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SPECIFTOATION

into Hydrocarbons or their Oxygen-containing Derivatives

I, Guorcm Winrtam Jomwson, g British
Subjeet, of 47, Tineoln’s Tnn Fields, in
the County of London, Gant?eman, do
Lereby declare the nature of this fnven-
tion (which bas bean communicated o e
from abroad by 1. & TFarbenindustrie
Aktivugesellschaft, of  Frankfort-on-
Muin, Germany, & Joint Stock Compuny,
organised under the Laws of (Fermany),
to be ay follows: — )

Iu the conversion of carbon menoxido
with hydrogen to form hydrecarbons or
their derivatives, such as alcohols and
acids, at elevated temperatures and in
the presence of catalysts, the great heat
of remction offers difficulties because 3
can only he led away mewus of
troublesome measures and af temparatures
higher than the proper reaction tempers-
ture a decomposition of the earhon mon-
oxide inty carbon dioxide sud carhon
(oecurring in combination with 2, strong
formation of methane) may readily take
nlace, especially when unsing eatelyats
containing iron. nickel or eobalt. angd this
may readily lead to stonpago of the plant.

y foreign correspondents have now
foond that the said difficulties are re-
tueed considerahly and tha, eonirary to
expectation, a very high, almost theorsti-
eal vield of hydrocarbons ilgnid at
ordinary temperature and their deriva-
tives are obtained by taking care thet the
gas supplied to the reaction chamber has
@ considarable confent of ane or . mora
gases other than carbon mencxide or
hydrogen, preferahly gascs which have
no reduwcine action under ths worling
condifions. As  guch arenmpanying
guges may be wenticned in parbicular
carbon dioxide and methiane whioh may
also he used together with ofher gases, RS
for example nitragen. ~Other gases may.
however, alan be used justead of carben

) .

dioxide and/or methane. The smount of
the accompanying gases in the gas sup-
nlied ty the resction chamber is usually
more than 20 per cent. and advantage-
vusly moze than 40 per cent., for example
up to from about 80 4o 90 per cent.

The desired eonceulratian of wecom-
panying gasey may be mainfained in
mauy cases by leuding the wag through
the reaction chamber several times and,
afler each exil, separating only the con-
stituents which eve lguid at e tempers-
ture betwean 0° gud H0° Contigrade. In
this way the carhon dioxide formed iy the
reaction, the formation of whish ingtesd
of water may he promoted by maintaining
certain conditions as regards catalyst,
temperaiure and the like, remains for the
greater part in the civeulating gas up to
a certain concentration dependent on the
separation conditions.  When this con.
centration ig excceded, it dissolves to an
inereased extent in the water alsn formerd
or i finally separated in the Tiquid form,
especially when working under increased
pressure.  “When there is insufficient for-
mation of apcom anVing gases, suell
gases may he added externally 4o the oir-
culating gz or fp the [resh gas. When
tha roncentration of g4ses which are noet
readily separated, such as nitrogen or
methane, hecomes tog, gread, a part of the
circglating gas may he branched off and
freed from the BOCOMPANYIRG gases.

The said provesg is of special  advon-
tage in the préparation of Liguid, hydro-
catbons from mixtures of carbon mom-
oxide and hydrogen under inereased pres.
sure and ie fhe presence pf catalysis con-
taining metals of the 8th group of
the periodie system of eloments, iz
perficelar iron.” Tn the bresence pf tha
said accompanyng gages, the reaclion of
carbon monexide and hydrogen proceeds
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for the most Ipart with the formation of
hydrocarbons and earbon dioxide accord-
ing to the eguation :—

2200 + 21, = (CH.), +.rC0.,

but water is also formed sceording to the
edquation j—

200 4+ 2l = (CH, )y + #H 00

For the reaciion chamber there may he
wed o simple tube of suitable materiul
in which the catalyst is distributed, pre-
ferahly in thin layers in order to allow
the gas fo pass through easily. The re-
action chember muy he provided with a
snitable heating for initiating the reac-
tion. Connectel to the reaction cham-
ber, if desired after a heat exchasger, is
a couler whick cools the gas and also con-
denses the hydrocarboms liguid b
ordinary temperature amd the water and 2
little carhon diexide. Am stluched gas-
circulating pumap eonveys the gus back
into the reuction chamber, if = desired
through @ heul cxchanger andfor a
special heating device. The reaction
{iemperatore lies between 150° and 500°,
prefenably between 200° and 400° Centi-
grade. Tt is udvantageous to use in-
creased pressures of, for cxample, 3, 10,
a0, 50 or 100 to 3181 or 500 or more atmo-
spheres.

Phe circulaling gas leaving the resc-
tiom chamber, wlich earries the excess of
the heat of reaction with it, consists to o
great extent of carbon divade and also
conjaing olefines, methane and its homo-
logues, mitrogen, steam and unchanged
carbor monoxide and hydrogen.

A apeeial advenfege of the process
geeording to this invention consists in the
fact thai the fresh gas may have u high
content of ecarbon meonoxide, as for
example from 40 {g 70 per ceni,, and a
smaller content of hydrogen thwn wusual,
as for example from 68 te 30 per vent.,
so that the tole of carhon monoxide to
hydroger, need not be 1:2 as usnal.

The following Txample will furfher
illustrate the nature of this invention but
the invention s nob restricted to this
Frample, The parts and percentages are
by velume, '

TixAMPLE, :

A high-pressurc tubé having an in-
ternal diameter of 80 millimetres and a
height of I metre, which is externally
heated and in which a catalyst consisting
of ferrosoferrie oxide with an additivn of
uranivm, Htanivm and potassivm  ecom-
pounds (prepared by melting iron powder
together with titamium oaxide. vranyl nit-
rate and potassivm hydroxide in the pre-

portions by weight of 1000:50:50:5 in a
strewm - of osygen and reducing with
hydrogen at 400°: Centigrade in the re-
aetion chamber ander a pressure of 130 8b
atmospheres) is disiributed in 30 layers,
serves us the resetion chumber, Webind
the reaction chamber there is arranged a
cooler and bencath this a separater lor
the liquid prodacts. To the gas outlel
of {he separator there is uffached a cir-
culating pump which refuras the residwa
~os to the reaction ehawmber.

" As the fresh was there is intzoduced be-
hind the eirenlating pump o mixinre of
abuut 3 parts of carbon monoxide and 2

70

(Ei]

parts of hydrogen containing abeut 0.3

per cent, of nitrogen. In the whole
plant an inereased pressure of ahout 100

atmospheres is mainfained: the fempero- &n

“$nre in the reaction chamber s Lelween

about 265° and 300° Centigrade. The
circulating gas is charged through the
teurtion chamber at o speed vf about 1
cubie mebms (calevlated under normul 8B
conditions) per hour. :
The gas introduced info the reaction

chamber has the following composi-
tion:—

o, 51.00 per cent. 8

Calln 23 ., o

Co 220 ,, .

. - * ] 0*(] a [T

('H, and hemalegues I2.0 ,, .,

N 3.0 ., . 26

The 12 per cent, of methane and homo-
loznes consists to the extent of about 20
per cent. of homologues,

A verv high content of avcompanzing
mgses js  thus maintained arcording (o 100
ilis Example. The Tiguid predurts
withdraws per dov consist nf 2270 enhic

centimetrez of ol] which aecording fo
‘elementary snalvsie contwins 82,2 per

vent, of earbon, 13.1 per cent. of hiydro. 105

_gen, 0.1 per eent. of nitragen and 4.6 per

‘cent, of oxygem. 53 per eent, ol the

liquid prednet boils hetween 407 and

20(° Centgrade and the remaining 45
per cent, Detween 200° and 330 Centi- 110
grade. There wre also obizined 730
eubip rentimetres of acid-reacting waler
conttaining ahewnt 7.5 per eeni. of aleohinls.
In order to remeove any excess of arcom-
panying gases, ubout 1.2 cubie miotres
per day are withdrawn from the eireu-
lating sas, By the separation of fhe
liguid produets, carbon dioxide dissnlved
therein is also Temoved.

When working in the mavner deseribed 120
only 142 Titres or from about 92 v 117
gramg of wmethane and easeons homo-
Tognea ate fnrmed mer 2270 cubic centi-
metres or 18N grams of oil: ik fhe

115
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418,318 | 3

formation of methane and gascous home-
lagues are formed per 2270 oubic centi-
of the formation of oil ur the conversion
of the mixture of carbon monoxide and
hydrogen intv valuable liquid products
amoants to 94 per cent, This is a value

which hag never been attained by the
precesses hitherto known, . .
Dated this 14th day of July, 1836,
J. Y. & ¢, W, FOHNSON,
47, Lincoln’s Tun Fields, London, w.C.e,
Agents,

COMPLETE SPECIFICATION

Improvements in the Convexsion of Carbon Monoxide with Hydrogen
into Hydrocaxbons or their Oxygen~containing Derivatives

1, Grorgs Wirirsu Jelimsun, s British
Subject, of 47, Lineoln’s Inn Fields, in
the County of London, Gentleman, do
herehy declare the nature of this inven-
tion (which has been communicated o me
from abroad by 1. (. Farbenindusbsie
Altisngesellschatt, of Frankfurt-on-
Main, Germany, g Joint Steck Company,
ovganised wnder the Laws of Germony),
gnd in what manner the spme in to_be
pecformed to be particularly deserihed
and aseertainad in and by tge following
slatement : —

The present invention relates to the
production of hydroearbons coutsining
wore than fwo carbon atoms in the mole-
cvule, and more particularly liguid hydro-
carbons, or liguid or solid oxygen-con-
taining devivatives of hydrocarhons from
carbor monexide and hydrogen.

The conversion of carbon monoxide
with hydrogen to form the s2id hydro-
carbons or their oxygen-containing
devivalives at elevated femuperatures
under superatmospheric pressures, and
in the presence catalysts, leads o a
greab development of heat wlich offers
dificulties hecause it can valy be lerd
away by means of troublesome maasures,
while at temperature above the proper re-
actien temperature a2 decomposition of
the carbon monoxide into carbon dioxide
ond carbon (eonjointly with a strong
formation of methane) may readily occur,
esperially when using catalysts contain-
ing irom, mickel or cobalt, and this mey
readily lead ta stoppago of the plant.

My foreign corvespondents have now
found that the said diffeulties are ve-
duead considerably and that, contrary to
expectation, a  wery Thigh, almest
theoretical yield of hydrecarbons liquid
at ordinary temperature and their
oxygen-contuining derivatives (such as
aleohels, aldehydes, acids and fle lilze}
are ohtuined by providing that the gas
supplied te the reaction chamber has a
considerabls content of carbon disxide, if
desired together with further gases other
than carben monexide or hydrogen, pre-
ferably guses which have uo reducing
ectivn under the working conditions, the

contend of hydrogen in the mixture being
less thar the conlent of carbon monoxide

In addition to carbon dioxide methane
may for example be used as further aas.
The amount of the accompanying gases 85
tn the gag supplied to the resction
chambear is more thag 40 per eent,, for
example wp to from asbout &0 tor 80 per
cent, )

The desired concentration of aceom- 0
%)an;fmg afes Imay be anaintained by
eading the gas through the rcaction
chamber several times, and, after eack
extt, separating only the comstituents
which are liguid at g temperature 76
betwesn 0° und 50° Centigrade and
veder & pressure of about 100 gbtmo-
spheres-.’ In this way the carbor diexide
formed in the reaction, the formation of
which instead of water may be promoted 80
by mainiaining corfain condiiions as
regards catalyst, temperatuze and the
like, remains for the greater part in the
virculating gas up to g certain concen-
tration dependent on the separaltion con- 85
ditions. * The unconverted sus and the
accompanying ﬁaﬂ nesd uot be recyelel
completely ie the reaction space.  Also
the recirculation of only part of these
g3ses 18 In many cases advantageovs. B0
Again, the said gases need not bhe reeyeled
to the same reaction space; when opera~
ting in several spaces the gases issuing
from one space may also he supplied to
another space. When the coneentration 95
of carbon dioxide 7y exceedad, it dissolves
fo an increased exteut in the water also
formed or is finally separated in the
Liquid form, especially when working
under incrcased pressure.  Thus with 100
carbon dioxide o desired congentration of
the accompanying gas mey be main-
tained in a very simple manner. When,
there i3 insufficient formation of agcom-
panying gases, such gases may be added 106
as sueh to the eireulsting gas or to the
fresh gas.  When tle concentration of
gases which are net readily geparated,
suchfas ‘mtrog*e? o]r metha‘.llw, heromes too
great, g part of the cireulating pag ma:
be branched off and freed from %hg aawu:.ﬂrlnsir o
panying gases.
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The said process is of specinl advan-
tage in the preparation of liquid Te-
earbous  from  mixturcs of carbon
monoxide ail hydrogen under ineregsed

B pressure aml in the presence of catalysts
eontaining metals of the 8th group of the
periadic system of elements, in particu-
lar iren, In the presence of the said
pecompanying gases, the reaction of
varbon monoxide and hydrogen proccuds
for the most part with the formaten of
hydrocarbons and carbun divxide aceord-
ing to the equation:—

2200+ aH,={CH)c + 2COs,

10

but, water is also formed aceording to the
eyuation ;-—

200 + 2o, = (CH,)e + +H.0.

15

For the reaclion chambar there may be
used a simple tube of suiteble material in
whieh the catalyst is distributed, prefer-
ably in thin layers in order to allow the
gas o pass throngh easily. The reaction
chamber muy be provided with o suitable
heating for initiating the veacilon. Con-
nected to the reaction chamber, if
desired after & heat exchanger, is a
eooler whieh cools the gus and alse con-
denses the hydrocarbons hguid at erdin-
‘ary tempermiure and the water and a
little carbon dioxide. An attached gas-
cireulating pump conveys (he gas back
inte the reaction chamber, 1 desired
through a heat exchanger asndfor a
speeial heating device. The rveaction
iempergture lies between 150° and 3007,
prefevably between 200° and 4G0° Centi-
grade, The pressure employed must be
higher than & atmospheres, and pressures
of 10, 20, 50 op 104 to 400 or 400 or mora
atmospheres may be employed,

The ecirenlating gas leaving the re-
aetion chamber, which carries the excess
of the Dicut of reaction with if, comsists
to a great sxtent of carbon dioxide and
also contains olefines, methaue and iis
honologues, nitrogen, steamr and un-
changed ecarbon monexide and hydrogen.

A speeial advuatage of the process
according to this invenfion consisiz in
the fact that the fresh gas supplied to
the reaction chamber in addition to the
cireulating gas may have o high eontent
of carbon manoxide, as for example from
40 to 70 per cent., aud a smaller confent
of hydrogen fthan usual, as for exumple
from &0 o 30 per cent., preferably from
less than 3@ to 30 per rcent., so that the
ratio of earbon monoxide te hydrogen
need not be 1:2 a5 usual.

The following Example will further
jllustrate how the said invention may bha
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rarried out in practice hut the invention

iz nol resirvieted to this Example. The

parts and percentages are by volume,
ExavrLe.

A high-pressure tube having un in-
ternal diameter of 80 millimefres and a
height of 1 melre, whick i3 externally
heated and in which a catalyst consisting
of ferrosoferrie oxide with an addition of
uranium, titaninm and pofassinm eom-
pounds {prepaved by melting iron powder
together with fitanium oxide, uranyl
nitrate aud peltassium hydroxide in the
proportions by weight of LOND:50,50;5
in a stream of oxyger and reducing with
hydrogen ab 400° Centigrade in the re-
action chamber under a pressure of 150
atmospheres) is distributed in 30 Iayers,
serves as the reaction ehamber. DBehind
the reaction chamber there is arranged a
eooler and beneath this @ separator far
the lignid products. To the gase cutlet
of fhe separator there is attached a civew
lating pump which refuras the residual
gag tp the reaction chamber.

~As the Tresh gasz there is intreduead
liehind the uir{:ufa.ting piemp a mixture
of about 3 paris of carbon monoxide and
2 parts of hgrdmgeu eontaining about 0.0
per cent, of aitrogen. Iu the whele
plant an increased pressure of ahout 104
atmospheres is maintained; the tempera-
ture in the reaction chamber iz hetween
gboub 205° and 300° Cenligrade. The
cirenlating gas is charged throungh the
regetion rhamber at o speed of nbouf 4
enbie metres (ealeulated under normal
conditions) per hour,

The gus intreduced into tlie reantion 100
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chamber has the following cranpnsi-
tion :eme
CcOo, 31.0 per cent.
CoH. 25 .
co 20 ., . 104
o, 0.0 ,, .,
CH, and Lhomologues 120 ,, |,
) N. 3.0 3] T

The 12 per cenf, of melhane and Toma-
logaes consists to the extent of ahoant 20 110
per cent. of homalogues.

A very high content of accompanying
gases iz thus maintained according to
this Iixample. The liguid mroducts with-
drawn per day econsist of 2270 cubie
centimetres of oil which acrarding to
elemeniary analysis eontains 8§22 per
cent. of carbon, 13.1 per eent, of hydru-
gen, 0.1 per cent. of nitrogen and 4.6 per
cenf. of osygen. 35 per cent. of the
liguid product boils hetwesn 40° and

115

120

200° Centigrade and the remaining 45
per rent, hetween 200° and 850° Centi-
grade. There are also obiained 754
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cubie centimetroy of avld-reaching water tion and in what manner the same is to
containing about; 7.5 per cent, of aloehols. bs performed, I declare that what I
In order to remove any excess of necum. claim is:—
panying gases, about 1.2 cubic metres 1. In the production of hydrecarbons

6 per dey are withdrawn from the civen. coutaining more than two carbun atoms 46
lating gas. By the separation of the in the moleculs op liquid or selid exygen-
quuifi produels, carbon dioxide dissalved conbaining derivatives of hydrocarbons
therein is also ramoved, ] by conversion of carbon monoxide with,

When working in the wanner deseribed bydrogen of an elevated temperature,

10 only 140 litres or frum about 92 to 110 under a pressurs above o atmospheres 50
grams of methane and gascous home- and in the presence of g eatalyat, the
logues are forwed per 2270 cubic cenli-  steps of sup pliying to the reaction gpgee
metres or 1800 gromy ot oil ; e, the 3 misxture o hydrogen, cwibon monoxide
formation of methane and gaseous home. and inert gas containing less hydrogen

15 lngues wunounts to vuly about 6 per cent. than carbon monoxide, the inert gas 59
of the furmation of oil or the conversion mainly consisting of carbon divaside znd
of the mixture of varhon menoxids and belug in an amount of Letween 40 aud
bydrogen into valnabic Lignid products g0 per eent. of the mixtyre.
amounts tu 94 per cent. This is 4 value 2. In the proeess as elaimed in elaim

20 wlich has never been attaincd by the pro- 1, cieploying o gas mizture containing 0
cegges hithertn known, bydrogen and carbon monvxide in the

am aware that provesssg have already  ratio of hubween less than 50 and 30 parts
been proposed 1 Spesifieations Nos. ot hydrogen tp betwoen more than 50 and
337,408 and 398,854 for the produckion 70 parts of earbon monoxide,

25 of oxygenated organic compounds from 8. The process for 4he production of 65
reacting wases of varying composition, hydrocarbogg covtaining more than two
for owample repelilg frases containing carbon wtums in the molecule o ligmid
twg volumes of ¢arbon monoxide or di. on solid oxygen-coniuining derivatives of
ozide o ome volume of hydrogen, or kydrocarbons subgtantielly as deseribed

30 cqual volumes of carbon monoxide g di. ia the foregoing Example; 70
ozide and of hydrogen. Mixiurey of 4. Hydrocarhong containing more than
carbon monoxide and diovide oan also be  two carbon afoms ig the molecule or
employed. These proposals do not how- liquid or solid o rgen-cantaining deriva-
ever, suggest the use of an excess of fives of hydrocarbons when prepared by

38 carhon monoxide over the hydrogen. the process particularly deseribed and 76
together with the simnltanepus presence  ascertulined, : :

of substantial
oxide. .
Having now partieularly described and

40 ascertained the nature of my said inveu-

amnonuts of earbon Jdi-

Dated thig 1814 day of-June, 1937,
T Y. & G W, JOHNSON,
47, Titaceln’s Inn. Wields, London, w.0.2,
Agents.

Leamington Epa.;

Printed for His Majeaty's Btationsry Offcs, by the Courier Press.—193p,



