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To all whom it may concern:

Be 1t known that I, Oscar M. Kucus, a
citizen. of the United States, residing at
Anaconds, in the county of Deerlodge and

State of Montana, have invented certain new

and useful Improvements in Centrifugal
Slime-Separators, of which the following

15 a fully clear, and exact description, refer-

- 10

ence being had to the accompanying draw-
mgs, forming a part hereof.

My invention has relation to improve-
ments in centrifugal slime separators: and
1t consists 1n the novel arrangement and
combination of parts more fully set forth
i the specification and pointed out in the

claims., . . |

In the drawings, Flguré 1 1s a vertical

longitudinal section on the line 1—1 of Fig.

- 2 showing one form of my separator; Fig.
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2 1s an edge view "of .the same: Fig. 3 is a

l;i;rizon@lsection on the line 3—3 of Fig. 1;
Fig. 4 is an enlarged middle longitudinal

section of the discharge plug and nipple;

Fig. 5 1s a side view of the screw-cap de-

tached; Kig. 6 is a front view of the plug,

nipple and screw-cap assembled; Fig. 7 is a
top plan of a modified .form of separator
showing a cluster of arms on the order of
those shown in Figs. 1, 2, and 3; Kig. 8 is
a vertical -longitudinal section on the line
8—8 of Kig. 9 showing ancther modification

of my invention; Kig. 9 is an 'edge view of

said modified form; Fig. 10 is 2 top plan

thereof; I'ig. 11 is a top diagrammatic view

of u separator showing a cluster of arms
on the order shown in Figs. 8, 9 and 10;
IF1g. 12 1s a vertical middle section on the

line 12—12 of Fig. 13 of 'a still further

modification; and Ifig- 13 is an inside plan
of one of the sections or truncated cones en-
tering nto the construction of this last modi-
fication. | |
~The object of my invention is to construct
a centrifugal machine for the purpose of
treating ore slimes with a view of separating
the crystalline or sandy constituent of the
slime from the amorphous or colloid coni-
ponent, the sandy component as is well un-
derstood carrying practically all the me-
tallic values and being amenable to treat-

ment and concentration by prevailing meth-

ods (such' as jigs, tables, vanners), the

amorphous colloid mass which is mainly™

composed of clay, hydrated silicates, and
oxuds, bemg either discarded or subjected

b —

[ to special treatment for the recovery of

whatever values 1t may possess. The pres-
ent machine however, is not limited to the
treatment of ore slimes, but the same may be
avatled of for the separation of crystalline
trom collotdal material in the preparation
of clays for pottery works where it becomes

necessary to remove fine sands when mixed

with the clay. |

A further object is to provide a machine
which will effect the foregoing separation at
low cost, both as te power consumption and
repalrs, one possessing & maximum effi-
ciency, one which combines the principle of

direct settling by centrifugal force, and sub-

sequent classification i the presence of the
same force, and in which the classified ma-
terial 1s discharged from the periphery of

the machine at substantially the velocity of

the machine at such periphery but in oppo-
sition to the divection of rotation of the
machine, whereby the discharging stream
will fall “* dead ”, all energy of motion hav-
ing been expended therefrom as it leaves the
Imachine. '

The machine contains features the ad-
vantages of which will be better apparent
from a detalled description of the invention
which 1s as follows:— |

Referring to the drawings, and for the
present te If1gs. 1 to 6 inclusive, S represents
the intake or supply section of a hollow ro-
tatable shaft, or pipe, and S’ the discharge
secticn, the respective shaft sections being
guided and supported in the bearings B, I3,
and rotated by a pulley I from avhich leads

a belt 1} to any suitable source of power (not

shown.) The 1ntake section S derives its
supply from' a stationary supply pipe C,
which terminates in a stuting-box E for re-
cetving the upper end of the shaft-section S.
The adjacent ends of the respective shaft
sections terminate 1n, or have formed there-

with, hollow bosses ¢ to the terminal flanges

of which are bolted the arms or branches b,
¢ of an angular or bent pipe, conduit or con-
tainer, the slope of the surfaces of the walls
of the respective branches on which the
sands are deposited approximating an angle
slhightly 1n excess of, or not less than, the
angle of repose of the separated sandy con-
stituent of the slime or pulp treated (sub-

“stantially 35 degrees as indicated) this angle

being obviously the complement .of that

- which the outer sloping walls of the conduit
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branches make with a plane at right émgles !

to the axis of rotation of the shaft S, 5.
Located respectively at the discharge and 1n-
take ends of the shaft-sections S, 87, and

reaching to the bosses ¢, are deflecting plates

or distributers 1, 1, for properly directing
and proportioning the flow of the pulp nto
the branches 0, b, from the- section S, and

into. the section S’ from the branches ¢, ¢.

Between the bosses a, @ of the respective

- shaft sections is a tubular brace 2 preferably

made of two terminally flanged sections
bolted together to add stiffness and rigidity
to the apparatus. At the line o convergence
or angle of the outer walls of the conduit-
branches b, ¢ is screwed the countersunk end
of the hollow plug 8 the outer end of which
is closed by a screw-cap 4 upon removal of
which access may be had to the inside of the
plug. Formed in the peripheral or side wall
of the plug is an opening which receives the

~discharge nipple 5 projecting a slight dis-
“tance beyond the plug-wall as shown to best

advantage in the detail in Fig. 4. The pas-
sage of the nipple 5 flares inwardly and 1s
rounded off to reduce the friction of the es-
caping water. and concentrates and thereby
insure a maximum quantity of discharge.

‘The longitudinal axis of the passage of the

nipple is perpendicular to the longitudinal
axis of the plug, the latter axis being
radial to the axis of rotation of the hollow
shaft S, S’. The passage or opening of the

nipple from the point of beginning of the
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" flow being properly apportioned through the |

inner flaring portion to the outer end of the
nipple has a ratio of length to the average
diameter of the cross section of the passage
of about 4 to 1, though it may vary from
between 2% and 4, to 1, this type of nipple
discharging about 97 per cent. of the theo-

seeical quantity indicated by the formula

Q= \/ZQH X &,

where Q. isthe quantity of water discharged,
the acceleration due to gravity, H, the
height of the water column, and « the area

of the hole through which the water is dis- |

charging. This' percentage however, 1in-
creases to approximately 98 per cent. by the
time the opening in the nipple has worn
slightly conical as shown by the dotted lines
2, ¢, 10 IN1g 4.

The operation of the machine and the
principle of that operation may be readily
described in connection with the simple form
of the invention illustrated in the hgures
thus far alluded to, namely, Ifigs. 1, 2, 3, 4,
5 and 6, and is substantially as: foilows:—

Rotation being imparted to the machine

through the medium of the drivinig pulley
P during the passage of the pulp from the
shaft section S to the shaft section S
through the bosses @, and arms b, ¢, of the
angular conduit or pipe (the quantity of the

current “rises” (

043,083

arms by the distributers 1, 1), the solid con-

tents of the stream will be projected toward
the periphery of the conduit, the heavier or
sandy component accumulating against the
outer. inclined wall of the outflowing branch

b, sliding along the inner surface of said .

wall toward the discharge nipple 5, the ma-
chine being rotated in a direction contrary

70

to the direction of discharge from said nip-

ple, which discharge is substantially at right
angles to a radial line extending -from the
axis of rotation of the shaft S, S, or tan-
oential to such rotation. For convenience
the arms 0, b-are termed the outflowing
arms, and the arms ¢, ¢ the return or intiow-
ing arms since the respective arms conduct
the pulp first away from the shaft and then

‘back toward the shaft. The angle or point

of convergence between the arms or branches
¢, ¢ may be termed an elbow. In the arm 0
a direct settling takes place as a result
of centrifugal action, the sands being, as
already stated, projected against the outer
wall of said arm as far as the elbow. Adfter

the pulp makes a turn at the elbow it flows

toward the shaft through the branch ¢, that
is it flows in opposition to the centrifugal
force, on the order of a “rising” current in
a gravity classifier, so that the arm ¢ acts as
a classifier, the sands “falling” or being
projected against an opposed or *rising”
current (the current flowing toward the
shaft in oppesition to the centrifugal force
developed by the rotation of the machine).
Only those particles which “fall” (or are
projected through) more rapidly than the
or flows in opposition to
the centrifugal force'developed) settle out,
while those particles which “fall” more
slowly than the current “rises” are carried
out at the discharge end or shaft section ’.

It thus follows that separation of the safids
takes place in the outflowing branch & (or
what would be the equivalent of a descend-

ing branch in a gravity machine) by direct
settlement, whereas separation in the return
or inflowing branch ¢ (or what would be the
equivalent of a rising branch in a gravity
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machine) takes place by classification, - the

separated sands being discharged through
the nipple-5 tangentially and in opposition
to the direction of rotation imparted to the
machine. The rate of feeding the pulp or

slime water into the machine with a given

rate. of rotation, determines the extent to
which the sands will be removed from the
slimes.

It is of course, desirable to rediuce to a
minimum the lost power attending the dis-
chiarge of the sands or material from the
periphery of the machine, and this 1s ac-
complished not enly by discharging the samc
in opposition and tangentially to the direc-
tion of rotation of the machine, and regu-
Iating the feeding of the slime according to
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- speed at the point of discharge. The
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the. speed of rotation, but by lmprovising a | Or,lby tran‘spoéition we have

‘nipple which will discharge the material at

a rate substantially equal to the peripheral

pose of the specific construction of the nip-
ple and its supporting plug will be reférred

to after explaining the theory of the ‘tan-

gential discharge availed of in the present
machine. In a centrifugal separator such
as here described in which the water column
extends continuously from the axis of rota-
tion to the discharge opening for the sand
pulp, the average centrifugal force exerted
by a unit of weight of water uniformly dis-
tributed from the shaft to the discharge plug

1s 3+ F, F being the centrifugal force which .

a unit of weight of water would exert if

concentrated at the plug. The average cen-

trifugal force or { F, multiplied by R or the

radius at the plug gives the height of the

water column which would be required to
counterbalance the pressure induced in the
machine as a resplt of the centrifugal action.
It we assume water discharging through a
short tube with a discharge coefficient of 1
under a head of 3 FR, the velocity of dis-
charge will be given by the formula

V=+"2¢H

in which V is the velocity in feet per second,
g the aceeleration due to gravity in feet per

second, and H the head of water. (The
quantity | |

. v
1s equal to V in the equation
| ' Q=+v2¢H X a
previously referred to). If in the equation
| V=+v2gH, ' )
we substitute for H the value § FR, we get
V="2ER or V- vgFR

which shows the theoretical ‘velocity of dis-
charge 1n a centrifugal machine at the end
of the radius R. We know however, that
the centrifugal force is equal to the mass
times the square of the velocity divided by

the radius, and since the mass of a body is

equal to its. weight divided by gravity, the
centrifugal force may be expressed by the
formula o | '
p_MV:_WV?
. R 4R

in which F is the centrifugal force in units
of weight W, V, the peripheral speed in feet
per second, R the radius in feet, and ¢ the
acceleration m feet per second. due to orav-
ity. If we assume W as unity we have

| HVZ
K e

pur- |

tible of many modifications.

 V?=gFR or V=+v/¢gFR.
This last equation |

- V=vgFR
corresponds to the first equation

V= v gFR,

showing that the theoretical velocity of dis-
charge from the periphery of a centrifugal
separator as described is equal to the periph-
eral speed at that point. It follows there-
fore that if the stream which discharges
trom the periphery of the machine be di-

rected tangentially, and in opposition to,

70
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| the direction of rotation of the machine, such

stream will fall “ dead ” (the opposite veloci-
ties neutralizing each other) and contain 35
theoretically no energy of motion as it leaves
the machine. Of course, no form of dis-
charge opening can ever give the theoretical
discharge velocity. The nipple 5 here de-
signed approaches 97 per cent. of such theo-
retical velocity of discharge, and by the time
the passage thereof has worn conical as.

90

- | shown by the dotted lines #, z, (Fig. 4) such
velocity increases to 98 per cent. As stated

above the length of the nipple opening from
the narrow portion of the inner rounded
tlaring intake end or mouth to the outer end
of the opening may range from 21 to 4 cross-
sectional diameters of such opening in prac-
tice, and yet give the results here specified.
The water carrying the concentrates or sands
and discharging through the nipples 5 may
be caught in launders L, and conducted to
any point for subsequent treatment of the
eoncentrates. h
Obviously, the present machine is suscep-
' For example
in Fig. 7, I'combine a cluster of six pipes or
conduits coupled to their corresponding
bosses ¢ radiating from. a single shaft S 110
(S”), the distributer 1’ in that case having

95
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a series of wings or wvanes corresponding to

the number of conduits, so as to properly
distribute the proper portion of the pulp to

each conduit. In Figs. 8,9 and 10 is shown ,115

“a machine on the simple order of-that illus-

trated 1n Figs. 1 to 3 inclusive, but with the
brariches &', ¢’ provided with sides diverg-
ing or flaring outwardly for a portion of
their length, then converging toward the
peripheral discharge end or toward the an-
gle formed by the convergence of the outer
walls of the branches &/, ¢/, forming the
maln depositing surfaces for the concen-
trates, (as already explained) the angle of
convergence ol the terminal side walls (w,
w) being substantially a trifle greater but
not less than, the angle of repose of the con-
centrates or sands (see Fig. 10). In Fig.

120
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| 11 1s illustrated in top diagrammatic view 130
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“1n Kigs. 8, 9 and 10,

.
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a cluster of six conduits on the order shown | s};antially to the peripheral speed at the

the distributer 1’ like-

=

wise having a series of vanes to properly ap-

portion the flow to the respective conduits or
branches. In Figs. 8 to 11 -inclusive, the 1n-
ner wall of each conduit is rounded so that
no defined angle or bend occurs opposite the
angle or point of convergence of the outer
depositing walls thereot.

- In Figs. 12 and 13 is shown a still further
modification in which the entire circumier-
ence of the machine is utilized as a settling
and classifying space.
virtually two truncated cones set base to
base and united by bolts (not shown) passed
through registering openings (Fig. 13) of

the outer peripheral flanges 6, the conduit

branches 0’/, ¢’’, constituting in effect sec-

In this type we have

tions of a multiple separator, the converg-.

ing walls or partitions 7 between the sec-
tions forming continuations of the vanes of
the distributer 1’ so that each branch 1s sup-
plied with its proportionate quantity of
pulp. In other respects this modification 1s
the same as that shown in Figs. .8, 9, 10 and
11. 'The forms here shown obviously do not

“exhaust all possible modifications of which

the invention is susceptible, but a sufiicient
number are here offered by way of example,
to enable those skilled in the art to adopt
that form best suited for any special pur-

pose or for a given capacity or output of the -

plant. Details illustrated in connection
with the several later modifications but to

which no reference has been made, are al- |
 ready fully described in connection with. the

form illustrated in Figs. 1 to 6 inclusive,
and need not be here repeated. -
“Having described my invention, what 1

claim 1s:— -

1. In a centrifugal separator, a conduit
provided with branches disposed at an angle
to one another and rotatable about a fixed
axis opposite said angle, means for feeding
the pulp to said conduit and subsequently

-discharging the tailings therefromi at points

along said axis, means for discharging the
concentrates from the conduit at the angle
formed between the branches in a direction
opposed to the direction of rotataion of the

‘conduit, and means for conforming the ve-

locity of such discharge substantially to the
peripheral speed at the point of discharge.

2. In a centrifugal separator, a conduit-

provided with branches disposed at an angle

"to one another and rotatable about a fixed

axis opposite said angle, means for feeding
the pulp to said conduit and subsequently

“discharging the tailings therefrom at points

along said axis, means for discharging the

concentrates from the conduit at the angle-

formed between the branches, in a direction
opposed and tangential to, the direction of
rotation of the conduit, and means for con-
forming the velocity of such discharge sub-

1

point of discharge.
3. In a centrifugal separator, a hollow
shaft having a feed and a discharge end, a

conduit rotatable about the axis of the shaft

and having outflowing and return branches
disposed at an angle to one another and 1n
free communication with the interior of the
shaft, the outer or depositing surface of the
outflowing branch being disposed at an

angle not less than the angle of repose of the
separated material lodging against said sur-

face, means for discharging said separated

‘material from the outerend of said outflowing

branch in a direction opposed and tangen-
tial to the direction of rotation of the con-

“duit, and means for conforming the velocity

of such discharge substantially to the pe-
ripheral speed at the point of said discharge.

4. In a centrifugal separator, a rotatable
hollow shaft having a feed and discharge
end, a conduit provided with outflowing
and return branches coupled to the shaft
between the feed and discharge ends afore-
said, said branches making an angle with
one another and rotatable with the shaft,
means for discharging the concentrates at
the angle between the branches 1n a direc-

tion opposed to that of the rotation of the

shaft and conduit, and means for conform-

ing the velocity of such discharge substan-

tially to the peripheral speed at the point of
discharge. ' SR
5. A centrifugal concentrator rotatable

70
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about a fixed axis, and provided with con-' 120

duits having their opposite ends opening

along said axis for respectively receivin the
pulp and discharging the tailings therefrom,

the conduit having an intermediate portion
spaced a suitable distance from said axis and

| discharging the concentrates at such inter-

mediate portion in a direction opposed to

the direction of rotation of the concentrator

and means for conforming the velocity of
such discharge substantially to the periph-
eral speed at the point of discharge. =

6. A centrifugal concentrator rotatable
about a fixed axis and provided with angu-

105

110

lar conduits having the ends of their re-

. spective branches opening along said- axis,

115

and means for discharging the concentrates

at the angle of the conduit in a direction op-
posed to the direction of rotation of the con-
centrator and means for conforming the
velocity of such discharge-substantially to
the peripheral speed at the point of dis-

charge.

- 7. In a centrifugal separator, a container
for the pulp rotating about a fixed axis, a
peripheral discharge nipple discharging m
opposition and tangentially to, the direction

120

125

of rotation of the container, the length of

| the passage of the nipple being proportioned
from 2+ to 4 times the average cross-sec-

tional diameter of the passage, whereby the

130
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velocity of discharge ap
eral speed at the point of discharge.

8. In a centrifugal separator, a series of
conduits- having branches disposed at an
angle to one another, and rotating about a
fixed axis opposite said angle, the side walls
of the branches flaring outwardly for a por-
tion of their length then converging toward
the outer ends of the arms, said side con-
verging terminals and the depositing sur-
faces of the outer walls of the respective
branches being disposed at angles not less
than the angle of repose of the concentrates
depositing thereon.

9. A centrifugal concentrator rotatable

about a fixed axis and provided with angu- |

roaches the periph- |

lar conduits having the. ends of their re-

| spective branches opening along said axis,

means for discharging the concentrates at
the angle or bend of the conduit in a direc-
tion opposed and tangential to, the direction
of rotation of the concentrator, and means
for conforming the velocity of such discharge
substantially to the peripheral speed at the
point of discharge.

In testimony whereof I affix my signatu re,
in presence of two witnesses.

- OSCAR MAX KUCHS.

Witnesses:

Harry S. Wakre,
Epcar M. Dunn.
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