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Hydrogenation catalyst, a p=ocess for its prepa=ation, 
and the use thereo! 

'l'lle present invention =elates to a reduced hyd::ogenation 
5 catalyst comprising nickel, nickel oxide, magnesium oxide 

and a wate:r:-inaolu.ble support mate=ial. 

Catalysts Dased on nickel ~s active aatalyat component 
for the hydrogenation af aldehydea are part c~ the p=ior 

10 a:r:t. 

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

15 1) 

2) 
a molar ratio cf Si02/Ni = 0.15 - 0.35 

a ~olar ratio of (Kg; Ba)/Hi = O - 0.15, 

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

20 The known hyd~oger..ation a~talysts based on nickel can be 
uaed in the hydrogenation of aldehydes only at hydrogen­
ation tempe=atu=es up to about l00°C, since inc~easing 
hydrcge:a.atio:a. temperature leads to the formation of 
und.eu1ired Dy-products which can sometimes only be removed 

25 by a complicated distillation • 

It was therefore an ~jact of. the invention to provide a 
hydrogenation catalyst wh.i.ch ha.a high seleetivity and 
conversions of over 99.5% at high throughput rataa and 

30 hyd~o~enation te:mpe~at~~es abov~ l10°C. 

Thia obj eet is surprisingly aahiaved by means of a 

hydrogenation catalyst containing 

35 from 25 to 50\ by weight of nickel (metallic) 
from. 10 to 35% by weight o! nickel oxide 

f~om 4 to 12% by weight of magnesium oxide 
iii i1iurnnmr 
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from l to 5% ~Y weight of sodium oxide 

remainder support material, 

where .the t:otal of nickel and nickel oxide ia f:r:om 40 to 

5 70% ~y weight, and having ·• surface area 4ete:mined by 

BET from 80 to 200 m2/g and a total pore volume dete:r:­

mined ~Y Hg poromimetry from 0.35 to 0.6 mJ./g, with the 

total pore vol"Ume ~eing made up of 

10 

lS 

20 

25 

:::om 30 to 60 paraent by volume having a pore radiua 0£ 

s 40 !, 
from 4 to 10 percent by volume having a pore radius of 

> 40 to 300 1; 
from 30 to 60 percent by volwne having a pore radius o:e 
> 300 to sooo i. 

The hydrogenation aatalyat of the invention can alter­

natively and preferably have the fol1owing further 

c:haracteriaticm: 

a) !rem. ! to lO atomic layera en the surface cf the 

hydrogenation catalyst contain, detez:mined by SAM 

analysis, 
from 18 to 
from · 1.2 

30, preferably from 20 to 28, atom% Ni 

to 3 • 0, p:r:ef arably !rem 1. 5 to 

2.5, atom\ Na 

::from 2 1 8 tO 4, • 8 I pref eral)ly :e:r:om 3 • 2 to 
4.5, atom% Mg1 

30 b) the metallic nickel surface area ia, aa determined 

by ahemiso:p~:i.on of hyd1"cgen, from 100 to 130 m2/g 

35 

c) 

Ni; 

it concaina aluminwn oxide or silicon dioxide, 

particularly in the ~OZ'a of silicia· acid, silica 

gel, kieaelguhr or siliceous earth, as support 

:material. 

The invention f~rthar relates to a process for preparing 
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the hydrogenation catalyst:, which com.prises p:z:eparing, in. 

a precipitation step, a green aatalyat from nickel salt, 

magnesium salt and sodium carbonate and also a support 

material, slurrying this green catalyst, after aaparati~g 

s oft the mother liquor and partial washing, :L:a. alkal:L 

solution, separating it fro:= the liq\lid phase, drying and 

treating the dried green catalyst: with hydrogen until 

from 42 to 83' by wei~ht of the total nickel content :Ls 

present in metallic form. 

2.0 

15 

AD alternative mid preferred p:r:ooess method. is one 

wherein 

d.) in the precipitation step, an aqueous solution 

containing froa 0.5 to o.s mol/l of nickel aalt and 

o. l to O. 2 mol/l of magnesium salt and at a tempe::a­

tu:z:e from 95 to 1oo•c ia stirred into a from 0.9 to 

1.1 molar sodium aaJ:":bo~ate solution at a temperature 

from 95 to 100°C until tbs molar ratio of 

20 Na2C03 s (Ni + Mg) = l = frcm 0.50 to 0.65 and 

sUbsequently ... the aupport..·,material is immediately. 

added over a pe~iod of ~:-om o.s to 5 minutes and the 

green catalyst formed is filte:-ed. off from the 

mother liquor and partially washed with hot water, 

25 until the wash wate:- which runa off has a condue­

tivi ty from 1500 to 2000 ~s; the sreen catal~st is 

then suspended in from 1 to 3 times the amount of 

wate::z: a.De! admixed. by .stirring with from O. 05 to 

o.oa mol of sodium hydroxide solution or from 0.03 

30 to 0.04 mol of sodium ca~~onata par mole of nieke1 

used. in the precipitation step, and after from 1 to 

5 hou:-s' stirring at a temperature f:r:om 40 to 60°C 

the green catalyst is separated off from the 

su.11pension; 

35 

e) tha green catalyst which has been aeparat:ed. off from 

the auapension and d:-ie4 is reduced at a temperature 

f:-ODl 350 to 4S0°c :by t:r:eatiAg the dried green cata• 

lyst with from 0. S to S. 0 standard m" /h of :r:ed.uction 

._, 
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gas per kg of greezi aatalyst, the reduc:ticn gas 
containing from 80 to 100% by volume of hydrogen; 

from 1 to 3 standard m3/h of reduction gam is used 
per kg o! dried green catalyst. 

For Qette~ shapi=g, from o.s to 5% by weisht cf graphite 
may be added to the hydrogenation catalyst. 

10 'l'be h.lrdrogenation catalyst of the invention can be used 

fer the hydrogenation cf propanal and n-butanal and 

i-buta~al, preferably at frcm 110 to l&o•c. 

W:i.t:h the hydrogenation catalyst of the invention, the 

15 hydrogenation cf prcpanal and butanal can be carried cut 

with simultaneous generation o! steam u.nder preaaure to 
improve the ecoDomic:.s of the llyd:r:ogenation. :C:a. c:ompa:::Lson 
with'conventicnal hydrogenation catalysts, the hydrogen• 

aticn can be c:arried out at increased apace velocities 

2 0 over the catalyst £rom c • 8 to 1. a kg /b of aldehyde per k:g 
o:e oatalyst. 

The select.:5.vity is g:r:eater than 99. S!tJ, moatly greater 
than 99.9%; about 0.01% o~ the aldehyde ~sad :r:emains in 

25 the final product. Less than 0.1\ of the al.dehyde is 
converted into carbon monoxide, ethers, acetals and. 

esters. 

Zn the hydrogenation of n•l>utaz::i.al, the :fo=nation cf 

30 dibutyl ether ia below 50 ppm, allowing distillation of 
the final prod~ct to be omitted. 

35 

:tn the hydro;enatioz::i. cf n-p:r:opanal, the formation of 
dipropyl ether is below 20 ppm. 

'!'; "'~ 
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Analytical ~•thods employed 

1. 

3. 

4. 

s. 

83T determination of surface area 

Method for dete:rminin~ the BET total surface area 
according to .§runauer, j!:mmett: and ,'leller is des­

a:ri~ed in J. Amer. Chem. Soc. 50 (1938), page 309. 

J)et:ermi.nation of pore volume by liS" po:rosimet:y 
(total pore volume and pore distribution) 

'l'he method for the dete:mination of pore volume Q~ 
H~ po:rosimet:y up to 3900 bar according to 
B.L. Ritter, L.C. ~rake ia described in !nd. Bngng. 

chem. analyt. Edit, 12. (1945) 782. 

Determination o: surface area by ehemisorption 

The method :fer det:ermining· .. the su:faae--area of the 

:nickel by ahemiaozpt;:i.cn, viz .. t:he amount of hydJ:ogen 

adsorbed at: 2o•c, :Ls desc::ibed in i1. of Catalyaia !! 
(1983) 204 and!§. (198S) 51?. 

net:ermination of pore radius 

~he method for the detezminaticn cf pore rad.ius is 
desar.:U:~G1d by B. J. Gregg", 1t. S. W. Sing, Adaol:'pt.ion 
Surface ~ea an4 Porosity, Academic »ress New York­
wondon (1961), pages 160 to 182. 

Surface analysis by SAM apeatroscopy (.l,caz=.ing Aue-er 

Hic:roprobe) 

The analyses were carried out with a SAM spectrc­
meter model PBl 660 f:om Parkin-Elmer. 

The samples to be analyzed we:e evao~ated down to a 
vac:uum of :s 1 x 10·1 t.orr i:n a sample e1ba:iher by 

means of a turbomoleeular pump. 

!"' ... ,.._ I /" C """' 
;I~:· I'// --· "' .... ""· :.. .. '-~ .~. -~ ........ ? ~ i r. t ~ ~ -" ..... e 

THIS SHEET HAS BEEN 
REPLACED 

2 2. F: b. 21 : 5 0 



- 6 -

Azi electron gu.n produced an electron beam whicb was 
fired at the sample. Because of atrong charging of 
the samples by the atream of eleatrans, Xt1LTIPLEX 
meaaurem.enta were carried cut at S dif ~arent points 

5 en aaeb. sample, oiily the ane:z:ogy ranges of t.he 
elements to be expected being scanned, so as to 
achieve aa short as poasihle a measurement time. 

The SAM analysis method ia daaeribed. in 11 Jilrae1tioal 
10 surface analysis by Auger and X-ray pl:Lotoalectronic 

spectrosaopy11 by :o. B:-iggs and M. Seah, John Wiley 
and Sons, New York, Loadon (1983), pages 217 ~f. and 
283 ff. 

15 The measurement and analysis cf the AUGZR elect~ons 
emit.tad. !rem the sample was.aarried out hy means of 
a cylindriaal mirror analyzer. 

The following conditions we:z:oe selected in the 
20 analyaea: 

25 

Energy resolution (B/B): 

Activation energy: 
Lateral resolution: 

0.6 's 

10 kV/10 mA 
about 220 mu 

The quantitative evaluation was based on the sensit­
ivity factors of the pure elements, which are 
published in •Han~ook of Ausier Spect:i::oscopy11

• 

30 The corresponding values for the elem.ants nickel, 
sodium. and magnesium were measured and evaluated. 

Properties ·of tba hydrogenation catalyst 

35 The specific physic:al and chemical properties of the 
hydrogenation catalyst, which in the final analysis are 
the p'rerequisi te for its a.dvan tageous hyclrogana ti on 
behavior, are essentially a.c::biaved :by the fo1lowing 
features and measures in the preparation. 

?? !,'~".. :· ·?? 
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ln the precipitation step, the joint precipitation of 
mixed basic nic:kel-:magz:i.esiw:a. c:a:a:bcnate and the deposition 
tha:eof on the suppo:a:t :material occur. The p:a:eaipitation 
conditions are selected so that the p~oportion o! the 

S precipitate camprising basic magnesium carbonate is 
present in aa sparingly solul:;)le a foZ'm as poaaible. 

The ~reen catalyst obtained in the precipitation step ia, 
according to the invention, only partially washed so that 

10 little precipitated basic mag'Z1esium earbcnate is washed 
out of the green catalyst. 

The inventicn includes the controlled. sW>sequent alkaliz­
ation of the partially washed green catalyst, whereby the 

15 required enrichment of the catalyst surface with alkali 
ia achieved.. 

The drying cf the green catalyac is not critical. lt can. 
be c:a:ried out within a :elatively broad-:ange of d:yin~ 

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

What is c~itical and. inventive is the reduction of the 
9reen catalyst to the hydrogenation catalyst. The reduc-

25 tion ia to be carried out in auch a way that maintenance 
of the temperatu%e at from 350 to 4S0°C and a hydrogen 
flow rate from o.~s to 0.75 m/s res~lta in only a partial 
reduction of the nickel-containing component. A degree of 
reduction frczn. 42 to 83% has proven to be advantageous. 

30 

Wb.en used in fixed-bed hydrogenation, the green catalyst 
is shaped p~ior to drying, for example into extrudate, 
dried, reduced and used in this form or stabilized after 
reduction by treatment with small amounts of 03 in N2 in 

35 a known manner (H. Blume, w. Naundcrf and A. W:ubel, 
Chem. Tecbn., volume 15 (1963), page 583). 

It has been found that: acd:i.um. depletion of t:he surface of 
tha hyd.rcgena.t:i.on catalyst cauaea an increase in cleavage 

R . . "' 
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and secondary reactions which lead to loss of valuable 
pzioducts. 

Excessive sodi\m\ c:onc:ent:r:ations at the surface of the 

5 hydrogenation catalyst results in an increasing decline 
in the hydrogenation activity. In ad.cl:Ltion, there :i.s a 

tendency to fo:r:m aldo1ization produets. 

Magneaium depletion of the surface of the hydrogenation 
10 c:atalyst leada to an altered pore structure which is 

unfavoziaale CQmFa:r:ed with the catalyat of the invention 
and to an i~crease in the catalyst activity which leads, 
in pa:r:tic"Ular in the hydrogenation temperature range 
above l00°C, to the formation of undesired by-products, 

15 in particular o~ cleavage products; a large magnesium. 
exaeaa cauaes inactivation a~d thus lcwer perfo:rmanc:e of 
the hydrogenation catalyst. 

The sodiu.m content in the surface layer is required :i.n 
20 the hydrogenation catalyat for controlling the select• 

ivity and thus for supp:iessi11g cleavage and secondary 

reactions. The increased sodium eonoeDtratioD in t:he 
surface layer :Ls achieved by slurrying' the greeZl aatalyst 

in an alkali solutioD. 
25 

~he examples below serve to elarify the present invention 
without limiting it. 

/"' ""' ..._ . ,... . ,.. .. 
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Example 

Preparation of the hydrogenation catalyst 

5 1906 g cf Ni (N03 ) .a•SH10 and. 355 .6 9' of Mg" (N03 ) 2•6H20 are 
dissolved in 10.4 1 of water at 99°C. 
In a stirred reactor, 1500 g of anhydroua Na2C02 are 
dissolved in 14 l of water at 99°C. 

10 While stirrins vigorously, the Ni·Mg solution is then 
allowed. to run at a uniform rate into the sodium 
carbonate solution over 3 minutea. 230 g of kieselgu_hr 
are added in powder form and the suspe:is1on formed is 
first stirred for a further 3 minutes and subsequently 

15 filtered. The :!ilter cake ia waahad with 27 1 of water at 
a temperature of 70°C. 'l'he last wash water Z"Umling off 
had a conductivity cf 1800 ~s. 
'rhe filter ealce was suspended in 6000 s of O .25\t; by 
weight strength sodium hydroxide solution and. at.irred for · 

20 2 hours at 50°C and filtered en a filter press. The 
filter cake is treated with-eompreaaed air for 1 minute. 
The moisture content of the filter cake was 82% water. %n 
this form., the filter cake was formed into pellets 
(5 mm s). ~he shaped filter cake was dried in a dJ:'ying 

25 cabinet to~ 5 houra -~ 50°C, 3 hours at 60°C and fer a 
hours at 75°C to ao~stant weight. 

The green catalyst. had the following analysis: 

30 N'i 
MgO 

NaaO 

C03 

Support material 
35 Moisture 

:Sulk density 

37.8 % :by weight 
5. 2 " b)"' weig"ht 
l.l % by weight 
6.0 's by weight 

22.7 ' by weight. 
fi, 5 '& by weight 

530 g/l 

'l'he green catalyst was ~ed~aed at 42S°C over a period of 
4 hours. Per this purpose, 6 standard m3/h ot reduction 

_1 ___ _ 
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gas ware paased ever 2 kg of g:-een palletized catalyst. 
'l'he reduction gas comp•ised 99.5% by volume of hydrogen 
and 0.5% by volume cf nitrogen. 

5 A weight lo•• of 0.76 kg was obse:i:ved on reduction. 

For a total nickel content of Slt by weight, a degree of 
:-eduction of 72% was dete:mine4 in the reduced catalyst. 

10 ApplioatioD Bxample l 
Hydrogenation of n•butanal 

'l'he catalyst prepared according to Example l, in the fcrm. 
of & mm pellets (250 ml), is first brought to 120°0 at a 

15 heating J:"ata o~ 20°C/h. i::a. a stream cf hyd:-ogen of 
730 standard l/h at 4 bar in a tube reactor provided with 
a heating/cooling jacket (internal 4.:i.amater: 32 mm) • 
After reaching 120°C, SC ml/h of n•butanal (liquid) are 
fed into the vapcrimer which is upstream of the reactor 

20 and through which 730 standard l/h of Ha flew, at: a 
vaporizer tmz;Jerature of l00°C. 'rhe H2/:but.a.na.l-va.por 
mixture is heated to :eactor temperature in a preheater 
upstream 0£ the reaato~. After 12 hours, the n-butanal 
feed rate is inc:eased to 75 ml/b aD4 after a further 

25 12 houra increased to 100 ml/h. 'l'he~eafter, the butanal 
feed ia inc:reaaed. in at.epa o! 25 ml of n-butanal at 
inte:vals of 24 hcura. :During t.he increase in the .bu tan.al 
!eed, the p:eheater iUld. reaator tempera~ures a.re simul­
ta.neoualy increased as follows1 

30 

35 

n·Butaual feed 
(ml/h) 

200 
225 

250 ---·-----·--·-·----

24 

24 

continuous 
operation 

Preheater/reactor 
temperature 

(OC) 

133 

136 

128 

1 
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The amount of Ka is kept constant: during the :unning-up 
period and during continuou• operatio~. 
The hydrogenation product obtained in vapor form is con­
densed and analyzed. 

5 The hydrogenation product ccmpriaea .99. 9t by wa:!.g.At of n­
autanol and containa leaa than 0.1% by weight of uncon­
verted D•butanal as well as < 20 ppm of diMn-hutyl ether 
aa by-product:. 

Xn addition to the hydrogenation product, about 0.4 kg of 
10 steam per kg of n-butanal used is obtained at > l.8 Qar 

during aont:t.nuo\1.11 ope:r:atio1:1. (steam p:"essure aorZ"esponding 
to the reactor temperature). 

Application Example 2 
15 Hydrogenation of propanal 

The catalyst prepai:ed according to Example l, in the form 
of 5 mm pellets (250 :ml), is first heated to 12S°C at a 
heating rate cf 20°C/h in a stream of hydrogen 

20 {730 standard l/h) at 3.5 bar in the same reaetor aystem. 
·as in Application B~iUllp1e l. Propanal (liquid) ia then 
fed into the vaporizer at an i~itial rate of SO ml/h £or 
a period of 12 hours. 'rhe propanal feed rate is increased 
at intervals of 12 houZ"s ~Y 25 ml/h each time up to a 

25 rate of 150 ml/h. on reaching the feed rate of 150 ml/h, 
the preheater and reactor temperatures are increased to 
from 128 ~o 130°c. The ~ydrogenat.ion produ~~ obtained is 

·condensed by cooling and analyzed. l~ comprises abo~~ 
99. 9% l;)y weighe o! n-propanol and < 0 .1'5 by weight. of! 

30 unconvei:ted propanal. By•pro4uots detei:mined are 
< 100 ppm of .2-methylpentan-l•one and< 20 ppm of di·n­
propyl e the:r. · 
Aa :i.n Application Example 1, ii: :i.a also possible to 
o~tain steam (a 1.3 bar) in the hyd~oge~ation of propanal 

35 with the catalyst of the invention. 
----------------

Frint 
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Application Example 3 
Hydrogenation of i·butanal 

iii 1i1iurnr1~r 
Fer the hydrogenation cf i-butana.1, the oatalyst (250 ml) 

5 from BxmDple 1 was heated to 120'C under Ha under t.he 

same conditions as in Application Example l. S'W.>se• · 

qu.ently, SO ml/h of i-butanal were fad in. Hydrogenation 
~ressure (3.5 ~ar), reacto: temperature (120°C) and B3 

feed rate (730 standard l/h} wel:'e kept constant. 
10 The hydrogenation product obtained comprised a 99.95% by 

weight of i-butanol and contained s 0.03% by weight of 

unaonvel:'ted i·butanal and < 20 ppm of di•i•butyl ether. 
The hydrogenation o:f 1-butanal en the catalyst of the 

invention save steam at a l.B bar. 
15 

Comparative Bxample 
Hydrogenation of n-butanal 

. :i:n the aame tube reactor as in Application Example 1, 
20 250 ml of the commercial nickel catalyst 55/5 TST 

(HOECHST AG) in the f o:-m of 6 mm pelleta are heated to 

. ioo•c at a heating rate of 20°C/b. in a stream of l::l.ydrogen 

of 730 standard l/h at 3.5 bar. 
SO ml/h of n-butanal (liquid) were then !ed into the 

25 vaporiser upst:eam of t:ha reaator, the vapcri2er being at 

ico•c and having 730 standa:d l/h of H2 flowing through 
it. Prior to enterin~ the reacto~, the B2 /butanal•vapor 

·mixture is heated to reactcr temperature in a preheater. 

After 12 hou:s the faed rate o! n-butanal ia increamed to 

30 75 m.l/h, and is increased at intervals of l.2 ho\U's ~P to 

a rate of 150 :ml/h. 'l'hese reactiou cond:l.t:l.on.s :oesulted in 
a hydrcgenatioA product which comprised 98.9% by weight 
of n-cutanol, 0.3% by weight of aeecala, 0.3\ by weight 
of trimeria aldoliza~ion products of the butanal, C.1% by 

35 weight: of hyd:r:ocarbons, O.lt by weight cf 2-ethylhexanol, 

O .19' by weight of di .. n-~utyl ether and from 200 .tc 
300 ppm of c,/c, esters. 
Of the n-butanal used, from 1.0 to 1.2% ~ weight were 
converted Yia hyd.rogenolysis into propane azid methane 

1)~; •• T:-. 
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which are contained in the outflowing hydrogenation 
hydrogen. 

%: cont~ast to the catalyst o~ the invention, use of the 
commercial catalyst gave considerable proportions of by-

s products even at 100°C. A particular difficu1ty in tha 
isolation of pure n-butanol 'is the distillative removal 
of the di-n-:butyl ether, whieh with increasing" ester 
contents leads to disproportionate losses of n-butanol. 
A further disadvantage, compared with the eatalyat of the 

10 invention, is the relatively high loaa of desired product 
(> 1% ~y weight) eauaed ~Y hydroge~olysis. 

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 cleavage products as a result of 
hydrogenolysis. 
'l'he aame effects occur on raising the hydro;-enation 
temperature. . 
:en compa:-:Lson with the eatalyat ,.of .. the invent.ion,· ... ·the 

20 catalyst of the prior a:r:t em.ables a maximum e1onversion of 
only 60% of the ~ount of aldehyde, with the hydrogen• 
ation products obtained also being more eontaminated. 

A further disadvantage is the limiting of hydrogenation 
25 tempe:atu:a to a maximum 0£ 1oo•c, at which no usable 

steam can be o~tained • 

.... 
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Hydrogenation cat~lyst, a pzaocess for iti preparation, 
and the use thereof 

WHAT %S CLA:CXBD ISi 

1. 

2. 

A hyd:z.oogenatio~ catalyst compzaisi~g nickel, nickel 
oxide, magnesium oxide, sodiWll. oxide and a water­
insol'\able support material, said hydrogenation 
catalymt containing 

f:rom 25 to 50 % by weight o! nickel (metallic) 
from 10 to JS % :by weight cf nickel oxide 
f:r:om 4 to 12 !1s by weight of magnesii.m ox:Lc:le 

f :rom 1 to 5 % by weight of sodium oxide 
remainder support material, 

where the total c! nickel and niokel oxide is from 
40 to '70% :by weight, and haviDSJ a su:rface area 
determined ])y BZ'l' from 80 to 200 m2/s a:a.d. a total 
pore volume dete:mined by Hg poroaimetry ~rom 0.35 
to 0.6 ml/g, with the total pore volume being made 
up of 

from 30 to &O percent l:>y volume having a pore radius 
o::f s 40 1, 
from 4 to 10 percent. by vol'Wlle b.aviZJ.g a poZ'e rad.i.us 

of > 40 to 300 1, 
from. 30 to SO percent by volume having a pore radius 
of > 300 to 5000 A. 

A hydrogenation catalyst as claimed in claim. 1, 

wherein 5-10 a tomiC! layer a on the su:rfacua of t.he 
hydrogenation catalyst contain, dete:cnined cy SAM 
analysi•, 

f :cm. 18 to 

from. 1 . .2 

30, pre~e~ably from 20 to 28, atom.% Ni 
to 3. 0, pre:f erably from 1. S to 

2.s, a.tom% Na 
from 2.a to 4.8, 
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preferably f:rom 3 .2 tc 
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A hydrogenation catalyst as claimed in either of 
claims 1 and 2, whe:ein the metallic nickel su:face 
area is, as deteniinec:l by ahemisozption of hydrogen, 
:~om 100 to 130 m2/g Ni. 

A hydrogenation catalyst aa claimed.in any cf claim.a 
l to 3, which contains alimin"WD oxide or silicon 
dioxide, particularly in the form of silicic acid, 
silica gel, kiesalguhr or ailicecua earth, as 
support material. 

A process fo~ preparing the hydrogenation catalyst 
aa claimed in at least one cf claims l to 4, which 
cam.prises prepari:g, in a precipitation st:ep, a 
green catalyst from nickel salt, :magnesium aalt and 
sodium carbonate and also a support JDaterial, 
slurrying this green catalyst, after separating off 
the mother liquor and partial wasll.ing, in alkali 
solution, separating 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 prese:t in metallic form. 

'l'he procesa aa claimed in claim S, wherein, in the 
precipitation step, an aqueous solution containing 
from Q. S to O. S mol/l of nickel salt and. 0 .1 to 
o .2 mol/l of magnesium salt a~d. at a temperature 
from 95 to 1oo•c ia stirred into a from 0.9 to 1.1 
molar sodium ciaroonate solution at a tempe::-at:.ure 
from 95 to 1oo•c until the molar ~atio of 
Na2C:03 : (Ni + Kg) • l s from 0. 60 to 0. 65 and 
s~sequent.ly the sup51ort material ia immediately 

35 added ove~ a period. of from 0. S to 5 minute• and. the 
green catalyst fozmed is filtered of:!: f::-om the 
mother liquor and partially washed with hot water, 
until the wash water whieh runs off has a condue­
tivi ty from 1500 to 2000 µS; the green ciatalyst is 
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then suspended in from 1 to 3 times the amount of 
water and admixed by s tirr:S.ng with f ro:m O • O 6 to 
o.oa :mol of sodium. hydroxide solution or from 0.03 
to 0.04 mol of sodium carbonate per mole of nickel 

5 uaed in the precipitation step, and after from 1 to 
5 hours' st:irrin; at: a temperature from 40 .to so•c 
the green catalyst is separated off from tne 
suspension. 

10 '· 
The proceaa as claimed in either of claims s and S, 
wherein the green catalyst which has been separated 
off from tAe su•penaicn and dried is reduced at a 
temperature from 350 to 450°C by treating the dried 
green cataly11t with !ram O. S to 5. a standard. m3 /h of 

15 reduction gas per kg of green cata1yst., the reduc­
tion gas c:ont.aining :from 80 to 100% by volume of 
hydrogen • 

20 

25 

a. 

. 
'n:ie process as claimed in claim 7, whe::r:ein f:c-om 1 t.o 
3 standard m3/h of reduction gaa are used per kg of 
dried green catalyst •. 

S. A method. of using the hyd~ogenatio11 catalyst: for the 
hydrcgen.ation o~ p~opanal, 11-hutanal and i~butan.a1. 

10. A method. of using the hyd.z:osenat:ion catalyst as 
claimed in claim 9, whe=ein the hydrogenation cata­
lyst is used. at f~cm 100 to 160°0. 
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