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COMPLETE SPECIFICATION

Process for the Hydrogenation of Carhon Monoxide with the
Simultaneous Production of Town Gas

We, RUHRCHEMIE AKTIENGESELLSCHATT,
Oberhansen-Helten, Germany, and Lurgt
GUSELLSCHAFT FUR WARMETEGHNIK M.E.I.,

rt aM.—Heddernheim, Germany,

$ both Germern Companics, do hereby declare
the invention, for which we me that a patent
may be granted to us, and the method by
which it Is to be performed, to be particularly

- described in and by the following  state-

10 ment;—

The invention relates to a process for the
hydrogenation of carbon monoxide with the
simulianeous production of a gas, such a5 tvwn
gas, of Ligh calorific value.

15  The advantages of rhe gasification under
pressure of solid fuels, such as coal with pure
oxygen and with the addition of steam are
known. This pressure gasification yields a gas
which is almost free from nitrogen and which

20 is very rich in hydrogen. It was this richness
In hydregen which prevented pressure gasifi-
cation from being direcdy a;f:phed to the pro-
duction of synthesis gas for the Fischer-

~ Tropsch synthesis, Some of the advantages of
pressure gasification have, however, been
employed for the production of synthesis
for the Fischer-Tropsch synthesis adding

sifying

carbon dioxide to the g{an%u medium and
gty usitg gas recycling, is process a part

30 of the carbon dicxide is decomposed into car-
bon monoxide thereby chapging the ratio of
carbon monozide to hydrogen in the product
from the pressure gasification from 1:2 to
1:1.4——1:{’.2. These conditons of opersting

33 the pressure gasification are, however, not the

imura; moreover, they yield a E?S having a
oh content of carbon diexide, which confent
must be lowered or removed before the gas is

- used in the synthesis.

40 It has now been found that the pressure
gasification may be advantageously carried ont
in the conventionsl manner, that is to say,
without the additfon nf:h carbon dioxide F} the

. gesifying medinm, to the production of syn-

43 thesis ggas for the Fischer-Tropsch synthesis
process whilst a tail gas of high calorific value
suitable for use as town gas or long-distance
gas, is recovered from the synthesis,

(Price 35, 0d.]

According to the invention, a process for the
hydrogetiation of carbon moncxide with the
sirnltaneous production of a gas of high
calerifie value suitable for use as town gas or
long-distance gas comprises subjecting a car-
bon-containing solid fuel, sich 2s coal, to Pres-
surc gasification with oxygen and steany with-
out the addition of carbon dioxide,” purifying
the carbon monoxide and hydrogen containing
gas so obtained by freeing it from sulphur
compounds and by redncing its comtent of
carbon diozide, reducing the carbon monozide
content of the synthesis tail gas, without
removing the carbon dioxide, by converting a
pert of the tail gas in a water-gas shift renction,
and mixing the converted part of the til gas
with the uncenverted part of the tail gas to
vield a gas of high calorific value.

. The tail gag of the synthesis is somewhat
rich in carbon monoxzide and the carbon mon-
oxide content of the tail gas is reduced, pre-
ferahly ro below 10% or o below 8% This 70
15 achieved by converting the carbon monaxide
in a part of the tail gas with steam, that is to
say subjecting the carbon monoxide to the water
gas shift reaction, and miving the converted
part with the unconverted part of the tail gus, 75
It has been found convenient for fine adjust-
ment of the heating value of the synthesis tail
gas, 10 divert a small parr of the synthesis gas
direetly to the conversion step without passing
it through the synthesis reactor.

In carrying our the process of the invention,
the conventional solid [ucls suitable for. pres-
surc gasification, such as brown coal or non-

mg coal, are used as the starting materials.
These fuels arc gasified under pressure with 85
oxygen and steam, bot without the addition
of carbon dioxide. The pressure to be used is
determined, on the one gefnd, by the solid fue(
and, on the other hand, by the compositon
desired of the town gas to be obtained ag the 90
finished product and conscquently of the syn-
thesis gas. In gepersl, pressures of IG——d()
atmospheres and prefcrahly of 2030 atmos-
pheres are used. As js known, the ratio of
hydrogen to carbon menoxide in the gas from 95
the preysure gasification Increascs as the pres-
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sure of the gasification increases. When using
the preferred pressure conditions a ga5 Is
obtained thc H,:CO rato of which is 25 to
3:1 according ta the solid fuel nged,
In this prestre gasification, a gas is obtained
. the: nitropen content of which is low but the
carbon dioxide content of which is taa high for
the synthesis, This gas is largely freed from
carbon diexide and is freed to synthesis purity
10 from organic and inorganic ‘sulphur * com-
- pounds, cyanogen compounds, gum and other
admiztiures harmfyl o the syathesis catalyst,
For this purpose, the known purifying methods
may be used. It is advantageous so to select
the condlitions of she purification thar & gas is
obtained which coflains Jess than 2%
of .carbon dioxide amd preferably (L5319
of carbon diexide, Partictilarly goud resnlts are
obtained by puwification with low molecnlar
weight alcohofs, egperizly methancl, ethanol or
miztures thereof, at low temperatures of —30°
C. ta =507 C, it heing conveninent 1o effect
this pwrification under the SAIIC PressuTe a3
that used in the prassure gasification. .
After this purification, a gas Is obtained
which, for example, contains 61,09 ., 23.5%
CO, 14.0% CH,, 0.5% CO, and 1.0 N,
The ratio of I, : CO jn this gas is 2.6; L, This
gas is too rich in hydeogen to allow 2 coniplere
working up of the ¢ubon monoxide and
hydrogen, i the carbon monozide hydrogena-
tion, in the ratio mentioned zhove, Therefore,
it would not bz fully utilizable as Pure syn-
" Huesis gas.’ On the other hand, this gas bas a
35 heating value which, for fown gas and even
mere for long-distande gas, is to0 low. -Both
of these disadvantages may be avaided in
accordonce with the invention by comthining
the Fischer-Tropsch synthesis with the firc-
40 duction of town fas or long-distance gas with
the conversion: of a part of the synthesis tail
gas. Care should be taken in the synthesis to
obtain 2 sufficiently high consumption of car-
an monoxide relative to hydrogen in order
45 that the content of carbon monexide in the
synthesis tail gas may be as luw as possible. On
the other hand, the consnmption of carbon
menoxide in the synthesis should not be -ton
high, otherwise the incressed formation of ar-
30 ben dioxide in the synthesis would nccessitate
scrubblng the tail gas for the removal of all
or part of the carhon diozide. :
Of the various methads of operating the
synthesis a one-stage synthesis over an iron
carflyst has been fonnd o be particularly
advantageous. Particularly suitabie catalysts
are those which, in addiion to jren, contein
silicic acid (8i0,) and alkali and, o the nsual
cxtent, copper or oiher _act_ivating-'metals,’ ‘Fhe
60 sificic acld and the alkali are <onveniontly
incorporated in the catalyst as potassium silicate
using 20 to 25 parts of SiO, for cvery 100
parss of iron, For -the removal of the excess
alkali which may theraby be- iniroduced, the
63 catalyst is treated duting its preparation with

15
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. ratio of abour 1:4 10 1

such a quantity of nitric acid that a K.0:8i0,

:5 remains In the cara- _
lyst mass. In genersl, no SUPPOrting or carrier
materials or only small amounts of such
materiols ure’ contained in .the preferred 70
catalysts. Tn certain circumstances, however,

it is advanrageous to incorporate only so much
pomssium silicate as to give the catalyst the
alkali content which fs fesircd and to jocor
porate the remainder of the Si(x, contenr as 75
510, of another type such as in the form of an
activated blcachine earth of clay, such ag g
Filler’s carth, rasaer tivm as alksline-metal
silicate, This will climingte the necessity for
the nitric acid wash, 'The hsst tesults are 80
chtained with catalysts such as ave described
and claimed in Specification No, 679,785 ang

n Application N0, 8322/5Z {Specification Ne,
702,246, , .

: It is convenient 1o effect the synthesis under g5
the sume pressute as that used in the pressurc
gasification and with a high loading of the
catalyst, that is to say, with a high fhroughput
of the synthesis gases, for czample, with g load
of 400—1000 volumes of synthess gus per 90
volume of catalyst per hour, . -

. The tafl gas is <onvenicntly recycled nsin
& recycle ratio of 1:0.5 to 1:3.5 (frosh synihiesis
gasirecycle gag), R

The synthesis conditions set forth abdve and 05
particularly the high catalyst load necessitzte
the synthesis being carried out reaction
tubes of {arge volums. Thus, reaction tubag of
more than 5 merres in length, preferably of
30—12 metres length, and of mors thap 20
i, diameter, pr erably of 3080 mm, dis-
Ipeter, are used according 1o the invention,

The ezit gas from the syuthesis reartor, in
which et gas normally liquid synthesis pro-
dicts dre stili contzined, is cooled by hent
with the synthesis gas und is then
passed through a condenser in which the nor..
mally lguid synthesis produers, such as hydro-
carbons, are condensed and which are combined
with the lguid products withdrawn from the
eytithesis reactor. The off-gas from the con-
denser is subjected to an ol scrubbing to wash
QUL gaseous hydrocarboms, This resnlis ina
il gas which contains, for examole, 53,49,
H,; 10.1% CO, 28,79 CH,, 5.39,°CO,, 0.6%
C. hydrocarbons and L9% N.. Accordingly,
the ¥, : CO ratio in this gas is higher than 5:1.
. The carbon moncxide content of s tail gas
Is reduced by convertifg part of the carbon
mnpoxide, For example, approximately one
fourth of this gas may be subjected to the con-
versiorr (water gas shif teaction) resulting in g
couversien product which containg 56.8% H,,
2.0% CO; 26.6% CH,, 12.3% CO,, 0.6% C,
Lydracarbons and 17% N, By mizing the
converted par of the tail gas with the remain-
g, unconvereed, part of the tafl £98, a gas Js
ghuained which cuntaims 54.3% H,, 799 O,
282% CH, 72% CO  86% C, hydro-
carbony and 18% N, ’f‘iu; heating valtte of 130
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this gas is 523 B.Th.U, /standard cubic oo,

In general, it has frequently been found

desirable ro subject from 1/, t 1/, of the total
tail pas to the conversion,

The conversion with steam of the carbon
monoxide contained in 2 part of the tail gas, is
advantageously effected in two stages in the
presence of an iron catalyst, or in the presence
of a nickel or cobalt caralyst, with the produc-

10 don of carbon dioxide and hydrogen, When an

Jron caralyst is used, it is gencrally advan-
tageous to effect the conversion under elevated
pressure. If the converted gas is 1o be trans-
mitted over long distances, the pressure used

15 in the conversion ma; advantageonsly be equal
to or preater than I:Ec pressure at which the
Bas is to be trapsmitted, When the converted
gas 18 to be used as town gas, the conversion is
advantageously carried out under pressore at

20 which the town gas network is operated, for
example, 500 to 1000 ram. of water,

What we claim jg:—

1, A process for the hydropenation of curbun
monoxide with the simuitaneons production of

25 2 gas of high calorific value saitable for use as
town gas or long-distance gas, which comprises
subjecting a carbon-containing solid fuel, such
as coal, to pressure gasification with ozygen
and stewm) without the addidon of curbon

30 dioxide, purifying the carbon monoxide and
hydrogen containing pas so obtained b freeing
it from sulphar compounds and by reducing its
content of carbon dioxide, subjecting the puri-
fied gas to the Fischer-Tropsch synthesis reac-

35 tion, reducing the carbon monoxide content of
the synthesis tail gas withont removing the
carbon dioxide by converting a parr of the fail
gas in a water-gas shift reaction, and mixing
the converted part of fhe tail gas with the

A0 vnconverted part of the 1ail gas fo yicld a fras
of high calorific value,

2. A prooess according to claim 1, in which
u part of the purified synthesis gas is passed
dircetly to the conversion stage, to adjust the

45 hearing value of the il gas. .

3. A process eccording to claim 1 or claim
2, in which the gasification is effected under a
pressure of 10—40 atmospheres. ] .

4. A process according to claim 3, in which

50 the pressme is in the range 20—30
atmospheres,

5. A process according to any of Claims 1 to
4, In which the gas from the pressure gasifica-
ton is purified by weatment with an alcohel of

55 low molecvlar weight st a jow emperatare,
wherehy inorganic and organic sulphur com-
pounds, cyanogen compounds, carbon dioxide
and other harmful impurities are removed 1o
such an cxtent as 1 avoid poisoning of the

60 Fischer-Tropsch cat!a]cﬂst.

6. A process according to claim 5, in which
the purificadon is carried our under (e pres-
sure used in the step of fressure gasification.

7. A process according 1o any of claims 1t

65 6, in which the purified synthesis gas containg

less than 2%, preferably 0.5—1%, of carbon
dioxide.

8. A process according o any of claims 1
to 7, in which the synthesis is carried out under
suck conditions that the H,:CO ratdo of the 70
tait pas iz greater than that of the synthests
gas.

9. A process according to any of claims 1
to 8, jn which the Fische:r-‘l‘rc;psch synthesis
Is carried out in the presence of an alkali-con- 75
tining iron catalyst comtaining 20—25 parts
of Si0, per 100 purts of iron, the rato of
alkali-metal oxide (calculated as K. 0) ta 50,
having o valuc of from 1:4 to 1:5, the caralyst
being unsupported ot containing only smali 80
antoutits of a supporting material.

10. A process according to am
t0 8, in which the Fischer-Tropsch svathesis is
carried omt in the presence of g catelyst des-
cribed and claimed in  Specification No. 85
679785 or in Application No. 8322/52
(Specification No. 702,246).

11. A process according to claim 9 or claim
10, in which the catalyst contains copper
and/or other activating merals in the usual 90
arnounts,

12. A process according to any one of claims
1 to 11, in which the Fischer-Tropsch syn-
thesis is carried out with a gas thron put of
morg than 100 volumes of gas per volume of 95
catalyst per hour.

13. A process sccording to claims 12, in
which the gas throughout lies in the Tange
400-—1000 v/v/hy, .

14. A process according to any of clams 1
to 13, in which the synthesis is effected at the
same pressure as that used in the gasification

of claims 1

100

stage,

%5. 4 process actording ro any of claimg 1
to 14, in which the synthesis is operated with
a recycle rativ of from 1:0.5 to 1:3.5.

16. A process according to any of claims 1
to 15, in which the synthesis 5 effected in
reaction tubes having a lenpth greater than 5
metres and 2 diameter grearér than 20 mm,

17. A process according to clafm 16, in which
the tubes are from 10 0 12 metres in lengtly
atd from 30 to 80 mm. in diameter.

18. A process according to any of claims 1
to 17, in which exit gas from the synthesis, 115
after being passed in indirect heat exchange
with the synthesis gas, is cooled for the
removal of liquefiable hydrocarbons and sub.
jected to an oif wash or scrubbing for the
removal of gaseons hydrocarbons to yield the 120
tail gas, the tml gas being  then
divided inte  two sfrgams, the  smaller
of which, preferably comstititing  from
Yo 10 Y/, of the total tail gas, is subjccred to
the water gas shift reaction and js mixed with
the untreated part of the taji gas.

19. A process according to aty of claims 1
to 18, in which the carbon monoxide of the
tail gag is reduced to a value below 109% by
the conversion, ’
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20. A process for the “hydrogenation of EDWARD EVANS & CO.,

carbon monoxide with the production of a gas  14—18, High Holborn, London, W,C.1,
suitable for use as town £as, substantially as Agents for the Applicants,

hereinbefore described,

Leamington Spa: Printed for Her Majestfs Stationery Office, by the Courier Press,—1958,
Fublished at the Patent Office, 25, Southampton Buildings, London, W.C2, from which
copies may be obialned, ‘




