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@ Reactor and method for feeding caking coal particles to a gasifier.

@ An improved apparatus and method for feeding caking
coal particles to a fluidized bed gasifier, without prior pre-
treatment, is disclosed. The coal particles are entrained in a
gaseous stream in the carrier vessel (44) directly into the
bottom of the fluidized bed (16} around the outer perimeter
thereof at a plurality of points and at a predetermined high
velocity, such that the coal particles are shock heated and
charred.
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APPARATUS AND METHOD FOR FEEDING CAKING COAL PARTICLES TO A GASIFIER.

The present invention relates generally to an apparatus and method
for converting carbonaceous particles into a fuel gas. More particularly,
the present invention relates to an improved coal conversion apparatus
and method whereby prior pretreatment of the coal in a separate processing
zone is substantially avoided.

In the gasification of coal, it is well known that certain coals,
particularly bituminous coal, become plastic and sticky under certain tem-
perature conditions. In this plastic state, the coal particles can cake or
agglomerate. This caking or agglomeration interferes with gasification and
consequently must be substantially reduced or eliminated for an efficient
gasification process,

Various methods to reduce agglomeration are known. As disclosed
in United States Patent 2,805,189, the coal particles can be mildly oxi -
dized with a gas containing oxygen, such as air. This method has the dis-
advantages of generating large amounts of heat that are difficult to re-
cover and converting a portion of the carbon value of the coal to carbon
dioxide. In addition, the gaseous byproducts of the pretreatment step con-

tain valuable hydrocarbon liquids which are lost, unless separately

‘treated, from the product gases. This, however, substantially increases

the capital expenditure for the gasifier unit.
Another method of pretreating coal is illustrated in Vinited States

Patent 2.582.712. A single volume of raw pulverized feed coal is admixed
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with 15 to 30 volumes of hot circulating residue recovered from the gasi-
fication reaction. This rapidly preheats the coal to gasification tem-
peratures and, therefore, substantially avoids coal agglomeration. How-
ever, the circulation of high volumes of abrasive solid particulate mat-
ter has the obvious disadvantages of equipment wear and expense.

A method of introducing coal directly into a fluidized bed is
illustrated in U.S. Patent 3,927,996. In this method, coal is entrained
in a carrier gas and, injected at a superficial gas velocity of 15-:
1,000 fe. per second at an acute angle down into the upper or cooler
portion of the fluid bed. The velocity of the carrier gas is adjusted in
response to the amount of fines carried overheat to control fines loss.
This adjustment of carrier gas velocity and the preferred introduction of
the coal into the upper portion of the bed at a high velocity are not
conducive to the efficient conversiom of coal to a fuel gas and the main-
tenance of a stable fluidized bed in the reactor.

Finally, there is illustrated in U.S, Patent 2,577,632 a method
for introducing coal particles into a fluidized bed from a single in-
jection point directly into the center of a fluidized bed at a slow
velocity. This method of introduction does not include high velocity
injection and, as a result, increases the tendency for the coal to agglo-
merate in the fluidized bed.

The present invention provides an improved apparatus and method
for feeding carbonaceous particles, such as coal, to a fluidized bed
gasifier, particularly a single stage fluid bed gasifier maintained in.an
elongated reactor for the conversion of the material, i.e. coal to a fuel
gas. Specifically, the present invention substantially eliminates the
necessity of pretreatment of the carbonaceous particles into the fluidized
bed, to avoid agglomeration therein.

The carbonaceous particles are admixed with a gaseous stream,
preferably containing steam and oxygen, to form a gas particulate mix-
ture. The particulate mixture is then injected directly into the bot-
tom portion of the fluidized bed of the gasifier, operating at gasifica-
tion conditions, at a predetermined high velocity, and at a particular
location such that the carbonaceous particles are shock heated to a tem-

perature sufficient to render the carbonaceous particles non-caking
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within the bed. This effectively "pretreats' the coal particles and ob-
viates the need for a separate or external pretreatment zone. Specifi-
cally, the present invention requires the ash etc. to be withdrawn from
the bottom center section of the fluidized bed and for the fresh feed
coal to be introduced at a plurality of points into the bottom of the
fluidized bed near the reactor wall and substantially away from the

ash withdrawal point. More particularly, the fresh feed coal is intro-
duced either directly upward into the bed in a direction substantially
parallel to the axis of the reactor or tangentially to the reactor wall
and in a plane normal to the axis of the reactor. Either of these methods
of introduction rapidly and effectively shock heats the coal while main-
taining a stable fluidized bed having a relatively uniform residue time
distribution therein.

It is thus an object of the present invention to provide an im-
proved apparatus and method for feeding carbonaceous particles to a
fluidized bed gasifier.

It is also an object of the present invention to provide an im-
proved coal feed apparatus and method whereby pretreatment of the coal
is substantially avoided.

These and other objects, features and advantages of the present
invention are apparent from the following description of a preferred em-
bodiment.

A preferred embodiment of the present invention will be described
in detail with reference to the attached drawings.

FIGURE 1 is a schematic diagram of a fluidized bed gasification
system incorporating a preferred embodiment of the present invention;

FIGURE 2 is a top view of the gas distribution grid shown in
FIGURE 1,

FIGURE 3 is an enlarged cross-sectional view of the bottom por-
tion of the gasifier shown in FIGURE 1; and FIGURE 4 is an enlarged par-
tial cross-sectional view of the bottom portion of a fluidized bed reac-
tor incorporating a second preferred ewbodiment of the present invention.

Referring to FIGURE 1, an apparatus 1 for the conversion of
caking coal particles in a single stage into a fuel gas is schematically

illustrated. The apparatus 1 includes an elongated gasification reactor
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12 having a vertical reactor wall 14 and a fluidized bed 16 of coal par-
ticles in the lower portion thereof. The bulk of the fluidized bed 16 is
non-caking, charred material.

The apparatus 1 also includeé as a preferred embodiment of the
present invention, a coal feed system 17, a gas injection system 18, an
ash withdrawal system 20 and a fuel gas withdrawal system 22. The coal
feed system 17 delivers freshly crushed coal particles to the reactor 12
which is maintained under predetermined conventional gasification con-
ditions. The coal particles are gasified within reactor 12 to produce
gas which evolves from the fluidized bed 16 into the upper, free portion
of the gasification reactor 12,

The gasification reactor 12 preferably operates at a pressure of
about 50 to 400 pounds per square inch (psi) and a fluidized bed tem.-
perature of about 1800 to 2000°F. A preferred specific pressure and tem-
perature are 350 psi and 1900°F. The fuel gas produced therein has a
heating value of about 100 to 300 Btu per cubic foot.

Referring now to FIGURES 1-3 the reactor 12 has positioned in
the bottom, lower portion thereof a substantially horizontal gas dis-
tribution grid 24 to support the fluidized bed 16. Grid 24 is positioned
substantially normal to the axis of the reactor. The fluidization and
reactant gases, preferably steam and an oxygen-containing gas, such as
air, enter reactor 12 through openings, selectively shown and designated
as openings 26, in the gas distribution grid 24, via the gas injection
system 18,

The ash withdrawal apparatus 20 includes a series of venturi-
type throats 28, uniformly positioned on the gas distribution grid 24
in the center of the reactor to service equal cross-sectional areas of

the reactor 12, The numwber of venturi-type throats 28 depends primarily

-upon the size of the reactor 12 and the coal being treated. The three

throat system illustrated is simply illustrative.

The gas distribution grid 24 slopes toward the venturi-type
throats 28. As shown, each venturi-type throat 28 is associated with four
sloping portions, selectively designated 30, of the gas distribution grid
24 . Preferably, the gas distribution grid 24 defines substantially coni-

cal sections, tapered towards each venturi-type throat 28.
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The ash withdrawal apparatus 20 is fully described in United States Let-
ters Patents, Nos. 2,906,608 and 3,935,825, the teachings of which are
incorporated herein by reference. As disclosed therein, coal ash is sepa-
rated from the fluidized bed 16 with a minimum of carbon loss and
fluidizing gases enter the reactor 12 through the venturi-type throats 28.

The fuel gas withdrawal apparatus 22 includes a pair of cyclones
32A, 32B for withdrawal of the fuel gas from the reactor 12 and sepa-
ration of finely divided coal and dust particles. The coal and dust par-
ticles are recycled to the fluidized bed 16 via the venturi-type throats
28 to recover the carbon value therein. This system in combination with
the position of the coal inlets at the bottom of the fluidized bed pro-
vides efficient recovery of fines and obviates the need to specifically
control the velocity of the incoming coal particles to minimize the loss
of coal fines. The raw gaseous fuel is removed from the cyclone 32B via
a conduit 34 for processing well known in the art.

The coal feed apparatus 17 includes a gaseous stream generator 38,
a coal hopper 40 for receipt and pressurization of coal particles, and an
inlet 42 to the reactor 12. The gaseous stream generator 38 produces a
gaseous stream, having predetermined high velocity, in a carrier vessel
44, Preferably, the predetermined high velocity is 50 to 300 feet per
second. In this embodiment of the present invention, the gaseous stream
contains steam and air or oxygen.

From the lock hopper 40, the coal particles are dropped through
a valve 46 into the carrier vessel 44 and entrained in the gaseous stream
to produce a gas particulate mixture. In the preferred embodiment shown in
FIGURES 1-3, the gaseous stream in the carrier vessel 44 transports the

coal particles to the inlet 42 for injection into the bottom of the

fluidized bed 16 at the predetermined high velocity.

30

35

That is, the coal particles are admixed with the gaseous stream,
preferably a steam-oxygen stream, and the resulting gas particulate mix-
ture is pneumatically injected upwardly into the fluidized bed 16. Prefer-
ably, one to twenty pounds of coal are admixed per pound of gas in the
stream. As shown in FIGURE 2, there are two inlets 42 associated with
each venturi-type throat 28 to provide six points of introduction of the

coal particles into the bed around the inside perimeter of the reactor.
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The exact number of the introduction points around the inside of the re-
actor is a function of reactor diameter. In a typical commercial, embodi-
ment, at least three introduction points are provided.. ;

Once injected, the carrier gases, i.e. steam and air or oxygen and
the fresh coal, are distributed in the fluidized bed 16 without substan-
tially altering the stability of or the residence time distribution of
the bed and to become part of the total gasifying agent in the reactor 12.
The quantity of oxygen in the carrier gas is limited, preferably 3 to 10
parts oxygen per 100 parts steam, to substantially avoid preignition of
the coal particles in the vicinity of the gasifier 10. The small quantity
of oxygen facilitates oxidation of the coal particles.

Referring again to FIGURE 3, the inlet 42 includes a port 50 and
a transport pipe 52, which communicates with the carrier vessel 44. The
port 50 widens preferably conically in the direction of gas flow, such
that inadvertent agglomeration of coal particles in the bed will not
block the inlet 42.

To further avoid preheating and agglomeration, the coal feed ap-
paratus 17 includes a water jacket for maintaining a sufficiently low coal
particle temperature prior to entry into the reactor 12. As best shown
in FIGURE 3, the water jacket 54 substantially insulates the portion of
the coal feed apparatus 17 within the wall 14, i.e. the transport pipe 52.
The water jacket 54 substantially avoids premature heating due to con-
duction or radiation from the fluidized bed 16. The water jacket 54
preferably maintains the coal particle temperature below approximately
600°F.

The inlets 42 are positioned in close proximity to or near the
reactor wall 14 and substantially away from the associated venturi-type
throat 28 of the ash withdrawal apparatus 20 to facilitate mixing of the
coal particles within the fluidized bed 16 without altering the stability
of the bed and the rsidence time distribution of the coal in the bed.
Preferably, the inlets 42 are spaced as far as possible from the throats
28. In this preferred embodiment, i.e. an ash agglomerating reactor 12,
the solids in the fluidized bed 16 generally move downwardly along the
reactor wall 14 and upwardly above the venturi-type throats 28. The flow

or control between the fluidized bed 16 against the fresh coal feed re-



10

15

20

25

30

35

0031856

-1- 21103/FN/t]

sults in rapid mixing thereof. This placement of the inlets 42 also sub-
stantially avoids interference with the operation of the ash withdrawal
apparatus 20 by the injected gas particulate mixture.

Referring to FIGURE 4, a second preferred embodiment of the
present invention is shown wherein the gas particulate mixture is injec-
ted through the reactor wall 14 substantially tangentially into the side
of the fluidized bed 16 at the bottom thereof. As shown, the inlets 42
are preferably positioned substantially tangentially to the reactor wall
14 to provide a plane substantially normal to the axis of the reactor,
such that the gas particulate mixture is injected along the interior sur-
face thereof. The respective flow directions of the fluidized bed 16 and
gas particulate mixture are, in this embodiment, substantially perpendi-
cular to facilitate mixing thereof. Injection in this embodiment also
occurs substantially away from the ash withdrawal apparatus 20 to avoid
interference therewith.

Injection of coal particles in accordance with the present in-
vention substantially avoids agglomeration and maintains the stability
of the fluidized bed. Entering the fluidized bed 16 at the predetermined
high velocity of 50 to 300 feet per second, the coal particles are shock
heated to a temperature above the plastic temperature range. That is,
the coal particles pass rapidly through the plastic, caking state to a
charred, non-caking state., Further, the particles mix rapidly with the
non-caking fluidized bed 16 and the resulting dilution separates the coal
particles during the short transition period.

Heating the coal particles under the fludized bed conditions of
high temperature present in the bottom of the bed and a gaseous environ-

ment causes the release of volatile matter, including tars and oils. The

rapid mixing of the fresh coal particles and charred material of the

fluidized bed 16 maintains the volatile matter in the fluidized bed 16,
such that thermal cracking occurs. That is, the tars and oils are re-
duced to carbon and low molecular weight gas, substantially eliminating
the tars and oils from the gas effluent of the fluidized bed 16. For this
reason, it is important that the coal be injected as close as possible

to the bottom of the fluidized bed to maximize the production of fuel

gas.
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The shock heating of the coal particles also produces fines due
to the explosion of the coal particles in a "popcorn" fashion. The fines
are captured by the upper portion of the bed, and those particles which
are carried out of the bed with product gas are captured by cyclones 324,
32B and recycled to the fluidized bed 16 through the venturi-type throats
28. There the fines are rapidly gasified, adhering to the denser ash ag-
glomerates which are withdrawn by the ash withdrawal apparatus 20.

Preferred embodiments of the present invention have been disclosed
and described herein. It is to be understood, however, that various chan-
ges and modifications can be made without departing from the true scope
and spirit of the invention, as seth forth and defined in the following
claims.

-CLAIMS-
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CLAIMS
1. A reactor for converting carbonaceous particles such as crushed

coal to a fuel gas which comprises an elongated reactor having a reactor
wall and an axis therethrough;

means for supporting a fluidized bed in the bottom portion of
gaid reactor;

means for withdrawing ash ash from the center, bottom portion

of said reactor; and

-~

means for rapidly mixing and shock heating said coal in said
gasification reactor, said mixing means including,

means for producing a gaseous stream having a predetermined
high velocity;

means for entraining said carbonaceous particles in said gaseous
stream to produce a gas particulate mixture having said predetermined
high velocity; and

means for introducing said gas particulate mixture having said
predetermined high velocity into the bottom portion of said reactor at a

plurality of equally spaced-apart points around the perimeter of the re-

"actor, said introducing means located in the bottom portion of the re-

actor in close proximity to the reactor wall and a substantial distance
away from said withdrawal means, whereby said carbonaceous particles are
rapidly mixed and shock heated.

2. A reactor as claimed in claim 1 wherein said introducing means

is positioned to direct said particulate mixture substantially directly
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upward into the bottom of said fluidized bed.
3. A reactor as claimed in claim 2 -+herein said introducing means
is positioned to direct said particulate mixture through said means for
supporting the fluidized bed.
4, A reactor as claimed in claim 1 vherein said introducing means
directs said particulate mixture along the interior surface of said re-
action wall in a direction substantially tangential to the reactor wall
and in plane normal to the vertical axis of the elongated reactor.
S. A reactor as claimed in claim 1 which inclues at least three
spaced-apart points of introduction around the perimeter of the reactor.
6. In a process for converting carbonaceous particles into a fuel
gas utilizing an elongated reactor having a reactor wall and an axis
therethrough, a fluidized bed in the bottom portion thereof maintained
at conditions to convertsaid carbonaceous particles to fuel gas and 7
means for withdrawing ash from the center, bottom portion of said reactor,
the improved method of adding said coal to said fluidized bed which com-
prises:

introduction a high velocity gas stream in admixture with said
carbonaceous particles directly into the bottom portion of said fluidized
bed at a plurality of equally spaced-apart points around the perimeter
of the reactor; said fluidized bed operating at a temperature within the
range of about 1800-20009F, said gas stream being introduced into said
bed at a predetermined high velocity at a location in close proximity to
the reactor wall and a substantial distance away from said withdrawal
means, whereby ecrushed coal particles are rapidly mixed and shock heated.
7. The'improved method of claim 6 wherein the high velocity gas

stream in admixture with said carbonaceous particles is passed substantial-

ly directly upward directly into the bottom of said fluidized bed.

8. The improved method of claim 1 wherein the high velocity gas
stream in admixture with said carbonaceous particles is passed directly
into the bottom of said fluidized bed along the interior surface of said
reactor wall in a direction substantially tangential to the reactor wall
and in a plane normal to the vertical axis of the elongated reactor.

9. The improved method of claim 1 wherein said high velocity gas

stream in admixture with said carbonaceous particles is introduced into

oy
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said bed in at least three spaced-apart points.

10. The improved method of claim 1 wherein said carbonaceous par-
ticles comprise pulverized coal.

11, The improved method of claim 1 wherein said high velocity gas
stream in admixture with said carbonaceous particles is introduced at a

velocity of 50 to 300 feet per second.
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