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1 Claim. (Cl. 48—175)

The present invention relates to the manufac-
ture of gases suitable for the synthesis of higher
hydrocarbons or the like, said gases containing
definite volumes of carbon monoxide and hy-
drogen in a certain proportion, by rescting on
methane and other decomposable compounds, or
gases containing such substances, at an Increased
temperature with carbon dioxide or & mixture
of carhon dioxide and steam, so that the methane
or other hydrocarbon is decomposed into hydro-
gen and carbon monoxide.

More recentiy, processes for the manufacture
of hydrocarbon mixtures have been developed in
which carbon monoxide and hydrogen in the
proportion of 1:1 to 1:2 are treated in the pres-
ence of certain catalysts of the iron group of
the qualitative analysis, at g moderately in-
creased temperature and at substantially normal
pressure, Such synthesis in the presence of iron
calalysts requires a synthesis gas which confaing
carbon monoxide end hydrogen in the nropor-
tion of one volume to one volume. The conver-
sion in the presence of cobalt or nickel catalysts
however requires & synthesls gas which contains
carbon monoxide and hydrogen in the propor-
tion of one volume CO to two volumes Ha.

Quite a number of natural gas sources are
known for gases rather rich in methane and

- comparatively poor in higher hydrocarbons of
which there exists up to now practically no use-
ful employment. Of course gases rich in higher
hydrocarbons and peor in methane may be
utilised advantageously for the manufacture of
carbon-black or other useful materials.

Now, the object of my present Invention is to
develop an Improved method and means for pro-
ducing a gas sultable for the synthesis of hy-
drocarbons which contains carbon monoxide and
hydrogen In the proportion of 1:1upto 1:2 from
methane or methane containing gases, such as
natura] gas, without using carbon from other
sources for instance, cosal, coke, lignite or the
like.

The process according to the invention con-
sists in providing improvements for heating up
the methane or methane containing gas in the
presence of carbon dioxide or carbon dioxide and
steam, to & high temperature for instance, 1200
degrees centigrade, within & regenerative gas
heater, and for the separate removal of carbon
dioxide from the waste
the heating up of the gas heater, and for also

adding an adjustable quantity of the carhon

dioxide to the gas heater while introducing the
methane or the methane containing gas.

In order {o obtain & gas in the proportion of
one volume carbon monoxide to one volume hy-
drogen, the methane according to the present

gases produced during .
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invention is converted within the gas heater by
the use of carbon dioxide principally in accord-
ance with the following equation of reaction:

CH4+ CO2=2C0-+-2H3
. As clearly indicated, with this conversion a
reaction gas in the proportion of one volume
carbon monoxide to one volume of hydrogen is

obtained. This gas is espedlally suitable for the
synthesis of hydrocarbons In the presence of iron

" catalysts.
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" steam bollers or the
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For the production of & gas which contains
carbon monoxide and hydrogen in the Propor-
tien of 1:2 the methane is converted by using
carbon dioxide and steam substentially In ac-
cordance with the following equation of reaction:

3CH:+-COa-+ 2H20 =4 CO+-8H;

From this it follows that a reaction gas Is ob-
tained in the proportion of one volume carbon
monoxide to two volumes of hydrogen, which
may be used for the synthesis of hydrocarbons
in the presence of cobalt or nickel catalysts.

Furthermore a synthesls gas can be made in
which the proportion of carbon monoxide to
hydrogen varies from one to one to ohe to twa.
The desired alteration of the ges composition is
attained by reducing the steam sddition required
according to the second equation of reaction.

The reactions between methane and carbon
dloxide or methane and a mixture consisting ot
carbonic acid and steam, ag adopted for the
process according to the present invention are
already known, but heretofore these reactions
have not yet been used on an Industrial scale,
mainly due to the fact that up to now no suitable
source for the carbon dioxide necessary for
the reaction was available, It may, however,
also be possible to burn a part of the natural
gas, or for example a part of the residual gas
produced during the synthesis of hydrocarbons
cr the like, under a steam boller because it is
necessary, for the purpose of effecting a suffi-
cient economy, to utilise the heat evolved during
the combustion of gases. Such g combustion of
natural gas requires, however, a. high excess of
air in order to arrive at g sufficlent formation
of carbon dioxide and a falrly complete combus-
tion. On the other hand there is, however, pro-
duced tn the combustion of gases rich in hydro-
carbons, for instance natural gas on surfaces of
a relatively Jow temperature as for instance in
like, an easily formed ele-
mentary carbon which is useless for the process,

If, however, the natural gas, or another fuel
£as for instance residual gas, of the synthesls,
is used for heating up the regenerative gas hegt-
€15, a complete combustion of the gas easily takes
blace on the large surface of the regenerator
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chequerwork, thus resulting in & high formation
of carbon dioxide so that the recovery of carbon
dioxide from waste gages of the regenerative gas
heater is worth-while, The concentration. of
carbon dioxide of the waste gases, acoording to
the present invention, {s nigh enough 50 that by
means of s well known washing with water at
increased pressure, or with alkal, it is possible
to recover most efficiently pure carbon dioxide
from these gases, sald quantity of pure carbon
dloxide may be Introduced 1n an adjustable quan-
tity into the gas heater, or into the methane or
methane containing gas flowing to the gas heater,

Still further objects and features of my pres-
ent invention mey be taken from the following
description of a preferred embodiment thereof
and from the sccompanying drawing which 11-
lustrates schematically the process according to
the present invention. )

The gasy to be treated according to the present
invention, and which is freed from sulphur com-
pounds and other impurities, if necessary, is
passed through the pipe line { and mixed with an
adjustable guantity of carbon dioxide from the
plpe line 2 and, if necessary, with a steam addi-
tion from the pipe line 3, in the required amount.
Proferably after passing through a heater, the
gas mixture, laden with steam or not, fows into
the regenerative gas heater 4 which is built simi-
lar to & hot blast stove. The gas heater 4 is
equipped with & vertical shaft in which 13 ar-
ranged & chequerwork consisting of refractory
bricks. From the upper end of the shaft, there
leads @ horizontal connecting channel ¥ to a
shaft ¢ situated beslde the gas heater 4 which
serves &s & combustion chamber and the inner
space of which is not occupled, From the com-
bustion shaft § leads the pipe line 1, which en-
ters a regenerator 8 In which the gases which
have been heated up in the gas heater 4 to a high
temperature, for Instance 1200 degrees centigrade,
give off their heat. The gases then flow through
the scrubber 9, thence the adjacent blower 10.
After treatment in the cooler 11, a gas may then
be withdrawn through the pipe line 12 which
shows the desired proportion of carbon menoxide
to hydrogen.

As soon as the gas heater & 13 cooled-down to
such an extent that the resction mixture is no
more heated to the desired reaction temperature,
the pipe lines I, 2 and possibly 3, &s well as the
connecting main (3, between the regenerator 8
and the scrubber 9, are shut-off and alr s ad-
mitted to the regenerator 8 through the pipe Iine
4. At the same time, fuel gas Is Introduced
through the pipe line i§ at the bottom of the
combustion shaft 6. Gas and elr burn within
the combustion shaft 8, The hot combustion
gases transfer their heat within the gas heater
4 on to the refractory chequerwork and finally
1eave at the lower end of the gas heater 4, reach-
ing the waste gas offtake means comprising pipe
line 16 which leads to the waste gas flue thereof
17. When using combustion gases of a lower
calorific value, it 1s advisable not only to preheat
the air but also the gas, for instance the gen-
erator gas, in two regenerators 8.

An adjustable quantity of the waste combina-
tion gases is taken from the waste gas ofttake
means fiue {7 through a partial waste gas with-
drawal means comprising the pipe line (8 and
delivered to a coocler 19. From thete, this par-
tial stream of waste gases flows to a compressor
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20 through which the waste gases are concen-
trated at such a high pressure that it ls possible
to extract within the pressure-proof contrivarce
21 - sufficient quantity of carbon dloxide from
the gas by means of water. The wash water
laden with carbon dioxide is released from the
pressure within a contrivance which is not in-
dicated on the drawing. If necessary, pOwer may
be generated whereby the carbon dioxide liber-
ated by the release of pressure on the water,
which carbon dioxide Is subject to & purification
if necessary, 18 delivered through a pipe line 23
into & gas holder 24 from where adjustable quan-
tities of carbon dioxide may be taken out as re-
quired. The residnal gas under high pressure
after leaving the washing contrivance 21 1s re-
leased of pressure in a contrivance 22 with the
recovery of power, when the contrivance 22 1g to
serve to essist the compressor drive 25.

I the process Is based, for instance, upon the
use of pure methane and Introducing 1 cu. m.
per unit of time through the pipe line | then 1
cu. m. of carbon dicxide likewlse has to be added
from the pipe line 2. By the conversion in the
gas heater &, one ohtains then 4 cu. m. of gas
which s essentially in the proportion of 1 vol-
uine carbon monoxide to 1 volume of hydrogen,
I, moreaver, steam is added in the same process
through the pipe line 3, one obtains a gas the
proportlon of carbon monoxide to hydrogen of
which approaches 1:2, which depends upon the
quantity of steam added. In order to produce
a gas which substantfally 15 in the proportion of
1 volume of carbon monoxide to 2 volumes of
hydrogen, 1t will be necessary for Instance o add
0.33 cu. m. of carbon dioxide to 1 cu. m, of pure
methane through the pipe line 2 and 0.66 cu. m.
of steam through the pipe line 3,

Y have now above described my present in-
vention on the lines of & preferred embodiment
thereof, but my inventlon is not limited in all its
aspects to the mode of carrying it out as described
and shown, the invention may be variously em-
bodied within the scope of the following claim,

Iclaim:

Apparatus for producing gases containing
carbon menoxide and hydrogen In the proportion
of 1 volume CO to approximately 1-2 volumes of
hydrogen, comprising & gag heater having a
checkerbrick section side by side with an unob-
structed checkerless combustion section and con-
nected at thelr tops for flow of combustion gases
up through the combustion section and down
through the checkerbrick section and reactant
gas reversely: waste gas offtake means for off-
take of waste combustion gases from the base
of the checkerbrick section: iniet means for in-
troducing gas to be reacted into the base of the
checkerbrick section; partial waste gas with-
drawal means for withdrawing part of the waste
gas from the waste gas offtake means, & cooler;
a pressure washer, and a storage chamber, con-
nected in series with the partlal waste gas with-
drawal means for recovery and storage of CO:z
from the part of the waste combustion gas with-
drawn from the waste gas offtake means; ad-
justable means for introducing COz gas from the
storage means into the inlet means for introduc-
ing gas to be reacted into the base of the checker-
brick section: snd means for withdrawing the re-
acted gy from the lower part of the checker-
less combustion section.

MAX RADTKE.





