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We, Untvensar, Om Propucrs Com-
PANY, a corporation organized under the
laws of the State of Delaware, United
States of Aweriea, of 8310, South Michigan
Avenue, Chicago, Illinows, United States
cf America, do hereby declare the nature
of this invention and in what manner the
same is fo be performed, to be particu-
larly described and ascertained in and by
the following statement:—

This invention concerns a catalyst and
process for synthesizing organic com-
pounds such as hydrocarbons, alcohols,
oldehydes, and fthe like by the reaction of
carbon monoxide and hydrogen. ‘

More specifically, the invention relates
to improvements in the synthesis of hydro-
carbons of gasoline and higher boiling
range from carbon monoxide and hydro-
gen, said hydrocarbons having greafer

value as motor fuel than those produced

. according to conventional methods.
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A process has been practiced for cou-
verting mixtures of carbon monoxide and
hydrogen such as may be present in pro-
ducts of the water gas reaction, into
gaseots and liquid hydrocarbons as well
as other organic compounds. The pro-
ducts of this reaction consist largely of
aliphatic hydrocarbons mostly paraffinic
in nature, although approximately 20—
304 of olefinic hydrocarbons may also be
present. In addition fo the gasoline,
higher boiling oil and high melting waxes
are formed. By suitably adjusting operat-
ing conditions oiher organie ecompounds
including aleohols, aldehydes, or the like
can be produced.

The catalysts used in the known pro-
cess are normally selected from the metals
of Group VIIT of the Peripdie System
promoted with thoria, These catalysts,
usually consisting of a composite of iron,
cobalt and or nickel and thoria, are pre-
pared for example by precipitating the
oxides of the metals on kieselguhr, fol-
iowed by reduecing with hydrogen.

[Price ~~ — ————

Because of the straight-chain character
of the hydrocarbon produced in the known
process, the motor fuel fraction usually
has poor antikuock properties, and must
be treated in some manner, such as by
cracking or reforming to improve the
octane characieristics. The present in-

50

vention offers an improvemenf whereby b

motor fuels of improved octane gqualities
may be produced directly from the syn-
thesizing process by adding to the ahove
deseribed eatalytic mass, 2 second cato-

Iytic mass which funclions as an isomer- 60

ixing and eracking cafalyst.

For the purpose of gagification of
mineral oils by a process wherein the car-
bon of the liguid hydrocarbons is com-
pletely vonveried into gas it hag heen pro-
nosed heretofore to pass the vapours of
the cilz to be treated fogether with at least
sufieient oxidising gas or gases to oxidise
the carbon content of the hydrocarbons o
carbon monoxide over a porous catalyst
such as active carbon, porous earthenwaze,
silica gel or the like contsining at least
one from each of the following groups of
substances: (a) Or, Mn, Ni, Co, (b) Te,
Cu, 7n, and (c) an oxide of Al, Mg, Ca.
Zr or Th, the catalyst heing heated to a
temperature of from 6007 to 1000* Centi-
grade and any reaction between oxidising
gas and oi! vapours being avoided before
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they come into contact with the catalyst. 80

The process of the present invention
utilises an improved catalyst which com-
prises a hydrogenating component com-
sisting essentially of thoria and at least
one of the metale of group VIII of the
Periodic System, in combination with an
isomerising and eracking component con-
sisting essentially of a major proportion
of silieca and a minor proporiion of
alumina and/or zirconia.

In one specific embodiment, the present
invention comprises converting mixtures
of carhon monoxide and hydrogen into
organie compounds suck as gaseous and
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liguid hydrecarbons containing substan-
tial quantities of valuable motor fuel pro-

ducts, by contacting such mixtures with

a eatalytic mass comprising s hydrogenat-
3 ing compounent consisting essentially of
thoria and at least one metal of Group
VIIT of the Periodic System, in combina-
tion with an isomerizing and eracking
component essentially consisting of a
10 calcined mixiore of a major proportion
of precipitated siliea and a minor propor-
tion of a precipitated compound of
alumina and /or zirconia.
According to one variation of the
15 present invention, the catalytic mass nor-
mally used in carrying out the synthesis
{and which may eonsisi of cne or more
veduced metals of the group of iron, cobalt
and nickel deposited on kieselgnhr and
20 promoted with thoria) and herein desig-
nated as the hydrogenating eomponent,
may be mixed mechanically with the
seeond catalytic mass herein designated
as the isomerizing and cracking eatalyst
25 component. Other metals such as copper,
and [or metal oxides such as the oxides of
manganese and aluminium may be added
in relatively minor amounts {o the hydro-
renaiing component. ‘ T

30  Although the isomerizing and crackiiiy -

catalyst eomponent may include naturally
peeurring earths which have heen treated
with acids or other chemieals to increase
their activity, it is preferved to use in the
38 catalyst combination a special catalytic
mass consisting of silica-alumina, silica-
alunyinz-zireconia, silica-zirconia or silica-
alumina-thoria. Suech a mass may be pre-
pared by precipitating silica and ihe ecom-
40 ponent oxide or hydrogels either simul-
taneouszly or in separate steps followed by
miving and washing in such a manner
that alkali metal compounds are substan-
tially removed. R
45 Thecomponentparts of the catalylic mass
of the present invention may then be eom-
bined and formed into pellets or other
shapes, Usually the catalyst is prepared
in the following manner: -
50 The hydrogenating component is pre-
nared by precipitating the hydroxides of
the metals on kieselonbr or similar suit-
able silicerus material. Tsually the kiesel-
guhr 1s suspended in an aqueons solution
39 rontaining the meial salts such as mix-
tures of cobalt chlovide, ferric chloride
and a minor amount of thorium nitrate.
These materinls are usunally made into a
thick paste which Is then added to a.solu-~
60 tion of an alkali metal hydroxide or car-
honate in order to precipitate the metals
om the kieselguhr in the form of the corre-
sponding hydroxides or basie earbonates.
The mixture of precipitate and kieselguhr
65 it woshed with water, filtered, and dried.

The isomerizing-cracking componeni is
prepared in powdered form in a separate
operation. The powders of beth ‘these
component masses are intimately mixed
and formed -into shapes such -as. pellets, 70
spheres, or the like, and then calcined at

- a temperaiure above 400° 0. The com-

posite thus formed is reduced with hydro-
gen al a temperature -above 200° (. fo
produce the final eatalytic mass of the 75
present invenfion.: o )
According fo another variation, the
speeid] siliea-blumina, silica-zireonia, or
siliea-slumina-zirconia mass which com-
prises the isomerizing and cracking cum- 8¢
ponent of the finished catalyst is prepared
in one step as ‘indicated above, and the

‘oxides of the materials “comprising the -

hydrogenating component of the catalyst
are precipitated thereon. Tn this cage 86
ammonium hydroxide is preferred as the
precipitant. The mixture i3 filtered,
washed, and dried, formed inte shapes
and finally caleined. The mixfure {s then B
reduced with hydrogen prior to use in the 90
synthesizing process, o

When employing earths of the chemic-
ally activated olay type as the icomer-

_izing-cracking constifuent, the two com-
‘poneuts of the catalyst may be composited 95

i a manner similar fo those employed
with the precipitated mass of siliea-
eluming, - silica-ziréonia, = or silia-
alumina, or silica-alumina-zirconia. i
As o further allernative, the eom- {00
pozents of the catalyst of the invention
may be prepared as above deseribed im

- separate operations and made into par-

ticles such as pellets. -These pellets are :
then separately caleined, mixed together, 105 -
and subjected to the action of hydrogen
under reducing condifinns prior to use.in
the synthesizing process, T

Another alternative consists in the use ;
of alternating layers of the individual 110
catalytic coniponents, said -layers being
disposed within the same reaciion fuhe or
chamber. For example, the isomerizing-
eracking component may constitute ome
layer, above this may be disposed a layer11s
vf the hydrvogenating -eomponent, fol-
towed by another layer of isomerizing-
eracking component, and so on until the
chamber iz filled. TUsually the meiallic
constituents of the catalyst are formed 120
in sitw by first loading the reactors with
an  association of isomerizing-cracking
conmponent and unreduced hydrogenating
compotient and then reducing the oxides
of fhe latter contponent fo the cortespond- 195
ing metals. The above types of operations
are not necessarily - exactly equivalent.
Oune type may be more desirable than
another wnder & given set of circum-
stances. - R 130
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In carrying out the proeess for hydro-
carhon manufacture, the temperature
employed is within the range of approxi-
‘mately 176°—300% ¢. The ratio of car-

5 bon monoxide to hydrogen is usually
approximately 4.:2, although this is not
te be considered by any means an exact
proportion.  Water gas prepared from
can, consisting of approximately two parts

10 carbon monoxide, four parts hydrogen,
and one part carbon dioxide, has Teen
found satisfactory. The composition of
the hydrocarben mixzture resulting from
this process can be varied somewhat by

15 varying the ratio of the reactant gases;
for example, olefin production is increased
if the amount of hydrogen is decreased.

It is essential to the life of the eatalyst
and the properiies of the resulting hydro-

20 carboms that the sulfur content of the
‘reactant gases be kept at & minimum. The
sulfur may be removed from the gases
by known methods, for example, by ireat-
ment with the oxides of metals such as
25 iron, or by treatment with amines such as
triethanol amine, diethanol amine, and
iripropanol amine; solutions of fri-
potassiom phosphate have also beer used
for this purposs, The catalyst becomes
30 exhaunsted perindically, and may be ve-
activated by exfracting with solvents to
remove waxy materials deposited thereon.
The ecatalyst may require additional re-
sctivation at intervals, and this is dome
35 by heating in the presence of air to_ve-
move carbonaceous deposits, the catalyst
being again reduced with hydrogen before

use,
The synthesizing process may be

40 operated at substantially atmospherie
pressure, although higher pressures offer
certain definite advanteges such as thaf

of improved heat transfer. Although the

increased pressure changes the rafio of
45 the products formed to a certain extent,
pressures in the range of 5—2& atmo-

. spheres are especially useful.

If the hydrogen content is inereased fo

toe great an extent, increased methane
50 formation results, although the degree of

saturation of the hydrocarbons produced

ie increased. Méthane formation may be

reduced in cases of high hydrogen concen-

tration by reducing the temperaiure of
b5 the reactionm. - .

The following examples are given to
iltustrate the usefulness of the present
catalyet and process, but should not be
constriued as Hmiting the invention to the

80 exact conditions or materials used in these
examples.
Fxamrere 1,

Water gas produced by reacting steam

with coke, and consisting of approzi-
60 mately two parts carbon monoxide, four

parts hydrogen, and one part carbon di-
oxide, was passed over a catalyst prepared °
in the following manner: _
Silica hydrogel was precipitated from
o sodium silicate solution by - addition 70
thereto of hydrochloric acid wuntil ihe
reaction mixzture was just acid to litmus
paper. Te this mixture was added
alominivm chloride in an amount such
that the alumina equivalent thereof was 73
equal to 10 mol per cent of the final siliea
alumina component. Ammonium hydrox-
ide was added in sufficient guantity to
precipitate the oxide. The mixfure was
filtered, dried at 149° C., crushed to pass 80
a ** 80 mesh ’ screen having opening of

0,59 millimeter, and washed with water

to which had been added small amounts
of hydrochloric acid, until the mass was _

substantially free of alkali metal com. 82
pounds. This mass was the isomerizing
and cracking component of the final
cataiyst. :

Tke hydrogenating component of the
catalytic mass was prepared in the follow- 90
ing manner: ,

Kieselguhr was suspended in an aqueous
solution of eobalt chloride, ferric chloride,
and a minor amount of thorium nitrate,
so that a fhick paste was formed. The 95
corvesponding hydroxides were preeipi-
tated by adding this paste with sfirring
to a solution of potassium hydroxide. The
produet was then washed until essentially
free of chloride ions, and dried. The 100
isomerizing-cracking  component  was
mixed with this mass and the mixbure was
compressed into pellets which were sub-
jected o the aetion of hydrogen at a tem-
perature of 2307 C. ]

" The water gas was contacted with the
catalyst at 190° . and substantislly
atmospheric pressure. The ligquid hydro-
carbons were recovered and a poriiom of
the nareacted hydrogen and carbon mon- 110
exide was returned fo contact with the
catalytic mass.  The hydroearhons boil-
ing within the moter fuel range were
separated. The yield smounted to 145 g.
per cubic meter of reactant gases. This 115
compared with 130 g, produced by the
regular eatalyst. The octane number of
the motor fuel fraction produeced aecord-
ing to the present. process was 65, while
:‘)hat produced in the wsual manner was 120

.

105

Exavris 2.

The catalysi used in this example was
prepared in a similar manner to that de«
seribed above, except that the isomerizing 125
and eracking eomponent contained added
thereto precipitated zirconia in an amownt
equal to four mol per cent of the final
silicg-alumina  zirconia  mass. The
powdered catalyst components were mized 130
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together to form the catalytic composite
of the invention, dried and fovmed into
pellets, and used in the proces substan-
tially as deseribed in Example 1. In this
5 case, 142 g. of hydrocarbons were formed
per cubic meter of reactant gas. The
cctane number of the gasoline fraction
was 62,
Tn the above examples, the yield of
10 liguid hydrocarbons was inereased when
using the present. catalyst over that
obtained by the usual caialytic masses.
Moreover, the amount of hydreearbon
boiling in the pgosoline range was in-
15 creased by approximately 15%. The most
useful result is the greatly superior anti-
knock guality of the gasoline produced by
this process,

Having now particularly deseribed and
asvertained the nature of cur said inven-
tion and in what manner the same is to
be performed, we declare that what we
claim Is:-——

i. A catalyst for synthesizing organie
cempounds which comprises a hydrogen-
ating compounds consiting essentially of
thorin and at least one of the metals of
Giroup VIIT of the Periodic System, in
combination with an isomerizing and
80 cracking component consisting essentially

of o major proportion of silica and a
winor proportion of alumina andfor
zireonia.
9. Catalyst as claimed in claim 1
85 wherein the isomerizing and cracking
component consists essentially of a major
proportion of silica and a minor propor-
tion of alumina.

3. Catalyst as claimed in claim I
wwherein the isomerizing and cracking
component consists essentially of a major
proportion of silica and a minor propoz-
tiom of zirconia.

1. Catalyst as claimed in claim 1
wherein the isomerizing and eracking
eomponent consists essentially of a major
proportion of silica and minor proportions
of alamina and zirconia.

5, Catalyst as claimed in any of the
50 claims L to 4, which comprises a hydro-

genating comporent consisting essen-
tially of thoria and at least one redueced
metal selected from the metals of Group
TIIT of the Periodic System, in combina-
55 tion with an isomerizing and ecracking
component consisting essentially of a
mixture of a major proportion of precipi-
tated silica and a miner proportion of
precipifated alumina and[or precipilated
&0 zirconia.
6. Catalyst as claimed in claim by
wherein the isomerizing and cracking

25
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component consists of a calcined mixture

of silica hydrogel and at least one of the
hydrogels of the group econsisting of 65
alumina hydrogel and zirconia hydrogel,
snid mixture being substantially fres of
alltali metal impurities,

7. Catalyst as cleimed in any of the
claims 1 {o 6 consisting of a mechanical 70
mixiure of particles of separately pro-
duced hydrogenating component and
isomerizing and cracking component.

8. Catalyst as claimed in any of the
claims 1 {0 6, consisting of particles of
the isomerizing and cracking component
on which the hydrogenating component
11_as been deposited by way of precipita-
Hon. :

9. Catalyst as cldimed in any of the 80
claims 1 to 6 in the manufacture of which
the hydrogenating component has been
deposited on a siliceous earrier and there-
after mixed intimately with the isomeriz-
ing and cracking component and the 85
resultant mixture has been transformed
into compressed, shaped particles.

10. Catalyst as claimed in any of the
claims 1 to ¥ in the manufacture of which
& combination of the isomerizing and
cracking component with the oxide form
of the hydrogenating component has been
veduced by ireatment with hydrogen prier
to use in the synthesizing of organic com-
pounds.

11, The improved catalysi for synthe-
sizing organie compounds produced iv a
manner substantially as described.

12, Process for synthesizing hydrocar-
hons by reaction of carbon monoxide with 100
Liydrogen in the presence of a hydrogenat-
ing catalyst counsisting essentially of
thoria and at least-one of the metals of
Group VITI of the Periodic System, char-
acterized thereby that the antiknock value 105
of the hydrocarbons produced by the syn-
thesis is increased by associating with
said catelyst an isomerizing and cracking
catalyst consisting essentially of a major
proportion of silica and a minor propor- 139
tion of alumina and/er zircomia.

18, Process as claimed in claim 12,
wherein the hydrocarbon synthesis is
effected In-the presence-of the catalyst
defined in 2uy of the claims & fo 11,

14, The process for gsynthesizing
prganic compounds from carbopn menoxide
and hydrogen in the presence of catalysts
substantially as described.

Dated this 26th day of August, 1946,

I. Y. & G. W, JOHNSON,
47, Lincoln’s Inn Fields,
London, 'W.C.2,
Chartered Patent Agents.
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We, Uxrversar O Provvcrs Cor-
PANY, & corporafion organized under the

laws of the State of Delaware, United
Ntates nf Awmeriea of 310 Snnth Aiehioan

Because of the straight-chain character

of the hydrocarbon produced in the known
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irucess, the motor fuel fraction usually 60

has noor antiknock proverties. and mush
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Page 4, line 26, for ** compound consit-
ing ”’ read *‘ component consisting ™

Tuzr Parent Orrick,
22nd November,

ducts of this reaction consist largely ot
aliphatic hydroecarbons mostly paraffinic
in nature, although approximately 20—
30% of olefinic hydrocarbons may also be
present. Tn addition to the gasoline,
higher boiling oil and high melting waxes
ave formed. By suitably adjusting operat-
ing conditions other organmic compounds
including alechols, aldehydes, or the like
can be produced.

The catalysts used in the known pro-
cess nre normally selected from the metals
of Group VIIT of the Periodic System
promoted with thoria. These catalysts,
usually consisting of a compasite of iron,
cabalt andfor nickel and thoria, arve pre-
pared for example by precipitating the
oxides of the metals on kisselguhr, fol-
lowed by reducing with hydrogen.
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aroor L'n, the CATalyss Leing nedied w o
temperature of from 600° to 1000™ Centi-
grade and any reaction between oxidising
gas and oil vapours being avoided hefore
they come into contact with the catalyst.

The process of the present invention
utilises an improved catalyst whick com-
prises o hydrogenating component con-
sisting essentially of thoria and at least
one of the metals of group VIIT of the
Periodic System, in eombination with an
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isomerising and cracking component con-

sisting essentially of a major proportion
of silica and a minor proportion of
aliming and [or zirconia.

In one specific embodiment, the present
invention comprises converting mixtures
of earbon menoxide and hydroegen into
organic compounds such as gaseous and

80



