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Our invention relates to improvements in ore
dressing apparatuses and processes.
plicable especially.to the cleaning of coal but may
be applied to the treatment of other comminuted
materials. :

There is an increased interest in the treatment
of very large capacities and at the same time the
necessity of producing a very accurate separation
of coal or other material from refuse remains of
the utmost importance. .

Experience has taught that those apparatuses
and processes which produce 2 satisfactorily ac-
curate and close separation invariably require

- small capacity apparatuses, and so if large vol-
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5 umes of material are to be treated, the installation -

cost, the space required, the power required, and
the labor cost, becomes very high. On the other
hand, if devices having large capacities are used,
then inaccurate separation results and either an
inadequately cleaned material is obtained or else
a disproportionately large amount of recoverable
and useful material is discharged with the waste.

We propose, therefore, to treat coal and similar
materials on an apparatus embodying a method
of treatment which will give very large capacity,
and we will make the separation between coal and
waste so high that there will be nothing but pure,
clean coal discharged as the finished product.

The result of this is that a tremendously large

proportion of coal passes out with the waste. We
propose then to treat the waste, which in.this
case will be very rich in coal, though in volume it

will amount to a comparatively small proportion

. of the total, by @ separate process on a separate
apparatus of a totally different character which
will make a close separation. -

1t will be understood that the material to be
treated will come to the apparatus under ordinary
circumstances with a minimum of size classifica-
tion and will continue through the two stages of
the process in a generally unsized condition. If
desired, however, we will, after the refuse has
been treated in the final treatment stage, classify
as to size some of that refuse, crush it down'to a
smaller size and retreat it in the same final treat-
ment stage. Thus, while there will be under
"these circumstances a minimum of recirculation
in the final stage, that recirculation will only ap-
ply to relatively large particles which will be
crushed before recirculation. As a result of this,
no patticle will ever be recirculated more than

" once and only the larger particles will receive
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recirculation at all.
This is of the utmost importance in view of the
fact that when an effort is made to compensate

for the inaccurate separation of large capacity

plants by frequent and continuous recirculation,

 a thoroughly unsatisfactory product ensues, hoth

because of degradation giving an inordinately
large amount of sludge and because of the fact

It is ap--

that the large pieces, having been recirculated,
even if not completely broken up, have the edges
rounded off and made much less merchantable.

We propose in general then to submit coal and
_similar material first to a high capacity rough
separation by means of a liquid stream wherein
the separating liquid and the material being
treated travel together in the same general direc-
tion at high velocity, stratification taking place in
a trough washer. The upper strata, containing
pure coal, will be discharged as a finished product.
The lower strata, containing refuse and a large
amount of coal, will then be subjected to a
separate treatment in a zone and in an apparatus
where liquid is used, but where the liquid im-
pinges upon the stream of material to be treated
in such a way that the liquid and the material
travel generally at right angles one to another.
From this zone may be withdrawn three products.
One, a pure refuse product which is discharged
without further treatment. Another, a pure coal
product which is discharged without further treat-
ment, and-a third a middings product which will
then be screened, the smaller particles being dis-
charged as’ refuse, the larger particles being
crushed and reduced in size, which crushed ma-
terial will then be recirculated through the
second treatment zone only and will thereafter be
discharged as refuse and coal without the possi~
bility of further recirculation.

Our invention is illustrated more or less dia-
grammatically in the accompanying drawings,
wherein: B i . .

Figure 1 is a side elevation in part section of
an apparatus adapted to carry out our process;

Figure 2 is a plan view; and ‘

Figure 3 is a section along
Figure 2. ’

Like parts are designated by like symbols
throughout the specification and drawings.

{ is a trough conveyor conveying the coal, or
other material to be treated, to and discharging
it into the hopper 2 whence it flows through the
chute 3 across the apron 4 in the trough §. 6 is
a water pipe controlled by the valve 1 discharging
water through the nozzle 8 into the trough
beneath the apron 4 so that as the stream of coal
passes down over the apron it meets a stream-of
water coming from beneath the apron and the
coal and water travel together in the same general
direction down the chute 5. The chute §
ported for angular adjustment at 9. 10 is a
trough washer, of any suitable type, it may, if
desired, have a longitudinal dividing wall or dam
13 along its floor, which wall may also be found,
if desired, in the chute 5. Its sole purpose is to
constrain the stream of coal and water to general-
1y parallel lines and discourage zigzag or Cross flow
in the trough.

In the floor of the trough

the line 3—3 of

ii extending clear

is sup-
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across the trough are two refuse discharge ports
{4, I5. There might be one or there might be
more than two, depending upon the capacity
desired, the characteristic of the coal and the
like. Each of these ports is associated with suit-
able control and delivery elements.

{6 is a barrage at the upstream edge of the
port.

{8 is a floor extending downwardly and rear-
wardly inclined from the upstream edge of the
port. It terminates in a cylindrical portion 19
and a rearwardly extended portion 20 communi-
cating with the elevator hopper 21.

Extending upwardly from one side of the ele-
vator hopper 21 is an elevator boot 29 containing
a bucket elevator 30, which bucket elevator ex-
tends above the trough {8 and discharges into
a chute 31, which in turn discharges into a
trough 32. If there is more than one port I8
and more than one elevator, each elevator sim-
ilarly discharges, as indicated in Figure 1, into
the trough 32. 33 is a chute in continuation of
the trough 10 through which the cleaned coal
from the upper strata of the trough is discharged
as a finished product.

The elevator hoppers 21 and boots 29 are water
tight and they are kept supplied with water from
the trough 10. Under ordinary circumstances,
no make-up water is required, but if it should
happen that the elevators carrying refuse and
some water out of the trough carried enough

to cause a downward current of water through .

the ports 14 and 15, then make-up water to pre-
vent this may be added from a pipe 34 controlled
by a valve 3§ discharging into each hopper 29
adjacent its lower end, because it is sometimes
desirable that the water below the wash trough
10 be static without any upward or downward
current. '

As the refuse and coal travel down the trough
5 in the same general direction at high velocity,
stratification will take place, the heavier par-
ticles seeking the bottom of the trough, the
lighter particles stratifying themselves above the
heavier. In this particular instance, the coal at
the top and the refuse at the bottom. If we
were treating iron ore it would be the other way,
and the refuse would be at the top and the iron
ore at the bottom. In any event, the heavy ma-
terial seeks the bottom and dams up behind the
barrage 16 to some extent. The height of this
barrage is determined empirically depending
upon the conditions of operation, and tends to
deflect the water stream and the coal and refuse

particles in it upwardly away from the floor of.

the trough. The lighter particles will be more
responsive to this deflecting action than the
heavier, and so the downstream barrage T will
be adjusted, to catch the under strata and deflect
the refuse into the port 14, allowing the coal to
pass over. If one port only is used, the barrage
1T will be set so high that all the retuse particles
will be intercepted and only coal will pass over.
On the other hand, if there are more than one
port, as shown in Pigure 4, there are two, the
upstream barrage 17 will be set in such position
that some refuse and coal wili pass over it. The
refuse will further bank up behind the down-
stream barrage 16 and the second barrage 17 will
be set high enough so that only coal will pass
over and refuse will pass through the port 15,
and the same thing will continue if more than
two ports are used. . ’
Once the refuse has been caught by the bar-
rage 17, it must be removed, and it must be re-
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moved at a rate substantially as rapid as the
rate at which the barrage catches it because
otherwise if it is removed too fast too much coal
will come out and if it is removed too slow, the
refuse will pile up and be washed over the bar-
rage (1.

Mounted for convenience on cross frames 36
associated with the cover 12 of the trough washer
10, is a reduction gear motor 37 which drives a
variable speed control gear 38 which in turn
through belt 39, gear 40, pinion 41, belt 42 and
gear 43 drives the star wheel gate 24. The oper-
ator, by manipulating the variable speed control
gear 38, may control the rate of speed at which
the star wheel operates and so control the rate
at which refuse is discharged through the gate
14 because the star wheel 24 offers when at rest
a positive obstruction to flow through the port
14, The elevators 30 in the boots 29 are driven
by motors 44, belts 45 and pulleys 46, and it is
necessary that these elevators be driven only at
such a speed as will be sufficient to take the
maximum amount fed to the hopper 2{ by the
star wheel 24.

The chute 32 conducts the refuse discharged
from the elevators 30 to a jig washer 45. There
will ordinarily be enough water elevated with
the refuse by the conveyors 30 to insure the flow
of the refuse along the chute 32 to the jig. If
necessary, however, an additional water supply
may be provided from pipe (46 controlled by
valve 4T1. The refuse is discharged from the
chute 32 into the water bed of the jig ang travels
in the direction of the arrows in Figure 2 across
the air cells 48, 49. These air cells are closed at
their upper extremeties by perforated or screen
floors 50, 54. An adjustable barrage 52 is inter-
posed between the floors 50 and 51. The floor

50 slopes downwardly in a direction opposed to -

the flow of the refuse. The floor 51 is generally
horizontal. The solid material is stratified on
these floors with the refuse seeking the lower
strata and the coal the upper. The general
direction of travel is from the right to the left
in Figure 1 and the coal and some of the refuse
travels over the barrage 52, the final separation
taking place on the floor 5I. The refuse caught
by the barrage 52 on the floor 50 passes out
through the port 53 controlled by a star wheel
gate 54, discharges into the elevator boot 55
where the elevator 56 carries it up above the
water level, discharging it into a hopper 57
whence it runs off as finished refuse through a
chute 58, no further treatment for this refuse
being contemplated. The coal of the upper
strata is discharged from the floor 5i through a
coal chute $9 and may be mixed with the coal
discharge through the chute 33 if desired. The
refuse, sinking to the bottom along the floor 51,
together with a certain amount of bone coal,
passes out through the port €8 controlled by a
similar star wheel gate 61, is discharged into the
elevator boot 62, raised by the elevator 63, is dis-
charged into a hopper 64, travels over a- screen
65, the fines being discharged as refuse without
further treatment. The material which fails to
pass through the screen 65 passes through a
crusher 66, travels along a chute 67, back to the
chute 32, and is recirculated. Thus only that
refuse larger than a predetermined minimum is
recirculated and it is crushed before recircula-
tion down to such a size that upon its next pas-
sage through the machine it will pass through
the screen and escape.

The pulsation of the water column in the cells
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48 and 49 is caused by automatic control valves
68 which are supplied with air from an air
chamber 69. Manual control valves 70 are inter-
posed between the pulsating valve 68 and the
air chamber, It will be understood that each of
these valves 68 admits air into a chamber 11 on
one side of the jig. Air is alternately admitted
and released from those chambers. When it is
admitted under pressure it forces the water up.
When it is released the upward movement of the
The result of this is that there
is a pulsating effect of .the water applied directly
to_the sheet of coal traveling over the screened
or perforated floors at the under sidejof the coal
bed. This pulsating effect of the” water only
forces separating and floating streams of water
upwardly through the bed and insures strati-
fication, and thus the coal in its passage through
the apparatus is first subjected to a separating
effect in the trough washer wherein water and
coal travel in generally the same direction, and
then is subjected to a separating effect wherein
the water and coal travel generally at right
angles, the first treatment being a large capacity
generally Inaccurate treatment and the second

"treatment being a small capacity highly accurate

separation. - . o _
the claims we have

- referred to coal and refuse merely for the sake

30

_of convenience and because it happens that this

- process and apparatus has been successfully used
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on coal. It will be understood of course, however,
that the process and apparatus is equally appli-
cable to the treatment of any kind -of material
which can be gravitally separated, and sometimes:
the lighter material is the value and the heavy

- material refuse, as in the case of coal, and at
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other times, for instance if we are dealing with
iron ore or lead or zinc or any other metalliferous
ores, the values are the heavy materials and the
refuse are the lighter materials. : Of course the
relative sizes and capacities of -the conveyors,
ports, and gates to handle the refuse and the

" values will be changed in design to take care of
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proportional differences in volume and weight,

and the illustration by means of a coal handling
apparatus and the use of language especially
pertinent to coal treating is merely for the sake
of convenience and it is understood that that
language is not intended to specifically limit the
claims to a coal treating apparatus. -

It will be understood, also, that the crushing
and recirculating step may be omitted. Under
some circumstances it is desirable, in other cases
it is not necessary.

By the term “pure refuse and pure coal” as
used in the specification and claims, we do not
of course mean to refer to chemically puré refuse
and coal. We are using the term in the way in
which it is used in the art. Clean coal or pure
coal means coal which is sufficiently free of ash

. to be commercially satisfactory for the condi-
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tions under which it is used. Pure refuse or clean
refuse means refuse wherein the amount of coal

passing out is reduced to a satisfactory minimum. -

We clalm: , o

1. The method of gravitally separating com-
minuted solids which consists in discharging a
continuous stream of the material to be sepa-
rated into and through a primary treatment

’ zone, there subjecting it to the stratification

effect of liquid flowing in the same general

3

direction as the solids, discharging the lighter
solids alone from the upper strata in the sepa-
ration zone, and withdrawing. the heavier solids
mixed with lighter solids from the lower strata
thereof, conveying the mixed heavy and light

solids to and through a secondary downwardly .

inclined treatment zone, and there subjecting
them to the stratification effect of liquid pul-
sating in a direction generally at right angles
to the direction of travel of the solids through
the .secondary zone, discharging the lighter sol-
ids alone from the upper strata and withdrawing
the heavier solids mixed with lighter solids from

_the lower strata, screening the mixed heavy and

light solids and discharging the undersize from

. the system, crushing the oversize solids and re-

circulating them through the secondary treat-

ment zone. ] .

9. The method of gravitally separating com-
minuted solids which consists in discharging a
continuous stream of the material to be sepa-
rated into and through a primary treatment
zone, there subjecting it to the stratification
effect of  liquid flowing in the same general
direction as the solids, discharging the lighter
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solids alone from the upper strata in the sepa- -

ration zone, and withdrawing the heavier solids
mixed with: lighter solids from the lower strata

‘thereof, conveying the mixed heavy and light
solids to and through a secondary downwardly

inclined, treatment zone, and there “subjecting
them to the stratification effect of liquid pul-
sating in a direction generally at right angles
to the direction of travel of the solids through
the secondary zone, discharging the lighter sol-
ids alone from the upper strata, withdrawing
the heavier solids alone from the lower strata
in the upstream portion of the secondary treat-
ment zone, withdrawing the heavier solids mixed
with lighter solids from the lower strata of the
downstream portion of the secondary treatment
zone, :

3. The method of gravitally separating com-’

minuted solids which consists in discharging a
continuous stream of the material to be sepa-
rated into and through a primary treatment
gonhe, there subjecting it to the stratification
effect of liquid flowing in the same general
direction as the solids, discharging the lighter

solids alone from the upper strata in the sepa-

ration zone, and withdrawing the heavier solids
mixed with lighter solids from the lower strata
thereof, conveying the mixed heavy and light

. solids to and through a secondary downwardly

inclined treatment-zone, and there subjecting
them to the stratification effect of liquid pul-
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sating in a direction generally at right angles -

to the direction of travel of the solids through

" the secondary zone, discharging the lighter sol-

ids alone from the upper strafa, withdrawing
the heavier solids alone from the lower strata

" in  the upstream portion of the secondary treat-
ment zone, withdrawing the heavier solids mixed.

with lighter solids from the lower strata of the

downstream portion of the secondary treaiment

zone, screening the mixed heavy and light solids
and discharging the undersize from the system,
crushing the. oversize solids and recirculating
them through the secondary treatment zone.
NELSON L. DAVIS, '
JAMES D. 8. DRINKWATER.
THOMAS O, CARLISLE.
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