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ogoon
—_ > AN AR, /\ >
Co7 N7t FE2ELFEHEA M OMLK
ﬁ’zﬁ} ”C[a] lR[h] AL[r] FORH] oL™7 T il 117‘.11/[;] 7 5,_/1/[}\] K 52
(%gﬁ 5.5 0.1 69. 2 0.3 21.7 0.0 0.8 1.6 0.7 0.0

[al] HC:RILKZE :[b]: 9% (interim run);lcl:Co7ATEFR;[d]:CamAA—F;[el:CeT AT/ ;
[{]1:Ce/Cox—=F;[g]:Ce/CoxATNA;[h]:Ce—CoTtHF—1

Ooo0o00ooao

goooooooooooo0oooao

gooooad

Ooo0oano

N R
FEhufl 1 f?%%hf_iﬁk%(ﬁ YO (AL - B %)
1.[h] HC™! IR™ ALl FOR'™ oL -5 A" ES Y 7 & —nl T
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
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
la] HC: j{bAk#E ;[b]: ¥ (intermediate run);lcl:Ce7ATER;[d]:CokrA—F;lel:Cs
FTha—pn; [{]:Ce/ Cax—TN;[g]l:Ce/ CoxARTN;[h]:Ce—CeTtF—N

gooooao

gogboboooooboooooboooooan

gooocooao

ogogono
goobobooooobooooboooboobobooobboooooboboooobobooooonan
gooooao

goooogao

goooboooooobooooobooooobooboao
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Ooo0ooao
Ehad 2 TH O N T A RIR A Y O
t [h] HC™ IR™ AL FOR'¥ 0L x—5 0 T AT 7 g = xR
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
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 10
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 20
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 5.7 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 30
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
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 40
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ooocooao
gogoao
Co7 N7t FZ2ETEHR AW DAL
Ry HCET T IR [ AL [ PR | oL | =7 AT [ = x7AW | 7 &AW x il
(%gi) 6.5 0.1 90. 3 0.6 2.5 0.0 0.0 0.1 0.0 0.0

[al HC : fbAkFE (bl Fl#;[c]: Ca7ATEF;[d]:CahA—bF;[e]: CoTAa—A;[f]:Ca/CoT—F/;
[gl:Co/CoxRFN;[h]:Ca—CoTHH—/

000000 10
Oo00O0O0oO0oo0oo0oo0oOoooooonoao
Ooo0o0o0Oooao
0000
A IR & W O RELAK
t [h] HCM ]R“'] AL[r] I:OR[L OLIM I‘A?,l/{(l 17\3’-/1/[.1] 74 5 *‘/l/“'l ,K yimg
0 6.1 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
16 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 20
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 50. 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 30
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
Oo0o00ooao
Oo0o0oao
000000000000 00DO0D0DO0Oo0OO0xOoO0® 000000000 ooOoooao
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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 companent is
braught into contact. in the presence of hydrogen, with a hetercgeneous 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 are

10 applied thereto.

Furhermors, 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,

alcohaols 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 sc-called oxo alcohols.

Oxo alcohols are alcohols which are produced in the course of hydrofarmylation {oxo reaction}.

During the hydroformylation, an olefin (alkene) is reacted with & synthesis gas (this is a mixlure of
20 carbon monoxide and hydrogen) o give an aldehyde. Subsequent hydrogenation gives the actual

oxa aleohol. Qxo aleohols serve as intermediates for producing surfactants andfor plasticizers for

plastic. Worldwide, several million tons of oxo alcchols 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 praclice, oxo aldehydes are generally hydrogenated in the liquid phase on
heterogeneaus fixed-bed catalysts. On account of the large throughput amounts, the caltalyst is
attribuled 1he 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 aldehydes
30  tobe hydrogenaled never oceur in pure form, but as a mixture of structural isomeric aldehydes which
is always accompanied by a large number of troublesome accompanying compoenents which firstly
hring abaout secondary reactions undesired in the hydragenation and secondly damage the
hydrogenation catatyst. Since the composition of the use mixture comprising the aldehydes to be
hydrogenated is determined by the upstream hydroformylation, lhe hydrogenation catalyst has o be

35 precisely adapted to the particular hydraformytation.
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Far the hydrogenation of oxo aldehydes, catalysts that have praven useful ars those which comprise

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

A corresponding catalyst is disclosed in DE19842370A1. Il comprises copper and nickel, in each
casc in a concentration range from 0.3 to 15% by weight and chremium in a weight fraction of from
0.05% by weight la 3.5% by weight. The support material used is porous silicon dioxide or aluminium

oxide.

EP1218584B1 reveals that such a catalyst also manages with the accompanying component waler.
which is to be expectad in particular during the co-catalysed hydroformylation. Water is critical since
it can have a lasting negative infiuence on the surface structure of the catalyst by, for example,
reducing the specific surface area. For this reasen, the aldehyde mixtures ariginating from the

cobalt-catalysed hydroformylation are particularly demanding 1o hydrogenate

A furlher development of this N¥Cu/Cr catalyst consists in adding barium to the support material
(EP2180947B1).

WO2009/146988A1 deals with the twa-stage hydrogenation of oxo alcohais over two different
NifCu/Cr catalysts.

Although the nickel/capper/chramium 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.

According to Annex XIV of the REACH regulation, chromium-containing subslances 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;
moreaver, granting of autherization cannot be expected a priori. Moreover, the application

procedure has to be repeated every five years.

The reason for these strict conditions is the undisputed carcinogenicity of the chromium{lV)
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 melal dichromates.

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

hydregenation of axo aldehydes.

Chramium-free hydrogenalion calalysis are disclosed in EP1748572A1. The support material used
is porous aluminium axide and the hydrogenation-active components are nickel ar coball. The
examples reveal that an NiYAI203 or a Co/AI203 system is suitable for the hydrogenation of oxo

aldehydas: the properties and productivity of these systems, however, has not been investigated.
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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 {o 4507C. This usually does not

take place in-situ in he reactor since the reactors for the aldehyde hydrogenation are designed only
for a temperature of up 1o 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 malerial.

Far 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 reacticn 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 allernatives to the classic Ni/Cu/Cr systems.

DE3737277C2 discloses a chromium-free catalyst for the hydrogenation of aldehydes which is
based on copper/zing oxides. Potassium, nickel and/or cabalt 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 hitherta not been passible 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 cornprise subsilances
with C=C double honds.

Surprisingly, this object was achiaved by omitting the chromium during the preparation of a classic
Cu/NifCr system, such thal a catalyst is obtained on whose support material only copper and nickel

accur as hydrogenation-active components, but not chromium.

This finding is surprising since in tha past it has always been assumed that chromium is a necessary
companent for such hydrogenation tasks. In fact, long-tarm experimants demonstrate that although a
small chromium content of 0.05% by weight 1o 3.5% by weight cffers 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 concems against using

chromium-free Cu/Ni systems in the hydrogenation of hydrofermylation mixtures.

Conseguently, the invention provides a process for the preparation of alcchols 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 hydragen, with a heterogeneaus catalyst,
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giving a product mixture which comprises at feast the alcohol corresponding to the hydrogenated
aldehyde, and =t least one by-product, where the catalyst comprises a support material, and nickel
and copper applied thereto, where 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,
preferably from 88% by weight to 92% by weight;

copper: from 5.3% by weight {0 8.4% by weight,
preferably from 6.5% by weight to 7.0% by weight;

nickel: from 2.2% by weight to 3.9% by weight,
preferably from 2.8% by weight to 3.3% by weight;

chromium: tess 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” means
that no chromium was actively used during the preparation of the catalysi. in parlicular that the
support material has not been impregnated with chromium-containing substances. As

chromium-containing substances, compounds camprising Cr-1ll and Cr-V| are especially noteworthy.

On account of the analysis possibilities nowadays, il cannol be exciuded that traces of chromium will
ke 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 transpartation, its incorporation or its use. However, this is not desired chramium content.

Insofar as freedom from chromium according 1o the invention should be defined with a numerical
value, then a catalyst which, based on its total weight. comprises less than 50 ppm by weight of
chromium is considerad to be "chromium-free” in the context of this invention. Preferably, the catalyst
even comprises less than 5 ppm by weight of chramium. The measurement unit ppm is understood
here as 10 The staled limiting values for chromium refer in particular to the total content of

substances which comprise Cr-1ll and Cr-V1.

Compared to the catalyst known from DE129842370A1, which comprises at least 0.05% by weight
{correspanding 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 supporl material with alkali metal chromates ar alkali metal
dichromates during the preparation of the catalyst, it is possible to ensure the required freedoem from

chromium.

Suitable support materials are in principle those substances which exhitit inert behaviour {i.e. do not

co-react) in the hydrogenation and are capable of supporting the catalytically active substances
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nickel and copper. Differently to a uniform-compositicn catalyst, the support catalyst described here
consequently comprises the inert support material on which the active material Is applied. Suitable
support materials are commercizlly available and can be coated with the active materials on an

industrial scale with the help of proven technology.

The supporl material is preferably aluminium oxide or siticon dioxide, or it is & 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 spedific pare 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 befcrehand, such that the sample is
impregnated in it. The cyclohexane is allowed 1o penetrate into the sample. Then, the cyclohexane is
shaken off and lhe amount shaken off is measured volumetrically. The difference compared to the
amount of cyclchexane poured in carresponds to the amount that has penetrated into the pares, 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 m;!g to

280 m*/g. The specific surface area is determined by 150 methad 9277,

The hydrogenation should be carried out at a pressure between 15*10° Pa and 25*10° Paand at a
temperature between 140°C and 180°C, pressure and temperaiure being selected such that use

mixiure 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. he concentration of the hydrogen should be selected
such that at least some of the hydrogen is present dissolved in the ligquid phase. As a result, the flow

dynamic is not so greatly adversely affected by gas bubbles.

According to the invention, oxc aldehydes are hydragenated to the corresponding alcaohols.
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 ccrresponding elcohels and high bailers,

where nis a natural number between three and eighteen.

Preferably, the use mixiure 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;

tetal fraction of the alcohols having five carbon atoms: 0% by weight to 1% by weight;
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total fraction of other hydrocarbons: 2% by weight to 20% by weight.

Specification B:

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

total fraction of the alcohols having nine carbon atoms: 10% by weight to 55% by weight;
5 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 3% by weight.

Specification C:

total fraction of the aldehydes having nine carbon atoms:  16% by weight to 65% by weight;

10 total fraction of the alcohols having nine carbon atoms; 20% by weight to 65% by weight;
total fraction of acetals: 0.5% hy 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.

Specification D:

15 total fraction of the aldehydes having ten carbon atoms: 50% by weight to 100% by weight,
total fraction of the alcohols having ten carbon atoms: 0% by weight to 40% by weight;
iotal fraction of further hydrocarbons: 0% by weight to 5% by weight;
fraction of water: 0.5% by weight to 5% by weight.

Specification E.

20 total fraction of the aldehydes having thirteen carbon atoms: 60% by weight to 85% by weight;
total fraction of the alcohols having thiteen carbon atoms: 1% by weight to 20% by weight;
{otal fraction of further hydrocarhons: 10% by weight to 40% by weight;

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

25 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
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hydroformylation discharges. Thus, at sites where at [east two hydroformylations are operated in
parallel, it is possible to combine the hydroformylation mixtures of both oxo plants and to
hydrogenate them in a hydrcgenation procass 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
carresponding alcohals and high bailers, 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(}1) hydroxide

carbonate, nickel hydroxycarbonate paste, ammonium carbonate, ammania 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;

g) aclivation of the calcined, dried, iImpregnated suppaort 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 1o the
invention attains its freedom fram chromium by virtue of this procedure, mare precisely by virtue of

the chromium-free impregnation.

The use of a catalyst prepared in this way in & 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.

Example 0

A moulded porous aluminium oxide support {exirudates with a diameter of about 1.2 mm, a BET
surface area of about 260 mzfg and a pore volume of about 0.7 mlig) is impregnated with an
ammoniacal aqueous salution containing nickal and copper compounds. The agueous impregnation
solution is obtained from copper(ll) hydroxide carbenate, nickel hydroxycarbenate paste, ammonium

carbonate, agueous ammonia solution and water. The impregnation can teke place by various
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customary methods, €.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 impregnaled in an
excess of solution. After the impragnation, the matarial is dried in tha stream of air (at temperatures
below 100°C). The dried precursor is then calcined in the stream of air (at temperatures of 450°C).
Aftarwards, nickel and copper are present in oxidic form in the aluminium oxide matrix. After the
calcination, the calalyst 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.

Example 1

A reaction discharge from the cobalt-calalysed hydraformylation of dibutene was hydregenated
cantinuously in a circulation apparalus al 180°C and 25 bar absolute over 150 g of catalyst in the
liquid phase. .90 | of starting material were pushed thraugh per hour for a circulation of 24 Iih. The
amount of off-gas was & I/h (STP). A chromium-free Ni/Cu catalyst on Al;O, support material
prepared according to Example U was used. The composition of the use material used s shown in
Table 1.
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Table 1: Compaosition of the use mixture comprising C8 aldehydes

Component [HCHIR™ ALK [FOR™T[OL™ [Ethers” |Esters™ [Acetals™ [Water [Remainder

Content [% [5.5 |01 €82 |03 "21.7 0.0 08 11.6 0.7 0.0

by mass] ) \ :‘

[a] HC: Hydrocarbon; [b]: Interim run; [c]: Cs-aldshydes; [d]. Co-formates; [e]: C9-alcohols; {f]:
Co/Cq-ethers; [g]: CofCo-esters; [h]: C¢-Co-acelals

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

Table 2: Composition of the product mixture accaording to Example 1 {data in % by mass)
ti] HCHIRPTT AL FOR™ OL™] Ethers ™| Esters™ | Acetais™ | Remainder
18 53 1041 |20 |00 83500 0.7 23 0.0

25 53 01|21 |00 90000 06 18 01

42 52 [0 ]22 |00 898 |00 06 19 01

49 53 |01 |23 |00 896 00 06 19 01

66 53 |01 (23 [00 80400 a6 z0 1‘0.1

73 52 |01 |24 |00 89500 06 2.0 01

89 54 01 |26 |00 89100 a6 21 o

97 54 |01 |25 |00 89000 06 22 0.1

162 54 |01 [28 |00 88600 0.6 24 01

69 54 |01 |28 |00 886 00 0.6 23 0.1

186 54 |01 |27 |00 89300 0.6 19 0.1

193 54 [01 (28 [00 89.1 00 0.6 19 o1

210 54 0.1 |28 [0.0  80.0|00 06 20 0.1

217 54 50,1 29 (00 89000 a6 19 0.1

234 53 (07130 [00 88800 |06 |20 0.1

241 53 io.1 30 |00 88900 0.6 20 01

258 54 0.1[33 [00 88700 06 20 01

265 54 |01 |30 |00 88600 06 21 0.1

330 54 |0.1(33 [00 88300 0.6 2.2 0.0 .
337 54 |01 |32 |00 83900 06 18 |00 ?
354 53 |01 |32 |00 89300 06 15 0.0 I
361 53 01132 [00 893700 0.6 1.4 0.0

378 53 0.1 (32 [00  833[00 0.6 15 0.0

385 53 |01 (33 |00 89200 086 14 0.0

202 53 |01 |34 (00 891[00 0.6 15 0.0

409 53 (01 |35 |00 ag1]a0 0.6 14 00

426 53 1[0.1 36 (00 88300 2.6 1.4 0.0
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433 53 [01 35 [00 8889[00 06 15 0.0
498 54 |01 39 (00 885 00 a6 |16 lo.o
505 54 101138 (00 886 00 0.6 15 0.0
522 |54 |01 38 |00 883 00 06 16 01
529 |56 |01 |39 |00 133,2 00 06 16 00
546 |54 |01 |40 [0.0 882 0.0 06 16 00
553 |54 101 |40 |00 [882 00 0.6 16 00
:5?0 54 |01 |41 |00 880 0O 06 18 00
2577 55 |01 |41 |00 878 00 0.6 18 0.0
594 |54 |01 42 |00 |87.9 00 08 18 0.0
601 |54 |01 |42 [00 [878 030 0.6 18 09
666 54 |01 [44 [D0 876 00 0.6 19 ]O,D
673 |54 |01 44 |00 (873 00 0.6 22 0.0
600 |53 |GU0 |45 [00 |87.6.040 D6 19 a0
697 |54 (0.0 |45 100 875,00 06 19 0.1
71453 |00 [46 [00 [875700 0.6 19 00

[&] HC: hydrocarbons; [b]: Intermediate fun: {g]: Cy-aldehydes. [d]: Cy-formates; {e]: CY-alcohols: {f]:
Cy/Cy-athers; [g]: Co/Co-esters; [h]: Co-Cg-acetals

An associated conversion selectivity diagram is shown in Figure 1.

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 ussg.

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

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

th) [HCFIR™| AU FORM[OLE! Ethers" | Esters® | Acelals™ remainder
18 58 |00 (22 (o5 [881 00 0.2 18 03

25 58 |00 [z4 [04 [884 00 07 2.0 0.2

44 58 (00|25 05 [88.1 0.0 0.6 2.2 03

49 82 [00]26 |06 [875 00 0.5 23 0.3

66 B2 |CO |26 (06 |873 00 07 23 a3 T
73 65 |00 |29 [07 [859 00 0.9 28 02 ]
90 65 |00 (28 [06 [866 00 05 28 0.1

o7 65 |00 |20 [07 [86.0 0.0 0.8 29 02

162 |63 |00 [35 [07 |8%3 0.0 0.8 3.5 0.1
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169 65 |00|33 |07 'as6loo o6 3.2 0.1
186 6.8 |00 |33 |07 85700 05 32 0.1
193 6.5 :0.0 |33 |07 857 |00 0.5 33 0.0
210 66 |00 |34 |07 85700 05 3.0 0.0
27 63 |00 |35 |07 85400 as 36 0.0
234 58 [0.0 34 |05 873[00 |04 26 0.0
241 |58 |00 |34 [05 871 0.0 06 73 0.2
260 |57 100 |34 |04 |873 00 06 23 07
330 |58 (00 |42 [05 |859 0.0 0.6 2.3 07
337 |68 |00 |41 [0.4 [864 0.0 0.6 2.6 0.0
‘354 |59 |00 a2z (o4 (864 08 |05 25 0.0
361 |58 |00 |44 |05 | 86.0 0.0 07 25 02
378 |55 |00 (44 |03 863 00 05 2.6 00
/385 |60 |CO [44 (03 [86.2:00 05 2.6 0.0
402 6O |00 (45 |03 85,7;0,0 05 28 00
400 |60 |00 |47 |04 |e65|co o2 [2i 00
426 |59 |00 (47 [04 861|000 06 25 a0
433 [59 |co (50 [04 [B65|00 00 |22 |oo
498 |58 |00 |51 [0.3 |856|00 05 26 0.0
505 |59 |00 (53 (03 [853]00 0.6 27 0.0
522 |58 |00 |56 |05 848|000 06 |28 oo
529 |59 |00 (53 |04 |852[00 06 27 0.0
546 |57 |00 (56 |06 |248]00 06 26 0.0
553 |57 |00 (58 |06 [B45(00 05 28 ad
570 |55 |00 |54 [03 [B5a |00 0.4 25 0.0
E77 |57 |00 (56 |03 856 (00 0.3 24 00
593 |67 |00 |59 [04 [85.1|00 0.4 2.4 0.0
601 157 |00 |57 |03 854 |00 0.4 25 0.1
673 |56 |00 |59 |03 |855|00 06 2.1 01
69C |57 |00 |60 |03 [B46(00 06 28 |00
714 |57 Joo |45 [03 (86300 0B 24 0.1
721 |56 |00 [44 (0.2 [86.4|00 06 27 0.0
738 |55 |00 |44 |02 |86.5|00 07 27 0.0
837 157 [00[49 [02 [861[00 |03 2.4 0.4
845 is.'r 00 |50 103 |859]|00 0.4 2.4 04
862 !5.5 00 (50 (02 |86.1 |00 0.3 2.4 04
869 }5.5 0.0 |52 j0.3 [858]|00 0.0 2.8 03
886 |56 |00 |52 |0.3 |86.1|00 01 2.2 0.4
893 |56 |00 |54 02 859|000 02 24 04




(43) JP 2016-153389 A 2016.8.25

201300372(A+B) 12

908 |56 00 [54 [02 TB59[00 02 24 0.4
316 |56 00 |66 |03 84900 04 27 0.3
933 {57 |00 |56 |03 [850[00 104 2.7 03
941 |54 |00 |56 |02 |858|00 0.2 24 0.3
1006 |56 |00 63 |00 |851(00 03 23 23
1013 |57 |00 163 [00 [852(00 0.3 22 0.3
1030 (54 [00 61 [0C [866|00 0.0 1.8 0.0
1037 |57 (00 89 [00 [&818[00 05 31 0o
1054 |58 [0.0 @0 |00 |816([00 05 3.1 0.0
10683 (b5 |00 58 |00 [850]00 05 3.2 0.0
1077 |65 |00 58 |00 |850 (00 05 31 0.0
1085 |56 |00 58 |00 849 (00 0.5 31 00
1100 (55 (0.0 60 [00 [edz]o0 0.5 3.6 0.0
1109 [57 |00 [61 00 |B340[00 0.4 3.7 01
170 |57 |00 |62 00 [sen00 |04 (a7 01

Figure 2 shows a corresponding conversion-selectivity diagram

Example 3

A reaction discharge fram the rhodium-catalysed hydraformylation 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, £ 1 | of starting material were pushad through far a circulation of 20 th. The
amount of off-gas was (.5 Irh (STP). A chromium-free Ni/Cu catalyst en Al,O, support material
produced according to Example 0 was used. The composition of the use mixture used is shown in
Table 4.

Table 4: Compaosition of the use mixture comprising C8-aldehydes

Component |HCH [IRT AL TFORY [OL"™ |Ethers' Estars™ |Acstals™ |Water |Remainder

content[% |6.5 |0.1 803 |06 |25 |00 0.0 0.1 00 |00

by mass)

[a] He: hyd'mcarbons; [bl: Intermeadiate rum; [cf: Co-aldehydes; [d]: Co-formates; [g]: C9-alcohols; [f]:
Cy/Cy-ethers; [g]: Cu/Cy-esters; [h]: Cy-Ce-acetals,

The course over time of the composition of the product mixiure is shown in Tabelle 5;
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Table 5: Caurse aver time af the composition of the product mixture

t[h]  |HCE|IR™| ALE | FOR™ oL™ Ethers“'!Esters"ﬂ Acetals'"” | Water Remainder!
0 64 |01 [59.1]00 32805 o7 0.2 0.0 ;0.1 '
1 63 (01|09 [00 918[03 04 0.2 00 |04

2 64 (01 ][00 [00 924[03 04 02 O EE

3 64 |01 |01 |00 92404 0.4 0.1 0.0 |01

5 8.3 |01 |01 |00 92304 0.7 00 0.0 |01

22 |64 [c1 |00 |00 92405 05 DO D0 |01

4 |64 |00 |00 |00 925|086 0.4 0.0 00 |00

70 |64 |00 ][00 [00 918132 0.4 0.0 00 |00

142 |64 |02 |co |01 91018 03 00 00 |00

166 |6.4 |00 [00 |00 91320 03 00 00 |00

190 164 (02 ][00 |01 90424 0.3 0.0 00 {00

214 |84 [00 |00 (00 91022 03 0.0 00 |Co

738 64 |00 |00 |00 909 23 a3 (oo 00 oo

310 163 |01 [co |00 907128 0.3 0.0 00 (0.0

335 |62 |01 [co |00 908 ﬁz.? 0.2 0o 00 (00

358 |62 |01 |c¢ |00 907 %2.5 0.2 00 00 (00

1382 |62 |00 |og |00 @07 28 0z 00 00 0.0

406 B2 |04 |00 |00 906 28 0.2 00 00 |00

478 ]6.1 |01 |00 |00 90530 g2 00 00 |00 ‘
502 |62 (01|00 [00 90530 a2 0.0 00 |00 :
isza 62 |01 |00 |00 90630 02 0o 00 |uo |
550 |6.2 |01 [C0 |00 905 (3.0 0.2 00 00 |00

575 |61 |01 |00 |00 906(30 |02 Do 00 |00

646 |62 |C1 |00 [00 90530 0.2 0.0 00 |00

670 |62 |01 |00 (00 90828 a1 0.0 00 |00

604 |62 |01 |00 |00 90530 02 0.0 00 |00

718 |62 |01 |00 |00 90530 0.2 0.0 00 |00

743 |62 |01 |00 |00 90630 0.2 0.0 00 |00

814 |62 |04 (0o |00 90628 0.2 0.0 00 |co0

838 |62 {01 |00 |00 90629 0.2 0.0 o0 |00

863 |62 |01 |00 |00 90.729 0.2 0.0 00 |00

o8z |63 |01 |00 |00 907 |28 0.1 0.0 00 |oo
1009 |64 [01[CO0 [0.0 92313 0.0 0.0 00 (00

1054 |62 |01 |00 |00 90827 0.1 0.0 00 |00
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Example 4

Pure 1-ncnanal was hydrogenated continuously in a trickle-bed apparatus at a temperature of 186°C
and a pressure of 25*10° Pa absolute over 3 g of catalyst in the liquid phase. Per hour, 0.12 | of
slarting material were pushed through. The amount of off-gas was 20 I/h (STP). A chromium-free
Ni/Cu catalyst on Al,O, support material prepared according to Example 0 was used. However, the
catalyst was used as powder in order lo counteract mass transfer problems. Scaleability 10 industrial
pellets, however, was further given. Tha course over time of the composition of the product mixture is

shown in Table 6:

Table 6: Course over time of the compaosition of the producl mixture according to Example 4

tlh)iHC [AL [ FOR| QL Ethers Acid | Mono- | Esters | Enal | Hydro-  Acetals | HB
hydro- ! | genated
i | genated enal
enal
18 021 0.09|0.05 [8573 048 €.12 0.1 220 |027]486 0.06 5.08
42 | 018 005|004 [8675[027 010  0.01 242 019|459 0.07 | 4.60
66 | 016 004|004 [8539|036 €11 000 283 1018|5.19 £.09 468
144 | 0.26 0.03 [ 0.04 | 83.86 | 089 [ 0.08  0.00 313 [036 (497 0.16 4.97
182 | 024 010|004 | 8455|085 [005 000 305 [0.30[469 0.15 4.91
186 [0.20 005|004 8342|078 [0.03 0.00 356 [0.27 [5.23 0.13 4.98
210 {0.20 005|004 1 6203|078 | 003 000 ass | 029|549 0.15 4.70
{234 [ 019 004004 18252085 [0.03 0.0 394 [0.27 [ 544 0.17 5.14
"306 [019: 004 [004 T8285[ D78 [002 0.00 383 [g24 532 0.17 5.07
[330 [0.18 | 0.04 | 0.00 ; 83.41 [ 0.0 | 0.03 | 0.00 402 |0.23|5.40 0.18 429
{354 [0.47 [ 004000 82563 [ 081 [0.02 | 0.00 416 | 021|556 0.18 4.96

t: time, HC: other hydrocarbons, AL: aldehydes, FOR: formates, OL: alcohol, HB: high boilars
Example 5 (hot 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 was alsa
used for the experimenis described in DE19842370A1. The course over time of the compasition of

the product mixture is shown in Table 7-
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Table 7' Course over time of the compositian of the product mixture according to Example &

tlh] [HC JAL 'FORJOL Ethers | Acid  Mono- Esters |Enal | Hydro- Acetals |HB

! hydro- genated

i genated enal

; ) _enal
180 (016|039 '0.04 [83.38 041 |0.03 0.00 249 |4.36 |4.89 .08 6.86
42.0 [0.16 [0.07 {0.03 |84.82 0.39 [0.02 0.01 241 |0.23 [4.00 026|671
66.0 [0.15 [0.056 [0.03 [84.77 046 (002 0.1 252 |0.20 453 014 6.18
138.0/0.29 [0.71 [0.04 [83.45 ©.70 [0.16 0.00 262 |0.51[405 1019  [6.22
144.010.20 |0.02 10.03 [84.28 0.77 (005 0.00 264 |0.28 [4.10 011 657
162.0|10.21 [0.05!0.03 |84.85 €72 (0,02 000 (260 |0.27 407 012 6.07
186.0(0.18 |0.05 |0.03 [83.48 069 |0.03 0.00 3.09 10.25 1467 016 5588
210.0(0.17 |0.04 [0.03 [83.14 0.68 |0.02 0.00 3.37 |0.23 [4.79 017 588
2340|017 |0.04 |0.04 (8437 D68 002 0.00 317 021437 015 543
306.0(0.19 |0.04 |0.00 |B3.27 071 |0.02 000 3.54 |8.07 |[4.71 018 576
330.0/0.18 [0.03 [0.00 82,68 0.73 |0.02 0.00  |381 [C.08 506 019 |580
354.0(/0.18 |0.04 {0.00 [B300 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
Example &

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 aver 3 g of catalyst in the
liquid phase. Per hour, 0.12 | of starting material were used. The amount ¢f off-gas was 20 1h (STP).
A chromium-free Ni*Cu catalyst on Al;O5 support malerial produced according to Example D was
used. However, the catalyst was used as powder in order to counteract mass transfer proklems.
Scaleability to technical pellets. however, was further given. The course over time of the composition
of the product mixture is shown in Table 8; the compositicn 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 compasition of the product mixture according to Example 6

Pentanoic |
it{h] Alkanes :2-Methyl-1-butanal | n-Pentanal |2-Methyl-1-butanol | n-Pentanal ! acid { 2-Prapyl-2-he
0| o057 459 86.66 0.00 012! 012
16.4 0.08 0.10 0.29 4.32 75.71 0.15
B8.7|  0.09 0.01 0.01 271 83.60 000
114.1 0.09 0.05 0.15. 4.81 82.57: 015
138.3 0.09 014 1.74 418 768.17 0.20 o
184.8 0.09 0.33 2.57 4.03 75.13 022
256.6 0.09 0.14 059 4.51 82.42 0.24
| 286.7]  ©0.09 0.16 0.76 4.41 82.12 0.26

Example 7 (not according to the invention)

The experiment described in Example 6 was carried out analogously with the same starting material
and under tha same conditions. However, a chromium-containing calalyst was used as was also

used for ihe experiments described in DE19842370A1. The course over time of the composition of
the product mixturs is shown in Tahle 9; the compaosition of the starting material mixture corresponds

here to the table entry at time t = 0.

i Pentanoic
t{h] Alkanes | 2-Mathyl-1-butanal n-Pentanal : 2-Methyl-1-butanal | n-Pentanol acid 2-Propyl-2-hept

) 0.57 4.59 86.66 0.00 0.12 012

164 002 0.06 0.39 1.09 19.23° 0.0
887 a1 0.18 0.90 _ A4B. 7231 0.19
114.1 0.11 0.12 0.26 4.52 79.57! 0.21
138.3 0.12 0.30 1.33 4.26 78.78 0.21
184.8 0.11 0.56 2.45 3.84 F7.56 0.27
256.6 013 1.09 4.18 348 7177 026
2867 013 128 580 3. 76.24 0.27

Table 9. Couwrse over time of the composition of the product mixture according to Example 7
Example B

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 temperature
was 180°C, the pressure 25710 Pa. The slarting malerial feed was 0.12 I’'h. The circulalion was
adjusted to 45 Ith. The amcunt of off-gas withdrawn was 1 IY/min {(STP). The course over time of the
camposition of the product mixture is shown in Table 10; the composition of the starting material

mixture corresponds here to the 1able entry at time t = 0.
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Example 9 (not according to the invention)

The experiment described in Exampie 8 was carried out analogously with the same starting material
and under the same conditions. However, a chramium-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 compaosition of the starting material mixiure

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

The examples show that 1he catalyst prepared chromium-fres is suitable for hydrogenating oxo

aldehydes.
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Process for the preparation of alcohols by hydrogenation of aldehydes, in which 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 calalysl, giving a product
mixture which comprises at least the alcohol corresponding to the hydrogenated aldehyds,
and at lzast one by-product, where the catalyst comprises a support material, and nickel and
copper applied thereto,

characterized in that

the catalyst in activated form has the following compasition adding up lo 100% by weight;

support material: from 85% by weight 1o 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,
chromium; less than 50 ppm by weight;

others: less than 1% by weight.

Process according to Claim 1, characterized in that the support material is aluminium oxide

or silicon dioxide or a mixture of aluminium oxide and silicon dioxide.

Process according to Claim 1 or Claim 2, characterized in that the specific pore volume of the
support material is between 0.5 mlg to 0.9 mlig, determined by the cyclohexane immersion
method, and that the specific surface area of the support material (BET surface area) is
between 240 m*/g to 280 m*/g, determined by IS0 methad 9277.

Process according to Claim 1 or according to one of Claims 2 to 3, characterized in that it is
carried out at a pressure between 15*10° Pa and 25*10° Pa and at a temparature batwaan
140°C and 180°C, the pressure and temperature being selected such that use mixture and

product mixture are prasent in a liquid phase.

Process according to Cigim 4, characterized in that the hydrogen is presentin a
superstoichiometric amount, the cancentration of the hydrogen being selected such that at

least some of the hydrogen is present dissolved in the liquid phase.

Process according to Claim 1 or according to one of Claims 2 to 5, characterized in that the

use mixture uriginales from a hydroformylation and as such comprises a plurality of
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10.

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.

Process according to Claim €, characiarized in that the use mixture has the following

compasition adding up to 100% by weight:

total fraction of the aldehydes having five carbon atoms: 80% by weight to 100% by weight,
tofal fraction of the alscohols having five carbon atoms: 0% by weight to 1% by weight;
total fraction of other hydrocarbons: 2% by weight to 20% by weight

Pracess according to Claim 8, characterized in that the use mixture has the following

composition adding up to 100% by weight:
total fraction of the aldehydes having nine carbon atoms: 25% by weight to 75% by weight;

total fraction of the alcohols having nine carbon atams:  10% by weight to 55% by weight;

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

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

water: % by weight to 3% by weight.

Process according {o Claim 8, characterized in that the use mixture has the following

composition adding up to 100% by weight:
tatal fraction of the aldehydes having nine carbon atoms: 15% hy weight to 65% by weight;

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: % by weight to 40% by weight;

water: 0% by weight to 1% by weight.

Process according 1o Claim 8, characterized in that the use mixture has the fallowing

campeosition adding up to 100% by weight:

total fraction of the aldehydes having ten carbon atoms: 50% by weight to 100% by
weight;

total fraction of the alcohols having ten carban atoms: 0% by weight 1o 40% by weight;
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total fraction of further hydrocarbons: 0% by weight ta 5% by weight;
fraction of waler: 0.5% by weight to 5% by weight.
1. Process according ta Claim 6, characterized in that the use mixture has the following

12.

13.

14.

composition adding up to 100% by weight:

total fraction of the aldehydes having thirteen carbon atoms: 60% by weight to 85% by weight;
total fraction of the alcohols having thirleen 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 o 1% by weight.

Process according to Claim 1 or according to one af Claims 2 to 5, characterized in that the
use mixture originates from at feast two hydroformylations and as such comprises a plurality
of aldehydes having the samea number n of carbon atoms and a plurality of aldehydes having
the same number m of carban atoms, and in each case correspoending alcohols and high

boilers, where n and m are different natural numbers between three and eighteen.
Process for the preparation of a catalyst with the following steps:
a) provision of a support matenal;

b) impregnation of the support material with a chromium-free solution of copper{ll)
hydroxide carbonate, nickel hydroxycarbonate paste, ammonium carbonate,

ammaonia and water;

c) drying of the impregnated support material in the stream of air at temperatures
balow 100°C:
d) calcination of the dried, impregnated support material in the stream of air at

lemperatures 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 sitit or ex

situ.

Use of a catalyst which has been prepared according to Claim 13 in a process according to

Claim @ or in a process according to oneg of Claims 7 to 11.
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Abstract

The invention relates {o a process for the preparation of alcohols by hydrogenation of aldehydes, in
which use mixture comprising at least one aldehyde and at least one accompanying companent is
brought into contact, in the presence of hydrogen, with a heterogeneous catalyst, giving a product
mixture which comprises at least the alcohal corresponding lo the hydrogenated aldehyde, and at
least one by-product, where the catalyst comprises a support material, and nickel and copper applied
thereto. The object of the invention is to indicate a chromium-free catalyst suitable for such a process.
Moreover, the 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 is achieved by omitting the chromium
during the preparation of a classic Cu/Ni/Cr system, such that a catalyst is abtained on whose
support malerial cnly copper and nicked occur as hydrogenation-aciive components, bul not

chromium.
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