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PROVISIONAL SPECIFICATION,

Improvements in, and relating to, Hydrogenisation, and
Dehydrogenisation.
1, Jaues YATE JoHNSON, of 47, Lincoln’s Inn Fields, in the County of London,
Gentleman, do hereby declare the nature of this invention (which has been com-

municated to me from abroad by the Babiscme ANiLIN & Soba FaBmix, of
Ludwigshafen-on-Rline, in the German Empire) to be as follows:—

It is known that many carbon compounds, including the oxides of carbon, can
be converted into compounds containing hydrogen, or a greater proportion of

hydrogen, by treating them with hydrogen in the presence of a catalytic agent.

and that the reverse reaction can also be effected. The present invention
relates to improvements in the hydrogenisation and dehydrogenisation of carbon
compounds, while employing a catalytic agent.

My foreign correspondents have found that they can effect the hydrogenisation
and dehydrogenisation of compounds containing carbon, and that the reaction
can be carried out rapidly, with certainty and at comparatively low tempera-
tures, by employing, as the catalytic agent, an intimate mixture of either iron,
nickel, cobalt, or copper (which I hereinafter refer to as the catalytic metal) with
a compound, or compounds, containin oxygen, and characterised by being or
containing, or giving rise to, high melting and difficultly reducible oxides, or
oxygen compounds of weak basic, or neutral, or acid, character all as herein-
after explained. In particular I mention the oxides and oxygen salts of the
earth metals, including the rare earths, (see Zeitschrift fiir Elektrochemie 17,
pa? 633) and of beryllium, magnesium, manganese, uranium, vanadium,
niobium, tantalum, chromium, boron, titnniumg, and also difficultly soluble salts
containing oxygen of the alkaline eartbs, and of lithium, such as the phosphates,
molybdates, tungstates, and selenates. All these compounds containing oxygen,
which promote the activity of the catalytic metal, I hereinafter refer to as
‘“ ;i‘romotgrs.” . -

he said oxygen-contalnin% salts of the alkaline earths and of lithium appear

to have the same action as the corresponding salts of aluminium, ma nesium,

and the like, although lithium oxide and the alkaline earths, namely the oxides

of calcium, barium, and strontium, are themselves not suitable for use as
promoters. .

In order to obtain the advantages of this invention it is necessary to effect an

[Price 6d.]
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[mprovements in, and reluting lo. {1 ydroyenisation, and Dehydrogenisation.
iutimate mixture of the catalytic metal and a promoter, aud it is not sufficient
merely to fill the components, for instance, nickel and alumiua, side by side,
into the reaction space. For instance, good vesults can be obtained by precipi-
tating the hydroxides, oxides, or curbonates, of the cox:}Yunents toggther from a
solution containing salts thereof ; or mixtures of the said salts, for instance, the
nitrate of the compouents, can be heated until a molten condition is obtained.
Further, the mixture can be obtained, although not always with equal certainty
and escellence, by mechanical operations, such as by grinding together us finely
as possible, or by kneading in a moist state. .If necessary the mixture 18 sub-
sequently heated and reduced so that in every case the catalytic metal, (iron,
nickel, cobalt, or copper,) is obtained in a metallic condition, while the promoter
always retains more, or less, oxygen. When the promoter is to _con:ust_of on
insoluble oxide such, for instance, as vluminium oxide and titunium qxxde, 1t
is preferred to sturt from a soluble compound thercof, und to precipitate, or
otherwise form, the insoluble oxide on the catalytic metal, or on the compound
from which the catalytic metal is to he prepared, For insfance, l.f alwuinium
acetate be employed to yield the promoter, namely aluminium oxide, the said
acetate cau be merely heuted in the presence of the catalytic metal, or compound
thereof, so that the acetic aucid is driven off, and the alumina remains.
insoluble salts, such for instance, us chromates, and borates, be gmployed as
promoters, these ave preferably brought into intimate mixture with the com-
pound, which is subsequently to give rise to the metallic catalytic agent, by
precipitation from suitable soluble salts, or other compounds. The salts which
act as promoters may contaiu the oxide, to which the promoting action 18
ascribed. either in the acid, or iu the basic, constituent, or in both the acid and
the basic constituents. 1 mention caleium aluminate and aluminium phosphate,
as instances of these types. Tn some cases, as wforesaid, the promoter may
consist of o salt of which neither the acid nor the basie, constituent of itself acts
as a promoter.  As an instance of this type, 1 mention caleium phosphate.

It is particularly advantageous for the purpose of preparing a very active
contact mass to prepare. al feast 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
alkaline metal compound, for instance, caustic soda, even traces of such com-
pounds bave often a fuvourable action. It is further often useful to add tu the
mixture, bodies of inorganic, or organic, nature, which act either as carriers,
or ax binding agents, or which increase the poresity of the contact mass. 1
instance asbestos: chareoal, and pumice-stone. It is advisable, however, tu
avoid the introduction of bodies such as cllorine, sulphur, arsenic, and Tead,
which may, in the elementary form, act as contact poisons, ulthough the new
coutact mixtures, according to the present invention, are not so sensitive to the
action of poisons as are the pure metals. It is consequently possible to employ
as a promoter, a salt which contains one of the poisonous elements, but in w ich
the poisonous action is counteracted by the promoting influence of the oxide;
for instance, basic aluminium sulphate, posscsses u strong promoting action.

The catalytic metal can be employed either in a state of fine division, ov in a
more compuct form, such as wire netting, or wool ’. or in sheet form.

Instead of employing only one of the above mentioned oxides. or other oxygen
com]pounds, a mixture of two, or more, may be added to the catalvtie metal,

The proportion of the components employed in the catalytic mixture may be
considerably varied, even an addition o? one per cenl. ov less, of the said pro-
moters producing favourable action,

In those cases in which reduetion 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 suitable agent, at as low a temperature as possible, and, if
the catalytic mixture, after having been reduced with hydrogen, has to be
exposed to the air, it is generally advisable to previously drive away auy excess
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of hydrogen by passing an indifferent gas, 'S\IL‘!I as carbon dioxide, over the
mixture and thus to aveid even superﬁci:ﬁ oxidation of the metal.

The catulytic mixtures, accorling to thiz invention, can be used for tbe hydro-
genisation and debydrogenisation of compeun!s contaming carbon and are o
particular value for the hardening cf fats and fatty acids, but they can also be
used for othet purposes, for instauce. for couverting phenol into cyclobexanol
and for reducing nitrobenzene to auilive. and for the conversion of oxides of
carbon into hydrocarhons. )

The catalytic reaction according to this invention can be carried out either
at ordinary pressure, or under increased pressure, and in most cases proceeds
sufficiently rapidly at temperatures considerably below 180° Centigrade.

The process of the present invention is of great importance. It has already
been proposed to employ mixtures of metallic nickel, and the like, with sodium
hydrate, sodinm chloricfe, barium chloride, sodium nitrate, and sodium sulphate,
for the catalytic dehydrogenisation of various compounds; the action o such
mixtures is however, relatively small compared with that of the mixtures accord-
ing to the present invention. and moreover, the employment of strong bases is
often detrimental, for instance, in the case of hydrogenisation of fats, since they
tend to saponify the fats. and very soon disappear from the contaet mass. On
the other hand. when employing the promoters aceording to this invention. that
is to say. promoters which have not a strong basic nction, contact masses are
obtained which are characterised by a strong and more, or less, permanent
action. Of course. for different processes of hydrogenisation and dehydrogenisa-
tion neccording to this invention. diffevent mixtures of catalytic metals and

romoters may he preferred for particnlar eases.

The following examples will serve to illustrate further the nature of this inven-
tion. which, bowever, is not confined to these examples. The parts are by
weight.

Examerr 1.

Dissolve o mixture of fifteen parts of nickel nitrate and one part of beryllinm
nitrate, precipitate while hot with soda. filter off the precipitate. and wash and
dry it. Then at a temperature of from 2500 to 300° Centigrade. pass a mixture
of waxes containing oue volume of carbon monoxide and three volumes of
hydrogen over the mixture until the reduction of the niekel oxide is complete.
and the conversion of the earbon monoxide into methane is taking place.  The
temperature can then be reduced to ahout 1500 Centigrade, or even less, without
the catalytic agent becoming inactive. Tf desired the entire reduction of the
nickel oside can be carried ont with pure hydrogen. The precipitation can,
for instance, be carried out by means of alkali hydroxide. Instead of beryllium
nitrate. zirconium nitrate, or thorium nitrate, can be employed. )

ExaMrLE 2.

Pour an aqueous solution of one part aluminium nitrate over five parts- of
nickel oxalate. evaporate the mixture and dry and reduce it in a current of
hydrogen at from 300 to 350° Centigrade. )

Then introduce ihe nickel containing alumina, while excluding air, into a
shaking vessel, provided with a stivver. the suid vessel containing fish oil, or
other suitable oil, which may have been previously purified. On treatment with
hydrogen at, for instance, 100° Centigrade hydrogenisation takes place consider-
ably more rapidly than if pure nickel were emploved as the catalytic agent.
lnstead of aluminium nitrate, cerium nitrate, or cerinm ammoninm nitrate, can
be emploved. ’

Exaxrie 3.

Drecipitate n hot solution containing nickel nitrate and aluminium nitrate-
with potussinan earbonate, wash the precipitute, dry it, heat it to 300° Centi--
grade, and reduce it with hydrogen.” Then place the catalytic mixture with
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soy bean oil in an autoclave, while avoiding the presence of air, heat to 80°
Centiglra(le, and nllow hydrogen to act at a pressure of twenty atmospheres while

snitably mixing the constituents. . . ,
The{l drogenisation takes place very rapidly. If desired the pressure can be
increaseg, for instance, up to fifty atmospheres, or higher. In this example,

good results can also be obtained if iron *itrate be employed instead of nickel
nitrate.

ExaAMPLE 4.

Mix thirteen parts of nickel hydroxide with two parts of magnesium hydroxide,
and warm them gently with concentrated formic acid free from sulphur, untl
the formates are obtained. Heat the mixture gently, and then treat wit
hydrogen at 300° Centigrade. On treating olive oil with hydrogen 11 the

Tesence of this catalytic mixture at say, from 80° to 100° Centigrade more rapid

ydrogenisation is brought about than 1s the case when pure nickel is used. In
this example the hydroxides can if desiredl, be replaced by the corres nding
carbonates and carriers, for instance, ieces of clay, can be emplo{I , thebe
being sonked in a melt, or solution, o nickel salts, preferably of the soluble
double salts, such as nickel ammonium formate, or ammoniacal nickel earbonate,

together with the promoter, and then treated as hereinbefore described.
ExaMrLE b.
Make nickel wire netting into the form of loose spheres, rolls, or the like, and

clean these with pure dilute nitric acid, and then wash them and moisten them
with a moderateg’ concentrated solution of aluminium nitrate; then dry and
great with bydrogen at from 300° to 3500 Centigrade. The contact mass con-
taining alumina can, for instance, be employed for the hydrogenisation of linseed
oil which can be allowed to trickle over the catalytic agent while the hydrogen
is supplied, and a considerable, or even complete, hardening be effected.

ExaMpLE 6.

Dissolve eighty five fpm"cs of nickel nitrate and fifteen parts of titanium lactate
in a small quantity of hot water and precipitate by means of soda, then filter,
wash, dry, and reduce with hiydvogen at 3000 Centigrade, and add the catalytic
mixture containing titanium oxide to cotten seed oil, and then treat with
hydrogen at from 1000 to 120° Centigrade while keeping the mixture iu motion.

If desired the reaction cam be carried out unc&r increased pressure, (for
instance, 100 atmospheres.) and in this case the hydrogenisation taEes place very
rapidly and completely even at a temperature of 90° Centigrade or lower.
TFurther, the process can be made continuous by allowing the oil to flow over the
catalytic agent in vessel capable of withstanding pressure while simultaneously
sassing a current of hydrogen into, or through, the apparatus. The product is

rawn off while hot an allowed to solidify.

FExaurie 7.

Take freshly precipitated nickel carbonate and add from ten, to twenty,
ﬁer cent. of the weight thereof of nmmonium borate, ov potassium borate, which
as previously been dissolved in water. Then form the mass into any desired
shape, aud dry, and reduce it. The mixture can be employed for hydrogenising
oils and fats, either at ordinary pressure, or under increased pressure.

If chromium oxide be used as the promoter, this can Le obtained, for instance,
from ehromium nitrate, or from soluble chromates, by precipitation. Further,
when boron oxide i3 employed as the promoter. the oxide, or carbonate, of the
catalytic metal may be mixed with solid, or dissolved, boric acid and then heated
and reduced ; or the salt of the catalytic metal, for instance, the nitrate, can be
mixed with the borate of the same metal, or of a volatile, or non-volatile base,
and the mixture then be calcined and reduced.
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ExaureLE 8.

Add two parts of dissolved potassium aluminate to a solution containin
thirty parts of nickel nitrate aud one and a half parts of calcium nitrate an
introduce the whole into a beiling solution of sodium carbovate. Then filter,
wash well, dry and reduce. Or, add a solution of one and a half parts of
magnesium nitrate to five parts of nickel carbonate, and _then add a solution of
four-fifths of a part of ammonium phosphate and precipitate with soda, filter,
wash, dry, amr reduce. The nickel catalytic agent coataining calcium
aluminate, or magnesium phosphate, as the cuse may be, can be employed for
hydrogenisation purposes, for instance, it mnﬁ_ be introduced into oil which
result from cracking petroleum residues und which is rich in unsaturated com-
pounds, whereupon ﬁlydrogen is allowed to react at a temperature of 100° Centi-
grade and uat o pressure of eighty atmospheres. The iodine number is rapidly
reduced and at the same time the colour and unpleasant odour diminish,

In a similar manner other contact mixtures can he employed, which contain as
a promoter, for instance, calcium vanadate, barinm chromate, al.unu'nium borate,
barium tungstate, or lithium phesphate, or the compounds which result on the

reduction of these bodies,
Dated this 28th day of January. 1914.

JOHNSONS & WITLCOX,
47, Lincoln’s Inn Fields, London, W.C.,
Agents,

COMPLETE SPECIFICATION (AMEXNDED).

Improvements in, and relating to, Hydrogenisation and
Dehydrogenisation.

I, JauEs YAaTE Jouxsoy, of 47, Lincoln's Inn Fields, in the County of London,
Gentlemau, do hereby declare the nature of this invention (which has been com-
nmunicated to me from abroad by the Bamiscne Axtray & Soba Fammix, of
Ludwigshafen-on-Rhine, in the German Empire) and iu what manner the same
is to be performed, to be particulmrly described and ascertained in and by the
following statement:—

It is known that many carbon compounds, including the oxides of carbon,
can be converted into compounds contuining hydrogen, or a greater proportion
of hydrogen, by treating them with hydrogen in'the presence of a catalytic agent
and that the reverse reaction can also be offected.  The present invention 1'eﬁxtes
to improvements in the hydrogenisation und dehydrogenisation of carbon com-
pounds, while employing a catalytic agent.

My foreign correspondents have found thut they can effect the hydrogenisation
and dehydrogenisation of compounds containing carbon, and that the reaction
can be carried out rapidly, with certainty und at comparatively low temperatures,
by employing, as the catalytic agent, an intimate mixture of either iron, nickel,
cobalt, or copper, (which I hereinatter refer to as the catalytie metal) with a
compound, or compounds, containing oxygen, and characterised Ly heing, or
containing, or giving rise to, high wmelting and difficulty reducible oxides, or
oxyfe_n compounds of wenk basie, or neutral, or acid, charucter, all as hereinafter
explained. In particular. T mention the oxides and oxveen salts of the earth
metals, (see Ostwald, * Prineiples of Inorganic Chemistry *” (English trandation
1908 page 558) including the rare earths, (see Zeitschrift fiir Elektrochemie 17,
page 633) and of beryllium, magnesium, manganese, uranium, vanadium,
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piobium, tantalum, chromium, boron, titanium, and also difficultly .soluble phusf
T helv 5 d selenates of the alkuline earths, and o
hates, molybdates, tungstates and se enate \ ¢ th hosphates
fithium, or the reduction produets, containing oxygeun © es; P seﬁe nites,
imolvbdates, tungstutes, or selenates, for instunce, the corTespon “t]’g't e the
Allof these comptl)lunds cfontmufmg*uxyg:?n, \:‘Illl;fg.sgl,‘omf’fe the activily
atalytic metal, 1 hereinafter reier to as prome . oo
c‘flellbe said oxv’gen-containing salts of the z\.lkalme earths and gf lithinm appear
to have the same action as the corresponding salts of aluminium, magnesx}l({n,
and the like, although lithium oxide and the alkaline earths, namely the oxides
of valcium, barium, and strontium, are themselves not suitable for use as
romoters. .

In order to obtain the advantages of this invention it is necessary to effect an
intimate mixture of the catalytic metal and a promoter, and it is not sufficient
merely to fill the components, for instance, nickel and alumina, side by side,
into the reaction space and it is insufficient to absorb a solution of a salt of the
catalytic metal into a porous mass, such as magnesia and then decompose the
galt of the catalytic metal. Good results for instance can be obtained by pre-
cipitating the hydroxides, oxides or carbonates, of the componeuts together from
a solution containing salts thereof ; ov mixtures of the said sal.h?, fqr instance,
the nitrates of the components, can be heated until a molten condition is obtained.
Further the mixture can be oblained, although not always with equal certainty
and escellence, by mechanieal operations, such as by grinding together as finely
as possible, or by kmeading in a moist state. If necessary the n_lixt\u'e is spbse—
quently heated and reduced so that in every case the catalvtic metal, (irom,
nickel, cobalt, or copper.) is chtained in a metallic condition, while the promnter
always retains more, or less, oxygen. When the promoter is to consist of an
insoluble oxide such, for instance, as aluminium oxide and titanium oxide, it is
preferred to start from a soluble compound thercof and to precipitate, or other-
wise form, the insoluble oxide on the eatalytic metal. or on the compound from
which the eatalytic metal is to be prepaved. IPor instance. if aluminium acctate
be employed to vield the promoter, namely aluminium oside. the said acetate can
be mevely heated in the presence of the catalytic metal, or compound thereof,
<o ihat the ncetic acid is driven off, and the alumina remains. TIf insoluble
salts, sucl for iustunce, ug chromates. and horates, be emploved as promoters,
these are preferably brought into intimate mixture with the compound, which
is subsequently to give rive fo the metallic eatalvtic agent, by precipilation from
suitable soluble salts. or other compounds. The salts which act as promoters
may contain the oxide, to which the promoting action is aseribed, either in the
acid constituent, or in the basic constituent, or in both the acid and the basic
constituents. I mention calcium aluminate, and aluminium phosphate, as
instances. In some cases, as aforesaid, the promoter may consist of a salt, of
which neither the acid constituent, nor the hasie constituent of itsclf acts as a
promoter. As an instance of this type, I mention calcium phosphate.

It is particulorly 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 carbomates, or from formates.
The nction of the catalytic mixture can further often be increased by adding an
alkaline metal compound. for instance, caustic soda, even traces of such com-
pounds have often a favourable action. It is further often useful to ndd to the
mixture, bodies of inorganie, or organic, nature, which nect either as earriers,
or as binding agents, or which incrense the porosity of the contact mass. I
instance asbestos, charcoal, and pwmice-stone. Tt is advisable, however, to
avo_i(l the introduction of bodies such as chlorine, sulphur, arsenic, and lead,
which may, in the elementary form, act as contact poisons, although the new
contact mixtures, according to the present invention, are not so sensitive to the
action of poisons as are the pure metals. It is consequently possible to employ
as o promoter, an oxygen salt which contains one of the poisonous elements,
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in which the poisonous action is counteracted by the promoting influence o

:’l?: ;l;i‘l;e ;wi‘or i:})tance, basic aluminium sulphate possesses a strong promoting
action. . . .. .

The catalytic metal can be employed either in a state of fine division, or in a
moreecompazt form, such as wire netting, or “* wool_ ” or in sheet form.
- Instead of employing only one of the above mentioned oxides; or other oxygen
éoniEo ds, a mixture of two, or more, niayel‘)lq .ad;ihed to t:lllehgqtalyhc me y b

4 ion ts in the catalytic mixture ma

The proportion of the components employ ﬁ”‘ ot the said pro.

moters producing, in most cases, favourable action.

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 gnrl;

15

hydrogen, or other suitable agent, at as low a tem ature as possible, an

t{e cagt:lyti.c mixture, after avi’n been reduced with hydrogen, has to be
exposed to the air, it is generally advisable to previously drive away any excess
of hydrogen by passing un indifferent gas, such as carbon dioxide, over the

- mixture and thus to avoid even superficial oxidation of the metal.

20

The catalytic mixtures, according to this invention, can be used for the hydro-
genisation and dehydrogenisation of compounds coutuining carbon, and are 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 cyclohexanol
and for reducing nitrobenzene to anilie. and for the conversion of oxides of

" carbon into hydrocarbons. .
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The catalytic reaction according to this invention can be carried out either
at ordinary pressure, or under increased pressure, and in most cases proceeds
sufficiently rapidly ut temperatures considerably below 1800 Centigrade.

The process of the present invention is of great importance. The Specification
of Letters Patent No. 7315 A.D. 1909 proposes to employ, for the h drogenation,
or dehydrogenation, of organie compounds, a catalyst consistin, o! a mixture of
a suitable metal, or metals, with a small quantity of metal salts which are not
transformed into the metallic state by heat, or reduction but the only instances
given are with regard to the conversion of borneol into camphor, using a mixture
of nickel with sodium nitrate, sodium sulphate, or sodium chloride. The action
of such mixtures in the hydrogenation of fats is however, relatively small, com-
pared with that of the mixtures according to the present invention, and moreover,
the employment of strong bases is, in such cases, detrimentul, since they tend
to saponify, and very soon disappesr from the contact mass. On the other hand,
when employinﬁ the promoters according to this invention, that is to say,
promoters which have not a strong basic action, contact masses are obtajned
which are characterized by a strong, and more, or less, permanent action. Of
course, for different processes of hydrogenisation and dehydrogenisationsaccord-
ing to this invention, different mixtures of catalytic meta{s and promoters may
be preferred for particular cases. ’

he following are examples of how catalysts can be repared for the purposes
of this invention and how this invention ean be t-.m-riedp into practical eg)ect, but
the invention is not limited to these examples. The parts are by weight.

Exaumerr 1,

Dissolve a mixture of fifteen parts of nickel nitrate and one part of beryllium
nitrate, dprevipitnte while hot with caustic soda, filter off the precipitate, and
wash and dry it. Then at a temperature of from 250°, to 300°, Centigrade, pass
# mixture of gases containing one volume of carbon monoxide and three volumes
of hydrogen over the mixture until the reduction of the nickel oxide is complete,
and the conversion of the carbon monoxide into methane is taking place. The
temperature can then be reduced to about 160° Centigrade, or even less, without
the catalytic agent becoming inactive. If desired ghe entire reduction of the
nickel oxide can be carried out with pure hydrogen. The precipitation can, for
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instance, be carried out by means of alkali carbonate. Instead of beryllium
pitrate, zirconium nitrate, or thorium nitrate, can be employed.

ExaumpLe 2.

Pour an aqueous solution of ome part aluminium_nitrate over five parts of
nickel oxalate, evaporate the mixture and dry it and reduce it mn a current of

bydrogen at from 800° to 350°, Centigrade. Then introduce the nickel contain-

iug alumina, while excluding air, into a shaking vessel, provided with a stirrer,
the said vessel containiug fish oil, or other suitable oil, which may have bee:
previously purified. On iroatment with hydrogen at, for instance, 100° Centi-
grade, hydrogenisation takes place considerably more rapidly than if pure nic
were employed as the catalylic agent. Instead of aluminium nitrate, cerium

nitrate, or cerium ammonium nitrate, can be employed.
ExaMpLe 3. ‘

Precipitate a hot solution containing nickel nitrate and aluminium nitrate
with potassium carbonate, wash the precipitate, dry it, heat it to 300° Centi-
grade, and reduce it with hydrogen. Then place the catalytic mixture with
soya bean oil in an autocluve, w iile avoiding the presence of air, heat to 80°
Centigrade, and allow hydrogen to uct at a pressure of twenty atmospheres while
suitably mixing the constituents. The hydrogenisation takes place very ra idly.
If desired the pressure can be increased, for instance, up to fifty atmospheres,

o1 higher. In'this example, good results can also be obtained if iron nitrate be
employed instead of nickel nitrate.

Exaurie 4.

Mix thirteen parts of nickel hydroxide with two parts of magnesium
hydroxide, and warm them gently with concentrated formic acid free from
sulphur, until the formates ave obtained. Heat the mixture gently till dry,
and then treat with hydrogen at 300° Centigrade. Un treating-olive oil with
hydrogen in -the presence of this catalytic mixture at say, from 80° to 100°,
Centigrade hydrogenisation is effected move rapidly than 1s the case when pure
pickel is used. In this example the hydroxides cab, if desired, be replaced
by the corresponding carbonates and carriers, for instance, pieces of (lay can
be emgloyed, these being soaked in a melt. or solution, of nickel salts, prefer-
ably of the soluble double salts, such as nickel ammonium formate, or ammonical
nickel carbonate, together with similar salts of the promoter, and then treated
as hereinbefore described. '

Exarre 5.

Make®nickel wire netting into the form of loose spheres, rolls, or the like,
and clean these with pure %ilute pitric acid, and then wash them and moisten
them with a moderatcﬁy concentrated solution of aluminium nitrate; then dry
them and treat them with hydrogen at from 300°, to 3500, Centigrade. The
contact mass containing alumina can, for instance, be employed for the hydro-
genisation of linseed oil which can be allowed to trickle over the catalytic agent
while the hydrogen is supplied, and a considerable, or even complete, harden-
ing be eftected.

Exaupie 6.

Dissolve eighty-five Farts of nickel nitrate and fifteen parts of titanium lactate
in a small quantity of hot water and precipitate by means of caustic soda, or

sodium carbonate, then filter, wash, dry, and reduce with hydrogen at 300°,
Centigrade, and add the catalytic mixture containing titanium oxide to cotton
seed oil, and then treat with hydrogen at from 1009, to 120°, Centigrade while
keeping the mixture in motion. If desired the reaction can be carried out
under increased pressure, (for instance, 100 atmospheres,) and in this case the.
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i:}ay to, Il_r/d:;u.(;el!—n.;imtion, and Dehydrogenisation.

Improvements in, and rela

hydrogenisation takes place very r;‘pidly and completely even at a tempera-
ture of )10, Centigrade, or lower. Further, the process can be made continuous
by allowing the oil to flow over the catalytic agent in a vessel capable of with-
standing pressure while simultaneously passing a current of hydrogen into, or
through, the apparatus. The product is drawn oft while hot and allowed to

solidify.
ExamrpLE 7.

Take freshly precipitated nickel carbonate and udd from ten, to tweqt'{ m
cent. of the weight tl}v’ereof of ammonium borate, or potassiam borate, whie
previously been dissolved in water. Then form the mass into any desired shape,
and dry, and reduce it. The mixture can be employed for hydregenising oils
and fats, either ut ordinary pressure, or under ine $ ressure. If
chromium oxide be nsed as the promoter, this can be obtau.xed! or instance,
from chromium nitrate, or from soluble chromates, by precipitation. Further,
when horon oxide is employed as the promoter, the oxide, or carbonate, of the
catalytic metal may be mixed with solid, or dissolved, boric acid and then be
heated and reduced; or the salt of the catalytic metal, for instance, the nltrai.:e,
can be mixed with the horate of the same metal, or of a volatile, or non-volatile
base, and the mixture then be calcined and reduced.

ExamrLE 8.

Add two parts of dissolved potassium aluminate to a solution containi
thirty parts of nickel nitrate and one and a half parts of calcium nitrate an
introduce the whole into a loiling solution of sodium carbonate. Then
filter, wash well, dry and reduce. Or. add a solution of one and a half parts
of maguesium nitrate to five parts of nickel carbonate, and then add a solution
of four-fifths of a part of ammonium phosphate and precipitate with caustic
soda, or sadium carbonate, filter, wash, dry and reduce. The nickel catalytic
agent containing caleium aluminate, or magnesium phosphate, as the case may
be, can be emploved for hydrogenisation purposes, for instance, it may be
introduced into oil which results from cracking petroleum residues and which
is rich in unsaturated compounds, whereupon hydrogen is allowed to react at
a temperature of 100° Centigrade and at n pressure of eighty atmospheres. The
iodine number is rapidly reduced and at the same time the colour and unpleasant
odour diminish.

In a similar manner other contact mixtures can be employed, which contain
as a promoter, for instance, calcium vanadate, barium chromate, aluminium
horate, barium tungstate, or lithium phosphate, or the compounds which result
on the reduction of these bodies.

Examrre 9.

Take a hot aqueous solution of thirty parts of anhydrous sodium carbonate
and add, while shaking, a hot solution containing seventy-five parts of nickel
nitrate and six parts of manganese nitrate. Then filter off the precipitate,
wash it well and dry it and reduce it with hydrogen at 300° Centigrade. The
product can be employed in the hydrogenising of pig nut oil and even when
employing temperatures of 100°, to 120°, Centigrade, the hydrogenising proceeds
very rapidly.

Exaurrr 10.

.To a hot solution of thirteen parts of nickel nitrate and two parts of chromium
nitrate, add a hot solution containing six parts of anhydrous sodium carbonate.
Then filter off the precipitate, wash it until the filtrate is free from alkali,
then dry und reduce it.  With the help of this catalytic agent, soy bean oil
ean be hydrogenised rapidly at a low temperature.
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_Imprm_emcuts in, and relating to. Hydrogenisation, and Dehydrogenisation.

Examrre 11,

Suspend forty parts of nickel carbonate in a solution containing one part of
au?r:::lljum tun"gslmte and then add a solution of one part of barium nitrate.
Filter off {he product, wash it well, dry and reduce it at 300° Centigrade. Thg
product can be employed for example for hydrogenising sesame oil at 120
Centigrade.

ExaurLe 12.

Mix to n paste fifty parts of nickel carbonate and a solution of thirteen parir
of calcium nitrate and then stir in a solution of seven parts of ammonium phos-
phate. Filter off the product, wash well, dry and reduce at from 300°, to
3500, Centigrade. The product can be employed for example for hydrogenie-
ing fish oil.

Exaurre 13.

Stir eighty parts of nickel carbonate into a solution of 2.6 parts of strontium
nitrate, and add a solution of two parts of ammonium selenite. Filter off the
product, wash well, dry and reduce. The product can be used for example
for hydrogenising cotton seed oil.

I am aware that the Specification of Letters D'atent No. 7670 AD. 1914
lays claim to use, in the production of saturated compounds from unsaturated
fatty acids and their glycerides, nickel horate, and also to produce and employ
a product obtained by carefully heating nickel borate in dry hydrogen and I
make no claim. under my present application, to such production and use.

Having now particulurly described and ascertained the nature of my said
invention and in what manner the same is to be performed, I declare that §
do not elaim the use of oxides in conjunction with silica as described in the
Specification of T.etters Patent No. 13.282, £.1. 1913, nor do T claim the use
of silicates, but what I elaim’ is:—

1. In the hydrogenisation, or dehydrogenisation, of compounds containing
carbon, the employment as a catalytic ugent, of an intimate mixture us hervein-
bofore explained, of either iron, nickel, cobalt, or copper, with a promoter
consisting of an oxide, or oxygen-salt. of an carth metal including the rare
earths, or of bervllium, magnesium, manganese, uranivm, vanadium, niobium,
tantalum, chromiwm, horon, or titanium,.

2. In the hydrogenisation. or dehydrogenisation. of compounds containing
carbon. the employment as a eatalytic agent of an intimate mixture of either
iron, nickel. cobalt, or copper. with a promoter consisting of a difficultly <oluhle
phosphate, molybdate, tungstate, or selenate, of an alkaline earth metal, or of
Tithium, or a reduction product. coutaining oxygen, of any of these compounds.

3. In the hvdrogenisation, or dehydrogenixation. of compounds coutaining
carbon, the employment of eatalvtic agents which lave heen  produced s
described in any one of the foregoing examples.

Dated this 27th day of July, 1914
JOHNSONS & WILLCOX,

47, Lineoln’s Inn Fields, London. W.C.,
Agents.
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