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United States Patent Office E. 
gases comprising primarily carbon monoxide and hydro 

- - - - - - - - gen. . . . . . . . . . . - 
2.925,335. Additional objects and advantages will be apparent as 
-- www. the invention is hereinafter described in more detail. 

PROCESS FOR THE GASFICATION OF CARBO- 5 The instant process, in its broader aspects, comprises . 
NACEoUs soLIDFUELAT CONSTANT VOLUME reacting finely-divided solid carbonaceous fuel in suspen 

... . . - . sion with free oxygen-containing gas to produce gases "es: EEEP" Sailing"iG"Go"Did Aya, . . . a- - - - - - - while maintaining the volume of the product gases con 
. Application December 21, 1955, Serial No.554,560 - 10 stant during the concomitant pressure increase as a re 

'ai -. sult of the reaction. . . . . . . . . . . . 10 c (CI, 48-206) The terminology. "exploded" or "exploding" is used 
. . . . . . . . . . . . . . . . . . . . . . . " - hereinto designate the rapid and sometimes violent.in 

. . . . . . . . . . . . . . . . . . . . . . . . . . . - complete combustion of the finely-divided carbonaceous 
This invention relates in general to a process for the 15 solid fuel. The terms "exploding" and "burning" may 

gasification of carbonaceous solid fuel at constantyolume. be un od as synonymous in sofar as they indicate . 
ore specifically it is directed to a process for the gasi- combustion generally, but differing in rate or speed with 

fication of finely-divided carbonaceous solid fuel such as "exploding” designating the more rapid or faster reac 
for example, coal, in suspension with oxygen-containing tion. . . . . . . . . . . . . . . . . 
gas to produce gases containing primarily carbon mon- 20 Advantageously, the finely-divided carbonaceous solid 
oxide and hydrogen, wherein the volume of the product ... fuelis in suspension in free oxygen-containing gas which 
gases is maintained constant during the concomitant pres- is in admixture with an endothermically reacting gasse 
sure increase as a result of the gasification reaction. lected from the group consisting of steam, carbon dioxide, 
. In the known process for the gasification of carbo- and mixtures thereof. . . . . . . . 
naceous materials such as, for example finely-divided coal, 25 Finely-divided carbonaceous solid-fuels which can be 
the coal is injected together with oxygen and steam or ... utilized herein, are bituminous coal, anthracite, brown 
carbon dioxide into the gasifier and reacted at substan coal, lignite or lignitic coal, peat, coke, charcoal, wood, 
tially constant pressure. Due to the volume increase . . . . . is. s . . . . . . . . . 
occurring during the reaction, the produced gas supplies . . . . . . . . .------ 
work which reduces the reaction:temperature. - 30 for a', Kygen, oxygen-enriched 

For example, gasification of finely-divided carbonace- i. gases or vapors, containing a higher con-i- 
ous material to produce: reaction products comprisin oxygen than is contained in atmospheric 
carbon monoxide and hydrogen has been carried he ugh essentially pure, oxygen is most advan 
past by injecting finely-divided solid or liquid-carbo- ... -- heric airis, within the scope of this 
naceous material suspended in oxygen-containing gas into e utilized in some instances, if de 
the cylinder of an internal combustion chamber, and . . . . . . . . . --- - - - - - 

thereafter exploding the suspension therein. This process Calculations show that less oxygen in relation to coal 
is quite unlike the instant process, however, as will be is required for gasification at constant volume rather than 
hereinafter described in-detail, inasmuch as product gases constant pressure, in accordance with this invention, to force or move. the piston away from the cylinder head obtain the same temperature as at essentially constant 
as these gases are formed. As a result, the temperature pressure in accordance with prior, art processes, since 
within the cylinder, tends to decrease as a result of the the specific heat, of gases at constant volume is smaller 
ork carried out by these product gases in moving the than at constant pressure. Therefore, the endothermic 

rom the piston head. This temperature steam-carbon reaction proceeds further at constant volume 
very undesirable 45 in accordance with the instant invention than in the con 

cylinder away. . . . . . 

decrease in such process is of co since it is lost to the synthesis gas-making process and ventional constant pressure process, before the system 
so increases the cost of making the gas, as more fuel must reaches the temperature at a sufficient rate. . . . ; ; ; ; 
be used to replace the heat lost to the gas making process, The accompanying drawing is illustrative of one arrange 
inasmuch as the gasification of carbonaceous material ment of apparatus for carrying out the instant invention. 
such as coal to CO and Ha requires high temperatures 50 Referring now to the drawing, the gasifier 3 comprises 
to achieve a rapid reaction between carbon and an endo- a rigid, non-expansible, pressure vessel and reaction cham 
thermically reacting gas such as steam. . . . . . . . ber 2 and a jacket 16 surrounding or encompassing the 
... It has been found by the present inventor that im- walls of this reaction chamber 2 and spaced therefrom 
proved yields of synthesis gas (CO-H2) from coal can for cooling the walls of the reaction chamber. Cooling 
be obtained with the heat available and heretofore lost to 55 liquid such as water is fed through line. 10 into the 
the CO and H2 gas-making process by conducting the annular zone located between this..jacket 16, and the 
reaction at constant volume. When the gasification of walls of the reaction chamber where a substantial - 
coal to synthesis gas is conducted in an apparatus at tion of this liquid is converted by the heat of reaction into 

ntaining, gas advantageous 

constant volume, the gases cannot expand and higher a gaseous medium such as steam. Water is advantageous 
reaction temperatures are obtained, since the specific heat 60 ly employed as the cooling liquidinasmuch as the steam, if 
of the reaction products at constant volume is smaller desired, can afterwards, be utilized in the gasification reac 
than at constant pressure and thus, higher temperatures tion. The gaseous medium developed leaves the jacket 
can be obtained at constant volume with better and 16 through line. 11; and passes to the collector:vessel:12. 
more rapid utilization of the carbon by reaction with If. 4. the cooling: liquid, excess-steam. 
steam. Consequently, the same carbon utilization as ob- 65 - 
tained in gasification at constant pressure can be ob 
tained with smaller amounts of oxygen, if the gasification. . 
reaction is carried out at constant volume. . . . . . . lir 
... It is therefore a primary object of this invention to . . ,r - S: , . . . . ... 
provide an improved process, particularly from an eco- 70 : The coolin et prevents overheating of the gasifier 
nomic standpoint, for the gasifications of solids carbo-Š walls and maintains its walls at a sufficiently low tem 
naceous material such as, for example, coal to produce perature to prevent attack by oxygen as well as sulfur 

3. with th developed steam into: the col 
to the jacket:16; through 
d-into the cooling-jacket 

- 

vessel 12 throughline i2a. 

  



3. . . 

compounds formed by the reaction. Temperatures be 
tween about 200 and 500F. or higher are advantageous. 
At such temperatures the steam used as reactant does 
not condense and in the cooling jacket steam can be gen 
erated under sufficient pressure for use in the reaction, 
as conveying gas, etc. The gasifier 3 is also provided 
with means 8 for feeding coal, oxygen, and steam into the 
reaction chamber 2, with means-9 for exploding the sus 
pension in the reaction chamber, and with means 45 for 
the removal of product gases and unreacted solid carboi 
aceous material and ash from the reaction chamber as 
hereinafter described. 

Prior to starting the gasification reaction, the rigid, non 
expansible, pressure vessel and reaction chamber 2 is 
advantageously heated to an elevated temperature, e.g., 
410 F., by passing steam through line 10 into the an 
nular zone located between the jacket 16 and the wall 
of the reaction chamber 2, or by any other suitable heat 
ing means. The heated reaction chamber is then advan 
tageously purged with steam, added through valved line 
1 and vented through valved line 17. After the two 
steam valves are closed in valved lines 1 and 17 respec 
tively, finely-divided carbonaceous solid fuel, e.g., bitu 
minous coal, is blown at a relatively high velocity from 
feed vessel 5 with carrier gas such as, for example, free 
oxygen-containing gas, steam, etc. into the reaction cham 
ber 2 through valved line 8. This feed vessel 5 had been 
previously charged with a weighed amount of finely-divid 
ed carbonaceous solid fuel through valved line 4, and with 
carrier gas through valved line 6 to pressurize the car 
bonaceous solid fuel therein to the desired extent. 
As soon as the desired pressure is reached in the reac 

tion chamber 2. which pressure is advantageously with 
in the range of approximately 2 to 20 atmospheres or 
higher, desirably approximately 3-10 atmospheres pres 
sure, valve 7 in line 8 is closed. The reaction mixture 
suspension within the reaction chamber is then ignited 
by means of a spark plug 9 operatively connected with 
a source of electric current to start the reaction that produces gas consisting primarily of carbon monoxide 
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thesis gas from the gasifier into the gas main. After 
closing valve 14, excess steam can be vented through 
valved line 17 and the entire gasification cycle is advan 
tageously repeated. 

Instead of simultaneous addition of finely-divided car 
bonaceous solid fuel, such as coal, and oxygen-contain 
ing gas, such as oxygen, into the steam filled reaction 
chamber, the reactants can be added in different se 
quences. For instance, the reaction chamber of the 
gasifier can be filled with oxygen under pressure and the 
heated coal dust blown into the reaction chamber with 
steam, or other suitable carrier gas under pressure; or the 
coal can be blown with a suitable inert gas into the reac 
tion chamber containing steam and oxygen; or the gasifier 
can be charged with fine coal and oxygen; or oxygen and 
steam can be blown into the gasifier preferably at high 
velocity and thereby bring the coal in the gasifier into 
suspension. Further the exploding of the reaction mix 
ture suspension need not be done at the end of the 
charging cycle. For example, the coal can be passed 
into the reaction chamber of the gasifier that is filled 
with oxygen and, if desired, steam. Igniting or explod 
ing can be initiated as soon as only small amounts of 
coal have entered the reaction vessel. In this case, a 
relatively higher charging pressure is required for the 
carrier gas that feeds the coal into the reaction chamber 
than is necessary in those instances previously described. 

In accordance with this invention, the gasification of 
a finely-divided carbonaceous solid fuel such as coal to 
produce synthesis gas may be represented stoichiometrical 
ly by the following reaction: . 

C-4-HO->CO--H 
Inasmuch as the above reaction is endothermic, as is the 
reaction of carbon dioxide with hot carbon to produce 
more carbon monoxide, sufficient oxygen and coal are 

40 

and hydrogen. Any suitable igniting or exploding means 
such as an electric resistance heater, injection of self 
igniting chemicals such as metal alkyls, etc., a torch de 
vice, or any other suitable igniting or exploding means 
could be employed for exploding the suspension instead 
of this spark plug. The reaction begins before the sus 
pension of finely-divided carbonaceous solid fuel such 
as coal has had time to settle to the bottom of the reac 
tion chamber 2. Usually after 0.1-5 seconds, and in 
most cases after 0.5-2 seconds, the reaction is terminated, 
that is, the temperature drops to a point where further 
reaction occurs very slowly. 
At the high temperature resulting from the initial reac 

tion, viz., the incomplete combustion of carbonaceous 
solid fuel such as coal with oxygen, a very rapid reaction 
of endothermically reacting gas such as steam with the 
coal is observed. As a result of the reaction, the pres 
sure may be as much as ten times or more higher than 
the initial pressure in the reaction chamber. As the 
cooling proceeds, the pressure decreases. After a suica 
ble time for instance, 5 seconds to 5 minutes, especially 
10 to 60 seconds, the gas mixture is cooled sufficiently to 
be depressured through valve 14 into the synthesis gas. 
main 15- without danger of corroding valves. Advan 
tageously the synthesis gas pressure is above atmospheric 
pressure, for instance, between 5 to 50 atmospheres or 
higher, especially 10 to 25 atmospheres. The synthesis 
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gas remaining at this pressure in reaction chamber 2 can 
be either vented into an atmospheric pressure main and 
compressed, or this synthesis: gas can be purged from 
reaction chamber 2 by additional steam supplied to this 
reaction chamber. When large gasifiers are employed, 
displacement of the synthesis, gas can be achieved by 

70 

spraying water into reaction chamber 2. The water is 
converted into steam', which pushes or forces the syn 75 

added to the reaction chamber to result in the following 
reaction: - - 

This latter exothermic reaction liberates sufficient heat 
to maintain the endothermic reactions. 

Advantageously about 5-14 cubic feet of Oa, especially 
about 7-10 cubic feet, is utilized in the gasification reac 
tion of this invention per pound of carbonaceous solid 
fuel such as bituminous coal. - 
The synthesis gas yield per unit fuel from the first reac 

tion is higher than from the second reaction. The con 
tribution of the first reaction is increased as heat losses 
from the gasifier decrease. The heat loss decreases as 
the size of the gasifier vessel decreases. While satisfac 
tory reaction is obtained in experimental gasifier units 
with a volume as small as 0.1-0.2 cubic foot, the oxygen 
consumption in such units may exceed 350 cubic feet per 
1000 cubic feet of synthesis gas. For commercial opera 
tion therefore larger gasifier vessels of a volume advan 
tageously greater than 50 cubic feet, desirably greater 
than 200 cubic feet, are employed. Two or more of 
such units can be used in parallel with a staggered reac 
tion cycle to obtain a more uniform synthesis gas stream 
for further continuous processing and purification steps. 
A small or limited amount of a gaseous materialse 

lected from the group consisting of oxygen and com 
bustible gas such as, for example, synthesis gas, methane, 
natural gas, producer gas, water gas, or materials known 
as combustion catalysts, etc., can be advantageously ad 
mixed with the suspension in the reaction chamber, ad 
vantageously at high velocity, immediately prior to ex 
ploding the suspension to effect gasification. It has been 
found that the addition of this gaseous material will 
facilitate the igniting or exploding, especially if added 
in the vicinity of or near the igniting means or device 
through after valved inlet pipe. 18. The exact amount 
and composition of gas that is added to the reaction 
chamber will be determined by experience and judgment 
and will depend on the composition of the coal, the 



oxygen-coal ratio, the amount of steam employed, the 
pressure and, if needed, this amount can be determined 
by preliminary experiments. 

'2,925,885 

The solid carbonaceous fuel that is utilized herein is . 
finely divided so that it can readily be suspended and 
distributed in the gasifier. Advantageously a size is used 
such that 70% thereof will pass through a 200 mesh 
U.S. standard sieve, and desirably a size such that 100% 
will pass through a 200 mesh U.S. standard sieve. 
Although the gasification reaction is advantageously 

carried out within the reaction chamber at superatmos 
pheric pressure, it is to be understood that this gasifica 
tion reaction could be initiated, if desired, under atmos 

10 

pheric pressure. The essential feature. of this invention. 
is that the volume of the product gases within the re 
action chamber is maintained constant while the gasifica 
tion reaction is being effected therein, with the concomi 
tant pressure increase resulting from this reaction. 
The wall of the rigid, non-expansible gasifier vessel or 

reaction, chamber of this invention are advantageously 
constructed of a material which exhibits excellent strength 
and durability so as to enable this material to withstand 
the relatively high and alternating pressure and the at 

15 

Per thousand cubic feet 
pounds of coal and 300 cubic feet of oxygen are con 

place of the bituminous coal. 

6 
of CO. plus He produced, 33 

sumed, and 6.6 pounds of steam are employed. 
Good results are also obtained when finely-divided 

anthracite coal, brown coal, lignitic coal or lignite, peat, 
coke, charcoal or wood are utilized wholly or partly in 

... Example 2 - : - - - - - 

A finely-divided bituminous coal of the type utilized in 
Example 1 and of a size such that 95% passes through a 
200 mesh U.S. standard sieve is suspended in oxygen 

- enriched air containing 48% by volume oxygen, and 
steam and is gasified by being exploded utilizing the pro 
cedure and the rigid rion-expansible gasifying apparatus 
of Example 1. The pressure within the reaction chamber 
is 5 atmospheres pressure prior to exploding the suspen. : 
sion. A small amount of product synthesis gas. and 
oxygen is admixed therewith through line 18 at a rela 

20 tively high velocity immediately prior to the exploding near the ignition point:9. 9.3 cubic feet of oxygen and 
0.15 pound of steam per pound of coal are utilized in the 
gasification and there is about 85% carbon utilization in 

tack of reactants and reaction products produced within 
the chamber during the rapid and sometimes violent gasi 
fication reaction. Steel such as stainless steel, and other 
'suitable metals are eminently adapted and can be em 
ployed, if desired. . . . . . . . . . . . 
The obtained synthesis gas can b 

used in the synthesis of ammonia, methanol, and in Fischer-Tropsch type reactions, hydrogenation reactions, 
etc. . . . . . . . . . . . . . . . . . . ; ; ;- . 

The following specific examples are 
illustration only and without limitation. 
The coal utilized in these following examples is bi 

tuminous coal from the Sewickley Seam, Bunker Mine, 
Morgantown, West Virginia and shows in its ultimate 
analysis the following percentages of the indicated ele 

ents: - 

ven by way of 

Percent by weight 
Carbon------------------------------------ 74.94 
Hydrogen ---------------------------------- 5.03 
Oxygen ------------------------------------ 5.70 
Sulphur -----------------------------------, 1.53 
Nitrogen ---------------------------------- 1.59 
Ash ---------------------------------------, 11.21 

Example 1 
Finely-divided bituminous coal of the analysis set forth 

above and of a size such that 90% passes through a 200 
mesh U.S. standard sieve is blown at high velocity with 
oxygen into a rigid, non-expansible steel pressure vessel 
or reaction chamber of 50 cubic feet volume at a tempera 
ture of 410 F. The gasifier, constructed as shown in the 
accompanying drawing and as hereinbefore described, 
contains steam which has been previously introduced 
therein. The pressure within the gasifier vessel or re 
action chamber is raised to 3 atmospheres pressure. Ap 
proximately 9 cubic feet of oxygen and 0.2 pound of 
steam are utilized per pound of coal. This suspension 
of finely-divided coal in oxygen and steam is then ex 
ploded in the sealed pressure vessel by means of a spark 
plug 9 inserted through the wall of the gasifier vessel. 
After product gases within the reaction chamber have 
been permitted to cool down, the considerable pressure 

adily purified and C 
30. 

25. - . 

CO, ------------------------ as a vam -- 

... s. After conversion of carb 

35 
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this gasification reaction. Synthesis gas of the following 
analysis is obtained: . . . 

- : . . . . . . . . . Percent by volume 
. . . . . . ---- 2.7 

263 

on monoxide into H+CO2 
with steam by the catalytic shift reaction, and CO and 
HS removal, the gas is suitable for the production of 
synthetic ammonia. 

Example 3 
The finely-divided coal of Example 1 is suspended in 

oxygen and steam and is gasified by exploding, utilizing 
the procedure and the rigid, non-expansible gasifying 
apparatus substantially identical to that of Example 1 
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within the reaction chamber is released and the product 
gases are withdrawn. 

Analysis of the synthesis gas obtained 
lowing: . . . . 

- i. i. Percent by volume 
CO2 --------------------------------------- 3.5 
Ha - - - - - - - an on a on man - a as -- - as as ------------- 33.9 

CO -------------------------- seas a saw as or near mom nose 61.6 

N ---------------------------------------- 0.8 
HaS--------------------------------- ------- 0:2 

showed the fol 

except that the gasifier vessel or reaction chamber has 
a volume of 200 cubic feet. This gasifier vessel is at a 
temperature of 435 F. at the time of the introduction 
of the reactants therein. The pressure within the reac 
tion chamber 2 is 4 atmospheres pressure prior to 
exploding the suspension. Only 8 cubic feet of oxygen 
and 0.2 pound of steam per pound of coal are used in 
the gasification and there is about 90% carbon utilization 
in the gasification reaction. Synthesis gas of the following 
analysis is obtained: 

- - Percent by volume 
COa ----------------- assa has a as a sm museman as as a 3.1 

Ha ---------------------------------------- 35.2 
CO ---------------------------------------- 60.8 
Na ----------------------------------------- 0.7 
HaS ---------------------------------------- 0.2 

Per thousands cubic feet of CO plus H, produced, 31 
pounds of coal and 250 cubic feet of oxygen are consumed 
and 6.2 pounds of steam is employed. 

Similar results are also obtained in this example when 
most of the steam is replaced by carbon dioxide as the 
endothermically reacting material. A synthesis gas with 
a higher content of CO and CO is obtained. . 

Obviously many modifications and variations of the 
invention as above set forth may be made without depart 
ing from the spirit and scope thereof, and therefore only 
such limitations should be imposed as are indicated in 

70 w the appended claims. 
What I claim is: 
1. In a process of gasification of solid carbonaceous 

fuel in suspension with free oxygen and steam to form 

s 
synthesis gas comprising primarily CO and H, which 
comprises reacting a suspension of said solid carbonaceous 
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fuel in finely divided form in free oxygen in the presence 
of steam with the free oxygen in amount sufficient for 
combustion of only that part of the fuel required for 
supplying the heat for reaction of the remaining part of 
the fuel with the steam to form the synthesis gas com 
prising primarily CO and H2, the improvement comprising 
igniting said suspension at an elevated temperature in a 
closed zone of constant volume so that an explosive com 
bustion of said fuel takes place in said closed constant 
Volume Zone, and maintaining the volume of the exploded 
products constant in said closed Zone during said explosion 
and thereafter to produce the synthesis gas comprising 
primarily CO and H2 until completion of the synthesis 
gas reaction whereby the gases cannot expand and cool 
during the reaction and as a result the heat thereof is con 
*Sumed in furthering the endothermic reaction of the steam 
and carbon. 

2. The process of claim 1 wherein said carbonaceous 
fuel is so finely divided that at least 70% passes through 
a 200 mesh U.S. standard sieve... 

3. The process of claim 1 wherein the free oxygen of 
said oxygen-containing gas is present to the extent of 5 
to 14 cubic feet of oxygen per pound of coal. 

4. The process of claim 1 wherein the initial elevated 
temperature is between 200 and 500F. 

5. A process in accordance with claim 1 wherein said 
carbonaceous fuel is coal. or . . . . . . 

6. A process in-accordance with claim 5 wherein the 
'coal is in suspension-in-free.oxygenscontaining gas which is 
in-admixture with-an endothermically-reacting gas selected 
from the group consisting of steam, carbon dioxide and 
mixtures thereof. . 

7. A process, in arcordance with claim 6 wherein the 

10 

20 

3. 

8 
endothermically-reacting gas is steam in the ratio of .15 
to .20 pound of steam per pound of coal. 

8. A process in accordance with claim 1 wherein the 
pressure is increased within the closed Zone prior to 
exploding the suspension therein to approximately 2-20 
atmospheres pressure. 

9. A process in accordance with claim 8 wherein the 
pressure is increased within the closed Zone prior to 
exploding the Suspension therein to approximately 3-10 
atmospheres pressure. 

i0. A process in accordance with claim 9 wherein a 
Small amount of at least one member of the group con 
sisting of oxygen and combustible gas is added to the sus 
pension within the closed zone, in the vicinity of the 
igniting means, immediately prior to exploding said sus 
pension to facilitate exploding the suspension. 
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