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Process and Apparatns for the Gasification of Fine-Grained
Carbenaceous Substances

We, D DIRECTIE VAN DE STAATSMITNESN
v Lzwsrre, handelend voor en nameans
de Staat der Nederlanden, of 2, van der
Maesenstraat, Heerlen, The Netherlands,

9 do hereby declare the nature of this inven.
tion and in what manner the same is to be
verformed, {o be particularly described
and aseertained in and by the following
statement :-—

10 The present invention relates to process
and installation for the gasification of
fine-grained carhonaceous substances. .

In the well-known processes for gasify-
ing fine-grained carbonaceous substances,

15 such as fine coal, small coke, sawdust, and
coal slime, usvally called “dust-gasifica-
tion ”’, the yield of gases at a definife
capacity of the reactor employed is con-
sicﬁrably lower than in the case of the

20 gasification of coarse-grained material
under comparable conditions in a resctor
of the samg capacity, where capacity
means the number of cubic metres of car.
bon monoxide and hydrogen produced per

25 hour per cubic metre of the reaction space.
This unfavourable result is obtained des-
pite the fact that the rate of gasification
is proportional fo the surface area of the
particles which are gasified and is chiefly

80 due to the fact that in prior processes of
dust gasification the conditions have not
been realised which enable the same prin-
ciples to operate a5 are in operation when
coarse-grained fuel is gasified.

86 The eonditions realised in the case of
the gasification of coarse-grained fuel are
obtained by providing a comparatively
small reaction zone at a high temperature
in which the exothermic reactions takes

40 place and above this zone or hetween it and
the ouilet for the gases, g much larger
and cooler zone in whieh the endothermic
reactions occur, The starting material is
then introduced in the larger and cooler

48 zong in counter-current with the gases
produced which pass through this larger
zone and out of the producer, the ash
heing diseharged preferably in the form

[Prm‘*iﬁ

of a liguid slag from the bottom of the

producer. However, if the dusi-gasifica- 50
tion is carzied out on the counterfiow-

DPrinciple usually observed in shaft pro-

ducers with coarse-grained fuel the rate

of gasification at ligh temperatures is so

high that the average speed of the gas 55
becomes considerably higher than the

speed of fall of the smali particles., Con-

sequently the counterflow-principle ean

hardly be applied without abjections in the

case of dust-gasification, which has con- 60
sequently heen carried out on the conenr-
rent prineiple with o floating bed {see. for
instance, B.1.0.8, final report No. 1142,
item No, 3, The Wintershall-Schmaifeld:
Process, Figure' 2), and to methods
founded cn & combination of this coneur
rent pringiple with a reaction under
whirling conditions (see the Koppers pro-
cess—Gras Journal 251 (1947), p. 617,
angd the Winkler process in B.1.0.S. final
report 333, item ﬁo.'Bﬂﬁ. The use of whirl-
ing conditiong has the advantage that a
high dust-concentration and a fine trans
mission of heat can be aecomplished, hut
the thermal efficiency obtained i low,
because the gases produced leave the resc.
tor at almost the same high temperature
as that oblained at the gasification. and
many solid particles are carried along by
the gas mixture. In this connection it has
been suggested o conneet behind the gasi-
ying reactor a second chamber, usually
called the secondary producer, in which
the gasification of the particles which
were carried along takes place. Tn the so-
called Winkler-process thig secondary
gasification is performed after adding
oxygen to the gas mixture, with the draw.
back, however, that the temperature of the
gag-mixture becomes still higher than the
temperature of gasification. ~According io
the so-called Koppers-process an improve.
ment is eained by establishing a number
of “boiling heds’ one on top of the other,
causing the reactor to resemble g plate- 95
column usually employed in distillations,
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so that the dust-gasification is operated in
more or less uniform reaction spaces fitted

on top of each other, behind whieh reae-
tor a seecondary producer is placed for the

b purpose of gasifying the particles which

© are earried along, _

The well-known methods of dust-gasi-
fication are characterised by the employ-
ment of gueh a second producer, in which

10 the gasification takes place at a mueh

lower dust coneentration than that which
is present in the first reactor, as a result
of which the capacity of the gasification
is low.

15 Now it has been found that favourable
results are obiained with the gasification
of fine-grained carbonuceous mmterial in
iwo reactors connected in series, hy the
process sccording to the invention,

20 according to which the volume of the reac-
tion space in one reactor (the large reac-
tor) is a multiple of the volume of the
reaction space in the other reactor (the
small reactor) and the gasifieaiion in the

28 small reactor is carried out under whirl-
ing conlitions so that mainly the exo-
thermic combustion reactions take place
therein at a temperature ahove the melt-
ing temperature of the ash constituents

30 ang the contents of the small reactor after
separaling from the liquid slag are passed
into the large reacter, in which mainly

" the endethermic gas reariions oreur with
an artificially increased concentration of

35 the particles fo be gasified and a lower

temperature than the temperature in the

small reactor, o

It will thus he seen that in the process
according fo the jnvention the conditions

40 obtaining in the gasification of cogrse-
grained fuel in a shaft-preducer working
according to the counterow prineiple, are
realised for it will be observed that at the
bottom of such a shaft-producer a zons of

45 high temperature and of a high capaciiy,
which is short in proportion to the remain-
ing part of the shaft, is being maintained.
This is due to the imcoming supply of
fuel which has to preheated up to the gasi-

50 fication temperature by the gases ronling
from the bhottom of the shaft and the high

. temperature and the high oxygen percent-
age required in the gasifving medinm,
That this goune of high temperature and

65 high conceniration is but short is becunse
ag o resalt of the endothermic charucter

of the gasifying reaction the temperaturs
falis rapidly at first and more slowly ufter:
wards, dune to the deerease of the rate of

60 reaetion of the gasification ay a result pf
the lower temperature and the decrease of
the concentration of the active components

of the gasifying medium. In this way
the shortzone high temperature and high
.85 capacity Is followed by &« much longer

z01e of lower temperature and Iower capa-
city, The longer the latter zone, the
higher the efficiency of the producer,

In the process aceurding to the present
invention the two reactors can be come
pared with the two reaction zones vespec-
tively which occur in a shaft-producer for
coursagrained fuel. Tn the small reaetor
according to the invention a reaction zone
is maintained whiel can be compared with
the small high temperature zone of the
shaft-producer and in the larger reactor of
the invention a reaction zome is main-
tained which can he eompare] with the
larper and cooler zone of the shaft-pro-
dacer for coarse-grained material witl ihe
advantages of the shaft-producer. Fur-
thermaore, the use of two reactors ennbies
several modifications to be made in {he
process according to the invention, for
example, In the manner of introduction of
the gasifying medium and the starting
material,

In the small reactor in sccordance with
the invention it is necessary for the pur-
pose of mainteining a high temperature
that the time of stay of the reacting gases
be small in proportion to the total {ime of
conta-t, which eau be obtained in a simple
way hevause the volume of this reastor is
sulalley than of the large renctor, Tn crder
to ntain a fine eonfact between the pare
ticles to e gasified and the gasifying
nedium  and a long #me of stay of the
partieles 1o be gasifled, the whirling prin.
ciple is made use of in this reactor,

By maintaining s high temperature in
the small reactor the following advantages
are obiained : —

1. The ash paris of the particles can be
drained off as molten slig which presenis
a special interest at the dust-gasification,
Le., because in this way the percentage
of flx ash of the produced gas misture can
ke kept very low. The drain of the molten
slag can, if requived, alse he effected From
the big reactor;

2. Because of ihe relatively small
dimensions of the reactor the same can be
consiructed in a simple way for high tem.
peratures;

3. Because of the high temperature the
propartion hetween the guantity of 0, and
the guantity of H,O andjor CO, in the
gusifying medium ean be adjusted at such
a value, preferably a proportion nf 1:0.9
1.5, that a gas-mixture iz produced
having a very slight quantity of ballast of
0, and H,O,

The requirements of a high tempera-

ture, a short time of stay, the whirling.

principle, molten slag and 5 relatively
small reactor can be complied with by
employing a vortex chamber or preferably
a cyelone as the small reactor; by operat-
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ing the process in accordance with the
inventinn with a cyclone as the small
reactor notably fine results are obtained.

In the large reactor, which is also

% employed in the process in accordance
with the inveniion, the cpmpanents,
wlich act as gasifying agents and are still
present in the gas-mixfure coming from
the small reactor, react with the parts of

1 the material to. be gnsified which are not

" yet completely converted, and at a lower
temperaturg than that which prevails in
the small reactor, For this reasop the
time of stay of the gas in this large

15 reactor has to be longer in order to ensure
a suflicient contact between the gasifying
medium and the particles to be gasified.

This contaet is furthermore promoted
by increasing artificially the concentra-

20 tiom of the particles, which can be done,
e.g., by using one or more of the well-
known “‘beiling bed’’ systems as used in
the first reactor in some of the well-known
methods, e.g., of Koppers, or hy using a

25 system as described in the British Patent
Application No. 617249 (Serinl No.
(669,506), where the gasification of the
bigger particles takes place in accordance
with the counterfliow-principle and the

80 smaller particles, insofar as they are not
gasified are earried along out of the reac-
tor and after separating from the gas
mixture ean be fed to the small reactor.

The separation of solid particles from

85 the reaction mixture leaving the large
© reactor is of particular interest when
carrying out the process aceording to the
invention in suech a manner that the
initial material to be gasified is first intro-
duced info the large reactor, and the par-
ticles not gasified therein, are separated
from the gases, advantagecusly by means
of a eyclone, and are fod to the small reac-
tor.

40 | Moreover the large reactor may be

arranged, for the purpose of increasing the
cotncentration of the particles, in the way
as deseribed in the British Patent Appli-
cation No, 3343148, by which o favour-
able effect can be obiained in a simpler
way than in the above-mentioned system

according to Koppers. Tun that case a

special advantage can be obtained a the
same time if coke is applied as flling-

65 material, becatse the surface of carhon in
the reactor is then increased, beside other
advantages, sueh as avoiding losses by
wear and tear, while the refractoriness of
the filling material does mot present any

60 problem.

A further advantage can be obtained by
introducing water wvapour and for CO,
and/or hydrocarbons into this reactor in
one or more places Catalysts ean be

65 provided inside the reactor for the conver

40

60

gion of CO with water vapour, as well as
catalysis for the formation of UH,, so the
eomposifion of the produced gas-mixiure
o3m, be Tegulated.

The composition of the gas produced 70
may also be influenced by adding to the
mixiure coming from the small reactor the
carbonaceous substances to be gasified
and [or gasifying agents, such as flue gases
and for gases which contain oxygen. 75
Water vapour andjor carbonic ~acid
and jor hydrocarbons can also he added to
the same.  Besides, the composition of
the gas-mixture can be regulated by con-
necting two or more small reaetors, pre- 80
ferably cyclones, in parallel and by coxn-
necting them with one large reactor,

‘When working with a molien slag-
drain, the produced gas-mixture can be
wholly freed by a cyclone of the fly ash 85
which can. still be present therein, which
fly ash, when confaining stil] ungasified
parts, can be returned to the small reactor,
if required.

The draining ‘of the molten slag can be 8¢
effected from ﬁ;e small reactor as well as
from the large reactor or from hoth reac-
tors, When draining molten slags from
the large reactor, the temperature at the
bottom of this reacior should be higher 95
than the temperature at which the slag
heeomes molten.

The method actording fo the invention
can be performéd in an effcient manner
by utilising in the usual way the heat 100,
which is present in the produced gas-mix-
ture, preferably for the purpose of pre-
heating the material to be gasified. This
exchange of heai can also take place by
means of a “boiling bed” andfor a 105
column with flling-hodies, When using
a cyclone as the small reactor the preheat.
ing of the material which is = advan.
tageously fed into the said cyclone by
means of a feed-cyclone, can be effected 110
in such a manner that the said material is
heated in the feed cyclome to about the
reaction femperdture hy leading into the
feed cyclone u fuel, preferably gaseous,
and burning the. same therein with oxy-
gen or 2 gas containing oxygen.

The method according to the invention
may be performed in the way indicated
ang illustrated by way of example in the
diagram on the anmexed drawing, aceord-
ing to which oxygen or a gas containing
fres oxygen, such as air, or air enriched
1n oxygen is introduced at 2 into the small

11§

120

.reactor 1, which has the form of a eyclone

whereas by means of a small feed-eyclone 125
3 with an inlet-opening 4 the material to
be gasified is introduced into the reactor.
In the large reactor 5 there is a column
with filling-bodies 6 on the top of which
iz a “‘boiling bed” 7. In this reactor the 130



4 GO0, 214

fine grained carbonaceous substances to be
gasified is supplied at 8 and/or 9, whereas
gases which contain oxywen are infro-
duced at 10 and woter vapour at 11 and
§12.  The molien slag is drained off at 13,
whereas. the heavier particles leave the
reactor at 14, and at 15 the gasg-mixture
and the lighter particles, which are sepa-
rated in the cyeclone 168 from the gas

10 which lsaves at 17 and are returned into
the feed-cyelone at 4 together with the -

heavier particles,
Having now particularly deseribed and
ascertained the nature of our said inven-
1% tion and in what manner the same is fo
be performed, we declare that what we
claim is:—
1, A process for the manufacture of
gad-mixtures by gasifying fine-grained
20 carbonaceous material in two reactors con.
neeted in series, characterised in that the
volume of the reaction-space in one reac-
tor (the large reactor) is 'a multiple of the
volume of the reaction-space in the other
25 reactor (the small reacfor} and thai the
gasification is carried out in the small
reactor under whirling eondjtions so that
mainly the exothermic combustion reac-
tions take place therein at a temperature
30 above the weliing température of the ash

-constituents and the contents of the small

reactor after separating from the liquid
slag are Dassed info the large reactor in
which mainly the endothermic zas reac-

35 tions oecur with an artificially increased

comcentration of the particles to be gasi-
fied and a lower femperaturs than the
temperature in the small reacior, ‘
2. A process in accordance with Claim
40 1, characterised in that the concentration
of the particles to be gasified in the large
reactor is artificially increased by employ-
ing a column containing filling-hodies
and/or a “beiling bed™ system._ .
3. A proeess in accordance with Claim
2, characterised in that ores are employed
as filling-bodies and the metal obtained
therefrom is discharged.
4. A proeess in aceardance with Claim
Bl 2, characterised in that a columm of coke
is used as the column with filling-bodies,
5. A process in aecordance with any
one of the preceding (laims 1—4, eharac-
terised in that a cyelone iz emploved as
55 the small reactor.

A Process in accordance with any
one of the preceding Claims 1—4, charae-
terised in thai a continucus gperation the
starting material to be gasified iz first

45

introduced into the large reactor and the 60
solids not gasified therein are seporaied
trom the gas produeed and are passed into
the small reactor and subsequenily the
contents of the small reactor after sepa-

‘ration of the molten slag are fed to the 68

large reactor.

7. A process in accordance with any
one of the preceding Claims 5 and 6,
characterised in that a feed-cyclome is

‘used for introducing the material into the 70

cyclone used as the small reactor, and
the material is preheated in the said feed-
cyclone to about the reaction temperature
by leading therein a fuel, preferably
gasecus, and burning the same therein T8
with oxygen or a gas containing axygen.

8. A preeess in accordance with one
of Claims 1 to 7, charaeterised by the
featurs that two or more small reaciors
connected ie parallel are connected to one
joint big reactor,

9. An installation for earrying out fhe
process elelmed in Claim 1, consisting of
two reactors connected in series, charae-

* terised by the feature that a cvclone which 89

is n radially symmetrieal apparatns with
a ftangential inlet is conmected in series
with a reacior, the volume of the reaction.
gpace whereof is 5 multiple of the volume
of the cyclone and means for artificially 90
increasing the conceniration of the par-
ticles to be gasified are provided by fill-
ing the reaction space in said large reactor
with irregularly shaped filling hodies

“leaving free intersticial spaces hefween 95

said bodles.

10, An installation in accordance with
Claim 9, charaeterised by the feature that
a number of cyclones is connected in
parallel and that each one hereof is con- 100
nected in series with a joint reactor, the
volume of the reaction-space whereof is
a multiple of the volume of each of the
cyclones,

11. Trocess for the gasification of fine- 105
grained carbonaceous substances substan-
tially as herein described.

12, Apparatus for the gasification of
fine-grained carbonaceous substances sub-
stantially as herein deseribed with refer- 110
ence to and ag illusirated in the accom-
panying drawings.

Dated this 20th day of December, 1948,
HYDE & HEIDE,
2, Broad Sirest Buildings,
Liverpoal Street, London, E.('.2,
Patent Agents for the Applicants,

Leaminpton Spa: Printed for Her Majesiv’s Stationery Office, by the Courier Press.~~1053,
Puabligshed at The Pateut QOffice, 25, Southampton Buildings, Tondon, W .2, from which
copies may be ebtaimed.
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