PF 55724 1 pmMss¥zied catal yst bodi es and net hod for hydrogenati on of carbonyl
conpounds Description 5 The invention relates to a process for the

catal yti c hydrogenati on of organic conpounds containing at |east one
carbonyl group in the presence of copperl containing catal yst pellets and

t he copper - gienkas aatagssmmr@%aw@torlhgelﬂo@énazfondﬁéﬂ%ﬁyiScb@h%ouncﬂso The

catal yti c hydrogenation of carbonyl conpounds such as carboxylic acids or
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This results in a drop in activity and the bu1ldtng up of a differential pressure over the
reactor due to the disintegrating catalyst shaped bodies. As a consequence, the plant
has to be shut down prematurely.

25 _
DE 198 09 418.3 describes a process for the catalytic hydrogenation of a carbonyl
compound in the presencé 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,

30  cerium, noble metals and metals of transition group VI, with the surface area of
copper being not more than 10 m%g. Preferred support materials are mixtures of
titanium dioxide with aluminum oxide or zirconium oxide or aluminum oxide and
zirconium oxide. In a preferred embodiment, the catalyst material is shaped with
addition of metallic copper powder or copper flakes.

35
DE-A 195 05 347 describes, quite generally, a prbcess of catalyst pellets having a high
mechanical strength, with a metal powder or a powder of a metal alloy being added to
the material to be pelletized. Aluminum powder or copper powder or copper flakes,
inter alia, is added as metal powder. However, in the case of a copper oxide/zinc

- 40  oxide/aluminum oxide catalyst, the addition of aluminium powder gives a shaped body



inter alia,PR3724ded as netal powder. However, in the case of a copper

© oxide/zinc 40 oxi de/ al um num oxi de catal yst, the addition of alum nium
powder gives a shaped body PF 55724 2 i ch has poorer |ateral conpressive
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compoun east one hanum sten, nolybdenum titanium or
zi rconi um conpound, addition of netallic copper powder, 25 copper fl akes or
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and subsegquent drying, caicination and shaping to form catalyst pellets or catalyst
extrudates having a diameter d and/or a height h of < 2.5 mm, catalyst spheres having
a diameter d of < 2.5 mm or honeycombs having a cell diameter r, of less than 2.5 mm,
giving a shaped catalyst body which, due to the addition of at least one lanthanum,
30  tungsten, molybdenum, titanium or zirconium compound, displays high activities and

selectivities and has a high stability.

 The present invention accordingly provides a process for the hydrogenation of an
organic compound containing at least one carbonyl group, which comprises bringing
35 the organic compound in the presence of hydrogen into contact with a shaped body
which can be produced by a process in which

(i)  an oxidic material comprising copper oxide, aluminum oxide and at least one of
the oxides of lanthanum, tungsten, molybdenum, titanium or zirconium, with
40 preference being given to the oxides of lanthanum and/or tungsten, is made



whi ch can Pe5sT®tluced by a process in which (i) an oxidic materi al .
conpri sing copper oxide, alum num oxide and at |east one of the oxides of

| ant hanum tungsten, nolybdenum titaniumor zirconium wth 40 preference
being given to the oxi des of |anthanum &nd/or tungsten, is made PF 55724 3
avai | abl e, (iigvapsthwerulent metallic copper, copper flakes, pulverul ent .
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catal yst used F9f fibcess of the present invention is characterized by
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20  precipitating the active component copper, the component aluminum and the
component consisting of at least one of the oxides of lanthanum, tungsten,
molybdenum, titanium or zirconium either simultaneously or in succession, preferably
by means of a sodium carbonate solution, subsequently drying and calcining the
precipitate and pelletizing it or pressing it io produce the further shapes and calcmlng it

25 again.

In particular, the foliowing precipitation method is useful:

A) A copper salt solution, an aluminum salt solution and a solution of at least one
30 salt of lanthanum, tungsten, molybdehum, titanium or zirconium or a selution
comprising a copper salt, an aluminum salt and at ieast one of the salts of
lanthanum, tungsten, molybdenum, titanium or zirconium is/are precipitated in
paraliel or in succession by means of a sodium carbonate solution. The
precipitated material is subsequently dried and, if appropriate, calcined.
35
B) Precipitation of a copper salt solution and a solution of at least one salt of
lanthanum, tungsten, molybdenum, titanium or zirconium or a solution comprising
a copper salt and at least one salt of lanthanum, tungsten, molybdenum, titanium
or zirconium onto a prefabricated aluminum oxide support. In a particularly
40 preferred embodiment, this is present as powder in an aqueous suspension.



35 B) Precppigsag4 on of a copper salt solution and a solution of at | east one
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The shaping the component (i), pulverulent metallic copper, copper flakes, pulverulent
25 - cement, a mixture thereof or a mixture thereof with graphite is then added to the oxidic
material obtained after precipitation, drying and, if appropriate, calcination.

The dried powder obtained is then shaped fo produce the catalyst pellet of the present
invention or the catalyst extrudates of the present invention by means of a suitable

30 tableting press or a suitable extruder to form pellets or extrudates having a diameter d
of less than 2.5 mm and/or a height h of less than 2.5 mm, preferably d and/or h are
less than 2 mm, particularly preferably d and/or h are less than 1.0 mm.

The cétalyst of the present invention can also be in the form of catalyst spheres having
35 adiameter d of < 2.5 mm, preferably less than 1 mm.

Further suitable shaped catalyst bodies according to the present invention are
honeycombs having a cell diameter r, of less than 2.5 mm, preferably less than 1 mm,
which can be produced in a known manner from the above-described powder.

40



The cat al yBF 9824 he present invention can also be in the formof catalyst
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25 sense.

In a preferred embodiment, the present invention accordingly provides a process as
described above, wherein the oxidic material comprises

30 (a) copper oxide in a proportion in the range 50 < x < 80% by weight, preferabiy
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.
35
(¢) atleast one of the oxides of lanthanum, tungsten, molybdenum, titanium or
zirconium, preferably of lanthanum and/or tungsten, in a proportion in the range
2 =z <20% by weight, preferably 3 <z <15% by weight,

40 in each case based on the total weight of the oxidic material after calcination, where



(b) al umi nuff 8X74fe in a proportion in the range 15 <y < 35% by wei ght,
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material prio i Q%
powder , quﬂrﬁ é‘@?e‘m ®owder or the mixture thereof as conponent
(ii). Hﬁreference IS given to addi ng such an anount of graphite that shaping

to forma |nparticular, the oxidic material may comprise a proportion of not more than 10% by

weight, preferably not more than 5% by weight, based on the total weight of the oxidic
material, of at least one additional component selected from the group consisting of the
elements Re, Fe, Ru, Co, Rh, Ir, Ni, Pd and Pt.

25
In a further preferred embodiment of the process of the invention, graphite is added to
the oxidic material prior to shaping to form the shaped body if it comprises copper
powder, copper flakes or cement powder or the mixture thereof as component (ii).
Preference is given to adding such an amount of graphite that shaping to form a

30 shaped body can be carried out more readily. In a preferred embodiment, from 0.5 to
5% by weight of graphite, based on the total weight of the oxidic material, is added.
Here, it is immaterial whether the graphite is added to the oxidic material before or after
or simultaneously with the copper powder, the copper flakes or the cement powder or
the mixiure thereof.

35
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 of copper, copper flakes
and/or cement resulting from (ii).

40 '



30 shaped BE#$7#84n be carried out nore readily. In a preferred enbodi ment,
from0.5 to 5%by weight of graphite, based on the total weight of the
oxidic material, is added. Here, it isqimmterial whether the graphite is
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descri bed above in which graphite in an amount of fromO0.5 to 5% by wei ght,
based on the total weight of the oxidic material, is added to the oxidic
materi al ofN PHEICM3LETA EoBpPrigisper, copper flakes and/or cement resul ting
from(i%). 40 PF 55724 7 1In a preferred enbodi nent, the present invention
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preferably 3 to 15% by wei ght, 15 in each case based on the total weight of
where 80<x+y+z<100Q, jn particul ar

the oxidic, paterial after calcination,
05<x 1y +2< 600, SHEASLPIT £ BE SRS BORBBRMURoREsen MRUdesHM: BBk Fouder or a
m xt ur e t her eofirconiuan, Gferablyof theonides of ratheaangearidiaiurigstan, #08pimportienght ,
based on the tigtyd L oht > 9boi N8R, pikcH [ vadvgg@phite in a -
proportion of lfrorrqa\g.sS t_oZE%Oég’&IV\e%(%‘ﬂf ?reggg‘élgégﬁh?ﬁe toe?gr?t’ wei ght of the
oxi dic¢ terial, where the sumof the proportions of oxidic material,

met al | i ¢ cioppeh cpmeithesed onidpgp tatal futedghe sf ihie oxigitematepiaivatier calcination, where t her eof

and graphgd e e fﬁ’(?l % py j 9 of the shaped body, wherein
t he shaped ZBX%yii%‘qoﬁhie l(i)arr%%o—f)pay\éﬁ%éﬁg%t pell et or catal yst extrudate

having a dianeter d and/or a height- h of < 2.5 nm catal yst spheres having
a di anmet ermetatiic ceperpomrien ropedrdlbled or cement powder or a mixture thereof in a

20  proportion in the range from 1 to 40% by weight, based on the total weight of the oxidic
material, and 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, copper flakes or cement powder or a mixture thereof and
graphite makes up at least 95% by weight of the shaped body, wherein the shaped

25 body is in the form of a catalyst pellet or catalyst extrudate having a diameter d and/or
a height h of < 2.5 mm, catalyst spheres having a diameter d of < 2.5 mm or catalyst
honeycombs having a cell diameter r, of < 2.5 mm. In this preferred embodiment, too,
the shaped body is free of zinc oxide and nickel oxide.

30  After addition of the copper powder, the copper flakes or the cement powder or the
mixture thereof and, if desired, graphite to the oxidic material, the shaped body
obtained after shaping is, if desired, caicined 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 {o 600°C, preferably in the range from

35 250 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 to dry it.

40  When the shaped body is used as catalyst in the oxidic form, it is prereduced by means
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swrlin are €W Se’ possi at1on can be carrled out
in the2 aas "fﬂﬁ’&s% ugflow ModRe | i qui d phase. The hydrogenatl on is preferably
carried out in the liquid phase, for exanple in the downflow 20 node or

upt | oW mod gy 8 nidBadhibRRERALOR Py gslw%de' theliBqdaaid ow mode,  the
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- upflow mode, hydrogen gas is introduced into the reactor fiooded with the liquid
reaction mixture and the hydrogen passes through the catalyst bed as rising gas
bubbles.

30 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 passing through the
reactor and, if desired, is passed through a second reactor as defined above. The other
part of the product is combined with fresh starting material comprising the carbonyl |

35 compound and fed back into the reactor. This mode of operation will hereinafter be
referred to as the circulation mode.

- If the downflow mode is chosen as embodiment of the process of the present invention,
the circulation mode is preferred. Further preference is given to carrying out the
40 hydrogenation in the circulation mode using a main reactor and an aiter-reactor.
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and car bon Theoprodess df i presard irvanioxiy lprafer@blydsed i thdbydrogatatiovat | ves. O
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hydr ogenate%l1 &°1 so conprise nore than one carbonyl group. The process of
the predent invention is preferably used for the hydrogenation of aliphatic
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obt ai nabl e, offtioe ommpéss,frdmylmaaansbranched olefins having internal or terminal double

bonds. It is also possible to hydrogenate oligomeric compounds comprising more than
25 30 carbonyl groups.

Examples of aliphatic aldehydes are:

formaldehyde, propionaldehyde, n-butyraldehyde, isobutyraidehyde, valeraldehyde,

30 2-methylbutyraldehyde, 3-methylbutyraldehyde (isovaleraldehyde), 2,2-dimethy!-
propionaldehyde (pivalaldehyde), caproaldehyde, 2-methylvaleraldehyde, 3-methyl-
valeraldehyde, 4-methylvaleraldehyde, 2-ethylbutyraldehyde, 2,2-dimethyl-
butyraldehyde, 3,3-dimethylbutyraldehyde, caprylic aldehyde, capric aldehyde,
glutaraldehyde.

35
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 a-olefins, are also
particularly suitable.
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35

40

acid, n-valenc acid, tnmethylacetlc acid ("pivalic acid"), caproic acid, enanthic acid,
caprylic acid, capric acid, lauric acid, myristic acid, palmitic acid, stearic acid, acryhc
acid, methacrylic acid, oleic acid, elaidic acid, linoleic acid, linolenic acid, cyclohexane-
carboxylic acid, benzoic acid, phenylacetic acid, o-toluic acid, m-toluic acid, p-toluic
acid, o-chiorobenzoic acid, p-chiorobenzoic acid, o-nitrobenzoic acid, p-nitrobenzoic
acid, salicylic acid, p-hydroxybenzoic acid, anthranilic acid, p-aminobenzoic acid, oxalic
acid, malonic acid, succinic acid, glutaric acid, adipic acid, pimelic acid, suberic acid,
azelaic acid, sebacic acid, maleic acid, fumaric acid, phthalic acid, isophthalic acid,
terephthalic acid,;

carboxylic esters such as the C+-Cq¢-alkyl esters of the abovementioned carboxylic
acids, in particular methyl formate, ethyl acetate, butyl butyrate, dialky! esters of
phthalic acid, isophthalic acid, terephthalic acid, adipic acid and maleic acid, e.g. the
dimethyl esters of these acids, methyl (meth)acrylate, butyrolactone, caprolactone and
polycarboxylic esters, e.g. polyacrylic and polymethacrylic esters and their copolymers,
and polyesters, e.g. polymethyl methacrylate or terephthalic esters, and other industrial
plastics; in these cases, the reactions carried out are, in particular, hydrogenolyses, i.e.
the reaction of esters to form the corresponding acids and alcohols;
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caprylic aprdgs7egapric acid, lauric acid, nyristic acid, palmtic acid,
stearic acid, acrylic 25 acid, nethacrylic acid, oleic acid, elaidic acid,
linoleic acid, linolenic acid, cyclohexane- carboxylic acid, benzoic acid,
phenyl acetic acid, o-toluic acid, mtollic acid, p-toluic acid,
o-chlorobenzoic acid, p-chlorobenzoic acid, o-nitrobenzoic acid,
p-nitrobenf acid, salicylic acid, p-hydroxybenzoic acid, anthranilic
acid, p-a ‘Bbenzoi c acid, oxalic acid, malonic acid, succi nic acid,
glutaric acid, adipic aC|d pinelic acid, suberic acid, 30 azelaic acid,
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acetate, bamiMdrigeityrate, dialkyl esters of 35 phthalic acid, isophthalic
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acid, or twerevdamkchydsoge®ated. gl yci ne, al anine, proline and arginine, and

pepti des to be reacted. As particularly preferred organi Cc conpounds,

sat ur at ed or unsat urated carboxylic 15 acids, carboxylic esters, carboxylic
anhydri des 0% Plegertdneation hﬁf%i?rﬁraé%o RIPVifign2 BFOcRBS &s d ?%@P%P boyedn Mft¥iogenat ed.
The pr esentheionyaeit conpdune ieh caoaylis @cioi e\ceﬂbezylm, g3t ca sarbasylideskydridedrabove
in Wniﬁ;p émﬁﬁgam c conpound is a carboxylic acid, a carboxylic ester, a
carboxylic an ride or 20 a |actone. Exanpl es of t hese conpounds are,
inter alia, nalelc acid, maleic anhydride, succinic acid, succinic

anhydri de, Exadnplée<oidbesk cdinjoutide rys; aperdlie, meaielt, acit, myaiéiodnluieid;lé,mmpin@i C

acid, succinic anhydride, adipic acid, 6-hydroxycaproic acid, 2-cyclododecylpropionic
acid, the esters of the abovementioned acids, for example the methyl, ethyl, propyl or
25  butyl ester. Further examples are y-butyrolactone and caprolactone.

in a very particularly preferred embodiment, the present invention provides a process
as described above in which the organic compound is adipic acid or an ester of adipic
acid.

30
The carbonyl compound to be hydrogenated can be fed io the hydregenation reactor
either alone or as a mixture with the product of the hydrogenation reaction, and can be
fed in in undiluted form or using an additional solvent. Suitable additional solvents are,
in particular, water and alcohols such as methanol, ethanol and the alcohol formed

35 under the reaction conditions. Preferred solvents are water, THF and NMP; particular
preference is given to water. '

The hydrogenation both in the upflow mode and in the downflow mode, in each case
preferably in the circulation mode, is generally carried out at from 50 to 350°C,
40 preferably from 70 to 300°C, particularly preferably from 100 to 270°C, and a pressure



acid, the egtsgraqof the abovenentioned acids, for exanple the nethyl, ethyl,
propyl or 25 butyl ester. Further exanples are y-butyrol actone and

caprol actone. In a very particularly preferred enbodi nent, the present

i nvention provides a process as describ&d above in which the organic
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for preparing Héxanedi ol and/or caprol actone, as are described in DE 196 07

954, DE 196 07 955, DE 196 47 348 and DE 196 47 349. Hi gh conversions and
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the catal Y%&eﬂﬁn%ﬁibﬁ%&ﬁ%ﬁlﬂhé?@%&ér Ibdfal Bﬁﬁg%ﬁivé W& t;h gﬂvagﬁgs.t he
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and specifically the catalysts of the present invention is described by the
educed, o Egel EHRRERTE SRyBk Ethclonindio pepuricsel opkRprba " o

strengt h mﬁ@teag?@ﬁ%i%'gw%‘?a tfgapgﬁp%fgg&o%'étf%erﬂrogggﬁg (U%@Megﬁfﬁ i cation
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the redyced caid@l ¥ witfogaR ArhdiPhbees £Abakv¥idtEoxiddiBn MR aRWERM s were carried
20 out under a nitrogen atnosphere so as to avoid reoxidation of the

catal ysts. The follow ng exanples illustrate the invention in nore detail.
Exanpl es  The following examples illustrate the invention in more detail.

Examples
25
Example 1: Production of catalyst 1

Production of the catalyst

30 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 lanthanum
nitrate x 6H,O solution was dissolved in 1.5 | of water (solution 1). Solution 2 comprises
60 kg of a 20% strength anhydrous Na,COs. Solution 1 and solution 2 are fed via

. separate lines into a precipitation vessel which is provided with a stirrer and comprises

35 10 |- of water which has been heated to 60°C. Here, the pH was brought to 6.2 by

appropriate adjustment of the feed rates of solution 1 and solution 2.

While keeping the pH:constant at 6.2 and the temperature constant at 60°C, all of the
solution 1 was reacted with sodium carbonate. The suspension formed in this way was



25 Exanpl e pt:ss7pgducti on of catalyst I Production of the catalyst 30 A
m xture of 12.41 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 |lanthanum nitrate x 6H20 sol ut¥3on was dissolved in 1.5 | of water

(sol ution %)bseaBbmtly Difred rGrAMBiHe? §houP &k SusierdioR09FRdE € REd Wasithiditious
Na2CO3. Sol,u lines into a

: I . 50| d vi.
- precipitat Pghfl'?&%‘g%tglla&\mﬁo nq{rl%tg%P%\?ﬁ{fgf&;‘%\)”?%ﬁiggss‘?’%)?g tpgﬂh conprises 35 10 |

of water which has been heated to 60C. Here, the pH was brought to 6.2 by
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eepi ng c . {4l a o]
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this way wasdmphitsTha compach abdairrebismmiyedwith padyrwriokinbChdlekas fiemr . The
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powder obt &PH&dfor A PEHISs way is preconpacted with 1% by weight of graphite.
The conpact obtained is mxed with 5% by weight of Cu flakes from Unicoat

and subseq 1 9 I ol gSItE; m pel l ets
havi ng a dﬁg%%%t}eép)é{ Oé%i&?d%ﬂt@%h@gﬁﬁﬁhgeﬁc{h%gﬂ 3;8%@ en%f)ig/f? lejtb?g\ci\g%e finally
cal ci ned af038R% L&0Bh&lrs. 10 The catal yst produced in this way has the
chem cal cohptderal aomBZssiveausdiengtbitiotheddddid sttdbitad 42 03 ab&dHatin thbeedwredr al

conpr essi Ve ad weH gk R,,iagl & ffhic1state was 44 N, and that in the reduced
state \ﬁlgs 25 N, as shovv?n é‘ﬁnqﬁ:{ﬁ@e 1. 15 Exanple 2: Hydrogenation of dinmethyl

adi pat e’over catalyst | Dinethyl adi pate was hydrogenated continuously in
t he downf | Ewamplge: Wiythivgenativinral diregthy md{pbeeoler eatplybet rati o = 10/ 1) at a WHSV
of 0.3 kg/(I*h), a pressure of 200 bar 20 and reaction tenperatures of 200C

e "eaer ) ool il ol iRl "o o0
conver si onseartulgtion @ertl/racyniseatiodi B/ 1)satladHBVial P.0fg/@6), Sopressurenel 2HAkari on
produchg abnd PetiorNeh®erdteid® \6R bodoimat Vertidae ek Péactdritfag@b alitnFoowalsoff ound to
be still ngtglygtt ‘ﬁl1¥1e experiment was carried out for a total time of 7 days. GC analysis found

ester conversions of 99% and a hexanediol selectivity of 96.9% in the reaction product

at 190°C. After removal from the reactor, the catalyst was found to be still completely

intact and had a high mechanical stability. The experimental resuits are summarized in

25 Table 1.

Example 3: Production of the comparative catalyst without iron

The comparative catalyst was produced using a method analogous to that for catalyst
30 1, but was pressed to form pellets having a diameter of 3 mm and a height of 3 mm.

The catalyst produced in this way has the chemical composition 57% Cu0/28.5%

Al,04/9.5% La,04/5% Cu. The lateral compressive strength in the oxidic and reduced

states is shown in Table 1. ' |
35

Example 4: Hydrogenation of dimethyl adipate over the comparative catalyst

Dimethy! adipate was hydrogenated continuously in the downflow mode with
recirculation (feed/recycle ratio = 10/1) at a WHSV of 0.3 kg/(I"h), a pressure of 200 bar
40  and reaction temperatures of 200°C in a vertical tube reactor charged with 200 mi of
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15 W cl aipg 54724A process for the hydrogenati on of an organi c conpound

. containing at |east one carbonyl group, which conprises bringing the

organi ¢ conpound in the presence 5 of hgdrogen into contact with a shaped
body whi ch can be produced by a process1Pn which (i) an oxidic material
conpri si ng WweRRr&h: oxide, alum num oxi de-and at |east one of the oxides of

| ant hanum tungsten, nolybdenum titaniumor 10 zirconiumis made avail abl e,
(ii) pulverulent metallic copper, copper flakes, pulverulent cement or a

m xture t Her ed¥ PRACESH fgr@pmyﬂ@gﬁsatmﬁ@nmgaﬂmecwwnd caaledincaat leagt@nas (iii)

the m xture resaidnbgrbti®WHidH donhsrisebaneging mefcﬁgén.@c@rﬁp@rmsﬁ tegdrb&dncer a
oA yes ot L Boba et edt AR e pafled B BS) B bydduBlq 5 -5 T

catal yst® spheres r? arret er Am or Oneyconbs
having a cel| RIPGasainewhieh of < 2.5 mm 20 2. The process according to claim
1, wherein the oxidic material conprises (a) copper oxide in a proportion in

the range 50 <—ﬂ| n%Q%?c%?%ﬁél%annglhsfcgéﬁeg o%gieSQ nﬁ?yg{%&@é’nd\gﬂnlggét 25 (b)

al um num oxi de
preferably 20s y< O”QGB/H‘B@XW@F@Ela”théﬂwn(wgﬁﬁnI'B%!%f?decﬁ'ﬁ@ 8 “t“ﬁ”eorom des of

| ant hanm@m t ungst erircamhny Boeaderavilabiani um or  zirconiumin a proportion in
the range 2 <_ z < 20% by weight, preferably 30 3:5 z< 15% by weight, in
each case based _on the total weight of the oxidic material after

cal ci nation, vifibr Bulgeruleny metgjlicicopgen gepper flalsss pylveuient egeent opaymixtuse: 100,
and cenent is not thHenedfwdtadirashitpds bdded tb tee axdid material,@ndal in t he above
sense. 35 3. The process according to claim1 or 2, wherein the pul verul ent

netal lic copper,. the c la uIveruIent c r the ture
Chereof1Bor ¢ ne. O x T XS EsulE 0TI SpRPeL T8 dayenbeIs) Or foiab
addi tion, an anounexirudatdbavirgng dianfeterm and/azr 2AgHI N omtl%]ﬁmm lratadybt on the

total weight of thg, I@?ééjhévﬁﬁié%fa'n%terdMgmﬂoﬂéétggst]ﬁﬂn)éy&mt@f%lr@:a%?M
16 4. The process alf: { flg¥no cl ai s , Wherein graphite is
added in an celi diameterr; of<

20 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,

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

(c} atleast one of the oxides of lanthanum, tungsten, molybdenum, titanium or
zirconium in a proportion in the range 2 < z < 20% by weight, preferably
30 3 <z < 15% 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.

35 »

3.  The process according to claim 1 or 2, wherein the pulverulent metallic copper,
the copper flakes, the pulverulent cement or the mixture thereof or the mixture
thereof with graphite is added in, by way of the addition, an amount in the range
from 1 to 40% by weight, based on the total weight of the oxidic material.
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anount in tﬁ%5§§%be fromO0.5 to 5% by wei ght, based on the total weight of
the oxidic material, to the oxidic material or the mxture resulting from
(ii). 5 5. The process according to any 4f clainms 1 to 4, wherein the
organi c conpound is a carboxylic acid, a carboxylic ester, a carboxylic
anhydri de ot a TRRBARSES a5Corfig tpeok e5gaimschiodt. mijerain gramniie 5,addadiredm the
or gani c conppurwnbwtadﬁhpir@rwgmq'trcﬂn 0 to@% 8% Welgh@Tbaded Bh heiatiweibht %f-thé\ shaped
ody conprising,,. : ] . C er..oxide in a
proportion in t’%ﬁggﬁﬁﬁggg°§%‘%&%?%ﬁ§5%5&3§%5&?@%6§§%%F§ﬁ590055 < X< 75% by
wei ght, (b) alum numoxide in a proportion in the range 15:-< vy < 35% by
wei ght, 5 pr&f erie pro2és apsorddiad%o @ity vecigints, 1 @] whrdie dheadrgrR@sémediehads t he

o opor 1 on 1 ChetPRyG o902 Lo TRy E0 U herb oAb of b WG T | 5o

wei ght, 25 in each case based on the total weight of the oxidic nmaterial
af ter cal citat i The provdeeraec@ing t& chainy 5;whietelbQfie organpaddmpouhdis fipisasidt y + z

< 100, netalli r.~opper flakes or cenent powder or graphite or
a mxture thercoero%?%%ﬁérgpgr I%oa,rcldlqon in the range from1l to 40% by wei ght,

based off the total 30 wei ght of the oxidic material, and graphite in a
proportion bf fAemap@ddotp cO¥plsingvei ght, based on the total weight of the
oxidic material, 35 where the sum of the proportions of oxidic material,
metal lic copper o%%er or, cenment powder or a mxture thereof and graphite
makes up at | ea®t 8o IAeriA\ePHRASIRE t he shaped body, wherein the shaped body
isinthe formof a catalyst pellet or catalyst extrudate having a dianeter

2.5 o cat altibe ROEpsr L R R PO M A

<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} atleast one of the oxides of lanthanum, tungsten, molybdenum, titanium or
zirconium in a proportion in the range 2 <z <20% by weight, preferably 3 <
z <15% by weight,

25 in each case based on the total weight of the oxidic material afier calcination,
where 80 < x +y +z < 100, in particular 95 <x +y + z <100,

metallic copper powder, copper flakes or cement powder or graphite or a mixture
thereof in a proportion in the range from 1 to 40% by weight, based on the total
30 weight of the oxidic material, and

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

35 where the sum of the propOrﬁons of oxidic material, metallic copper powder or
cement powder or a mixture thereof and graphite makes up at least 95% by
weight of the shaped body, wherein the shaped body is in the form of a catalyst
pellet or catalyst extrudate having a diameter d and/or a height h of < 2.5 mm,
catalyst spheres having a diameter d of < 2.5 mm or catalyst honeycombs having

40 a cell diameter r, of < 2.5 mm.



