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This invention relates to a system for continuously 
drying solid combustible material, and more particularly 
to improvements in washing and drying coal or the like 
using ?uidized solids technique whereby the solids being 
treated are suspended in an upwardly moving stream of 
gas forming therewith a dense turbulent so-called ?uid 
ized bed. 

Hitherto it has been the customary practice to take the 
raw coal as received from the mine and subject it to vari 
ous cleaning operations, most of which involve washing 
the coal with water so as to remove the impurities nor 
mally associated with the coal. The wet coal was then 
classi?ed into a coarse fraction and a ?ne fraction; the 
coarse fraction was dried by any of the conventional dry 
ing means, the ?ne fraction was either discarded or 
treated to recover ?ne coal values. 
However, any treatment of the ?nes at this stage be 

came an expensive and time consuming operation since 
the ?ne fraction during washing became associated with 
a substantial amount of water. 

, Another disadvantage inherent in the practice hereto 
fore employed was that during washing the impurities as 
well as ?nes and coal dust would adhere to the coal and 
pass into the dryer thereby placing an extra burden on 
the drying operation. Also it was not uncommon to ?nd 
that these ?nes were discharged from the dryer with the 
end product, which would thus fail to meet minimum 
requirements and involve objectionable dust evolution in 
the handling. 

It is therefore an object of this invention to provide 
‘ an e?icient method and apparatus for economically dry 
ing coal in the sense that both a clean coarse coal frac 
tion and a clean ?ne coal fraction are obtainable both 
substantially dust free with a minimum amount of drying 
heat required. 
To attain the foregoing object the invention provides 

a treatment system wherein raw crushed coal is ?rst con 
tinuously classi?ed into a'coarse fraction, including cer 
tain impurities, and a ?ne fraction by subjecting the mix 
ture'to treatment in the ?uidized bed of a sizer unit by 
an uprising stream of ?uidizing air which carries the ?ne 
fraction out of the unit. 
The coarse fraction, continuously removed from the 

bed of the sizer unit, is conveyed to a washing station for 
effecting the removal of the impurities whereupon the 
washed coarse fraction, practically free of objectionable 
?nes, is subjected to treatment in the ?uidized bed of a 
dryer unit employing hot combustion gases as the fluid 
izing medium. 
The ?ne fraction entrained in the ?uidizing air stream 

leaving the sizer unit comprises ?ne coal of saleable size 
as well as coal dust which is objectionable if present in 
excess of a permissible amount. According to the in 
vention this mixture is passed to a primary cyclone sta 
tion wherein a ?ne size of saleable coal product is sepa 
rated. The exit air containing the coal dust is trans 
ferred to a secondary cyclone station wherein the coal 
dust in turn is separated in order that it may be supplied 
as fuel to the dryer unit at a controllable rate while exit 
air carries away the extremely ?ne particles. 

According to one feature the exit air from the sec 
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ondary cyclone along with the extremely ?ne coal par 
ticles provides combustion air when introduced into the 
combustion chamber of the dryer unit. . 
Another feature lies in certain improvements in the 

apparatus and operation of the dryer unit and more par 
ticularly in a Zone wise temperature control or controlled 
temperature gradient in the combustion chamber or wind— 
box of the unit. . 
As this invention may be embodied in several forms 

without departing from the spirit or essential characteris 
tics thereof, the present embodiment is therefore illustra 
tive and not restrictive since the scope of the invention 
is de?ned by the appended claims rather than by the 
description preceding it, and all changes that fall within 
the metes and bounds of the claims, or of forms that are 
their functional equivalents are therefore intended to be 
embraced by those claims. 

In order that this invention may be readily carried into 
effect and more completely understood this invention will 
now be described with reference to the accompanying 
drawing which illustrates a preferred embodiment of 
this invention. 
FIGURE 1 is a schematic ?ow diagram of the process 

of this invention, particularly indicating the products at 
each stage of the operation. 
FIGURE 2 is a diagrammatic arrangement of the sys 

tem embodying the invention of FIGURE 1, featuring 
the cooperative relationship between the sizer unit, the 
dryer unit, and the coal washing station. ‘ 
FIGURE 3 is a ?ow diagram exemplifying a suitable 

washing station in the treatment system of FIGURE 2. 
Referring to the drawings and more particularly to 

FIGURES 1 and 2 exemplifying the invention raw coal 
from the mine, crushed for example to provide a mixture 
of approximately ——%" by zero mesh feed indicated by 
the letter R is screened to remove any particle size larger 
than 34" and then deposited via conduit F into a raw coal 
feed bin 10 from which it is fed into a classifying device 
or sizer unit 12 by means of a screw conveyor 11. The 
oversize coal in this example having a particle size about 
—4" by 3/1” is conveyed from the screen 29 through con 
duit 3%} to a heavy media separating station for example 
in the nature of a Chance Cone furthermore to be 
described. 
The sizer unit 12 contains a ?uidized bed 13 supported 

on a gas permeable constriction plate 14 through which 
passes ?uidizing air supplied at a suitable operating pres 
sure as from a blower 15 and fed into the windbox 19 of 
the sizer unit through a control valve 17. The sizer unit 
12 has an expanded freeboard space 18 above the bed 
suited for the particular sizing operation, preferably de 
signed and shaped in a manner shown and described in 
co-pending US. application of Heath and Aconsky, Serial 
No. 114,234, ?led June 1 1961. 

Fluidizing air from the Windbox 19 rises through the 
constriction plate so as to maintain the bed 13 in its 
?uidized state. This rising stream of air serves a dual 
purpose in that it ?uidizes the particles in the bed while 
classifying them into a ?ne coal fraction ‘and a coarse 
coal fraction. The velocity or ‘so-called “space rate” of 
the ?uidizing air is adjusted so that it will entrain those 
solid particles that are larger than the coarse coal size 
desired to be separated and then washed. As the air 
moves into the expanded freeboard space of the sizer unit 
there is a reduction in the space velocity of the air caus 
ing the larger particles to fall back into the bed while 
the smaller particles having a settling rate lower than 
the space rate of the ?uidizing air are carried out of .the unit 
with the spent ?uidizing air still under a pressure suited 
for further separating treatment as in cyclones or the like. 
The size of the solids carried out of the sizer unit by 
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the ?uidizing air is governed primarily by the space rate 
of the air, the speci?c gravity of the Solids and the shape 
of the particles. By regulating the space rate of the 
?uidizing air it is therefore possible to control a size 
separation as between the coarse coal fraction and the 
?ne coal fraction. 
With the above noted raw feed coal mixture of —%1" 

by zero mesh, for example, when the sizer unit is oper 
ated at about 65" water pressure in the windbox with a 
bed depth of about12" and with a space rate of the fluid 
izing air in the freeboard space of about 6' er second all 
particles sizes smaller than 48 mesh will be carried out or" 
the sizer unit with the spent ?uidizing air. 
The coarse fraction falling back from the expanded 

freeboard space into the bed is continuously removed from 
the sizer unit as through a discharge conduit 21 at a con 
trolled rate as indicated by the discharge valve 22. The 
coarse coal *fractionof about —~%" by 48 ‘mesh including 
the impurities ‘is conveyed through conduit 23 to a Wash 
ing station 24 indicated generally in FIGURE 2 and more 
detailed in FIGURE 3. 
The moisture content of the coal received from the 

mine isnormally in the order of 3%. lowever, since 
the moisture at times exceeds this amount the sizer unit 
may be provided with an auxiliary gas heater or the like 
(not shown) for raising the temperature of the ?uidizing 
air and accordingly reducing the moisture. it has been 
found that with a moisture content in excess of 3% in 
the raw coal feed the ef?ciency of the sizer unit is im 
paired for the reason that an excess of ?ne coal particles 
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conduit 52 having control means54 into a closed receiver 
hopper 53. Should an excess amount of ?ne coal be col 
lected by the secondary cyclone 44, then the excess may 
be diverted through a conduit 55 by the operation of valves 
54- and 56, and be discharged by combining with the line 
coal product derived from the primary cyclone station 4-0. 
The exit carrier air from the secondary cyclone 434 

carrying ?nes and coal dust particles is conveyed through 
conduit 57 to the coal dryer 6% ‘and according to this 
invention is disposed of by combustion in the windbox 62 
of the dryer unit. 

Dryer unit 6%} comprises a drying compartment 61 
~ proper and an air heating chamber or windbox 62 both 

30 
will tend to adhere to the coarse coal fraction delivered ~ 
by the sizer unit and pass into the washing station; even 
tually to reach the dryer unit where the wet ?ne particles 
or wet dust places an excess evaporating load on a drying 
operation, While also increasing the load upon the sub 
sequent cyclone station intended to remove ?y ash or the 
like from the ‘spent ?uidizing combustion gases. 
The spent ?uidizing air from the sizer unit carries the 

total ?ne fraction, for example of about -—48 mesh, com 
prising ?ne coal particles mixed With coal dust. This 
mixture is conveyed through conduit 25 and enters the 
primary cyclone station 40, where a portion of ?ne coal, 
for example, of about —48 by 100 mesh, is separated 
from still ?ner particles or coal dust, the ?ne coal particles 
being discharged at the apex 41 of a cyclone unit through 
a conduit'ttla presenting a ?ne coal product suitable for 
sale. The rate of apex discharge of ?ne coal product can 
be regulated .as indicated by control valve 43. 

The undersize from cyclone station 44} comprising ?nes 
or dust for example of about —100 mesh pass via a con 
duit. 45 to a secondary cyclone station 44 where the dust 
is largely separated as apex discharge 50 and through a 
control valve 54 discharged into a receiver tank or closed 
hopper ‘53 providing the fuel supply for the operation of 
a dryer unit 60 furthermore to be described. 
The operation of the secondary cyclone 44 provides a 

controllable supply of fuel in the form of coal dust for 
the pulverized fuel burner- 75 of the dryer unit 6%. How 
ever, depending upon the nature of the crushed coal feed 
there may be occasions when the exit air leaving ‘the pri 
mary cyclone 49 may contain insui?cient fuel in the 
form of coal dust for dryer unit 64). This de?ciency may 
be corrected by automatically interferring with the sepa 
rating ei?ciency of the primary cyclone 40 by introducing 
a disturbing small amount of air from blower 15 into the 
apex section 41 as indicated by a branch. conduit 46, with 
the intent of such impairment controlled by means of 
valve 47. In this way some of the ?ne coal normally col 
lected at the apex 41 is carried to exit from the primary 
cyclone 40 along with the spent stream of air for further 
disposal in the secondary cyclone station 44 providing the 
fuel for the dryer burner 75. 

In. the secondary cyclone station another separation is 
effected in that ?ne coal normally in the ‘form of coal 
dust is collected at the apex 50 and discharged via a 

chambers being separated by gas permeable constriction 
plate 63. The drying compartment 61 contains a ?uidized 
bed as supported upon the constriction plate 63 and main 
tained in a ?uidized condition by hot drying gases rising 
from the windbox 62 under pressure through the con 
striction plate. 

~Washed coarse coal from the washing station 24 is con 
veyed through a conduit 39 to dryer feed bin 65 and 
thence at a control rate into the drying compartment 61 
as indicated by a feed screw conveyor 66.. It is preferred 
that the Washed coal be introduced into the drying cham 
ber at a point above the bed level in order that the Wet 
coal lose some of its moisture before it reaches the ?uid 
ized bed itself. The coal is then ?uidized in the bed and 
dried by the stream of hot gases forced upwardly through 
the constriction plate. , 

The windbox ‘62 comprises a combustion zone 67 pro 
vided with the aforementioned fuel burner ‘75 for produc 
ing the hot drying gases. Combustion air is supplied to 
the ‘burner '75 through a conduit 68 as from a blower 73, 

Q the supply being controlled as indicated by a valve 73. 
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Since the windbox of the dryer unit operates ,under a 
positive pressure ‘for example of about 1 p.s.i.g. a booster 
blower as may be provided to insure an adequate supply 
of air .to the combustion zone. 

Fuel for combustion is supplied to the burner ‘75 from 
supply hopper 53 in the form of line coal or coal dust 
derived from the aforementioned cyclone station 44. The 
line coal is conveyed through conduit 8?} and through a 
control valve 82 into aburner supply tube 81 provided 
with carrier air from booster blower, 83. The booster 
blower 83 is provided to insure adequate pressure at the 
windbox for the air supplied by main blower 73. The 
amount of carrier air'blown into the burner with the dust 
is controlled by means of a valve 86. Under practical op 
erating conditions the combustion temperature provided 
in this portion of the combustion zone 67 of the Windb x 
may be in the orderof 3,000°_ F. 

Located above the burner 75 :is an auxiliary annular 
conduit or gas bustle pipe 90 surrounding an intermediate 
portion of the windbox 62, and communicating through . 
radial ori?ces 91 with an inter-mediate‘ combustion zone 
67a. Exit air from the secondary cyclone 44 carrying 
the aforementioned smallest coal dust particles is supplied 
under its own pressure to the bustle pipe 96 to provide a 
portion of the combustion air aswe-ll as the hot ?uidizing 
gas. Under practical operating conditions the tempera 
ture in this intermediate zone 67a may be approximately 
2,500° F. 

Since this temperature is still too high for the purpose 
of coal drying operations tempering air is supplied to the 
vwindbox through a main air bustle pipe 92 surrounding 
the upper portion or zone 67c‘ of the windbox, and com 
municating therewith through a plurality of radially di 
rected ori?ces 93 spaced from one another along the pe 
r'iphery of the windbox wall. This additional tempering 
air is supplied by main blower 73 via conduit 72 provided 
with a valve 94 indicates that the supply may be auto 
matically controlled. The operating temperature of the 
?uid-izing gas thus obtainable ‘and suited for the coal dry 
ing operation may be in the order of 1,300° F. 
The hot gases rising through theconstriction plate main 
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.tains the bed in a ?uidized condition While at the same 
time drying the coal. The spent ?uidizing gases with 
some entrained ?ne coal particles leave the dryer unit 
through conduit 95 leading to a cyclone station 96 where 
dust particles or ?y ash are intercepted and discharged 
through conduit 97 provided with valve 98, while spent 
exit gases thus puri?ed are released through conduit 99 
into the atmosphere. The coarse dry coal fraction which 
remains in the bed is discharged by way of conduit .100 
at a rate controlled by means indicated by a valve 101. 
The dryer unit may be dimensioned for an average 

space rate of the drying gases of 10’ to 12’ per sec-0nd to 
handle a wet feed of —l%" by 48 mesh. Particles es 
caping with the stack gases of about ~28 mesh are caught 
by the dryer cyclone '96, which may have its apex dis 
charge product recombined with the coarse coal product 
delivered ‘from the bed. However, these two portions 
may also be separately collected as saleablecoal prod 
ucts. 

.The required space rate and the drying temperature in 
the dryer unit are controllable by the fuel feed rate and 
by regulating the air supply to the main air bustle pipe 92 
located directly beneath the constriction plate 63. 

In the present embodiment the air pressure supplied to 
the sizer unit is suiiic-ient to operate both the primary and 
secondary cyclone 40 and 44 respectively :as well as to 
introduce the secondary cyclone exit air into the auxiliary 
gas bustle pipe 90 and against the operating pressure re 
quired in the windb-ox of the dryer unit. The pressure 
di?eren-tial between the sizer blower 15 and the dryer 
windbox pressure may be maintained at about 1 p.s.i.g. 
This pres-sure differential would correspond to the sizer 
blower operating :at about 21/2 p.s.i.g. (or approximately 
65 " of water) and the dryer blower operating at about 11/2 
p.s.i.g. (or about 40" of water), leaving about 1/2 p.s.i.g. 
(15" of water) excess pressure at the auxiliary bust-1e pipe 
of the dryer unit. The pressure in the freeboard space 
of the dryer unit may .be in the order of 8" of water with 
a bed depth of about 18" containing —%" by 48 mesh 
discharging as the coarse coal product from the bed. The 
?nal operating pressure at the dryer cyclone 96 may then 
be about 2" of water. 

Referring now to the washing station as exempli?ed in 
FIGURE .3 the sizer bed product of about ——%" by 48 
mesh is ?rst screened on conventional type screen 26 
from which the oversize which may be about ——%” by 
3/8" is conveyed through conduit v27 to a heavy media 
separator or a Chance Cone 28 where it mixes with the 
oversize particles from another screen 29. 

In the Chance Oone impurities associated with the over 
size coal are removed and discharged to waste to a con 
duit 30a. The clean coal is conveyed through a conduit 
31 to crusher 32 Where the coal is further reduced for 
example to about —1%". 
The undersize from screen 26 which ‘may have a par 

ticle size of —-%” by 48 mesh is conveyed via conduit 
34 to Deister tables 33 to effect the elimination of im 

~ purities such as silica and clay, etc. from the coal and 
discharged to waste through conduit 35. The remaining 
clean coal delivered from the separation table is conveyed 
through conduit 36 to a ?lter 37 which may be a con 
tinuous rotary drum ?lter wherein the coal is dewatered. 
However a continuous rotary table ?lter may be preferred 
where the various size ranges in the coal slurry might 
tend to separate or stratify in the drum ?lter trough and 
thus interfer with the ?lter cake formation. The use 
of a table ?lter avoids that possibility for the reason that 
the heavy coal particles settle directly on the ‘media of the 
table, thereby providing a suitable permeable base or layer 
for the slower settling ?ner size particles to collect and 

- continue to ‘form a ?lter cake without the danger of 
clogging the ?lter media. 
The dewatered ?lter cake is conveyed through conduit 

38 to be mixed with the crushed coal from crusher 32. 
and then conducted to the dryer unit 60 via conduit 39. 
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From the foregoing it will be seen that the invention 

provides an economical as well as readily controllable 
treatment‘ system and mode of operation, whereby 
crushed raw coal or other particulate combustible material 
including admixed impurities as well as coal dust is ob 
tainable in the form of a clean and dust free coarse coal 
product with a ?ne coal fraction and the coal dust in the 
air stream from the ?rst ?uidized bed by-passing the coarse 
coal washing station, in order that ?ne coal or coal dust 
may serve as fuel at a controlled rate to provide the dry 
ing gases for the washed coarse coal in the second ?uid 
ized bed, preferably with separated dust carrier air utilized 
in the combustion. 

Furthermore, while the invention has been illustrated 
and described as embodied in a coal washing and drying 
system, it is not limited to the details shown, since various 
modi?cations and structural changes may be made with 
out departing from the spirit of this invention. 

I claim: 
1. The method of cleaning and drying coal which com 

prises, continuously classifying raw crushed coal into a 
‘coarse coal fraction and a ?ne coal fraction in a ?rst 
fluidized bed by the use of an uprising stream of ?uid 
izing air which entrains and carrys away the ?ne coal frac 
tion along with dust; continuously recovering a ?ne coal 
product by separating said ?ne coal fraction from the air 
stream carrying away the dust fraction; continuously 
washing said coarse coal fraction to separate impurities 
therefrom; continuously drying the washed coarse coal 
fraction in a second ?uidized bed by the use of an upris 
ing stream of hot ?uidizing gas produced by the combus 
tion of said separated dust fraction. 

2. The method according to claim 1, wherein said air 
stream is utilized as combustion air for said second bed. 

3. The method according to claim 1, wherein said air 
stream carrying said dust fraction is subjected to further 
separation into a dust fraction and an exit air stream used 
to provide said combustion air, and wherein said dust frac 
tion is utilized as fuel for producing the combustion gases 
at a controlled rate. 

4. Apparatus for cleaning and drying coal which com 
prises classifying means for separating raw crushed coal 
in a coarse fraction and a ?ne fraction in a ?rst ?uidized 
bed means by an uprising stream of ?uidizing air, provided 
with means for continuously removing said coarse frac 
tion from said ?uidiziug bed, and means for continuously 
removing said ?ne fraction together with the uprising 
stream of air from said ?uidized bed; means for washing 
said coarse fraction so as to remove impurities therefrom; 
cyclone means for separating said ?ne fraction into a 
?ne coal product and a dust fraction; drying means for 
drying said washed coarse coal in a second ?uidized bed 
means by an uprising stream of hot ?uidizing gases; and 
burner means for burning said dust fraction so as to gen 
erate said hot gases. 

5. Apparatus according to claim 4, wherein additional 
cyclone means are provided for separating said dust frac 
tion from the stream of carrier air; and means for feed 
ing said separated dust fraction at a controlled rate to said 
burner means for‘combustion; and means for supplying 
said stream of carrier air to said ?uidized bed for main 
taining said second ?uidized bed. 

6. Apparatus according to claim 4, wherein said dryer 
means comprises a constriction plate, a ?uidized bed on 
sa1d constriction plate and a windbox below said con 
striction plate, and wherein said windbox comprises a 
lower most combustion zone including said burner means, 
an intermediate combustion zone including an auxiliary 
annular bustle pipe for supplying said air stream to said 
zone, and a top most zone comprising a main bustle pipe 
for supplying tempering air to said zone. 

7. The method of cleaning and drying coal, which com 
prises classifying crushed coal into a coarse coal fraction 
and a ?ne coal fraction in a ?rst ?uidized bed by the use 
of an uprising stream of ?uidizing air which entrains and 
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carries away the ?ne' coal ‘fraction along with dust; recov 
ering a ?ne ooal product-by separating said ‘?ne coal frac 
tion from the air streamrcarryinrg away the dust fraction; 
subjecting said air stream carrying said dust 'fraction to 
a further separation into a dust fraction and an exit air 
stream fraction; washing said coarse coal ‘fraction to sepa 
rate the impurities therefrom; drying the washed coal frac 
tion in a second ?uidized ‘bed by ,the ‘use of an uprising 
stream of hot'?uidizing gas; and utilizing said ‘separated 
‘exit air stream fraction to provide at least a portion of 
said ‘?uidizing gas for said second‘bed. 

8. The method according to‘ claim 7, wherein'?ne dust 
particles carried by said separated air are'subjected to 
combustion.‘ 

9. Apparatus for cleaning and drying coal which com 
prises, tclassifying means for separating crushed coal into 
a coarse fraction anda .?ne fraction in a ?rst ?uidized bed 
means by an uprising stream of ?uidizing air, provided 
with means for continuously removingsaid coarse frac 
tion from said ?uidizing bed,:and.witl1 means .for con 
tinuously removing said ?ne fraction together with the-up 
rising stream of‘ai-r from said ?uidized bed; means for 
Washing said coarse fraction so as- to remove-impurities 
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therefrom; ?rstlcyclone means for separating-saidi?ne frac 
tion into a ?ne coal product and a dust fraction leavingthe 
cyclone with carrier air; second cyclone means for separat 
ing said dust fraction from said stream of carrier air; dry 
ing means for drying said washed coarse coalein a second 
‘?uidized bed means by an uprising ‘stream of hot ?uidiz 
ing gases; burner means and fuel supply means therefor 
for generating said hot ?uidizing gases; and means for 
introducing said stream of carrier air into‘ said hot ?uid~ 
izing gases for maintaining said second ?uidized bed. ‘ 
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