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COMPLETE SPECIFICATION

Improvements in the production of Hydrocarbons and Oxygen-
Containing Organic Compounds from Carbon Monoxide
and Water

We, BabIscAR ANILIN- & SoDA-FAERIE,
(LG. Farben-induserie Aktiengesellschalt “In
Avuflosung™), a company registered undex
German  Law, of Ludwigsbhafen/Rhein,

5 (Germany, do hereby declare the inventon, for
which we pray that a patent may be granted
1o us, and the method by which it is t be per-
formed, to be particularly described in and by
the following starcment: —

10 It has already been proposed to react carbon
monoxide with water {instead of with
hydrogen) to form organic compounds, such
as hydrocarbons, slcobels, esters amd acids.
Such processes are of special imterest for

15 exploiting gases tich in carbon menoxide, as
for example the waste gases from carbide fur-
naces or Elast furnaces which arc operated with
OXygen. i

In carrying out these processes it has been

90 found thar carbon black readily forms in the
catalyst chamber, Furthermore there jg fre-
guently formed, by the cogtact of the carbon
monoxide with the hot iron parts of the
appargtus, iron carbonyl which may cause

2% troublesome side reactions. This is cspeg'la]ly
the case when wurking at 300° 1o 400" C.
under high pressure, ws for example in the
synihesis of methanol, iscbutyl alcobol, isobu-
tanc or other branched hydrovwrbons, or in

30 synthese of hydrocarbons or oxygen-containng
organic compounds, i1 particular aicohols,
which are carried out under medium pressure
(10 to 50 atmopheres). Furthermore a con-
siderable part of the carbon monoxide rcacts

8p with steam with the formation of carbon
dioxide and hydm[gen. X

We have now found that in processes for
the production of hydrocarbons or oxygen-
containing organic compounds by catalytic

40 reaction of carbon monoxide and steam at ele-
vated terapecature the said drawbacks are sub-
stantially avoided when the gas leaving the
teaction chamber, after complere or partisl
removal of the hydrocarbons or oxypen-con-

45 taining organic compounds is returned to the

reacsion chamber, and the conrent of carbon

dioxide in the circulatigg gas andjfor the .

amount of water supplied are so regulated

according to the equaton of the watergas
COH;S

equilibriugm - = constant that the gas 50
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lcaving the rcaction chamber contains substan-
tially the same amount of hydrogen as the gas
introduced inte the reaction chamber,

During the reaction there is a tendency for
watergas equilibrum o be set up according Bb
o the Iollowing equation:—

Iy

CO,H,

By adjusting a definite carbon dioxide con-
tent o the circulating gas snd/or by appro~
priate measurement of the amount of water G0
added, it is possible to ensure divectly that the
comditions characieristic of the prouess are
maintained, fc. that the hydrogen content in
the circulating gas remains  pracrically
unchanged. The removal of carbon diozide 85
may be effected by washing the circulating gas
with water under pressure and if desired also
by cooling to such & low temperature that the
carbon dioxide is Hiquefied. "Che purpose of the
process is atrained as a rule by regulating the 79
carbon dioxide content fn the circulating gas
to about 2 to 109,

In order 1o withdraw the heat of reaction it
iy advantageous to employ up amount of cir-
culating gas which is considerably greater than 78
the amount of fresh pas, for example 5 o 50
velumes of circnlating mas 10 1 valume of CO.,

The remaining worling conditions in the
reuction of carbon monoxide with water differ
according to the product which is to be pre- 80
pared. As a rule remperatures of about 150°
to 450° C, and gressums of 150 to 300
atmospheres or medivm pressures of 5 to 50
atmospheres are used, The catulysts koown for
the syntheses of hydrocarbons and oxygen-con- 85
taimng organic compounds from garbon mon.
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oxide and water, as for éxample zinc oxide—
chromium oxide, alkalised  zinc-chrominm
oxide or thorium oxide topéther with alu-
mininm oxide, for medium pressure syntheses
b especially iron catalysts, serve as the catalysts.
The carbon monoxide coficentiation in the cir~
culating gas preferably lies between 15 and
30% when methyl alcohol fs to be prepared.
For the production. of isobntyl alechol or of
10 isc-hydrocarbons it may also be higher. The
.. fresh gas, and also che steamy, are prefepably
supphied at a point in the cycle where the gas
has already been preheated by heal-exchange,
for exaraple shortly before the feaction vessel,
15 The foliowing examples will further illu-
strate this invention bat the fivention 1s hot

restricted 1o these examples. -

Ezamrir 1.
Over 50 litrus of = camlyst tomsisting of zinc
20 oxidg and chromium oxids amd whish has pre-
viously heen reduced with ]lgdmgen, there are
Jed hourly at a pressure of 189 atiopheses and
at a temperatuce of 380° L. A5 to 75 cobic
metrés of carbon monexide and 35 to 40 Kilo-
grams of water. The gas leaving the reaction
vessel is Jed in a cycle after remaoval of methyt
alcobol, a speed of How of 10000 littes per
litre of catalyst per hour being maintained. A
carbon dioxide content of about 2% I main-
tained fn the circulatdng gus by washing with
water under pressure, I this way the hydrogen
content of the gus Suwing, throngh rhe reaction
chumber is pratically unchanged. Both at the
point of entry into ¢he reaction chamber and at
8h its exit therefrom it amoufits to 51%. Besides
this, the circulating gas contming 409 of -
. bon mionoxide and ¥9% of trogen and
methane: 30 to 35 kilograms of methy! alcoho!
baving a specific gravity of 9,830 3 15° C.
40 ars obmined per hour.

25
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- ExaMPLE 2.

A ges containibg carboni menoxide and
steams iz a molar ratio of 2.3: 1 to 31 is passed
over an alkalised fron-copper catalyse which

45 had been reduced with hydtogen at frons 286°
to 293° C. vogether with 7 parts by volume

of circulating gas (with reference to 3 pacts
by volume of the said ges mixture) at 4 tern-
peratiite of 240° C. apd a pressure of 12
ammnospheres. The gas ledving the reaction B0
chamber is stripped of carbon diogide down

" to u comtent of from 3 to 5%, hydrocarbons

and oxygenated products removed therefrom
and the gas fer back inte the reaction chamber.
The hydrogen content set up in the cireolating 55
gélls is from 30 to 33%. When it rises beyomd
thiv pereentage, the hydrogen content is
reduced bpain by decreasing the additen of
slearn, whereas the opposite measure is tken
when the hydrogen content falls below the said 60
petcentage. 195 %rams of bydrocarbons and-
siall amounts of oxygenuted products are
obisdped frowt cach cubic metre of carbon

. mgpoxide charged jn.

What we claim js:—

8o
-+ 1. A precess for the producton of hydro-

carbufls ot Oxygen-tontaining organic com-
pounds by the- catalyie- reaction of carbon
aonvzide with steam at elevated temperature
characterised in returming the gas leaving the 70
reacting chawiber, after complete or partial
rempval of the hydrocarbons or oxygen-con-
Rining orgasic comipounds, to the reacrion
chamber and adjusting the comtent or carbon
divudde- i the circulating- gas andfor the 76
amoupt of watcr suppled steording to the
cquation  af  the  watergas  equibrium
COH,O

the veaction chumber conming pracrically the
s ainount of hydrogen a5 the pas introduced &
into the reaction chamber.

2. The process for the preduction of hydro-
carliong or ogygen-conidining organic com-
pounds subistantislly as deseribed fn cithrer of
the forcroing examples, . RS

3. Hydrocarboms and  oxygen-contaiming
prganic sempowtids when obiained by the pro-
cesy claimed i claim ¥ or 2.
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