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1 Claim. (CI, 48-202) 

The present invention relates to a gasification meth 
od and more particularly to a method for gasifying fine 
particles of solid fuels such as slack of coke, anthracite, 
pit coal, lignite, etc. m 
The gasification of such slack presents substantial dif 

ficulties due to the fact that the slack must be treated 
in sufficiently permeable layers and a good contact must 
be obtained between the gasification medium and the 
particles. For a long time, it has been endeavoured to 
treat such slack, either in its normally occurring condition 
or after preliminary crushing, which maintaining its par 
ticles in Suspension in a stream of air for the production 
of generator gas or in a stream of water steam and oxygen 
for the production of water gas. Considerably elaborate 
installations have been built on this principle, but they 
have not given the expected results because the useful 
gas output was insufficient and the gas carried too 
large quantities of incompletely burned dust for which 
there was no use. When producing water gas, the meth 
od proved to be uneconomical because of its very high 
oxygen consumption. It has also been attempted to 
produce water gas from pulverized solid fuels while viol 
ently agitating them in a high velocity gas stream. The 
tests have shown that this principle will result in good 
gasification but that much dust is carried with the gas, 
that oxygen consumption is rather high, that the gasifica 
tion media, steam and oxygen, have to be preheated con 
siderably, and that comparatively complicated apparatus 
involving high purchase, maintenance and operation costs 
must be used. 

It is one of the objects of the invention to provide 
a method of gasifying slack maintained in suspension 
which avoids the above-mentioned disadvantages and 
which can be carried out by means of an apparatus of 
comparatively simple and durable construction. 
A further object of the invention is to provide a meth 

od which for a given quantity of gas will require less 
fuel, oxygen and steam than the methods hitherto emi 
ployed. . . 

Still another object of the invention is to provide a 
method whereby the dust carried by the gas can be eli 
minated almost entirely. 
The formation of dust in the course of the gasifica 

tion of solid fuel slack is due chiefly to two factors: 
First, the fuel grains introduced into the gas generator 

are of all sizes from the finest dust particles up to grains 
which may be, in some instances, several millimeters in 
diameter. Under these conditions, while the largest 
grains will drop to the bottom of the apparatus, the 
finest ones may be carried off by the gaseous stream 
before having been completely gasified. 
On the other hand, even if grains of quite uniform 

size are used, these become gradually lighter in the 
gasification process and finally are carried out of the 
apparatus before they are completely burned. More 
over, certain very moist coals, if suddenly heated, may 
burst due to a too rapid evolution of the water steam 
which they contain. ... 8 
To overcome this disadvantage it has been attempted 
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2 
to provide above the gasification zone proper, a widered 
Zone where the finest dust particles would remain. Ex 
perience has shown that this is not sufficient, but out 
standing, results have been obtained by using a generator 
preferably in the shape of a cone or pyramid resting 
on its apex and by giving this cone or pyramid such 
dimensions that the gas stream entering its lower part 
has a velocity. sufficiently high to maintain suspended 
the coarsest fuel grains while in its uppermost part the 
gas velocity is sufficiently low so as not to carry off any 
particles, even very fine ones, before they are entirely 
gasified. The cone or pyramid, i. e., the zone of up 
wardly increasing cross-section, may be surmounted by 
a vertical-walled zone serving as a decantation zone for 
the dust carried by the gas, and may be closed by a 
cover which prevents, the developed heat from radiat 
ing to the outside. Under these conditions, it is easy 
to obtain so high a temperature in the whole gasifica 
tion zone that the ashes of the treated fuel begin to melt, 
i.e. a temperature of about 1100 to 1500 deg. C. As 
the movement of the particles within the apparatus is 
very vigorous, many particles hit each other. If they 
have reached a sufficiently high degree of gasification to 
carry at their external portions enough ashes which have 
already been initially subjected to fusion, they will stick 
to each other, and as more of such particles agglomerate 
to them, they finally, will drop to the bottom of the ap 
paratus from which they can be withdrawn easily by any 
suitable means. Experience shows that the fall of the 
gradually growing particles is slow and leaves enough 
time for the carbon which they still may contain to be 
gasified. This gradual agglomeration of the first ash 
grains permits comparatively high gas velocities (be 
tween 0.5 and 5 meters per second) to be used without 
abduction of fuel particles. 

It is to be noted that as the walls of the apparatus 
are cooler than the central part of the latter, due to radi 
ation to the outside, which radiation exists even if the 
apparatus is duly and carefully lagged, the ashes will not 
tend to stick to the wall lining, because they will already 
have solidified when the particles reach the said lining. 
On the other hand, the abrasive action of the particles 
not yet substantially gasified will tend to remove whatever 
material may be sticking to the lining. It is advisable to 
use a very refractory and compact lining of such chemical 
composition that the ashes have no tendency to adhere to 
it. Bricks preferably comprising chromite, carborundum, 
mullite or any other product suitable for the ashes of the 
coal to be used may be conveniently employed. Also, the 
temperature within the apparatus will have to be con 
trolled by changing more or less the relative quantities of 
steam and oxygen introduced, according to the point of 
initial or incipient fusion of the ashes, in order to avoid 
any risk of particles agglomerating on the walls. 
While the invention thus makes it possible to prevent 

the formation of abundant dust quantities which would 
be carried away by the gases before complete gasification, 
which is one of the major drawbacks in the gasification 
of slack, the method of the present invention also removes 
the second drawback which lies in excessive consumption, 
as will be understood by the following: In a gas generator, 
as in any other device in which powders suspended in a 
gas stream are treated, temperature varies by a few de 
grees at most throughout the enclosed space of the appa 
ratus, because the particles are stirred very violently. 
Under these conditions, the gas discharged at high tem 
perature removes a large quantity of heat which thus is 
lost for the operation. In gas generators in which coal 
is treated in big lumps, in a stationary bed, this heat is, 
however, used in major part for heating the incoming 
coal to the desired temperature. According to the inven 
tion, this heat may be used to heat the gasification medium 
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such as air, or oxygen and steam, or oxygen and carbonic 
gas, etc., rather than to heat the coal. For this purpose, it 
is easiest to use a heat exchanger mounted directly at the 
outlet of the gas generator, but any other type of heat ex 
changer or regenerator may be used without departing 
from the scope of the present invention. 
The fact that the temperature is equal and high through 

out the gasification space has other advantages which in 
certain cases may be important. Thus, as the fuel grains 
are suddenly subjected to a high-temperature, they cannot 
agglomerate even if they have a strong tendency to coking, 
because they do not pass through the pasty stage of fusion. 
On the other hand, all gases which might be distilled in 
the course of heating are subjected to very high-tempera 
tures, so that the tars and other complex organic bodies 
are immediately dissociated into simpler compounds, 
namely, hydrogen, carbon monoxide, carbon dioxide, and 
possibly some methane. Thus it is possible, without in 
convenience, to use very young fuels provided, of course, 
that they are not introduced into the apparatus with such 
an excessively high water content that it will be difficult 
or impossible to reach the necessary temperature and pro 
vided further that the grains will not be broken up into 
very fine dust by too violent elimination of this water. 
This maximum water content depends on the kind of fuel 
used and may be determined by simple laboratory tests or 
by calculation. 

In order that the invention may be fully understood, 
several preferred modes of effectuating the method accord 
ing to the invention will now be described, by way of 
example, with reference to the attached drawings, in 
which: 

Fig. 1 is a schematic representation of a gas generating 
apparatus for carrying out the method according to the 
invention; 

Fig. 2 shows an apparatus of the same kind as that of 
Figure 1 but provided with a modified heat transfer device, 

Fig. 3 schematically represents another gas generating 
apparatus comprising means for gasifying a pulverized fuel 
Such as coke, semi-coke or anthracite, having only a small 
content of volatile substances, and in which the said pull 
verized fuel is preheated before it enters the gasification 
Zone; - - 

Fig. 4 schematically represents a further gas generating 
apparatus, which also involves preheating of the pulverized 
fuel, but adapted for gasification of a young, not yet car 
bonised fuel such as pit coal, lignite or other. 

Fig. 5 shows, also in schematic representation, a com 
bined apparatus for producing hydrogen from water steam, 
and for producing generator gas to be used as a reduction 
means in the process of hydrogen production. 
With the apparatus shown in Fig. 1, the fuel, if used 

in the condition of slack in the sizes of 0 to 5 or seven 
0 to 10 mm., need not be crushed or pulverized; it is 
sufficient to dry it partly in certain cases. 
The generator proper 2 is a hollow body forming a 

chamber in the shape of a cone or pyramid the apex of 
which is directed downwardly, which chamber is further 
provided with a cylindrical or prismatic zone. The fuel 
is introduced into the generator at 1 through a convenient 
feeding device, here shown as a worm feeder. Simultane 
ously, a gas herein referred to as the gasification medium, 
is introduced into the generator near its bottom, i. e. 
near the point of the cone or pyramid, through a pipe 
13. This gas will consist of air for the production of 
generator gas, or oxygen and water steam for the produc 
tion of water gas, or oxygen and carbon dioxide for that 
of carbon monoxide. As this gasification medium ascends 
through the generator chamber, its velocity decreases ac 
cording to the larger cross-sectional area available. The 
gas current maintains in suspension, i. e., as a dense, 
ebullient, fluidized mass, the fuel particles introduced at 
1; the coarser ones will remain in the lower part of the 
generator chamber, while the finer ones will be carried 
to a higher level. As the weight of the individual par 
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ticles decreases in the course of their gasification, they 
will move upwardly in the generator. In the process, the 
ash contained in the particle undergoes initial fusion and 
in part forms a tacky layer at the surface of the particle. 
Thus, when two or more particles hit each other, they 
agglomerate to form a larger grain which again gradually 
sink to the bottom of the generator. Thence, the ash 
is extracted by a device 3 which may be of any convenient 
type but which must be gas-tight to prevent the escape 
of gas with its attendant drawbacks. On leaving the 
generator, the gases are deflected by a screen 4 mainly 
provided to prevent heat radiation to the outside and to 
maintain as much heat as possible within the generator 
proper 2. After they have left the latter, the gases flow 
through a heat exchanger 5 built of refractory material, 
traversed by one or more tubes 6 through which the 
gasification medium to be heated circulates. These tubes, 
made from heat-resistant material such as steel with high 
chromium content, follow the convolutions formed by 
the baffles 7 so as to circulate the gasification medium in 
counterflow to the gases. The gas velocity being much 
higher in this heat exchanger 5 than in the upper part 
of the gas generator 2, there should be no dust deposit in 
the heat exchanger 5, but nevertheless doors should be 
provided for inspection, assembly and dismantling of the 
heat, exchange tubes 6. The cooled gas leaving the heat 
exchanger then passes into a waste-heat recovery boiler 
9 and thence proceeds to the point of use through pipe 
10. The steam required for gasification when producing 
water gas is in part generated by the boiler 9 and enters the 
apparatus through pipe 11; oxygen is supplied through 
pipe 12, Preferably, the gasification medium is mixed 
before it enters the heat exchanger, in order to have 
as thorough a mixture as possible at the inlet of the gen 
erator 2. Obviously, without departing from the scope 
of the invention, one might replace the water steam by 
carbon dioxide in order to obtain a gas of high carbon 
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monoxide content instead of water gas. On the other 
hand, air may be used instead of oxygen to produce 
ordinary generator gas. 
The heat exchanger of the type shown in Fig. 1 of 

course requires the use of specially heat-resisting metals 
for the tubing. Such metals have been made available 
by the industry and it must be remembered that in this 
particular case they are used under comparatively easy 
conditions because they are only subjected to very slight 
mechanical stress. Moreover, as the gasification medium 
is only at a slightly higher pressure than the water gas, 
there is no danger of hydrogen diffusion even at high 
temperatures. Though the gas generator 2 must be main 
tained at temperatures between 1100 and 1500 deg. C., 
the gasification medium generally may leave the heat ex 
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changer at temperatures in the order of 900 to 1200 deg. 
C. Under these conditions, oxygen consumption will be 
extremely low. Thus, when using coke slack and a gen 
erator of adequate dimensions, the consumptions would 
amount to less than 0.4 kg. of pure carbon; less than 0.2 
standard cubic metre of oxygen; and less than 0.4 kg. 
of water steam for one standard cubic metre of water 
gas obtained and comprising 3 percent carbon dioxide, 
64 percent carbon monoxide, 32 percent hydrogen, and 
one percent nitrogen. 

Obviously, and again without departing from the scope 
of the invention, one could introduce, together with the 
gasification medium, a gas mainly formed by hydrocar 
bons which would be cracked at the considered tem 
peratures and would increase the water gas production. 
Such a method would be particularly advantageous for 
using the residual gases in such processes as the synthetic 
production of carbon monoxide and hydrogen, which yield 
considerable quantities of gaseous by-products rich in light 
hydrocarbons. ..Introduction of such by-products after 
their reheating in a separate heat exchanger, by means 
of part of the waste heat of the gas produced might take 



place either separately from that of the g 
im, or jointly with it, after mixing inac 

- ... ''': 3 at the apex of the cone or pyramid must 
not be too large; 20 to 40 deg. will be convenient. The 
slower the treatment to which the coarser grains are to be 
subjected, the smaller should the said angle be. To free 
entirely the agglomerated ashes from their carbon con 

means may be provided to introduce at the very 
bottom end of the generator a small quantity of air, or 

ygen, or oxygen and steam, or oxygen and carbon ox 
dioxide. 
Without departing from the scope of the invention, the 

heat exchanger provided according to Fig. 1 might be 
replaced by any other type of heat exchanger. A tubular 
heat exchanger may be suitable and in Fig. 2 provision 
is made for transmitting the heat of the outgoing gas to 
the incoming gasification medium by means of circulating 
heat-resistant balls. In this figure, reference numbers 1, 
2 and 3 have the same meaning as in Fig.1. The gases 
leave the generator 2 through a pipe 20 and enter a 
column 21 filled with balls made from refractory mate 
rial such as alumina, aluminium silicate, heat-resisting 
metals, etc. These balls have a diameter of about 1 cm. 
and proceed in cold condition from a filling tunnel 22 
through a pipe 23. After having been at least partly 
cooled by these balls, the gas is delivered through the 
pipe 24, a heat-recovery boiler 34 and a blower 26. A 
manometer 25 connected between pipes 23 and 24 permits 
manual or automatic control of the pressure of the gas 
before it enters the boiler 34 so as to prevent both the 
escape of gas and the entrance of air through the ball 
introduction means 22, 23. The heated balls drop 
through a tube 27, which may be provided with addi 
tional heating means (not shown) into another column 
28 where they are cooled by the gasification medium; the 
latter is supplied to the column 28 through a pipe 30 
and after heating by the balls is transferred to the gen 
erator 2 through tube 29. The tube 27 should be long 
enough to prevent any escape, through this tube, of gasi 
fication medium into the gas produced. After having 
yielded part of their heat to the gasification means, the 
balls are discharged from column 28 through a suitable 
device. 31 and then conveyed back to the funnel 22 by a 
suitable conveying device, here shown as a worm con 
veyor and ascending tube 32, but which preferably might 
be a bucket conveyor. For starting operations, the gen 
erator 2 is provided with a valve-controlled outlet 
funnel 33. - m 

As the temperature in the gasification Zone of the gen 
erator 2 has to be rather high, about 1100 to 1500 deg. C. 
according to the kind of fuel, the heat exchanger 6 would 
have to be constructed from special metals which in the 
present state of the art are very expensive and which 
would not permit to reach the desired temperatures with 
out complications. This difficulty might be overcome by 
using a ball heat exchanger of the kind described, but the 
invention also comprises means for transmitting heat 
recovered from the gas, not only to the gasification me 
dium but to the fuel slack as well before the latter enters 
the gasification Zone. Thus, a larger quantity of heat 
will be transmitted into the gasification zone than if the 
gasification medium alone (or the coal alone as in con 
ventional gas generators) were heated, although the tem 
perature of the gasification medium and of the coal when 
entering the gas generator will be definitely lower than 
otherwise; this makes it easier to find suitable materials 
for constructing the apparatus. 
For this purpose, the fuel slack may be ground to the 

desired fineness (such as, for instance, 2 to 3 millimeters, 
although the most desirable fineness may vary somewhat 
according to the kind of fuel). The possibility of re 
ducing the size of the grains to that extent permits the 
use of a so-called fluidization column which is based on 
the following principle: If a gas stream of appropriate 
velocity is directed upwards through a layer of pulverized 
material, the latter will be suspended in the gas and 
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are relieved of their mutual cohesion and behave like those of a liquid, without being carried away by the gas 
stream. * , . . . ' ' ; . . . . . - - " : " . 

Thus, they will remain in a comparatively dense dis 
tribution within the space occupied by the layer of pow 
dered material, so that the latter may be said to be in a 
dense fluidized state. The said advantages of this state 
are excellent mixing of the particles with the gas, high 
uniformity of temperature even within large spaces, and 
easy transportability of the fluidized powder. 
When using a fluidization column for the purposes now. 

to be considered, the pulverized coal or other solid fuel 
may be maintained in dense fluidized state in several 
superposed layers, by means of a gas stream ascending, 
through the several layers, and the fluidized material may 
be made to flow from one layer to a lower one by mere 
gravity, as would a liquid; meanwhile, the gas proceeds 
from each layer to that immediately above it. - - - - - - 

In an apparatus of the kind herein referred to, part of 
the gas produced may be carried through a fluidization 
column of the type outlined for pre-heating the coal or 
other fuel to be gasified, and the remainder of the gas 
may be used to heat the gasification medium in a separate. 
heat exchanger provided for this purpose and which may 
be an ordinary tubular heat exchanger. As the transfer 
of heat from a dense fluidized layer to a heat exchange 
surface placed in this layer is excellent, it is preferable, 
however, to provide for heating the gasification medium 
in series of heat exchangers having comparatively small 
surfaces and arranged within the fluidized layers. Calcu 
lation shows that in this way the gasification medium may 
be heated to a temperature which is only slightly lower 
than that of the fuel, and that the latter temperature, 
which is not very high, does not require the use of special 
and costly materials. Moreover, the total quantity of 
heat which thus can be recovered from the produced gas, 
is definitely higher than that which could be recovered by 
pre-heating only the gasification medium. 

This pre-heating of the fuel in a series of dense fluidized 
layers further has various other advantages when young 
or not yet carbonized fuels must be treated, because the 
pre-heating may be effected by groups of layers and the 
various phases of such pre-heating, such as drying, carbon 
izing at low temperature, and final pre-heating, may be 
separated, so that the gases produced in these various 
phases can be separated in order not to contaminate the 
gasification medium with too large quantities of unde 
sirable products such as carbon dioxide, sulphurated hy 
drogen, etc. - - - 

Fig. 3 schematically represents an apparatus accord 
ing to the invention, working on this principle and par 
ticularly adapted to the gasification of a fuel such as coke, 
semi-coke or anthracite, which has only a small content 
in volatile substances and contains practically no tar. 
Fig. 4, on the other, hand, relates to the gasification of 
pit coal, lignite or other young fuel which has not yet 
been carbonized. - . 

According to Fig. 3, the coal ground to the desired 
fineness, at 41 enters the uppermost stage 42 of the 
fluidization column 43. On this stage, the coal is main 
tained in dense fluidized condition by gas which arrives 
from the next lower stage 44, through a grid 45 and which 
leaves the column through a pipe 46. 47 designates a 
separating device for retaining the dust which the gas 
might carry away on leaving the column. Obviously, a 
separator of any kind, including a separator mounted 
outside the column, could be used for this purpose, with 
out departing from the scope of the invention. The coal 
then proceeds to the next lower stage 44 through a 

  



7 
powder transfer tube 48; this is a conventional overflow 
tube, the open upper end of which is slightly beneath the 
surface of the fluidized powdered coal layer in the stage 
42 and the lower end of which extends into the corres 
ponding layer on the next lower stage 44. Being in dense 
fluidized condition, the powdered coal will overflow from 
the upper layer to the lower one, through the transfer 
tube 48, in the same way as would a liquid. Means such 
as an adjustable telescopic extension tube (not shown) 
mounted on the top end of tube 48 may be provided for 
adjustment of the surface level of the fluidized layer. 
The grid 45 may be constructed in various Ways. Ac 

cording to one preferred construction, it may comprise a 
series of steel channels disposed parallel to each other 
with their flanges turned upwards, and leaving between 
them elongated interstices for the passage of the ascend 
ing gas. A second series of steel channels would be 
disposed on the first-mentioned ones with their flanges 
turned downwardly, so as to cover the said interstices 
for preventing the pulverized coal from falling through 
the latter; passages for the gas from the interstices to 
the upper side of the grid may be provided by Suitable 
indentations in the flange edges of the channels. 
From stage 44 the coal, while being gradually heated, 

successively proceeds to the stages 49, then 50, then 51, 
and finally into the gas generator 52 from which the 
ashes are removed through tube 53. The thus used gas 
produced in the generator 52 ascends through the said 
stages, in opposite sequence while its temperature dimin 
ishes, The unused gasification media arrive through the 
pipe 54 and are carried through a heat exchange pipe 55 
located in the uppermost stage 42. Thence they proceed 
through pipe 56 to a similar heat exchanger pipe 57 in 
stage 44, and so on through the other stages. Finally, 
the unused gasification medium is introduced through 
pipe 58 into the bottom part of the generator 52. In the 
embodiment shown in Fig. 3, five preheating stages are 
provided both for the powdered coal and the gasification 
medium. This number may be varied according to the 
desired conditions of operation and to the quality of fuel 
to be treated. In certain cases, it may be desirable to 
place the first heat exchanger in the second stage 44, or 
even in a lower stage, rather than in the uppermost stage 
42. Similarly, if a hydrocarbon is to be cracked in the 
generator 52 simultaneously with the gasification of coal, 
it will be possible to preheat this hydrocarbon in a series 
of heat exchangers mounted in the various stages in the 
same way as the heat exchangers provided for heating the 
gasification medium. Of course, the latter will not be 
mixed with the hydrocarbons before they enter the gasi 
fication zone in the generator. 
As a variant, if it is desired for some reason to preheat 

separately the coal and the gasification medium, e.g., for 
simplifying the construction or for reducing the size of 
the column, one may replace the heat exchangers 55, 57, 
etc. by a heat exchanger 59 mounted externally of the 
fluidization column; part of the gas leaving the gasification 
zone. would then pass through the column, in counter 
flow to the coal as above described, and the remainder 
would be branched off through a conduit 60 to the sep 
arate heat exchanger 59 which it leaves through another 
conduit 62 provided with a control valve 61, to join the 
gas outlet pipe 46 at the top of the column 43. The gasi 
fication medium in this case enters the heat exchanger 59 
through a conduit 63 and leaves it through conduit 64 to 
join the aforementioned pipe 58 entering the gasification 
Zone of the generator. Obviously, a second separate heat 
exchanger might be provided for preheating a hydro 
carbon to be cracked, or any combination between heat 
exchangers mounted in the column 43 and separate heat 
exchangers may be provided without departing from the 
scope of the present invention. 

In Fig. 4 which schematically represents an apparatus 
for the treatment and final gasification of a young fuel, 
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the coal, having been ground to the desired fineness, 
enters the upper zone 72 of a drying and pre-carboniza 
tion device '73. In this device, which comprises two or 
more such zones 72, 74, the coal, while being maintained 
in dense fluidized condition by an ascending gas, is pre 
heated, dried and subjected to a beginning of distillation, 
For in most cases, before the coal is properly distillated 
at low temperature, it is advantageous to extract from 
it the gas which is freed by heating to 200 to 300 deg. C. 
This gas nearly exclusively contains carbon dioxide and 
sulphurated hydrogen, which thus are easily eliminated 
while it always is costly to extract them from the car 
bonization gas. The method according to the invention 
permits the accomplishment of this separation without 
difficulty. Also, if small quantities of combustible gases 
are freed with these undesirable gases, it is possible to 
burn the latter as will be explained below, and thus to 
use their latent heat. In order to maintain the coal in 
dense fluidized condition, a circuit of gases is used which 
enter the lowermost part 78 of the device 73 through 
pipe 77. These gases are heated by burning, in a com 
bustor 79, a fuel which may be the combustible frac 
tion of the gas in this fluidization circuit, or a gas pro 
duced in one of the other devices of the apparatus, or 
any other solid (pulverized), liquid or gaseous fuel, which 
will be introduced through pipe 80 and burned with air 
introduced through another pipe 81. Valves 82 and 83 
are provided for regulating the combustion and the heat 
consumption. 

After having passed through the stages 72 and 74 
containing the fluidized coal, the gas leaves the column 
through conduit 84, after having been freed from dust 
in a separator 85, shown here as a cyclone, but which 
could be of any other type, or placed outside the column, 
without departing from the Scope of the present inven 
tion. The gas which has left the column passes through 
a cooler 86 in which its water content is condensed and 
discharged through a pipe 87. Upon leaving the cooler 
86, the gas is drawn in by a blower 88 which sends it 
back into the fluidization circuit. Part of the gas is dis 
charged to the chimney through conduit 89, two regulat 
ing valves 90 permitting simple control of the quantity of 
gas thus discharged and gas sent back into the circuit. 
Finally, the gas is preheated in a heat exchanger 91 by 
means of the gas which leaves the next device of the 
apparatus, whereby part of the heat of the gas circulat 
ing in that device is recovered, and returns to the inlet 
pipe 77 of device 73. 
The coal thus precarbonized leaves the device 73 

through an overflow tube 92 and reaches the upper zone 
93 of the carbonizing device 94 in which it passes, in 
succession, through one or more stages in which it is 
maintained in dense fluidized condition by an ascending 
gas stream. The coal passes from one zone or stage to 
that next below, through overflow tubes 96. The zones 
are separated from each other by grids 95. In this de 
vice, the coal is heated to a temperature in the order of 
600 to 700 deg. C. so that it leaves the device perfectly 
free of tar and unable to yield anything else than hy 
drogen, carbon monoxide, some methane and a few traces 
of higher hydrocarbons. Besides, these traces will be 
very small if the coal stays a sufficient time in the car 
bonization zone. It will be easy to find out, by labo 
ratory tests, how long and at what temperature the coal 
should stay in this Zone, depending on the coal used and 
on the purpose to be served by the water gas which will 
be produced in the gasification device, and to select ac 
cordingly the dimensions of the apparatus. 
With coals showing a tendency to agglomerate in the 

course of their heating, the temperature of the first stage 
in this carbonization device should be definitely higher 
than the temperature at which fusion of the coal begins, 
i. e. in the order of 500 deg. C. A temperature in this 
order has the additional advantage that all risk of con 
densation of tar in the apparatus with its attendant in 
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conveniences is avoided. The gas enters the lower part 
98 of the carbonizing device 94 through a pipe 97 and 
is heated by means of the combustion gases produced by 
a combustor 99 which is supplied with gas through pipe 
100 and with air through pipe 101, control of the gas 
and air supply being effected by means of valves 102 and 
103. In Fig. 4, it has been assumed that the gas obtained 
in the circuit is itself used as fuel but it would be pos 
sible, without departing from the scope of the invention, 
to use any other type of solid (pulverized), liquid or 
gaseous fuel, or to effect this heating indirectly. After 
having passed through the carbonization device and after 
the primary tar and gas developed by the coal as it is 
heated has been admixed to it, the gas is freed in a sepa 
rator 105 from the dust which it contains and is car 
ried off through a pipe 104. Then it passes through the 
aforementioned heat exchanger 91 in which it yields 
part of its sensible heat to the gas entering the drying 
device 73. If the temperature at which the gas circu 
lates through the carbonization device 94 is adequate 
(between 100 and 200 deg. C.), nearly all the tar will 
be condensed in this heat exchanger and flow out through 
a pipe 106; this eliminates the problems and difficulties 
which often are encountered in the separation of water 
and primary tar. Then the gas is cooled in a condensa 
tion device 107 in which the constitutive water of the 
coal and the light tar, which easily splits therefrom, is 
extracted through pipe 08. From the condenser 107, 
the gas is drawn in by a blower 109 which sends it into a 
disessenciation device 110 and thence through the inlet 
pipe 97 of the carbonization device.94. Excess gas, if 
there is any, may be used as it is, if tapped through 
conduit 111, or cracked in the gasification device, if 
carried away through conduit 112. Control of the gas 
redistribution between the conduits 97, 111 and 112 is 
effected by means of the three valves 113. 
The carbonized hot fuel proceeds from the carboniza 

tion device 94 to a preheating zone 14 comprising one or 
more stages, through an overflow tube 115. This pre 
heating Zone immediately precedes the gasification zone 
116, and what has been said in respect of Fig. 3 also ap 
plies to Zone 116. The number of stages, however, is 
Smaller in Fig. 4 because the coal is already warm on 
entering the preheating zone 14. Consequently, the 
gas leaves the latter in hot condition as well, and its 
Sensible heat must be recovered by means of a heat ex 
changer 117 into which the gasification medium to be 
preheated enters from conduit 18 while the cooled water 
gas is carried to the point of use through conduit. 119. 
In the same heat exchanger 17, one also can preheat 
the gas adducted from the carbonization device through 
pipe 12 and which is to be cracked. Both the gasifica 
tion medium from conduit 18 and the gas to be cracked 
are further pre-heated by circulating them through heat 
exchanger tubes 120 in the preheating zone 114. These 
heat exchanger tubes might be replaced by an external 
heat exchanger like that shown in Fig. 3. 

If it were necessary to obtain an absolutely pure water 
gas, there would be no difficulty in providing the pre 
heating Zone in the circuit of the carbonization device 
and in modifying accordingly the heat recovering system. 
If it is desired to produce generator gas by gasification 
and therefore to use as rich a carbonization gas as possi 
ble, part of the generator gas might be used for indirect 
preheating of the gasification medium outside the gasi 
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fication zone, in a heater provided for this purpose; by 
this method, introduction of nitrogen into the rich gas 
would be avoided. 

With coals having a particularly high ash content, it 
may be useful to recover the sensible heat of the ashes 
by cooling them, in the condition of agglomerated balls, 
in an apparatus of known construction mounted below 
the gasification zone traversed by an ascending current 
formed by part of the gasification medium. 

With the above-described arrangements, it is possible 
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10 
to produce generator gas by using, as the gasification 
medium, air with more or less water steam, or to pro 
duce water gas with steam and oxygen, or carbon mon 
oxide with carbon dioxide and oxygen. It is not possi 
ble, however, to obtain directly hydrogen with these 
means. Nevertheless, hydrogen can be manufactured 
from solid fuel slack, according to the following con 
siderations: 

It has been known for a long time that hydrogen may 
be produced by subjecting iron or ferrous oxide to water 
steam, according to either of the following reactions: 

and thereafter reducing the higher oxide thus obtained 
by means of a suitable reducing gas such as generator 
gas. This sequence of reactions may be effected either 
by means of stationary beds of iron oxide with alternat 
ing reduction and hydrogen production periods, or by 
means of fluid beds of powdered iron oxide, which is 
transferred, in a closed circuit, from a reduction ap 
paratus to a hydrogen production apparatus and from 
the latter back to the reduction apparatus. Unfor 
tunately in both cases a large heat quantity is con 
sumed for heating the gas and the steam up to the re 
action temperatures which are in the order of 500 to 800 
deg. C., so that the efficiency of the process is not satis 
factory when operating at industrial scale. Moreover, 
impure hydrogen is produced, because it is contaminated 
by the reducing gases, which adhere to the iron or oxide 
granules in spite of scavenging generally provided be 
tween two phases of the operation. Careful crubbing 
of the hydrogen is absolutely necessary if this gas is to 
be used either for chemical syntheses or for hydrogena 
tion. This method of producing hydrogen is rarely em 
ployed nowadays, excepting for the production of hydro 
gen in countries where cheap electric energy and suit 
able fuel for the manufacture of water gas are not readily 
available. If the generator gas is produced according 
to the present invention, however, this gas leaves the 
generator at high temperature, and as it is not necessary 
to preheat the gasification air, as a brief calculation will 
show, a good part of the freely available or sensible 
heat of the generator gas leaving the generator can be 
employed for the iron-steam process which thus becomes 
economical. 
On the other hand, the present invention makes it 

possible to obtain directly hydrogen in a form which is 
pure enough to be used for the principal applications of 
this gas, such as hydrogenation or chemical syntheses. 
The principle of this method will be explained with refer 
ence to Fig. 5 of the drawings. It is possible, however, 
to provide other general arrangements without depart 
ing from the scope of the invention, if for some reason 
or another the conditions appear to make such change 
desirable. 

In Fig. 5, the reference numbers 1, 2, 3, 4, 12 and 13 
apply to elements corresponding to those bearing the 
same numbers on Figs. 1 and 2. The coal slack is in 
troduced at 1 into the gas generator 2, from which the 
ashes are drained through the device 3. The screen 4 
prevents radiation heat losses from the generator 2. Air 
containing such quantity of steam as is necessary to main 
tain the convenient temperature (see above) in the gas 
generator is admitted from a conduit 12 through a heat 
exchanger 133 which is heated by the gases leaving the 
reduction device which will be referred to later on. From 
the heat exchanger 133, the said air is introduced into 
the generator 2 through the pipe 13. The generator gas 
produced in the generator leaves the latter through a 
throat 127 and thence ascends through a grid 128 into 
a zone 129 in which the reduction of the iron oxide 
takes place. The gases carry their freely available or 
sensible heat into zone 129, so that no heat has to be 
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supplied from outside to this zone to maintain it at the 
desired temperature. In this zone, the gas maintains in 
dense fluidized condition an iron oxide powder; tempera 
ture is in the order of 500 to 800 deg. C. and the gas 
speed just above the fluidization zone is in the order of 
0.1 to 2 metres per second, according to the size and 
properties of the oxide particles. After having been 
partly oxidised by reduction of the oxide, the gas leaves 
through a separator 130, which is shown in the drawing 
as a centrifugal type separator but which could be, with 
out departure from the scope of the invention, of any 
other type of separator capable of reintroducing, e. g. 
through a tube 131, such dust as has been separated from 
the gas. Of course, this separator could as well be 
mounted outside the reduction zone. The gases, which 
still have the temperature they acquired in the reduction 
zone and which also contain a proportion of combustible 
gases corresponding to the reaction equilibrum at the 
reduction temperature, proceed through a pipe 132 to the 
aforementioned heat exchanger 133 which they leave 
through a conduit 134 to be used, for instance, in the 
production of the water steam necessary for the produc 
tion of hydrogen as will be explained below, or for any 
other heating purpose. The iron oxide powder of the 
desired particle size, which usually is less than 0.5 mm. 
but does not contain more than a small proportion of 
grains smaller than 0.01 mm., comes from the hydrogen 
production device and enters the reduction zone 129 by 
gravity through an overflow tube 158 in which a control 
valve 159 is provided. It is noteworthy that to intensify 
the reduction of the oxide and thus to diminish the quan 
tity of powder in circulation, and also to improve the 
utilisation of the gas as a reduction means, the reduction 
could be carried cut in two or more stages, instead of one 
only as shown in Fig. 5. To that end, a multi-stage fluidi 
zation column such as that shown in Fig. 3 might be 
used. As this reduction device consumes large quanti 
ties of heat to heat up the iron oxide powder which en 
ters it and to supply the heat necessary for the reaction, 
a little air may be introduced for burning the whole 
generator gas or part of it. For this purpose, it is pref 
erable to have several fluidization stages as mentioned 
above, and to feed the combustion air to the upper stages 
only in order not to disturb the reduction in the lower 
stages; these also have the benefit of the sensible heat of 
the generator gas leaving the generator 2. The powder 
leaves the reduction zone 129 through an overflow tube 
136 provided with a control valve 137, and falls through 
a degasification device 138. In the latter, the powder 
drops from one baffle 139 to another, across and in 
counter-flow of a cleaning gas stream which will be re 
ferred to below. In this degasfication device, the gas 
speed is sufficient to remove the fine ash or fuel particles 
which might have passed from the gas generator 2 into 
the reduction zone 129 and which might have escaped 
reaction in the latter. In fact, it is preferable not to 
provide a dust separator at the very outlet of the genera 
tor, because this separator would be exposed to high 
temperatures and might cause too considerable heat 
losses. On the other hand, the gas velocity in the de 
gasification device here described can be controlled in 
such a way that no iron oxide particles, the specific 
weight of which is definitely higher than that of the fuel 
or of the ashes, are carried away by the gas; also, the 
size of the iron oxide particles is chosen large enough 
that a very high gas velocity is required to carry these 
particles away. A particle size between 0.05 mm. and 
0.5 mm. is specially convenient. The neutral cleaning 
gas used in the degasification device also removes the 
carbon monoxide, sulphurated hydrogen and other com 
ponents which would be detrimental to the purity of the 
hydrogen and which might have been retained by the 
oxide grains. As the neutral gas, one preferably uses 
nitrogen which is supplied through a conduit 141, brought 
to the desired pressure by a blower 42 and delivered 
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by it through a conduit 147. Before reaching the de 
gasification device, this gas is heated in a heat exchanger 
149 and if necessary, especially during the starting pe 
riod, in a heater 150 which may be put into circuit or 
cut off by a set of cocks 151. 
The hot neutral gas enters the degasification device 

through a pipe 152 and leaves it through another pipe 153 
leading it into the heat exchanger 149, where it yields its 
sensible heat and then is carried off to the chimney stack 
through a conduit 154. The degasified powder leaving the 
degasification device 138 through a tube 140 is taken up 
in a distribution box 170 by hot neutral gas coming from 
the blower 142, at the outlet which two valves 148 are 
provided for adjusting the rates at which the neutral gas 
is fed to the degasification device through conduit 147, 
and to the distribution box 170 for removing the degasi 
fied hot powder. The mixture of neutral gas and powder 
is sent, through a conduit 143, to a separator 144 from 
which the separated powder drops into a supply bunker 
i45. The neutral gas which has been separated from the 
powder returns to the blower 142, through a conduit 146. 
Before entering the blower, it is carried through a heat ex 
changer 172 provided with a by-pass 173, to yield its 
heat to the neutral gas entering the distribution box 170. 
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The admission from the supply conduit 14 of fresh neu 
tral gas and the circulation of the latter are controlled by 
means of valves 171. As the quantity of noxious gas ex 
tracted from the powder in the degasification device 138 
is comparatively small, it must be possible to recirculate 
part of the neutral gas in closed circuit instead of dis 
charging the whole to the outside. The possibility of this 
recirculation depends on the purity of the hydrogen to be 
obtained, on the quality of the fuel, on that of the iron 
oxide and on the distribution of temperatures in the re 
duction zone and in the degasification device. Preheat 
ing of the neutral gas which leaves the blower may be 
provided by combustion of part or whole of the gas which 
leaves the reduction zone. For this purpose, an indirect 
heating device will be used, as the oxide must not be in 
contact with gases such as water, steam or carbon dioxide 
which would yield their oxygen to it. 
The reduced iron oxide contained in the supply bunker 

145 enters the hydrogen production zone 157 through a 
pipe 155 provided with a regulating valve 156. In the 
said Zone, the oxide powder is maintained in dense phase 
fluidized condition by means of a superheated steam cur 
rent ascending through a grid 61. The reaction between 
the steam and the oxide is very quick and develops con 
siderable heat. Thus it is possible to effect this reaction 
in a single stage but there would be no departure from 
the invention in providing two or more fluidization stages. 
Part of the heat developed in the reaction can be recov 
ered and excessive temperature in the hydrogen-produc 
tion Zone avoided by surrounding this zone by a water 
jacket 174 in which part or all of the steam required in 
the operation is raised. The reaction temperature will be 
in the range of 500 to 700 deg. C and the average speed 
of the gases as they leave the dense fluidization zone may 
vary between 0.1 and 2 metres per second. The gas pro 
duced, which is a mixture of hydrogen and steam passes 
through a separator 162 which is represented in Fig. 5 
as a centrifugal separator but which could be replaced, 
without departing from the scope of the invention, by any 
other type of separator permitting reintroduction, for in 
stance through a tube 163, of the dust separated from the 
gas. Of course this separator, as well as the separator 
130, could also be mounted outside the apparatus. The 
gaseous mixture of hydrogen and steam issues from the 
separator through a pipe 164, then passes through a heat 
eXchanger 165 in which part of its sensible heat is trans 
ferred to the steam supplied to the heat exchanger 65 
through a conduit 67. Then the hydrogen-steam mix 
ture is discharged through a conduit 166 which leads it 
to final refrigeration and thence to the point of use of the 
hydrogen. The steam introduced through 167 and super 
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heated in the heat exchanger 165 proceeds to the hydro 
gen-production zone 157 through a tube 160. 

In principle, the whole apparatus should be constructed 
to minimize heat losses. Careful heat-insulation is nec 
essary. Thus very pure hydrogen will be obtained under 
economic conditions. If a fuel is used which can be gasi 
fied into water gas, the process according to the inventioin 
will yield, for a similar quantity of fuel, a somewhat 
smaller quantity of hydrogen than when passing through 
the water gas stage, but all devices for scrubbing the gas 
and converting the carbon monoxide then become unnec 
cessary, whereby their considerable first cost as well as the 
energy, labour, maintenance and depreciation required 
in their operation are saved. 

Since certain modifications may be made in the method 
of the invention without departing from the scope thereof, 
it is intended that all matter contained in the foregoing 
specification and shown in the accompanying drawings 
be interpreted merely as illustrative and not in a limiting 
SeSe. 

Having thus described the invention what is claimed as 
new and desired to be secured by Letters Patent, is: 
The method of gasifying a powdered fuel mass which 

comprises the steps of feeding said mass into a fluidiza 
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tion coium in and along a substantially vertical downward 25 
path through said column, dividing said mass during such 
downward feed into a plurality of discrete layers of sub 
stantially equal height spaced from one another along 
said downward path of feed through said fluidization 
column, discharging said mass from the lowermost layer 
into a gasification Zone, introducing unused gasification 
medium into said gasification zone, controlling the ve 
locity of flow of said unused gasification medium within 
said gasification Zone in an upward direction toward said 

30 

fluidization column, to thereby ensure that said discharged 
mass when in said gasification Zone is maintained in sus 
pended condition therein for combustion purposes, direct 
ing used gasification medium and combustion gases from 
said gasification zone upwardly through said fluidization 
column to thereby transform said powdered mass into 
substantially fluidized condition in said column, main 
taining throughout said gasification Zone a substantially 
constant temperature sufficient to cause incipient fusion 
of ash of said mass, to thereby ensure complete combus 
tioi of said mass within said gasification Zone, and con 
ducting said unused gasification medium as a confined 
stream at least partly through and in indirect heat ex 
change with said layers in said fluidization column and 
in the same direction as the direction of feed of said mass 
through said fluidization column and simultaneously in 
indirect heat exchange with said used gasification medium. 
and combustion gases passing through said discrete layers 
from said gasification zone and in a direction opposite 
to the direction of feed of said mass prior to the admis 
ision of said unused medium to said gasification Zone. 
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