10

15

20

25

B0

85

40

45

50

RESBRVE CUry
PATENT SPECIFICATION

Application Date: Dec, 9, 1937,
Complete Specification Left: Noy. 11, [938.

No. 34124/37.

Complete Specification Accepted: june 9, 1939,

PROVISIONAL SPECIFICATION

Production of Improved Metallic Compositions

We, Warrer Hevey GROOMERIDGE and
Toms Epwanp NEwss, both British sub-
jects, of the Weorks of British Celanese
Timited, Spondon, near Derby, do hereby
declare the nature of this invenilon to be
2z follows:—

This invention telates o new or
improved metallic compositions and more
particularly compositians suitablo for use
as catalysts in chemieal processes.

According to the invention z mefal
which is te he used as catalyst in &
chemical process is supporied upon
ancther matal, 1ho support metal having
a porous stroetore and being permeated
with the catalyst metal.

The novel catalyst compositions of the
invention may be produced by a process
which comprises healing an intimate mix-
tuve of the catalyst metnl with the oxide
of the iuctal whick is fo form ife suppurt
to a Ligh temperature und thereafter
subjecting the praduet to reduction.

he metal which is fo form the support
of the calalyst mase must (as 1z the case
with most metals) have a density greater
then that of ils oxide and should be
reducible af a temperature sufficiently low
0 avoid fusion ot excessive sintering of
tha resulting wmetal. Copper
outstanding lmporiance as _the metal to
form the support of the catalyst and offers
{he sdvaniage of being relatively inert in
most chemical reactions; irom may also
be cmployed in this sannection.

The mctal and wetal oxide are inti-
mately mixed before being heated and to
this end i s preferred to employ the
substanees in a very fine state of division.
Thus, the metal may he employed in the
form of very fine filings and the oxido as
a finely gronnd powder. The substances
may ba emplnyed in about gqual propur-
tions by weight, but this is nob essential,
for instance the proportions may be such
that the prodnet conlains substaniially
more of the metal forming the suppork
than of lhe metal with which it 1a
permeated, .

The temperature to which the mixiure
of metal and oxide is heated is preferably
above 500° C.. lemperatures of 7H)-—850
or oven higher. e.g. 900° C., giving cxcel-
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is of

lent results. The prodnet obtained is hard
but ecan he broken into particles or
granules of a size suitable for use as a
catulyst by an ordinary milling opera-
tion. After milling and grading, the
produet is subjected to reduction and
usually jt is ennvenient to effect the redue.
tion with o commercinl carbon monvxide-
hydrogen mixture such as wader gas or
preducer gas. The reduetion should wot
be earried oul al such o high temperature
as fo cause fusion ovr execssive sintering
of $he product and a reducing temperature
not exceeding abont HM0° €. 13 to be
nrefarred.

In the tedured produch the supporting
metsl is in a highly porous Jwrm and i3
permeated by the catalytically active
metal. The thoroughness of the permea-
tion depends to a large exteni upon the
aare taken in effecting 1ntimule admixture
of the starting materials and upou ihe
eonditions obfaining duving the heat
trentment. The employment of the
catalyet metal in the free slate and the
supporting metal as an oxide may lead to
o high degree of permeation as a Tesult
of the transference of oxygen from the
ovide of the supporting metal o the
calalyst mefal during the heating; in this
connection it is to e noted thaf it is pre-
ferred to employ o higher oxide of the
supporting metal for starting material,
¢.g. cuprie oxide or ferric oxide, On the
other Land the calalyst mets] need not be
employed in the free state and the produec-
tion of the cafalyst may invulve simply
the formation, heating and reduction ef
an iuntimate mixfure of mefal oxides.

_ The production of the oxide or oxides
in a fine state of division may be effected
by grinding or may involve precipitation
of & compound of the metal or metnls
Irom solution, for instance the precipiia-
tion of a hydroxide from & solution of a
metal salt, Where a mixiure of metal
gxides is to ho employved ev-precipitation
affords & ready method of obtaining
therough admixture. Campaunds formed
hy preeipitation, e.g. hydvoxides or
carbonates, may be employed as such in
the process of the invention, especially
when they wre transformed into oxides by
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heat at relatively lew temperatures,

In use as a catalyst the reduced product
iz remarltable for its lack of fmebility
uwnd may be used for considerable periods

§ without disintepration. Even repeated
changes in temperature, for instancs when
the catalytic process is interrupied for
rogeneralion, or reactivalbion of the
catalyst do not camsze serions damage to tha
catalyst. A highly porous nobure and
hence e high sucface: volume ratio and
o high thermal conduciivity are valuahls
features of the novel catalysts.

An  important embodiment of the
presenf inventicn is the production of
catulysts containing nickel and/or cobalt
snpported on copper or iron, and the use
of these catelysts in hydrogenstion pro-
copses, especially the hydrogenation of
oxides of carbon to produces hydrocarbons,
The invention may, however, be applied
to the production of ealalysts for wse in
‘other processes, for ingtance the produnc-
tion of scetone Irom ethyl aleohol, and it
ia 1o be noted that in the application of
the novel eatalysts the invendion is not
limited to the emplovment as support of
a metal which iz tnert catalytically amd
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both the support metal and the mefal or

metals with which it is permeated may 30
Lave a catalytic effact in the process in
which the catalyst is employed. H‘urther-
more, hesides the metel forming the sup-
pozt and the melal or mebals with which
It is pezmeated, other substaness may be 35
ineorporated in or appliad to the nowvel
metaliic compositions, Such other sub-
staices may be applied after or incorpor-
ated at any stage during the produciion
of the composition for Instance, in pro- 40
ducing catalysts suitable for synthesising
hydrocarbons from oxides of earbon an
hydrogen a substance such as thoriem
oxide may be epplied to or incorporated
in the cowpoesition, while in the produc- 45
tion of acetone from ethyl alechol 2
catalyst having iron as the supporting
metal may be subjected to conditions
which ceuse superficial rusting of the iron
undfor caleium acetate may be applied to 50
the catalyst,

Dated this 8th day of Deccmber, 1837,

STEPHENS & ALLEN,
Chartared Patant Agents,
Celanese House,

22 & 23, Harover Squave, London, W.C.2.

COMPLETE SPECOIFICATION
Production of Improved Metallic Compositions

We, WarTer IHBNRY (GRooMBRINGE and
Joox Epwarp Newns, both British sub-
jects, of the Works of British Cadlanese
Limited, Spendon, near Trerby, do hereby
declare the nature of this invention and
in whai manner the same is 1o be pes-
formed to be puclicularly described and
agcertained in and by the following stats.
ment :— :

This inventicn relntes to the produetion
of improved metallic compositions suit-
abla for .use -nz catalysty for the
hydrogenation of carbon componnds, and
fo the usc of the metallic compositions in
the hydrogeuation of carbon compownds.

The metallic compositions of the inven-
tion are made by heating an intimate
admiziure of a Ke:wy weial oxide with
anoiler heavy metal of higher affinity for
OXymem 8¢ 45 to obtain a porous structurea
of ang heavy metal oxide permeated with,
and serving as the suppord for, an oxide
of the other heavy wmetal and reducing
said poroms structure by means of =
gassons redueing agent to form a porous
substantially non-friable structure of the
heayy met&? of lower aflinity for oxygen
permeated with, and serving as- the sup-
80 port for, the heavy metal of higher

affinity for exygen.
The metal oxide should be redusible ut
a temperature sufliclently low to avold
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fusion vr excessive sintering of the reslt-
ing metel. Copper oxide 15 of outstand- 85
ing impartance as the oxide with which
to heat the mefol of ligher offinity for

s,

%ﬁe mstal and metal oxide are inii-
mately mixed before being hented and to 90
thig end it is preferred to employ the sub-
‘stances in o very fine state of division,
Thus, the metal may ba employed in the
form of very fine filings and the oxide as
a finely ground powdcr. The substances 95
may be cmployed in about equal propor-
tiong by weight, but this i= not essential,
for instance the proporfions may be such
that the produch confwins substantially
more of the metal of lowar affinity for 100
oxygen than of the mefal of higler
affintty with which it is permeated.

- The temperature to which the misturs
of metal snd oxide is heated is preferably
above 500° (., temperatures of 750—850° 105
C. or even higher, e.g. 800° C,, giving
excellont results. The product obtained
is hard bub car be broken into partioles
or granules of a size suitable for use as o
catulyst by an erdinary milline opera- 110
tron. - The product, preferably affer mill-
ng and grading, is subjected to reduction
and usually it 1s convenisnt to effect the
roduction  with a commercial earbon
monexide-hydrogen mixture such as watex 115
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gas or producer gas. The reduction should
not be carcied out et such a high tempera-
ture as to cause fusion or cxcessive
sintering of the product. Reducing fem-
peratures between about 300 and, Toe" C.,
e.g. 330—500° C. depending on the
nature of the matal of higher affinity for
osyegen, muy be mentioned.

Tn the reduced product the metal ol
lower oxygen affinity is in  highly porous
form aund is permeated by the melal of
higher affinity. The thoroughness of the
permeation depends to a large extent upen
the care taken in effecting intimate ad-
mixture of the starting materials and
upon the conditions obtalning during the
Lient treatment. 'The high degree of
permeation chiainable may be al Jeast in
paxt a resilt of the transference of oxygen
from the oxide of the one metal to the
other mets] during the heating and it is
preferded that tha vxiide employed in the
Initial misture should be a higher exide,
e, euprie oxide,

. uso as a eatalyst the veduced product
is yemarkable for its lnck of friabilily and
may be used for considerable periods with-
out disintegration. Even repeated changes
in temperaturs, for instance when the
cululytic process is interrupted for regen-
eration or reactivation of the catulyst do
nat cauge serinns damage fo the catalyst.
A highly porous nature and hence 2 Ligh
surface: volume ratio and a high thermal
conductivity are veluable features of the
nuvel catalysts. :

An impertant embodiment of ihe
present imvention is the production of
cafalysts wherein the metal of higher
affinity for oxygen is niekel or cobalt and
the metal of Inwer affinity for ux%rgen is
copper. and the use of these cata yels in
hydreogenation processes, espeeially the
hydrogenation of oxides of carhoh, to pra-
duce hydrocarbons. The invention may,
howeved, bs applied to the production: of
catalysts for use_in other processes, for
instance the production of ncetone irom
ethyl alechol. The compositions of the
invention may be employed in processes
wherein both the heavy metals present
conlribute to catalyse the reaction. More-
over. tho compositions may be employed
in reactions in. which the metals presernt
play the part of reagents rather of
catalysts in the striet sense, e.g. in com-
hining with and removing oxygen and
halogens from compounds.

The following Examples llustrate the
produciion of o metallic composition
aceording o the invenfion:—

Exaverzs 1.

An intimate mixture of equal paris by
weight of eopper oxide and nicke] powder
is heated in a firc-elay erucible to abowb

900° C. The copper oxide is therely
reduced to the cuprous staie with corre-
sponding oxidation_of fhe nickel. The
resulting substantially homogeneows mass
is broken into pieces of §”—}” mesh and
reduced in a current of water gas at about
250° (. 'The’ resulting composition is
snitohls for use as n catalyst in the redue-
{ion of carbon menoxids to a hydroearhon,
for example methane,
Exaures 2,

The process is carried out as in Exeanple
1 but substituting powdered cohalt for
powdered nickel.

'Fho following Exarmple illustrales the
use of the composilions of the inventivn in
the reduetinn of curbon monoxide.

BExanpLg 3.

Buch of & number of exlernally heated
copper tubes is eharged with the compnsi-
tion obtained according to Example 1. A
mixture of carbom monosido and hydrogen
in molecular proportions of 1:3 respec-
tively is passed {hrough the tubes al o
spave veboeity of T0. Tl jssuing gas con-
tains methane in 8 proporilon correspend-
ing to a 0% conversion,

Tnstead of the compesition of Example
1, that of Example 2 may be uscd.

Besides the heavy metals, other sub-
stances may be ingorporated in or applied
to the novel metallic compositions. Such
other substanccs may be applied afier or
incorporated at any stage during the pro-
duction of the composition; fur instance,
in  producing eatalysts suitable for
synthesising Lydrecarbons from oxides of
carbon and hydrogen. o substance such as
thorium oxide may be applicd 1o or incor-
porated in the composition.

The produciion nf substantially non-
friable matallic compositions suitavle for
use in the production of hydragen by
decomposition of steam or waler under the
influence of heat by heating an intimate
mixture of finely divided copper oxide and
iron to bring aheut reduction of copper
axide to cuprous oxide by the iron, and
subsequently subjecting the resuliing
composition to the action of a reducing
atmosphere to reduce the metallic oxides
to the corresponding metals, as well as the
composition so produced are claimed in
Specification Ko, 34125/87. The said
Specification further claims the use of the
said compositions’ in the production of
hydrogen by -the ‘decomposition of steam
or waler by the action of heat. We do
not cleim such production of copper-iron
compositions, comipositions so produced ar
their use in the prosent Specification.

Having now particularly deseribed and
agecrtoined the nature of our said inven-
tion and in what munner the same is fo
be performed, we declare that, subject to
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the foregoing discluimer, what we ¢ladm
igs— :
1. Prorsss for the production of a sub-
stantielly non-friable mctallie composi.
F tion wuseful s a3 ecalalyst Lor the
hydmgenation of carbor ecompounds,
which comprises forming a porous sirue-
ture of an oxide of ome heavy metal
permeated with, and serving as the suppory
10 for, the oxide of another heavy melal
bhaving & higher affinity for oxyzen, by
heating an intimate mixture of the second
metal with the oxide of the first metal,
both oxides being reducible to the respoc-
15 tive metals by meane of a gaseous reducing
agent, and thereafter reducing the result-
ing composition by means of o gascous
reducing agent. :
Trocess aceording to Glaim 1, where-
20 in the composition is mechanically
reduecd tor a convenient size for use as &
catulyst or contact reagent befove reduc-
tion to the metallic state.
- 8. Process according to Claim 1 or 2,
RS wherein the metal of lower affinity for
uxig'en is copper. | L
. Process according to any of (Claims
13, wherein the metal of higher affinity
for oxygen is eobalt,

30 5. Process according to any of (Maims

1—3, wherein the matal of higher affinity

Tor vxygen is nickel. .
6. Process for the production of a sub-

" stantially non-friable metallie composi-

tion nzeful as a catalyst for the hydrogena- 35
tion of earbom compounds, subsiantially
a3 hereinbefore described.

7. A substantially non-frisble wetullic
composition, usefol as a catalyst for the

JIyydropenation of carbon compounds when 40

roduced by any of the processes herein-
efora described and claimed.

8. Process for the hydrogenation of
ecarbon compounnds, which enmprises reant-
ing the compomnd ab an elevated tempera- 45
ture wilth hydrogen o the presence of a
metallic composition claimed in (laim 7.

9, Process for the hydrogenation of
carbon monoxide, whick comprizes vesot-
ing the curbon monoxide with hydrogen &0
at an elevated temperature in contact with
a metallio composition as claimed in (laim

. 10. Process for the hydrogenstion of

carbon compounds substantially as herein- 58
before deseribed.

. Dated this 106k deay of November, 1983,
' STETHENS & ALLEN, B
Chartered Patent Agents,
Celanese House,

22 & 22 Hanover Square, London, W.1.

Leamington Spa: Priated for His Majesty’s Stationery Uffice, by the Courier Press—1939.



