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2,662,816 

PATENT OFFICE 
2,662,816 

GASIFICATION OF CARBONACEous MATE 
RAILS CONTAINING WOLATILE CONSTIT 
UENTS 

John C. Kalbach, New York, N. Y., assignior to 
Hydrocarbon Research, Inc., New York, N. Y., a corporation of New Jersey 
Applieation July 20, 1948, Serial No. 39,733 

2 Claims. (Cl. 48-202) 
This invention relates to the gasification of a 

solid carbonaceous material. The process of the 
invention is applicable to gasification of coal, 
lignite, oil shale and the like. It is particularly 
useful for treatment of those carbonaceous. Ina 
terials containing volatile constituents, which 
tend to agglomerate on heating, particularly a 
coking coal. - 

The fluidized solids technique has been ap 
plied to processes for the gasification of carbona 
ceous materials. Pulverized coal for example, 
may be treated in a fluidized bed with hot inert 
gases to effect removal of volatile constituents or 
with an oxidizing gas for gasification to any de 
sired extent. Some difficulty is experienced in 
fluidization of some of the softer coals due to 
their tendency to become plastic or tacky on 
heating causing agglomeration of the particles. 
Coal may be treated prior to gasification to pre 
ventiagglomeration. Such pretreatment may con 
sist of heating the coal to drive off a portion of 
the volatile constituents therefrom or partial pre 
oxidation of the coal: with an oxygen-containing 
gas, nitric acid, or other oxidizing agent. An 
expedient which is used to some extent involves 
admixing the raw coal with char, ash, or sand to 
prevent agglomeration of the raw coal particles. 

Gasification of carbonaceous materials con 
taining volatile constituents may be accomplished 
by heating, by chemical combination, or by a 
combination of both. A somewhat elevated tern 
perature is required for gasification, as is knowri 
in the art. The fluidized bed technique aids in 
maintaining the desired temperature conditions 
within rather close limits. 
The process of the present invention is adapt 

able to handling of coking coals and the like 
without difficulty due:to agglomerating tendency 
of the material and without preliminary treat 
ment. 
The process of the present-invention involves 

carbonization of the feed material and gasifica 
tion by the concurrent reaction with oxygen and 
steam. In carbonization, the volatile constitu 
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ents are driven off by heat to produce a char or 5. 
coke residue. Gasification of the carbonized m 
terial may be carried to substantial completion 
leaving. Only ash or low. Carbon content chair as 
the: residual Solid; 

In accordance with: this inventioni, the solid. 
carbonaceous material is comminuted to a par 
ticle size suitable for fluidization, generally less 
than one-quarter inch in diameter, and prefer 
ably less than about 0.1 inch in diameter, and 
charged into an agitated mass of particles of hot. 

5. 
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35. material as typifying the operation and applica 

40 ceous feed material: 
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char. Carbonization of the feed material in the 
resulting mixture takes place in a fluidized b 
The resulting char is passed to a separate zo 
wherein it is gasified by reaction with oxygen 
and steam. Gases produced in the gasification 
Zone are used for fluidization in the carboniza 
tion Zone. Char of reduced carbon content with 
drawn from the gasification zone may be used 
as fuel or for generation of additional product 
gas. The process of my invention permits op 
eration of the two zones simultaneously with 
Simple positive and flexible temperature control. 
in each zone. - 

An object of this invention is to provide an 
improved process for the gasification of solid 
carbonaceous material. 
A further object is to provide a process wherein 

each Step can be carried out under optimum con 
ditions for that step. 
Another object is to provide a process for the 

gasification of solid carbonaceous material which 
is particularly applicable to carbonization and 
gasification of coal, lignite, oil shale and similar 
materials. - . . . . 

Still another object is to provide a process for 
the gasification of solid carbonaceous materials 
wherein those materials which tend to soften and 
Somerate on heating may be effectively han 
60 

Other objects and advantages will be appar 
ent from the following detailed description and 
the accompanying illustrative drawings. 
The present invention will be described in de 

tail with reference to coal as the carbonac 

tions of the process of this invention. It will be 
understood that coal is used as a specific exami 
ple and that the apparatus and method described 
are not limited to the use of coal as the carbona 

ince the gasification of 
various materials is known in the art, the applie' 
cation of the present invention to other solid 
carbonaceous materials will be evident to one 

illustrative examples of 
ment of coal. 

Fig. 1 is a diagrammatic elevational view, part 
ly in cross section, of one form of apparatus suit 
able for carrying out the process of my invention. 

Fig. 2 is a diagrammatic elevational view, part 
ly in cross section, of an arrangement of appara 
tus illustrating a modification of the process of 
my inventioni 
With reference to the drawing, ground coal, for 

example, is fed through line 6 into a hopper. 
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An inert gas may be supplied to the hopper 
through line 8 to build up pressure in the hopper. 
The gas also forms an inert blanket avoiding ex 
plosion hazards. The particulate coal is fed 
from the hopper into the gasification apparatus 
by means of a screw conveyor 9. 
The gasification apparatus comprises a car 

bonization ZOne f, a gasification Zone f2 and a 
mixing Zone 3 intermediate the carbonization 
ZOne and the gasification Zone. In the carbon 
ization zone, the volatilizable constituents of the 
coal are volatilized by heating. In the gasifica 
tion zone 2, the char or devolatilized coal from 
the carbonization zone is gasified by reaction 
with oxygen and steam. Both the carbonization 
ZOne and the gasification zone are operated as 
fluidized beds. In the mixing zone - 3, fresh 
Crushed coal is admixed with char and with hot 
product gases from the gasification zone. The 
char may be entrained char or ash carried by 
the hot product gases or char recycled from the 
Calbonization ZOne. Generally, both will be pres 
ent to a greater or lesser extent in the mixing 
ZOne. The hot gases from the gasifier suspend 
the particles of coal and char and carry them in 
to the carbonization Zone. The gases serve as 
a fluidizing medium in the carbonization zone 
to maintain the carbonaceous particles in a 
fluidized bed and aid in the distillation of the 
volatile constituents from the fresh coal feed. 
The quantity of entrained char from the gasifi 
cation zone may vary considerably depending 
upon design and operating conditions. 
When the particles of coal are brought into 

the mixing ZOne into the stream of hot gases 
and Suspended char, the turbulent motion of the 
gases causes rapid mixing of the coal particles 
and the char. This prevents agglomeration of 
particles of coal on heating and facilitates fluid 
ization of the entire mass of solids in the cal 
bonization Zone. Preferably the mixing zone is 
a cylindrical conduit operated with a gas velocity 
in excess of the terminal velocity of the parti 
cles of coal and char. The ratio of char to fresh 
feed in the mixing Zone may vary within the 
range of from about 3 parts char by weight 
per part of fresh feed to about 10 parts char per 
part of feed. A weight ratio of char to feed of 
about 5:1 is generally satisfactory. 
Char from the carbonization zone is supplied 

to the mixing Zone through line 4 as controlled 
by a Suitable valve 6, for example, a slide valve. 
The char from the carbonization zone is intro 
duced into the product gas stream from the gasi 
ficition Zone at a point upstream from the point 
of introduction of the coal so that the char is 
admixed with the gases prior to contact with the 
fresh feed. 

Product char from the carbonization zone is 
fed through line f l into admixture with steam 
in line 8 and passed into the gasification zone 
2. A portion of the char from the carboniza 

tion Zone may be withdrawn, if desired, through 
line 9 as a high quality product char for other 
use. OXygen from line 2 is supplied to the gasi 
fication Zone through a series of tuyeres 22. 
Char product from the gasification zone is 

Withdrawn through line 23. Generally, the char 
product from the gasifier will be of relatively low 
carbon content and contain substantially all of 
the ash from the feed material. The carbon cor 
tent may be controlled by control of the extent 
of gasification in the gasification Zone to produce 
a char of any desired carbon content (for ex 
ample, 40 per cent) suitable as fuel for genera 
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4. 
tion of Steam or the like. The char withdrawiri 
from the gasifier may be subjected to further re 
action with oxygen to produce carbcn monoxide. 
Gases from the carbonizer are passed 

through a separator 24 to recover entrained solid 
particles from the gas stream, and the resulting 
gaS, Substantially free from Solids, is discharged 
through line 25. The separator 24 may be, for 
example, a centrifugal type separator capable of 
removing over 99 per cent of the 70 micron par 
ticles. The recovered solid particles are returned 
to the fluidized bed in the carbonizer through line 
26. 
The mixture of gases discharged through line 

25 may be treated to separate Sulfur compounds, 
Carbon dioxide, tar, and oil therefron. Alterna 
tively, the gases from line 25 may be reacted with 
Steam and oxygen to convert the tal', oils and 
gaseous hydrocarbons to carbon monoxide and 
hydrogen. The resulting gases from either mode 
of procedure may be used as fuel gas or as a 
Source of feed gas, after suitable purification and 
adjustment of the proportions of carbon moln 
oxide and hydrogen, for the synthesis of hydro 
carbons. 
The apparatus illustrated in Fig. 2 of the draw 

ing is particularly useful in generation of fuel 
gases, but may also be utilized to generate other 
product gases, e.g., synthesis feed gas. The ap 
paratus is generally similar to that of Fig. 1 with 
SOne modifications. 
With reference to Fig. 2, the gasification ap 

paratus Compirises a carbonization zone 3, a 
gasification Zone S2 and a mixing zone 33. 
Crushed coal entel's the feed hopper 27 through 
line 28; pressurizing gas is admitted through line 
29. Coal from the feed hopper 21 is fed into line 
34 from which it is introduced to the mixing 
ZOne. The coal may be conveyed through line 34 
by any Suitable means, for example, with a 
Stream of gas, Suitably a recycle gas produced in 
the gasification operation. Alternatively, a me 
chanical conveyor inay be used. The coal intro 
duced into mixing zone 33 is admixed with char 
and hot gases from the gasifier 32. The coal is 
Suspended in the gases and carried into the fluid 
ized bed in carbonizer 3. 

Provision may be made in the carbonizer 36 
for cooling the char and gases to remove excess 
heat and thereby control the operating tempera 
ture. The cooling may be effectively accom 
plished by indirect heat exchange with water, 
generating Steam. The gaseous effluent and en 
trained carbonaceous particles from the carbon 
ization Zone are discharged through line 37 into 
a separator 38 wherein the particles are sepa 
rated from the gas stream. A cyclone type sepa 
rator is Suitable for use as separator 38. The 
resulting gases substantially free from entrained 
Solids are discharged into product gas line 39. 
The amount of entrainment of char in line 37 
may vary considerably depending upon operat 
ing conditions. 
The char Separated in separator 38 may be 

passed to the mixing Zone 33 or to the gasifica 
tion Zone 32 through lines 42 and 43 respectively. 
Generally, char is fed into both the mixing zone 
and the gasification zone. The char introduced 
through line 42 into the mixing zone may be Sup 
plemented, if desired, by additional char with 
drawn directly from the carbonizer through line 
44. This recycled char is admixed with hot gas 
and entrained char from the gasification zone 32 
and With coal from line 34 and returned to the 
Carbonizer 3f. 
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Char from line 43 is admixed with oxygen and 
steam in line 46 and passed into the fluidized bed 
in the gasifier 32. The oxygen and steam serve 
as reactants and as fluidizing gases in the gasi 
fier 32. Oxygen may be admitted separately as 
in Fig. 1, if desired. 
A portion of the product gas from the gasifier 

32 is diverted through line A.7 to a separator 48. 
Entrained char is separated from the product 
gas by the separator which may suitably be of 
the cyclone type and the gas is discharged through 
line 49 into the product gas line 39 for further 
treatment. The separated char may be returned 
to the gasifier via lines 5 and 46. The gas stream 
in line 49 may be quenched by introduction of a 
suitable cooling medium, Water, for example, 
through line 50. Quenching to a temperature be 
low that at which the Water gas shift reaction 
takes place at an appreciable rate, e. g., below 
about 1500 F., is particularly useful in the gen 
eration of fuel gases of high heating value. 

Residual char from the gasifier may be taken 
through line 52 for fuel or other purposes or 
through line 53 into a supplemental gas gen 
erator 54. Gas generator 54 may be, for exam 
ple, a generator of the burner type wherein the 
residual char is reacted With a Suitable oxygen 
containing gas introduced through line 56. The 
gas from the generator 54 is passed through line 
57 from which it may join the product gas stream 
or be separately treated. The residual solid or 
ash is discharged from the generator through 
line 58. 

It will be obvious that various economies may 
be effected by utilizing heat contents of the war 
ious streams of gases and solids. This may be ac 
complished, for example, by passing hot streams 
in heat exchange with cooler streams or by uti 
lizing heat from the hot gases or solids to gener 
ate steam. These various expedients are known 
in the art and may be resorted to without de 
parting from the scope of the invention. 
The process of the invention is particularly ad 

Wantageous for the generation of fuel gas or syn 
thesis gas from coal in that it provides flexible 
Operating characteristics Such that the tempera 
ture of the gasifier and the carbonizer may be 
at any desired value and Substantially inde 
pendent of one another. Normally, where hot 
gases from the gasification zone are utilized as a 
Source of heat for the carbonization zone, the 
gasification apparatus is relatively inflexible, the 
temperature of the two zones being interde 
pendent, as determined by the composition of the 
coal, the rate of feed of the coal, rate of feed and 
concentration of the oxygen, steam, etc. 

Heat may be supplied to the carbonizer from 
the gasifier by Way of hot gases or hot carbona 
ceous Solid particles, or both, passing from the 
gasifier to the carbonizer. The quantity of 
heated solid particles passing from the gasifier to 
the carbonizer may be varied widely depending 
upon conditions of operation. If the gasifier is 
operated with a bed level below the top of the 
WeSSel, only those particles actually carried in the 
gas stream in the gasifier are passed with the 
effluent gas into the carbonizer. On the other 
hand, when the gasifier is Operated full, fluidized 
particles from the gasifier are entrained in the 
stream of relatively high velocity gases leaving 
the gasifier through the restricted transfer line, 
which also serves as a mixing zone for the fresh 
feed. All of the carbonized particles admixed 
with fresh feed may be supplied from the gasifier. 

Heat for the carbonization step is derived from 
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6 
the materials, i. e., gases and any entrained 
Solids, from the gasification zone. Heat is sup 
plied to the carbonizer by heat transfer between 
these materials and the carbonaceous feed. Also, 
in many instances, heat may be supplied the car 
bonizer as a result of exothermic reactions of the 
gaSeS. The formation of methane sometimes 
takes place by the interaction of carbon mon 
oxide and hydrogen or by direct hydrogenation 
of carbon in the carbonization zone. Under these 
conditions exothermic heat of reaction is released 
in the gasifier. Carbon which may be inci 
dentally formed by reversal of the producer gas 
reaction or by the cracking of hydrocarbons is 
Carried by the carbonized solids to the gasifica 
tion zone where it is regasified. Methane for 
nation in the carbonization zone is influenced 
considerably by the composition of the carbona 
ceous feed material. Components of the ash, 
particularly iron, tend to catalyze the methana 
tion reaction while sulfur compounds in the gas 
Stream tend to deactivate the catalysts. The 
type of char made in the carbonizer also influ 
ences methane formation, lignite char being par 
ticularly active in this respect and the cokes of 
coking coals being relatively inactive. 

It will be evident from a consideration of the 
foregoing that the present invention provides 
utmost flexibility of operating conditions. The 
temperatures of operation of the gasification and 
carbonization zones are almost completely in 
dependent of one another. Furthermore, no 
Complex arrangement of vessels and solid trans 
fer equipment is required to obtain this im 
portant advantage. By reason of this flexibility 
any desired type of gas: city gas, synthesis gas 
or pipe line gas may be produced with high effi 
Clency. - 

The present process provides for passing any 
required quantity of the product gas from the 
gasifier to the carbonizer, for passing any de 
sired quantity of carbonaceous material from the 
gasifier to the carbonizer, and for removal of 
eXceSS heat, if necessary, from the carbonizer. 
Thus, a variety of feed materials may be handled. 
For those feed materials which tend to catalyze 
the disproportionation of carbon monoxide and 
formation of methane, a minimum amount of 
heat may be supplied the carbonizer by gases, 
or solids, or both, from the gasifier and the tem 
perature controlled by the heat exchanger. For 
those feed materials which have large heat re 
quirements to effect carbonization, such as those 
having high moisture contents or large percent 
ages of volatile constituents or those which ex 
hibit little or no tendency to catalyze exothermic 
reactions like the methanation reaction, heat 
requirements may be readily satisfied by passing 
the required quantity of hot solids, as well as 
gaSeS, from the gasifier to the carbonizer. This 
the temperature of each zone may be controlled 
independently of the other. 

Gasification with oxygen and steam in the gasi 
fication Zone preferably is carried out at a tem 
perature within the range of about 1600 to 2000° 
F. and at a pressure within the range of from 
about atmospheric to 600 pounds per square inch 
gauge, or even higher. Generally a pressure 
Within the range of from about 200 to about 500 
pounds per Square inch is preferred. The car 
bonization may be carried out at temperatures 
Within the range of from about 900 F. to about 
1300 F. and at pressures comparable to those of 
the gasificationi Zone. Pressures and tempera 
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tures may vary somewhat from these ranges and 
are not limited thereto, 
The following are examples of the application 

of the process of my invention to the gasifica 
tion of coal. 

Eacample I 

A coal, crushed to a particle size such that 85 
per cent passes a 100 mesh screen, is maintained 
in a feed hopper under a pressure of 350 pounds 
per square inch gauge and fed at the rate of 10.5 
tons per hour into gasification equipment simi 
lar to that illustrated in Fig. 1. Char from the 
carbonization zone at 1250 F. is recycled at a 
rate of 52.5 tons per hour to a mixing Zone where 
it is admixed with hot gases at 2000' F. from the 
gasification zone; the resulting mixture is ad 
mixed with the incoming coal and passed to the 
carbonization zone. The gasification Zone is Op 
erated at a pressure of 350 pounds per Square 
inch gauge and the carbonization Zone at a pres 
sure of about 345 pounds per Square inch gauge. 
Char from the carbonization zone at a rate of 

7.3 tons per hour is fed to the gasification Zone in 
admixture with 1315 pounds of steam per hour 
at 375 pounds per square inch gauge and 1000 
F. In addition, 4460 pounds of steam per hour 
in admixture with 225,000 standard cubic feet 
of oxygen per hour at 300°F. is fed into the gasi 
fication zone. The gasification zone is operated 
with a Superficial gas velocity of about 0.6 foot 
per second and a bed density of about 14 pounds 
per cubic foot. The velocity in the mixing ZOne 
is 25 feet per second. The carbonization Zone 
is operated with a superficial gas velocity of 0.6 
foot per second and a bed density of about 14 
pounds per cubic foot. 
A 40 per cent carbon char is taken from the 

gasification zone at the rate of 2.67 tons per hour, 
and utilized as fuel for production of Steam re- a 
quirements for the plant. 885,000 standard cubic 
feet per hour of product gas is produced. The 
product gas may be converted to synthesis feed 
gas by suitable treatment, for example, removal 
or tar and oil, conversion of hydrocarbon gases 
to carbon monoxide and hydrogen, Conversion of 
carbon monoxide and steam to hydrogen and 
carbon dioxide, and separation of carbon dioxide 
and Sulfur. 

Eacample II 
Gasification of coal at 1650° E. and 300 pounds 

per square inch gauge is carried out in gasifica 
tion equipment similar to that illustrated in 
Fig. 2. 
Coking coal of high volatile content which 

yields a relatively inactive char is charged to the 
gasifier at the rate of 10 tons per hour by SuS 
pension in a stream of recycle gas preheated to 
900 F. The recycle gas stream is essentially a 
mixture of carbon monoxide, hydrogen, and light 
hydrocarbons obtained as a residual gas after 
separation of tar, oil, water, and carbon dioxide 
from the product gases. Only sufficient recycle 
gas is used as is required to transport the feed 
and recycled char into the carbonizer. 
The carbonizer is operated at 1250 F. and 280 

pounds per square inch gauge. Product gases 
and hot char are passed from the gasifier to the 
carbonizer. All of the product gas passes through 
the carbonizer. Just sufficient carbonaceous ma 
terial (or char) is passed from the gasifier to the 
carbonizer to satisfy the heat requirements in 
the carbonizer. Both the gasifier and carbonizer 
are operated under fluidized conditions and fluid 
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full. The carry over from the gasifier to the car 
bonizer and from the carbonizer to the Sepa 
rator is thus dependent upon the rate of feed to 
these zones. 
About 100 tons per hour of char is Supplied to 

the carbonizer for admixture with the fresh feed. 
Of this amount about 58 tons is recycled to the 
carbonizer from the separator while about 42 
tons is passed from the gasifier to the carbonizer. 
About 108 tons per hour of carbonized mate 

rial passes overhead from the carbonizer to the 
separator. From the separator, the carbonace 
ous material is returned to the gasification ap 
paratus. One stream of carbonaceous material 
is sent to the carbonizel as the recycle char for 
admixture with fresh feed and a second is Sent 
to the gasifier. 
About 1,100 pounds per hour is paSSed to an 

auxiliary generator operated at 2300 F. for car 
bon cleanup and ash disposal. The carbon con 
tent of the carbonized material from the separa 
tor is about 50 per cent by weight. 
The product gas is processed for the removal 

of water vapors, condensible oils and tar, and 
carbon dioxide. The resulting gas has a total 
heating value of about 410 B. t. u. per cubic foot 
and the following approximate analysis: 

Wolume per cent 
Hydrogen.-------------------------------- 35.2 
Carbon monoxide------------------------ 52.7 
Methane--------------------------------- 1.0 
Nitrogen--------------------------------- 0.4 
Illuminants------------------------------ 0.6 
Gas is produced at the rate of about 570,000 
standard cubic feet per hour. About 48,000 
pounds per day of light oil and tar are separated 
from the product gas stream. Steam at 900 F. 
is Supplied to the gasification steps of the process 
at the rate of about 250,000 standard cubic feet 
per hour. Oxygen at 600 F. is supplied at the 
rate of about 134,000 standard cubic feet per hour. 

Obviously many modifications and variations 
Of the invention as hereinabove Set forth may 
be made without departing from the spirit and 
Scope thereof and therefore only such limitations 
should be imposed as are indicated in the ap 
pended claims. 

I claim: 
1. A process for the carbonization and gasif 

cation of Solid carbonaceous material containing 
Volatilizable constituents which comprises main 
taining a dense phase fluidized bed of particles 
of Solid carbonaceous material in a carbonization 
ZOne Wherein Volatilizable constituents are dis 
tilled from said particles producing carbonized 
material, passing carbonized material from said 
carbonization Zone to a separate gasification zone, 
Subjecting said carbonized material to reaction 
with oxygen and steam in said gasification zone 
to produce a primary gas consisting essentially 
of carbon inonoxide and hydrogen, passing a 
Stream of Said primary gas through an interme 
diate ZOne of restricted cross-sectional area di 
rectly into the lower portion of said carboniza 
tion Zone thereby effecting fiuidization of the 
carbonaceous material therein and distillation of 
Said volatilizable constituents, introducing par 
ticles of fresh carbonaceous material containing 
volatilizable constituents into said stream of pri 
mary gas in Said intermediate Zone, introducing 
particles of carbonized material substantially 
free from volatilizable constituents from said 
carbonization Zone directly into said stream of 
primary gas in Said intermediate zone upstream 
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from the point of introduction of said fresh car 
bonaceous material and in controlled amounts 
whereby at least 3 parts by weight of carbonized 
material is added per part of said fresh carbon 
aceous material, maintaining the velocity of Said 5 
stream of primary gas through said intermediate 
Zone at a velocity sufficient to entrain said par 
ticles of said fresh and carbonized material 
therein, and discharging from said carbonization 
Zone the resulting gas containing volatilized con 
stituents and products of reaction. 

2. A process as defined in claim 1 wherein said 
dense phase fluidized bed of solid particles main 
tained in said carbonization Zone Substantially 
completely fills said carbonization Zone Whereby l5 
particles of carbonized material are entrained in 
gases discharged from said carbonization Zone, 
carbonized material separated from gases dis 
charged from said carbonization zone, a portion 
of the separated carbonized material passed di 
rectly to said intermediate zone, and a further 

10 
portion of the separated carbonized material 
passed to said gasification zone. 

JOHN C. KALBACE. 
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