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t
invention relates to copper-containing catalysts havigg AL i vel y
hi gh BET tot'al surface area and a defined pore radi utﬂ”ﬁllﬂ@"m E a
procéss for the preparation thereof, starting from agqd€gLsik S
cantai ning a ceag%;g&lihcaaekiaalfgamimmhemaéeuanta;g;nggq' whatissal utions
a coprecipitate 1s obtained wth the aid of a basic precipitant, the
coprecipitant then being washed and cal ci ned after drying, as well as to
the use of safbecapxesent. ingepsdencomedatesg & alcPPPETCONEAERInG are

ni ckel catal YehEalyPes ﬁQ?ih&eEa%ﬁgﬁi‘:h%beh? hagHS BiEiral RalC SusEacel hey
play a significant“role, for“exanpl@, in hygr- geggtlgn and dehydrogenati on
processes. | n2TaAsaRd sk defined pore,Fadiug distribpkion, k9 & FEOE sed to

the fixedgcat gh¥sttRéat hfj-elgﬂri{ﬂﬂoﬂasﬂ“ﬁedf At est(mtsingﬂ_asﬁrqm oGRyligoygs Or in

the liquid stat l,iquid ase .proced T at S S sed in
a finely divi ﬁggugfﬁﬁﬁ 5?0 aéﬂ#‘r%/ ?sﬁé&%’él %glg)"r c?gle%ué%%ég Q%Sa'%’ zﬁig-es#s
whi ch cont ai nekementsy céppar Which ssodMtdensm Maveopresipifatal rige of
appl i cati ons. ogéaiﬁeaatewﬁt StKé € Al 0 Jenoun BRGEE (Ped SpltaPPPertKdIronite
catal ysts or Adkins_catal ysts wa,/er, t he use o A(\g#ns c‘iltaréelsts IS
not without pPOBFERIPItAtE KRR u g c dsBRGN TP L o R T ed to
be carci nogendeyind,r andi akseppoopheatsesthergofieasures during handling,
are used during their preparation. Mreover, relatively |arge anmounts of
waste water are produced in the course of the preparation, and this waste
wager is hi ghCoppert-gepsainingcopptalyshboARe, UsRdoni af( \AFe comstiMEs and
amC}Dn: um Cﬁnpeueaigls)&gh e Sc&&éfdehi;&bwdtéﬁt_éﬁé s.hn%m&a.ral_cqswngs
and al so chrontu onpounds ar e ,hi . Xi c 10 nicro-orgagi sms, an
nust be renovERSFREmM t"ﬁ?%f@’m&t é"%’a@&\é@&%‘plﬁiﬁ'r gg?ﬁeﬁ?:a&pg&'sén
hydrogenation and dehydrogenation processes. In this
15 case, the starting material to be converted is passed to
the fixed catalyst either in the gaseous state (gas phase
procedure) or in the ligquid state (liquid phase proce-
dure). The catalyst can also be used in a finely divided

state as a slurry (suspension procedure).

20" Catalysts which, along with copper, also contain chromium
have a very broad application range. ‘These catalysts are
also known under the term copper chromite catalysts or

-~ Adkins catalysts.

However, the use of Adkins catalysts is not without
25 problems since chromium(VI) compounds, which are con-
gsidered to be carcinogenic and require appropriate safety
measures during handling, are used during their prepara-
tion. Moreover, relatively large amounts of waste water
are produced in the course of the preparation, which
30 waste water is highly polluted with copper compounds,
chromium({VI) compounds and ammonium compounds. Such waste
water is undesired, since copper compounds and also
chromium(VI) compounds have a highly toxic effect on
lmj.cz:oorganisms- and must be removed from the waste water
35 Dby a complex treatment process. REPLACED SHEETS sG
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Apart from copper chromte catalysts, nickel catalys aslgg%q{e LQyen suitable

in many respects. However, because of their very , nickel
catalysts lead, in particular at relatlvely hlgh eratures, to
uncontrol |l ed side reactions and seconda'r r"eactl | e cl eavages,

transal kyl ati ons and/or re-
2 arr angeﬁenmsﬂd@ee e&hchrbmr.eur eatakykos praﬁi@nebfcamtepétemave

contain chen BEPVEm ARGt Ay FodPRiHy, Apdersty HacHlel 081 |,
do not have tmﬁ.ropverreshigh eRcdvitie Aukd:helc&taa:l#atsta ﬂ-hadm d@l
catal ysts. . fchﬁ%p%‘t@ﬁ%é@eqy KIS P it forf A dpStatafigs egh Of

solid solutlons 0 series

(Cu[ er r] ZA[ er BRFAREECILEA BAde, FEACLLPNS 12Rd  $$EPNIREY LFRAGHIORS c FPTave
val ues from Oe"xatn@li Scdedvagessuntrinsalifd ationed. aiaﬁ!o&olrda:sﬁwenns are

. ob db
o e ant. Pt t%{é‘%‘w»ag?}ﬁﬂh"émﬁ?r?&q ZothalddnbF B3edired cous

sol uti on cont dyproducts) @ndfioxrr secondiany prodactsand al um niumnitrate.
The catal yst in the unreduced form cont ai ning CuO ZnO and Al[err]Jerr] is

used in the reaction of as m xtur osed of .carb NDNOXi de car bon
di oxi de and h?&P@G@n ‘t"%t%hg/%t?rePF&n(ﬂ 50 ﬁ@"EP"ﬁ‘iéS 8%9“93 a?%% }n g

cat al yst 10or ehichdecalllyy rbdursd sSchootinmi nHoWe®er/nChase AN yeos ngoan
atomc ratio d t

paghs by wei g?#(tz?xage t&%&“@%g%rﬁigg 8§ Qi{:ﬁ%{: @gg(ﬁ%ﬂgsdg Qﬁf ’?q err]
fraction of 8 ti‘@/o'lﬂsﬁ g?ﬁtalms["-ér-r] q err] is used as col | oi dal

al um ni um hydroxide in the preparation, Cu and Zn are introduced into the

catalyst by Phet |Gkl bRNELhn3BhinaTE! b0BYs, 81! Ackbtled "g PO

catalyst composed of solid solutions of the series
15 (Cu,Zn,)AL,(OH),,C0,-4H,0, where x and y can have values

fxom 0.5 to 5.5 and the sum of x and y is 6. The solid

solutions are obtained by precipitation at a pH of 4.5

to 5.5 by adding a basic precipitant, for example an

agueous Na,CO, solution, to an aqueous solution containing
20 copper nitrate, zinc nitrate and aluminum nitrate.

. The catalyst in the unreduced form containing Cu0O, ZnQ
and Al,0; is used in the reaction of a gas mixture com=-
posed of carbon monoxide, ca:hon dioxide and hydrogen to
-give methanol.

25 EP 0,125,689 relates to a catalyst for methanol synthesis
c¢ontaining Cu0, ZnO and Al,0; having an atomic ratio Cu/zZn
“between 2.8 and 3.8 (corresponding to 26.9 to 36.5 parts

by weight of ZnO per 100 parts by weight of Cu0) and an
Al,0, fraction of 8 to 12% by weight. Al,0; iz used a=

30 colloidal aluminum hydroxide in the preparation, Cu and
Zn are introduced into the catalyst by p:ecipitation from
metal salt solutions. 20 to 40% of the pores have a
diameter of 2.0 to 7.5 nm (20 to 75 &) - corresponding to

" a pore radius r, of 1.0 to 3.75 nm (10 to 37.5 &) - and 80
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of 20to 7.5 nm (20 to 75 A) - corresponding tmiﬁsTHesBeadeqpiachp of 1.0 to

3.75 nm (10 to 37.5 A) - and 80 to 60% of the po ter > 7.5
) - related
ysts de

nm (75 A) - corresponding to a pore radius rp >
in each case to the total number of pores3 Fhe catal scribed in nore
detail in the exanples have, in the unreduced state, a BET surface area of

1100 to 127 n egp] kPsand Fhe Dok, OfrdlatiRe 49 Wach Taber i Ahe ttdl t 0
7.5 nm(r[err] W.Oto 3.75 nm .and 68% 57é%)0f tg)e ores h

di aneter > 7.SPHRPEF] 7| POTesys & AR o26 rr% et égnf'l'rm
there is a neecormespondiagyto ahpoiecxadius used, 3a?5/mms(33 . &rhe

speci 11 ¢ app! | ¢akadhaikeanspRiBlel1h! AGfe fetdiflid Nond Ytdnidles have,

3 and in place of “a ni cke caFaI yst reover, problens In e prepafation
of this caBfal yéh thenhuaseduredi sFase c A cPREgENCLACR AFA PF R 00 ¥R uNds,

production of wayt a2Ngtfid GMitd 4280oHOthe/iptitids eithdhsaLanetetr of 2.0

novel oatalyst tBs ¢8 BobFe ~ tnookp: ereAmnand ] HB.p7e bEEREKEres ur s,
a hi gh conver siwdthwiat dismgitexcei Zi.Synandrhiyh3 e em)vity of the reaction,

I .e. the undesired side reactions and secondary reactions typical of nickel
catalysts are to be prevented as far_as possible, Thjs applies, "inter .
alia, especial M Fbeaﬁrﬁﬁﬁéﬂ-f‘ﬂnFeBFEESOFgﬁﬁgF‘Pca?kﬁ?Ffiﬁ EWEMt e or
ﬁdléi ns caggl ysferand clatalystkethich abiat he nasedy tE@te J:easrllzyuiiu:hin a

ydr ogenati on . | t or Jongy o] I |

ar egm, t he nove%ggglﬁgﬁ%t %if%%%&%:a%gﬁgé (%?ipepr}'lq'l a -n%é%opgo%ny Jgd#l']%éel
cat'al yst but acésadysspmnd chkedi {e placgkpfis ac nigked catapyst opifexe=-| s

achi eved by a gaied,Y prop@indi BnN¢hePPrepRPalebhSobYebs Wit &yt D sdént O
130 parts by weight Of .ZnO,_ 2 to 50 r{

.ZnQO, b ' f Al d,
optional l'y, 0.#8 hegdling Csf%!}PgﬁPQ%][ cﬁﬁ‘%&'\i’,\'ﬁt&ggs ‘I%PFFPWE‘?&V, %”?eoré‘kﬁ?gr of
an al kal i a8 eattilonmeifatvashtewater dintdiriirig polfilatantscandfdféposal /6£nP/ g

ar ea bei ng 1 or SRR s HERERIOIRG" B, davaliete’ Cheb 'Roel | BALas: TP

by using a profasthesrmgneah the newedusaralnstoks sin ANsure saln spartiopper,
zinc, alum ni ugydad QR r@laltlively high temperatures, a high conversion

= with high activity and a high selectivity of the zeac-
20 tion, that is to say the undesired side reactions and
secaondary reactions typical of nickel catalysts are to be

prevented as far as possible. '

This applies, inter alia, especially to an important area
-of application for copper chromite or Adkins catalysts

25 and also nickel cdatalysts, namely the catalytic hydro-
genation of aldehydes to give the corresponding alcohols.
In this area, the novel catalyst is to be capable of
replacing not only a nickel catalyst, but also a copper
chromite or Adkins catalyst.

30 This object is achieved by a catalyst containing, per
100 paxrts by weight of CuO, 40 to 130 parts by weight of
ZnO, 2 to 50 parts by weight of Al,0, and, possibly, 0.5
to 8 parts by weight of an oxide of Mn, Mo, V, Zr and/or
of an alkaline earth metal, having a BET total surface
35 area of 80 to 175 m?/g of the catalyst in the unreduced
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manganese, nol ybdenum vanadi um zirconium and/fmsséhtf':et "3 eart h
metal , and an aqueous sol ution of a basic preci p| ﬁ ately but
si mul t aneousl y brought together and the prepar atl out at a

constant pH within a range of 7.5 to 8. % &n¢ above 70[err]C in particular
70 to 95[err]C, preferably 75 to 85[err]C the coprecipitate produced is

separated off, swataed 78 tﬁowaser ,ofir thd, BEA Aol agusLcé 0 a4ed] deidg over
a period of 42 gl rs_and_r ed-if gwred sAfurther feature of
t he catal yst opme g?l F?BI g‘?ﬁé’“ﬂc?‘l E-gﬁﬁpﬁr ﬁngt L™ yr face area. In the
unreduced catalyst, it is 30 to 125, in particular 35 to 100, preferably 40
to 85 nferr]/ gaokggehagdchagaclﬁms&l&haf $he SEtANFCONPS SRl 1ty aCe

a net

area of corres er_chrom te catalyst
det erminati on A8Tge EEtt’-Hﬁeﬁ°PPGFn nesal jpyst ao;e HBT9A ¥R§he unxgduced
Brouwe, A B. Pechpalysend thik Fis S30oitberl255ppin eﬁaﬁaiahysi-sss4&(ol9ﬂﬁo

pages 161 to 1 C I 8t nt

40 to 130, in é%ﬁf,egﬁpgy %‘?t 1(?30 p’?ﬁra@ 5“4%Q1tdoa%&par We&éﬁt of
ZnO and 2 to 5estiwneparppen metdlt eunﬂﬁcpruaamﬁwdrxe;mdm tccmpul y
preferably 4 tapiémpaet Ea‘E& ?@tﬁhtrﬁé ﬂé{:ﬂé&]&G‘% étermin tf@:‘i%éat‘.a( b% he

catal yst al so coppri ses I onal subst ances I NC oxl des o

manganese, nol ?BHSHU&’%MUH“I‘F{ CBI’I:FUHVQHdPGIff tan'%rlak'aﬁﬂ Rrouwe,
4 earth metal A.Per P1Gpersr and W \RiF3hiScHolBen, Appliwd: Qitaslghiis h #6ount s

of 0.5.to0 8, | ferably 2 to 4 parts by wei ght

cal;.ul ated as M%@?M&E@eﬁ léﬁerr]&?grr], ZrJerr] and MeOQ, where Me is an
al Kal'ine earth netal. Addi ti onal substances whi ch are particularly

sui tabl e are ndpaapgeg1PEtiecARdiRg, aébfl'i@d DAt by wBEgRt 6! d@e T4

al kal i ne earth, net oxi de can [ cal ci u r arium
oxi de, in part=8ul §$OCaI urﬂ%qd’é’ ah u ﬁq@é prefer ﬁ?
oxi de. 80, parts by weight of 2n0 and 2 to 50, in pa::ticular 3
15 to 40, preferably 4 to 30, part:l.cula:rly preferably 4 to
11, parts hy weight of Al,O,

If necesséry, the catalyst also comprises additional
substances. These include oxides of manganese, molyb-
‘denum, vanadium, zirconium and/or of an alkaline earth

20 metal. Per 100 parts by weight of CuO, they are present
in amounts of 0.5 to 8, in particular 1 to §, preferably
2 to 4, parts by weight calculated as MnQO, MoQ;, V.05, Zx0,
and MeO, where Me is an alkaline earth metal.

Additional substances which are particularly suitable are

¢ 25 manganese oxide and/or an alkaline earth metal oxide. The
alkaline earth metal oxide can be Mg oxide, Ca oxide or
Ba oxide, in particular Ca oxide or Ba ox:Lda, preferably
Ba oxide.

An essential characteristic of the catalyat according to
30 the invention is the comparatively high BET total surface
area. Thie is 80 to 175, in particular 85 to 160, prefer-
ably 90 to 155, m%/g of catalyst in the unreduced state.
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An essential feature of the catal yst according tBh‘ entlon ds
~the conparatively high BET total .surface area. I n
particular 85 to 160, preferably 90 to 155 r’r{err] in the

unr educed st at e. The BET total surface"a?ea is taken to rrean t he surface
area determ ned by adsorption of nitrogen by the Brunauer, Emett and
Tel l er nethod (@iel)BET Hrotel heurface detes Mmimémetﬁﬁieawtﬁhesaufﬁaeear ea

i s described i A S 30 ture
of the catal ys{a"fksa ar%éﬁﬁ%ﬁ{gcﬁ s?& bu% ong’g?q%rhe ogfor enﬂ%‘?ééﬁ ess by a
hi gh proporti oBmmauer SEmmestalans, Medderameshari éﬁﬂ'é-f'@hﬁe@sﬁ ogdofer

having a radi ugnd e&@te&n%.ﬁa%&bhl@fA)thét BER' 0B9EA1 O'buiEake | @x¥alo 1"
particular 80 to 92% erab to 90% of the BET tot surface area.

50 to 85% % n Sessdhed b Jo ofchee 80 w0y 3°P8de388ea is forned

by pores having a radius of r[err] < 9 nm (90 A). S to 45% in particular

pores, the & adiils dsamteL bR o0 bR SHERDGHEE 2 AEPLRSAS
agai n poi nted sikstriutian pﬁ@ce%hﬁgmé?ﬁal#&-bi: t E&PBE?BP& by s@ f héghar ea
relate in each pi@fpbztﬁdm%fm WEIT Ft&th'lesuﬂ'ﬁaéécﬁﬁeéoﬁmch Ibefomed

determ nati on t pore radqii arr.i uat i
desor ption iso&yergfewpf’ﬁetsh jd’%fatﬁégigﬁvﬁﬂ éqﬁafl 433 dﬁ‘)n‘g £5sc
Pierce, J.l0Phyproportion is 75 to 95%, in particular 80 to’ 92%, preféxr-Chem

157, (1959 149 1 30p ety o Pk Yo" AR dreal o | KEW o6

50 to 85%, in particular 60 to 80%, of the BET total
surface area is formed by pores having a radius r, < 9 nm

(90 4).

15 5 to 45%, in particular 15 to 40%, preferably 18 to 30%
of the BET total surface area comprises pores, the radius
of which is r, = 9 to 15 nm.

It may again be noticed at this point that the preceding
details of the BET total surface area relate in each case
20 to the catalyst in the unreduced form.

The determination of the pore radii ie carried esut by

evaluation of the desorption isotherme with the aid of

the Kelvin equation accorxding to C. Pierxrce, J. Phys.

Chem. 57, (1953) 149. The details with regard to the pore
25 radii are likewise based on the unreduced catalyst.

The catalyst can, if desired, also contain a support in
addition to the abovementioned constituents. Per 100
parts by weight of Cu0O, it contains 2 to 80, in parti-
cular 4 to 60, preferably 5 to 35, parts by weight of
30 support. The supports used can be conventional materials
which are insoluble in water. Suitable support materials
are $10;, kieselguhr, silica gel and Al,0;, in particular
l
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on the unreduced catalyst. The catal yst can, if desired, also contain a
support_in addition to the above- nentioned constituents. Per 100 parts by
wei ght of CuQ, it contains 2 to 80, in particular 4 to 60, preferably 5 to
35 parts by weight of support The support§& Tsed can be conventional
materials which are insoluble in water. Suitable support materials are

- Sigerr], kieggguhr, silica gel and Alferr]Jerr], in partlcul ar

A [err] qerr] 282 to 97% by wei ght of unreduced, cal cined catal yst
conprises CQuO, ZnO, Al[err](ferr] and additional substances i ncl udi ng

-oxi des of manEPgeTd W%ylhienwsn.ghanaaﬁ usprednced; urtakringd oraa XFFaI i ne

earth net al and?fgégfﬁ$p;)®‘&?wr pgélﬁd Tmirﬁm N@udsicane¥sy

wei ght are co cal Ty ‘an em cal | und wat er n

hydr oxyl grouptnsladingr cxires oﬂfdeg‘aﬁﬂaﬁeﬁﬁrrp&‘?%f Fﬁ‘?r‘?a “ﬁ‘dt

fcor responds ”g iﬁfébﬁlﬁlﬁrm%Q%MQMImm @aryh metal mzie(t,la;ar Bdhat ﬁ
ractions and rel at y _sma u nge C t he
preparati on, |lﬁe‘§‘é+‘F?§ul & sBPBS?th g'h?' gfemiiFthSr gsgn}tMa:%n\Q/, h%o% gurifmer
relates to a ¢ gssedmfrmmaru endrios chemicaldybeurd YALe%d ANY on
into netallic e {i I dgmgmhform
the catal yst c&?ﬁ&%gi %éotug:%o qtly f/é%eﬂ%: dﬁ&&,‘:f ato 1

particul ar 56 obhEESthpnetm%ItﬂquﬁFE@W S‘Qrf"§°b oRy ﬁt°’6f"§;ﬁ9% to
63, in pajyi cubgicalationt9s Basée| abaybondté et onmdnd weldtively

preferably 5 t arts by t rr n tional 0.6
to 10, in partFE‘ﬁi&r MQURKS 7 9\? %f 504%{@45‘3 %Qcﬁ Lﬁg g\’rl?gabymwel%et of
an %xi de of l\/hprbpardj:iin,aﬁu/ paruﬁ-cuhaal kaecnei'eantho met al . Cat al ysts
whi ch al so contai n nanganese oxi de or barium oxi de toget her with Cu, ZnO

and Al[err](Jerr] are partlcularl suitable. The_cat n al tain
a further suppBhe daventdon furhhex relates, wo t?p&‘%&ﬁ‘?& 3‘ $&1 parts

by wei ght of ﬁ)iorﬁ 4'.uhe Q0. is cavdértad oy thé redaeupneimauuqtasutp 44
rt b bst whi ch
re oo 481 3 brouarbeR e, the, FARaTYBRCLY, IBEERRERS, T30 DO BHPO T AOTES e

Such as ki esel guhr or silica gel
and/ or AI[err]CIerr] preferably Al[err]Jerr].

In the reduced form, the catalyst contains, per 100 parts
by weight of Cu, 48 to 163, in particular 56 to 125,
proferably 56 to 100, parts by weight of ZnO, 2.4 to 63,
in particular 3.7 to 50, preferably 5.0 to 37.5, parti-

20 cularly preferably 5 to 13.8, parte by weight of Al,0,
and, possibly, 0.6 to 10, in particular 1.2 to 7.5,
preferably 2.4 to 5.0, parts by weight of an qxi.de of Mn,
Mo, V, Zr and/or of an alkaline earth metal.

Catalysts are particularly suitable which also contain Mn

25 oxide or Ba oxide along with Cu, 2n0 and Al,05. The
catalyst can additionally contain a further support
material. A catalyst of this type contains, per 100 parts
by weight of Cu, 2.4 to 100, in particular 4.8 to 75,
preferably 6 to 44, parts by weight of a support. The

30 support materials can be substances which are insoluble
in water, in particular SiO, such as kieselguhr or silica
gel and/oxr Al,0,, preferably Al;0,.

This Sheet Has Been Replaced

A
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6 The remaining paraneters, nanely the BET tot alThtsSHeé:m@e@,g and the pore
radi us di stribution, roughly correspond to those | c"tdhe
unr educed cat al yst. The process for the repara
g.}u

taI yst
according to the present invention start<s M*th an i on

containing salts of copper, zinc, alumniumand optronally of Mh, Mo, V, Zr
and/or of an aiphal iremBRIidy npéﬁéme%ﬂ:é% spamélynthel BT dotal nduesasel t

sol uti on herei nbel ow, c tal ns. 10 Lticul ar t 0
preferably 30 85%80 B‘d wqre 416155glgtﬁ18§%ttf’ﬂ'dl 5?“5%91’0&2%‘,*%9%?% ably
10 to 30 g of Za/ lthase Mmufwmmmgheoumdused catpdysteul ar 5 to 60,

preferably 10 to 40 g of Alferr]Jerr]l. If required, the m'xed sal t
solution also has 3 to 80, .in particul ar 5to 50 greferi 10 to_30 g of
M, M, V, Zr B Brogess £aF KERe RERANAE LN of the) caf ACHPRILng

Mo err], Y[ errpOther 1nv8nﬂ.eﬂrétamls VeIRh ian mebu%soxuaﬂcnl ¢ontatnearth

net al . The m,xed s S ubl e

i nor gani c, orgei‘ﬁ‘lgc t@oﬁg & Ft's 'g'i"g éigﬁgé‘éﬂnéﬁ‘? %ﬁggiéﬁ%%ﬂfs

water. Hi ghl y ¥ui tZabland/on ohran taxucdmmtw,‘thmemhes'thesqlution,

Do hse ol f ot oULE | CraRed Lkbd! Bt SOMR D BELPA]  CORERLNE APPELDT

in the prepar a§1 08+ Jm t?i%rﬁ&'éﬁa a‘§$ g’BI ﬁproﬁre e{"'ﬁbg?’dgro g et © _

partial, QodesiCwd hy!mr oy $i05 dmdpeartichliaEnth 'poeéopl ynefembhyomoabby, it

S recorrrrended:,too r}%gm n?' ce&g&u ex&ggfe% ztx& od 2” we gnsalt
a soru ?

solg_lon The m Xed®s tion i S ex ed to ’be

4.5, in particmamticynlan§ m\ﬁ@enpzeﬁemblx @0 'Fﬁ Qc&s@fﬁh}a &ddi Ifon of
acid,. In this iided S €% UhBeed Nga1€" g6LRELGAI anse’ aaaecés 181086,

duci bl t d, t h t at
el e e 40 Fegekapuy” 10 B0 3R, 3 BB AR D Lo
as hydrocflSori @xa(amﬂ/amldmralm aé.kadiaadearthl metalg. call.eul.atedl dsi Mno,
particul arly syigeabl IP.B ir?@h‘ﬁ:'l'ﬂoﬁea@g &ﬁ af%%??*gﬁa?%%' on

of a basic precipi fanf S4re parat el'y but sinul taneous I'n the
presence of a F@%®drt, brought together with mxing.

The nmixed salt solution is prepaved by dissolving water-

soluble inorganic, orngavic or complex salts of the
20 abovementioned elements in water. Highly suitable salts

-are the esulfates, chlorides, acetates, propionates,

butyrates and nitrates., It has proved particularly

expedient to0 use sulfates, chloxrides, acetates and

nitrates, in particular nitrates, in the preparation of
25 the mixed salt solution.

In order to prevent a partial, undesired hydrolysis and
to influence the precipitation favorably, it is recom-
mended to maintain a certain excess of free acid in the
mixed salt solution. The mixed salt solution, if neces-
30 sary by addition of acid, is expkdiently adjusted to a pH
below 4.5, in particular to a pﬁf'hetween 2.0 and 4.0. By
this means it is ensured that the precipitation proceeds
undex reproducible conditions, and, moreover, that a
precipitation product as uniform as possible is obtained.
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The precipitant used is an aqueous sol ution of aThsShea HaOBRaOREYThced N
particular an aqueous solution of an alkali netal ' ali netal
hydr ogen carbonate, al kali netal hydroxide, ammoni | IEr anmoni um
carbonate. M xtures thereof can also be-ufed. An aqueous sol n '
containing NaJerr]CJ err] and/or NaHCO3 is particularly suitable. The
preci pi tant ihsm AeddsaupEdotan. bet nifddral nagsds i suthnrad hyddschloeier abl y
9 to 11. The eou .0 tal RS Qo1 .t [ | C 0 to
3.0, preferabl 9oits t BuSEHib bt BhAC Meedd dorg, WAGH PHbl 4l

sol ution. Verypgasdcudaalys sadsabdeai ned with aqueous sol utions which
contain 0.3 to 1.5, in particular 0.8 to 1.2. nol of alkali netal carbonate

per litre of sqlution. To,ensur,e.gs co et.e a precipitation as ssi bl e
and at the san® WWOB?&FnSQIH&PPF‘Ctﬂr%Iﬁh%oﬁ&j%ﬂ\égu§° S51e%; éﬁ)a?e
cogposed 'OE| t hba?wu eaeribitatat are geparscely £ dapersimiltanadugly, um
and, possibly, ir an
kel e ear? h PRRERPLY N fend FatHBRA o2 AR, BOMGHR PegbEngt

st oi chi oret ri c WithegdMingyeneral ly 5 to 60% in particular 10 to 50% of the
basi c conpound. The use of a 15 to 30% excess of basic conpound has proved
of basi o conpoti RSHLRLERIS ARl £B; ABoRBPERES, POSTEICR 1o SrBRReS
met al s cont ai nednpound; @i partdculay an equecushgoiutiohi offieani alkatdss
hould b h h i pi i

shoul d be 19uch rghaly Ralzailatd alwa%g.tb%gp}sgpgea?aﬁ_ H8FBGRAESYSa fal s

cop&ci pitate as possible 1s dnsure ssé)qem pitation O0f the netal
i ons cont ai ned MetalhyAsexidey rampaniyn hyieexide ¥ ampeaivacazrbenr in

each g?se, prT ﬁfﬁancmmh&gsgi YRéréof t fﬁgrmsu.;aonné etnﬁea.ﬁcmi th at;ﬁ_aaug |
possi bl e. e _[precipitation, i S LiN0LNGAL00E e mxed salt
solution and t ﬁﬁﬁ%i?@ﬁaw %ﬁ' béﬁé#ﬁuhﬁgﬁébuﬁé y,ﬁéfghFF%BS& y or
di sconti nuous| yuditdbliew Fher priedipitant is to have a pH of 7.5 to 13,

15 in particular 8 to 12, preferably 9 to 1l.

The aqueous solution contains 0.1 to 4.0, in particular

0.6 to 3.0, preferably 1.6 to 2.4, equivalents of basic

~ compound/l ¢of solution. Very good results are obtained

with aqueous solutions which contain 0.3 to 1.5, in

20 particular 0.8 to 1.2, mol of alkali metal carbonate/l of
solution. ’

To ensure as complete a precipitation as possible and'at
the same time to obtain a particularly homogeneous
coprecipitate composed of the corresponding basic com-~
23 pounds of copper, zinc, aluminum, and, possibly, of
manganese, molybdenum, vanadium, girconium and/or of an
alkaline earth metal, the basic compound is used in
excess. The stoichiometric excess is generally 5 to 60%,
in particular 10 to 50% of the basic compound. The use of
30 a 15 to 30% excess of basic compound has proved to be
particularly expedient. The excess relates in each case
to the amount of basic compound which 'is xequired for
complete precipitation of the metals contained in the
mixed salt solution.

”
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The .precipitation of the coprecipitate conposed dﬂuslsh@tlkbaslemlte unds IS

brought about by bringing together the mxed sal t ,jﬂbmt "r

preci pi t ant III’
eas

conparatively slowy. The precipitation=i%e shoul
particular at least 15, preferably at |east 20 m nut es. The mxed sal t

sol gt 't on anddt Fﬁé@ﬂﬁlmﬁeﬂﬂ% tlﬁ&!é‘sdorﬁﬁiﬂd amsl dﬂcﬁx m@p &DtRoug 1& t

preaeterm ne errp rat ur e e era ou roug corres on (0]

P Cenor atur SArchg 808 nad Sonia BRaSS T tl0n ' 851 26 Rohqiasii S | o

proved expedi emmdd@em:m asppesspbietimrindm @fssm:em !bﬂOthenother

particul ar 15 HSgae ih ' A, 1A dUiRCd fhdd ! i che
ro ri ate di

can be altered ythe itron rate m xed
salt sol uton &Hxes é& t‘&%ﬂ“iﬂﬁ‘ B&FPF&UFSr the degiredcexrentsipneadhous
preci pi tation, caze,ea eﬂeﬁelﬁeecammfg t giveant tsuotiheprocetur eomphatea from
the addition r solution and precipitant the

t hr oughput rel %@éﬁi‘%{ﬁ'@rﬂ 3’%%131&‘11 &0l ume is also to be considered.

During precipitation, a constant pHis enployed within a pH range of 7.5 1to

8.5. Variati onspygl ?Eécg?‘iﬁgeﬂbﬂ ll% ké ﬁgm)%x' br2sg Pﬂ?s'ﬂ Oi:ﬂér to

ensure the pregﬁrat articul ar nous copr eci |tate

variations in %lﬂﬁﬂ-tbes‘? Yh4on aRA o ?n?’é?‘é%!’iﬁnt 05591 tely, bu

preferabl ug 0. &ﬂmul&riéousﬂl pictitiiinkuabisdy | arcaas.s,ednauhueﬁsn.yrrpemhur es
above 70[e”]c’idt{£h ré%’ﬁr dn a range of 75 to 95[err]C, preferably 75
to 35[err] C F I'S” purpose, Is sufficient to adjust the substances
participating in the precipitation, nanely the m xed salt solution and the

preci pitant, tem precipitation of the coprecipitate composed of the
basic compounds is brought about by bringing together the

mixed salt solution and the precipitant comparatively

15 slowly. The precipitation time should be at least 10, in
particular at least 15, preferably at least 20, minutes.

- The mixed salt solution and the solution of the basic
precipitant are heated t¢ a predetermined temperature.
This temperature should xroughly corxrrespond to the

20 temperature at which the precipitation ls carried out.

P It has generally proved to be expedient to keep to a
precipitation time of 10 to 100, in parxticular 15 to 95,
preferably 20 to %0, minutes. The precipitation time can
be altered by selection of an appropriate addition rate

25 of nmixed salt solution and precipitant, in particular in
the case of discontinuous precipitation, whereas, in the
case 0f the continuots procedure, in addition to the
addition rates of the mized szalt solention and precipi-
tant, the throughput relative to the reaction volume ie

30 also to be conasidered.

During the precipitation, a constant pH is employed

within a pH range of 6.5 to 8.5, in particular 7.6 to
B.0. Variations the pH should be kept as small as
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appropriately high tenmperature. During the preci phi Steetdhs Béch RediREPEr at ur es
shoul d he held as constant as possible. The deviat

predeterm ned tenperature shoul d not exceed 2[er m riflt ‘JI ar
1[err]C. Larger variations in the precipil@tton tenpera i npair the
quality, for exanple, particle size, honpgeneity and structure of the
copreci pi t at e. pogb@bleyl N@nprecdert ao oramstu.-die cehhecpﬁepafet:.mssobl yaafter

examle by Sfecﬁhf%'a“%ﬁm AERPEabatyd onrREnitRck Bl pARLEE oM thy

of wash wat er pHethoﬁbeewLiaﬁ&edncby emeﬁmmadf Qme-ﬁlaﬁhtnat'kﬁ 26 wel |
as the durati o, r% E.ES yisg B0¢cRr 9gegs influence the
i m ' undesrre

9 elimnation®o constltuents fromthe coprecipitate, in
particul ar the dissolving-out of nitrate ions and alkali netal ions.

: nchSSI ngsanoehies pa-.fe cAgsitarion ,id)i @livi badesatuats wingdiatwrs aheve and a
ong duration 0 p xt

di ssol vi ng- out 9f°wh \f&mpgal%&%%%?y% gf%%%%%téf *g\l&@ é%\ﬁ‘? rﬁ?%é’fably

t enper at ur es oﬂ5tﬂ:9 8556 .wRozr thi puTpoee, dit ais susticientes adjret s

| ead to reducegy Yo 0 in a

t enperat ure ofq % tﬁga ¥§ g}?af%ié%?%?léﬁ%{ %hh p !grr%i%ian@eivaghl ng.

Hi gher wash t eB@r Bixe %a@@l&%aﬁ’i‘ g trhet uaﬂ*ty of
the precipptata pibg:uaeeagr heghetaipyrtute C Dugingt anelmc:ﬁpﬁ.thmtbﬁp

Copgect pi tato. o Sanbeideat® Hholnd"ni d B Forftiie S fé*-e*’%%i#?? o
the useful proGhet devigsions fyomsthe prederepnined Ln:%mpqmmr%cs oul
preferably 15 pat’exdeedes 2PcYash pakeical&rusey® @ LiSge¥ f@ﬂeﬂm& ate.
in the precipitation temperature can influence the
15 gquality, for example particle size, homogeneity and
structure of the coprecipitate in a disadvantageous
mannexr. '

Subsequent to the precipitation, the coprecipitate,

possibly after further brief st.i.tring, is separated off

20 from the mother liquor, for example by decanting and/or

filtering, and is carefully washed. The amount of wash

water used, the flow rate and temperature of the wash

- water as well- ag the durxation of the washing process

influence the elimination of undesired constituents from

25 the ccpreeipitate, in particular the dissolving-out of
nitrate ions and alkall metal ions.

Increasing amounts of wash water, high temperatures of
the wash water and long duration of the wash process
promote a particularly extensive dissolving-out, whereas

30 relatively low amounts of wash water, low tex_npe:atui:es of
the wash water and short duratidn of the wash process
lead to a reduced dissolving-out.

It is generally sufficient to maintain a temperature of
55 to 85°C, in particular 60 to 75°C during the washing.
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The ,duration of the wash process nust be suffici dRfSEees cenReplachdul d be at
| east 60, in particular at |east 70, preferably ag ﬂ' tes. A
sufficient washing duration is generally 80 to 140, r 85 to

130, "preferably 90 to 120 m nutes. The baskd process can be carried out in
a single step or in a plurality of successive stages by appropriately

o oforred apeltS e PARE, Uikolta tids Wi hatBlutEaivaibagiolh MEMS O,

preferred depen

@

0 .
and a nulti - st 88e theoalitn et othecpyesipitatesyfhe negyqf - &msh
process can betadéaNwWAGRMW ard) to LS St tesmdesirediconstitigsal |y

ired th ' ' t . Ltori f th h
1S actii 1 at o By oBPE PHEE, SHUBHERFE Sp, s sedn-es o5bok, Bivn thE con,
in the was8 watepresipitatelaMbis dan Mlsa havey &ém unfavorable efifede
di d with_f [ ' d
16596”56 W og. gﬁ%?gg?ﬁ?&i‘f?ggr %%ﬁsﬁsh%uﬁeb?%{{&@.un er

st andar di se conditions, “tor exanple with a
predet er mi ned anmount of wash water, tenperature and durati on. | f

IfDeqUi red, the mb?ﬂlw,esi *lﬁb 50p De perviniled ivot Qgp?otiﬁ:hlﬁféﬁaﬁ ns
roven processes, r e e extrusion, e S in e

mat eri al . Dr °ng2i d cé’?‘gpeé:& o] % ih’_ag?‘agéggﬁ? e#% at"égg?elr‘ggfat ées‘,"f
preferably at copregsdpifatesperatures. It has proved sufficient to carry
out the drying-at tenperatures of 50 to 120[err]C, in particular 55 to

100[err]C, preferably 60 to 9Q[err]C with the use of cqQnventiona
proggsses,losucﬁ'h&s QHTALERTH gOF h EDPa (WA, PTOCSRS (PUEY | é##gﬁiﬁﬁlﬁr in

a novi ng bed, flohgexa®! should béuati 3edstedd, in particular at least
70, preferably at least 80, minutes. A sufficient washing
duration is generally 80 to 140, in particular 85 to 130,
preferably 90 to 120, minutes.

15 The wash process can be carried out in a single step or
in a plurality of successive stages, by appropriately
apportioning the total amount of wash water required.
Which proceduxe is preferred depends on the individual
case. In general, both a single stage and a multistage

20 process lead to the desired result. A multistage wash
process can be advantageous in many cases, since less

P wash water is usually required than in a single stage
process. :

Monitoring of the wash process is facilitated by detex-
25 mination of the compounds dissolved out, present in the

wash water, such as NaNO;, Monitoring in this mannex can

be dispensed with if the washing process is performed

under standardia_ég and contrelled conditions, for example

with a preset ‘dmount of wash water, témperature and
30 duration.

If required, the washed material can be converted into a

paxticulate form. Proven processges, such as, for example,
extrusion, can be used for shaping the material.
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Dryi;ng is carried out until a residual water contreisSheetfHaaBeanReplaced 159 in
particular 3 to 10% by wei ght of water, relatedto“m m recipitate,
i s attained. The subsequent calcination is carri to
400[err] C over a period of 4 to 8 hours= ¥Re=-cal ci ned catal yst can be used
either directly in powder formfor suspension hydrogenations or after

s.hia_p! ngéI su;:hl Qﬁ.?f {30y qud &Qrﬁ'ﬁ(eﬂe![:het:{.xlﬂa&t Sfes alt &Qévthﬁédcﬂ?ﬂbéﬂhtures]' he
cal Cl nhea catalys S [ uce cltivat e re re e

active in hydré’(f@#ﬂ ﬁ?"‘é" ’rfbi ttgf"%? ggf"fPﬁéd fﬁ ?%(fu §‘58¥§aal yst
is treated at Jsaﬁfiqigrmﬂicema]n:y puds ithiey dxyiogeatit tempevatures aift KO
hydrogen. 1t h pii’deé pih“ ﬁré&iar es@eébe&bot‘gécﬁféféﬂbﬂ‘esée%“'0”

with a hydrogen/nitro reco

hydr ogen/ ni& r oh’ Gri gﬁhe "‘e:hﬁu &ﬁﬁl m;f 1¢Q%V%¥8ﬁ%l pRECOBSeShy FURRNaBAS a
result of the tdRaidPiig Wi Mm,t@%@dtﬁ@&ﬁ%fﬂﬁ@d beamor €40
”%qh.ﬁ

The catal yst accordi %Q%theesent mvenU%% ﬁeﬁ‘d sed advant ageously
i&ﬁ‘;ﬁfat iC

for  hydrogendt i
strai ght-chain and/ or branched al dehydes, in the liquid phase but also in

the gaseous ph%&?m@ is a@é(@f‘ié&eoﬁé LRefy hégPle’&MﬁisdﬁQEéraaﬂnﬂQﬁﬂ of

selectivities ar | eved even at conparative

wi thout the fordRR%%n2oftUndad;s rdd BA%E g%‘ era}aﬂ@h Pt o

consi der atigon twatdly, A<ldtivEnto @Heem&-:.euncbbrecﬁpmuate, is attaiakdehydes
and al dehyde derivatives of.low reactivity, for exanple unsaturated

al i ghatic al dehydes, can al so be hydrogenated to give the correspondi ng
al cohol s wi t ho'Rhali subsequent aakcinations ikerearmied wosdcuabnt2itheto

present inventigypeg ! NOAtpd LE{&GLdE MR8 tto 400°C over a period of 3 to

10, in particular 4 to B, hours. The calcined catalyst

can be used either directly in powder form for suspension

15 hydrogenations or after shaping, such as tableting or
pelleting, as a fixed-bed catalyst.

The calcined catalyst is reduced (activated) to prepare
the actual catalyst active in hydrogenation. For this
purpose, the calcined, unreduced catalyst is Lreated at
20 130 to 190°C, possibly at elevated pressure, with
hydrogen. It has proved particularly expedient to carry
- out the reduction with a hydrogen/nitrogen mixture. It is
recommended to use a hydrogen/nitrogen mixture containing
1 to 5% by volume of hydrogen. As a result of the treat-
25 ment with hydrogen, metallic Cu is formed from CuO.

The catalyst according to the  invention can be used
advantagecusly for hydrogenations of aldehydes, such as
aromatic and aliphatic straight-chain and/or branched
aldehydes, in the liquid phase but also in the gaseous
30 phase. An advantage is that high conversions and good
selectivitieos are achieved even at comparatively high
temperatures, without formation of undesired byproducts
having to be taken into consideration to any significant
extent. In this manner, aldehydes and aldehyde
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Experinmental section Exanple 1 Preparation of &hi8kead 345 Bect ®Bflaedi Ng CuQ,
ZnO and Al [err](err]. 4,356 9 of Cu(Nderr])[er , 615 g of
Zn(N( err])[err].6H err]O and 895.8 g of Al (qurr]lmﬁmm ]O are
dissolved in 18 litres of deionised water18ntxed - . The m xed
salt solution is heated to 80[err]C The solution of the basic
FFfCi pi tant !Sd_a&tﬁidﬁtdréy ql@rfjszekviu:ata;%ﬁieygl ffbrNai:t&rm iﬁlﬁ%.fitﬁ.ﬁaﬁﬁd .

itres of deionise er. is solution,is.also hea
litres of dei oﬁéﬁg‘%"eﬁlgﬁg‘y é@’&“n%’%r%‘?:?ﬁ%%ﬁ?&s%& g&k#&h?s
equi pped wi th ovregpondimy aledhedisedritthodl difif¢culty.stirring. The ni xed

salt solution and the solution of the basic precipitant are allowed to run
into the precipitation vessel separately but sinmultaneously over_ a period
of 20 minutes Hheh exapPlass belrw dogumente Fhe, preseat EP"PﬁéiPﬁowé BFons
are matched t o atridtiaig dxthat a pHof 7.5 to 7.8 is maintained in the
preci pitation vessel. The tenperature in the precipitation vessel is kept
constant at 80[err]C After conpletion of precipitation, the suspension
present in the Repextimantidlofaction is stirred for a further 2 minutes. The
precipitate (coprecipitate) is then separated off fromthe nother |iquor by
filtration and is then washed within a period of 2 hours with 120 litres of
hot, 60 to 65] &%3mBlegk er. The washed filter cake is dried either in
extruded formor by spray drying to a final noisture content of < 5% by

b oguct 15 cal rRRATBGR ) 4 Wl Hortiiing b, 'uah able s 211 o7

4,356 g of Cu(NO,); 3H,0, 2,615 g of Zn(NO,), 6H;O and 895.8

10 g of Al(NO;);-9H,0 are dissolved in 18 liters of deionized
water (mixed salt solution). The mixed salt solution is
heated to 80°C.

The solution of the basic precipitant is obtained by
digsolving 3,750 g of N2,00, in 30 liters of deicnized
15 water. This solution is likewise heated to 80°C.

8 liters of deionized water are placed in a precipitation
vessel which is equipped with a stirrer and are heated to
-~ 80°C with stirring. The mixed salt solution and the
solution of the basic precipitant are run into the
20 precipitation vessel separately, but simultaneously, in
the course of 20 minutes with vigorous stirring. The flow
rates of the two solutions are matched to each other 80
that a pH of 7.5 to 7.8 is maintained in the precipita-
tion vessel. The temperature in the precipitation vessel
25 is held constant at 8§0°C.

After completion of the precipitation, the suspension
present in the precipitation vessel is stirred foxr a
further 2 minutes. The precipitate (coprecipitate) is
then separated off from the mother liquor by filtration
30 and is then washed within a periocd of 2 hours with
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12 ., The cal cined catal yst contains 47.5% by wei H@Beertkeptaedat ai ns,
100 parts by weight of CuQ 49.5 parts by weight u ts by
wei ght of Al[err]Jerr], 3.7 parts by wei ght of part by
wei ght of Na[err] O The BET total surfadd Zrea is 128 err
catalyst in the unreduced state. 85% of the BET total surface area S

formed by pore%m\lm:.es refliNet 1 [60 ko 6518, nwatdke Thepwashadafiluetace

f th d d t 68 t
of ‘2 catalyst SHReiR HF e naE A Rtriear, Fom ob B sBrfy REREG' | "
Cu(NJ err])[errta 3&1[ éd.n]aib wisthne woreORPL. SHBE YO wabghis 9foH,0,
Al (NTJ err])[errdgidd @at?algfs‘i'f md@eg\d err])[err] are dissolved in

18 litres of deionise vvate m xed “salt solution). The m xed salt solution
Is heated to 80[err]C The solution of the basic precipitant is obtained
by di ssol visg frl'FéSQiﬂ.é& pbéexpiﬁimn]prmmlu reslofneidi for s¢dhoars: .

This solution i [ The procedure as given in
exanple 1 is tr%haaf o’l%%%?&g?f 355 e cal cined catal yst contains 46.5%
by weight of Cu. It contains, per 100 parts by wei ght of -CuO, 49.8 parts by
wei ght of ZnO, mhe? dﬁéﬁ:&ﬁf d& @fcoﬂt:[a‘ih%] @5l by3w§1§ﬁtt &£biguyeirght of
Cderr], 0.12 part by vveség 4]? ZOa Q?rts ¥l¥\e gt of BaO. _The
BET total surfSOPtANS; LBl eP?'ﬁ?% G 9L | U P BBEER Y¥ate.
88% of the BEngitufmm #.4a partiso byewellghpoo£sAb 04, N8 .3 pamtesby| err]
< 15 nm u c e e st is 65
nfel]/g W@%ﬁec% ?‘gpgrg?g ELQ .?g#ﬁ? LEHa'iynl ng CuO, ZnG,
Alferr]Jerr] and MO 1,936 g of Cu_(qurr])[err] 3H[err]O 1,152.4 g of
Zn(NJ err]) [ er mind e iddRal’ 3bréadeCbrea is 128 m?/g of catalyst in the
unreduced state. 85% of the BET total surface area is
formed by pores having a radius r, = 15 nm. The copper

?
metal surface area of the reduced catalyst is 68 m?/g of

15 Cu.
Example 2
Preparation of a catalyst containing CuO, 2n0, Al;0, and
BaO.
o~ 4,356 g of Cu(Ne,),-SHao, '2,615 g of 8n(NG,),-6H,0, 895.8 ¢

20 of Al(NO;)s'9H,0 and 73.2 g of Ba(NO;), are dissolved in
18 liters of deionized water (mixed salt solution).
mixed salt solution is heated to 80°C.

The solution of the basic precipitant is obtained by
dissolving 3,750 g of Na,C0; in 30 liters of deionized
25 water. This solution is likewise heated to 80°C.

The procedure as given in Example 1 is then followed
exactly.

The calcined catalyst contains 46.5% by weight of Cu. It
contains, per 100 parts by waight of CuO, 49.8 parts by
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Al (N err])[err].9H err]O and 78.99 g of Mn(NJ err])[err].4H err]O are
dissolved in 10.2 litres of deionised water (m xed salt sol.ution). The

m xed salt solution is heated to 80[err] C.

13 -The solution of the basic precipitan&5i s obtai ned by di ssolving 1,620
g of Na[err]CJerr] in 15.4 litres of deionised water. This solution is

al so heated to;ﬂl[ t |62 2Znch 9.2 @amf& by weight utm,q;espsapaﬂtsnby

Borer ] C i i fﬂﬂ%?f T Odd BIEE By Helght, O wed afilC2 8 bHE LR
basi ¢ preci pi t &t veadght |afvBa .o Then BER datied mugfiasie: adesn isedd m*/g
separately but ¢ @&éag. Al Sy R urdeicead %Etiﬂ muasstﬂbtﬁmﬂ g6£aYs

stirring. _ The proce as glven In exagbp éctl
The cal ci néd c&unEpqe c AR nsi9 7. £0 %htP%‘Fe‘tu ?Y ’&%nt%l n§'a SEF 100
parts by wei ghte 0k i‘sOnm!SSeraepabppebymaamhbuntaéeCarEaSoﬁathe pgdueedht of

A1203, 2.9 part§ parts by weight of CJerr] and 0.15
part by wei ght St %Q[V\Etfgj]’%ég “W? B%TEPot al surface area is 95 nferr]/g of
catalyst in the unreduced state. 85% of the BET total surface area is

f or med by pore?ﬁ?]@ﬁ radius r[-err] < 15 nm The copper netal surface
area of the reduced catalyst is 54 nferr]/g of Cu. Exanpl e 4 Preparation

of a catalyst containing CuO 2ZnQO, Alf[err]derr], MO and a support.
1,459 g of CU(Uﬁ@dﬂéﬁfﬁﬂ]oﬁl-ietﬁﬁﬂ:ﬂyw(binﬁiﬁiﬁg‘l(cm;erzﬂm €A1]J0,6hdr r] O

176.5 g of o[éd l}? rr])[err] 9H err] O and 59.4 g of
I\/h(errr]]) er ZH err] O are dissol ved in 7.7 litres of

1,936 g of Cu(NO,), -3K,0, 1,152.4 g of Zn(NO,),-6H0,
234.2 g of AL(NOQ,;)s-9H,0 and 78.9 g of Mn(NO;),-4H,0 are
digsolved in 10.2 liters of deionized water (mixed salt
solution). The mixed salt solution is heated to 80°C.

15 The solution of the basic prscipitant is obtained by
' dissolving 1,620 g of Na,CO; in 15.4 liters of deionized
water. This solution iz likewise heated to 80°C.

6 liters of deionized water are placed in.a precipitation
vessel which is equipped with a stirrer and are heated to

20 80°C with stirring. The mixed salt solution and the
solution of the basic precipitant are run into the
precipitation vessel separately, but simultaneously, in
the course of 17 minutes with vigorous stirring.

The procedure given in Example 1 is then followed
25 exactly. '

The calcined catalyst contains 47.3% by weight of Cu. It
contains, per 100 parts by weight of Cu0Q, 53.3 parts by
weight of Zn0, 5.3 parts by weight of Al,0,, 2.9 parts by
weight of MnO, 3.2 parts by waight of CO, and 0.15 part

30 Dby weight of Na ;0. =
' Sheet Has Been Replaced

HII\I!l |Illll 1

Received Time 22 Feb. 18:18 - Print Time 22, Feb, 18:32




* 22 FEB 956 11:29 HOECHST ARG WERK RUHRCHEMIE FaK S.18

dei pni sed water (mixed salt solution). The m xedh iReplade¢ heat ed to
lj y di ssol ving
ion is also

t ]
85[err] C The solution of the basic precipitant
1,505 g of Na2CO8 in 14.2 litres of deionised wat
heated to 85[err]C 48 g of finely di-villed Al[err]Jerr] (conmmercial
product "Type H' from Martins- werk/Bergheim, as a support, and 4 litres

\?\; t ﬂe;ogit sed “ﬂ{é(rjng?ﬁh %&éé}t?%ﬂﬁ&hmﬁd Qid &S tﬁﬂ/geateéaublyhti ineghepped
_ irrer an e . mxture | egl ed to r ] i rring. .Ihe
m xed salt solHRTeAPCe Fﬁ@géol 3??0@8%“%? eagis%(?%‘ge\é*&p%k[a}trﬂ é#ega owed
to run :j nt]? t2 hEoymed: | oy tpazres ok s aradiapmnyt s $5Hom. sThel cappeysmetader
a period o Sq M iﬂ%%&d ld Id ifd m*/§So@f cihe two
sol utions ar e%n\%%fc%% ?%géeg%: ot her s"?ét%adtd%l H of 7.%%‘ toyg.g ics:
mai ntained in the precipitation vessel. The tenperature in the
preci pi tatg on g’m%iﬁ kept constant at 85[err]C. After precipitation is
conpl eted, the procedure as given in exanple 1 is followed, except that the
dried precipitation product containing the support is calcined for 5 hours
|bn t he E[ er][] Bteparationsof a rdat.alystheopdiadindag SuOal $80,cAhsQun Y05 60
y weight o I Gi@i ns, per 100 parts by weight of CuO, 43.2 parts by
wei ght of Zno%%.%u%grts by weight of Al[err](Jerr], 2.8 parts by wei ght
of MiO 3.7 parts by weight of CJerr] and 0.1 part-by weight of Na2O The
gg Eo% a: sur;apesgrgabf_ Tul(hd, ] €3H,P/, 700 . Ung ealf i NOy) 2t 680, 93%.Sf & he
otal surfage I S ppr | r .%f%l I .nm
Theagcopper rret%f %giﬁgb)é3&@%%%%?9%&%%%@@3%3@9#; %g]r‘ﬁil&of Cu.
Exanpl e 518ydrimeWa¥i bhtersnofudasonized water (miked salt solution).
' The mixed salt solution is heated to 85°C.

The solution of the basic precipitant is ocbtained by
dissolving 1,505 g of Na,CO; in 14.2 liters of deionized
water. This solution is likewise heated to 85°C.

15 48 g of finely divided Al,0, (commercial product "Type H"
from Martinswerk/Bergheim), as a support, and 4 liters of
deionized water are placed in a precipitation vessel
which is equipped with a stirrer, and the mixture is
heated to 853°C with stirring. The mixed salt solution and

~ ' 20 the solution of the basic precipitant are run into the
precipitation vessel separately, but simultaneously, in
the course of 24 ninutes with vigorous stirring. The flow
rates of the two soclutions are matched to each other so
that a pH of 7.7 to 8.0 is maintained in the precipita-

25 tion vessel. The temperature in the precipitation vessel
is held constant at 85°C. After the precipitation is
completed, the procedure as given in Example 1 is
followed, except that the dried precipitation product
containing the support is calcined for 5 hours in the N,

30 stream at 380°C.

The calcined catalyst contains 45.6% by weight of Cu. It
contains per 100 parts by weight of CuO, 43.2 parts by
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3 litres of the catalyst prepared according to eXy #ed in
avi ng an
eated to

pelleted form (6 x 5 nmpellets) in a jacketed tu
i nternal dianeter of 38 mm The cat al y%;, cont ai

160ferr] C and, for activation, an N err] “stieam cont ai ni ng 3% by vol une of
Herr] is passed t hrough the catal yst |ayer at normal pressure at a_ gas
flow rate of hdiht/df @ud,0f13c3t physs by wakght/[aff A0, A parké P¥ed of
the N err] strea ont S ipnuepazdk! o5

hours and the‘(%ﬂé}g ﬁr}g{d}'n fheti%eétt\ﬁ% %?WPE{ glra |§ ?% :ﬁﬁ o %J:én%terrgc
n-Butanal is ew@mhht@ﬂ ﬂanoanTéﬁaBSWaFeFabpé‘Fﬁfi‘aea?rﬁ% %r

feedi ng of an ﬂféa c8dSc&ta Bt ( B4 Rl relee BETiotal Suacl:janet ad:aiao:us
pressure of O. &gnd a fIOﬁ\_{&rate of 10%?” ]igl owég: gas
m xture i s he YhOFeE (R % TS fed 0 tFi‘e sq

catal yst in tme;a.'l:ksu:ﬂaeebad:aa ofstherreduced catalyst is 76 n/g of

15 Over a peré d of 8 hours each, 600, 1,200 and 1,800 m of liquid

n-but anal / hour ate initially used (corresponding to a V/Vh of 0.2, 0.4 and

0.6, where V/Vh is the volunme of |iquid n-butanal/volunme of catalyst x
hour). An hourg¥ayeatsty of 3,000 ml of liquid n-butanal (V/Vh = 1) is

then fed to the reaction (in evaporated form. The reaction product
produced has the follow ng conposition, determ ned by gas chromatographic
anal ysi s. Hydrogen8tianabf d-butanal 3% by wei ght n- But anol 99.5
to 99. 7% by wei ght | sobut anol 0. 04% by wei ght Remai nder

by- duct
AL UC:LOS 3 liters of the catalyst prepared according to Example 1

are placed in pelleted form (6 x 5 mm pellets) in a
jacketed tube reactor having an internal diameter of
38 mm.

The catalyst-containing layer is heated to 160°C and, for
15 activation, an N, stream containing 3% by volume of H, is
passed through the catalyst layer at normal pressure at
a gas flow rate of 1,000 l/liter of catalyst x hour
(Vgas strean/ Veataiyar X h) . The feed of the N, stream containing
3% by volume of H, is ended after 24 hours and the
20 temperature in the catalyst layer is reduced to 143°C.

n-Butanal is evaporated in an evaporator operated at
130°C, with feeding of an H,~gas stream (98% hydrogen)
which is adjusted to a pressure of 0.35 MPa and a flow
rate of 10.2 Nm'/h. The resulting gas mixture is heated

25 in a heater to 143°C and is fed to the solid catalyst in
the jacketed tube reacto:x.

Over a pericd of 8 hours each, 600, 1,200 and 1,800 ml of

liquid n-butanal/h are initially used (corresponding to

a Vv/vh of 0.2, 0.4 and 0.6, where V/Vh is the volume of

30 ligquid n-butanal/volume of catalyst x hour). An hourly

' quantity of 3,000 ml of liquid n-butanal (V/Vh = 1) is
then fed to the reaction (in evaporated form).

Received Time 20 Feb, 18:18 Print Time 22 Feb, 18:32



" 22 FEB *96 11:29 HOECHST AG WERK RUHRCHEMIE FAK S.28
The ,CO nunber is 1.0 [ng of KOH g]. Exanpl e 6 Hydrogenati on of

2- et hyl hexenal 3 litres of the catal yst prepared according to exanple 4
are pl aced in tabl et form (6 x 5 nmtabl eilé) in a jacketed tubul ar reactor
havi.ng an internal diameter of 38 mMm Tatal yst is activated as
described in exanple 5 and the tenperature in the catalyst layer is then
reduced to 143[err] C 1,500 m of 2-ethyl hexenal /hour (correspondi ng to

VIVh = 0.5, whg I Sl ‘LW

- cat al yst X hour %a}%\%\?é%gr§§°§ahun§naéegé§$%€%r2ﬁ%égate at 10gterr CTwith
feed of an H efeFesmiped bPysgasy& Q@ﬁf"ﬁﬁﬁ&ﬁlf-‘saﬁﬁ}ﬁﬂﬂd to a pressure of
0.15 MPa and a flowrate of 4.4 Nrr[err]/h The resulting gas mxture is

heated in a heater to 14 rr s fe catalyst in the
j acket ed tubul ar react %\r'%[“%aflﬁg géb‘ 6 Sgaw gggéhg for 2,160 hours
wi thout interruption, \n'-ﬁmiamoé.ny”aﬁkw BﬁpiﬁirbrnWEbghthe course of

reaction bgi ng observeq,, L04% 16 The
conposi ti o% of the start Pr?g];arrr‘g%em gl dth Fig reaction product

(determ ned by gas chr W&M&R&W%s) are conpiled in the foll ow ng
t abl e.

The CO number is 1.0 [{mg of KOH/g].

Example 6
~
Hydrogenation of 2-ethylhexenal
10 3 liters of the catalyst prepared accoxding to Example 4
are placed in tableted form (6 x 5 mm tablets) in a
jacketed tube reactor having an internal diameter of
38 mm.
The catalyst is activated asz described in Example 5 and
15 the temperature in the catalyst layer is then reduced to
143°c.
"_\ 1,500 ml of 2-ethylhexenal/houxr (corresponding to

Vv/Vh = 0.5, where V/Vh is the volume of liquid 2-
ethylhexenal/volume of catalyst x hour) are evaporated

20 in an evaporator operated at 100°C with feed of an K,
stream (98% hydrogen) which is adjusted to a pressure of
0.15 MPa and a flow rate of 4.4 Nm’/h. The resulting gas
mixture is heated in a heater to 140°C and is fed to the
solid catalyst in the jacketed tube reactor.

25 The reaction is carried out for 2,160 hours without
interruption, without any marked impairment of the course
of reaction being observed.

eet Has Been Reraoed
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Tab).e Starting materi al Reacti on product
(% by wei ght) (% by wei ght) Cerr]-Cerr]-hydrocarbon

0.1 0. 3-0.4 n-but anal ' 1.6

n/ i so- but anol o A9 - 2.2

2- et hyl hexanal 0.6 0.4

2-et hyl hexenalThe composition of theédlsfarting material ax@ QJf the

2- et hyl hexanol er
boil ers reaction a%’f)?%‘ic't %dete:énﬁxed bg 0985 hgoma%@gi‘ag'hg.
17 analysis) are compiled in the tabmtbgikm ai s , 1.
A catal yst containing, per 100 parts by weight of CuQ 40 to 130 parts by

wei ght of ZnO,_2 to 50 parts by weight of Al[err](err] and, optionally,

0.5to 8 5 Zable parts by veight of an oxide of M1, M, V, Zr

and/ or of ®&n al kaline earth Starting metexiabavi ng a Headtion
surface area of 80 to 175 n2/g of catalyst in the oduct
unreduced state, 75 to 95% of the BET tbtb& mlfgm)e area bein § P ht )
por es havi ng a-radrous—rfert——<—I5—TmmTwmrcirTsoht

process in ¢,~C,-hydrocarbdfi Ch an aqueous golgiti on contai niggs sal g s4 of
copper, zinc, a unm nium and 10 fpéi onal |y of manganese,

mol ybdenum  vaRERRERR2Si 1 coni um and/ or of an al kaTi ne

earth nethd, andisbutgnedus sol ution of a basbc?%recipitant are 2.2
separately but S y brought togeth nd the precipitatpgopn is
carj] ed out at aé%iﬁg ?Hé#i( within a range g‘? € 5to 85 and aboé/ep
70[err]C, in -ethylh.exenal particular 70 $b®5[err]C, prefera®y0¥s5 to

85[err]C, the zoaﬁﬁylnekaﬁ@lpr oduced is 15 4.0 separated o§§,swashed

w th water, ed, cal |ned at 320 to _400[err over a
period of 4 toh% %u?g 8nd reduced i #PP¥ Treidcs RPPTOH: C%'[%ll yst

accordi ngl%o cleirmt—eharaetertsed—ia—that—the—aetre—coppet

Has Been Replaced
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met @l surface area of the reduced catalyst is 30 to 125, in particular 35
to 20 - 100, preferably 40 to 85, rr[err]/g -of- Cu.
A cat al yst according to claim1 or 2, which contains i eetjf-PasBP

3L 5By
wei ght of CuUO, 45 to 100, in particul ar &9 to 80, part: I7n0
and 3 to 40, in particular 4 to 30, preferably 4 to le Hmﬁu ght of
25 Alferr]Jerr]. Patent img A cat gto
one or nore of clains 1 to 3, which contains, per 100
parts by weight of CuO 0.51to0 8, in partlcular 1l to 6, preferabl 2 to 4,
parts by weight. of Aagatalyetoicomtaimingy, per ah0f opastsabmiweight of th 30

metal, in particul@te an @thglj(;‘}]eﬂ\& q;?grwﬂc ‘ﬁd ‘2&{0 nQ o8’ 5b E%b
0

5. A cat al yst accof d| n of i s char ct ri sed
in that it by weight of,Ad:0s BRSL 'oﬁlné e BaP 85% %

particul arg Ca oxi CkeeﬂghBaof an oxide of MmXiMte, Veler ard/dim ofi da as
t he al kal i ne earth

18 ﬁ%g}xﬁ %{?ﬁeﬁ (%et(?.l g h{’o ng a B BE'.L‘ tota sulrface frea
characteri sed in toft80 to 175 m’/g of catalysy Jtlbt"-'d’ﬁ me& éi—althBS to

160, in particul ar790t609§55of nEyed rﬂl?.".lg tJtal surface area beSd'fo¥ined) the
unreduced state. st ac&grdl ng to one or nore of

ca
clains 1 to 6, chahﬁc?%-l"?%eﬁa\'#glﬁtr adfud I = AM."80 to 92% preferably
84 to 90% of the BET total surface area is fornmed by pores.

raving 2 16912, Lfhd] cacmIiR as claiped fp c1dlfS1d Yot ACLR" 40 to

ONGepr N tl arie erein
particul ar 60 to caotivet leopper t mesnls Auntace  axeas of ke hyredmced

having a radius r[gatd1gs® W8 30 to 125, in particular 35 to 100,
preferably 40 to 85, m’/g of Cu.

3. The catalyst as claimed  in claim 1 or 2, which con-
15 tains, per 100 parts by weight of Cu0O, 45 to 100, in
particular 45 to 80, parts by weight of ZnO and 3 to
40, in parxticular 4 to 30, preferably 4 to 11, parts
by weight of Al,0,.

4. The catalyst as claimed in one or moxe of claims 1 to
20 3, which contains, pex 100 parts by weight of CuO,
_— 0.5 to 8, in particular 1 to 6, preferably 2 to 4,
| parts by weight of an oxide of Mn, Mo, V, 3r and/or
of an alkaline earth metal, in particular an oxide of

Mn and/or of an alkaline earth metal.

25 5. The catalyst as claimed in one or moxe of claime 1 to
4, wherein as alkaline earth metal oxide it contains
Mg oxide, Ca oxide or Ba oxide, in particular Ca
ozxide or Bz oxide, preferably Ba oxide.

6. The catalyst as claimed in one or more of claims 1 to

30 5, wherein the BET total surface area is 85 to 160,

in particular 90 to 155, m?/g of catalyst in the
unreduced stata. —

lIIIIIII IIIIII IIIII ||Il| || IIII
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9. & A catalyst according to one or nore of cl aimSQee{@as&eenmiﬁ&an 51to

45%, in, _ particular 15 to 40% pre 30% of the
BET-total surface area is 15 formed by p
r[ert] = 9 to 15 nm 10. A €htal yst

radi us

ne or nore
of claimse 1 to 9, characterised in that it cont ai ns, per
100 parts by wgi,ghtthef cRd&lyst adokulamie& in)o&& oh:nmbﬁétbﬂd:.'ﬁain‘ls 1 to

to 60, preferably to, 35 a ht 0 [ ubl e
in 20 8., Hparesh bh 50 94 e Grabny BRCKO 0h Se g B,
silica gel and/or zbtadrparface, area is formed by ppreSehabil}gAa[mdl]\q err].
11. A cat al yst agcogdiggnﬁo one or nore of clainms 1 to 10, characterised
i n that in reduced form it contains, per 100 parts by
wei ght of Cu, 48 to 163 parts 25 by wei ght of ZnO 2.4 to 63
parts by wsi ghg.of mhb[ ecathOiystr is aglafimed i oré 6xi mok@ of claims 1 to

el O O ApwReRRTRTbg) B, Vﬁzeofazéﬁﬁé%%ﬂ"té'éﬁ# # Fed i n

that it contains, BET i@tal) surface area ipaformsd hyi poresi havirks ao

125, in particul ar y3Qit:g 100< ®aghs by weight of ZnQ, 3.7
to 50, in particular 5 0 {8 37.5, preferably 5.0 to 13.8, parts by

wei ght of Al[err]Jerr] and possibly 1.2 to 7.5, in particular 2.4 to 5.0,

parts by 9. The catalysghasoflaimediiie cafe kir mbEe Of dlaimd/ dDrtof an
al kallne rth met I
19 - i 13. cHPeredn 3 %34 |%ng in particular 15 Eo 0% Brefezo, in

thdt it contains Mab Yy 1l to 30% ofokhe: BET Ba:qmldesurface area ia A

catal yst accordi ng foeneide by poRed ‘hhv‘!.h@' E‘Sr&éﬂxﬁ 3= agcisramged in 5
that it contains, per 100 parts by weight of Cu, 2. % to 100, in particul ar

4.8 to 75, preferably 6 to 44, parts by weight of a
support which i19. mhel cheitalyst as claimed in onewwremoprenofiaclaiméal to

Siderr], kiesel guly, ohlilbhCofi€hing) [ 562 {6 Bdres by Goibhe Sel&ho] A8
15 addition 2 to 80, in particular 4 to 60, preferably
5 to 35, parts by weight of a support which is
insoluble in water, in particular 8i0, such as
kieselguhr or silica gel and/or Al,0,, preferably
Al,0;.

20 11. The catalyst as claimed in one or more of claims 1 to
10, which, in reduced form, contains, per 100 paxts
by weight of Cu, 48 to 163 parts by weight of 2ZnO,
2.4 to 63 parts by weight of Al,0, and possibly 0.6 to
10 parts by weight of an oxide of Mn, Mo, V, 2Zr

25 and/or of an alkaline sarth metal.

12, The catalyst as claimed in claim 11, which contains,
per 100 parts Dby weight of Cu, 56 to 125, in
particular 56 to 100, parts by weight of Zn0, 3.7 to
50, in particular 5.0 to 37.5, preferably 5.0 to

30 13.8, parts by weight of Al,0; and possibly 1.2 to
7.5, in particular 2.4 to 5.0, parts by weight of an
oxide of Mn, Mo, V, 'Zxr and/or of an alkaline earth

| T
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15.« A process for preparing a catalyst according to one or nore of clains

1 to 10, 14, characterised in that an aqueous sol ution
cont ai hing salts of copper, zinc, alumniumand optionally
of mmnganese, nol ybdenum vanadium =~ = 22 = zi rconi um and/ or of an
al kaline earth netal, and an aqueous solution of a basi c

precipitant are3sephéaicaltalydt! &£ "ulagnequily clHONONl RIeider wAIdh

the precipitation, | pnal LN, the presence,of a support, is carried out
at a 15 cSRtafRE, té”bﬁ&%/i‘?’ﬁiﬁl"&ﬁ%'e of 7.5 to 8.5, in
particular 70 to 95[err]C, preferably 75 to 85[err]C, the
coprecipitate pgo dehé rage h bt ;

DAPOPRE pAPatfRe &L0GLR meq (28 )Bfle 1ok moze of glaimg i,

wat er, dried, calclne err over a Rerlo
and to }3quvherein, ifufPabainspoper 10Qcparts pyowedghtor

pL epar ihng al cat aljy:sf a?pozdt; ngot mool,aii.mt ﬁ?gtibﬂlgﬁgﬁbseg 75, p_r:gfer— g
that the calcine sf.ig,re err ossi,bly ,under
el evat ed pressure,ggkfhgaiﬂygﬁbggﬁgﬁgtﬁgggﬁgﬂﬁgtBge; ﬁﬂb?ﬂr o] g&Fh%if.O to
5% by vol ume of hytmagiuble 28 wateri7in pEndicudazf Siicy, ckiesedguhar, the
hydrogenation of agfipfélegel 0 X165, preferably Al,p,.2l cohols.

15. A process for the preparation of a catalyst as

10 claimed in one or more of claims 1 to 14, wherein an

aqueous solution containing salts of copper, zinc,

aluminum and possibly of manganese, molybdenum,

vanadium, =zirconium and/or of an alkaline e¢arth

metal, and an aqueous solution of a basic precipitant

15 are separately, but simultaneously, brought together

and the precipitation, possibly in the presence of a

support, is carried out at a constant pH within a

range of 7.0 to 8.5, in particular 7.2 to 8.0,

preferably 7.5 to 7.8 and above 70°C, in particular

20 70 to 95°C, preferably 75 to 85°C, the coprecipitate

produced is separated off, washed with water, dried,
calcined and reduced if required.

16. The process for the preparation of the catalyst as

claimed in claim 15, whorein the calcined catalyst is

25 reduced at 130 to 190°C, possibly under elevated

pressure, with a hydrogen/nitrogen mixture, which
contains 1.0 to 5% by volume of hydrogen.

17. The use of the catalyst for the hydrogenation of
aldehydes to give alcohols.

This Sheet Has Been Replaced
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