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COMPLETE SEECIFICATION,.

Improvements relating fo the Produetion of Uatalysts, more
particularly for the Dehydrogenation of Hydrocarbons.

We, Sravparp O DEVELOPMENT Com-
PaNY, a corporation duly organised and
exigting under the laws of the State of
Delaware, TUmted Stetes of Armerics, hav-
ing offices at Linden, New Jersey, and
100, West 10th Street, Wilmington,
Delawsare, both in the United Btates of
Ameriesn, do horeby declare the nature of
this invenlion, wnd In whut rnasnner the
same is to be parformed, fo be partienlariy
deseribed and aseertsined in snd by the
following statement:— -

In catalytic processes in which tempera-
tures upwards of 800° ., and up to about
2000° E., and flowing stremns of reactants
sre employed, considerable difficulty is
encountered with the catalyst when it Is
employed as a packing for the reaction
sone, In such processes the catalysts
which have been found effective have been

- found to be lacking in mechanical strength,

and therefore to disinfegrate too rapidly. -

In order to strongthen such ceatalysts it
has been the cusfom to deposit them on
golid carriers of great mechanical strength

- guch as pumice, quariz, metal balls, ete.

This proeedure has the disadventage that
in such catelysfs there is only a thin layer
of avbive malerial which readily peels off
after a relatively shorh tims of nsage.
Wa- have found that ocatalysts of the

" active ftype of gicat mechanical slrength

zan be produced without the employment
of solid carriers by sombining with the
catalyst $wo or morc substonces cupable

- - of roachbing with- each ofher fo form =

solid supporling eompound of high
mechanical strength or of forming solid
solutions, the compound or solid solution
having & melting point eonsidersbly above
the {empersture ab which the reaction in
which the eatalyst iz to be-employed is
carried oub, prefevably echove 2000° X,
The ameuntz of the reacting subsiances
used are stch ag fo produce not mors than

-10%_,ﬁuf supporting compound and  the

!

mixture is heated to a suffielently high
temperature ahove 1800° F, and sbove the
teraperafura of the reaction in which it
is tu he cmployed and for a sufficiently
long fime fo cffeet o substantial inersars
in strength, but ngufficient to esuse sub-
stantial meling, presumnahly by eausing
the high meliing compound to be formed
in sufficient emounts 0 exevsise a bind-
ing effect. .

Tt has alréady heen proposed in British
Putent, No. 272,585 to prepare oxygenated
eatbon compounds by passing & earhem
compound i the form of a gas or vapour
at suitable temperature and pressure over
» catulysl cuntsining chromium in ths
tervalent form, the cetelyst being pre-
pared by subjecting mixtures or com-
pounds eontaining hexavalent chromium.
and one ur more of the group of metals
gine, eopper, cadmium, magnesivm, man-
ganese, silver or iron, to trestment st =
temperature above 6000 C.

1t has also been proposed in British
Pytent No, 859,620 to employ mixbures of
solid oxides substantially free from those
oxidisable metals {or compounds thereof)
the compounds of which are zeducible
under the worlking conditions to the meial
or fo gompounds of a lower oxidabion shage
(such ar fronm, nickel or cobalt) as
catolysts in the thermal spliftiing of hydro-
carbons. For example, mixtures of fwo or
more of the oxides of aluminium, horon,
zirconivm, silioom, the alkaline earth
mebuls and othor metals, the solid pxides
of which are nwo# reducible under the work-
ing sonditions ‘may be employed.

In the process sccording to cur inven-
tion the substances added to the catalysh
must be emnployed anly in sueh amounts
that the compaound
formed by their .veastion consiitutez a
minor eomponent of the satalyst, never
more thaen 109, thersof. The reagon for
this iz that too espeusive w rescllon be-

or . solid solulion -

Section 91 (2) of the Potents and
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fween such substances serves io edect u
partiul, often substantial. reduetion im
the activity of the catalyst while enly 2
relnsively low degree of reuction will im-
purt the desired strepgtl, In most cases

one of these reactive substances fs alraady.

present .in -the catulgst, sinee the raw
material used is frequently a misture, and

i is usnally present as a major component °

theréof, thereby neecegsifating the addition
of only a smull amount of the other re-

getive component in order to effveinaté the

process of the present invention,

The types of substances which are cap-
zhle of reucting with each other fo form -

high melting compounds may be divided
into {wo general elasses: those which eom-
bine chemically by reason of one heing
apidic and the other being hasic in char-
acter and those which combine with euch
pther to form double eomponnds of an
additive nature Ag fllustrative of the
fixst type may be mentioned maguesia and
gluming which comhine ta form mag-
nasivm aluminate.  As illustrative of the
gecond group may be mentioned magnesia
and sodinm Huoride which aré eapable of
combining te form a double flucride.

The reoctive svhstances added or b
least one of them will in some cases have
a melting point nol in cscess of Tsboud
15013 F. and this is desirable in order thag

{hic admixture and reaction of the reuctive”

gomponents may be facilifated. By far
the greater number of reactive substances
added, however, have mueliing polnts
higher than 1500* ¥. Acid subsjunces
secording to the present invention are

those substances or their compmunds which

giva an 2eid reaction in waler solution or
which in a chemical compound constituic
or vegnur in thé anion. Basie substances
according to the present inventlon are
those which in waier solution give an

alkalive veaction or, in a chemieal com-

pound, constitute or occnr in the cation.

~ Ag examples of acid substances may be
mentioned amphoterie oxides eueh as
aluming, oxides and acids of metals of
Group 6 of the periodic system, silica,
oxides of bismuth, tin, lead, sntimony,
cobalt, arseniv, and venadinm, and oxides
and aeids of phospkorus and heororn.

As emamples of basic substances to he
uded in the proctiee of the present inven-
tion may-be meutioned the oxides and
gther - compounds of the alkaling earth
metalg, and oxides and other compounds
of the elkell wetals where the latter are
not objectionsble in the eatalyst,

- Twpical of the substdnpes which will
sombine with metal oxides to form double
compounds ave fTuorides such as sodium
fluorida and sibeates such as  sodium
gilicate. T '

The eatalyiic reactions in which the
cutulysts obfainable according to owr in-
vention exhibit their greatest wtility are
as gtated hefore, thiose in which the re-
gelion temperature is upwards of 900~ F.
Among these may be mentioned the re-

. astion between the steam and hydrorsrbons

for_the production of hydrugen, the eraek-
ing of hydroearbons for the production of
clefines, diolofings and acetylenes, the de-
hydrogenation of hydroearbons, the pely-
metization of unsaturated normzlly
gasgons hiydracarbons to apomatic hydro-
curbons, the destruetive hydrogenasion of

_distillable curbonaccous materials in the

npper end of the operalive temperature
yange of 800° C. to 7I0° C., the synilicsis
of methanol, end similar reactions.

In any of these reactions, the eatalysts
which have previously beem found to

eshibit the greatest activity contain one

or more of the acid or hasic substances or
hoth employed according to the present
invention. Fer example, for the methape-
steam” reaction eatalysts composed of a
metal of the hun group, wsuvally niclel,
and one or more of the oxides of alumina,
magnesium, chromium, tungsten, silicon.
snd apanium or a slay containing oxides
of both a basic and acld character have
been found satisiacdtory. For the cataly-
tio  dehydeogenation of hydruezrbons,
catelysts containing oxides of metals of
Group 8 of the periodie syvstem, phos-
phates and difficolily reducible nxides aof
meials of Group 4 of the periodic systom
have been employed. For destructive
Lydrogenation and  for the methancl
synthesis catalysts comipining a large
variety of difficulily redueible oxides of
holh basic and acid character bave been
proposed.

Qur invention is partievlarly directed
to the dehydvogenntion of hydrocarbons.
Hydrocarhons are ordiparly delydeo-
genated by being condueted throngh an
elongated upright reaction space which is
packed with a eatalyst. Due fo the faet
that . the reaction feraperature is rola-
tively high, ordinariiy of the order of
10060 F. and upwards, and the stream of
reaction gases is quite repid, together
with the faet that fhe catslyst employed
is of comparatively heavr mnature, the
pottion of the eatalvet in the lower part
of tha fower rapidly disintegrates and
heeames unsnitahle for use, both by reasun
of loss of cffcetive surface and by reason
of the fact that the fine malerial formed
by disintegration becomes a serlouy ob-
strietion to the free passage of the gaseous
reaction. material.  Tn  addilion such
catalysts usoally become fouled by deposis
tiori of carhon thereon and must bs
periodically veastivated. This reacliva-
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. where, as in the eage of mon
- dehydrogenation

tion is usually effected by burning off the

earbon. In this step the catalyst is sub-
jected to even morve destructive conditions
than obteined in the dehydragenation stop
Heelf, und suffers considershle deteriora-

n.
* We have now found that dehydrogena-
tion- cuns be conduected for interuinuble
periods without Mterpuptions due to dis-
ntegration of the catalysts by heing
earried out in dhe presence of o catalyst
which hus been prepared by icluding in
its initial composition, in addiion to the
aetive eatalyfio ingredicnt, ab least two
substances, not having an adverse action
in the debydrogenation process, capable
of reacting with each ofher at o tcmpers-
ture substentially higher thon the tem-
perature cmployed in the dehydrogenation
Irocdss to form a compound or of pro-
ducing a solid solution, the ccmpound or
solid solution having a fusfon temperaturs
caonsiderably above the temperature of the
dehydrogenation Teaction, and heating the
mizture for a substantial perivd ut the
rezction temperature of ssid two sub-
stances for o lengllh of time sufficient to
impart o the catalyst the desivad gtrength,
The temperature to which the catalyst
cormposition must be heated in order fo
anguire strength is at least 16002 T,

" Where the effective catalyst consists of
a mizturs of substances of acid und basie
character in large simounts its strength
could be improved by heating to fhe
neeessary tempevature to cause these sub-
stanees to reset withoul the addition of
sny other substunce. Tf is practieally im-
posaible {0 conirol the heating step in
such a ease, however, so’ as to gvoid a
decrease in aetivity of the catalyst due to
# oo extonsive reacton of the reactive
eoifiponents. This iz  especially troe
eomInon
catelysis, the aecidic
rapotive component is the catalyficaily
affective " ingredient and iz present in a
relatively small awount. Tn such coses it
18 necegsary, aceording to the present in-

- wention, to add to the catalytic mizture g

Bmell amount of g substanpe whick has 0
greater affinity for either the acidic or
basio component of the catglyst than dess
1l other component of the catalyst so
that in such cases one component of the
oatalyst takes part in tha formation of the
supporting eompound.  Tor exemple, in
a -catalyst composed of & small mmount of
chromic’ oxide and 2 large amount of
aluming the stremgthening should be
effeched by the additiim of e fow percent
of borie acid followed by the healing step.
TWhere the eafalysh initially containg a
large ainotint of a Fubstanco of basia chat-
scbat, and-'a small amount of & secomd

substunce which may be basic, acid or
iners, a small amount of an seid zub-
stance should be added beforc the heating
step.  Where the catalyst initially aon.
tains a large amount of a substance of
scid charucier, and a small amount of a
seeond  substanse, which may be hasis,
acid or inerb, a snull amount of » basie
substenee iy added mrior to the heating
stelp. Ia cuses where the catalyst contains
8 loge amount of en emphoteric oxida,
and a small ameunt of & second substanee,
which may be basie, acid or incrl, the
added minor component Is proferably
acidic.  For example, alumina may be
comnbined either with phosphorie or with
borie acid. Where the catalyst ivitially
containsg neither, or contains substanees
of either "or both fypes which will nat
veact with another substance to form a
compound of the required high melting
Doint, both types of substences must be
added in small amounts,

It has already been proposed to praduee
catalysts’ for the methane-stear reaection
by saturating o diffienltly redusible oxide
with nicke]l nirate, dvying {he mixbure,
roasting it to decompose pickel nitrate fo
nickel oxide and reducing it to convert
nickel oxide o metaltic nickel. An alter-
native procedure i to mix & solution of
& nicke! salt with a solution of a salt of
a metal capsble of forming a difficultly
reducible oxide simultansously precipitaf-
ing the hydrowides of the two metals,
drying the mixture and reduwaing at an
elevated temperature to produce & metallie
mickel in the mixture. In either caes
neither the roasting nor reducing step s
a heating step of the type contemplated
for the strengthening of the cafalyst
acyording to the present inveniion. The
roasting and radueing steps are ordinavily
carried oub ab o temperaturs not substan-
tially in excess of 800° C. The reactions
by which the high melting compound
contemplated by the prosent invention s
producad 40- not ordinarily osewmr ab such
femperstures but requirs the employment
of temperafures of at Jeast 16000 B,

Binee the present invention #ndg its
greatest fleld of upplication in the produc-
tlon of pilled eatalgsts # which if iz im-=
possible to employ materials of hish
mechanieal sivength. sueh as pumice, etd:,
the process of the present inverndion
neually eomprises both the rossting and
the reducing steps of the conventional
method and fn addition & molding step
and a high-tempeérature stremgth-inercas-
ing heaking step. OF course, the roasting
step ‘may be omitted bmd jt is preferably
inoluded prior to the molding step so as
to eliminale - waier and decomposition
gases, sueh as ¥Q,, diving the heating of
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the molded catalyst. The redueing step i=
usually eondueted after the bigh temperas
ture bewilng step. TFuelhermore, the high
temperature heating step may be con-
ducted in an inert or reducing atmosphere
where the ecatalytically active ingredient
is one which loses activily when heeted to
# bigh tcmperature in the presence of sl

It hag also been proposed for the
methane-sfeam regetion to  produce s
catalyst by reacling s nielkel sall with a
metal acid to fom 2 nickel metalluie.
Liest thizs procedure be confused with the
procedure aceording to the present inven-
ton, it is pointed aut fhat this reaction is
ovdinarily corried’ out’ in water solution
st a relafively low temperature and that
the nickel meiallate formed is and must
he decomposed durfng the roasting step
sinee the nickel jnust be present m the
metallic gtute in order to be effective for
this reaction.

1t is not precisely Imawn what change
weeurs during the heating step to aceount
for the weense in strength., It may be
that oné reaction component melts at the
temperature employed and combines with

the other somponent thereby setting up a

bond hetween the particles of the eatalyst,
On the other hand, the fermperatave rody
be sufficienily high that the compound
formed by the reaction of the two ecom-
ponents may fuse and frrm a physical
bond between the other components of the
culalyst although there is never complete
fusion of the eatalyst as 2 whole. Again,
in view of tha faet that the components in
many instances melt ab  temperatures
much higher than the treating termper-
ture, it may be that the components re-
act in the dry state and in this way exert
a binding effect.
- Whatever be the explanativn, I Is a
fuct that where the two reaction com-
ponents aré present and the mixfure Is
heated to a tamperaturs over 1800° T, and
usually in exeess of 1700° F. bul not
necessarily in exeess of the melling poiné
of the compound which may be formed
by the reaction hetween the said ecom-
ponents, for s sufficient length of time,
the sirength of the catalyst is materially
incresged. - - ) :
Tha best results ave obtained when the

- final heating step Is condueled st & tem-

peretmre of wbout 2000° F. for a period
zunging from ten to twenty hours. In
cases where this high temperature reduces
the activity of one or more of the eatelylic
cotnpimants, tho heafing step may be con-
duoteld for & longey “period at a lower
temperature above 1800° F. In general

the time of the heating step, for a glven

inereasma in sfrength, may be said 1o vary

- jnversely “with the temperature:

In order that the improved resnlts of
the present invention may be obtained if
is essential that the cainlyst composition,
prior to the high temperature step, con-
tain a eatalytieally aetive ingradient in a
minoy proportion, an acidie or basic sub-
stence, acting as o eervicr, in o major pro-
purtion, apd a small amount of an in-
organic substance capable of reacting with
the major component to form a high melt-
ing eompound. DMoreover, where ihe
efleclive ingrediemt s itsell cupuble of
reacting withk the major vomponent the
inerganic substance must be one which
has a greater affinity for the major eom-
penens than dees the esfalytically effoe.
tive ingredient. )

Our invention will he more completely
understood from the following speeific ex-
smples which gre submitted purely for
dlustrative purposes and uot fur the pur-
pose of defining the seape of our inven-
tor:—

Exaypin I

A culalysl mixiuve composed of 49, of
elwomic oxzide, by weight, and 989, by
weight, of alumina, obtained by saturat-
ifg aluming with the requived amount of
g solution of chromium nitrate and heat-
ing ot about 830° F. is mived with 19
by weight of graphite and 29, by weight of
boric aeid and compressed into pills. Che
pills had an initial strength of 210 Ibs. /sq.
in. Upon bving heated for twenty hours ut
1500° F. the pills had = strength of 103
Iisi/sg. in. The same pills, when heated
for :twenty hours at 1700° F. had =
strength of 180 lbs. fsq, in.

Insevers] runw, butane was passed over

theése pills sk a temperaiure varying he-
tween §00° TF. and 1100% .  In these
ruite the butane was converfed into un-
saturults, mainly butylenes, in amounts
varying between 209, and 09, of the
jettal material. -~ No indieation of dis-
integration of the estalyst, as for example
the formsziior ol fines, was noticed.
" The same catalyst when prepared with-
cut the use of boric acid showed an injtial
slrength efter pilling of 810 bs.fsq. in.,
buk after being subjected to 18002 I, for
twenty hours, crumbled readily hetween
tha fingers. '

The same catalysl, without the pre-
Lininary heating at 250° F. and withont
the usa of horie aeid, formed saflsfpefory
pilke, having an initial strength of 206
Ihs. f&q. in., but on heating in 1700° F.
Jor twenly hours exhibited a strength of
only 100 1bs. fsq. in. and gave evideneq nf
disintegration when tused for dehydro-
genation,

- Cotalysts comparable in durability and
activity {6 that obiained by wse of hotie
ueid wers produced by ‘the use, Instead of
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29, of boric acid, of &
HRPO* and 1% by weight NaT, respee-
tively.
Examere 1T :
8 A catalyst mizbure composed of one
gram maolesular weight of chromic eoxide
and 150 groms of magnesia, fogether with
1% by weight of graphite end 2% by
weight of horie acid, was pilled under
#0 high pressure and, affer being heated for
- twenty hours o 1700° F., had s resistones
to crughing of 2670 lbs./sq. in, On being
heated for twenty hours at 2000° P, the
pills had o resistance to erushing of 5100
16 Ibs. fsg. in.
_ In Ell cases, this catalyst, on use in the
dehydrogenation of hydpocarhons, showed
no tendency to disintegrate.
In some cases the estalysh suffers o loss
20 in activity by oxidation during the heat-
ing step shove 1800° F.  This may be
avoided by conducting the heating “step
in a reducing atmosphere or in an inert
wtmospbere, or by lollowing the heating
25 step with o trestment with hydrogen or
other reducimg gas at the rame tempera-
bure. .
Txamerm II1.
1455 parts by weight of nickel nitrate
a0 hexahydratc were dissolved in 500 parts
of waler, to whieh 22 parts by'weigﬁt of
buric acld were added. 750 parts by
weight of magnesinm oxide were then
slowly added to the soluion, - with stir-
35 1ing, and the resultivg paste was dried

75 Tublets with 29 by weight Boric
Tablets without Borie Acid - -

- - Examerp IV, - .

In order.to demonstrate the manmer in
which eatalysts employed aceording fo the

80 present invention are superior in stability
-~ to eatelysls previously employed, tests

were made on a nickel magnesia catalyst -

of the type deseribed. in the third ex-
ampla . eontaining different strength in-
88 creasing additions. The strength of these
catulysts was measured before heating,

after heating for several hours at 17000 .

I Cafalyst, - -

MNi-MgQ- - - - v w o . .
- Ni-MgO 429 by weight B, BO,
. Ni-MIgO+5% hy weight Nal' -
Ni-MgO +49, by weight H PO,

100

hy weight of

aud heated at apout 850—000° P. to con-

vert the nifvate to oxides and to drive off
oxides of nitrogen. The heated powder
was passed through s 10 mesh sereen aud
was then formed into a dense mass by
compression under high pressure, This ig
suitably done in & {gblet machina, using
pressures of the order of 10000 pounds

per sguare inch or higher. 'The tablets

trst formed may be mads even stronger
by heing crushed to aboub 10 mesh and

then again. formed into tahlets., The

tablels zesulting from this double opera-
tion are then heated o & temperature of

1700 to 20009 F. or higher for ahout 56-
hours. The nickel oxide in the tablets is

then reduced -to metallic nickel by pass--
ing -hydrogen over - them for about six
hours at the esame or any desived lower
femperatures. The resulting tablets ave

highly active catalysts for $he productian

of hydrogen by the reaction of methmne

and stegtn, u gas eontaining (.89 methane

being obtained on passing 250 volumes of
mnethane per hour and oxcess steam over
the tablets in an externally heated re-

ashion {ube maintained at 1525¢ P,

The strength of the tablets thus pze-
pared is much greater thuo teblsts pre:
paved in the same manner bat without the
addition of -the bore- acid. -A comparison
of the minimum pressure required to
grush the tablefs, with snd without the
addition of boric scid, is given in the
follawing tuble:— o

Btrength ‘of Toblets
Pounds per Bquere Inch.

Before After
Heating. Heating., -
Aeid 1080 4150
- - LTG0 - 1390

and. affey nge in the methane steam ve-
sotion for & given period at a temperature
between 1500° and 1700° . The catalysts
were all employed ag pills of the same size
and shape. The crughing force was
nensured ag pounds per pill. The vepults
obluined are given i the following tuble,
data for she Ni-MgO catelyst being in-
oluded for comparison, althongh it is not
intended to use this eatalyst:~-

Before After

After
Heating, © Heating, Use.
28 - 22 © 18
23 - 80 T 36
20 42 77
20 gl 28
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- Exsmerr V.

The nickel magnesia catalyst of the pre-
eeding example when heated at 21009 F.
for 20 homs [ad a strongth of 15 lbs. per

- pill. Two per cenb. by weight of horie

acid udded to the piils-in the manner Je-
seribed incveased the strength after the
game heating step to 97 Ibs. per pill. Ten
per ceal. of by weight of hovie acid in-
creased the strength te 82 Jhs. per pill.
Two per cenb. of cobelt oxide increased the
strength to 67 lbs. per pill, by the
formation of a solid solution of eabalt
oxide and magmesia. -One half per cent,

by weight of sedium fluozide increased the

strength to 60 1bs, per pill.  Two per cent.

by weight of sodium finoride increased the

strength. to 77 The. Eer pill. Foux per ceoh.

by weight of phosphoriv’ scid increased the
atrength to B8 lba. per pill.
Examere VI

In order ta determine the eficet of time

af heating and tempersture of heating an

the streugth of the eatalyst produced, a

nickel magnesia oatalyst of the composi-

tion seb forth in BExwmple TOI containing
29. by weight of borie acid was heated eb
successively higher temperatinves for 20 {0
22 hourr and the strength of the pills after
sach heating step was measured. The re-
sutts were as followsie - :

. Tnitial Afler
Tempersture. Strenglh Heating.
16600 F. 1020 2160
180G° T 1020 4100
2c000 F, 1020- - 5450

Tn this table stren

gth is given as pounds
per square jneh. -. :

The same cutalyst was heated for dif.

fereut perinds at teo different temnpera-

tures. TPhe resulis were us follows:—
Hours 1800~ I, 2000 T,
12—14 1860 3650
20—29 8100 5100

We aore aware that it has Ereviausly
been propozed to use, fn the production of

. methanol, and other earbon compounds,

- catalysts prepared by the fusion of mix-

turet which confain cuprin oxide and

meangunese -didzide, together with one or
mors of the oxides of magnesium,
aluminium, chromwium, zirconium, wvana-
dium. thanium, therivm, silicen and
cerium, e - o

Catalysts prepared by melting together

magnesium oxide, aluminimm oxide and-

forroso-fervie  oxzide hawe also been em-
ployed in the eatalytic decomposition of
ainNmoniz.

- Having now parvtienlarly described and

gscertained the nmature of our said imven--

Hon and in what manner the same is to
be performed, we declare that what we
claim is:—

1. A procers for the produclivn of a
catalyst of high inechanieal strength
adapied for reaclions condneted aof a
{ermperuture -in excess of at least sbouk
900° . which eompriscs imising with an
effective catalyiic substomee at least two
substanees, one as 2 major ingredient and
the other as a miner ngredicnt, cupable
of reactig with each oiher to the ex-
cligion of the cffeelive cutalytic substanee
to fora: & compound or of forming g solid
solution, the eompound or solid solution
having a melting point substantially
higher then the temperature of the ve-
aeton in which the eatalyst is to be cm-
ployed, and heating the eatalyiie mixturs
at & sufficiently high {emperature ahovs
1800 F. and for a length of time suf-
ficient to effect a substantial incrense in
the mechanieal strength theveof, but in-
suffielent to eause substantial melting, the
emount of eompound or solid solution
formed heing net greater than 109} of the
tnfal eatalyst mixlure.

2.-A" process for the production of a
catelyst aceording to the preceding Claim
in whith the ¥wo substences nixed with
the  effsctive eafalytic substance are ve-
speétively an acid substanee and a basie
substance, ‘wt least one of these being
difficulily redueible metal oxide.

8. A proeese according to Claims 1 and
3, wherein the effective catalytic sub-
stanees i present ns 4 minor ngredient.

4. A proeess wnccording to Claim 2,
wherein fhera is mized with the effective
catalyst a diffienltly reducible acidic or
amphoteric metallic oxide 23 major in-
gredient, and a basie oxide as minoy con-
stitucnd,

5. A process according fo any of the
preceding Claims, wherein the catalyst
mixture Is prepared in tgblet form, before
%dng heated 2t a temperahme shove 18007

8. A yprocess sceording fo Claim 2,
wherein there is mived with the ellective
eatalyst » difficultly redueible basic oxide
ag major constituent and an inorsanie
aeid, acidie oxide or amphoteric oxide as
miror eongfituent, ) .

7. Piueess aceording to Claim @, wheve-
in the diffieslily reducible basie oxide ig
magnésium oxide or alumininm oxide and
the inorganic acid iz borie acid or phos-
phoétie acid.

8. Prasess aceording to Claim 7, in
which thg effective catalytic subslance is
ehromie ovide, niekel oxide or irun oxide.
"8 A process for the dehydrogenation of
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bydeocarbons which comprises passing a
hydrocarhen ab a femperuture of at loash
B00° F. over 5 catalyst, whenever pre-
pared by the processes cluimed in any of
the preceding Claims.

10. A process according fo Claim 7,
wherein the catalyst is m the form of
pills, packed in @ elongated upright re-
action zome, and comprises an oxide of &
metal of group six of the perivdic system
and an oxide of an alkeline earth metsl
and an inorganic swbstunce capeble of re-
acting with the alkaline earth oxide af
the temperature uf whish the mixbure is
heated.

11. A process aceording to Claim g,
Wwherein the catalyst is fn the form of
pills, packed in un elongated upright ro-
action zeome, and comprises an axide of a
metal of group six of the perodic Eystem,
almming, a emnll amonnf of & lubrioant

snd & small amount of an inorganic gul-
stance capable of reacting with alumina
¥t the tempersture st which the mixture
is heated.

12, A process according to the preced-
ing Claime, wherein the substance added
for reagbion with alwnina is botie seid,

15. Precesses for prepaving eatalysts

25

substantially ag described in the Examples 30

It V1.

14, Processes  for dehydrogenating
hydracarbons suhetantilly as  deseribed
In Bxumples T and IT.

16, Prooesses for vencting methane with 35

stearn. substantially ae deseribad in B
am%ﬂes IIT and 1V,
Traled this 18th duy of November, 1936,
D. YOUNG & Co.,
11 & 12, Southampion Euildings,
. Tan(].Uﬂ, W.U.g,
Agents for the Applicanss.
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