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538,225

PROVISIONAL SPECIFICATION

Process for the Conversion of Carbon Monoxide with Hydrogen

1, Harow Epwin Porrs, Chprterad
Putont Agent, of 12, Church Strect,
Tiverpeol, in the County of lancaster,
Subjeet nf the King of (reat Britain, da
hereby derlare the nature of this inven-
tion. which has been communicated 3o
me by X. V. Internationale Koolwater-
stolfen Synthese Maatschappij (Interna-
tional Hydrocarbon Synthesis Company),
of M. Wassenaarscheweg, The Hugue,
Holland, a Duteh Company, to he ag
follows 1e— _

1% is already kmown in the conversion
of rarbon mosoride with hydrogen into
liquid, solid andjor gaseous hydrecarhons
vontaining more than one carbon atom 1m
tlie molerule, to use. catalysts which con-
sist of or contain iron. Several methods
have already been proposed for the
preparation of these catalysts, for ex-
ample, iron hydroxide has been precipl-
tated from solutione of ivon salts and sub-
saquently been redneed by a treatment with
vedueing gases, such as hvdrogen, at sneh
high temperatures shove A00° Cenligrede
thul o sintering oveurred, or jron powder
obtained by decomposilion of iron car-
bonyl, has been converted info a solid
porons mass by sinfering.  The sndrd
catolysts have further been prepared by
combuslion of iron in a stream of
axveen and subsequent reduction of the
molten iran oxide ithus ohtained.

Tn the following the cxpression °° com-
pact iron  will be used and fhis means
naa-porous iron in the form of pieces aof
which two dimensions are at least 2 and 1
millimetre respectively.

My foreiym correspondents bhave now
found that the aforesaid conversion of
cqrbon monoxide with hydragen may be
corried out with particular advaniage in
the presence of iron catalysts, prepared
by {veating compaet iron with oxidising
anses at such high temperatures that iron
oxide is nbtained without melting of the
irun or of the iren oxide [ormed and sub-
sequently reducing the sald iron owide fo
metal by ireatment with reducing mases.

Acpording to the process of {he present
invention catalysts axe prepared from very
cheap and readilyavailable iron materials.
as any suitable compact 1ron may ba em-

[Price 1{-]

_higher temperstures below the meliing

ployed. Compact iton having two dimen-
sions of more than about & millimelres
and a third one of move than
0.1 millimetre s & preferred initial
malerial, Advantageously sheet iron,
for example, in the form of Roschiz rines
or other hollow chjects, is mnsed. Tha
compact iron {redted may already be in
part present in the fer of oxides.

The said treatment with oxidising
gares, for example, alr may he carrie
out within e wide range of temperatures
below the mellipg polnt of iren, prefer-
ably from 700° to 800° Centigrade and
is continned until the iron is suhstantially
converled into iron oxide.

The said treatment with reducing guses
may be earried oub ab any ftemperature,
anitable for the reduction of iran axide.
Preferably o temperature of about 500°
Centigrade or more is used. In order to
inerease the mechanical siremgih of the
catelyet, the said treatment with redueing
gasey may after the rednotion of the iren
nxide still be continued at the samo or at
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point of iren, for example, from §00° to
ahowt 1000° Jentigrads, or the said redue-
tion may alse be carried out at the said
higher temperatures, -

Thiring the said treatments with oxidis-
ing gages and reducing gases the original
shape of the eompact iron abicels remains
substantially urchanged.

The catalysts according to the present
provess, in  partienlar those prepared
from. compaot iron eonsigting of hollow an
objerts a3 stated sbove. are very suitahle
if liigh rates of flow of the gases are em-
ploved in the said conversion of carbon
monoxide with hydrogen, as they cause
only o slight resistance to the flow of the 95
gases, o thed ho undesired difference in
preesure at the inlet and cutlet of the
eatalyst apace occurs.  Therefore, the
said catalysts may, for examwple, advan-
tageonsly ha emploved - when converting
carbon menoxide with hydrogen aecording
ta the provess deseribed in the speeifira-
fien 24 ,683/38. -

The astivity of the sald catalysts may
be Increascd g;' additions of alkali metal 105
compounds. for example, halides, phos-
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lintes or borates of potassium, sodium,
ithium or caesium, for example, in
amounts of about 0.1 to 10 per cent. by
weight or more. The said compounds
may be added to the catalysis in o dry
state during or efter the sid treatment
vwith reducing gases or as aqueous solus
tons before or after the said treatment,
The activity of the catalysts may further
be increased by the addificn of ciler sub-
shances beside the said alkali metal com-
pounds, for example aluminium oxide,
slumininm  hydroxide, silicon dioxide,
kieselgubhr and the Iike, snd/or com-
pounds of copper, titanium, manganese,
tangsten, molyhdenmnm, chreminm,
tharium, carinm, zircenmium or other rare
sarths.

As initial materials for the sald cou-
version of carbon monoxide with hydrogen
gas mivtures may be employed, which
contein the said gases in approximately
equal voluimetrie amommts, However, as
s knmown the said mixtures may also con-
tain considerably larger proportions of
carbon, monoxide or of hydrogen. Fur-
thermore the said gas mixztures may con-
tain diluent gases, sonch as nitragan,
earhon dioxide, methane and the like, I
degired additional amounts of carbon
monexide and for hydrogen mey be added
during the said conversion. )

The =aid conversion of earbon mon-
oxide with hydrogen may be carried out
in the gaseous phase or in the liguid
Plase.  When working in the gaseous
phase the said conversiom s preferably
carried out with cirevlating gases, for
example as deseribed in the said specifi-
calion 24,683/85. When carrying out
the said conversion in the Hguid phase,
guitable liquid or fusible hydracarbons are
employed & Ghe ligquid fnedium, such as
for exampls mincral dils or fractions
therenf, tar oils, paraffin wax, products
obtained by destiuctive hydrogenation of
carbonaceons materials, and the like.
Adwaatageously oils obbuined by the con-

version of carhon menoxide with hydrogen
are employed as o liguid medium, suit- 50
ably olly obfained in a previcus comver-
sion under substantially the same condi-
tions are used,

The said conversion of carbon monexide
with hydrogen may be carried out at ovy 55 .-
suitable temperature, preferably a fem-
perature within the range of shout 130°
to abvul 450° Centigrade, aud under re-
duced pressure, atmospheric pressure or
higher pressures, for example of 5, 10, 20, 60 |
50, 100 atmospheres or mure, PR

The following Example further illas-
trates the nature of the present invention
and in what manner the samc cau be var-
ried out in praetice, buk it should, how- 68
ever, be understood that the invention is
not limited tn said Tzample,

ExamrLe.

" Raschig rings with & diameter of 10
willimebres, mude of sheet ivon of 2 thick- 70
ness of 1.5 millimetres, are freated with
air at T00° Centigrade, until the said iron
is completely oxidised. Thereupon e
rings are reduced by means of hydrogen
a 800" Centigrade and subsequently 75
treated with a solution of bornx in smﬂ
w'manney thai the prepared catalyst con-
tains 1 per cent. by weight of horax,
Water gas containing carbom monoxide
and hydrogen in volumetric proporfions of 80
4:5, 58 passed over this catalyst at a
teruperature of 3201° Centigradas and nader
a prassure of 20 atmospheres, in e civeula-
tion process as deseribed in ithe said
specification 24,685/88, whereby 80 per 88
cent. hy volume of thp water gas is con-

" werfed inko hydrocarbons substentially

hoiling~ within "the boiling range of
benzine. . B '

Dated this 4tk day of Novarmiher, 1839,
W, P, TIHOMPSON & CO,,

12, Church Steeet, Liverpool, -
Chartered Patent Apents.

COMPLETE SPECTEICATTON

Process for the Conversion of Carbon Monoxide with Hydrogen.-

I, Haimorp LEpwix Porrs, Chartered
Patent Agent, of 12, Church Street,
Liverpool, in the Comunty of DLancaster,
Subjact of the King of Great Brifuin, do
hereby declare the nature of this inven-
tion, which has been communicated tn
me by N. V. Internationale Koolwster-
stoffen. Synthese Maatschappll (Interns-
tinhal Hydroearbon Synthesis Cnmgany).
of 20, Wasssnaarascheweg,  The Hague,

130 Holland, a Dutch Company, and in whuk

wanner the seme is to be performed, fo
be particularly described and ascertained
in and by the Jolowing stalement: —

It is slready known in the conversiom
of curbon monoxide with hydrogen iuto 105
liguid, salid and for gascous hydrocarbons
eontaining more than ona carbon atrm in
tho molecule, to use catalysts which eom-
slsk of or contain iron.  Several methods
have already Twen provosed fer * the 110
preparation of these catalyats, for ox-
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ample, iron hydroxids has been precipi-
{ated from soluiions of iron salts and subse-
ynenfly been reduced by a treatment with
redueing guases, such as hydrogen, af such

B high ts mIJEI‘atLI‘Ea above 500° Centigrade
and for snch a long time that a sintering
oregrred, or iron powder obtained by de-
mmpc-smo.a of irom carbony)l, has been
converfed inbo a solld porous mass by

10 sintering. The said catalysts have fur-
ther been prepared by combustion of iron
in @ stream of oxygen and subsequent
reduction of the mollen ferroxe-ferric
axide thus obiained.

15 In the following specification and
elalms the expression *° eomypaed iron
will be used and this meanz non-porous
iron in the form of pieces of which two
dimensions are af least 2 and 1 milli-

90 retre respectively.

My foreign correspondents have now
found that the aforesaid conversion of
carbon menoxide with hydrogen may be
carried vsut with particular advantege in

25 the presence of iron catalysts, prepured
by treating compact iron with oxidiming
gases af stch high temperatures and for
such a long time that fhe iron is snbstan-
tially completely converted into irom

80 oxide, but without melling of the iron or
of the ivon oxide formed and subsaquently
reducing the said iron oxide to metal by
treatment with reducing gases.

According to the process of fhe presant

45 invention catalysts are prepsred from very
cheap and readily aveilable iron maierials,
us any suitable compact iron may be em-
ployed. Compact iron having two dimen-
siohs of mere than about 5 millimetres

40 and o third one of more than
.1 millimetre is # preferred initisl
material, Advantagenusl sheet irom,
for example, in the form of Reschig rings
or other hollow objects, is wused. The

45 compact iron teated may ah*eudy be in
part present in the form of oxides.

The paid treatment with oxidising
gases, for example, air may be carried
cut within a wide range of temperatures

50 below the melting point of iron, frem 400°
to 1200° C, preferably from 700" to 900°
C. aud is continued until the iron is sub-
stantially completely converted inte iron
oxide,

55 The said freatment with reduecing gases
may be carried out at any temperature,
suitable for the reduction of iron oxide.
Preferahly a temperature of about 500° C.
oy more is nsed. In order to increase the

60 mechanieal strength of the cafalyst, the
said treatent with reducing gases may
after the reduction of the izon oxide slill
he econtinuted until sintering seis in ai the
sgme or af higher temperatures below the

€6 melting peint of iron, for example, frem

B00° to aheut 1000° C. or the said vednr-
tion may also he carried vat at the seid
higher {emperatures.

Daring the said treaiments with oxidis.
ing gases and reducing gases the original 70
shapﬂ of the compact iron objects remains
substantially nmehanged.

The eatalysts according to the present
proeess, in particular fo those prepared
from compuet ron consisting of hollow 75
objects as statad above or those which
duving their preparation have been
brought into sueh o form, ure very suit-
eble if high rates of flow of the pases are
smployed in the said eonversion of carbon 80
moneXide with hydrogen, as they eause
culy a slight resistance to the flow of the
gases, so that no undesired high difference
in pressure at the imlet and outlet of the
entalyst space ocewrs. Therefore the 82
said catalysts may, for example, advan-
tameously he employed when converting
earhon menoxide with hvdrogen accord-
ing to the process described in the speci-
fieation No. 518,372, au

The activity of the said calalysts mavy
be inereased hy additions of alkali meta)
Lompounr'{q for example, halides, phns-
phates or borates of pofassium, sodium,
lithiuemn or ecaesium, for P\ample, in 95
amounts of abont 0.1 to 10 ner cent. by
weight or wiove:” The said compounds
may be added tv the catalvsis in a dry
state during o after the said freatment
with reducing ‘@ases ar as agueous selu- 100
tiona hefore or dffer the said {reatwent,
The activity of the calalysts may further
be increaséd by $lie addition of other snh-
stances heside the said alkali metal com-
pounds, for example aluminium. oxide, 105
aluminivm  bhydroxide, silieon dioxide,
and the like, andfor compounds for ex.
ample oxides, hydroxides, carbonates, or
halogenides of copper, fitanium, man-
ganese, tungsten, molybdenum, chromium,
thorium, cerlvm, zirconium or other rarve
sarths, which componnds may be added to
the ca,talybts in' amounts of a few per cent.
by welght or less; for example, less thun
1 per cent. by wmg'ht

As initial materials for the azid con-
version of carbofs monoxide with kydragen,
gus mixtures ‘may be. emnluyed which
contzin the said ‘gases in approximately
equal volumettic gmounts, However, as 120
is known. the said mixtures may also con-
tain considerably larger proportiohs of
carbon mondiide or of hydrogen. TFur-
thermore: the sald gas mixfures may con-
tain  diivent ‘gdses, such s mlruqen 195
carbon’ dioxide; methane and the like. If
desired addzhﬂndl amounts of carhon
monoxide and for hydrogen may be added
during the said eomversion,

The said comversion of carbon mon- 134

110

115
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oxide with hydrogen may be carried out
in the gaseous phase or in the liquid
phase. en worling in the paseons
phase the said conversion iz preferably
carried out wilh ecirenlading gases, for
example as described in the sald specifi-
cation No. 518,872, Whea carrying out
the said conversion in the liquid phase,

snitable liguid vr fusible hydrocarbens are

emplnyed as the liguid medinm, such as

for example mineral oils or fractions

thereof, tar oils, parafin wax, products
obtained by deslructive hydrogenation of
carhonaceons maferinls, und the ]ile.
Advantegeously ails obtained by the cos-
version of carbon monoxide with hydrogen
ave smploved as 4 lignid medium, suit-
ably oila obhtained in a previous conver-

gsion under substantially the same condi-

tions are used.

The said conversion of carbon monoside
with hydrogen may be carried out ot any
suitable femperature, preferably a tewm-
perature within the range of about 180°
to about 450° (¢, and uwader redueed pres-
sure, abmospherio vressure or higher pres-
gures, for example of 5, 10, 20, 50, 100
atmospheres. '

The catalysts prepared as above de-
seribed wmay also he nsed In other
catalytic veduction processes, particu-
larly the high pressure hydrogenation of
heavy oils in the liquid phase, and also
for de-sulphurization, o

The following Example further lns
trates the nalure of the present invention
and in what manner the same can be cars
ried oub in praetice, but it should, how-
ever, be nnderstond that the jnvention is
not Jimited tw said Kxample. '

ExaMPLE. -

Reschig rings with a diameter of 10
millimelres, made of eheet ivon of a thick-
ness of 1.5 millimetres, are treated with
ajr at 700° €. until the said iren is com-
plotely oxidized.  Thereupom the rings
are reduced by means of hydrogen alb
800° C. and subsequentlly treated with a

solution of borax in such a memmner that

the prepared vatalyst comtains 1 per cent.
by weight of borax,  Water gas contain-
ing carbon monoxide and h;;d'mgen in
volumetric proportions of 4:5, is passed
over. thie catelyst al a femperature of
520° . and wnder a pressure of 20 atmo-
spheres, in o oirendabion process s de-
geribad  In the said
518372, whereby 80 per cent. by voluine
of the water mas is converted into hydro-
carbons substantially boiling within the
haoiling renge of benzine. )
Having now particularly described snd

ageertained the neture of our said inven-
tion mnd in what manner the same is fo -
5 be performed, as communicated to me by

' calalysts.
%, .Process e claimed in elaim

specification Na. .

ard* cireuloted

my foreign correspondents, T declure thot
what T claim is:—

1. Process for preparing an  iron
eatalyst for example for prepuring hydro-
carhons from carbon monoxide and hydyo-
gen vr the high pressure Lydrogenation
of cils in the Hoquid phase whick consists
in treating compact iron with oxidising
gascs ab & high temperature and for such
2 long time that the jron is substantially
completely converted into iron oxide with-

" put melbing of the rom or of the iren

oxide formed, and subsequenily reducing

* the said iron oxide to metal by treatmert
with redusing gases.

9; A process for the conversion of
rarbon monoxide with hydregen into

_hydrosarbons with more than one carbun

atoin in the molecule in the presence of
iron catalysts which comprises employing
eratalvsts preperved as in claim 1.

3. Process for the high pressure hydro-
genabion of heavy oils in the Hquid phase
nsing catulyst prepared as in claim 1.

4, Process as claimed in claims 2 and
3 in ‘which the eatslyst is prepared from
comjpuct iron which has two dimensioms
of more than 5 mm. and 2 third cne of
more than 0.1 mm, end js in the form- of
sheet fron.

5. Prooess as claimed in claims 2 and 3
in which the catelyst is prepared from
sheet iron used in the form of hollow
bodies, for esemple Raschip rings.

& Process as claimed in claims 2 and
in whish  alkali melsl compounds are
added’ to-increase the achivity of the

§ in

T
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20

95

3 100

which the metal compounds are added to 105

‘the-vén oxide during or after the redue-

tion freatment,
© 8 Tn the process as claimed in any of
claims 2—7 the employment nf a eatalyst
in which the {reatment with oxidising
gases has been effected al lemperatures
from 700—900° C.

9. In » process as claimed in any of
claime 3—7 the emplovment of & catalyst
in the preperation of which the freatment

110

115

with reducing gases has been caried oul

ot u jemperature of 500" or above,
10. Tu & provess es claiméd im any. of

" cJaims 2-—8 the employment of a catalyst

in the praparation of which the treatment 120

with reduoing gares 3s continued after the
reduciion of the iron oxide, at the same
or ut higher temperatuzcs below the melt-
ing point of iron wntil siodlering sots in.

11.:A process as claimed in ouy of 125

claims 2—10 in which the reaction gases
| as despribed in patent

specifieation No. 518@;%5‘ i

12,4 . catelyst for exammle for tha

prepezation of hiydrocarboms from carbon 130

i

o
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monoxide and hydrogen whenever pre- the process s claimed in any of the pre-
pared aceording to the process of elaim 1. ceding clsima:.
13. A process for the conversion of '
earbon, ‘monexide with hydrogen into Dated this 4th day of November, 194}
& hydroesrbons as partienlarly described W. P. THOMPSON & CO.,
with vefarence fo the above ezample, 12, Church Street, Liverpood, [,
14, Hydrocarhons whenever obtained by Charterad Tatent Agents.

Leaminghon Spa: Printed for His Maiesty'sﬁtationery Office, by the Courier Press,—1841,



