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The invention relates to the produciion of
gases, suitable for the catalytical synthesis. of
hydrocarbons, for instance motor fuel, from
carbon mohoxide and hydrogen and especially

5 to such a process for producing said gases, which
work continuously, so that a contlnuous stream
of usefill gases may. be obtained.

In the catalytical synthesis of hydrocarbons,
for instance by the process of Professor Dr.

10 Fischer and collaborators, & gas mixture is

treated which consists essentially of carbon .

monoxide and hydrogen, preferably in a ratio
of 1:2, besides some unsavoidable inerts. Such a
gas mixture Is brought into contact with cata-
lysts, such as finely divided cobalt or nickel com-
pounds, at normal or slightly increased pressure,
whereby hydrocarbons are formed and water Is
split-off.

In my co-pending application, r'elat'lng to the

ap “Continuous production of water gas”, executed
May 28th, 1936, Serial Number 84,398, flled June
10, 1936. I disclosed & -new and useful process
for the preduction of water-gas from reactive
fuels, for instance brown coal, lgnite or other
bituminoeus, non-caking coals or fuel,

My former process provides for a continuous
stream of water-gas and steam, which in one
stage of the process is heated-up to & high tem-
perature and in a second stage is brought into
30 contact with the carbonaceous material to be

treated, whereby the steam reacts with the car-
bon, forming water-gas, i. e., 4 mixture of carbon
monoxide and hydrogen with some inerts.

The principal object of my present invention
a5 Is to provide such improvements in my former
developed process, corresponding to my said co-
pending application, which permits a higher yield
of useful gases, suitable for the synthesis of hy-
drocarbons, and containing a high percenfage
of hydrogen, so that the ratio of carbon monox-
ide to hydrogen in the gas mixture is 1:2 or
nearly 1:2,

My present invention follows the principle of
converting as much hydrogen as possible con-
tajned in the fuel to be treated, for instance bitu-
minous substances; into elementary hydrogen, so
that as much carbon of the fuel as possible may
be consumed for the production of carbon mon-
oxides, and therefore a high efficiency of the
process, regarding the fuel consumption, may
be obtained. In other words, according to my
invention I transform the fuel including its bitu-
minous matters, as far as possible into carbon
monoxide and elementary hydrogen, these two
substances heing the bagis for the production of
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well defined hydrocarbons, whilst the recovery, of
bituminous matters of the fuel in the usual form
of tar and distillation oils is reduced or wholly
omitted.. . L

The process according to my present inven-
tlon consists essentially in that preferably reac-
tive fuels, such as brown coal or lighite coal or
any other suitable bituminous fuel are treated
in a cycle with a mixture of steam and water-
gas, sald mixture being heated at one stage of the
cycle to such a temperature, at which hydro-
carbons will déecompose and interact with steam,
and in a second stage the hot. gas mixture Is
brought into contsct with the fuel to be treated,
the gases thus produced being refurned wholly

- or partly to the heating stage of the process at a
temperature above the dew point, with regard to
water and tarry matters, steam being added to
sald gas, if necessary, before It enters the heating
stage. :

Furthermore, my invention provides for sub-
stances removed from the clreulating gases, such
as tarry matters, being in the form of mist and
dust, to be treated In such & manner, that hydro-
carbons contained in such residuals may  be
whoily or partly added to the circulating gases
before they enter the heating stage of the
process. This feature of my present invention is
insofar sdvantageous, as it permits to use also
‘the hydrocarbon contents of the tarry matters,
removed from the gases for the production of
elementary hydrogen, useful for producing
water-gas with a defined ratlo of carbon mon-
oxide and hydrogen, .

&till Further objects of my present invention
may be taken from the following description of
a preferred embediment of my invention, which
T will explain in particular on the lines of the
accompanying drawings. :

On the drawings, Fig. 1 shows a side view and
partly a vertical section through a plant for the
continuous production of water-gas, and Fig. 2
shows the internal construction of the gas pro-
ducer in more defail. - ’ .

In the plant as shown in the drawings, & gas
producer | serves for recelving the fuel to be
gasified. Preferably a so-called easily. reactive
fuel shall be used, for instance brown coal, lig-
nite, bituminous non-caking coal, wood, shells of
cocontits or any other suitable fuel-contalning
carbon. In gas producer |, the fuel is brought
into contact with & highly heated mixture con-
sisiing of water-gas and steam. The hot gas-
steam-mixture thus transfers heat to the fuel
and warms it up to such & high temperature, that
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2 A
by the reaction of the steam with carbon, hydro-
gen and carbon monoxide, i. e, water-gas, are

formed.

The design of the plant may be the same as
described in my aforesaid co-pending applica-
tion, executed May 29th, 1938, Serial Number
84,398,

The gas producer | consists of two rectangular
shafts or chambers 2, which are constructed of
refractory brickwork. In the ceiling of the gas

producer are arranged suitable fusl feeders 3.
The contrivance 3 may be esseéntially of simtilar .

design as the well-known, charging contrivances
for gas producers.
Inside the gas producer I there a.re provided

a row of hridges 4, made of refractory ma-
In Fig. 1 of the drawings, these hridges § -

terigl.
have been shown in dashed lines.  The bridges
& have the shape of cutters at the top.- -

tudinal channels, which -are In connection with
the producer interior through. parts 4= All the
longitiidinal channels or a group of same of the
bridges 4 run inte wall chanrnels 4°, which are
arranged in the one’or in.both side walls of the
gas producer, From the wall channels 4% there
lead several channels §, or only one channel to
the outside. The channel 5 is connected with a
pipeline 6, lined with refractory materials. As
mey be seén from. the drawings, the pipeline 6
extends -over the whole length of the gas pro-
ducer {. The plpehne § leads o a vertical com-
busticn shaft’ 1, made of refractory material,
The connection of the pipeline 8 with the shaft
T can be internipted by = valve 8 or another suit-
able closing agent, which 1s a.ble to withstand
high temperatures At the upper end at point 8
the shaft 7 is in connection with the upper end
of a-tower-like gas heater 10, designed essentially
like the well-known Cowpers used for heating
air in the blast-furnace procéss. An annular
wall projection 12% is provided above the bridges
41n the gas producet, the cavity 12% of the pro-
jection being connected with a wall-chahnel 12¢,
which is connecfed by channels {2 with dust sep-
arators 13. The gases contain often large quanti-
ties of dust, which have to he removed beforé
the gas-can be further treated. The dust pre-
cipitating in the dust separators 13 is discharged
at the boitom of the separating chambers. A
pipeline. 14 leads from the dust scparators to
the steam boiler 15, or to another suitable heat
exchanger, in which' the hot gases give off thelir
heat., From the contrivance 05 the cooled gases
pass through the pipeline 1% to a scrubber 7,
in which the gases are treated with hot and/or
cold water and are .thus freed from the last
fraces of dust and other impurities. The con-
trivance 17 is in connection with a gas exhauster
or fan 18, by means of the pipeline 8. From thc
exhauster (8 the purified and coocled gas can he
drawn off through the plpelme 20 for. further
use..

In the ceiling of the gas prodicer, an opening
51" is arranged for, through which' the gases
formed {n the upper part of the gas producer can
escape. A pipeline 21 is conrected to said gas
cutlets, which pipeline leads to. a dust-separator
22. From the dust separator 22 a pipeline 23
leads to a tar removal arrangement 24, for in-
stance to an. electrostatic tar precipitator. The
pipeline 23 and the dust separator 22 are prefer-
ably lined with an heat insulating material, so
that the gases cannot be codled down there.
From. the tar precipitator 24 a pipeline 25 léads

Inside the bridges & there are provided longi-’
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to the pgas exhauster or fan 26. This gas ex-
hauster 26 is suilably directly coupled with the

‘gas exhauster, so that both gas exhausters can

be driven by one motor 27.

The temperatures of the gases passing the out-
lets, arranged in the upper part of the gas pro-
ducer, may be above 100°, preferably 120-140° C.,

.1, e, well above the dew point for water and
“light oils.
= tus provided for in- the gas cycle may be as high

The temperature of all other appara-

as the gas temperature in the said outlets, so
that no condensation of steam or oils may cecur.
The tar or other constituents from the gas

'pi'ecipitating'in the tar removal arrangement 24
can be .drawn off through the closable pipeline

28. 'Thé pipeline 28 leads to & settling tank 29,
in which tar is separated from viscous matters.
The liquid tar is removed from the tank 29

- through pipeline 30 to a distilling apparatus 31,

for instance a pipe-still arrangement, 'The d.ls—
tilling ‘vapours and gases, developed wheh dis-
tillinig the tar in the arrangement 31, are con-
ducted through pipe line 32 to the dome-like roof
of the gas heater 10, Here the vapours or gases
are mixed with highly heated steam.and reaction
gases, and hydrocarbons -are thus transformed
into hydrogen, carbon-monoxide and, as the case
may he, some elementary carbon In finely divided
state, The residusls from the settling tank 29
and from. the distilling apparatus 31 are charged
into the fuel feeder 3 and are thus again treated
in the .gas heater, whereby further carhon com-
pounds .are decomposed.

- A pipeline 33 leads from the gas exhauster 26
to the lower end of the gas heater 10, and inter-
posed in the line is a gas valve 34, The lower end
of the gas heater 10 is also connected with the
waste gas flue 36, by means of a pipeline. 36, gov-
erned by the shut-oﬁ valve 3T, which flue leads to a
chimney not shown onthe drawings,

At the lower end of the shaft 7 there are con-
nected pipelines 38 and 39, each of which includes
a shut-off ‘valve 40. The pipeline 38 leads to an
arrangement 4f and.the pipeline 39 runs to an
arrangement 42 The arrangements 41 and 42
are recuperators. They serve for preheating the
air and if necessary also.fuel gas for combustion
in shaft' 1. In the inside of the recuperators 414
and 42 there are provided a number ci vertical
tiubes 43, which are traversed by thé medium to
be” preheated.

“The contrivance 42 is equipped with Bas-air

burners, 44, which are supplled with fuel-gas and
air, by the pipeline 45 and 46.
" The hot combustion gases leaving the burner
44 flow along the dutside of the pipes 43 of the
contrivanced 42, and a part of their heat is
transferred through the pipeline 43 and thus to
the medium (fuel gas) flowing through these
pipes to coaduit 39. From the upper end of the
recuperator 42 the hot combustion gases flow
through the connecting line 47 to the upper end
of the recuperator 41, which similarly to the
recuperator 42 is fltted inslde with tubes 43.
The hot combustion gases iransfer the rest of
the useful heat, etc., air. flowing through the con-
trivance 41 toconduit 38, and fAnally flow through
the nipeline 48 ‘to the channel 35. The recuper-
ator 42 is supplied with fuel gas through the pipe-
line 49 and the recuperator 4( is supplied with
air through the ‘pipeline 50.

The method of cperating the plant as shown,
is dbout the following:—It is assumed, that all
parts.of the gas producing plant are heated up
to the working temperature, the gas valve 40 at
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" i{he foot-of the shaft T may be opened. Pre-
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heated-alr and fuel gas then flow from 38 to 38

into the shaft 7-at the bottom. The gas va.lve 8 is

clésed in: tHis working period, lkewise the' valve
34. The valve 37 of the gas heater 10 is, however,
open. ‘The media introdugced into the shaft T are
burnt there. - The hot gises: pass [:hrough the
connectmg line 9 into the gas hester 10 and they

. give' their heat to the refractory checker- ‘work

51, which similarly to -a known Cowper ~stove
is surrounded by a refractory brick lining $2. -~
As scon as the refractory checkerwork 51 -of
the gas heater I8 has been brought to the desired
temperature, at which hydrocarbons decompose,
for instance up to.1250° C., the gas valves 40 and
37 are closed and the valves B and 34 are opened.
By means of the blower 2§ through the pipeline

33 a mixture of water-gas and steam is now in-

troduced from below into the gas heater (0. The
gas-steamn mixturd is warmed-up. at the hot
checkerwork of the gas heater, for instance to
a temperature of about 1150-1200° C.. The mix-
ture then flows through the connectlon 8 into
the shaft 1, passes downwards and then goes
through the opened pipeline § into the channels
§ and into the longitudinal channels to the ports
4= of the bridges 4. From these ports 4s the hot
steam-gas mixture flows into the fuel charge of
the gas producer chamber 2. The hot gas-steam
mixture gives off its heat to the fuel, whereby by
the conversion of the steam with e¢arbon there Is
formed water-gas. The temperature inside the
fuel charge of the gas producer | may be about
1000-1100* C., just above the bridges 4. A part
of the formed water-gas 1s now removed through
the cavity 12 and the channels 12, provided in
the annular wall projection above bridees 4 of the
gas producer i, £o the channel 2. This part of
the gas then ﬂows through the dust separator i3
and pipe 14 to the steam boiler 15, From there
the gas passes to the scrubber §1. The purified
and cocled gas can finally be discharged through
the pipeline 20 as useful 1:2 gas.

The remaining gas formed in the lower part
of the gasification chambers 2 or which has been
introduced there into the chambers, rises upwards
through the fuel.

thereby distilled. The mixture of ‘water-gas,

- distiliing gas and steam is drawn off through the

pipelines 21 at the cefling of the gas producer,
at a temperature of about 120° C. The openings
of the pipelines 21 are situated above the top
layer of the fuel, so that the gases and vapours
from the gas producer are essentially drawn off
at the temperature inherent to the top layer of
the fuel charge. ]

The gases and vapours then flow through the
pipelines 2(, the dust separator 22 and the tar
precipitator 24. In these contrivances, the dust
and tarry constituents contained in the gas only
in suspension, are separated, whereas the vapour-
like constituzents especlally - hydroearbon and
water-steam are left in the gas. The gas has
therefore & temperature which essentially is
above the dew point for water-gas.

The gas still hot and charged with steam and
hydrocarbons is then delivered by means of the
blower 26 through the pipeline 33 into the gas
heater. Here it is again heated-up so as to flow
afresh into the gas producer I, and to effect here
the water-gas reaction.
stances, it is moreover advisable to add a certain
guantity of steam to the gas before entering the
gas heater 10, as through pipe 33‘, if the. quan-
tity of water formed during the distillation of

. séveral gas heaters.

It warms up the fuel which s’

. Under certain circum--

3

the fuel is not sufficient for the water-gas re-
action. “As-soon. as the temperature of the gas
heater 10 has fallen below the point at which the
wiiter-gas- reaction- gradually takes place, the
valves 8 and 34 are ‘closed and the gas heater
after opening ‘the valves 40 and 37 is again
heated-up., Thereafter the former cycle of the
furnaces i§. started, ‘'so thet- water-gas s again
formed. Instead of connecting the gas producer
i--with. one gas heater :only, as shown on the
dra,wlngs it is also ‘possible and advaniageous to
cotiffect the: gas- producer alternatively with 2 or
:In‘this case a continuous
stream of water-gas can be permanently taken
from the gas producer as always one of the gas
heaters, having a high temperature, is connected
with the gas producer,

The hydrocarbons contalned in the circulating
gas which is introduced. into the gas heaters are
converted by the interaction with steam in the
gaa heater or in the lower part of the gas pro-
ducer, where exists a high temperature, into hy-
drogen and carbon-monoxides, Consequently,
the useful water-gas flowlng through the chan-
nels of the bridges 4 from the gas producer i
contains practically no hydrocarbons and con-
sists exclusively of hydrogen and carbon mon-
ux&des

- The residue left over from the gasification of
the fuel passes through the spaces between the
bridges 4 of the gasification chambers 2 and then
flows into the discharging shafts 63.

I have now described my present invention on
the Tines of a preferred embodiment thereof, but
my invention is not limited in all its aspects to
the mode of carrying it out as above described
and shown, since the invention may be varlously
embodied within the scope of the following
claims.

I claim:—

1. In a method for producing water-gas con-
taining carbon monoxide ahd hydrogen in ratio
suitable for catalytical reaction, such as the syn-
thesis of hydrocarbons, from bituminous fuel of
the character.of brown coal, lignite, bituminous
coal and the like, comprising: flowing through
and thereby reacting with a bed of the fuel, a
heated mixture of steam and water-gas which
has been previously heated in a separate heating

_stage of a cycle to a temperature at which hydro-

carbons will decompose and interact with steam;
withdrawing part of the gas thus produced from
the cycle at a point in the fuel bed where the fuel
Is substantially free of hydrocarbons; returning

“the other part of sald gases in cyele to sald heat-

ing stage at a temperature above the dew point
of tar and water, after passing through another
part of the fuel bed where hydrocarkons are

‘present and flow off with the gas in admixture

therewith; removing tarry constituents in sus-
pension from the latter gas portion while leaving
the vapor-like hydrocarbons therein, after the
gas leaves the fuel bed but before it re-enters the
heating stage; the step comprising distilling the
so removed tar, and conducting the wvapors of
distillation therefrom back into the aforesald
heating stage into contact with the gas therein.

2, In a method for producing water-gas con-
taining carbon monoxide and hydrogen in ratio
suitable for catalytical reaction, such as the syn-
thesis of hydrocarbons, from bituminous fuel of
the character of brown coal, lignite, bituminous
coal and the like, comprising: flowing through
and thereby reacting with a bed of the fuel, a
heated mixture of steam and water-gas which has
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4
been previously heated in a -separate heating
stage of a cycle to a temperature at which hydro-
carbons will decompose and interact with steam;
withdrawing part of the gas thus produced from
the cycle at a point in the fuel bed where the fuel
is substantially free of hydrocarbons; retwiming
the other part of said gases in cycle to said heat-
ing stage at a temperature above the dew point of
tar and water, after passing through another part
of the fuel bed where hydrocarbons are present
and flow off with the gas in admixture therewith;
removing tarry constituents in suspension from
the latter gas portion while leaving the vapor-

2,182,583

like hydrocarbons therein, after the gas leaves
the fuel bed but before it re-enters the heating
stage; the steps comprising separating liquid tar
from other material removed therewith in the
aforesaid tar removal step, distilling the liquid
tar, and conducting the vapors of distillation frem
the distillation step back into the aforesaid heat-
ing stage, into contact with the gas therein, and
the residue, from the liquid tar separating step

and the liquid tar distilling step, back into the 10

fuel bed. . :
. : HEINRICH KOFPERS.





