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TAR-FREE GASIFICATION SYSTEM AND PROCESS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is an international application that claims priority benefit to U.S.
Provisional Application Ser. No. 61/140,667 filed December 24th, 2008, entitled Tar-Free
Gasification System And Process”, which is incorporated herein by reference in its

entirety.

FIELD OF THE DISCLOSURE

[0002] The present invention relates generally to a gasification system and process for
converting generally solid feedstock such as carbonaceous material into desirable gaseous
products such as synthesis gas. The gasification system and process must be designed to be

simple, yet maximize carbon conversion efficiency.

BACKGROUND OF THE INVENTION

[0003] Three basic types of system and processes have been developed for the gasification
of carbonacecous materials. They are: (1) fixed-bed gasification, (2) fluidized-bed
gasification, and (3) suspension or entrainment gasification. The present invention relates
to the third type of system and process - suspension or entrainment gasification. More
particularly, the present invention relates to a two stage entrained gasification system and
process for gasifying carbonaceous materials.

[0004] The flexibility of the two stage gasifier design can be exploited by maximizing the
slurry feed rate to the lower temperature second stage, thereby utilizing the heat generated
in the first stage gasifier to evaporate water from the slurry. The char and unconverted

carbon exiting the second stage gasifier are then separated and recycled back to the first
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stage gasifier in dry form, thus minimizing the amount of oxygen required in the higher
temperature first stage and maximizing the conversion efficiency of the gasifier.

[0005] One problem with feeding to the lower temperature second stage is that the tar
produced during the pyrolysis of the coal or petroleum coke is not adequately destroyed.
The undestroyed tar condenses when the syngas is cooled, thereby fouling the heat
exchange surfaces or plugging up the filters downstream. Technology is needed that allows
increased feedstock addition to the lower temperature second stage of the gasification

reactor, while minimizing the production of tar.

SUMMARY OF THE INVENTION

[0006] Historically, tar formation has been a major source of problem of heat exchange
surface fouling and downstream filter plugging. The current inventive gasification process
and system is significantly simpler, and less expensive to construct and maintain than
previous systems, while simultaneously preventing the formation of tar.

[0007] Use of the system and process of the current invention maximizes the recovery of
energy stored within the carbonaceous feedstock. The invention involves the partial
combustion of recycled dry solids and the drying of carbonaceous slurry feedstock in two
separatc reactor zones of a two stage gasifier to thereby produce mixture products
comprising synthesis gas. The syngas produced from the high temperature first stage
reaction zone of the gasifier is then quenched in the second stage reaction zone into a low
temperature syngas. A slurry feed stock is then introduced into the second stage to reduce
the temperature of the final syngas exiting the second stage reaction zone of the gasifier.
The temperature is reduced in order to be below that where tar formation occurs. This
temperature is approximately 350-900° F, depending upon the type of feedstock utilized.
[0008] Certain embodiments of the present invention relate to a process for gasifying a
carbonaceous material comprises the steps of a) introducing a dry feedstock into a reactor
lower section and partially combusting therein with a gas stream comprising an oxygen-
containing gas or stcam thereby evolving heat and forming products comprising synthesis

gas and molten slag; b) passing the synthesis gas from step a) upward into a reactor upper
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section, whereby the synthesis gas from step a) is cooled by one or more cooling agents; ¢)
drying a slurry of particulate carbonaccous material in a liquid carrier with the cooled
synthesis gas from step b) in the reactor upper section, thereby forming mixture products
comprising a solid stream and a gaseous stream; d) passing the mixture products through a
separating device whereby the solid stream is separated from the gaseous stream; and e¢)
recycling the solid stream back to the reactor lower section. In such process, the hot
synthesis gas produced in the reactor lower section is carried upward, theerby heating
and/or vaporizing the cooling agent introduced in the second stage, such that the
temperature of the mixture product formed in the second stage is reduced. Another aspect
of the present invention relates to a system for gasifying a carbonaceous material
comprising: a) a reactor lower section for partially combusting a dry feedstock with a gas
stream comprising an oxygen-containing gas or steam to produce heat and products
comprising synthesis gas and molten slag, wherein the reactor lower section comprises one
or more dispersion devices for introducing the gas stream and the dry feedstock; b) a
reactor upper section for cooling the synthesis gas from the reactor lower section followed
by drying a slurry of particulate carbonaceous material in a liquid carrier with the cooled
synthesis gas to produce mixture products comprising a solid stream and a gaseous stream;
c) a separating device for separating the solid stream from the gaseous stream. In such
system, the hot synthesis gas produced in the reactor lower section is carried upward,
thereby heating and/or vaporizing the cooling agent introduced in the second stage, such
that the temperature of the mixture product formed in the second stage is reduced.

[0009] In certain embodiments of the present invention, the temperature of reactor lower
section 1s maintained in a range between 1500°F and 3500°F, preferably in a range between
2000°F and 3200°F. The pressure within the reactor lower section is maintained in a range
between 14.7 psig and 2000 psig, but preferably in a range between 50 psig and 1500 psig.
The temperature of the reactor upper section prior to the introduction of the slurry is
maintained between 600°F and 2000°F, but preferably between 800°F and 1800°F. The
pressure of the reactor upper section prior to the introduction of the slurry is maintained
between 14.7 psig and 2000 psig, but preferably between 50 psig and 1500 psig. The

temperature of the mixture products exiting reactor upper section and prior to entering the
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separation device is between 300 °F and 1200°F, but preferably between 350°F and 900°F,
and most preferably between 400°F and 700°F. In certain embodiments of the present
invention, the reactor upper section comprises one or more dispersion devices for
introducing the slurry comprising particulate carbonaceous materials in the liquid carrier.
The reactor upper section further comprises one or more feeding devices for introducing
the cooling agent. The reactor lower section comprises one or more dispersion devices for
introducing a gas stream comprising an oxygen-containing gas or steam.

[00010] In certain embodiments of the present invention, the cooling agent is
introduced into the reactor upper section at a feeding rate in a range of 10 to 120 feet per
second, preferably in a range of 15 to100 feet per second, and most preferably in a range of
20 to 80 feet per second. The gas stream, comprising an oxygen-containing gas or steam, is
introduced into the reactor lower section at a feeding rate in a range of 20 to 120 feet per
second, but preferably in a range of 20 to 90 feet per second. The slurry comprising
particulate carbonaceous materials in the liquid carrier is introduced into the reactor upper
section at a feeding rate in a range of 10 to 80 feet per second.

[00011] In certain embodiments of the present invention, the carrier liquid may be
water, liquid CO,, petroleum liquid or any mixtures thereof. The particulate carbonaceous
material may be coal, lignite, petroleum coke, or any mixtures thereof. The cooling agent
according to embodiment of the current invention may be water or recycled syngas or any
mixtures thereof. The oxygen-containing gas may be air, oxygen-enriched air, oxygen or
any mixtures thereof.

[00012] In certain embodiments of the present invention, the slurry comprising
particulate carbonaceous material has a solid concentration from 30 to 75 percent, but

preferably from 45 to 70 percent by weight, based upon the total weight of the slurry.

BRIEF DESCRIPTION OF THE DRAWINGS

[00013] For a more detailed description of the embodiments of the present

invention, reference will now be made to the accompanying drawings, wherein:
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[00014] Figure 1 is a schematic depiction of a gasification system and a pictorial

process flow diagram representing one embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[00015] The following detailed description of various embodiments of the invention
makes reference to the accompanying figure and illustrates a specific embodiment in which
the invention can be practiced. This embodiment is intended to describe aspects of the
invention in sufficient detail to enable those skilled in the art to practice the invention.
Other embodiments can be utilized and changes can be made without departing from the
scope of the present invention. The following detailed description 1s, therefore, not to be
taken in a limiting sense. The scope of the present invention is defined only by the
appended claims, along with the full scope of equivalents to which such claims are entitled.
[00016] Referring to FIG. 1, one embodiment of the present invention provides a
gasification reactor, indicated generally by reference numeral 10, that comprises a reactor
lower section 30 and a reactor upper section 40. The reactor lower section 30 defines the
first stage reaction zone of the gasification process, while the reactor upper section 40
defines the second stage reaction zone of the gasification process.

[00017] Referring again to FIG. 1, the recycled char and a stream comprising an
oxygen-containing gas and/or steam at high pressure are introduced into the gasification
reactor 10 lower section 30 through dispersion device 60 and/or 60a. In certain
embodiments, the dispersion devices are located on opposing sides of the reactor lower
section 30. More than two dispersion devices can be used. For example, four devices may
be used, and arranged 90 degrees apart. The dispersion devices can also be on different
levels and need not be on the same plane.

[00018] Within the reactor lower section 30 (or first stage reaction zone) of the
gasification reactor 10, the recycled char, and a stream comprising an oxygen-containing
gas and/or steam react such that rapid mixing and reaction of the reactants occurs, thereby

imparting a rotating motion, such that the combined reactants pass upwardly as (but not
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limited to) a vortex through the lower section 30 of the reactor 10. The reaction in the
reactor lower section 30 is the first stage of the gasification process by which the recycled
char, and a stream comprising an oxygen-containing gas and/or steam are converted
exothermically into mixture products comprising steam, synthesis gas, intermediate gases,
and entrained by-products such as molten slag, as disclosed later in more detail. The molten
slag thus formed drains from the bottom of the reactor 10 through a tap hole 20, to a slag
processing system (not shown) for final disposal.

[00019] The steam, intermediate, and synthesis gas exit from reactor lower section
30 by flowing upward into an unfired reactor upper section 40, where a cooling agent such
as (but not limited to) water and/or cold syngas recycled from the downstream system are
injected through feeding devices 80 and/or 80a, or additional feeding devices. The heat
produced in the reactor lower section 30 and carried upward with gas stream is utilized in
heating the water and/or cold syngas, thereby lowering the temperature of the resultant
mixture. This cooling step may also be accomplished by any direct heat exchange method
that is conventionally known to those skilled in art.

[00020] After the steam, intermediate, and synthesis gas exit from reactor lower
section 30 by the above cooling step, a slurry of particulate carbonaceous solids in a liquid
carrier are injected through feeding device 90 and/or 90a, or additional feeding devices. A
drying and reaction process then takes place in the unfired reactor upper section 40,
including vaporization of the feed water, the carbon-steam reaction and the water-gas
reaction between the CO and H,O to produce H; (which is preferred versus CO when CO,
sequestration to reduce CO, emissions is desired).

[00021] While the fired reactor lower section 30 (or the first stage reaction zone of
the reactor 10) is primarily a combustion reactor, the reactor upper section 40 is primarily a
quench reactor and a drying chamber for the slurry. Hot gases rising from the reactor lower
section 30 are cooled by the addition of feedstock slurry. This, combined with the fact that
the overall reactions occurring in unfired reactor upper section 40 are endothermic results
in a cooling of the gases to the point that entrained ash is cooled below the ash fusion initial
deformation temperature. Volatile organic and inorganic species then condense and either

agglomerate to themselves or are absorbed onto particulate carbonaceous material prior to
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reaching the heat transfer surfaces, and therefore do not adhere to these surfaces. The
reaction conditions in the reactor upper section 40 is disclosed in more detail below.
[00022] In the embodiment of the present invention shown in FIG 1, the unfired
reactor upper section 40 of the reactor 10 is connected directly to the top of the fired reactor
lower section 30 of the reactor 10 such that the hot reaction products are conveyed directly
from the reactor lower section 30 to the reactor upper section 40. This configuration
minimizes heat losses in the gaseous reaction products and entrained solids.

[00023] As illustrated in FIG. 1, the char produced by the gasification reaction may
be separated from the raw syngas stream, and recycled to increase carbon conversion. For
example, char may be recycled to the reactor lower section through dispersion devices 60
and/or 60a (or others) as discussed above. In certain embodiments, the dispersion devices
60 and 60a provide a dispersed feed of the particulate solids such as char into the first stage
of the reactor. The dispersion devices may be, for example, a device having a central tube
for the solids and an annular space surrounding the central tube for addition of an
atomizing gas which opens to a common mixing zone internally or externally. Further, the
feeding devices 80 and/or 80a, and 90 and/or 90a, of the unfired reactor upper section 40
may also be similar to the dispersion devices described hereinabove, or simply comprise a
tube for slurry or quench media feeding. Dispersion devices 60, 60a, quenching devices 80,
80a, and feeding devices 90, 90a may be constructed as is commonly known to those
skilled in the art.

[00024] As further shown in Figure I, the mixture products of the second stage
reaction produced in the reactor upper section 40 are withdrawn from the top of the upper
section 40 of the reactor and introduced into a separating device 50 that splits the combined
stream into a solid stream and gas stream. The solids stream exiting separating device 50
comprises solidified ash, char and dried carbonaceous solid particles formed in the unfired
reactor upper section reactor 40. This solids stream is mixed with oxygen-containing gas
and/or steam and recycled back to the fired reactor lower section 30 through dispersion
devices 60 and/or 60a as feed stock for first stage reaction.

[00025] The gas stream exiting from separating device 50 comprises hydrogen,

carbon monoxide, a small amount of methane, hydrogen sulfide, ammonia, nitrogen,
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carbon dioxide and small fraction of residual solid fines. The gas stream may be further
introduced into a particulate filtering device (not shown) whereby the residual solid fines
and particulates are removed. Once the particulates are removed, the syngas produced is
tar-free and can be further processed in a warm gas desulfurization unit without additional
treatment for the removal of tar. The lower syngas temperature exiting the gasifier also
eliminates the need for a high temperature heat recovery boiler, which simplifies the overall
gasification system and process with much improved reliability and lowered capital,
operating and material cost.

[00026] The materials of construction of the gasification reactor 10 are not critical.
Preferably, but not necessarily, the reactor walls are steel and are lined with an insulating
castable or ceramic fiber or refractory brick, such as a high chromium-containing brick in
the reactor lower section 30 and a dense medium, such as used in blast furnaces and non-
slagging applications in the reactor upper section 40, in order to reduce heat loss and to
protect the vessel from high temperature and corrosion slag, as well as to provide for better
temperature control. These materials are all commercially available. Alternatively, the
walls may be unlined by providing a "cold wall" system for fired reactor lower section 30
and, optionally, unfired upper section 40. The term "cold wall", refers to a method for
cooling the walls of the reactor using a cooling jacket with a circulated cooling medium, as
1s known conventionally in the art for coal gasification systems. In such systems, slag
freezes on the cooled wall and thereby protects the metal walls of the cooling jacket.
[00027] The physical conditions of the first stage reaction in the reactor lower
section 30 are controlled and maintained to assure rapid gasification of the recycled char.
More specifically, the temperature of fired reactor lower section 30 is maintained from
1500°F to 3500°F, but preferably from 2000°F to 3200°F and most preferably from 2400°F
to 3000°F. At such temperatures, ash formed by the gasification of char therein melts to
form molten slag having a slag viscosity not greater than approximately 250 poises, which
drains through a tap hole at the bottom of the reactor and is further conditioned in units
outside the scope of this document.

[00028] The physical conditions of the reaction in the second stage of the

gasification process in the reactor upper section 40 are controlled to assure rapid
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gasification and heating of the feedstock above its range of plasticity. More specifically, the
temperature within this section, as measured after introduction of the quenching medium
but before the introduction of feedstock slurry, is maintained from 600°F to 2000°F, but
preferably from 800°F to 1800°F and most preferably from 1000°F to 1600°F. The hot
intermediate product flowing upward from fired reactor lower section 30 provides heat for
the endothermic reactions occurring in the unfired upper reactor section 40.

[00029] The operation parameters of the cooling step (described above) are adjusted
according to the type and concentration of particulate carbonaceous feedstock in the carrier
liquid. More specifically, the temperature at which the cooling process is operated is
adjusted such that the final temperature of mixture products emanating from the second
stage is between 300 and 1200°F, but preferably between 350 and 900°F, and most
preferably between 400 °F and 600°F. Within this temperature range, heavy molecular-
weight tar species are typically not emitted. As a result, the syngas exiting the separating
device 50 and optional particulate filtering device will be tar free and particulate-free, and
can be easily processed further by the conventional purification process including acid gas
removal, sulfur recovery, etc.

[00030] The process of this invention is carried out at atmospheric or higher
pressures. Generally, the pressure within the reactor lower section 30 and upper section 40
1s maintained from 14.7 psig to 2000 psig, but preferably from 50 psig to 1500 psig, and
most preferably from 150 psig to 1200 psig.

[00031] In the various embodiments of the present invention, the velocity (or feed
rate) of gases and solids passing through the dispersion devices 60 and/or 60a of the reactor
lower section reactor 30 is kept between 20 and 120 feet per second, but preferably
between 20 and 90 feet per second, and most preferably between 30 and 60 feet per second.
The residence time of char in the reactor lower section 30 is kept between 2 seconds and 10
seconds and preferably between 4 seconds and 6 seconds. The velocity or the feed rate of
the slurry stream passing through the feeding device 90 and/or 90a of the reactor upper
section reactor 40 is kept between 5 feet per second and 100 feet per second, but preferably
between 10 feet per second and 80 feet per second, and most preferably between 20 feet per

second and 60 feet per second. The velocity (or feed rate) of the water or cold synthesis gas
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recycled from the downstream system passing through the feeding device 80 and/or 80a of
the reactor upper section reactor 40 is kept between 10 feet per second and 120 feet per
second, but preferably between 15 feet per second and 100 feet per second, and most
preferably between 20 and 80 feet per second. The residence time in the reactor upper
section 40 1s maintained between 5 seconds and 40 seconds.

[00032] The process may be employed using any particulate carbonaceous feedstock
material. However, the particulate carbonaceous material is preferably coal which, without
limitation, includes lignite, bituminous coal, sub-bituminous coal, or any combination
thereof. Additional carbonaceous materials that may be utilized are coke from coal, coal
char, coal liquefaction residues, particulate carbon, petroleum coke, carbonaceous solids
derived from oil shale, tar sands, pitch, biomass, concentrated sewer sludge, bits of
garbage, rubber and any mixtures thereof. The foregoing exemplified materials can be in
the form of comminuted solids, and for best materials handling and reaction characteristics,
as pumpable slurries in a liquid carrier.

[00033] The liquid carrier for carbonaceous solid materials can be any liquid
capable of vaporizing and participating in the reactions to form desired gaseous products,
particularly carbon monoxide and hydrogen. Preferably, the liquid carrier is water, which
forms stcam in lower reactor section 30. The steam then reacts with carbonaceous
feedstock to form gascous products that arc valuable constituents of synthesis gas.
However, liquids other than water may be used to slurry the carbonaceous material, for
example, fuel oil, residual oil, petroleum, and liquid CO,. When the liquid carrier is a
hydrocarbon, additional water or steam may be added to provide sufficient water for
efficient reaction and for moderating the reactor temperature.

[00034] Any gas containing at least 20 percent oxygen may be used as the oxygen-
containing gas fed to the fired reactor lower section 30. Preferred oxygen-containing gases
include oxygen, air, and oxygen-enriched air.

[00035] The concentration of particulate carbonaceous material in the carrier liquid
as a slurry is limited only by the need to have a pumpable mixture. In general, the
concentration of carbonaceous material may range up to 80 percent by weight. Preferably,

the concentration of particulate carbonaceous material in the slurry ranges from 30 percent
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to 75 percent by weight in both the first and second stages of the process. More preferably,
the concentration of coal particles in an aqueous slurry is between 45 and 70 percent by
weight.

[00036] When coal is the feedstock, it can be pulverized before being blended with a
liquid carrier to form slurry, or ground together with the liquid media. In general, any
reasonably finely-divided carbonaceous material may be used, and any of the known
methods of reducing the particle size of particulate solids may be employed. Examples of
such methods include the use of ball, rod and hammer mills. While particle size is not
critical, finely divided carbon particles are preferred. Powdered coal used as fuel in coal-fed
power plants is typical. Such coal has a particle size distribution in which 90 percent by
weight of the coal passes through a 200 mesh sieve. A coarser size of 100 mesh average
particle size can also be used for more reactive materials, provided stable and non-settling
slurry can be prepared.

[00037] As used herein, the term “char” refers to unburned carbon and ash particles
that remain entrained within a gasification system after production of the various products.
[00038] As used herein, the term “and/or,” when used in a list of two or more items,
means that any one of the listed items can be employed by itself, or any combination of two
or more of the listed items can be employed. For example, if a composition is described as
containing components A, B, and/or C, the composition can contain A alone; B alone; C
alone; A and B in combination; A and C in combination; B and C in combination; or A, B,
and C in combination.

[00039] The scope of protection is not limited by the description set out above, but is
only limited by the claims that follow, that scope including all equivalents of the subject
matter of the claims. Each and every claim is incorporated into the specification as an
embodiment of the present invention. Thus, the claims are a further description and are an
addition to the preferred embodiments of the present invention.

[00040] Any element in a claim that does not explicitly state “means for”
performing a specified function, or “step for” performing a specific function, is not to be

interpreted as a “means” or “step” clause as specified 35 U.S.C. §112 9 6. In particular, the
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WHAT IS CLAIMED IS:

1. A process for the gasification of a carbonaceous material, comprising the
steps of

a. introducing a dry feedstock into a reactor lower section and partially
combusting therein with a gas stream comprising an oxygen-containing gas or steam,
thereby evolving heat and forming products comprising synthesis gas and molten slag;

b. passing said synthesis gas from step a) upward into a reactor upper section
whereby said synthesis gas from step a) is cooled by one or more cooling agent(s);

c. drying a slurry of particulate carbonaceous material in a liquid carrier with said
cooled synthesis gas from step b) in said reactor upper section, thereby forming mixture
products comprising a solid stream and a gaseous stream;

d. passing said mixture products through a separating device, whereby said solid
stream is separated from said gaseous stream; and

e. recycling said solid stream back to said reactor lower section, wherein said heat
produced in said reactor lower section and carried upward with said synthesis gas is utilized
to heat, vaporize, or the combination thereof, said cooling agent, thereby lowering the

temperature of said mixture products.

2. The process of claim 1, wherein step a) is carried out at a temperature in a

range of 1500°F and 3500°F and at a pressure in a range of 14.7 psig to 2000 psig.

3. The process of claim 1, wherein step a) is carried out at a temperature in a

range of 2000°F and 3200°F and at a pressure in a range of 50 psig to 1500 psig.

4, The process of claim 1, wherein the temperature of said reactor upper
section after step b) and prior to step ¢) is maintained between 600°F and 2000°F and at a
pressure in a range of 14.7 psig to 2000 psig.
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5. The process of claim 1, wherein the temperature of said reactor upper
section after step b) and prior to step ¢) is maintained between 800°F and 1800°F and at a

pressure in a range of 50 psig to 1500 psig.

6. The process of claim 1, wherein said cooling agent is selected from a group

consisting of water, recycled syngas, and any mixture thereof.

7. The process of claim 1, wherein said gas stream comprising an oxygen-
containing gas or steam is introduced into said reactor lower section at a feeding rate in a
range of 20 to 120 feet per second, and wherein the residence time of said char in said

reactor lower section is in a range of 2 to 10 seconds.

8. The process of claim 1, wherein said gas stream comprising an oxygen-
containing gas or steam is introduced into said reactor lower section at a feeding rate in a
range of 20 to 90 feet per second, and wherein the residence time of said dry feedstock in

said reactor lower section is in a range of 4 to 6 second.

9. The process of claim 1, wherein said slurry comprising particulate
carbonaccous material in said liquid carrier is introduced into said reactor upper section at a
feeding rate in a range of 10 to 80 feet per second, and wherein the residence time of said

first liquid stream in said reactor upper section is in a range of 5 to 40 seconds.

10.  The process of claim 1, wherein said cooling agent is introduced into said

reactor upper section at a feeding rate in a range of 10 to 120 feet per second.

11.  The process of claim 1, wherein said carrier liquid is selected from group

consisting of water, liquid CO, , petroleum liquid and any mixtures thereof.

12.  The process of claim 1, wherein said particulate carbonaceous material is

selected from group consisting of coal, lignite, petroleum coke and any mixtures thereof.
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13.  The process of claim 1, wherein said slurry comprising particulate
carbonaccous material has a solids concentration from 30 to 75 percent by weight based

upon the total weight of said slurry.

14, The process of claim 1, wherein said slurry comprising particulate
carbonacecous material has a solids concentration from 45 to 70 percent by weight based

upon the total weight of said slurry.

15.  The process of claim 1, wherein said oxygen-containing gas is selected from

a group consisting of air, oxygen-enriched air, oxygen and any mixtures thereof.

16.  The process of claim 1, further comprising a step of passing said gaseous
product stream through a particulate filtering device, whereby residual solid fines and

particulates are separated from said gaseous product stream.

17.  The process of claim 1, wherein the temperature of said mixture products
exiting reactor upper section, prior to entering said separation device, is between 300°F and

1200°F.

18.  The process of claim 1, wherein the temperature of said mixture products
exiting reactor upper section, prior to entering said separation device, 1s between 400°F

and 700°F.

19.  The process of claim 1, wherein said solid stream comprising recycled char,
ash, and dried carbonaceous solid particles, and wherein said gaseous stream comprises

synthesis gas and molten slag,

20. A system for the gasification of a carbonaceous material, comprising:
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a. a reactor lower section for partially combusting a dry feedstock with a gas
stream comprising an oxygen-containing gas or stcam to produce heat and products
comprising synthesis gas and molten slag, wherein said reactor lower section comprises
one or more dispersion devices for introducing said gas stream and said dry feedstock;

b. a reactor upper section for cooling said synthesis gas from said reactor lower
section followed by drying a slurry of particulate carbonaceous material in a liquid carrier
with said cooled synthesis gas to produce mixture products comprising a solid stream and a
gaseous stream,

¢c. aseparating device for separating said solid stream from said gaseous stream;

wherein said heat produced in said reactor lower section carried upward with said
synthesis gas is utilized to heat, vaporize, or combinations thereof, said cooling agent,
thereby lowering the temperature of said mixture products.

d. a particulate filtering device for separating residual solid fines and particulates

from said gaseous product stream.
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