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This invention relates to the: gasificationr of «
solid carbonaceous material. The process of the
invention is applicable to gasification. of cozl,
lignite, oil shale and the like. It is particularly
uvseful for treatment of those carbonaceous ma-
terials containing volatile: constituents which
tend to agglomerate on hedting, particularly a
coking coal. )

The fluidized solids technique has beeén' ap-
plied to processes for the gasification of carbens-
ceous materials. ( ,
may be treated in- g 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-
vent:agslomeration. Such pretreatment may eon-

. sist. of heating the-cosl: to drive off o portion: of

the volatile constituénts therefrom or partial pre-»‘

oxidation: of the codl:with an: o¥ygen-cortaini 1
gas, nitric acid, or other oxidizing: agent..” An

expedient which: is: used: te’ some: extent; involves’

admixing the raw coal with' char, dsh; or'sand to:

prevent agglomeration of the raw ecoal particles:

Gasification: of’ carbonacecus materials’ con-

taining volgtile constitiuents may be accomp11shed‘~
by heating, by cliemical: combination;. or by’ a

combination of both.. A somewhait elevat;ed temf
perature: iy required for gasification; as'is known

in: the. art. The fAuidized: bed technique: aids: in’
maintaining tlie' desired: temperature ¢conditiens:

within' rather close’ limits:. N
The process of the present invention is adapt-

able to- handling: of: coking' coals and the like'
without difficulty due:to agglomerating tendeney

of: the  material and withotut: preéliminary treat-
ment.

The process: of thé: present-itivention’ involves-
carbonization: of  thei féed miaterial- and gasmca-‘

tion by the concurrent reaction with oxygen- arid-
steany, In carbonization; the* volatile constitu-

ents’are driven: off by Heat to produes a' char or

cokeresidue. Gasiffeativn. of the'carbonizéd m

terial may: e ciarried to. substantisl: completion-
leaving- only- ash or low carbon:content’ char ds:

the: residual solid:

In- accordance: with: this inventio, the" solid

carbonaceous material:is- comminutéd: to a par-

ticle size suitable for fluidization; generally less:
than.one~quartei: inclt’ in: didmeter, .and préfer-:
ably less than: akieut 0Ll inch:in diameter, and:
charged into an agitated mass of particles: of hot:

Pulverized coal for example,
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@ ceous feed  material:
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char. Carbonlzanon of the' feed Material in' thie'
resulting mixture takes place in & fluidized bed:
Theé resulting char is passed to a separate zone
wherein- it is gasified by reaction with oXygery
and steam. Gases produced in the gasification:
zone are used for fluidization: in: the carboniza-
tion zone.. Chaxr of reduced carbon content w1th-
drawn from .the gasification zZoné may be used
as fuel or for' geheration: of additiohal prod 16t
gas. . The process of my 1nvent10n bérmits o =
eration of the two' zones simultsaneously with'
simple positive: and flexible: témperaturé control
in each zone:

AN object of this invention is to provide an
improved: process for the gasification: of sSolid -
carbonaceous: material,:

A further object is to' provide' a: process wherem
€ach step can be carried out under optimum con=
ditions for- that step

Anotheér object is to provide & process for the
gasification’ of solid: carbondeeous material’ which:
is particularly applicable to carbonization: and
gasification of coal, ligrite; oil shalé and similay
maitetrials.

Still another object is to provide a process for
the gasification of solid carbonaceous materials’
wherein those: matemals wh1ch tend: to soften’ and'
glgg;omerate on:-Heating may beé effectively hans:

e

Other: objects and’ advantages will be' appar-
ent from: the following detailed: descnptxon and'
the accompanying: illustrative drawings.

The present invention: will be deséribed in de=
tail with: reference: to: coal as’ the carboriaceous’

tions of the process of this invention. It w111 be
understood” that coal: is used: as g specific- exam=
ple and that the apparatus and method- descrlbed"
are not limited to'the use: of ‘coal as the carbona-
inée the gas1ﬁcat1on of
various materials is: known in‘the att, the applis
cation of the ‘present’ invention to other solid”.'
carbonaceous materials’ will' be’ evident to' one’
skilled i the' art” from the detdiled descrmtlon‘
of' this' invéntioi’ ;Ilustratlve _examples. of
its apphcatlon o tréatmeént of coal.

F1g Iistar dxagrammatlc elevatlonal view, part-
1y in’ cross section: of one form of apparatus [
able for carrymg out‘the process of my’ 1nvent10n

Fig: 2is'a- dlagrammatlc elevational v view, pal e
ly:in cross section, of an: arrangement of appara—
tus: 111ustratmg a modification of the process of
my- invention}:

- With reference to-the drawmg, grou'nd‘ ‘coal for
example, is-fed’ throtligh" line § into s hopper- 1.
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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 {1, a gasification zone {2 and a
mixing zone {3 intermediate the carbonization
zone and the gasification zone. In the carbon-
ization zone, the volatilizable constituents of the
eoal 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 - 13, 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
carbonization 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 car-
konization 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 18, 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 {71 into admixture with steam
in line {8 and passed into the gasification zone
t2, A portion of the char from the carboniza-
tion zone may be withdrawn, if desired, through
line 19 as a high quality product char for other
use. Oxygen from line 21 is supplied to the gasi-
fication zone through a series of tuyéres 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 con-
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 withdrawnd
from the gasifier may be subjected to further re-
action with oxygen to produce carbon monoxide.

Gases from the carbenizer {f are passed
through g 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 he, 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 therefrom. Alterna-
tively, the gases from line 25 may be reacted with
steam and oxygen to cenvert the tar, oils and
gaseous hydrocarbons to carhon 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 mon-
oxide and hydrozen, for the synthesis of hydro-
carbons.

The apparatus illustrated in Fig. 2 cf 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
some modifications.

With reference to Fig. 2, the gasification ap-
paratus comprises a carbonization zone 31, a
gasification zone 32 and a mixing zone 33.
Crushed coal enters the feed hopper 21 through
line 28; pressurizing gas is admitted through line
29. Coal from the feed hopper 27 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 may be used. The cocal 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 31.

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 efluent 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 38.
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 31.
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Char from line 43 is admixed with oxygen and
steam in line 46 and passed into the Auidized bed
in the gasifier 32. The oxygen and steam serve
as reactants and as fluidizing gases in the gasi-
fler 32. Oxvgen may be admitted separately as
inFig. 1, if desired.

A portion of the product gas from the gasifier
82 is diverted through line 47 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 51 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° ., 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
87 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 var-
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-
vantageous 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 ftwo 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 fto the carbonizer. The quantity of
heated solid particles passing from the gasifier to
the, carbonizer may be varied widely depending
upoen. conditions of operation. If the gasifier is
operated with a bed level below the top of the
vessel, only those particles actually carried in the
gas stream in the gasifier are passed with. the
effiuent: gas into. the carbonizer. On the other
hand, when the gasifier is operated full, Aluidized
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 carhonized particles admixed
with fresh feed may be supplied from.the gasifier.

Heat; for the carbonization step is derived from
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the materials, 1. 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-
mation 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 earbonizer also influ-
ences methane formation, lignite char being par-
ticularly active in this respect and the cokes of
coking coalg 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 sare 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-
ciency. -

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 reémoval of
excess heat, if necessary, from the carbonizer.
Thus, a variety of feed materials may be handled.
For those feed materials whieh tend to catalyze
the disproportionation of- earbon monoxide and
formation - of ‘methane, 4 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 bercent-
ages of volatile constituents or those which ex-
hibit little or no tendency to catalyze exothermic
reactions like the methanation reaction, hesat
requirements may be readily satisfied by passing
the required ‘quantity of hot solids; as well as
gases, from the gasifier to the carbonizer. Thus
the temperature of each zone may be controlled
independently of the other.

Gagification with oxygen and stéam in the gasi-
fieation 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 gasification :zone.  ‘Pressures: and tempera-
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tiites 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 cosl.

Example I

A coal, crushed to a particle size such that 85
per cent passes 2 100 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- ¢

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,

Example 11

Gasification of coal at 1650° F. 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
vields 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 carbonizer as the recycle char for
admixture with fresh feed and a second is sent
to the gasifier.

About 1,160 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:

Volume per cent

HYdIogeh - - o e e e 35.2
Carhon mMonoxiGe .. oo 52.7
Methane . 11.0
Mibrogen . e 0.4
Iiluminants - e 0.6

Gas is produced at the rate of about 570,000
standard cuhic 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 gasifi-
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 volatilizakle constituents are dis-
tilled from said particles producing carbonized
maiterial, passing carbonized material from said
carbonization zone to & separate gasification zone,
subjecting said carphonized material to reaction
with oxygen and steam in said gasification zone
to produce a primary gas consisting essentially
of carbon monoxide 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 fluidization 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-
honaceous 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
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 proeess 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 15

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. KALBACH.

References Cited in the file of this patent
UNITED STATES PATENTS

Number Name Date
2,094,946 Hubmann _...__.____ Oct. 5, 1937
10 2,111,579 Winkler ....__.____ Mar. 22, 1938
2,534,728 Nelson et al. _______ Dec. 19, 1950
2,582,711 Nelson ____________ Jan. 15, 1952

FOREIGN PATENTS

Number Country Date
286,404 Great Britain ______ Mar. 8, 1928
578,711 Great Britain __.____ July 9, 1946
582,055 Great Britain ______ Nov. 4, 1946

OTHER REFERENCES

Kalbach, “Chemical Engineering,” vol. 54,
pages 105-108, January, 19417.



