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preparation of alcohols or amlnes by reaction of esters,

fatty acids or nitriles with hydrogen at elevated
temperature and under pressure in the presence of a
copper-containing catalyst. The catalyst is notable for
a comparatively high BET total area and a particular
pore-radius distribution, expressed in terms of the
proportion of the BET total area resulting from pores of
a particular size. The catalyst is prepared by pre-
cipitating from an aqueous solution, which contains a
copper salt and salts of further elements, a copre-
cipitate by means of a basic precipitant, and by then
washing, drying and calcining the coprecipitate. The
catalyst does not contain chemically bound chromium.

Copper-containing catalysts are used 3in industrial
processes to a considerable extent. For example, they
play an important ﬁart in hydrogenation and dehydrogena-
tion processes. In this instance, the feedstock to be
reacted is passed to the fixed catalyst either in the
gaseous state (gas-phase operational mode) or in the
liquid state (liquid-phase operational mode). The
catalyst can also be used in a finely disperse state as
a suspension (suspension operational mode).

Very wide use has been made of catalysts which, in
addition to copper, also contain chromium, inter alia for
the hydrogenation of esters. These catalysts are also
known under the designation copper chromite catalysts or
Adkins catalysts.

However, the use of Adkins catalysts is not without
problems, because their preparation makes use of c¢=-
hromium(VI) compounds which have to be considered as
carcinogenic and which, in handling them, require approp-
riate protective measures. Furthermore, in the course of
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15 washing, drying andypgil iHRIHIEIE ek copreci pitate. The catal yst does not
contain chem cally bound chrom um Copper-containing catalysts are used in
i ndustrial processes to a considerable extent. For exanple, they play an
i nportant part in hydrogenation aand2 dehydrogena- 20 tion processes. In
this instance, the feedstock to be reacted is passed to the fixed catal yst

either ip th t :Rha erat | s ood OLakfat he iquid
state (Fﬁ&uiﬁ’-‘%ﬁégg&gﬁ’;‘r Z%%’)éna ?r%%e?.% he %%gﬁ%%g%a?fal gg%gg used in a
finely wateasseareatprodueed a whisenaren heyshlyisnadlnt@dt Wakll node) .
very w %ﬁ.gﬁ%ﬂa%s SECR PR Of cRASRIUR VI Vhiapl, Arimewsilink] OWak@ecopper, al so
contain chromu nter alia for éhe, hgiadio ebnatlon of ester,s. }'hese
cat al ysp@t&rg lessius type are undesir e, because compounds o

5 both copper and chromium(VI) are highly toxic to micxro-

organisms and must be removed from the waste water by

laborious treatment.

Occasional use is also made of copper catalysts contain-

ing no chemically bound chromium for the hydrogenation of
10 esters. According to US-A 4,199,479, supported catalysts

containing copper, zinc oxide and, if required, cobalt

are suitable for this purpose. EP-B 0,074,193 describes

a process for the hydrogenation of esters in the gas

phase by means of a catalyst containing copper and zinc
15 oxide.

Chromium=free copper catalysf.s are also often recommended
for other reactions.

Thus DE-0S 2,056,612 describes a catalyst comprising

mixed crystals from the series (Cu,Zny)Al,(OH);,CO;-4H,0,
20 where x and y can assume numerical values from 0.5 to 5.5

and the sum x plus y equals 6. The mixed crystals are

obtained by a precipitation at a pH between 4.5 and 5.5,

by adding to an aqueous solution containing nitrates of

copper, zinc and aluminum a basic precipitant, for
25 example an aqueous Na,CO, solution. '

The catalyst, which in the non-reduced form contains CuO,
Zn0 and Al,0,, is used in the conversion of a gas mixture
comprising carbon monoxide, carbon dioxide and hydrogen,
to give methanol.

30 EP. 0,125,689 relates to a catalyst containing Cu0O, 2ZnO
and Al,0,, having an atomic ratic Cu:Zn between 2.8 and
3.8 (corresponding to 26.9 to 36.5 parts by weight of ZnO
per 100 parts by weight of Cu0O) and an Al,0, fraction from
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known under the desi gnagdp@ng; ef; gagom te catal ysts or 30 Adki ns

catal ysts. However, the"“&g(gk‘@?ﬂﬁgm ﬁ‘sg catal ysts i g not w t hout problens,
because their preparation makes use of c- hrom um(Vl) conpounds which have
to-be considered as carcinogenic amgl which, in handling them require .
approp- 35 riate protective nmeasures. Furthernore, in the course of - 2-

uhi ch aBotaeddl o oretget LA Aot Bt o Sl el Te, I 20
anmoni ugolléddal aluminum hydroxide, Cu and Zn are incorporated
in the catalyst by precipitation from metal salt solu-
tions. The catalyst is used for the production of
5 methanol.

It is an object of the present invention to provide a
process which makes it possible not only to produce
alcohols by catalytic hydrogenation of esters and fatty
acids, but also to produce amines by catalytic hydrogena-
10 tion of nitriles, by means of a chromium-free copper
catalyst. Furthermore, the process should ensure that the
reaction, in particular at elevated temperatures,
proceeds with high yield and high selectivity and very
largely avoids the formation of by-products, the results
15 achievable with conventional Adkins catalysts not only
being equalled, but in many cases even being distinctly
improved upon. A further advantage is found in the fact
that the preparation of the chromium-free copper catalyst
circumvents problems which are significant in the pre-
20 paration of Adkins catalysts, such as the handling of
carcinogenic chromium(VI) compounds, the production of
waste waters containing noxious compounds, and the safe
disposal of -chromium-containing used catalysts.'

The objects are achieved by a process for the preparation
25 of alcohols or amines by reaction of esters, fatty acids
or nitriles with hydrogen under pressure and elevated
temperature in the presence of a copper-containing cata-
lyst, wherein the catalyst in the non-reduced state, per
100 parts by weight of CuO, comprises 40 to 130 parts by
30 weight of 2n0, 2 to 50 parts by weight .of Al,0, and
optionally 0.5 to 8 parts by weight of oxide of Mn, Mo,
V, %r and/or alkaline earth metal, has a BET total area
of 80 to 175 m® per gram of catalyst in the non-reduced
state, 75 to 95% of the BET total area being formed by
35 pores having a radius r, < 15 nm. '
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waters of this type arq;_:gggﬁck%w@gjgp;yg)ecause conpounds of 5 both copper
and chromum (VI) are highly toxic to mcro- organisns and nust be renoved

fromthe waste water by |aborious treatment. QOccasional use is also nmade of

copper catalysts contain- ing no_chemcally bound chrom umfor the
hydrogenation of 10 esters. According to US-A 4,199, 479, supported
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is 30 to 125, in particular 35 to 100, pxeferably 40 to
S 85 m® per gram of Cu and thereby exceeds the active copper
metal surface area of corresponding copper chromite
catalysts. The determination method can be found in M.J.
Juys, P.H. van Oeffelt, W.G.J. Brouwe, A.P. Pijpers and
J.J.F. Scholten, Applied Catalysis, 46 (1989), pages 161
10 to 173.

The catalyst contains, per 100 parts by weight of CuO,
from 40 to 130, in particular from 45 to 100, preferably
from 45 to 80 parts by weight of 2ZnO, and from 2 to 50,
in particular from 3 to 40, preferably from 4 to 30,

15 particularly preferably from 4 to 1l parts by weight of
Al,0,.

If required, the catalyst comprises further substances.
These include oxides of manganese, molybdenum, vanadium,
zirconium and/or of an alkaline earth metal. Per 100

20 parts by weight of Cu0O, their proportion is frxom 0.5 to
8, particulai'ly from 1 to 6, preferably from 2 to 4
parts by weight, calculated as MnO, MoO,, V05, ZT0, and
MeO, where Me is an alkaline earth metal.

Particularly suitable further substances are manganese
25 oxide and/or an alkaline earth metal oxide. Possible
alkaline earth metal oxides are oxides of Mg, Ca or Ba,
in particular Ca oxide or Ba oxide, preferably Ba oxide.

A further feature of the process according to the inven-
tion is the comparatively high BET total area of the

30 catalyst. Said area is from 80 to 175, in particular from
85 to 160, preferably from 90 to 155 m* per gram of
catalyst in the non-reduced state.
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Thus DE-GOS 2, 056, 612 d o k‘%ﬁ fyi¢aisal yst conprising mxed crystals from
the series (Cu[err]Zn[éi‘f“]) [“err]‘(d—b[err]CCIerr] 4H err] O 20 where X
and y can assune nunerical values fromO0.5 to 5.5 and the sumx plus y
equal s 6. The nixed crystals are qbtgied by a precipitation at a pH -
between 4.5 and 5.5, by adding to an aqueous sol ution containing nitrates
of ‘copper, zinc and al.um num a basic precipitant, for exanpl e an

aqueous RAPerBFROHOTAL SBFERI F The X&ut BRYISFSTRRAC 1AF ntthﬁe #B%2r educed
form conineasar@:lo bin@damk}ﬁim r bl eni.i;zogenumordiﬁge convehei on of a

Ve ot TEERPATYY Sathofl SRR, iy, FELAGR (hE) (R0 pdiiodaCT 1O,
and Al [eﬁp;:qdme]rmkmq\gthﬁ BEBnitetadt | ar e Zﬁ Hesmrdded gimnd-
5 Amer. Chem. Soc., 60, (1938) 309.

An additional feature of the catalyst used according to
the invention is a particular pore=-radius distribution,
expressed in terms of a high proportion of the BET total
area which is formed by pores having a radius r, = 15 nm

10 (150 A). Their proportion is from 75 to 95, in particular
from 80 to 92, preferably from 84 to 90% of the BET total
area.

From 50 to 85, in particular from 60 to 80% of the BET
total area are formed by pores having a radius r, < 9 nm
15 (90 A).

The range of the pores whose radius r, is between 9 and
15 nm is covered by from 5 to 45, in particular from 15
to 40, preferably from 18 to 30% of the BET total area.

It should again be noted here that the abovementioned
20 data regarding the BET total area in each case relate to
the catalyst in the non-reduced form. =

The pore radii are determined by evaluation of the
desorption isotherms with the aid of the Kelvin equation
according to C. Pierce, J. Phys. Chem. 57, (1853) 149.

25 The data regarding the pore radii also relate to the non-
reduced catalyst.

If required, the catalyst may also, in addition to the
components already mentioned, comprise a support. Per
100 parts by weight of Cu0, it comprises from 2 to 80, in
30 particular from 4 to 60, preferably from 5 to 35 paxrts by
weight of support. The support may comprise conventional
water-insoluble materials. Suitable support materials are
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3.8 (corresponding to %v\?m@.(pq 36,19 parts by weight of ZnO per 100 parts by

wei ght of CuO and an Terr] err] fraction from -3- 8 to 12% by ;
weight. Al[err]derr] is used in the preparation colloidal alum num '
hydroxi de, Cu and Zn are incorporatgd«in the catalyst by precipitation from
metal salt solu- tions. The catal yst is used for t he production of |

s, ey AR TR i PAET ki DX g o

hydr ogerl,0Ogn of esters and fatty

The catalyst in reduced form, per 100 parts by weight of
Cu, comprises from 48 to 163, in particular from 56 to
5 125, preferably from 56 to 100 parts by weight of ZnO,
from 2.4 to 63, in particular from 3.7 to 50, preferably
from 5.0 to 37.5, particularly preferably from 5 to
13.8 parts by weight of Al,0;, and where appropriate, from
0.6 to 10, in particular from 1.2 to 7.5, preferably from i
10 2.4 to 5.0 parts by weight of oxides of Mn, Mo, V, Zr
and/or alkaline earth metal. ;

» i

Below, the preparation of the chromium-free copper
catalyst will also be described in more detail. The }
starting material is an aqueous solution containing salts

15 of copper, zinc, aluminum and, if appropriate, of Mn, Mo, |
V, 2r and/or alkaline earth metals. This solution, also
designated below as mixed salt solution, contains from 10
to 100 g of Cu/l, from 10 to 50 g of 2n/l, and Al corres-
ponding to from 2 to 80 g of Al,0,/1. If required, the

20 mixed salt solution additionally contains from 3 to 80 g
of Mn, ‘Mo, V, Zr and/or alkaline earth metal per liter,
calculated as MnO, MoO,, V,0;; Zr0, and MeO, where Me is an |
alkaline earth metal. S \

The mixed salt solution is prepared by dissolving water- l
25 soluble salts of the abovementioned elements in water. i
Nitrates have proved to be particularly useful.

It is advisable to set the pH of the mixed salt solution -
to below 4.0, adding acid if required.

The precipitant used is an agueous solution of a basic . \

30 compound, usually an aqueous alkali metal carbonate or
alkali metal hydrogen carbonate solution. _ \

]
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acids, but also to prod;f;gckg aknesbypgatal ytic hydrogena- tion of nitriles, j
by neans of a chromiumiree copper catalyst. Furthernore, :the process '
shoul d ensure that the reaction, in particular at el evated tenperatures,

proceeds with high yield and high sejectivity and very largely avoids the }
formati on of by-products, the results achievable w th conventional Adkins '

cat al ysti not 8nlry Eei ng._equal | ed, but Jin many cases even bei ng distinctly

i npr oved*BpofiT4&ET u ?hegni‘g*ﬁnt%e g 2n PRECARLTATASE t#R ;
pr epar at poasdblieheankr boi obtéing xopes sanealisie,Char pasyesasaplpbl ens which
are signifil 0 -s raatio f o Adki.n atal ust g, h.as the

handl i nghé#ng_%%%gibﬁgggﬁpge?ﬁpg%a%tr?{v%gcgﬁgéﬁngggpf axp?‘%dﬁggﬁoﬁnof wast e |
wat ers c8kPachiiemedico @xc@sFpounds, and the_ saf e .

5 The precipitation is achieved in that the mixed salt
solution and the precipitant, separate from one another
but simultaneously, are brought together, continuously or ;
batchwise, under conditions of vigorous mixing.

The coprecipitate is precipitated by bringing the mixed
10 salt solution and the precipitant together comparatively
slowly. The precipitation time should be at least 10

minutes. :

During the precipitation, a constant pH within a pH range
from 6.5 to 8.5, in particular from 7.6 to 8.0, is

15 applied. Fluctuations of the pH should be kept as low as
possible.

The precipitation is carried out at constant temperatures
above 70°C, in particular in a range from 75 to $5°C.

After the precipitation, the coprecipitate is separated
20 from the mother liquor and is carefully washed. T |

In general it is sufficient to maintain, during the i
washing process, a temperatuie from 55 to 85, in partia : !
cular from 60 to 75°C, and to use from 5 to 50.kg of wash
water per kg of coprecipitate.

25 The duration of the washing process must be sufficiently
long. It should be at least 60 minutes. ?

It has proved to be sufficient to dry the coprecipitate |

at temperatures from 50 to 120°C, until a residual ‘

moisture content of approximately 2 to 15% by weight of
30 water, based on the dried coprecipitate, is achieved.
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di sposal of chrom um copfpai pispgyesedpsat al ysts. The objects are achi eved by
a process for the preparation of alcohols or amines by a reaction of -
esters, fatty acids or nitriles with hydrogen under pressure and el evated
tenperature in the presence of a catglyst, which, in the non-reduced state,
per 100 parts by weight of CuO consists of 40 to 130 parts by wei ght of

Zn0O, 2 tgq, 50 rts by weight. of Al ferr err] and optionally 0.5 to 8 parts

by wei ght®8f %ﬁgﬁﬁﬁﬁwﬁgikﬁn%ﬁl%§ %ﬁk%%rE%Qﬁﬂi?% %59?h%%§eﬂ? has a

BET-t ot a4500€Ct acwexr en pérs0dt Exrdms Iteell hoarsel Theatedlsinedn the

non-red e 5 % B I rface area bel formed by

por es hgégﬁai g%a ﬁé;%i?ﬁ%%/ﬁéréfgi5ﬁ§n%%&%er d 'f8em, 1rectf§
for suspension hydrogenations, or after shaping, such as

5 tableting or pelleting, as a fixed catalyst.

The process according to the invention is suitable,'on
the one hand, for the production of alcohols by hydro-
genation of the corresponding esters or fatty acids, and,
on the other hand, for the production of amines by

10 hydrogenation of nitriles. The feedstock materials need
not meet any particular requirements, for example with
regard to composition or purity. They can be used in the
form of the generally available technical grades. Even
feedstock materials which, because of particular impuri-

15 ties such as, for ezample, sulfur-containing compounds,
are regarded as being difficult to hydrogenate, can be
used successfully in the process according to the inven-
tien.

The process according to the invention requires somewhat

20 different reaction conditions for the production of
alcohols, compared to the production of nitriles. If
alcohols are to be produced, the corresponding esters or
fatty acids are reacted at from 200 to 350, in particular
at from 220 to 330, preferably at from 230 to 320°C. The

25 pressure is usually from 15 to 40, in particular from 18
to 35, preferably from 20 to 32 MpPa.

The feedstock materials used are esteré of carboxylic
acids having from 2 to 30 carbon atoms, in particular of
naturally occurring carboxylic acids, having from 8 to
30 30, in particular from 10 to 24, preferably from 12 to 22
carbon atoms. These include esters which are formed from
the abovementioned carboxylic acids and monohydric
alcohols having 1 to 4 carbon atoms on the one hand, and
polyhydric alcohols having 2 to 6 carbon atoms on the
35 other hand.
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which is obtainabl e by mgk MgERCHEEPLEBE | n which an aqueous sol ution
containing salts of copper, zinc, alumnium and optionally magnese,

nmol ybdenum vanadi um zi rconi um and/or of an alkaline earth netal and
an ‘aqueous sol ution of a hagic precipitant are separately, but
si mul t aneously, brought together and precipitation is carried out at a

ngffgﬂf%waﬁfﬂgsletr""ﬁ,i a%g.e Offé‘f:r"“f‘&e t%ﬁéco pr eCl plﬁyate obt al tg{if a

separ at calstéts ofishhe abovementioned carboxylic acids.

Examples of suitable esters are methyl oleate, ester
mixtures of tallow fat acid, palm oil acid, palm kernel

S oil acid, and coconut o0il acid, in particular the methyl
esters thereof.

Another possible feedstock material comprises fatty
acids. The fatty acids contain from 8 to 30, in parti-
cular from 10 to 24, preferably from 12 to 22 carbon

10 atoms. They can be saturated, singly unsaturated or
multiply unsaturated.

Examples of suitable fatty acids are oleic acid, tallow
fat acid, palm oil acid, palm kernel oil acid and coconut
oil acid.

15 For the production of amines, nitriles are usually
reacted under somewhat milder conditions than the esters
and fatty acids. Temperatures of from 160 to 250, in
particular of from 190 to 240, preferably of from 210 to
230°C, and pressures of from 0.5 to 10, in particular of

20 from 1.0 to 5.0, preferably of from 1.2 -to 3.0 MPa,
constitute suitable reaction conditions. Nitriles having
from 4 to 30, in particular from 8 to 24, preferably from
10 to 22 carbon atoms can be convexted in this manner
into the corresponding amines.

25 Examples of suitable nitriles are propionitrile, butyro-
nitrile, valeronitrile, caprom.tr:.le, caprylonitrile,
lauronitrile, myristonitrile v palmltomtrlle s o©Oleo-
nitrile, stearonitrile, alkylaminonitriles having 2 to 6
carbon atoms in the alkyl chain, and aliphatic, cyclo-

30 aliphatic and aromatic dinitriles, such as adiponitrile
and isophorone dinitrile.
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with water, dried and c@kgip?gggmﬁiag 22pO[err] C to 450[err]C, over a period
of 3 to 10 hours. A further feature of the process according to. the inven-
tionis arelatively large active copper netal surface area of the
catalyst. In the reduced catal yst_spgd.area is 30 to 125, in particular 35
to 100, preferably 40 to 85 nferr] per gramof Cu and thereby exceeds the
" active cggger.metﬁl;surfgce area of correspondi ng copper chromte
cat al yst® ' met hod can be found in MJ. Juys, P.H van
Ceffelt, WG J. Brouwe, A P. Pijpers and J.J.F. Scholten, Applied

Catal ysigy £1989), pages 161 to 173. The catal yst contains, per 100
parts by—v%ﬁg%ﬂﬂjf CuOQ, from40 to 130, in particular from45 to 100,

preferably
Hydrogenation of a fatty-acid methyl ester mixture
containing predominantly methyl oleate -

5 The feedstock used is a fatty-acid methyl ester mixture
consisting predominantly of methyl oleate (designation
Estol 1400, commercially available from Unilever) which
has the following composition (determined by gas-
chromatographic analysis):

10 C,;-acid methyl ester 0.5% by weight
Cys~acid methyl ester 4.5% by weight
C,¢—-acid methyl ester 11.5% by weight
Cis—acid methyl ester approx. 81.0% by weight
Co=acid methyl ester approx. 0.8% by weight
15 (remaining components not identified)

The fatty-acid methyl ester mixture, because of its
sulfur content (25 ppm by weight of §) is difficult to
hydrogenate.

The catalyst I required for the reaction is prepared as
20 follows:

By dissolving appropriate amounts of Cu(NO,), - 3H,0,
Zn(NQO;), - 6H,0 and Al(NO;), : 9H,0 in water, a solution
(mixed salt solution) is prepared. The basic precipitant
used is an aqueous Na,C0, solution. The mizxed salt solu-
25 tion heated to 80°C, and the basic precipitant similarly
-heated to 80°C, in separate streams are brought together
simultaneocusly with stirring, the mixture is filtered and
the precipitate (coprecipitate) is washed with hot water.
The washed filter cake is dried to a final moisture
30 content of =< 5% by weight, based on the catalyst mass,
and is subsequently calcined in an N, stream at 380°C.
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from45 to 80 parts by wmikofmrofisZn@®rgand from2 to 50, in particular from
-3 1to 40, preferably from4 to 30, particularly preferably from4 to 11
parts by weight of Al[err]Jerr] If required, the catal yst conprises
further substances. These include.axi des of nmanganese, nol ybdenum
vanadi um zirconium and/ or of an alkaline earth nmetal. Per 100 parts by

wei ght | Lo | r 0 t Pav Ll . fromlto
o pref dmgiaieaies PReRRRELCE [Belt B the Dot M ddntelday oM

V[ er r] Qi rghe naj-stedueed] sustie wadr 3 ¥\byi weightil @& GuR: (s9ndesTet al .

Particul gahys 94 £8bh 9. BT bhelelyhs! 82C LR )2 EAITRRMIENATD PeAS ¥/ or an

al kal i ne” eart h” net al _oxi de’ POSS|gIe al k |IQF earth ne%gl OXId%f are oxides
of My, @ﬁgh‘ﬁff Cu0O, contains 52.4 parts by weight of ZnO an

S

8.4 parts by weight of Al,0,.

The BET total area is 126 m® per gram of catalyst in the
non-reduced state. 89% of the BET total area are formed
by pores having a radius r;, < 15 nm, and 76% of the BET
total area are formed by pores having a radius r, < S nm.

10 The copper metal area of the reduced catalyst is 78 m’
per gram of Cu.

An autoclave (volume 1 liter) equipped with an oscillat~-
ing magnetic stirrer is charged, while air is excluded,
with 400 g of the previously described fatty-acid methyl

15  ester mixture and 4 g of catalyst I. The vessel is then
pressurized with hydrogen to a pressure of 18 MPa and
heated while stirring (100 strokes per minute) to 250°C
in 50 minutes. During heating, the pressure rises to 25
MPa. By pressurizing repeatedly with hydrogen, the

20 pressure is kept constant at 25 MPa. After a reaction
time of 125 minutes, hydrogen is no longer taken up. The
reaction is complete. The autoclave is depressurized and
cooled down.

Comparative Examples 1 to 5

25 Bydrogenation of a fattye-acid methyl ester mixture
containing predominantly methyl oleate

The same proceduré is followed as in Example 1, but in

each case, 4 g of a commercially available catalyst are

ugsed. The reaction is halted after 125 minutes. At that
30 time, the hydrogen uptake has not yet finished.

The following catalysts are used:
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in particular Ca oxide gryBripoximte; pppeferably Ba oxide. A further feature |
of the process according to the 1nven- tion is the conparatively high BET
total area of the catalyst. Said area is from80 to 175, in particular from:
85 to 160, preferably from90 to 15pgnferr] per gramof catalyst in the
non:reduced state. -5- The BET total area is to be understood as the :

area ne { dsorption_of .,nitrogen,according to the nethod of ;

Brunauer,géﬁﬂ%$¥ gnﬁnTgPFE?r?EE$?.éﬁggp%%tﬁOd for determning the BET total ;

area i s Nexepperedchronite catalyst containing 42% by weight of Cu
and 26% by weight of Cr.

Catalyst B in Comparative Example 2:
5 A copper chromite catalyst containing 36% by weight of ;
Cu, 32% by weight of Cr, 2.2% by weight of Ba and 2.4$ by |
weight of Mn. The BET total area is 30 m® per gram of '
catalyst. l

Catalyst C in Comparative Example 3: |
10 A copper chromite catalyst containing 36% by weight of

Cu, 32% by weight of Cr, 2.2% by weight of Ba and 2.4% by |

weight of Mn. The BET total area is 65 w® per gram of

catalyst. |

Catalyst D in Comparative Example 4:
15 A copper chromite catalyst containing 36% by weight of
Cu, 33% by weight of Cr and 3% by weight of Mn.

Catalyst E in Comparative Example 5:

A copper chromite catalyst containing approximately 47%

by weight of Cu0, approximately 49% by weight of Cr,0, and l
20 approximately 4% by weight of MnO,. The BET total area is '

30 m* per gram of catalyst.

Example 2

Bydrogenation of a fatty~acid methyl ester mixture
containing predominantly methyl oleate

25 The same procedure is followed as in Example 1, except
that the reaction is carried out at 300°C and 27 Mpa.
Hydrogenation is complete after as little as 45 minutes.

e

This Sheet Has Been Replaced

TR




cc.FreEb. 19596 14:46 HOECHST AG WERK RUHRMHEMIE FPR NR. 427 S5.59

5 Amer. Chem Soc., 60, VERKORBRCBOQ: php additional feature of the catalyst
used .according to the inventionis a particul ar pore-radius distribution,
expressed in terns of a high proportion of the BET total area which is
formed by pores having a radius rlegg]_[err] 15 nm 10 (150 A). Their
propoertion is from75 to 95, in particular from80 to 92, preferably from

84 to QO%JOf thE!BETEtota agea. From50 to 85, in particular from60 to
80% of t formed by pores having a radius r[err] [err]
9 nm1l5 (90 A). The range of the pores whose radius rlerr] is betmeen 9

Spgfé?a 150884 EEEInPY SehPrddactl PRLELGY! aés{égmx&l £rd0
containing predominantly methyl oleate

The same procedure is followed as in Example 2, except
5 that 4 g of catalyst B are used. However, hydrogen uptake
is only complete after 90 minutes.

The results of Examples 1 and 2 and of Comparative
Examples 1 to 6 are summarized in the following Table 1.
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I't shoul d agai n be not eghthepgptitats tthg abovenentioned 20 data regarding ;
the BET total area in each case relate to the catalyst in the non-reduced
form The pore radii are determ ned by evaluation of the desorption ,
isotherms with the aid of the KeLvag equation according to C. Pierce, J. !
Phys. Chem 57, (1953) 149. 25 . The data regarding the pore radii also
relate to the non- reduced catalyst. If required, the catalyst may also, in

addi tion? , a support. Per 100
parts by jweight ¢f CuQ, it copprises from2 to 80, in |30 particular from:
4 to 60, |preferalply from5 to} 35 parts by weight of support. The support
may conpriqg conVYentional watpr-insoluble materials. Suitable support !
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-6- Siqerr], kieselguhrVER RUEREHREE RPRd Al [err]derr], in particular The
catal-yst in reduced form per 100 parts by wei ght of Cu, conprises from 48
to 163, in particular fromb56 to 5 125, preferably from56 to 100 parts
by weight of ZnO from2.4 to 63,~insparticular from3.7 to 50, preferably
from5.0 to 37.5, particularly preferably fromb5 to 13.8 parts by wei ght of
Al [err] lea§d where appropriate, fromO0.6 to 10, in particular from
1.2 to %&%‘rﬁ? ; rably from 10 2.4 to 5.0 parts by weight of oxides of
Mh, Mo, V, Zr and/or alkaline earth netal.

drogenation of a_ fattyv-acid methyl ester mixture
containin redominantl methyl laurate and methyl

myristate

5 The feedstock used is a fatty~-acid methyl ester mixture
(coconut methyl ester) consisting predominantly of methyl
laurate (Cp,-acid methyl ester) and of methyl myristate
(Ci~acid methyl ester) which has the following composi-
tion (determined by gas~chromatographic analysis):

10 Ci4/C;; —-acid methyl ester 0.7% by weight
Ci2 -acid methyl ester approx. 55.0% by weight
Cys —acid methyl ester approx. 21.0% by weight

Cis -acid methyl ester approx. 10.0% by weight
Cis -acid methyl ester approx. 13.0% by weight

« 15 The catalyst II required for the reaction is prepared in
analogy to the preparation of the catalyst I described in
Example 1.

The calcined catalyst II, in the non-reduced state,
contains 58.6% by weight of Cu0 (corresponding to 46.9%

20 by weight of Cu) and, per 100 parts by weight of CuoO,
contains 50.2% parts by weight of 2Zn0, 8.0 parts by
weight of Al,0, and 2.6 parts by weight of BaO.

The BET total area is 118 m® per gram of catalyst in the
non-reduced state. 87% of the BET total area are formed

25 by pores having a radius x, < 15 nm, and 74% of the BET
total area are formed by pores having a radius r, < 9 nm.
The copper metal surface area of the reduced catalyst is
74 m® per gram of Cu.

An autoclave (volume 1 liter) equipped with an oscillat-
30 ing magnetic stirrer is charged, while air is excluded,
with 400 g of the previously described fatty-acid methyl
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Bel ow, the preparation ofyg RWQUEMTemruaﬂjree copper catal yst mf?fﬁglsosﬂa
descr-ibed in nore detail. The startlng material is an aqueous sol ution
containing salts 15 of copper, zinc, alumnumand, if appropriate, of M,
Mo, V, Zr and/or alkaline earth m_atfgs6 This solution, also designated
bel ow as m xed salt solution, contains from 10 t+o 100 g of Cu/l, from10 to
50 g of Zn/l, and Al corres- ponding.to from2 éo 80 of Al err]C{err]/I

If requi PEEeT(MExbYTe (LQEgNY IFEEBYht?ﬁﬁeﬁhd? dﬁagrafcﬁﬁﬁ ¥from3 to

80 9 of dh. Mhe Yres¥eXnfkorhenka nemstmrztéu neith hgdrbygear tocad cul ated as
arth nePSPESRE F G e ldrg%ﬁ@a rBi e R ety R S e 2
sol ubl e pattminfitehe tab@5OTEntinoidd mlmxm-s Durimg creating, the
5 pressure rises to 25 MPa. By pressurizing repeatedly with
hydrogen, the pressure is kept constant at 25 MPa. After
a reaction time of 75 minutes, hydrogen is no longer
taken up. The reaction is complete. The autoclave is
depressurized and cooled down.

10 Conmparative E les 7 and 8
drogqenation of a fattv-acid methyl ester ixture
containin redominantl methyl laurate and methyl
myristate

The same procedure is followed as in Example 3, except

15 that 4 g of catalyst B (Comparative Example 7) and 4 g of
catalyst D (Comparative Example 8) are used. However, in
both the Comparative Experiments 7 and 8, only after a
reaction time of 135 minutes is there no further hydrogen
uptake.

20 The results of Example 3 and of.Comparative Examples 7
and 8 are summarized in the following Table 2.
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Nitrates have proved to Werpaugicgetarkpe useful . It is advi sabl e-to set The
pH of the m xed salt solution to bel‘ow 4. 0, adding acid if required. The
preci.pitant used is an aqueous_solution of a basic 30 conmpound, usually
an aqueous al kali metal carbonate of,alkali metal hydrogen carbonate

sol uti on. -7- In order to ensure as conplete a precipitation as
possible, and to obtain, at the sane tine, a particularly honogeneous

copreci ffaRi® 2t he basic conmpound is used in stoichionetric excess.

%xample Comparative Example
3 7 8
5
Catalyst 1T B D
Temperature (°C) 250 250 250
Pressure (MPa) 25 25 25
Reaction time (min) 75 135 135
10
Composition of the
reaction product
(in % by weight)
Cio.33y =alcohol 0.7 0.4 0.5
15 Ci, -acid methyl ester 1.0 35.3 28.6
Cia =alcchol ~54 20.7 25.5
Cys —acid methyl ester 0.5 14.5 12.4
Cis ~alcohol 20.5 6.5 8.5
Cie =acid methyl ester 0.3 7.2 6.8
20 Cie -alcohol ~10 2.8 3.7
Cie -acid methyl estex 0.4 9.4 9.7
Cia -alcohol 12.5 2.9 . 4.1

Example 4

25 Hydrogenation of palm kernel oil acid

The feedstock used is non-esterified palm kernel o0il acid
having the following characteristics:

Iodine number: 13.0 g I,/100 g
Acid number: 267 mg KOH/g

30 An autoclave (volume 1 liter) equipped with an oscillat-
ing magnetic stirrer is charged, while air is excluded,
with 400 g of the previously described palm kernel oil
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5 The precipitation is¥%ghiRe¥edsin fftat the mixed salt solution and the
preci-pitant, separate from one another but sinultaneously, are brought
t oget-her, continuously or batchw se, under conditions of vigorous m Xxing.
The coprecipitate is precipitated byg Qringing the mxed 10 salt solution
and the precipitant together conparatively slowy. The precipitation tinme
shoul d be at least 10 m putes. During the precipitatiog, a constant pH
Wi t hin @Wr%’h‘ge:"\ar(ﬂn%f.kf)cﬁﬁab?%‘,‘ Tn FRe iwedssl rionthes BF%60, is 15
appl i ed.suztigddiaritid hypdréden b h@rabdirk et 185 Mravaid heated e. The
precipitgtd IS .CcalLied { t ur a 7QLerr]C, in
ar i cuMdiyd stiEdaler (B0, st PRhe SHERLALY €3 236y % T

90 minutes. During heating, the pressure rises to 27 MPa.

5 By pressurizing repeatedly with hydrogen, the pressure is
kept constant at 27 MPa, After a reaction time of 100
minutes, hydrogen is no longer taken up. The reaction is

complete. The autoclave is depressurized and cooled down.

Comparative Example 9

10 Hydrogenation of palm rnel oil acid

The same procedure is followed as in Example 4, except

that 32 g of a commercially available copper chromite

catalyst are used which contains 35.5% by weight of Cu,

32.6% by weight of Cr and 4.2% by weight of Ba (catalyst
15 F).

The results of Example 4 and Comparative Example 9 are
summarized in the following Table 3.

Table 3
i = .
20 Example | Comparative
- Example
4 : 9
Catalyst I F
25 Temperature (°C) - 300 300
Pressure (MPa) 27 27
Reaction time (min) 100 100
Characteristics of the
30 reaction product
Iodine number (g I,/100 q) 0.12 1.9
Acid number (mg KOH/q) 0.39 5.8
Hydroxyl number (mg KOH/g) 273 209
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After the precipitation, ¥kie REERIERLIEPFrsat e is separated 20 fromthe

not her liquor and is carefully washed. In general it is sufficient to

mai ntai n, during the washing process, a tenperature from55 to 85, in

parti- cular from60 to 75[err]Ca.ay 0 use from5 to 50 kg of wash water
per kg of coprecipitate. 25 The duration of the washing process nust be
sufficiently long. It should be*at |east 60 mnutes. It has proved to be
sufficient to dry the coprecipitate at tenperatures fromb50 to 120[err]C,
unti|l a BExgmple|S noi sture content of approximately 2 to 15% by wei ght of 30 -
wat er, based on the dried coprecipitate, is achieved.

Hydrogenation of a fatty acid nitrile

5.5

The feedstock used is tallow fat acid nitrile having an
S iodine number of 55.3 g I,/100 g.

An autoclave (volume 1 liter) equipped with an oscillat-
ing magnetic stirrer is charged, while excluding air, .
with 400 g of tallow fat acid nitrile and 10 g of cata- !
lyst I. The reaction is carried out at 220°C and 1.5 MPa.

10 After a reaction time of 240 minutes, hydrogen is no [
longer taken up. The reaction is complete. The autoclave
is depressurized and cooled down.

The reaction product contains 63.8% by weight of primary
fatty amine, 34.5% by weight of secondary fatty amine and

15 1.5% by weight of tertiary fatty amine. The residual
iodine number is 52.6 g I,/100 q.
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431 '
-8- The subsequent cal ci gk} Qgit@kes prace at from 250 to 450[err] C, over a

period from3 to 10 hours. The cal ci ‘ned cat al yst can either be used in

powdered form directly for suspension hydrogenaulﬁmmllmmmmm hapi ng,
such as 5 tabl eting or pelletiqg%%gg-a fixed c ess
according to the invention is sui > on the oné& hand, f'%or 5t hé production
of al cohols by hydro- genation of the corresponding esters or fatty acids,

and, on jpe OAhﬁi-oaéﬁs fB@rthEep ?dﬁéti@ﬂ of ammwyoﬁ(hmxtwrogenation
of n|tr|Ies e feedstock _materia

[ t rtil |
requi renments, YoFeéﬁﬁﬁﬁPe°ﬁn?ﬁt?Eﬁafﬁggch%O %éfﬁ%cﬁgg%iikﬁ a'rl'hey can be

used in the hydrogen under pressure and elevated temperature in
5 the presence of a copper-containing catalyst,
wherein the catalyst in the non~reduced state, per
100 parts by weight of CuO, comprises 40 to
130 parts by weight of 2n0, 2 to 50 parts by weight
of Al,0, and optionally 0.5 to 8 parts by weight of
10 oxide of Mn, Mo, V, %Zr and/or alkaline earth metal,
has a BET total area of 80 to 175 m® per gram of
catalyst in the non-reduced state, 75 to 95% of the
BET total area being formed by pores having a radius
r, < 15 nn.

15 2. The process as claimed in claim 1, wherein the
active copper metal surface area of the reduced
catalyst is 30 to 125, in particular 35 to 100,
preferably 40 to 85 m® per gram of Cu.

3. The process as claimed in claim 1 or 2, wherein the
20 catalyst in the non-reduced state, per 100 parts by
weight of Cu0, comprises 45 to 100, in particular 45
to 80 parts by weight of Zn0 and 3 to 40, in parti-
cular 4 to 30, preferably 4 to 11 parts by weight of
Al,0,. '

25 4. |The process as claimed in one or more of claims 1
to 3, wherein the catalyst has a BET total area of
85 to 160, in particular 90 to 155 m® per gram of
catalyst in the non-reduced state.

5. The process as claimed in one or more of claims 1
30 to 4, wherein 80 to 92, in particular 84 to 90% of
the BET total area are formed by pores having a

radius r, < 15 nm.

6. The process as claimed in one or more of claims 1
to 5, wherein the catalyst, per 100 parts by weight

This Sheet Has Been R,
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formof the generally av&ERGBURRE¢Hnfmal grades. Even feedstock materials
whi ch, "'because of particular inpuri- 15 ties such
sul fur-containing conpounds, are regarded as being di iﬂ (Llﬂj!ﬂm !II
hydrogenate, can be used successfu lgydn the process

I nven- tion. The process according to the invention requi res sonewhat 20
different reagtion con ions .. for the produ t f alco Is, conpared to
t he producti off ofh#h%r44j qua¥§¥xﬁﬂwgfi§ dddﬁ%d?

correspondi ngcalaer 4 to 6} (prefemibly & rte:aéﬁepaatsfbmrwem‘ht cpf350 in
partioul ar alof {0220 ety 30 REERRIAY viad! ﬁif@m@f@:tglém.h&fﬁlc The 25

pressure is udua Iy from gartl ar_from preferably
from 20 to 32asHsieselguhr or silica gel, and/or Al,0,, preferab I

5 Al,0,.

7. The process as claimed in one or more of claims 1

to 6, wherein esters or fatty acids are reacted at

from 200 to 350, in particular at from 220 to 330,

preferably at from 230 to 320°C, and at from 15 to

10 40, in particular at from 18 to 35, preferably at
from 20 to 32 MPa.

8. The process as claimed in one or more of claims 1
to 7, wherein esters of carboxylic acids, in parti-
cular of naturally occurring carboxylic acids,

15 having from 8 to 30, in particular from 10 to 24,
preferably from 12 to 22 carbon atoms, are reacted.

9. The process as claimed in one or more of claims 1
to 7, wherein fatty acids having from 8 to 30, in
particular from 10 to 24, preferably from 12 to 22

20 carbon atoms, are reacted.

10. The process as claimed in one or more of.claims 1

to 6, wherein nitriles are reacted at from 160 to

250, in particular at from 190 to 240, preferably

at from 210 to 230°C, and at from 0.5 to 10, in

25 particular at from 1.0 to 5.0, preferably at from
1.2 to 3.0 MPa.

11. The process as claimed in one or more of c¢laims 1
to 6 and 10, wherein nitriles having from 4 to 30,
in particular from 8 to 24, preferably from 10 to
30 22 carbon atoms, are reacted.
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The-f eedst ock mat eri al sWEREet/IACEeBt?@ks of carboxylic acids having from?2
to 30 carbon atons, in particular of naturally occurring carboxylic acids,
having from8 to 30 30, in particular from10 to 24, preferably from 12
to 22 carbon atons. These include &330 s."‘r/&ﬁ]cﬂum:r EBO‘promwa‘.rmz he

abovenenti oned carboxylic acids and rﬁgf) | coh vipil to 4
carbon atons on the one hand, and pol 3;’ ar%ohol ghﬁeaw ng 2 to 6 carbon

atons on the 35 ot her hand. - 9- O‘ [ ndustrl al significance are the
methyl and Q@iadnst Aktiengesellschaft, Frankfurt am Main 80

Abstract

The  present invention relates to a process for the
preparation of alcohcls or amines by reaction of estexrs,
fatty acids or nitriles with hydrogen at elevated
temperature and pressure by means of a catalyst which,
pexr 100 parts by weight of CuO, comprises 40 to 130 parts
by weight of 2n0, 2 to 50 parts by weight of Al,0; and
optionally 0.5 to 8 parts by weight of oxide of Mn, Mo,
V, Zr and/or alkaline earth metal, has a BET total area
of 80 to 175 m? per gram of catalyst in the non-reduced
state, 75 to 95% of the BET total area being formed by
pores having a radius r, < 15 nm.
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‘esters.of  the. abovenent i.oned_.carboxyl i c aci ds E5<-arrp| es of suitable.gsters
“are imet hyl “ol-eate; ester nixtures|of tallow f%t acid, pal moil .acid, palm

kerne’f 5...+0il acid,sand cocodut. pll acid, in partlcul ar thewethyl esters
therqt;)f An@t her posa bI e feeddt. ock material conprises fatty acids. The

........ rin.parti- odlar from 10 toxn24, prefe_rably
from JrZ to 22 car bqn 10 atoms . Théy can be saturated,  si ngly -
unsdturat ed or,.. mJI L pI y unsat ur at ed. Exanpl:es- of; sui tabl e.fatty /0

ds are
ol eiG-aci-d;- t—al I ew f—at -aci-eh- pal m oi I acid, -pal m ker nel- oi. [ aCI dﬁgz]d
coconut oil aE §6 f he BIia am are usual I y

The present invention relates to a process for the

‘preparation of alcohols or amines by reaction of esters,
5 fatty acids or nitriles with hydrogen at elevated
temperature and under pressure in the presence of a
copper-~containing catalyst. The catalyst is notable for
a comparatively high BET total area and a particular
pore-radius distribution, expressed in terms of the
proportion of the BET total area resulting from pores of
a particular size. The catalyst is prepared by pre-
cipitating from an aqueous solution, which contains a
copper salt and salts of further elements, a c'bpre-
cipitate by means of a basic precipitant, and by then
15 washing, drying and calcining the coprecipitate. The

catalyst does not contain chemically bound chromium.

10

Copper-containing catalysts are used in industrial
processes to a cons¥derable extent. For example, they
Play an important part in hydrogenation and dehydrogena-
20 tion processes. In this instance, the feedstock to be
reacted is passed to the £fixed catalyst ejther in the
gaseous state (gas-phase operational mode) or in the
liquid state (liquid-phase operational mode). The
catalyst can aleo be used in a finely disperse state as
~5 a suspension (suspension operational mode).

. Very wide use has been made of catalysts which, in
addition to copper, also contain chromium, inter alia for
the hydrogenation of esters. These catalysts are also

knowvn under the designation copper chromi.te catalysts or
30 Adkins catalysts.

However, the use of Adkins catalysts is not without

problems, because their preparation makes use of c-
hromium(Vl) compounds which have to be considered as
carcinogenic and which, in handling them, require approp-
35 riate protective measures. Furthermore, in the course of
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react ed under sonewhat mlder conditions than the esters and fatty acids.
" Tenperatures of from 160 to 250, in particular of from 190 to 240,

preferably of from 210 to 230[err]C, and pressures of fromO0.5 to 10,
particul ar of 20 from1l.0 to 5.0, preferably of from1l.2 to 3.0 Mra,
constitute suitable reaction conditions. Nitriles having from4 to 30,
particular from8 to 24, preferably frot 40"to 22 carbon atons can be

converted in this manner

suitable nitrithe prepaxgtiion t relativelyr darge _rquem:iv;e%r of tvaste
capronitrile, eaRE¥! Oidriph@duced OPhi¢h! @rdVhbatoly! WdlQuted with

palmtonitrile, oleo- nitril
e

to 6 carbon at SREPPHNER

10

15

20

25

30

waters of this type are undesirable, because compounds of
both copper and chromium(VI) are highly toxic to micro-

organisms and must be removed from the waste water by
laborious treatment.

Occasional use is also made of copper catalysts contain-
ing no chemically bound chromjium for the hydrogenation of
esters. According to US-A 4,199,479, supported catalysts
containing copper, zinc oxide and, if required, cobalt
are suitable for this purpose. EP-B 0,074,193 describes
a process for the hydrogenation of esters in the gas

phase by means of a catalyst containing copper and zinc
oxide.

Chromium=free copper catalysts are also often recommended
for other reactions.

Thus DE=0S 2,056,612 describes a catalyst comprising
mixed crystals from the series (Cu,Zng)Al,(O0H);,CO;-4H,0,
where x and y can assume numexrical values from 0.5 to 5.5
and the sum x plus y equals 6. The mixed crystals are
obtained by a precipitation at a pH betweén 4.5 and 5.5,
by adding to an aqueous solution containing nitrates of
copper, zinc and aluminum a basic precipitant, for
example an aqueous Na,CO, solution. ’

The catalyst, which in the non-reduced form contains CuO,
Zn0 and Al,0;, is used in the conversion of a gas mixture

comprising carbon monoxide, carbon dioxide and hydrogen,
to give metharnol.

EP. 0,125,689 relates to a catalyst containing CuO, ZnO
and 21,0;, having an atomic ratioc Cu:gn between 2.8 and
3.8 (corresponding to 26.9 to 36.5 parts by weight of ZnO
per 100 parts by weight of Cu0) and an Al,0, £raction from

in

in

into the correspondi ng anmi nes. 25 Exanpl es of

ereiee ket A gLl il "o
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30 al i phatic and aromatic dinitriles,
dinitrile. - 10 - Experinental section Exanple 1 Hydrogenation of a
fatty-acid nmethyl ester m xture containing predom nantly nethyl oleate 5
The feedstock used is a fatty-acid nethyl ester m xture consisting
predom nantly of nethyl ol eate (designation Estol 1400, comrercially

avail able from Unil ever) which has the_fglLow ng conposition (determ ned by
gas-

such as adiponitrile and isophorone

8 to 12% by weight. Al,0, is used in the preparation as
colloidal aluminum hydroxide, Cu and Zn are incorporated
in the catalyst by precipitation from metal salt solu-

tions. The catalyst is used for the production of
5 methanol.

It is an object of the present invention to provide a
process which makes it possible not only to produce
alcohols by catalytic hydrogenation of esters and fatty
acids, but also to produce amines by catalytic hydrogena-

10 tion of nitriles, by means of a chromium-free copper
catalyst. Furthermoxe, the process should ensure that the
reaction, in particular at elevated temperatures,
proceeds with high yield and high selectivity and very
largely avoids the formation of by-products, the results

15

achievable with conventional Adkins catalysts not only
being equalled, but in many cases even being distinctly
improved upon. A further advantage is found in the fact
that the preparation of the chromium-free copper catalyst
circumvents problems which are significant in the pre-
20 paration of Adkins catalysts, such as the handling of
carcinogenic chromium(VI) compounds, the production of
waste waters containing noxious compounds, and the safe
disposal of -chromium-containing used catalysts.

-

The objects are -achi.eved by a process for the preparation

25 of alcohols or amines by reaction of esters, fatty acids
or nitriles with hydrogen under pressure and elevated
temperature in the presence of a copper-containing cata-
lyst, wherein the catalyst in the non-reduced state, per
100 parts by weight of Cu0, comprises 40 to 130 parts by

30

weight of 2n0, 2 to 50 parts by weight .of 21,0, and
optionally 0.5 to 8 parts by weight of oxide of Mn, Mo,
V, %r and/or alkaline earth metal, has a BET total area
of 80 to 175 m® per gram of catalyst in the non-reduced

state, 75 to 95% of the BET total area being formed by
35 pores having a radius r, < 15 nm. '
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chromat ogr aphi ¢ anal ysis): 10 derr]
"0.5% by weight CJerr]-acid nethyl ester 4. 5% by wei ght
Cerr]-acid nmethyl ester 11.5% by weight C[err]-acid nethyl
ester appr ox. 81. 0% by weight Clerr]-acid nethyl ester appr ox.

0. 8% by wei ght 15 (remai ni ng conponents not identified) The
fatty-acid nethyl ester m xture, because4of its sulfur content (25 ppm by
weight of S) is difficult to hydrogenate. The catalyst | required for the

reaction is pre e?s lt;luﬂ"ésofBi‘.hQ' §eéésgga@é&x@mqaiewmmngf
Ejg % g;” ; % gt:i]] [g Hegh}:ﬁvégqﬁ err v %@E’%r rlj geQ:Qﬂ surface.
area of the catalyst. In the reduced catalyst said area

is 30 to 125, in particular 35 to 100, pxeferably 40 to

S 85 m* per gram of Cu and thereby exceeds the active copper

metal surface area of corresponding copper chromite

catalysts. The determination method can be found in M.J.

Juys, P.H. van Oeffelt, W.G.J. Brouwe, A.P. Pijpers and

J.J.F. Scholten, Applied Catalysis, 46 (1989), pages 161
10 to 173.

-acid nethyl ester

The catalyst contains, per 100 parts by weight of CuO,
from 40 to 130, in particular from 45 to 100, preferably
from 45 to 80 parts by weight of 2Zn0, and from 2 to 50,
in particular from 3 to 40, preferably from 4 to 30,

15 particularly preferably from 4 to 1l parts by weight of
Al,0;.

If required, the catalyst comprises further substances.
These include oxides of manganese, molybdenum, vanadium,
zirconium and/or of an alkaline earth metal. Per 100

20 parts by weight of CuO, their proportion is from 0.5 to
8, particularly from 1 to 6, preferably from 2 to 4
parts by weight, calculated as MnO, Mo0,, ViO;, ZXxO, and
MeO, where Me is an alkaline earth metal.

Particularly suitable further substances are manganese
25 oxide and/or an alkaline earth metal oxide. Possible
alkaline earth metal oxides are oxides of Mg, Ca or Ba,
in particular Ca oxide or Ba oxide, preferably Ba oxide.

A further feature of the process according to the inven-
tion is the comparatively high BET total area of the

30 catalyst. Said area is from 80 to 175, in particular from
85 to 160, preferably from 90 to 155 m* per gram of
catalyst in the non-reduced state.
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(m xed salt solution) is prepared. The basic precipitant used is an aqueous
Na[err]CJ err] solution. The m xed salt solu- 25 tion heated to 80[err]C,

and the basic precipitant simlarly heated to 80[err]C, in separate streans
are brought together sinultaneously with stirring, the mxture is filtered
and the precipitate (coprecipitate) is washed with hot water. The washed
filter cake is dried to a final m)istures?o_ content of [err] 5% by

wei ght, based on the catalyst mass, and is subsequently calcined in an

Nl err] stream at 380 er{éc. The cal cined catal yst | wused for the
reaction cont s, BER (HR*&bnareducks $Patke 58dsosteodeidfht the Axs2

(corres- measured by adsorption of nitrogen according to the
method of Brunauer, Emmett and Teller (BET). The method

for determining the BET total area is described in J.
5 Amer. Chem. Soc., 60, (1938) 309.

An additional feature of the catalyst used according to
the invention is a particular poree~radius distribution,
expressed in terms of a high proportion of the BET total
area which is formed by pores having a radius r, = 15 nm
10 (150 A). Their proportion is from 75 to 95, in particular

from 80 to 92, preferably from 84 to 90% of the BET total
area.

From 50 to 85, in particular from 60 to 80% of the BET

total area are formed by pores having a radius r, = 9 nm
15 (90 4).

The range of the pores whose radius xr, is between S and
15 nm is covered by from 5 to 45, in particular from 15
to 40, preferably from 18 to 30% of the BET total area.

It should again be noted here that the abovementioned
20 data regarding the BET total area in each.case relate to
the catalyst in the non-reduced form. ™

The pore radii are determined by evaluation of the
~ desorption isotherms with the aid of the Kelvin eguation
according to C. Pierce, J. Phys. Chem. 57, (1953) 148.

25 The data regarding the pore radii also relate to the non-
reduced catalyst.
If required, the catalyst may also, in addition to the
components already mentioned, comprise a support. Per
100 parts by weight of Cu0O, it comprises from 2 to 80, in
30

particular from 4 to 60, preferably from 5 to 35 parxts by
weight of support. The support may comprise conventional
water-insoluble materials. Suitable support materials are

i
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pondi ng to 47.
. contains 52.4
Alferr]Jerr].
non-r educed st
radius rferr]

3% by wei ght of Cu) and, per 100 parts by weight of CuQ
parts by weight of ZnO and 5 8.4 parts by weight of

The BET total area is 126 nferr] per gramof catalyst in the
ate. 89% of the BET total area are forned by pores having a

[err] 15 nm and 76% of the BET total area are formed by

pores having a radius r[err] [err] 9 nm~ $0= The copper netal area of the
reduced catalyst is 78 nferr] per gramof Cu. An autoclave (volune 1 liter)
equi pped wi th ®i0gscikiedelquhy ,nagihkica gklr randi Algdar ginl, palmtieudar is

excluded, with

2308, 9 of the previously described fatty-acid nmethyl 15

ester mxture and & g of catalyst |I. The vessel is then pressurized wth
hydrogen to a pressure of 18 MPa and

10

15

20

25

30

The catalyst in reduced form, per 100 parts by weight of
Cu, comprises from 48 to 163, in particular from 56 to
125, preferably from 56 to 100 parts by weight of ZnO,
from 2.4 to 63, in particular from 3.7 to 50, preferably
from 5.0 to 37.5, particularly preferably from 5 to
13.8 parts by weight of Al,0,, and whexre appropriate, from
0.6 to 10, in particular from 1.2 to 7.5, preferably from

2.4 to 5.0 parts by weight of oxides of Mn, Mo, V, Zr
and/oxr alkaline earth metal.

Below, the preparation of the chromium-free copper
catalyst will also be described in more detail. The
starting material is an agueous solution containing salts
of copper, zinc, aluminum and, if appropriate, of Mn, Mo,
V., 2r and/or alkaline earth metais. This solution, also
designated below as mixed salt solution, contains from 10
to 100 g of Cu/l, from 10 to 50 g of Zn/l, and Al corres-
ponding to from 2 to 80 g of Al,0./1. If required, the
mixed salt solution additionally contains from 3 to 80 g
of Mn, ‘Mo, V, Zxr and/or alkaline earth metal per liter,

calculated as MnO, MoO;, V,05, ZrO, and MeO, where Me is an
alkaline earth metal.

The mixed salt solution is prepared by dissolving water-
soluble salts of the abovementioned elements in water.
Nitrates have proved to be particularly useful.

It is advisable to set the pH of the mixed salt solution -
to below 4.0, adding acid if required.

The precipitant used is an aqueous solution of a basic

compound, usually an aqueous alkali metal carbonate or
alkali metal hydrogen carbonate solution.
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heated while stirring (100 strokes per mnute) to 250[err]C in 50 m nutes.
- During heating, the pressure rises to 25 MPa. By pressurizing repeatedly
wi th hydrogen, the 20 pressure is kept constant at 25 MPa. After a
reaction time of 125 m nutes, hydrogen is no |onger taken up. The reaction
I's conpl ete. The autoclave is depressurized and cool ed down. Conparative
Exanples 1 to 5 25 Hydr ogenation of a faatd4y-acid nethyl ester m xture
cont ai ni ng predom nantly nethyl ol eate The sane procedure is followed as in
Example 1. bulrd Nogagh CR5C eflslird’ & CUBHMIGR |4 Rbb OBl CatRiR el are
used. The reaction, s halted after 125 mnutes. At  that fl rie t he
hydrogen upt alRPSEiD Ry anck tpj APEALR, at the same time, a particularly

homogeneous coprecipitate, the basic compound is used in
stoichiometric excess.

5 The precipitation is achieved in that the mixed salt
solution and the precipitant, separate from one another
but simultaneously, are brought together, continuously or
batchwise, under conditions of vigorous mixing.

The coprecipitate is precipitated by bringing the mixed
10 salt solution and the precipitant togethexr comparatively

slowly. The precipitation time should be at least 10
minutes.

During the precipitation, a constant pH within a pH range
from 6.5 to 8.5, in particular fxom 7.6 to 8.0, is

1S applied. Fluctuations of the pH should be kept as low as
possible.

The precipitation is carried out at constant temperatures
above 70°C, in particular in a range from 75 to $5°C.

After the precipitation, the coprecipitate is separated
20 from the mother liquor and is carefully washed. T
In general it is sufficient to maintain, during the
washing process, a temperature from 55 to 85, in parti-
cular from 60 to 75°C, and to use from 5 to 50.kg of wash
water per kg of coprecipitate.
25 The duration of the washing process must be sufficiently
long. It should be at least 60 minutes.

It has proved to be sufficient to dry the coprecipitate

at temperatures from 50 to 120°C, until a residual

moisture content of approximately 2 to 15% by weight of
30 water, based on the dried coprecipitate, is achieved.

et
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The follow ng catal ysts are used: - 12 - Catalyst Ain Conparative
- Exanple 1: A copper chromte catalyst containing 42% by wei ght of Cu and

26% by weight of Cr. Catalyst B in Conparative Exanple 2: 5 A copper
chrom te catal yst containing 36% by wei ght of Cu, 32% by wei ght of Cr,

by wei ght of Ba and 2.4% by wei ght of Mi. The BET total
gram of catalyst. Catalyst C in Conparati ge~-Exanple 3:

10

15

20

30

35

The subsequent calcination takes place at from 250 to
450°C, over a period from 3 to 10 hours. The calcined
catalyst can either be used in powdered form, directly
for suspension hydrogenations, or after shaping, such as
tableting or pelleting, as a fixed catalyst.

The process according to the invention is suitable,'on
the one hand, for the production of alcohols by hydro-
genation of the corresponding esters or fatty acids, and,
on the other hand, for the production of amines by
hydrogenation of nitriles. The feedstock materials need
not meet any particular requirements, for example with
regard to composition or purity. They can be used in the
form of the generally available technical grades. Even
feedstock materials which, because of particular impuri-
ties such as, for example, sulfur-containing compounds,
are regarded as being difficult to hydrogenate, can be

used successfully in the process accoxrding to the inven-
tion.

The process according to the invention requires somewhat
different reaction conditions for the production of
alcohols, compared to the production of nitriles. If
alcohols are to be produced, the corresponding esters or
fatty acids are reacted at from 200 to 350, in particular
at from 220 to 330, preferably at from 230 to 320°C. The
pressure is usually from 15 to 40, in particular from 18
to 35, preferably from 20 to 32 Mpa.

The feedstock materials used are esteré of carboxylic
acids having from 2 to 30 carbon atoms, in particular of
naturally occurring carboxylic acids, having from 8 to
30, in particular from 10 to 24, preferably from 12 to 22
carbon atoms. These include esters which are formed from
the abovementioned carboxylic acids and monohydric
alcohols having 1 to 4 carbon atoms on the one hand, and

polyhydric alcohols having 2 to 6 carbon atoms on the
other hand.
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10 A copper chromte catal yst containing 36% by wei ght of Cu, 32% by

“wei ght of Cr, 2.2% by weight of Ba and 2.4% by wei ght of Mh. The BET total
area is 65 nferr] per gramof catalyst. Catalyst D in Conparative Exanple
4. 15 A copper chromte catal yst containing 36% by wei ght of Cu, 33% by
wei ght of Cr and 3% by weight of Wh. Catalyst E in Conparative Exanple 5. A
copper chromite catal yst containing appt &i-mately 47% by wei ght of CuQ,
approxi mately 49% by weight of Cr[err]Jerr] and 20 approxi mately 4% by
wei ght of MOo# r indiberBal t@igrificinds 3A%en| €hé | nidhydl aghef WMyl yst.

Exanpl e 2 Hydieanal I ol abvebietodtld TebBKy 195t g1 BLxT ur e

Examples of suitable esters are methyl oleate, ester
mixtures of tallow fat acid, palm oil acid, palm kernel

S oil acid, and coconut oil acid, in particular the methyl
esters thereof.

Another possible feedstock material comprises fatty
acids. The fatty acids contain from 8 to 30, in parti-
cular from 10 to 24, preferably from 12 to 22 carbon

10 atoms. They can be saturated, seingly unsaturated or
multiply unsaturated.

Examples of suitable fatty acids are oleic acid, tallow

fat acid, palm o0il acid, palm kernel oil acid and coconut
oil acid.

15 For the production of amines, nitriles are usually
reacted under somewhat milder conditions than the esters
and fatty acids. Temperatures of from 160 to 250, 4in
particular of from 190 to 240, preferably of from 210 to
230°C, and pressures of from 0.5 to 10, in particular of

20 from 1.0 to 5.0, preferably of from 1.2 -to 3.0 MPa,
constitute suitable reaction conditions. Nitriles having
from 4 to 30, in particular from 8 to 24, preferably from

10 to 22 carbon atoms can be converted in this manner
into the corresponding amines.

25 Examples of suitable nitriles are propionitriie, butyro-
nitrile, valeronitrile, capronitrile, caprylonitrile,
lauronitrile, myristonitrile, paimitonitrile, oleo-
nitrile, stearonitrile, alkylaminonitriles having 2 to 6
carbon atoms in the alkyl chain, and aliphatic, cyclo-

30 aliphatic and aromatic dinitriles, such as adiponitrile
and isophorone dinitrile.
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contai ning predom nantly nethyl oleate 25 The sane procedure is foll owed
"as in Exanple 1, except that the reaction is carried out at 300[err]C and
27 MPa. Hydrogenation is conplete after as little as 45 m nutes. - 13 -
Conpar ati ve Exanpl e 6 Hydrogenation of a fatty-acid nmethyl ester mxture
cont ai ni ng predom nantly nethyl ol eate The sane procedure is followed as in

Exanpl e 2, except that 4 g of catal yst_Bi@re used. However, hydrogen uptake
is only conplete after 90 m nutes.

Experimental section

Example 1

Hydrogenation of a fatty-acid methyl ester mixture

containing predominantly methyl oleate

S The feedstock used is a fatty-acid methyl ester mixture
consisting predominantly of methyl oleate (designation
Estol 1400, commercially available from Unilever) which

has the following composition (determined by gas-
chromatographic analysis):

10 Cyx-acid methyl ester 0.5% by weight
Cy¢—acid methyl ester 4.5% by weight
C;¢—acid methyl ester 11.5% by weight
Cje—acid methyl ester approx. 81.0% by weight
Czo-acid methyl ester approx. 0.8% by weight
15 (remaining components not identified)

The fatty-acid methyl ester mixture, because of its

sulfur content (25 ppm by weight of S) is difficult to
hydrogenate.

The caﬁalyst I required for the reaction is prepared as
follows:

By dissolving appropriate amounts of Cu(NO;); - 3H0,
Zn(NO,), - 6H,0 and A1(NO,); : 9H,0 in water, a solution
(mixed salt solution) is prepared. The basic precipitant
used is an aqueous Na,CO, solution. The mixed salt solu- .
tion heated to 80°C, and the basic precipitant similarly.
-‘heated to 80°C, in separate streams are brought together
simultaneously with stirring, the mixture is filtered and
the precipitate (coprecipitate) is washed with hot water.
The washed filter cake is dried to a final moisture
30 content of =< 5% by weight, based on the catalyst mass,
and is subsequently calcined in an N, stream at 380°C.

25
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The results of Exanples 1 and 2 and of Conparative Exanples 1 to 6 are

"sunmarized in the follow ng Table 1. - 14 - [err] Exanpl e 3
Hydrogenation of a fatty-acid nmethyl ester m xture containing
predom nantly methyl Jlaurate and nethyl nyristate

- 11 -

The calcined catalyst I used for the reaction contains,
in the non-reduced state, 59.2% by weight of Cu0 (corres-
ponding to 47.3% by weight of Cu) and, per 100 parts by

weight of CuO, contains 52.4 parts by weight of Zn0 and
S 8.4 parts by weight of Al,0,.

The BET total area is 126 nm’ per gram of catalyst in the
non-reduced state. 89% of the BET total area are formed
by pores having a radius r;, = 15 nm, and 76% of the BET
total area are formed by pores having a radius r, < 9 nm.

The copper metal area of the reduced catalyst is 78 m?
per gram of Cu.

10

An autoclave (volume 1 liter) equipped with an oscillat-
ing magnetic stirrer is charged, while air is excluded,
with 400 g of the previously described fatty-acid methyl
ester mixture and 4 g of catalyst I. The vessel is then
pressurized with hydrogen to a pressure of 18 MPa and
heated while stirring (100 strokes per minute) to 250°C
in 50 minutes. During heating, the pressure rises to 25
MPa. By pressurizing repeatedly with hydrogen, the
pressure is kept constant at 25 MPa. After a reaction
time of 125 minutes, hydrogen is no longer taken up. The

reaction is complete. The autoclave is depressurized and
cooled down.

15

20

Comparative Examples 1 to S

25 Hydrogenation of a fattyeacid methyl ester mixture

containing predominantly methyl oleate

The same proceduré is followed as in Example 1, but in
each case, 4 g of a commercially available catalyst are
uged. The reaction is halted after 125 minutes. At that

30 time, the hydrogen uptake has not yet finished.

The following catalysts are used:

This is the replacement sheet
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5 The feedstock used is a fatty-acid nethyl ester m xture (coconut nethyl
"ester) consisting predomnantly of nethyl laurate (Jerr]-acid nethyl
ester) and of nethyl nyristate ((Jerr]-acid nmethyl ester) which has the
foll owi ng conposi- tion (determ ned by gas-chronmat ographi c anal ysi s):

Cerr]/Cerr] -acid nethyl ester 0.7% by weight Cerr] -acid
met hyl ester approx. 55.0%by weight (Qefg]. -acid nmethyl ester approx.
21. 0% by weight Cerr] -acid nmethyl ester. approx. 10.0% by weight Cerr]

-acid net hyl e%‘a@.ﬂ%@ %X'in egﬁ‘gg)ﬁ%&g? ggglpﬁgep?jhe catalyst Il required

for the reactign TS“prepared’ 7P ieparation of the catal yst
| described i nA=SoPpRE Thromite watakyst somtpdning 428 byeveight ofuCed
st at e, and 26% by weight of Cr.

Catalyst B in Comparative Example 2:
5 A copper chromite catalyst containing 36% by weight of
Cu, 32% by weight of Cr, 2.2% by weight of Ba and 2.4% by

weight of Mn. The BET total area is 30 m®* per gram of
catalyst.

Catalyst C in Comparative Example 3:
10 A copper chromite catalyst containing 36% by weight of
Cu, 32% by weight of Cxr, 2.2% by weight of Ba and 2.4% by

weight of Mn. The BET total area is 65 m* per gram of
catalyst.

Catalyst D in Comparative Example. 4:
15 A copper chromite catalyst containing 36% by weight of
Cu, 33% by weight of Cr and 3% by weight of Mn.

Catalyst E in Comparative Example 5:

A copper chromite catalyst containing approximately 47%

by weight of CuO, approximately 49% by weight of Cr,0, and
20 approximately 4% by weight of MnO,. The BET total area is

30 m* per gram of catalyst.

xample

Hydrogenation of a fatty-acid methyl ester mixture
containing predominantly methyl oleate

25 The same procedure is followed as in Example 1, except
that the reaction is carried out at 300°C and 27 MPa.
Hydrogenation is complete after as little ae 45 minutes.
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contai ns 58.6% by wei ght of CuO (corresponding to 46. 9% 20 by wei ght of
Cu) and, per 100 parts by weight of CuQ contains 50.2% parts by wei ght of
ZnO, 8.0 parts by weight of Al[err]Jerr] and 2.6 parts by weight of BaQO
The BET total area is 118 nferr] per gramof catalyst in the non-reduced
state. 87% of the BET total area are fornmed 25 by pores having a radius
rlerr] [err] 15 nm and 74% of the BELtx@ al area are forned by pores
having a radius r[err] [err] 9 nm The copper netal surface area of the

reduced cat al Xst L§_az4 g{g p&rg9ramof Cu. An autoclave (volune 1 liter)
equi pped wi t h—%#gm%rg—‘%p—rm- magnetic stirrer is charged, while air
is excluded, with 400 g of the previously described fatty-acid nethyl

Hydrogenation of & fatty-acid methyl ester nixture
containing predominantly methyl oleate

The same procedure is followed as in Example 2, except

5 that 4 g of catalyst B are used. However, hydrogen uptake
is only complete after 90 minutes.

The results of Examples 1 and 2 and of Comparative
Examples 1 to 6 are summarized in the following Table 1.

.-
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- 16 - ester mxture (coconut nethyl ester) and 4 g of catalyst Il. The
“vessel is then pressurized with hydrogen to a pressure of 18 MPa and heat ed
while stirring (100 strokes per mnute) to 250[err]C in 50 mnutes. During
heating, the 5 pressure rises to 25 MPa. By pressurizing repeatedly with
hydrogen, the pressure is kept constant at 25 MPa. After a reaction time of
75 m nutes, hydrogen is no | onger taken yg.- The reaction is conplete. The

autocl ave i s depressurized and cool ed down. - 10 Conpar ati ve Exanples 7 and
8 Hydrogenation of a fatty-acid nethyl ester mxture
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cont ai ni ng predom nantly mnethyl Jlaurate and nethyl nyristate The sane
procedure is followed as in Exanple 3, except 15 that 4 g of catalyst B
(Conparative Exanple 7) and 4 g of catalyst D (Conparative Exanple 8) are
used. However, in both the Conparative Experinents 7 and 8, only after a

reaction tinme of 135 mnutes is there no further hydrogen uptake. 20 The

resul ts of Exanple 3 and of Conparative jgcanples 7 and 8 are sunmmari zed in
the followi ng Table 2. - 17 -

Example 3

Hydrogenation of a fatty-acid methyl éstgr:’ mixture

containing predominantly methyl Jlaurate and methyl
myristate

S The feedstock used is a fatty-acid ;nethyl ester mixture
(coconut methyl ester) consisting predominantly of methyl
laurate (Co-acid methyl ester) and of methyl myristate
(Cu~acid methyl ester) which has the following composi-
4ion (determined by gas=chromatographic analysis):

* Cy0/Cyy —acid methyl ester ~ 0.7% by weight
Ciy2 -acid methyl ester approx. 55.0% by weight
Cis ~acid methyl ester approx. 21.0% by weight
Css ~acid methyl ester approx. 10.0% by weight
Cse ~acid methyl ester approx. 13.0% by weight

15 The catalyst II requikred for the reaction is prepared in

analogy to the preparation of the catalyst I described in
Example 1.

The calcined catalyst II, in the non-reduced state,
contains 58.6% by weight of Cu0 (corresponding to 46.9%
by weight of Cu) and, per 100 parts by weight of CuO,
contains $0.2% parts by weight of 2Zn0O, 8.0 parts by
weight of Al.,0, and 2.6 parts by weight of BaO.

20

The BET total area is 118 m® per gram of catalyst ifi the
non~reduced state. 87% of the BET total area are formed
by pores having a radius xr, < 15 nm, and 74% of the BET
total area are formed by pores having a radius r, < 9 nm.

The copper metal surface area of the reduced catalyst is
74 m* pex gram of Cu.

25

An autoclave (voiume 1 liter) equipped with an oscillat-_
ing magnetic stirrer is charged, while air is excluded,
with 400 g of the previously described fatty-~acid methyl

30
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Tabl e 2 Exanpl e Conpar ati ve Exanple 3 7 8 5 Catal yst

B D Tenperature ([err] O 250 250 250
Pressure (MPa) 25 25 25 Reaction tine (nmn)
75 135 135 10 Conposition of the reaction product (in % by
wei ght) ([ err]-al cohol 0.7 0.4 . 0.5 15 Clerr]

-acid nethyl ester 1.0 35.3 28. 6

ester mixture (coconut methyl ester) and 4 g of catalyst
II. The vessel is then pressurized with hydrogen to a
pressure of 18 MPa and heated while stirring (100 strokes
per minute) to 250°C in 50 minutes. During heating, the

5 pressure rises to 25 MPa. By pressurizing repeatedly with
hydrogen, the pressure is kept constant at 25 MpPa. After
a reaction time of 75 minutes, hydrogen is no longer
taken up. The reaction is ‘complete. The autoclave is
depressurized and cooled dowvm.

10 Comparat xamples and 8

Hydrogenation of a fatty-acid methyl ester mixt .ure

containing gredomiﬁantlx methyl Jlaurate and methyl
tate

Thé same procedure is followed as in Example 3, except

15 that 4 g of catalyst B (Comparative Exemple 7) and 4 g of
catalyst D (Comparative Example 8) are used. However, in
both the Comparative Experiments 7 and 8, only after a
reaction time of 135 minutes is there no further hydrogen
uptake. ' '

The results of Examplé 3 and of.Comparative Examples 7

20
‘ and .8 are summarized in the following Table 2.
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Clerr] - al cohol 54 - 20.7 25.5 (err] -acid

nmet hyl ester 0.5 14.5 12.4 Cerr] - al cohol

20.5 _ 6.5 8.5 (err -acid nmethyl ester 0.3 7.2
6.8 20 Clerr] - al cohol o 10 2.8 3.7 Cerr]
-acid nethyl este 0.4 9.4 9.7 Jerr] - al cohol

12.5 2.9 4.1 Exanple 4 Hydr ogenati on of pal m ker nel

The feedstock used is non-esterified pal™ Kernel oil acid having the
foll owi ng characteristics: lodine nunber: 13.0 g I[err]/100 g Acid nunber:
267 ny KOH g 28RleAR autoclave (volune 1 liter) equipped with an oscillat-

prample Comparative Example
3 7 8
5
Catalyst 11 B D
Temperature (°C) - 250 250 250
Pressure (MPa) 25 25 25
Reaction time (min) 75 135 135
10 :
Composition of the
reaction product
(in § by weight)
Cyo-1y =alcohol 0.7 0.4 0.5
15 C,z ~-acid methyl ester 1.0 35.3 28.6
Csa =alcohol- ~54 20.7 25.5
Cye —acid methyl ester 0.5 14.5 | 12.4
Ciq ~alcohol 20.5 6.5 8.5
Cie =acid methyl ester 0.3 7.2 6.8
20 Cis =alcohol ~10 2.8 3.7
Cie -acid methyl estex 0.4 9.4 9.7
Csa ~-alcohol 12.5 2.9 . 4.1
Example ¢
25 drogenation of _oil ac

The feedstock used is non-esterified palm kernmel oil acid
having the following characteristics:

Iodine number: 13.0 g I,/100 g
Acid number: 267 mg KOR/g

30 An autoclave (volume 1 liter) equipped with an oscillat-
ing magnetic stirrer is charged, while air is excluded,
with 400 g of the previously described palm kernel oil
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i.ng magnetic stirrer is charged, while air
previ ously descri bed pal m kernel oil acid and 32 g of catalyst |I. The
vessel is then pres- surized with hydrogen to a pressure of 18 MPa and
heated while stirring (100 strokes per mnute) to 300[err]C in 90 m nutes.
During heating, the pressure rises to 27 MPa. 5 By pressurizing

repeatedly with hydrogen, the pressure_i §gkept constant at 27 MPa. After a
reaction tinme of 100 m nutes, hydrogen is no.longer taken up. The reaction

is conplete. The autgcl ave i s depressurized and cool fd dovvn Conpar ative
Exanpl e 9 acid g of catalyst I. The vessel is then pres-

surized with hydrogen to a pressure of 18 MPa and heated
while stirring (100 strokes per minute) to 300°C in
90 minutes. During heating, the pressure xises to 27 Mpra.
5 By pressurizing repeatedly with hydrogen, the pressure is
kept constant at 27 MPa, After a yeaction time of 100
minutes, hydrogen is no longer taken up. The reaction is
complete. The autoclave is depressurized and cooled down.

I's excluded, with 400 g of the

ompa. xampie

10 Hydrogenation of palm kernel oil acid

‘The same procedure is followed as in Example 4, exéept
that 32 g of a commercially available copper chxomite
catalyst are used which contains 35.5% by weight of Cu,

32.6% by weight of Cr and 4.2% by weight of Ba (catalyst
1§ F). - '

The results of Example 4 and Comparative Example 9 are
summarized in the following Table 3.

Table 3
£0 Example Comparative
Example
4 . 9
Catalyst I F
25 Temperature (°C) 300 300
Pressure (MPa) 27 27
Reaction time (min) 100 100
Characteristics of the
30 reaction product
Iodine number (g I,/100 q) 0.12 1.9
Acid number (mg KOH/q) 0.39 5.8
Hydroxyl number (mg KOH/q) 273 209
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10 Hydrogenation of palmkernel oil acid The sanme procedure is followed as
‘in Exanple 4, except that 32 g of a commercially avail abl e copper chromte
catal yst are used which contains 35.5% by wei ght of Cu, 32.6% by wei ght of
Cr and 4. 2% by wei ght of Ba (catalyst 15 F). The results of Exanple 4 and

Conparative Exanple 9 are-summarized in the following Table 3. Table 3 20
Exanpl e Conparati ve Exanple 4 9 Catal yst

I F 25 Tenperat ure ([err]'C)19 - 300 300

Example 5
mi:ogenation of a fatty acid nitrile

The feedstock used is tallow fat acid nitrile having an
$§ iodine number of $5.3 g I,/100 g.

An autoclave (volume 1 liter) equipped with an oscillat-
ing magnetic stirrer is charged, while excluding air,:
with 400 g of tallow fat acid nitrile and 10 g of cata-
lyst I. The reaction is carried out at 220°C and 1.5 MPa.
After a reaction time of 240 minutes, hydrogen is no

longer taken up. The reaction is complete. The autoclave
is depressurized and cooled down.

The reaction product contains 63.8% by weight of primary

fatty amine, 34.5% by weight of secondary fatty amine and

15 1.5% by weight of tertiary fatty amine. The xresidual
iodine number is 52.6 g I,/100 g.

e

This is the replacament sheet

Date: /4 3 JAN 199‘2’



Pressure (MrPa) 27

27 Reaction tinme (mn)
100 100 Characteristics of the 30 reaction pr L.ne nunber
(gl[err]/lOO g) 0.12 1.9 Acid nunber (ny im

0. 39 8 Hydroxyl number (ng KOH g) ﬂ!”,w ,Itgﬂ‘l
19 - Exarrple 5 Hydr ogenati on of a fatt%/ acid nitrile. Thé fee S
tallow fat acid nitrile having an
Claims
1. A process for the preparation of alcohols or amines

by reaction of esters, fatty acids or nitriles with
hydrogen under pressiu:e and elevated temperature in
S the presence of a copper-containing catalyst,
wherein the catalyst in the non-reduced state, per
100 parts by weight of Cu0O,- comprises 40 to
130 parts by weight of %n0, 2 to S0 parts by weight
of Al,0, and optionally 0.5 to 8 parts by weight of
10 oxide of Mn, Mo, V, &r and/oxr alkaline earth metal,
has a BET total area of 80 to 175 m’ per gram of
catalyst in the non-reduced state, 75 to 95% of the

BET total area being formed by pores hav:.ng a radius
¥, £ 15 nn.

15 2. The process as claimed in claim 1, wherein the
active copper metal - surface area of the reduced
catalyst is 30 to 125, in particular 35 to 100,
preferably 40 to 85 m® per gram of Cu.

3. The process as claimed in claim 1 oxr 2, wherein the

20 " catalyst in the non-reduced state, per 100 parts by
weight of CuO, comprises 45 to 100, in particular 45

to 80 parts by weight of Zn0 and 3 to 40, in parti-

cular 4 to 30, preferably 4 to 1l parts by weight of
MzO;.

25. 4. The process as claimed in one or more of claims 1
to 3, wherein the catalyst has a BET total area of
85 to 160, in particular 90 to 155 m? per gram of
catalyst in the non-reduced state.

5. The process as claimed in one or more of claims 1
to 4, wherein 80 to 92, in particular 84 to 90% of

the BET total area are formed by pores having a
radiue r, < 15 nm.

30

6. The process as claimed in one or more of claims 1

to 5, wherein the catalyst, per 100 parts by weight
Sheet Has Been Replaced
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5 - I odi ne nunber of 55.3 g I[err]/100 g. An autoclave_(volune 1 liter)
- equi pped with an oscillat- ing magnetic stirrer is char iﬂ whi | e excl udi ng

air, with 400 g of tallow fat acid nitrile and 10 M”m'm
f

reactlon is carried out at 220[err]C and 1.5 Mra. After

240 m nutes, hydrogen is no |onger taken up. The reaction is co ete. The
autocl ave i s depressurized and cool ed ddkn. The reaction product cont ai ns
63. 8% by weight of primary fatty am ne, 34.5% by wei ght of .secondary fatty
am ne and 15 1.5% by weight of tertiary fatty am ne. The residual iodine
nunber is 52.6 g I[err]/100 g. This is the replacenment sheet Date: 23 JAN

of Cu0, additionally comprises 2 to 80, in parti-
cular 4 to 60, preferably S to 35 parts by weight of
a water-insoluble support, in particular §iO, such

‘as kieselguhr or silica gel, and/or Al;0,, preferably
5 AlgO;-

7. The process as claimed in one or more of claims 1
to 6, wherein esters or fatty acids are reacted at
from 200 to 350, in particular at from 220 to 330,
preferably at from 230 to 320°C, and at from 15 to

10 40, in particular at from 18 to 35, preferably at
from 20 to 32 MPa.

8. The process as claimed in one or more of claims 1
to 7, wherein esters of carboxylic acids, in parti-
cular of naturally occurring carboxylic acids,

15 having from 8 to 30, in particular from 10 to 24,
preferably from 12 to 22 carbon atoms, are reacted.

9. The proaess as claimed in one or more of claims 1
to 7, wherein fatty acids having from 8 to 30, in

particular from 10 to 24, p:efé:ably from 12 to 22
20 carbon atoms, are reacted.

10. The process as claimed in one or fore of.claims 1
to 6, wvherein nitriles are reacted at fxrom 160 to
250, in particular at from 190 to 240, preferably
at from 210 to 230°C, and at from 0.5 to 10, in

particular at from 1.0 to 5.0, preferably at from
1.2 to 3.0 MPa.

25

11. The process as claimed in one or more of alaims 1
to 6 and 10, wherein nitriles having from 4 to 30,

in particular from 8 to 24, preferably from 10 to
30 22 carbon atoms, are reacted.
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- 20 - Caims Process for the preparation of alcohols or am nes by reaction
of esters, fatty acids or nitriles-wi'th hydrogen under pressure and at

el evated tenperature in the presence of a catalyst, which, in the
non-reduced state, per 100 parts by weight of CuQ consists of 40 to 130
parts by weight of ZnO, 2 to 50 parts by weight of Al[err](Jerr] and
optionally 0.5 to 8 parts by weight of_gpxide of Mr, M, V, Zr and/or

al kaline earth nmetal, has a BET-total surface area of 80 to 175 nR2 per gram
of catalyst in the non-reduced state, 75 to 95 % of the BET total surface
area being fornmed by pores having a radius r[err] [err] 15 nmwhich is

obt ai nabl e by using a process in which an aqueous sol ution containing salts
of copper, zinc,

PROCESS FOR THE PREPARATION OF ALCOHOLS OR AMINES

Abstract

The - present Iinvention relates to a process for the
preparation of alcohols or amines by reaction of esters,
fatty acids or nitriles with hydrogen at elevated
temperature and pressure by means of a catalyst which,
pexr 100 parts by weight of CuO, comprises 40 to 130 parts
by weight of Zn0, 2 to 50 parts by weight of Al,0, and
optionally 0.5 to 8 parts by weight of oxide of Mn, Mo,
V, %r and/or alkaline earth metal, has a BET total area
of 80 to 175 m® per éram of catalyst in the non-reduced
state, 75 to 95% of the BET total area being foxmed by
pores having a radius r, < 15 nm.
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al um nium and optionally magnese, nol ybdenum \ﬁIa
of a@ alkaline earth nmetal and an aqueous sol utlon
are separ ately, but sinmultaneously, brought toget /pree 1:51' at
carried out at a constant pH w thin a range of 6. S and*"B ) aRecedbovie pags
70[err]C, in particular between 75 and 95[err]C; the> ”"precpiﬁiﬂat iy p-*‘cd
obtained is separated off, washed with waler, dried and cal ci nated at
250[err]C to 450[err]C, over a period of 3 to 1@ DU &2 RETHe TRROESS. ...
according to cl @ racl,128hbdyackeghsedili,0, titatuddie 53T ’t’ﬁﬁbé”ﬁfﬁpﬁﬁlfm"sm

area of the redyes o‘i&&i" a(ﬁ;mamﬁﬁ 90,31%@ ) aaatzﬁuaeé l%éo;cgow@ed
preferably 40t08 ! Pro ii ordicngto
claim1 or 2, chdt a‘aeercl KaPr?‘F‘r"eP’é%Ld‘I qoﬁn e oﬁa edfic®d state,
per 100 parts bytimisght Thé Malgenprmsesﬁé t£)°1100:,he| nppedudtdgmarofi5 to 80

parts by \A/elght,ﬁé@ and 3 to 40, in particular 4 to 30, preferably 4 to
11 parts by weight o [err]Cerr]. 4. Process according to one or nore
of claims 1 to 3, characterised in that the

It is an object of the present invention to provide a

process which makes it possible not only to produce
alcohols by catalytic hydrogenation of esters and fatty
acids, but also to produce amines by catalytic hydrogena-
tion of nitriles, by means of a chromium-free copper
catalyst. Furthemore, the process should ensure that the
reaction, in particular at elevated temperatures,
proceeds with high yield and high selectivity and very
largely avoids the formation of by-products, the results
achievable with conventional Adkins catalysts not only
being equalled, but in many cases even being distinctly
improved upon. & further advantage is found in the fact
that the preparation of the chromium-free copper catalyst
circumvents problems which are significant in the pre-
paration of Adkins catalysts, such as the handling of
carcinogenic chromium(VI) compounds, the production of
waste waters containing noxious compounds, and the safe
disposal of -chromium-containing used catalysts.

The objects are achieved by a process for the
preparation of alcohols or amines by a reaction of
esters, fatty acids or nitriles with hydrogen
under pressure and elevated temperature in the
presence of a catalyst, which, in the non-reduced
state, per 100 parts by weight of CuO, consists of
40 to 130 parts by weight of Zn0O, 2 to 50 parts by
weight of Al,0; and optionally 0.5 to 8 parts by
weight of oxide of Mn, Mo, V, Zr and/or alkaline
earth metal, has a BET-total surface area of 80 to
175 m? per gram of catalyst in the non-reduced
state, 75 to 95% of the BET total surface area
being formed by pores having a radius rp, < 15 nm
which is obtainable by using a process in which an
agueous solution containing salts of copper, zinc,
aluminium, and optionally magnese, molybdenum,
vanadium, =zirconium and/or of an alkaline earth
metal and an agueous solution of a basic
precipitant are separately, but simultaneously,
brought together and precipitation is carried out
at a constant pH within a range of 6.5 to 8.5 and
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catal yst has a BET total surface area of 85 to 160, in particular 90 to 155
nerr] per gramof catalyst in the non-reduced state. - 21 - 5. Process
accordi'ng to one or nore of clains 1 to 4, characterised in that 80 to 92,
in particular 84 to 90 % of the BET total surface area is forned by pores
having a radius r[err] [err] 15 nm 6. -PAocess according to one or nore of
clains 1 to 5 characterised in that esters or fatty acids are reacted at
200 to 350, in particular at 220 to 330, preferably at 230 to 320[err]C,

and at 15 to 4QpéPepaigticGulaf Bhri8chaadS pPiwéenablsy ald29ske,33HWa. 7.
Process accordidig fPe0R8i¥a t®r 8pefaifled M sl t@phrathal acirer,i sed dned hat

esters with water, dried and calcinated at 250°C to 450°C,
over a period of 3 to 10 hours.

A further feature of the process according to the inven-
tion is a relatively large active copper metal surface,
area of the catalyst. In the reduced catalyst said area
is 30 to 125, in particular 35 to 100, preferably 40 to
85 m® per gram of Cu and thereby exceeds the active coppexr
metal surface area.of corresponding copper chromite
catalysts. The determination method can be found in M.dJ.
Juys, P.H. van Oeffelt, W.G.J. Brouwe, A.P. Pijpers and
J.J.F. Scholten, Applied Catalysis, 46 (1989}, pages 161
to 173.

The catalyst contains, pexr 100 paxts by weight of CuO,
from 40 to 130, in particular from 45 to 100, preferably
from 45 to 80 parts by weight of ZnO, and from 2 .to 50,
in particular from 3 to 40, preferably from 4 to 30,

particulaxly preferably from ¢4 to 1l paxrts by weight of
Ale; [ ]

If required, the catalyst comprises further substances.
These .include oxides of manganese, molybdenum, vanadium,
zirconium and/or of an alkaline earth metal. Per 100
parts by weight of CuO, their proportion is from 0.5 to
8, nparticularly from 1 to 6, preferably from 2 to 4
parts by weight, calculated as MnO, MoO,, V;0;, ZxO, and
MeO, where Me is an alkaline earth metal.

Parxticularly suitable further substances are manganese
oxide and/or an alkaline earth metal oxide. Possible
alkaline earth metal oxides are oxides of Mg, Ca or Ba,
in particular Ca oxide oxr Ba oxide, preferably Ba oxide.

A further feature of the process according to the inven-
tion is the comparatively high BET total area of the
catalyst. Said area is from 80 to 175, in particulax from
85 to 160, preferably from 90 to 155 m’ per gram of
catalyst in the non-reduced state.

This is the replacement sheet

pate: 2 3 JUL 1%



of carboxylic acids, in particular of naturally occurring car
having 8 to 30, in particular 10 to 24, preferably 12 t
are‘reacted. 8. Process according to one or nor of C|E “@

:  ds.
characterised in that fatty acids having 8 to 30, in p ﬁ%mﬂ[

ial m st 0*24,
preferably 12 to 22 carbon atons, are reacted. 9. Process according to one
or nore of clains 1 to 5, characterised,jn that nitriles are reacted at 160
to 250, in particular at 190 to 240, br%peFably at 210 to 230[err]C, and at
0.5 to 10, in particular at 1.0 to 5.0, preferably at 1.2 to 3.0 MPa. 10.
Process according to one or nore of cl&@@ims 1 to 5 and 9, characterised in
that nitriles having 4 to 30, in particular 8 to 24, preferably 10 to 22
carbon atons, are reacted.

1. Process for the preparation of alcohols or amines by reaction of esters, fatty
acids or nitriles with hydrogen under pressure and at elevated temperature in
the presence of a catalyst, which, in the non-reduced state, per 100 parts by
weight of CuO, consists of 40 to 130 parts by weight of ZnO, 2 to 50 parts by
weight of Al,O, and optionally 0.5 to 8 parts by weight of oxide of Mn, Mo, V, Zr
and/or alkaline earth metal, has a BET-total surface area of 80 to 175 m? per
gram of catalyst in the non-reduced state, 75 to 95 % of the BET total surface
area being formed by pores having a radius r, < 15 nm which is obtainable by
using a process in which an aqueous solution containing salts of copper, zinc,
aluminium, and optionally magnese, molybdeﬁum, vanadium, zirconium and/or
of an alkaline earth metal and an aqueous solution of a basic precipitant are
separately, but simultaneously, brought together and precipitation is carried out
at a constant pH within a range of 6.5 and 8.5 and above 70°C, in particular
between 75 and 95°C, the co-precipitate obtained is separated off, washed with
water, dried and calcinated at 260°C to 450°C, over a period of 3 to 10 hours.

2. The process according to claim 1, characterised in that the active copper metal
surface area of the reduced catalyst is 30 to 125, in particular 35 to 100,
preferably 40 to 85 m? per gram of copper.

3. Process according to claim 1 or 2, characterised in that the catalyst in the non-
reduced state, per 100 parts by weight of CuO, comprises 45 to 100, in
particular 45 to 80 parts by weight of ZnO and 3 to 40, in particular 4 to 30,
preferably 4 to 11 parts by weight of AlO,.

4. Process according to one or more of claims 1 to 3, characterised in that the
catalyst has a BET total surface area of 85 to 160, in particular 90 to 155 m? per

gram of catalyst in the non-reduced state.
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Process according to one or more of claims 1 to 4, characterised in that 80 to
92, in particular 84 to 90 % of the BET total surface area is formed by pores

having a radius r, <15 nm.

Process according to one or more of claims 1 to 5, characterised in that esters
or fatty acids are reacted at 200 to 350, in particular at 220 to 330, preferably at
230 to 320°C, and at 15 to 40, in particular at 18 to 35, preferably at 20 to 32
MPa.

Process according to one or more of claims 1 to 6, characterised in that esters
of carboxylic acids, in particular of naturally occurring carboxylic acids, having 8
to 30, in particular 10 to 24, preferably 12 to 22 carbon atoms, are reacted.

Process according to one or mor of claims 1 to 6, characterised in that fatty
acids having 8 to 30, in particular 10 to 24, preferably 12 to 22 carbon atoms,

are reacted.

Process according to one or more of claims 1 to 5, characterised in that nitriles
are reacted at 160 to 250, in particular at 190 to 240, preferably at 210 to
230°C, and at 0.5 to 10, in particular at 1.0 to 5.0, preferably at 1.2 to 3.0 MPa.

Process according to one or more of claims 1 to 5 and 9, characterised in that
nitriles having 4 to 30, in particular 8 to 24, preferably 10 to 22 carbon atoms,

are reacted.
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