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(Granted under the act of March 3, 1883, as 
amended April 30, 1928; 370 0. G. 757) 

The invention herein described and claimed 
may be manufactured and used by or for the 
Government of the United States of America for 
governmental purposes without the payment of 
any royalties thereon or therefor. 
This invention relates to an apparatus and 

likewise method for gasifying ?nely granular or 
divided solid carbonaceous material, such as an 
thracite, bituminous or sub-bituminous coal or 
lignite coal, peat or coke thereof for the produc 
tion of very e?icient heating or lighting gas em 
ploying both an oxygen-bearing gas but a de 
iiciency thereof and superheated steam. . 

It has been proposed by Van Nuys in U. 8. 
Patent No. 2,177,379 to avoid the formation of 
CO2, which reduces the calori?c value of the 
product, by the utilization of the following con 
ditions: employment of an excess of the fuel over 
that which will react with the oxygen, main 
tenance of the reaction continuously at the high 
est attainable temperature whereby CO2 is not 
produced, and the completion of the reaction by 
the introduction of steam whereby it mingles 
with the gases and the highly heated uncon 
sumed carbon. As the patentee has stated: “At 
the temperature resulting from the initial com 
bustion, the steam reacts with the carbon of the 
fuel in accordance with the reaction 

with the resultant production of carbon monoxide 
and hydrogen.” These products mingle with the 
carbon monoxide CO from the initial reaction. 
Theoperation is continuous. The apparatus for 
carrying out the method disclosed by Van Nuys 
involves conduits for injecting oxygen and con 
duits for injecting the ?nely divided fuel posi 
tioned at opposite sides of the combustion cham 
ber, with steam conduits positioned below the 
spaced oxygen conduit and on the same side. 
De?ectors of ceramic material are positioned on 
a vertical wall so that the steam impinges upon 
them and is caused to mingle with the gaseous 
products of the initial combustion and the highly 
heated surplus fuel which is not burned with 
oxygen. 
Totzek in U. S. Patent No. 2,344,007 has an 

apparatus for a distinctly stage type of reaction 
to secure a gas of high CO content from coal 
using air and superheated steam which is char 
acterized by a horizontal cylinder connected at 
the upper part on one side to a combustion cham 
ber, for the subdivided coal, the horizontal cylin 
der having steam inlets which are arranged 
tangentially to the cylinder wall. 
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There are features of the present invention, 
not to be found however in these prior develop 
ments, the advantages of the existence of which 
will be explained. ~ 
One of the major features of the gasifier is 

series of nozzles for jetting the coal with oxygen 
into the reaction zone, radially disposed so that 
the jets impinge upon each other thereby pro 
ducing violent turbulence and intimate mixing of 
the gases and ?nely divided coal. Furthermore 
by this arrangement the rapidly<moving jets are 
thus prevented from striking the opposite wall, 
which would cause serious erosion to the re 
fractory wall. Another feature is the inlet nozzles 
for introducing superheated steam and/or car 
bon dioxide at a point of lower elevation than 
that of the coal-oxygen inlets. The'steam inlet 
nozzles are arranged tangentially along the cir 
cumference. 
bon dioxide which is ejected tangentially swirls 
around the inside periphery. and because the out 
let for the resulting heating gases formed in the 
reactions is located at the top of the apparatus, 
they rise vertically along the inside wall of the 
reaction chamber. The admission of steam which 
is slightly‘below the level of admission of-oxygen 
and coal serves to pick up and return to the com 
bustion zone carbonaceous material which drops 
out of the stream. Because the steam is super 
heated, as at 2500° F., the unreacted highly heated 
particles of coal are capable of reacting with the 
steam as has been explained in reference to the 
Van Nuys patent to give carbon monoxide and 
hydrogen. Another function of the swirling, ris 
ing steam or carbon dioxide is the protection of 
the refractory wall from the high temperature 
developed at the center of impingement of the 
opposing coal-oxygen jets. 
Above the zone of admissions and major re-‘ 

actions, which has been explained, there is a 
conical zone and above that another ‘larger and 
preferably cylindrical zone. The purpose of these 
zones is to provide additional reaction space with 
an enlarged cross section in which the velocities 
of flow would be reduced sufficiently to permit ' 
some of the entrained fuel to drop back into the 
reaction zone. The gases of high calori?c value 
but still carrying minute particles leave the large 
cylindrical zone through an‘ off-take pipe which 
preferably is steeply sloping to prevent the 
settling ofrefuse along the bottom of the off 
take pipe. 
This immediately preceding paragraph explains 

features which are associated with the preferred‘ 
embodiment. The essential features of this con 

The steam or highly heated car-. 
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tinuous gasi?cation apparatus reside in a cham 
ber, for carrying on the primary and second 
stages of the reactions, the position of the nozzle 
inlets for the various ?uids in reference to one 
another and the chamber. 
Further details of the continuous gasifying 

apparatus for treating ?nely divided coal con 
structed according to the present invention may 
be taken from the following description of a pre 
ferred embodiment of the invention, which de 
scription is phrased in a manner to show its 
normal operation. 
In the drawing: - 

Figure 1 shows a vertical section of the appa 
\ . ratus. 

Figure 2 represents a section along the line 
11-3 of Figure 1. 

After the generator (Figure 1) has been 
brought up to a temperature high enough to 
insure immediate ignition, pulverized coal ad 
mitted at conduits A and oxygen admitted at con 
duits B are mixed in nozzles C. The amount of 
oxygen is not su?lcient for complete combustion 
of the coal. 
shown) and designed to secure a velocity of the 
mixture which exceeds the velocity of ?ame prop 
agation of the coal and oxygen. The nozzles C 
are radially disposed, as can be seen from Figure 
2, so that the jets of burning oxygen and coal 

‘ emanating from them impinge at the center of 
the circle around which the nozzles are disposed. 
By this structural arrangement corrosion of the 
refactory lining of the reactor is prevented, since 
the streams do not reach the opposite side of the 
circle. The impingement causes violent mixing 
and combustion of the oxygen and coal at ?ame 
temperatures which may reach or exceed 4000“ F. 
At these temperatures and with the above desig 
nated control of coalzoxygen ratio the products 
of combustion are principally carbon monoxide. 
As a result of the impingement and of gravita 
tion, some ash and unburned fuel which may or 
may not have agglomerated tend to drop out of 
the stream toward water-cooled hopper D. 
steam is admitted through tangential nozzles E 
at a level below the level of the oxygen and coal 
nozzles C. The admission of steam below the 
level of the oxygen and coal serves to pick up and 
return to the combustion zone any material which 
drops out of the stream. The flow of the steam 
in a vertical manner along the circumference also 
protects the refractory wall from the high tem 
peratures developed at center of impingement. 
When the steam reaches the level of combustion 
of the oxygen and carbon it reacts with the un 
consumed' hot carbon to produce substantially 
carbon monoxide and hydrogen. 
The zone of admission, F, of oxygen, coal and 

‘steam is cylindrical. Immediately above this 
zone is an expanding conical zone G, superim 
posed by another cylindrical zone H. The pur 
pose of these zones is to provide additional re 
action space with an enlarged cross section in 
which the velocities of flow would be reduced suf 
?ciently to permit some of the entrained fuel to 
drop back into the reaction zone. The gases leave 
zone H through an oiftake pipe J which preferably 
is steeply sloping to prevent the settling of refuse 
along the bottom of the pipe. Immediately below 
reaction zone F is a narrowing conical zone K 
beneath which is attached ash receiver D referred 
to supra. Ash receiver D is preferably water 
cooled by the water bath L provided with water 
inlet pipe L’ and outlet pipe L". The ash re 
ceiver is provided with a suitable rlnnr m- vahm u 

Nozzles C may be water cooled (not‘ 
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for the discharge of the ash. In place of a door 
or valve the base of the ash receiver M, when the 
operation is at pressures which are close to at— 
mospheric, may discharge directly into a sluice 
way through a pipe which is dipped sufficiently 
below the water level to prevent the gas pressure 
from blowing the seal (not shown). Although 
the external steel jacket N surrounding the re 
fractories is shown as a combination of cylinders, 
cones, etc., it is recognized that for operation at 
high pressures, for example 30 atmospheres, the 
external jacket, may be entirely composed of a 
combination of cylinders and hemispheres; and 
it may be wholly or partly water jacketed in any 
manner which may be devised by persons Skilled 
in the art. Similarly, the manner of and means 
utilized for pumping and mixing the oxygen and 
coal or the steam is left to the option of persons 
skilled in the art. The innermost lining of zones 
H, G, F and K may be made of corundum brick, 
which is surrounded by a layer of chrome brick 
which in turn is surrounded by Armstrong A-26 
brick or the equal. 
The hot gases and dust leaving the generator 

through o?take J may be handled in a manner 
suitable for the end use of these gases. Gener 
ally the gases and dust are passed through a 
cyclone-type dust remover capable of operating 
at high temperatures. The gases, free of the 
major portion of dust leaving the dust remover, 
then pass through a waste heat boiler capable of 
supplying all of the steam required by the gener 
ator. After the waste heat 
flow through water scrubbers, precipitators, puri 
?ers, CO converters, etc. when operating close 
to atmospheric pressure exhausters may be re 
quired to draw the gases through the scrubbers 
and precipitators. 
Our apparatus is suitable for the gasi?cation 

of coal under pressure because it lends itself to 
the use of cylinders and hemispherical heads for 
the external jacket. The advantages of oper 
ating under pressure when the product gas is to 
be used under pressure consist of smaller gen 
erating and gas cleaning and conversion appa 
ratus, a greater concentration of the gaseous 
molecules around the solid fuel particles with 

_ consequently improved reaction rates. A still 
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greater advantage gained by operating at high 
pressure is in the saving of pumping costs. In 
stead of pumping the entire volume of the prod 
uct gas from atmospheric pressure up to, say, 
30 atmospheres which may be the operating pres 
sure required for a given gas synthesis opera 
tion, our apparatus would only require the oxy 
gen to be compressed. The steam would be avail 
able at operating pressure from suitably provided 
boilers, and the coal, being in solid form, would 
only require handling under pressure. Since the 
volume of oxygen is normally about 25 percent of 
the volume of the product gas, pumping costs are 
reduced by 75 percent. ' 
The apparatus described above is designed to 

operate at reaction zone temperatures of 3500 
5000° F., and for off-take gas temperatures above 
1800° F. It can operate at pressures up to 100 
atmospheres internal pressure. The nozzles and 
reaction zones are also designed to operate with 
coal particles finer than 40 mesh. 
We have now above described our present 

invention on the lines of a preferred embodi 
ment, but our invention‘ is not limited to this 
in all of its aspects. Various changes may be 
made in the form and structure of the apparatus 
n1 mm" on in a... axcnn- _; ___-..ru 

boiler the gases may . 
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departing from the invention or sacri?cing any 
of the advantages. Accordingly it is not our in 
tention to be limited in the scope of this inven 
tion except as claimed. 
We claim as our invention: 
1. An apparatus for producing a fuel gas com 

prising a substantially vertical chamber for car 
rying on the primary and secondary stages of the 
reaction, a plurality of nozzles for introducing the 
?nely divided solid fuel admixed with an oxygen 
bearing gas positioned on substantially opposite 
sides of this chamber for the pairing member, 
at least one nozzle for introducing a gas of the 
member of the group consisting of steam and 
carbon dioxide, positioned within this chamber 
at a point of elevation below that of the nozzle 
for introducing dispersed fuel, an enlarged cham~ 
ber overlying the primary reaction chamber and 
joined directly thereto, a restricted portion above 
this chamber’ and a conduit connected to it for 
leading off the resulting fuel gas, a chamber 
below the primary reaction chamber and directly 
joined thereto for collecting the ash. - 

2. An apparatus for producing a fuel gas com 
prising a substantially vertical chamber for car 
rying on the primary and secondary stages of the 
reaction which chamber is substantially circular 
in cross-section, a plurality of nozzles for intro 
ducing the ?nely divided solid fuel admixed with 
an oxygen-bearing gas radially positioned in the 
cylindrical wall so that the streams from these 
said nozzles impinge upon each other, at least 
one nozzle for introducing a gas of the member 
of the group consisting of steam and carbon di 
oxide, positioned both tangentially in the interior 
cylindrical wall and below the level of the nozzles 
for the dispersed fuel, an enlarged chamber super 
imposed upon the primary reaction chamber, a 
restricted portion above this chamber and a con 
duit connected to it for leading off the resulting 
fuel gas, and a chamber below the primary re 
action chamber and connected thereto for col 
lection of ash. 

3. An apparatus for producing a fuel gas com; 
prising a substantially vertical chamber for 
carrying on the primary and secondary stages 
of the reaction, which chamber is substantially 
circular in cross-section, a plurality of nozzles 
for introducing the finely divided solid fuel ad 
mixed with an oxygen-bearing gas radially posi 
tioned in the cylindrical wall so that the streams 
from these said nozzles impinge upon each other, 
at least one nozzle for introducing a gas of the 
member consisting of steam and carbon dioxide, 
positioned both tangentially in the interior cylin 
drical wall and below the level of the nozzles for 
the dispersed fuel,~ a conical enlarging portion 
superimposed upon the reaction chamber, an 
enlarged substantially cylindrical chamber super 
imposed upon this eonical portion, a restricted 
narrowing portion, above this chamber, a conduit 
connected to it for leading off the resulting fuel 
gas, and a substantially cylindrical chamber nar 
rower than the primary chamber positioned be 
low the latter and directly connected thereto for 
collection of ash. ‘ 
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4. A process for producing a gas of high cal 

ori?c value comprising the steps of introducing 
a mixture of ?nely divided solid fuel into a com 
bustion reaction zone, from a plurality of points 
impinging the burning jets one against the other 
whereby turbulence is set up but the burning jets 
do not directly impinge upon the walls forming 
the combustion zone, ejecting steam under high 
pressure below the inlet level of the ejected dis 
persed fuel contiguous tothe walls of the pri 
mary reaction zone thereby causing unconsumed 
carbonaceous particles to be carried upwardly 
into the combustion zone and also the steam as 
it ascends to sweep past the walls of the chamber 
protecting them from the highest heat, enlarging 
the cross-sectional stream of fuel gas to cause a 
decrease in the velocity of its flow whereby a 
greater time for reaction and settling of sus 
pended particles is afforded, thereafter removing 
the resulting gas suitable for heating. 

5. A process for producing a gas of high 
calori?c value comprising the steps of introducing 
a mixture of ?nely divided solid fuel into a com 
bustion reaction zone, from a plurality of points 
impinging the burning jets one against the other 
whereby turbulence is set up but the burning 

7 jets do not directly impinge upon the Walls form 
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ing the combustion zone, ejecting carbon dioxide 
under high pressure below the inlet level of the 
ejected dispersed fuel contiguous to the walls of 
the primary reaction zone thereby causing un 
consumed carbonaceous particles to be carriedv 
upwardly into the combustion zone and also the 
carbon dioxide as it ascends to sweep past the 
walls of the chamber protecting them from 
the highest heat, enlarging the cross-sectional 
streams of fuel gas to cause a decrease in the 
velocity of its flow whereby a greater time for 
‘reaction and settling of suspended particles is 
afforded, thereafter removing the resulting gas 
suitable for heating. 

6. A process for producing a gas of high 
calori?c value comprising the steps of introduc 
ing a mixture of ?nely divided solid fuel into a 
combustion reaction zone, from a plurality of 
points impinging the burning jets one against 
the other whereby turbulence is set up but the 
burning jets do not directly impinge upon the 
walls forming the combustion zone, ejecting steam 
tangentially under high pressurebelow the inlet 
level of the ejected dispersed fuel contiguous to 
the wall of the primary reaction zone thereby 
causing unconsumed carbonaceous particles to 
be carried upwardly into the combustion zone 
and also the steam as it ascends to sweep past 
the walls of the chamber protecting them from 
the highest heat, enlarging the cross-sectional 
stream of fuel gas to cause a decrease in the 
velocity of its flow whereby a greater time for 
reaction and settling of suspended particles is 
afforded, thereafter removing the resulting gas 
suitable for heating. _ 
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