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Hydrogenation catalyst and process for production

thereof by the use of uncalcined starting material

The invention relates to a process for producing a
shaped Cu~Al catalyst body for the hydrogenation of
organic compounds containing a carbonyl function, and
also the catalysts which c¢an be obtained wusing this
process. The catalyst is particularly suitable for the
hydrogenation of aldehydes, ketones and of carboxylic
acids and esters thereof, especially fatty acids and
esters thereof, e.g. methyl esters of fatty acids, to

form the corresponding alcchols, e.g. butanediol.
Background of the invention

The hydrogenation of carbonyl compounds, in particular
of carboxylic acids or carboxylic esters, with the aid
of hetercgeneous catalysts plays an important role 1in
the chemical industry. In principle, both slurrzy
applications and fixed-bed applications are possible
for these hydrogenations, with fixed-bed applications
predominating. In the slurry process, Lthe catalysts are
used as a powder, whereas shaped catalyst bodies are

ueged in the fixed-bed processes.

Ni-, Cu-, Co- or noble metal-contalning catalysts, in
particular, are used for the hydrogenation of carbonyl
compounds. These can be used as all-active catalysts

{e.g. Raneay catalysts) or as supported catalysts.

The patent documents DE 43 45 265 and DE 43 35 360
dezcribe shaped Raney catalysts based on Ni, Co, Cu and
Fe. These are used for the hydrogenation of organic
compounds. A disadvantage of these catalysts results
from the addition of metal powder as binder, with the
added metal powder having a lower catalytic activity .

than the Raney metal.
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The production of shaped Raney catalysts without
addition of bpinders is described in EP 380 89%96. These
catalysts are used for the hydrogenation of nitriles.
To produce these catalysts, a metal-aluminum alloy
present as powder i3 mixed with & high molecular weight
polymer and opticnally promoters and subseguently is
shaped to give shaped Dbodies. The shaped bodies éxe
calcined at temperatures of up to B50°C, which leads to
centrolled decomposition of the polvmer and formation
cf a fixed-bed catalyst having satisfactory mechanical
stability. Activation 1s effected by leaching out the
aluminum using sodium hydroxide solution. However, the
ieaching out of the aluminum and thus activation of the
catalyst occurs merely in the outer shell of the shaped
body. The core of the catalyst continues to consist of
the metal-aluminum alloy used and serves as support for
the activated outer layer of the catalvst. As a result,
a considerable proportion of the relatively expensive

alloys remains unused.

The hydrogenaticn of carbonyl compounds is carrisd out
using not only the Ranevy catalysts but also essentially
Cu and NI catalysts supported on various metal oxides

such as Al:O; or S5i0,.

Thus, for example, US 4 €66 879 describes an extruded
copper chromite~aluminum  oxide catalyst which is
produced by mixing from 40 to 8Z2% by weight of copper
chromit and from 18 Lo &0% by weight of aluminum
oxide. The Al,0s 1s typically wused in the form of
vseudoboehmite or hydroxyboehmite. The extruded
catalyst ia, after calcination, sultable for the
liguid- and gas-phase hydrogenation and hydrogenclysis.
of wariocus carbonyl compounds and functional side
groups of aromatic compounds. The BET surface area of
the extruded catalyst 1is typically in the range from
125 to 225 m/g.
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Us 4 762 817 describes a catalyst for the hydrogenation
of aldehvdes, which consist essentially of a mixture of
copper and zinc oxide. An improvement in the
selectivity was able to be achieved by impregnation
with alkali metals such as scdium, potassium, l1ithium
or cesium in combination with a transition metal <such

as nickel, cobalt or mixtures thereof.

The US patent document 4 82% 771 describes catalyst
compositions containing oxides of Cu and Ti and the use
of such catalyst compositions in the hydrogenation of

particular esters to form the corresponding alcohols.

The US patent document & 008 235 describes a process
for the hydrogenation of organic aromatic or
nonaromatic acids and esters thereol to form the
corresponding alcohols using a coprecipitated catalyst.
The catalyst contains copper, aluminum and a further
metal such. as magnesium, =zinc, titanium, zirconium,
tin, nickel, cobalt or mixtures thereocf and is
subjected fto reduction before use. The temperature in
the reduction 1is 1ncreased stepwise te a final
temperature of from 150°C to 250°C.

The US patent document 5 093 534 describes a two-stage
Drocess for the hydrogenation of saturated and
unsaturated aldehydes o alcohols using Cu- and Ni-
contalning catalysts. The first stage of the
hydrogenation 1s carried out using a particulate
alkaline copper catalyst. In the second stage of the
hydrogenation, a supported nickel-containing catalyst
whose support material has acidic sites having a

particular acid strength is used.

The US patent document 5 124 295 describes an extruded
copper  chromite catalyst consisting of a mixture

containing from about 20 to 80% by weight of copper
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chromite and from about 2Z0 to 80% b welight of an
_ Y g

extrudable inorganic Dbinder. The catalyst has a
specific surface area of from about 20 to 225 n@/g, and
the total pore volume of the pores in the catalyst is
from 0.35 to 1 ecm’/g. In one embodiment, this document
describes a process for producing a shaped copper
chromite catalyst by production of an extrudable
mixture, extrusion of the mixture and calcination of
the extrudate. The catalysts are employed for the
hydrogenation of aldehydes, ketones, carboxylic acids

and carboxyiic esters.

The Us patent document 5 134 108 describes a
hydrogenation catalyst comprising oxides of a first
metal, copper or zinge, and a second metal, chromium{
molybdenum, tTungsten or wvanadium, and opticnally an
oxide c¢f & promoter such as manganese, barium, zinc,
nickel, copbalt, cadmium or iron. The hydrogenation
catalyst 1s in the form of a powder whose average
particle diameter is from about €& to 20 pm and whose
surface area is tfrom about 20 to 70 Hﬁ/g. The catalysts
are produced by precipitation o©of the metal salts by

means of a base.

Us 5 155 086 and US 5 345 005 describe a pulverulent
catalyst which consists largely of the oxides of copper
and zinc and a smaller proportion of aluminum oxide,
to
5.5. The catalyst is produced by precipitation, &.g. at

"3

where the atomic ratio of copper to zinc is from 0.

a pH of »7, and calcination of the precipitate. The
hydrogenation catalysts are used for the hydrogenation
of aldehvdes, ketones, carboxylic acids and carboxylic

esters.

WO 92/04119 describes copper-manganese catalysts for
the hydrogenation of fatty acids and esters thereof.
They are produced by admixing an agueous solution of

Cu{ll) and Mni{II) salts with sodium hydroxide solution,
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forming a precipitate of Cu hydroxide and Mn hydroxide.
This precipitate 1s then calcined as powder or in
tableted form. The catalysts obtained have a BET

surface area of from about 3 To 45 H@/g.

WO 02/47818 describes Cu oxide-containing catalysts for
the hydrogenation of maleic anhyvdride and derivatives
thereof. As pore formers, use 1s made here of, in
particular, graphite and ammonium nitrate which are
mixed into the catalyst powder before tableting. The
catalysts in the production of which exclusively
graphite was used as pore former had a pore volume of

less than 0.2 cm’/g.

WO 97/34694 describesg copper oxide/aluminum  oxide
hydrogenaticon catalysts produced by precipitation of
agqueous solutions of copper nitrate and  sodium
aluminates using sodium carbonate. The material
obtained is, after drying, calcined at from about 400°C
to 700°C and subsequently tabileted with addition of
graphite. The pellets have a pore volume of from 0.2 to
0.6 ml/g and a bimcdal pore radius distribution having
a first magimum at about 10 nm and a second maximum at

from about %0 to not more than 200 nm.

In the commercial use of catalysts, an increase in the
conversion to the target product, in particular, 1s of
greatest interest in  the context of a further
improvement in the economics. Pellet-shaped catalysts
are predominantly used for hydrogenation reactions.
These usually have a higher mechanical stability than,
for example, extrudates. The stability 1s a conseguence
of the process of tableting since relatively high
pressures normally prevail there. However, the pore
volume and thus the accessibility of the active sites
is frequently reduced by the strong compression during
tableting, which  has an adverse effect on the

conversion 1in catalytic reactions. To compensate for
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this disadvantags, pore formers are fregquently acded
during the production of tableted catalysts 1in the
pricr art in order tc achieve an increase in the pore
volume. However, The addition of pore formers incurs
the risk that the active catalyst material will be
adversely affected by additives. Particularly when
using organic pore formers which are burnt out from the
catalyst 1n  order To 1lncrease the pore volume,
carbonization of the surface can take place. In
addition, additives, whether organic or Incrganic,
always involve the risk that impurities and catalysts
poisons will be introduced into the catalyst. A further
disadvantage of burn-out materials as pore formers is
the often very locally arising evolution of heat during
burning-out. The active sites are often adversely
affected thereby. In particular, sintering effects and
a decrease 1in the dispersion of metal particles and
thus a reduction in the activity of the catalysts can

occour.

In view of this background, it was an object of the
present invention to provide a process for producing
tableted catalysts having an increased pore volume,

without any pore formers being added.

A further cobject was to provide tableted catalysts
which have a higher activity in hydrogenation reactions

compared to catalysts of the prior art.

This object is achieved by the process of the invention

and the catalysts obtainable thereby.
Summary of the invention
The invention provides a process for producing a

tableted shaped catalyst body, which comprises the
following steps:
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(a) combining of (i) at least one agusous solution of
copper compounds, aluminum compounds and optionally
transition metal compounds and (i1) at lileast one
agueocus carbonate~containing solution to form a
precipitate, isoclation of the precipitate, optionally
washing of the isclated precipitate and drying of the
iscolated precipitate, and

{b) tableting of the dried precipitate obtained in step

(a) to give the tableted shaped catalyst body.

The process further provides a process in which part of
the dried precipitate obtained in step {a) 18 calcined
in a step (bl) and the calcined precipitate ocbtained
from step (bl) is subsequently, in a step (b2), mixed
with part of the dried precipitate cbtained in step (a)

and the resulting mixture is tableted in a step (b3).

The invention also provides a process 1in which the
tableted shaped body obtained in step (b) or in step

(b3) is after-calcined in a step ().

Furthermore, the Invention provides Cu-Al <catalysts
which can be produced by the processes of the

invention.

The invention additionally provides for the use of Cu-
A1  catalysts according to the invention for the
hydrogenation of organic compounds, in particular

compounds centaining a carbonyl function.
Detailed description of the invention
In a first embodiment, the process of the invention

comprises the following steps for producing a tableted

shaped catalyst body:
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(a) compbining.cf (i) at least one agueous soiution of
copper compounds, aluminum compounds and optionally
transition metal compounds and (ii} at least one
agueous carbonate-containing solution Lo form a
precipitate, isclation of the precipitate, optlionally
washing of the isclated precipitate and drying of tLhe
isolated (opticnally washed) precipitate to give a

dried precipitate, and

() tabkleting of the dried precipitate obtained in step
(aj.

In a second embodiment, the process of the invention

comprises the following steps:

{a; combining cof (i) at least one agueous solution of
copper compounds, aluminum compounds and opticnally
transition metal compounds and @ {ii) at least c©ne
agusous carbonate-containing solution to form a
precipitate, isoclaticon of the precipitate, optionally
washing of the isclated precipitate and drying of the
isolated (cptlionally washed) precipitate to give a dry

precipitate, and

(bl) calcination of wpart of the dried precipitate
obtained iﬁ step (a) at a tempsrature in the range Lrom
250 to 200°C, preferably at a temperature in the range
from 300 to 730°C, 9particularly preferably at a
temperature in the range from 600 to 750°C, to give a

calcined precipitate,

(b2) mixing of part of the precipitate cobtained in step
(a) with calcined precipitate obtained in step (bl) in
a welght iatio of dried precipitate (a) to calcined
precipitate {kl) in the range from 2:98 to 88:2,
preferably in the range from 10:90 te 90:10, more

preferably in the range from 15:85 to 85:15 and
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particularly preferably in the range from 20:80 to

50:50, to give a mixture, and

(b2} tableting of the mixture obtalined in step (b2) to
glve a tableted shaped catalyst body.

This second embodiment differs from the first
embodiment 1in that part of the dried precipitate
okbtained in step (a) is calcined and mixed with part of
the dried (uncalcined) precipitate cbtained in step (a)

before tableting.

In the process of +the invention for producing a
tableted shaped catalyst body, at least one agueous
solution of ceopper compounds, aluminum compounds and
optionally transition metal compounds and at least one
agueous carbonate~containing solution are firstly

provided.

The formulation “aqueous soluticn of copper compounds,
aluminum compounds and optionally transition metal
compounds” as used for the purposes c¢f the present
invention includes bhoth agueous sclutions and agueous
suspensions and agueous slurries of the copper
compounds, aluminum compounds and opticonally transition
metal compounds, with agueous soiutions heing
preferred. The at least one agueous solution of copper
compounds, aluminum compounds and opticnally transition
metal CoOMpoundas 13, for example, produced by
dissolving, suspending and/or slurrying, preferably
dissolving, at least one copper compound, at least one
aluminum compound and opticnally one or more transition
metal compounds in water at an acidic, neutral or basic

pH, preferably at an acidic or neutral pH.

As copper compounds and aluminum compounds, it 1s in
principle possibkble to use elther copper and aluminum in

metalliic form or preferably all compounds of coppsr and
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aluminum which are readily soluble in water, acids or
alkalis, in particular the galts of the metals
mentioned, very particularly preferably thelir nitrates,
carbonates, oxides, hydroxides, hydroxccarbonates,
halides such as chlorides, bromides and/or ilodides
and/or sulfates. When oxides of the metals, e.g. coppery
oxide and/or aluminum oxide, are used for producing the
agueous solutions, these are preferably partly or
completely dissolved by addition of a suitable mineral
acid. The copper in copper oxide can be present in one
or more different oxidation states, e.g. copper (1)
oxide, copper (11} oxide and mixtures thereof. The
mineral acid is preferably selected from among HNOs,
HCL, H-S0, and mixtures thereof. When the metals
themselves, i.e. copper and/or aluminum, are used for
producing the aqueous soluticon(s), suspension(s) or
silurry{les;, then these are preferably partly or
completely dissclved by addition of suitable acids or
alkalis. The dissclution of the metals can, for

example, be effected in incrganic acids or alkalis.

Preferred copper compounds are copper oxide (Cu0 and/or
Culy, copper nitrate, copper chloride, copper
carbonate, copper hydroxocarbonate (% -CuCCs -Cu(OH) 5,
where x can pe 1 or 2), copper acetate and copper
sulfate, in particular copper nitrate. As an
alternative, copper metal can also be dissolved in

oxidizing acids such as nitric acid {(HNOj) .

Preferred aluminum compounds are aluminum nitrate,
aluminum hydroxide, aluminum oxide hydrate {(boehmite},
aluminum chloride, alkali metal aluminates and aluminum
oxide (Al0s3), in particular aluminum nitrate and Na
aluminate. As an alternative, aluminum metal can also
be dissolved in nonoxidizing acids such as hydrochloric
acid (HCl} or in alkalis such as sodium hydroxide

(NaOQH) or potassium hydroxide (KOH) .
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The transiﬁion metal compounds are preferably sslected
from among compounds of the transition metals =zing,
silicon, titanium, manganese, nickel, chromium, iron,
cobalt, molybdenum, calcium, baxrium, cerium, zirconium
and mixtures thereof. Particularly preferred transition
metal compounds are the compounds of manganese, zZing
and mixtures therect. Very particularly preferred
transition metal compounds are the compounds  of

mnanganese.

As transition metal compounds, 1t is in principle
possible to use all compounds of zinc, silicon,
titanium, manganese, nickel, chromium, iron, cobalt,
molybdenum, calcium, barium, cerium and/or zirconium
which are readily soluble in water, acids or alkalis,
in particularly salts of these metals. Instead of or
together with the transition metal compounds, 1t 1is
also possible to use the transition metals in metallic
form. Preference is given to using compounds of Mn, Z4n,
Ce and/or Zr. The nitrates of these metals, e.g9.
manganese nitrate, zinc nitrate, cerium nitrate and/or
zirconium nitrate, the halides of these metals, e.qg.
manganese, zinc, cerium  and/or zirconium chloride,
bromide and/or iodide, the oxides of these metals, e.qg.
manganese, zinc, cerium and/or zirconium oxides, and/or
sulfates o©of these metals, e.g. manganese sulfate, zincg
sulfate, cerium sulfate and/or zirconium sulfate, are
preferably used. Greater preference 1s given fTo the
transition metal compounds selected from the group
consisting of manganese nitrate, manganese chloride,
cerium nitrate, zinc c¢hleoride, zirconium chloride and
mixtures thereof. Particular preference 1s gilven to
manganese nitrate and manganese chloride, in particular
manganese nitrate. When the oxldes of the
abovementioned transition metals are used, the
transition metals can be present in one oxidation state
or in a plurality of different oxidatiocns states in the

oxides. When the transition metals and/or the oxides of
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the transition metals, e.g. manganese, zingc, cerium
and/or zirconium oxides, are used for producing the
acgqueous scluticns of transition metal compounds, then
these are preferably partly or completely dissolved by
addition of a suitable mineral acid. For example,
manganese or manganese oxlde, e.g. MNO, Mn:03, MnsO4,
MnOz, Mnp0; or mixtures thereof, can be dissclved in

hydrochloric acid.

The at least one aguecus soclution of copper compounds,
aluminum compounds and opticnally transiticon metal
compounds can be provided in the form of a plurality of
separate agueous solutions of copper compounds,
aluminum compounds and optionally transition metal
compounds. For example, one ©or more agueous solutions
of copper compounds, one or more agquecus solutions of
alumiﬁum compounds and cptionally cone or more agueous
sclutions of transition metal compounds can be
provided. As an alternative, it 1s also possible to
provide one or more Joint aguecus solutions. These can
be produced by dissolving copper compounds and/or
aluminum compounds and/or optionally transition metal
compounds In a commen vessel. Combining of separate
solutions as described above to form a joint =zolution

is likewise possible.

The aguecus carbonate-containing sclution is preferably
produced Dby dissolving at least one alkali metal
carbonate  (e.g. lLithium carkonate, sodium carbonate,
potassium carkbcnate, rupidium carbonate or cesium
carbonate), alkaline @arth metal carbonate, e.qg.
magnesium carpbonate, calcium carbonate, strontium
carbonate or barium carbonate} or ammonium carbonate or
mixtures thereof in water. It is likewise possible to
use the corresponding hydreogen carbonates or any
mixtures of carbonates and hydrogen carbenates togethar

with or instead of the carbonates.
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Preference 1is given to using alkali metal carbonates,
ammonium carbonates, alkalil metal hydrogen carbonates,
ammonium hydrogen carbonates or mixtures thereof,
particularly preferably alkali metal carbcnates and/or

alkali metal hydrogen carbonates.

Preferred alkali metal carbcnates are sodium carbonate
and potassium carbonate, in particular sodium
carbonate. Preferred alkali metal hydregen carbonates
are sodium hydrogen carbonate and potassium hydrogen
carbenate, 1n particular sodium hydrogen carbonate.
Particular preference is given to using sodium

carbeonate and/or sodium hydrogen carbonate.

Compining of the at least one aquecus solution of
copper ccmpounds, aluminum compounds and opticnally

transition metal compounds with the at least one

agueous carbonate-containing solution results in
formaticn of a precipitate. The  precipitate 1is
isolated, cptionally washed and/or dried and

subsequently converted by tableting into a tableted
shaped body.

In one embodiment, the combining in step {(a) can be
effected by introducing the at least one aguecus
solution of copper compounds, aluminum compounds and
optionally transition metal  compounds (either in
separate sclutions and/cr in  one or more Jjoint
solutions and/or as solution mixture) and the at least
onea agueous carbonate-containing solution
simultaneously into a common vessel, for example a
precipitation vessel. Here, the at least two solutions
are preferably introduced continuously into the

reacticon volume of a precipitation mixer.

In a furthsr embcdiment, the combining in step (a) can
alsco be effected by adding the at least one agueous

solution of <copper compounds, aluminum compounds and
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optionally transition metal compounds {(either in
separate soluticns and/or in  one or more joint
golutions and/or as solution mixture) to the at least
one agueocus carbonate-containing solution which has
been initially placed, for example, 1in one or more

vessels, e.g. one or more precipitation vessels.

In another embodiment, the combining in step (a) can
alsc be effected by adding the at least one agueocus
carbonate-containing solution to the at  least one
agqueous solution of copper compounds, aluminum
compounds and optionally transition metal compounds
which has been initially placed, for example, in one or

more vessels, e.g. one or more precipitation vessels.

The at least one agueous solution of copper compounds,
aluminum compounds and optionally transition metal
compounds 1s preferably heated to a temperature above
20°C, for example to a temperature in the range from
506°C to 890°C, in particular to about E&0°C, and
preferably stirred before the combining step.

Likewise, the at least one carbonate-containing
solutien 1is preferably heated Lo a temperature above
20°C, for example to a temperature in the range from
50°C to 90°C, in particular tc about 80°C, and stirred
before the combining step.

In & preferred embodiment, both the at least one
agqueous solution of copper compounds, aluminum
compounds and optionally transition metal compounds and
the at least one carbonate-containing soluticn are
heated to a temperature in the range from 50°C to 90°C,

in particular to about 80°C, and stirred.

On combining of the at least one agueous solutlon of
copper compounds, aluminum compounds and optionally

ftransition metal compounds with the at least c<ne
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aquecus carbonate-containing sclution, a precipitate is
formed in the mixture (hereinafter also referred to as
precipitate-containing solution mixture). The combining
of the sclutions 1is generally effected in a stirred
vessel. The vessel is preferably stirred by means of an
inclined-blade stirrer, propeller stirrer or cother

commercial stirrers.

In a preferred embodiment, tThe combining of the
solutions in step (a) 1s effected by adding wvolume
streams o¢f agueous solutions of copper compounds,
aluminum compounds and opticonally transition metal
compounds o the agueous carbonate-containing solution
in a preciplitation wvessel. The aqgueous solutions of
copper compounds, aluminum compounds and coptionally
transition metal compounds c¢an be added as separate

solutions and/or as one or more joint sclutions.

The precipitate-containing solution mixture is
preferably maintained at a temperature above 2Z0°C and
in particular at a temperature 1n the range from 50°C
to 90°C, preferably about 80°C. In a particularly
preferred embodiment of the inventiocon, the precipitate-
containing solution mixture isg maintained for at least
30 minutes, preferably from 1 to 26  hours, in
rarticular about 2 hours, at a temperature in the range
from 50°C to 90°C, preferabliy at a temperature of about
80°C, in order to possibly complete precipitate
formation or increase the c¢rystallinity of  the

precipitate by ageing.

The pH of the mixture 1s preferably kept in the range
from 5.0 to 8.5, in particular in the range from ¢.0 to

7.5, preferably at about 6.8, during the entire time.

The precipitate is preferably isclated by filtration.
As an alternative, the precipitate can aiso be isoclated

b decantation or centrifugation. The isclated
Y g
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precipitate is subseguently subjected to drying. Drying
can, for example, be effected by spray drying. For this
purpose, a suspension having a solids content of from
10 te 40% by weight 1is produced £from the i1solated
precipitate, e.g. a filter cake, using water. This
suspension 1s then preferably fed into a spray dryer
via a nozzle. The temperature in the spray dryer during
drying is preferably in the range from 75°C to 130°C,
in particular 1in the range from 90°C to 120°C. The
outlet temperature characteristic for the drying is
preferably in the range from 920°C to 120°C and 1s
usually controlled by means of parameters such as
amount of suspension sprayed in, the sollids content of
the suspensicn (and thus the amount o©f water which has
to be evaporated) or temperature in the spray dryer.
The treatment of the material by means of the spray

dryer results, 1in particular, in a dry powder.

The isolated precipitate can cptionally be subjected to
one or more washing steps before drying. Here, the
precipitate~containing sclution mixture can firstly be
separated off from the precipitate using a filter press
and water c¢an subseguently be passed through the
material in the filter press, thus washing the

material. As an alternative, the isclated precipitate

can, after removal of the precipitate-containing
solution mixture by filtration, decantation or
centrifugation, be slurried in a vegsal and

subsegquently once again separated from the liguid phase
by means of a filter press, a centrifuge or a decanter.
This operation 1s generally carried out one or more
times until a particular conductivity of the filtrate
has been achieved. Here, the conductivity generally
correiates with the concentration ¢f sodium ions. The
conductivity of the filtrate from the last washing
operation is preferably 0.5 mS/cm or less, in
particular 0.2 mS/cm or less. The conductivity is

determined in accordance with DIN 38404, part 8.
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The dried precipitate obtained in the above-described
step f{(a) 1is subsegquently tableted (with part of the
precipitate being able to be «calcined beforehand).
Tableting is preferably carried out using a tableting
press, for example a Korsch tableting press. Tableting
makes 1t possible to obtain pellets having a diameter
of from about 1 to 10 mm, preferably from 1.5 to & mm
and particularly preferably from 3 to 5% mm, and a
height of from about 1 to 10 mm, preferably from 1.5 to
8 mm and particularly preferably from 3 to 5 mm. In
particular, pellets having a lateral compressive
strength, measured in accordance with DIN EN 1094-5, of
from 40 to 250 N, preferably from 50 to 160 N,
particularly preferably from 60 toe 120 N, are produced.
The pellets produced by tableting preferably have a
diameter in the range from 3 to % mm, a height in the
range from 3 to 3 mm and a lateral compressive strength

in the range from 60 to 120 N.

Tableting is referably carried out with addition of
lubricants such as graphite, olls .or stearates,
preferably graphite. Here, the dried precipitate
obtained 1in step (a) is mixed with lubricants, in
particular graphite, optionally compacted and/or
granulated and then  tableted. The  lubricant  1is
preferably added in an amount in the range from (0.1 to
5% by weilght, based on the total weight of the
composition to be fableted, Dbefore tableting. The

lubricant is more preferably added in an amount in the

‘range from 0.5 to 5% by weight, particularly preferably

in an amount in the range from 1 fto 4% by weight, based

on the total weight of the composition to be tableted.

In one embodiment, part of the dried precipitate
obtained in step (a} is subjected to calcination in a
gtep {(bl) before tableting. This calcined precipitate

obtained in step (bl) is then mixed with dried
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{uncalcined) precipiltate obtained in step (a) in a step
{b2) and the mixture obtained is subsequently tableted
as described above, opticnally with addition of

lubricants, in a step {(b3}).

The caicination in step (bl) is effected by means of a
thermal treatment in which the femperature 1s in the
range from 250°C to 900°C, pretferably in the range from
300°C te 750°C, particularly preferably 1in the range
from 600°C to 750°C. The calcination can be carried ogut
in air or under protective gas, for example argon or
nitrogen, under oxygen or mixtures thereof. The
caicination can be carried out batchwise, e.g. 1in a
tray furnace, or coentinucusly, e.g. 1in a rotary tube
furnace. Calcination in a rotary tube furnace can be
controlled by means of the residence time and different
heating =zones. The rotary tube furnace preferably has
from one to ten different heating zones, in particular
about five heating =zZcones. The temperature 1in the
various heating =zones 1is, for example, in the range
from 300°C to 400°C for the first heating zone, in the
range from 500°C to 600°C for the second heating zone,
in the range from &00°C to 720°C for the third heating
zone, in the range from 650°C to E00°C for the fourth
heating zone and in the range from 500°C to 700°C for
the fifth heating =zone. The residence time in the
various heating zones is preferably in the range from 5
minutes to 60 minutes, in particular in the range form
10 minutes to 30 minutes. When a tray furnace is used,
the dried precipitate obtained from step (a) 1s usually
spread out on metal trays. In the tray furnace,
temperature profiles can Dbe achieved by means of
appropriate furnace control. The temperature profile
can, for example, comprise heating at a heating rate of
2°C/min from 20°C to 750°C, helding at 750°C for three

hours and cocling at a cooling rate of 2°C/min to 20°C.
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The calcined precipitate obtained in step (bl}) consists
to an extent of from B85% by weight or more, preferably
92% by weight or more, particularly preferably 95% by
welght or more, based on the weight of the calcined
precipitate, essentially of, in particular, oxidic
constlituents. For example, the calcined precipitate
obtained in step (bl) can consist to an extent of from
96 to 99.5% by welght, based on the weight of the
caleined precipitate, of oxidic constituents. The
oxidic constituents comprise oxides of the metals
and/or transition metals wused, e.g. copper oxide,
aluminum oxide, =zinc oxide, silicon oxide, titanium
oxide, manganese oxide, nickel oxide, chromium oxide,
iron oxide, cobalt oxide, molybdenum oxide, calcium
oxide, barium oxide, cerium oxide, zirconium oxide and
mixtures therecf. Fach metal and/or transition metal
can be present independently in wvarious stoichiometric
compositions with  the oxvgen. Bach metal and/or
Ltransition metal can be present independently in one or

more different oxidation states.

The calcined precipitate obtained in step (bl) has a
carbonate content (i.e. content of C0:*") of 8% by
welght or less, particularly preferably 5% by weight or
less, for example from 0.5 tc 4% by weight, based on
the total weight of the calcined precipitate obtained

in step (bi).

In contrast thereto, the dried uncalcined precipitate
obtalined in step (a) preferably consists essentially of
metal carbonates or hydroxocarbonates or hydroxides or
mixtures therecf. The uncalcined precipitate consgists
to an extent of 20% by weight or less, preferably 10%
by weight or less, particularly preferably 5% by weight
or less, for example from 0.5 to 4% by weight, based on
the weight of the wuncalcined precipitate, of oxidic

constituents.
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The dried uncalcined precipitate obtained in step (a)
preferably has a carbonate content of up to 20% by
weight, preferably in the range from 5% by weight to
13% by weight, particularly preferably in the range
from 6% by welght to 15% by weight and very
particularly preferably in the range from 8 to 12% by
weight. The carbonates present in  the uncalcined
precipitate are, 1in the <case of copper carbonats,
present mainly in the form of copper hydrocarbonate
(x *CuC0s -Cu(QH})», where x = ]; or Z2), or generally as
mixed carbonates and hydroxocarbonates of the metal

components used.

The calcined precipitate obtained by the calcination in
step (bl) is, in step (b2), mixed with dried uncalcined
precipitate obtained in step (a) in a weight ratio of
uncalcined precipitate to calcined precipitate in the
range from 2:98 to 98:2, preferably in the range from
10:90 to 90:10, more preferably in the range from 15:85
to 85:15 and particularly preferably in the range from
20:80 to 50:50. The mixture of uncalcined and calcined
precipitate obtained is  subseguently tableted  as
described above, optionally with addition of

lubricants.

In a further embodiment, the shaped catalyst body is
produced by tableting a mixture of oxidic material and
carbonate~centaining malterial. The oxidic material
comprises oxides of the metals and/or transition metals
used, &.g. copper oxide, aluminum oxide, =zinc oxide,
silicon oxide, titanium oxide, manganese oxide, nickel
oxide, chromium oxide, iron oxlde, cobalt oxide,
molybdenum oxide, calcium oxide, barium oxide, cerium
oxide, zirconium oxide and mixtures therecof. Fach metal
and/or transition metal can be present independently in
various stoichicometric compositions with the oxygen.
Hach metal and/cr transition metal can be present

independently in one or more different oxidation
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states. The carbonate-containing material comprises

carbonates of the metals and/or transition metals used,

.. copper carbonate, aluminum carbonate, zinc
carbonate, silicon carbonate, titanium carbonate,
manganase carbonate, nickel carbonate, chromium

carbonate, iron carbonate, cobalt carbonate, molybdenum
carbcnate, calcium carbonate, barium carbonate, cerium
carbonate, zirconlum carbonate and mixtures thereof.
The wvaricus components such as oxides and/or carbonates
can also criginate from different production processes
or have been produced by different production routes
or, for example, be commercially available raw

materials.

In a further preferred embodiment, the tablieted shaped
body which has been obtained in step (b)) and inr whose
production no calcined precipitate was added (i.e. the
shaped body obtained by tableting of dried uncaicined
precipitate) or the tableted shaped body which has been
optained in step (b3) and in whose production calcined
and uncalcined precipitate wWas mixed in the
abovementioned weight ratios is subjected to  an

additicnal heat treatment in a step (o).

This additional heat treatment will in the present text
also be referred to as after-calcination. In this heat
Creatment, the carbonate-containing uncalcined
precipitate obtained in the pellet is converted into a
corresponding oxidic form. The after-calcination of the
tableted shaped catalyst body 1s <carried out at a
temperature in  the range from Z50°C  to 900°C,
preferably at a temperature of from 300°C to 750°C,
particularly preferably from 600°C to 750°C. The after-
calcination can be carried out batchwise or
continuously, e.g. 1in a belt calciner or a tray
furnace. The heat treatment is preferably carried out
in an atmosphere selected from among air, nitrogen,

argon, carbon dioxide or mixtures therecf. The heat
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TCreatment 1s preferably carried out over a period of
from 30 minutes to 8 hours, preferably over & period of
from 1 to 6 hours. The after-calcined pellet cbtained
in step (c) preferakly has a carbonate content of 2% by
welght or less.

The remalining loss on  ignition at 1000°C of the
catalysts of the invention is 5% by weight or less,
preferably 3% by weight or less, for the after-calcined
pellets. The remaining loss on idgniftion is determined
in accordance with DIN EN 19%6-2.

In a further embodiment, the tablefted shaped catalyst
body obtained from steps (b) or (b3} is reduced in a
step {d), with this tableted shaped catalyst body being
able to he after-calcined beforehand in step ().

Reduction is preferakly carried out by heating of the
tableted =shaped catalyst body or the after-calcined
shaped catalyst body in a reducing atmosphere. 1In
particular, the reducing atmosphere is hydrogen.
Reduction 1s carried out, for. example, at a temperature
in the range from 150°C to 450°C, in particular in the
range from 180°C to 250°C, preferably in the range from
180°C to 210°C, particularliy preferably at about 200°C.
Reduction 1s, for example, carried out over a period of
from 1 hour toe 10 davs, in particular over a period of
from 2 hours to 72 hours, preferably cover a period of
from 24 to 48  hours. In a preferred embodiment,
reduction 1s carried cut at a temperature in the range
from 190°C to 210°C over a pericod of from 24 to 48

hours.

The shaped catalyst bodies are preferably stabilized
wet or dry after reduction. In the cazse of wet
stabilization, the shaped bodies are covered with
liguid in order to avold contact with oxygen as far asgs

possible. Suitable liguids include organic liquids and
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water, preferably organic 1liguids. Preferred organic
ligquids are those which have a vapor pressure of
0.5 hPa or less at 20°C, Examples of suitable. organic
liguids are isodecancl, Nafol, fatty alcohols,
hexadecans, Z2-ethylhexanol, propylene glycol and

mixtures thereof, in particular iscdecancl.

In the case of dry stabilization, a mixture of oxygen
or an oxygen—-contalining gas, preferably air, and an
inert gas such as argon or nitrogen 1s introduced into
the reduction reactor. The concentration of oxygen in
the mixture is preferably increased from about 0.04% by
volume to about 21% by volume. For example, 1t is
possible to introduce a mixture of air and inert gas in
which the ratio of ailr to inert gas is initially about
0.2% by volume cof air to 99.8% by volume of i1nert gas.
The ratioc of air to inert gas 1s then gradually
increased (e.g. continuously or stepwise) until, for
example, 100% by volume of air (which corresponds to an
oxygen concentration of about 21% by wvolume) is fed in
at the end. Without being tied to a theory, i1t is
presumed that a thin oxide layer having a thickness of,
for example, from 0.5 to 50 nm, preferably from 1 to
20 nm, 1in particular from i1 to 10 nm, is formed on the
surface of the catalyst as a result of the introduction
of alr or oxygen and protects the catalyst against
further oxidation. In the case of dryv stabilization,
the reactor temperature is preferably 100°C or less,
more preferably from 20°C to 70°C and particularly
preferably from 30°C to 50°C. After this stabilization,
the catalyst is “transportable” and can be transported
to the user/plant operator. When the catalyst user
carries | out step (c) in-situ in the reactor,

stabilization is dispensed with.

The shaped catalyst bodies of the invention or the
shaped catalyst bodies obtainable by the process of the

invention contain Cu (i.e. copper 1in the oxidation
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state 0), 1in particular 1in & proportion of Lrom 5 to
70% by weight, preferably in a proporticn of from 10 to
70% by weight, particularly preferably in a proportion
of from 20 to 50% by weight, based on the total weight
of the shaped catalyst body, after reduction.

The shaped catalyst bodies of the inventicn or the
shaped catalyst bodies obtainakle by the process of the
invention preferably have a bimodal ©pore radius
distribution. The bimodal pore radius distribution
preferably hags a first maximum in the range from 10 to
30 nm, more preferably in the range from 15 to 23 nm,
in particular at about 20 nm, and/or a second maximum
in the range from 50C to 2500 nm, more preferably in
the range from 700 to 2000 nm, in particular iIin the
range from about 800 to 1000 nm. The bimodal peore
radius distribution preferably has a first maximum in
the range from 15 to 25 nm and a second maximum Iin the
range from 700 to 2000 nm. The Dbimcdal pore radius
distribution more preferably has a first maximum at
about 20 nm and a second maximum in the range from 800
to 1000 nm.

Preference 1is given to from 5 to 30%, more preferably
from 10 to 25%, in particular from 15 to 25%, of the
pore volume of the shaped catalyst body being formed by
pores having a pore radius in the range from 500 to
2500 nm. Preference is gilven to from 40 to 90%, more
preferably from 45 to 80%, in particular from 50 to
70%, of the pore volume of the shaped catalyst body
peing formed by pores having a pore radius in the range

from 5 to 5C nm.

The combination of reliatively lavrge pores in the range
from 700 to 2000 nm with small pores in the range from
10 te 30 nm has been found to be advantageous, in
particular for the reactions degscribed There, for

example hydrogenation. Without being tied to a theory,
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surface area available for the reactions and the large
poras promote mass transfer of starting materials to
the active sites and of preducts away from the active

sites.

The tableted shaped catalyst body produced by the
process of the invention preferably has a pors volume
in the range frem 0.1 to 0.6 cm’/g more preferably in
the range from 0.13 te 0.40 cm’ /g, particularly
preferably in the range from 0.15 to 0.25 cm’/g.

The after~calcined shaped catalyst body produced by the
process of the invention preferably has a pore volume
in the range from 0.15 to 0.7C cm?/g, more preferably in
the range from 0.17 to 0.50 cm’/g, ©particularly
preferably in the range from 0.19 to 0.28 cm’/g.

The reduced shaped catalyst body produced by the
procass of the invention preferably has a pore volume
in the range from 0.20 to 0.80 cm?/g, more preferably in
the range from 0.22 to 0.70 em’/g, particularly
preferably in the range from 0.25 to 0.35 cm’/g. When
the pere volume of the reduced shaped catalyst body is
to be detszrmined, the measurement is preferably carried
out on the shaped catzlyst body in the dry stabilized

form.

The pore volume of the pellets before after-calcination
igs preferably smaller than the pore volume of the
after-~calcined pellets and the pore volume oI the
after-calcined pellets is preferably less than or equal

to the pore volume of the reduced pellets.

In a further embodiment, the pore volume o¢f the
tableted shaped catalyst body of the invention is from
0.15 to 0.25 cm’/g, the pore volume of the after-

calcined shaped catalyst body is from 0.19 to 0.28 cm®/ g
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and the pore volume of the reduced shaped catalyst body

is from 0.25 to 0.35 om’/g.

Tn a particularly preferred embodiment, the shaped
catalyst body of the invention i1s in reduced form and
in the dry stabilized form has a pore volume in the
range from 0.20 to .80 cm’/g, preferably in the range
from 0.22 to 0.70 om’/g, particularly preferably in the
range from 0.25 to 0.3% cm’/g.

The reduced shaped catalyst body produced by the
process of the invention preferably has a carbonate
content of 8% by weight or less, particularly
preferably 5% by weight c¢r less, for example from 0.5
to 4% by weight.

The shaped catalyst body produced by the process of the

invention preferably has a carbonate content of from
0.5 to 4% by weight, in particular from 1.0 to 2% by
welght, before reduction. In a further embodiment, the
present invention provides a tableted shaped Cu-Al
catalyst beody, in particular a tableted shaped Cu-Al-Mn
catalyst bedy, which in reduced and stabilized form has
a pore volume, measured by the Hg intrusion method in
accordance with DIN 66133, in the range from 0.2C to
0.80 cm’/g, preferably from  0.22 o 0.70 cn@/g,

particularly preferably from 0.25 to 0.35 cm’/q.

The shaped catalyst body of the invention preferably
has a bimodal pore radius distribution, measured by the
Hg intrusion method in accordance with DIN 66133,
having a flrst maximum in the range from 10 to 30 nm,
in particular in the range from 15 to 25 nm, and/or a
second maximum in the range from 500 to 2500 nm, in

particular in the range from 700 to 2000 nm.

The shaped catalyst body of the invention preferably

has a pore radius distribution in which from 5 to 30%,
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more preferably from 10 to 25%, in particular from 15
to 25%, of the pore volume i1s formed by pores having a
pore radius in the range from 500 to 2500 nm, and from
20 to 60%, more ©preferably from 30 to 550%, in
particular from 35 to 50%, of the pore volume 1s formed
by pores having a pore radius in the range from 5 to
50 nm.

The invention further provides a reduced tableted
shaped catalyst body containing copper, aluminum and
optionally a transition metal selected from the group
consisting of Mn, Z2n, Ce, Zr and mixtures therecf, in
particular Mn. This shaped catalyst body preferably has
a pore volume, determined by the Hg intrusion method in
accordance with DIN 66133, in the range from {.20 to
0.80 cm’/g, more preferably in the range from 0.22 to
0.70 cwﬁ/g, particularly preferably in the range Zfrom
.25 to 0.53 cmB/g. i1t preferably has a bimodal pore
radius distributicen in which from 5 to  30%, more
preferably from 10 to 25%, in particular from 15 to
25%, of the pore wvolume of the shaped catalyst body is
formed by pores having a pore radius in the range from
500 to 2500 nm, and/or from 20 to 60%, more preferably
from 30 to 55%, in particular from 35 to 50%, of the
pore volume of the shaped catalyst body 1s formed by
pores having a pore radius 1in the range from 5 to
50 nm.

The shaped catalyst bodies of the invention are
suitable for use in numerous reactions. Possible
reactions include synthesis gas reactions, methancl
ayntheses, a Fischer-fropsch synthesis, pyridine
syntheses, ester hydrogenolyses, amination reactions,
N~alkyiations, hydrogenations of nitriles to amines,
hydrogenation of acrylonitfirile, hydrogenation of fatty
acid esters, hydrogenation of diesters to diols (in
particular maleic esters), hydrogenation of sugars to

polyols, alkylation of a phenol by means of an alcohol,
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amination of an alcchol, dehydrogenation of an alcohol,
hydrogenation of an aldehyde, Thydrogenation of an
amide, hydrogenation of a fatty acid, 2.9g. by
esterification and subsequent hyvdrogenclysis, selective
hydrogenation of a fat, selective hydrogenation of an
oil, hydrogenation of a nitrile, hvdrogenation of a
nitroaromatic hydrocarbon, hvdrcgenation of a ketone,
hydrogenation of furfural, hydrogenation of an ester

and hydrogenation ¢of carbon monoxide teo form methanol.

In a preferred embodiment, the catalysts produced by
the process o©of the invention are used for the
hydrogenation of carbony!l compounds, in particular for
the Thydrogenation of aldehydes, ketones, carboxylic
acids and/or esters thereof or dicarboxylic cids
and/or diesters thereocof, very particularly preferably
for the  hydrogenation of fatty acid esters, in
particular alkyl esters of fatty acids, pr@férably

methyl esters of fatty acids or maleic esters.

The catalyst of the invention is particulariy suitable
for the upflow-mode hydrogenation of carboxylic acids,
preferably fatty acids or £fatty acid mixtures having
from 5 to 24 carbon atoms and/or esters therecof,
optionally in admixture with aicohols, to form the
corresponding fatty alcohols. Here, the fatty acids of
fatty acid .mixtures can be esterified in-situ by means
of alcchols present in the reaction mixture. Preferred
alcohols present in the reaction mixture are fatty
alcohols or mixtures of fatty alcohols having from 5 to
24 carbon atoms. Particular preference is given to
using the above-described catalyst for the

hydrogenation of methyl esters of fatty acids.
Description of the figures

Figure 1 shows the pore radius distribution, mesasured

using the Hg intrusion method in accordance with DIN
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66133, of catalyst 1A as per example 5 after after-

calcination but before reduction.

Figure 2 shows the pore radius distribution, measured
by the Hg intrusion method 1in accordance with DIN
66133, of catalyst 1A as per example 5 after after-
calcination and reduction by means of 5% by wvolume of

hydrogen in nitrogen at 200°C for 4 hours.
Examples

The invention 1s illustrated by the following,
nonlimiting examples. FEven when these examples describe
specific embodiments of the invention, they serve
merely to illustrate the invention and should not be
interpreted as restricting the invention in any way. As
a person skilled in the art will know, numercus
modifications can be made to these embodiments without
going outside the scope of protection of the invention

as defined by the accompanying claims.
Determination of physical parameters

The physical parameters described here are, unless

indicated otherwise, determined as follows:

Conductivity 1s determined 1in accordance with DIN
38404, part 8.

Lateral compressive strength is determinad in
accordance with DIN EN 1084-5,

Remaining logs on igniticn is determined in accordance
with DIN EN 196-2.

Pore wveolume and pore radius distribution are determined
by the Hg intrusion method in accordance with DIN
60133,
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TSC 10693,

Example 1 (production of the uncalcined material)

The producticon of the uncalcined material 1s carried
out via precipitation of the metal nitrates by means of
sodium carbonate to form the carbonates thereof, and
the precipitate i1s subseguently filtered off, washed

and spray dried.

Sclution 1 is produced from 817 g of Cu(N0Cs): 3 HO,
106 g of Mn(NOs), 4 H:0, 875 g of AL{NO5):'2 Hx0 and 5 1
of H;O. Scluticn 2 is produced from 850 g of Na;C0; and
3.8 1 of H;O. The two scolutions are heated to 80°C and
stirred, They are subsequently metered into a
precipitation wvessel. The pH in the precipitation
vessel is 6.8. The wvolume flows of sclutions 1 and 2
are set so that this pgH is established. As socon as the
two solutions have been consumed, Lhe precipitate
formed 1s filtered off and washed with water. The
filter cake is then resuspended in about 1 1 of water
and spray dried. The resulting dried Dbut still
uncalcined powder is the starting material for the

further preparations.

Example 2 {production of the calcined material)

The calcined material is produced Dby calcining the
uncalcined dried powder from example 1 at 750°C in a
convection furnace for 2 hours. The remaining loss on
ignition of The calcined material at 1000°C (LOI} is

about 5% by weight.

Example 3 (production of the comparative catalyst)
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The comparative catalyst 1s produced by mixing 100 ¢ of
calcined powder produced as per example 2 with 3% by
welght of graphite and subseguently tableting the
mixture to form shaped bodies having a diameter of
about 3 mm and & height of about 3 mm. The lateral
compressive strength of the comparative catalyst is

85 N, determined in accordance with DIN EN 1094-5.
Example 4 (production of catalyst 1)

To produce catalvst 1, 75 g of calcined powder (from
example 2) are mixed with 25 g of uncalcined powder
(from example 1) and 2 g of graphite and tableted to
form shaped bodies having a diameter of about 3 mm and
a height of about 3 mm. The lateral compressive

strength is 85 M.
Example 5 (production of catalyst 1A)

Catalyst 1A is ©produced 1in a manner analocgous to
catalyst 1, but the pellets are calcined at 750°C in a

convection furnace for Z hours after tableting.
Example 6 (production of catalyst 2)

To produce the catalyst 2, 50 g of calcined powder
(from example 2) are mixed with 50 g of uncalcined
powder (from example 1) and 3 g of graphite and
tableted to form shaped bodies having a diameter of
about 3 mm and a height of about 3 mm. The lateral

compressive strength is 75 N.
Example 7 (production of catalyst Z23A)
Catalyst 2A 1s produced in a manner analogous to

catalyst 2, but the pellets are calcined at 750°C in a

convection furnace for 2 hours after tableting.
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Example 8 (production of catalyst 3)

To produce the catalyst 3, 25 g of calcined powder
{(from example 2) are mixed with 75 g of uncalcined
powder (from example 1} and 3 g of graphite and
tableted to Lorm shaped bodies having a diameter of
about 3 mm and a height of about 3 mm. The lateral

cempressive strength is 75 N.
Example 9 (production of catalyst 3A)

Catalyst 3A 1s produced in a manner analogous to
catalyst 3, but the pellets are calcinsd at 750°C in a

convection furnace for Z hours after tableting.
Example 10 (production of catalyst 4)

To produce tne catalyst 4, 100 g of uncalcined powder
(from example 1) and 3 g of graphite are mixed and
takbleted to form shaped bodies hnaving a diameter of
about 3 mm and a height of about 3 mm. The lateral

compressive strength is 70 N.
Example 11 (production of catalyst 4A)

Catalyst 4A 18 produced 1in a manner analogous to
catalyst 4, but the pellets are calcined at 750°C in a

convection furnace for 2 hours after tableting.
Example 12 (activity measurements)

The activity of the catalysts in respect of the
hydrogenation of methyl esters of fatty acids (FAME) is
examined. An electrically heated fixed-bed reactor
having a reactor veolume of 25 ml ig used for this
purpoese. Methyl laurate {(ClZ-methyl ester) is used for
the test. To evaluate the conversion of the ester and

the selectivity to the fatty alcohol or the formation
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of bi-products, the reaction product formed is analyvzed
by gas chromatography. The conversion 1is calculated
from the molar amount of the ester wused and the

remaining molar amecunt of ester in the product.

For the analysis by gas chromatography, 6.0000 g of the
product formed are mixed with 0.2000 g of 5-nonanol
{internal standard} . The sampie is subsequently

analyzed twice by means of a gas chromatograph.

Equipment used:

GC: Agilent 7890A with FID

Column: ZB-1, 60 m x 0.25 mm from Phenomenex
Software: EZ Chrom Elifte Version 3.3.2 §pP1

Test conditions in the hydrogenaiion cof methyl laurate:
Temperature points: 240, 180, 160°C,
Pressure: 280 bar
GHSV (H;): 20000 h™'
LHSV (ester): 1.4 h™

Table 1 shows the wvalues for the conversions of Cl2~
methyl ester cbtained by the above-described method at
240°C, 180°C and 160°C for the comparative catalyst and
the catalysts 1 to 4 and 1A to 42 (examples 4 to 11).
The improved activity on the catalysts 1 to 4 and 1A to
4A compared to the comparative catalyst can clearly be
seen, 1n particular at 160°C. As the wvalues for the
catalysts 1A, Z2A, 3A& and 42 show, 2 renewed Improvement
in the activity i1s obtained by means of an after-~

calocination.

Table 1: Conversions of Cl2-methyl ester at 240, 180
and 1e0°C

Catalysts Ratio of Conversion of ClZ-methyl

uncalcined ester [%]

material to 240°C 180°C i60°C
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calocined material

Comparative 0/100 97.1 81 62.5
catalyst

Catalyst 1 25/75 97.9 83.9 72.4

Catalyst 1A 25/75, after- 899.5 98 81.8
calcined

Catalyst 2 50/50 97.9 83 70

Catalyst 2R 50/50, after- 88.8 95.2 77.3
calcined

Catalyst 3 75/25 87.8 82 67

Catalyst 3A 75/25%, after-— 98.3 93.5 75.6
calcined

Catalyst 4 100/0 97.6 81 66

Catalyst 4A 100/0, after- 98.1 90.1 73.3
calcimed.

Table 2 shows the wvalues for the carbonate content and
the pore volume of the wvaricus catalysts after
tableting Dbut before an after-calcination, after
tableting and after~calcination and also after
tableting, after-calcination and reduction. Reduction
was carried out at 200°C for 4 hours using 5% by wvolume
of hydrogen in nitrogen. The pore volume was determined
by the mercury intrusiocn method in accordance with DIN
66133. Particulariy after reduction, the shaped
catalyst Dbodies according to the invention have a

higher pore volume than the comparative catalyst.

Table 2: Carbonate content and pore volume

Carbonate Pore wvolume icm3/g]

content [%] After After After

tableting calcina | reducti

tion on

Comparative e 0.15 0.2

catalyst

Catalyst 1 2.3 0.13 0.24*% 0.29
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Catalyst 2 4.5 0.18 0.33% .46
Catalyst 3 6.8 G.24 0.30% 0.5
Catalyst 4 8.9 0.3 0.37* 0.52

* values correspond to the catalysts 1A to 4A

The analytical data show that the carbonate content of
the catalysts veries as a function of the proportion of

uncalcined material.

It can be seen from takle 1 that the catalysts produced
according to the invention have a significantly
increased conversion c¢f methyl laurate compared to the
comparative catalyst. This increase could ke observed
at all three temperatures selected, 160°C, 180°C and
240°C., The proportion of unreacted Cl2-methyl ester
could be reduced to less than one fifth (from 2.9% in
the case of the comparative catalyst to 0.3% in the

case of catalyst 1A}).

In SUMMATrY, it can therefore be said that an
improvement in the economics, in particular an increase
in the conversion to the target product, is achieved by

means of the catalyst of the invention.
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CLATIMS
1. A process for producing a tableted shaped catalyst

body, which comprises the following steps:

{a) combining of (i} at least one agueous solution of
copper compounds, aluminum compounds and optionally
transition metal compounds and (11) at least one
agueous carbonate-containing solution to form a
precipitate, isolation of the precipitate, optionally
washing of the isoclated precipitate and drying of the

isolated precipitate to give a dried precipitate, and

{b) tableting of the dried precipitate cbtained in step
{a).

Z. The process.according to claim 1, wherein step (b)

comprises:

(bl) calcination of dried precipitate obtained in step
(a) at a temperature in the range from 250 to 900°C,
preferably at a temperature in the range from 300 to
750°C, particularly preferably from 00 to 750°C, to

give a calcined precipitate,

(b2) mixing of dried precipitate obtained in step {a)
with calcined precipitate obtained in step (bl) in a
weilght ratio of dried precipitate to calcined
precipitate in the range from 2:98 to 98:2, preferably
in the rance from 10:20 to 90:10, more preferably in
the range from 15:85 to  85:15 and particularly
preferably in the range from 20:80 to 50:50, to give a

mixture, and
{b3) tableting of the mixture obtained in step (bZ).

3. The process according to ciaim 1 or 2, wherein a

lubricant 1is added to the uncalcined precipitate
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obtained from step (a) or to the mixture obtained from
step (b2) in an amount of from 0.1 to 5% by weight,
based on the total weight of the composition to be

tableted, before tableting.

4, The oprocess according to c¢laim 3, wherein the
lubricant is added in an amount of from 0.5 fto 5% by
weight, preferably from I te 4% by weight, kased on the
total weight of the composition to be tableted.

5. The process according to c¢laim 3 or 4, wherein the

lubricant is graphite.

6. The process according to any of c¢laims 1 to 5,
wherein the pore volume of the tableted shaped catalyst
body, determined by the Hg intrusion method in
accordance with DIN 66133, 1s from 0.1 to 0.6 cHﬁ/g,
preferably from 0.13 to 0.40 cm’/g, particutarly
preferably from 0.15 to 0.25 cm’/g.

7. The process agccording o any of claims 1 to 6,

which comprises the following step:

(c) after-calcination of the tableted shaped catalyst
body at a temperature 1in the range from 250 to 900°C,
preferably at a temperature in the range from 300 to
750°C, particularly preferably in the range from €00 to
750°C in particular at about 750°C, to give an after-

calcined shaped catalyst body.

8. The process accerding to claim 7, wherein the pore
volume of the after-calcined shaped catalyst body,
determined by the Hg intrusicn methed in accordance
with DIN 66133, is from 0.15 to 0.70 cm’/g, preferably
from 0.17 to 0.50 em’/g, particularly preferably from
0.19 to 0.4 cm’/g.
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9. The process according to any of claims 1 to 8,

which comprises the following step:

{d) reduction of the tableted shaped catalyst body
obtained from step (b) and/or the after-calcined shaped
catalyst body obtained from step (¢} To give a reduced

shaped catalvyst body.

10. The process according to claim 9, wherein

reduction is effected by means of hydrogen.

11. The process according to claim 9 or 10, wherein
reduction 1s carried ocut at a temperature in the range
from 150°C to 400°C, in particular from 180°C to 250°C,
preferably from 190°C to 210°C, in particular at about
200°C.

12. The process according to any of claims % to 11,
wherein reduction 1is carried out over a period of from
1 hour to 10 days, in particular over a periocd of from
2 hours to 72 hours, preferably over a period of  from
24 to 48 hours.

13. The progess according to any of c¢laims 9 to 12,

wherein

(a) the reduced shaped catalvst body is covered with a
liguid with exclusion of air after reducticon, where the
liguid is preferably selected from among isodecanol,
Nafol, fatty alcohols, hexadecane, Zz-ethylhexancl,
propylene glycol and mixtures thereof and 1s in

particular isodecanol, or

{b) a mixture of an oxygen-containing gas such as air
and an inert gas such as argon or nitregen is fed into
the reduction reactor containing the reduced shaped
catalyst body, preferably at a reactor temperature of

less than 100°C, in particular in the range from 30°C
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to  50°C, where the c¢oncentration of oxygen in  the
mixture during introduction is from 0.001% by volume to
50% by volume and 1is preferably increased from about

0.02% by volume to abhout 21% by volume.

14. The process according to any of the preceding
claims, wherein the precipitate obtained in step (a)
has a carbonate content of up to 20% by weight
inclusive, preferably in the range from 5% by weight to
18% by welghtf, particularly preferzbly 1in the range
from &% by welght to 13% &y weight and very
particularly preferably in the range from 8 to 12% by
weight, based on the total welight of the dried

precipitate obtained in step (a).

15. The process according to any of the preceding
claims, wherein the precipitate obtained 1in step (a)
contains at least 5% by weilght, preferably from 10 to
20% by welght and particularly preferably from 15 to
70% by welght, of Cu hydroxocarbonate.

16. The process according to any of the preceding
claims, wherein the copper compound is selected from
the group consisting of copper, copper oxide {(Cu0
and/ocr CuQ), copper nitrate, copper sulfate, copper
carbonate, copper hydroxocarbonate, copper acetate,
corper halildes such as copper chloride, copper bromide
or copper iodide and mixtures thereof and is preferably
selected Ifrom the group consisting of copper oxide,
copper nitrate, copper chloride, copper carbonate,
copper hydroxocarbonate, copper acetate, copper sulfate

and mixtures thereof.

17. The process according te any of the preceding
claims, wherein the aluminum compound is selected from
the group consisting c¢f aluminum, aluminum hydroxide,
aluminum oxide hydrate {(boehmite), alkall metal

aluminates, aluminum oxide (Al:03), aluminum nitrate,
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aluminum sulfate, aluminum halides and mixtures thereof
and 1is preferably selected from the group consisting of
atuminum nitrate, aluminum hydroxide, aluminum oxide
hydrate, aluminum chloride, sodium aluminate, aluminum

oxide and mixtures thereof,

18. The process according to any of the preceding
claims, wherein the transition wmetal compound is
preferably selected from among compounds of Zn, Ti, Mn,
Ni, Cr, Fe, Co, Mo, Ce and 2r and mixtures thereof,
preferakbly from among compounds of Mn, Zn, Ce, Zr and
mixtures therecf and in particular from among compounds
of Mn.

19, The process according to any of the preceding
¢laims, wherein the carbonate-containing solution is
obtainable using at least one alkalli metal carbonate,
alkaline earth metal carbeocnate and/or ammonium
carbonate and/or at least one alkali metal hydrogen
carbeonate, alkaiine earth metal hydrogen carbonate
and/or ammonium hydrogen carbonate, preferably using

sodium carbonate and/or sodium hydrogen carbonate.

Z20. A shaped catalyst Dbody obtained by a process

according to any of claims 1 to 19.

21. A reduced shaped catalyst body which has been
obtained by a process according to any of claims 9 to
19 and has a pore voilume of from 0.20 te 0.80 mﬁVg,
preferably from 0.22 to 0.70 ecm’/g, particularly
preferably from 0.25 to 0.35 cm’/g.

22. The shaped catalyst body according to claim 21
which contains Cu(0) in a proportion in the range from
5 te 70% by weight, preferably in the range from 10 Lo
70% by Weight, particularly preferakly in the range
from 20 to 50% by weight, based on the shaped catalyst
hody.
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23. The shaped catalyst body acccrding to claim 20, 21
or 22 which has a bimodal pore radius distribution
which preferably has a first maximum in the range from
10 to 30 nm, preferably in the range from 15 to 25 nm
and 1in particular at about 20 nm, and/or a second
maximum in the range from 500 to 2500 nm, preferably in
the range from 700 to 2000 nm and in particular in the

range from 800 to 1000 nm.

24. The shaped catalyst body according to claim 23,
wherein frem 5 to 30%, more preferably from 10 to 25%,
in particular from 15 to 25%, of the pore volume of the
shaped catalyst boedy is fcormed by pores having a pore
radius in the range from 500 to 2500 nm and/or from 40
te 90%, more preferably from 45 to 80%, in particular
from 50 to 70%, of the pore wvolume of the shaped
catalyst body is formed by pores having a pore radius

in the range from 5 to 50 nm.

25. A tableted shaped catalyst body contalning copper,
aluminum and opticonally & transiticn metal selected
from the group consisting of 4nn, Si, Ti, Mn, Ni, Cr,
Fe, Co, Mo, Ca, Ba, Ce and Zr and mixtures thereof,

preferably Mn, Zn, Ce, Zr and mixtures thereof,

wherein from 5 to 30%, more preferably from 10 to 25%,
in particular from 15 to 25%, of the pore wvolume of the
shaped catalyst body 1is formed by pores having a pore
radius in the range from 500 to 2500 nm and/or from 40
to 90%, more preferably from 45 tc 80%, in particular
from 50 to 70%, of +the pore wvolume of the shaped
catalyst body is formed by pores having a pore radius

in the range from 5 to 50 nm.

Z6. The use c¢f the shaped catalyst body according to
any of claims 20 to 25 for the hydrogenation of organic

compounds.



27. The use according to c¢laim 26 for hydrogenation,
wherein the organic compounds have at least one

carbonyl group.

28. The wuse according to «claim 26 or 27 for the
hvdrogenation of aldehydes, ketones or monccarboxylic,
dicarboxylic and polycarboxylic acids and/or esters

thereof.



