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1
PROCESS FOR SELECTIVE GRINDING OF COAL

CONTRACTUAL ORIGIN OF THE INVENTION

The U.S. Government has rights in this invention
pursuant to Contract No. DE-AC22-87PC79867 be-
tween the U.S. Department of Energy and Bechtel
National, Inc.

BACKGROUND OF THE INVENTION

This invention relates to a method or process of selec-
tively grinding coal to liberate mineral and ash matter
entrained with coal and to provide a particle distnibu-
tion which is in a well defined and relatively narrow
range. Modern coal mining and coal cleaning tech-
niques are generating increasing quantities of degraded
coal materials. Coal preparation plants produce large
quantities of crushed coal and refuse with high water or
moisture content. There has been a substantial effort by
the Department of Energy to determine effective meth-
ods of cleaning coal, of agglomerating the coal into

pellets using effective binders. One such agglomeration
process 1s disclosed in U.S. Pat. No. 4,615,712 issued to

Wen, Oct. 7, 1986 and assigned to the United States of
America as represented by the U.S. Department of
Energy, the disclosure of which is incorporated herein
by reference.

Traditionally, coal crushed to a size below 150 or
even 50 mm has been physically cleaned and is substan-
tially reduced of minerals such as pyrite and ash. Gener-
ally, advanced cleaning may be accomplished by physi-
cally grinding coal to separate the mineral and ash from
the coal particles. Theoretically, fine grinding of coal
will result in substantially all of the ash and minerals
such as pyrnites being free of coal particles.

A problem inherent 1n grinding of coal 1s that a por-
tion of the coal 1n any grinding apparatus is ground to a
finer degree than other portions of the coal. For in-
stance, coal passing through a 200 mesh screen may
typically contain various particle sizes up to about 80
microns. The particle size distribution may vary constd-
erably but it will be the larger particles for the most
part, which contain both pyrite and coal as well as coal
and ash. Inefficiencies are introduced in the system by
virtue of regrinding coal which is already ash free or
pyrite free or coal which has particles in the desired
range. Regrinding is expensive and results in particles
which are finer than desired and are more difficult to
work with later in the process.

Physical coal cleaning involve two distinct steps. The
initial size reduction step prepares the coal by crushing,
grinding or micronizing in order to liberate the ash and
the pyrite. Size reduction by physical crushing pro-
duces a mixture consisting of discrete particles of low
ash coal and particles high in ash or pyrite. Thereafter,
the mixture of discrete particles of low ash coal and the

particles with either high ash or pyrite are segregated

into clean coal and into refuse product. The separation
step may be accomplished by specific gravity separa-
tion, froth flotation methods or by agglomeration meth-
ods which are known and do not form part of this in-
vention. This invention relates to an improved and more
efficient grinding process for producing coal particles
having a size distribution in the range of from about 5
microns to about 20 microns and which produces parti-
cles which are substantially free of minerals such as
pyrites and ash, without excessive grinding.
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Heretofore, reduction of coal to micron sizes has
been accomplished with an attrition mill which consists
of a cylindrical vessel fitted with an agitator and filled
with a hard grinding media such as ceramic or 1ron shot.
The feed consisting of a coal slurry and water contain-
ing both large and small particles some of which are
high in ash and some of which are high in pynte content
1s introduced at one end of the vessel. As the agitator
turns, the grinding media disintegrates the particles of
coal in the feed slurry by attrition. The ground slurry
exits at the opposite side of the vessel which is fitted
with a screen to prevent the grinding media leaving the
mill with the slurry.

The single pass agitator mill method of crushing or
grinding coal is unsatisfactory because the ground prod-
uct may have an average particle size which 1s accept-
able, say in the 20 microns range, but the particles them-
selves may have a wide size distribution from submi-
cron size to as high as 160 microns. Examination of the
particles shows that the finest particle sizes are predom-
inantly made up of ash-free coal and pyrite-free coal,
while the coarser sizes contain coal with high ash and
pyrite contents. The characteristics of the ground prod-
uct from attrition mills reduces the efficiency of the
micronizing and cleaning operations as well as the de-
watering and water treatment steps. Overgrinding in-
creases the difficulty of recovering the products, dewa-
tering the products and clarifying the water for envi-
ronmental purposes. And, if the high ash and high py-
rite-containing coal particles are to be reduced to the

required size in a single pass, the entire feed stock must
be ground even more finely thereby not only increasing
the grinding cost but also aggravating the problems
aforesaid.

SUMMARY OF THE INVENTION

Accordingly, it is a principal object of the present
invention to provide a process of achieving the required
level of liberating ash and minerals such as pyrites from
coal feed stock with a minimum size reduction.

Another object of the invention is to provide a pro-
cess for micronizing coal which provides a product
having relatively narrow size distribution and 1in which
both over and under micronizing are avoided.

Another object of the invention is to provide a pro-
cess for preparing coal for use as a fuel, comprising
grinding coal particles in the presence of water to form
a coal-water slurry having solid coal particles with a
particle size not exceeding about 80 microns, classifying
the ground coal-water slurry in a solid bow! centrifuge
to provide a centrate containing solid particles with a
particle size distribution of from about 5 microns to
about 20 microns and to provide .a centrifuge cake of
solids having a particle size distribution from about 10
microns to about 80 microns, and regrinding the classi-
fier cake.

A final object of the invention is to provide a continu-
ous process for prepanng coal for use as a fuel, compris-
ing grinding coal particles in the presence of water to
form a coal-water slurry having solid coal particles
present 1n an amount of about 309% by weight with a
particle size not exceeding about 80 microns, classifying
the ground coal-water slurry in a solid bowl centrifuge
to provide a centrate containing solid particles present
in a concentration greater than about 109 by weight
with a particle size distribution not to exceed about 20
microns and to provide a centrifuge cake of solids hav-
ing a particle size distribution of from about 10 microns
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to about 80 microns, and regrinding the centrifuge cake,
and introducing the reground cake having particle sizes
not exceeding about 50 microns and water with fresh
feed to the solid bowl centrifuge for classification to
produce a centrate having solids with a particle size
distribution not to exceed about 20 microns.

‘The invention consists of certain novel features and a
combination of parts hereinafter fully described, illus-
trated in the accompanying drawings, and particularly
pointed out in the appended claims, it being understood
that various changes in the details may be made without
departing from the spirit, or sacrificing any of the ad-
vantages of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

For the purpose of facilitating an understanding of
the invention, there is illustrated in the accompanying
drawings a testing arrangement thereof, from an inspec-
tion of which, when considered in connection with the
following description, the invention, its construction
and operation, and many of its advantages should be
readily understood and appreciated.

FIG. 11s a flow diagram of a process for selectively
grinding coal.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

A source of coal 10 is connected by a conveyor 11 to
a source of water 12 which forms a slurry in line 13 and
1s introduced to a rod mill 15 at one end thereof. The
outlet from the rod mill 15 leads to an accumulator 17
and therefrom to a tank 18, the outlet 19 of which is
connected to a solid bowl centrifuge 20. A scale 21 and
suitable valve 22 are provided to establish or interrupt a
measurable communication between the material in the
vessel 18 and the centrifuge 20. The centrifuge 20 may
be one of several solid bow! centrifuges commercially
available such as by Bird Machine Co. The centrifuge
20 1s operated as a classifier which separates particles
having a size distribution in the range of from submi-
cron size up to about 20 microns size which exits the
centrifuge 20 via a line 25 to a collection vessel 26 for
the centrate. Depending on the operation characteris-
tics of the classifier or centrifuge 20 the solids contents
in the centrate may range from about 5% to upwards of
15% by weight. The centrifuge cake 27 exits from the
centrifuge via outlet 28 and may be reformed as slurry
by the introduction of water from a source of water 29
and transferred through a pipe 30 to a bead mill 35
through a feed bin 34. The bead mill 35 is a grinding
apparatus capable of grinding to finer particle sizes for
mnstance less than about 50 microns than is the rod mill
15 initially used in the grinding process. The reground
centrifuge cake leaves the bead mill 35 via an outlet 36
and is transported to the vessel 18 and hence to the solid
bowl centrifuge classifier 20.

By this method, it 1s possible to avoid over grinding
coal particles which are already substantially ash free
and pyrite free because the selection process depends
principally on centrifugal force. The centrifugal force
will separate both as to particle size and as to weight.
With respect to particle size, it has been found as de-
scribed above, that smaller particles tend to be more ash
free and more mineral and pynite free. Particles high in
pyrite content tend to be heavier and so that the heavier
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particles and the larger particles tend to be segregated
and recycled to the bead mill 35 for additional grinding.
This method accordingly separates the particles which
are substantially mineral free and ash free from those

particles which need additional grinding to clean the
particles, thereby preventing regrinding of particles
which are already clean. The centrate 26 is thereafter
transported to a suitable cleaning facility (not shown)
which will separate the tailings including coal of high
ash content and mineral particles from the clean coal.
The clean coal 1s thereafter treated and formed into the
appropniate fuel for transport and storage and then for
combustion. The feed size distribution for the two types
of coal used in the various examples are set forth in
Table 1.

In testing the inventive process, a solid bowl centri-
fuge, model 0250 was obtained from Bird Machine
Company and two types of ground coal were made
available. One coal was from Illinois No. 6 seam and the
other was a Splint coal. All coal was ground in the Trod
mill 15 to a nominal size of minus 200 mesh, that is
approximately 80% of the coal had particle diameters of
about 76 microns or less. The centrifuge 20 was opera-
ble as either a decanter or a classifier depending on
operation characteristics.

The Splint coal was used to determine the best set-
tings of the centrifuge 20 for the classification approach.
The variables were flow rate, solid concentration and
depth of the pool within the centrifuge. Table 2 lists the
above parameters for each of the examples S1-S9. Sam-
ples were taken and analyzed for particle size distribu-
tion, percent solids and ash and sulfur content; Table 3

shows the results.
TABLE 1
_FEED SIZE DISTRIBUTION
PART-
ICLE SPLINT ILLINOIS NO. 6
SIZE  BALL MILL PRODUCT _BALL MILL PRODUCT
MI- CUMULATIVE ~ CUMULATIVE
CRONS WT 7 WT % WT WT ¢
<6 11.1 11.1 10.7 10.7
6-8 5.4 16.5 3.4 14.1
8-10 3.3 19.8 2.7 16.8
10-15 8.1 279 8.4 25.2
15-20 7.3 35.2 6.9 32.1
2030 15.3 50.5 16.7 48.8
30-38 i1.2 61.7 11.2 60.0
38-75 18.6 80.3 23.9 8§3.9
~T75 19.7 100.0 16.1 100.0
100.0 100.0
TABLE 2
SET-UP TEST CONDITIONS
FEED RATE POOL SETTING SOLIDS
TEST NO. gpm mm WT %
Si 3 145-DEEP 30
S2 6 145 30
S3 9 145 30
S4 9 150 30
S5 6 150 30
S6 9 170 30
S7 0 175 30
S8 0 175 20
S9 12 175.-SHALLOW 20

m
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TABLE 3
SET-UP TEST RESULTS

WT 9; PASSING (MICRONS WT % WI%

TEST NO PRODUCT 75 38 30 20 15 10 6 SOLIDS ASH
S 1 CAKE g1.4 61.0 490 58.6 4.1
CENTRATE 100 100 100 1.2 14.1
S2 CAKE 79.5 580 494 56.2 4.0
CENTRATE 100 100 100 4.4 7.2
S3 CAKE 81.9 58.6 52.6 56.4 4.0
CENTRATE 100 100 99.3 3.1 9.0
S4 CAKE 80.8 62.2 533 399 314 22.0 135 55.7 4.0
CENTRATE 100 100 997 3.4 6.9
S35 CENTRATE 100 999 946 914 815 768 554 8.9 3.7
S6 CENTRATE 100 100 995 9.5 4.2
S 7 CENTRATE 100 998 939 B8B8 80.6 639 425 11.1 4.4
S8 CENTRATE 100 100 998 993 935 753 485 6.5 5.3
S9 CENTRATE 995 944 875 738 642 50.1 339 15.7 3.5

Samples were taken from the centrifuge cake 27 as
well as the centrate 26 during exampies S1-S4 and later
only centrate samples were analyzed. The centrifuge 20
operates as a decanter where there 1s a low feed rate and
deeper pool settings and this is shown in examples
S1-S4. After an increase in the flow rate and a shal-
lower pool setting, the centrifuge 20 operates as a classi-
fier which i1s assisted in operation by lowering the solids
concentration to 20% by weight, it should be noted that
the weight percent of ash in Table 3 1s on a dry basis.
The change from a decanter to a classifier of the centri-
fuge 20 is indicated by the increase 1n solids, including
coarser particles, which report to the centrate 26. This

mcrease i1s proportional to a decrease in the ash content

of the solds, an indication that cleaner coal particles are

recovered with the centrate. However, it should be
understood that the purpose of the centrifuge 20 1s not
to clean the coal 1n the total matenal balance sense but

to segregate the clean fine particles from the more con-
taminated larger or more contaminated heavier parti-
cles which when reground provide additional clean
particles. In this way, continued cycling of matenal
through the bead mill 35 and the centrifuge 20 will
eventually provide all matenals in the centrate 26, both
clean and dirty, but the coal particles will be substan-
tially ash free and the pyrite particles will have low coal
content.

That the process 1s effective 1s indicated by a grab
sample of the plus 30 micron material which had an ash
content of 1.5 percent, confirming the selective recov-
ery of coarser but cleaner coal with the centrate 26. The
initial tests with the Sphnt coal was used to provide
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mm, a solids concentration of 20 weight percent and a
feed rate of 11 gpm. These parameters were selected for
the specific model of Bird centrifuge. It is understood
that other centrifuges are available of different sizes, for
instance a Sharples or Bretby solid bowl centrifuge may
be used in the process with capacities of up to 60 tons
per hour. In such an event, the operating conditions of
the centrifuge will have to be adjusted so that it oper-,
ates as a classifier. These adjustments are within the skill

of the art.

The test data from the various runs are disclosed 1n
Tables 4 and 5. The data show a successful operation of
a solid bowl centrifuge 20 acting as a classifier in the

closed circuit which may be continuous or batch with

the fine grinding mill 38 operated at approximately

100% circulating load. Again, it is within the skill of the
art to upscale the process to accommodate commercial
quantities in continuous and steady state conditions.

These data show that 1t 1s possible to use a solid bowl
centrifuge 20 for the classification of finally ground coal
at approximately 20 micron size for the largest particles.
The data show that this type of classification enhances
the selective recovery of coarser and heavier particles
to the centrifuge cake 27 with cleaner coal particles and
smaller more likely ash- free coal constituents into the
centrate 26. The harder coarse coal, more likely con-
taining mineral particles and ash report to the centrifuge
cake 27 and are subjected to additional grinding in the
bead mill 35. The inventive process improves liberation
of the coal and minerals with reduced effort of grninding
and avoids over grinding of clean coal particles result-
ing in a narrower size distribution range for feed coal to

improved parameters for tests with the Illinois No. 6 50 the coal agglomeration process hereinbefore discussed.

coal. The data were obtained using a pool setting of 175

TABLE 4

FIRST PASS CLASSIFICATION

PARTITION-CURVE

WATER SOLIDS SULFUR
STREAM COAL LB/MIN LB/MIN YIELDWT % WT% ASHWT% WT %
FEED 20.5 76.8 21.0 8.6 2.84
CAKE 18.1 15.4 89.3 54.0 8.0 2.5
CENTRATE 2.8 60.8 10.7 4.4 13.1 1.75
FINE COAL
PARTICLE FEED Yf = 10.7%
SIZE CUMULATIVE REC. WT % .CUMULATIVE  COARSE COAL
MICRON WT % WT % WT % 5 REC. WT & WT %
1 2 3 4 YT *(4) 6 7
<6 10.3 10.3 13.4 1.4 1.4 6.9
6-10 6.4 16.7 20.6 2.2 3.6 4.4
10-15 8.5 25.2 28.0 3.0 6.6 7.8
15-20 6.8 32.0 15.3 1.6 8.3 8.3
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TABLE 4-continued
FIRST PASS CLASSIFICATION
PARTITION-CURVE
20-30 16.8 48 8 17.9 1.9 10.2 16.2
30-38 11.2 60.0 4.8 0.5 10.7 12.6
38-75 23.9 83.9 0.0 0.0 10.7 29.9
>75 16.1 100.0 0.0 0.0 10.7 11.9
TOTAL  100.0 100.0 10.7 100.0
COARSE COAL PARTITION
PARTICLE Yc = 89.39% CUMULA- CALCULATED FEED MEDIAN NUMBER
SIZE REC. WT 7 TIVE WT % CUMULATIVE PARTICLE *100
MICRON 8 REC. WT % 10 WT % SIZE 13
1 Yc *(7) 9 (5) + (8) 11 12 (8)/(10)
<6 6.2 6.2 7.6 1.6 3.0 gl.1
6-10 3.9 10.1 6.1 13.7 8.0 64.1
10-15 7.0 17.1 10.0 23.7 12.5 69.9
15-20 7.4 24.5 9.0 32.7 17.5 g1.9
20-30 14.5 38.9 16.4 49.1 25.0 88.3
30-38 11.3 50.2 11.8 60.9 34.0 95.6
38-75 26.7 76.9 26.7 87.6 56.5 100.0
>75 12.4 89.3 12.4 100.0 100.0 100.0
TOTAL 8§9.3 100.0
5. The process of claim 1, wherein the process 1s
continuous and the solids concentration in the centrate
25 is maintained greater than about 10% by weight.
TABLE § 6. A continuous process for preparing coal for use as
BEAD MILL GRINDING a fuel, comprising grinding coal particles 1n the pres-
FEED PRODUCT ence of water to form a coal-water slurry having sohd
PARTICLE CUMULA.- CUMULA. coal particles with a particle size not exceeding about 80
SIZE TIVE TIVE 30 microns, transporting the coal-water slurry to a solid
MICRONS  WT % WT% WTZ WI% bowl centrifuge, classifying the ground coal-water
<6 28.2 28.2 47.2 47.2 slurry in a solid bowl centrifuge to provide a centrate
6-10 9.0 37.2 15.2 624 containing solid particles with a particle size distribu-
:2:;3 g’:g ' :2:2 13:3 ;‘;: tion of from about 5 microns to about 20 microns and to
20-30 3.0 49.6 190 95.4 35 provide a centrifuge cake of solids having a particle size
30-38 15.4 65.0 2.8 98.2 distribution of from about 10 microns to about 80 mi-
38-75 19.9 , 84.9 1.8 100.0 crons, and regrinding the classifier cake, and introduc-
>3 5.1 100.0 00 1000 ing the reground cake with fresh feed to the solid bowl
JOTAL 100.0 150.0 centrifuge for classification to produce a centrate hav-
40 1ng solids with a particle size distribution of from about

While there has been disclosed what is considered to
be the testing arrangement of the present invention, it 1s
understood that various changes in the details may be
made without departing from the spirit, or sacrificing
any of the advantages of the present invention.

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as
follows:

1. A process for preparing coal for use as a fuel, com-
prising grinding coal particles in the presence of water
to form a coal-water slurry having solid coal particles
with a particle size not exceeding about 80 microns,
classifying the ground coal-water slurry in a solid bowl
centrifuge to provide a centrate containing solid parti-
cles with a particle size distribution of from about §
microns to about 20 microns and to provide a centrifuge
cake of solids having a particle size distribution of from
about 10 microns to about 80 microns, and regrinding
the classifier cake, wherein more than about 50% of the
slurry particles are larger than 6 microns.

2. The process of claim 1, wherein the coal-water
slurry 1s continuously prepared.

3. The process of claim 2, wherein the centnifuge cake
1s reground to provide particle sizes not to exceed about
50 microns.

4. The process of claim 1, wherein the solids concen-

tration in the centrate is greater than about 10% by
weight.
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5 microns to about 20 microns, wherein more than 50%
of the siurry particles are larger than 6 microns.

7. The process of claim 6, wherein the classifier cake
is ground in a bead mill and mixed with water before
introduction to the classifier.

8. The process of claim 7, wherein the classifier cake
1s ground to produce a size distribution wherein a ma-
jority of particles have sizes less than about 20 microns.

9. The process of claim 1, wherein the cake is contin-
uously introduced to a mill for grinding and the re-
ground cake is continuously introduced to the classifier.

10. A continuous process for preparing coal for use as
a fuel, comprising grinding coal particles in the pres-
ence of water to form a coal-water slurry having solid
coal particles present in an amount of about 309% by
weight with a particle size not exceeding about 80 mi-
crons, classifying the ground coal-water slurry in a solid
bowl centrifuge to provide a centrate containing solid
particles present in a concentration greater than about
10% by weight with a particle size distribution not to
exceed about 20 microns and to provide a centrifuge
cake of solids having a particle size distnibution of from
about 10 microns to about 80 microns, and regrinding
the classifier cake, and introducing the reground cake
having particle sizes not exceeding about 50 microns
and water with fresh feed to the solid bow! centrifuge
for classification to produce a centrate having solids
with a particle size distribution not to exceed about 20
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microns, wherein more than 50% of the slurry particles
are larger than 6 microns. '

11. The continuous process of claim 10, wherein the
slurry is formed in a rod mill to provide coal particle
sizes not greater than about 80 microns.

12. The continuous process of claim 10, wherein the
centrifuge cake is reground in a bead mill to provide
fine particles to the classifier.

13. The continuous process of claim 10, and further
comprising transferring the centrate to a separator to
separate ash and minerals present from the coal-water
slurry.

14. The continuous process of claim 10, wherein the
centrate solids concentration is greater than about 15%
by weight.

15. The continuous process of claim 6, wherein about
15% of the total of the centrate solids have particle sizes
mn the range of from about 6 microns to about 10 mi-
Crons.
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16. The continuous process of claim 6, wherein about
12% of the total of the centrate solids have particle sizes
in the range of from about 10 microns to about 15 mi-
Crons.

17. The continuous process of claim 6, wherein about
9% of the total of the centrate solids have particle sizes
in the range of from about 15 microns to about 20 mi-
Crons.

18. The continuous process of claim 6, wherein about

129% of the total of the centrate solids have particle sizes
in the range of from about 20 microns to about 30 mi-

Crons. _
19. The continuous process of claim 6, wherein about

35% of the total of the centrate solids have particle sizes

in the range of from about 6 microns to about 20 mi-

Crons. :
20. The continuous process of claim 6, wherein about

50% of the total of the centrate solids have particle sizes
in the range of from about 6 microns to about 30 mi-

CTOnS.
* *x * X %
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