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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates generally to a
process to facilitate gasification of various carbonaceous
fuels including low reactivity coals in fluidized beds. The
invention can handle fuels containing higher percentages
of ash and fouling components such as iron, sodium or
potassium.

2. Description of Related Art

[0002] Gasification technology is an effective process
to effectively convert carbonaceous resources such as
different grades of coal, petroleum residues and cokes
into syngas. The syngas can be used in many applica-
tions, including downstream chemical synthesis, gener-
ating power via its combustion in an IGCC processes
producing nearly zero emissions of pollutants as well as
effectively capturing carbon dioxide, and/or producing
hydrogen by shifting it for utilization in oil refining and
coal liquefaction processes.
[0003] Conventional gasification processes have sub-
stantial limitations in processing wide varieties of carbon-
aceous resources. For example, entrained flow gasifiers
are not suitable economically to process low reactivity
fuels that have characteristics such as high ash content
or high ash fusion temperatures. Fluidized bed gasifiers
are normally designed for low ranks such as lignite and
sub-bituminous coals due to their high reactivities. They
have difficulties in gasifying high rank coals such as bi-
tuminous and anthracite with high carbon conversions.
Further, the fluidized bed gasifiers can generate tar and
have high methane content in the syngas, both of which
significantly decreases syngas utilization to synthesize
chemical products by downstream processes. Both the
low carbon conversion and formation of tar and methane
in the syngas are highly negative performance factors
for a fluidized bed gasifier when gasifying high rank coals
and other low reactivity fuels.
[0004] The fundamental reason for the limitations of
fluidized bed gasifiers is that the process must avoid
clinker and agglomerate (collectively sometimes referred
to herein as "clinkers") formation in the gasifier. Once
formed, clinkers can debilitate the gasifier in a very short
time and lead to a long outage. To avoid clinker formation,
the gasifier operating temperature must be substantially
lower than the ash initial deformation temperature be-
cause the particle surface temperature is substantially
higher than the overall bulk temperature due to partial
oxidation on the char particle surface. Making things
worse is the fact that the bed carbon content is much
higher when gasifying high rank coals due to the low re-
activity of the coal. The oxidant (air, enriched air or oxy-
gen) injected into the gasifier will be immediately con-

sumed in a small volume space and create local hot spots
favoring clinker formation. Therefore, when a fluidized
bed gasifier is used to gasify a bituminous coal, the op-
erating temperature is much lower than the ash initial
deformation temperature. Such low operating tempera-
tures in conjunction with the coal’s low reactivity leads to
lower carbon conversion, tar formation and higher meth-
ane content in the syngas.
[0005] One way to avoid the conventional limitations
of the fluidized bed gasifier is by utilizing a stage-wise
approach. For example, the Ebara Process disclosed in
US Patent No. 6,063,355 teaches a two-stage approach
to generate syngas from various types of waste refuse.
The Ebara Process has a first stage fluidized bed gasifier
operating at much lower temperature than a second
stage conventional entrained flow gasifier with a burner,
and has a relatively low capacity. The Ebara Process,
with relatively low capacities in the 100 to 300 tons/day
range, has a first stage fluidized bed gasifier operating
at around 580°C, and the second stage entrained flow
gasifier operating at around 1300°C. In this manner, the
stage-wise Ebara Process essentially gasifies waste fuel
at the low first stage temperature, which minimizes fuel
feed related problems and provides favorable conditions
for recovering useful wastes from the bottom of the flu-
idized bed gasifier. In the second stage, the Ebara Proc-
ess further conditions the unconverted char, tar and or-
ganics in the syngas from the first stage.
[0006] However, the Ebara Process cannot efficiently
process bituminous coals and other low reactivity fuels
with high ash content just as other entrained flow gasifi-
ers, since the second stage gasifier operates with the
same disadvantages described with the conventional en-
trained flow gasifiers - it requires much higher tempera-
tures and oxygen consumption, and thus provides a
shorter refractory lifespan - which are in addition to the
well-known grey water and black water problems.
[0007] Moreover, it is well-known that the mixing effect
is very poor in entrained flow gasifiers such as in the
second stage gasifier used in the Ebara Process, espe-
cially when the gas phase carries quite a low concentra-
tion of dust. One example of poor mixing and reaction
extent is the freeboard region of a fluidized bed gasifier.
In spite of relatively long residence times, limited degrees
of chemical reactions occur in the freeboard region of the
fluidized bed reactor. A majority of reactions occur in the
dense fluidized bed region of the reactor. The same can
be said for the entrained flow gasifier. With the increase
in size of the gasifier for larger throughputs, poor mixing
between the gas and solids results, with progressive de-
terioration in carbon conversion.
[0008] The effect of poor mixing is much more promi-
nent with the second stage gasifier of Ebara Process
than with a conventional entrained flow gasifier in which
both coal and oxygen are concentrated in the highest
temperature burner tip region. Only a small fraction of
fuel particles escapes the flame region, and thus never
gets another chance for conversion. In contrast, the char
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particles and the tar vapors tend to accumulate in the
relatively lower temperature wall region due to the poor
mixing of the swirling-type second stage entrained flow
gasifier of the Ebara Process. Abnormally higher tem-
perature at the oxygen injection region can increase the
overall temperature in the second stage gasifier of the
Ebara Process at the expense of increased oxygen con-
sumption and shorter refractory lifespan.
[0009] Other methods to avoid the conventional limi-
tations of the fluidized bed gasifier have been proposed
that essentially act as a second stage gasifier. One such
example is disclosed in US Patent 4,412,848 that teach-
es a method of injecting oxygen at a lower inlet section
of a second stage cooler, where the operating tempera-
ture is about 400-500°C. US Patent 4,412,848 purports
to reduce the tar deposition on the heat transfer media
particle surfaces. Except for the inlet section, the overall
cooler bed temperature is only about 250-300°C, which
is below the ignition temperature of syngas components
(carbon monoxide, hydrogen and others), raising a sig-
nificant safety concern. Further, such a low temperature
partial oxidation does not appreciably improve carbon
conversion. For low reactivity coals, the carbon conver-
sion in the first stage gasifier, if operated at about 1000°C
to limit/avoid clinker formation, will be less than 80%, and
therefore the second stage must operate at much higher
temperatures to increase the carbon conversion.
[0010] Another attempt to improve conversion of char
particles and tar in the syngas stream is to directly inject
oxygen to the freeboard region just above the fluidized
bed gasifier, see, for example, http://www.fischer-trop-
sch.org/primary_documents/gvt_reports/BI-
OS/333/BIOS_333_toc.htm, as has been practiced in the
known Winkler gasifier since 1930s. Since oxygen is di-
rectly injected into the gasifier to increase the freeboard
temperature, the cost of implementation is low. However,
overall mixing and temperature uniformity in the vessel
with gas flows carrying only up to 40,000 part per million
by weight (ppmw) dust is poor. In spite of improvements,
the effect of oxygen injection to the Winkler gasifier free-
board region still results in low carbon conversions.
[0011] US Patent Application Serial No.
13/936,457discloses a two-stage gasification process to
efficiently gasify high ash bituminous and semi-anthra-
cite coals and other low reactivity fuels with over 95%
carbon conversion and the generation of tar-free syngas
for further processing. To convert carbon sources with
low reactivity, the second stage fluidized bed gasification
unit needs to operate at temperatures in the range of
1100-1400°C. At these high gasifier exit temperatures,
costs associated with cooling the syngas effectively and
efficiently become a challenge. US Patent Application
Serial No. 14/010,381 presents an apparatus and meth-
od to cool high temperature syngas in a multistage cir-
culating fluidized bed syngas cooler.
[0012] The potential beneficial utilization of the combi-
nation of these two innovative systems, along with a con-
ventional barrier filter, still poses challenges in configur-

ing and operating a gasification process to gasify a wider
variety of carbon sources.
[0013] To overcome the operability, efficiency and cost
issues mentioned above, an integrated and staged gas-
ification process that can gasify various carbonaceous
materials is highly desirable. It is the intention of the
present invention to provide for such an industrial need.
[0014] US 3,128,164 A describes a process for gasifi-
cation of hydrocarbons to hydrogen and carbon monox-
ide wherein hydrocarbons are reacted in a fluidized bed
of hot carbonaceous solids to make a reducing gas con-
sisting predominantly of carbon monoxide and hydrogen.
[0015] EP 1 201 731 A1 discusses a method of gasi-
fying carbon-containing solids in a turbulent layer well as
a gasifier suitable for doing so.

BRIEF SUMMARY OF THE INVENTION

[0016] The invention achieves the object mentioned
above by suggesting a process according to claim 1.
[0017] Briefly described, in a preferred form, the
present invention comprises a high temperature second
stage gasification unit that facilitates a cost effective and
energy efficient integrated and staged gasification proc-
ess that can gasify various carbonaceous materials such
as coals, petroleum coke, refinery residues, and city
waste.
[0018] In an example for reference, the apparatus is a
second stage gasification unit useful with an integrated
gasification process for low reactivity fuels having a first
stage gasification unit forming a first stage syngas stream
containing unwanted species in a first stage concentra-
tion, the second stage gasification unit comprising a high
temperature second stage turbulent fluidized bed gasifier
having operating characteristics to promote conversion
of a first stage syngas stream containing unwanted spe-
cies in a first stage concentration into a second stage
syngas stream containing the unwanted species in a sec-
ond stage concentration, the second stage concentration
of the unwanted species lower than the first stage con-
centration of the unwanted species, the second stage
turbulent fluidized bed gasifier comprising bed material
in a bed material region, a freeboard region above the
bed material region, and an outlet for the second stage
syngas stream containing the unwanted species in the
second stage concentration, a syngas temperament de-
vice (STD) to temper the second stage syngas stream
temperature containing the unwanted species in the sec-
ond stage concentration, and a bed material return to
return at least a portion of bed material from the second
stage turbulent fluidized bed gasifier flowing through the
STD to the second stage turbulent fluidized bed gasifier,
wherein a first operating characteristic of the second
stage gasifier is that it operates in the range of approxi-
mately 1100 to 1400°C to achieve an overall carbon con-
version of over 95% and produce the second stage syn-
gas stream from low reactivity fuels.
[0019] A second operating characteristic of the second
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stage gasifier can be that it operates with a gas superficial
velocity range between approximately 0,91 m/s to 3,66
m/s (3 to 12 ft/s), and a third operating characteristic of
the second stage gasifier can be that it operates within
a pressure range between approximately 2,07 bar to
68,95 bar (30 to 1000 psia).
[0020] The design of the second stage gasifier so it
can operate with the operating characteristics help
achieve an overall carbon conversion of over 95% and
produce both a tar-free and dust-free second stage syn-
gas stream from low reactivity fuels.
[0021] The second stage turbulent fluidized bed gasi-
fier can have syngas inlets in the bed material region of
the second stage turbulent fluidized bed gasifier for in-
troduction of the first stage syngas stream to the second
stage turbulent fluidized bed gasifier, the first stage syn-
gas stream entering the second stage turbulent fluidized
bed gasifier tangentially at different elevations to form a
well-mixed turbulent fluidized bed distributing the first
stage syngas stream containing the unwanted species
in the first stage concentration among the bed material
of the second stage turbulent fluidized bed gasifier. The
second stage turbulent fluidized bed gasifier can have
oxidant and steam mixture stream inlets in the bed ma-
terial region of the second stage turbulent fluidized bed
gasifier for introduction of an oxidant and steam mixture
stream. The second stage turbulent fluidized bed gasifier
can have oxidant and steam mixture stream inlets in the
freeboard region of the second stage turbulent fluidized
bed gasifier for introduction of an oxidant and steam mix-
ture stream.
[0022] The second stage gasification unit can further
comprise a distributor assembly embedded in a refrac-
tory layer of the bed material region of the second stage
turbulent fluidized bed gasifier for introduction of an ox-
idant and steam mixture stream.
[0023] The height of the bed material region can be in
the range of approximately 3,05 m to 4,57 m (10 to 15
feet), and the height of the freeboard region can be in
the range of approximately 3,05 m to 6,10 m (10 to 20
feet).
[0024] The second stage turbulent fluidized bed gasi-
fier can have at least one sorbent inlet in the freeboard
region of the second stage turbulent fluidized bed gasifier
for introduction of one or more sorbents to minimize foul-
ing problems associated with certain ash minerals.
[0025] The bed material return can comprise a cyclone,
a dipleg, and an L-leg mechanism.
[0026] The bed material can comprise inert particles
having a size range of approximately 100 to 200 microns.
[0027] In an example for reference, the process is a
process of conditioning a first stage syngas stream con-
taining unwanted species in a first stage concentration
formed by a first stage gasification unit of an integrated
gasification process for low reactivity fuels, the process
comprising converting the first stage syngas stream con-
taining the unwanted species in the first stage concen-
tration into a second stage syngas stream containing the

unwanted species in a second stage concentration in a
high temperature second stage turbulent fluidized bed
gasifier having operating characteristics, wherein a first
operating characteristic of the second stage gasifier is
operating the second stage turbulent fluidized bed gas-
ifier in the range of approximately 1100 to 1400°C, the
second stage turbulent fluidized bed gasifier including
bed material in a bed material region, a freeboard region
above the bed material region, and an outlet for the sec-
ond stage syngas stream containing the unwanted spe-
cies in the second stage concentration, the second stage
concentration of the unwanted species lower than the
first stage concentration of the unwanted species, tem-
pering the second stage syngas stream temperature con-
taining the unwanted species in the second stage con-
centration in a syngas temperament device (STD), and
returning at least a portion of bed material from the sec-
ond stage turbulent fluidized bed gasifier flowing through
the STD to the second stage turbulent fluidized bed gas-
ifier.
[0028] The process can achieve over approximately
95% carbon conversion into syngas gasifying carbona-
ceous materials comprising ash content up to approxi-
mately 45 wt%. The process can achieve over approxi-
mately 95% carbon conversion into syngas gasifying low
reactivity carbonaceous materials. The process can
achieve over approximately 98% carbon conversion into
syngas gasifying low reactivity bituminous coals. The
process can produce a tar-free second stage syngas
stream from low reactivity fuels.
[0029] The process can further comprise introducing
the first stage syngas stream into the second stage tur-
bulent fluidized bed gasifier tangentially at different ele-
vations to form a well-mixed fluidized bed distributing the
first stage syngas stream containing the unwanted spe-
cies in the first stage concentration among the bed ma-
terial of the second stage turbulent fluidized bed gasifier.
[0030] The process can further comprise introducing
at least one sorbent in the freeboard region of the second
stage turbulent fluidized bed gasifier.
[0031] In an example for reference, the process is a
process of conditioning a first stage syngas stream con-
taining unwanted species in a first stage concentration
formed by a first stage gasification unit of an integrated
gasification process for low reactivity fuels, the process
comprising converting the first stage syngas stream con-
taining the unwanted species in the first stage concen-
tration into a second stage syngas stream containing the
unwanted species in a second stage concentration in a
high temperature second stage turbulent fluidized bed
gasifier, the second stage turbulent fluidized bed gasifier
including bed material in a bed material region, a free-
board region above the bed material region, and an outlet
for the second stage syngas stream containing the un-
wanted species in the second stage concentration, the
second stage concentration of the unwanted species low-
er than the first stage concentration of the unwanted spe-
cies, operating the high temperature second stage tur-
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bulent fluidized bed gasifier in the range of approximately
1100 to 1400°C, operating the high temperature second
stage turbulent fluidized bed gasifier with a superficial
velocity range of between approximately 0,91 m/s to 3,66
m/s (3 to 12 ft/s), operating the high temperature second
stage turbulent fluidized bed gasifier in the range of be-
tween approximately 2,07 bar to 68,95 bar (30 to 1000
psia), tempering the second stage syngas stream tem-
perature containing the unwanted species in the second
stage concentration in a syngas temperament device
(STD), and returning at least a portion of bed material
from the second stage turbulent fluidized bed gasifier
flowing through the STD to the second stage turbulent
fluidized bed gasifier, wherein the process achieves over
approximately 95% carbon conversion into syngas gas-
ifying low reactivity fuels.
[0032] In an example for reference, the apparatus is a
gasification system for low reactivity carbonaceous fuels
with an ash content comprising a first stage gasification
unit combining carbonaceous materials and oxidant to
produce a first stage syngas stream containing unwanted
species in a first stage concentration, a high temperature
second stage turbulent fluidized bed gasifier having op-
erating characteristics to promote conversion of the first
stage syngas stream containing unwanted species in the
first stage concentration into a second stage syngas
stream containing the unwanted species in a second
stage concentration, the second stage concentration of
the unwanted species lower than the first stage concen-
tration of the unwanted species, the second stage turbu-
lent fluidized bed gasifier comprising bed material in a
bed material region, a freeboard region above the bed
material region, and an outlet for the second stage syn-
gas stream containing the unwanted species in the sec-
ond stage concentration, a syngas temperament device
(STD) to temper the second stage syngas stream tem-
perature containing the unwanted species in the second
stage concentration, and a bed material return to return
at least a portion of bed material from the second stage
turbulent fluidized bed gasifier flowing through the STD
to the second stage turbulent fluidized bed gasifier,
wherein a first operating characteristic of the second
stage gasifier is that it operates in the range of approxi-
mately 1100 to 1400°C to achieve an overall carbon con-
version of over 95% and produce the second stage syn-
gas stream from low reactivity fuels.
[0033] The unwanted species can comprise char car-
bon, tar, and ash fines, among others. In an example for
reference, the process is a process for generating syngas
from low reactivity fuels comprising combining in a first
unit low reactivity fuels and oxidant to produce a first
stage syngas stream containing unwanted species in a
first stage concentration, converting in a second unit be-
ing a second stage turbulent fluidized bed gasifier having
bed material the first stage syngas stream containing the
unwanted species in the first stage concentration into a
second stage syngas stream containing the unwanted
species in a second stage concentration, the second

stage concentration of the unwanted species lower than
the first stage concentration of the unwanted species,
operating the second stage turbulent fluidized bed gas-
ifier in the range of approximately 1100 to 1400°C, tem-
pering in a third unit the second stage syngas stream
containing the unwanted species in the second stage
concentration, and returning at least a portion of bed ma-
terial flowing through the third unit to the second unit.
[0034] The process can achieve over approximately
95% carbon conversion into syngas gasifying carbona-
ceous materials comprising ash content up to approxi-
mately 45 wt%.
[0035] The process can achieve over approximately
95% carbon conversion into syngas gasifying carbona-
ceous materials comprising one or more of anthracite,
petroleum coke and refinery residues type fuels.
[0036] The process can achieve over approximately
98% carbon conversion into syngas gasifying carbona-
ceous materials comprising low reactivity bituminous
coal type fuels with an oxidant comprising one of air, en-
riched air and oxygen.
[0037] The process can generate up to 600 MWe and
comprising a single unit of second stage gasifier of trans-
portable size.
[0038] The first stage syngas stream can comprise fine
entrained particles in the range of approximately 0 to 50
microns, and upon char carbon conversion in the bed
material of the second unit and entrainment of uncon-
verted char carbon and finer ash particles from the bed
material into a freeboard region of the second unit, the
bed material can contain less than approximately 1 wt%.
of char carbon and less than approximately 5 wt%. of
fine ash.
[0039] The process can further comprise operating the
second unit approximately 50°C to 100°C below the ash
fusion temperature of the ash, having a bed material tem-
perature of up to approximately 1400°C, and preventing
agglomerate and clinker formation.
[0040] The second stage syngas stream is preferably
tar-free and has a methane content in the range of ap-
proximately 0.25 to 0.5 mole %.
[0041] For low reactivity bituminous coal gasification,
the oxygen consumption preferably is low and in the
range of 350 to 400 scm per 1000 scm of carbon mon-
oxide and hydrogen produced. Further, the coal con-
sumption preferably is low and in the range of 500 to 550
kg of dry coal per 1000 scm of carbon monoxide and
hydrogen produced. Further, the steam consumption
preferably is low and in the range of 0.25 to 0.35 steam-
to-coal mass ratio, and the lower heating value of the
exiting syngas is in the range of 8.5 to 10 MJ/scm.
[0042] Thus, it can be seen that the present invention
uses a fluidized bed as a second stage gasifier, uses
fluidized beds in a process to achieve over 95% carbon
conversion with low reactivity fuels, and provides means
and methods to operate the second stage fluidized bed
at high temperatures. For example, the second stage flu-
idized bed gasification unit can be operated in the range
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of approximately up to 1400°C to achieve over approxi-
mately 95% carbon conversion.
[0043] To gasify a broad spectrum of carbon sources,
the present second stage of a two-stage gasification sys-
tem needs to be essentially a stationary (as opposed to
circulating) turbulent fluidized bed gasifier with operating
temperatures in the range of approximately 1100 to
1400°C. To operate a gasifier at such high temperatures
without being limited by the ash fusion temperature, the
gasifier requires much higher oxygen consumption than
does a conventional fluidized bed gasifier that operates
at relatively lower temperatures. One consequence of
the high oxygen flow rates to the present second stage
gasifier is that the surface temperature of the char carbon
particles can reach much higher temperatures, above
the ash fusion temperature, and create local hot spots.
Thus, it becomes important to avoid the hot spots leading
to clinker formation. Preferred embodiments of the
present invention provide a second stage gasification unit
and methods of operating such a unit reliably in an inte-
grated process.
[0044] The first stage in the two-stage gasification sys-
tem of US Patent Application Serial No. 13/936,457 op-
erates at relatively low temperatures in the range 800 to
1100°C depending on the feed carbonaceous material
in order to alleviate operational challenges. At such rel-
atively low temperatures, the carbon conversion in the
first stage is low. Thus, if the present invention uses such
a first stage gasifier, in order to achieve over approxi-
mately 95% overall carbon conversion, the second stage
gasifier of the present invention needs to gasify a signif-
icant amount of char carbon particles and tar from the
first stage. As the char carbon particles in the second
stage are lighter and fine, any unreacted char carbon
particles tend to entrain along with the syngas exiting the
second stage. Such entrained fine char carbon particles
can be collected effectively downstream and recycled
back to the second stage to achieve the beneficial higher
carbon conversions.
[0045] The present second stage gasification unit
overcomes many challenges by operating in an integrat-
ed staged gasification process, generating cooler dust-
and tar-free syngas. The present invention facilitates
gasification of a number of different low reactivity car-
bonaceous materials in fluidized beds with over approx-
imately 95% overall carbon conversion in a fluidized bed
gasification system. Preferably, the operating tempera-
ture of the second stage gasifier is solely determined by
the necessity to convert more than approximately 95%
of the carbon feeding into the gasifier regardless of the
ash fusion temperature.
[0046] The present invention further comprises meth-
ods to process low reactivity fuels in two stages of fluid-
ized bed gasifiers that include a high temperature second
stage gasification unit. By integrating the staged gasifi-
cation units with a fluidized bed syngas cooler, a cold
third stage cyclone operating at a syngas cooler exit tem-
peratures in the range of approximately 250 to 400°C, a

particulate control device (PCD) with ceramic/sintered
metal candle filters, and the capability to recycle solids
between various units to increase carbon conversion and
maintain solids inventory, a dust- and tar-free syngas can
be produced for further downstream processing into
chemicals or combusting to generate power.
[0047] Due to low temperature operation with low re-
activity fuels to avoid hot spots that can lead to clinker
formation with high carbon content in the bed, the first
stage circulating fluidized bed gasification unit of the
present invention produces syngas that invariably con-
tains tar and fine ash and char carbon particles. The syn-
gas flows to the present high temperature second stage
fluidized bed gasification unit for further processing.
[0048] The gas and bed material are well mixed in a
fluidized bed and such mixing in the second stage pro-
vides nearly uniform bed temperature. The tar molecules
in the syngas are uniformly dispersed in the entire bed
volume, contacting another uniformly-dispersed oxygen
and steam mixture gas stream, and the bed solid particles
provide hot surfaces that facilitate tar cracking.
[0049] The fine char particles range in the size from 0
to 50 microns and are well dispersed among the second
stage gasifier bed material that is maintained in a turbu-
lent fluidized bed operating regime. As the second stage
gasifier operates in the range of approximately 1100 to
1400°C, the char will react with oxygen, steam and car-
bon dioxide to form useful syngas components.
[0050] To achieve over approximately 95% overall car-
bon conversion, the desired operating temperature can
be established with CO2 reactivity tests similar to ASTM
D5341-93a prescription. The capability to predict the min-
imum second stage operating temperature makes it pos-
sible to achieve the desired carbon conversion without
the need to slag or melt the ash, which minimizes the
oxygen consumption in the gasification system. In a pre-
ferred embodiment, the present invention has substantial
advantages over the conventional entrained flow gasifier
where the operating temperature has to be high enough
to melt the ash, and the viscosity of the resultant slags
has to be less than a certain value (for example 25 Pa·s
(250 Poise)). For a desired carbon conversion, the sec-
ond stage gasifier according to the present invention will
operate at a lower temperature than the entrained flow
gasifier consuming less oxygen.
[0051] In a preferred embodiment, if the operating tem-
perature of the second stage gasifier needs to be (just)
above the ash deformation temperature to achieve the
desired carbon conversion, such an operation can be
realized without forming clinkers in the bed - as only a
small fraction of fine ash that enters the gasifier accumu-
lates in the bed. The present invention lets the mixing
action in the turbulent fluidized bed coat the melted fine
ash particles onto the inert particles of the bed. A fraction
of the bed materials periodically will be withdrawn,
cooled, and after grinding, a portion of the pulverized
solids is recycled back to the bed to maintain the particle
size distribution in the desired range.
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[0052] Due to the relatively high operating temperature
of the second stage gasifier, methane and cracked tar
fractions in the syngas will also undergo gasification re-
actions to form carbon monoxide and hydrogen. To pre-
vent soot formation during methane and tar cracking
process, as well as to consume any soot that forms,
steam along with oxygen can be injected into the bed at
different elevations and into the freeboard region of the
gasifier. A preferred method of steam and oxygen injec-
tion in the freeboard region is tangential as the entrained
inert solid particles predominately flow downwards along
the wall. The tangential injection into the gas phase
presents a much better opportunity to react with the soot
attached to the refluxing inert solid particles, thereby fur-
ther increasing the carbon conversion.
[0053] As the fines (char and ash) from the first stage
have particle sizes predominantly below 50 microns,
these particles cannot accumulate in the second stage
gasifier. Due to relatively high internal solids circulation
rates inside a turbulent fluidized bed, the ratio of solids
circulation rate to the entrained fines rate in the syngas
that enters the second stage gasifier is of the order of
hundreds, and unreacted fines, mainly fine ash, entrains
to the freeboard region. Without ash accumulation, the
bed material in the second stage gasifier essentially will
be the desired start-up bed material, such as sand, that
has a much higher ash fusion temperature (thus avoiding
clinker formation) and larger particle size for retention.
Also, fine ash particles that become molten will coat on
to the inert particles that are all at the same bulk bed
temperature.
[0054] To attain nearly complete carbon conversion
with low reactivity fuels, permissible operating tempera-
tures are the single most important factor among the
"three Ts" (temperature, turbulence and time) of coal gas-
ification. However, high temperature operation in a fluid-
ized bed is prone to clinker formation because the burning
of char particles have a much higher temperature than
the bulk of the solids. This is the main reason conven-
tional fluidized beds operate at a temperature much lower
than the ash fusion temperature. In the present invention,
the fluidized bed in the second stage gasification unit
operates at high temperatures - up to approximately
1400°C - by working around the high operating temper-
atures related issues of ash and char in the bed.
[0055] The first stage circulating fluidized bed gasifier
bed material for a low reactivity bituminous coal typically
includes approximately 40% by weight char carbon and
approximately 60% by weight coal ash. In the second
stage fluidized bed gasifier, the char content in the bed
is less than approximately 1% by weight and the fine ash
fraction is less than approximately 5% by weight. Both
the char carbon and fine ash does not accumulate further
in the bed. Due to this low char carbon and fine ash frac-
tion in the bed, the second stage gasifier bed essentially
is made up of desired coarse material such as silica sand
that has fusion temperatures in the range of approximate-
ly 1700°C. Thus, the present invention makes feasible

the application of fluidized bed principles to achieve high
carbon conversions with low reactivity fuels - a feat that
has not yet been accomplished in known industrial prac-
tice.
[0056] In an exemplary embodiment, the present in-
vention includes a second stage turbulent fluidized bed
gasification unit for low reactivity carbonaceous materials
operating in a staged gasification integrated process
(SGIP) flow scheme that further comprises a first stage
circulating fluidized bed transport gasifier, a multistage
fluidized bed syngas cooler, a cold cyclone, a PCD, and
a char carbon recycle system to return part of the char
carbon collected from the cold cyclone to the second
stage gasifier.
[0057] The second stage turbulent fluidized bed gasi-
fication unit in the SGIP flow scheme gasifies low reac-
tivity coals, petroleum coke and refinery residues with
high carbon conversions in either air, enriched air or ox-
ygen blown modes of operation.
[0058] In a preferred embodiment, a novel gas distri-
bution system is used to distribute oxidant and steam
gas mixture into the gasifier. In fluidized bed operation,
reliable gas injection and distribution are critical. The as-
sembly of the distributor in a preferred embodiment has
a much lower chance of being plugged by second stage
gasifier bed materials. Even if it becomes plugged due
to an abnormal event, the present distributor assembly
can be cleaned while on-line. In a preferred embodiment
of the gas distributor assembly, the gas distributor is in
communication with a concentric pipe assembly with in-
dependent gas supply to each pipe. The gas flow through
the inner pipe can be reversed to allow the solid particles
to flow through and free-up the nozzle of plugged mate-
rial.
[0059] As the distributor assembly is imbedded in the
refractory, the distributor assembly and the injection ports
therefrom are protected from the bed materials by the
refractory from erosion and overheating. The concentric
pipe assembly penetrates the vessel shell as a single
nozzle and connects to the gas distributor imbedded in
the refractory where the oxidant and steam mixture can
be distributed through three or more ports into the fluid-
ized bed. Such an innovative arrangement facilitates dis-
tribution of gas through many injection ports with few noz-
zles penetrating the vessel shell.
[0060] The present invention, where it is feasible, can
achieve a minimum overall carbon conversion of approx-
imately 95% with anthracite and petroleum coke type fu-
els, and approximately 98% conversion with low reactiv-
ity bituminous coal type fuels. Operating the second
stage at high temperatures under fluidized bed principles
at pressures in the range of approximately 2,07 bar to
68,95 bar (30 to 1000 psia) can enable processing of
fuels that contain relatively high amounts of ash, up to
approximately 45% by weight, or fouling ash minerals or
have high ash fusion temperatures with low oxidant and
steam consumptions.
[0061] The first stage can be a circulating fluidized bed
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transport gasifier operating in the range of approximately
800 to 1100°C that achieves between approximately 60
to 80% carbon conversion depending upon the feed ma-
terial. The circulating bed material in the first stage gas-
ifier can have a mean size in the range of approximately
80 to 120 microns.
[0062] The syngas exiting the first stage gasifier and
tangentially entering the second stage gasifier can have
a substantial fraction of carbon in the form of tar and
entrained char carbon. In addition, the syngas to the sec-
ond stage can also contain entrained fine ash particles
with the char carbon and fine ash particles being in the
range of approximately 0 to 50 microns.
[0063] The second stage gasification unit comprises a
gasifier, a syngas temperament device (STD), a cyclone
and its dipleg and an L-leg to recycle the dipleg solids
back to the gasifier.
[0064] The second stage gasifier can be a turbulent
fluidized bed gasifier with additional oxidant and steam
injection into a lower part of the bed and in the freeboard
region above the bed. The fluidized bed can operate in
the range of approximately 50°C to 100°C below the ash
fusion temperature of the feed material and up to an ap-
proximately 1400°C operating temperature. The free-
board region can operate in the range of approximately
50°C to 100°C above the bed temperature. The freeboard
region can have sorbents such as limestone, dolomite or
kaolin injected to minimize fouling problems associated
with certain ash minerals such as iron, sodium and po-
tassium.
[0065] The second stage gasifier bed material can be
made up of inert solids such as silica sand in the range
of approximately 100 to 200 microns. The fines entrained
in the syngas that enters the second stage gasifier can
either get converted, or passes through the bed material
with little accumulation thus minimizing the potential for
clinker formation.
[0066] The gas superficial velocity in the second stage
gasifier can be in the range of approximately 0,91 m/s to
3,66 m/s (3 to 12 ft/s) to maintain the bed in the turbulent
flow regime. In order to keep the turbulent fluidized bed
dense, the internal solids circulation capacity is main-
tained at a much higher rate than the solids carrying ca-
pacity of the gas exiting the dense bed.
[0067] Any fine molten ash droplets entrained in the
syngas exiting the second stage gasifier preferably con-
denses and solidifies on the internally circulating bed ma-
terial in the STD cooler where the syngas temperature
is tempered in the range of approximately 100 to 150°C
below the ash fusion temperature. Fresh make-up bed
material is added to the STD cooler and the larger and
excess bed material particles are withdrawn and recycled
back to gasifier from which larger bed particles are
drained and discharged.
[0068] The cyclone in the second stage gasification
unit can capture the small fraction of bed material that
entrains along with the syngas from the second stage
gasifier and STD cooler, and the captured solids recycled

back to the gasifier. The fine ash and any unreacted char
carbon can pass through the cyclone to a downstream
syngas cooler. The addition of a cyclone in the second
stage gasification unit can reduce the overall height of
the second stage gasifier with lower disengagement
height requirements.
[0069] The syngas in the second stage gasification unit
can be cooled in a multistage syngas cooler in the SGIP
flow scheme to a temperature in the range of approxi-
mately 250 to 400°C. The syngas can flow to a third stage
cold cyclone with a higher efficiency due to a lower op-
erating temperature to capture unreacted carbon along
with fine ash, and recycle the carbon back to the second
stage gasifier to achieve more than approximately 95%
overall carbon conversion with hard to convert fuels such
as petroleum coke.
[0070] The syngas exiting the PCD can be both tar and
dust free with low methane content and suitable for down-
stream chemical synthesis or power generation.

BRIEF DESCRIPTION OF THE DRWAINGS

[0071]

Fig. 1 is a flow diagram of the staged gasification
integrated process for gasifying low reactivity and
other fuels utilizing a high temperature second stage
fluidized bed gasification unit.

Fig. 2 is a schematic embodiment of second stage
gasification unit comprising a syngas temperament
device, cyclone, cyclone dipleg and a return leg to
recycle solids back to the gasifier.

Fig. 3 is a schematic embodiment of the high tem-
perature second stage fluidized bed gasifier.

Fig. 4 is an embodiment of lower section of the sec-
ond stage fluidized bed gasifier.

Fig. 5 is an embodiment of oxidant and steam dis-
tribution nozzle that is located in the fluid bed section
of the second stage gasifier.

DETAIL DESCRIPTION OF THE INVENTION

[0072] To facilitate an understanding of the principles
and features of the various embodiments of the invention,
various illustrative embodiments are explained below. Al-
though exemplary embodiments of the invention are ex-
plained in detail, it is to be understood that other embod-
iments are contemplated. Accordingly, it is not intended
that the invention is limited in its scope to the details of
construction and arrangement of components set forth
in the following description or illustrated in the drawings.
The invention is capable of other embodiments and of
being practiced or carried out in various ways. Also, in
describing the exemplary embodiments, specific termi-
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nology will be resorted to for the sake of clarity.
[0073] It must also be noted that, as used in the spec-
ification and the appended claims, the singular forms "a,"
"an" and "the" include plural references unless the con-
text clearly dictates otherwise. For example, reference
to a component is intended also to include composition
of a plurality of components. References to a composition
containing "a" constituent is intended to include other
constituents in addition to the one named.
[0074] Also, in describing the exemplary embodi-
ments, terminology will be resorted to for the sake of clar-
ity. It is intended that each term contemplates its broadest
meaning as understood by those skilled in the art and
includes all technical equivalents which operate in a sim-
ilar manner to accomplish a similar purpose.
[0075] Ranges may be expressed herein as from
"about" or "approximately" or "substantially" one partic-
ular value and/or to "about" or "approximately" or "sub-
stantially" another particular value. When such a range
is expressed, other exemplary embodiments include
from the one particular value and/or to the other particular
value.
[0076] Similarly, as used herein, "substantially free" of
something, or "substantially pure", and like characteriza-
tions, can include both being "at least substantially free"
of something, or "at least substantially pure", and being
"completely free" of something, or "completely pure".
[0077] By "comprising" or "containing" or "including" is
meant that at least the named compound, element, par-
ticle, or method step is present in the composition or ar-
ticle or method, but does not exclude the presence of
other compounds, materials, particles, method steps,
even if the other such compounds, material, particles,
method steps have the same function as what is named.
[0078] It is also to be understood that the mention of
one or more method steps does not preclude the pres-
ence of additional method steps or intervening method
steps between those steps expressly identified. Similarly,
it is also to be understood that the mention of one or more
components in a composition does not preclude the pres-
ence of additional components than those expressly
identified.
[0079] The materials described as making up the var-
ious elements of the invention are intended to be illus-
trative and not restrictive. Many suitable materials that
would perform the same or a similar function as the ma-
terials described herein are intended to be embraced
within the scope of the invention. Such other materials
not described herein can include, but are not limited to,
for example, materials that are developed after the time
of the development of the invention.
[0080] In an exemplary embodiment of the present in-
vention, a second stage gasification unit process, appa-
ratus and operation method to gasify varieties of carbon-
aceous materials and to produce dust and tar free syngas
with a fixed amount of hydrogen sulfide (H2S) in the syn-
gas is disclosed. As used herein, carbonaceous materi-
als, or fuels, include hard-to-process fuels such as coals

that have low reactivity with high amounts of ash, high
ash fusion temperatures, or fouling ash minerals. For ex-
ample, the ash content in the coal can be as high as
approximately 45% by weight and the ash deformation
temperature can range from a low of approximately
1050°C to higher than approximately 1500°C.
[0081] To gasify such fuels, Fig. 1 illustrates a second
stage gasification unit 100 in a SGIP flow scheme. In the
embodiment presented in Fig. 1, the process, apparatus
and methods for integrating the second stage gasification
unit in the SGIP flow scheme are described hereinafter
for gasifying a low reactivity bituminous coal that may
contain significant amounts of a fouling component in the
ash mineral. One of skill in the art will recognize that the
teachings herein are equally applicable to other carbon-
aceous fuels with variations in configurations and
processing conditions, all within the spirit of the disclo-
sure.
[0082] The SGIP implementation includes a first stage
transport gasifier comprising a Circulating Fluidized Bed
(CFB) gasifier with only a one stage presalter cyclone
derived from, for example, the teachings of US Patent
No. 7,771,585. The first stage transport gasifier prefera-
bly operates at least approximately 120°C to 150°C be-
low the ash initial deformation temperature to gasify
coals. Depending on the coal, the operating temperature
of first stage transport gasifier is generally in the range
of approximately 800 to 1100°C. Such low operating tem-
peratures are necessitated in the first stage gasifier to
avoid circulating bed material from forming clinkers in the
bed.
[0083] Low operating temperatures in the first stage
lead to a lower carbon conversion in the range of approx-
imately 60 to 80% depending upon the fuel. In the first
stage transport gasifier, the feed particle mass mean siz-
es are preferably in the range of approximately 150 to
300 microns, and the feed particles disintegrate upon
rapid heat-up in the gasifier as well as due to the grinding
effects of circulation to reach a mass mean size in the
range of approximately 80 to 120 microns in the circulat-
ing bed. During normal operation, the circulating solids
(bed material) are essentially ash material, derived from
feed coal. For feed fuels that contain very little ash such
as refinery residues, the bed material is made up of inert
solid particles such as silica sand or alumina in the range
of approximately 80 to 120 microns.
[0084] To maintain solids inventory in the first stage, a
portion of circulating solids continuously needs to be with-
drawn. As disclosed in US Patent Application Serial No.
13/936,457, the use of just one cyclone in the first stage
and the flexibility of the presalter cyclone performance
allow for entrainment of finer particles in the range of
approximately 0 to 50 microns along with the syngas that
exits the first stage gasifier. With the entrainment of finer
particles, any decrease in solids inventory can be made
up by addition of cooler solids from the fluidized bed syn-
gas cooler.
[0085] Both the first and second stage gasifiers can
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operate in either an air blown gasification mode for power
generation or an oxygen blown gasification mode for
downstream chemical synthesis. The process also can
operate in an enriched air mode to improve the econom-
ics of power generation or to provide appropriate nitrogen
to hydrogen ratio in the syngas for ammonia production
process.
[0086] The oxidant (for example, air, oxygen and/or
enriched air) is introduced in a lower part of the first stage
transport gasifier riser that is maintained in the range of
approximately 3,66 m/s to 15,24 m/s (12 to 50 ft/s) su-
perficial gas velocity depending upon the feed fuel char-
acteristics. Such gas velocities in combination with oxi-
dant distribution at different elevations and operating at
lower gasification temperatures in the range of approxi-
mately 800 to 1100°C minimize if not eliminate hot spots
that lead to clinker formation and agglomeration in the
first stage transport gasifier.
[0087] As the coal conversion for low reactivity fuels is
kinetically controlled, the overall gasifier height is rela-
tively less and with just one stage cyclone, the capital
cost associated with the first stage transport gasifier is
much less in a two-stage gasification system than with
the CFB gasifiers that process high reactivity fuels in just
one stage with multiple cyclones.
[0088] The syngas exiting the first stage transport gas-
ifier with entrained finer particles that includes unconvert-
ed char carbon particles enters a second stage high tem-
perature gasification unit 100 as shown in Fig. 2 that
comprises a turbulent fluidized bed second stage gasifier
150 operating in the range of approximately 0,91 m/s to
3,66 m/s (3 to 12 ft/s) superficial gas velocity. The unit
100 further comprises an STD 110, a cyclone 120 and
its dipleg 130, and a non-mechanical L-valve 140 to re-
cycle the solids collected by the cyclone back to the sec-
ond stage gasifier 150.
[0089] Details of the second stage gasifier are shown
in Figs. 3-5. Referring specifically to Figs. 3-4, the syn-
gas stream 161 enters the second stage gasifier tangen-
tially through multiple downward inclined nozzles located
at different elevations in the lower section 160 of the gas-
ifier. The temperature in the lower portion of the gasifier
is maintained in the range of approximately 50 to 100°C
lower than the ash fusion temperature with additional ox-
idant and steam injection at different elevations through
streams 166 and 167. As the finer char entering the sec-
ond stage gasifier has a large surface area and is at the
exit temperature of the first stage gasifier (which is typi-
cally approximately 1000°C for a low reactivity bitumi-
nous coal), the char fines are rapidly heated to a higher
operating temperature of the second stage gasifier that
is in the range of approximately 1100 to 1400°C. A major
portion of char fines are partially oxidized to gaseous
products. Substantial amounts of tar entering the second
stage gasifier are converted to gaseous products.
[0090] The second stage gasifier bed material com-
prises inert solid particles, such as silica sand or alumina
in the size range of approximately 100 to 200 microns.

The finer ash particles that enter the second stage gas-
ifier along with the syngas from the first stage gasifier
typically has a mass mean diameter of approximately 10
microns with a top size generally approximately 50 mi-
crons. Such finer ash particles pass through the second
stage gasifier bed material, entrained by the syngas flow,
and eventually leaves the second stage gasification unit
through stream 121 (Fig. 2) for eventual capture by a
downstream dust filtration unit.
[0091] Due to the operation at elevated temperatures
and entrainment of unconverted carbon to freeboard re-
gion 182 above the fluidized bed level 181 in the upper
section 180 of the second stage gasifier shown in Fig.
3, the overall carbon content in the bed will be less than
approximately 1% by weight, more preferably less than
approximately 0.5% by weight. Such a low carbon con-
tent uniformly distributed in the bed minimizes/avoids
clinker formation that may occur at high operating tem-
peratures. Further, oxidant and steam injection with
stream 166 through nozzle 184 in the freeboard region
while maintaining the temperature in the range of approx-
imately 50°C to 100°C above the bed temperature as
necessary to achieve approximately at least 95% overall
carbon conversion, converts nearly all remaining tar and
fine char particles in the syngas to useful syngas com-
ponents. Such oxidant and steam injection in the free-
board region is especially useful for fuels with much lower
reactivity.
[0092] The lower section of the second stage gasifier
160 shown in Figs. 3-4 has tangential syngas inlet noz-
zles 161 at two different elevations at 90 degree orien-
tations with the main oxidant and steam mixture stream
166 injected through distributor assemblies 170 located
just above the syngas inlet nozzles at different orienta-
tions. To increase carbon conversion and more evenly
distribute the oxidant and steam mixture, additional dis-
tributor assemblies 170 are located at a higher elevation
in the bed as shown in Fig. 3. Referring to Fig. 5, each
distributor assembly 170 comprises multiple ports, 173,
174, and 175, through which the oxidant and steam mix-
ture stream 166 can be injected into the gasifier and dis-
tributed. The ports 173-175 are imbedded in the refrac-
tory. Stream 166 flows through an inner pipe 172 as well
as through a surrounding pipe 171. Bulk of the stream
166 flow to the ports is through the outer pipe 171 with
a small purge flow through inner pipe 172. In case the
outer pipe 171 accumulates bed solids during an abnor-
mal event and tend to plug the ports, the flow through
inner pipe 172 can be reversed while maintaining gas
flow through the outer pipe 171. Such a method provides
a means to remove accumulated solids and ensures that
the gas flow is maintained through the ports. Both the
inner and outer pipes of the distributor assembly are im-
bedded in the insulating refractory which protects the
pipe material from high gasifier temperatures.
[0093] The nozzle and oxidant and steam mixture in-
jection arrangement disclosed in Fig. 5 reduces the
number of nozzles penetrating the vessel shell while at
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the same time achieves the goal of distributing the oxi-
dant and steam mixture stream through many ports. Such
distribution is critical to minimize/avoid clinker formation
due to local hot spots with excess oxidant concentration.
Further, the distribution arrangement significantly im-
proves refractory integrity and reduces fabrication costs.
Although only three ports in communication with the dis-
tributor assembly 170 are shown in Fig. 5, those of skill
in the art of fluidization will know to add or subtract the
number of ports in each distributor assembly to achieve
a desired degree of gas distribution. With an increase in
gasifier capacity, the number of gas distributor assem-
blies 170 will increase, and the number of ports (such as
173-175 in each assembly) will also increase.
[0094] Those of skill in the art of distribution of gas into
fluidized bed will appreciate the advantages of an exem-
plary gas distributor assembly shown in Fig. 5. Large
scale conventional fluidized beds rely on various types
of distribution grid arrangement in the lower section of
the bed that are subjected to operating conditions of the
fluidized bed. In US Patent No. 4,429,471, for example,
a variation of bubble cap type gas distributor has been
disclosed. It is clear that these types of distributors cannot
be used in the second stage gasifier of the present in-
vention as materials of construction cannot be exposed
to the operating temperatures in the range of approxi-
mately 1100°C tol400°C for extended periods. Another
commonly used distributor includes a plenum with a plate
to separate the bed from the plenum as disclosed in US
Patent No. 5,014,632. In spite of various efforts to prevent
bed solids from leaking into the plenum, leaking is none-
theless prevalent as the plenum pressure is uniform eve-
rywhere and the fluidized bed pressure across a given
cross-section above the distributor plate varies consid-
erably. As the center of the bed is at a slightly lower pres-
sure than the wall region, the solids leak into the plenum
from nozzles near the wall region. US Patent No.
4,532,108 discloses a method of installing the injection
nozzles inside refractory. Such nozzles are prone to leak
solids as all the nozzles face upwards. Any upsets in flow
or a trip will cause the solids to leak and fill the nozzle.
The plugged nozzles, with high solids temperature, tend
to dilapidate.
[0095] In contrast, the distributor assembly 170 of Fig.
5 minimizes plugging potential as the ports 173-175 off
the distributor assembly are all downwardly inclined, and
gravity will make it difficult for solids to flow up. In addition,
the gas pressure in inner smaller diameter pipe 172 can
be much higher than in outer pipe 171. The independent
gas supplies ensure that the pressure in the concentric
pipes will be substantially higher than the gasifier pres-
sure. Additional ports can be added as necessary de-
pending upon the size and capacity of the gasifier. With
additional ports, as the internal pressure in the gasifier
varies with elevation, the port diameters can be sized to
provide constant gas velocity through all the ports.
[0096] The lower section of the gasifier 160 shown in
Figs. 3-4 also has a central and an additional oxidant

and steam mixture stream 166 injection nozzles 167 be-
low the lower elevation of syngas inlet nozzles to ensure
partial oxidation of any residual char carbon near the sol-
ids drain nozzle. Although only one nozzle 167 is shown
entering the gasifier horizontally, one skilled in the art will
understand that multiple 167 nozzles can be installed on
the inclined lower section of the gasifier at different ele-
vations and orientations. The oxidant and steam gas mix-
ture injection into the bed through such nozzles and the
central nozzle and in combination with a number of gas
distributor assembly 170 at upper elevations of the gas-
ifier ensure that oxidant and steam are uniformly distrib-
uted throughout the bed.
[0097] In a preferred embodiment, the atmosphere in
the inclined lower section of the gasifier is slightly oxygen-
rich to ensure low carbon content in the bottom ash dis-
charged through stream 162. Excess bed material, ag-
glomerated solids or larger particles due to condensation
of fine molten ash droplets and subsequent reaction with
bed materials are withdrawn as stream 162. Due to the
well aerated fluidized bed, such larger particles sink and
accumulate near the bottom drain, and the solids drain
is further facilitated by the inclined refractory section. Fur-
ther, to prevent bed material from being drained, the
throat of the discharge nozzle can be aerated at a throat
velocity of approximately in the range from 4,57 m/s to
10,67 m/s (15 to 35 ft/s). The gasifier is shown having
two layers of refractory 168 and 169. Layer 168 insulates
the carbon steel shell from high gasifier temperature. The
carbon steel shell is maintained in the temperature range
of approximately 120 to 150°C to minimize/prevent acid
dew condensation and associated corrosion. As the in-
sulating layer 168 is soft, it is protected with an erosion
resistant refractory layer 169.
[0098] The recycle solids from the cyclone dipleg 130
and non-mechanical L-valve 140 enter the second stage
gasifier as stream 141 and mix with the bed material
through a central jet (Fig. 4). As the recycle solids are
essentially the bed material without any char carbon, the
L-leg 140 in Fig. 2 can be aerated with an oxidant and
steam mixture to aid solids flow into the gasifier.
[0099] In addition to sufficient internal turbulent mixing
of the bed in region 164 due to tangential inlet of syngas
feed streams, the recycle solids stream through 140 and
oxidant and steam mixture injection through nozzles 167
in lower inclined section of the gasifier, a fluidized bed
level in the range of approximately 3,05 m to 4,57 m (10
to 15 feet) is maintained to provide the residence times
necessary to partially oxidize a substantial fraction of
char that enters the second stage and also to promote
char gasification reactions. The freeboard height above
the solids level in the second stage gasifier is in the range
of approximately 3,05 m to 6,10 m (10 to 20 feet).
[0100] As the freeboard height is not sufficient for total
disengagement of bed material from exiting syngas, a
cyclone 120 as shown in Fig. 2 in the second stage gas-
ification unit is provided to capture and recycle the small
fraction of bed material that entrains with the syngas. At
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lower operating gas velocities in the range of approxi-
mately 0,91 m to 1,83 m (3 to 6 ft/s), the ratio of bed
material captured and recycled back to the inventory of
solids in the second stage gasifier is typically in the range
of approximately 0.2 to 0.7. This ratio is relatively small
compared to a similar ratio of over 100 in the first stage
transport gasifier that relies on large solids circulation
rates for gasification at relatively lower operating temper-
atures. The addition of the second stage cyclone 120
significantly decreases the disengagement height and
thus the overall height of the second stage gasifier, and
provides a means to maintain the solids inventory in the
system. The fine ash and unconverted char carbon in the
inlet stream to the cyclone exit the cyclone along with the
syngas for cooling and filtration in downstream units.
[0101] Desired temperature and temperature profiles
along the elevation in regions 164, 165, and 182 of the
second stage gasifier 150 of Fig. 3 can be maintained
by controlling the amount of oxidant and steam mixture
166 that enters through nozzles 167 in the drain section,
distributor assemblies 170 in the lower and upper bed
sections, and nozzles 184 in the freeboard region of the
gasifier. If the oxidant requirements are low for any one
section of the gasifier compared to other sections, the
steam-to-oxygen ratio in the gas stream for that section
can be increased to maintain a constant gas velocity
through the nozzle (or port). The oxidant and steam mix-
ture flow is less than approximately 10% compared to
the syngas flow through the gasifier. As a result, fluidi-
zation and turbulent mixing of the bed material are ac-
complished with the syngas stream 161 that enters the
gasifier. The distribution of oxidant and steam mixture
through nozzles and ports in different regions of the gas-
ifier, less than approximately 1% by weight residual char
carbon content in the bed, less than approximately 5%
by weight of fine ash content in the bed and turbulent
mixing of the bed by the syngas stream that enters the
gasifier prevents clinker formation even with the fluidized
bed operating in the range of approximately 1100 to
1400°C.
[0102] The syngas stream that enters the second stage
gasifier 150 of Fig. 3 at approximately 800 to 1100°C
comprises carbon monoxide, hydrogen, carbon dioxide,
moisture and methane as major constituents. Significant
amounts of carbon are present in the syngas as tar in
vapor form and char carbon in solid form. The char and
tar component fractions need to be converted into useful
syngas components. Such conversions are only feasible
at elevated operating temperatures in the range of ap-
proximately 1100 to 1400°C. By injecting oxidant and
steam mixture stream 166 in the second stage gasifier
at various locations, the syngas temperature is increased
to a desired elevated operating temperature through par-
tial oxidation of char and tar components, and also
through oxidation of a small fraction of syngas compo-
nents. The elevated operating temperature in the range
of approximately 1100 to 1400°C significantly promotes
thermal cracking of tar and char gasification reactions

and steam reforming of hydrocarbons resulting from tar
cracking. With faster kinetics due to elevated tempera-
tures, the partial oxidation, cracking, gasification and re-
forming reactions produce much more useful syngas
components than that initially consumed through oxida-
tion to attain higher operating temperatures. The elevat-
ed temperature operation also decreases methane frac-
tion in the syngas through steam reforming. Irrespective
of various reactions in the gasifier, the syngas composi-
tion at the exit of the second stage gasification unit easily
can be determined by material and energy balances and
shift reaction equilibrium. Thus, over approximately 95%
of carbon in the feed fuel to the first stage is converted
to useful syngas components.
[0103] Sorbent material such as limestone or dolomite
can be injected through stream 183 in the freeboard re-
gion 182 of the second stage gasifier. If an ash mineral
that is present in a significant amount can cause fouling,
such as iron, then sufficient amounts of limestone or dol-
omite can be added to decrease the iron-to-calcium ratio
to below approximately 0.3 to minimize fouling tenden-
cies. The limestone sorbent also partially captures sulfur
components in the syngas, and such capture reduces
both capital and operating energy costs of downstream
acid gas cleanup unit.
[0104] Other sorbents such as kaolin can be added
through stream 183 to react with fouling ash minerals
sodium and potassium when these minerals are present
in significant amounts in coal ash.
[0105] To achieve higher char carbon and tar conver-
sions, the freeboard region 182 temperature is at least
approximately 50°C above the bed temperature regard-
less of the ash fusion temperature. Operations at such
high temperatures tend to form a small fraction of fine
molten ash droplets due to local temperature variations.
Sorbent injection stream 183 can capture a part of the
fine molten ash droplets through condensation, reaction
and solidification.
[0106] As the freeboard region may need to operate
near or above the ash fusion temperature for low reac-
tivity fuels to achieve over approximately 95% overall car-
bon conversion, fine molten ash droplets may entrain with
the syngas exiting the second stage gasifier as stream
185 of Fig. 3. With the STD 110 in the second stage
gasification unit process in Fig. 2, the fine molten ash
droplets will condense and solidify on the relatively cooler
internally circulating particles in the STD cooler. The STD
cooler cools the syngas in the range of approximately
100 to 150°C depending upon the coal ash initial soften-
ing temperature, and limits/prevents further ash particle
softening and sticking to the cyclone wall. The STD cooler
increases the performance of downstream multistage
syngas cooler with the elimination of fouling softened ash
particles. If desired, with additional heat transfer surfaces
in STD cooler, the cooling load on the downstream multi-
stage syngas cooler can be reduced.
[0107] The syngas stream 185 with entrained fines ex-
iting from the upper portion of the second stage gasifier
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150 enters the STD cooler 110 through an L-leg arrange-
ment 111 with the syngas jetting into the cooler to form
a spouted bed. Such inlet L-leg arrangement at the bot-
tom of the cooler maintains the bed level 199 and solids
inventory in the cooler during a trip or shutdown.
[0108] As shown in Fig. 2, the STD cooler has heat
transfer surfaces 113 that stay in contact with refluxing
solids from spouted jet action. This minimizes/eliminates
not only erosion of heat transfer surfaces but also fouling
as the cooler tubes does not come in direct contact with
syngas. As the STD cooler lowers the syngas tempera-
ture in the range of approximately 100 to 150°C, such
cooling is accomplished with minimum heat transfer sur-
faces 113 with cooling water stream 114. The STD cooler
also has an inverted hat arrangement 115 that minimizes
entrainment of bed solids through inertial separation.
[0109] With condensation and solidification of fine mol-
ten ash droplets on the bed material, the internally circu-
lating larger particles or excessive bed material can be
removed periodically or continuously from the cooler
through stream 117 to second stage gasifier by another
L-leg arrangement. The flow of particles as stream 117,
as necessary, is facilitated by aerating the solids stream
with inert gas 118. The particles stream 117 is mixed with
the solids from the cyclone dipleg 130 and recycled back
to the gasifier through 140 L-leg. As some of the con-
densed ash particles on the bed material are loosely
bound, the loose agglomerate can be attrited in either
the second stage gasifier or the STD cooler, with the fine
ash exiting the cooler along with the syngas through
stream 112. Remaining larger unattrited particles can be
discharged from the second stage gasifier through
stream 162.
[0110] The bed level 119 and solids inventory in the
STD cooler is maintained by adding make-up bed mate-
rial, as necessary, through stream 116 as shown in Fig.
2. The solids inventory in the second stage gasifier 150
also can be maintained, as necessary, by adding the
make-up bed material through stream 116 to STD cooler
and moving the excess solids in the STD cooler to the
second stage gasifier through stream 117 to cyclone
dipleg 130 and by aerating the solids in the L-leg 140.
With the addition of make-up bed material through stream
116, removal of larger particles through drain 162 and
the shifting of excess inventory from one vessel to an-
other, the bed material inventories easily can be main-
tained in both the gasifier and STD cooler as they are
interconnected through 111, 117 and the cyclone 120
and its dipleg 130.
[0111] The STD cooler 110 tempers the incoming syn-
gas and the entrained materials stream 185 temperature
in the range of approximately 100 to 150°C that is suffi-
cient to condense and solidify any fine molten ash drop-
lets in the syngas stream that enters the cooler. The syn-
gas stream 112 exiting the STD cooler entrains a small
portion of the bed material along with fine ash and any
remaining unconverted char carbon. As the bed material
fraction in the syngas is much coarser than the fine ash

and any unconverted char carbon, the second stage cy-
clone 120 of Fig. 2 captures the coarser fraction and
recycles the solids back to the second stage gasifier 150
through the dipleg 130 and L-leg 140. As the ratio of
coarser solids captured and recycled back to the inven-
tory of solids in the gasifier 150 is small, the recycle of
approximately 100 to 150°C cooler entrained solids es-
sentially does not affect the bed temperature in the gas-
ifier.
[0112] The second stage fluidized bed gasifier 150
shown in Fig. 2 essentially can be a stationary turbulent
fluidized bed or with substantial solids circulation de-
pending upon the superficial gas velocity in the gasifier.
The inclusion of second stage cyclone 120 decreases
the overall height of the second stage gasifier 150 to less
than approximately 40 feet with from approximately 3,05
m to 4,57 m (10 to 15 feet) of bed material and from
approximately 4,57 m to 6,10 m (15 to 20 feet) of free-
board region. Without the second stage cyclone in the
embodiment, the overall height of the gasifier will be
much more as the freeboard region needs to be much
taller to achieve total disengagement of bed material from
exiting syngas and thus maintain the bed material inven-
tory in the gasifier.
[0113] By incorporating the multistage fluidized bed
syngas cooler in the integrated process of SGIP flow
scheme of Fig. 1, the cooler can handle syngas at tem-
peratures higher than approximately 1000°C, overcom-
ing the limitations of fire tube heat exchanger as the syn-
gas do not come in direct contact with heat transfer sur-
faces. In the SGIP flow scheme illustrated in Fig. 1, the
syngas from the cooler in the range of approximately 250
to 400°C flows to a ’cold’ third stage cyclone (the term
’cold’ here refers to equipment and processes down-
stream of multistage syngas cooler, and the term ’hot’
will refer to upstream of the cooler; the first and second
stage cyclones are respectively configured with the first
stage circulating fluidized bed transport gasifier loop and
the second stage gasification unit). The efficiency of the
third cyclone operating at relatively cooler temperatures
is much higher than ’hot’ cyclones. When necessary, the
fine solids stream from the third stage cyclone can be
recycled back to the inlet of the second stage gasifier to
achieve desired overall carbon conversion. To avoid ac-
cumulation of fines in the process, a purge stream dis-
charges cyclone fines and combines the discharge
stream with the PCD fines for cooling and depressuriza-
tion before final disposal.
[0114] The second stage gasification unit and the SGIP
flow scheme can operate in air-, enriched air-, and oxy-
gen-blown modes. Air-blown and enriched air-blown
modes are advantageous for power generation. Large
power generation units up to approximately 600 MWe
that consume on the order of 5000 tons/day of bituminous
coal, can be shop-built and transported to site for instal-
lation and operation at higher pressures without the ne-
cessity of multiple, parallel first- and second-stage gas-
ifiers.
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[0115] The second stage gasification unit disclosed
and the SGIP flow scheme can operate in an oxygen-
blown mode to generate syngas for downstream synthe-
sis into a number of different chemicals including poly-
mers. The addition of second stage gasification unit to
improve carbon conversion has particular advantaged
compared to other gasification processes as the oxygen
consumption is low, in the range of approximately 350 to
400 standard cubic meters (scm) per 1000 scm of carbon
monoxide and hydrogen produced from low reactivity bi-
tuminous coal gasification. The coal consumption is also
lower, in the range of approximately 500 to 550 kg of dry
coal per 1000 scm of carbon monoxide and hydrogen
produced. The lower heating value is in the range of ap-
proximately 8.5 to 10 MJ/scm of syngas with low steam
consumption in the range of approximately 0.25 to 0.35
steam-to-coal mass ratio. Besides lower carbon conver-
sion, typical fluidized bed gasifiers produce significant
amounts of methane as they are limited in operating tem-
perature. Methane is not useful for synthesizing chemi-
cals from carbon monoxide and hydrogen. Due to higher
operating temperatures of the present second stage gas-
ifier, the methane content of the syngas is low - in the
range of approximately 0.25 to 0.5 mole percent.
[0116] The second stage gasification unit of Fig. 2 and
the SGIP flow scheme of Fig. 1 can operate over a wide
range of pressures, in the range of approximately 2,07
bar to 68,95 bar (30 to 1000 psia) depending upon the
carbonaceous source material and downstream process
requirements. The second stage gasification unit and the
integrated process are primarily described with low re-
activity bituminous coal as feed material. To gasify other
feedstock materials, and to operate with other operation
modes with air, enriched air and oxygen, one of skill in
the art can choose appropriate gasifier configurations
and conditions for operation within the spirit of the inte-
grated process scheme disclosed.
[0117] Numerous characteristics and advantages
have been set forth in the foregoing description, together
with details of structure and function. While the invention
has been disclosed in several forms, it will be apparent
to those skilled in the art that many modifications, addi-
tions, and deletions, especially in matters of shape, size,
and arrangement of parts, can be made therein without
departing from the scope of the invention and its equiv-
alents as set forth in the following claims. Therefore, other
modifications or embodiments as may be suggested by
the teachings herein are particularly reserved as long as
they fall within the breadth and scope of the claims here
appended.

Claims

1. A process of conditioning a first stage syngas stream
containing unwanted species in a first stage concen-
tration formed by a first stage gasification unit of an
integrated gasification process for low reactivity fu-

els, the fuels having an ash content in the coal as
high as approximately 45% by weight and an ash
deformation temperature in a range from approxi-
mately 1050 °C to higher than approximately 1500
°C,
the process comprising:

converting the first stage syngas stream con-
taining the unwanted species in the first stage
concentration into a second stage syngas
stream containing the unwanted species in a
second stage concentration in a high tempera-
ture second stage turbulent fluidized bed gasi-
fier having operating characteristics,
tempering the second stage syngas stream tem-
perature containing the unwanted species in the
second stage concentration in a syngas temper-
ament device (STD); and
returning at least a portion of bed material from
the second stage turbulent fluidized bed gasifier
flowing through the STD to the second stage
turbulent fluidized bed gasifier;
wherein the second stage turbulent fluidized bed
gasifier is operated in the range of approximately
1100 °C to 1400°C according to a first operating
characteristic, the second stage turbulent fluid-
ized bed gasifier including bed material in a bed
material region, a freeboard region above the
bed material region, and an outlet for the second
stage syngas stream containing the unwanted
species in the second stage concentration, the
second stage concentration of the unwanted
species lower than the first stage concentration
of the unwanted species;
wherein the bed material comprises solid inert
particles having a size range of approximately
100 to 200 microns, and
wherein the process achieves over approxi-
mately 95% carbon conversion into syngas gas-
ifying the low reactivity fuels.

2. The process of claim 1,
wherein the process further comprises the step of:
introducing an oxidant and steam mixture stream into
the fluidized bed gasifier with a distributor assembly
embedded in a refractory layer of the bed material
region of the second stage turbulent fluidized bed
gasifier.

3. The process of Claim 1 further comprising introduc-
ing the first stage syngas stream into the second
stage turbulent fluidized bed gasifier tangentially at
different elevations to form a well-mixed fluidized bed
distributing the first stage syngas stream containing
the unwanted species in the first stage concentration
among the bed material of the second stage turbu-
lent fluidized bed gasifier.
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4. The process of Claim 1 further comprising introduc-
ing at least one sorbent in the freeboard region of
the second stage turbulent fluidized bed gasifier; and
wherein the process produces a tar-free second
stage syngas stream from low reactivity fuels.

5. The process of Claim 1 further comprising operating
the second stage turbulent fluidized bed gasifier in
a second operating characteristic comprising a su-
perficial velocity range of between approximately
0,91 m/s to 3,66 m/s (3 to 12 ft/s).

6. The process of Claim 1 further comprising operating
the second stage turbulent fluidized bed gasifier in
a third operating characteristic comprising a pres-
sure range of between approximately 2,07 bar to
68,95 bar (30 to 1000 psia).

7. The process of claim 1 wherein the inert particles
have fusion temperatures higher than ash fusion
temperatures.

8. The process of claim 1 wherein the inert particles
comprise silica sand or alumina.

9. The process of Claim 1 further comprising operating
the second unit approximately 50°C to 100°C below
the ash fusion temperature of the ash, having a bed
material temperature of up to approximately 1400°C,
and preventing agglomerate and clinker formation.

Patentansprüche

1. Verfahren zur Konditionierung eines Synthesegas-
stroms der ersten Stufe, der unerwünschte Stoffe in
einer Konzentration der ersten Stufe enthält, die
durch eine Vergasungseinheit der ersten Stufe eines
integrierten Vergasungsverfahrens für Brennstoffe
mit geringer Reaktivität gebildet wurden, wobei die
Brennstoffe einen Aschegehalt in der Kohle von bis
zu etwa 45 Gew.-% und eine Ascheumwandlungs-
temperatur in einem Bereich von etwa 1050 °C bis
zu über etwa 1500 °C aufweisen, wobei das Verfah-
ren umfasst:

Umwandeln des Synthesegasstroms der ersten
Stufe, der die unerwünschten Stoffe in der Kon-
zentration der ersten Stufe enthält, in einen Syn-
thesegasstrom der zweiten Stufe, der die uner-
wünschten Stoffe in einer Konzentration der
zweiten Stufe enthält, in einem Turbulenz-Hoch-
temperatur-Wirbelschichtvergaser der zweiten
Stufe, der Betriebseinstellungen besitzt,
Temperieren der Temperatur des Synthesegas-
stroms der zweiten Stufe, der die unerwünsch-
ten Stoffe in der Konzentration der zweiten Stufe
enthält, in einer Vorrichtung zur Temperierung

des Synthesegases (STD); und
Rückführen mindestens eines Teils des Wirbel-
schichtmaterials aus dem Turbulenz-Wirbel-
schichtvergaser der zweiten Stufe, der durch die
STD strömt, in den Turbulenz-Wirbelschichtver-
gaser der zweiten Stufe;
wobei der Turbulenz-Wirbelschichtvergaser der
zweiten Stufe gemäß einer ersten Betriebsein-
stellung im Bereich von etwa 1100 °C bis 1400
°C betrieben wird, wobei der Turbulenz-Wirbel-
schichtvergaser der zweiten Stufe Wirbel-
schichtmaterial in einem Wirbelschichtmaterial-
bereich, einen Freiraumbereich über dem Wir-
belschichtmaterialbereich und einen Auslass für
den Synthesegasstrom der zweiten Stufe um-
fasst, der die unerwünschten Stoffe in der Kon-
zentration der zweiten Stufe enthält, wobei die
Konzentration der unerwünschten Stoffe der
zweiten Stufe niedriger ist als die Konzentration
der unerwünschten Stoffe der ersten Stufe;
wobei das Wirbelschichtmaterial feste inerte
Partikel mit einem Größenbereich von etwa 100
bis 200 mm umfasst, und
wobei das Verfahren eine Kohlenstoffumwand-
lung von über etwa 95% in Synthesegas er-
reicht, das die reaktionsschwachen Brennstoffe
vergast.

2. Verfahren nach Anspruch 1,
wobei das Verfahren ferner den Schritt umfasst:
Einführen eines Oxidationsmittel- und Dampfge-
mischstroms in den Wirbelschichtvergaser mit einer
Verteileranordnung, die in eine feuerfeste Schicht
des Wirbelschichtmaterialbereichs des Turbulenz-
Wirbelschichtvergasers der zweiten Stufe eingebet-
tet ist.

3. Verfahren nach Anspruch 1, ferner umfassend
Einführen des Synthesegasstroms der ersten Stufe
in den Turbulenz-Wirbelschichtvergaser der zweiten
Stufe tangential in verschiedenen Höhen, um eine
gut gemischte Wirbelschicht zu bilden, wobei der
Synthesegasstrom der ersten Stufe, der die uner-
wünschten Stoffe in der Konzentration der ersten
Stufe enthält, in dem Wirbelschichtmaterial des Tur-
bulenz-Wirbelschichtvergasers der zweiten Stufe
verteilt wird.

4. Verfahren nach Anspruch 1, ferner umfassend
Einführen mindestens eines Sorptionsmittels in den
Freiraumbereich des Turbulenz-Wirbelschichtver-
gasers der zweiten Stufe; und
wobei das Verfahren aus reaktionsschwachen
Brennstoffen einen teerfreien Synthesegasstrom
der zweiten Stufe erzeugt.

5. Verfahren nach Anspruch 1, ferner umfassend
Betreiben des Turbulenz-Wirbelschichtvergasers

27 28 



EP 2 928 590 B1

16

5

10

15

20

25

30

35

40

45

50

55

der zweiten Stufe in einer zweiten Betriebseinstel-
lung, die einen Oberflächengeschwindigkeitsbe-
reich von etwa 0,91 m/s bis 3,66 m/s (3 bis 12 ft/s)
umfasst.

6. Verfahren nach Anspruch 1, ferner umfassend
Betreiben des Turbulenz-Wirbelschichtvergasers
der zweiten Stufe in einer dritten Betriebseinstellung,
die einen Druckbereich von etwa 2,07 bar bis 68,95
bar (30 bis 1000 psia) umfasst.

7. Verfahren nach Anspruch 1, wobei die inerten Par-
tikel Schmelztemperaturen aufweisen, die höher
sind als Ascheschmelztemperaturen.

8. Verfahren nach Anspruch 1, wobei die inerten Par-
tikel Siliziumsand oder Aluminiumoxid umfassen.

9. Verfahren nach Anspruch 1, ferner umfassend
Betreiben der zweiten Einheit etwa 50°C bis 100°C
unterhalb der Ascheschmelztemperatur der Asche,
mit einer Wirbelschichtmaterialtemperatur von bis zu
etwa 1400°C, und Verhindern von Agglomerat- und
Schlackenbildung.

Revendications

1. Procédé de conditionnement d’un courant de gaz de
synthèse de premier étage contenant des espèces
indésirables à une concentration de premier étage
formé par une unité de gazéification de premier éta-
ge d’un procédé de gazéification intégré pour com-
bustibles à faible réactivité, les combustibles présen-
tant une teneur en cendre dans le charbon aussi
élevée qu’approximativement 45 % en poids et une
température de déformation de cendre dans une pla-
ge allant d’approximativement 1 050 °C à plus d’ap-
proximativement 1 500 °C,
le procédé comprenant :

la conversion du courant de gaz de synthèse de
premier étage contenant les espèces indésira-
bles à la concentration de premier étage en un
courant de gaz de synthèse de second étage
contenant les espèces indésirables à une con-
centration de second étage dans un gazéifieur
à lit fluidisé turbulent de second étage à haute
température ayant des caractéristiques de fonc-
tionnement,
la modération de la température du courant de
gaz de synthèse de second étage contenant les
espèces indésirables à la concentration de se-
cond étage dans un dispositif de modération de
gaz de synthèse (STD) ; et
le retour d’au moins une partie du matériau de
lit provenant du gazéifieur à lit fluidisé turbulent
de second étage s’écoulant à travers le STD

vers le gazéifieur à lit fluidisé turbulent de se-
cond étage ;
dans lequel le gazéifieur à lit fluidisé turbulent
de second étage fonctionne dans la plage allant
d’approximativement 1 100 °C à 1 400 °C con-
formément à une première caractéristique de
fonctionnement, le gazéifieur à lit fluidisé turbu-
lent de second étage comprenant un matériau
de lit dans une région de matériau de lit, une
région d’espace libre au-dessus de la région de
matériau de lit, et une sortie pour le courant de
gaz de synthèse de second étage contenant les
espèces indésirables à la concentration de se-
cond étage, la concentration de second étage
des espèces indésirables étant inférieure à la
concentration de premier étage des espèces
indésirables ;
dans lequel le matériau de lit comprend des par-
ticules inertes solides présentant une plage de
tailles allant d’approximativement 100 à 200 mi-
crons, et
dans lequel le procédé réalise une conversion
de carbone de plus d’approximativement 95 %
en gaz de synthèse en gazéifiant les combusti-
bles à faible réactivité.

2. Procédé selon la revendication 1,
dans lequel le procédé comprend en outre l’étape
suivante :
l’introduction d’un courant de mélange d’oxydant et
de vapeur d’eau dans le gazéifieur à lit fluidisé avec
un ensemble distributeur incorporé dans une couche
réfractaire de la région de matériau de lit du gazéi-
fieur à lit fluidisé turbulent de second étage.

3. Procédé selon la revendication 1 comprenant en
outre l’introduction du courant de gaz de synthèse
de premier étage dans le gazéifieur à lit fluidisé tur-
bulent de second étage de manière tangentielle à
différentes hauteurs pour former un lit fluidisé bien
mélangé distribuant le courant de gaz de synthèse
de premier étage contenant les espèces indésira-
bles à la concentration de premier étage dans le ma-
tériau de lit du gazéifieur à lit fluidisé turbulent de
second étage.

4. Procédé selon la revendication 1 comprenant en
outre l’introduction d’au moins un sorbant dans la
région d’espace libre du gazéifieur à lit fluidisé tur-
bulent de second étage ; et
dans lequel le procédé produit un courant de gaz de
synthèse de second étage exempt de goudron à par-
tir de combustibles à faible réactivité.

5. Procédé selon la revendication 1 comprenant en
outre la mise en fonctionnement du gazéifieur à lit
fluidisé turbulent de second étage dans une deuxiè-
me caractéristique de fonctionnement comprenant
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une plage de vitesses superficielles située entre ap-
proximativement 0,91 m/s et 3,66 m/s (3 à 12
pieds/s).

6. Procédé selon la revendication 1 comprenant en
outre la mise en fonctionnement du gazéifieur à lit
fluidisé turbulent de second étage dans une troisiè-
me caractéristique de fonctionnement comprenant
une plage de pressions située entre approximative-
ment 2,07 bar et 68,95 bar (30 à 1 000 psia).

7. Procédé selon la revendication 1 dans lequel les par-
ticules inertes présentent des températures de fu-
sion supérieures aux températures de fusion de cen-
dre.

8. Procédé selon la revendication 1 dans lequel les par-
ticules inertes comprennent un sable de silice ou une
alumine.

9. Procédé selon la revendication 1 comprenant en
outre la mise en fonctionnement de la seconde unité
approximativement à 50 °C à 100 °C en dessous de
la température de fusion de cendre de la cendre,
présentant une température de matériau de lit allant
jusqu’à approximativement 1 400 °C, et empêchant
la formation d’agglomérat et de scorie.
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