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To all whom it may concern.:

Be it known that we, Carw Boscr, ALwin
Mrrrascn, and CarL Kravcw, citizens of
the German Empire, residing at Ludwigs-
hafen-on-the-Rhine, - Germany, have in-
vented new and useful Improvements in the
Hydrogenization and Dehydrogenization of
Carbon Compounds, of which the following
is a specification.

Our invention relates to the hydrogeniza-
tion and dehydrogenization in the presence
of a catalytic agent of compounds contain-
mg carbon, and to catalytic mixtures by
weans of which the said hydrogenization
and dehydrogenization can be carried out
rapidly, with certainty and at compara-
tively low temperatures. We have discov-
ered that these advantages can be obtained
by employing as the catalytic agent an in-
timate mixture of a common metal, in par-
ticular iron, nickel, cobalt and copper
(which we hereinafter refer to as the cata-
lytic metal), with a precipitated difficultly
reducible oxygen-containing compound of
a metal which is capable of forming only
a weak basic oxid. In particular we men-
tion the oxids and oxXygen-containing salts
of the earth metals, including the rare
earths, (see Zedtschrift fir Ele strochemie,
vol. 17, p. 633), and of beryllium, magne-
sium, manganese, uranium, vanadium, co-
lumbium, tantalum, chromium and titanium.
All of these oxygen-containing compounds
which promote the activity of the catalytic
metal, we refer to hereinafter as “pro-
moters.”

In order to obtain the advantages of this
invention it is necessary to effect an inti-
mate mixture of the catalytic metal and the
promoter, and it is not sufficient merely to
fill the components, for instance, nickel and
alumina, side by 'side, into the reaction
space. For instance, good results can be
obtained by precipitating the hydroxids,
oxids or carbonates of the components to-
gether from a solution contalning salts
thereof; or mixtures of the said salts, for
instance, the nitrates of the components can
be heated until a molten condition is ob-
tained. Further, the mixture can be ob-
tained, although not always with equal cer-
tainty and excellence, by mechanical opera-
tions, such as grinding together as finely as
possible, or by kneading in a moist state.
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If necessary, the mixture is subsequently
heated and reduced so that in every case the
catalytic metal, that is to say iron, nickel,
cobalt or copper, is.obtained in a metallic
condition, while the promoter always retains
more or less oxygen. When the promoter
1s to consist of an insoluble oxid such, for
instance, as aluminium oxid and titanium
oxid, it is preferred to start from a soluble
compound thereof, and to precipitate the
insoluble oxid on the catalytic metal, or on
the compound from which the catalytic
metal is to be prepared. For instance, if
aluminiumn acetate be employed to yield the
promoter, namely aluminium oxid, the said
acetate can be merely heated in the presence
of the catalytic metal or compound thereof,
so that the acetic acid is driven off, or de-
composed, and the alumina remains. If in-
soluble salts, such for instance, as chromates
be employed as promoters, these are prefer-
ably brought into intimate mixture with the
compound which is subsequently to give rise
to the metallic catalytic agent, by precipita-
tion from solutions of suitable soluble salts
or other compounds. The salts which act as
promoters may contain the oxid to which
the promoting action is ascribed either in
the acid, or 1n the basic constituent, or in
both the acid and the basic constituent. We
mention, calcium aluminate, aluminium
phosphate and magnesium aluminate as in-
stances of these three types.

It is particularly advantageous for the
purpose of preparing a very active contact
mass to prepare, at least the catalytic metal,
from carbonaceous salts or mixtures of salts
thereof, for instance, from carbonates or
from formates. The action of the catalytic
mixture can further often be increased by
adding an alkali metal compound, for in-
stance, caustic soda; even traces of such
compounds have often a favorable action.
It is further often useful to add to the mix-
ture, bodies of inorganic or organic nature,
which act either as carriers, or as binding
agents, or which increase the porosity of the
contact mass. We mention, for instance, as-
bestos charcoal and pumice. It is advisable
however, to avoid the introduction of bodies
such as chlorin, sulfur, arsenic and lead,
which may in the elementary form act as
contact poisons, although the new contact
mixtures according to the present invention,
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are not so sensitive to the action of poisons
as are the pure metals. Tt is consequently
possible to employ as a promoter, a salt
which contains one of the poisonous ele-
ments, but in which the poisonous action is
counteracted by the promoting influence of
the oxid; for instance, basic aluminium sul-
fate, possesses a strong promoting action.
The catalytic metal can be employed
either in a state of fine division, or in a more
compact form, such as wire netting, or wool,
or in sheet form.

Instead of employing only one of the
above mentioned oxids, or other oxygen
compounds, a mixture of two or more may
be added to the catalytic metal.

The proportion of the components em-
ployed in the catalytic mixture may be con-
siderably varied, even an addition of one
per cent. or less of the said promoters often
producing favorable action. It is generally
preferred, however, to add larger quantities
of the promoter, say from ten to twenty per
cent. or even more.

In those cases in which reduction has to be
resorted to in order to obtain the catalytic
metal, such reduction is preferably carried
out by means of pure hydrogen or other suit-
able agent at as low a temperature as pos-
sible, and if the catalytic mixture, after
having been reduced with hydrogen, has to
be exposed to the air, it is generally advis-
able previously to drive away any excess of
hydrogen by passing an indifferent gas such
as carbon dioxid over the mixture and thus
avoid even superficial oxidation of the metal.

The catalytic mixtures according to this

invention can be used for the hydrogeniza-

" tion and dehydrogenization of compounds
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containing carbon and of particular value
for the hardening of fats and fatty acids,
but they can also be used for other purposes,
for instance, for converting phenol into cy-
clohexanol and for reducing nitrobenzene to
anilin, and for the conversion of oxids of
carbon into hydrocarbons.

The catalytic reaction according to this
invention can be carried out either at ordi-
nary pressure or under increased pressure,
for instance, above 50 atmospheres, and in
most cases proceeds sufficiently rapidly at
temperatures considerably below 180° C.

The process of the present invention is of
great importance. It has indeed been pro-
posed-to employ mixtures of metallic nickel
and the like with sodium hydrate, sodium
chlorid, barium chlorid, sodium nitrate and
sodium sulfate, for the catalytic dehydrog-
enization of various compounds; the action
of such mixtures is, however, relatively
small compared with that of the mixtures
according to the present invention, and
moreover, the employment of strong bases
is often detrimental, for instance, in the
case of hydrogenization of fats, since they
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tend to saponify the fats, and very soon dis-
appear from the contact mass. On the other
hand, when empleying promoters according
to our invention, that 1s to say, promoters
which have not a strong basic action, con-
tact masses are obtained which are charac-
terized by a strong and more or less perma-
nent action. Of course, for different proc-
esses of hydrogenization and dehydrogeniza-
tion according to this invention, different
mixture of catalytic metals and promoters
may be preferred in particular cases.

The following examples will serve to illus-
trate further the nature of this invention,
which, however, is not confined to these ex-
amples. The parts are by weight.

Exomple 1.

Dissolve a mixture of 15 parts of nickel
nitrate and 1 part of beryllium nitrate, pre-
cipitate while hot with soda, filter off the
precipitate, and wash and dry it. Then at a
temperature of 250-300° C. pass a mixture
of gases containing one volume of carbon
monoxid and three volumes of hydrogen
over the mixture until the reduction of the
nickel oxid is complete, and the conversion
of the carbon monoxid into methane is tak-
ing place. The temperature can then be re-
duced to about 150° C. or even less without
the catalytic agent becoming inactive. If
desired, the entire reduction of the nickel
oxid can be carried out with pure hydrogen.
The precipitation can, for instance, be car-
ried out by means of alkali hydroxid. In-
stead of beryllium nitrate, zirconium nitrate
or thorium nitrate, can be employed.

Eaample 9.

Pour an aqueous solution of 1 part of
aluminium nitrate over 5 parts of nickel ox-
alate, evaporate the mixture and dry and
reduce it mn a current of hydrogen at from
300-350° C.

Then intreduce the nickel containing alu-
mina, while excluding air, into a shaking
vessel provided with a stirrer, the said ves-
sel containing fish oil or other suitable oil,
which may have been previously purified.
On treatment with hydrogen at, for in-
stance, 100° C., hydrogenization takes place
considerably more rapidly than if pure
nickel were employed as the catalytic agent.
Instead of aluminium nitrate, cerium ni-
trate or cerium ammonium nitrate can be
employed.

Ewxample 3.

Precipitate a hot solution containing nickel
nitrate and aluminium nitrate with potas-
sium carbonate, wash the precipitate, dry it,
heat it to 300° C. and reduce it with hydro-
gen. Then place the catalytic mixture with
soy bean oil in an autoclave, while avoiding
the presence of air, heat to 80° C. and allow
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hydrogen to act at a pressure of twenty at-
mospheres while suitahly mixing the con-
stituents, ’ :

The hydrogenization takes place very rap-
idly. If desired the pressure can be in-
creased, for instance, up to 50 atmospheres,
or higher. In this example, if iron nitrate
be employed instead of nickel nitrate, good
results can be obtained. The reduction to
metallic nickel or iron can be carried out in
the autoclave itself, for instance, at 250-300°
C. and 80 atmospheres pressure,

Example 4.
Mix 13 parts of nickel hydroxid with 2

- parts of magnesium hydroxid, and warm
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-soda, then filter, wash,

them gently with concentrated formic acid
which 1s free from sulfur, until the formates
are obtained. Heat the mixture gently, and
then treat with hydrogen at 300° . On
treating olive oil with hydrogen in the pres-
ence of this catalytic mixture at say from
80-100° C. a more rapid hydrogenization is
brought about than is the case when ure
nickel is used. In this example the hydrox-
ids can be replaced by the corresponding
carbonates if desired, and carriers for in-
stance, pieces of clay can be employed, these
being soaked in a melt or solution of nickel
salts, preferably of the soluble double salts,
such as nickel ammonium formate or am.
moniacal nickel carbonate solution, together
with the promoter, and then treated as here-
inbefore described.

Example 6.

Bring nickel wire netting into the form of
loose spheres, rolls or the like, and clean
these with pure dilute nitric acid, then wash
them and moisten with a moderately concen-
trated solution of aluminium nitrate, then
dry and treat with hydrogen at from 300-
mass containing alu-
mina ¢an, for Instance, be employed for the
hydrogenization of linseed oil, which can
be allowed to trickle over the catalytic agent
while the hydrogen is supplied, and a con-
siderable or even complete hardening is ef-
fected.

Example 6.

Dissolve 85 parts of nickel nitrate and 15
parts of titanium lactate in a small quantity
of hot water and preci
ry and reduce with
hydrogen at 300° C. add ‘the catalytic mix-
ture containing titanium-oxid to cotton seed
oil; and then treat with hydrogen at from
100-120° C. while inaintaining the mixture
in a state. of motion.

If desired, the reaction can be carried out
under increased pressure, for instance, 10¢
atmospheres, and in this case the hydrogeni-
zation takes place very rapidly and com-
Pletely even at a temperature of 90° C. or

itate by means of

3

lower. Further, the Process can be 'made
continuous by allowing the oil to flow over
the catalytic agent in a vessel capable of
withstanding pressure while simultaneously
passing a current of hydrogen * into or
through the apparatus. ~The product is
drawn off while hot and allowed fo solidify.

R Ezample 7.

Add 2 parts of dissolved potassium alu-
minate to a solution containing 30 parts of
nickel nitrate and 13 parts of calcium ni-
trate and introdiice the whole into a boiling
solution of sodium carboiate. Then filter,
wash well, dry and reduce. The nickel
catalytic agent containing calcium aluminate
can ge employed for hydrogenization pur-
poses, for instance,
mnto an eil resulting from cracking petro-
leum residues and which is rich in unsatu-
rated compounds, whereupon hydrogen is
allowed to react at 5 temperature of 100° C,
and at a pressure of 80 atmospheres. The
iodin number is rapidly reduced and at the
same time the color and unpleasant odor
diminish.

In a similar manner other contact mix-
tures can be employed, which contain as a
promotor, for instance, calcium vanadate,
barium chromate and barium tungstate, or
the compounds which result by the reduction
of these compounds;

Now what we clain is:—

1. The process of hydrogenizing com<
pounds containing carbon by trﬁ}ting such
compounds with hydrogen in-the presence
of a heated intimate mixture of 8 common
metal acting as a catalyzer for the said re-
actions, andg a precipitated difficultly reduci-
ble oxygen-containing compound of a metal
which 1s capable of forming only a weak
basic oxid. ‘ B

2. The process of hydrogenizing com-
poiunds containing carbon by treating such
compounds with hydrogen in the presence
of a heated intimate mixture of s metal of
the iron group and a precipitated difficult!
reducible oxygen - containing compoun
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which is capable of forming only a weak .

basic oxid.

8. The process of hy&rogenizing com-

" pounds containing carbon by treating such

compounds with hydrogen in the presence of
a heated intimate mixture of nickel and a
precipitated difficultly reducible OXygen-con-
taining compound of a metal which is ca-
pable of forming only a weak basic oxid.
4. The process of

compounds with hydrogen in the presence
of a heated intimate mixture of nickel and g
precipitated oxygen - containing compound
of aluminium,

6. The process of hydrogenizing com- -

pounds containing carbon by treating such

hydrogenizing com-.
‘pounds containing carbon by treating such
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compounds with hydrogen in the presence
of 8 heated intimate mixture of nickel and
aluminium oxid prepared by precipitation.
6. The process of hydrogenizing com-

5 pounds containing carbon by treating such

compounds with hydrogen under a pressure

exceeding that of 50 atmospheres, in the
presence of a heated intimate mixture of a
common metal and 2 precipitated difficultly
10 reducible oxygen-containing compound of a
metal which is capable of forming only .a
weak basic oxid.
7. The process of hydrogenizini unsatu-
rated oils by treating them with hydrogen
15 in the presence of a heated intimate mixture
.of a common metal acting as a catalyzer for
the said reactions and a precipitated diffi-
cultly reducible oxygen-containing compound
of 8 metal which is capable of forming only
20 a weak basic oxid.

8. A catalyst comprising co-precipitated
nickel and s difficultly reducible oxygen com-
ound of a metal which is capable of forin-
ing only a weak basic oxid; said nickel hav-
ing the catalytic powers of nickel reduced
at temperatures around 300° C.

9. A catalyst comprising co-precipitated
nickel and afumina, said nickel having the
catalytic powers of nickel reduced at tem-
perature$ around 300° C. .

In testimony whereof we have hereunto
set our hands in the presencé of two sub-
scribing witnesses.

CARL BOSCH. .
ALWIN MITTASCH.
CARL KRAUCH.

Witnesses:
Cu. TRUNCIDER,
J. Arec, Lroxp.
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