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DRYING AND BURNING OF PIPELINE COAL
James Jonakin, Simsbury, Conn., and Robert C. Tulis,
f)hattmwoga2 Tenn., assigners to Combustion Engineer-
ing, Inc_., Windsor, Conn., a corporation of Delaware
Contmuano’g cf application Ser. No. 159,663, Dec. 15,

1961. This application Dec. 20, 1965, Ser. No. 521,238

23 Claims. (CL 116—7)

This appication is a continuation of U.S. Ser. No.
159,609, filed in the names of James Jonakin and Robert
C. Tulis on Dec. 15, 1961, for “Drying and Burning of
Pipeline Coal.”

Copending application Serial No. 155,603 of Jonakin
filed })ec. 15, 1961 shows and claims feeding and de-
watering method and apparatus limited to cyclone fur-
naces.

This invention relates to a method of, and mechanism
f_or, utilizing pipeline coal slurry as a source of heat par-
ticularly for firing vapor generators.

An object of this invention is to efficiently prepare coal
slurry for burning.

A further object of the invention is to efficiently me-
chanically extract water from the slurry and feed the de-
watered slurry to a furnace.

A further object is to feed a continuous stream of
pumpable coal slurry directly from a pipeline, at a con-
" trolled rate, through a mechanical dewatering station or
Zone where the water content is reduced from the 30 to
50 percent content of the slurry to approximately 15 to
20 percent and the stream rendered substantially non-
pumpable, and then to a combustion chamber of a vapor
generator for burning therein.

A still further object is to feed mechanically dewatered
slury directly to a pulverizing mill feeding directly to a
furnace.

Other objects and advantages will be apparent from
the following specification and the accompanying draw-
ings in which:

FIG. 1 is a schematic side elevation of
ration system;

FIG. 2 is an end elevation of the centrifuge and the
pulverizer mill;

FIG. 3 is a schematic view of the slurry preparation
system showing four units; and

FIG. 4 is a side elevation of a vacuum filter.

Coal is crushed at the mine to ¥ inch or less and mixed
with water to form a coal slurry, of say 60 percent coal
and 40 percent water, having the characteristics of a
liquid which may be pumped long distances through a
pipeline to the place of utilization of the coal such as
a steam generating plant. There the coal may be pre-
pared for burning by drying the coal in such equipment
as flash dryers reducing the moisture content to eight or
nine percent and conveying the coal as & granular mate-
rial to storage facilities for later conveying to the furnaces
in the usual and well-known manner.

The consistency of the slurry depends upon a number
of factors. It is, however, desired that there be as small
a percentage of water in the slurry as is practicable from
the pumping and handling standpoint. A slurry of 50
percent coal and 50 percent water with the coal being
crushed so that the coarse fractions are approximately
one-quarter inch can be satisfactorily pumped through a
pipeline over long distances. By crushing the coal to a
somewhat smaller size, 2 60 percent coal and 40 percent
water slurry may be satisfactorily pumped, this is cur-
rently about the limit of coal concentration in water slurry
that can economically be pumped through a pipeline over
long distances. A relatively recent development indi-
cates that still more concentrated coal-water slurries may
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be pumped through pipelines over relative short distances,
such as a few miles, with a slurry wherein the coarse frac-
tions are somewhat less than one-eighth of an inch being
pumpable in a 70 percent coal and 30 percent water slurry
and with indications being that this concentrated shurry
is more stable with regard to settling, i.e., requires a
longer time for the coal to settle out, than the previously
identified slurries and with this being a very desirable
property in that it makes the shurry much less difficult to
handle.

While the concentration of the crushed coal and water
slurry may vary as explained hereinbefore, it remains
within the bounds, in accordance with the invention,
within which there is produced a slurry that may be satis-
factorily and economically pumped through a pipeline.
The greater the percentage of water that is pumped the
less economical the processes because the water is merely
a carrier which must be eliminated in some manner at the
location where the coal is utilized for burning. Thus a
slurry wherein the water content is greater than the 50
percent is not economically feasible. On the other hand,
the concentration of coal in the slurry must be sufficiently
dilute so that the slurry can be pumped and handled satis-
factorily as a liguid. As previously mentioned, a concen-
tration of 60 percent crushed coal and water has been
indicated to be a pumpable slurry which may be eco-
nomically pumped over long distances while a slurry
with a crushed coal concentration of 70 percent has been
indicated as pumpable over short distances. These coal
slurries to which reference is being made are comprised
of crushed coal and water with crushed coal being a term
that is well known and has long been used in the coal
and fuel handling art. Crushed coal is distinguished
from pulverized coal in that in the crushed coal relatively
large or coarse coal fractions are present, with the crushed
coal, as a result of the action of the crusher, containing
particle sizes which range from the coarse fractions of
about one-quarter or preferably one-eighth inch size on
down to very fine particles known as “fines” which will
pass through a 325 mesh screen. Pulverized coal in con-
trast is a powder with all the coal being reduced to very
fine particles through the action of a pulverizer so that all
the particles will pass through say a 100 or 200 mesh
screen.

In certain types of furnaces such as a cyclone furnace
it is possible to feed the slurry directly from the pipeline
into the furnace where the water is evaporated and the
coal burned. In such a system the evaporated water is
fed through the furnace, over the steam generating sur-
faces and out the stack and represents a material heat loss
which will reduce the boiler efficiency, from a possible
88.1 percent obtainable in normal operation with a nor-
mal 9 percent moisture bituminous coal, to an efficiency
of 83.0 percent. At present day prices this represents
about 43 cents a ton above the base price of the coal.
The flash drying and storage represents approximately
the same additional cost, in addition to the extensive
equipment which is both bulky and expensive. .

Applicant has found that by mechanically dewatering
the crushed coal slurry in equipment such as a vacuum
filter or a centrifuge the moisture content can be reduced
from the 30 to 50 percent generally required to provide
a pumpable sturry which has the consistency of a thick
mud to less than 25 percent such as 20 percent or less.
This dewatered coal slurry can then be fed, preferably
by gravity, directly to a pulverizing mill, such as bowl
mill, and pulverized to a size that will permit burning in
any furnace adapted to burn pulverized coal. The de-
watering equipment is operated at a rate which will reduce
the water content of the slurry to as low a percentage as
is practical, usually approximately 15 and 20 percent.
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Heated air is passed through the bowl mill and serves
to further dry the pulverized coal and to transport it to
the burners in the furnace. In such a system as only 20
percent or less such as approximately 15 to 20 percent
of the mixture is water, which is evaporated and passed
through the furnace and out the stack, the boiler efficiency
attainable is 86.2 percent or greater and the increase in
fuel cost over that of normal operation with 9 percent
moisture bituminous coal is 16 cents or less a ton above
the base cost of the fuel at present day prices.

Such a mechanical dewatering system is shown in FIG.
1 in which the crushed coal slurry is received through
pipe 10 feeding a surge tank 26 which may be of any
required size depending upon the requiremeats of the
particular coal burning plant. The slurry is pumped by
a pump 22 from the tank 28, in a continuous stream
through a control valve 24, past a flow meter 26, such as
a magnetic flow meter, through a shut-off valve 28 and
into a hopper 30. As will be described later this hopper
39 also receives flocculated fines. The contents of hopper
39 are fed by gravity or may be pumped by a pump, not
shown, to a centrifuge indicated generally at 32. This
centrifuge which may be a standard commercial article
such as the centrifuge manufactured by the Bird Machine
Company comprises a hollow drum in the form of a cone
frustum 34 adapted to be rapidly rotated as by a motor
36 and having a substantially imperforate outer surface
except for discharge openings 38 at the small end of the
frustum and having closed ends except for a discharge
opening in the large end 49 spaced inwardly from the
outer surface of the frustum and an opening in a large
end 40 at the axis of the frustum for receiving slurry
from the tank 30. A casing 42 surrounds the rotating
frustum and contains one or more partitions dividing the
casing into two discharge chambers one of which dis-
charges into duct 44 and the other into receiver 46 and
pipe 48.

The slurry discharged into the interior of the frustum
collects at the large end as it is thrown out by centrifugal
force. A screw conveyor, not shown, ccoperates with the
interior of the frustum as the frustum rotates relative to
the screw conveyor to force coal in a continuous stieam
from the large end towards the small end of the frustum
where it is discharged through the orifice 38. Water, be-
ing lighter than the coal, will tend to stay nearer the axis
of the centrifuge as the coal is pressed, squeezed or
forced against the drum and will be discharged through
the orifices in the end 49 of the frustum. The coal, which
contained from 30 to 50 percent moisture when intro-
duced into the centrifuge and which still may contain
20 percent or a little less of moisture, say 15 to 20 per-
cent, is discharged as a pasty material having the con-
sistency of a thick mud with considerable force from the
orifice 38 and is forced down the duct 44 by this dis-
charging force and by gravity to a pulverizing mill in-
dicated generally at 50. The pulverizing mill which may
be a standard commercial bowl mill receives the shurry
discharged from duct 44 in a rotating bowl 52. As the
bowl rotates it passes by, and carries the cecal under, a
spring pressed roll 54 which crushes and pulverizes any
coal lumps remaining in the slurry. Heated air is drawn
into the exhaust fan 56 through pipe or duct 38. This
air which is used as combustion supporting air by the
burner 66 in the furnace combustion chamber 63 is nor-
mally heated mill air and is further heated as by a gas
heater fed through line 69 to provide additional heat for
evaporating the moisture in the pulverized slurry. This
heated air in passing through the bowl mill further dries
the coal by evaporating substantially all of the 15 to 20
percent moisture of the slurry and provides a stream of
combustion air and a stream of substantially dry pulver-
ized coal and also acts to convey the coal through the
mill and out through duct 62, exhaust fan 56 and dis-
charge duct 64 to the burner &6 for burning in the furnace
68. Secondary air may be supplied to the burner in the
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usual manner, not shown. The motor 70 supplies power
for the bowl mill 50 and the exhaust fan 56.

Although the capacity of a bowl mill is generally re-
duced when the coal to be pulverized is wet it has been
found that raising the temperature of the air fed through
the mill, as by the gas burner 68, provides sufficient addi-
tional drying so that the capacity of the mill is not ma-
terially reduced by the 15 to 20 percent water content
of the slurry.

The effluent discharged from the large end of the frus-
tum of the centrifuge contains a considerable quantity of
fines or coal dust which are carried along with the water
from the centrifuge, and which may constitute 4 to 8 per-
cent of the total contents of the coal in the slurry. It is
necessary to recover these fines both because the dirty
water cannot be discharged into a lake or stream and be-
cause these fines represent a material heat value. The
effluent containing these fines is fed through pipe 48 and
is mixed with a flocculating agent fed from tank 72
through pipe 74 into pipe 48. This flocculating agent
may be any of the well known commercial flocculating
agents such as “Separan” sold by the Dow Chemical Com-
pany, Midland, Michigan. The treated effluent is fed to a
clarifier or settling tank 7% where the flocculating agent
serves to flocculate or coagulate the fines or coal dust into
larger particles which settle out in the bottom of the stor-
age tank. The clear water then overflows into a receptacle
78 from which it may be discharged into a lake, river or
reservoir. The flocculated fines which have collected in
the bottom of the tank 76 are led through pipe 80 through
a constant volume pump such as a gear or screw pump
82 and fed back through line 84 to a hopper 30 at the
entrance to the centrifuge 32.

The effluent fed back to the hopper 30 contains approxi-
mately 30 percent flocculated fines and 70 percent water
and is mixed with the slurry being fed from the tank 28
and fed to the centrifuge 32. In the centrifuge the floccu-
lated fines do not break down and are not again carried
out with the effluent but remain as particles large enough
to be fed by the screw conveyor in the centrifuge 38 and
are discharged into the chute 44 along with the rest of
the filter cake discharged from the centrifuge.

It will be noted that the slurry is fed in a continuous
stream from the pipeline directly and sequentially to and
through converting stations including the centrifuge and
pulverizer and that all of the filter cake discharged by
the centrifuge 32 is fed in a continuous stream through
the bowl mill directly to the furnace so that the control
of the rate of flow of the stream of slurry fed to the cen-
trifuge controls the rate of flow and the quantity of coal
supplied to the furnace. The magnetic flow meter 26
measures the flow of slurry to the centrifuge and a con-
dition of the steam generator such as pressure, tempera-
ture, or load demand, determines or regulates the fuel or
slurry quantity or fuel flow rate desired in a manner well
known in the art, such as that shown in United States Pat-
ents Nos. 2,530,117 or 2,538,428. For example, the fuel
quantity or flow rate, as measured by the flow meter 26
may be compared with the fuel quantity or flow rate
necessary to maintain a selected vapor generator condi-
tion as indicated by the control mechanism and any vari-
ation between the two utilized to operate the valve 24 to
change the flow rate to correspond to that called for by
the vapor generator condition or a variation between the
actual condition of the vapor generator such as pressure or
temperature and a selected condition may be used to vary
the slurry flow to eliminate the variation. As the quantity
of effluent discharged by the centrifuge 32 will vary di-
rectly with the quantity or flow rate of slurry supplied to
the centrifuge, the speed of the motor 86 driving the pump
82 is varied in accordance with the opening of the valve
24 so as to maintain the same proportion of effluent re-
turned for each position of the valve 24.

While a bow] mill has been shown in the drawing and
described in the specification it should be understood that
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any suitable type of pulverizer may be used for pulver-
izing the slurry discharged by the centrifuge. Whatever
type of pulverizer is used provision should be made for
the further drying of the centrifuge discharge preferably
by a blast of hot air passing through the mill which will
act to dry and transport the pulverized coal or coal dust
and act as combustion supporting air in the combustion
chamber of the furnace. This air blast can be supplied
by the exhaust fan such as exhaust fan 56 or it can be
supplied by a pressure fan supplying air under pressure to
the duct 58 supplying air to the pulverizer or if desired
both a pressure fan and an exhaust fan may be used. A
suitable type of bow!l mill is shown in United States Pat-
ent No. 2,848,170 issued to J. Crites on Aug. 19, 1958,
and a suitable type of beater mill is shown in United
States Patent No. 2,985,390 issued to P. Raetz on May
23, 1961.

While a centrifuge 32 is shown as being the now pre-
ferred form of mechanical water extracting mechanism
is should be understood that other mechanical dewatering
mechanisms such as well-known vacuum filter mecha-
nisms might be used. In the vacuum filter mechanism
rotating hollow discs or rotating hollow drums 182, hav-
ing fine perforations or made of fine mesh material and
having a vacuum maintained cn the inside thereof, as by
a pump 184, dip into a reservoir 166 of slurry as they ro-
tate and the vacuum inside acts to hold the slurry against
the outside surface of the discs or drum 192 and the disc
or drum then draws the slurry out of the bath. As the
disc or drum rotates in the air above the slurry bath, air
passing through or pressing on the slurry, retained on or
squeezed or forced against the disc or drum, by the pres-
sure differential beiween the pressure outside and the
vacuum inside of the disc or drum will cause some of
the water in or squeezed out of the retained slurry to pass
to the inside of the disc or drum and thus act to dry the
slurry. As the retained slurry approaches the bath again
knives or scrapers 168 will scrape the partially dry slurry
from the filter screen 102 and direct the resulting filter
cake onto a conveyor belt 118 which will collect the ma-
terial discharged from the several scraper blades and con-
vey it to one end of the vacuum filter where it may be
discharged into a vertical chute such as the chute 44 shown
in FIG. 1 and FIG. 2 and discharged into the pulverizing
mill by gravity. If desired the chute 44 could be omitted
and the belt could discharge directly into the pulverizing
mill. If desired an air bleed 112 could be provided ad-
jacent the discharge end of the belt to equalize any pres-
sure difference between the vacuum filter and the pulver-
izer.

The mechanism which has been described so far is a
unitized system in which a single centrifuge supplies a
single mill which may supply one or more burners for
the furnace. A single flocculator is provided for floc-
culating the effluent from the centrifuge. It may be
found desirable to have a single furnace fed by several
of these unitized systems. Such a structure is shown in
FIG. 3. The slurry of crushed coal and water is fed
into the tank 20 from the pipeline 0. A branch line
12 may be provided for directing excess slurry to a stor-
age reservoir for storing as slurry or to a drying plant
where the slurry may be dried as by a flash drying proe-
ess and then stored as crushed coal. The slurry is
pumped by the pump 22 through line 88 to a manifold
9. The several unitized systems each receive their pro-
portion of the slurry through individual pipelines con-
trolled by individual control valves 24a, 24b, 24c and
24d. Each valve controls the flow to its respective cen-
trifnge in accordance with the vapor generator condition
as previously described. These valves may be construc-
ted to operate in unison from a single set of signals or
may be constructed to operate individually from the error
signal previded by the steam generator condition. If the
valves are individually controlled each flow meter signal
would be individually corrected by its respective control
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valve which is controlled by the error signal indicating
a variation of the generator condition from the desired
condition while if they are all controlled in unison the
sum of the individual flow signals would be compared
with the error signal. The flow meter is not shown in
FIG. 3 but would be located as shown in FIG. 1 be-
tween each control valve at its respective centrifuge. The
controls for the several control valves and motors may
be assembled at a coatrol panel 91. Fach centrifuge
32a, 32b, %%c, and 324 feeds its respective pulverizing
mill 50a, 565, 58c, and 58d in the manner previously
described and as shown in FIG. 1. In order to maintain
a constant head across the several valves 24a, 24b, 24c,
and 24d, excess slurry from the manifold 9§ is fed
through a pipe 92 to a tank 94 arranged at a snitable level,
say 20 feet, above the valves to thus maintain a static
head on them. FExcess slurry is returned through the pipe
96 back to the slurry tank 2¢ by means of a pump 98
which may be controlled in any svitable manner to main-
tain the level in the tank 94. Effluent from the several
centrifuges are led through the pipes 484, 48b, 48c, 48d
to a manifold 169 and thence back to the flocculating
and clarifying tank 76. The flocculating agent, not
shown in FIG. 3, may be added in any suitable manner
such as introduced into the pipeline between the mani-
fold 160 and the tank 74. The flocculated fines are re-
turned through the line 84 back to the slurry tank 29.

It should be noted that in FIG. 3 that instead of re-
turning the flocculated fines to the individual centrifuge
they are returned to the shurry tank where they are mixed
with the incoming slurry so that the pump 82 of the
FIG. 3 construction dees not have a direct effect on the

entrifuge intake and may be controlled by any desired
condition such as the condition of the tank 76 and not
be dependent on the several valves 24.

From the above description it will be apparent that we
have devised a system by which pumpable pipeline coal
slurry may be mechanically dewatered and fed directly
by gravity to a pulverizing mill where it may be further
dried and then fed in the usual manner to a furnace suit-
able for burming pulverized coal. The system also in-

cludes means for recirculating the efiuent from the

mechanical dewatering mechanism and recovering the
fines from the effluent only in a chamber separate from
the main stream of slurry flow and returning them to the
slurry flow line for eventual feeding to the furnace and
burning. In this unitized system each mechanical de-
Wwatering mechanism and the pulverizing mill forms a con-
venient individual unit which is more efficient than burn-
ing the slurry directly in the furnace and provides more
compact, less costly and more efficient mechanism than
any flash drying system.

What we claim is:

1. A method for feeding pipeline coal to a furnace
comprising feeding a pumpable slurry of crushed coal
and water, containing over 25 percent water, in a con-
tinuous stream directly from the pipeline to and through
a mechanical dewatering station, mechanically removing
water from said continuous stream at said station thereby
mechanically reducing the water content of said stream
to less than 25 percent and approximately fifteen to
twenty percent to provide a continuing partially dewatered
continuous stream of coal and water and directing said
continuous stream of mechanically dewatered coal and
water to a furnace at the rate at which the mechanically
dewatered coal and water is discharged from said me-
chanical dewatering station for burning the coal therein.

2. A method as claimed in claim 1 in which the me-
chanically removed water contains fines, including the
steps of flocculating the fines in said mechanically re-
moved water only and admitting the coal flocs to said de-
watering station. :

3. In a method as claimed in claim 1 in which the
heat generated by burning the coal in the furnace heats
a vapor generator, the steps of sensing a selected gen-
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erator condition, utilizing said sensed conditicn for con-
trolling the rate of delivery of the pipeline slurry stream
to the dewatering station to provide a rate of coal de-
livery to the furnace controlled to maintain said selected
generator condition at a desired value.

4. A method as claimed in claim 3 in which the me-
chanically removed water contains fines including the
steps of flocculating the fines in said mechanically re-
moved water only and admitting the coal fiocs to said
dewatering station along with said pipeline slurry stream.

5. A method as claimed in claim 1 in which the par-
tially dewatered stream is fed directly from the dewater-
ing station to a pulverizing station, pulverizing the coal
in the partially dewatered stream and introducing heated
air as an air stream for mixing the air with the coal at the
pulverizing station, and utilizing the air stream for con-
veying the pulverized coal directly into the furnace.

6. A method as claimed in claim 5 in which the heat
generated by burning the pulverized coal in the furnace
heats a vapor generator, the step of sensing a selected
generator condition, utilizing the sensed condition for
regulating the rate of delivery of the pipeline slurry stream
to the dewatering station to regulate the rate of delivery
of coal to said furnace to maintain said selected generator
condition at a desired value.

7. A method as claimed in claim § in which the me-
chanically removed water contains fines, including the
steps of flocculating the fines in said mechanically re-
moved water only and admitting the coal flocs to said
dewatering station.

8. A method as claimed in claim 7 in which heat is
generated by burning the pulverized coal in the furnace
which has a variable heat demand, the steps of regulating
the rate of delivery of the pipeline slurry stream to the
dewatering station to provide a rate of coal delivery to
the furnace proportional to the demand for heat.

9. A method of supplying pulverized coal to a burner
comprising pumping a siream of pipeline coal slurry
comprising crushed coal and water directly to a mechani-
cal water extractor, mechanically reducing the water con-
tent of the pumpable pipeline slurry to less than 25 per-
cent and approximately fifteen to twenty percent then
feeding the partially dewatered slurry directly to a pul-
verizer, pulverizing the partieily dewatered siurry, further
drying the pulverized slurry with a stream of heated air
in the pulverizer and conveying the dried pulverized coal
of the slurry directly from the pulverizer with the sub-
stantially entire stream of heated air to a burner in a
furnace heating a vapor generator, controlling the rate
of delivery of the pipeline slurry stream to the mechani-
cal water extractor to regulate the rate of ccal delivered
to the burner so as to be proportional to the load demand
for the generation of vapor.

10. A method of supplying a burner with pulverized
coal comprising pumping a stream of coal slurry of
crushed coal and water through a pipe and feeding said
stream from said pipe, continuously, directly and sequen-
tially to and through converting stations, to said burner
including, subjecting the siurry streams as delivered by
said pipe first to a squeezing action to remove some of
the water at the first converiing station and provide a
partially dewatered slurry having the consistency of a
thick mud, then pulverizing the ccal in the partially de-
watered slurry at the second converting station and fur-
ther drying the coal by mixing the coal with a stream
of heated, combustion supporting, air during the pul-
verizing step and conveying the mixture with the air
stream directly to a burner.

i11. A method as claimed in claim 16 including the
steps of utilizing heat generated by said burner to generate
steam and controlling the rate of flow of pulverized coal
to the burner by contrclling the rate of flow of slurry
through the pipe so as to be proportional to the load
demand for the generation of steam.

12. A method as claimed in claim 1€ in which said
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squeezing action creates a stream of partially dewatered
coal and a stream of separated liguid containing coal
fines and including the steps of extracting coal particles
from the water removed from the siarry, flocculating said
particles only in a zone separate from said slurry stream
and then returning the extracted flocculated particles to
said stream and then subijecting the flocculated particles
to a squeezing action along with said stream of coal
slurry.

13. In combination, means for drying, and preparing
for burning, coal in pumpable pipeline coal slurry com-
prising a pipeline for conveying a stream of said coal
slurry, a mechanical dewatering mechanism receiving a
stream of said coal slurry directly from said pipeline,
and mechanically reducing the water content of the slurry
and discharging a continuous stream of coal and water
having approximately 15 to 20 percent water, means for
feeding the continuous stream, comprising the mechani-
cally dewatered coal output of said dewatering mecha-
nism, at the rate said output is discharged from said
dewatering mechanism in a continuous stream to a fur-
nace for burning and means for regulating the rate of
fiow of coal to said furnace.

14. The combination claimed in claim 13 including
means effectively responsive to the heat evolved by burn-
ing the coal in the furnace for controlling the rate of flow
of the pumpable pipeline slurry to said dewatering means
to provide a rate of coal delivery to said furnace propor-
ticnal to the demand for heat.

15. The combination of claim 13 in which the dewater-
ing mechanism separates the slurry into a mechanically
dewatersd output and an effluent containing fines, a
ficcculating device operative to receive said effluent and
add a flocculant to said effluent only and flocculate said
fines and means returning the flocs to said mechanical
mechanism.

i5. The ccmbination of claim 18 including means by
which vapor is generated by heat evolved in ‘burning said
ccal in said furnace, and means by which the rate of
delivery of coal delivered to said furnace for burning is
controlled by said regulating means sc as to be propor-
tional to the demand for vapor.

17. A unitized system for preparing pumpable pipeline
crushed coal slurry for burning comprising a liquid ex-
tractor means mechanically separating some of the liquid
from the pumpable pipeline slurry and changing the
pumpable pipeline slurry to a pasty mixture having less
than 25 percent moisture and substantially more than
nine percent moisture, a pulverizing mill, means convey-
ing the partially dried coal mixture directly from the
extractor means to the pulverizing mill, and means creat-
ing a heated air stream through the pulverizer mill for
further drying the coal in the pulverizer and conveying it
directly to a combustion chamber for burning.

18. A combination as claimed in claim 17 in which
vapor is generated by the heat evolved in burning said
coal including means for controlling the rate of supply
of slurry to said liquid extractor means to control the
rate of delivery of pulverized coal delivered to said com-
bustion chamber so as to be proportional to the demand
for vapor including means maintaining a fixed head across
said controiling means.

19. A combination as claimed in claim 17 including
means recycling the extracted liguid through a flocculat-
ing device independent of said crushed coal slurry and
then back to said coal slurry and said liquid separating
means including means adding a flocculant to said ex-
tracted liquid only to extract the fines in the extracted
liquid.

20. Means for feeding coal direcily from a pumpable
coal slurry supply of crushed coal and water to a com-
bustion chamber for burning comprising means receiving
pumpable coal slurry directly from said supply and me-
chanically removing some of the water from the slurry
and producing a slurry of approximately 15 to 20 percent
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moisture, means for pulverizing coal, means for feeding
the partially dewatered slurry directly from the water re-
moving means to the pulverizer, means for feeding the
output of the pulverizer directly to a combustion cham-
ber for burning, means utilizing heat generated by said
burning for creating vapor and means for regulating the
rate of feed of pulverized coal fed to the combustion
chamber by regulating the rate of supply of pumpable
slurry fed to the water removing means to be propor-
tional to the demand for vapor.

21. In combination a pipeline for conveying a pump-
able crushed coal slurry, means for mechanically extract-
ing a portion of the liguid from said pumpable slurry and
producing a non-pumpable water-coal mixture having sub-
stantially more than nine percent moisture but less than
25 percent moisture, pulverizer means for pulverizing the
coal in the non-pumpable mixture, and a burner, means
conveying the coal slurry from the pipeline directly to the
liquid extracting means, means directing said mixture by
gravity from the liquid extracting means directly to said
pulverizer, and means for further drying the pulverized
coal in said pulverizer and conducting the further dried
pulverized coal from the pulverizer directly to said burner.

2Z. A combination as claimed in claim 21 in which the
liquid extracting means is a centrifuge and the liquid
effluent from said mechanical liquid extracting means
carries some coal dust, a settling chamber, independent
of the main stream of slurry, receiving said effluent
means, means, including a flocculator, for separating
and flocculating the coal dust from the effluent in said
separate settling chamber and then returning the floccu-
lated coal dust to said coal shurry conveying means and
then to said liquid extracting device.
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23. A slurry converting unit for converting a pumpable
coal slurry supply of crushed coal and water into a com-
bustible mixture of pulverized coal and air comprising
a pipeline delivering a coal slurry, valve means control-
ling the flow in said line, a centrifuge receiving the entire
output of said line and separating the slurry into an
effluent of water and coal fines and partially dewatered
slurry, a pulverizer, means receiving the entire partially
dewatered slurry from the centrifuge and feeding said
partially dewatered slurry directly to said pulverizer, fan
means creating an air stream through said pulverizer for
conveying the coal pulverized by said pulverizer, a heater
for heating said air stream, the output of pulverized coal
from said pulverizer being controlled by said valve means,
a flocculator for flocculating the fines in said effiuent only,
and means for recycling the fioc back into the slurry
supply.
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