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@ A process for producing ammonia or methanol and agas-  rich off-gas. A portion of the latter gas is removed from the
ifier used in said process in which the gasifier operates to loop and is routed back to the gasifier, where the methane
produce a synthesis gas which is continuously passed to a therein is converted to produce heat and therefore increase
reactor and a cooler in a closed loop configuration. Ammonia the efficiency of the process.

or methanol is produced at the cooler along with a methane
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PROCESS FOR PRODUCING AMMONIA OR METHANOL
AND A GASIFIER USED IN SAID PROCESS

Background of the Invention

This invention relates to a process for producing ammo-
nia or methanol and a gasifier used in said process; and
more particularly, to such a process and gasifier in which
synthesis gas is produced in the gasifier, and is con-
tinuocusly circulated through a reactor to produce the ammo-
nia or methanol.

Although the most traditional method of utilizing the
heat energy of coal is to burn it directly for heat or
electric power production, alternative techniques have been
proposed in which the coal is converted to more desirable
forms of energy such as fuel gas, orvliquid hydrocarbons
[and] or to chemicals having an enhanced economic value.

In the production of fuel or chemicals, the coal is con-
verted in a manner to either remove carbon from, or add
hydrogen to, the coal to improve its original hydrogen-to-
carbon ratio. One of the more popular techniques of
removing carbon is accomplished by gasification.

When coal is completely gasified, the principal com-
ponents of the gaseous products are hydrogen, carbon
monoxide and variable amounts of methane and light hydrocar-

bons, as well as carbon dioxide. Widely used gas scrubbing
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techniques are provided for removing the carbon dioxide from
the gas, thus removing carbon from the system. Reaction of
steam with the coal introduces some hydrogen over that found
in the original coal, with the final product being a
hydrogen-carbon monoxide gas mixture having any desired
hydrogen-to-carbon monoxide ratio. This product, often
called "synthesis gas" can be further processed through a
reactor, or the like, to form ammonia or methanol, which are
éelatively clean materials having many applications.

The process of synthesizing gas to produce ammonia
or methanol usually involves passing the synthesis gases
through a reactor which operates in a conventional manner to
combine the carbon monoxide with the hydrogen in the case of
methanol, or to combine nitrogen with the hydrogen in the
case of ammonia. A cooler, or the like, is usually involved
in a closed loop with the reactor, and the gases are con-
tinuously circulated through the system with the ammonia or
methanol being largely condensed in the cooler and
discharged therefrom for further processing. The remaining
off-gases from the cooler, which are rich in methane, are
recycled back to the reactor and a portion of the methane-
rich gas is continuously purged from this loop, since in

this type of system the methane is inert. However, the

relatively high level of methane production is detrimental
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to the process efficiency, since it contains valuable hydro-
gen, and as an inert (instead of a sought after product)it
partially offsets the effort to increase the hydrogen to
carbon ratio.

Summary of the Invention

It is therefore an object of the present invention to
provide a process for producing ammonia or methanol which
enjoys an increased efficiency with respect to prior tech-
niques. )

It is a further object of the present invention to pro-
vide a process of the above type which utilizes the heat of
combustion of the methane to improve the process efficiency.

It is a still further object of the present invention to
provide a process of the above type in which the methane
from the reactor is rerouted to the gasifier as fuel for the
displacement of coal which would otherwise be dedicated for
that purpose’ on a basis of the equivalent BTU value.

It is a still further object of the present invention to
provide a gasifier utilized in the above process.

Toward the fulfilliment of these and other objects, the
present invention features the provision of a fluidized bed

gasifier which operates to produce a synthesis gas which is

continuously passed to a reactor and a cooler in a closed

loop configuration. Ammonia or methanogl is produced at the
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cooler along with a methane rich off-gas. A portion of the
latter gas is removed from the loop and is routed back to
the gasifier, where the methane therein is converted to pro-
duce heat and therefore increase the efficiency of the pro-
cess.

Brief Description of the Drawings

The above brief description as well as further obijects,
features and advantages of the present invention will be
more fully appreciated by reference to the following
detailed description of presently preferred but nonetheless
illustrative embodiments in accordance with the present
invention when taken in conjunction with the accompanying
drawings wherein:

Fig. 1 is a schematic view depicting a system utilizing
the present invention; and

Fig. 2 is a somewhat diagrammatic cross-sectional eleva-
tional view 6f a gasifier used in the process of the present

invention.

Description of the Preferred Embodiment

The present invention will be described, for the purpose
of example, in connection with a system for producing ammo-
nia which is shown in Fig. 1 of the drawing. The reference
numeral 10 refers, in general, to a fluidized bed gasifier

which receives particulate coal from a conduit 12 and air
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from a conduit 14. A conduit 16 extends from the upper

end of the gasifier for discharging the synthesis gases
formed in the gasifier, and a drain pipe 18 extends from the
lower end of the gasifier for discharging spent coal, pre-
ferably as agglomerated ash. Further details of the
gasifier will be described later.

The synthesis gases formed in the gasifier 10, which
contain essentially hydrogen, nitrogen and methane as well
as carbon monoxide, carbon dioxide, steam and hydrogen
sulfide, are then passed to a pretreatment station 19 for
shifting the carbon monoxide and the steam in the synthesis
gases to form carbon dioxide and hydrogen, for removing the
carbon dioxide and the hydrogen sulfides from the gases and
for performing a final sulfur clean-up as needed. Since
these techniques are conventional they will not be described
in any further detail. The outlet of the pretreatment sta-
tion 19 is cepnnected, via a conduit 20, to a processing
unit, shown in general by the reference numeral 21, and
extending within the dashed lines. The processing unit 21
is for the purpose of further processing the gases from the
gasifier 10 in a conventional manner to produce ammonia.

The processing unit 21 includes a reactor 22 which has
an inlet conduit 23 for receiving the gases from the

gasifier 10. The reactor 22 operates in a conventional
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manner, and, as such, contains a catalyst to promote the
combination of the nitrogen and hydrogen from the latter
gases. The off gases from the reactor 22 are discharged,
via a conduit 24, to a cooler 25.

The cooler 25 operates in a conventional manner to cool
the gases from the reactor 22 to the extent that liquid
ammonia is formed, it being understood that auto refriger-
tion can be used in the cooler to the extent necessary.

The ammonia is discharged, via a conduit 26, to external
equipment (not shown) for other uses.

The remaining gases in the cooler 25 are recycled, via a
conduit 28, a purge unit 30 and a conduit 32, back to the
inlet conduit 23 for reintroduction into the reactor 22.

The purge unit 30 operates in a conventional manner to vent,
or purge, a small portion (for example, 5%) of the gases
received from the conduit 28, which gases contain a relati-
vely high ampunt of methane which is an inert gas in the
foregoing process. Since this technique of continuously
circulating the synthesis gases received from the gasifier
10 through the processing unit 21 while producing the pro-
duct gas, in this case ammonia, and purging methane, is con-
ventional, it will not be described in any further detail.

According to a main feature of the present invention,

the purged methane-rich gas from the purge unit 30 is
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routed, via a conduit 34, to the interior of the drain pipe
18 of the gasifier 10, for reasons that will be described.

As shown in Fig. 2, the drain pipe 18 extends from the
apex of a downwardly oriented frusto-conically shaped, per-
forated, air distributor plate 40 disposed within the
housing of the gasifier 10, with the lower end portion of
the pipe projecting from the lower end of the gasifier
housing. A bed 42 of particulate coal, éupplied by the con-
duit 12, is supported by the plate 40, and the drain pipe 18
serves to discharge ashes and spent coal from the bed to
external equipment (not shown).

A conduit 44 supplies air and steam from external
sources, and includes a horizontal portion that extends
through an appropriate opening formed in the drain pipe 18,
and a vertical portion that extends upwardly in a coaxial
relationship with the drain pipe. The outer diameter of the
conduit 44 is less than the inner diameter of the drain pipe
18 to form an annular passage for the spent coal and ashes
discharged from the bed 42.

The conduit 34 includes a horizontal portion extending
from the processing unit 21 and through appropriate openings
in the drain pipe 18 and the conduit 44, and a vertical
portion extending upwardly within the conduit 44 in a

coaxial relationship. The outer diameter of the conduit 34
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is less than the inner diameter of the conduit 44 to provide
a passage for the air and steam through the latter conduit.

The respective end portions of the conduits 34 and 44
extend through an opening at the apex of the air distributor
plate and slightly into the lower portion of the bed 42.
Thus, methane-rich gas through from the processing unit 21
along with air and steam, are introduced into the bed 42 via
the conduits 34 and 44, respectively.

The air conauit 14 extends through a side wall of the
housing of the gasifier 10 for supplying air from an exter-
nal source at a relatively high pressure into the gasifier.
This pressurized air passes upwardly through the per-
forations in the plate 40 and into the bed 42 to fluidize
the particulate coal in the bed and promote the combustion
thereof.

In operation, controlled quantities of pressurized air
are introduced into the conduit 14, and pass upwardly
through the perforated plate 40 and into the bed 42.
Concurrently, controlled quantities of pressurized air and
steam, are introduced through conduit 44. The velocity of
the air thus introduced is controlled to fluidize the par-
ticulate coal in the bed 42 and promote the combustion of
the coal. The quantity of air is controlled so that it is

insufficient for complete combustion of the coal but suf-
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ficient to produce a synthesis gas including hydrogen, car-
bon monoxide, carbon dioxide and small Quantities of
methane. It is understood that a bed light off burner, or
the like (not shown) is provided for initially lighting off
the bed during start-up, and additional coal is added to the
bed via the conduit 12.

The synthesis gases thus produced in the gasifier 10
along with the steam or water, are passed to the pretreat-
ment station 19 for the treatment described above, to pro-
duce hydrogen, nitrogen and methane. The gases then pass
through the inlet conduit 23 and into the reactor 22, it
being understood that the temperature and other critical
conditions of the reactor 22 are maintained in a predeter-
mined manner, so as to cause the hydrogen to combine with
the nitrogen, with the resulting gas being discharged, along
with the remaining gases, from the reactor 22. The gases
then pass, via the conduit 24, to the cooler 25,

The cooler 25 operates to form the ammonia in the manner
described above which is discharged to external equipment
(not shown) via the discharge conduit 26. The remaining
off-gases exit the cooler 25 through the conduit 28 angd
pass to the purge unit 30, which operates to vent, or
purge, a small portion of the gases to the conduit 34. The

remaining gases are discharged from the PUrge unit 30 to
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the conduit 32 and pass back into the inlet conduit 23 for
recycle back to the reactor 22. Thus a continuous loop is
formed consisting of the reactor 22, the cooler 25 and the
pdrge unit 30.

The methane-rich gas from the conduit 34 is introduced
coaxially through the drain pipe 18 and into the fluidized
bed 42, whereby the oxygen from the air in the bed converts
the methane to carbon monoxide and hydrogen, which blend
with the constituents of ;he synthesis gas formed in the.
gasifier and are discharged to the conduit 16. The conver-
sion of the methane in the gasifier 10 produces a heat of
combustion which lowers the coal requirements in the
gasifier.

It is thus seen that the process and apparatus of the
present invention enjoys an increased efficiency with
respect to prior techniqgues by utilizing the heat of com-
bustion of the methane to improve the process efficiency.

It is understood that the process of the present appli-
cation has equal applicability to the production of methanol
or of any chemical which can be formed in the above manner
with the production of a methane-rich gas. Thus, processing
unit 21 may be alternatively viewed as a methanol plant, in

which methanol-forming reactions are performed in reactor

22, and in which cooler 25 produces an off-gas which is
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relatively methane-rich. 1In accordance with the invention,
the off-gas stream is split, with a portion returned to the
reactor for further conversion to methanol, another portion
returned to the gasifier 10, and a third portion may be
vented through a vent (not shown) or otherwise disposed of,
Other modifications, changes and substitutions are

intended in the foregoing disclosure and in some instances
some features of the invention will be employed without a
corresponding use of other features. Accordingly, it is
appropriate that the appended claims be construed broadly
and in a manner consistent with the spirit and scope of the

invention therein.
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What is claimed is:

1. A process for producing ammonia or methanol
comprising the steps of providing a fluidized bed of par-
ticulate coal, passing an oxidant gas through said coal in
sufficient quantities and at a sufficient velocity to
fluidize and promote the combustion of said particulate
coal, controlling the temperature of, and the air or oxygen
input to, said bed to gasify said coal to produce a synthe-
sis gas, processing said synthesis gas in a manner to ééo—
duce ammonia or methanol and an off gas rich in methane,
removing a portion of said off-gas, and passing said removed
off-gas to said fluidized bed to react with said air to con-
vert the methane in said off-gas and thereby replace a por-
tion of said coal dedicated to fuel use in said coal bed.

2. The process of ‘claim 1 further comprising the step
of adding steam to said gasifier.

3. The brocess of claim 1l wherein said synthesis gas
contains hydrogen, carbon monoxide, nitrogen and steam; and
further comprising the steps of shifting said carbon
monoxide and steam to carbon dioxide and hydrogen, and
removing said carbon dioxide from said synthesis gas.

4. The process of claim 3 wherein said methane is con-

verted to carbon monoxide and hydrogen which blend with

the carbon monoxide and hydrogen from said synthesis gas.
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5. The process of claim 3 wherein said step of pro-
cessing comprises the step of combining said hydrogen with
said nitrogen to produce ammonia.

6. The process of claim 4 wherein said step of pro-
cessing further comprises the step of circulating said gases
through a reactor for performing said step of combining and
through a cooler for forming said methanol or ammonia and
said off-gas.

7. The process of claim 6 wherein said step of pro-
cessing further comprises continuously circulating the
remaining portion of said off-gas back through said reactor
and said cooler.

8. A fluidized bed gasifier comprising a vessel, a per-
forated plate disposed in said vessel for supporting a
fluidized bed of particulate fuel material, means for intro-
ducing an oxidant gas into said bed to fluidize and promote
the combustion of said fuel material, and means for intro-
ducing methane into said bed which reacts with said oxygen
to convert said methane to produce heat.

9. The gasifier of claim 8 further comprising a drain
pPipe registering with an opening in said perforated plate
for permitting the spent fuel to discharge from said bed,
said methane introducing means comprises a pipe extending

through said drain pipe and having a projecting portion

extending-into said bed.
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10. The gasifier of claim 9 wherein said air introducing
means comprise a pipe extending through said drain pipe and
having a projecting portion extending into said bed.

11. The gasifier of claim 10 wherein said air intro-
ducing means further comprises means for introducing air
into said vessel below said perforated plate for passing

through said perforations and into said plate.
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