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PROVISIONAL SPEQIFICATION

Improvements in or Yelating to the Production of Hydrogen-containing
Gases

We, Tes Navowsn Corr & Om
Comrany Lzanren, o British Company,
snd Jorw Lrown Stapvews, a British
Subjeet, both of 82, i William.
Street, London, E.C.4, do hereby deelaze
the nature of this invention to be us
follows : — .

This invention is for improvements in
or relating to the produetion of
hydrogen-containing gasss and has par-
tcular refersnec to the production of
guseous wixbures containing hydrogen
and carbon-monoxids which are io be
used in_the preparation of aliphatic

hydrocarbons. This conversion of
mixfures of hydvogen and earbon-
monoxide  to  hydvocarbons  may
be carried out, inter alia by

passing the mixture over a cafalysh
congisting of one or more metals of the
8ih group of the periodic classification.

Tt hes been found that in order {o
sective a high percentage conversion of
the gnsevus mixture info hLydrocarbons,
it is desirable that the volume of hydro-
gen in the gaseous mixture showld be
abhout twice the volume of the carbon-
monoxide, and it is an  objecl of the
present mvention to provide a process in
which the ratio of hydrogen and earbon-
monoxide is substantially of this order,
It is a Huriler objeet of the inventicn
to employ in the produetion of such
guseous mixinres permanent gus, amd,
it may bhe, sclid residues formed in pro-
cesses for the digtillation of carbon-
aceous material as described in one o
other of DBritish Specifications Nos:
393,602; 431,556; 496,645; 437,060
420,757 ; 435,187 ; 437,730 or 447,328.

Tt has been found that water gas, coke
aven gas and the like contain carbon-
monoxide and hydrogen in the propor-
tions of from 4:5 hy volume in the case
of water gas o 7:48 in (he cuse of coke
oven gas and arc fherefore wunsvitable
for use directly in the synthesis of hydro-
carbons, Similarly, the permanent gas

resulting from the distillation ToCesses
deserihed in the sbove-mentione British
Patent Specifications normally containa

oely small proportions of carbon-
wonoxide and relatively large amounis
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of hydrogen, the gmportion. of hydrogen
to carbon-monoxide amounting in one
example to 86 :5 by volume.

According to the present invention,
thera is provided a procass for the pro-
duction of & wuseous mixzture suitable
for use in the catalylic manufacture of
hydrocarbons, and partieularly aliphatic
hydrocarbons, which process consists in
the preparation of a mixture of water
gas und permanent gas formed in ona or
other of the diatillatien processes above
reforred fo, so that the mixture coniaing
hydrogen and ecarbon-monoxide in the
ratio of about 2:1 by volume,

Tt has been found that the other gases
present in the gaseous mixiure, e.g.
carbou-dioxide, - saturated hydrocarbona
such as methane, unsatursted hydro-
carbons such as ethylens, and inert
gases, suoh as witrogen, have cCOMpPara-
tively litile effect upon the catalyiic
teaction, and act merely as qiluents.

The water gas may K»a Prepared by
any one of the usual methods from
eoals, ookes or like curbonaceous
materials, and in one modification of
the invention, it may be produced by

e ewployment of the solid residue (in
the briguetted or the
derived from tha distillation PTocesses
deseribed in the shove-mentioned speci-
fications. In this form of the invention,
the processes described in the ahove.
mentioned specifications provide all the
raw materials necessary for the catalytio
synthesis of hydrodarbons,

efore . the gasecus mixinre
employed for the s
bons, it must be
compounds,

is

thesis of hydrocar-
reed from sulphur-
1 including  hydrogen sul-
phide and organic sulphur compounds,
This purifieation may conveniently take
place after the mixing of the water zas
and permanent gas, the hydrogen-sul-
rhide heing removed, e.p. b passing
the gases over iron-oxide and + organic
sulphur compourds heing removed, e.g.
by o catulytic procesa,

In a medification of the present
invention, the content of bhydropen in
the mixed gas may be increased by
treating water gas with stcam by the

unbriguetted form).
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known process in order fo cunvert it o
varbon-dioxide and hydrogen und remov-
ing the carhun-dioxide either by
sorubbing with aquevus alkali or with
5 water woder pressure. The gas thus
obiained iz rich in hydrogen and may
be intreduced into lhe gaseous mixture,

When brigquetied earhonaceous
matarial is employed for the produetion

10 of the waler gas, these briguetfes muy
be made, e.g. in accordance with ths
process described in Specification No:
15871736 (Serial No. 472,340).

Tollowing is a desegiption hy way of

15 exawmple ol one method of carrying the
invention info effect.

Water gas is prepared by pussing air
and sieam alternately over red-hof car-
honapeous residue produced by the pro-

20 cess deseribed in ome or viher of the
gpecifications hereinbefora referred  to,
this type of carbonaveous material being
partimflaﬂy reactive in the water gas
mannfacturing process. The water fas

95 contains =zbout H0% hydeogen, 40%
sarbon-monoxide and small amounts of
carbun-dioxide, methane and nitrogen.
There is blended with the wafer gas per-
manent gas produced by the proesss

80 described in the abovae-mentiencd speci-
fentions, this gas containing approxi-
mately 36% drugen, 5% carbon-

monoxide, 39% methane and smaller
proportions of carbon-dioxide, nitrogen
and unsaturated hydroearbons. The gas 88
is mixed in such propertivas that ths
mizture conlains two velumes of hydro-
gen to one of carbon-menoxide and I
addition some 30—35% of hydrocarbons.
nitrogen and carhon-dioxide, whirh have 40
little sffect other than as a diluent on
tha catalytic reactien.

The mixed gases are passed through
gn iron-oside purifier lo remaove hydru-
gea-sulphide and are treated for the 45
removal of organie sulphur compounds
by =2 known catalyHe process. The
caseons mixture s then subjected
ﬁireutly to freatment with a eatalyst,
preferably ot relatively low temperatuve 50
and pressure, for the formation of hydro-
carbong therafrom. The geseous pro-
ducts leaving the catalysl vessel are
passed through o condenser and the per-
manent gases may, if desired, he &b
yeturned again to the gas stream enter-
ing the catalyst ehumber.

Dated this 4th day of Jonuary, 1937.

BOTCLT, WADE & TEXNAXT,
111 & 112, Hatton Garden,
Loandon, E.C.1,
Chartered Patent Agents.

UOMPLETE SPECIFICATION

Tmprovements in or relating to the Production of Hydrogen~containing
Gases

We, Tam Narrowar Coxp & Om
CoMpainy LogarreD, 5 British Company,
60 and Jomy Lroyp SznsveEns, a_ Brifish
Subject, both of 82, King William
Street, London, B.C.4, du hereby declare
the nature of this invenfion and in
what manner the same is to be performed,
65 to be particularly deseribed and ascer-
tained in and by the following
statement:—
This snvention is for improvements in
or relating to the production of
70 h‘ydmg'en-containing scs and has pes-
teular reference to the prodmetion of
gaseons mixtures containing hydrogen
ond carbon-monozide which ste_ to he
used jun the preparation of aliphatic
76 hydrucarbons. This couversion of mix-
tres of hydrogen and carbon-monoxide
to hydrocarbons may be cerried out,
inter alia, by passing the mixfure over
a vatalyst consisiing of ome or more
8O metals of the Bth group of the peziodic
classification.
Tt has been found that n order o
secure & bigh percentage eonversion o

the gwscous mixture into hydrocarbons it
is desirable that the volume of hydrogen 85
in the gaseous mixfure should be about
twice the volyme of the carbon-
monoxide, and it is an objeet of the
present invention to providje a Droeces
in which the ratio of hydrogen und 90
cathon-monoxide is brought substan-
tially to this order. It 15 a further
ubject of the invention to employ in the
production of sueh gaseous mixtures per-
manent gas, and, it may be, solid Y5
residues formed in processes for the dis-
tillation of rarbonaceous material as
described in one or other of Brilish
Patent Specifications Neos.  393.602;
491 6R6: 426,845; 427,960; 420.757: 100
435 187; 437,780 or 447.328. A proness
of the kind described in any of the
gbove mentioned spacificativus is  Dere-
inafter referred to as a process of (e
type deseribed. 105
‘Tt has been found that certain gases

ineluding water gas and coke oven gas

contain earhon-monoxide and hydrogen
in the proportions of from 4 to & hy
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volume in the ease of waler gas and 7
to 48 in the case of coke oven gas and
are thercfore unsuitable for nsc directly
in the syothesis of hydrocarbous.
Similarly, the permanent gws resulting
frem {he distillation processes described
in the above mentiomed British Palent
Speeifications normally conbaius only
small propertions of ~carbon-monoxide
and relatively large amounts of hydro-
gen, the proportion of hydsogen tu
cerbon-monoxide amouniing in one
example o 36 to 5 by volume.
Accarding to the present imvention,
there is provided a process for the pro-
duction vf a gaseous mixfure suitable
for use in the catalytic menufacture ot
hydrocarbons, and particularly of ali-
phatie hydroesrbons, whichk process con-
ai{its in blending with water gas or with
coke

oven gus containing earbon-
menoxide and hydroegen in proportions
rongiug betwaen 4 to 5 and 7 o 48 by

volume such s proportion of permanant
gas produced in a_process of the type
described for the distillation of carbon-
aceous material that the resulting
guseous mixture containg hydrogen and
carbon-monoxide substoniially in the
proportion of 2 fo L hy voluma,

It has been found that the other gases
Present jn  the gaseous mixiure, e.g.
carbon-dioxide, saturated hydrecarbons
such as methane, vnseturated hydrocar-
bons smch as ethylene, and inert gases,
sich as nifrogen, hava comparafively
little effect upon the catalytis reaction,
and uct merely & dilnents.

The water gas may be prepared by any
one of the usuel methods from coals,
ovkes or like carbonaceous maicrials,
and in one modification of the invention,
it wmay be prodwnced by the employment of
the solid residus gin the briquetted or
the unbriguetted form) derived from
distillaiion process of the type described.
Iu this form of the invention, ome or
other of the processes described in the
above mentioned specifications provide
all the raw materials necessary for the
catalytic synihesis of hydroearbons,

Belore tﬁ:l gaseons mixture ia employed
for the synthesis of hydrocarbons, it
must be freed from sl ]};ur ‘compounds,
ineluding hydrogen sulphide and arganic
sulphur compounds.  This purification
mey convenjently take plase aficr the
mixing of the wafer gas and permanent
gas, the Thydrogen-sulphide Teinyg
removed, e.g. by passing the gasen over
iron-oxide and the organic sulphur
compounds beinp removed, e.g. by a
ratalytic process.

In a modification of the present inven-
iion, the comtent of hydrogen in the

mized gas may be increased by treating
water gas with steam by the knowa
process in order to convert it to carbon-
dioxide and bydregen and removing the
carbon-dioxide eithar hy serubbing with
agueous alkali or with waler under pres-
sure. The gas thug obtained is rich in
hydrogen and may be intrnduced into
the gaseous mixturs,
en briquetted verbonaceous
material is employed for the production
of $he weler gus, these briquettes muay
be made, e.g. in accordance with the
process dsseribed in Specification Noa.
18871136 (Serial No. 472,340).
Following is w deseription by way of
example of one method of carrying the
invention into effact.

. Examprr.

Watler gas is prepared by passing air
sud steam sléernately over red-hot rar-
bonacsous residue (wﬁich may be in the
form of briquettes) produced by the pro-
cess described in ome or other of the
specifications hereinbefore referred 1o,
this type of carbonacecus material being
particularly reaclive in the water gas
manufacturing process. The water gas
containg about 60% Thydrogen, 40%
cerbon-monoxide and swall amounts of
carbon-dioxide, methare and mitrogen.
There is blended with the water gas
bermanent gas produced by the process
described in the above-mentiored speci-
ficatione, this gas eontaiming approxi-
metely 86% Thydvogen, 5% carbon-
monexide, 399 methene and smaller
proportions of carbon-dioxide, nitrogen
and mngsturated hydrocarbons. The gas
in mized In such proportions that the
mixture contains two volumes of hydro-
gen to one ol carbou-monoxide and in
addition some 30-—85% of hydrocarbons,
nitrogen erd carbon.dioxide, which have
litfle effect other than as a diluent on
the catalytic reaction,

The mized gnages ave passed through
ax iron-oxide purifier o remove hydvo-
gen-sulphide und are treated for the
removal of organie sulphur compounds
by a Imown catalylic process, "'he

aseous mixture is then  smbjsoted

irectly {o freatment with a cafalyst,
preferably at relatively low tempersture
and pressare, for the formation of hydro-
carbons, thersfrom,
ducts_leaving the catulyst wvessel ~are
passed through 2 condemser and the
permanent geses may, if desired, be
reburned again to the gas stream enter-
ing the eatalyst chamber,

Having now particularlty described and
ascertained the naiure of our said inven-
tion and in. what manner the same is to
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be performed, we declare ihat what we
claim is:—

1. A process for the production of a
gasepus mixiure suifable for use in tha
catalytic manufacture of hydrocarbons,
and partieularly of aliphafic hydroess-
hons, which process consists in blending
with water ges or with coke oven gas
containing carbon-monoxide and hydro-
pen in proportions xanging between 4 fo
5 and 7 to 48 by volume such a propor-
tion of permanent gas produced in
process of the type described for the dis-

{illotion of carbonaceous malerial that

15 the resulting gaseous mixture vontains

20

25

hydrogen and carbon-monoxide subsian-
tially in the proportion of 2 to 1 by
volume,

2, A process os claimed in claim 1,
wherein the water gas is prepared from
carbonaceous residus produced in a pro-
cess of the type described for the distil-
ation of a mixture of solid carbonaceous
material and oil.

3. A process as plaimed in claim 2
whersin the solid carhonaceous residue
is _emiloyed in the form of brigueites.

#. A process as claimed in any obe of
the preceding claims wherein prior o

employing the gaseous mixture for the
manufoctnre of hydrooarbons the mix-
ture of water gas and permanent gas is
treated for the removal of hydrogen-
sulphide therefrom,

5. A process as clajmed in any oue of
the preceding claims wherein the eon-
tent of hydrogen in the mixed gases 18
increused by freating water gas with
steam to form carbun-dioxide and
hydzogen and thereafter removing the
carbon-dinxide.

6. A process for the production of a
gaseous mixture suitable for use in, the
catalytic manufacture of hydrecarbons
substantially as deseribed in the specific
exnmple hersinbefore set forth.

. A gasepus mixture containing
hydrogen and carbon-monoxide sub-
stantially in the ratio of 2 to 1 by
volume whenever prepared or produced
by the provess hereinbefore partiewlarly
deseribed and ascertained.

Dated this 18th day of October, 1937,
BOULT, WADE & TENNANT,
111 & 112, Hatton Gorden,
London, E.C.1,

Chartered Patent Agents,

Leamington Spa: Printed for Hiy Majesty's Stetionery Office, by the Counrier Prosa —1938,
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