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PROVISIONAL SPECIFICATION

Production of a Metallic Composition

We, Warren Hespy GROOMBRIIGE and
Jonx  Epwarp Newxs, boih British
suljects, nf the Worky of British Celanese
Timited. Spondon, near Derby, de here-
by declare the nature of this invenlion
ta be as follows:—

Thiy invention relafes fo a novel
wmetallic compoesition and is more partici-
larly eoncerned with = metallic composi-
+ion which is valuable as a catalyst 1
chemical procesans. )

According to the invention a mixtuve
of finely divided iron aud comper oxide is
heated to induce reaction belween the
suhstances sy a8 to form a produet comu-
prising a mass of cuprous oxide permeatad
with oxidised iron and this_produeb is
fhen subjeated to reducticn. In this way
it has been found possible to produce a
nove] metallic composition which is of
oreat valne a5 a catalyst in chemical
processes and cepecially in the manu-
faeture of hydrogen from water.

The iron znd ecopper oxide may be
employed in oabout equal  welghts,
although it is mot necessary, tn adhere
strictly to the wse of such 2 mixture, aw
ihe two suhstances should be in a very
fine state of sub-division, for insience the
iron may be employed iz the form of very
fine filinps and the copper oxide as a
#inely ground powder, )

The heafing of the mixture to induve
renotion bebween the substances i an
importany, feature of the invention, Adfter
thorough mixing the aubstances whonld
he heated o a terperature exc-eeghng
600° C., - temperatures of 760-—850° C.
wsually being preferable. TUnder these
conditions & *° Thermita ** type of process
tnkes place. yielding = gemi-fozed or
gintered mass comprising cUprous rxide
permeated with oxidised irom. This
product is hard bmb ean be broken into
particles or granules of a size snitable for
nse as a codalyst by an ordinary gculhnp;
operation. Adfter milling and grading the
product iz cubjectad to reduelion and
uswaily it is convenient fo affect ‘the
reduction with a commerciai hydrogei-
carhon monexide mixture puch as water
gas or producer pms. The teduction
hould not be carried nut ak guch a bigh

[Price 1]-]

tentperziure as lo cause fusion or exces-

give sintering and a reduction tempern-
ture not exceding about 800° C. Is
preferrad.

The reduced product, which is almost
gompletely oon-friable, consists of a
gtrueture  of highly porous eopper
permented with iron.

As lLas been indieated, the invention
pomprises; i . nddition to the movel
metallic composition and its method of
produchion, the wmse of the metallie
composition as o catalysb in chemical
processes, (Hf ontstanding imporiance in
this eonneclivn iz the use of the composi-
tion in the production of hydromen by
decomposition of water at high tempera-
tures, a process in which the metullie
composition of the invention offers
immense advantages, whether the hydro-
gen is produced from steam, as in the
Lane process in which_ the iron cabalyst
is alternately oxidised with steam and
regenerated wilh a reducing gas such as
water gus or producer gas, or [rom Tigmid
water. as in the Bergins process, in which
lignid water is ‘heated with an iron
patalvst under a “high pressure fo 2
femperafure approsching the eritical
temnerature of waler.

The almosi complete luck of friability
of the novel metaliic romposition enables
it to he subjecled to repeated oxidalion
and reeeneration in either type of
Tovess without detericration and endows
it with an npnsually Iong lifc as compared
with the catalysts commonly used in the
Tane trpe of process which have a life of
only a few weeks; calulysts previously
employed in the Bergins type of process
are prartically incepable of regencrulivn.

Moreover, the novel metallic composi-
iion has w very high comient of ‘¥ avail-
ahle ** iron. i.e. iron which can tale part
in the ehemivgl prosess in which it is
emploved, amounting to as much as five
or o' or more times the percentage of
available iron present in known catalysts.
for instance thoge empleved in the Tame
process, | 'The present invention thus
makes it possible to increase considerably
the nroduction rate andfor the lenzth of
each ¢ make” period. 1e. the periofd
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during which ihe iron catalyst is sub-
jected to treatment with steam, In this
type of prooess.

Turthermore, & highly pooous nubure,
and hence a high surfaes:.volume rvatilo,
and a high thermal econductivity are
valuable fealures of the novel cafalyst.

While the use of the muvel mctullic
composition haz been described mors
connection with the
production of -hydrogen from water, it
should be pointed gut that the composi-
tion ean he msed in other processes in
which one or hoth of itg somponents exert

s oolalylic cffect, whether wr not this

eatalytic effect is one involving wn uctual
rpaction taking place between substances
employed in the chemical process amd a
component of the eatalyst. YFor ingtance,
the novel metallic composition may be
emyployed as a catalyst in the hydrogena-
{ion of oxides of carbon, more particularly

to produce hydrocarhons, and for the

roduction of acetone from cihyl alechol.

esides the cupper and jren foyming its
basis other substances, and especlaily
metals and metal compounds, may be
incorporated in or applied to the novel
metailic eowpositivn,  Such other sub-
stances may be applied witer or lugor-
porated at any slage during the produc-
#don of the composition; for instance,
when the emmnposition is v be emploved
as & catalys| in the production of acetone
from ethyl aleohol, it may he subjented to
condilions which eausc superfieial rusting
of the iron in the compoyiiivn andfor
caleium acetafs may be applied fo the
cum poyition. _

- Dated this Tth day of December, 1837.
STEPHENS & ALLEN,
Chartered Patent Agents,

Celanese Homse, :
22 & 23, Hanover Square, London, W.L

QOMDPLETE SPECIFICATION
Production of a Metallic Composition

We, Warrsy Hexey GRoDMBRIDGE and
Jomx Tnwaep -Newws, boih Oritich
gubjects, of the Works of British Celancse
Limited, Sponden, near Detby, de here-
by declare ths nature of this mvention
an] in what manner the same Is to ba
performed, tp be particularly desexibed
and ascertzined in snd by the following
statement ; —— : :

This invention relgtes to the preduction
of a melallic composition and 13 more
particularly concerned with a metallic
composition whiech is valuable as "a
reagent or eatalyst in chemnical processes
in which irom ip fnely divided form is
used as a reageat or eatalyst. o

Agcording to the invention o mixture
uf finely divided iron and copper oxide is
beatsd to Induce reaction beiween the
substaness e as o fuzm a _prndm-.t coIn-
prising a mass of suprous oxide permeated
with oxidised jron and this product s
then subgecied to reduetion hy the action
of o reducing atmosphere. In this wuy i
has been found pessible to produee a novel

5 metallic composition which is of great

70

75

valne as a Teagent or eatalyst in chemical
processes of the kind referred to above
and especially in thé manufacture of
hydrogen frem water. The Invention
inelndes metallié compositicus obleinabla
in this way, and also the wmse of - the
metallic compositivns as  reagents or
cafadysts particularly in the decompostfion
of steam or waber ob elevated temperatures
to produce hydroger as for example- in
the Lane and DBergins proresses. The
metallic cempositions of the invention

are substantially mon-friable and comsist
of metallic copper in porous  form
permeated with metaliic irou, the copper
forming the supporl for the izon.

Tr making the eompositions the jron and
copper oxide may he employed in about
equal weights, although it is nol ncecs-
sary to adlere sirdeily o the use of such
a. mixture, and the 1wo substances shauld
be in n very fine stats of suth-division, for
instance the iron may be employed In the
form of very fine flings or powder and
the copper oxide us a fnely ground
powder. _ :

The heating of the mixfure {o induce
reackon between the subsiunces s an
important fealure of the invention. After
thorougl mixing the substances should
ke heated to a temperatmre cxceeding
600" C., lempergiurcs between 750 and
1000° C., e.g. 850—-900° C. usually beingz
preferable.  Under thess conditions a
* Thermite ™ type of process takes place,
vielding a sami-fused or sintered mass
epmprising cuprous oxide permeated with
oxidised iron. This preduet is hard but
can - be broken intg particles or grannles
of g size sulbuble for wse ag & reagent o
eatalyst by an ordinsry milling operation.
Aftey milling and grading the produet is
subjected o reduction and usually it s
convenient to elfect the reductivn with a
ecommereial hydrogen-carhen mronoxide
mixture such as water gas or producer gas.
The reduiction should nut ke esrried wud
at such 3 high temperatire as to cause
fusion or excessive sintering and a redue.
tion temperature between ‘500" and
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800° C., e.z. 700° C., 38 preferred,

The reduced produsi, which is non«
friahle, consists of o struecinre of highly
purons copper permeuted with iron.

As has been indicated, the invemntion
comprises, in addition bo the produetion
of o metallie composition and a metallic
compesition so produced, the use of the
composition as a reagent oy calalyst in
chemical proeesses. 0f outstanding
impertancg in this conpection is the mse
of the composition in the produciion of
hydrogen by decompesition of water at
high temperalures, a process ifi which the
melallic composition of the invention
offers immense advantages, whether the
hydrogen is produced from; sieam, as In
the Tane process in which the iron s
alternately oxidised with steam and
regenerated with a reducing gus such as
water gas or producer gas, or from Liguid
water, as in the Bergius process, in which
lquid water is heated with iron under
high pressure to a temperature approuch-
ing the critical temperature of water.

The non-Iriability of the novel metallie
eomposition enables it to be subjected to
repeated oxidation and regencralien in
eitlier type of process without deteriora.
don and endows it with an unusnally
long lite as compared with the iron-
pontaining resgents or catalysts cominonly
used in the Lane type of process which
huve o lifc of only a few weeks; the iron-
punlaining reagents or catalysts previcusiy
employed in the Bergius type of process
ape practically incapable of regeneration.

Moraover, the novel metallie composi-
lion has a very high confent of * avail-
ahle ™ iron, i.c. irom which can iake part
gn the chemical prosess in which it is
employed, amounting to as muekh as five
or &i% or more times the percentage of
available irom present in knawn iron-
containing reagents or catalysts, for
instance those empleyed in the TLaxne
proeess. 'The present Invention thus
makes it possible to increase considerably
the production rote andler the Jength of
each ' make " period, i.e. the period
during which the iron reagent or catalyst
is subjected to treatment with steam, in
this type of process.

Furthermore, a highly perons mature,
and hence u high suriace:volume ratio
and a hLigh thermal conductivity are
vuluable features of the novel compositioa.

The [ollowing Bxemple illustrates the

preduciion of & metallic compesition
aceording to the inveation:——
Exaurre L.

An intimate mizture of equal parts by
weight of copper oxide arpd iron powder
iz heated in a five-clay ernsible to about
000° . The copper oxide is thereby

reduced to the euprous state with eorre-
sponding oxidaiion of the irom. Ly
resulting . substantially homogeneous mass
ic broken inta pleces of from §7 to 17
mesh and reduesd in a current of water
gas ot ahout 700° C.

The resulting composilion is suitable
for the produetion of hydrogen by the
decomposition vl steam. as, for imslanec,
in the Lane process or by the decomposi-
tion of water as, for imstazee, in the
Berpius process,

The following KExample iillustrates the
ase of the compositivns of the invention
in the production of hydrogen hy the
decomposition of sleam,

Exaxerr 2.

Each of a number of externally heated

copper tubes is charged with about
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T00 pms. of the product of Example 1. 85

The tubes are heated to 630-—700° C. and
stesm iy passed through the imbes at a
rate corresponding to §0—G5 gms. of water
per hour per fube for 2 hours, During
this period the smount of pure hydrogen
produced corresponds to a 40—50%
conversion on (ha steaur pussed.

The reaction mass 18 then rodnced at
ahout 700° C. by the passage of producer
gag at the tate of 60 litres per hour for
4 hours. '

The cyvle is then rapeated.

Water gas may be used in place of
producer pas in the reduelion. The cyela
can be repeoted a laree number ol tmes
without uny disinfegration of the catalytio
fOMPOSIion OCCTTIING,

Having now partieniarly described and
ascertained the tature of our said inven-
tion, and in whal manner {he same is {o ba
performed, we declare that what we elaim
isi—

l. Process for the production of a
metallic enmposition suitable for use in
the production of hydrogen from steam
or watey undcr the infiuence of heat, said
Process comprising heating an intimate
mixiore of finely divided copper oxide and
iron te¢ bring wbuut reduction of copper
oxide to cuprous oxide by the iron an
gubjecting the resulting compesition to
the action of a reduvcing atmosphere to
reduce ‘the metallic oxides to ihe vorre.
gionding metals, '

2. Prucess aceording to
wherein the composilion iz ground
snilable size fyr msa before reduction.

8. Process andording fo Claim 1 or 2.
wherein iron and sopner oxide are present
{n the initil mizture in subataniially
equal proportions.

4. A process for ihe produetion of a
substantialy non-frinhle metallie composi-
tion suitable for use in he production of
hydregen by the dacomposition of steam

Claim 1.
to

80

8

100

105

110

115

120

125

130G



4 AT, 420

e S e
Wiy LT
e

Y -
LU

or water subsliantially. ps described in

Example. 1.
H. A provess for the production of u
substantially wmon-friable metallic come
b position suitable for use ¥n the production
of hydrogen by +the decomposition of
gtean or waler. substantially as hereiu-
hefora deseribed, .
6. A subgtantialiy non-friable metallic
10 cowposition when produced by any of the

propesses hereinbefore  described  and
claimed. o o
7. Process for the production of

bydrogen, which comprises decomposing
15 steam by ths action of heat in the
presence of g gsomposition ag elaimed in

(laim 8 and regerneraling the composition
by means of a reducing atmosphere.

8, Process for the _production “of
hydrogen, which comprises decomposing 20
liguid water by tho aciion of heag In the
presence of B compogition as claimed in
Claint § and regencrating the compogition
by meaps of a reducing sbmosphere.

8, A eyelic process for the production 25
of hydrogen substantially as deserthed in
Ezample 2. . .

Dated this 1tth day of November, 1938,

. ATEPHENS & ATLEN,

Uhartered Patent Agents,
Celanese Houge,
22 & 28, Hanover Square, London, W.1.

Leamingion Spa: Printed for Hix Majesty’s Stationcry OMiice, by the Gourier Press.—1686.




