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PROVISIONAL SPECIFICATION

Process for the Synthesis of Hydrocarbons from Mixtures of
Carbon Monozide and Hydrogen

1, Haronr Epwiw Porrs, Chartered
Patent Agent, of 12, Church Sfreet,
Liverpool, in the Coumby of Lancaster,
Subject of the King of (ireat Britain, do
hereby deelare {he nature of this inven-
tion, which has been communicated to me
by N.¥. Internationale Koolwaterstoffen
Synthese Maaischappij (International
Hydrocarhon Bynthesis Company), of 20,
Wasgenaarscheweg, The Hague, Holland,
a Dutch Company, o be as follows:—

Tt is already known that the synthesis
gascy which are employed for the produe-
tivn of hydvocarbons with more than one
earbon atem in the molecule, in partieniar
Tiguid or fusible hydrecarbons from carbon
monexide and hydrogen must be purified
very thoroughly 1o remove catalyst
poisons. Even a very small sulphur con-
tent canses o rapid decrense in the aclivity
of the catalysis. In the cuse of some
sylthesis gases, especially those which
are obtained by gasification with 1
gasifying agent of carbonaceous solid
materials more recent than bitwminous
eoal, for example, brown ecoals, tha
activity of the eatalyst is already de-
eresaed {rom the beginning of the reaction,
and thess difficulties accur even when the
said gases have Deen carefully purified
from compounds,

These latter difficulties in the synthesis
therefors appear to he due to noxious
impurities ofher than slphur compounds
present In such gases, such us gum
formers, which Impair the catalyst
ackivity,

My foreign ecorrespondents have now
found that the said decrease in catulyst
activity can be aveided in the synthesis
of hydrocarbonz with more than one
carbon atom in the malecule, especially
Homid hydroearbons, from c¢arben mon-
oxide and hydrogen, if a synthesis gag
congisting of a mixture of carbon mon.
oxide and hydragen eontingently together
with other gases, is converted, which affer
its producfion has been heated at hirh
temperatuzres, above 800° Centigrade, pre-
ferably at least 1000° Centigrade, and
simvltaneously or thereafter has heen
freed from the hydroearbon sulphide,

[Frice 1)} :

which way have bLeen coulained in the
same in the form of organic sulphur com-
pounds and/or as such.

The best resuits are atéained by heating
at temperatures within the range of 1000°
to about 1250°, say at 1100° or 1200°
Centigrade. Higher temperatures than
about 1400° Centigrade are wusually not
reqguired or desived bul may be employed
where convenient.

By the said heating the organic sulphur
compounds which may be present n tho
gases arve practically completely converted
into hydrogen sulphide, which can then
easily be removed in a Irown manner.

Beside the sulphur compounds also ths
aforesaid other noxious constituenis ars
dacomposed at the high temperatures
a-p&]ied in the preseni process.

he surprising elfect with the provess
of the present Invention is particularly
striking when employing synthesis gases
obtained by gasificafion with gasifying
agents of sulid eurbunaceous waterials,
moere rerent than bituminous coal, more
Earticularly brown coal, since when
eated according fo the process of the
present invention the said gases are equal
to fhe most suvitable synthesis gases
obtained from coke from bilwminous coal
and are even oceasionally superior to
them, However, the process is valuable
for syathesiy gases obtuwined from other
carhonacaous materials, smeh as hitu-
minous eoal, eoke and the like, if these
give rise fo the alforessid diffculiies.
lso other gases, suitable for the synthesis
of hydroearbans may sometimes advan-
tageously be treated according {o the
process 0f {he present invention, for
example those obtained from neutral or
reflnery gases hy conversion with steam
and, if desired, carben dioxide.

The gases employed in the process of
the present invention may eontain higher
or smallar amonnts of accompanying gases
which do not "disturh or may even be
desired for the synthesis, for example,
earbon dioxide or methane,

Advantagesusly, the heating of the
gases according to the present process is
earried out in''the heat accumulstors or
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heat - exehangers provided with Klling
material or in g contbimation of these two
apparaius, so that o part of the added
amount of heat is retained and only the
5 heat to maintain the reguisite high tem.
perature must be newly supplied. The so-
called cowpers are very suttable apparatus
for healing the gases according to the
present process.  The high temperaturs
10 may be attained in any desired manuner,
for example, by means of direct heating,

which may he earried out by supplying.

exygen (this heating method is especially
suitable for bringing the kot maierial to
15 the requisite high {emperature) or by

means of gas burnera, slectrical heating

vods, ete. In many cases it is advan-

tageous to preheal the gas indirectly and

to supply oxygen to the prebeated material

20 to bring it to the reguisite high tempera-

ture. Ii is also posvible to heat the gases
by passing them over perindieally heated
hent regenerating masses,
The heated synthesis gases may be
25 veoled by direct or indirect cooling to the
temperatures suifable for conversion in
the aynthesis infa hvdrorarhens, for
example, by means of heat exchange with
fresh synihesis gas to he heated for puri-
30 fleation, or by injecting water free from
oxyveen or hy utilising their heat for dis
Hiling the synthesis produst or for the
production of steam.
Advantageously heat exchangers which
35 are conatructed of metals withstanding
eorrosion by sulphur and chemiral attack
hy the reaction gases are used. In case
the initiel gases eentain murh organic

sulphur, it 15 occasionally advantageous

40 to use as filling material in the heat
accumulator, or, as the ease may be haat
exchanger, burnt lima, burnt dolomite,

the conversion of the organic sulphur com-
45 pounds inte hydrogen sulphide,

In order to obtain good results in the
synthesiy of hydrocarbons, the synthesis
gases preferably contain earbon monoxide
and Lydrogern in certain definite propor-

50 tions, dependent on the particular reaction
eonditions adopted and the produats which
it is desired to obtain, for example z pre-

- portien of carbon mopoxide 1v Lydrogen
of between about 2:1 4o 1:8, say 1:1.2
ta 1:2. Ths proportion of earhon mon-
" oxide to hydrogen in the synthesls gases
may, it necessary, be hruuight within the
desired range affer the purification accord-
ing to the process of the presant invention,
g0 by conversion of a portion of the ecarbon

monoxide with stenm to hydrogen gnd

carhon dioxide, and, if desired, removing
the latter, andfor by mixing the synthesis
geges with hydrogen or gases comfaining
85 hydrogen and earbon monoxide in other

praportichs.

The synthesis of hydrocarbonz with the
gases purified aveanling (v the provess of
the present inventien, ean be varried oat
under the conditiens wsual for this 70
reaciion, for cxumlgle, at temperatures
between 175° and 220° Ceniigrade and
nader prdinary or elevated presure, in the
presence of eatalysts, The cafalysts may
bs washed with an oil eantinuously or at 70
iptervals, in which latter case the syu-

thesis may bs contipued nz inferrupted.
.In the case of interruption of the syn-
“thesis,
durin

conditions different from those
the syathesls proper may be em- 8D
ployed. for example, lower femperatires

. and higher pressures, espeeially tempera-

tures up to 50° Centigrade aud high
pressures up to 150 atmospheres ar mnre.

The synthesis may be carried out in the 85
liguid or in the gaseaus phase.

The following Exmmples will furiher
illnstrate the nature of my safd invantinn,
hut it should be understoad that the inven-
tion iz not limited to the <aid Examples. 80

Exanrnn 1.

TWater gas whieh has heen abtained by
easifiratinn of brown eoal and whicl eon-
tains per cuble metre about 100 milligrams
of organic zulplur, iz pas<ed at 1200° 93
Centigrade aver hauxite, thereupan froed
from the hydregen sulphide farmed by
means of a4 moss ahsorbing hydrosen
sulphide and affer ecoling passed over a
cobalt-thorinm oxide eatalvst af ordinars 100
ressure and at abont 180° Centigrade.

be average yield of liquid hydrorarbons

c produced in one paszage amaunts to abont

115 cubic coniimetres per eubie metee nf
curbon monoxide-hydrogen mixture In 103
eontrast to only about 90 cubic venfi-

: ] ; r _metres per cubic meire of the gns when
bauxite or like materials, whieh accelerate

using the same initial gas after purifica-
tion from organically bound sulphur in
the nsual manner with alkalised iron axide 110
mass at about 300° Centigrade. The
* balf-value-time ** of the catalyst (i.e,
the time in which the ratalyst activity
decreases to half its original uciiviiy
when the reaetion has been sturted with 113
preheated gas, so that the rield of liguid
kydrocarbons is decreased in Dbalf the
original valwe) was ahout 20 per cent
Tonger than with the gas which had Twen
purified in the wsual manner. 120
Exaurry 2.

A carhon mopoxide-hydregen mixfuro
obtained from brown coal briguetfes by
gasifiention with oxygen is pussed at 1100°
Cen’tiﬁra&e over fragments of quartz and 125
is used for the hydroearbon synthesis after
ramoval of the hydrc?en sutphide formed
by menng of gas purifying mass. The gas

“whiech #s passed on to the synihesis i3 com-
-yle_tely free from sulphur and an average 130
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wield of lguid hydeocarbons is obtained

which is 25 cubir centimstres per cubin

metre of the gas higher than in 2 synthesly

which for purposes of cowparison has
& been carried ent af the sama time and in
the same furnace (the furnace containg
iwo separaie calalyst tubes in the same
binck of aluminium), in which synthesis
o part of fhe same initial gas was nsed,
which had been purified from organically
bound sulphur in the msmal manner.

In cmse n ecarhon menoxide-hydrogen
mixture oblained from coke or bituminous

10

anal is» purified in the uzval manner and
then subjeeted to synthesis nnder the samo 15
conditiens, a yiald of liquid hydrocarbons

is obtained which is 8 to 10 cubie centi-
metres per cubie mefre of the gas lower
{than with the same gns mixiure which
has been heated to 1100° {entigrade a= 20
deseribed in the preceding paragraph.

Dated this 10th day of Mareh, 1939,
W. P. THOMEBON & ().,
12, Church Sireet, Liverpool, 1,
Chartered Patent Agents.

COMPLETE BSPECIFICATION.

Process for the Synthesis of Hydrocarbons from Mixtures of
Carbon Monoxide and Hydroven

I, Hairotn Fowmw Torrs, Charierad
Patent Agent, of 12, Church BStrveet,
Liverpool, in the County of lancvaster,
fuhjeet of the King of Great Buitain, do
hereby declare the natnre of this inven-
tiow, which has been ¢ommunicated to me
by N.V, Internationale Koolwaterstoffen
Synthese Marischappij (International
80 H#droearbon Bynthesis Company, of 20,

assenaarschewew, The Hugue, Holland,
a Duteh Company, and in what manner
the same is to he perfarmed, to bhe por-
Henlarly deseribed and ascertained in and

a5 by the foliowing statoment:—

Tt is alveady known that the synilhesis
gases which are employed for the prodne-
tion of hydrocarbons with more than one
earbon atom iz the moleeule, In purticular
liquid or wuax-like hydroearbens from
earbon monoxide and hydrogen must be
purified wvery thoroughly +io remove
catalyst poisons. Even o very small
sulphur content couses a rapid decrsase in
4b the activity of the catalysts, In fhe case

of some synthesis gases, especially thosa

whick arve oblained by gasificafion with a

gasifying ament of ecarbonaceous solid

materials more recent then bifwninous

25

40

§0 voal, for example, brown ecouls, the
activiby of the calalyst is already de-
creased from the bagiuning of the

reaction, and these difficulties vecur even
when the said gases have been carefully
§b purified from sulphur compounds,

These latter difficulties in the synthesis
therefore appear to be duc to noxious
impurities other than suiphur comyounds
present in such gases, such as gum

8t formers, which impair the ecatalyvst
uckivity.

My foreign correspondents have now
found that the szid decrease in eatalvst
activity can be avoided -in the synthesis

685 of -hydrocarhons with more than one
earhon atom in fhe mnlecule, especially

Liguid hydrecarbons, from carbon mon.
oxide and hydrogen, if n synthesis gas
consisting of u mixiure of earbon mom-
oxide and hydrogen if desired together 7
with other gases, 1s converted, which after
its produetion has been heated at high
temperatures of at Ieast 1000° Geu-t-igmc? £,
und thereatier hos been freed from the
Lydrogen suiphide, which hag been con-
tained in the same as smeh andjor which
Lus been formed from ovganic sulphnr
compoinds occurring in the zaid mixfnre,

The best results are attained hy heating
al temperatures within the range of 1000°
to about 1250%, say at L100° or 1200°
Uentigrade.  Higher temperatures than
about 1400° Centigrade are usually not
required or desived but may be emplared
where eonvenient,

The duratipn of sofeurn in the heating
zune giving the best results can be readily
determined by one skilled in the art and
may lis within wide limits, As g rule the
Lust results are-cbtained it ihe gases ave
heated in the hot zone for about (.5 to 1
second. A yate of flow of for example,
about 0.9 cubiv. metres per second per
cubic matre of reaction space may be
maintained. . - ;

By the said hesling the organic sulphur
compounds which may be prescht In the
guses ave practically completely convertad
inte hydrogen sulphide, which .can then
easily he removed in a known manner.

Beside the sulphur compounds also the
aforasajd other noxious constituents are
decomposed al the high temperulures
applied in the present process.

The surprising effect with the proeess
of the present invention is particularly
striking when employing synihesis moses
obtaired by masification with masifying
agents of ‘solid carbonaceons materials,
mora recent thin bituminens eoal, mare 110
parficularly brown coal, since when
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heated aceording to tha process of the
present invention the said gases are equal
to the most snitable synthesis gases
ubtained from coke from htumineus eoal
§ aud are even ocepsionally swperior . to
them, However, the process is valuanble
for synthesis gamses obtained from othexr

cagbongeeous matarials, sueh as bitmmin.

ons ecoal, coke and the like, if these pive
10 rise fo the aforesaid difficulties, Also other
pases, suitable for-the synthesis of lydro-
czrbons may sometimes advantageously be
freated according to the process of the
present invention, for example, these
15 obtaiued from unetuval or refinery gases hy
conversion with steam and, if desired,
carbon diexida.
The gases ¢emploved in the process of
the present invention may contein higher
2 or smaller amounts of accompanying guses
which do nol disturh or may even be
desired for tlhe svuthesis, for exampile,
earhon dioxide or methaue.
Advantageously, the heating of the
25 gnses according to the present process is
parried out in the heat aceummlators
or heat exchangers provided with filling
material or in a r'nm%ina.ticm af these two
apparatus, so that a part of the added
30 amomnt of heat is retained sud only the
heat to maintain the vequisite high fem-
perature must be newiy snpplied.  The
so~called cowpers are very suitable
apparatus for heating the gases aecording
35 to the present process. The high tem-
perature may be sttained in any desired
manner, for examyple, by means of direst
heating, which may be curried out by
supplying oxygen {this heating method is
20 espevinlly suitable for bringing the hot
material to the requisite high tempern-
ture) or by means of gas buruers. eleetrical
heating rods, ete. In many ecases 1t 1s
advantageous io preheat the gos indireetly
45 pnd te supply oxygen in  sluges or
gradually o the preheated material so
that by reguluted combustion it is bronght
to the requisite high temperatnre, and
kept at this temperature for the requisite
80 time. It is alse pussible to heat the mases
by passirig them over periodically heated
heat regenerating musses, _
The heated synfhesis mases may be
conled by direel or indirect cooling fo the
55 temperatures suitable for conversien in
the synthesis imto hydrovarboms, for
example, by means of heat excliunge with
fresh synthesis gas fo be heated for puri-
fieation, or by mjecting water free from
80 oxygen or by mutilizing their heat for dix-

tilling the synthesis product or for the

production of steam, o
Advantageously heal exchangers which

are ronstruoted of metals withstanding

85 carrosion by sulpliur and ehemieal attack

by the resction guses are used. Tn case
the initial gaser contain much organic
suiphur, it 1s oceasionally udvantageous
to use as flling malerial in the leas
acemmulator, oy, as the eass may be lheat 70
exchanger, burat lime, burnt delomite, or
bauxite, which accelerale the vouversion
of ike organie sulphur compounds into

hgdrogen sulphide.

4t

In order to obtain geed results in ihe
synthess of hydroesrbons, flie synthesis
gases preferably eontain earbon menoxide
and hydrogen in eertain definite propor-
tions, dependent on the particular reac-
tiong, dependent on the particular reaction 80
eonditions adapted and the nroducts which
if is desired to obtain, for cxample a pro-
portion of earbon mwoenoxide to Lydrogen of
hatween ahout 2:1 to 1:3, say 1:1.2 to
1:2. 'Phe proportion of carbon monoxide 85
fu Lydrogen 1u the synthesis guses, may,
if necessary, be brought within the desived
range after the purifieation aceording iv
the process of the present invention, by
conversion of a portion ol the carbon 80
monoxide with steam to hydregen and
carhon dioxide, and, if desired, removing
the'latter, anc’léor by mixing the synthggis
gases witlh hydrogen or pases containing
hydrogen and carhon monexide in ather 85
proportions,

The synihesis of hyvdrocarhons with the
gazes purified aceording to the process of
the present invention, ean be eurried out
under the conditions usual for thiz 100
reaction. for example, at temperatures
batween 175° and 220° Centigrade and
under ordinary or elevated pressure. in
the presence of vatulysts, The eaialysis
way be washed with an oil rontinuonzly 105
or’at intervals, in which latter case the
sranthesis may be eontinged or interruplerd.

Tf the synthesis iz interrunted far this
purpaze conditions different from those
during the syunthesis pruper may  he 110
emploved during such period of inter-
ruption, for example, lower temperatures
end ligher pressures, especigliy  fem-
peratures upn to 50° Centiprade and high
pressures up to 150 atmoespheres or mare, 115

The synthesis may be carried out in the
liguid phase, i.e. In presence of liguid
Lydrocarbons or in the gaseous phase.

-The following Examples will further
illiigirate how the invention may he 199
earrier out in praetice, but it should be
understoed thet the invenlion ix nof
litnifed tv the said Examples.

Sl Ezanrre 1.

Water mas whirh has heen obtained by 125
egsification of brown eoal and whiclh con-
tains per cubic wetre sbout 100 milli-
grams of organic sulphur. iz passed at
200" Centisrade over hanxite in wmeh a
way that the gas remains 4.5 second in the 180
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hot zone. Therenpon the pas is freed from
the hydrogen sulpbide formed by wmeans
of a mass a.bﬂor'Eing‘. drogen sulphide
e.g. an irqgn oxide puriflcation mass, and
5 affer cooling passed over & cobaif-
thoripm oxide catalyst abt ordinary pres-
sure and at about 180° Centigrade. The
average yield of Houid hydrocarbons pros
duced in one passage amounts to aboui
10 115 eubic centimetras per eubic metrs of
carbon monoxide-hydrogen mixtuare in
contrash to only about 90 cubie centi-
metres par cubic ‘metrs of the gas when
unging the same initial gas afier purifiea-
15 tiom frow organically bound sulphur in
the ususl menner with alltalised iron
oxide mass at about 300° Centigrade, The
* half-valne-time ** of the catalyst (i.e.
the time in which the catalyst activity
decreases to half iis original activity when
the reaction has heen started with pre-
hested gns, so that the yield of Iiquid
hydroearbons is decrea.seﬁ fo heli tho
original value) was about 20 per cent
25 lonper than with the gas which had baen
purified in the wsusl manner.
Exauere 2.
& parhon monexide-hydrogen mixture
obtained from brown coal briguettes by
80 gasification with oxygen is possed ot 1100"
Eentigrad-e over fragments of quarkz in
such a way that the gas Temains 34
second in the hot zone and is used for the
hydrocarbon synthesis afler removal of
35 the hydrogen sulphide formed by means
of an ivon oxide purifying mass. The zag
which is passed on to the synflesis is com-
petely free from sulphnr and an average
vield of liguid hydrocarbons is obtained
40) whieh, iy 23 cubic ceniimetres per cubic
metre of the gus higher thar in 2 synthesis
which for purposes of comparison has been
carried out at the same time and in the
seme furpace (the furnaees comtaing fwo
separate catalyst tubes in the same block
of aluminium), in which synthesis a part
of the zame jnitial gas was used, which
had been purified from organically bound
sulphur in {he wsnal manaer.

In case a carbon momnoxide-hydrogen
mixture obtained from coke or bituminous
coal 1z purified in the wsual manner and
then subjected to synthesis under the
same conditions, & yiald of liquid hydra-
55 carbons is obtnined which is 3 {o 10 cubie

centimetres per cubic metre of the gas
lowar than with the same gas mixture
which has been heated o 11007 Centigrads

us Jescribed in ihe preceding paragraph.
We are aware that it has Deen
praviensly propesed in specification No.
14200/0% to purify illnminating gas after
removal of sulphuretted hydragen there-
from, but which still contains eurbon
66 bisulphide, by rcheating the gas fo o high

20

45

temperature with or without the addition
of steam whereby the carbon biselphide iy
eonverted into sulphucetted hydrogen, and
then the sulphuretted hydrogen removed.

A temperature of between 400° C. and
1000G°. C. may be employed in this process,
but in practice a temperature between
400" C. and 200° C. is preferred.

Having now particularly described and
ascerluined the naiure ¢f the said inven-
tion and in what manner the same is te
be performed, s communicated fo me by
my foreign correspondents, T declare that
what T eladm is:

1. A precess for the synthesis of hydro-
carbons with more than one carbon gicm
in the molecule, especially liguid hydro-
carbons, from carbon monoxide and
hydrogen, which comprises converting a
synthesis gas consisting of & mixture of
carbon monoxide and hydrogen, if desived
together with other gases, which affer its
produefion has been heoted at high tem-
perafurces of ab leagt 1000° Centigrade,
and thereafter has heen freed from the
hydrogen suiphide which has heen con-
teined in fhe same as such and{or which
Lkas been formed from ocrganie sulphur
compounds occurring in the said mixfure,

2. A process as claimed in Claim 1,
which comprises hesting fhe yynthesis gas
at a temperature within the rsnge of
1000° to abouf 1250° Centigrade.

3. A proecss’as clulmed in any of
Claims 1 or 2, which eomprises heating 1pg
the gases in the hot zone during about 0.5
to 1 second. '

4, A protess ds claimed in any of
Claims 1 to 3, which comprises converting
a si'nthesis gay obteined by gasification yqp
with & yuasilying agent of solid
carbonacacus materials more recent than
bhituminous coal, such as brown coal.

4, A process ny claimed in any of
Claims 1 to 8, which comprises converting y1p
in the synthesis a synthesis gas obiained
from matural or refinery goses by conves-
sion. with steam snd, £ desired, carbon
dioxide,

8. A process as claimed in any of 193
Claims 1 to 5, in which the heating is
carried out in ‘heat aconmulaters or
heat exchangers, provided with flling
material, or in a combinativn of these two
ap?ara.tua. -

. A process ‘ds claimed in any of
Claims 1 to G, in which the heating is
carricd oub in vowpers,

8. A process ac: claimed in Claim
§ or 7, which comprises using as filling 125
material burnt lime, burnt dolomite, or
hanzxite, o

8. A process for the synthesis of kydro-
carbons with more than one carbon atom
in the molecnle, especinlly liquid hydro- 130
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carhons, substantially as deseribed in the reding claiming elauses.

faragoiny Examples, " Dated this 10th day of January, 1044.
10. Hydrocarbons with more than one W. P. THOMYSON & CO.,
carbon atoxm in the molceule whenever 12, Church Street, Liverpool, 1,

& obtained by the process of any of the pre- . Chartered Patent Agents.

Leamington Spu: Printed for His Majesty’s Sﬁaﬁﬁn@ry Office, by the Courier Press.—1840,



