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UNITED STATES 

2,150,899 

PATENT OFFICE 
250,899 

Ri8OD OF AND APPARATUS FOR ISO AT 
NG RENERALS 

Setary L. Alexander, Wilmington, and Hubert . 
day. Foat, Rockland, Del, and Willing B. Foulke, 
Redia, Pa., assignors to E. I. du Pont de Ne 
Rao'ers & Company, Wilmington, Del, a corpo 
Ration of Delaware 

Applicationa Asgust 32 
Ed (Casas, 

his invention relates to the separation of 
minerals from gangle by the use of a liquid of 
Specific gravity between that of the mineral and 
the gangue. The invention will be described as it 
is applied to the separation of coal from its in 
digenous inpurities, particularly slate, a sepa 
ration in which the process and apparatus are of 
particularly great value, but it is to be under 
stood that this description is illustrative, riot lin 
itative. 

Coal appears to have been known, and to some 
Small extent used by, the ancients, its use in 
China, at about the year 200 is described by 
Rfarco solo and about 500 Agricola, described 
a process of freeing minerals from their gangue 
which is the direct progenitor of the jig process 
of coal cleaning, which has the widest use today. 
in the early days of coal mining in Surope and 
in the United States only the thick seams were 
Emined. Sand inethods Were largely in Vogue and 
the need for anything except hand cleaning, oi 
the most crude of mechanical methods was un 
necessary. As the thick seams Tere used up, 
however, it became necessary to use thin seams 
and Seasins containing Weins of rock, which en 
tailed the recessity of removing the rock before 
the coal could be soid. The method which came 
most prominently into use and Which is today 
the standard of separating coali and slate de 
pends tipon the 3rates at which bodies of different 
densities sink through a liquid such as water. It 
is known that bodies sink through a liquid at 
rates which are functions of their respective 
densities, the denser sink the more swiftly. She 
standard jig Washer of the industry takes ad 
Wantage of this principle, but instead of permit 
ing the solids to sink through the liquid, the 
liquid is forced through a screen on Winich the 
solids rest at a rate which lifts the layer of coal 
off the heavier sate, the coal being carried with 
the rush of iiquid over a Weir and the slate being 
discharged at a, iOWest point from the screen. 
Jigs are lighly developed and are of excellent 
capacity and performance. :owever, the compe 
tition of oil, has driven coal producers to find 
means of cleaning coal which Will be more ac 
curate in separating useful from useless lumps 
and producers and inventors have turned their 
thoughts to those processes of separation which 
depend upon the parting action of a liquid hav 
ing specific gravity between that of coal and that 
Of slate. 

she use of a parting liquid is to be distin 
guished from froth flotation. Froth flotation al 
ters the apparent specific gravity of a body by 

938, Seria No. 98,819 
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encasing it within a bubble. Parting processes, 
however, depend upon the use of a parting liquid 
in which One ingredient of the mixture will sink 
down and another ingredient of the mixture will 
rise to and float on the top. Certain phases of 
the parting liquid process are affected by the 
phenomenon of altered specific gravity but they 
are distinguished from froth iotation. 

The Suggestion Was made toward the middle 
of the nineteenth century that ferric chloride or 
Sulfuric acid could be used as a parting liquid 
for the separation of coal and slate and at 
tempts were made in England to run the ferric 
chloride process in competition with the jigs, but 
the jigs were highly developed, the use of a part 
ing liquid was a bare suggestion and the attempt 
Was a failure because of the Indeveloped state 
of the new process, the highly developed state of 
jig separation, and the inability of experimenters 
to make the parting process a success in itself. 
The original attempt having been made, OW 
ever, subsequent inventors worked With the suga 
gested process and a host of patents have beer. 
issued, particularly in Singland and in the United 
States, dealing with processes of the parting 
liquid type. To the best of our knowledge and 
belief, however, the only such process that has 
been used successfuily is one that depends upon 
the parting effect of a Suspension of Soids Sulci 
as Sand or clay in Water. The art with respect, 
to parting in edia of homogeneous character is in 
the industry today as it was in the nineteenth 
century, unable to compete. The parting liquids 
are Worth more than the coai and the losses 
thereof are so great that they outweight, the 
theoretical advantages of more accurate separa 
tion. The processes thern seves, being crude and 
undeveloped, are incapable of competing with the 
highly developed processes already in use in the 
industry. Ahey are incomplete processes, lack 
ing a number of elements essential to success. 

t is an object of this invention to separate coal 
from slate, and other minerals from their gangues 
or from each other, by a process withich depends 
upon the parting effect of a liquid of intermediate 
Specific gravity. Another object of the invention 
is to present an apparatus so highly developed 
that it may compete successfully with the highly 
developed processes and apparatus of the prior 
art. Another object of the invention is to bring 
into the mineral separations art new methods and 
apparatus for separating ninerals from their 
gangleS. 
The objects of the invention are accomplished, 

generally speaking, by immersing the mixed min 
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2 
erals and gangue, preferably under hermetical 
seal, in a parting liquid of Specific gravity inter 
mediate, the specific gravities of materials to be 
separated, withdrawing the separated constitu 
ents from the parting liquid, Scrubbing them to 
remove adhering parting liquid, preferably un 
der hermetical seal, and ejecting them, prefer 
ably through a hermetical seal, from the process, 
and recovering parting liquid from the scrubbing 
liquid in a semi-static settling system. 
The objects of the invention are also ac 

complished in part by the association of appa 
ratus hereinafter more fully described. The ob 
jects of the invention are in some degree accom - 
plished by the details of the apparatus and proc 
ess which are more completely elsewhere herein 
described. 

In order to make the drawings more easily 
comprehensible the first figure has been called 

20 Figure 1, and is the key figure; the steps of the 
process have been numbered from 3 to 9 consecu 
tively and the figures of the drawings have been 
numbered to correspond with the steps of the 
process to which they refer. For example, on 

is the key figure (Figure 1) the numeral 3 refers 
to the step of the process which involves the 
actual parting step. The sheets which relate 
to that step are numbered from Figure 3 to Figure 
3. Figure 2 is a view of the pipe joints which 

0 are used throughout the apparatus. 

35 

Figure 3 is an apparatus capable of carrying 
out the parting step of the process; Figure 3 is a 
vertical section on the line A-A of the key fig 
ure; Figure 3a is a cross-section on the broken 
line 3a, 8a of Figure 3; Figure 3b is a detail, 
partly in section, of a preferred modification 
of Wedge 336-337; Figure 3c is a section on Fig 
lure 3b; Figure 3d is an elevational view partly in 
phantom and partly in Section showing the 
parting apparatus; Figure 3e is a section of line 

0. 3e, 3e of Figure 3d Figure 3f is a section of line 
3f, 8f of Figure 3d; Figure 3g is a section on line, 
3g, 3g of Figure 3; Figure 3h is a section on line 
3h, 3h of Figure 3; Figure 3i is a section on line 
3i, 8i of Figure 3; Figure 3i shows means for 

5 operating the preferred embodiment of Figures 

65 

3b and 3c; Figures 3k and 3l show a preferred 
method of operating the apparatus of Figures 
3b and 3C. 

Figure 4 is an elevational view partly broken 
away and in section showing the scrubbing ap 
paratus; Figure 4a is a section on the line Aa, 4a 
of Figure 4: Figure 4b is an enlarged section on 
the line 4b, 4b of Figure 4d, the left hand sec 
tion of Figure 4b taken on the line Z-Z of Fig 
ure 4d; the middle section of Figure 4b being 
taken on the line Y-Y of Figure 4d; and the 
right hand section of Figure 4b being taken on 
the line X-X of Figure 4d; Figure 4c is a sec 
tion on the line 4c, 4c of Figure 4; Figure 4d is 
an enlarged section of the Sealing mechanism 
shown in Figure 4c; Figure 4e is an enlarged 
section of a spray pipe with nozzles showing the 
overlap of the sprays. 

Figure 5 discloses the apparatus for receiving 
material discharged from the scrubbing process, 
for sealing the scrubbing process, and for dis 
charging the material. 
Figures 6, 6, 6b, and 6c disclose the second, 

To or main, settling tank, being the Second step in 

s 

the heavy liquid recovery system of which the 
first step is the settling tank, the apparatus which 
is found within the scrubbing section. Figure 6 
is a plan view partly cut away and in section of 
the main settling tank; Figure 6a is a Section on 
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the line 6a, 6a; Figure 6b is a vertical section 
on the line 6b, 6b, Figure 6c is an enlarged sec 
tion on the line 6c, 6c of Figure 6. 

Figures 7 to 7c refer to the third settling tank 
of the series, so-called the sludge trap, and to 
the still. Figure 7 is an elevation partly in sec 
tion of the sludge trap and still as assembled; 
Figure 7a is a plan view of the sludge trap; Figure 
7b is a cross-section of the sludge trap on line 
7b, b; Figure 7 c is a plan view of the still on 
the line 7c, 7c of Figure 7. 

Figures 8 to 8C do not refer to section 8 of the 
apparatus, but to an apparatus by means of 
which the efficiency of separation can be ex 
peditiously determined. Figure 8 is an elevation 
of a portion of the apparatus partly in section 
and Figure 8a is a cross-section on the line 8-2, 
8-2 of Figure 8. Figure 8b is a drawing of a 
SCOOp; Figure 8c is an enlarged detail of the 
hinge Connection. 

Figure 9 and Figure 9a are views in plan and 
elevation, respectively, of the condensers. 

In Order to simplify the comprehension of the 
invention the path of the coal through the ap 
paratus will be traced to completion before the 
treatment of used liquids is considered. The coal 
is dropped into chute 328 and is carried thereby 
into the separating chamber where the heavy 
material is separated from the light by a liquid 
medium of intermediate specific gravity. After 
the separation the coal is drained of entrained 
liquid and transferred to the apparatus and Step 
4 of the process which is, with respect to the 
Coal, a scrubbing process which removes from the 
coal Substantially all vestiges of parting liquid. 
In this Scrubbing step the Separated coal and 
slate are subjected to a vigorous scrubbing by 
water, under pressure, which comes from headers 
442. The steps of the process are preferably 
carried out in a hermetically sealed system. The 
washed coal and slate are ejected through Split 
boot 462 into the water-sealed conveyers 5 which 
Serve to give the coal a last rinsing and to pre 
vent the escape of vapors from the sealed units 
3 and 4. From the conveyors 5 the coal may be 
discharged to storage or to a railroad car for 
transportation to the place of use and the slate 
may be discarded. 
When the coal passes through the scrubbing 

section 4, it is vigorously scrubbed with water 
from the headers 442. The coal passes on and 
the water passes through the screen which car 
ried the coal and, together with sludge and heavy 
liquid, gathers in tank 406 which forms the lower 
part of this section of the apparatus. From that 
tank the siudge is removed through pipe 457 to 
be discharged into the sludge trap 7, and the 
liquid containing lighter Suspended matter is dis 
charged into the main settling tank G. Over the 
weir at the top of the main settling tank 6 flows 
comparatively clear liquid to be pumped through 
pipe 65 to headers 442 for reuse in the washing 
section. From the bottom of the tank 6 the 
sludge is drawn through pipe 62 and pumped 
to the sludge trap . From the slidge trap 7 
on Some occasions Substantially the entire con 
tents are dropped into the still 8 for steam dis 
tillation, but in normal and preferred operation 
the matter is allowed to settle into three layers, 
the bottom of which is largely solid, the middle 
of which is largely heavy liquid and the upper 
of which is Substantially water. Through the 
pipe if which leads to a weir at the top of the 
tank and through valves 9 and pipe 72 the 
Water is drawn off and returned to the tank 6, 
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2,150,899 
The heavy liquid is pumped through pipe 
23 to the used liquid storage tank. Finally, the 
remaining sludge is dropped into the still 8 for 
steam distillation. The Water, together with Wa 
porized heavy liquid, passes through pipe 88-89 
to condenser 9 which is diagrammatically 
shown on this figure, and from Condenser 9 to 
cooler 95 and water separator 96, wherein the 
heavy liquid is separated by a gravity separation 
from water. The separated heavy liquid is cara 
ried through pipes 96 and 962 to the new liquid 
storage tank 963 or the used liquid storage tank 
964, respectively. 965 is a vent pipe connecting 
the used liquid storage tank with the new liquid 
storage tank and 966 is a vent from the new 
liquid storage tank. The used liquid storage tank 
can be replenished from the new liquid storage 
tank through meter gauge 96, which gives a 
check on the amount of liquid used in the System. 
The level of heavy liquid in the parting section 
3 is maintained by injecting liquid from the used 
storage tank 964 through pipe 359. Excess of 
heavy liquid escapes over a Weir through pipe 
358 and back to the used liquid storage tank. In 
the drawings a circle with the letter p indicateS 
a pump and a circle with the letter ac indicates a 
valve; pipes 358-359 are joined by a pipe in 
which is valve W-20. 

In Figures 3 to 3i is illustrated the Separating 
chamber. Referring to the numerals, 3 is an en 

are channel-shaped edges to 
openings in the top of the tank; 32 are covers for 
the said openings; 33 are flanges on the Said 
covers of size to fit within the said channel 
shaped edges of the openings; 34 is a liquid which 
partially fills each said channel-shaped opening 
forming a herinetical seal; 35 is a vent pipe; 3. 
is a motor Support mounted on the said tank; 38 
is a motor of variable speed; 39 is a speed re 
ducing gear of customary construction compris 
ing a chain of large and Small driving and driven 
Wheels; 30 is a shaft running croSSWise of and 
projecting somewhat beyond the sides of the 
tank; 30 and 32 are sprocket wheels keyed to 
the shaft 300 at opposite ends thereof; 303-306 
are chains on opposite sides of the tank driven 
from the said sprocket wheels respectively; 35 
3.6 are sprocket wheels mounted on the ends of 
shafts 36 and 398 respectively, said shafts pass 
ing through the wall of the said tank; 39-399 
are stuffing boxes which can be filled with grease 
from the Outside of the tank through the fittings 
3; 32 are sprocket wheels keyed to the shaft 
38; 33 are wheels mounted on shafts 3:4 which 
are journaled within the tank; 35 is a wedge 
operated take-up mechanism whereby one roller 
33 can be moved longitudinally of the machine 
to take up the slack in the chain. One take-up 
means is placed at each end of the roller. 36 is 
a screw for operating the wedge and moving the 
roller; 37-3 are conveyor chains; 3 8 is a flight 
of a conveyor which is mounted on the Conveyor 
chains 3: ; 3 9 are perforations in the flights of 
the conveyor; 320 is a conveyor pan bent at the 
point 32 and having a discharge lip and chute 
322; 323 is a wedge-wire screen forming the bot 
tom of the upper portion of the conveyor pan; 
328 is a section of the tank Wall spaced consider 
ably away from the said screen to permit liquid 
to make its way through the said Screen and to 
be collected in the said portion of the tank; 325 
is a channel leading from the portion 324 past the 
outside of the tank and connecting with the 
interior of the tank at 326; 327 are blow-out Con 
nections to permit the forcing of a stream of 

3 
water or other liquid into the tank at that point; 
328 is a chute projecting through the side of 
the tank; 329 are dividing walls in the chute; 330 
is the back plate of a hopper; 33 are perfora 
tions in the back part of the hopper; 332 is a por 
tion of the hopper back plate which is inclined 
diagonally forward and which contains the per 
forations 33; 3320-3320 are perforated portions 
of the said back plate of the hopper which are 
continued beyond the side plates thereof; 333 
334 are side walls of the said hopper, both being 
inclined in Wardly to the degree necessary to con 
Strain any material entering through the chute 
328 and passing to the bottom of the tank to fall 

' Within the conveyor pan; 335 is the front wall of 
the said chute which is constructed, in the form 
of the invention shown in Figure 3, as one piece 
of the front conveyor pan; 336 is a section of the 
Said wall inclined diagonally toward the receiving 
end, and 337 is a portion of the said wall inclined 
toward the discharge end whereby to present the 
Wedge face toward the charging end; 338 is a 
conveyor pan; 339 is a wedge-wire screen form 
ing the botton of the upper portion thereof; 340 
is a discharge chute attached to or forming a part 
of the said conveyor pan; 34-34 are sprocket 
wheels on the shaft 307 over which are trained 
the chains 342-342 of a flight conveyor 343; 344 
is a bend in the said flight conveyor pan; 345 
is a shaft carrying two sprocket wheels at the 
said bend; 346 is an extension of the conveyor 
pan beyond the sprocket wheels 345 and being 
continued downwardly to form the Wedge; 34 are 
means for adjusting the position of the sprocket 
Wheels 348 which are mounted on a trunnion to 
carry Scraper flight conveyor 363; 349 is a pan 
extending from side to side of the machine to 
catch the drip which passes through the wedge 
wire screen 339 and return it to the liquid in 
the tank; 350 is a drain at the rear and lowest 
Ooint of the tank, whose bottron is preferably 
inclined; 35 is a chamber beneath the said 
Screen; 352 are a pipe and valve to permit the 
drawing off of the sludge which may collect and 
paSS through the said screen, the said sludge 
being passed through the said pipe to the settling. 
tank to be hereinafter described, the continuation 
of the said pipe not being shown; 353 is a cham 
ber attached to the wall of the tank; 354 is a 
screw operating in a nut 355 fastened to the tank; 
356 is a stuffing box through which the said 
Screw passes; 35 is a cylinder attached to the 
said screw; 358 is a pipe projecting within the 
box 353 and within the cylinder 35 having there 
with a movable fit made liquid-tight by machin 
ing or by the use of a satisfactory sealing...mate 
rial; 359 is a valved pipe leading to the box 353; 
36 are openings below the parting liquid level 
connecting tank 3 and weir box 353; 360 is an 
opening connecting Weir box and tank above the 
Water level; 36 is an enclosed weir box on the 
side of the machine; 362 is a pipe weir within the 
box to control the water level. The pipe 362 is 
connected to the settling, tank. 363 is a pipe 
leading at 364 and 365 into the tank; 366 is a 
hollow gauge within the pipe 363 and projecting 
thereabove. Shaft 366 of the said gauge is pref. 
erably calibrated on its outside and its hollowness 
is used for the insertion or Withdrawal of shot or 
other heavy material to its interior So that it can 
be standardized against the specific gravity of the 
parting liquid in the apparatus to record correct 
ly its level; 367-368 are oppositely placed hollow 
projections on the sides of the apparatus; 369 
370 are removable covers held on by bolts or other 
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satisfactory means not shown to hermetically 
seal those of the said openings which are not in 
use; ST-3T are flanges on the said projections 
designed to abut against and form a hermetical 
seal with similarly placed flanges or similarly pro 
jecting members of that apparatus 4 which ac 
complishes the next step in the process; 3280 is 
a manifold forming a part of the chute connected 
to a suction apparatus not shown and through 
openings 328 to the chute whereby any escaping 
gases may be caught; 372 indicates the frame 
work which supports the tank; the line 373 indi 
cates the upper level of the liquids in the tank; 
the line S indicates the interface of the sepa 
rating liquid and the light liquid; 35 is a pipe 
opening into the tank whose purpose will be here 
inafter described; 877-377 are angle bars sup 
ported either from the members 332 and 337 or 
from the sides of the tank by bars which cover the 
conveyor chains and prevent them from being 
damaged by the descending slate; 379 is a screen 
extending preferably the full depth of the liquid 
to prevent light materials from being washed 
back into the path of the outer conveyor. The 
screen stretches from Wall to wall of the tank 
between the chute and the Outer conveyor and 
from a point slightly above the level of the liquid 
to a point just short of the lower conveyor. 

This apparatus is operated to accomplish the 
above described step of the process as follows: 
The valve of pipe 359 is opened and heavy liquid 
is admitted to the tank through openings 360 
until the level 34 is indicated on the sight gauge 
366. Water is then run into the tank through 
the orifices 375 until the level 33 is reached. 
A continuous flow of water may be maintained 
through the machine through the pipe 35 and 
the overflow 362, if it is desired, or water may 
be added intermittently and as needed. The 
height of the parting liquid in the tank is regu 
lated by the overflow 357. As the liquid is ad 
mitted it rises in the tank and in the box 353 
until it reaches the open top of the cylinder 357 
at which point it flows downwardly through the 
said overflow and through the valve and pipe 358 
to the used liquid tank. The valve in the said 
pipe 358 may be kept open and a continuous flow 
of liquid pass into the chamber through pipe 359 
and out of it through pipe 358, or the operation 
may be made intermittent, control being kept by 
observation of the sight gauge. 
The tank having been filled to the proper level 

with liquid, coal is dropped from the conveyor 
into the chute 328, passing in four streams down 
the divisions 329 by which it is distributed across 
the width of the tank. The chute 328 may be 
placed on either side of the machine as is indi 
cated in Figure 3e, an opening on either side 
being provided, that not in use being closed by a 
plate 376. The apparatus is started; the motors 
drive the two conveyors either at the same or at 
different speeds depending to Some extent upon 
the quantity of material each has to handle. 
The coal, slate, and other admixed impurities 
drop into the water layer while still in the chute 
so that they are dispersed by the water before 
reaching the parting liquid; the splash made by 
their falling is dissipated and entrained gas is 
removed before they leave the chute. Passing 
through the water layer they enter the parting 
liquid, whose density has been selected to be be 
tween that of coal and that of slate. The coal 
floats on the surface of the parting liquid, the 
slate sinks down guided by the hopper 334 and, 
entering the conveyor pan, is picked up by the 
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scraper conveyor blades and carried toward the 
discharge. The coal floating at the interface of 
the liquids is picked up by the conveyor 343 and 
carried toward and onto the conveyor pan 346. 
The specific gravity of the liquid is preferably 
chosen to be only slightly lower than that of the 
middlings. The middlings are those portions of 
the mixture which contain in one lump both 
slate and coal. The middlings tend to sink only 
slowly in the liquid whereas the slate sinks in 
stantly and the coal floats. 

Each of the conveyors acts as a pump, the 
effect of which can be varied by the use of scraper 
blades of either solid or foraminous cross sec 
tion, the number of openings in the said scraper 
blades being variable to secure pumping actions 
of different intensity. As the outer conveyor 
sweeps sunken material along its conveyor pan 
and up the incline toward the discharge, some of 
the entrained liquid tends to fall back through 
the orifices in the flights and that which remains 
is sucked out of the material as it is pushed over 
the wedge-wire screen 823. The slate is dis 
charged through the hopper 322 into the trough 
4f which forms a part of the apparatus 4 to be 
hereinafter described. The lower plate of the 
conveyor pan of the inner conveyor 338 is carried 
well beyond the pinion 345 and is then bent in 
wardly as indicated at 3460 so that the floated 
material will be swept on without jamming be 
tween the flights and the pan. By carrying the 
conveyor pan beyond the Sprocket wheels. 345 
the chain is enabled to bend upwardly, and 
enough slack is provided therein. So that when 
coal tends to jam the conveyor by taking up 
slack it may jump and release it without damage. 
The conveyor flights then sweep the coal up the 
inclined pan, over the wedge-wire draining Screen 
339, and eject it through the hopper 340 onto 
the trough 42 which forms a portion ci the appa 
ratus 4 to be hereinafter described. The liquid 
which is driven by the outer conveyor passes 
through the wedge-wire screen 323 downward 
through the chamber 324, outside the main wall 
of the tank through the passage 325 and the 
opening 326 into the chamber which is formed 
in back of the partition 336-33. The liquid 
which is entrained by the inner conveyor is swept 
up the inclined conveyor pan, passes through the 
Wedge-wire Screen 339, flows down the drain 
board 349, and is carried back to the chamber 
behind the partition 336-33. Sides 333-334 of 
the trough, together with the sides of the tank, 
form tubes 380-38 through which liquid from 
channel 325 and the chamber beyond 336-337 
may travel to the receiving end of the machine, 
entering again into the separating chamber 
through the orifices 33 of the plate 330. There 
is thus maintained a constant motion of sepa 
rating fluid and its superimposed sealing liquid 
from the receiving toward the discharge end of 
the machine. The length of the separating 
chamber, namely the distance between the plate 
330 and the wedge 336-33 is such that the 
pieces of coal will have risen to the top of the 
separating liquid and the pieces of slate will have 
dropped to the bottom before the wedge has been 
reached, but the middlings, due to the selection 
of a parting liquid of only slightly lighter spe 
cific gravity, will be held in suspension, slowly 
sinking. The middlings rich in coal sink at a 
slower rate than the middlings poor in coal, due 
to their different densities, and a classification 
of the middlings takes place before the wedge is 
reached, The Wedge then directs the richer mid 
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dlings upward into the coal and the coal-poor 
middlings downward into the slate. 
In Figures 3b and 3c is shown a means of vary 

ing the proportion of middlings which is thrown 
into the coal and a means which materially con 
tributes to the production of coal with a standard 
ash content. In those figures 346 is the bottom 
of the conveyor pan; 383 is a plate; 382 is a hinge 
Connecting the plate to the lip of the conveyor 
pan; 385 is a plate and 386 is a hinge connect 
ing the plate 385 to plate 383; 387 are hook-shaped 
members which underlap the edges of the chan 
nel irons 3 g for sliding movement. On the plate 
383 at a point near the hinge 386 there is con 
nected a lifting rod or cable 38 which extends 
upwardly between the conveyors and the wall of 
the tank and through a water seal box 368 mount 
ed in the side of the tank to a point on the out 
side from which it may be manipulated. 389 are 
rods. By pulling up on one said rod the plate 
383 will be lifted, and the plate 385 will swing 
toward the receiving end of the machine, the edge 
388 of the Wedge will have been raised and a 
greater proportion of the middlings will have been 
directed into the slate, producing a coal of de 
Creased as content. if, on the other hand, a coa 
of increased ash content is desired, a second rod 
attached at the lower end of plate 385 and pro 
jecting through the wall of the tank in the same 
manner may be manipulated to draw the plate 
385 rearwardly and lower the angle 386. As 
Shown in Figure 37 enough room exists between 
the edge of the conveyor fights and the Wall of 
the tank to permit the passage of a rod, and by 
Stationing and sealing tank 388 entirely outside 
of the Wall 3 no interference between the con 
Weyor and the rods will be experienced. The lower 
end of the rod may be attached to the wedge by 
a cable, as shown. 

in Figures 3k and 3 is shown another means of 
adjusting the wedge. In those figures 3 refers 
to the tank; 396-39 are elongated boxes on the 
Outsides thereof (a corner of which is shown in 
dotted ines in Figure 3) ; 39 are slots connecting 
the interior of the tank with the said boxes; 
392-392 are links attached to the lower corners 
of the Wedge; 393-393 are pins attached to the 
links, passing through the slots 395 and mount 
edi in movable blocks 394; 395-395 are rods at 
tached to the said blocks bored and screw 
threaded; 396-396 are revolvable screws mount 
ed in bearings attached to the sides of the boxes 
bearing at their heads pinions which mesh with 
pinions On Shaft, 398 which is mounted in the sides 
of the tank and projects through the wall of the 
box and a stufing box 39; 39 is a hand wheel to 
turn the ircd. 
The operation of this apparatus is as follows: 
he hand wheel 399 is turned, rotating the inter 

meshed pinions and the rods 396 which extend or 
restrict the blocks 333 by reason of their screw 
fit With the interior of portions 395. As the blocks 
396 are moved along the boxes, they push the 
link 393, which being attached to the corners of 
the wedge $85 move the wedge as indicated in 
part by the dotted lines of Figure 3ic. 
A brief description of the apparatus is as foi 

lows: The material to be separated enters 
through the chute into the receiving end of the 
apparatus and is collected by the hopper which 
encircles the section of the apparatus in which 
the actual parting of mineral and gangue takes 
place. The pumping action of the conveyors 
keeps the liquid in continuous circulation from 
the receiving end of the parting chamber to the 

S 
discharge end thereof. The upper conveyor 
sweeps the floats onto the conveyor pan, and the 
looseness of the conveyor chains permits the 
conveyor flights to jump and free themselves from 
any particles which tend to jam against the lip 
of the conveyor pan. The lower fight gathers 
the sinks and carries them out of the separating 
chamber. The middlings are carried by the cur 
rent toward the wedge which forms the discharge 
end of the separating chamber and are divided 
according to the proportion of slate and coal they 
contain, those heavy because of large quantities 
of slate being thrown into the refuse, and those 
light because of usable quantities of coal being 
gathered in the floats. The separated materials 
are pushed by their respective conveyors over 
Wedge-wire screens, or other suitable draining 
mechanism, which remove the majority of en 
trained liquids, and the materials themselves are 
discharged by the conveyors onto the collecting 
pans or troughs of the screen to be hereinafter de 
Scribed. The parting liquid which passes through 
the Wedge-wire screens is returned along the 
sides of the machine and outside the separating 
chamber to the charging end of the machine and a 
continuous circulation is thus maintained. The 
level of heavy liquid is maintained at any desired 
point by the adjustable sealed Weir at the end of 
the machine and the level of sealing fluid is main 
tained by the weir box on the side of the machine. 
Continuous addition and removal of liquid 
through the machine is thus possible, as well as 
intermittent additions as additions become neces 
Sary. Means are provided for blowing out the 
Space beneath the conveyor pans and means are 
also provided for the removal of sludge from the 
botton of the tank, 
After the coal has been separated from the in 

digenous impurities, both are subjected to a 
vigorous scrubbing. In order to prevent the loss 
of any liquid by evaporation or otherwise the 
Scrubbing is preferably carried out in a her 
metically sealed chamber. A shaker screen is 
used in order to make possible the thorough wash 
ing of the coal, and the problem of transmitting 
power to the screen without opening the appa 
ratus to the air was no small one. It was ac 
complished, however, by the means which are 
more fully described below. Briefly stated, the 
coal is carried through an hermetically sealed 
connection from the separating apparatus into 
the Washing section, where, constantly tumbled 
about by a shaker Screen, it is subjected to an 
extremely vigorous Washing whereby to remove 
aii fine particles and substantially all the liquids 
that have been used in the process. The coal and 
slate are theri dropped from the screen into the 
Water baths of water sealed conveyors. The 
used liquid is run over a concentrating table, 
which tends to precipitate suspended solids, and 
to form large aggregates of suspended liquids, and 
the whole runs to the tank which forms the bot 
ton of the machine, where a Weir divides the 
liquids which contain only light suspended solids 
from the heavy sludge. The divisions are re 
spectively drawn off and treated in a recovery 
System which will be more completely hereinafter 
described. 

in the drawings Figures 4 to 4e are illustra 
tive of this portion of the invention. In the fig 
ures, A refers generally to the washing apparatus; 
A is a shaker Screen; it is a coal trough form 
ing part of the said screen; 62 is a slate trough 
forming part of the said screen; 43 is a parti 
tion dividing the Screen into two sections longi 
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tudinally whereby to keep the separated coal and 
slate from becoming intermingled. 44 are strips 
of wood or some similar material which is capa 
ble of withstanding the abrasive action of the 
coal and slate; it is a foraminous section at the 
charging end of the screen which permits the 
draining of liquid; 46 is a wedge-wire screen 
which forms the floor of that section of the 
screen which approaches the discharge end; 4. 
is a solid bottom to the screen at the discharge; 
8 are discharge lips, 
The construction of the Screen is as follows: 

Angle irons 49 form the side frames of the screen 
and extend longitudnally from the feeding 
troughs to the discharge plate 4. Dividing 
member 4 is also an angle iron extending from 
the troughs to the pipe; 400 are angle members 
connecting the side frames of the machine to the 
main frame of the screen; 40-40 are J-shaped 
members having the taller leg of the J of con 
siderable height; 402-402 are braces connect 
ing the frame member 43 with the lower por 
tions of the J-shaped member; 403 is a brace 
directly connecting the two J-shaped members; 
404 is a splash guard running the length- of the 
foraminous portion of the Screen. 
40s-405 represent the support for the entire 

washing section; 406 is a tank forming the base 
of the machine; 407 is one wall of the tank; 
408 408 are angle-shaped members forming 
channels with 407 and 46 respectively running 
lengthwise of and within the wall 40 and 46; 
409 is the inclined bottom of the tank; 40 is 
a wall of the tank running lengthwise of the ap 
paratus and forming a weir which divides the 
tank into two sections; is the bottom, of the 
tank beyond the weir; 42 is the outer wall of the 
tank, in this case placed considerably beyond 
the outer wall of the screen section; 43 is the 
top of the said extended side; it is a rectangular 
opening, channel-shaped in cross-section, form 
ing a seat for cover 45. By filling the channel- - 
shaped member partly with water an effective 
gas seal is created. 46 is a wall forming in 
part the outer wall of the apparatus and in part 
a wall dividing the two compartments of the 
tank; 4 are braces attached on the inside to 
channels 408; 48 is a bar supported by braces 
4; 49 are side plates extending lengthwise 
one on each side of the apparatus; 42 are side 
plates attached to the braces 402-403 running 
lengthwise on each side of the apparatus and 
overlapping the upright portions of channel 
members 408 inwardly thereof; 2 are drain 
guards attached to members 9 to prevent the 
drainage from the screen from running into the 
channels 408; 422 are drain guards attached to 
the walls of the screen chamber and projecting 
within the channels formed at the edges of the 
screen by angle members 49 and J-shaped mem 
bers 40-46; 423-423 are walls of the screen 
section of the apparatus; 426 is the top of the 
apparatus; 425 is a cover for an opening in the 
top of the apparatus, Said cover being formed 
with one continuous flange 426; 427 are continu 
ous channels in the top of the apparatus of size. 
such that the continuous flange of the top 425 
may be seated in the channel which, being partly 
filled with liquid forms an effective hermetical 
seal. 428-428 are supports attached to and pro 
jecting at right angles to the Outer legs of the 
J-shaped members; 429-429 are wooden spring 
boards; 430 are beams to which the spring boards 
are bolted; 43-43 are spring boards suspended 
from the beams 430; 4.32 are weights hung from 
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the said spring boards; 438-433 are guides 
mounted on the frame 405 of the apparatus; 
484-434 are buffer members approaching the 
counterweights; 435 is a shaft journaled in the 
frame 405; 436 is a wheel capable of being driven 
by a belt or similar power-transmitting means 
and, being keyed to the shaft 435, capable of 
driving the said shaft; 437-437 are eccentrics; 
438-438 are driving rods attached to the eccen 
trics 437 and attached through connections 439 
to the J-shaped screen frames; 440 are eccen 
trics placed on the shaft opposite to eccentrics 
43T and on the outer sides of the frames 405 re 
spectively; 44 f-44 are driving rods connecting 
the eccentrics to the counterweights 432. The 
eccentrics, frame, and driving gear at the dis 
charge end of the machine are shown broken 
away to indicate that in practice they are 
farther from the tank than was permitted to be 
shown in the drawings. 
442-442 are headers which may be suspended 

from the beams 430 by connections 443 which 
comprise a band encircling the header having 
a hook to pierce an eye on a middle strip con 
nected to the beams 430; 444 are pipes con 
nected to the headers entering the washing tank 
-through hermetical seals 445; 446 are valves in 
the pipes 444; 447 are pressure gauges opera 
tively connected to the pipes 484; 448 are pipes 
connected horizontally to pipes 444; 449 are 
spray nozzles affixed to pipes 448 so that the liq 
uid in pipes 448 may be directed at the most 
efficient angle upon the material on screen 60; 
450 are supports attached to the tank at spaced 
intervals; 45? are baffle plates supported by sup 
ports 450 extending transversely of the tank; 4.52 
are channels at the bottom of the baffle to catch 
the drip and direct it to the sides of the screen 
into the channels formed by angles 49 and sides 
49 f of the frame; 453 are a series of supports ex 
tending transversely between walls 40-46 of 
the machine and inclined with respect to the 
horizontal; 454 is a plate Supported on Supports 
453, extending substantially the full length of 
the machine, inclined by the inclination of Sup 
ports 453 and terminating short of wall 48; 455 
are supports which also extend between the wall 
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46 and wall 40 and which have inclination op- . 
posite to that of supports 453; 456 is a rifle plate 
Substantially co-extensive with the length of the 
machine and extending from the wall 46 to a 
line short of the wall 4. 
In Figure 4a, the screen in broken away at 454 

to show the plain inclined plate 454; at 456 on 
the same figure the Screen and plate 854 are 
broken away to show the rifle plate 456 and the 
diagonal placement of the rifle bars. 457 is an 
outlet at the botton of the tank 46 and at the 
juncture of incline plate 409 and weir 40; 458 
is a pipe opening out of the portion of the tank 
beyond the weir; 459 is a blow-out pipe through 
which water under pressure can be directed to 
discharge the sludge from the bottom of the tank 
through the orifices 45; 460 is a baffle plate at 
the end of the channel formed by members 49 
and 40 f; 46 is a channel cut through members 
49-69 so that any fluid in said channel member 
may be discharged upon the surface of and pass 
through a foraminous portion of the screen; 462 
is a boot beneath the discharge end 47 of the 
Screen, Separated from the tank as shown in 
Figure 4 and divided at its center by partition 

ewhich prevents the mingling of coal and 
Ste. 

In Figure 4e is shown the placement of the 
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spray nozzles so that a double overlap of spray 
ing water occurs. By this arrangement the plug 
ging O. failure of One spray Will not affect the 
washing of the coal because the two adjoining 
Sprays will still Overlap. 
The operation of the apparatus which has just 

been described, considered in some detail, is as 
follows: Coal is discharged from the float con 
veyor of the separator onto the receiving pan 4t 
and slate is discharged from the sink conveyor 
onto the receiving pan 42. The longer leg of the 
J-shaped screen frames is, from the receiving to 
the discharge end of the screen, of decreasing 
height, whereas the shorter leg, that which is at 
tached to the Spring boards, is of uniform height. 
As a consequence, Spring boards of uniform 
length are used and the screen is held on an 
angle. The screen is divided at its mid-portion 
by a partion which prevents the separated coal 
and slate from mingling. The driving mecha 
nism reciprocates the screen at a rate which is 
consistent with the best performance and the 
materials are moved gradually from the receiving 
to the discharge end while being vigorously 
sprayed by a multitude of showers. The motion 
of the screen in combination. With the Sprays 
turns the coal repeatedly over so that all sides are 
exposed to, and thoroughly Washed With, the 
cleansing liquid, effectuating a Substantially com 
plete removal of the liquid which the material 
has carried with it. 
stoppage of one shower from leaving the section 
of coal unwashed, the showers are arranged in 
overlapping series, as shown in Figure 4e so that 
each particle. Of coal is ordinarily sprayed by the 
Water from three nozzles. 
The receiving pans 4-42 of the screen are 

solid, thereafter the screen becomes foraminous 
either by the punching of holes through the plate, 
by the use of ordinary screens, or by other 
means. The final section of the screen is made 
of wedgewire in order to drain from the coal and 

45 

50 

refuse substantially all entrained Water before 
delivery to the discharge pans 47 and the divided 
boot 462. The Screen could be all of one type 
of wire, but the arrangement shown produces 
superior results, all factors considered. Water 
is preferably used for washing the material and 
it is forced under pressure into headers 442 from 
whence it travels through the depending pipes 
to the spray pipes 448 and through the nozzles 
449. The velocity of the spray is such that a 
considerable portion of the fluid is Splashed from 
the material or the screen. The direction of the 
sprays would build up air currents passing from 
the receiving to the discharge end of the appa 
ratus and considerable quantities of spray, coa 
taining recoverable liquid, Would pass over the 

- Screen and down into the divided boot Where it 
60 would be lost and contaminate the coal. To pre 

vent this, baffle plates 45 are attached before 
each spray pipe so that the mist from the pre 
ceding spray will be caught upon the face of the 
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baffle, run down into channels of 45, and be 
emptied into the channels formed by the mem 
bers 49 and 40 f of the screen from whence they 
will pass toward the discharge end and be issued 
through orifices 46 upon the wedge-wire screen. 
Substantially all liquids which are brought into 
the apparatus with the coal are removed from 
the coal and passed through the screens. In ad 
dition there is removed by the sprays, a consid 
erable quantity of fine solid particles, consisting 
mainly of earth and finely divided particles of 

In order to prevent the 

7 
coal and slate, all below a certain size passing 
through the screens with the wash liquid. 
When the liquids with entrained solids pass 

through the screens, they are prevented from 
reaching the sides of the tank by baffles 404, 
plates 49, 420, 42 and 408. It will be observed 
that plates 4f 9, which are rigid with the frame 
of the machine, have openings through which 
pass the bars 403-402 of the screen, the open 
ings in the wall of plate 49 being of size to per 
mit the reciprocating motion of the screen. To 
prevent the discharge of liquid through that 
opening into the seal the plates 42, of a size 

. adequate to cover the said openings in all posi 
tions of the screen, are mounted on the rods 
402-403 and a baffle plate 420 deflects any fluid 
flowing down the side of plate 49 over and be 
yond the said plate 42. All liquid which passes 
through the screen, consequently, falls upon and 
runs doWn the inclination of plate 454, which is 
a plate having a surface which permits the maxi 
mum desirable transportation of the liquid. The 
plate 454 is terminated short of the side wall 
and the liquids drop therefrom at substantially 
the top of rifle plate 456. They run down the 
Said rifle plate, the solids tend to precipitate, the 
globules of heavy liquid tend to become larger 
globules So that, When the liquids have finally 
passed the length of the rifle plate, a partial sep 
aration of the constiuents has been effected. The 
rifle plate is terminated short of the side wall 
407 of the machine and the flow passes over the 
ends thereof and into the tank 406, all of whose 
bottom portions slope to the central low point in 
the neighborhood of outlet 459. The sludge and 
Some parting liquid settle in the vicinity of the 
opening 457 and the liquid which carries only 
comparatively fine particles of solid flows over 
the weir 40 into the other section of the tank, 
being pumped through orifice 458 to the second 
Settling tank, as is more fully elesewhere here 
in described. The sludge is pumped through ori 
fice 457 to the third settling tank, which is else 
where herein more fully described. If the sludge 
has collected so thickly at the Orifice. 45 that 
the sludge punpS cannot draw it from the tank, 
a hose may be attached to pipe 459 and Water 
under pressure used to force the sludge out of 
the chamber. 
The Screen is counterbalanced by the use of 

spring board supported counterweights driven by 
oppositely placed eccentrics from the Same shaft. 
The covers which give admittance to the tank 
are water sealed by the use of flanged covers 
which fit water filled channel members in the 
machine casing, 
In order to drive the screen, which is inside the 

tank, from the driving gear, which is outside, with 
out permitting the eScape of Vapors, channel 
members partially filled With Water are provided 
on each side of the machine. The screen frame is 
made J-shaped, each J projecting into the liquid 
within the said channels, and being shorter than 
they by the length of the Swing. The upper por 
tion of the tank is then, So to Speak, placed within 
the hook of the J So that its lower edge is beneath 
the water level in the channel. The J-shaped 
frame, consequently, reciprocates within a water 
seal which effectively prevents the escape of gas, 
and the previously described construction of the 
apparatus prevents the contamination of the 
liquid in the said channels. m 
From the screen the coal and slate drop into 

divided boot 462. Giving admittance to this boot 
are hermetically sealed covers 464. Hermetically 
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attached to the boot on the one side is liquid-tight 
conveyor box 5 and on the other side a similar 
conveyor box 52. The boot thus becomes two 
chutes, one for the coal and one for the slate. A 
description of one of these conveyors will suffice 
for both. 5 is the conveyor box in general, being 
a gas and liquid-tight tank made of metal or other 
suitable material; 53 is a hopper within the said 
conveyor tank having an inclined wall 54 to direct 
the material which falls from the screen into the 
conveyor box at the angle which offers the least 
interference with the descending flights of the 
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conveyor; 50 is the inclined underside of the con 
veyor tank; 5 is a displaced portion of the said 
side; Sf2 is a foraminous section forming a con 
tinuation of the portion of the bottom 50, the 
portions 5 and 52 forming between them a 
space of a capacity adequate to take care of such 
liquid as may be discharged to them from the 
solids which are carried out of the tank by the 
flights. SOS is a conveyor pan; 506 are openings 
in the lower portion of the conveyor pan; 507 is a 
section of wedge-wire screen forming the bottom 
of the said conveyor pan at a point just short of 
the discharge lip thereof; 58 is the discharge lip 
of the conveyor pan over which the material is 
pushed by the conveyor; 59 is the supporting 
underlip of the conveyor tank; 53 is a flight con 
veyor; 54 are sprocket wheels over which the con 
veyor chains are trained; 56 is a motor mounted 
On the frame 5 of the conveyor; 58-59 
520-521-522-523 are a combined power trans 
mitting and speed reducing agency consisting, in 
the modification shown, of a series of alternate 
large and small gears connected either directly or 
by means of flexible driving means such as chains 
or ropes. 524 is a wheel driven by means 523 and 
keyed to shaft 525 on which are keyed the sprocket 
wheels 54; 526 are bearings on the tank which 
support the rod 525; 527 are parallel bearing 
blocks; 529 is a shaft journaled at one end with a 
loose fit in the said bearing blocks 52 and at its 
other end in complementary bearing blocks, not 
shown, at the other side of the conveyor box. 530 
is a rod fastened at One end to the shaft 529 and 
having at its upper end a screw-threaded nut 532; 

is a screw-threaded rod making operable 
screw-threaded contact with the nut 532. One of 
these rods is attached to each end of the shaft 529. 
The rods 5 are mounted on a rod which trans 
verses and is attached to the sides of the tank. 
The conveyor may jump away from the pan due to 
the loose fit of the blocks and may be manually 
adjusted by nuts 532. 54 is an opening in the 
base of the section 5ff to which is attached a pipe, 
not shown, connected to the lower section of the 
conveyor whereby to return the liquid drained 
from the whole by the wedge-wire screen to the 
conveyor box at a lower point; 542 is an inlet pipe 
and valve through which liquid can be run into 
conveyor box; 54 is an outlet pipe and valve at 
the bottom of the conveyor which permit the 
drawing of of such sludge as may form there. 
The pipe 548 is connected either to a waste pit or 
to the settling tank, which is elsewhere herein 
more fully described. 544 is a liquid box outside 
of the machine; 545 is an overflow pipe within the 
said liquid box. 
The operation of the apparatus is as follows: 

Coal is dropped from the discharge lip 48 of the 
screen through the divided boot and the hopper. 
The hopper and the conveyor tank are filled to the 
level 56 with water or other suitable liquid. The 
coal is discharged into the water therefor above 
the hopper level and is directed by the inclination 
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of the chute 54 to a place in proximity to the 
descending flights of the flight conveyor. The 
coal passes through those flights and directly to 
the Conveyor pan where it is picked up by the 
ascending flights, drained of liquid by passage 
Over the wedge-wire screens and discharged over 
the discharge lip 58. The liquid level in the appa 
ratus is kept at the level 546 so that no fumes or 
liquids coming over the discharge end of the 
screen will be able to escape into the air. The 
liquid which is drained through the wedge-wire 
screen fills up the space between the conveyor pan 
and the tank and thereafter passes through the 
screen 52 into the space below from which it is 
drained off by pipe 54 which returns it to the 
bottom of the conveyor tank or elsewhere. Means 
are provided, not shown in these drawings, for 
blowing out the space between the conveyor pan 
and the bottom of the tank and consist of a nozzle 
through which water can be forced under pressure 
at 459 as has hereinbefore been described for other apparatus. 
The liquids which wash the coal in the washing 

Section remove from the coal and slate substan 
tially all the heavy liquid and the fine particles 
which are produced by abrasion or which are car 
ried through the machine. In the settling tank 
at the bottom of the washing apparatus the liquid 
with fine suspensoidal matter is separated from 
the heavy sludge by the weir. The heavy sludge 
is pumped from the bottom of the tank through 
pipe 45 to settling tank 7, shown in Figures 7 to 
7c, and the liquid with light suspensoidal matter 
is carried through pipe 458 to the main settling 
tank 6, shown in Figures 6 to 6c. 
The system contains three settling or sepa 

rating tanks interconnected, of which the first, 
located in the base of the washing section, makes 
a preliminary division between sludge and liquid 
containing light suspensoidal matter, the second, 
called for purposes of differentiation the main 
settling tank, separates the comparatively light 
Suspensoidal matter from the washing liquid and 
the third, called for convenience the sludge trap, 
receives the sludge from both the first and second 
tanks. The statement has frequently been made 
in the art that it is impossible to separate coal 
sludge from washing liquid by any static method. 
It is believed that the method herein described 
for accomplishing this result is the only one 
which has ever been successful. 

In Figures 6 to 6c which illustrate the so-called 
main settling tank or separator, 6 indicates the 
Separating apparatus as a whole; 458 is the dis 
charge end of the pipe which carries the liquid 
with light suspensoidal matter from the primary 
settling tank; 6 f is the top of the tank; 6 O is 
a tubular member which passes through and fits 
an opening in the top 6; 6f f is an angle iron 
which joins the tube 60 to the top 6 with an 
hermetical joint. Joining may be by welding or 
other suitable hermetical sealing. The tubular 
member extends toward the bottom of the tank, 
62 are openings in the sides of the tubular 
member above the operating water line; 63 is a 
cover to the tubular member 60 pierced by the 
discharge pipe 458; 62 is a truncated conical 
bottom to the tank; 62 is a sump connected to 
the truncation of the cone. This sump may be 
considered to be made by passing a plane di 
agonally through a cylinder. 622 is the diagonal 
plane dividing the "cylinder' 62 and forming a 
diagonal bottom on the sump which directs the 
Solids which collect toward the discharge pipe 
620 and valve 623; 624 is a pipe carrying water 
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under pressure for use in dislodging sludge from 
the bottom of the Sump 62 if and when the said 
sludge becomes too solid to be moved by pumps; 
625 is a rod journaled in bearing 626 in plate 622 
and passing through stuffing box 64 in cover 63; 
$ 8 is a handle attached to the upper end of the 
rod (325; 626 are arms attached toward the bot 
ton of the rod 625 so as to be rotatable by and 
with the handle 6 6 and rod 625; 62 are scrapers 
diagonally placed on the aims 626 so that their 
GOvement will dislodge collected sludge from the 
conical bottom 62 and push it toward the slump 
62; 6 are water seal covers whose construc 
tion is similar to the Water sea covers which 
have been elsewhere herein described; 636 is an 
angle member of depth which increases from one 
side of the tank to the other, Welded or otherwise 
connected to the inside of the tank toward the 
top thereof; 33A is a wooden weir strip of cir 
cular form attached to the angle member 63; 
(333 is a discharge box at the lowest point of the 
channel formed by tank 6 and angle member 836; 
65 is a pipe connected to the said box 633; 6.36 
is a circular channel Suspended from the top 6 of 
the tank Within the Weir and having a lip 6 
which is slightly lower than the top of the weir 
636; 632 are pipes projecting inwardly from the 
channel 5:30 toward the botton of the tank; 63 are 
supports ior the tank comprising netal legs at 
tached to the tank and Supported upon the box. 
The operation of this apparatus is as follows: 

the liquid containing light suspensoidal matter 
in greate or less quantities enters the tank 
through pipe 353 and tube 6A. It passes out 
Wardly eneata tube 68 tending to throw to 
ward the bottom the heavier suspensoidal matter 
and to rise toward the surface, whose level is 
established by the Weir 632. The virations 
caused by the plunge of the water from the pipe 
(53 into the body of water in the tank are argely 
Spent Within the tube so that the liquid within 
the remainder of the tank is comparatively quiet. 
The channel which is formed between the weir 
2nd the Shell of the tank is sloped and increased 
in size toward the outlet. The liquid which flows 
over the weir follows the slope downwardly to 
the box (533 and is carried by the pipe 65 back 
into the headers 442 where it is used again for 
the Washing of the Solid materials on the Screen. 
Light scum tends to float on the surface of the 
liquid within the tank and the direction of the 
liquid currents within the tank would in the nor 
mal course wash this scum over the weir. The 
openings 6A2 are vents to relieve interior pres 
sure. Interposed between the Weir and the pipe 
is the scum gutter. 646. As the Scum, floating on 
the surface of the water and being drawn by the 
current toward the weir, floats over the edge 64 
of the scum gutter, which is slightly lower than 
the weir and contacts the side of the scum gutter, 
the scum tends to precipitate therein. As it is 
precipitated, its apparent specific gravity in 
creases to the point where it will follow the tubes 
642 downwardly into the lower section of the tank 
where it will settle on the bottom and be drawn 
off with the sludge. The sludge which concen 
trates in the bottom is from time to time scraped 
toward the sump and pumped through valves 623 
and pipe 620 to the sludge trap. If the pipe be 
comes blocked it can be cleared by an injection 
of water through pipe 624. 

In Figures 7 to 7c is shown the arrangement 
of the sludge trap and the still. The function of 
the sludge trap is to separate out the water with 
light suspensoidal matter and return it to the 

9 
main settling tank for further treatment; 
Secondly to separate out isolated heavy liquid 
and return it to the heavy liquid storage tank; 
and thirdly to inject all remaining liquids and 
solids into a still for the recovery of any parting 
liquid which may be therein contained. 
In those figures, 45 and 626 indicate pipes 

leading from the first and main settling tanks, 
respectively. refers to the sludge trap taken 
as a whole; is the pipe through which passes 
the sludge from pipes 35 and 62; is a sight 
glass held in liquid and gas tight relationship be 
tween plates i? and 72; 3 is an inlet pipe of 
diameter considerably greater than that of in 
order that the discharge material may be reduced 
in Velocity and find easy entrance to the sludge 
trap and not fill up the sight glass 0; A is a 
tubular member inside the tank through which 
the material is discharged; 5 is a water seal 
covering of the type which has been hereinbefore 
described; d6 is a circular weir within the tank 
toward the top thereof which forms with the 
Walls of the tank a channel having an inclination 
Sufficient to drain. Such liquids as pass over the 
Weir to the discharge box (; 3 is a circular 
baffle plate within the weir. The lower edge of 
the baffle plate is beneath the liquid level in the 
apparatus, and in close proximity to the weir so 
as to form a substantially complete vapor seal. 
9 are a series of valved openings leading into 

the tank at various levels; 2C is a header con 
necting the said valved openings; 2 is a draw 
of pipe leading from the header; 22 is a glass 
peep slot through which the contents of the tank 
may be observed substantially throughout its 
height; 23 is a pipe mounted in the side of the 
tank; 25 is a section at right-angles thereto; 
725 is a liquid-tight ball joint; 26 is a section 
of pipe movably connected to section 24 through 
elbow 2 and ball-joint 725; 28 is a block at 
tached by rod 29 to pipe 26 and through con 
nection 30 to rod 3 which passes through a 
stuffing box in the top of the tank; rod 3 is 
attached to a slider 32 operably mounted for 
vertical sliding movement between guides 788 
33; 36 is a rack affixed to the face of slider 
32; 35 is a pinion mounted on rod 736 which 

is journaled in bearings 37 which are mounted 
on the supports 738 which are attached to the 
tank; 739 is a wheel, chain or otherwise oper 
ated, which is attached to shaft 736. By rota 
tion of the wheel 39 the rod 73 may be raised or 
lowered, raising or lowering the pipe 726 in con 
formity; 740 is a conical bottom to the tank; 
T4 is a valve in pipes 742 which connects the 
sludge tank with the still 8; 43 are supports for 
the tank. 
The operation of the apparatus which has just 
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been described is as follows: The sludge from the 
sources of sludge supply is brought through the 
sight feed glass 10 and pipe T3 into the tank 
where the sludge settles to the bottom, the heavy 
liquid forms a layer on top of the sludge, and 
water is separated Out on top of the heavy liquid. 
The condition of the ingredients is such that in 
many cases so clear a separation is obtained that 
it is possible to draw off part of the liquid by 
decantation, Substantially clear liquid passing 
over the weir and out through the pipe 77 from 
whence it may be returned to the settling tank, 
to the main settling tank, or may be discharged. 
Between the layer of sludge at the bottom and the 
layer of light liquid at the top there may form a 
layer of the heavy parting liquid of sufficient 
purity to be withdrawn for storage or immediate 
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The separation of this hintermediate layer 

accomplished by the movable pipe 72, which 
adjusted up or down by viewing the tank 

the sight glass 22. As the layer of in 
quid becomes thinner the Orifice in 

TD is adjusted so that none of the layers on 
side of the liquid is taken. In this way the 

intermediate layer may be drawn of without dis 
turbing the adjacent layers. After the inter 
mediate layer has been drawn of, or before, clear liquid toward the top of the tank may be with 
drawn to any desirable height through the open 
ings TO and the header 2. By observation 

. 
s 

20 the tank, the wavel is opened and the remain 
ing material is forced into the still C, with the aid 

When the sludge trap has 

trap is refilled. 
gures 7 and c, refers to a stean still 

; -2 are outer and inner walls of 
respectively, braced at points by men 

audge 

E. 
which 

i parts to permit the drainage of 
upper to the lower portion of the 

is a steam jacket at the base of the 
are openings through which steam may E. st; 

4) 
is a valve in the said pipe; 2 is an opening 

in the top of the still; is a removable closure 
therefor, held in hermetical contact therewith by 
bolts 8 or by other suitable means; and 85 are 
supports for the still; 2) is a water line;82 are 45 
pipes leading from the water line to the base of 

and residue through pipe f; 822 is a vent line 
passing through the top of the still; 823 is a valve 
in the vent line B22; 7 is a vent line communi 
cating with the interior of the sludge trap through 
the top thereof; if is a valve in the vent line 

O. Went line connects with vent TS). TS2 is 
A vent pipe to which both 22 and 750 are at 
tached. This vent 752, together with all the other 
went pipes in the apparatus, are directed to a 

... scrubbing system such as a spray of water which 
removes entrained vapors therefrom. The scrub 

cobins system being of standard construction is not 
houn, and the vents in general are shown for 
convenience as open at the upper end, S3 is a 
water supply line encircling the base of the sludge 
trap; are blowout lines penetrating the shell 

es of the audge trap at the base thereof so that the 
heavy residue from the sludge trap may be forced 
through the valve into the still. 
The operation of the still is as follows: A charge 

having been dropped through the pipe T42 into 

50 

To the still, steam is admitted through the openings, 
O to the jacket and directly to the charge 

through the openings B. Preheating before ad 
insion of the steam to the charge is sometimes 
advantageous. The heavy liquid and water con 

S. Carned athet are vapored at a temperature 

may encircle the still but are ref 

9,150,890 : 
below that of decomposition of the liquid and 
pass of together with the steam through openins 
88 and pipe B, which directs them to the con 
densers. When the last of the heavy liquid has 
been recovered, the valve ill is opened and 
water pressure from source 82 carries the waste 
contents of the still through the pipe 81 to its 
destination. Stean pressure can also be used to 
aid ejection of the audge. t 

gures 9 and 9a show the condensef system. 
Two standard sections of radiator, each contain 
ing four units, constitute, we have discovered, an 
excellent condensed when used in combination 
with a single fishtal spray for each unit. In the 
drawings Of O are the four units of one standard 
radiator section and are the four units of a 
second standard radiator section. 2 is a water 
supply pipe; i3 is a valve therein; 4 are four 
pipes extending above the radiator sections; 
are single sprays above the units of the radiator 20 
sections 
The apparatus functions as follows: Through 

pipe is carried the distate from the still 
which finds its way through the radiators in the 
direction of the arrows. Each radiator section 
is sprayed with cold water and the distinate is 
condensed and is directed through pipe O to 
the cooler U. 1. 
In figure 10 is shown a type of joint used 

throughout the apparatus. It will be appreciated 
by engineers that the majority of plpes in this 
system carry suspenoidal matter in addition to 
liquid and that the suspenoidal matter will tend 
to precipitate out wherever a joint is found. In 
order to make possible the cleaning of all such 
joints, they are constructed as follows: t , is a 
pipeline; W is a pipe joint or elbow; is a pipe 
line; o is a pipe screw threaded ato-o and cov 

O 

40 

and the cap q is replaced. By directing the 
of liquid from pipe B through pipe t the st 
up in the pipe o until it is substantially 
Thereafter the erosive effect of water is 

45 

the collected silt, not by the plping. 
In Figures 8, 8a, and 8b is flustrated an ap 

paratus for determining the percentage of coal 
in the sinks and the percentage of slate in the 
floats, in other words, for determining the ash 
content of the clean coal as delivered by the sys 
tem, so that the middlings may be divided to the 
best advantage. In these figures S 
generally a long trough, made preferably of some 
chemically resistant metal; TSB-T are walls 
which divide the trough into a series of chambers; 
S-T are trays having foraminous bottoms 
72 and preferably sold addes, the shape of the 
trays conforming substantially to the 
the compartments of s 
partment of the trough is 
The trays are pivoted at one 
conveniently by a method shown in Figure 8c. 
78 are U-shaped members attached by welding 
or otherwise to the outer edge of the tray TB; 
S4 is a pipe or other circular member attached 

to or forming the edge of the trough TS; TSU are 
bolts passing through the ends of U-shaped mem 
bers 78; 8 are handles attached to the lip of 
the tray TS opposite to the pivot; U are stops 
so placed that they contact the edge of the said 

- trays and prevent their making contact with the 75 

indicates 

the 
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bottom of the trough 75; 758 are pipes and valves 
leading to each compartment for drainage pur 
poses; 59 are stop bars placed approximately 
midway of and running the length of the sides of 
the trays; 760 is a scoop having a foraminous bot 
tom 76 and a handle 762; 763 are means for 
supporting the trough; 6 is a shelf running 
lengthwise of and before the trough and having 
an edge 65 to prevent the escape of liquid and 
a drainage channel 766 and pipe 76 for such liq-. 
uld; 768 is a screen to prevent the escape of solids 
down the drain. TTC is a means, such as a steam 
line, to regulate the temperature of the bath, 
In normal operation the apparatus will have 

possibly ten compartments. Each compartment 
will be fied to equal depth with a liquid. 769 
shows a liquid level. For example, the first com 
partment will contain a liquid of specific gravity 
1.9; the next will have a specific gravity of 1.85; 
the next 1.8; the next 1.78; the next 1.76; etc., 
the Specific gravities being chosen to give the 
maximum information with the particular coal 
or other mineral being treated in the process at 
the moment. A sample is taken, for instance, 
of the coal which is discharged from the water 
sealed conveyor and a weighed portion thereof 
is put into the first compartment. Assuming that 
the specific gravity of the compartment has been 
Correctly chosen for the first test, a considerable 
portion of the charge will sink and the remainder 
will float. The operator then takes scoop 760, 
inserts its nose within the tray, as shown in Fig 
ure 8a, slides it across the runners which are at 
equal depth in each compartment and withdraws 
the floats. The liquid is allowed to drain back 
through holes 6 in the foraminous bottom of the 
Scoop and the floats are placed in the next tank, 
whose specific gravity is somewhat lower. This 
procedure is continued until the sample has been 
divided according to specific gravities. By pull 
ing on the handle 756 the trays 75 may be pivot 
ed about pipes 54, draining through holes 752 
back into the trough 75 and the sunken mate 
rial may be dumped into a pan or other suitable 
means placed on the table 64. 
The system is first calibrated by making ash 

determinations with the particular type of coal 
which is being separated, a determination being 
first made of the specific gravity of the incoming 
matter to determine the specific gravity of the 
parting liquid to be used in the tank 3. After 
Operation has commenced, samples are taken of 
both the sinks and the floats and ash determina 
tions are run to calibrate the system. There 
after determination of specific gravities is made 
by plotting subsequent tests against the control. 
In this Way the coal content of the sate and the 
slate content of the coal may be determined and 
from the information obtained adjustment made 
to vary the percentage of slate in the coal as here 
inbefore described. In each instance there will 
be given an accurate check on the distribution of 
middlings since it will be understood that, if the 
specific gravities range between that in which 
pure coal alone will float and that in which slate 
alone will sink, the specific gravities of the sam 
ples which sink in succeeding baths will be in 
direct relation to their respective quantities of 
coal and stone. Zinc chloride Solution is a Sat 
isfactory agent for use in this apparatus because 
it can be easily diluted to precise Specific gravities, 
but any other satisfactory liquid may be used. 
Having determined the distribution of the mid 
dlings as actually distributed by the apparatus, 
a prompt change can be made in the setting of 

11 
the apparatus so that another and more favor 
able distribution can be made if such is desired. 
On the key figure a piping diagram is shown 

in which, for convenience sake, certain of the 
valves have been indicated by the numerals W, 
W2, etc. Referring to that diagram, the parting 
section is filled with liquid by opening valve W4 
and by means of a pump P2 and pipe line forces 
the parting liquid into the chamber 353 and the 
tank 3 until the level of Weir 35 is reached. 
Thereafter the level of the liquid is maintained 
by overflow through the weir 35, valve V8, and 
pipe 358 to the used liquid tank. The flow can be 
kept constant or additions of fluid can be made 
from time to time by the use of valves W8 and 
WA. Once the liquid has attained its level valve 
W.4 may be closed, shutting off the supply of 
parting liquid and valve V8 either closed or left 
open as is convenient. If at any time it is de 
sirable to drain the tank 3, valves W8, W5, and 
Wf 4 will be closed, valves V6, VT, and V2O opened 
and the tank drained directly to the storage tank 
96. If sludge is to be removed from the bot 
tom of the tank drainage will be through valves 
W6, W5, W4, and pump P2 into sludge tank T. 

If it is desired to remove the sludge from the 
bottom of section 4, the valve W3 will be opened, 
valves W.2 and V4 will be closed and the sludge 
will be pumped directly to tank . If it is desired 
to take the sludge from tank 6, valves 623 and 
W2 will be opened, valves W3 and W4 closed and 
the sludge will be pumped to the tank . The 
liquid from separator 96 will be run to either the 
new liquid storage or the used liquid storage by 
the proper manipulation of valves W3 and W2. 
The apparatus which has been described offers 

an excellent method of accomplishing the proc 
eSS. It is not, however, the only apparatus which 
can be used to accomplish the process and con 
siderable modification both in general and in 
detail can be adopted. 

In the parting step of the process the liquid 
used is preferably organic and of the halogenated 
hydrocarbon type. However, the process is not 
limited to such agents since any separating agent 
which has proper specific gravity and is properly 
inert to the materials which are to be separated 
may be used. The factors which are desirable 
are that a material shall have high boiling point 
in order that there shall be low vapor pressure 
at Working temperatures, low melting point in 
Order that it may be liquid at working tempera 
tures and the expense of keeping it fluid by heat 
avoided, low solubility in water in order that it 
may not become contaminated with the sealing 
liquid and may not be carried out on the sepa 
rated material, stability under the conditions of 
operation including stability to agents, air, light, 
and heat, low hydrolyzing capacity, low toxicity 
in order to avoid injury to operators when the 
apparatus is cleaned, low viscosity, and low cost. 
Among the compounds which have been found 
useful are the following: 

Pentachloropropane, 3,4 dibromo 2,2 dimethyl 
butane, iodobutane, hexachloropropane, 1 chloro 
3 bromopropane, 1 bromo 2,3 dichloro n-butane, 
1 iodobutane, 1 chloro 1 bromoethane, 1,3 di 
bromo 2,2 dimethyl propane, 2,4 dibromopentane, 
pentachloroethane, 2,3 dibromopentane, 12 di 
bromo 2 methylbutane, 1 chloro 2 bromoethane, 
2 iodopropane, 15 dibromopentane, 14 dibromo 
pentane, heptachloropropane, 1,2 dibromopen 
tane, 1 iodoheptane, 2 chloro 1 iodobutane, 1,1 
chloro 1 bromoethane, 1,1 dibromo 2,2 methyl 
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propane, 1,47 tribromoheptane, 1,1,1 trichloro 
2-bromopropane, 2,2, dibronopropane, 1,2 di 
bromo 2 methyl propane, 13 dibromobutane, 1,4 
dibromobutane, 12 dibronobutane, 1,3 dibromo 
2-methyl propane, 2,3 dibromobutane, 2,2,2 tri 
chloro bronoethane, 2 chloro 1 odopropane, 
3 chloro iodopropane, 3 chloro 12 dibromo 
butane, iodoethane; 2 fluoro 1,1,2,2 tetrabromo 
ethane, dichlorobromomethane, 12 dibromopro 
pane, 1 chloro 2,3 dibromobutane, 13 dibromo 
propane, chlorobronomethane, tribromo 2 
methyl pentane, 3 chloro 12 dibronopropane, 
dichlorodopropane, 1.6 diiodohexane, trichloro 
bronomethane, 1 chloro 1 iodoethane, 2 chloro 
12 bronopropane, 1,3 dichloro 2 dibromopro 
pane, fluoro 12 dibronopropane, 11 dibromo 
ethane, 2,3 dichloro-1,2 dibronopropane, 2 fluoro 
11 dichloro 12 dibronoethane, chloro-1 di 
bronoethane, 2 chloro 1 iodoethane, 122 tri 

see brono butane, 1,2,3 tribrono" butane, 1,12 
bronobutane, 12 dibromoethane, 15 diodopen 
tane, 2 brono. 2 iodopropane, 22 dichloro 1 iodo 
ethane, 1,2,3 tribronobutane, 2.2, difluoro 1 
iodoethane, 1,1 diffuoro 12 dibromoethane, 1,12 
trifiuoro 12 dibromoethane, 1 fluoro 12 dibromo 
ethane, 2 chloro-1,2 dibromoethane, methyl io 
dide, dichlor 12 dibronoethane, 12 dichloro 
12 dibronoethane, 2,2,2 trichloro 1 dibromo 
ethane, 13 iodobutane, 14 iodobutane, 2,2 di 
fluoro 11 dibromoethane, 1,2,2 tribromopropane, 
14 triiodoheptane, 112 trilbronopropane, tri 
chloro iodomethane, 22 dichloro 1, dibrono 
ethane, 3 chloro 12.2 tribromopropane, dibromo 
dichloromethane, 1,2,3 tribromopropane, 12.2 
trichloro 1,12 tribronoethane, dibrono chloro 
methane, 22 diiodopropane, chloro iodomethane, 
dichloro iodomethane, dichloro tribromobutane, 
12 diiodopropane, 1 bromo 1 iodoethane, 2 bromo 
1 iodoethane, 1,144 tetrabromobutane, methyl 
ene bromide, 1,123 tetrabrom 2 methylpropane, 
1.12 trifloro 1,2,2 tribromoethane, 13 diiodopro 
pane, 1,12 tribromoethane, 1 chloro 12 tri 
bromoethane, 1,1 difluoro 1,1,2 tribromoethane, 
112 tribromoethane, 12 dichloro 112 tribromo 

is ethane, 1, 2, 2, 3 tetrabromopropane, 2 fluoro 
1,12 tribromoethane, 1,4 dichloro 1,2,3,4 tetra 
bronobutane, 1,1,2,3 tertabromopropane, 11 di 
iodoethane, bromoform, hexabronobutane, 1,1,1,2 
tetrabronoethane, iodobronomethane, 1,12,2 

ge tetrabromopropane, 1,1,2,2 tetrabromoethane, 
. 1,1,2,2,3 pentabromopropane, diiodo chlorometh 
asse, pentabromoethane, methylene iodide, i. 
chloro 1,1,2,2 tetrabromoethane, perchlorethyl 
ene, 23 dibromopentene-2, 1,1,2,3,3,3 hexachloro 
propene-1, 2-iodopropene-i, 2 chloro i bromo 
ethene, 3-iodopropene-1, 13 dibromo 2 methyl 
propene-1, 12 dichloro-1 bromoethene, 1,2 di 
bromobutene-1, 2,2 dichloro 1 bromoethene, 2 
chloro 3-iodopropene-1, 1 chloro 3 iodopropene-1, 
12 dibromopropene-1, 3 iodopropine-1, 1,1,2 
chord 1 bromoethene, 1 iodopropine-1, 1,3 di 
bromopropene-1, 1,3 dibromopropine-1, 2 chloro 
1 iodoethene, 1 chloro 12 dibromoethene, 12 di 
bromoethene, 2 fluoro 1,1 dibromoethene, 12 di 
fluoro 12 dibronoethene, 1,2 dichloro 12 d 
bromoethene, 1,2,3 tribromopropene-1, 12 di 
iodopropene-1, 2 bromo 1 iodoethene, fluoro tri 
bronoethylene, tribromoethylene, 2,2 dibromo 
iodoethene, 12 iodoethene, iodocyclohexane, 1,2 
dibromocyclohexane, 3,4 dibromo 12 dimethyl 
benzene, 3,4 dibromotoluene, 2,6 dibromotoluene, 
25 dibromotoluene, iodobenzene, 1 iodo 2 chloro 
benzene, i3 dibromobenzene, i2 dibromoben 
zene, trichlorethylene, 4 chlorethane, and carbon 

is tetrachloride, 
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The list has been mainly directed to halogen 

ated hydrocarbons but it is to be understood 
that any liquid having the desirable qualities 
Set forth above can be used so far as the mere 
separating step is concerned. 

Kerosene, benzene and naphthalene and other 
hydrocarbons, particularly those of low boiling 
point and vapor pressure can be used as dilu 
ents to alter the specific gravity of parting liq 
uids. Metallo compounds such as mercury, or 
antimony bromide could be used at autable tem 
peratures and under other proper conditions o 
Operation. - 

The specific gravity of the parting liquid used 
will be between the specific gravities of the min 
era and gangue which are to be separated. The 
separating liquid within the tank will be covered. 
by a sheet of water or other liquid inert thereto 
which will serve the purpose of preventing evap 
oration of the liquid and of refecting parting 
liquid which gathers on the floating material 
The liquids may be so arranged as to fill the 
whole tank or to fl only a portion of the tank, 

It is advisable to design the chamber in which 
the separating actually occurs with particular 
reference to the mineral which is to be treated. 
For example, if a finely divided iron is to be 
separated from its garague, a longer chamber 
would be required in order to give all the fine 
particles an opportunity to respond to the part 
ing action of the liquid. On the other hand, 
in those cases where no rafting of the particles 
is observable and separation is quickly and con 
pletely carried out, a short chamber may be used. 
Another method of accomplishing this varia 
tion is to vary the speed at which the liquid with 
in the separating chamber travels, thereby vary 
ing the length of time which the material is al 
lowed to separate. 
The parting liquid can be of one liquid or it 

can be a mixture of completely miscible liquids 
of different specific gravities. Thus, a mixture 
of CBR4 and CEC will give a range of spe 
cific gravities from 2.39 to 1.59. This principle 
can be availed of to adjust the specific gravity 
of the liquid to one in which the middlings will 
sink at a rate most favorable for separation by 
the apparatus. This selection of specific gravity 
may be availed of to secure particular separation 
of the middlinigs in a machine provided with an 
immovable wedge. 
The velocity with which the conveyors travel 

in this apparatus determines the point to which 
the middlings will have sunk at the moment 
they contact the Wedge. Thus, by speeding up 
or slowing down the conveyors the velocity of 
the liquid can be increased and a variation in 
the slate containing middlings included with 
the coal accomplished. By speeding up the con 
veyors the liquid will travel faster, the middlings 
-will not have sunk so far and a wider percentage 
of low-coal middlings be incorporated with the 
coal. By slowing down the conveyors the parting 
liquid will travel more slowly and only the richer 
coal middlings be incorporated with the coal. 
A third method of varying the slate content of 

the coal and the coal content of the slate is by 
adjusting the point of the wedge up or down. 
Means for doing this have been described in the 
specification. 
These three methods of dividing the middling 

may be used separately, with one another, or all 
together and when so used give the very great 
est flexibility to the system. 
. This description has been more or less spe 
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cifically directed to the separation of Coal from 
its indigenous impurities. The process is not 
limited to coal, however, and it is applicable to 
the separation of minerals in general, although 
it can be readily understood, as elsewhere here 
in pointed Out, that to Secure the best results 
With a particular mineral the speed of the liquid 
medium, the density of the parting liquid, and 
the length of the separating chamber may be 
Varied. Substantially all minerals are obtained 
in their native condition in admixture with in 
digenous impurities. In some cases the mineral 
is the heavier and the gangle the lighter. In 
such case the gangue will float on the surface 
of the parting liquid and the mineral will sink 
to the bottom and be carried out by the lower 
Conveyors. In other cases, as in the case of 
coal, the reverse is true. The design of the con 
veyor system may advantageously be altered to 
accommodate the amounts of nineral and gangue 
which is to be expected with a particular proc 
ess. Another variation which must be considered 
by the engineer in treating different minerals is 
that the specific gravities of the minerals them 
Selves vary. Thus, anglesite varies from 6.1 to 
6.4; anthracite coal varies from 1.3 to 1.7 and 
bituminous coal varies from 1.1 to 1.5. Among 
the minerals which can be separated from their 
gangues by this process are the following: as 
bestos, bituminous coal, anthracite coal, chryso 
colla, garnierite, quartz, feldspar, black diamond, 
nica, fluorite, wad, siderite, calamine, rhodo 
chrosite, diamond (gen grade), cyanite, limonite, 
aZurite, psilonelane, maiachite, garnet, corun 
dum, sphalerite, willemite, chalcopyrite, Smith 
Sonite, Witherite, rutile, stannite, chronite, barite, 
tetrahedrite, ilmenite, energite, pyrrhotite, covel 
lite, pentlandite, molybedenite, braunite, pyro 
lusite, bornite, hematite, pyrite, magnetite, frank 
linite, millerite, zincite, chalcocite, culprite, 
Scheelite, anglesite, vanadate (lead), cerussite, 
heubnerite, cassiterite, Wolframite, galena, iron, 
niccolite, ferberite, cinnabar, copper (native), 
Silver, platinum, and gold. 

if any modifications of the scrubbing process 
are possible. In addition to the sprays herein 
shown, Sprays may be directed from beneath the 
Screen to assist in the Scrubbing of the coal. The 
concentrated table or rifle board can be omitted 
but its omission is inadvisable if preferred results 
are to be obtained. It has been Stated in the liter 
ature that no static means has been designed 
which is capable of separating coal size from 
wash water. It is believed that the method of 
separation which is disclosed represents the first 
successful separation of Wash liquids and Solids 
by a semi-static process. In this separation the 
rifle plate plays a valuable part by tending to 
precipitate the fines, coagulate the minute glo 
bules of parting liquid, and separate the Water. 
This, in combination with the three Weir-type 
settling tanks, makes a system of great efficiency 
from which the recovery of heavy liquid is almost 
quantitative. The weir can be omitted from the 
so-called sludge trap and the water which col 
lects in the upper layer drained off solely through 
the connected draining valves on the side thereof. 
The efficiency of the first two tanks is such that 
it is sometimes possible to omit the sludge trap 
and direct, the sludge from the first two tanks 
directly to the still for steam distillation. 
Any satisfactory method of distilling may be 

used to remove the heavy liquid from the sludge. 
The one illustrated is shown because it produces 
excellent resultS. m 
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The condenser of radiator type is an installa 

tion the cost of which is about one-tenth that of 
a standard condenser system capable of handling 
an equal quantity of condensate, and which saves 
enormous quantities of water, 
The Coal may be given any available pretreat 

ment, e. g. prewetting, before being entered in 
this apparatus. 
The cooler whose function is to reduce the tem 

perature of the condensate is of standard design 
and construction. It is shown diagrammatically 
as a sleeve about the pipe which connects the 
condenser 9 with the water separator 96, the 
sleeve being closed at its ends and provided with 
an inlet toward one end and an outlet toward 
the other end for a stream of cooling liquid, 
In the water separator the parting liquid and 

Water, being immiscible and of different specific 
gravities, separate out. The parting liquid is run 
to the storage tanks and the water is preferably 
returned to another section, for instance, the 
main settling tank. . 
The storage system shown, wherein a new 

liquid tank overlies a used liquid tank, is a con 
venient one but not essential to the process. 
Other Systems of storage could be used. Most 
such Systems, however, would involve the prin 
ciple of adding fresh liquid to the used liquid as 
ineeded. The addition of new to used liquid may 
take place in the separating tank, in the storage 
tank, or elsewhere as the engineer sees fit. 

In actual operation the system is in almost 
perfect balance. Substantially all the water used 
is recovered and returned to the system, and 
Substantially all the parting liquid used is re 
turned to the system. It may be stated with 
complete accuracy that the System requires a 
minimum of attention, and a minimum of Oper 
atting fluids and yields results which are equal to 
or better than those which have heretofore been 
considered theoretically possible. For example, 
in Taggart “Handbook of Ore Dressing” the 
statement is made that the standard use in the 
laboratory for determining that degree of sepa 
ration which utilizes the last useful quantities 
of coal and eliminates the last Seless quantities 
of Slate is the sink and float method as performed 
in a beaker. Taggart also states that that perfec 
tion of separation is impossible of attainment, 
and his statement was correct as applied to all 
previous systems.By virtue of the development 
of this process and apparatus, however, the per 
fection of separation which Taggart mentions as 
attainable in a beaker is accomplished on a con 
inercial seale. 
An advantage of this invention as a whole is 
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that there has been produced a coal cleaning, 
process based on the use of a parting liquid 
which is capable of competing with the highly 
developed processes previously used in the art. 60 
Another advantages of the invention is that, by 
the processes set forth, the losses of expensive 
separating liquid are reduced to a point that 
makes the process commercially feasible and 
actually, makes it considerably leSS expensive 
than the older processes. Another advantage of 
the invention is the rapidity with which the 
process can be operated with Satisfactory results. 
A unit having only four square feet of separating 
surface was tested for speed and Satisfactorily 
separated 140 tons per hour, its capacity being 
then limited by the capacity of the conveyors 
which were working at utmost capacity and could 
not handle a higher rate. The ultimate Capacity 
of the system is at present unknown. With nor 
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14 
mal comparatively leisurely speeds of operation 
its capacity is ten times that of any previous sys 
ten, comparison being made on a basis of sepa 
rating surface areas. 
Coal may be prepared by this process with any 

degree of ash content the Operator desires, some 
thing which no previous process has ever accom 
pished. Beretofore systems of coal cleaning had 
made a rough division between coal and slate 

O but the percentage of coal in the slate and the 
percentage of slate in the coal varied from minute 
to minute. The idea of producing coal of stand 
ard ash content was a desideratum without a 
means of obtaining it. 85% eficiency has been 

ls considered good for coal cleaning processes and 
many of the mountainous waste banks found in 
the coal regions contain 15% to 35% of usable 
fuel. By our invention these waste plies may be 
profitably reclaimed. No previous method was 

so capable of economically extracting the coal from 
such waste piles. 
As many apparently widely different embodi 

ments of this invention may be made without 
departing from the spirit and scope thereof, it 

as is to be understood that we do not limit ourselves 
to the specific embodiments thereof except as 
defined in the appended claims. 
We cairn: 
1. In a mineral separation process performed 

30 generally out of contact with the atmosphere, the 

70 

5 

steps of separating mixed mineral-containing 
materials of different specific gravities by in 
mersing them in a parting liquid of interme 
diate specific gravity comprising a halogenated 
hydrocarbon, removing the separated constituents 
from the parting hiquid, scrubbing the separated 
constituents with an aqueous scrubbing liquid, re 
moving the scrubbed materials from the process, 
agglomerating suspended solids and heavy liquids 
in the used scrubbing liquid, dividing the used 
scrubbing liquid into watery and heavier portions, 
settling heavy constituents out of the said watery 
portion, returning the water from the settling 
step to the said scrubbing step for reuse, com 
bining the sludge from the parting step with the 
said heavier portions and said heavy constituents, 
dividing the relatively clean heavy liquid from 
the said combination of sludge and heavy frac 
tions for reuse in the parting step of the said 
process, and distilling the parting liquids out of 
the residue. 

2. In a mineral separation process performed 
generally out of contact with the atmosphere, 
the steps of separating mixed mineral-containing 
materials of different specific gravities by in 
mersing them in a parting liquid of intermediate 
specific gravity comprising a halogenated hydro 
carbon, scrubbing the separated constituents with 
an aqueous scrubbing liquid, removing the 
scrubbed materials from the process, dividing the 
used scrubbing liquid into watery and heavier 
portions, setting heavy constituents out of the 
said watery portion, returning the Water from 
the setting step to the said scrubbing step for 
reuse, combining the said heavier portions and 
aid heavy constituents, settling the sludge out 
of the said combination, dividing the said com 
bination into sludge and liquid, and distilling the 
parting liquids out of the sludge. 

3. In a mineral separation process performed 
generally out of contact with the atmosphere, the 
steps of separating mixed mineral-containing 
materials of different specific gravities by im 
mersing them in a parting liquid of intermediate 
specific gravity comprising an organic liquid, 

2,150,899 
scrubbing the separated constituents with an 
aqueous scrubbing liquid substantially insoluble in 
the parting liquid, removing the scrubbed mate 
rials from the process, dividing the used scrub 
bing liquid into watery and heavier portions, 
settling heavy constituents out of the said watery 
portion, combining the said heavier portions and 
said heavy constituents, settling the sludge out 
of said combination and dividing the liquids 
therefrom, and distilling the parting liquids out 
of the sludge. 

4. In a mineral separation process performed 
generally out of contact with the atmosphere, 
the steps of separating mixed mineral-containing 
materials of different specific gravities by im 
mersing them in a parting liquid of intermediate 
specific gravity; scrubbing the separated con 
stituents with an aqueous scrubbing liquid sub 
stantially insoluble in the parting liquid; sepa 
rating the parting liquid and sludge from the 
used scrubbing liquid by settling and decantation; 
returning the cleansed scrubbing liquid to the 
scrubbing step for reuse; and recovering parting 
liquid from the separated parting liquid and 
sludge by sludge distillation. 

5. In a mineral separation process performed 
generally out of contact with the atmosphere, the 
steps of separating mixed mineral-containing 
materials of different specific gravities by in 
mersing them in a parting liquid of intermediate 
specific gravity comprising an organic liquid, 
scrubbing the separated constituents with an 
aqueous scrubbing liquid substantially insoluble 
in the parting liquid, removing the scrubbed ma 
terials from the process, removing the solds and 
heavy liquid from the used scrubbing liquid by an 
agglomeration and at least two settlings, and 
removing the heavy liquid from the sludge by 
settling and by distillation of the sludge. 

6. In a mineral separation process performed 
generally out of contact with the atmosphere, the 
steps of separating mixed mineral-containing 
materials of different specific gravities by in 
mersing them in a parting liquid of intermediate 
specific gravity comprising an organic liquid; 
scrubbing the separated constituents with an 
aqueous scrubbing liquid substantially insoluble 
in the parting liquid; preparing the scrubbing 
liquid for reuse by agglomerating the solids and 
parting liquid, separating the watery from the 
agglomerate portion by decantation, settling ad 
ditional suspended matter out of the Watery por 
tion, separating the settled matter from the rela 
tively clean scrubbing liquid, and returning the 
scrubbing liquid to the scrubbing step. 

7. In a mineral separation process performed 
generally out of contact with the atmosphere, the 
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steps of separating mixed mineral-containing 
materials of different specific gravities by im 
mersing them in a parting liquid of intermediate 
specific gravity comprising an Organic liquid; 
scrubbing the separated constituents with an 
aqueous scrubbing liquid substantially insoluble 
in the parting liquid; removing the scrubbed ma 
terials from the process; and recovering the part 
ing liquid for reuse by settling it out of, and 
dividing it from, the aqueous scrubbing liquid; 
and dividing it from admixed solids by settling, 
decantation of the liquid, and distillation of the 
solids. 

8. Apparatus for the processing of minerals, 
being generally hermetically sealed, which com 
prises means to admit to the apparatus the min 
erals which are to be processed and means to 
withdraw processed materials from the appa 
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said tanks having means to separate the agglom ratus; means to separate the mineral from ac 

companying impurities by flotation in a liquid of 
intermediate specific gravity; means to Scrub the 
so-separated materials with a liquid; means to 
transport the materials from the separating to 
the Said scrubbing means; means to clean the 
liquid used for Scrubbing the said materials COm 
prising an agglomerator which operates upon the 
said used liquid and a series of at least two Set 
tling tanks which operate to retain agglomerated 
and settled materials, means to transport the 
liquid from tank to tank, and means to return 
the cleaned scrubbing liquid to the scrubbing 
means for reuse; means to recover used parting 
liquid from the process which comprises a sludge 
Settling means, means to transport the materials 
in the bottoms of the said separating means and 
the said series of settling tanks to the said sludge 
Settling means, means to withdraw clarified liquid 
from the said settling means, a still, means to 
transport the settlings from the said settling 
means to the Said still; means to receive the 
distillate from the said still, and means to remove 
the Solids from the still after the distillation. 

9. Apparatus for the separation of minerals 
from materials of different specific gravity being 
in general hermetically sealed, which comprises 
means for treating the mineral, involving in series 
means for Separating the mineral from its im 
purities in a liquid of intermediate specific grav 
ity, and means for removing the said liquid of 
intermediate specific gravity from the surface of 
the SO-separated materials by washing with Wa 
ter; means to clean the Washing Water comprising 
in series an agglomerator, and two settling tanks, 
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erates and settled matter from the Water by de 
cantation, and means to return the cleaned water 
to the said washing means; and means to recover 
the parting liquid from the Said agglomerated 
and Said Settled matter comprising in Series a 
Settling tank having means for decantation of 
clean parting liquid, and a still for the distillation 
of parting liquid from the settled matter in the 
said settling tank. 

10. Apparatus for the Separation of minerals 
from materials of different specific gravity being 
in general hermetically sealed, which comprises 
means for treating the mineral, involving in series 
means for separating the mineral from its im 
purities in a liquid of intermediate specific grav 
ity, and means for removing the said liquid of 
intermediate specific gravity from the surface 
of the so-separated materials by Washing with 
water; and means to clean the Washing water 
comprising in series at least two settling tanks; 
means to flow the Washing water from tank to 
tank and to return the cleaned Water to the Wash 
ing means for reuse; and means to recover the 
parting liquid from the said means for cleaning 
the washing water Which comprises in series a 
settling tank to receive the materials removed 
from the said Washing Water, and a still to re 
move heavy liquid from the matter which was 
settled out of the heavy liquid in the said settling 
tank. 

HENRY L. ALEXANDER. 
HUBERT I. Du PONT. 
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CERTIFICATE OF CORRECTION. 
Patent No. 2,150,899. March 21, 1959. 
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