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[57] ABSTRACT

A pressure container forms a shaft gasifier for receiving
coarse coal in the form of a coal bed. A burner extends
through the pressure container into a chamber therein
and produces at least one primary gas jet directed
against the coal bed, thereby gasifying the coal and
generating a product gas and forming liquid slag. The
liquid slag collects in a slag bath tank having an over-
flow weir over which the collected slag flows and falls
freely toward a cooling water bath beneath the cham-
ber. A water jet nozzle directs at least one water jet
against the liquid slag as it falls freely between the weir
and the cooling water bath. This atomizes the liquid
slag, thereby cooling the slag and generating steam. At
least a part of the steam is supplied as process steam to
the coarse coal.

7 Claims, 4 Drawing Figures
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1
APPARATUS FOR :THE GASIFICATION OF COAL

This is a division of Application Ser. No. 81,083, ﬁled_
Oct. 1, 1979. :

BACKGROUND OF THE INVENTION

The present invention relates to a method and an
apparatus for the gasification of coal with oxygen or
oxygen-containing gas and water vapor and also if nec-
essary CO», and more particularly to such a method and
an apparatus in which powdered coal is gasified in at
least one burner, e.g. a cyclone burner, with oxygen or
oxygen-containing gas and steam, and also if required
added CO, -and the primary. gas thereby produced is
passed upwardly, preferably in a countercurrent flow
and under pressure through coarser coal contained in a
shaft gasifier, e.g. a bed of lumps of coal having upper
and lower free surfaces, thereby producing product gas
and forming liquid slag.

In the present connection, coal is to be taken as mean-
ing the various fuels which contain free carbon, such as
anthracite, bituminous coals, brown coal, soot, bri-
quettes, for example. Liquid or gaseous fuels may also
be used. instead of the fine or powdered fraction. A
product gas containing carbon monoxide and hydrogen
is produced by the gasification operation. Depending on

its composition in each case, a gas of this type may serve

as a fuel gas for use in fuel cells or for synthesizing
ammonia, methanol, hydrocarbons, phosgene and oxo-
alcohols, for example.

With autothermal gasiﬁcation, on which the present
invention is based, there is a combination of the gasifica-
tion of coarser coal, preferably lumps of coal under
increased pressure, preferably in the solid bed in a coun-
tercurrent direction, with the gasification of coal dust
under increased pressure in a direct current. Measures
are taken to ensure that the operation takes place in a
temperature range above the ash melting point and that

" the slag is drawn off from a shaft gasifier which has no

grid in the liquid state. The coarser coal, which is pref-
erably present as a bed of lumps of coal, thus assumes
the function of a cooling and filtering unit for the hot
primary gas supplied into the lower part of the shaft
gasifier. The process heat requirement is met by the
partial combustion of the coal dust with oxygen.

There are three known principle processes for the
autothermal gasification of coal:

1. Fluidized current gasification using finely ground
powdered coal and producing a gas having a high tem-
perature and a low proportion of methane;

2. Fluidized bed gasification using coal of medium
grain size and obtaining medium gas temperatures; and

3. Shaft gasification using lumps of coal and produc-
ing a gas of lower temperature and, unless coke is used,
a high proportion of methane. ‘

As a result of the poor heat economy of fluidized dust
gasification and the sensitivity of a shaft gasifier relative

2

coal and may be discharged therefrom via a slag outlet.
The process may be controlled in a manner known per
se by the injection of water vapor. In such process,
however, discharging of the slag creates a problem,
especially if the process is carried out under pressure.
Such method is also uneconomical, because external
heat is required for supplying the water vapor.

Improving the heat balance of a gasification method
is known per se from German DE-PS No. 2 88 588, by
quenching slag discharging at a lower part of a shaft
gasifier inside the shaft gasifier, and by granulating the
slag in a water bath. In this connection, the liquid slag is
first collected in a tank and passed therefrom into the
water bath disposed beneath the shaft gasifier. Steam
produced when the slag enters the water bath is com-

" pressed via a bypass line into the upper part of the shaft
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to fine coal, various combinations of such methods have

already been proposed. For example, a method of gas-
1fymg coal is known from German DE-PS No. 4 58 879
in which the coal is separated into lumps.and dust by
sieving. The lumps are supplled to a shaft gasxﬁer, while
the coal dust is gasified in a'burner, and the primary gas
thereby produced is conducted into the shaft gasifier for

drying and gasifying the lumps of coal. The liquid slag-

collects on an inclined base of the shaft gasifier in front

of a lower free sloping surface of a bed of the lumps of
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gasifier above the slag fusing zone. This is to prevent
the steam from reaching the lower part of the shaft
gasifier. In this method inadequate use only on the heat
content of the liquid slag is possible, since the steam
produced is not satisfactorily used as process steam.

A slag bath generator is known from Chem. Ing.
Technik, 1956, No. 1, pages 25 to 30, in which pulver-
ized fuel and a gasification agent are injected through
separate nozzles into a shaft gasifier obliquely down-
wardly and approximately tangentially at the level of a
slag overspill or overflow located at the base of the
shaft gasifier. The overflowing slag reaches a water bed
arranged beneath the base of the shaft gasifier and is
therein granulated. Steam supplied for the gasification
operation must be produced separately.

According to German DE-PS No. 10 42 817, in
which primary gas supplied by two lateral dust gasifiers
is passed through a bed of coal or coke in a shaft gas-
ifier, the coal dust must be extensively reacted with
oxygen before it meets the bed since otherwise the bed
would clog. In this method, the ash may be drawn off in
the liquid state or the dry state.

Drawing off liquid slag from shaft gasifiers which are
under pressure requires complicated equipment. This
means that none of the previously mentioned methods
are suitable for gasification under pressure. Also, with
the known methods, the considerable content of sensi-
ble and latent heat of the liquid slag is partially or com-
pletely lost.

A method of producing fuel gas mixtures from fine-
grained fuels is known from German DE-PS No. 9 08
516, wherein some of the coal is burnt in burners, pref-
erably constructed as cyclone burners, with oxygen and
steam . as gasification agents, and the primary gas
thereby produced passes through a fluidized bed con-
sisting of the remaining coal, thus resulting in chemical
reactions taking place with the coal and in cooling of
the primary gas. This method combines the relatively
high space-time yields of a direct current method in the
first stage with the efficient utilization of heat of a coun-
tercurrent method in the second stage. However, such
method may be used in paractice only if the burners
produce a dry ash, since otherwise the fluidized bed
would coalesce.

SUMMARY OF THE INVENTION

Accordingly, the object of the present invention is to
provide a method and an apparatus for the gasification
of coal which may be carried out reliably and with
greater economy, more particularly with a better utili-
zation of the heat of the liquid slag and with little pollu-
tion.
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‘According to"the present ‘invention, this ob_]ect is
achieved by collecting the llquld slag produced in the

shaft ga51ﬁer ina slag bath'and allowmg such liquid slag

to flow out'via an oversp111 weir into ‘a coolmg water
bath provided in the shaft gasifier;, by atormzmg the
liquid slag as it is freely falling between the weir and the
cooling water bath by means' of oné or more jets of
water, thereby cooling the slag and producing steam,
and by supplying ‘at least sosiie of such steam to the
coarser coal, preferably to a free lower" surface of the
bed of coal, as process steam

In this way efficient use is made of the cons1derable
heat of the liquid slag, and the steam thefeby produced
can be mixed directly with CO;—containing primary
gas supplied from the bufners before it enters’ the
coarser codl, preferably the free lower surface of the
bed of coal. In the case of coals having an ash content of
more than two to ten percent, absolutely no additional
steam is required in each case accordmg to the desired
composition of the gas. If the ash content of the coal is
20% or more, the steam generatlon during the process
according to the invention is so great that it may be no
longer economical to use all the steam 'as process steam,
and it may be desirable to tap off some of the flow of
steam and to use it elsewhere; e.g. for drying the coal or
for producing mechanical or electrical power.

The cooling water inhérent in’the overall coal han-
dling operation, the condensation water which occurs
in a subsequent product gas purification operatlon, and
also other polluted waste water which occurs in the
preceding and subsequent processes, can be used as the
jets of water for atomizing the slag As 4 result, ‘the
process accordlng to the invention is environmentally
advantageotus, sifice no waste process water needs to be
discharged and since other polluted waste water may
even be consumed.

It has proved to be advantageous for ‘an efficient
granulation and steam generatlon operat1on to maintain
the total mass flow of the jets of water equal to'two to

‘ten times as great as the mass flow of the discharging

slag. For this purpose, flow velocities of between

“twenty and 100 m/sec. are advantageous for the jets of

—
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as the )ets of water, ensures that no polluting waste

" water is prodﬁced by the-gasification procéss according

to the invention. After removal of the HCN by strip-

“ping ‘with air; thus leaving residual poliutants of HjS

and CS;, that wash water used for cleaning the product
gas of the invention may be used as the additional or
make up water. The formation of complex cyamdes

‘from the absorpotion of HCN from the product gas in

the cooling water and the subsequent ‘réaction of this
HCN with‘the slag is avoided by a relatively high sup-
ply of oxygen in the primary ‘gas and the net flow of
steam from the water bed in the direction of the over-
spill weir and in the dlrectlon of the lower free surface
of the coal bed: SRR

Before the granular slag is ﬁltered off from ‘the mix-
ture of cooling water and granular slag, the pressure on
such mixture can advantageously be reduced still fur-

ther, and the steam thereby produced may be utilized.

25

The invention is also directed toward an apparatus
for implementing the above described method. “The
apparatus consists of a pressure’ ‘container ‘Which in-
cludes the shaft gasifier for receiving the coarser coal,
preferably the bed of lumps of coal; and at least one
burner for producing primary gas jets directed onto the
coarser coal, preférably the lower free sloping surface
of the bed. A chamber is'in front of the coarser coal,
preferably in front of the lower free surface of the bed.
Inito the chamber is directed at least one burner produc-
ing'd’ jet of primiary gas directed toward the coarser
coal, preferably the lower free surface of the bed. This
chamber is limited downwardly by a slag bath tank
having an overspill weir. A ‘cooling water bath is ar-
ranged in the pressure container below thé chamber. At
least one water jet nozzle is'arranged opposite the weir.

The Tower free surface of the bed therefore-directly

“adjoins the chamber into which opens the' burner pro-

du01ng the primary gas jet. The inténsive mixing of the
water vapor produced wher the slag’is ‘atomized with

o the pnmary ‘gas may fake' ‘place-in' this' chamber. *

40

water. If the mass flows and/or the flow velocities of

the water jets can be regulated, the intensity of granula-
tion can be controlled.

‘In an advantageous development of the invention at
least one primary gas jet from the burners is directed
otito the free surface of the slag bath. In this way even
coal which is floating in the slag bath can'be complétely
gasified, and a relatively high temperature and therefore
fluidity of the slag bath can be achieved.

45
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If, in addition, the primary gas jet is directed over the

weir in a direction countercurrent to the liquid slag, the
weir may be easily maintained free of blockages caused

by floating pieées of coal or solidified slag. -

The jet of primary gas is advantageously directed and
arranged so close to the spot where the water jets im-
pinge on the dlschargmg ‘slag that the steam produced
when the slag is atomized i$ carried along with the jet of
primary gas in the direction of the coarser coal, prefera-
bly in the direction of the free lower surface of the bed
of coal. In this way the steam produced when the slag is
atomized can be supplied efficiently to the coal bed.

Drawing off the mixture ‘of cooling water and'granu-

lated slag produced in the cooling water bath from thé’

cooling water bath, filtering off the granulated slag and

If the bottom of the ‘chamber is at least partially lim-
ited by the free surface of the slag bath, the’ hquld slag
may discharge from the slag bath over the welr w1thout
interruption.

If at least’one burner producmg a Jet of primary gas is
directed onto the surface of the slag bath the oversp111
weir cannot become blocked.

According to an advantageous development of the
invention, the burners and water jet nozzles are ar-
ranged directly above or directly below the overspill
weir on a steam flow opening between the cooling
water bath and the chamber. In this way the steam
produced when the 11qu1d slag is atomized is effectively

‘carried along by the primary gas jet of the burner in the
‘direction of the free lower surface of the bed of coal.
55

It is advantageous to place the bed of coal in a con-
tainer formed by coolant lines, since this stress of the

'_'pressure container forming the shaft: gasnﬁer

60
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recirculating or returning the- thereby purified cooling -

water, if necessary with the addition of make up water,

“The free lower surface of the bed' of coal, which'is
requlred for the invention, is in the form of & bank
which is necessarily formed in'a sithple manner if the
containier forms the upper limitation of the chamber and

‘has an mwardly directed projection.

As the -primary gas jets are directed onto ‘the free

" lower surface of the bed of coal, an efficient gasification

takes place thereat, desplte the ﬁltermg ‘off of droplets
of’slag from' the primary gas flow. Thxs is further as-

sisted if at least one stirrer device;’ e.g. a water-cooled
screéw conveyor, extends into the container to displace
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the lumps of coal in the direction of the lower free
surface of the bed of coal, since such free surface is then
kept in motion and is constantly renewed.

The discharge of polluted waste water is avoided in
the device according to the invention by providing a

granular, slag filter connected after the cooling water

bath and having a cooling water outlet connected with
the water jet nozzle, if necessary with a pressure release
vessel between the cooling water bath and the granular
slag filter.

BRIEF DESCRIPTION OF THE DRAWINGS

Additional objects, features, advantages and possibili-
ties for the use of the present invention will be apparent
from the following description of an exemplary embodi-

ment, with reference to the attached drawings, wherein: .

FIG. 1is a schematic vertical section through a gasifi-
cation apparatus according to the invention;

FIG. 2 is a horizontal section along the line I—I of
FIG. 1;

FIG. 3 is a horizontal section along the line HI—1II of
FIG. 1; and ‘ . i

FIG. 4 is a schematic view illustrating the circulation
of the cooling water obtained with the method accord-
ing to the invention.

DETAILED DESCRIPTION OF THE
‘ INVENTION

A shaft gasifier is formed by a pressure container 1
having an outer layer of insulation 33. The pressure
container 1 has an upper vertical section and a laterally
bent or inclined lower section.

Lumps of coal are fed into the upper section of the
pressure container 1 via a charging valve 4 which is
purged after each cycle with an inert gas, e.g. steam,
through a line 5.

The lump coal is received within a cooling container
3 supported within the pressure container 1 and formed
by cooling water lines, and the lump coal forms therein
a coal bed 11 having a free upper surface 12. The cool-
ing water lines forming the cooling container 3 are
supplied with cooling fluid via cooling water supply
line 7, an upper ring distributor 29, down pipes 30,
which are disposed in the clearance between the cool-
ing container 3 and the pressure container 1, and lower
ring distributor 31. The cooling fluid passes upwardly
from lower ring distributor 31, through the cooling
water lines forming the cooling container 3 to an upper
header 28 and is then drawn off via a cooling water
discharge line 8.

The cooling container 3 has an inwardly directed
projection 20 in a lower portion thereof, e.g. at about
one-third the distance from the bottom thereof. Projec-
tion 20 forms the upper boundary of a chamber 21 lying
therebelow. As a result of the constriction in the cool-
ing container 3 caused by projection 20, the lower part
of the coal bed 11 necessarily and inherently will have
a free lower obliquely extending bank-like surface 13
which also partially defines the chamber 21. The lower
region, i.e. that region below the projection 29, of the
inside of the cooling container 3 is lined with a fireproof
rammed lining 32. The bottom of the coal bed 11 rests
on that portion of the lining 32 covering a slag bath tank
22 formed by the coolant lines of the lower part of the
cooling container 3. The bank forming the free lower
surface 13 of the coal bed 11 is spaced from an overspill
or overlow weir 16 formed at that end of the slag bath

' tank 22 which faces away from the coal bed 11. As may
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6
be seen particularly from FIG. 3, the weir 16 is gener-
ally V-shaped.

When the shaft gasifier is in operation the liquid slag,
formed during the gasification operation, will collect as
a slag bath 14 having a free surface extending between
the free lower surface 13 and the weir 16. The free
surface of the slag bath 14 defines the base of the cham-
ber 21, except for a steam opening 24, to be explained in
more detail below. The outer part of the chamber 21 is
defined by the rammed lining of the cooling container 3.

Directly opposite the overspill weir 16 a burner 2 is
arranged in the wall of the pressure container 1. Pow-
dered coal, oxygen or oxygen-containing gas, and if
necessary additional steam, are supplied to burner 2. A
primary gas jet 15 formed by the burner 2 is directed
obliquely downwardly in the direction of the free lower
surface 13 and the free surface of the slag bath 14. In this
way there is achieved an intensive gasification of the
coal of the lower free surface 13 and also of any of the
coal lumps which may be floating on the slag bath 14.
The weir 16 is prevented from becoming blocked, since
the primary gas jet 15 is directed counter to the direc-
tion of the slag flow flowing toward the weir 16.

The liquid slag flowing over the weir 16 forms a
downward falling stream of slag 17 in the steam opening
24. A jet of pressure water 18 issuing from a water jet
projector 23 arranged in the wall of the pressure con-
tainer 1 is directed against the free falling stream of slag
17. In this way the liquid slag is finely atomized and
cooled. At the same time steam is produced which
passes upwardly through steam opening 24 into cham-
ber 21 and which is then carried along by the jet of .
primary gas 15 as process steam through the chamber 21 -
and against and into the free lower surface 13 of the coal
bed 11 together with the primary gas. Both the primary
gas jet 15 and also the pressure water jet 18 may be
regulated in order to control and influence the course
and details of the gasification operation or to provide
suitable quantities of quenching water for the require-
ments of the process. Surplus steam can be drawn off
via a steam outlet 25.

The atomized and at least partly cooled slag drops
into a water bath 19 arranged below the slag bath tank
22 in the pressure container 1, for final granulation,
along with the non-evaporated cooling water of the
pressure water jet 18. The mixture of granulated slag
and cooling water may be discharged from water bath
19 via a discharge valve 26. A condensed water outlet
27 for discharging water vapor condensed in the pres-
sure container 1 during operation is located in the pres-
sure container 1 at the lowest point thereof adjacent to
the discharge valve 26.

The lumps of coal from the bed 11 are supplied in the
direction of the free lower surface 13 by two obliquely
downwardly extending stirrer devices 9 and 10 having
conveyer screws and through which coolant also flows.
At the upper part of the pressure container 1 there is a
similarly cooled gas outlet 6 for the product gas of the
gasification operation of the invention. The coolant
lines of the gas outlet 6 may be supplied separately, but
they may also be connected with the cooling water lines
of the cooling container 3.

As shown in FIG. 4, the mixture of granular slag and
cooling water passes via the discharge valve 26 to a
pressure release vessel 34 having a steam outlet 35, and
then to a granular slag filter 36. The granular slag mate-
rial is discharged via a granular material discharge 38.
The cooling water is discharged through outlet 37 and
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is led back via a pump 40 and a return line 41 to the
water jet nozzle 23. An additional water line 39 up-
stream of the pump 40 may discharge into the junction
between cooling water outlet 37 and return line 41 for
the supply of additional water.

The method of the invention allows the gasification
of those types of coals which contain a relatively high
proportion of fine grains. The heat economy of the
method of the invention is particularly favorable, since
even the heat contained in the liquid slag is used for the
process. The slag is atomized when it is in the fluid state
and therefore there are formed small granules of slag
which are easy to discharge and to further treat. The
method of gasification according to the invention pro-
duces no environment polluting waste water and in
addition is able to use other extraneous waste water.
During the method according to the invention both
CHjy-poor synthesis gas for the chemical industry and
CHg-rich gas to be used as pipeline gas for hydrocarbon
synthesis may be manufactured in one and the same
reactor. The gasification of the coal bed 11 without
clogging and the use of the quenching steam are partic-
ular advantages of the method according to the inven-
tion.

The method may be carried out at a high gas outlet
temperature of for example 1050° C. The product gas
would then have a very low proportion of methane. A
pressure of 35 bar abs., for example, would prevail in
the pressure container 1. Steam at 40 bar abs. would be
produced in the coolant pipes of the container, and most
of this steam could be used for purification of the gas.
Any surplus steam could be discharged to an oxygen
plant or used for producing electrical power.

Advantageously, the burner 2 is the type of reaction
apparatus with which not only do coal dust, oxygen and
if necessary steam or CO3 undergo a thorough mixing
and chemical reaction but also with which a prelimi-
nary separation of the liquid drops of slag takes place.
Cyclone burners of known configuration are particu-
larly well suited for this purpose. The primary gas jet
which enters the chamber 21 from the burners 2 is
therefore largely free of liquid drops of slag. The sepa-
ration of the remaining very fine drops of slag takes
place when they pass through the coal bed 11 at the
lower free surface 13 which is constantly renewed and
therefore does not become blocked. The primary gas
contains CO;. Before penetrating into the layer of the
coal bed, the primary gas is mixed with steam. CO; and
H>O react with the carbon of the coal bed 11 according
to the following equations:

C+H;0=CO+H;

C4+COx=2 CO.

Since both reactions are endothermic, the primary
gas is rapidly cooled. The product gas outlet tempera-
ture may be adjusted by adjusting the height of the coal
bed 11. The product gas temperature will be between
300 and 1200° C., depending in all cases on the height of
the coal bed.

The proportion of methane of the product gas is
determined not only by the properties of the coal, but
also by the temperature and residence time of the gas in
the chamber above the coal bed 11. If, for example, for
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a chemical synthesis a gas with a low proportion of 65

methane is desired, then at a temperature between 950
and 1200° C., the residence time is between three and
ten seconds. A methane-rich gas is produced at 250 to

8

800° C. and with a residence time of between zero and
five seconds.

The bed 11 consisting of lumps of coal must not only
be of a specific height but must also allow the penetra-
tion of the primary gas and the decomposition products
which are produced from the lump coal during the
gasification operation. Such penetration or through-
flow is guaranteed if the average grain size of a lump
coal is 10 mm and the smallest grain size is not below 5
mm. The largest pieces of coal should be no greater
than 100 mm. In order to avoid problems when charg-
ing it is advantageous to limit the size of the pieces of
coal to 50 mm.

Although the invention has been described and illus-
trated with respect to preferred features thereof, it is to
be understood that various modifications may be made
thereto without departing from the scope of the inven-
tion.

What I claim is:

1. An apparatus for the gasification of coal with oxy-
gen or oxygen-containing gas and water vapor, and also
if required COy, said apparatus comprising:

a pressure container forming a shaft gasifier having an
upper coal inlet means for forming a coal bed hav-
ing a free upper surface and an obliquely extending
bottom surface;

said pressure container having therein a chamber
having a side portion thereof defined by said bot-
tom free surface of said coal bed;

at least one burner means, extending through said
pressure container and into said chamber, for pro-
ducing at least one primary gas jet and for directing
said primary gas jet toward said coal bed in a direc-
tion opposite to a direction of flow of an upper free
surace of a slag bath, thereby gasifying said coal
and generating a product gas and forming liquid
slag;

a slag bath tank means for collecting said liquid slag
adjacent said bottom free surface of said coal bed,
said upper free surface of said slag bath which is
collected in said slag bath tank means partially
defining the bottom of said chamber;

a cooling water bath positioned beneath said cham-
ber;

said slag bath tank means having an overflow weir
located below said burner means over which said
liquid slag flows and falls freely toward said cool-
ing water bath; and

water jet nozzles at a position located below said weir
for directing at least one water jet against said
liquid slag as it falls freely between said weir and
said cooling water bath and for atomizing said
liquid slag, thereby cooling said slag and generat-
ing steam, at least part of which is supplied as pro-
cess steam to said coarse coal via a steam outlet
means located above said cooling water bath and
between said weir and the other side portion of said
chamber.

2. An apparatus as claimed in claim 1, wherein said
bed is held in a cooling container formed by a plurality
of coolant lines. )

3. An apparatus as claimed in claim 2, wherein said
cooling container includes an inwardly directed projec-
tion which defines the upper boundary of said chamber.

4. An apparatus as claimed in claim 2, further com-
prising at least one stirring device means extending into
said cooling container for displacing said coarse coal in
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the direction Of said bottom free sur face of said coal prising a pressure release vessel positioned between said

bed. -
5. An apparatus as clalmed in claim 1, further ¢om- coolmg water bath and sald granular slag filter.

prising a granular slag filter connected to said cooling . 1 An apparatus as claimed in claim 1 wherein said
water bath and having a cooling water outlet connected 5
to said water jet nozzles. ‘

‘overflow weir is gencrally V-shaped and c¢ooled.
6. An apparatus as-claimed in clalm 5, further- pomy ' - S
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