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1

The present invention relates to a process for
the gasification of fine grained carbonaceous sub-
stances and also relates to apparatus for carrying
out the said gasification. The special features of
the process and apparatus according to the in-
vention will be hereinafter set forth.

In $he well known processes for gasifying fine
grained carbonacecus substances, such as fine
coal, small colre, sawdust, coal slime, ete., usualily
called dust gasification, the efficiency at a definite
capacity of the reactor employed is considerably
lower than in the gasification of coarse grained
material under comparable circumstances in 2
resctor of the sams capacity, where capacity
means the number of cubic meters of CO and Ha
per cubic meter of reactor volume. This un-
favorable result is obtained despite the fact that
the rate of gasification is proportional to the gtr-
face ares of the particles which are gasified, and
is chiefly due to the fact that in dust gasification
n accordance with prior methods, the reactions
of gasification angd the mechanism of gasification
1 g fixed gasification bed are not sufficientiy
ascounted for, because the dust gasification is in-
correctly founded on the principles of the gasi-
fecation of coarse grained material in shaft pro-

1 If the dust gasification is performed in
raance with the counterflow prineiple usually
employed in shaft producers, the rate of gasifica-
ticn ab high temperatures is so high that the
average speed of the gas becomes considerably
righer than the speed of fall of the small par-
icies. On this account the counterflow principle
can nob be applied without difficulty to dust gasi-
cabion, which circumstance has given rise to
thods where the dust gasification is performed
1 & floating bed in accordance with the confiow
principle  (Wintershall-Schmaifeldt), and $o
methods founded on a combination of this prin-

i the - crossflow principle (Koppers,
inkler). Working with the crossflow principle

ot

SR

=X

0

me

™ r;
[}
ot

T

0

i
1

T
L

/

presents the advantage that a high dust coneen-
i 1 and g fine transmission of heat can be at-
tained, bus the thermal efficiency obtained is low,
because the produced gases leave the reactor at

almost the same high temperature which pre-
vails in the gasification, whereas, besides, many
solid particles are carried along by the gas mix-
5 in connection herewith it has been sug-
rested to conneet behind the gasifying reacior a
second chamber, usually called the secondary
vroducer, in which the gasification of the par-
sicles which were carried along takes place. In
the so-called Winkler process this secondary gasi-
fication is performed after adding oxygen to the
gas mixture, with the drawback, however, that
the temperature of the gas mixture becomes still
higher than the temperature of gasification. Ac-
cording to the so-called Koppers process an im-
provement is effected by establishing a number of
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boiling beds, one on top of the other, causing the
reactor to resemble a plate column such as em-~
ployed in distillation, so that the dust gasification
is performed in more or less uniform reaction
spaces fitted on top of each other, behind which
reactor a secondary producer is placed for the
burpose of gasifying the particles which were
carried along,

The well known methods of dust gasification
are characterized by the utilization of such a
second producer, in which the gasification takes
place at a much lower dust concentration than
Prevails in the first reactor, as a result whereof,
however, the capacity of the gasification is low.

Now it was found that favorable results are ob-
tained in the gasification of fine grained carbon-
aceous material in two reactors connected in
series, if the volume of the reaction sbace in one
reactor (the big reactor) is a multiple of the vol-
ume of the reaction space in the other reactor
(the small reactor), and if the gasification in the
small reactor takes place by applying the cross-
flow principle, at & high temperature and with a
high capacity, but with a low efficiency, and the
gasification in the big reactor takes place at an
artificially increased concentration of the par-
ticles to be gasified, at g lower average temper-
ature, with a lower capacity and with a higher
efficiency than in the smali reactor.

When comparing the process according to the
invention with the gasification of coarse grained
fuel in a shaft producer which works according
to the counterflow brineiple, it can be pointed
out that at the bottom of such a shaft producer
a zone of high temperature angd high capacity,
which is short in proportion to the remaining pars
of the shaft, is maintained, on the one hand be-
cause of the supply of fuel which is breheated up
to gasification temperature, and on the other
hand because of the high temperature and ths
high oxygen content of the gasifying medium.
This zone of high temperature and high eoncen-
tration is short, because as a result of the endo-
thermic character of the gasifying reaction, the
temperature falls rapidly at first and more slowly
thereafter, due to the decrease of the rate of re-
action of the gasification as a result of the lower
temperature and the decrease in concentration of
the active components of the gasifying medium.
In this way the short zone of high temperature
and high capacity is followed by a much longer
zZone of lower temperature snd lower capacity.
The longer the latter zone, the higher the efi-
clency of the producer. )

In the process according to the invention two
zZones may be mentioned by way of comparison,
the small reactor corresponding to the afore-
mentioned short zone of high temperature and
high concentration, whereas the big reactor cor-
responds to the longer zone of lower temperature
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and lower capacity. Further, the process accord-
ing to the invention effects a high efficiency cor-
responding to that of the above-mentioned shaft
producer for coarse grained material.

In the small reactor in accordance with the
invention it is necessary for the purpose of main-
taining a high temperature that the time of stay
of the reacting gases be small in proportion to the
total time of contact, which is simply effected he-

cause the volume of this reactor is smaller than i

of the big reactor. In order to obiain a fine con-
tact between the particles to be gasified and the
gasifying medium, and a long time of stay of the
particles to be gasified, the crossiow prineiple is
utilized in the big reactor.

By maintaining a high temperature in the
small reactor, the following advantages are ch-
tained:

" i, The ash parts of the particles can be drained
off .as molten slag, which presents a special ad-

_vantage in dust gasification, among other things

because in this way the percentage of fly ash of
the produced gas mixture can he kept very low.
The drain of the molten slag can, if required, also

_be effected from the big reactor;

2. Because of the relatively small size of the
small reactor, the same can quite readily be con-

_ structed to withstand high temperatures;

3. Because of the high temperature the propor-

tion hetween the quantity of Oz and the guantity

of H320 and/or COz in the gasifying medium can
he adjusted to such a value, preferably a propor-
tion ranging from 1:08-1:15, that a gas mixture
is produced having a Very slight quantity of bal-
last of COz and He0.

The reguirements of 2 ‘high- temperature, a
short time of stay, the cross-flow principle, molten
slag and of 2 relatively small reactor can be ful-

. filled by utilizing a cyclone as the small reactonr

By operating the process in accordance with the
invention with a cyclone as the small reactor very
fine results are cbtained.

In the big reactor, which is utilized in the proc-
ess of the invention, the components, which ach
as gasifying agents and are siill present in the
gas mixture issuing from the small reactor, react
with the unconverted parts of the material to he

. gé,siﬁed_at a lower temperature than that which

prevails.in the small reactor. On account of this
the time of stay of the gas in this big reactor

_rmust. be longer, in order to permit a sufiicient

contact between the gasifying medium and the
particles to be gasified. This contact is further-
more promoted by artificialiy increasing the con-
centration of the particles, which can be done
e. g. by applying one or more of the well known
hoiling bed systems as applied in the first reactor
in some of the prior methods, e. g. of Koppers,
or by applying a system as described in .The
Netherlands patent application No. 139,260, where
the gasification of the bigger particles takes place
in accordance with the counterflow principle and
the smaller particles which are not gasified are
carried along out of the reactor, and when sepa-
rated from the gas mixture can be fed to the
small reactor.

The separation of solid particles from the re-
action mixture leaving the big reactor is of par-

“ticular interest when carrying out the process

according to the invention in such a manner that
the initial material to be gasified is first intro-
duced into the big reactor, and the particles not
gasified therein are separated from the gases ad-
vantageously by means of a cyclone, and are fed
to the small reactor.

40

4d

60

70

4

Moreover ' the big reactor may be arranged,

for the purpose of increasing the concentration
‘'of the particles, in the manner described in

Netherlands patent. application No. 137,741, by

which a favorable effect can be obtained in a

simpler way than in the above mentioned system
according to Koppers. In such casea special agd-
vantage can be obtained at the same time if coke
is utilized as filling material, because the surface
of carbon in the reaction is then increased, beside

_other advantages, like avoiding losses by wear

and tear, since the refractoriness of the filling
material does not present any problem.

Besides, when constructing the big reactor in
compliance with the system, described in the
above mentioned Netherlands patent applica-
tion No. 137,741, it is possible to utilize ores as
filling material, and thereby to work this reactor
as a blast furnace, in which case, moreover, no
layers of coke or of other fuel need be established.
in this way a blast furnace of high capacity can
be attained at low fuel cost.

The latter system also presents the advantage
that the crossflow principle is combined with the

5 conflow principle, acecording to which in the big

reactor several zones can be distinguished, where
the conditions of reaction, such as the tempera-
ture, are different. This fact can be availed of
by introducing water vapor and/or COz and/or
hydrocarbons intc this reactor in one or more
places. Catalysts can also be provided inside the
reactor for the conversion of CO with water
vapor, as well as catalysts for the formation of
CH4, whereby the composition of the produced
gas mixture can be regulated.

This regulation of the composition oi the pro-
duced gas mixture can also take place, if other
systems are applied when fitting the big producer.
Resides, the composition can be influenced by
adding to the mixture coming from the small
reactor the carbonaceous substances to be gasified
and/or gasifying agents, such as flue gases and/or
gases - which contain oxygen. Waler vapor
and/or carbonic acid and/or hydrocarbons can
also be added to the same. Besides, the com-~
position of the gas mixture can be regulated by
connecting two or more small reactors, preferably
cyclones, in parallel and by connecting them with
one big reactor.

When working with a molten slag drain, the
produced gas mixture can be wholly freed by a
cyclone of the fly ash which may still be present
therein, which fiy ash, when containing uncon-
verted carbonaceous material, can be returned to
the small reactor, if required.

The draining of the molten siag can be effected
from the small reactor as well as f{rom the big
reactor, or from both reactors. When draining
molten slag from the big reactor, the tempera-
ture at. the bottom of this reacior should be
higher than the temperature at which the slag
becomes molten. In-this way the advantage is
obtained, that the slag drops which are carried

. along -by-the gas mixture serve to fix a portion

of the particles to.be gasified to the filling at the
bottom part of the reactor. This effect can be
enhanced by introducing oxygen or gases which
contain free oxygen at the bottom of the reactor,
or by adding the same to:the mixture coming
from the small reactor, whereby the so-fixed car-
bon is burned, maintaining the femperature above
the melting point of the slag, so that the slag
may remain molten . and drip oif.

The process-according to the invention can be
performed in an eficient. manner by utilizing in
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the usual way the heat which is present in the
produced gas mixture, preferably for the purpose
of preheating the material to be gasified. This
exchange of heat can also take place by means
of a boiling bed and/or a column of filling bodies.

When using a cyclone as the small reactor the
preheating of the material which is advanta-
geously fed into the said cyclone by means of a
feed cyclone can be effected in such manner that
the material is heated in the feed cyclone to
about the reaction temperature, by feeding into
the feed cyclone a fuel, preferably gaseous, and
burning the fuel therein with oxygen or a gas
containing oxygen.

The process according to the invention may be
performed for example in the manner indicated
and illustrated by the diagram of the annexed
drawing. According to this drawing the gasify-
ing agents are introduced at 2 into the small
reactor {, which has the form of a cyclone, where-
as by means of a small feed cyclone 3 with an
inlet opening 4 the material to be gasified is in-
troduced inio the reactor together with an auxil-
iary gas. In the big reacfor § a column with
filling bodies § is provided, and on the top there-
of a boiling bed 7 is maintained. In this reactor
the material to be gasified is supplied at 8 and/or
8, whereas gases which contain oxygen are in-
troduced at {8 and water vapor at 1I and 2.
The molten siag is drained off at {3, whereas the
heavier particles leave the reactor at {4, and at
15 leave the gas mixture and the lighter particles.
The lighter particles are separated in the cyclone
{8 from the gas which leaves at 11, and are re-
turned into the feed cyclone at 4 together with
the heavier particles.

{claim:

i. A closed circuit process for completely gasi-
fying fine grained carbonaceous material com-
prising the steps of passing said material through
2 first reaction zone by means of & turbulent cur-
rent of free-oxygen containing gas, the oxygen
content of which is insufficient for complete com-
bustion of the carbonaceous material, partially
burning said material in said first reaction zone
at a temperature above the melting point of the
ash constituents, passing the gaseous combustion
products entraining unburned material upwardly
through & second reaction zone larger than said
first reaction zone, introducing additional oxidiz-
ing gas selecied from. the group consisting of
free-oxygen containing gas, steam, carbon di-
oxide and mixtures thereof into the second re-
action zone at a rate that yields, at the tem-
peratures and reaction conditions in said zone,
a product gas comprising carbon monoxide and
hydrogen as its major constituents, increasing the
solids concentration in said second reaction zone
to a fluidized bed and further gasifying said
material therein at a temperature lower than
that prevailing in said first reaction zone, re-
moving moiten slag from the stream of solids
and gases before the temperature of said stream
is reduced below the meiting point of the slag,
separating ungasified solids from the gas at the
upper end of said second reaction zone, and re-
turning the separated solids to said first reaction
zone.

2. A process as defined in claim 1, wherein said
carbonaceous material is introduced initially into
the lower part of said second reaction zone.

3. A closed circuit process for completely gasi-
fying fine grained carbonaceous material com-
prising the steps of passing said material through
& cylonic current of free-oxygen confaining gas,
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the oxygen content of which is insufficient for
complete combustion of the carbonaceous ma-
terial, partially burning said material in said
cyclonic current at a temperature above the melt-
ing point of the ash constituents, passing the
gaseous combustion products entraining un-
burhed material upwardly through a second re-
action zone larger than said cyclonic current,
introducing additional oxidizing gas selected from
the group consisting of free-oxygen containing
gas, steam, carbon dioxide and mixtures thereof
into the second reaction zone at a rate that yields,
at the temperatures and reaction conditicns in
said zone, a product gas comprising earbon mon-
oxide and hydrogen as its major constituents,
inecreasing the solids concentration in said second
reaction zone to a Auidized bed and further gasi-
fying said material therein at a temperature lower
than that prevailing in said cyclonic current,
removing molten slag from the stream of solids
and gases before the temperature of said stream
is reduced below the melting point of the slag,
separating ungasified solids from the gas at the
upper end of said second reaction zone, and
returning the separated solids to said cyclonic
current.

4. A process as defined in claim 3, wherein
said corbonaceous material is introduced ini-
tially into the lower part of said second reaction
zonhe.

5. A process as defined in claim 3, wherein the
solids are concentrated in said second reaction
zone by a column of filling bodies therein.

6. A process as defined in claim 3, wherein the
solids are concenfrated in said second reaction
zone by a column of coke therein.

7. A closed circuit apparatus for the manufac-
ture of gas mixtures by gasifying fine grained
carbonaceous material comprising a cyclone,
means for introducing fine grained carboneocus
solids into said cyclone, means for introduc-
ing free-oxygen containing gas into said cyclone
to partially burn said material at high temper-
ature, a reaction chamber exceeding in volume
said cyclone, means for conducting the stream
of solids and gases issuing from said cyclone to
the lower part of said reaction chamber, means
for introducing additional oxidizing gas into said
reaction chamber to yield a product gas compris-
ing carbon monoxide and hydrogen as its major
constituents, means in said reaction chamber for
increasing the solids concentration therein to a
fluidized bed, means for removing molten slag
from said stream of solids and gases prior to its
concentration to said fluidized bed, means for
separating ungasified solids from the gas emerg-
ing from the upper part of said reaction chamber,
and means independent of said reaction chamber
for returning the solids so separated to said cy-
clone.
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