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Hydrogenation catalyst, a process for its preparation,
and the use thereof

The present inventlon relates to a reduced hydrogenation
catalyst comprising nickel, nickel oxids, magnesium oxide
and a water-inzsoluble suppozrt material.

Catalysts based on nickel as active catalyst component
for the hydrogenation of aldehydees are part ¢of the prior
azt.

EP-A-0 322 049 describes a hydrogenation catalyst com=
prising

1) a molar ratio of 8iQ,/Ni = 0.15 - 0.35

2) a molar ratie of (Mg; Ba)/Ni = 0 - 0.15,
in which part of the nickel is present in metallic form.

The known hydrogenation catalystz based on nlckel can be
used in the hydrogenation of aldehydes only at hydrogen-
ation temperaturas up to about 100°C, eince lncreasing
hydrogenation temperature leads to the formation of
undesired by-products which can semetimes only be removed
by a complicated distillation.

It was therefore an object of tha lnvention to provide a
hydrogenation catalyst which haa high selectivity and
conversieng of over 89.5% at high throughput rates and
hydrxogenation tarperatures abeve 110°C.

This eobjeect is surprisingly achisved by means of a
hydrogenation catalyst contalning
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from 25 to 50% by weight of nickel (metallic)
from 10 to 35% by weight of nickel oxide “IIII
from 4 to 12% by weight of magnesium oxide
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from 1 to 5% by weight of scdium oxide ”II,I" lIII" ”Il III
remainder o support mater

where the total of nickel and nickel oxide is f£rom 40 to
70% by welght, and haviag a gurface area determined by
BET frem 80 to 200 m?/g and a total pore velume detex-
minad by Hg porosimetry frem 0.35 to 0.6 ml/g, with the
total pore volume being made up of

fxrom 30 to §0 percent by volume having a pore radiua of
s 40 4, .

from 4 to 10 percent by volume having a pore radius of
> 40 to 300 &,

€rom 30 to 60 percent by volume having a poxe radiue of
> 300 to 5000 A.

The hydrogenation catalyst of the invention can alter-
natively and preferably have tha following further
characteristies:

a) £xrom 5 to 10 atomic layers on the suxrface of the
hydrogenation catalyst contaln, detezmined by 8aM
analysis,
from 18 to 30, preferably from 20 to 28, atom% Ni
from - 1.2 ¢to 3.0, preferably £frem 1.5 ¢to
2.5, atom% Na
from 2.8 to 4.8, preferably £fzom 3.2 to
4.5, atom% Mg

b) the metallie nickel surface area isg, as determined
by chemisorption of hydregen, from 100 to 130 m'/g
Ni;

c) it contains aluminum oxide or silicon dioxide,
particularly in the fozm of silicic acid, silica
gal, kieselguhr or slliceous earth, as support
material.

The invention furthar relates to a process £or preparing
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the hydrogenation catalyst, which comprises preparing, in
a precipitation step, a grean catalyst from nickel salt,
magnesium salt and sodium carbonate and also a support
material, slurrying this green catalyst, after separating
off the mother ligquor and partial washiag, in alkalil
solutlion, separating it from the liguld phase, drying and
treating the dried green catalyst with hydrogen until
from 42 to 83% by weight of the total nickel content is
present in metallic fomm.

-3.

An alternative and praferred process method 1s omna
wharein

d) in the precipitaticn step, an agqueous solution
containing from 0.5 to 0.8 mol/l of nickel salt and
0.1 to 0.2 mol/l of magneslium salt and at a tempeza-
ture £xom S5 to 100°C ims stirred into a from 0.9 to
1.1 molar sodium carbonate golution at a temperature
from 65 to 100°C wuntil the molazr ratio of
Na,C0, ¢+ (Ni + Mg) = 1 : £from 0.60 to 0.65 and
subsequently ..the support..material is immediately.
added over a period of from 0.5 to 5 minutes and the
green catalyst formed is £iltered off from the
mother liguor and partially washed with hot water,
until the wash water which zuns off has a conduc-
tivity from 1500 to 2000 psS; the green catalyst is
then suspended in from 1 to 3 times the amount of
water and admixed by nastirring with from 0.06 to
0.08 mol of sodium hydroxide solution or f£rom 0.03
to 0.04 mol of sodium carbonate per mole of nickel
used in the precipitation atep, and after from 1 te
5 hours’ stirring at a temperature from 40 to 60°C
the green catalyst 3s geparated off <£from the
suspension;

a) the green catalyst which haz been geparated cff from
the muspension and dried is reducad at a temperature
£xom 350 to 450°C by treating the dried green cata-
lyst with from 0.5 to 5.0 standard m*/h of reduction
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gas per kg of green catalyst, the reduction gas
containing from 80 to 100% by volume of hydrogen;

£) from 1 to 3 standard m’/h of reducticn gasz is used
per kg of dried green catalyst.

For better shaping, from 0.5 to 5% by welght of graphite
may be added to the hydzogenation catalyst.

The hydrogenation catalyst of the invention can be used
for the hydrocgenation of propanal and n-butanal and
i-butanal, preferably at f£rem 110 to 160°C.

wWith the hydrogenation caté.lyst of the invention, the
hydrogenation of propanal and butanal can be carried ocut

" with simultaneous generation of steam under pressure to

improve the economics of the hydrogenation. In comparison
with eonventional hydrogenation catalysts, the hydrogen-
ation can be carried ocut at increased space velecities
over the catalyst from 0.8 to 1.0 kg/h of aldehyde per kg
of catalyst.

The selectivity 1ls greater than $59.5%, moatly greaterx
than 99.9%; about 0.01% of the aldehyde used zemains in
tha £inal product. Less than 0.1% of the aldehyde is
convertad into carbon monoxide, ethers, acetals and
esters.

In the hydrogenation of n-butanal, the forxmation of
dibutyl ether is below 50 ppm, allowlag distillatlon of
the final product to be omitted.

In the hydrogenation of n-propanal, the £ormation of
dipropyl ether is below 20 ppn.
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Analytical methods employe
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BET determination of surface area

Method for determining the BET total surface area
according to Brunauer, Emmett and Teller iz des-~
cribed in J. Amer. Chem. Soc. 60 (1538), page 309.

Determination o©f pore volume by Hg porosimetry
(total pore volume and pore distribution)

The method for the determlnatlon of pore volume by
HEg porosimetry up ¢to 3500 bar according to
E.L. Ritter, L.C., Drake 1s described in Ind. Eangng.
chem. analyt. Edit, 17 (1945) 78a.

Determination of suxface area by chemisorption

The method for determining-the surface area of the
nickel by chemisorption, viz. the amount of hydrogen
adsorbed at 20°C, is desczibed in J. of Catalyais 81
(1983) 204 and 96 (1985) 517.

Determination of pore radius

The method for the determination of pore radius is
described by 8.J. Gregg., K.S.W. Sing,. Adgorption
Surface Area and Porosity, Academic Press New York-
London (1967), pagses 160 to 182.

Surface analysis by SAM spectroscopy (Scanning Auger
Micropreobe)

The analyses were carzried out with a SAM spectro-
meter model PHI 660 from Perkin-Elmex.

The samplesa to be analyzed were evacuated dewn te a
vacuum of s 1 x 10" torr in a sample chambar by
means of a turbomolecular pump.
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An electron gun produced an electren beam which was
fired at the sample. Because of strong charging of
the samples by the stream of electrons, MULTIPLEX
measurements were carried out at 5 different peints
on each sample, only the energy ranges of the
elements to be expected being scanned, go aszs to
achieve as ghort as possible a measurement time.

The SAM analysis method is deseribed in "Practical
surface analysis by Auger and X-zay photselectronlc
spectroscopy” by D. Briggs and M. Seah, John Wiley
and Scns, New York, London (1983), pages 217 ££. and
283 £:£.

The measurement and analysls of the AUGER electrons
emitted from the sample was carried out by means of
a cylindzical mirror analyzer.

The £following conditions were selected in the
analyses: '

Energy resolution (E/B): 0.6 %
Activation energy: 10 kV/10 ma
Lateral resolution: about 220 nm

The quantitative evaluation was based on the sensit-
ivity €factors of the pure elementa, which are
published in "Handbook of Auger Spectroscopy".

The corresponding values for the elements nickel,
godium and magnesium were measured and evaluated.

Properties of the hydrogenation catalysat

The specific physical and chemical properties of the
hydrogenation catalyst, which in the firal analygis are
the prerequisite for its advantageous hydrogenation
behavior, are essentlially achisved by the following
features and measures in the preparation.
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In the precipitation step, the joint precipitation of
mixed basic nickel-magnesium carbonate and the depositien
thereof on the support material ececur. The precipitation
conditions are selected so that the pzoportiocn of the
precipitate comprising basic magnesium carbonate is
pregsent in aa gparingly soluble a form as possible.

-7-

The green catalyst obtained in the precipitation step is,
acaording to the invention, only partially washed so that
little precipitated basic magnesium carbomate is washed
out of the green catalyst.

The invention includes the controlled subsequent alkaliz-
ation of the partially washed green catalyst, whereby the
required enrichment of the catalyat surface w:l.tb alkali
iz achiaved.

The drying of the green catalyst is not eritical. It can
be carzrled out within a relatively bzroad range of drying -
conditions, for example in a stream of air at from 50 to
100°C.

What 1is critical and inventive is the reduction of the -
green catalyst to the hydrogenation catalyst. The reduc-
tion is to be carried out in such a way that maintenance
of the tempazatuxe at from 350 to 450°C and a hydrogen
flow rate from 0.25 to 0.75 m/8 zesults in only a partial

' reductien of the nickel-containing component. A degree of

reduction from 42 to 83% has proven to be advantageous.

When used in fixed-bed hydrogenatioen, the green catalyst
is shaped prior to drying, for example inte extzrudate,
dried, reduced and used in this form or stabilized after
reduction by treatment with small amounts of O, in N, in
2 known manner (E. Blume, W. Naundorf and A. Wrubel,
Chem. Techn., velume 15 (1963), page 583).

It has been found thak sodium depletion of the surface of
the hydrogenation catalyst causes an increase in cleavage
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and secondary reactions which lead to loss of wvaluable
products.

Excessive sodium concentzations at the surface of the
hydrogenation catalyst results in an inéreasing decline
in the hydrogenation activity. In addition, there is a
tendency to form aldolization products.

Magnesium depletion of the surface of the hydrogenation
catalyst leads to an altered pore structure which is
unfavorable compazrsd with the catalyst of the inventien
and to an increase in the catalyst activity which leads,
in particular in the hydrogenation temperature range
above 100°¢, to the formation of undesired by-products,
in particular of cleavage preoducts; a large magnesium
excess causes inactivation and thus lower performance of
the hydrogenatien catalyst.

The sodium content in the surface layer is reguired in
the hydrogenatlon catalyst for controlling the select-
ivity and thus for suppressing cleavage and secondary
reactions. The increased socdium concentration in the
surface layer ias achieved by slurrying the green catalyst
in an alkali solution.

The examples below serve to clarify the present invention
without limitlng it.
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Preparation of the hydregemation catalyst

1906 g of Ni(NO,),*6H,0 and 355.§ g of Mg (NO,) ,#6H,0 are
diggolved in 10.4 1 of watezr at 99°C.

In a stirred reactor, 1500 g of anhydrous Na,00, are
diggolved in 14 1 of water at 99°C,

While stirzring vigorously, the Ni-Mg solution is then

allowed to run at a uniform rate inte the sodium

carbonate solution over 3 minutes. 230 g of kieselguhr

are added in powder form and the suspension Fformed is

first stirred for a further 3 minutes and subsequently

filtezxed. The filter cake is washed with 27 1 of water at

a temperature of 70°C. The last wash water running off

had a cenductivity of 1800 us.

The £filter cake was suspended in 6000 g of 0.25% by

welght strength sodium hydroxide gsolutien and stirred for -
2 hours at 50°C and filtered on a fllter press. The

filter cake is treated with. compressed air feor 1 minuke. .
The moisture content of the filter cake was 82% water. In

thiz form, the filter cake was formed into pellets

(6 mm 2). The shaped filter cake was dried in a drying

cabinet for 5 houzrs at 50°C, 3 hours at 60°C and for 8

hours at 75°C to comstant weight.

The gzeen catalyst had the following analysia:

Ni 37.8 % by welght
MgO 5.2 % by weight
Na;0 1.1 % by weight
co, 6.0 % by weight
Support material 32.7 % by weight
Moisture §.5 % by weight
Bulk density 530 g/1

The green catalyst was reduced at 425°C over a period of
4 hours. For this purpose, 6 standard m’/h of reduction
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gas were passed over 2 kg of green pelletized catalyst.
The reduction gaB comprised 99.5% by volume of hydrogen
and 0.5% by volume of nitrogen.

A welght loszs of 0.76 kg was observed on reductioen.

For a total nickel content of 53% by weight, a degree of
zeduction of 72% was destezmined in the reduced catalyst.

Application Example 1
Hydrogenation of n-butanal

The catalyst prepared accoxrding to Example 1, in the form
of 6 nm pelleta (250 ml), is first brought to 120°C at a
heating rate of 20°C/hR in a stream of hydrogen of
730 standard 1l/h at 4 bar in a tube reactor provided with
a heatlng/cocling dJacket (intermal diameter: 32 mm).
After reaching 120°C, 50 ml/h of m-butanal (liguid) are
£fed into the vapeorigzer which is upstream of the reactor
and through which 730 standard 1l/kh of H, flow, at a
vaporizer temperature of 100°C. The H,/butanal-vapozr
mixture is heated to reactor temperature in a preheatex
upstream of the reactor. After 12 hours, the n-butanal
feed rate 1s increased to 75 ml/h and after a further
12 hours increased to 100 ml/h. Thereafter, the butanal
feed i increased in steps of 25 ml of n-butanal at
intexvals of 24 hours. During the increase in the butanal
feed,
tanecusly increased as followsa:

the preheater and reaagtor temperatures are gimul-

Preheater/reactor
temperature
(°C)

Time
(h)

n-Butanal feed
(ml/h)

24
24
continuous

123
126
128

200
225
250
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The amount of H, is kept constant during the running-up
period and during continucus operatican.

The hydrogenation product cbtained in vapor form is con-
densed and analyzed.

The hydrogenation product comprises 95.9% by welght of n-
butanol and eentains less than 0.1% by weight of uncon-
verted n-butanal as well as < 40 ppm of di-n-butyl ether
as by-product,

in addlition to the hydregenation product, about 0.4 kg of
steam per kg of n-butanal used is obtained at » 1.8 bar
during continucuz operation (steam pressure corresponding
to the reactor temperatuze).

Application Exampls 2
Hydrogenation of propanal

The catalyst prepared according to Example 1, in the fozrm
of § mm pellets (250 ml), is £irst heated to 125°C at a
heating xate of 20°C/h in a sgtream of hydrogen
(730 standaxrd 1/h) at 3.5 bhar in the same reactor system

‘ag in Application Example 1. Prepanal (liquid) is then

fed into the wvaporizer at an lnitlal rate of 50 ml/hL for
a pazriocd of 12 houra, The propanal feed rate is increased
at intexwvals of 12 hours by 25 ml/h each time up ko a
rate of 150 ml/h. On reaching the feed rate of 150 ml/h,
the preheater and reactor temperatures are increased to
from 128 to 130°C. The hydrcocgenation product obitained is

' condensed by cooling and analyzed. It comprises about

95.9% by weight of n-propanol and < 0.1% by weight of
unconvezrted opropanal. By=produgts detezmined are
< 100 ppm of 2-methylpentan-3-one and < 20 ppm of di-n-
propyl ether.: '

As in Application Example 1, it is also possible to
obtain steam (= 1.3 bar) in ths hydrogenation of propanal
with the catalyst of the invention.
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For the hydrogenation of i-butanal, the catalyst (250 ml)
from Bxawple 1 was heated te 120°C under EH, under the
same conditions a3 in Application Example 1., Subse--
quently, 50 ml/h of i-butanal were fed in. Hydzrogenation
pressure (3.5 bar), reactor tempezrature (120°C) and EH,
feed rate (730 standaxd 1l/h) were kept constant,

The hydrogenation product cbtained comprised 2 $5.95% by
weight of i-butanel and cecontained = 0.03% by weight of
unconverted il-butanal and < 20 ppm of di-i-butyl ether.
The hydrogenation of i-butanal on the catalyat ef the
invention gave steam at = 1.8 bar.

Application Examp;e 3
Hydrogenation of i-butanal

Comparative BExample
Eydrogenatlion of n-butanal

.In the same tube reactor as in Application Example 1,

350 ml1 of the commercial nickel ecatalyst 55/5 T8T
(BOECHST AG) in the fozrm of 6 =m pellets are heated to

.100°C at a heating rate of 20°C/h 1n a Btream of hydrogsn

cf 730 standard 1/h at 3.5 bar.

50 ml/h of n-butanal (liquid) were then fed into the
vaporizer upstream of tha reacter, the vaporizer being at
100°C and having 730 standazd 1/h of H, flowing through
it. Prior to entering the reactor, the H;/butanal-vapor

‘mixture i1s heated to reactor temperature in a preheater.

After 12 hours the faeed rate of n-butanal is increazed to
75 ml/h, and is increased at lntezvala of 12 hours up to
a zate of 150 ml/h. These reaction conditions resulted in
a hydrogenatlon product which comprised 98.5% by weight
of n-butanol, 0.3% by weight of acetals, 0.3% by weight
of trimeric aldolizatlon products of the butanal, 0.1% by
weight of hydrocarbons, 0.1% by weight of 2-ethylhexansl,
0.1% by weight of di-n-butyl ether and £from 200 to
300 ppm of C,/C, estezs.

Cf the n-butanal used, £from 1.0 to 1.2% by weight were
converted via hydrogenolysis into propane and methane
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which are contained in the outflowing hydrogenation
hydroegen. |

In contrast to the catalyst of the invention, use of the
commerclal catalyst gave considerable propoztions of by-
products even at 100°C. A particular difficulty in the
isolation of pure n-butancl 1s the distillative removal
of the di-a-butyl ether, which with ilncreasing ester
contents leadzs to disproportlonate losses of m-butanel.
A further disadvantage, compared with the catalyst of the
invenﬁian, is the relatively high loss of desirxed product
(> 1% by welght) caused by hydrogenolysis.

If the feed of n-butanal is increased to above 150 ml/h,
there is a rise particularly in the formation of di-n-
butyl ether and cleavage products as a result of
hydrogenoclysis.

The same effects occur on raising the hydrogenation
temperaturea. '

In cozpariscm with the catalysé ~of .the invention,-.-the
catalyst of the prior azt enables a2 maximum conversion of
ocnly 60% of the amount of aldehyde, with the hydrogen=
ation products chtained alsc being more contaminated.

A further disadvantage is the limiting of hydrogenation
temperature to a maximum of 100°C, at which no usable
steam can be cbtained. '

\
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Hydrogenation catilyst, a process for its preparation,

WHAT IS CLAIMED IS: ' ||II|I

1.

and the use thereof
This Sheet Has Been Replaced

A hydrogenation catalyst comprislng nickel, nickel
oxide, magnesium oxide, sodium oxide and a water-
insoluble asupport material, said hydrogenation
catalysat containing

from 25 te 50 % by weight of nickel (metallie)
from 10 to 35 % by weight of nickel oxide
frem 4 to 12 % by welight of magnesium oxide
from 1 to 5 % by weight of sodium oxide
remainder support material,

where the total of nickel and nickel oxide is from
40 to 70% by weight, and having a surface azrea
determined by BET from 80 to 200 m?/g and a total
pore volume detexmined by Hg porosimetry from 0.35
to 0.6 ml/g, with the total pore volume being made
up of :

£rom 30 to 60 percent by volume having a pore radius
of = 40 &,

€£rom 4 to 10 percent by volume having a pore radius
of > 40 to 300 &, :

Exom 30 to 60 pezrcent by volume having a pore radius
of > 300 to 5000 A,

A hydrogenation catalyst as claimed in eclaim 1,
wherein 5-10 atomie layers on the surface of the
hydzrogenation ecatalyst contain, determined by £aM
analysis,

fzom 18 to 30, prefszably frem 20 to 28, atom% Ni
from 1.2 to 3.0, preferably from 1.5 te
2.5, atom% Na

from 2.8 ¢to 4.8, preferadbly from 3.2 to
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A hydrogenation catalyst as claimed in either of
claims 1 and 2, wherein the metallic nicksl surface
area is, as determined by chemisorption of hydrcgen.
from 100 te 130 m®/g Ni.

A hydrogenation catalyst as claimed in any of claims
1 to 3, which contains aluminun oxide or silicen
dioxide, particularly in the form of silicic acid,
sllica gel, kieselguhr or silicecus eaxrth, as
support material.

A process for preparing the hydrogenation catalyst
as claimed in at least one of claims 1 to 4, which
comprises preparing, in a precipitation step, a
green catalyst from nickel salt, magnesium salt and
gsodium carbonate and also a support material,
slurrying this green catalyst, after separating off
the mother ligquor and partial washing, in alkali
solution, separating it from the 1liquid phase,
drying and treating the dried greem catalyst witk
hydregen until from 42 to 83% by weight of the total
nickel content is preseant in metallic form.

The process aa claimed in claim 5, whezein, in the
precipitation step, an agqueous solution contalning
from 0.5 to 0.8 mol/l of nickel galt amnd 0.1 to
0.2 mol/l of magmesium salt and at a temperature
from 95 to 100°C is stirred into a £rom 0.9 te 1.1
melar sodium carbonate solution at a temperature
from 95 to 100°C until the molar rTatlio of
Na, 00, : (Ni + Mg) = 1 ¢ £rem 0.60 to 0.65 and
subsegquently the support material is immediately
added over a pericd of from 0.5 to 5 minutes and the
green catalyst formed is €filtered off from the
mother ligquor and partially washed with hot water,
until the wash water which runs ¢ff has a conduc-
tivity from 1500 to 2000 uS; the green catalyst is

THIS SHEET HAS BEEN
REPLACED

a
3
3
[ 8]
[
s
«
3
[ R ]
—
[}
o

2rint Tima 22, 783 21:43



5
i 7.
15

8.
20

S.
25

i0.

LT

then suspended in fzem 1 to 3 times the amount of
water and admixed by stirring with froem 0.06 to
0.08 mol of sedium hydroxide soclution or from 0.03
to 0.04 mol of sodium carbonate per mole of nickel
used in the precipltation step, and after £rom 1 to
5 hours’ atirring at a temperature from 40 te 60°C
the green catalyst is separated off from the
suspension.

The proceas as claimed in either of elaima 5 and €,
wherein the green catalyst which has been separated
off from the su=zpension and dried is reduced at a
temperature from 350 to 450°C by treating the dried
green catalyst with £rom 0.5 teo 5.0 standard n'/h of
zeduction gas per kg of green catalyst, the reduc-
tion gas containing from 80 to 100% by wvolume of
hydrogen.

The process as claimed in e¢laim 7, whereln from 1 to
3 standard m'/h of reduction gas are used per kg of
dried green catalyst.

A method of using the hydrogenation catalysgt for the
hydregenation of propanal, n-butanal and i-butanal.

A methed of using ths hydrogenation catalyst as
claimed 1in elaim 9, wherein the hydrogenation cata-
lyat is used at from 100 to 160°C.
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