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Abstract

A method for producing clean energy from coal by feeding the coal in a reactor (10)
which is sealed to atmosphere and moving the coal in the reactor (10) while injecting
oxygen (40) to combust a portion of the coal to yield a pressurized hydrogen rich raw
gas and hot char. Said hydrogen rich gas is cracked in cracking compartment (21) to
remove distillates and hydrocarbons and desulfurized to produce synthesis gas. The
hot char is gasified in an air blown gasifier (11) to produce a fuel gas and a molten
slag which are jointly directed out of the gasifier through a common port (23). The
fuel gas and the molten slag are separated in a separator (24). After separation the
fuel gas is desulfurized to produce gas which will produce very low Nox emission

while combusted
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METHOD FOR PRODUCING CLEAN ENERGY FROM COAL

Background of the Invention

This application is a further development of the applicant's issued patent No.

- 5,063,732 which discloses a method for-;epoyvering éxisting electric power plants -
while co-producing a clean liquid fuel; it also discloses that coal is first pyrolyzed to
produce a rich gas which is cleaned and then synthesized to a liquid, and a char
which is gasified to make a low Btu gas that is also cleaned and then used to

generate electricity; this development resides in improving the referenced method as

follows:

. Redﬁctiqn of the great number of process tubes (reactors) which
reduces capital investment to make it economically viable.

» Elimination of the complex charging system which comprises a
revolving means to make it easy to maintain.

. Improving the heating of the charge to increase efficiency.

. Insuring that the gases produced in the process reactor flow in the
proper ‘direction to cause the cracking of undesirable cancer causing
constituents of the coal. |

e  Blowing the char gasifer in a down draft direction to overcome the

‘excessive entrainment of particulate matter in the low-Btu gés.

. Preveﬁting the plugging of the slagging port of the gasifier to obtain
the free flow of slag out of the gasifier. - ‘

. Mitigating the cdoling effect of the slag quench to prevent the
premature solidification of the molten slag before it is quenched.

Introduction

- Of the three major fossil energy resources found in Nature, which consist of
oil, natural gas and coal, 90% is coal; yet, we are unable to use coal in an
environmentally acceptable manner. This iﬁ{/ention which is environmentalty
closed, operated at préssu.re, and devoid of coal dertved cancer causipg agents,
makes possible the use of coal in a clean, efficient and economical manner. Since

coal is essentially an energy ore, it has impurities the same as any other ore. These
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impurities comprise ash, sulfur, and cancer causmg distillates and hydrocarbons

which are chemically bound in the volatﬂe matter of the coal.

Obiectives of the Invention

The main.object of the present invention resides in the processing of coal
which is considered to be a dirty fuel, to produce clean energy from it and enable
mankind to utilize this abundant and affordable hatural Tesource.

| Another object of the present invention is to prooess the coal under pressure-to
. increase efficiency and minimize capifal investment by providing a'modulc that is
large enough in size and yet easy to heat under reducing conditions.

Still another ooj ect of the invention is to produce thermal energy in the form of
clean gases from coal.

' Yet another object of this invention is to -apply it to existing coal burning
electric power plants to render them clean and efficient, and give them a new lease
on life thus saving capital investment of major proportions. |

Therefore another object of the present invention resides in the recovery of
hydrogen rich gas from the coal that can be converted to value added hqmd fuels via
synthesis as alternate to peiroleum for transportation and heating.

Further another object of the present invention is to produce from coal a clean
1ow Btu gas (lean gas) that produces low NO,, when combusted, which 1s capable of
generatmg pOWwer more efﬁc1ently while ﬂowmg through a gas turbine by virtue of
its large mass. .

Also another object of the present invenﬁon is to co-produce in a closed system
arich gas from the volatile matter of the coal which is high in hydrogen content for
synthesis into liquids and chemicals, and a lean gas from the residual char for use as
a fuel for generating electric power or for heating purposes.

Further yet another objed of the present invention is to produce carbon from
coal which can be used as-a coke or activated carbon. ‘

These and other objects of the present invention will become more apparent to
those skilled in the art to which this invention pertains, and from the foliowing
description angi appended claims. Reference is now made to the accompanying
drawings forming a part of i:his speciﬁcatioﬁ. It is to be noted that the embodiments

shown herein are for the purpose of description and not limitation.
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Brief Description. of Drawings

Figure 1 ﬂlustrates the method by means of a process flow diagram, Wthh by
way of example is apphed for co-production.

Figure 2 shows eqmpment to carry out the method..

- Figure 3 is a sectisﬁ taken at 3-3 of Figure 2.

Figure 4 is an illustration showing andther variation of the equipment-shown in
Figure 2, which relates to heating of the coal and the discharging of the lean gas and
molten slag.

. Figure 5 is a section taken at 5-5 of Figure 4.

- Figure 6 is an enlargement of a portion of F igure 4 showing an alternate
approach for the separation of the gas from tﬁe molten slag than that shown in Figure
2.

Before proceeding with the detailed descriptio_n of the invention by making use
of the drawings,- it is to be noted that for the sake of clarity, reference will be made

with numerals to represent various components.

Detailed Description of the Drawines

Reference is made to Figure 1, which is a process flow diagram that illustrates
the processing of coal to coproduce:- (i) a rich gas which is cieanec{l and synthesized
to a liquid fuel such as methanol, diesel fuel, gasoline or a chemical, and (ii) a lean
gas Whlch 1s cleaned and used as fue] to generate electric power or prov1de thermal
energy for heating. Numeral 10 represents a reactor chamber in which the coal is
heated to produce a raw rich gas and a hot char. Numeral 11 represents the gasifier
which converts the hot char to a raw lean gas. Numeral 12 represents the cleanup for
the raw rich gas and numeral 13 the cleénup for'the raw lean gas. Numeral 14
represents the coal dryer which receivss coal from bunker 19; it is followed by surge
hopper 15 and lockhopper 16. Beneath lockhopper 16, feeder 17 is disposed for
flow control of the coal. A coal charger denoted by numeral 18 force feeds the coal
into reactor 10. Burner 20 is used for start-up and may be used as an auxiliary
source.of heat. Oxygen and steam are mJected froma gas cracking compartment at
the discharging end of reactor 10, which is denoted by numeral 21. Cracking
compartment 21 possesses a radiant zone in order to radiate thermal energy agamst

the coal and char emérging from the discharging end of reactor 10.
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Gasitier 11 1s equipped with inlet port 22 and exit port 23. Inlet port 22 seﬁcs
: for the imjection of an oxidant which preferably is preheated ajr, aﬁd exit port 23
serves for the discharge of the raw lean gas and molten slag. Beneath port 23,
separator 24 is disposed which serves the dual purpose for the disengag;ment of the
. raw lean gas frorﬂ the molten slag produced in gasifer 11, and for the quenching of
the slag. Lbckhopper 25 isused to remove the quenched slag without loss of system
pressure. A first cyclone denoted by numeral 26 is provided to remove dust from the
raw lean gas. i ' ‘

' Downstream of rich gas cleanup12, cooler 27 is. provided prior to feeding the
cleaned rich gas to the synthesis plant for making a chemical or a liquid fuel such as
methanol, gasoline or diesel and the like as an altemate to petroleum, which is
represented by numeral 28. Downstream of lean gas cleanup 13 a second cyéione
denoted by numeral 29, is provided as a polishing bed; and downstream of cyclone
29, air pre-heater 30 and cooler 31 are situated. Beyond cooler 31, an activated
carbon bed/pressurized baghouse denoted by numeral 32, is disposed. The raw lean
gas after having been cleaned is directed as a cleaned lean gas, to a station such as an
electric power house, a heaﬁhg plant, an industrial furnace faciiity, etc., which is
represented by numeral 33.

Referring to Figure 2, numeral 10 is the reactor for processing the coal and
numeral 11 is the gasifier for converting the char into gas and the ash into slag.
Reactor 10 possesses a charging end denoted by numeral 34 and a discharging end
denoted by numeral 35 Ei(tending beyond discharging end 35 a gas cracking
compartment denoted by numeral 21, is provided; it is equipped with a downcomer
denoted by numeral 37 which serves to interconnect reactor 10 to gasifier 11. One
end of cracking compartﬁ:ent 21 is open and connects to discharging end 35 of
reactor 10 by means of flange connection 38, and the other end of compartment 21 is
closed and serves as the radiation wall, denoted by npmeral 39, through which the
penetration of lance 40 takes place. Lance 40 which can be advanced or retracted.
serves for the injection of oxidant such as air or oxygen, and possibly steam; when
producing rich gas relatively pure oxygen is inj ected. Lance 40 may also be
equipped to inject an oxygen fuel conﬁbination to increase the energy input into
compartmént 21. To raise the H, content of the gas some steam may be added to the -

oxygen, this being done when making syngas for the production of liquid fuels. A
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plurality of lances such as lance 40, may be used for a-large dlameter Teactor and m
so doing, a 'manifold denoted by numeral 41 is provided with mlet port 42 for the
oxygen and inlet port 43 for the steam. By way of example penetration points into
‘wall 39 by lances 40 are shown in Figure 3. An-exit port denoted by numeral 44 1s
provided to cracking 'compartmeet 21 fer the exhaust of tﬁe cracked rich gas, which
communicates with gas pipe 45; a pressure valve denoted By numeral 46, is disposed
to pipe 45 to control the back pressure in cracking cemparunent 21. The
continuation of pipe 45 (not shovvh, but indicated by the directional arrow) ties to
rich gas cleanup 12 shown in Figure 1.

Gasifier 11 which is connected via downcomer 37 to compartment 21, is a
shaft type vessel made up of pressure shell 47, lmmg 48, top 49 and bottom 50.
Penetrations through shell 47 and lining 48 are provided to accommodate inlet ports
22 for the introduction of an oxidant, preferably in the form of ];')re-heated air for the
conversion of the hot char to a raw lean gas and the ash in the char to a molten
vitreous slag. Relatively pure oxygen and steam may replace the air if the carbon
content of the hot char is to be converted to a syngas. Flow control means, denoted
by nmnerai 51 are provided for the control of the air into gasifier 11. Air may be
mtroduced at different levels of gasifier 11. Bottom 50 of gasifier 11 is configured
in such a way to preferably slope towards exit port 23 which is equipped with
plercmg lances 52 and 53 that are adapted to use a gas such as oxygen to keep
honzontal passage 54 and vertical passage 55 of exit port 23, open to insure the free
flow of gas and molten slag out of gasifier 11.

'kS epai‘ator 24 Jocated below exit port 23, is a pressure vessel divided into two
parts:~ An upper part denoted by numeral 56 and a lower part denoted by numeral
57. Upper part 56 eom‘prises disengagement zone 58 which is eqﬁipped with a
discharge slag nozzle 59 and gas exit port 60. Lower part 57 comprises slag
quenching pool 61 which is supplied with -water, and surge hopper 62. Isolation
valve 63 connects .surge hopper 62 to lockhopper 25 which is equipped at the bottom
with valve 64 in order to remove the quenched slag from the process without losing

- system pressure by maintaining valve 63 closed and valve 64 open during the
dlscharoe of the quenched slag into sump 85. '
" Gas exit port 60 communicates with cyclone 26 via header 65 which directs the

separated gas to cyclone 26. Cyclone 26 is equipped at the bottom with surge
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hopper 66 which in turn is connected to lockhopper 67; isolation valves 68 and 69
permit lockhopper 67 to-discharge particulate matter into collection box 70 which is
open o the atmosphere without loss of system pressure. Cyclone 26 i§ equipped
with exit gas main 71 to direct the lean gas for further treatment. Pressure control
valve 72 serves to control the back pressure in gasiﬁer 11. The continuation of zas
fnain 71 (not shown but indicated by the directional arrow) ties to lean gas cleanuf)
13 shown in Figure 1. )

" Referring to Figure 4 aﬁd supported by Figure 5 for additional detail, reactor 10
is similar to reactof 10 shown in Figure 2 with certain modifications. Reactor 10 in
FIO'UIC 4 possesses burner 20 leadmg to inlet port 73 via duct 74 for the flow of hot
ﬂue gases to a heating element denoted by numeral 75, Whmh partially heats the coal
mdlrectly and circumferencially by conduction, with the flue gases flowing through
flues 76 (shown irf Figure 5) and exiting from outlet port 77. An msulating material
dcndted by numeral 78 is disposed between heating element 75 and pressure shell
79, the coal mass within reactor 10 being shown by numeral 80. Both reactors
shown in Figures 2 and 4, are provided with a taper to diverge from charging end 34
to discharging end 35 to facilitate the movement of the coal within reactor 10 as it is
force fed by means of ram 81 actuated by coal charger 18 (shown in Figure 1).

_ Referﬁng again to Figure 4, beneath gasifier 11, a receiver denoted by numeral
361is ﬁrovided; receiver 36 which is shown énlargéd in Figure 6, éompﬁsgs shell 86,
lining 87 and ports 88, 89 and 90. The lower part of Ireceiver 36 is furnished with a
cruciblé which is denoted by numeral 91; crucible 91 is adapted to be heated such as
with iﬁduction‘ coil 92. A snorkel denoted by numeral 93 extends downwardly from
port 88 into receiver 36 for directing the gas and the molten 'élag Into receiver 36 in a
submerged manner and in such a way as to have the gas bubble through the molten
slag and flow out of receiver 36 via port 89 . Port 90 is provided for the molten slag
to flow out of receiver 36 when the level of the molten slag reaches the spilling level

“denoted by numeral 102, as shown more clearly in Figure 6. Receiver 36 is provided
with a bottom discharge 108 when conditions arise that necessitate the emptying of
the contents of receiver 36. Downstream of gas exit port 89, gas main 101 is
furnished to connect receiver 36 with gas cleanup 13.

‘Downstream of port 90 slag quenching vessel 57 is provided‘ with downcomer

94 connecting receiver 36 to quenching vessel 57. Lancing means 95 and 96 are also
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provided in order to maintain downcomer 94 open by injection of an oxidant; this
insures the free flow of the molten slag. Quenching vessel 57 possesses ﬂﬁee ports
97, 98 and 99; port 97-is for the entry of the molten slag from downcomer 94; port
98 is for the exit of the steam generated when the molten slag drops into the water
bath denoted by numeral 61, and port 99 is for the‘discharge of the quenched slag.
Particulate matter from the steam is removed by any known method as for example
cyclone 26, which was described earlier by making reference to F igﬁe 2. A control
valve denoted by numeral 100 is provided for pressure balancing at the exit of
cyclone 26. Control valve 100 insures that steam generated from the quench does
not back into receiver 36 by keeping the pressure in receiver 36 higher than the
pressure in quenching Veésel 57 to prevent premature solidification of the slag

caused By the cooling effect of the steam.

Operation

~ In describing the operation of the instant invention, as stated above, coal 1S
essentially an energy ore with the following constituents:- carbon, ash, sulfur and
volatile matter (gas). In order to be able to use coal in a clean manner, the impurities
which consist of the ash, sulfur, and the cancer causing portions in the gas must be
removed and converted to useful prodﬁcts. The ash must be vitrified to become non-
leaching, the sulfur must be removed as elemental sulfur, and the cancer causing
distillates such as tars and light oils which include benzene, must be destroyed by
cracking. Various configurations will be described in order to respond to the need to
~which the invention is applied. The configuration which relates to the co-production
o_f syngas for synthesié into liquid fuel(s) for transportation or heating, and of fuel
gas for the generation of electric power will be described in detail and the others will
be described by reference to the co-production while pointing out the differences.
Reference is now made to F igure 1, which configuration relates to-co-
production. Coal is fed from bunker 19 into drier 14 thence to lockhopper 16 via
surge hopper 15. The coal may have other material(s) with it such as biomass and/or
waste to be processed with the coal. Once lockhopper 16 is full, it is Jocked and
feeder 17 controls coal from lockhopper 16 into charging end 34. Coal charger 18
force feeds the coal 'into~ reactor 10 in such a way as to compact the coal and make it

dense and essentially impervious to gas flow at the charging end to force pressurized
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raw gases generated during the combination of a portlon of the coal, to flow co-
current with the movement-of the coal in reactor 10 and towards d1schar0mg end of -
reactor 10 Assuming that start-up bumer 20 has rgmted the coal at the drschargmg

~ end of reactor 10 and the process is already at steady state the coal is advanced in 4
reactor 10 while oxygen '(and pdssibly steam) are injected via lance(s) 40 into the
coal preferably from cracking compartment 21 to devolarilize the coal and produce a .
raw rich gas while the environment i is kept under reducmg condmons by operating
sub—stmchrometncally The temperature of compartment 21 is mamtamed above the
cracking temperature of coal tar, oils, hydrocarbons etc. to crack these cancer
causing compounds to result in a hydrogen rich cracked gas which is directed via
conduit 104 to gas' cleanup 12 for further treatment such as desulfurization to thus -
yield an ideal synthesis gas of 2H; and 1CO. In the event that not enough fuel exists
n compartment 21 by V]Itlle of using low volatile .coal, supplemental fuel may be
added with the oxygen in order to attain cracking temperatures. Cracking
compartment 21 which serves to separate the rich gas from the hot char is also used
to pretreat thc raw rich gas.by cracking the cancer caﬁsing liqtrids and hydrocarbons
ﬁ-om the coal by means of elevated tcmperature in crack_mg compar(mcnt 21 through
the injection of sufﬁc1ent oxidant via ports 103 (shown in Figure 2) of lance 40 and
combusting some of the volatile matter from the-coal to yield a cracked gas.which is
devoid of-eoal liquids and hydrocarbons and whose composition is mainly H, and
CO with H being the dominant gas. Within compartment 21, radiant zone 107
provides efficient thermal energy transfer to the coal emerging from discharging end
35. The coal/char is pushed out of chamber. 80 progressively in a pulsating mode in
-order to i)rovide a fresh new face of coal/char which is heated frontally by radiation
from compartment 21. Depending uporr the coal used it is possible to obtain a
cracked gas of 2H, and 1CO from the process without the need for a shift converter
which is known in the art. If inadequate volatile matter is contained in the coal,
steam is added in order to increase the H» content of the gas. Subsequent to cleanup
the synthesis gas thus produced, is comprised of the essential proportions of 2H to
1CO. This gas when cooled in heat exchanger 27 and directed to plant 28 via duct
105 is ideal for synthesizing it into a liquid. Plant 28 may be a Fischer Tropsch or a
-methanol plant ‘which in turn may be followed by a methanol—to-gasohne train, such
as the one-developed by Mobil Oil. These processes for conversion of the synthesis
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gas to various liquids are known in the art and are not part of this invention. Since
the méjor cost of making an alternate to petroleum liquid fuel from synthesis gas is .
the cost of producing the synthesis gas, the cracking of the volatile matter of the coal
as described herein, is an elegant and economical approac'h_.for making the feedstock
for the sythesis plant(s). | | | |

| The hot char Awhjch 1s qﬁite porous and highly reactive résu‘lting from the
devolatilization of the coal, drops into gasifier 11 and is gasified with air which may
be preheated. The air is preferably injected into gasifier 11 in the downdraft mode
vs;hich tends to equilibrate the temperature of the char; the air may be injected at
several points as shown in Figures 2 and 4. The air reacts with the carbon in the char
to make a producer gas which is also kﬁown as "lean gas" by virtue of its low Btu
content. “This lean Agas is fed to hot gas cleanup 13 via duict 106 for sulfur removal;
in the event the lean gas is not up to temperature for the hot gas cleanup, an oxidant
is added as denoted by numeral 9 prior to .entry into cleanup vessel 13. After exiting
ﬁoﬁ cleaﬁup 13, the lean gas is directed to cyclone 29 for particulate removal and
thence to air preheater 30. The lean gas after exiting from preheater 30, is directed to
heat exchanger 31 to raise steam which is used in the process for H, generation, for
moderati.dg temperatures, for steam tracing, etc. The lean gas 15 then introduced to
filter/baghouse 32 for mercury and alkali control and thence the gas is directed to
station 33 which may represent an electric power plant. This lean gaé is an excellent
fue] for use in a combustion turbine By virtue of its mass to generate electric power
more efficiently and by virtue of its low formation of NO, when combusted, since it
‘burns cool. The combustion turbine may Be followed by a steam turbineto prdvide a
combined cycle arrangement, an efficient manner of prc;ducing electricity, which is
in common practice. , ,

In addition to the lean gas made in the gasifier, the ash in the coal is converted
to a molten slag, and both the lean gas and molten slag are discharged from gasifier
il via exit port 23 into separator 24 wherein the gas is directed té cyclone 26 and the
slag after having been quenched is fed into lockhopper 25 for discharge into the
atrnosphefe without loss of system pressure. The slag so prod_ﬁced is vitreous and
inert which passes the non-leachability test.

The sulfur in both the raw rich gas and the raw fuel gas leaves the process in

the form-of H»S which is removed by any one of known systems including the
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applicant's own system described in the referenced patent. The H>S is absorbed bya
sorbent contained ixi‘cle'alnup 12 and .13 shown in Figure 1. The sorbent Which is
reéycled and regenerated in vessel 7, extracté the sﬁlfur in elemental form as a vapor
and 1s condensed in a condenser Whibh is denotcd by numeral 8. The off-gés from
condenser 8 which is used for recycling the sorbent, is boosted in pressu.fe m
compressor 109. A side stream from cleanup vessel 12, is diverted by means of
valve feeder 110 for regeneration in régenerator 7. Valve feeder 111 recycles the
sorbent to cleanup vessel 13. A cyclone above regenerator 7, denoted by numeral
112 removes particulate matter from the recycling off-gas.

In utilizing thlS invention for the exclusive manufacture of synthesis gas, the

air in gasifier 11 is substituted by oxygen and steam to react with the char and thus

 produce additional Hy rich gas which after cleanup can be synthesized to a liquid.
and/or chemical the sazﬁe as thé H, rich gas derived from the cracked gas after it
undergoes a shift reaction which is known in the art of gasification.

I utilizing this invention for the exclusive manufacture of fuel gas, the oxygen
injected through the cracking reactor is diluted with air to produce a lean gaé which
after cleanup can be used as a fuel gas the .séme as that produced from gasifier 11
when blown with air. The fuel gas can be ﬁsed asa fuel for various heating |
applications including electric-power géneration

It is also the purpose of this invention to TEpOWer existing.power' ;plants in
order to give them a new lease on iife as more than 50% of the electric power is still
produced in polluting pulverized coal boilers m the United States. .

Another application of the invention is to process the coal in reactor 10 to
make coke or char and not gasifying it, such coke being useable in the field of .
nietallurgy. The char while incandescent is treated with steam to make it into
activated carbon for utilization in filtering systems including the removal of
mercury. N

It is submitted that the presentation made herein discloses a methbd which can
process coal for producing abundant clean energy efficiently and in an
environmentally closed manner for heating, transportation, elec&ic power, chemicals
and thé like, as an alternate to petroleum and natural gas, including the capability to

make coke and activated carbon.
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I claim:

1. A method for producing clean energy from coal comprising:
feeding coal into a chamber which is sealed to the atmosphere and
which possesses a charging end and a discharging end;
moving the coal within said chamber towards the discharging end;
injecting oxygen which is essentially pure in such a way as to
combust a portion of the coal while maintaining a pressurized reducing
atmosphere to:
Q) cause the release of thermal energy to devolatilize the
coal; and
(ii) yield a pressurized hydrogen rich raw gas containing
coal-derived cancer causing distillates and
hydrocarbons together with a hot char;
cracking the coal-derived cancer causing distillates and hydrocarbons
contained in the hydrogen rich raw gas to make a hydrogen rich cracked gas
which after desulfurization becomes a clean hydrogen rich synthesis gas;
directing the hot char to a gasifier which is sealed to the atmosphere;
gasifying the hot char with an oxidant in said gasifier to yield a raw
second gas and a molten slag;
flowing the raw second gas together with the molten slag through a
common port out of said gasifier to maintain said port open for the free flow of
the raw second gas and the molten slag;
separating the raw second gas from the molten slag after exiting from
said common port;
directing the raw second gas to a cleanup system to clean it and thus
yield a clean second gas; and

quenching the molten slag to convert it to a non-leaching solid.

2. The method set forth in claim 1 further comprising the synthesizing of

said clean hydrogen rich synthesis gas into a liquid fuel or chemical.

Amended 5 May 2005
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3. The method set forth in claim 1 further comprising the utilizing of said

clean second gas for the generation of electric power.

4. The method set forth in claim 1 including the using of preheated air to
gasify the hot char.

5. The method set forth in claim 1 including the using of oxygen enriched

air to gasify the hot char.

6. The method set forth in claim 1 wherein the step of gasifying the hot
char with an oxidant in said gasifier comprises the injection of the oxidant in a

downdraft mode.

7. The method set forth in claim 6 further comprising the injection of the

oxidant at a plurality of penetrations into said gasifier.

8. The method set forth in claim 1 further comprising the step of
compacting the coal against the wall of the chamber at the charging end to such an
extent as to densify the coal to essentially make it impervious to gas flow at the
charging end in order to force pressurized raw gases generated during the heating of the

coal to flow out of the discharging end of said chamber.

9. The method set forth in claim 1 wherein the step of flowing the raw
second gas together with the molten slag through a common port of said gasifier
includes the step of providing supplementary thermal energy to prevent solidification of

the molten slag in said port.

10. The method set forth in claim 9 includes the step of providing oxidant
injection means to combust a portion of said raw second gas to create said

supplementary thermal energy.

11. The method set forth in claim 9 wherein said supplementary thermal

energy is derived from electric induction means.

Amended 5 May 2005
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12. The method set forth in claim 1 wherein the step of flowing the raw
second gas together with the molten slag through a common port out of said gasifier

includes the collecting of the molten slag in a receiver to serve as a molten bath.

13. The method set forth in claim 12 further comprising the step of directing
the raw second gas together with the molten slag to the receiver in a submerged fashion
to cause the raw second gas to bubble through said molten bath in order to separate the
entrained slag from the raw second gas and to essentially scrub the second gas by

making use of the molten slag in said receiver.

14. The method set forth in claim 13 further comprising the step of
providing a gas exit port above the bath for the discharge of the scrubbed second gas.

15. The method set forth in claim 12 further comprising the step of

providing a spillway for the molten slag to flow out of said receiver.

16. The method set forth in claim 1 wherein the step of injecting oxygen
which is essentially pure in such a way as to combust a portion of the coal is further
characterized by the step of injecting the oxygen from a compartment located

downstream of the discharging end of said chamber.

17. The method set forth in claim 16 further comprising a hot radiant zone
disposed to said compartment to reflect intense thermal energy against the coal in the
discharging end of said chamber to expedite devolatilization of the coal and crack coal

distillates and hydrocarbons which are cancer causing.

18. The method set forth in claim 1 including circumferential heating of a

coal mass from the direction of the wall of said chamber.
19. The method set forth in claim 1 wherein the step of moving the coal

within the chamber towards the discharging end is further characterized by moving the

coal progressively with pauses in order to create successive new frontal faces of coal at

Amended 5 May 2005
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the discharging end of said chamber for the efficient exposure of the coal to radiant

heat.

20. The method set forth in claim 1 being further characterized by balancing
the pressure between the step of injecting oxygen to combust a portion of the coal and
the step of gasifying the char with an oxidant so as to essentially prevent the

contamination of the hydrogen rich gas by the second gas.

21. The method set forth in claim 12 further comprising the step of heating

the receiver.

22. The method set forth in claim 21 wherein the heating of the receiver is

derived from electric induction means.

23. The method set forth in claim 1 further comprising the injection of
oxygen which is essentially pure in such a way as to combust a portion of the coal at a
plurality of points to more efficiently combust coal while maintaining a reducing

atmosphere.

24, The method set forth in claim 1 wherein an oxidant is added to raise the

temperature of the hydrogen rich cracked gas prior to its desulfurization.

25. The method set forth in claim 1 wherein an oxidant is added to raise the

temperature of the second gas prior to its desulfurization.

26 The method set forth in claim 24 wherein the desulfurization occurs in a

cleanup system which is regenerative.

27. The method set forth in claim 25 wherein the desulfurization occurs in a

cleanup system which is regenerative.
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28. The method set forth in claim 1 further comprising the tapering of the
reactor chamber in such a way as to diverge towards the discharging end to facilitate

the movement of the coal within the chamber.

29. The method set forth in claim 1 further comprising the passing of gases

in flues provided to the chamber of said reactor.

30. The method set forth in claim 1 further comprising the addition of

biomass to the coal for processing them in unison.

31. The method set forth in claim 1 further comprising the addition of waste

to the coal for processing them in unison.

32. The method set forth in claim 1 being further characterized by balancing
the pressures between the step of injecting oxygen and the step of gasifying the char,
and the step of gasifying the char and the quenching of the molten slag in order to

control the various flows of the gases in the process.

33. The method set forth in claim 1 wherein the hot char is gasified with air
to yield a raw fuel gas which after cleanup yields a clean fuel gas suitable for

combustion with low NOy formation.

34. A method for producing clean energy from coal comprising:
feeding coal into a chamber which is sealed to the atmosphere and which
possesses a charging end and a discharging end;
moving the coal within said chamber towards the discharging end;
injecting oxygen in such a way as to combust a portion of the coal while
maintaining a pressurized reducing atmosphere to:
(i) cause the release of thermal energy to devolatilize the coal; and
(ii) yield a pressurized hydrogen rich raw gas containing coal-
derived cancer causing distillates and hydrocarbons together with
a hot char;
directing the pressurized hydrogen rich raw gas in such a way as to emerge

Amended 5 May 2005
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from the discharging end of said chamber;

cracking the coal-derived cancer causing distillates and hydrocarbons
contained in the hydrogen rich raw gas to make a first hydrogen rich cracked gas;

directing the hot char to a slagging gasifier which is sealed to the
atmosphere and gasifying same to make a second gas and a molten slag;
removing said slag from the system; and

cleaning said first gas and said second gas to provide clean gases for useful

applications.

35. The method set forth in claim 1 wherein the hot char is gasified with
essentially pure oxygen and steam in order to make a hydrogen rich raw gas from the
char which, after cleanup, a clean synthesis gas is obtained which can be synthesized

into a hydrogen rich gaseous or liquid fuel.

36. The method set forth in claim 34 further comprising the injection of steam

with said oxygen.

37. A method for producing clean energy from coal comprising:
feeding coal into a chamber which is sealed to the atmosphere and which
possesses a charging end and a discharging end;
moving the coal within said chamber towards the discharging end;
injecting oxygen which is essentially pure in such a way as to combust a
portion of the coal while maintaining a pressurized reducing atmosphere to:
(i) cause the release of thermal energy to devolatilize the coal; and
(ii) yield a pressurized hydrogen rich raw gas containing coal-
derived cancer causing distillates and hydrocarbons together with
a hot coke;
cracking the coal-derived cancer causing distillates and hydrocarbons
contained in the hydrogen rich raw gas to make a hydrogen rich cracked gas
which after desulfurization becomes a clean hydrogen rich synthesis gas;
separating the hydrogen rich cracked gas from the coke to yield coke

useable in the field of metallurgy.
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38. The method set forth in claim 37 wherein the coke is converted to activated

carbon.

39. A method for producing clean energy from coal substantially as herein

described with reference to any one of the illustrated embodiments.

Amended 5 May 2005
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