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(57) ABSTRACT

The present invention provides a method of beneficiating
slag, including mixing the slag with water to form a slurry.
The slurry is screened through a first screen to remove a first
portion of material and then screened through a second
screen to remove a second portion of material. In one
embodiment, the second portion of material has a carbon
content less than about 5% and, more preferably, a carbon
content less than about 1%.
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l Mixing the slag with water to form a sh@-" zo

oz
‘ Agitating the slag to break up any agglomerated paniclgk" Z Zo¥

Screening the slurry through a first screen to remove a first portion of material and then through a second screen to
refove a second portion of material.

Spraying a fluid onto the first and/or second screens concurrently with the corresponding first and second screening
206 ~— steps to facilitate the passage of material through the screens.

20% —| Vibrating the first and/or second screens concurrently with the corresponding first and second screening steps to
facilitate the passage of material through the screens.

1o The second portion of material has a carbon content less than about 5% and, more preferably, a carbon content Jess
4 than about 1%.

LThe first portion of material has a particle size exceeding approximately .5 inches, \~— &/ <

214 ,_[ The second portion of material has a particle size of between approximately .5 inches and approximately §40 umf\

To Figure 10
z

Screening the slurry subsequent to the second screening step through a centrifuge to remove a third portion of } z2lé
material.

1

LThe third portion of material has a higher carbon content than the second portion of materialj\ z2!¥

!

[ The third portion of material has a particle size between approximately 840 ym and approximately 45 pmj“ 220
A}

Thickening the slurry subsequent to the third screening step using an anionic flocculant such as polyacrylamide or | 222
acrylamide copolymers to thereby remove a fourth portion of material from the slurry.

[C—larifying the water using a pH modifier such as sodium hydroxide or ammonium hydroxide. \— 22¢

!

L Processing the fourth portion of material using a belt filtering press.\. 22¢

FIGURE 9
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‘ From Figure 9 s

) v
Screening the slurry subsequent to the second screening step using a hydrocyclone to remove a
. . . —22&
third portion of material.

LThe third portion of material has a higher carbon content than the second portion of material.;_ 230

+ h
\ The third portion of material has a particle size of between approximately 840 pm to 237
approximately 75 um.

l Dewatering the third portion of material or “underflow” from the hydrocyclone using a 2—5 9/
centrifuge.

' Subsequent to the third screening step, processing the slurry by thickening the slurry using an 236
anionic flocculant such as polyacrylamide or acrylamide copolymers to thereby remove a fourth T~
portion of material from the sharry.

[Clarifying the water using a pH modifier such as sodium hydroxide or ammonium hydroxide. ),_Z 2%

,L )

rProcessing the fourth portion of material using a belt filtering presi‘,-"" 2 Yo

FIGURE 10
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METHOD AND SYSTEM FOR
BENEFICIATING GASIFICATION SLAG

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to the gasification
of coal and similar carbonaceous solids and, more particu-
larly, to methods and apparatus for beneficiating the result-
ing gasification slag.

2. Description of Related Art

Coal and other carbonaceous solids are commonly used as
fuel in electricity generating processes. For example, in a
fluidized bed process, also referred to as gasification, car-
bonaceous solids (i.e., coal, char, etc.) are thermally con-
verted into a combustible gaseous product via partial oxi-
dation in a reactive gaseous atmosphere. The product of
gasification is a reactive gas composed of carbon monoxide
and hydrogen. This gas can be used as a fuel directly or it can
be converted to other products such as synthetic oil. The
inorganic portion of the coal forms a vitreous slag by-
product.

Referring to FIG. 1, there is illustrated a process flow
diagram for one embodiment of a gasification facility, such
as the Polk Station operated by Tampa Electric Company in
Mulberry, Fla. Feed coal is ground and mixed with water at
a slurry plant 10 to produce a slurry containing approxi-
mately 60-70% solids. The coal slurry is fed into the top of
an entrained-flow gasifier 12 along with oxygen from an
oxygen plant 14 to produce a high temperature, high pres-
sure, medium Btu synthesis gas of approximately 267 Btu/
scf. The synthesis gas is cooled in one or more heat
exchangers 16 to generate high-pressure steam that can be
used to power a steam turbine 20 to generate electricity. The
cooled synthesis gas is cleaned in a scrubber 22a and
particulate filter 225 to remove contaminants such as sulfur
and ash and then combusted along with nitrogen (N,) in a
gas turbine 24 to generate electricity.

Coal gasification differs significantly from combustion,
which is a more widely applied coal utilization technology.
During combustion, coal is burned to produce heat and fully
oxidized combustion gases, primarily carbon dioxide and
water vapor. The inorganic portion of the coal forms “fly
ash” a very fine dry powdery material that is typically
collected dry in cyclones, electrostatic precipitators and
baghouses. A much smaller amount of ash also is collected
from the combustor as coarser “bottom ash.” Bottom ash
particles are irregularly-shaped, frequently porous and low
in carbon content.

Not surprisingly, the nature of the by-products generated
by gasification and combustion is as different as the tech-
nologies are. Slag, which is the by-product of gasification,
comprises molten or partially fused particles that come into
contact with the furnace wall, become chilled, and solidify.
Typically, slag is removed from the gasifier as a slurry. Slag
is generally much denser than either fly ash or bottom ash.
The coarse component of the slag is essentially a coarse
vitreous, high density, abrasive solid that is low in carbon
content. The physical shape of the coarse slag particles
ranges from rod or needle-like structures to irregular-shaped
jagged pieces. The finer slag is comprised of char or
unburned carbon particles containing varying amounts of
siliceous ash. The carbonaceous phase of the ash is irregu-
larly shaped particles with a highly developed pore struc-
ture.

Slag is generally not usable when it comprises a mixture
of coarse, vitreous material and fine, porous carbon material,
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such as when the slag is removed from the gasifier. Accord-
ingly, there is a need for methods and apparatus to benefi-
ciate the slag by-product into its coarser and finer constitu-
ents. The method and apparatus should enable not only the
economical separation of the slag by-products into useful
components, but the separation of the by-products into
useful components with acceptable quality and sizing for
specific end use markets.

SUMMARY OF THE INVENTION

The present invention provides apparatus and methods for
beneficiating slag economically. According to one embodi-
ment, the method includes mixing the slag with water to
form a slurry. The mixing step can include agitating the slag
to break up any agglomerated particles. The slurry is
screened through a first screen to remove a first portion of
material and then screened through a second screen to
remove a second portion of material. A fluid can be sprayed
onto one or both of the first and second screens concurrently
with the corresponding first and second screening steps to
facilitate the passage of material through the screens. The
first and/or second screens can also be vibrated concurrently
with the corresponding first and second screening steps to
facilitate the passage of material through the screens.

In one embodiment, the second portion of material has a
carbon content less than about 5% and, more preferably, a
carbon content less than about 1%. Although the size of the
particles in the first and second portions can vary, in one
embodiment the first portion of material has a particle size
exceeding approximately 0.5 inches. In another embodi-
ment, the second portion of material has a particle size of
between approximately 0.5 inches and approximately 840
pm.

According to another embodiment of the present inven-
tion, the method includes screening the slurry subsequent to
the second screening step through a centrifuge to remove a
third portion of material. The third portion of material
preferably has a higher carbon content than the second
portion of material. The size of the particles in the third
portion can vary. In one embodiment, the third portion of
material has a particle size between approximately 840 pm
and approximately 45 pum. The third portion of material
preferably has a higher carbon content than the second
portion of material. The third portion of material can be used
as a fuel product or adsorbent carbon. In still another
embodiment, the slurry is thickened subsequent to the third
screening step using an anionic flocculent such as polyacry-
lamide or acrylamide copolymers to thereby remove a fourth
portion of material from the slurry. If desired, a pH modifier
such as sodium hydroxide or ammonium hydroxide can be
used to clarify the water. The fourth portion of material can
thereafter be processed using a belt filtering press to dewater
the fourth portion of material. The processed fourth portion
of material can be used as a fuel product or adsorbent
carbon.

According to yet another embodiment of the present
invention, the method includes screening the slurry subse-
quent to the second screening step using a hydrocyclone to
remove a third portion of material. The third portion of
material preferably has a higher carbon content than the
second portion of material. The size of the particles in the
third portion can vary. In one embodiment, the third portion
of' material has a particle size of between approximately 840
um to approximately 75 um. The third portion of material or
“underflow” from the hydrocyclone preferably is dewatered
using a centrifuge. The third portion of material can be used



US 7,328,805 B2

3

as an adsorbent carbon or a fuel product. Subsequent to the
third screening step, the slurry can be further processed by
thickening the slurry using an anionic flocculent such as
polyacrylamide or acrylamide copolymers to thereby
remove a fourth portion of material from the slurry. If
desired, a pH modifier such as sodium hydroxide or ammo-
nium hydroxide can be used to clarify the water. Thereafter,
the fourth portion of material can be processed using a belt
filtering press to dewater the fourth portion of material. In
one embodiment, the fourth portion of material has a particle
size of less than approximately 75 um. The fourth portion of
material can be used as a fuel product or adsorbent carbon.

The present invention also provides a system for benefi-
ciating a slag slurry into usable portions. According to one
embodiment, the system includes a first screen for removing
a first portion of material from the slurry. The system also
includes a second screen for removing a second portion of
material from the slurry. In one embodiment, the second
portion of material has a carbon content of less than about
5% and, more preferably, less than about 1%. Although the
size of the particles in the first and second portions can vary,
in one embodiment the first portion of material has a particle
size exceeding approximately 0.5 inches. In another embodi-
ment, the second portion of material has a particle size of
between approximately 0.5 inches and approximately 840
um. In one embodiment, the system includes a blunger for
mixing and agitating the slurry. In another embodiment, the
system includes at least one sprayer for spraying fluid onto
at least one of the first and second screens to facilitate the
passage of material through the screens. In still another
embodiment, the system includes at least one vibrator for
vibrating at least one of the first and second screens to
facilitate the passage of material through the screens.

According to another embodiment of the present inven-
tion, the system includes a centrifuge for removing a third
portion of material from the slurry. The third portion of
material preferably has a higher carbon content than the
second portion of material. While the size of the particles in
the third portion can vary, in one embodiment the third
portion of material has a particle size of between approxi-
mately 840 um and approximately 45 um. The system can
further include a thickener for removing a fourth portion of
material from the slurry. In one embodiment, the system
includes a belt filtering press for dewatering the fourth
portion of material.

According to yet another embodiment of the present
invention, the system includes a hydrocyclone for removing
a third portion of material from the slurry. The third portion
of material preferably has a higher carbon content than the
second portion of material. While the size of the particles in
the third portion can vary, in one embodiment the third
portion of material has a particle size of between approxi-
mately 840 um and approximately 75 um. The system can
include a centrifuge for dewatering the third portion of
material. The system can further include a thickener for
removing a fourth portion of material from the slurry. In one
embodiment, the system includes a belt filtering press for
dewatering the fourth portion of material.

Accordingly, there has been provided methods and appa-
ratus to beneficiate the slag by-product from gasification
economically. The methods and apparatus enable not only
the separation of the slag by-products into useful compo-
nents, but also the separation of the by-products into useful
components with acceptable quality and sizing for specific
end use markets. The coarse slag by-product, which prefer-
ably includes the first and/or second portions of the material,
has unique physical and chemical properties and can be used
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for many applications, including abrasive media (i.e., sand
blasting grit), polishing media, roofing granules, cement kiln
feed, athletic track surfaces, landscaping, and road surface
coatings. In addition, the coarse slag by-product can also be
milled and used as a pozzolanic cement additive to improve
the properties of concrete. The finer slag by-product, which
preferably includes the third and fourth portions of the
material, can be utilized as a supplemental pulverized coal
combustion fuel and has shown excellent potential as both
an adsorbent and as a precursor for activated carbon.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other advantages and features of the
invention, and the manner in which the same are accom-
plished, will become more readily apparent upon consider-
ation of the following detail description of the invention
taken in conjunction with the accompanying drawings,
which illustrate preferred and exemplary embodiments and
which are not necessarily drawn to scale, wherein:

FIG. 1 is a diagram illustrating a coal gasification process,
as is known in the art;

FIG. 2 is a flow diagram illustrating an apparatus for
beneficiating slag by-product, according to one embodiment
of the present invention;

FIG. 3 is a flow diagram illustrating an apparatus for
beneficiating slag by-product, according to another embodi-
ment of the present invention;

FIG. 4 is a table illustrating the size analysis of a
composite feed sample, according to one embodiment of the
present invention;

FIG. 5 is a table illustrating a condensed size distribution,
once oversize material is removed and selected size fractions
are combined, according to one embodiment of the present
invention;

FIG. 6 is a table illustrating the size analysis of a second
portion of material beneficiated according to one embodi-
ment of the present invention;

FIG. 7 is a table illustrating the size analysis of a third
portion of material beneficiated using the system illustrated
in FIG. 2;

FIG. 8 is a table illustrating the size analysis of a third
portion of material beneficiated using the system illustrated
in FIG. 3;

FIG. 9 is a block diagram illustrating a method for
beneficiating slag by-product, according to one embodiment
of the present invention; and

FIG. 10 is a block diagram illustrating a method for
beneficiating slag by-product, according to another embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which some, but not all embodiments of the invention are
shown. This invention may be embodied in many different
forms and should not be construed as limited to the embodi-
ments set forth herein; rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the invention to those
skilled in the art. Like numbers refer to like elements
throughout.

Referring to FIG. 2, there is illustrated a diagram of a slag
beneficiation system or apparatus 26, according to one
embodiment of the present invention. According to the






