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HOECHST AKTIENGESELLSCHAFT EN 1990

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

The present inventlon relates to a reduced hydrogenation
5 catalyst comprising nickel, nickel oxide, 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
10 azxt,

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

15 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.

20 The known hydrogenation catalysts based on nickel 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

N 25 by a complicated distillatiom.

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
30 hydxogenatlion tamperatures sheve 110°C.

This eobjeect is surprisingly achisved by means of a
hydrogenation catalyst contalning

35 €£rom 25 to 50% by welght of nickel (metallic) mllsllsiiieTIIiilTeeil Ilieliiced

from 10 to 35% by weight of nickel oxide
from 4 to 12% by weight of magnesium oxide
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The resents | ayent | aestelabescke a~keducedRydr ogenation catal yst .

conprising nickel, nickel oxide, magnesi um oxi de and a water-insol ubl
support material . Cat al ysts based on nickel as the active catal yst
conponent for the hydrogenation of al dehydes are part of the pr| or-art

The EP-A-0 322 049 describes a hydrog'en?at'r on catal yst conp heet Bpen—R laced

nolar ratio of SiJerr]/N_= 0. m)la ratlo of

o U S TE g el SR T T
remainder o - support material,

10

5

20

a5

30

35

=
>

e

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

from 30 to -60 percent by velume having a pore radiuas 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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i n wai chspabt 0f <4 herwticekehei-s~present-i .t rAet al | Tigs $hoét Fas Beer Ry :

hydr ogenati on catal yst havi ng 60% by wei ght of N t of |vg
(cal cul ated as MJO and 36% by wei ght of ki esel gui’ll,‘gmummg
material, corresponding to 35.2 g of Ki eselguhr I s known
fromthe EP-A-0 472 918. The known~h drogenatlon catal ysts based on
ni ckel can Qe us I n t 0 a dr enati on
Fenper at ur &8 PYAF SRR LA CARALE bty W o sP R R R Bk Rln B8
t enper at ur a6 prsiipitaticon @tepi o greamoeatalysbyiyenonickebhbshtean
someti nmes QAN 8 LETBYSE BhaC WG SskKeRdte | #h40R1so a suppert
material, slurrying this green catalyst, after separating
5 off the mother ligquor and partial washiang, in alkall
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.

10
An alternative and praferred process method 1s omna
wharein

d) in the precipitaticn step, an agqueous solution

15 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 solution at a temperature
from 65 to 100°C wuntil the molazr ratio of

20 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,

25 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

30 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;

35

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

THIS SHEET HAS BEEN
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It was t-heref ore +4-he .object - of-the-present:-irnvention to provide a ~--
hydr ogenati on catal yst which has high sensitivity and conversions of over
99. 5% at hi gh throughput rates and hydrogenation tenperatures of over

110[err]C

This object is surprisingly achieved by nmeans of a

hydr ogenati on catal yst consisting of 5 to 50% by wei ght of nickel

(metal l'ic)

10

15

20

28

30

35

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
the £inal product. Less than 0.1% of the aldehyde is
ccnvé:ted 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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2 10"to 35%by-wei ght~ of nickel oxide 4 to 12% by weight of nagnesi um
oxide 1 to 5% by wei ght of sodi um oxi de remai nder suppQrt materi aI
where the total of nickel and nickel oxide is 40 to 70%

SR | (T

Analytical methods employe
1. BET determination of surface area

5 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.

2. Determination o©f pore volume by Hg porosimetry
10 (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.
15 chem. analyt. Edit, 17 (1945) 78a.

3. Determination of suxface area by chemisorption

The method for determining-the surface area of the

20 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.

4, Determination of pore radius
25
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.
30
5. Surface analysis by SAM spectroscopy (Scanning Auger
Micropreobe)

The analyses were carzried out with a SAM spectro-
35 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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cat alyst—-havi ng a-surface' area deternined by BET ofTh8GhdetHa2 BCnHeflided?F and

a total pore volune determ ned by Hg porosinetry of /g, wth
the total pore volune being nade up of 30 to 60% I g a pore
radius of [err] 4 nm (40 [err]), 4 to.l1lg%by volune ha radi us of
>4 to 30 nm (40 to 300 A), 30 to 60% by vol une having a pore radius of >

30 to 500 nm (300 @1=ddFed) gun Produsbdganaileutrcd Besh WhithowREesent
invention can al Lgenaf ive! s ANCLRUEL € BBLYuse of strong charging of
the samples by the stream of electrons, MULTIPLEX
measurements were carried out at 5 different peints
S on each sample, only the energy ranges of the
elements to be expected being scanned, go aszs to
achlave as ghort az pessible a measurement time.

The SAM analysis method is deseribed in "Practical
10 | 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 £:£.

15 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
20 analyses: '

Energy resolution (E/B): 0.6 %

Activation eanergy: 10 kV/10 ma
Lateral resolutilon: about 220 am

25
The quantitative evaluation was based on the sensit-
ivity €factors of the pure elementa, which are
published in "Handbook of Auger Spectroscopy".

30 The corresponding values for the elements nickel,

godium and magnesium were measured and evaluated.
Properties of the hydrogenation catalysat

35 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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have the f olfhg8hdtkds BednB@placedar act eri sti cs: a) 5to 10 atomc |ayers
on the surfac genat I on catal yst contain, det er m ned by
SAM anal ysi s, !"IJIIIII 'm 0, preferably 20 to 28, atom % Ni 1.2 to
3.0, preferab atom % Na. 7 « 2.8 to 4.8, preferably 3.2 to
4.5 atom % My the metal lic nickel surface area is 100 to 130

nferr]/g N Inaa:wtptﬁbmpdthtion steglentiar goint PrduwipPeLPion 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

5 precipitate comprising bagic magnesium carbonate is
pregsent in aa gparingly soluble a form as possible.

The green catalyst obtained in the precipitation step is,
acaording to the invention, only partially washed so that

10 1little precipitated basic magnesium carbonate is washed
out of the green catalyst.

The invention includes the controlled subsequent alkaliz-
ation of the partially washed green catalyst, whereby the

15 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 -

20 conditions, for example in a stream of air at from 50 to
100°C.

What 15 cxltical and inventive i3 the reduction of the -
green catalyst to the hydrogenation catalyst. The reduc-
25 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.
30
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
35 a known manner (H. 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

"o
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c)

<& hezhydr ogenat | eocGat alysi<~<antai-as.:akydi ni um oxi de or silicon =.

di oxi de,

ki esel guhr or siliceous earth,

3

10

15

20

as

particularly in the formof silicic acid, silica gel,
as support material.

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 particuia.z 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 ia 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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The present >¢ nvents omfurt-her +et ates-'to-a"process for preparing thes..z
hydr ogenation catal yst, which is characterised in that, in a precipitation
step, a green catalyst is prepared fromnickel salt, mgmi um
carbonate and a support material, this g een cat al yst i s slThis BheetcHas Re cpd
solution, after renoval of the nother |i"quor by separation

washi ng, seps fromthe liquid phase, dried and then't hqr]“\‘“mam
catalyst is treated with hydrogen until 42 to 83% by wei ght © he t ot al

ni ckel content is present in nmetallic form An alternative and preferred
process net (Bxeparationhefethe Hydroganiabiol 8aLALYakI ON step, an aqueous
solution at a tenperature from95 to 100[err]C and containing 0.5 to

0.8 nol/l of nickel salt and 0.1 to 0.2 nol/| of
B 1906 g of Ni(NO,),*6H,0 and 355.6 g of Mg (NO,) ,#6H,0 ar

diggolved in 10.4 1 of watezr at 99°C. '
In a stirred reactor, 1500 g of anhydrous Na,CO, are
diggolved in 14 1 of water at 99°C,

10 Wwhile stirring 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

15 filtered. The f£ilter 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 -

20 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

25 cabinet for 5 hours at 50°C, 3 hours at 60°C and for B
hours at 75°C to comstant weight.

The gzeen catalyst had the following analysia:

30 Ni 37.8 % by welght
MgO 5.2 % by weight
Na,0 1.1 % by weight
Co, €.0 % by weight
Support material 32.7 % by weight

35 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

THIS SHEET HAS BEEN
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magne&st gt sal t--' 8~ st ir+-ed' irAtoa *6: 9-to-1. I''nol ar sodi um car bonat e solution
at a tenperature of 95 to 100[err]C until the nolar ratio of

Na[err]CJerr]: (N + M) = 1: 0.60 to 0.65 and then the support
material is inmediately added within. 10 « 0.5 to 5 m nutes and the green
catalyst fornmed is filtered off fromthe nother : i quor and partially

washed wi t hghat waieepassed lovdre 2veled oAt grevhi plletszed catalibthas a

cuspended | NP8 ZARRHRIGE 4hN ouprisdd (PRLECREVEIER o8 biferen.,

stirred and @.5% ®yosolume ¢f miitzeigesndi um hydroxi de sol ution or 0.03

to 0.04 nol of sodlunlcarbonate per nol e of nickel used in the
preC|p|tat|on S and after to. 5 hours stirring at a tenperature
of 40"t o8 rnés&teweapaﬁ Poil ¥a vas ShagFHeA 6B FEAURRIR N
suspen5|on the green catal yst which has been separated off fromthe

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

10 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

15 heating zate of 20°C/h 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

20 and through which 730 gmtandard 1l/k 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

25 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, the preheater and reacdtor temperatures are gimul-
tanecusly increased as followsa:

30 .
n-Butanal feed Time Preheater/reactor
(ml/b) (h) temperature
(°C)
35 200 24 123
225 24 136
250 continuous 128
This Sheet Has Been Replaced operation
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dried is reduced at a tenperature of 350 to 450[err]C by treating the dried
green catalyst with 0.5 to 5.0 standard nferr]/h of reduction gas per kg of

green catal yst, the reduction gas containing 80 to 100% by vol une of
hydr ogen; f) from1l to 3 standard giecr]/h of reduction gas is used per
kg of dried green catal yst. For better shaping, 0.5 to 5% by wei ght

of graphit eneyakeuntdet Ky ibekbpdr egadny) didinySthe running-up
period and during continucus operatican.
The hydrogenation product cbtained in vapor form is con-
densed and analyzed.

5 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

10 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
15 EHydrogenation 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
20 (730 standaxd 1/h) at 3.5 bar 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 paziod of 12 hours. The propanal feed rate is increased
at intexwvals of 12 hours by 25 ml/h each time up ko a
25 rzate 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
" 30 unconvezted propanal. By=produgts detezmined are
< 100 ppm of 2-methylpentan-3-one and < 20 ppm of di-n-
propyl etherx.: '
As in Application Example 1, it is also possible to
obtain steam (= 1.3 bar) in ths hydrogenation of propanal
35 with the catalyst of the invention.
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4 - The hydrogenation catal yst according to the present invention can be
used for the hydrogenation of propanal and n-butanal -apdi-butanal—F—

preferably at 110 to 160[err]C Wth the hydrogenatiqn. cat t accor i ng
to the invention, the hydrogenation_ofs . %S%ﬁee?ﬁz}g%eenq{epaceg

i0

15

20

25

30

35

For the hydrogenation of i-butanal, the catalyst (250 ml)
from Bxawple 1 was heated te 120°C under EH, under the

Application Example 3 o ”IIII
Hydrogenation of i-butanal

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.

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

Lot
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pr opanal-and butanal -can-be.-carried--et -wi-th sinultaneous generati or-eof

st eam under pressure to i nprove the econom cs of the hydrogenati on process.
In conparison with conventional hydrogenation catal ysts, hydrogenation can
be perforned at increased space vel OCitlﬁ-es over the catalyst of 0.8 to 1.0
kg/ h of al dehyde per kg of catal yst e selectivity IS higher than

99.5% genegdliln haglae’ cbheRi83dI%inabent CoWdfLdbidgd 1?&'@%@/ Ced
IS conver e

remains in fhe final product. Less than 0. 1% of the al
i nto carbon G3%Fe, ethers, acetals and esters. In the hydrogenation of
n- but anal , The comtxatatortoofthl atdlyatherf i thddmredt grpmuperoaft theg

distillatiop gfdeif il el Gadd dUndd S phddbztions of by-
5 products even at 100°C. A particular difficulty in the
isolation of pure n-butancl is 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
10 invent:ian, 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-
15 butyl ether and c¢leavage products as a result of

hydrogenoclysis.

The same effects occur on raising the hydrogenation

temperaturea. '

In comparisom with the catalysé ~of. .the invention,:.-the
20 catalyst of the prior azt enables a maximum convazrsion 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
25 temperature to a maximum of 100°C, at which no usable
steam can be cbtailned.

—
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| n 4he-hydeogenat i oa0f= n—prapanal ~t-he-fermati on of di propyl ether.is
bel ow 20 ppm Anal ytical nethods enployed 1. BET determ nation of

surface areas The net hod for deterl " c' rIltal surface area
according to Br unauer tt_and mmﬁﬂ‘ I ed i n J Arrer
Shom Soo. HggCEST ARTigaE R Akt

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

This Sheet Has Been Replaced

1. A hydrogenation catalyst comprislng nickel, nickel

oxide, magnesium oxide, sodium oxide and a water-

10 insoluble asupport material, said hydrogenation
catalysat containing

5 .
WHAT IS CLAIMED 1IS: ' ”IIII

from 25 te 50 % by weight of nickel (metallie)
from 10 to 35 % by weight of nickel oxide

15 frem 4 to 12 % by welight of magnesium oxide
from 1 to 5 % by weight of sodium oxide
remaindez support material,

where the total of nickel and nickel oxide is from

20 40 to 70% by weight, and having a surface azea
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 :

25
£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 A, .

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

2. A hydrogenation catalyst as claimed in eclaim 1,

wherein 5-10 atomie layers on the surface of the

35 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

40 from 2.8 to 4.8, preferadbly from 3.2 ¢to

REPLACED
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2. -Deternipatian of-_pote vol.ure.by-Hg.poresinetry (total pore vol uaesand

pore—distributiom The nmethod for determ ning ThE‘pﬁlLeqLQIu\me by Hg
AN LRI g, 220 PoCp2oeordins, ot e -
4.5, atom% Mg.

3. A hydrogenation catalyst as claimed in either of

claims 1 and 2, wherein the metallic nicksl surface

5 area is, as determined by chemisorption of hydrcgen.
from 100 te 130 m®/g Ni.

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

5. A process for preparing the hydrogenation catalyst
is 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
20 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.
a5 _ )

§. The pzrocessa as 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

30 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

35 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 xuns off has a conduc-
tivity from 1500 to 2000 uS; the green catalyst is
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5 3+ - -Pet-er m-nati on-of -surf ace area by-chem sorptio
determ ning the surface area of the nickel, by chem sorp I the
anount of hydrogen adsorbed at 20[err]C, is descrl bed |HIH"|IHI,,I]!",II'IHIII
Catal ysis 81 (1983) 204 and 96(1985) 5

radi us The net hod for determ ni né tﬁe pore rad| us i s descri bed by

S.J. Geqgg,

erm mnats on"ofm

Academi c Press Neh§§ %s§$aal?{ondrﬂ?€9%8%ga’c%ﬁ€ Oe?g %‘f%é Yot

5
i 7.
15

8.
20

S.
25

i0.

water and admixed by stirring with from 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.

\
This Sheet 4.

[T IIIW

FEN |
IS SHEET HAS B
‘ T REPLACED

]
—3

-y
[1%)

F=5
[
[ ]
i~

Delad T 5
Friqt o:ime 22,

[
L
<
[11
<
L
£
413

b.21.4

(% b )



5. _Suniace.anaLyS|svby-SANIspectFoscopy (Scannlng “Auger M croprobe)- -
The .anal yses were carried out with a SAM: '&#MR@laceandel PH 660,

from Perki n- El mer . The sanpl es were evacuat ed down
to a vacuum of [err] 1.33 [err]Pa err] 9&7
sanpl e chanber by neans of a t ur bono ecu ar punp. An ectron
gun produced an el ectron beam which was fired at the sanple. In Vi ew

of strong clHEOBCHSTOARTIENSESELIAECHAFThe stream of el ectrons, EN01950
call ed MIULTI PLEX neasurenents were carried out at 5 different points on

each sanple, only the energy ranges of the elenents to be expected being
Bydroganaticn catalyst, a process for its preparation,

and the use tharecf
Abstract

The invention relates to a hydrogenation catalyst
comprising nickel, nickel oxide, magnesium oxide, sodium
oxide and a water-insoluble support material, said
hydzrogenation catalyst contalning

from 25 to 50% by weight of nickel (metallic)
from 10 to 35% by weight of nickel oxide
from 4 to 12% by weight of magnesium oxlde
fzom 1 to 5% by welght 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 area determined by
BET £rom 80 to 200 m’/g and ‘a total pore volume deter-
mined by Hg porceimetxy fzom 0.35 to 0.6 ml/g, with the
total pore volume being made up of

~ from 30 to §0% by volume having a pore zadius of = 40 A,
from 4 to 10% by volume having a pore radius of > 40 to
300 &,
from 30 to 60% by volume hav:l.ng a pore radius of > 300 to
5000 A.

A process for preparing the hydrogenation catalyst is
also provided, which »zocess compriges preparing, in a
precipitation step, a green catalyst Efrom nickel gsalt,
magnesium salt and sodium cazbonate and also a support
material, slurrying this green catalyst, aftezr separating
off the mother 1iquoi and partial washing, in alkall
Bolution, separating it from the liquid phase, drying and
treating the dried green catalyst with hydrogen until
frem 42 to 83% by weight of the total nickel content is
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scanned, in order to achieve as short 'aTeasuring tine as possible. _._
The SAM anal ysis nethod is described in "Practical surface anal ysis by
Auger and X-ray photoel ectroni c spectroscopy” by D. Briggs and M Seah,
John Wley and Sons, New York, London (.1%83), pages 217 et seq. and

283 et seq. The measurenment and anal ysis of the AUGER el ectrons
emitted fronPriédent in metaklivsfeemiormed by neans of a cylindrical
mrror anal yser. The followi ng conditions were selected for the
anal yses:

The hydrogenation catalyst of the invention is pazti-
cularly suitable for the bydrogenation of PZopanal

n-butanal and i-butamal at temperatures between 100 and
1l60°C.

THIS SHEET HAS BEEN
REPLACED

s
WL
<>
L1
=
o
£a
-3

=
(]
[
oo
=3
L1t
€
oo
~o
(3%

Priat Time 22, Fad 21:57
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6 Energy resolution (E/ E): 0.6 % Activatipn ener%
10 kV/ 10 mA Lateral resol ution: about 220 nm B 1997

. ' -1 -
Hydrogenation catalyst, a process for its preparation,
and the use thereof

The present inventlion relates to a reduced hydrogenation

: 5 catalyst comprising nickel, nickel oxide, magnesium oxide
and a water-insoluble support material.

-Fw Catalysts based. on nickel as active catalyst component

for the hydrogenation of aldehydes are part of the prior
- 10 axt.

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

prising
15 1) a molar ratio of 8i0,/Ni = 0.15 - 0.35
2) a molar xatio of (Mg:; Ba)/Ni = 0 - 0.15,

in which part of the nickel is present in inetal.lic form.
20 The known hydrogenation catalysts based on anlckel can be
used in the hydrogenation of aldehydes only at hydrogen-
ation temperatures up to about 100°C, since increasing
bhydrogenation temperature' leads to the formation of

undegired by-preducts which can sometimes only be removed
.- @5 -by & eompli.caﬁe,d. distillation.

It was therefore an object of tha invention to provide a

hydrogenation catalyst which has high selectivity and

conversicna of over 99.5% at high throughput ratea and
- +30 . “hydrogenation ‘temperatures sbove 110°C.

This object is surprisingly achieved by means of a
hydrogenation catalyst containing

35 frem 25 to 50% by weight of nickel (metallioc)
£from 10 to 35% by veight of nickel oxide
from 4 to 12% by weight of magnesium oxide
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The quantitative eval uati on was based on the sensitivity factors of the
pure el ements, which are published in the "Handbook of Auger

Spectroscopy".

sodi um and magnesi um
t he hydrogenation cat al yst
of the hydrogenation catalyst, which in the final

precondi tions fgfomt L b/ ARABEOUELENE OF W iran oxide

wer e neasured and eval uat ed. o
The specific,physical and chem cph
anal ysi s arje

The correspondi ng val ues for.the el g?eﬁ ?M@%@“ SHEET

———

properties

th@5 FEB 1997

10

15

20

remaindexr support material,

where the total of nickel and nickel oxide iz from 40 to

70% by welght, and having a surface area determined by
BET £rom 80 to 200 m!/g and a total pore volume detex-
mined by Hg porosimetry from 0.35 te 0.6 ml/g, with the
total pore volume belng made up of

from 30 to 60 percent by volume having a pore radius of
s 40 in

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

from 30 to 60 percent by volume having a porxre radiue of
> 300 to 5000 &.

The hydrogenation catalyst of the invention can altex-

natively and preferably have tha follovn'.ng_' 'EWer
characteristics: '

a) from 5 to 10 atomic layexrs on the surface of the -

hydrogenation catalyst cont;a:ln. determined by SAM
analysis,

from 18 to 30, preferably £rem 20 to 28, atom% Ni

a5 frem - 1.2 to 3.0, preferably £rem- 1.5 to
2.5, atom§ Na : _
from 2.8 to 4.8, ©preferably from 3.2 to
4.5, atom% Mg '

30

b) the metallic nickel surface aréa ig, as determined

by chemisorption of hydrogen, f£rom 100 to 130 m'/g
Ni;

<) it contains aluminum oxide or sgilicon dioxide,
particularly in the foxm of gilicic acid, silica

gel, kieselguhr or sllicecus earth, as support
material.

The i.ﬁvenl:i.on furthaer relates to a process for preparing
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_ _ _ | | REPLAGEMENT SHEET
behavi our, are essentially achieved by the follow ng featuresfaphd nmeasures
during preparation. The. joint precipitation of m xed basic

ni ckel - magnesi um car bonate and the deposition thereof on the pu apgrq FEB 1997

material occur in the precipitation steg. .The precipitation cpnéi4i-eas—afo—
sel ected so that the proportion of the precipitate conprising] basic

magnez : um cardine diydriogepationt catakydty mhihceonsrimes prepagiigs AWM E TS
possi bl e. t he sent .| | obt ai ned
o the. pr eci o i gabicif ool opRUR batihydd 2l B1RRLIRYEE, OO
preci pi t at ed MmegResiimneal b nied Eofiwe FS‘%&% e emi Bisene grERATEatal yst.
material, slurrying this green catalyst, after separating
S off the mother liquor and partial washing, in alkali
solution, separating it from the liquld phase, drying and
treating the dried green catalyst with hydrogen until

from 42 to 83% by weight of the total nickel countent i1s
present in metallic fozm.
10

An alternative and preferred process mathod is one
wherein

d)

in the precipitation step, an aqueous sgolution
15

containing from 0.5 to 0.8 mol/l of nickel galt and
0.1 to 0.2 mol/l of magnesium salt and at a tempera-
ture from 95 to 100°C is stirred into a from 0.9 to
1.1 molar sodium carbonate sgolution at a temperature
from §5 to 100°C wuntil the molar =xzatio of
20 Na,C0, ¢ (Ni + Mg) = 1 : from 0.60 to 0.65 and
subsequently the support material is immediately
added over & period of fxom 0.5 to 5 minutes and the
green ea.lia‘lyat formed is filtered off from the
mother liquor and partially washed with hot water,
until the wash water which zuns off has a conduc-
tivity frem 1500 to 2000 p8; the green catalyst is
then puspended in .from 1 to 3 times the amount of
.water and -admixed by .stirring with from 0.06 to
0.08 mol of sodium hydrexide solution or from 0.03
to 0.04 mol of godium carbonate per mole of nickel
used in the precipitation step, aud after £rem 1 to
5 hoursg’ stirring at a temperature f£rom 40 to 60°C

the green catalyst is aeparated off from the
guepension:

30

35

e) the green catalyst which has been geparated off from
the guspension and dried is reduced at a temperature

from 350 to 450°C by treating the dried green cata-
lyst with from 0.5 to 5.0 standard m'/h of reduation

This Sheet Has Been Replaced
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The present invention includes' the controlled subsequent alk
the partially washed green catal yst;
catalyst surface with alkali is achieved as a result. The @dr
green catalyst is not critical. It can beggcarried out within
broad range of drying conditions, for exanple in a stream of

100[err] C

10

15

20

25

30

35

| REPLAGEMENT SHEET

al [ sati on of

h ired ich
the required enrichnmentjo |?1tg§a(§fEBtp19ég7
a

air at 50 to

—

gag per kg of greemn catalyst, the reduction gas
containin_g from 80 to 100% by volume of hydrogen;

£) from.l to 3 standard m*/h of reduction gas is used
per kg of dried green catalyst.

¥For better sghaping, from 0.5 to 5% by welght of graphite
nmay be added to the hydrogenation catalyst. '

The hydrogenation catalyst of the invention can be used
for the hydrogenation of propanal and n-butanal and

. d-butanal, preferably at f£rem 110 to 160°C.

With the hydrogenation catalyst of the invention, the

hydrogenation of propanal and butanal can be carried out

with simultaneous generation of steam under pressure to
inprové the economics of the hydrogenation. In comparison
with ‘conventicnal hydrogenation catalysts, the hydrogen-
ation can be carzied out at i.nerea.aéd gpace v_elocii:ies

over the catalyst from 0.8 to 1.0 kg/h of aldehyde per kg
of catalyst.

The selecti._v_tty !.s greater than 99.5%, moatly grea.tgﬁ:
than 99.9%; about 0.01% of the aldshyde used Temaing in
the £inal product. Less than 0.1% of the aldehyde is

couverted into carbon monoxide, ethers, acetals and
egters.

In the hydrogenation of n-butana.l'. the formation of

dibutyl ether is below 50 ppm, allowing distillation of
the final product to be emitted.

In the hydrogenation of n-propanal, the £ormation of
dipreopyl ether is below 20 ppm.
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7 VWhat is critical

to the hydrogenation catalyst.
way that the nickel -

tenperature of 350 to 450[err]C and a hydrogen flow rate of
ms results are nmaintai ned. A degree of
to be advant ageous.

10

20

Analytical methods employed

1.

2.

3.

4.

and inventive is the reduction of the_qreen catal yst

The reduction is to be perfof '
cont ai ni ng conponent is only partially WQEMENE SHEET
O 25 to 0.75
_reduction of 42 to 8300 Bk F

BET determination of surface area

Method for detemining the BET total surface area
according to Brunauer, Emmett and Teller is des-
cribed in J. Amer. Chem. Soc. 60 (1838), page 309.

Determination of pore volume by Hg poroslimetry
(total pore volume and pore distribution)

The method for the determinatlon of pore volume by
Hg porosimetry up to 3900 bar according ¢to
H.L. Ritter, L.C. Drake is desecribed in Ind. Engng.
chem. analyt. Edit, 17 (1945) 782.

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 Catalysia 81
(1963) 204 and 96 (1985) 517.

Determination of pore radius

. The methed for the deterimination of pore radius is

described by 8.J. Gregg, K.8.W. Sing, Adsorption

. Burface .Area and Porosity, Academic Press New York-

London (1967), pages 160 to 182.

Surface analysis by SAM spectroscopy (Scanning Auger
Hicroprobe)

The analyses were carxied out with a SAM spectro-
meter model PEI 660 fzxom Perkin-Elme:x.

The samples to be analyzed were evacuated down to &

vacuum of s 1 x 10"' torr in a sample chamber by
means of a turbomolecular pump.
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When used in fixed-bed hydrogenation, the green catal yst ig Foll
drying, for exanple into extrudate, dried, reduced and used WMENJ?&%T
reduction by treatnent with small anounts jof
in a known manner (H. Blume, W Naundorf and A. Wulel
Techn., volunme 15 (1963), page 583).
depl etion of the surface of the hydrogenation catal yst caug
in cl eavage and secondary reactions which Pedd to a | oss of

stabilised after

N err]

products.

err] in
,%:ﬁe B 1997

It has been found tHat{ sodi um

val yahl e

es an | ncrease

Excessi vey 3 0g B GRl! p2badtsa dn [diecttbhBRafl whikh was

hydr ogenati on cat al yst

10

15

£ired at the sample. Because of strong charging of
the samples by the stream of electrons, MNULTIPLEX
measurements were carried out at 5 different points
on each sample, only the energy ranges of the
elements to be expected being scanmed, g0 as to
achiave as short as possible a measurement time.

The SAM analysis method is described in “Praatical
surface analysis by Auger and X-zay photoelectronlc
spectroscopy" by D. Briggs and M. Sesh, John Wiley

and Sons, New York, London (1983), pages 217 ££. and
283 f£f.

The measureﬁent and analysis of the AUGER electrons
emitted £rom the sample was carried out by means of
a cylindzical mirrer analyzer.

The £ollowing conditions were selected in the

! 20 analyeses:

Energy resolution (E/E) : 0.6 %
Activation energys 10 kV/10 maA

25

‘The quantitative evaluation was based on
ivity €factorse of the pure elements,

‘Lateral resolution: about 220 am

the sensit~-
which are

published in "Handbook of Auger Spectroscopy™.

30 The correspoading values for the elementg ni.ekel,_
godium and magnesium were measured and evaluated.

Propexrties of the hydrogenation catalyst

35 The specific physical and chemical properties of the
hydrogenation catalyst, which in the final analysis are
the prerequisite for 4its advantagecus hydxogenation
behavior, are essentially achieved by the following

featiires and measures in the preparation.
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result in an increasing decline in the hydrogenation acti vift T addrtTon

there is a tendency to form al dolisation products. Magnegi h&dsp‘;gblﬁ&o
the surface of the hydrogenation catalyst |leads to an altefe

structure which is unfavourable conpared with the inventiv siand Db
an increase in the catalyst activity which, _in particular §n the
hydr ogenati on tenperature range above 100[err]C resul ts imoheformeatton

of undesired byzmr cHeciprecipigationulstep;! wgﬂbmw@ﬁﬁpﬁdtﬁr&ﬁ ofh
Magnesi um excesgq &, [ @ﬂj# e
hydrogenati on cat a?al%icnﬁakﬁtd’h%con e%;ﬁ. e sur ?ég fei.
required in the’;h?ﬁ%ﬁéﬂhﬁ% W&Fﬁsﬂ?ﬁ?*%rﬂ%ﬂ-l et 5639&’ tatieny and
thus for supprececaditidmsvage aelleacédndar that the proportion of the

5§ precipitate cempriaing basic wmagnesium carbonatae is
pregent in as sparingly moluble a form as possible.

The green catalyst obtained in the precipitation step is,
according to the invention, only partially washed go that

10 1little precipitated baeic magnesium carbonate ig washed
out of the green catalyst.

The invention iﬁeludes the controlled subsequent alkalixz-

ation of the partially washed green catalyst, whereby the

15 required enrichment of the catalysat surfaca with alkali
iz achieved,

The drying of the green catalyat iz not critical. It can
be carrled ocut within a relatively bzroad range of drying

20 conditions, for example in a stream of air at from 50 to
100°C.

What is-cxitical and inventive is the reduction of the
green catalyst to the hydrogenation catalyst. The reduc-
25 tion is to be carried out in guch a vway that maintenance
of the temperatuxe at f£rom 350 to 450°C and a hydrogen
flow rate from 0.25 to 0.75 m/e results im only a partial
reduction of the nickel-containing component. A degree of
zeduction from 42 to 83% has proven to be advantageous.
30 _
When used in fixed-bed hydrogenation, the green catalyst
is shaped prior to drying, for example into extrudate,
dried, reduced and used in this form or stabilized after
reduction by treatment with small amounts of O, in N, in

35 a known manner (H. Blume, W. Naundorf and A. Wrubel, '
Chem. Techn., volume 15 (1563), page 583).

It has been found that sodium depletion of the surface of
the hydrogenation catalyst causea an increase in cleavage
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reactions.

exanpl es herei nbel ow serve to clarify the present invention w

limting it.

10

1s

20

The increased sodi um concentration in the surface IggE"AGEMENT SHEET

achi eved by slurrying the green catalyst in an al kali sol uti of. } The
t

o5 FEB 1997

8

and secondary reactions which lead to loss of valuable
products.

Excessive sodium concentrations at the surface of the’
hydrogenation catalyst results in an increasing 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 compared with the catalyst of the invention
and to an increase in the catalyst activity which leads,
in particular in the hydrogenation temperature range
above 1.00°C, to the formation of undesired by-products,
in particular of cléavage products; a large magnesium
excess causes inactivation and thus lower performance of
the hydrogenation catalyst.

The sodium content in the surface layer is reéquired in
the hydrogenation catalyst for controlling the select-
ivity and thus for si:pprass:l,ng cleavage and secondary
reacticna. The increased sodium concentration in the

surface layer is a_chi.eved by slurrying the green catalyst
in an alkali solutien.

The examples below sexve to clarify the present invention
without limiting it.
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Exanpl e
(Ngerr])[err]

. : 6H err] O and 355.6 g of My (NJerr])[err] ﬁEPLﬁGﬁMENTGSHEET
dissolved in 10.4 1 of water at 99[err]C In a stirred reactp 1500 g of
rlCJerr] are dissolved in 14 1 of water at 99

anhydrous Na[ er

Under” vigorous stirring, the Ni-My sol utto® ts then all owed

uniformrate in
ki esel guhr are

10

15

20

Preparation of the hyd? ogenation catal yst

1906 g

—

’WWFEB 1997

run at a

t th(i1 sodi um car bonate sol ution over 3 m nut =s. 2-30—g—o+
ﬁﬁ'&? e

J

Preparation of the hydrogenation catalyst

11906 g of Ni(NO,),¢6H,0 and 355.6 g of Mg(NO,),#6H,0 are

diggolved in 10.4 1 of water at 99°C.

In a stirred reactor, 1500 g of anhydrous Na,C0, are
digaolved in 14 1 of water at 99°C.

while stirring vigorously. the Ni-Mg solution is then
allowed to run at a uniform rate - into the sgodium
carbonate solution over 3 minutes. 230 g of kieselguhr
are added in powder form and the suspension formed is
first stirred for a further 3 minutes and subsequently
£iltered. The filter cake is washed with 27 1 of water at
a temperature of 70°C. The last wash water running of£
had a conductivity of 1800 us.

The f£ilter cake was suspended in 6000 g of 0.25% by
weight strength sodium hydroxide solution and stirred for
2 hours at 50°C and filtered omn a £llter press. The
£ilter cake is treated with eompi‘essed air for 1 minute.
The moisture content of the £lltex cake was 82% watex. In
thies £form, the filter cake was formed into pellets
(6 mm 2) . The shaped filter cake was dried in a drying
csbinet for 5 hourm at 50°C, 3 hours at 60°C and for 8
‘hours at 75°C to constant weight.

-The green catalyst had the following Mysisa

320

35

Ni 37.8 % by welght
Mg0 5.2 % by weight

Na,0 1.1 % by weight
co, 6.0 % by weight
Support material 22.7 % by weight
Moisture

6.5 % by weight
Bulk density $30 g/l

The green eé.talys't was reduced at 425°C over = periocd of
4 houra. For this purpose, 6 standard m'/h of reduction
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) j AEFLAVENIEN ] OriEL
powder form and the suspension formed is first stirred for a fyrtiher 3

m nutes and subsequently filtered. The filter cake is washed wifthy A5 FEB 1997
water at a tenperature of 70[err]C. The |last wash water running
conduct|V|ty of 1800 [err]S. The filter,ocgka was suspended irl 6000~ U Of
0. 25% by wei ght strength sodi um hydroxi de solution, stirred for| 2 hours at

50[err] C and fil t gasdwere apdadéd® rovare S kgl loE fgltlebar peatet:isgd retaddran .t h

conpressed air f Eg 0Rle

82% water. In this % %&&%ﬁ"o%%m wé'%\ﬁgsgéhg;‘e i’ o pel g%%ﬁ\%am
The shaped fil ter‘%ﬂk@ ¥ ryedyme, of H-F-F’Fﬁge%abl net for 5 hours at
50[err]C,  for 3 hours at 60[err]C and for 8 hours at 75[err]C to constant

weight. — The gregnegahnt Vided ¥t 0196 Ry Gik"GLEQIVEE dl Yeduction.

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

10 Application Example 1
Hydrogenation of m-butanal

The catalyst prepared accoxrding to Example 1, in the form
of 6 mm pellets (250 ml), is £irst brought te 120°C at a

15 heating rate of 20°C/h in a stream of hydrogen of
730 standard 1/h at 4 bar in a tube reactor provided with
a heating/cooling Jacket (.'mt:e:nal diameter: 32 mm).
After reaching 120°C, 50 ml/h of n-butanal (‘liqu:l.d) are
fed into the vapori:er vhich is upstream of the reactor

20 and through which 730 standard 1l/h of H, flew, at a
vaporizer t:emperature of 100°C. '.I.‘he H,/butanal-vapor
mixture is heated to reacter tempe:atura in a preheater
upstream of the reactor. After 12 hours, the n-butanal
feed rate is ine:eased to 75 ml/h and after a further

25 12 ‘hours i.ncreased to 100 ml/h. Thereafter, the butanal
feed is increased in steps of 25 ml of n-butanal at
intervals of 24 hours. During the increase in the butanal
feed, the preheater and reactor temperatures are simul-
tanecuely increased as f£ollows!:

30 | ,
a=-Butanal feed Time Preheater/reactor
(ml/h) (k) temperature
(°C)
38 200 24 . 123
225 ' 24 : 126
250 eo_nt:_i.nuous : 128
operation
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Ni _ 37.8 % by wei ght MgO : "E’L!' QIE:,MENT SHEE
wei ght Na20O 1.1 % by weight CJerr] é)ﬂbiég
wei ght Support materi al 22.7 % by wei ght Mbisture \/Lg /<5bf 7
wei ght Bul k density 530 g/1 The green catal yst reduced

at 425[err]C over a period of 4 hours. Eogathis purpose, 6 starjdard

nferr]/h of reduction gases were passed over 2 kg of green

10

is

20

" 30

3s

The amount of H, is kept constant during the running-up
peried and during centinucus opexation.

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

The hydrogenation product comprises $9.9% by welght of n-
butanol and contains lesa than 0.1% by weight of uncon-
verted n-butanal as well as < 20 ppm of di-n-butyl ether
as by-product.

In addition to the hydrogenation product, about 0.4 kg of
gteam per kg of n-butanal used is obtained at » 1.8 barx

during continuous operation (steam pressure corresponding
to the reactor temperature).

Appli.caeiqn Example 2
Hydrogenation of propanal

The catalyst prepared according to Example 1, in the form
of 6 mm pellets (250 ml), is first heated to 125°C at a
heating xate of 20°C/h in a stream of hydroegen
(730 standaxd 1/h) at 3.5 bar in the same reactor system

‘ag in Application Example 1. Propanal (liquid) iz then

fed into the vaporizer at an initial rate of 50 ml/b for
a pericd of 12 hours. The propanal feed rate is increased
at intervals of 12 hours by 25 ml/h each time up to a
rate of 150 ml/h. On reaching the feed zate of 150 ml/h,
the preheater and reactor tempé:ahu:es are increased to
from 128 to 130°C. The hydrogenation product obtained is
condensed by cooling and analyzed. It compriges about
99.9% by weight of n-propanol and < 0.1% by walght of
unconverted propanal. By=products daetermined are
< 100 ppm of 2-methylpentan-3-one and < 20 ppm of di-n-
propyl ethex.:

As in Application Example 1, it is also possible to

obtain gteam (= 1.3 bar) in the hydrogenation of propanal
with the catalyst of the invention.

e ——

Sheet Has Been Replaced

I

THIS SHEET HAS BEEN
REPLACED

sotove



9 pelletised catalyst. The r educti on gas conprised 99.5% by VCRE,H‘_EAGEME
hydr ogen and 0. 5% by vol une  of nitrogen. A wei ght | oss of O. Ry~ Was NT SHEET
observed on reducti on. Wth a total nickel

] . content of 53%b i @ et
degree of reduction of 72% was ' y @Ig FEB o7
- 12 -

Application Example 3 ' ' —
Hydrogenation of i-butanal

For the hydrogenation of i-butanal, the catalyst (250 ml)
5§ from Example 1 wag heated to 120°C under H, under the
pame conditions as in Application Example l. BSubse-
quently, 50 ml/h of i-butanal were fed in. Hydrogemation
pressure (3.5 bar), reactor temperature (120°C) and E,

_ feed rate (730 standard l/h) were kept constant.

10 The hydrogenation product cbtained comprised = 95.95% by
weight of i-butanol and contained = 0.03% by weight of
unconverted i-butanal and < 20 ppm of di-i-butyl ether.
The hydrogenation of i-butanal on the catalyat of the
invention gave steam at = 1.8 bar.

15
Comparative Example
Hydrogenation of n-butanal

In the same tube reactor as in Application Example 1,
20 250 ml of the commercial nickel catalyst 55/5 TST
(BOECHST AG) in the form of 6 mm pellets axe heated to
100°C at a heating rate of 20°C/h in & gtream of hydrogen
of 730 standard 1/h at 3.5 bar.
50 ml/h of n-butanal (liquid) were then €fed intoc the
25 va.po:i:e:' upst:-ean of the reaatar, the vaporigzer being at
100°C and having 730 etandazd l/h of ¥, £lowing through
it, Prior to entering the reactox, the’ E,/butanal-vapoxr
mixture is heated to reacter eempe:al'.ure in a preheater.
After 132 hours the feed rate of n-butanal ig increamed to
30 75 ml/h, and is increased at intervala of 12 hours up to
a rate of 150 ml/h. These reaction conditions resulted in
a hydrogenation product which comprised 98.5% by weight
of n-butanocl, 0.3% by weight of acetals, 0.3% by weight
of trimeric aldolization producta of the butanal, 0.1% 'by
35 weight of hydrocazbons, 0.1% by weight of 2~-ethylhexanol,
0.1% by weight of di-n-butyl ether and from 200 to
300 ppm of C,/C, esters.
Of the n-butanal used, from 1.0 to 1l.2% by weight were
converted via hydrogenolysis into propane and methane
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determned in the reduced catal yst.

of n-but anal

6 mmpellets (250 m), is first brought to 120[err]C at a heat}n
20[err]C'h in a stream of hydrogen of 730 standard |/h at 4 b

react’'or provided with a heating/cooling4agket (inside dianetgr: 32 nm.
When 120[err]C is reached, 50 nl/h of n-butanal

REPLACEMENT SHEE!
"5 ¥l or

a. tube

Application exanple 1
The catal yst prepared according to exanple 1, i

(l'iquid) are fed—t+nrto—the

vapori ser whi chvdﬁdmsareammtaﬂmd edot (#hainswltlﬂ-wmm/rhmmndar d “;

10

i5

20

hydrogen.

In contrast to the catalyst of the invention, use of the
‘commercial catalyst gave considerable propoztions of by-
products even at 100°C. A particular difficulty in the
isolation of pure n-butancl ‘ls the distillative removal
of the di-n-butyl ether, which with increasing ester
contents leads to disproportionate losses of n-butanel.
A further disadvantaée, compared with the catalyst of the
invention, is the relatively high loas of depizred product
(> 1% by welght) caused by hydrogenolysis.

If the feed of n~butanal is increased to above 150 m;l/h,
Eherg is a rise particularly in the formation of di-a-
butyl ether and cleavage products as & result of

hydrogenolysis.

The game effects occcur on raising the hydrogenation
temperature. ' '

In comparlson with the eal:alysé of the invention, the
catalyst of the prior art apables a maximum conversion of
only 60% of the amount of aldehyds, with the hydrogen=
ation p:odueta cbtained algo being more contaminated.

A further disadvantage is the limiting of hydrogenation
temperatuxe to a maximum of 100°C, at which no usable
steam can be cbtained.
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| /h of Herr] fl ovv
H err]/ but anal - vap
preheater upstream
is increased to 75
but anal feed rat
interval s of 24

14

m“ﬂmﬂalmllﬂ fgge{ gt lrjtra:c'?](c)r lgggrgtra;la?urlhf’n 205 FEB 1997
0

eilreacteor.*After 12 hours, the n-butanall feed rate

_rﬂ/h and after a further 12 hours to 100 m/h. Then t he

Bg‘é@i}éﬁd %&iﬁ{r easg’tﬁ’e%fa ut agélﬂ?‘%fia e, ‘the

preheater and reactor tenperature?"&r&hgl %Ptﬁh%%&#y i ncreased as fol |l ows:

n- But anal feesl Ti me Preheater/reactor (m/h) (h)
tlggperature ([e%@ T8 mm 1824 _ 123 225 24
1. A hydrogemation catalyst comprising nickel, nickel

oxide, magnesium oxide, sodium oxide and a water-

10 inscluble support material, said hydrogenation
catalyst containing
from 25 toc 50 & by weight of nickel (metallic)
from 10 to 35 % by weight of nickel oxide

15 from 4 to 12 % by weight of magnesium oxide
from 1 to 5 % by weight of sodium oxide
remainder gupport material,
where the total of nickel and nickel oxide is fxom

a0 40 to 70% by weight, and having a surface ares
determined by BET from 80 to 200 m?/g and a total
pore \io_luﬁe- determined by Hg porosimetry from 0.35
‘%o 0.6 ml/g, with the total pere volume being made
up of o

25
£rom 30 to 60 percent by volume having a pore radius
of = 40 &, . _
from 4 to 10 percent by volume having a pore radius
of > 40 to 300 4, '

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

2. A hydrogenation catalyst ae claimed in claim 1,

wherein 5-10 atomliec layers on the surface of the

35 hydrogenation catalyst contain, determined by £SaM
analysis,
fzom 18 to 30, preferably from 20 to 28, atom% Ni
from 1.2 ¢to 3.0, preferably £from 1.5 to
2.5, atom% Na '

40

from 2.8 ¢to 4.8, preferably from 3.2 ¢to
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250 continu
H2 is kept consta
oper ati on.

REPLACEMENT SHEET

3.

s
4.

10
5.

s

20

25
6.

30

38

128 operation Th —
qmmjrmwﬂumﬂslﬁ[l ,t up period and during cont Em. SHEET

- 15 - 05 FEB 1397

4'5' ﬂhm% xgc

A hydrogenation catalyst as claimed in eithexr of
claims 1 and 2, wherein the metallic nickel surface

area is, as determined by chemisorption of hydrogen,
£rom 100 to 130 m®/g Ni.

A hydrogenation catalyst ag claimed in any of claims
1 to 3, which contains aluminum oxide ozr silicen
dioxide, particularly in the form of siliclec acid,

sllica gel, kieselguhr or ailiceous earth, as
gsupport material.

A process for preparing the hydrogenation catalyst
as claimed in at least one of claims 1 to 4, which
comprises pi-eparing. in a precipitation step, =a
green catalyst from nickel salt, magnesium salt and
sodium carbonate and also a support material,
slurrying this green catalyst, after separating off
the mother liquor and partial waehimg, in alkali
solution, separating it from the liquid phase,
drying and treating the dried green catalyst with
hydregen until from 42 to 83% by weight of the total
' nickel content is present in metallic form.

The process as-claimed in claim 5, wherein, in the
precipitation 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 magnesium salt and at a temperature
£rom 95 to 100°C is stirred into a from 0.9 to 1.1
molar sodium carbonate solution at a temperature
from 95 to 100°C until the molar ratio of
Ne,C0, + (Ni + Mg) = 1 : £rem 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
greén catalyst formed is filtered off from the
mother liquor and partially washed with hot watexz,
until the wash water which runs of£f has & conduc-
tivity fxrom 1500 to 2000 pu8; the green catalyst is
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10 The hydrogenati : t | ned in vapour formis cond¢ngsed and"’

anal ysed. The hyjrlﬂﬂmﬁjmy“!@ﬂmh conprises 99.9% by wei gh{ ¢f g 5 FEB 1997
n- but anol, and cont &iy1SYl

as well as < 20 ppm of di-n-butyl ether «ag6a=by-product. In

t he hydrogenation product, about 0.4 kg of steam per kg of n-bgtanal
is obtained at >1.8 K&endguspgndedtinuda

correspondi ng to thewaRae!l Gind ca@RI¥ddI'By. stirring with from 0.06 to

5
i0 7.
15
8.
20
9.
as .
l10.

REFLAVEMIEN] OREE |

1 % by wei ght of unconvert ¢d}n-but anal

ddrtron—to
used

emopetat Sotimesehep

e

0.08 mol of sodium hydroxide solution or from 0.03
to 0.04 mol of godium carbonate per mole of nickel
used in the precipitation step, and after from 1 to
5 hours’ gtirring at a temperature from 40 to 60°C

the green catalyst ies separated off Zfrom the
suspension.

The process as claimed in either of claims 5 and G,
wherein the green catalyst which has been geparated
off from the suspension and dried is reduced at =&
temperature from 350 to 450°C by treating the dried
green catalyst with from 0.5 to 5.0 standaxd m'/h of

reduction gas per kg of green catalyst, the reduc-

tion gas containing from 80 to 100% by velume of
hyd:cgen.

The process as claimed in elaim 7, whereln fxom 1 to
3 standard m’/h of reduction gas are used per kg of
dried green eﬁl:_a.lysh. .

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

A methed of using the hydrogenation catalyst as

claimed in claim 9, whereln the hydrogenation cata-
lyat is used at fxom 100 to 160°C.
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Appl i cation .exanple 2 Hydr ogenati on of propanal The cat al
according to exanple 1, in the formof 6 mnmpellets (250 m),
heated to 125[err]C at a heating rate of 20[err]Ch in a stre
(730 st andar d I/h) at 3.5 bar in the g9ame reactor systemas i
exanpl e 1. Propanal (liquid) is then fed into the vaporiser a
rate of 50 ml/h over a period of 12 -hours. The propanal feed

/BEPMGEMENE SHEET

5 T1rst.
am oh
N appl cation

III1 le.l

ate is

i ncreased at int 25 n/h each ti up to a.rate of 150
m/h. Wen a fee%&a%%e‘g{u% Q%‘Eaiyg)é & Prodess tor 'its Preparation,

and the use thereof

Abstract

The invention relates to a hydrogenation catalyst

comprising nickel, nickel oxide, magnesium oxide, sodium
oxide and a water-insoluble support material, said
hydrogenation catalyst containing

from 25 to 50% by weight of nickel (metallic)
from 10 to 25% by weight of nickel oxide
from 4 to 12% by waight of magnesium oxide
from 1 to 5% by welght of sodium oxide
remaindex support material,

where the total of nickel and nickel oxide is from 40 to
70% by weight, -and having a purface area determined by
BEf £rom 80 to 200 m'/g and a total pore volume deter-

mined by Hg porcsimetry fxom 0.35 to 0.6 ml/g, with the
total pore volume being made up of

£rom 30 to 60% by volume having a pore radius of s 40 A,
from 4 to 10% by volume having a pore ra.dius of > 40 to
300 &,

£from 30 to 60% by volume having a porxe radius of » 300 to
5000 A.

A process for preparing the hydrogenation catalyst is
alec provided, which process compriges preparing, in a
Precipitation step, a green catalyst from nickel galt,
magnesium salt and sodium carbonate and a1Bo a support
material, slurrying this green catalyst, after separating
off the mother liquor and partial washing, in alkali
solution, meparating it from the liquid phasa, drying and
treating the dried green catalyst with hydrogen until
from 42 to 83% by weight of the total nickel content is
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150 M /h has been reached, the preheater and reactor tenperat

I ncreased to 128 to 130[err]C. The hydrogenati on product obta ﬁEELRQEMENT SHEET
condensed by cooling and anal ysed. It conprises about 99.9% by pei ght of
n-propanol and < 0.1 % by wei ght of unconverted. propanal. <10p ppthSFEB 1997
2- net’hyl pent an- 3-one and < 20 ppm of di- ngor-opyl ether are anplysed. as

by- products. As in application exanple 1, it is also possiblje to obtarm
steam ([err] 1.3prespntninhwetgdligfiarm-on of propanal with t catal yst
according to the present invention.

The hydrogenation catalyst of the invention is pazti-
cularly suitable for the hydrogenatien of pzopanal,
n-butanal and i-butanal at temperatures between 100 and
i60°cC.

_—_’————‘_—'——__"’_—‘_.
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11 Application exanple 3 Hydr ogenati on of i -butanal For _the

hydrogenation of i-butanal, the catalyst (250 m) from exam)B FEAWEN?E}SHEET

to 120[err] C under Herr] under the same conditions as in ap
example 1. 50 m/h of i-butanal were then fed in. The hydrogepati on
pressure (3.5 bar), reactor tenperature ?1 20[err] Q) and H grf] 2rdei 4898
(730 standard |/h) were keptydrogenatign catalyst, a process for its

preparation, and the use thereof

Description:

The present invention relates to a reduced hydrogenation catalyst comprising nickel,
nickel oxide, magnesium oxide and a water-insoluble support material.

Catalysts based on nickel as the active catalyst corhponent for the hydrogenation of
aldehydes are part of the prior art.

The EP-A-0 322 049 describes a hydrogenation catalyst comprising

1) a molar ratio of SiO,/Ni=0.156 ~0.35
2) a molar ratio of (Mg; Ba)/Ni=0-0.15,

in which part of the nickel is present in metallic form.

Another hydrogenation catalyst having 60% by weight of Ni, 1.6% by weight of Mg
(calculated as MgO) and 36% by weight of kieselguhr as the support material,
corresponding to 35.2 g of kieselguhr per mole of nickel is known from the EP-A-0 472
918.

The known hydrogenation catalysts based on nickel can be used in the hydrogenation of
aldehydes only at hydrogenation temperatures up to about 100°C, since increasing

. hydrogenation temperatures lead to the formation of undesired by-products which can
sometimes only be removed by complicated distillation.

It was therefore the object of the present invention to provide a hydrogenation catalyst
which has high sensitivity and conversions of over 99.5% at high throughput rates and
hydrogenation temperatures of over 110°C.

This object is surprisingly achieved by means of a hydrogenation catalyst consisting of

25 to 50% by weight of nickel (metallic)



The hydrogenati on product obtained conprised [err] 99.95% by wei ght of

I -butanol and contained [err] 0.03% by wei ght of unconverted-i=butanal and
< 20 ppmof di-i-butyl ether. The hydrogenation of i-butanalRBRLAGEMENT SHEET
catal yst of the invention produced steamat [err] 1.8 bar. Conpatr-attve
exanpl e Hydr ogenati on of n-butanal 2 23 JUL 1998

10 to 35% by weight of nickel oxide

4 to 12% by weight of magnesium oxide

1 to 5% by weight of sodium oxide

remainder  support material,

where the total of nickel and nickel oxide is 40 to 70% by weight, the hydrogenation
catalyst having a surfac_:e area determined by BET of 80 to 200 m?/g and a total pore
volume determined by Hg porosimetry of 0.35 to 0.6 mi/g, with the total pore volume

being made up of

30 to 60% by volume having a pore radius of
<4 nm (40 A),

4 to 10% by volume having a pore radius of
> 4 to 30 nm (40 to 300 A),

30 to 60% by volume having a pore radius of
> 30 to 500 nm (300 to 5000 A).

The hydrogenation catalyst of the present invention can alternatively and preferably
have the following further characteristics:

a) 5 to 10 atomic layers on the surface of the hydrogenation catalyst contain,
determined by SAM analysis, .
18 to 30, preferably 20 to 28, atom % Ni
1.2 t0 3.0, preferably 1.5 to 2.5, atom % Na
2.8 t0 4.8, preferably 3.2 to 4.5 atom % Mg;

b) the metallic nicke! surface area is 100 to 130 m?/g Ni, as determined by
chemisorption of hydrogen;

c) the hydrogenation catalyst contains aluminium oxide or silicon dioxide,
particularly in the form of silicic acid, silica gel, kieselguhr or siliceous earth,

as support material.



- REPLAGEMENT ohtti
250 m “of the commercial nickel catalyst 55/5 TST (HOECHST AQ | or m
of 6 mMmpellets are heated to 1 00[err]C at a heating rate of{2 [21]%{1@59
a stream of hydrogen of 730 standard I/h at 3.5 bar in the sagelt &b

reactor as in application exanple 1. 50 m/h of n-butanal (ki dpt-c—rere
then fed into the vaporiser upstream of the reactor, the vapoliser being at
100[ err] C and having 730 standard |I/h of Herr] flow ng through—Tt—Prtror

to entering trhe gresdrt Mventibe furHer Félaledtid A rodeudadr pidpstith thd Bydiegdresicho
reactor tenperature in a preheater. After 12 hours the feed rate of

n-butanal i sCRiaysbadien isehasagiensed iadeat i 3 Reaciialian len Adspenraialypt is2
hours each uprddurdd frdintniQlel 33, Mhotbsivi R, doefsrh kaborartfadd 288pport

material, this green catalyst is slurried in alkali solution, after removal of the

mother liquor by separation and partial washing, separated from the liquid phase,
dried and then the dried green catalyst is treated with hydrogen until 42 to 83% by
weight of the total nickel content is present in metallic form.

An alternative and preferred procesé method is one where,

d) in the precipitation step, an aqueous solution at a temperature from 95 fo
100°C and containing 0.5 to 0.8 mol/l of nickel salt and 0.1 to 0.2 mol/| of
magnesium salt is stirred into a 0.9 to 1.1 molar sodium carbonate solution

- at atemperature of 95 to 100°C until the molar ratio of Na,COs : (Ni + Mg) =
1:0.60 to 0.65 and then the support material is immediately added within
0.5 to 5 minutes and the green catalyst formed is filtered off from the mother
liquor and partially washed with hot water, until the wash water which runs
off has a conductivity of 1500 to 2000 uS; the green catalyst is then
suspended in an amount of water 1 to 3 times that of the catalyst and stirred
with 0.06 to 0.08 mol of sodium hydroxide solution or 0.03 to 0.04 mol of
sodium carbonate per mole of nickel used in the precipitation step, and after
1 to 5 hours stirring at a temperature of 40 to 60°C the green catalyst is

separated off from the suspension;

e) the green catalyst which has been separated off from the suspension and
dried is reduced at a temperature of 350 to 450°C by treating the dried
green catalyst with 0.5 to 5.0 standard m*/h of reduction gas per kg of green
catalyst, the reduction gas containing 80 to 100% by volume of hydrogen;

f) from 1 to 3 standard m°h of reduction gas is used per kg of dried green

catalyst.

For better shaping, 0.5 to 5% by weight of graphite may be added to the
hydrogenation catalyst.



resulted in a hydrogenation product which conprised 98.9% by wei

n- bat anol , 0. 3% by wei ght of acetals, 0.3% by weight of trineric
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The hydrogenation catalyst according to the present invention can be used for the

hydrogenation of propanal and n-butanal and i-butanal, preferably at 110 to 160°C.

With the hydrogenation catalyst according to the invention, the hydrogenation of
propanal and butanal can be carried out with simultaneous generation of steam
under pressure to improve the economics of the hydrogenation process. In
comparison with conventional hydrogenation catalysts, hydrogenation can be
performed at increased space velocities over the catalyst of 0.8 to 1.0 kg/h of

aldehyde per kg of catalyst.
The selectivity is higher than 99.5%, generally higher than 99.9%; about 0.01% of
the aldehyde used remains in the final product. Less than 0.1% of the aldehyde is

converted into carbon monoxide, ethers, acetals and esters.

In the hydrogenation of n-butanal, the formation of dibutyl ether is below 50 ppm,
permitting distillation of the final product to be dispensed with.

In the hydrogenation of n-propanal, the formation of dipropyl ether is below

20 ppm.

Analytical methods employed

1. BET determination of surface areas

The method for determining the BET total surface area according to
Brunauer, Emmett and Teller is described in J. Amer. Chem. Soc. 60
(1938), page 309.

2. Determination of pore volume by Hg porosimetry (total pore volume and
pore distribution)
The method for determining the pore volume by Hg porosimetry up to
3900 bar according to H.L. Ritter, L.C. Drake is described in Ind. Engng.
chem. analyt. Edit, 17 (1945) 782.
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i.e. the amount of hydrogen adsorbed at 20°C, is described in J. of
Catalysis 81 (1983) 204 and 96 (1985) 517.

4, Determination of pore radius
The method for determining the pore radius is described by S.J. Gregg,
K.S.W. Sing, Adsorption Surface Area and Porosity, Academic Press New
York-London (1967), pages 160 to 182.

5. Surface analysis by SAM spectroscopy (Scanning Auger Microprobe)
The analyses were carried out with a SAM spectrometer, model PHI 660,

from Perkin-Elmer.

The samples to be analysed were evacuated down to a vacuum of
< 1.33 pPa (< 1 x 10® Torr) in a sample chamber by means of a

turbomolecular pump.

An electron gun produced an electron beam which was fired at the sample.
In view of strong charging of the samples by the stream of electrons, so-
called MULTIPLEX measurements were carried out at 5 different points on
each sample, only the energy ranges of the elements to be expected being
scanned, in order to achieve as short a measuring time as possible.

The SAM analysis method is described in "Practicat surface analysis by
Auger and X-ray photoelectronic spectroscopy" by D. Briggs and M. Seah,
John Wiley and Sons, New York, London (1983), pages 217 et seq. and
283 et seq.

The measurement and analysis of the AUGER electrons emitted from the

sample was performed by means of a cylindrical mirror analyser.

The following conditions were selected for the analyses:



i nvention, is the rel atively high loss of valuable product (> 1 % by

wel ght) caused by hydrogenol ysi s. If the feed rate of n-but §i§ ] .

increased to over 150 mi/h, there is a rise particularly int BEPLAGEMENI SHEET

of di-n-butyl ether and cl eavage productseas a result of hydrpgenol ysis.

The sane effects occur when the hydrogenation tenperature is }n rgagse_ﬁ”. 1699
t he

I n conparison wth the catalyst according_to the present inveht{on,
catal yst of the p WQ%?%SOE@PW(%@)a maxi nf @onver si on of onl
amount  of al dehydectivation energy: 10 kV/10 mA

Lateral resolution: about 220 nm

The quantitative evaluation was based on the sensitivity factors of the pure
elements, which are published in the "Handbook of Auger Spectroscopy".

The corresponding values for the elements nickel, sodium and magnesium

were measured and evaluated.
Properties of the hydrogenation catalyst

The specific physical and chemical properties of the hydrogenation catalyst, which
in the final analysis are the preconditions for its advantageous hydrogenation
behaviour, are essentially achieved by the following features and measures during

preparation.

The joint precipitation of mixed basic nickel-magnesium carbonate and the
deposition thereof on the support material occur in the precipitation step. The
precipitation conditions are selected so that the proportion of the precipitate
comprising basic magnesium carbonate is present in a form which is as sparingly

soluble as possible.

According to the present invention, the green catalyst obtained in the precipitation
step is only partially washed so that little precipitated basic magnesium carbonate

is washed out of the green catalyst.

The present invention includes the controlled subsequent alkalisation of the
partially washed green catalyst; the required enrichment of the catalyst surface

with alkali is achieved as a result.

The drying of the green catalyst is not critical. It can be carried out within a
relatively broad range of drying conditions, for example in a stream of air at 50 to
100°C.
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What is critical and inventive is the reduction of the green catalyst to the
hydrogenation catalyst. The reduction is to be performed in such a way that the
nickel-containing component is only partially reduced if a temperature of 350 to
450°C and a hydrogen flow rate of 0.25 to 0.75 m/s results are maintained. A
degree of reduction of 42 to 83% has proven to be advantageous.

When used in fixed-bed hydrogenation, the green catalyst is shaped prior to
drying, for example into extrudate, dried, reduced and used in this form or
stabilised after reduction by treatment with small amounts of O, in N; in a known
manner (H. Blume, W. Naundorf and A. Wrubel, Chem. Techn., volume 15 (1963),
page 583).

It has been found that sodium depletion of the surface of the hydrogenation
catalyst causes an increase in cleavage and secondary reactions which lead to a

loss of valuable products.

Excessive sodium concentrations at the surface of the hydrogenation catalyst
result in an increasing decline in the hydrogenation activity. In addition, there is a

tendency to form aldolisation products.

Magnesium depletion of the surface of the hydrogenation catalyst leads to an
altered pore structure which is unfavourable compared with the inventive catalyst
and to an increase in the catalyst activity which, in particular in the hydrogenation
temperature range above 100°C, results in the formation of undesired by-products,
in particular cleavage products; a large magnesium excess causes inactivation and

thus lower performance of the hydrogenation catalyst.

The sodium content in the surface layer is required in the hydrogenation catalyst
for controlling the selectivity and thus for suppressing cleavage and secondary
reactions. The increased sodium concentration in the surface layer is achieved by

slurrying the green catalyst in an alkali solution.

The examples hereinbelow serve to clarify the present invention without limiting it.
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Example

Preparation of the hydrogenation catalyst

1906 g of Ni (NQO3), . 6H,0 and 355.6 g of Mg (NO; ), . 6H, O are dissolved in 10.4 [
of water at 99°C. In a stirred reactor, 1500 g of anhydrous Na,CO; are dissolved in
14 | of water at 99°C.

Under vigorous stirring, the Ni-Mg solution is then allowed to run at a uniform rate
into the sodium carbonate solution over 3 minutes. 230 g of kieselguhr are added in
powder form and the suspension formed is first stirred for a further 3 minutes and
subsequently filtered. The filter cake is washed with 27 | of water at a temperature
of 70°C. The last wash water running off had a conductivity of 1800 uS.

The filter cake was suspended in 6000 g of 0.25% by weight strength sodium
hydroxide solution, stirred for 2 hours at 50°C and filtered on a filter press. The filter
cake is treated with compressed air for 1 minute. The moisture content of the filter
cake was 82% water. In this form, the filter cake was shaped into pellets (6 mm &).
The shaped filter cake was dried in a drying cabinet for 5 hours at 50°C, for 3 hours
at 60°C and for 8 hours at 75°C to constant weight.

The green catalyst had the following composition:

Ni 37.8 % by weight
MgO 5.2 % by weight
Na,O 1.1 % by weight
CO; 6.0 % by weight
Support material 22.7 % by weight
Moisture 6.5 % 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 gases were passed over 2 kg of green
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oxi-de is 40 to 70% by wei ght, the hydr ogenati on catal yst lhgving a

surface area determ ned by BET of 80 to 200 nferr]/g andfaitq gl JO9r 899
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A weight loss of 0.76 kg was observed on reduction. .

With a total nickel content of 53% by weight, a degree of reduction of 72% was
determined in the reduced catalyst.

Application example 1
Hydrogenation of n-butanal

The catalyst prepared according to example 1, in the form of 6 mm pellets (250 ml),
is first brought to 120°C at a heating rate of 20°C/h in a stream of hydrogen of 730
standard I/h at 4 bar in a tube reactor provided with a heating/cooling jacket (inside
diameter: 32 mm). When 120°C is reached, 50 mi/h of n-butanal (liquid) are fed
into the vaporiser which is upstream of the reactor and through which 730 standard
I/h of H; flow, at a vaporiser temperature of 100°C. The Hy/butanal-vapour mixture
is heated to reactor temperature in a preheater upstream of the reactor. After 12
hours, the n-butanal feed rate is increased to 75 mi/h and after a further 12 hours
to 100 mifh. Then, the butanal feed rate is increased in increments of 25 ml of
n-butanal at intervals of 24 hours. During the increase in the butanal feed rate, the
preheater and reactor temperatures are simultaneously increased as follows:

n-Butanal feed Time Preheater/reactor

(mi/h) (h) temperature (°C)

200 24 123

225 24 126

250 continuous 128
operation

The amount of H, is kept constant during the start-up period and during continuous

operation.



2. A hydrogenation catal yst according to claim1, characteri - :
to. 10 atom c layers on the surface of the hydrogenation ﬁEﬂL;AQEWNFSHEE
cont ai n, determ ned by SAM anal ysi s, 18 to 30, preferatgg }o to

28, atom % Ni 1.2 to 3.0, preferably 1.5 to 2.5 atom % bl 399
to 4.8, preferably 3.2 to 4.5, atom % M. 03 A hydrogenati ¢ntcatal yst
according to either of clains 1 and 2, characterised in §hat the

metal I'ic nickel surface area is 100 to 130 nferr]/g N,
by chem sor ptfh%nh)?d(ro&é/ﬁgtﬁﬂ%?oduct obtained in vapour form is condensed and analysed.

The hydrogenation product comprises 99.9% by weight of n-butanol and contains
less than 0.1% by weight of unconverted n-butanal as well as < 20 ppm of

di-n-butyl ether as a by-product.

In addition to the hydrogenation product, about 0.4 kg of steam per kg of n-butanal
used is obtained at >1.8 bar during continuous operation (steam pressure

corresponding to the reactor temperature).
Application example 2
Hydrogenation of propanal

The catalyst prepared according to example 1, in the form of 6 mm pellets

(250 ml), is first heated to 125°C at a heating rate of 20°C/h in a stream of
hydrogen (730 standard I/h) at 3.5 bar in the same reactor system as in application
example 1. Propanal (liquid) is then fed into the vapdriser at an initial rate of

50 ml/h over a period of 12 hours. The propanal feed rate is increased at intervals
of 12 hours by 25 ml/h each time up to a rate of 150 mifh. When a feed rate of

150 mifh has been reached, the preheater and reactor temperatures are increased
to 128 to 130°C. The hydrogenation product obtained is condensed by cooling and
énalysed. It compriées about 99.9% by weight of n-propanol and < 0.1% by weight
of unconverted propanal. <100 ppm of 2-methylpentan-3-one and < 20 ppm of
di-n-propyl ether are analysed as by-products.

As in application example 1, it is also possible to obtain steam (> 1.3 bar) in the
hydrogenation of propanal with the catalyst according to the present invention.
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Application example 3

Hydrogenation of i-butanal

For the hydrogenation of i-butanal, the catalyst (250 ml) from example 1 was
heated to 120°C under H, under the same conditions as in application example 1.
50 mi/h of i-butanal were then fed in. The hydrogenation pressure (3.5 bar), reactor
temperature (120°C) and H; feed rate (730 standard I/h) were kept constant.

The hydrogenation product obtained comprised > 99.95% by weight of i-butanol
and contained < 0.03% by weight of unconverted i-butanal and < 20 ppm of
di-i-butyl ether. The hydrogenation of i-butanal on the catalyst of the invention

produced steam at > 1.8 bar.
Comparative example
Hydrogenation of n-butanal

250 ml of the commercial nickel catalyst 55/5 TST (HOECHST AG) in the form of
6 mm pellets are heated to 100°C at a heating rate of 20°C/h in a stream of
hydrogen of 730 standard l/h at 3.5 bar in the same tube reactor as in application

example 1.

50 mi/h of n-butanal_(liquid) were then fed into the vaporiser upstream of the
reactor, the vaporiser being at 100°C and having 730 standard Ith of H, flowing
through it. Prior to entering the reactor, the H,/butanal-vapour mixture is heated to

reactor temperature in a preheater.

After 12 hours the feed rate of n-butanal is increased to 75 ml/h, and is increased
at intervals of 12 hours each up to a rate of 150 mi/h. These reaction conditions
resulted in a hydrogenation product which comprised 98.9% by weight of n-butanol,
0.3% by weight of acetals, 0.3% by weight of trimeric aldolisation products of the
butanal, 0.1% by weight of hydrocarbons, 0.1% by weight of 2-ethylhexanol, 0.1%
by weight of di-n-butyl ether and 200 to 300 ppm of C,/C, esters.
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| east one of claims 1 to 4, characterised in that, in a REPLACEMENT SHEE
precipitation step, a green catalyst is prepared from nikk sart,

magnesi um sal t, sodi um carbonate and a support material,}jth

catalyst is slurried in alkali solution, &Pter removal gagmnme;ggg

| i qguor by separation and partial washing, separated fro t fmpeki-l
phase, dried and then the dried green catalyst is treated with

hydrogen until 42 to 83% by vveu? ht of the total nickel content 1S presemnt ———
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solution at a't erature from95 to 1 00[err] C and contfaining 0.5

to 0.8 nol /| hytrogeskel salt and 0.1 to 0.2 nol/l of magnesium sal t

is stirred into a 0.9 to 1.1 nmolar sodium carbonate solution at a

In contrast to the inventive catalyst, use of the commercial catalyst led to
considerable amounts of by-products even at 100°C. One particular difficulty in the
recovery of pure n-butanol is the distillative removal of the di-n-butyl ether, which,
as the ester content increases, leads to disproportionate losses of n-butanol.

A further disadvantage, compared with the catalyst accordihg to the present
invention, is the relatively high loss of valuable product (> 1% by weight) caused by
hydrogenolysis.

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

hydrogenclysis.

The same effects occur when the hydrogenation temperature is increased.

In comparison with the catalyst according to the present invention, the catalyst of
the prior art permits a maximum conversion of only 60% of the amount of aldehyde,

with the hydrogenation products obtained also 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 obtained.
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whi ch has been se the Suspension
in that said hydrogenation catalyst consists of

25 to 50 % by weight of nickel (metallic)
10 to 35 % by weight of nickel oxide

4 to 12 % by weight of magnesium oxide
1 to 5 % by weight of sodium oxide
remainder  support material,

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

30 to 60% by volume having a pore radius of <4 nm (40 A),

4 to 10% by volume having a pore radius of > 4 to 30 nm (40 to 300 A),
30 to 60% by volume having a pore radius of > 30 to 500 nm (300 to
5000 A).

2. A hydrogenation catalyst according to claim 1, characterised in that 5 to
10 atomic layers on the surface of the hydrogenation catalyst contain,
determined by SAM analysis,

18 to 30, preferably 20 to 28, atom % Ni
1.2 to 3.0, preferably 1.5 to 2.5, atom % Na
28t04.8, .preferably 3.2t0 4.5, atom % Mg.

3. A hydrogenation catalyst according to either of claims 1 and 2,
characterised in that the metallic nickel surface area is 100 to 130 m?/g Ni,

as determined by chemisorption of hydrogen.
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4. A hydrogenation catalyst according to claims 1 to 3, characterised in that it

contains aluminium oxide or silicon dioxide, particularly in the form of silicic

acid, silica gel, kieselguhr or siliceous earth, as support material.

5. A process for preparing the hydrogenation catalyst according to at least one
of claims 1 to 4, characterised in that, in a precipitation step, a green
catalyst is prepared from nickel salt, magnesium salt, sodium carbonate and
a support material, this green catalyst is slurried in alkali solution, after
removal of the mother liquor by separation and partial washing, separated
from the liquid phase, dried and then the dried green catalyst is treated with
hyd.rogen until 42 to 83% by weight of the total nickel content is present in

metallic form.

6. A process according to claim 5, characterised in that, in the precipitation
step, an aqueous solution at a temperature from 95 to 100°C and
containing 0.5 to 0.8 mol/l of nickel salt and 0.1 to 0.2 mol/l of magnesium
salt is stirred into a 0.9 to 1.1 molar sodium carbonate solution at a
temperature of 95'to 100°C until the molar ratio of Na,COs: (Ni+ Mg)=1:
0.60 to 0.65 and then the support material is immediately added within 0.5
to 5 minutes and the green catalyst formed is filtered off from the mother
liquor and partially washed with hot water, until the wash water which runs
off has a conductivity of 1500 to 2000 uS; the gréen catalyst is then
suspended in an amount of water 1 to 3 times that of the catalyst and
stirred with 0.06 to 0.08 mol of sodium hydroxide solution or 0.03 to
0.04 mol of sodium carbonate per mole of nickel used in the precipitation
step, and after 1 to 5 hours stirring at a temperature of 40 to 60°C the green
catalyst is separated off from the suspension.

7. A process according to either of claims 5 and 6, characterised in that the
green catalyst which has been separated off from the suspension and dried
is reduced at a temperature of 350 to 450°C by treating the dried green
catalyst with 0.5 to 5.0 standard m*/h of reduction gas per kg of green
catalyst, the reduction gas containing 80 to 100% by volume of hydrogen.




for the hydroge

of reduction gmused_p\kggf dried green catal yst. 9. | Py
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of the hydrogenati oh aa 5
that the hydrogenation catalyst is used at~“100 to 160[err]C.

8.

10.

n-butanal and i-butanal. 10f The use
cor ding to.claim9, characteribetd 23 JUli 1993

A process according to claim 7, characterised in that 1 to 3 stajdard m*/h

of reduction gas are used per kg of dried green catalyst. .

The use of the hydrogenation catalyst according to at least one of claims 1
to 4 for the hydrogenation of propanal, n-butanal and i-butanal.

The use of the hydrogenation catalyst according to claim 9, characterised
in that the hydrogenation catalyst is used at 100 to 160°C.
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Hydrogenatlon catalyst, a process for its preparation,
‘ and the use thereof

Abstract

The invention relates to a hydrogenation catalyst

comprising nickel, nickel oxide, magnesium oxide, sodium
oxide and a water-insocluble support material,

said
hydrogenation catalyst contalning

from 25 to 50% by weight of nickel (metallic)
from 10 to 35% by weight of nickel oxide
from 4 to 12% by weight of magnesium oxlde
from 1 to 5% by welght of sodium oxide
remainder support material,

where the -got:al of nickel and nickel oxide is from 40 to
70% by weight, -and having a surface area determined by
BET £rom 80 to 200 m'/g and a total pore volume deter-

mined by Kg porosimetry fzom 0.35 to 0.6 ml/g, with the
total pore volume being mdde up of

from 30 to 60% by volume having a pore xadius of = 40 4,
from 4 to 10% by volume having a pore radius of > 40 to
300 &, '

from 30 to 60% by volume having & pore xadius of » 300 to
5000 A.

A process for preparing the hydrogenation catalyst is
also provided, which process compriges preparing, in a
precipitation step, a green catalyst £rom unickel salt,
magnesium salt and sodium carbonate and glse a support
material, slurrying this green catalyst, after separating
off the mother liquor and partial washing, in alkalil
golution, mzeparating it from the liquid phase, drying and
treating the dried green catalyst with hydrogen until
from 42 to 83% by weight of the total nickel content is
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present in métallic form.

The hydrogenation catalyst of the {nvention i parti-
cularly suitable for the hydrogenal:i.on of propanal,
n-butanal and

i-butanal at temperaturas between 100 and
1l60°C.




