The -Avention rel-ates-to-a-novet—catal yst which in addition to @31576& oxi de
'corrplil ses‘'zi nc oXi de and al uni' numtOX| de, and to a process for the¥
prepapaﬂon 5+ t hgFéof Béeause of its high activity and selectivity, the
cat aIst chas) pr owend usefdlP §% +he- uhydrogenatlon of organi c conpounds, in

partlcui ar ipais)t hpat hydr ogerFatiton- of unsatuarhted or saturated al dehydes,

ket ongsshoarboxypiwdaci.ds ror-ccaxb éo este s, to form saturated al cohols.
10 Copper‘contarmng .catalysts.h ‘H’%%ﬁ'l on in chem cal
t echnol ogy: ‘Depending on the Specific use to whi ch they are put, they

differ primaril ypen iheeﬂaisw e adeischtéhey aovbdi rcaulysy whesk ame the
same, in the quapljlatlye GOMRORLLEONoxdde Wiiihlisdd | 41nBOPBRLa* R 21 e
aluminum oxide, and to a process for the preparation
5 thexreof. Because of its high activity and selectivity,
_the catalyst has proven useful in the hydrogenation of
organic compounds, in particular in the hydrogenation of
unsaturated or saturated aldehydes, ketones, carboxylic
acids or carboxylic esters to form saturated alcohols.

10 Copper-containing catalysts have wide application in
chemical technology. Depending on the specific use to
‘which they are put, they differ pr:una:::.ly in the
materials which they contain and, if these are the same,
in the quantitative composition.

15 Specifically, copper oxide/zinc oxide/aluminum oxide
catalysts are the basis of the modern processes for

synthesizing methanol from carbon monoxide and hydrogen
at low pressures.

For instance, DE-A-2 056 612 describes catalysts for

20 preparing methanol which are compounds of the mix-crystal
' series (Cu,Zn,)Al,(OH),,CO, :+ 4H,0, where x and y can take
values of from 0.5 to 5.5 and the sum of x and y is 6.

The desired mixed crystals are obtained by rxeaction of
aqueous solutions containing copper nitrate, zinc nitrate

25 and aluminum nitrate with basic reagents such as agueous

sodium carbonate solution at pH values between 4.5 and
5.5.

EP-A-0 125 689 likewise relates to copper oxide/zinc
oxide/aluminum oxide catalysts for methanol synthesis.
They are characterized by a Cu/Zn atom ratio of from.2.8
to 3.8 and an Al,0, content of from 8 to 12 % by weight.
They are prepared by coprecipitating copper and zinc with
alkaline materials such as an alkali metal or ammonium
carbonate in the presence o; the aluminum oxide

30
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catal ysts are the basis of the nodern processes for synthesizing nmethanol
«from carbon nonoxi de and hydrogen at | ow pressures. For instance, DE-A-2
056 612 -describes catalysts for 20 preparing nethanol which are conpounds
of 'the m x-crystal series (Cu[err]ZN err]AL[errCJerr]4Herr] O where x
and y can take values of fromO0.5 to 5.5 angdthe sumof x and y is 6. The
desired mixed crystals are obtained by reaction of aqueous sol utions

cont ai ni ng coppecompbneht, zZprefexablyt ecplloddally urdimpensedr andunibtmbasi c

reagents such aseagUgous ﬁgﬁk&ﬁl&@rbﬁ@&%ﬁé’iﬂtdﬁb&% ré'dm%huas PRt ¥REN 4. 5
and 5.5. EP-A-0 125

e relates to copper oxide/ zinc
OX|de/aIun1nun1o?PH§gE§?§I9§F§ Y8F ﬁEPﬂaﬁb ﬁﬁﬁb§? e ‘pores have a
-radius of from 1.0 to 3.75 nm and from 60 to 80% of the

5 pores have a radius greater than 3.75 nm.

A further application area for catalysts of the stated
material composition is for hydrogenating organic
compounds. For this type of reaction Cu0/Zn0/al,0,
catalysts replace copper/chromium oxide catalysts (known
10 as Adkins catalysts), the use of which has been avoided
in recent times for ecological reasons, and they are in
competition with the multiplicity of nickel catalysts
which have been described and introduced to industry.

Hydrogenation catalysts based on copper oxide, zinec oxide
15 and aluminum oxide whose pore volume is made up to the
extent of at least approximately 80% by pores having a
diameter greater than about 80 A (8 nm) are the subject
of EP 04 24 061. In preferred embodiments the catalyst
powder has a surface arxea of at least 70 m*/g, the
20 average particle diameter is from about 8 to about 28 pm
and the atom ratio of copper to zinec is from about 0.2 to
about 5.5. The catalysts are produced by preparing two
aqueous solhtioﬁs,.one containing copper and zinc salts
and the other containing a basiec aluminum salt (for
25 example sodium aluminate) and a basic precipitation
reagent (for examplé soda). The two solutions are mixed
at the same time with one ancther in such a ratio that
the pH of the resulting mixture is at least about 7. The
precipitated solid is subsequently filtered off and
30 calcined . The catalyst is used for hydrogenating

aldehydes, ketones, carboxylic acids and carboxylic
esters. :

The known catalysts containing copper oxide, zinc oxide
and aluminum oxide have frequently been developed
35 specifically for particular reactions, for example
methanol synthesis or the hydrogenation of organic
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30 They are characterized by a Cu/Zn atomratio of from2.8 to 3.8 and an
Al[err]Jerr] content of  from8 to 12 % by wei ght. They are prepared by
coprecipitating copper and zinc with alkaline materials such as an al kali
nmetal or ammoni um carbonate in the presence of the alum num oxide
-2- conmponent, preferably colloidally dispgrsed al um num oxi de or

hydr oxi de, fromtheir aqueous solution. In the unreduced catalyst from 20
to 40% of the peompobnde.a Thely usanf hevexrthéléss 3bé5 asedndidr ovthexrt o 80%

of the 5  poregnaitad "AdhLSidHSLA! But! "ERed @ NBot  always produce
optimal results. Even different ways of carrying out the
same reaction may require the provision of individualized
5 catalysts. Experience has shown that the reaction of the
same reactants under different conditions, for example in
gaseous or in liquid form on fixed catalysts or on a
catalyst suspended in the substrate, requires specially
adapted catalysts. In this context it must be remembered
10 that in processes which are carried out on a large scale
an increase in conversion or an improvement in the
selectivity in the order of even a few tenths of a
percent can lead to significant economic advantages.

It is therefore an object of the present invention to
15 prepare catalysts of high activity which can either be

used very widely or be targeted at particular processes
or process variants. |

This object is achieved by a catalyst comprising per 100
parts by weight of copper oxide from 40 to 130 parts by
20 weight of zinc oxide, from 2 to 50 parts by weight of
aluminum oxide and from 1 to 4 parts by weight of sodium
oxide and having a total surface area (by BET) of from 50
to 100 m*/g, in which from 75 to 95% of the total surface
area is made up by pores having radii of from 9 to
25 1000 nm and the remainder of the total surface area is
made up by pores having a radius of less than 9 nm.

The catalyst of the invention has, in comparison with
other catalysts of the same or similar qualitative
composition; appreciably higher activity and selectivity.
30 Tt has proven particularly useful as a hydrogenation
catalyst and is used vexry successfully, for example, in
the hydrogenation of saturated or unsaturated aldehydes,

carboxylic acide or carboxylic esters to form saturated
alcohols.

35 Preferably the catalyst comprised per 100 parts by weight
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A further appli-cation-area for catalysts of the stated material conposition
. is for hydrogenating organic .conpounds., For this type of reaction

CuQ zZznO Al[err]O[err] catalysts replace copper/chrom um oxi de catal ysts
(known 10 as Adkins catalysts), the use of which has been avoided in
recent tines for ecological reasons, and they are in conpetition with the

l[tiplicit f b ' d
To industry rySEoGoR t?§%§%§ Lot 6] SR Roieth %géﬂé ,E*'%?’r‘{‘c%;?ﬁgcis
and al um num oxi9<9e viPREES pby Igbﬁ'e afs #ﬁa&fé H151 ? t §°Ex14erﬂ° 0#0%at Lpeast

appro>r<]i mat gl y 8Qfntyd qmraes :!i’ifwl ng eodlza;;etﬁarwmj%eiﬁm eowlus@nAm(8 am
pouder has . surhkd® MG, SEpRat+5 ERtY RSl Py PREAHETS fadall Bdakt
5 The catalyst may opt;onally contaln further metals such
as manganese, molybdenum, vanadium, zirconium and/or an
alkaline earth metal. Calculated as oxides, namely MnO,
MoO,, V,0;, 2r0, and MeO (Me is an alkaline earth metal),
the proportion thereof is per 100 parts by weight of CuO
10 from 0.5 to B, preferably from 1 to 6, in particular from
2 to 4 parts by weight. The above amounts given for the
metal oxides are only for the analytical description of
the catalyst. They do not however give the materials of
which it is composed in the sense of, for example, sodium
15 actually being present as Na,0 and aluminum being present
o in the form of the chemical compound Al,0,.

In addition to the materials of which it is composed, the
novel catalyst is characterized by the total surface
area. This is determined by adsorption of nitrogen in the
20 BET method. The catalyst of the invention in the calcined
state, i.e. after heating for from 3 to 10 hours at from
350 to 480°C, preferably from 400 to 460°C, has a surface

area of from 50 to 100 m?/g, in part:.cular from 60 to
80 m*/g.

25 The novel catalyst is further characterized by a par-
' ticular pore structure. The proportion of pores having a
radius of from 9 to 1000 nm makes up from 75 to 95% of
the total surface area, the remainder of the total
surface area being made up by pores having a radius of
30 less than 9 nm. Preferably the proportion of pores having
a radius of from 9 to 1000 nm is from 80 to 90% and the
proportion of pores having a radius of less than 9 nm is
from 10 to 20%. Particuarly useful are catalysts whose
total surface area is made up to the extent of from 55 to
35 85% by pores having a radius of from 15 to 1000 nm, to
the extent of from 5 to 25% by pores having a radius of
from 9 to less than 15 nm and to the extent of from 1.0 to
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20 " average particle dianeter is fromabout 8 to about 28 [err]mand the.
-atomratio of copper to zinc is fromabout 0.2 to about 5.5. The catal ysts
are produced by preparing two agueous sol utions, one containing copper and
zinc salts and the other containing a basic alum numsalt (for 25 exanpl e

sodi um alum nate) and a basic precipitatPon reagent (for exanple soda).

The two sol uti re_mxed at,Jhe sane tine wth.one another i ch a
ratio that t heo%q} g’fy Pﬁgefeg'ﬂ?}*% tﬁﬁ& gy A%y sﬂ?ﬁ HPOXG pgﬁﬁu‘fuﬁéff‘%‘:

preci pi tated sorekate taldegeadcipedi cabalystoif and 30 calcined . The
catalyst is wused for hydrogenating al dehydes, ketones, carboxylic acids

and.  carboxyl i opgstel S S QU0 A UG 1°80k LRl £k 59PR80 Rt 71 1

which supplement one another’s areas of application. The

5 distribution of small radii up to a size of about 30 nm
is determined by evaluation of the N, desorption isotherm
by means of the Kelvin equation as in C. Pierce, J. Phys.
Chem., 57 (1953), 149 £f£f. Pore radii of from about 4 nm to
about 0.1 mm arxe determined by mercury penetration as in

10 H.L. Ritter and L.C. Drake, Ind. Eng. Chem. analyt.
Bd. 17 (1945), 782.

Pores of the above size and size distribution can be
achieved by a high CO,~content (in the form of carbonate)
in the catalyst precursor, i.e. in the product dried at

15 from 50 to 95°C but not yet calcined. It has proven
advantageous for this precursor to contain per 100 parts
by weight of copper oxide froem 32 to 45, preferably from
36 to 40, parts by weight of CO,.

The novel catalyst can basically be prepared by customary
20 processes, for example, by precipitation of the com-
ponents from agqueous solution under conditions which
ensure the high CO,~content recognized' as advantageous in
the catalyst precursor. A particularly suitable process
comprises forming an aluminum hydroxide suspension by
25 reaction of an aluminum salt solution with an alkali
metal carbonate or alkali metal hydrogen carbonate
solution, simultaneously but separately adding at from 80
to 100°C while stirring a solution containing copper and
zinc salts and a solution of alkali metal carbonate or
alkali metal hydrogen carbonate, filtering off the solid,
washing, drying at from 50 to 95°C and then calcining at
from 350 to 480°C. The aluminum, copper and zinc salts
used are compounds readily soluble in water which are
derived from inorganic or even organic acids, such as
35 halides, sulfates or acetates. Because of their high
solubility, their chemical inertness and the comparative

30
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and al um num oxi de have frequently been devel oped 35 specifically for
particular reactions, for exanple nethanol synthesis or the '
hydr ogenati on of organic -3- conpounds. They can neverthel ess be used
for other chem cal reactions, but then do not always produce optina
-results. Even different ways of carrying o ~the sanme reaction may require
the provision of individualized 5 cataly . Experience has shown that

the reaction of Lhgesage r%@ﬁb@ﬁis Hfdeﬁhg'fEEESHt Eﬂ&d'£k9ﬂ§ s&hefapl €
'n gaseous or in llgfabi{frnjo itr;%es %3&9 erred. Precxpltants used
: are alkali metal carbonates and/or hydrogen carbonates,
in particular the sodium salts. The concentration of the
5 salts in the solutions may cover a wide rxange. The
aluminum salt solution contains per liter of solution the
aluminum salt in an amount which corresponds to from 20
to 100, preferably from 30 to 90 and in particular from
40 to 80 g of Al,0,. The concentrations of copper and zinc
10 in their joint solution are from 10 to 100 g of Cu and
from 5 to 80 g of Zn per liter of solution. The preferred
precipitant, sodium carbonate, is advantageously used in
the form of a solution which contains from 50 to 150 g of

Na,CO, per liter, lower sodium carbonate concentrations
15 not being excluded.

The aluminum hydroxide is precipitated by ruanning an
aluminum salt solution at a temperature of from 20 to
90°C over a period of from 2 to 10 minutes into an alkali
metal carbonate and/or alkali metal hydrogen carbonate
20 solution having a temperature of E£rom 20 to 100°C,
preferably from 30 to 80°C, while stirring vigorously.
The ratio of aluminum salt to precipitant is selected so
that the pH of the suspension is from 6.5 to 8.5 after
the reaction is complete. Subsequently the temperature is
25 adjusted to from 80 to 100°C, preferably from 90 to 98°C,
and the alkali metal carbonate and/or alkali metal
hydrogen carbonate solution and the coppef salt/zinc salt
solution, each heated to from 80 to 100°C, preferahly
from 90 to 98°C, are added simnltaneously but separately
30 over a period of from 10 to 30 minutes while stirring
vigoxrously. The rates of addition of the two solutions
are mutually adjusted so that the pH of the precipitation
suspension remains constant within the range from 7.5 to
8.0. As soon as the addition of the two solutions is
35 complete the suspension is filtered. The filter residue
is washed, dried at from 50 to 95°C and subsequently
calcined at from 350 to 480°C, preferably at from 400 to
460°C. The shaping of the material, for example by

R
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catal yst suspended in the substrate, requires specially adapted catal ysts.

-In this context it nust be renenbered 10 that in processes which are
carried out on a large scale an increase in conversion or an inprovenent in

the selectivity in the order of even a few tenths of a percent can lead to

significant econom c advantages. It is thergefore an object of the present

I nvention to 15 prepare catal ysts of high activity which can either be

used very wi del y extrasibar get eabbétimy,} ican de papcied csutorbgficxecdrying

vari ants. This olj,ect, g acﬂi'fgé/ 1 C |y, q,rgyi ENGa P valtdy PRt s by
wei ght of coppertuc:)':)e(i %gtéfom %L%@apaﬁ’g’bi&%% \Iggight of vZ| Q-,%POX de,
from2 to 50 partzedyrtienyat tFom 130 $en28Q7Ge RERESS 18f 2P 4905 EBy
wei ght of sodi um180°C. The reduction is conducted in a separate reactor

5§ or directly in the hydrogenation reactor.

The novel catalyst is successfully used for hydrogenating
organic compounds, preferably for hydrogenating un~
saturated or saturated aldehydes, ketones, carboxylic
acids or carboxylic esters. It has proven particularly

10 useful in the hydrogenation of unsaturated and saturated
aldehydes in the gas phase.

By

The examples below illustrate the invention without
limiting it in any way. '

Example 1l: Catalyst preparation

15 A solution at room temperature of 925 g of Al(NO,),  9BH,0
in 3 1 of water is run into a solution heated to 70°C of
580 g of soda in 5.5 1 of water while stirring
vigorously. While continuing stirring the temperature of
the suspension obtained is raised to 95°C over a period
20 of about 10 minutes and a solution heated to 95°C of
2249.2 g of Cu(NO;),-3H,0 and 1755.4 g of 2n(NO,), - 6H,0 in
10 1 of water and a solution likewise heated to 95°C of
2340 g of MNa,COo, in 181 of water wezre added
simultaneously but separately over a period of 15
25 - minutes. During the reaction the precipitation suspension
is maintained at a pH of from 7.5 to 8.0. Subsequently
the suspension is stirred for a further 2 minutes and
then filtered. The filter residue is continuously washed
for 80 minutes with 80 1 of water and after shaping by

30 extrusion or by spray drying is dried at no morxe than
100°C to a water content of less than 5%.

The dried uncalcined catalyst precursor comprises 38.8 %
by weight of Cu0 (31 % by weight Cu), and 65 parts by
weight of Zn0O, 17 parts by weight of Al,0,, 2.0 parts by
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oxi de and having a total surface area (by BET) of from50 to 100 nierr]/g,
in which from75 to 95%.0of the total..surface area .is made up by pores
having radii of from9 to 25 - 1000 nmand the remai nder of the total
surface area is made up by pores having a radius of less than 9 nm The
catal yst of the invention has, in conparison with other catalysts of the
sane or simlar qualitative conposition- ®preciably higher activity and
selectivity. 30 It has proven particularly useful as a_hydrogenat]on
catal yst and i swetglitvefy Ne,@candf 3B} § PaEts chunppight nof héohyﬁﬁ’bg% %tion

of saturated orphBgst By &gt dehysien, carboxylic acids or carboxylic
esters to formsaturated al cohols. 35 Preferably the catal yst conprised
~per 100 parts by weight :

In a subsequent process step the precursor is heated in
a stream of nitrogen or air (200 1/h) to 430°C and

5 maintained at this temperature for a further 3 hours. The
resulting calcined product comprises S1 & by weight of
CcuO, and 65 parts by weight of ZnO, 17 parts by weight of
A1,0,, 2.0 parts by weight of Na,0 and 1.5 parts by weight
of CO, per 100 parts by weight of CuO. It has a total

10 surface area (by BET) of 68 m?/g; 85% of the surface area
is made up by pores having radii greater than 9 mm and
16% is made up by pores having radii less than 9 nm.

The calcined product can be used in extruded or tableted
form as a fixed-bed catalyst.

15 Example 2: Hydrogenation of n-butyraldehyde

250 mlL of the catalyst prepared as in Example 1 and
tableted are reduced in a reaction tube at 160°C with
400 1/h of a H,/N, mixture containing 3 % by volume of H,
until no more water is formed. Subsequently a mixture of
20 250 ml of gaseous n~butyraldehyde and 710 1 of hydrogen
: .per hour are passed over the catalyst at 145°C and a

gauge pressure of 0.3 MPa. The excess hyd:dgen is
recirculated. - '

The hydrogenation product has the following composition
25 determined by gas chromatography:

n-butanol 99.8 % by weight
n-butyraldehyde < '0.05 $ by weight
butyl butyrate < 0.05 % by weight
2~=ethylhexanol < 0,05 £ by weight
30 : di~n-butyl ether < 10.0 % by weight

Particularly noteworthy in comparison with the prior art
"is the exceptionally low formation of byproducts when
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-4- of copper oxide from40 to 100, in particular from45 to 80, parts by
wei ght of zinc oxide, from4 to 30, in-particular from4 to 20, parts by
wei ght of al um num oxide and from1.5 to 3 parts by wei ght of sodi um oxi de.
5 The catalyst may optionally contain fur{her netals such as manganese,
nol ybdenum vanadi um zirconi um and/ or an"afkaline earth nmetal. Calcul ated

as oxi des, nanely %\fﬁeqcpa@a]lgs Leg&] gi;‘gr_{ vex?lfigne.”] and MO (Me is an

al kal i ne earth neta ,- the proportron thereof 1s per 100 parts by wei ght of
CuO 10 fromO0.5 to 8, - preferably from1 to 6, in particular from

Example 3: Hydrogenation of 2=ethylhexenal

3 1 of the catalyst prepared as in Example 1 and tableted
are reduced as described in Example 2. Subsequently a

5 gaseous mixture of 1500 ml/h of 2-ethylhexenal (liquid)
and 4.4 standard m*/h of hydrogen is passed over it at
145°C and a gauge pressure of 50 kPa. Starting material
and reaction product have the following composition
determined by gas chromatography:

10 Starting Reaction
material product
(% by weight) (% by weight)
¢,/C, hydrocarbons < 0.1 £ 0,1
n/i-butanal 3 -4 -

15  n/i-butanol 0.5 = 1.5 3.5 - 4.5
2-ethylhexenal | 90 - 91.5 < 0.1
2-ethylhexanal about 1 0.2 - 0.3
2-ethylhexanol - 3.5 = 4.5 95 - 97

higher boiling-point
20 components (such as
acetals, diols) 2 -3 0.5 - 0.8

Example 4 (comparative): Hydrogenation of n-butyraldehyde

In this example a catalyst of the prior art is used. It
comprises 47.5 $ by weight of Cu, and 49.5 parts by
25 weight of zZnO, 8.4 parts by weight of Al,0, and 0.12 parts
by weight of Na,0 per 100 parts by weight of Cul0. Its
total surface area (by BET) is 128 g/m?; 85% of the

surface area is made up by pores bhaving a radius less
than or equal to 15 nm. -

30 250 ml of the tableted catalyst are reduced in a tube
reactor, as described in Example 2. Subsequently a
gaseous mixture of 250 ml/h of n-butyraldehyde (liquid)
and 710 1 of hydrogen per hour is passed over the
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2 to 4 parts by weight. The above anounts given for the netal oxides are
only for the analytical description of the catalyst. They do not however
give the materials of which it is conposed in the sense of, for exanple,
sodi um 15 actually being present as Na[err]0 and al um num bei ng present
in the formof the chem cal conpound Al[err]O[err]. In addition to the
materials of which it is conposed, the novel catalyst is characterized by
the total surface area. This is deternlneﬂoby adsorption of nitrogen in the
20 BBT nethod. The catalyst of the invention in the c ed state, |
after heating fBFt?F%ﬁ?SaPolié ﬁoﬁP §t9FP8ﬁ1§565fBrﬁ86?eﬁ $C¥P$Tép@?ably
from 400 to 460greceds, hydsogers Uitd amcircedatedirom 50 to 100 merr]/g, in
particular from60 to 80 nierr]/g.

The hydrogenation product has the following composition
‘by gas chromatography:

5 n-butanol 99.5 - 99,6 & by weight
n-butyraldehyde 0.2 - 0.3 % by weight
butyl butyrate about 0.02 % by weight
di-n~butyl ether about 100 ppm by weight
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25 The novel catalyst is further characterized by a par- ticular pore
structure. The proportion of pores having a radius of from9 to 1000 nm
makes up from75 to 95% of the total surface area, the renminder of the

total surface area being nmade up by pores having a radius—of—30" Téss than

9 nm Preferably the proportion of pores having a radius
nmis from80 to 90% and the proporti ors @Qff pores having zﬂ“*““m‘m mmm]f
than 9 nmis from10 to 20% Particuarly useful are catalysts sé totaf
surface area | SHATJESUQLATMEDCISXtent of from55 to 35 .-85% by pores

having a radius of from 15 to 1000 nm to the extent of from5 to 25% by

h di f f 9 to | th dto th f
pores having a radiys of from9 to less than 15 pmand tg,the; eitent o

copper oxide from 40 to 130 parts by weight of zinc
oxide, from 2 to 50 parts by weight of aluminum
5 oxide and from 1 to 4 parts by weight of sodium
oxide and having a total surface area (by BET) of
from 50 to 100 m*/g, in which from 75 to 95% of the
total surface area is made up by pores having radii
of from 9 to 1000 nm and the remainder of the total

10 surface area is made up by pores having a radius of
less than 9 nm.

2. A catalyst as claimed in claim 1, comprising per 100
parts by weight of copper oxide from 40 to 100, in
particular from 45 to 80, parts by weight of zinc

15 oxide, from 4 to 30, in particular from 4 to 20,
parts by weight of aluminum oxide and from 1.5 to 3
parts by weight of sodium oxide.

3. A catalyst as claimed in claim 1 or 2, comprising
per 100 parts by weight of copper oxide from 0.5 to
20 8 parts by weight of manganese, molybdenum,
vanadium, zirconium and/or an alkaline earth metal
(calculated as MnO, MoO,, V,0,, 2r0,, MeO, Me =

alkaline earth metal).

4. A catalyst as claimed in claim 3, comprising from 1

25 to 6, in particular from 2 to 4, parts by weight of
the metals mahganese, molybdenum, vanadium,

zirconium and/or an alkaline earth metal (calculated

as MnO, MoO,, V,05, 2x0,, MeO, Me = alkaline earth

30 5. A catalyst as claimed in one or more of claims 1 to

4, having a surface area of from 60 to 80 m*/g (by
BET) .

6. A catalyst as claimed in one or more of claims 1 to
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20% by pores smaller than 9 nm The above pore sizes also relate to the
cal ci med—catal'yst. The pore-radius distribution is deternined by two

nmet hods one another's areas of application. The 5
distri b mﬁ“mmﬂmmm up to a size & about 30 nmis deternined by
eval uati on eof the* N%®rr desorptlon i sot i&*™m by neans of the Kelvin
equation as in C. Pierce, J. Phys. Chem 57 (1953), 149 ff. Pore radii of
fromabout 4 nmto about 0.1 mmare determi ned by nercury penetration as in

10 H L. Ritter an§| whéeinfreme80 td 90% oftthe totalGluzface amaabynadeﬁqm byl poxe$945) ,
782. P f th '
8 ores of the abc‘)l\lll(lag glrg ius o%iff':(')%nZ tglls()toaln?rlxjt I Sr}mcarlo to 20 % of the total

surface area is made up by pores having a radius less than 9 nm.

5 T A catalyst as claimed in one or more of claims 1 to 6, wherein from 55 to
85% of the total surface area is made up by pores having a radius of from
15 to 1000 nm, from 5 to 25% of the total surface area is made up by
pores having a radius of from 9 to less than 15 nm and from 10 to 20% of
the total surface area is made up by pores having a radius less than 9 nm.

10 8. A brocess for preparing a catalyst as claimed in one or more of claims 1
| to 7, which comprises forming an aluminum hydroxide suspension by
reéction of an aluminum salt solution with an alkali metal carbonate and/or
alkali metal hydrogen carbonate solution, simultaneously but separately
adding while stirring a solution heated to from 80 to 100°C containing
15 copper and zinc salts and a solution heated to from 80 to 100°C of alkali
metal carbonate or alkali metal hydrogen carbonate while maintaining a pH
of 7.5 to 8.0 in the precipitation suspension, filtering off the solid,
washing, drying at from 50 to 95°C and then calcining at from 350 to
480°C.

20 9. The process as claimed in claim 8, wherein the aluminum hydroxide
suspension is prepared by adding an aluminum salt solution having a
temperature of from 20 to 90°C while stirring vigorously to an alkali metal
carbonate and/or hydrogen carbonate solution having a temperature of from
20 to 100°C in such an amount that after completion of the reaction the pH

25 of the suspension is from 6.5 to 8.5.

10. A method of using the catalyst as claimed in one or more of claims 1 to 7

for hydrogenating organic

—_—

—_————
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achieved by a high C[err]-content (in the forntof carbonate) in the

Catal yst precursor, i.e. in the product dried at 15 from50 to 95C but
not yet calcined. It has proven advantageous for this precursor to contain
per 100 paFTE‘BV“VEﬁ“TW—ﬁT‘Copper oxide from32 to 45, preferably from 36
to 40, part "lul err]. The novel catalyst can basically be
prepared by ,Hﬂ& " ﬁ " rocesses, for exanple, by precipitation of the
com ponents*frbmagueous $0l ution under conditions which ensure the hlgh
CO[err]-content recognized as advantageduéq N t he catalyst precursor.

particularly suitabl i se an rwa% Fﬁﬂ

suspensi on by 25 r3§§F8§ of aggélung %&gég soﬁ‘L i on an éﬁ§a|

netal carbonate or aMaggturated hyek ogsatuaprbedat @ldehydes,  ketones,
carboxylic acids oxr carboxylic esters to form

saturated alcohols.
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sol ution, sinultaneously but separately adding at from80 to 100[err]C

while stirring a solution containing copper and zinc salts and -a sol ution

of al kal i

filtering off the solid, washing,
calcining at from 350 to 480[err]c.

nmetal carbonate or 30 al kali metal hydrogen carbonat e,
drying at from50 to 95 err]C and then
The al um num copper and zinc salts

used are conpounds readily soluble in water which are derived from
i norgani c or even organi c acids, such asi$85 hal i des, sulfates or

acet at es.

t he conparative - 6-

COPPER CATALYST

The invention 1relates +to a —copper oxide/zinc
oxide/aluminum oxide catalyst which comprises per 100
parts by weight of copper oxide from 40 to 130 parts by
weight of zinc oxide, from 2 to 50 parts by weight of
aluninum oxide and from 1 to 4 parts by weight of sodium
oxide. It has a total surface area of from 50 to 100 m*/g
(by BET). From 75 to 95% of the total surface area is
formed by pores having radii of from 9 to 1000 nm and
from 5 to 25% of the total surface area is formed by
pores having radii of less than 9 nm.

B By %

R
e ]

L

Because of their high solubility, their chem cal inertness and

o
b .
R ol

LTI



. WBIZ
ease jof--+enpval--of_.the..ani.on.and their general avai | ab ty, nltrat es- are
‘pref arred: ‘*P“retFﬁﬂ fHRfSSusedare al kali netal carbomates:and/ or- hyd‘rogen
halessriptinn pargidoul.aro t-hes sodi.um salts. The congentt att on: of *tHe. B i
$'% nith6) sol:ptddngt. maysgoveB..al wi de range. The al uni.num-sal _=:--.so| uti on
cont ai'h&:-pekgls) terscaf.. soladaken._ t hej al umisndmesal t inyan..amount - cwhisch# oo -;:.r_;=:=-.-;_:f: -
corr espengs:d o fﬁ«&rmzo @ QOQ, pre erzig% from30:to 90 and in partlcul ar
fromi40 10 80+% g_qju ALl err] qerr] catedybtons. of copper-—and zijr
in their joint sof Ut FOR-AFE-FESMI0 to 100 g of Cu and.from5 to 80 ¢ of Zn
per 1ter of soiydi ahvehigoR! ChEl4e PLECi 8! litfe) SBHLETER!

advant ageously used I n rmof a sqlution con 56 to 150
g of Na[err]CO4itiRR |4Q oCORRSFer °§é§FunFE‘&P’5«b?%§ e Welﬂ"riéﬁ ofgd

al,um:.num oxide, and to a process for the preparation
5 thereof. Because of its high activity and selectivity,
the catalyst has proven useful in the hydrogenation of
organic compounds, in particular in the hydrogenation of
unsaturated or saturated aldehydes, ketones, carboxylic
acids or carboxylic esters to form saturated alcohols.

10 Copper-containing catalysts have wide application in
chemical technology. Depending on the specific use to
which they are put, they differ prmarily in the

. materials which they contain and, if these are the same v
in the quantitative composition.

15 Specifically, copper oxide/zinc oxide/aluminum oxide
catalysts axe the basis of the modern processes for

synthesizing methanol from carbon monoxide and hydrogen
at low pressures.

For instance, DE-A-2 056 612 describes catalysts for
20 preparing methanol which are compounds of the mix-crystal
series (Cu,2n,)Al,(0H),CO, * 4H,0, where x and y can take
values of from 0.5 to 5.5 and the sum of x and y is 6.
The desired mixed crystals are obtained by xreaction of
aqueous solutions containing copper nitrate, zinc nitrate

25 and aluminum nitrate with basic reagents such as aqueous
sodium carbonate solution at pH values between 4.5 and
5.5.
EP~-A-0 125 689 likewise relates to copper oxide/zinc
oxide/aluminum oxide catalysts for methanol synthesis.
30

They are characterized by a Cu/%n atom ratio of from.2.8
to 3.8 and an Al,0, content of from 8 to 12 % by weight.
They are prepared by coprecipitating copper and zinc with
alkaline materials such as an alkali metal or ammonium

carbonate in the presence of - g the aluminum .oxide
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15

net al

not bei ng excluded. The al um num hydroxide is precipitated by running
-an alumnumsalt solution at a tenperature of from20 to 90[err]C over a
period of from2 to 10 mnutes into an al kali mnetal carbonate and/or al kal
solution having a.tenperature of from20 to
|l e stirring vigorously. The

hydr ogen carbonate 20
100[err]C, preferably from30 to 80[err] G

ratio of alumnumsalt to precipitant is selected so that the p[err] of the

the tenperature |
90 to 98[err]C, Sha

car bonat e sol uti Bpraducedecatpprst siromzRfc toal40% Alitfhm, Pexes h@%ﬁeﬁ to

suspension is fraahgéﬁeﬁe 53§%é¥éﬂ§b€?hecbiisi&9nl vy S ditifitireled SUBREAWRNT | Y

£ Dbl Htpels’ apafiEnZ IR Yos O

rogen

£ eraPkireiads

from80 to 100[ exalfuspbel €rak! ¥.0 to 3.75 nm and from 60 to 80% of the

5

10

15

20

25

‘30

35

pores have a radius greater than 3.75 nm.

A further application area for catalysts of the stated
material composition is for hydrogenating organic
compounds: For this type of reaction Cu0/%Zn0/Al,0,
catalysts replace copper/chromium oxide catalysts (known
as Adkins catalysts), the use of which has been avoided
in recent times for ecological reasons, and they are in
compétition with the multiplicity of nickel catalysts
which have been described and introduced to industry.

Hydrogenation catalysts based on copper oxide, zinc oxide
and aluminum oxide whose pore volume is made up to the
extent of at least approximately 80% by pores having a
diameter greater than about 80 A (8 nm) are the subject
of EP 04 24 061. In preferred embodiments the catalyst
powder has a surface area of at least 70 m®/g, the
average particle diameter is from about 8 to about 28 pm
and the atom ratio of copper to zinc is from about 0.2 to
about 5.5. The catalysts are produced by preparing two
aqueous solutions, one containing copper and zinc salts
and the other containing a basic aluminum salt (for
example sodium aluminate) and a basic precipitation
reagent (for example soda). The two solutions are mixed
at the same time with one another in such a ratio that
the pH of the resulting mixture is at least about 7. The
precipitated solid is subsequently filtered off and
calcined . The catalyst is used for hydrogenating

aldehydes, ketones, carboxylic acids and carboxylic
esters.

The known catalysts containing copper oxide, zinc oxide
and aluminum oxide have frequently been developed
specifically for particular reactions, for example
methanol synthesis or the hydrogenation of organic
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from90 to 98[err]C, are added sinultaneously but separately 30

over a

‘period of from10 to 30 nminutes while stirring vigorously. The rates of

addition of the two solutions are nutually adjusted so that the pH of the
preci pitation suspension renmains constant within the range from7.5 to 8.0.

As soon as the addition of the two solutigng is 35 conplete the

suspension is filtered. The filter

400 to 4_60 [er idnemt A8 SQQQ&QQORL' G B Rehd! 4o f Hot™*2HRL sbyprodtige'

10

15

20

25

30

35

optimal results. Even different ways of carrying out the
same reaction may require the provision of individualized
catalysts. Experience has shown that the reaction of the
same reactants under different conditions, for example in
gaseous or in liquid form on fixed catalysts or on a
catalyst suspended in the substrate, requires specially
adapted catalysts. In this context it must be remembered
that in processes which are carried out on a large scale
an increase in conversion or an improvement in the
selectivity in the order of even a few tenths of 'a
percent can lead to significant economic advantages.

It is therefore an object of the present invention to
prepare catalysts of high activity which can either be

used very widely or be targeted at particular processes
or process variants.

This object is achieved by a catalyst comprising per 100
parts by weight of copper oxide from 40 to 130 parts by
weight of zinc oxide, from 2 to 50 parts by weight of
aluminum oxide and from 1l to 4 parts by weight of sodium
oxide and having a total surface area (by_BE'l‘) of from 50
to 100 m*/g, in which from 75 to 95% of the total surface
area is made up by pores having radii of from 9 to
1000 nm and the remainder of the total surface area is
made up by pores having a radius of less than 9 nm.

The catalyst of the invention has, in comparison with
other catalysts of the same or similar gqualitative
composition; appreciably higher activity and selectivity.
It has proven particularly useful as a hydrogenation
catalyst and is used very successfully, for example, in
the hydrogenation of saturated or unsaturated aldehydes,

carboxylic acids or carboxylic esters to form saturated
alcohols.

Preferably the catalyst comprised per 100 parts by weight

residue is washed, dried at from50 to
95[err] C and seipautids.y DRegi neth aheke@thd2@sb0 K80usedr efsfraldthed from
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extrusion or tableting, can be carried out before drying or after

. calcination. The catalyst is activated by reduction at from 130 to
200[err] C, preferably at from 150 to 180[err]C. The reduction is conducted
in a separate reactor 5 or directly in_the_hydrogenation reactor. The
novel catalyst is successfully used for hydrogenat i ng organic conpounds

g ik LA T s bt
useful in the hyiftogeast # obYomahet it é%ln‘anexiﬁt-’ur§=8& A dePydlds AR the
gas phase. The mmdmlmultuw e, thertavbpt welightt loFutaluwiidumng it
'n any way. Exarwfdel:an%atéilo\“s&.grggag %é\lqtns by weight of sodium oxide.
5 The catalyst may optionally contain further metals such
as manganese, molybdenum, vanadium, zirconium and/or an
alkaline earth metal. Calculated as oxides, namely MnO,
MoO,, V,0;, %r0, and MeO (Me is an alkaline earth metal),
the proportion thereof is per 100 parts by weight of CuO
10 from 0.5 to 8, preferably from 1 to 6, in particular from
2 to 4 parts by weight. The above amounts given for the
metal oxides are only for the analytical description of
the catalyst. They do not however give the materials of
which it is composed in the sense of, for example, sodium
15 actually being present as Na,0 and aluminum being present
' in the form of the chemical compound Al,0,.

In addition to the materials of which it is composed, the
novel catalyst is characterized by the total surface
area. This is determined by adsorption of nitrogen in the
20 BET method. The catalyst of the invention in the calcined
state, i.e. after heating for from 3 to 10 hours at from
350 to 480°C, preferably from 400 to 460°C, has a surface

area of from 50 to 100 m‘/g, in particular from 60 to
80 m?/g.

25 The novel catalyst is further characterized by a par-
a ticular pore structure. The proportion of pores having a
radius of from 9 to 1000 nm makes up from 75 to 95% of

the total surface area, the remainder of the total
surface area being made up by pores having a radius of

30 less than 9 nm. Preferably the proportion of pores having
a radius of from 9 to 1000 nm is from 80 to 90% and the
proportion of pores having a radius of less than 9 nm is
from 10 to 20%. Particuarly useful are catalysts whose
total surface area is made up to the extent of from 55 to

35 85% by pores having a radius of from 15 to 1000 nm, to
' the extent of from 5 to 25% by pores having a radius of
from 9 to less than 15 nm and to the extent of from 10 to
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15 ° A solution at roomtenperature of 925 g of Al-(NJerr])[err]-9Herr]. O
-in 3 1 of water is run into a solution heated to 70[err]C of 580 g of soda
in 5.5 1 of water while stirring vigorously. Wile continuing stirring the
t enperature of the suspension obtained is raised to 95[err]C over a period
20 of about 10 minutes and a solutiomr feated to 95[err]C of 2249.2 g of

Cu(NCIerr])[er rr] O and, 1755, 4 f Zn rr 6Herr 0|n 10 1
of water and a éﬁl?i?& iqﬂ‘?']ﬂﬁ I?&ﬂnligrh‘é%ﬁ t'B“'QéF‘gr?#Q} °f§45 ﬁL
Na[ err] CJ err] rehaté o cthextakcived: cadddysti nul taneousl y but separately -
over a period of 15 25 m nutes. During the reaction the precipitation

suspension i s TherpeEeTERdtEY dhereibtion te dededndned Y s BRLEORE 1| ¢ or
resi due i s conwhihchustpplemémwtl one anothex’s areas of application. The
5 distribution of small radii up to a size of about 30 nm
is determined by evaluation of the N, desorption isotherm
by means of the Kelvin equation as in C. Pierce s J. Phys.
Chem. 57 (1953), 149 f£f. Pore radii of from about 4 nm to
about 0.1 mm are determined by mercury penetration as in

10 H.L. Ritter and XL.C. Drake, Ind. Eng. Chem. analyt.
Ed. 17 (1945), 782.

Pores of the above size and size distribution can be
achieved by a high CO,~content (in the form of carbonate)
in the catalyst precursor, i.e. in the product dried at

15 from 50 to 95°C but not yet calcined. It has proven
advantageous for this precursor to contain per 100 parts
by weight of copper oxide from 32 to 45, preferably from
36 to 40, parts by weight of CO,.

The novel catalyst can basically be prepared by customary
20 processes, for example, by precipitation of the com-~
ponents from aqueous solution under conditions which
ensure the high CO,~content recognized as advantageous in
the catalyst precursor. A particularly suitable pxocess
comprises €forming an aluminum hydroxide suepension by
25 reaction of an aluminum salt solution with an alkali
metal carbonate or alkali metal hydrogen carbonate
solution, simultaneously but separately adding at from 80
to 100°C while stirring a solution containing copper and
zinc salts and a solution of alkali metal carbonate or
alkali metal hydrogen carbonate, filtering off the solid,
washing, drying at from 50 to 95°C and then calcining at
from 350 to 480°C. The aluminum, copper and zinc salts
used are compounds readily soluble in water which are
derived from inorganic or even organic acids, such as
35 halides, sulfates or acetates. Because of their high
solubility, their chemical inertness and the comparative

30
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for 80 minutes with 80 1 of water and after shaping by 30 extrusion or b
spray drying is dried at no nore than 100[err]C to a water content of |ess’
than 5% The dried uncal ci ned catal yst .precursor conprises 38.8 % by wei ght
of CuO (31 % by weight Cu), and 65 parts by weight of ZnQ 17 parts by
weight of Al[err]O[err], 2.0 parts by ight of Na[err]O and 38.6 parts
by weight of CJerr] per 100 parts by weigift of CuO. In a subsequent

process step the Q CULEOT vhRoVER! €dfi NeReSt LERGR Of a H&”?ﬂ@f& 5(1200
1/h) to 430[err] é& é§ rl n?a?%ed at t ?s t enper at ur e g f%rt er
hours. The a.va abil ty, nitrates are preferred. Precipitants used

are alkali metal carbonates and/or hydrogen carbonates,
in particular the sodium salts. The concentration of the
5 salts in the solutions may cover a wide range. The
aluminum salt solution contains per liter of sclution the
aluminum salt in an amount which corresponds to from 20
to 100, preferably from 30 to 90 and in particular from
40 to 80 g of Al,0,. The concentrations of copper and zinc
10 in their joint solution are from 10 to 100 g of Cu and
from 5 to 80 g of Zn per liter of solution. The preferred
precipitant, sodium carbonate, is advantageously used in
the form of a solution which contains from 50 to 150 g of

Na,CO, per liter, lower sodium carbonate concentrations
15 not being excluded.

The aluminum hydroxide is precipitated by running an
aluminum salt solution at a temperature of from 20 to
90°C over a period of from 2 to 10 minutes into an alkali
metal carbonate and/or alkali metal hydrogen carbonate
20 solution having a temperature of from 20 to 100°C,
preferably from 30 to 80°C, while stirring wvigorously.
The ratio of aluminum salt to precipitant is selected so
that the pHB of the suspension is from 6.5 to 8.5 after
the reaction is complete. Subsequently the temperature is
25 adjusted to from 80 to 100°C, preferably from 90 to 98°C,
and the alkali metal carbonate and/or alkali metal
hydrogen carbonate solution and the coppei' salt/zinc salt
solution, each heated to from 80 to 100°C, preferably
from 90 to 98°C, are added simultaneocusly but separately
30 over a period of from 10 to 30 minutes while stirring
vigorously. The rates of addition of the two solutions
are mutually adjusted so that the pH of the precipitation
suspension remains constant within the range from 7.5 to
8.0. As soon as the addition of the two solutions is
35 complete the suspension is filtered. The filter residue
is washed, dried at from 50 to 95°C and subsequently
calcined at from 350 to 480°C, preferably at from 400 to
460°C. The shaping of the material, for example by
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resul ti ng cal ci ned product conprises 51 % by wei ght of CuO and 65 parts by
- weight of ZnO, 17 parts by weight of Allerr](err], 2.0 parts by weight of -

Na[err]O and 1.5 parts by weight of COJeérr] per 100 parts by wei ght of CuQ
It has a total 10 surface area (by BET) of 68 nferr]/g; 85% of the

surface area is made up by pores having radji_ greater than 9 nmand 16%is
made up by pores having radii |less than 9 nm The cal ci ned product can be

ﬂjﬁd in e?trUde?eﬂtgﬁﬁbbﬂ}ffiﬁéﬂlaﬁﬁhq%'Eh?e?ebedrﬁfédﬂdﬁﬂ-béﬂire Bxginge 2:
rogenation of p- YySighPr l

Exanpl e 1 and taBPet%%i‘?%’?ec%g%g%ggilgﬁ'a ?%%C{L?ac?%‘ %l%’e % 1 é}}ﬁe@swb?h 400
1/ h of a H err]/ Rpéuetiamat framAssi ke PR’ Rreferahdyort H%a® 150ukPi | no

nmore water is fongedc.Swheecgugiaction 1 Xédtidustied in a separate reactor
5 or directly in the hydrogenation reactor.

The novel catalyst is successfully used for hydrogenating
organic compounds, preferably for hydrogenating un~
saturated or saturated aldehydes, ketones, carboxylic
acids or carboxylic esters. It has proven particularly

10 useful in the hydrogenation of unsaturated and saturated
aldehydes in the gas phase.

[

The examples below illustrate the invention without
limiting it in any way.

Example 1; Catalyst preparation

15 A solution at room temperature of 925 g of Al (NO,),  9R,0

in 3 1 of water is run into a solution heated to 70°C of

580 g of soda in 5,51 of water while stirring

vigorously. While continuing stirring the temperature of

the suspension obtained is raised to 95°C over a period
20 of about 10 minutes and a solution heated to 95°C of
2249.2 g of Cu(NO,),-3H,0 and 1755.4 g of 2n(N0;),' 68,0 in
10 1 of water and a solution likewise heated to 95°C of
2340 g of Na,COo, in 181 of water were added
simultaneously but separately over a period of 15
minutes. During the reaction the precipitation suspension
is maintained at a pE of from 7.5 to 8.0. Subsequently
the suspension is stirred for a further 2 minutes and
then filtered. The filter residue is continuously washed
'for 80 minutes with 80 1 of water and after shaping by

extrusion or by spray drying is dried at no morxe than
100°C to a water content of less than 5%.

25

30

The dried uncalcined catalyst precursor comprises 38.8 %
by weight of CuO (31 % by weight Cu), and 65 parts by
weight of %n0, 17 parts by weight of Al,0,, 2.0 parts by
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20 250 ml of gaseous n-butyral dehyde and 710 1 of hydrogen per hour are
‘passed over the catalyst. at 14[err] C.and a gauge pressure of 0.3 MPa. The
excess hydrogen is recirculated., The hydrogenation product has the

foll owi ng conposition 25 determ ned by gas chromatography: [err]
Particularly noteworthy in conparison with the prior art is the

exceptionally |ow formati on of byproduct-s 8Mren -9- using the catalysts
of the invention.

weight of Na,0 and 38.6 parts by weight of CO, per 190
parts by weight of CuO.

In a subsequent process step the precursor is heated in
a stream of nitrogen or air (200 1/h) to 430°C and

5 maintained at this temperature for a further 3 hours. The
resulting calcined product comprises 51 % by weight of
CuO, and 65 parts by weight of 2n0, 17 parts by weight of
a1,0,, 2.0 parts by weight of Na,0 and 1.5 parts by weight
of CO, per 100 parts by weight of CuO. It has a total

10 surface area (by BET) of 68 m?/g; 85% of the surface area
is made up by pores having radii greater than 9 nm and
16% is made up by pores having radii less than 9 nm.

The calcined product can be used in extruded or tableted
form as a fixed-bed catalyst.

15 Example 2: Hydrogenation of n~butyraldehyde

250 m1 of the catalyst prepared as in Example 1 and
tableted are reduced in a reaction tube at 160°C with
400 1/h of a H,/N, mixture containing 3 % by volume of H,
until no more water is formed. Subsequently a mixture of
20 250 ml of gaseous n-butyraldehyde and 710 1 of hydrogen
: per hour are passed over the catalyst at 145°C and a

gauge pressure of 0.3 MPa. The excess hydrdgen is
recirculated. - '

The hydrogenation product has the following composition
25 determined by gas chromatography:

n-butanol 89.8 % by weight
n-butyraldehyde < '0.05 % by weight
butyl butyrate < 0.05 % by weight
2=ethylhexanol < 0.05 £ by weight
30 di~n-butyl ether < 10.0 % by weight

Particularly noteworthy in comparison with the prior art
is the exceptionally low formation of byproducts when
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Exanpl e 3: Hydrogenation of 2-ethylhexenal 3 1 of the catal yst prepared as
in Exanple 1 and tableted are reduced.as described in Exanple 2.

Subsequently a 5 gaseous m xture of 1500 m/h of 2-ethyl hexenal (Iliquid)
and 4.4 standard n{err]/h of hydrogen is passed over it at 145[err]C and a
gauge pressure of 50 kPa. Starting materi ~aP and reaction product have the

fol |l ow ng corrp05| y _ga h orrat aphy: 10
Starting Re% d'?ﬁat ear@ag\'ly t% of %P%d%‘c‘l’ '(‘/%q%y wei ght) (% by wei ght)

Clerr]/Cferr] hydrocarbons [err] 0.1 ~[err] 0.1
glg-buaagal éEﬁfmpingz Hydrogehatidn of 2-ethiylhexdnal n/i - but anol

3 1 of the catalyst prepared as in Example 1 and tableted
are reduced as described in Example 2. Subsequently a
5 gaseous mixture of 1500 ml/h of 2-ethylhexenal (liquid)
' and 4.4 standard m'/h of hydrogen is passed over it at
145°C and a gauge pressure of 50 kPa. Starting material
and reaction product have the following composition
determined by gas chromatography:

10

Starting Reaction
material product
(¥ by weight) (% by weight)
C,/Cs hydrocarbons < 0.1 < 0.1
n/i-butanal 3 -4 -

15 n/i-butanol 0.5 - 1,5 3,6 - 4.5
2-ethylhexenal ' 80 - 91.5 < 0.1
2-ethylhexanal about 1 0.2 ~ 0.3
2-ethylhexanol - 3.5 -~ 4,5 95 - 97
higher boiling-point

20 components (such as
acetals, diols) - 2 -3 0.5 - 0.8

Example 4 _(cbmgarative] ¢ Hydrogenation of n-butyraldehyde

In this example a catalyst of the prior art is used. It

_ comprises 47.5 $ by weight of Cu, and 49.5 parts by
25

weight of znO, 8.4 parts by weight of Al,0, and 0.12 parts
by weight of Na,0 per 100 parts by weight of CuO. Its
total surface area (by BET) is 128 g/m?; 85% of the
surface area is made up by pores having a radius less
than or equal to 15 nm.

30 250 ml of the tableted catalyst are reduced in a tube
' reactor, as described in Example 2. Subsequently a
gaseous mixture of 250 ml/h of n~butyraldehyde (liquid)

and 710 1 of hydrogen per hour is passed over the
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2-ethylhexenal 90 - 91.5 [err] 0.1 2-ethyl hexana

‘about. 1 0.2 - 0.3 2-ethyl hexanol 3.5 - 4.5 95
- 97 higher boiling-point 20 conponents (such as acetals, diols)
2 - 3 0.5 - 0.8 Exanple 4 (conarative : Hydrogenation of

n- butyral dehyde In this exanple a catalyst of the prior art is used. It
conprises 47.5 % by weight of Cu, and 49.5 parts by 25 wei ght of ZnQ 8.4
parts by weight of Al[err]0 and 0.12 part¥ by weight of NJerr] O per 100

ts by weight of CuQ It | f by BET), i / :
5% of e sur raRtalreh #4 MBS A T6RREE Mot aipe ot o3 iR TR, o

equal to 15 nmexcess hydrogen is recirculated.

The hydrogenation product has the following composition
by gas chromatography:

5 n-butanol 99,5 - 99.6 % by weight
n-butyraldehyde 0.2 - 0.3 % by weight
butyl butyrate - about 0,02 ¥ by weight
di-n-pbutyl ether about 100 ppm by weight
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30 250 m of the tableted catal yst are reduced in a tube reactor, as
described in Exanpl e 2. Subsequently a gaseous m xture of 250 m/h of
n- but yral dehyde (liquid) and 710 1 of hydrogen per hour ~+s—passed—over—the—

- 10 - catalyst at 145[err]C and a gauge pressure of 0.3
hydrogen is recircul ated. The hydrogenati on product has. ‘mmm] H&iﬁml
conposi tion by gas chromatography: 5 . 31 - u- but anol

99.6 % by wei ght n-butyral dehyde 0.2 - 0.3 %by wei ght

WHAT IS _CLAIMED IS:

1. A catalyst comprising per 100 parts by weight of
copper oxide from 40 to 130 parts by weight of zinc
oxide, from 2 to 50 parts by weight of aluminum

5 oxide and from 1 to 4 parts by weight of sodium
oxide and having a total surface area (by BET) of
from 50 to 100 m®/g, in which from 75 to 95% of the
total surface area is made up by pores having radii
of from 9 to 1000 nm and the remainder of the total

10 surface area is made up by pores having a radius of
less than 9 nm.

2. A catalyst as claimed in claim 1, comprising per 100
parts by weight of copper oxide from 40 to 100, in
particular from 45 to B0, parts by weight of zinc

15 oxide, from 4 to 30, in particular from 4 to 20,
parts by weight of aluminum oxide and from 1.5 to 3
parts by weight of sodium oxide.

3. A catalyst as claimed in claim 1 or 2, comprising

per 100 parts by weight of copper oxide from 0.5 to

20 8 parts by weight of wmanganese, molybdenum,
vanadium, zirconium and/or an alkaline earth metal

{(calculated as MnO, Mo0O,, V,0;, 2r0,, MeO, Me =
alkaline earth metal).

4. A catalyst as claimed in claim 3, comprising from 1

25 to 6, in particular from 2 to 4, parts by weight of
the metals manganese, molybdenum, vanadium,
zirconium and/or an alkaline earth metal (calculated
as MnO, MoO,, V,0;, %Zr0,, MeO, Me = alkaline earth
metal). : '

30 S. A catalyst as claimed in one or more of claims 1 to

4, having a surface area of from 60 to 80 w*/g (by
BET) .

A catalyst as claimed in one or more of claims 1 to

This Sheet Has Been Replaced

REPLACEMENT SHEET |

11 JAN 197



butyl butyrate about 0.02 % by weight di-n-butyl ether about 100 ppm
‘by wei ght———*——A cat al yst conprising per 100 parts by wei ght of copper

oxide fro by wei ght of zinc oxide, from2 to 50 parts by
wei ght of mgﬁnmmﬁ“mn oxide and from1 to 4 parts by wei ght of sodium
oxi de and viengra % otsal *surface area by~ of from50 to 100 nR/g, in
which from75 to 95% of the total surface area is nmade up by pores having

radii of from9 to 1000 nm and the renai nder of the total 10 surface
area is made up by JowhereinefromoBGatar 90 Wt thé total surface area is made up by pores

having a radius of from 9 to 1000 nm and from 10 to 20 % of the total
surface area is made up by pores having a radius less than 9 nm.

5 7. A catalyst as claimed in one or more of claims 1 to 6, wherein from 55 to
85% of the total surface area is made up by pores having a radius of from
15 to 1000 nm, from 5 to 25% of the total surface area is made up by
pores having a radius of from 9 to less than 15 nm and from 10 to 20% of
the toﬁl surface area is made up by pores having a radius less than 9 nm.

10 8. A i)rocess for preparing a catalyst as claimed in one or more of claims 1
to 7, which comprises forming an aluminum hyd_roxide suspension by
reaction of an aluminum sait solution with an alkali metal carbonate and/or
alkali metal hydrogen carbonate solution, simultaneously but separately
adding while stirring a solution heated to from 80 to 100°C containing

15 copper and zinc salts and a solution heated to from 80 to 100°C of alkali
metal carbonate or alkali metal hydrogen carbonate while maintaining a pH

- of 7.5 to 8.0 in the precipitation suspension, filtering off the solid,
washing, drying at from 50 to 95°C and then calcining at from 350 to
480°C. '

20 9. The process as claiméd in claim 8, wherein the aluminum hydroxide
suspension is prepared by adding an aluminum salt solution having a
temperature of from 20 to 90°C while stirring vigorously to an alkali metal
carbonate and/or hydrogen carbonate solution having a temperature of from
20 to 100°C in such an amount that after completion of the reaction the pH

25 of the suspension is from 6.5 to 8.5. |

10. A method of using the catalyst as claimed in one or more of claims 1 to 7

for hydrogenating organic
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| ess than 9 nm 2. A catalyst as clainmed in claim11, conprising per 100
‘parts by \ABI ght of copper m(Lde from40 to 100, in particular from45 to

80, parts of zinc oxide, from4 to 30, in particular
from4 to ﬁ!" ﬂﬁ%ll ﬂlll\ﬁ‘“ t of al uni num oxi de and from1.5 to 3 parts by

wei ght  of A catalyst as clained in claim1 or 2,

conpri si ng per parts by wei ght of copper oxide fromO0.5 to 20 8
parts by weight of manganese, nolybdenum vanadi um zirconium and/ or
an al kaline earth nmetal (cal cul ated as M ™O0[err],- V[err]Of[err]

ér gi[ ﬁqr 5,] C(I\)/Em())“ SHle ngégl?%#tg se,art h:.nrmt alazrtlculaxA C@b@" ysrhyﬁi‘o&leﬁ-h&ﬂgi n

unsaturated or saturated aldehydes, ketomnes,
carboxylic acids or carboxylic esters to form

saturated alcohols.
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25 to 6, in particular from2 to 4, parts by weight of the netals
‘manganese, nol ybdenum vanadi um zirconium and/ or an al kaline earth
netal, calculated as Mo, Mo(err], Verr](Jerr], ZrJerr] MO M =

al kaline earth nmetal. 30 5. A catalyst as clainmed in one or nore of
claims 1 to 4, having a surface area of from60 to 80 nferr]/g by BET.. 6.
A catalyst as clainmed in one or nore of clains 1 to 5, wherein from 80

to 90% of the total surface area is nmadaayp by pores having a radius of
from9 to 1000 nmand from 10 to 20 % of the total

COPPER CATALYST

The invention relates to a copper oxide/zinc
oxide/aluminum oxide catalyst which comprises per 100
parts by weight of copper oxide from 40 to 130 parts by
weight of zinc oxide, from 2 to 50 parts by weight of
aluminum oxide and from 1 to 4 parts by weight of so_di.um
oxide. It has a total surface area of from 50 to 100 m*/g
(by BET). From 75 to 95% of the total surface area is
formed by pores having radii of from 92 to 1000 nm and
from 5 to 25% of the total surface area is formed by
pores having radii of less than 9 nm.
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o]
surfdce area is nmade up by pores having a radius_|ess than 9 [err]mﬂgs'”' _
Acatal st as clained in one or nore of clains 1 to..6,:wherein from 55 to

ety |11 T11 1Ty o e M R A

upn by por es,s
having a radius &f f'rofn 9"to less than 15 nmand from.10 to0. e
total surface area is nade up by pores havi-ng a radlus l,”‘ss than 9 nm 10 o
8. A process for preparing a catalyst as clained in one or noré of o

clainms 1 to 7wanr @8 conpMEPesstor ming an al umi num hydr oxi su,spelgé/ gn by
reaction of an alum numsalt solution with an alkali. neta r banat ﬁd/ or__:

al kali netal hydro%ﬁn carbonate sol utjion, sinultaneousl é but se ar at el y
addi ng whi | e i r r PnFaralysh | PRSI {REF r L90 gBarks 1 LI é’rel"Fé c&¥t ai ni ng

15 [ ] fcoploErI asaﬁj:péu:naxiaht Eromdi 5ol 180 parksabgdweibght coff & nico
100[err]C of a a| oy r RRat e
whi | e mai nt ai ni ng g %‘pt g'% Cgoa%?éprgi pltgﬁ B (bt

on suspens) on,
filtering Dff the gq;q.yd@ a.nd from 1l to 4 parts by weight of sodium
oxide and having a total surface area by BET of
from 50 to 100 m?®/g, in which from 75 to 95% of the
total surface area is made up by pores having radii
of from 9 to 1000 nm and the remainder of the total

surface area is made up by pores having a radius of
less than 9 nm.

10

2. A catalyst as claimed in claim 1, comprising per 100
parts by weight of copper oxide from 40 to 100, in
particular from 45 to 80, parts by weight of zinc

15 oxide, from 4 to 30, in particular from 4 to 20,
parts by weight of aluminum oxide and from 1.5 to 3
parts by weight of sodium ‘oxide.

3. A catalyst as claimed in claim 1 or 2, comprising
per 100 parts by weight of coppé.r oxide from 0.5 to
20 8 parts by weight of manganese, molybdenum,
vanadium, zirconium and/or an alkaline earth metal
(calculated as MnO, MoO;, V,0,, %2r0,, MecO, Me

alkaline earth metal).

4. A catalyst as claimed in claim 3, comprising from 1

25 to 6, in particular from 2 to 4, parts by weight of
the metals wmanganese, molybdenum, vanadium,
zirconium and/or an alkaline earth metal, calculated
as MnO, MoO,, V,0,, 2Zr0,, MeO, Me = alkaline earth
metal .

30 S.

A catalyst as claimed in one or more of claims 1 to

4, having a surface area of from 60 to 80 wm*/g by
BET .

A catalyst as claimed in one or more of claims 1 to




washi-ng, drying at from50 to 95[err]C and then calcining at from 350 to
480[err] C. 20 . The process as clainmed in claim8, wherein the

al um num hydr o prepared by addi ng an al um num sal t

sol uti on havi ngmmmﬂﬂ“mmm"r from20 Lo 90[err]C while stirring
vigorously to ar altkaFi ¥etal *carbonate arfd/ or hydrogen carbonate sol ution
having a tenperature of from20 to 100[err]C in such an anount that after
conpl etion of the reaction the pH 25 of the suspension is from6.5
to 8.5. 10. A neti;adh&rém&omgBOtﬂoé(l%tOéiltb%totd§ucﬂa@n anedl is made@pdy peree of

claims 1 to 7 for g{n%gae Tac ullsngf ﬁo&a& to 1000 nm 1 3nd from 10 to 20 % of the total

surface area is made up by pores having a radius less than 9 nm.

5 7. A catalyst as claimed in one or more of claims 1 to 6, wherein from 55 to
85% of the total surface area is made up by pores having a radius of from
15 to 1000 nm, from 5 to 25% of the total surface area is made up by
pores having a radius of from 9 to less than 15 nm and from 10 to 20% of
the total surface area is made up by pores having a radius less than 9 nm.

10 8. - A process for preparing a catalyst as claimed in one or more of claims 1
to 7, which comprises forming an aluminum hydroxide suspension by
reaction of an aluminum salt solution with an alkali metal carbonate and/or
alkali metal hydrogen carbonate solution, simultanecously but separately
adding while stirring a solution heated to from 80 to 100°C containing

15 copper and zinc salts and a solution heated to from 80 to 100°C of alkali
metal carbonate or alkali metal hydrogen carbonate while maintaining a pH
of 7.5 to 8.0 in the precipitation suspension, filtering off the solid,
washing, drying at from 50 to 95°C and then calcining at from 350 to
480°C.

20 9. The process as claimed in claim 8, wherein the aluminum hydroxide
suspension is prepared by adding an aluminum salt solution having a
temperature of from 20 to 90°C while stirring vigorously to an alkali metal
carbonate and/or hydrogen carbonate solution having a temperature of from
20 to 100°C in such an amount that after completion of the reaction the pH

25 of the suspension is from 6.5 to 8.5.

10. A method of using the catalyst as claimed in one or more of claims 1 to 7

for hydrogenating organic
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