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Chromium-free hydrogenation of hydroformylation mixtures 

5 The invention relates to a process for the preparation of alcohols by hydrogenation of aldehydes, in 

which a use mixture comprising at least one aldehyde and at least one accompanying component 

is brought into contact, in the presence of hydrogen, with a heterogeneous catalyst, giving a 

product mixture which comprises at least the alcohol corresponding to the hydrogenated aldehyde, 

and at least one by-product, where the catalyst comprises a support material, and nickel and 

10 copper are applied thereto. 

Furthermore, the invention relates to the preparation of the associated catalyst and its use in the 

process. 

The elimination of hydrogen (dehydrogenation) from an alcohol gives an aldehyde. Conversely, 

alcohols can be prepared from aldehydes by hydrogenation (addition of hydrogen). 

15 Hydrogenation in general is a reaction carried out very frequently in industrial technology. But also 

specifically the hydrogenation of aldehydes is practised on an industrial scale, namely in the 

production of so-called oxo alcohols. 

Oxo alcohols are alcohols which are produced in the course of hydroformylation (oxo reaction). 

During the hydroformylation, an olefin (alkene) is reacted with a synthesis gas (this is a mixture of 

20 carbon monoxide and hydrogen) to give an aldehyde. Subsequent hydrogenation gives the actual 

oxo alcohol. Oxo alcohols serve as intermediates for producing surfactants and/or plasticizers for 

plastic. Worldwide, several million tons of oxo alcohols are produced every year. 

Since the hydrogenation of the aldehydes obtained by the hydroformylation is a necessary step in 

the production of oxo alcohols, the present invention deals with a process that is of relevance on an 

25 industrial scale. 

In industrial practice, oxo aldehydes are generally hydrogenated in the liquid phase on 

heterogeneous fixed-bed catalysts. On account of the large throughput amounts, the catalyst is 

attributed the decisive importance for the process since it determines the reaction rate and also the 

selectivity of the hydrogenation. The selection of a suitable catalyst is not trivial since the 

30 aldehydes to be hydrogenated never occur in pure form, but as a mixture of structural isomeric 

aldehydes which is always accompanied by a large number of troublesome accompanying 

components which firstly bring about secondary reactions undesired in the hydrogenation and 

secondly damage the hydrogenation catalyst. Since the composition of the use mixture comprising 

the aldehydes to be hydrogenated is determined by the upstream hydroformylation, the 

35 hydrogenation catalyst has to be precisely adapted to the particular hydroformylation. 
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For the hydrogenation of oxo aldehydes, catalysts that have proven useful are those which 

comprise a support material on which copper, chromium and nickel are applied as active 

components. 

A corresponding catalyst is disclosed in DEI 9842370A1. It comprises copper and nickei, in each 

5 case in a concentration range from 0.3 to 15% by weight and chromium in a weight fraction of from 

0.05% by weight to 3.5% by weight. The support material used is porous silicon dioxide or 

aluminium oxide. 

EP1219584B1 reveals that such a catalyst also manages with the accompanying component 

water, which is to be expected in particular during the co-catalysed hydroformylation. Water is 

10 critical since it can have a lasting negative influence on the surface structure of the catalyst by, for 

example, reducing the specific surface area. For this reason, the aldehyde mixtures originating 

from the cobalt-catalysed hydroformylation are particularly demanding to hydrogenate. 

A further development of this Ni/Cu/Cr catalyst consists in adding barium to the support material 

(EP2180947B1). 

15 W02009/146988A1 deals with the two-stage hydrogenation of oxo alcohols over two different 

Ni/Cu/Cr catalysts. 

Although the nickel/copper/chromium catalysts have proven useful in the industrially practised 

hydrogenation of oxo aldehydes, there is still the need for an alternative. The reason for this is the 

chromium present. 

20 According to Annex XIV of the REACH regulation, chromium-containing substances such as the 

catalysts described above may only be used in the European Union after authorization by the 

Commission. The granting of authorization is associated with great complexity and high costs; 

moreover, granting of authorization cannot be expected a priori. Moreover, the application 

procedure has to be repeated every five years. 

25 The reason for these strict conditions is the undisputed carcinogenicity of the chromium(IV) 

compounds present in the catalyst. These are firstly relevant when hydrogenation catalyst has to 

be disposed of following deactivation and, secondly, when it is newly produced by impregnation 

with alkali metal chromates or alkali metal dichromates. 

For health and cost reasons there is therefore a great need for a chromium-free alternative to the 

30 hydrogenation of oxo aldehydes. 

Chromium-free hydrogenation catalysts are disclosed in EP1749572A1. The support material used 

is porous aluminium oxide and the hydrogenation-active components are nickel or cobalt. The 

examples reveal that an Ni/AI203 or a Co/AI203 system is suitable for the hydrogenation of oxo 

aldehydes; the properties and productivity of these systems, however, has not been investigated. 



The disadvantage of the cobalt catalysts shown in EP1749572A1 consists in the fact that they in 

any case have to be reduced at relatively high temperatures of 350°C to 450°C. This usually does 

not take place in-situ in the reactor since the reactors for the aldehyde hydrogenation are designed 

only for a temperature of up to about 200°C. Consequently, the cobalt catalysts have to be reduced 

ex situ and then be incorporated into the hydrogenation reactor under a protective atmosphere. 

This is very complex. Moreover, cobalt is a comparatively expensive material. 

For the nickel catalysts, approx. 200°C could just suffice for an in situ reaction. However, 

EP1749572A1 mentions that the Ni/AI203 system favours the further reaction and the reaction 

must therefore be ended very quickly. That is not always easy to accomplish in industrial use. 

The chromium-free hydrogenation catalysts shown in EP1749572A1 have overall so many 

disadvantages that they are not real alternatives to the classic Ni/Cu/Cr systems. 

DE3737277C2 discloses a chromium-free catalyst for the hydrogenation of aldehydes which is 

based on copper/zinc oxides. Potassium, nickel and/or cobalt and additionally an alkali metal are 

present as further hydrogenation-active metals. This system is a so-called uniform-composition 

catalyst which consists exclusively of the hydrogenation-active materials. Such uniform-

composition catalysts are very expensive to produce and are therefore too costly for industrial use. 

After all of this, it has hitherto not been possible to find a chromium-free catalyst which is suitable 

for the hydrogenation of hydroformylation mixtures on an industrial scale and which can be 

produced easily. 

The object of the invention therefore consists in indicating such a catalyst. In particular, the same 

catalyst should be suitable for hydrogenating aldehyde mixtures with different chain lengths, in 

particular those which originate from different hydroformylations and can also comprise substances 

with C=C double bonds. 

Surprisingly, this object was achieved by omitting the chromium during the preparation of a classic 

Cu/Ni/Cr system, such that a catalyst is obtained on whose support material only copper and nickel 

occur as hydrogenation-active components, but not chromium. 

This finding is surprising since in the past it has always been assumed that chromium is a 

necessary component for such hydrogenation tasks. In fact, long-term experiments demonstrate 

that although a small chromium content of 0.05% by weight to 3.5% by weight offers definite 

advantages in the start-up range, over the long term the performance of chromium-free and 

chromium-containing Cu/Ni systems is approximately the same. For this reason, there are no 

longer any concerns against using chromium-free Cu/Ni systems in the hydrogenation of 

hydroformylation mixtures. 

Consequently, the invention provides a process for the preparation of alcohols by hydrogenation of 

aldehydes, in which a use mixture comprising at least one aldehyde, and at least one 
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accompanying component is brought into contact, in the presence of hydrogen, with a 

heterogeneous catalyst, giving a product mixture which comprises at least the alcohol 

corresponding to the hydrogenated aldehyde, and at least one by-product, where the catalyst 

comprises a support material, and nickel and copper applied thereto, where the catalyst in 

5 activated form has the following composition adding up to 100% by weight: 

support material: from 85% by weight to 95% by weight, 

preferably from 88% by weight to 92% by weight; 

copper: from 5.3% by weight to 8.4% by weight, 

preferably from 6.5% by weight to 7.0% by weight; 

10 nickel: from 2.2% by weight to 3.9% by weight, 

preferably from 2.8% by weight to 3.3% by weight; 

chromium: less than 50 ppm by weight, preferably less than 5 ppm by weight; 

others: less than 1% by weight. 

Such a catalyst can be referred to as chromium-free. In this connection, "free from chromium" 

15 means that no chromium was actively used during the preparation of the catalyst, in particular that 

the support material has not been impregnated with chromium-containing substances. As 

chromium-containing substances, compounds comprising Cr-lll and Cr-VI are especially 

noteworthy. 

On account of the analysis possibilities nowadays, it cannot be excluded that traces of chromium 

20 will be detected in the catalyst according to the invention. These could originate, for example, from 

the steel of the apparatuses with which the catalyst comes into contact during its preparation, its 

storage, its transportation, its incorporation or its use. However, this is not desired chromium 

content. 

Insofar as freedom from chromium according to the invention should be defined with a numerical 

25 value, then a catalyst which, based on its total weight, comprises less than 50 ppm by weight of 

chromium is considered to be "chromium-free" in the context of this invention. Preferably, the 

catalyst even comprises less than 5 ppm by weight of chromium. The measurement unit ppm is 

understood here as 10'6. The stated limiting values for chromium refer in particular to the total 

content of substances which comprise Cr-lll and Cr-VI. 

30 Compared to the catalyst known from DE19842370A1, which comprises at least 0.05% by weight 

(corresponding to 500 ppm) of chromium, the chromium content of a catalyst according to the 

invention is one to two orders of magnitude less. 



By dispensing with an impregnation of the support material with alkali metal chromates or alkali 
metal dichromates during the preparation of the catalyst, it is possible to ensure the required 
freedom from chromium. 

Suitable support materials are in principle those substances which exhibit inert behaviour (i.e. do 
not co-react) in the hydrogenation and are capable of supporting the catalytically active substances 
nickel and copper. Differently to a uniform-composition catalyst, the support catalyst described here 
consequently comprises the inert support material on which the active material is applied. Suitable 
support materials are commercially available and can be coated with the active materials on an 
industrial scale with the help of proven technology. 

The support material is preferably aluminium oxide or silicon dioxide, or it is a mixture of aluminium 

oxide and silicon dioxide (silica/alumina). 

The support material should be porous. The specific pore volume of the support material should be 
between 0.5 ml/g and 0.9 ml/g. The value of the specific pore volume is determined by the 
cyclohexane immersion method. For this, a sample of the support material is placed into a vessel 
and the vessel is evacuated. The sample in the air-free vessel is weighed. Then, the vessel is 
flooded with an amount of cyclohexane, measured volumetrically beforehand, such that the sample 
is impregnated in it. The cyclohexane is allowed to penetrate into the sample. Then, the 
cyclohexane is shaken off and the amount shaken off is measured volumetrically. The difference 
compared to the amount of cyclohexane poured in corresponds to the amount that has penetrated 
into the pores, i.e. the pore volume. This pore volume is then related to the weight of the sample. 
This gives the specific pore volume of the support. 

The specific surface area of the support material (BET surface area) should be between 240 m2/g 
to 280 m2/g. The specific surface area is determined by ISO method 9277. 

The hydrogenation should be carried out at a pressure between 15*105 Pa and 25*105 Pa and at a 
temperature between 140°C and 180°C, pressure and temperature being selected such that use 
mixture and product mixture are present in a liquid phase. This increases the process intensity. 

The hydrogen should be present in the hydrogenation in a superstoichiometric amount in order to 
permit complete hydrogenation. However, the concentration of the hydrogen should be selected 
such that at least some of the hydrogen is present dissolved in the liquid phase. As a result, the 

flow dynamic is not so greatly adversely affected by gas bubbles. 

According to the invention, oxo aldehydes are hydrogenated to the corresponding alcohols. 
Consequently, the use mixture originates from a hydroformylation and as such has a plurality of 
aldehydes with the same number n of carbon atoms, and corresponding alcohols and high boilers, 
where n is a natural number between three and eighteen. 



Preferably, the use mixture has one of the following specifications A to E, with the specified 

compositions in each case adding up to 100% by weight: 

Specification A: 

total fraction of the aldehydes having five carbon atoms: 80% by weight to 100% by 

weight; 

0% by weight to 1% by weight; 

2% by weight to 20% by weight. 

total fraction of the alcohols having five carbon atoms: 

total fraction of other hydrocarbons: 

Specification B: 

total fraction of the aldehydes having nine carbon atoms: 25% by weight to 75% by weight; 

total fraction of the alcohols having nine carbon atoms: 

total fraction of acetals: 

weight; 

10% by weight to 55% by weight; 

0.5% by weight to 5.5% by 

0% by weight to 40% by weight; 

0% by weight to 3% by weight. 

total fraction of further hydrocarbons: 

water: 

Specification C: 

total fraction of the aldehydes having nine carbon atoms: 15% by weight to 65% by weight; 

total fraction of the alcohols having nine carbon atoms; 

total fraction of acetals: 

weight; 

total fraction of further hydrocarbons: 

water: 

Specification D: 

total fraction of the aldehydes having ten carbon atoms: 

weight; 

total fraction of the alcohols having ten carbon atoms: 

total fraction of further hydrocarbons: 

fraction of water: 

20% by weight to 65% by weight; 

0.5% by weight to 5.5% by 

0% by weight to 40% by weight; 

0% by weight to 1% by weight. 

50% by weight to 100% by 

0% by weight to 40% by weight; 

0% by weight to 5% by weight; 

0.5% by weight to 5% by weight. 



Specification E: 

total fraction of the aldehydes having thirteen carbon atoms: 60% by weight to 85% by weight; 

total fraction of the alcohols having thirteen carbon atoms: 1% by weight to 20% by weight; 

total fraction of further hydrocarbons: 10% by weight to 40% by weight; 

fraction of water: 0.1% by weight to 1% by weight. 

A particular advantage of the found catalyst consists in the fact that it is also suitable for mixed 

hydrogenation, i.e. can process a use mixture which is composed of two or more different 

hydroformylation discharges. Thus, at sites where at least two hydroformylations are operated in 

parallel, it is possible to combine the hydroformylation mixtures of both oxo plants and to 

hydrogenate them in a hydrogenation process over the catalyst found here. This saves capital 

costs for the hydrogenation plant. If the first oxo plant produces for example aldehydes having n 

carbon atoms and the second oxo plant produces aldehydes having m carbon atoms, then the 

combined use mixture for the hydrogenation comprises a plurality of aldehydes with the same 

number n of carbon atoms and a plurality of aldehydes with the same number m of carbon atoms, 

and also in each corresponding alcohols and high boilers, where n and m are different natural 

numbers between three and eighteen. The hydrogenation of such a use mixture originating from at 

least two different hydroformylations is particularly preferred. 

The chromium-free catalyst used according to the invention is prepared as follows: 

a) provision of a support material; 

b) impregnation of the support material with a chromium-free solution of copper(ll) hydroxide 

carbonate, nickel hydroxycarbonate paste, ammonium carbonate, ammonia and water; 

c) drying of the impregnated support material in the stream of air at temperatures 

below 100°C; 

d) calcinations of the dried, impregnated support material in the stream of air at temperatures 

below 450°C; 

e) activation of the calcined, dried, impregnated support material by reduction with hydrogen 

to give the active catalyst, where the activation takes place in situ or ex situ. 

Such a preparation process is likewise part of the invention since the catalyst used according to the 

invention attains its freedom from chromium by virtue of this procedure, more precisely by virtue of 

the chromium-free impregnation. 
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The use of a catalyst prepared in this way in a process for the hydrogenation of aldehydes is thus 

likewise provided by the invention. 

The invention will now be explained in more detail by reference to examples. 

5 Example 0 

A moulded porous aluminium oxide support (extrudates with a diameter of about 1.2 mm, a BET 

surface area of about 260 m2/g and a pore volume of about 0.7 ml/g) is impregnated with an 

ammoniacal aqueous solution containing nickel and copper compounds. The aqueous 

impregnation solution is obtained from copper(ll) hydroxide carbonate, nickel hydroxycarbonate 

10 paste, ammonium carbonate, aqueous ammonia solution and water. The impregnation can take 

place by various customary methods, e.g. spray impregnation, vacuum impregnation or steeping at 

atmospheric pressure. The impregnation can take place such that the amount of solution is chosen 

such that the pores are filled partly or completely with impregnation solution or the support is 

impregnated in an excess of solution. After the impregnation, the material is dried in the stream of 

15 air (at temperatures below 100°C). The dried precursor is then calcined in the stream of air (at 

temperatures of 450°C). Afterwards, nickel and copper are present in oxidic form in the aluminium 

oxide matrix. After the calcination, the catalyst precursor comprises 6.5 -7.0% copper, 2.8 - 3.3% 

nickel. The catalyst precursor is only converted to the actual catalytically active form after activation 

in the reactor, e.g. by a reduction of the oxidic nickel and copper compounds with hydrogen. 

20 

Example 1 

A reaction discharge from the cobalt-catalysed hydroformylation of dibutene was hydrogenated 

continuously in a circulation apparatus at 180°C and 25 bar absolute over 150 g of catalyst in the 

liquid phase. 0.90 I of starting material were pushed through per hour for a circulation of 24 l/h. The 

25 amount of off-gas was 5 l/h (STP). A chromium-free Ni/Cu catalyst on AI2O3 support material 

prepared according to Example 0 was used. The composition of the use material used is shown in 

Table 1. 



Table 1: Composition of the use mixture comprising C9 aldehydes 

Component HCfai |R(b] ALJC] FORM OLW Ethers^ Esters® Acetals® Water Remainder 

Content [% 

by mass] 

5.5 0.1 69.2 0.3 21.7 0.0 0.8 1.6 0.7 0.0 

[a] HC: Hydrocarbon; [bj; Interim run; [cj: Cs-aldehydes; [d : Cg-formates; [ej; C9-alcohols; [f]: 

Cg/Cg-ethers; [g]: C9/C9-esters; [h]: C9-Cg-acetals 

The composition of the product mixture is shown in Table 2. 

Table 2: Composition of the product mixture according to Example 1 (data in % by mass) 

t[h] HC® |R[b] AU°I FORM Ol.® Ethers^ Esters® Acetate® Remainder 

18 5.3 0.1 2.0 0.0 89.5 0.0 0.7 2.3 0.0 

25 5.3 0.1 2.1 0.0 90.0 0.0 0.6 1.8 0.1 

42 5.2 0.1 2.2 0.0 89.8 0.0 0.6 1.9 0.1 

49 5.3 0.1 2.3 0.0 89.6 0.0 0.6 1.9 0.1 

66 5.3 0.1 2.3 0.0 89.4 0.0 0.6 2.0 0.1 

73 5.2 0.1 2.4 0.0 89.5 0.0 0.6 2.0 0.1 

89 5.4 0.1 2.6 0.0 89.1 0.0 0.6 2.1 0.1 

97 5.4 0.1 2.5 0.0 89.0 0.0 0.6 2.2 0.1 

162 5.4 0.1 2.8 0.0 88.6 0.0 0.6 2.4 0.1 

169 5.4 0.1 2.8 0.0 88.6 0.0 0.6 2.3 0.1 

186 5.4 0.1 2.7 0.0 89.3 0.0 0.6 1.9 0.1 

193 5.4 0.1 2.8 0.0 89.1 0.0 0.6 1.9 0.1 

210 5.4 0.1 2.8 0.0 89.0 0.0 0.6 2.0 0.1 

217 5.4 0.1 2.9 0.0 89.0 0.0 0.6 1.9 0.1 

234 5.3 0.1 3.0 0.0 88.8 0.0 0.6 2.0 0.1 

241 5.3 0.1 3.0 0.0 88.9 0.0 0.6 2.0 0.1 

258 5.4 0.1 3.1 0.0 88.7 0.0 0.6 2.0 0.1 

265 5.4 0.1 3.0 0.0 88.6 0.0 0.6 2.1 0.1 

330 5.4 0.1 3.3 0.0 88.3 0.0 0.6 2.2 0.0 

337 5.4 0.1 3.2 0.0 88.9 0.0 0.6 1.8 0.0 

354 5.3 0.1 3.2 0.0 89.3 0.0 0.6 1.5 0.0 

361 5.3 0.1 3.2 0.0 89.3 0.0 0.6 1.4 0.0 

378 5.3 0.1 3.2 0.0 89.3 0.0 0.6 1.5 0.0 

385 5.3 0.1 3.3 0.0 89.2 0.0 0.6 1.4 0.0 

402 5.3 0.1 3.4 0.0 89.1 0.0 0.6 1.5 0.0 

409 5.3 0.1 3.5 0.0 89.1 0.0 0.6 1.4 0.0 

426 5.3 0.1 3.6 0.0 88.9 0.0 0.6 1.4 0.0 
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433 5.3 0.1 3.5 0.0 88.9 0.0 0.6 1.5 0.0 

498 5.4 0.1 3.9 0.0 88.5 0.0 0.6 1.6 0.0 

505 5.4 0.1 3.8 0.0 88.6 0.0 0.6 1.5 0.0 

522 5.4 0.1 3.9 0.0 88.3 0.0 0.6 1.6 0.1 

529 5.6 0.1 3.9 0.0 88.2 0.0 0.6 1.6 0.0 

546 5.4 0.1 4.0 0.0 88.2 0.0 0.6 1.6 0.0 

553 5.4 0.1 4.0 0.0 88.2 0.0 0.6 1.6 0.0 

570 5.4 0.1 4.1 0.0 88.0 0.0 0.6 1.8 0.0 

577 5.5 0.1 4.1 0.0 87.8 0.0 0.6 1.8 0.0 

594 5.4 0.1 4.2 0.0 87.9 0.0 0.6 1.8 0.0 

601 5.4 0.1 4.2 0.0 87.8 0.0 0.6 1.8 0.0 

666 5.4 0.1 4.4 0.0 87.6 0.0 0.6 1.9 0.0 

673 5.4 0.1 4.4 0.0 87.3 0.0 0.6 2.2 0.0 

690 5.3 0.0 4.5 0.0 87.6 0.0 0.6 1.9 0.0 

697 5.4 0.0 4.5 0.0 87.5 0.0 0.6 1.9 0.1 

714 5.3 0.0 4.6 0.0 87.5 0.0 0.6 1.9 0.0 

a] HC: hydrocarbons; [b]: Intermediate run; [c]: C9-aldehydes; [d]: Cg-formates; [e]: C9-alcohols; [f]: 

C9/Cs-ethers; [g]: Cg/Cg-esters; [h]: Cg-Cg-acetals 

An associated conversion selectivity diagram is shown in Figure 1. 

5 Example 2 

The same use mixture and the same apparatus as in Example 1 were used. A chromium-free 

catalyst according to the invention was used. 

The composition of the resulting product mixture is shown in Table 3. 

Table 3: Composition of the production mixture according to Example 2 

t[h] HC[a! I R'bl ALM FORM OLN Ethers^ Esters® Acetals!11' remainder 

18 5.8 0.0 2.2 0.5 89.1 0.0 0.2 1.8 0.3 

25 5.8 0.0 2.4 0.4 88.4 0.0 0.7 2.0 0.2 

41 5.8 0.0 2.5 0.5 88.1 0.0 0.6 2.2 0.3 

49 6.2 0.0 2.6 0.6 87.5 0.0 0.5 2.3 0.3 

66 6.2 0.0 2.6 0.6 87.3 0.0 0.7 2.3 0.3 

73 6.5 0.0 2.9 0.7 85.9 0.0 0.9 2.8 0.2 

90 6.5 0.0 2.8 0,6 86.6 0.0 0.5 2.8 0.1 

97 6.5 0.0 3.0 0.7 86.0 0.0 0.8 2.9 0.2 

162 6.3 0.0 3.5 0.7 85.3 0.0 0.6 3.5 0.1 
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169 6.5 0.0 3.3 0.7 85.6 0.0 0.6 3.2 0.1 

186 6.6 0.0 3.3 0.7 85.7 0.0 0.5 3.2 0.1 

193 6.5 0.0 3.3 0.7 85.7 0.0 0.5 3.3 0.0 

210 6.6 0.0 3.4 0.7 85.7 0.0 0.5 3.0 0.0 

217 6.3 0.0 3.5 0.7 85.4 0.0 0.5 3.6 0.0 

234 5.8 0.0 3.4 0.5 87.3 0.0 0.4 2.6 0.0 

241 5.8 0.0 3.4 0.5 87.1 0.0 0.6 2.3 0.2 

260 5.7 0.0 3.4 0.4 87.3 0.0 0.6 2.3 0.2 

330 5.8 0.0 4.2 0.5 85.9 0.0 0.6 2.3 0.7 

337 5.8 0.0 4.1 0.4 86.4 0.0 0.6 2.6 0.0 

354 5.9 0.0 4.2 0.4 86.4 0.0 0.5 2.5 0.0 

361 5.8 0.0 4.4 0.5 86.0 0.0 0.7 2.5 0.2 

378 5.9 0.0 4.4 0.3 86.3 0.0 0.5 2.6 0.0 

385 6.0 0.0 4.4 0.3 86.2 0.0 0.5 2.6 0.0 

402 6.0 0.0 4.5 0.3 85.7 0.0 0.5 2.8 0.0 

409 6.0 0.0 4.7 0.4 86.5 0.0 0.2 2.1 0.0 

426 5.9 0.0 4.7 0.4 86.1 0.0 0.6 2.5 0.0 

433 5.9 0.0 5.0 0.4 86.5 0.0 0.0 2.2 0.0 

498 5.9 0.0 5.1 0.3 85.6 0.0 0.5 2.6 0.0 

505 5.9 0.0 5.3 0.3 85.3 0.0 0.6 2.7 0.0 

522 5.8 0.0 5.6 0.5 84.8 0.0 0.6 2.6 0.0 

529 5.9 0.0 5.3 0.4 85.2 0.0 0.6 2.7 0.0 

546 5.7 0.0 5.6 0.6 84.8 0.0 0.6 2.6 0.0 

553 oJ 0.0 5.8 0.6 84.5 0.0 0.5 2.8 0.0 

570 5.5 0.0 5.4 0.3 85.8 0.0 0.4 2.5 0.0 

577 5.7 0.0 5.6 0.3 85.6 0.0 0.3 2.4 0.0 

593 5.7 0.0 5.9 0.4 85.1 0.0 0.4 2.4 0.0 

601 5.7 0.0 5.7 0.3 85.4 0.0 0.4 2.5 0.1 

673 5.6 0.0 5.9 0.3 85.5 0.0 0.6 2.1 0.1 

690 5.7 0.0 6.0 0.3 84.6 0.0 0.6 2.8 0.0 

714 5.7 0.0 4.5 0.3 86.3 0.0 0.6 2.4 0.1 

721 5.6 0.0 4.4 0.2 86.4 0.0 0.6 2.7 0.0 

738 5.5 0.0 4.4 0.2 86.5 0.0 0.7 2.7 0.0 

837 5.7 0.0 4.9 0.2 86.1 0.0 0.3 2.4 0.4 

845 5.7 0.0 5.0 0.3 85.9 0.0 0.4 2.4 0.4 

862 5.5 0.0 5.0 0.2 86.1 0.0 0.3 2.4 0.4 

869 5.5 0.0 5.2 0.3 85.8 0.0 0.0 2.8 0.3 

886 5.6 0.0 5.2 0.3 86.1 0.0 0.1 2.3 0.4 

893 5.6 0.0 5.4 0.2 85.9 0.0 0.2 2.4 0.4 
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908 5.6 0.0 5.4 0.2 85.9 0.0 0.2 2.4 0.4 

916 5.6 0.0 5.6 0.3 84.9 0.0 0.4 2.7 0.3 

933 5.7 0.0 5.6 0.3 85.0 0.0 0.4 2.7 0.3 

941 5.4 0.0 5.6 0.2 85.8 0.0 0.2 2.4 0.3 

1006 5.6 0.0 6.3 0.0 85.1 0.0 0.3 2.3 0.3 

1013 5.7 0.0 6.3 0.0 85.2 0.0 0.3 2.2 0.3 

1030 5.4 0.0 6.1 0.0 86.6 0.0 0.0 1.8 0.0 

1037 5.7 0.0 8.9 0.0 81.8 0.0 0.5 3.1 0.0 

1054 5.8 0.0 9.0 0.0 81.6 0.0 0.5 3.1 0.0 

1063 5.5 0.0 5.8 0.0 85.0 0.0 0.5 3.2 0.0 

1077 5.5 0.0 5.8 0.0 85.0 0.0 0.5 3.1 0.0 

1085 5.6 0.0 5.9 0.0 84.9 0.0 0.5 3.1 0.0 

1100 5.6 0.0 6.0 0.0 84.2 0.0 0.5 3.6 0.0 

1109 5.7 0.0 6.1 0.0 84.0 0.0 0.4 3.7 0.1 

1170 5.7 0.0 6.2 0.0 84.0 0.0 0.4 3.7 0.1 

Figure 2 shows a corresponding conversion-selectivity diagram 

Example 3 

5 A reaction discharge from the rhodium-catalysed hydroformylation of dibutene was continuously 

hydrogenated in a circulation apparatus at 180°C and 25 bar absolute over 150 g of catalyst in the 

liquid phase. Per hour, 0.1 I of starting material were pushed through for a circulation of 20 l/h. The 

amount of off-gas was 0.5 l/h (STP). A chromium-free Ni/Cu catalyst on AI2O3 support material 

produced according to Example 0 was used. The composition of the use mixture used is shown in 

10 Table 4. 

Table 4: Composition of the use mixture comprising C9-aldehydes 

Component HCM |R[b] AIM FORM OLM Ethers^ Esters® Acetals|hi Water Remainder 

content [% 

by mass] 

6.5 0.1 90.3 0.6 2.5 0.0 0.0 0.1 0.0 0.0 

[a] HC: hydrocarbons; [b]: Intermediate run; [c]: C9-aldehydes; [d]: Cg-formates; [e]: C9-alcohols; [f]: 

Cg/Cg-ethers; [g]: Cg/Cg-esters; [h]: Cg-Cg-acetals, 

15 

The course over time of the composition of the product mixture is shown in Tabelle 5: 



Table 5: Course over time of the composition of the product mixture 

t [h] HCN IRIbl AUCI FORM OLM Ethers^ Esters® Acetals'hi Water Remainder 

0 6.4 0.1 59.1 0.0 32.9 0.5 0.7 0.2 0.0 0.1 

1 6.3 0.1 0.9 0.0 91.8 0.3 0.4 0.2 0.0 0.1 

2 6.4 0.1 0.0 0.0 92.4 0.3 0.4 0.2 0.0 0.1 

3 6.4 0.1 0.1 0.0 92.4 0.4 0.4 0.1 0.0 0.1 

5 6.3 0.1 0.1 0.0 92.3 0.4 0.7 0.0 0.0 0.1 

22 6.4 0.1 0.0 0.0 92.4 0.5 0.5 0.0 0.0 0.1 

46 6.4 0.0 0.0 0.0 92.5 0.6 0.4 0.0 0.0 0.0 

70 6.4 0.0 0.0 0.0 91.9 1.3 0.4 0.0 0.0 0.0 

142 6.4 0.2 0.0 0.1 91.0 1.9 0.3 0.0 0.0 0.0 

166 6.4 0.0 0.0 0.0 91.3 2.0 0.3 0.0 0.0 0.0 

190 6.4 0.3 0.0 0.1 90.4 2.4 0.3 0.0 0.0 0.0 

214 6.4 0.0 0.0 0.0 91.0 2.2 0.3 0.0 0.0 0.0 

238 6.4 0.0 0.0 0.0 90.9 2.3 0.3 0.0 0.0 0.0 

310 6.3 0.1 0.0 0.0 90.7 2.6 0.3 0.0 0.0 0.0 

335 6.2 0.1 0.0 0.0 90.8 2.7 0.2 0.0 0.0 0.0 

358 6.2 0.1 0.0 0.0 90.7 2.8 0.2 0.0 0.0 0.0 

382 6.2 0.0 0.0 0.0 90.7 2.8 0.2 0.0 0.0 0.0 

406 6.2 0.1 0.0 0.0 90.6 2.9 0.2 0.0 0.0 0.0 

478 6.1 0.1 0.0 0.0 90.5 3.0 0.2 0.0 0.0 0.0 

502 6.2 0.1 0.0 0.0 90.5 3.0 0.2 0.0 0.0 0.0 

526 6.2 0.1 0.0 0.0 90.6 3.0 0.2 0.0 0.0 0.0 

550 6.2 0.1 0.0 0.0 90.5 3.0 0.2 0.0 0.0 0.0 

575 6.1 0.1 0.0 0.0 90.6 3.0 0.2 0.0 0.0 0.0 

646 6.2 0.1 0.0 0.0 90.5 3.0 0.2 0.0 0.0 0.0 

670 6.2 0.1 0.0 0.0 90.8 2.8 0.1 0.0 0.0 0.0 

694 6.2 0.1 0.0 0.0 90.5 3.0 0.2 0.0 0.0 0.0 

718 6.2 0.1 0.0 0.0 90.5 3.0 0.2 0.0 0.0 0.0 

743 6.2 0.1 0.0 0.0 90.6 3.0 0.2 0.0 0.0 0.0 

814 6.2 0.1 0.0 0.0 90.6 2.9 0.2 0.0 0.0 0.0 

838 6.2 0.1 0.0 0.0 90.6 2.9 0.2 0.0 0.0 0.0 

863 6.2 0.1 0.0 0.0 90.7 2.9 0.2 0.0 0.0 0.0 

982 6.3 0.1 0.0 0.0 90.7 2.8 0.1 0.0 0.0 0.0 

1009 6.4 0.1 0.0 0.0 92.3 1.3 0.0 0.0 0.0 0.0 

1054 6.2 0.1 0.0 0.0 90.9 2.7 0.1 0.0 0.0 0.0 
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Example 4 

Pure 1-nonanal was hydrogenated continuously in a trickle-bed apparatus at a temperature of 
180°C and a pressure of 25*105 Pa absolute over 3 g of catalyst in the liquid phase. Per hour, 
0.12 I of starting material were pushed through. The amount of off-gas was 20 i/h (STP). A 

5 chromium-free Ni/Cu catalyst on AI2O3 support material prepared according to Example 0 was 
used. However, the catalyst was used as powder in order to counteract mass transfer problems. 
Scaleability to industrial pellets, however, was further given. The course over time of the 
composition of the product mixture is shown in Table 6: 

Table 6: Course over time of the composition of the product mixture according to Example 4 

t[h] HC AL FOR OL Ethers Acid Mono-
hydro-
genated 
enal 

Esters Enal Hydro­
genated 
enal 

Acetals HB 

18 0.21 0.09 0.05 85.73 0.49 0.12 0.01 2.29 l_0.27 4.86 0.06 5.08 
42 0.18 0.05 0.04 86.75 0.27 0.10 0.01 2.42 0.19 4.59 0.07 4.60 
66 0,16 0.04 0.04 85.39 0.36 0.11 0.00 2.83 0.18 5.19 0.09 4.68 
144 0.26 0.03 0.04 83.86 0.89 0.08 0.00 3.13 0.36 4.97 0.16 4.97 
162 0.24 0.10 0.04 84.55 0.85 0.05 0.00 3.05 0.30 4.69 0.15 4.91 
186 0.20 0.05 0.04 83.42 0.78 0.03 0.00 3.56 0.27 5.23 0.13 4.98 
210 0.20 0.05 0.04 82.93 0.78 0.03 0.00 \3~88 0.29 5.49 0.15 4.70 
234 0.19 0.04 0.04 82.52 0.85 0.03 0.00 3.94 0.27 5.44 0.17 5.14 
306 0.19 0.04 0.04 82.85 0.78 0.02 0.00 3.93 0.24 5.32 0.17 5.07 
330 0.18 0.04 0.00 83.41 0.80 0.03 0.00 4.02 0.23 5.40 0.18 4.29 
354 0.17 0.04 0.00 82.53 0.81 0.02 0.00 4.16 0.21 5.56 0.18 4.96 

10 

t: time, HC: other hydrocarbons, AL: aldehydes, FOR: formates, OL: alcohol, HB: high boilers 

Example 5 (not according to the invention) 

The experiment described in Example 4 was carried out analogously with the same starting 
material and under the same conditions. However, a chromium-containing catalyst was used as 

15 was also used for the experiments described in DE19842370A1. The course over time of the 
composition of the product mixture is shown in Table 7: 
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Table 7: Course over time of the composition of the product mixture according to Example 5 

t [h] HC AL FOR OL Ethers Acid Mono-
hydro-
genated 
enal 

Esters Enal Hydro­
genated 
enal 

Acetals HB 

18.0 0.16 0.39 0.04 83.39 0.41 0.03 0.00 2.49 0.36 4.89 0.08 6.86 
42.0 0.16 0.07 0.03 84.82 0.39 0.02 0.01 2.41 0.23 4.09 0.26 6.71 
66.0 0.15 0.05 0.03 84.77 0.45 0.02 0.01 2.52 0.20 4.53 0.14 6.16 
138.0 0.29 0.71 0.04 83.45 0.70 0.16 0.00 2.62 0.51 4.05 0.19 6.22 
144.0 0.20 0.02 0.03 84.28 0.77 0.05 0.00 2.64 0.28 4.10 0.11 6.57 
162.0 0.21 0.05 0.03 84.85 0.72 0.02 0.00 2.60 0.27 4.07 0.12 6.07 
186.0 0.18 0.05 0.03 83.48 0.69 0.03 0.00 3.09 0.25 4.67 0.16 5.98 
210.0 0.17 0.04 0.03 83.14 0.69 0.02 0.00 3.37 0.23 4.79 0.17 5.88 
234.0 0.17 0.04 0.04 84.37 0.68 0.02 0.00 3.17 0.21 4.37 0.15 5.43 
306.0 0.19 0.04 0.00 83.27 0.71 0.02 0.00 3.54 0.07 4.71 0.18 5.76 
330.0 0.18 0.03 0.00 82.68 0.73 0.02 0.00 3.81 0.08 5.06 0.19 5.69 
354.0 0.18 0.04 0.00 83.00 0.72 0.02 0.00 3.67 0.07 4.91 0.19 5.64 

t: time, HC: other hydrocarbons, AL: aldehydes, FOR: formates, OL: alcohol, HB: high boilers 

5 Example 6 

A reaction discharge from the cobalt-catalysed hydroformylation of butene was continuously 
hydrogenated in a trickle-bed apparatus at 120°C and 25 bar absolute over 3 g of catalyst in the 
liquid phase. Per hour, 0.12 I of starting material were used. The amount of off-gas was 20 l/h 
(STP). A chromium-free Ni/Cu catalyst on AI2O3 support material produced according to Example 0 

10 was used. However, the catalyst was used as powder in order to counteract mass transfer 
problems. Scaieability to technical pellets, however, was further given. The course over time of the 
composition of the product mixture is shown in Table 8; the composition of the starting material 
mixture corresponds here to the table entry at time t = 0. 
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Table 8: Course over time of the composition of the product mixture according to Example 6 

tfhj Alkanes 
2-Methyf-
1-butanal n-Pentanal 

2-Methyl-
1-butanol n-Pentanol 

Pentanoic 
acid 

2-Propyl-
2-heptenal Unknown 

0 0.57 4.59 86.66 0.00 0.12 0.12 1.29 4.57 
16.4 0.08 0.10 0.29 4.32 75.71 0.15 5.40 11.60 
88.7 0.09 0.01 0.01 4.71 83.60 0.00 0.41 10,08 

114.1 0.09 0.05 0.15 4.61 82.57 0.15 0.74 10.24 
138.3 0.09 0.14 1.74 4.18 76.17 0.20 0.77 13.29 
184.8 0.09 0.33 2.57 4.03 75.13 0.22 0.70 14.74 

256.6 0.09 0.14 0.59 4.51 82.42 0.24 0.15 10.10 
286.7 0.09 0.16 0.76 4.41 82.12 0.26 0.07 10.90 

Example 7 (not according to the invention) 

5 The experiment described in Example 6 was carried out analogously with the same starting 

material and under the same conditions. However, a chromium-containing catalyst was used as 

was also used for the experiments described in DE19842370A1. The course over time of the 

composition of the product mixture is shown in Table 9; the composition of the starting material 

mixture corresponds here to the table entry at time t = 0. 

tfhl Alkanes 
2-Methyl-
1-butanal n-Pentanal 

2-Methyl-
1-butanol n-Pentanol 

Pentanoic 
acid 

2-Propyl-2-
heptenal Unknown 

0 0.57 4.59 86.66 0.00 0.12 0.12 1.29 4.57 
16.4 0.02 0.06 0.39 1.09 19.23 0.00 1.02 3.14 
88.7 0.11 0.18 0.90 4.46 79.31 0.19 0.56 12.34 

114.1 0.11 0.12 0.26 4.52 79.57 0.21 0.63 12.73 
138.3 0.12 0.30 1.33 4.26 78.78 0.21 0.57 11.57 
184.8 0.11 0.56 2.45 3.94 77.56 0.27 0.64 11.68 
256.6 0.13 1.09 4.18 3.48 77.77 0.26 1.18 7.28 
286.7 0.13 1.28 5.80 3.31 76.24 0.27 1.06 9.45 

Table 9: Course over time of the composition of the product mixture according to Example 7 

Example 8 

A mixture of valeraldehyde and 2-propylheptanal was subjected to a continuous hydrogenation 

over a catalyst produced according to Example 0. The amount of catalyst was 60.9 g. The 

15 temperature was 180°C, the pressure 25*105 Pa. The starting material feed was 0.12 l/h. The 

circulation was adjusted to 45 l/h. The amount of off-gas withdrawn was 1 l/min (STP). The course 

overtime of the composition of the product mixture is shown in Table 10; the composition of the 

starting material mixture corresponds here to the table entry at time t = 0. 
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Example 9 (not according to the invention) 

The experiment described in Example 8 was carried out analogously with the same starting 
material and under the same conditions. However, a chromium-containing catalyst was used as 
was also used for the experiments described in DE19842370A1. The course over time of the 
composition of the product mixture is shown in Table 11; the composition of the starting material 
mixture corresponds here to the table entry at time t = 0. 
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Conclusion 

The examples show that the catalyst prepared chromium-free is suitable for hydrogenating 
aldehydes. 
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Claims 

1. Process for the preparation of alcohols by hydrogenation of aldehydes, in which use 

5 mixture comprising at least one aldehyde and at least one accompanying component is 

brought into contact, in the presence of hydrogen, with a heterogeneous catalyst, giving a 

product mixture which comprises at least the alcohol corresponding to the hydrogenated 

aldehyde, and at least one by-product, where the catalyst comprises a support material, 

and nickel and copper applied thereto, 

10 wherein 

the catalyst in activated form has the following composition adding up to 100% by weight: 

support material: from 85% by weight to 95% by weight; 

copper: from 5.3% by weight to 8.4% by weight; 

nickel: from 2.2% by weight to 3.9% by weight, 

15 chromium: less than 50 ppm by weight; 

others: less than 1% by weight, 

wherein the support material is aluminium oxide or silicon dioxide or a mixture of aluminium 

oxide and silicon dioxide, 

wherein the use mixture originates from a hydroformylation and as such comprises a 

20 plurality of aldehydes with the same number n of carbon atoms, and corresponding 

alcohols and high boilers, where n is a natural number between three and eighteen, 

and wherein 

the use mixture has the following composition adding up to 100% by weight: 

total fraction of the aldehydes having nine carbon atoms: 15% by weight to 65% by weight; 

25 total fraction of the alcohols having nine carbon atoms: 20% by weight to 65% by weight; 

total fraction of acetals: 0.5% by weight to 5.5% by 

weight; 

total fraction of further hydrocarbons: 0% by weight to 40% by weight; 

water: 0% by weight to 1% by weight. 
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2. Process according to Claim 1, wherein the specific pore volume of the support material is 

between 0.5 ml/g to 0.9 ml/g, determined by the cyclohexane immersion method, and that 

the specific surface area of the support material (BET surface area) is between 240 m2/g to 

5 280 m2/g, determined by ISO method 9277. 

3. Process according to Claim 1 or according to Claim 2, wherein it is carried out at a 

pressure between 15*105 Pa and 25*105 Pa and at a temperature between 140°C and 

180°C, the pressure and temperature being selected such that use mixture and product 

mixture are present in a liquid phase. 

10 4. Process according to Claim 3, wherein the hydrogen is present in a superstoichiometric 

amount, the concentration of the hydrogen being selected such that at least some of the 

hydrogen is present dissolved in the liquid phase. 


