);dggg&%g%hgﬁrg%%%ﬁfat i on
is preferabieypesen éwveolinn iig thehdrytiagenatiqphab erganiy compauisise comtaining
downf | ow [ . ' ] rdegd-Qut in
the. downt | Sutzont & BireaH AR betll FDubinE, S BRBBAHIERR, Juonid'd hatke S

conpr i si ngPEhEaFHPMHERINE cataisd Mmaderiad MdPwigrd rsigdvatruard swirlkio pekan 8
trickl e 0Vﬁl€eﬁi§@p6s?>¥bﬁ’éh}’i$kl rﬁ@ﬁbggﬂ?t@ﬁcaﬁﬁ@ﬁ&ﬁea@mﬁh trit\eﬁgag]ﬂ&tﬁsemﬁ ﬂ@eﬂ »
pressure, form a_thin liqui Il mon the catal yst. e 0 r hand,
bhen the G Bism g ckodktaiobls Dteratl Gpregwiauine Hyd Bugie 1o
i nt r oducedekarpieimihe dodmflowmddead@fowinidiet he |iquid reaction m xture and
t he hydrogen passes through 20 the catalyst bed as rising gas bubbl es.

I n one enbodi nent, the solution to be hydrogenated is punped over the
cat al yst Wéenithe dydiogghationais sarfet auido Hire dewbitaly mede, tfe kdui praditgss of
the present id | : Q&ﬁ* LS oG4 <of f as
product%;strgéérﬁﬁgmlraqggc’[g'géésrp%sﬁd;?'gdﬁag t ecé@gctorfo%wr?g%a{%ﬁgri ate,
i s passed gllqwﬁgigw wickde caygd the catalyst bed in the reactor which is under hydrogen

pressure, forming a thin liquid 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 inio 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 im)ention, 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



reactor as defined above. The other part of the product is conbined with
fresh starting material conprising the carbonyl conpound and fed back
into the rgseggfoz This node of operation will -hereinafter be referred to
as the circulation node. 30 If the downfl ow node is chosen as enbodi nent
of the present invention, the circulation node is preferred. Further
preference is given to carrying out thg hydrogenation in the circulation
node using a rain reactor and an after-reactor. The process of the
present i nwarboxplit arthysiddésatal givé dhie tdresdppddiag aeiaihon with prefebany| bebly
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al i phat i c &RE@ERYId@ERUP- hydr oxyal dehydes, ketones, acids, esters,
anhydrides, |actones and sugars. Preferred aliphatic al dehydes are
branched and unbranched, saturated and/or unsaturated aliphatjc
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cont ai ni ng W}?Staﬂaﬁ $YScar bonyl groups.

Preferred aliphatic aldehydes are branched and unbranched, saturated and/or
unsaturated aliphatic C»~Cyo-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, isobutyraidehyde,
valeraidehyde, 2-methylbutyraidehyde, 3-methylbutyraldehyde (isovaleraldehyde),
2,2-dimethylpropionaldehyde (pivalinaidehyde), caproaidehyde,
2-methylvaleraldehyde, 3-methylvaleraldehyde, 4-methylvaleraldehyde, 2-
30 ethylbutyraidehyde, 2 2-dimethylbutyraidehyde, 3,3-dimethylbutyraldehyde,
caprylic aldehyde, capric aldehyde, gtutaraldehyde.

. 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  a-olefing, are also particularly suitable.



Exanpl es of aliphatic al dehydes are: 25 Fornal dehyde, propional dehyde,
n- but yr al dehyde, i sobutyral dehyde, val eral dehyde, 2-nethyl butyral dehyde,
3- et hyl bu gg yde (i soval eral dehyde), 2, 2-di et hyl propi onal dehyde
- (pivalinal dehyde), caproal dehyde, 2-nethylval eral dehyde, '

3-net hyl val er al dehyde, 4-net hyl val eral dehyde, 2 30 et hyl butyral dehyde,

2, 2-di et hyl but yr al dehyde, 3, 3-di nmet hylgout yr al dehyde, caprylic al dehyde,
capric al dehyde, gl utaraldehyde. Apart fromthe short-chain al dehydes
menti.oned, |ong-chain aliphatic al dehydes as can be obtained, for

exanple, b : Sk ' r S 85 i are al'so
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2,4-di ethyl octenal or 2,4-dinethylheptenal. 5 Preferred hydroxyal dehydes

are C3-Cl12-hydroxyal dehydes as are obtainable, for exanple, from
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pr opi ophengaes) ARIFRRIGRAMRandPEWB] acet one,  di benzal acet one,
benzal acet ophenone, 2, 3- but anedi one, 2, 4- pent anedi one, 2,5- hexanedi one

and net hyl. vinyl ketone. 20 _
15 Preferred ketones are acetone, butanone, 2-pentanone, 3-pentanone, 2-

hexanone, 3-hexanone, cyciohexanone, isophorone, methyl isobutyl ketone,
mesityl oxide, acetophenone, propiophenone, benzophenone, benzalacetone,
dibenzalacetone, benzalacetophenone, 2,3-butanedione, 2,4-pentanedione, 2,5-
hexanedione and methyl vinyi ketone. ' '

20
‘Furthermiore, carboxylic acids and derivatives therecf, 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, linoleic 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, ‘sa!icylic acid, p-hydroxybenzoic acid,
anthranilic acid, p-amingbenzoic acid, oxalic acid, malonic acid, succinic acid,
giutaric acid, adipic acid, pimelic acid, suberic acid, azelaic acid, sebacic acid,
maleic acid, fumaric acid, phthalic acid, isophthalic acid, terephthalic acid;



Furthernore, carboxylic acids and derivatives thereof, preferably those

havi ng 1- 20 carbon atons, can be reacted. |In particular, the follow ng

may be neng%pggy' carboxylic acids such as formc acid, acetic acid,

~ propionic [ %%tyric acid, 25 isobutyric acid, n-valeric acid,
trimethylacetic acid ("pivalic acid"), caproic -acid, enanthic acid,"

caprylic acid, capric acid, lauric acig, nyristic acid, palmtic acid,

stearic acid, acrylic acid, nmethacrylic acid, oleic-acid, elaidic acid,
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e.g. pepyacrylic and polynethacrylic esters and their copolyners, and
pol yesters, e.g. polynethyl nethacrylate or terephthalic esters, and
ot her indugat?l al plastics; in these cases, the reactions carried out
are, in particular, hydrogenol yses i.e. the reaction of esters to form
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15 rral ar boxam des such as formanm de, acetam de,
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carboxamides such as formamide, acetamide, propionamide, stearamide,
terephthatamide.

20 It is also possible for hydroxycarhoxylic 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 conipo;_md is a carboxylic acid, a carboxylic ester, a carboxylic
30 anhydride or a lactone.

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



- 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 argi ni pg g5 peptides to be reacted. As particularly preferred
organi ¢ conpounds, saturated or unsaturated carboxylic 25 acids,
carboxylic esters, carboxylic anhydrides or |actones or mixtures of two
or nore thereof are hydrogenated. Thqgpresent invention therefore also
provi des a process as descri bed above in which the organic conpound is a
car boxyl i cerarnple the caethyixgihylc pesdyeor batyt asteoXSdriher eddmpind ek -dbetyos- a

| act one. | es of {hese conpounds-are, inter afia, maleic acid, maleic
- anhydri de%%s{gl} %H'Cgpé)ﬁecz&n%ucci ni ¢ anhydride, adipic acid,
6- hydr oxycaproi c acid, 2-cyclododecyl propionic acid, the esters of the
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adipic acid or an  ester of adipic acid. The carbonyl conpound to be

hydr ogenated can be fed to the hydrogenation reactor either alone or as
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| j i e f 70 to 300C,
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particul arly preferab a pressure in the range
from3 to 350 bar, preferably in the range from5 to 330 bar,

parti cid ar e By&oeemRiol Both IM@el N8R rho@eAS il the3@viIdlv mode, in each

: case preferably in the circulation mode, is generally carried out at from 50 to
350°C, preferably 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 preferréd‘ 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 generally 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,



20 In a very particularly preferred enbodi nent, the catal ysts of the
present invention are used in processes for preparing hexanedi ol and/or-
caprolactOﬁ%ESz?eue described in DE 196 07 954, DE 196 07 955, DE.196
47 348 and - 8 47 349. 25 Hi gh conversions and selectivities are
-~achieved in the process of the present invention using the catalysts of
the, present invention. At the sanme thae, the catalysts of the present
i nvention have a high chem cal and nechanical stability. The present
i nvention therefore provides quite generally for the use Cu-Al 30
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purposes of the present patent application by nmeans of a 2.5/ T 919"

i nst r unentCMe UL Kndel @ nitiogen rEmogghgse oo @ét*ﬁ £peidy @B&Q%W%Qf dhgsts and
the usied cafgststs, the nmeasurenent were carried out under a nitrogen

at nosphere so as to avoid reoxidation of the 10 catalysts. Exanples
Exanpl e 1: Production of catalyst 1 15 Production of the catal yst A

m xt ure ofExeMplds kg of a 19.34% strength copper nitrate solution, 14.78
kg of an 8. 12%strength alum numnitrate solution and 1.06 kg of a

37.58% strength iron
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,0 solution was dissolved in 1.5 of water (solution 1). Solution 2
comprises 60 kg of a 20% strength anhydrous Na,COs. So‘lljtion 1 and solution 2
are introduced via separate lines into a precipitation vessel which is provided with
a stirrer and contains 101 of water heated to 80°C. The pH was brought to 6.2 by
apprdpriate 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



20 nitrate x 9H20 solution was dissolved in 1.5 1 of water (solution 1).
Sol ution 2 conprises 60 kg of a 20% strength anhydrous Na2CO3. Sol ution 1
and sol uti pﬁ Be7A € i ntroduced via separate lines into a precipitation
vessel which 1S provided with a stirrer and contains 10 | of water _
heated to 80C. The pH was brought to 6.2 by appropriate adjustnent of
the feed rates for solution 1 and sol ygion 2. 25 Wile keeping the pH
constant at 6.2 and naintaining a tenperature of 80C, all of solution 1
_vvaE r eact effaksistifons Oldid]?m arad hﬂﬁéh@entl"y’hﬂthsl% p@hrméigm df@li'%ﬁtﬂeiamdtﬂnéﬁedwgy was
subsequent i.r ar anpt.her 1. hour ith. the pH being increased to
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sol ution 2finalieaBbedasFeOrd fon2Wwasrsti | t ered and washed with distilled
water until the nitrate content of the washings was < 10 ppm The filter

cake was dried at 120C for 16 hours and subsequently calcined at 300C
for 2 Hour She Tatelystapratiyead ip dhid vaydiss dhe sbeminal gompostipn i53 Yp CeOEBE6t ed

with 35 1aPbby soekell. sef cgr aphite. The conpact obtained is mixed with 5%
by wei ght of/ %J PF %5723_14' fl akes from Uni coat and subsequently with 2%

by wei ght &Fe [eipionprastivepstesgtidn the oxidie stgie waet!d7 Mhantty the deduseler of 3

mm and a hae@waoso A, S8holtin@bleet.s were finally calcined at 350C for 2
hours. 5 The catal yst produced in this way has the chem cal conposition

57% Cu(d 28. 5% Al 2CG3/ 9. 5% Fe203/ 5% Cu. The | ateral conpressive strength

i N t helloxi Bxamsié @t Hyavageriation Nf dintkthyh atibetercetcatdlystst ate was 50 N, as
shown in Table 1. 10 Exanple 2: Hydrogenation of dinethyl adipate over
catalyst 1 D nethyl adipate was hydrogenated continuously in the downfl ow
node wi t h Dimstinyl cadifzetie ovas hpdrdgematgd |contirmtously=inltheliownflow W with0. 3

vorti cal 1 SEROFAR Goclireoitil < ROH) SEFTMBY BRG] SpRieuddle 10 2
exper i ment 2Qfhkar@ad reaadion tempesatuses oft190°¢ ime verticd tukgreactarchaiged yihs f ound
ester @ONVEIGEIPHcallys?d: PRé epditcin fak @hrrie8|cREor Withtél fhe 377 3%d.16C

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 cataiyst was

found to be still completely intact and had a high mechanical stability. The

experimental resulfs are summarized in Table 1.

20

Example 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 analogo'us to catalyst 1.

The catalyst produced in this way has the chemical composition 66.5%
30 Cu0f28.5% Al,C«#/5% Cu. The lateral c_ompressive strength in the oxidic and

reduced states is shown in Table 1.

Example 4: Hydrogenation of dimethyl adipate over the comparative catalyst



the reaction product at 190C. After renoval fromthe reactor, the
catalyst was found to be still conpletely intact and had a high

nmechani cal Pftfﬁ"z'si ty. The experinental results are summarized in Table
1. 20 Exanpl e 37 Production of the conparative catal yst w thout iron The
conparative catal yst was produced by a nethod anal ogous to that for
catal yst 2, but wthout the addition g§ the iron nitrate solution: 14.5
kg of a 19.34% 25 strength copper nitrate solution and 14.5 kg of an
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total ti mem@fhahicP¥ianiiFCrRe BNl FUNE AR5 BAmS UK TagRs) Of 80.2% i n
each case and hexanedi 0l contents of 86.6%in the reaction product at

220C and 240C, respectively. After renoval fromthe reactor, the

cat ﬁl it }Amet B%tfdlmfﬂ tTraaletTrﬁbéfow éhoﬁ\pﬂiﬁt &feeéatalyftmﬂh@ﬂfésémdn@dﬁbgmave e 1
mechani cal _s i L xperinental results are summarized in Table 1.
10 The darsonsRerRR oher By dSRRaiagan chatdamd o ARkE, Coegmotind’ dmsdal

i nvent i on duipvate, tdi3SClérambthy chmpheativé pdiatyge ratiiatso gied highén sdectivities hi gher
conversi o . et i 9 h t LVE: al yst,
and al so 3;8\;@; H%d%grp pésfééchg% ngg%%O%E?n# Sﬁgé a%gletrgggd%c?%g%){ca?&eéﬁgiﬁ%i gher

cont ent s cfutpiidronathgeeagoroduct s hexanediol in the output fromthe
reactog. 15 '

Table 1
Catalyst Reaction Conversion of " Hexanediol Lateral
temperature | dimethyl adipate selectivity compressive
[°C] [%] (%] strength (N)
oxid./red.
Catalyst 1 190 99.9 97.5 - 117/50
| Comparative 190 . 80.2 86.6 77145
catalyst




Tabl e | &Fgﬁ% Reaction Conversion of Hexanediol Lateral tenperature
di net hyl adi pate selectivity conpressive [C [%4 [ strength (N)
oxid./red. Catalyst 1 190 99.9 97.5 %4}7/50 Conparative 190 80.2 86. 6
77145 catalyst PF 55723 16 W claim 1. A process for the hydrogenation
of an or gaBictaig@npound containing at | east one carbonyl group, which
conprises bringing the organic conpound in the 5 presence of hydrogen
into contact with a shaped body which can be produced by a process in
whi ch (i)1.an okipcbcessrﬁrehhbaiydnxgmpaim ofyac @pgEic oxmpeyndatantaining aixeatt and

iron oxideis 0 u rul ent per
copper fl akes, ?a\e/%g&/ﬁ edﬁ%cm(gﬂ CS e'séé%héjrtmeq it %;é %@bﬁr%on?%o@ﬁg ﬁ tp%
added & o the cp(eshr‘ce refhgdriogén |r&mdorqtact| v)ntrt hehaped body wiishutan he producedi i )
is shaped to ftR/r Rcsdapsfidpody. 15 2. The process according to claim 1,

~ wWherein the oxrdic materlal conprises (a) copper oxide in a proportion in
the range 50<_ x<_ 80% by weight, preferably 55<_ x5 75% by wei ght, 20

(b) alurm num gy de '%n%ﬁ@%@rapeom@dsﬁge megsx.aé uHURPORAY sl hER!

preferably 20 y g 30% wel Irron OXI N a proportion in
the range 1 <_z < %tﬁﬁlﬁ/n’\ﬁéﬁgﬁﬁ‘[ablﬁ' eferably 25 2< z:5 25% by wei ght,
' 10
ii) pulverulent metalfic copper, copper flakes, pulverulent cement,
graphite or a mixture thereof is added to the oxidic material, and
- (i) the mixture resulting from (ji) is shaped to form a shaped body.
15
2. The process according to 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
(© 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.



in each c&55%43ed on the total weight of the oxidic material after ,
calcination, where 80< x +y + z< 100, in particular 95< x + y + z< 100,
and cenent is not included as part of,fhe oxidic material in the above
sense. 30 3. The process according to claim1l or 2, wherein the

| verul epgt ne [ er f ’ Iy nt
P oy aphi te o TR ErdeosBE&Iing td\Enf BPBSMST BKE Swndrf PUREIY afia LD
from1l to 40% B{ouss ghthe reagefoan0.bHe Fothy weighl, dasedpnithe tefl weight o

material. PF 5%3%%é:t@rial,gto_tﬂ@6xi@i&‘?r¢£§r$al%F%rrﬂi&ﬂu% FeRuRRY fr8fn @L;ai ms 1to 4,

wherein graphite is added in an anount in the range fromO0.5 to 5% by

wei ght, based on the total weight of oxidic material, to the oxidic

{rat eriagl 8 t hﬂ“h@b?t{dééﬁadidbﬁdlh@ tdthyLdf@réﬁrﬁé ko 4,5m!§ereiﬁhge pf@ﬁ&%nﬁﬁ:@ﬁafﬂ ng

o any of clains .4, . wherein e. organic co und is a carboxylic
hoi . o car boxgierbaticeied 3 iR AARpaTRaBIae & a BHERe-e The
process according to claim®6, wherein the organic conpound is adipic acid
or an ester of wadipic acid. .10 7. A shaped hody conprising,.an,.oxidi

mat ot a1 - Bonpr 107 REpossS el el S BN IRS BBl SR P A s0: 5
x5 80% by wei ght an eglerdiedidid gcid5 5 x: 5 75% by wei ght, (b) al um num oxi de
in a pgoportion in the range 15 s y:5 35% by weight, preferably 205 y<
30% by wei ght, and 20 (c) iron oxide in a proportion in the range | <_ z
s 30% by Wei gh# shppest eadysiopnprigig z< 25% by wei ght, in each case based on
the total weight of the oxidic material after calcination, 25 where 80<x
+ y + 25100, in particular 955x+y+z<_100, netallic copper powder, copper
fl akes or cenefh Opdisdestedrl cgpRpsinge or a ]

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 <z < 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 pdwder, 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.



m.xture tREMSSSR3in a proportion in the range from1 to 40% by wei ght,

based. on the total weight of the oxidic material, and 30 graphite in a
proportion of fromO0.5 to 5% by wei ght,, based on the total weight of the
oxidic material, where the sumof the baroportions of oxi-dic material,

metal lic goppe L Qr . i : _
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8. The use of Ppelbriheriedeanical siadiliti ang the aclhily gne saleciviii obthetaatalysit al yst
for increasing both the mechanical stability and the activity and
selectivity of_the catalyst. 9. The use according to claim9, wherein the
catal yst 8onpr 3@ 5se 8pEding do glaim Yewhereioths satatyst comprises copper as active

5 component.



