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 PATENT SPECIFICATION

I, Harorn Epwrx Porrs, Chartered
Patent Agent, of 1%, Church Street,
Liverpool, in the County of Lancaster,
Subject of the King of Great Britain, do
hereby deelare the nature of this inven-
tion which has baen communicated to me
by International Hydrogenation Patenls
Compeny Limited, = Company vrganised
under the laws of Liechtenstein, of Vadnsz,
Tiechiensteln, and In what manner the
same i3 to be performed, to be partien”
larly deseribed and ascertained in and hy
the following stalement:—

In catalytic processes in which high
tempsrature, e.x. upwards of about 480°
and up fe about 1080° C., and
flowing stresny of resclents ave employed,
considerable diflicully is enconntered with
{he calalyst whexn it iy employed as a pack-
ing for the reaction zome. Tn such
processes  catalysts which have been
found to be particularly cffective have
frequently proved to Dbe lacldng in
meghauica}. gtrength and thersfore to
disintegTate too rapidly.

In order to strengthen such catalysts it
has been the custom to deposit them on
solid carriers of wsufficien! mechanicul
strength such as pumice, guartz, meial
halls, ete, This procedure has the dis-
advantege thet in such catalysis there is
only a thin lsyer of active melorial which
iy liable to peel off even after a relatively
short time of usage.

My foreipn corrcspondents have found
ihet eculalysle of Thigh mechanical
gtrength, adupted for reactions condueted
at high temperatures, are produced with-
ont the employment of solid carriers, by
forming inte pieces by compressing nndar
high presgure of at least 500 atmospheres
a finely divided compounded materinl,
comprising an effective catalyiic sub-
staneg and the melting point of which is
substantially higher than the temperafure
in the subseguent besting, -or wh:'Eeh
forms o subslunce of suid melfing point
in the subseguent heating, apd heaiing
the pieces to a itemperature of at lenst
850" C,, preferably of at leash 8920° .
The Lealing is performed for a suffieiently
long time to-effect a substantial increanse
in atrength, preferably by cuusing the
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uigh melting compound 4o be foimed in
sufficient amounts to exercise a bindinp
effect. The cxpresgion *‘ compounded
materigl ** is intended to mean a material
in which chemical compounds arc present
as cssential ingredients,

As finely divided compounded material
a powder is nsually employed preferably
in the dry state, a.l_thuug‘ﬁ mpist materials,
for example moist powders or pastes may
also serve for this purpese,

The pieces resnlting from said heating
treatment are advanfugeously ernshed
after cooling dowz, for example,. te
afmogpheric  temperature, to form a
puvwder, which, in turn, is ngain com-
pressed inte pieces under high pressure
of at leasf 500 atmospheres, the pieces
obtained being likewise heated to .2
temperature of ab least 850°, preferably
of at least 920° Centigrade. .

If the initial finely divided compounded

when it has hecn obtained by a precipi-
tatiom from s agueous selution or suspen-
sion or by the interaction of an agueous
solution or suspension with & veaclant,
or also if the initial material contains
water of ocrystallisation, the moifset
materinl may first Ba formed info pieccs
by shaping, cutting pnd/or comparatively
slight pressing and  the like and the
resnlting pieecs may then be heated to
a_eomparstively low temperature, nsually
above 100° Centiprades, in order to expel
the waler contained therein, said tempera-
tura ranging up to:about 400° Centigrade
aceording fo the maleriu] treated.  Tha
dry pleces are ther subjected to compres-
sion under a pressure of at least 500
atmospheres aceording to "the present
invention snd heated to the aforesaid
high lemperature  of gt least  850°
Centigrade, T

In addition to the said drying or

"roasting step, a reducing frestment may

be inecluded either befure or after the
final henting, according io the material
treated. For exgmple, in the ecase of a
catalyst containing wiekel as an effective
eatalyst subatance, the pieces of eatalyst
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of reduding gases such as hydregen or
ammoniz ot elevated {emperaiure of say
150 1o 860° Centigrade, so us to reduce
any nickel oxide present to meiallie
nickel. - t

If the initisl matericls are already
present in the form of solid pieces, these

are erushed to form small grenules or -

powder and further treatad in accordanes
with the prasen{ invention,

Tt is especially uselul, in asccordanca
with the present invention, {¢ mix o

materigl comprising an effective calalylic

" substance with & substanee capabla of
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interacting with said material to form a
compound having a melfing point sub-
stantially higher than the temperature i
the subsequent heating stop, the mixture

being heated jo a temperature at least
guffiient to ecause said com%ound to be
{formed; +when the compound is formed,
the resulting produet is crushed, 1
dasired, tv wroduce the finely divided
‘material which iz compressed inte pisces
under high pressure of at least 500 atmo-
splieres and further heafed in accordance
with the present inxvention,. =
. Tha types of substamces which . are
capable of reacting with each other fo
form high meling compounds may bhe
divided Into two general clusses; {hose
which vombine by reason of one being
acidic and fhe other being hasic in
character and those which ecombine with
each other to form doubla compounds of
an additive natore.
first type may he mentioned magnesie
and alomine which combine to form
magnesium aluminate. ‘As illustrative of
the second group mav be mentioned
magmesia and sodium fuoride which are
capable of combining to form a double
fluvride. :
The reactive substances added or at
least one of them will iu some cases have
a melting point nof in excess of ahout
810° Centigrade and this is desirable In
order thet the admixture and reaction of
the reactive components may ba facili-
tated. By far {the greater number of
reactive subsfances, huwever, have melt-
ing points higher than 810° Cenligrade,
Wherever in the specification or in the
appended claims an seidie substance ia
mentioned, this 1s intended fo mesn a
substance which, in- aqueous sclution or

suspension, gives an acid reaction or

whick, in a ckemical compownd, consti-
tmtes al]l or part of the onion., Where-
ever a basic snbstance iy mentioned, this
means ¢ Substanes which, In agueons
solution. or suspension, mives au alkaline

reaetion or. in & ~ohemical eompoun..

conetitutesall or part of the cation.
Aa axamples of acid substances may he

“eobalt,
. oxides and wcids of phosphorus and

As illustrative of the .

mentioned amphoteric oxides such &3

“alumina, oxides end acids of metals of

group G of the pericdic system, silien,
oxides of bismuth, tin, lead, sntimony,
arsenie, and vanadium, sud

horan.

As cxamples of basic substamees {0 be
wsed in the practice of the present inven-
fion may -be mentioned the oxides and
ofher compounds of the alkaline earth
metals, inaluding magnesium, and
oxides and other ecompounds of the

‘alkali metals where the latter are not

objectionable in the catalyst.

Typieal of the substances which will
eombine with metal oxides to form double
compourds gre fluerides such as sodinm
finorida and silicaies suck  as sodium
gilioate,

The gubstances added fo the catalyst
ghould preferably be employed only in
such an amount that the compouad
formed by the reaction constitutes u
minor component of the eatalyst, prefer-
ably not more lhan 10 per cent. thereoi,
The reason for this is that fvo exlensive
a reaction between sneh substances serves
to effect o Iﬁart—ial, often substantial
reduction in the acfivity of the catalyst
while only & relatively low degree of

teaction wil] impart the desired strengih.

Tn most eases ome of these zeaciive
suhstances is already present in the
catalyst, useally as a major component

.thereof, Thereby necessitating the addition

of valy a smell osmount of the other
reactive component in order lo cffcet {he
process in accordance with the present
invention,

Satisfactory strength ean be imparfed to
calalysts composed of cue or mere metals
of the Iron group in ceviunciivn with a
difieultly reduecible oxide, as a mujor
ingredient, by adding to the ecatalwst
misture a smalf amount of a substanee
whick will react with {he diffienltly
reducible oxide, at a temperalure above
for example that usual for the production
af hydrogen or gases rich in hydrogen
by the mothane-steam reactiom, mnsually
at about 820° Centigrade, to form a
rompound beving a melting point nhove
the melting pojnt at which it is desired
ta conduet the methane-steam reaction
and Lesting the mixture to the tempera-
ture at which the added substance and
the oxida can rteaet. If the difficultlr
redurible oxide asseeiated with the metnl
of the iron group is of acidie nafure. the
gildnd substanee is preferably & hasic
vxifde such as magnesie vr llme, or barium
oxide. If. on the ofher hand. {he diffi-
cultly reducible oxide associated with the
metal of the iron group is of basic nuture.
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the substance added to impari slrength
is preferably an acidic oxide such as
wleming, borie acid, chromiwn vxide,
melybdic  acid, tungstic acid, ete.
Where the diffienltly reducible oxide is
amphaterie, the added, substance shounld
preferably be of seidic nature, such as
borie acld or-phesphoric zeil. In svme
instances the substance added may he »
salt of fluorine, a silicate, or a hydro-
phosphate whieh is ecapeble of reacting
with {he cxide associafed with the meta
of tha iron group to form a high melting
doubla salt. :

In the preparation of calalysts for the
metheane steam reaction, for example, »
difficultly reducible oxide is impregnated
with an aqueong solution of a nickel palt,
usually nickel nitrate, the mixture is
reasted to dryness at a gufficiently high
lemperatura 1o convert the nicke] nitrata
into nickel oxide and the mizxture is thexn
raduced at an elevated temperature by
hydrogen so as to ponvert the nickel oxide
te motallie nickel. To obftain z more
intimate mixture of the nickel and the
difionltly reduoible oxide, solntions of
salts ol both may be wixed and the mixed
hydroxides of Twth precipituted by the
addition of ainmonia or any other suitable
precipitating agent. In such case the
further treatment of the catalyst mixture
ig the seme o5 meniioned above. In any
case, ip the mathods normally employed
for the production of these catalysts the
roasting and redueing steps are carried
oul gt tomperstures usvally not in cxcess
of 600° Centigrade. .

. According to the process of the present
invention the substance which is to he
addad fo the mefal oxide associated with
the nickel may he sdded at any stage of
the process pripr fo the fingl heating step.
For example, it may be added during the
initial mixing step or prior to or after the
roasting step. Addition during 1he
initial mixing step in the wet state is
the preferred procednre. If desired, the
catalyet material. is subjected to o
redneing  treatment. Subsequently 2
high temperature heating atep to a
temperature sohstantially  above the
temperature at which {le methanc-steam
reaction is to be conducted i§ carried out,
This hich tempersiure healing siep 13
essential hecanse the substance employed,
aceording to the pregent invention, to
increase the strength of the catalyst doos
not prodnee the desired effect at the tem-
peratures usually employed fox the
- ethane-steam. reaction.

The catalytie reactions in which the
catalyeis obiainable sccording to our
{nvention axhibit their grestest ulility
ara, ag stated before, thoss in which the

reaction {fempervature is upwards of 480°
Centigrade. Among these muy be men-
tioned the reaction between steam and
hydreearbons for the production of
hydrogen, the eracking of hydrocarbons
for the production of olefines, -diolefines
and acetylens, the dehydrogenation of
bydrocarbons, the polymerisation of un-
saiurated nurznally gaseous hydeoearbons
to aromatics, the destructive hydrzogena-
tien of distillable earhonaceons materials
in the upper end of the operative tempera-
ture range of 800° Cenligrade to T00°
Clentiprade, thy synthesia of mathanol, the
refdfuction of oxides of carhon with or
withomt Ipressure to produce -liquid
hydrogarbons, said -reduction heing
carvied out, if degived, at temperatures
below 480° Oentigrade, for example, at
I80° to 210° Centigrade, and similar
reactions,

In any of these reachions, the catalysis
which have beez found to exhibit {fhe
greatest activity contain one or more of
the aeid or basie substances or both
employed according to the present inven-
tion. For example, -for the methane-
stearn Teaction ca,‘saiys’ts composed of a
metal of the iron group, usually niclel,
and ong or more of the oxides of
gluminiam, - 'magnesium,  chromium,
tungeten, silicon, and ursaium or & clay
containing exides of both a basic and acl
charaster -have been found satisfactory.
For -the ecatalytic dehydrogenation of
hvdrocarbeons,: catalysts coutainine oxides
of metals of- group 6 of the perivdic
gystem, phosphates and diffieulily
reducible oxides of metals of the fourth
group of the'perocdie system have heen
employed. For destructive hydrogens-
tion and for the methanol-gynthesis,
catalysia conlaising a large variefy of
dificulfly veducible oxides of both basic
and acid character have bieen proposed.
Tor the reduotion of exides of carbom,
catalysts comprising cobalt or other
metals of the 1ron group as essentlal
ingredients ~ may be advantageously
employed. )

Where the eatalyst mizture, as such,
nontains subbtunces of acid aond busie
character In large amounts its strength
ean, ‘of courae, be improved by heating to
the neressary temperature to cause these
gubstances to réset without the addition
of awny other substance. ~Sometimes, it
may be prdaciically impossible to control
the heating step in such a case, however,
80 23 to avoid g decreage in activity of fthe
catalysl 'dueé fo ‘s too extensive reactiom
of tha reaciion componenits. This 1s
especially irite; where, 28 in the case of
many commen. dehydrogenation catalyats,
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catulyiically offective ingrediept and is
present in = relatively small amount.
Tn such cases it is preferable, according
e the present invention, fo add fo. the
outalylic mixture a small amount of
& substance which has a gréater affinily

for cither the acidic ¢r basic component.

of the eafalvet than does {he other rom-
ponent of the catalyst. For cxample, in
1 eatalyst eomposed of a emall amount
of chromic oxide and 4 large amount of
aluming the strengthening should be
effected by fhe addition of a faw percent.
ot boric aeid followed by the heating
sten, rather thun by heating the eatalyst
itself withont any addition,

Where the eatalyst initially contains
onlv a large amount of a suhstancs of
basie character, » small amount of an acid
substance shonld be added hbefore the
heating step, Where the catalyst initially
nontains only a large amomnt of a sub-
stanee of acid character, a small amount
of g basie suhstance iz added prior to the
healing step. In cases where the catalyst
contains a larme amount of an amphoterie
oxide, the added minor component -is
preferably acidic, For example, alumina
max be combined either with phasphorie
or with borie 2cid. ‘Where the catelyst
initinily containg neither, or contains
gubstances of either or both types which
will not react wilh another substance to
form g compound of the required high
meliing point, both iypes of substances
must be added in small amounts,

The reactivus by which the high meli-

inge  compomund ccmtem]l:ulated hy the
present invention is produced ocrdinarily
require the employment of temperafures
apwards of 870° Centigrade. Since the
present invention finds its greatest feld
of annlication in the production of pilled
or tabletled catalysts in which it is
inrpasible to employ materials of high
meehanice] strength. such as pumice, ete.,
flie - process of {he present invention
nsually comprises hoth a roasting and a
reducing step and in addition & mould-
inz step ard a high-temperature strength-
jucrensing heating step. OF course, the
Tousting step may be omifted but it is

preferably included prior to the moulding .
stap g0 as to eliminate anv water, if thi~-

‘s present, and decomposition gases, such
as NO., during the heating of the
moulded catalyst. The redncing step Is
nsnallv corducted after the high tempera-
tore heating step. Furthermore, the
high temperature heating step may be
conducted in an inert or reducing atmo-
gphere where the eatalytivally active
joevedient is one which loses activity
when heated to 2 high temperature in {he
presence of ait. -

It may be desirable to siore the cafalyst
in an ipert atmosphere, for exomple
nitrogen, in order o avoid its activily
being deteriorated in contacd with air.

An  cspecially active calelyst pre-
viously suggested fnr the metlLane-steam

reaction is a catalyst composed of nickel
and magnesin. This eatalvst preferably

. eontains a large sinount of magnesia and

nickel, and eatalytic compositions con-
taining %5 per cent. micke] and 75 per
cent. magnesia are preferzed. This
catalyst, however, has been found to be
particularly fragile at preferred operni-
ing conditiona,

My foreign correspondents have found
that {his nickel magnesin catalyst can be
rendered eminently satisfactory from the
point of view of mechanical strength by
being subjected o the sirength improving
process aceording to the present Inven-
ticn. The inorganic compound udded ta
this mized catalyst for the purpose of
impoving strength is proferably one which
has s melting point below pboutr 820°
Centigrade, in erder to seeare Imtimafe
mixing and rapid reartion between {he
added component and the wmagnesia.
Examples of compeunds which may be
added to the nickel suagnesia catalyst, as
well-as to other eatalysts ireated aceord-
ing to 1he present invention, are the avids
and salts of fluorine and acids, oxides
end: salts of silicon, tin, germaninm,
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bismrith. aluminium, lead. boron, eabalt, 100

tungsten, phosphorus, chromium, molyh-
denum, manganese. and the like, sach as

Csodimm fluoride, silica. sodium silicate.

alumina, horie acid, chromium oxide.

coball -oxide, molybdie aeid, tungstic 105

acid, phosphorie aeid, ete. "Weally
acidic compounds, such as horic acid and
tungstie acid, are preferred.

Sueh compounds should be added in

gmeall gmounts varving between 1/2 per 110

eent. and 10 per rent, and preferably noi
in excess of 5 per cent. of the total
natalyst mixture. My forcign eoTre-
spondents have found that such minor

amounts of the added subsiance are 115

sufficient to impart the desired strength
to 4he catulysl withou! impairing iz
activity, whereas when amounts gnbston.
tinlly in cxeess of 10 per cent, are

amployed, the strength of the resulting 120

eatalyst is not appreciably greater, but its
artivity mav De considerably less due to

_the .faot that an exiensive repetion

hetween +ths added substanee and the

diffienl#ly reducible oxide may eause a 125

coating to form -over some of ihe
eatalytically effective surface.
.. In.ghe praferred form of perfnrming of

the present invention' the ecatelyst is

employed in pilled or tabletted form. 130
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Graphite is o highly advantameous lubri-
canl for 1he formatlon of pilled or
tabletted catalysts. Due to the fact thai
graphite does not decompose at elevabed
& fempereturcs, the heating of large pills
or tublets cun be conducted without the
setting up of internal pressure in the pills
or tablets. Clonseguently crumbling of
the catelyst is entirely climingied, More-
over by the employmeat of graphile as
a lubricant the pilling or tabletiing
operation proceeds more smoothly and
without any sticking of the pills or

10

tablets In the }_JilliJl or tablettin,
18 machine, In addition 1% bas been foun

that pilled or tabletted catalysts of all
mizes are stronger whaen prepared with
graphite a8 a lubricant than when
prepared with any other lubricant pre-
viously proposed.

Tt is also possihle in aceordamee with
the present invention, to employ a Tubri-
eant which iz combustible and is com.
plelely removed from the eatalyst pills oz
{ablets on hesling to & {emperature above
ahout 820° Centigrade in arr. Examples
of soch lubricants are -the falty aeids,
such g8 stearie or oleic acids and the
mixed Totty ecids obtalned on limited
oxidation of perafia wax, for example,
by blawing with air or with sir contain-
ing oxides of nitrogen. Also high heiling
viscous esters, such as the natural esters
or the fatly esters including the natural
oils, fats and waxes, and hydrocarbon
Tubricants ench ag the petrolevm Iubricat-
ing oils and waxes may be employed for
this purpose, Since gome of the catelysts
accordiug io the present invention, more
particularly nickel catalysts, are sensitive
to even glight traces of sulphur, it is
preferable in such 5 case that the lubri-
conty used with such catelysts be substan-
tially free from sulphur.

The following Hxzamplea will further
illusirate how the present invention mey
be carried oud in praclice bud 16 should be
understood that the invention 1z not
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Tablets with 2 per eent. Boric Aeid
Tablets without Buri:c Acid
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Examrie 2. :
In oxder to demonstrate the manner in-
which eatalysts emploved acenrding to the
105 present inveniion are superior in stability

to catalysts previously employed, tests’

ware made on a. nickel magnesia catalyet
of the typé described in tha first Exumple
copfaining different strémgth inereaping

limited to {hese Examples. The pereent-
ages are by  weight unless otherwise

stated.
Exsnrrr 1.

1405 parts by weight of nickel nitrate
hexahydrates were dissolved in 500 paris
of. water, to which 22 parts of harie acid
were added. 750 parts of magnesium
oxide were then slowly added to the solu-
tion, with slirring, ang the resulling
paste was dried vand heated at about
455°—475° (entigrade -to convert the
nitrates o oxides and to drive off oxides
of nitrogen. The heated powder was
passed through a 1) mesh screen and was
then formed into o dense mass by compres-
sion under high pressure. This is suit-
ably dome in a tablet machine, using
pressures of the order of 700 kilograms
per square centimetrg or higher.  The
tablets first formed may be made aven
slronger by heing crushed {o abomt 10
mesh and ther again formed info {ablets.
The tablets resulting from this double
oparation are then heated to a tempera.
ture of 920° to 1090° (entigrade or
higher for about 36 hours. The nickel 75
oxide iz the lablels is then reduced to
metallic nickel by pawsisg hydrogen
aver them for about six hours at the same
or any desired lower temperatures. The
resulting - tablets. "are highly active 80
catalysts for the production of hydrogen
by the reaction of methune and sieam, a
eag containing 0.9 per cent. of methane
being obteined on’ passing 250 volumes of
teethane per honr and cxeess steam over 85
the iublets in:en  exicrnally heated
reaction tube maintazned ab 880° Centi~
grade,

The strength of the tablefs thus pre-
pored i5 muoh greater than that of tablets 90
preparcd in the ssme manner but with- .
out the additicn of the boric acid. A
comparison of the minimum pressure
required to crush the tablets, with and
without the addition of boric aeid, is 95
given in the following table:

Strength of Tablets

a0

45

40

a5

T

Kilograms per Square Centimetre

Before Hea L{ng

Aftor Heating

4 296 .
49 182

additions. The strength of these eatalysts 110
wns messured. bofore heating, after heal-

ing for several hours at 920° Centigrade
and after wusein. the methana steam
reaction for a siwen period at & tempera-
ture hetween. 810°% Centigrade and 920° 115
Centigrade. The eatalysts were all
employed as pills of the same size and
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shape. The erushiug force was measnred

-yésults were obtained :

. “Catalyst

ps kilograms. per pill. 'the following

Ni—Mg0

Ni—Mgo+2 per cent. H.BO,
Ki—MgQ+5 per cent, NalF
Ni—MgO +4 per cent. H, PO

Exampis 3.

The nicke! magnesia catalyst of the
preceding Example when heated at 1150°
Centigrade for 20 hours had a strength
of §.81 kilograms per pill.  Twe per ceut.

of borie gerd added tu the pills in the -

manner deseribed inereased {he strength
after the same heating step to 43.80 Lilo-
grams per pill. Ten per cent. of boric

acid inereased the sfrength to 87.18 kilo- idfter
1t - aetivity.
the strength to 25.81 -

grams per pill.
oxide 1ucreased
kilograms per pill. One-half per cent. of
godinm fluoride increased the stremgth io
27.20 kilograms per pill. Two per cent.
of sadium ﬂunri&l:a ncreased the strength
to 83.90 kilograms per pill,. = Tour per
cent. uf phosphorie aeid inercased the
sirength to 17.44 kilograms per pill.
BExaers 4. ,

+Tn order to defermine the effect of time
of heating and temperature of heating on
the sirength of the catalyst produced, a
nickel megnesia catalyst of the composi-
tion set forth in Example I confaining 2
per eent. of borie aecid was heated at
snecessively higher temperatures for 20
to 99 hours and the strength of the pills
after each heating step wus -measered.
The results wers as follows: .

Two per cent. of cobalk

After .

Terapara- . Inifial :
ture Strength Heating -
870° C. 71.4 1512
9s80° G. 714 286.7
090" . 71.4 358.0..

Tn this table sfrength is given as kilo-
grame per square centimetre.

The same catalyst was heated for
different periods at two different tempera-
tures. The results were as follows.

‘Hpurs 980° Centigrade 1090° Centigrade

1214 130 . 255
20—22 21(.5 357
- Emﬁm H.

-A catalyst mixture somposed Igf £:per
cent, by weight of chromimm oxide, . and

K5 08 per. cont. by weight of alumina,

obtained by saturating ¢luming with the

- square centimelre, Shoul
- aoquire a pink eolor in ibis ste
siffer 2 substantial loss in  eatalytic

Before Afier After
Hoeating  Heating Tse

11.32 0.03 o7

10.04 15.33 16.30

9.07 19.04 34.84

9.7 14.04 ir.eR

required amount of a solution of

ehrvominm nitrate and roasting wt abou!
176° Centigrade, is mized with 1 per cent.
of graphita and 2 per cent. of horic acid
snd compressed Tnto pills. The pills,
when heated for 20 heurs at 950° Centl-
orade had a strepgth of 1260 kilograms/
Should the pills
they

In order to prevent the occur-
rénes of the vonversion lo which the pink
coloration is due, the heating step, when
temperatures upwards of 980° Centigrade
are employed, should be conducted in an

atmosphere of hydragen, nitrogen,
methane, or other reduecing or inert gas.
Thiz eatalyst exhibifs sotisfactoty

activity in the dehydrogenaiion of hydro-
carhons at ¢ temperaiure of ahout 840°
Cunligrade.

Exaurre 6.

A catalyst mixture composed of 1
gvam molernlar weight of chromic vxide
and 150 grams of magpesia has added to
it 1 per cent. of graphite and 2 per cent,
of borie acid and iz pilled. The pills,
upon being heated for 20 hours at 810°
Centigrade fhow a resisiance o pressure
of 865 kilograms per square centimetre.
When heated for 20 hours at 920° Centi-
erade the pills show a resistance to pres-
sure of 1866 Lilogrems per squarg centi-
metre. When heated af 1090° Centi-
gtade for 20 hours the pills show a resisi-

~auee to pressure of 3780 kilograms per
- syuave venlimetre. When the eontent of

magnesia in the catalyst is donhled and
the pills ara heated at 910° Centigrade
for 20 hours the resistance fo pressure 1s
2190 Lilograms per square centimetre.
This eatalyst iz also suilable for use in
the dehydrogenation of hydrocarbons
when eare is taken to aveid » pink colora-
tiod during the heating step.
’ BxayeLe 7,

1456 parts by welght of nickel nifrate
hexahwdrate were dissolved in 500 paris
of water. 750 parts of muagnesium oxide
were then slowly added. ta the solution
with stirring and the resuliing paste was
dried and heated at about 455---475°
Cantigrade to couvert the nitrales (o
oxides and to drive off the oxides uf
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nitrogen. The heated powder was passed of right  cylinders, 0.48% centimetre in
through a I0 mesh serecn and was then diameter and 0.489 centimetre in height.
formed into a dense mass by compression, The tablets first. formed were crushed to
using pressures of the order of 700 kilo- abawt 10 mesk.and ther sagain formed
grams per square centimatre in o tablet into tablels, thereby removing socluded 75
machine. The tablets were in the form air and improving their strength., The
of right cylinders, 0.480 centimetrs in sccond tablets were then heated in air to
diameter and 0.489 centimetre in height. a temperature of 1090° Ceutigrade for g4
The tablets first formed werc crushed bhours. After use in the methane-stenm
to about 10 mesh wand then again resciion, these tablets showed o Teyist- 75
formed into fablets, thereby zemoving amce io crushing of 56 to 84 kilograms
oceluded air and improving their per square centimetre.
strength. The seeond tablets were then Exawrrn 9,
hesled in air fo a temperniure of 920° Two catalyste of the same composition
Centigrade to 1090° Centigrade for about of nickel and magnesia were prepared in 80
36 hours.  The nickel oxide in the heated - the manner descrihed in Exawple 8. In
tahlets was {hen redured to metallic the fizst, hefore pilling, 2 per cant, of
nickel by passing hydrogén over them abt borie acid was incorporated and the
the same temperature for about § hours. catalytic pills were heated for 22 hours

lhe strength of fhe tablets, measured at 980° Centigrade. The pills so pre- 8%
a8 {he waximum load carried hy the pared,. affer being used in the methanc-
tablet, withoul crushing, when applied to  steanw - renclion, showed 2 Tesistance to
disgonally opposite sides of the cylinder, crushing of 210 kilograms PEr square
was 10.9 kilograms, centimetre. |, During the pilling opera-

Tablets were, formed, heated, redueed tiom many of the pills crumbled and fre- 9§
and tested for sirength, as in the first quent inferruption of the pilling opera-
varagraph of the present Bxemple, with tion was caused by sticking of the pills in
ihe exception that 1 per cent. stearic acid the pilling machire,
was mixed thoroughly wilh the heated In the second. bateh of enlalyst @ per
powder of nickel and magunesium oxides cent. of horie'acid snd 1 per cent. of G5

before the dubletting operation.  Whe
tabletiing operation was, hnwever, eon-
ducted much morns sranothly, _

The strength of the tablels thus pre-
pared -from a mixiure containing stearic
acid was 14.5 kilograms.

Tublets were formed as in the first para-
graph of the present Fixample with {he
exception that 2 per cent. of boric acid
was added to the nickel nitvate solution.
The strength of the tablets thus prepared
wag 15.9 kilograms.

Tablets were prepared as in the first

aragraph of the presen! Ezample with
the exceplion that 1 per cent. of stearic
acid end 2 per ceni. of borie acid were
alded. The sirength of the tablets thus
prepared from a mixture containing both
stearie acid and horie acid was 17.7 kilo-

grams,
] Examern 8.

1455 parts by weight of nickel-nitrate
]Lexahytﬂ‘a;tg wera fiszolved in 500 parts
of watar, 750 parts of magnesium oxide
were then slowly added to the solution
with stircing aid the resulting paste was
dried and heated ‘at ahout 455-—475°
Centigrade to convert the nitrates to

oxides and o drive off the oxides- of”

nitrogen. The healed powder was passed
through a 10 mesh’ screen ‘and was then
tormed fnto a dense mass by eompression,
using pressures of the order of 700 kilo-
grama per square oentimetre in a tablet
machine. The tablefs wede In the form

graphite were added prior to the pilling
operation, The pilling operation pro-
ceeded without any interruption duc to
sticking and no erembling of the pills
occurred,
pill form for 22 houys at 980° Centiprade.
After being used in the methans-gteam
reavtion, under the same conditions and
for the same period as in the previous

This eatalysi was heated in 100

sxampla, these pilly showed 4 resistance 105

to ernshing of 231 kilograms per square
eentimetre,

When the pills of this last bateh were
heated at 1090° Centigrade for 82 hours,

they showed, after the same period of use {[q

in the methanc-stear rewction, a resist-
anee to.crushing of 894 Lilograms per
square cenlimelre,

Having now pa

icularly desoribed and

ascertained the nature of the said inven- 115

Hon and in what manner the sama is to
be performed, ss communicated tn me b
my foreign, correspondents, T daclare that
what I claim-fe;—

L. A process for the production of a 190

catelyst of ‘high mechanical strength, .
adapied for reactions eondneted at high
temperatures, which comprises forming
into pieces, by compression undep higﬁ

pressure of at least 500 atmospheres, 2 125

finely divided compounded material, com-
prising an ellective catalyfic substance
and {the meliing point of which is sub-
gtantially higher than the temperaiure

in the subsequent hesting or which forms 130
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« substanee of said melting poing in the
subsequent heating, aud heating the
pieces to a femperatura of at legst 850° C.
thereby effecting a substantial increase of
strength.

2. A process as

material is a powder. _

3. A process as eleimed in Claim 1 and
9. in which the finely divided com-
pounded material is a dry powder.

4. A process as claimed in any of Claims

1 1o 8, which comprises crushing the
rieces which have been heated to a fem-
erature of ab leagt 850° Centigeade,
orming the resal{ing powder into pieces
by compression under high pressura and
aoain heating the pieces to a femperature
+f al least 850°.

5. Tn the process as claimed in any of
(Maimz 1, 2 and 4, a preliminary treat-
ment which comprises forming the finely
divided compounded initial material in
& moist condition info pieces under any
suitabie conditions of pressure, and heal-
ing the pieces to a temperalure gufficiently
hish to dry said material. '

6. A process a8 claimed in any of Claims

1 ta 5, which comprises preparing the
initial finely divided compuunded
material by mixing 2 compounded

material comprising an effeetive catalytic
substimee with o substance capable of
jnteracting with said material to form 2
compound having a mclting poinl gub-
stantially higher than the temperature in
the subsequent heating, heating the mix-
tave to a temperature at least sufficient
to cause said compound to he formed, and
prushing Che compound produced if said
compound is not pressnt in a sufficiently
fine state of sub-division,

7. A process us claimed iz any of Claims
1 {o 6. in which tho material comprising
an affective natalytic substance is a diff-
cultly  reducible avidie or amphoterie
metal oxide,

8. A pracess gs claimed in any of Claima
1 fo 7, in which o diffieultly reducible
inormanic acid cr emphoterie metal oxide
is mixed with 2 small smount of a basic
oxids, capable of reacting with. said diffi-
culily reducible arcidie or amphoteric
meta] oxide to form a compound having
s melting point subsiagntially higher than
the temperature of the suhseguent heat
ing. !
_?J‘_ A process as claimed in any of Claims
1 to 6. in which $he material comprising
an elfective catalytio substance is_a hasic
metal oxide or a metal compoywd Teact-
ine like o basic mefu] oxide in the suhse-
guent healing.

10, A process as claimed in an?r of
Clvimg 1 to 6 and 9, in which a hasie

claimed in Claim 1, in
which ike #inely divided compounded

metsl oxide or a meial compound reaci-
ing like z basic metal oxide in the suh-
sequent heating is mixed with u smail
amount of an inorganic acid, or an acid
mefa] oxide or an amphoteric metal oxide,
spable of rescfing with said basic metal

_oxide to form & compound having a melt-

ing point substandially higher than the
temperature in the subsequent heating.

11. A process as clajmed In any of
Qlaims 1 {o 10, in which an oxide of the
méfal of groups 3 to 8 of the periodic
system of the elements is eaused fo reurt
with an oxide of an alkali metal or an
atkaline ecarth metal, including mag-
nesiwm. or annther compound of sueh
alkaline melale, o form a subslance
baving & melting poink gubstantiaily
Livher than 850° Centigrade.

12. A process ap rlaimed in any of
(aims 1 to 7. in which the compounded
material comprising an effective catulyiic
substance is capable, on heating. of form-
ine a double compournd, the melting point
of which is substantially higher than the
temaperature in the subsequent heating.

73 A process as claimed in any of

Claims 1 to 12, which comprises prepar-
ing thi initial finely divided commonnded
matezial by causing a finely divided eam-
pounded material, comprising a melal of
the dron group, or a compound of suid
mefals, and one or moTe of.the oxides nf
plyminium,  magnesium,  chromium,
tungsten, silicon and uranivm and a sm all
anount of borie or phosphoric acid to
interact by heating, and erushing the
resulting mass.
. 14, A process as elaimed in Claim 12,
in whick the pieces are subjected fo o
heating {resfmeni in the pressmce of
reducing gases, afifer the heat freatment
ta at least 850° Centigrade, to reduee to
g metailie state the mwetnl of the iren
group, .

15. A process for the preduclion of
hydrogen bv the interaction of oxides of
cavhon andlor of gaseoms hvdroearbons
with steam. in which a catalvst accord-
ine to Claims 18 or 14 is emploved.

16. The application of a catalysi pre-
pared in accordance with any of Claims
1 to 14 from & mixture of at least one of
the owides of metuls of group 6 of the

_perindic sestem. with a phosphete and/nr

a diffculfly reducible oxide of u metal

groun 4 of the vperiodic system in the

rafalytic dehvdrogenation of hydrocar-
bons:;

17. The application of a ecatalvst nre-
pored in accordance with any of Claims 1
ip 14 fvom +he moaterial ecamnrisine =
metal of groups 5 or 6 of the perindie
gystem of the olements, or a comnound
of guch » meiel In the destrustive hrden-
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genation of earhonacsous materials.

18, The application of & calalyst pre-
pared in accordance with any of Claims 1
to 14 from material comprising a matal
of groups 5, § or 8 of the periodic sysfem
of lhe ¢lements, or a compounnd of such a
metal, 1n the production of methanol
and lor liquid hydrocarbons from oxides
of earbon and hydrogen.

18. A process as olaimed in any of {he
preceding c¢laims in which the stremgth
of the catalyst has been substantially

increased by heating at a tempersturc of
at least 820° C,+

20, The process for the production of 15
catalysts substantially as deseribed in the
foregoing Kxamples, .

21, Catalysts when produced according
to the procesves claimed in Clalms I to 14
and 19, 20

Dated this 27th day nf January, 1937,

W. P, THOMPSON & CO.,
12, Church Sirect, Liverpol, 1,
Chartered Patent Agents.
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