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Specification of Letters Patent.

Patented Mar. 13, 1917.

Application filed November 24,1914, Serial No. 873,724,

To all whom it may concern:
Be it known that we, Georee C. HacK-

srarr and Georee B. Horpew, citizens of-

the United States, residing in the city and
county of Denver and State of Colorado,
have invented certain new and useful Im-
provements in Ore Classifying and Sepa-
rating Processes; and we do declare the fol-
lowing to be a full, clear, and exact descrip-
tion of the invention, such as will enable

_others skilled in the art to which it apper-

tains to make and use the same, reference
being had to the accompanying drawings,
and to the characters of reference marked
thereon, which form a part of this speci-
fication.

Our invention relates to a process of sep-
arating the metallic values from ores; it is
also equally well adapted to the separation
of other materials where foreign matter is
mingled with the valuable product. An
important feature of our process consists
in combining mechanical and hydraulic
classification prior to the performance of
the separating step proper. Our improved
process involves the introduction of the
crushed ore to a pulverizer which reduces
or comminutes the material to the desired
degree, and - employing an: upwardly di-
rected current of water of sufficient strength
to carry all of the material of a predeter-
mined maximum grade and smaller, over
the top of the mortar or receptacle in which
the pulverizing operation is effected. In
other words, the mesh to which the material
is pulverized before it leaves this mortar
in response to the upward traveling current
of the water, is determined by the strength
of the current and by the height of the wall
of the mortar. The higher the wall, the
finer must be the pulverized material before
it overflows this wall. If it is desired to
discharge the pulverized material when in
a coarser condition, it is only necessary to
reduce the height of the wall. The wall
of the mortar may be made in sectlons,
which are readily removable and replace-
able, and by virtue of this construction and
arrangement, the degree to which. the mate-
rial is reduced or comminuted, may be reg-
ulated. as may be desired, and as circum-
stances may dictate. This pulverized ma-
terial which, when it leaves the mortar, is
of varving fineness, from a maximum to a
minimum within a considerable range, is
delivered to a mechanical classifier which

consists of a series of pockets or chambers
which are equipped or provided at their
tops with screens of varying mesh, the finer
mesh being uppermost or near the head of
the metallic classifier and downwardly in-
clined from the head or the extremity where
the material taken from the pulverizer is
delivered thereto. There may be any de-
sired number of these pockets and conse-
quently, any desired number of sizes or
meshes of screen for determining the dif-
ferent grades of material, classified accord-
ing to size. These various sizes or meshes
of material are taken from.their respective
pockets and delivered to an apparatus in
which an upwardly directed current of
water is employed for the purpose of hy-
draulic separation. The strength or pres-
sure of this upwardly directed current may
be regulated as desired and according to
the material under treatment. In this final
step of the operation, the strength of the
upwardly directed current of water is so
regulated that while it allows the metallic
values which are of greater specific gravity
to fall downwardly into a receptacle for the
purpose, the lighter values are carried up-
wardly with the gangue and are afterward
carried downwardly and brought. into the
path of another upwardly directed current,
whereby a second separating act takes place.
During this second operation, ancther grade

. of concentrates is caught in the receptacle

beneath, while the lighter material is car-
ried upwardly by the strength of the cur-
rent of the water. Any number of these

classifying and separating steps may be

employed in connection with each grade

of material as it is taken from the mechani-

cal classifier. In other words, there may
be any desired number of grades of mate-
rial produced by the mechanical classifier,
depending upon the number of sizes of
screens and the corresponding number of
pockets employed for receiving the material
which passes through these screens; and
each grade taken from its pocket may be
further treated hydraulically for classify-
ing and separating purpeses to any extent
desired, that is to say, whereby a number
of different grades of doncentrates may be
obtained before the gangue is finally dis-
charged into w trough which carries it to
the desived location.

Having briefly outlined our improvement,
together with the general construction of the
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mechanism employed in carrying out the
process, we will proceed to describe our in-
vention more in detail, reference being made
to the accompanying drawing, in which is
illustrated an embodiment thereof. In this
drawing,— . ‘

Figure 1 is a section taken through a com-
bined pulverizer and hydraulic classifier.
. Fig. 2 is an elevation partly in section

illustrating the mechanical classifying ap-

paratus, together with the construction em-

ployed for finally separating the metallic’

values hydraulically and in any desired
number of grades. »
Referring now specifically to the construc
tion disclosed, let the numeral 5 designate a
suitable mortar which comprises an upright
bowl or casing having a curved depression 6
in its bottom surrounding an upwardly ex-
tending central part 7. The wall of the
mortar above the lowest section 8 may be

- composed of any desired number of sections
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9 and 10, depending upon the desired height.
Troughs 12 surrounding the wall of the

5 mortar and arranged to catch the overflow

of material at the various levels, are formed
upon the sections. As shown in the draw-
ing, one of these troughs is formed integral
with the section 8 and another trough with
the section 10, which, as shown in the draw-

“ing, is uppermost. In case it is desired to

employ the troughs 12, the two sections 9
and 10 would be removed. The material is
taken from these troughs through outlet noz-
zles 13 and may be carried downwardly
through a hose pipe or conduit 14 and deliv-
ered to a pipe 15 which in turn, carries it to
a pump 16 which may carry it upwardly
through a conduit 17 and deliver it to the
head 18 of the mechanical classifier 19.
Within the mortar 5 is located a rotary pul-
verizing member 20, which, as shown In the
drawing, is largest at its lower end and ta-
pers gradually toward the top. The lower

5 portion of this pulverizing member is pro-

vided with a removable wearing plate 21
which may be composed of any suitable rel-
atively hard material, and which may be
readily removed when worn, without dis-
carding the body of the pulverizing mem-
ber. The upper part 24 of this member is
connected - with a depending shaft 22, by
means of a key 23. The upper extremity of
this shaft 22 is connected with a crank 25
of a shaft 26 whose upper extremity is con-
nected with a gear 27 meshing with a pinion
28 fast on an operating shaft 29 journaled,
as shown at 30, on the upper member 31 of
an upright stationary frame work 32. ‘Dur-
ing the operation of the shaft 22, the pul-
verizing member is rotated and oscillated.
In other words, a sort of gyratory move-
ment is imparted to the pulverizing mem-
ber, which facilitates the performance of the
required function. The upper portion of

1,219,408

this pulverizing member is equipped with a
hopper 33 which surrounds the- member 24
and into which the crushed material 34 is
fed. Leading downwardly from this hop-
per, is a passage 85 formed in the pulveriz-
ing member, the lower extremity of this pas-
sage being open, whereby the crushed mate-
rial is delivered to the central part at the
bottom of the mortar. Hence, this crushed
material in the first instance, comes in con-
tact with the raised central part 7 of the
bottom of mortar, and is carried outwardly
and downwardly- therefrom, and finally
passes to the lowermost part-6 of the bot-
tom of the mortar, where it is advanta-
geously acted upon by the pulverizing mem-
ber during the rotation of the latter. The
water employed in the classifying operation
is taken as illustrated in the drawing, from
a tank 36 through the mediiun of a supply
pipe 87, provided with a controlling valve
84, and carried to a circular recess 38 formed
in the bottom of the mortar below the wear-
ing shoe 89. From this recess, relatively
small' ducts 40 lead upwardly and communi-
cate with the bottom portion 6 of mortar.
The water delivered to the mortar in this

- manner acts upon the pulverized material

to carry the same upwardly around the pul-
verizing member, and cause it to overflow
into one of the troughs 12, when it has
reached the desired degree of pulverization.
The higher the wall of the mortar before the
overflow takes place, the finer will be the
mesh to which the material is reduced which
overflows in this manner. Hence, as here-
tofore indicated, by increasing or diminish-
ing the height of the wall of the mortar by
the employment of a greater or less number
of sections 9 and 10, the fineness to which the -
material is reduced before it leaves the mor-
tar, may be accurately regulated.

After this pulverized material overflows
into the troughs 12, it is carried through the
medium of the conduits 14 and 15, the cen-
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trifugal pump 16 and the conduit 17, to .

the head 18 of the mechanical classifier 19,
as heretofore explained. This classifier is
composed of a reciprocable frame work 41,
which is provided with an upper portion 42,

115

having openings 43 respectively communi: -

cating with pockets 44 leading downwardly,
These pockets are covered by a layer of
mesh material 45. The reciprocable struc-
ture is mounted on spring members 46 and
is suitably inclined downwardly from the
head or right hand extremity of the appa-
ratus (see Fig. 2). As shown iu the draw-
ings, only two pockets and a corresponding
number of screens 45 are employed; but it
must be understood that any desired num-
ber of these pockets may be used, depend-
ing upon the number of different grades
into which it is desired to separate the ma-
terial. The reciprocating or  vibratory
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movement is imparted to the structure 41
through the medium of a pitman 47 con-
nected with the strap 48 of an eccentric 49
which may be operated from a motor of
any desired kind, through the medium of a
belt 50 or other suitable connection. The
spring members 46 are secured at their up-
per and lower extremities as shown at 51
and 52, to the mechanical classifier and the
stationary frame work 58, respectively. The
bottoms of the pockets 44 are inclined to-
ward mouths or discharge openings 54
through which the material passes into
chutes 55, by which it is delivered to a de-
pending member 56 of a vertically disposed

serpentine conduit 57 provided with a num--

ber of lower bends 58 and 59, and a number
of top bends 60 and 61, said bends connect-
ing vertically disposed parallel portions of
the conduits 57. For instance, the lower
bend 58 connects parallel portions 62 and
63 of the conduit, while the top bend 60 con-
nects the parallel portions 63 and 64, the

" lower bend 59 connects portions 64 and 65,
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while the bend 61 forms the connection be-
tween the member 65 and a relatively long
depending leg member or portion 66 of the
conduit. The lower bend 58 of this conduit
isin communication with the relatively short
depending outlet pipe 67, whose lower ex-
tremity communicates through an opening
68 with a receptacle 69; while the bend 59
communicates through a similar pipe 70
with a similar receptacle 71. During the
operation of the apparatus in carrying out

.the process, the concentrates or values 72 are

caught in the receptacles 69 and 71.  As
shown in the drawing, each mechanically
classified grade of material is subjected to
two hydraulic operations, whereby the val-
ues which are of greater specific gravity,
liave two opportunities for settling in the
concentrate receptacles 69 and 71. It must
be understood, however, that a greater
number of classifying acts may be employed
in connection with
graded portion of the material in case it 1s
found necessary, in order to completely sep-
arate the values from the gangue.

Each receptacle 69 receives a supply of
water from a main conduit 73 through the
medium of a depending pipe 74, which
passes through an opening 75 formed in
the top of the receptacle 69 or 71, as the case
may be. This pipe 74 has a part 76 which
extends downwardly within the receptacle,
its lower open extremity being located near
the bottom of the receptacle, whereby the
upwardly directed current begins at the bot-
tom of the receptacle and extends upwardly

‘through the pipe member 67 and meets the

material from the mechanical classifier as
the latter leaves the bend 58 through the de-

pending portion; 62 of the conduit 57. This

current of water is of sufficient strength to

each mechanically -

3

carry the gangue and some of the lighter
particles of metal upwardly through the
portion 63 of the serpentine conduit and
through the top bend 60, whence it passes
downwardly through the portion 64 of this
conduit, and is again subjected to the action
of an upwardly directed current of water
from the conduit 71. This current acts to
separate the gangue from the remaining me-
tallic' values which settle in the receptacle
71, the gangue being carried upwardly
through the conduit member 65, through
the top bend 61 and passes thence down-
wardly through the discharge portion 66
of the conduit. The lower or discharge
end of this relatively long leg portion 66
is provided with a valve 77 which controls
or regulates the discharge of gangue or
other material into the trough 78. This
valve is a very important feature as an ele-
ment of the apparatus, since by virtue of the
fact that the portion 66 of the conduit forms
the long leg of a siphon, the travel of the
material through each serpentine member is
advantageously regulated. For instance if
this valve is adjusted to allow the material
to escape relatively slowly, the passage of
the material through the upper serpentine
portion of the conduit will be retarded and
the greater will be the tendency of the me-
tallic values of concentrates to settle with-
in the receptacles employed to receive them.
Again, if the material 1s of such character
that it may be treated with greater rapidity,
the valve may be opened wider, whereby a
relatively large quantity of material is al-
lowed to escape within a given time. This
will produce & suction or vacuum pull upon’
the material within the serpentine member
of the conduit, and cause the same to travel
therethrough at a relatively high speed.
From this, it will be understood that by
the careful adjustment of this valve, the
operation of the separating mechanism may
be perfectly regulated and controlled, where-
by it is adapted for use in handling a great
variety of materials. ‘

Each of the receptacles 69 and 71 is in

‘communication by way of a bottom opening

79, and"a valve-controlled passage 80, with
a relatively large receptacle 81 arranged di-
rectly below the receptacle 69 or 70, as the
case may be. The concentrates which ac-
cumulate within the upper receptacles may
be drawn therefrom into the respective
large lower receptacles where they may be
stored until the latter receptacles are filled
of contain a sufficient quantity of concen-
trates to justify their removal. During the

removal of the receptacles 81, the valves 82

must be closed until the storage receptacles
are returned to their normal position.

As the apparatus for handling each grade
of material taken from the mechanical clas-
sifier is precisely the same, the description
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‘heretofore given of the apparatus connected

with the uppermost pocket 44 ‘of the me-

chanical classifier will be sufficient for the

other similar constructions connected with

‘the other pockets for handling the various

grades of mechanically ¢lassified material.

Each of the pipes 74 is provided with a
valve 83 located just above the top of the re-
ceptacle 69 or 71, as the case may be. The
discharge of water from the pipe 73 into
these various receptacles 69 and 71 may be
controlled through the instrumentality of
these valves. As the metallic values to be
caught in the first receptacle 69 are rela-
tively heavy, the strength of the upwardly
directed pressure of water from the recep-
tacle 69 may be relatively great; while the
strength of the current which passes up-
wardly from the receptacle 71 may be less
ir degree, as a lighter grade of concen-
trates must be caught in the receptacle 71.
By the employment of these valves, the
strength of the upward pressure of water
from any receptacle may be regulated as
may be desired, and in strict accordance with
the requirements and depending upon the
material under treatment. '

From the foregoing description, the man-
ner of using the mvention, as well as the va-

rious operations or steps necessary in prac-

tising our process, will be readily under-
stood. o - )
- The current of water resulting from the

‘pressure in the tank 36 passes upwardly

within the mortar 5 and carries the material

- which has been pulverized to the desired de-

gree, over the upper edge of the wall of the
mortar and into a circular trough 12,
whence the material passes through a con-
duit 14 to a centrifugal pump 16 which car-
ries it upwardly through the pipe 17 to the
mechanical classifier 19, as heretofore de-
scribed. In the mortar 5, the material is
pulverized, the mesh to which it is reduced
being determined according to the height of
the wall of the mortar, and the pressure of

‘the upwardly rising current of water due to

the head resulting from the elevation of the
tank 36. This pulverized or comminuted ma-
terial containing various grades, from a

maximum to a minimum within a relatively -

wide range, is carried first through the con-
duits 14 and 15 to the centrifugal pump 16,
and afterward through the pipe 17 to the
mechanical classifier 19. In this last named
structure, the material is classified accord-
ing to the size, the upper screen member 45
being of the finest mesh, while the other
screens diminish in mesh downwardly to the
foot or lower extremity of the apparatus.
For instance, the uppermost screen 45 may

~ be what is known as 80 mesh, that is to say,

. 65

having 80 perforations to the square inch;

while the next scree below may be 40 mesh,

and so on, downwardly. ' By virtue of this

1,219,408

arrangelhent, the finest grade of materigl,
mechanically speaking, is caught in the up-

permost pocket, while the next grade is-

caught in the second pocket, and so on,
downwardly. The coarsest grade of mate-
rial is caught in the lowest pocket of the
mechanical classifier. : :

- The mechanical classification of material”

1s regulated and controlled to an important
extent by the varying force of the water
passing through the apparatus, the same be-
ing regulated and controlled by the valve
77, as heretofore explained. For the same

reason that this valve performs an impor-

tant function in the hydraulic separation of

the material, after it-leaves the mechanical .

classifier, it has animportant effect upon
mechanical classification, since the speed of
travel of the water through the entire appa-
ratus may be varied at will through the me-
dium of said valve.

Each- of these grades is afterward hy-

‘draulically separated -through the instru-

70
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mentality of the upwardly directed current

of water which travels through the serpen-

tine conduit 57, which, as heretofore stated, -

may be of such structure as to form any de-
sired’ number ‘of products of the material.

. During this hydraulic. treatment of the

grades taken from the mechanical classifier,
the separation of the concentrates or me-
tallic values from the gangue is accom-
plished, the heavier grades of concentrates

‘being caught in the first receptacle, or that.
farthest to the right (see Fig. 2), the next.
~grade in the second -receptacle, and so on,

as many different grades' of concentrates
being obtained as may be desired in order to

166G

properly separate the metallic values from

the gangue. :
While the process has heretofore been de-
scribed as applied to the separation of me-

tallic values from their ores, it' must be un- -

derstood that it is not limited to such use,
but is equally adapted for treating material
of any kind where a separation by virtue of
difference in specific gravity is required.
For instance, it may be employed in the sep-

110

aration of pulverized coal from slate, rock .

-or other impurities which it may contain

when taken from the mine, coal of this char-
acter being employed in the manufacture of
briquets or for use in furnaces, being deliv-
ered through the agency of a fan blower.
The process.may also be used in many other
relations where the separation required is

by virtue of the above principle.

Our process is not limited to the use of
water pressure as heretofore described, since
other liquids, as oil, or other fluids, as air or
gas, may be employed, and a similar result
obtained. From this, it will be understood
that while we have in this specification, de-
scribed . the preferred manner of carrying

out the. process, namely, ‘by. the hydrauliz
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clagsification, mechanical classification by
the use of water, and hydraulic separation,
1t must be understood that the invention is
not limited thereto, though the use of water
is undoubtedly preferable, if not absolutely
necessary, in the treatment of ores for the
separation of their metallic values from the
gangue.

Having thus described our invention,
what we claim is,— - ‘

1. The herein described process consist-
ing first in hydraulically classifying pul-

verized material according to the weight.

of its particles and regardless of size and
specific gravity ; second, mechanically classi-
fying the product thus formed, according
to size and regardless of specific gravity;
and finally hydraulically separating each
sized grade according to its specific gravity
only.

2. The herein described process consisting
in subjecting pulverized material to an up-
wardly directed current of water regulated
to carry over all material of a predeter-
mined maximum weight; classifying the
said product to form grades of varying size;
and finally separating the particles of each
grade according to specific gravity.

8. The herein described process. consist-
ing first in treating pulverized material in
the form of pulp to segregate all of the
particles of a predetermined maximum
weight; second classifying this material to
form grades varying in size, and finally
separating the particles of each grade ac-
cording to specific gravity.

4, The herein described process consisting
in subjecting pulverized material, during
the pulverizing operation, to an upwardly

directed current of water under atmospheric

pressure, whereby the particles are sized
and caused to overflow entirely by said cur-
rent, subjecting said overflow to mechanical
classification and finally subjecting each me-
chanically determined grade to an upwardly
directed current of water for separating
purposes, the first and last named operations
taking place entirely under water. .

5. The herein described process consist-
ing in pulverizing the material, subjecting
the latter during pulverization to an up-
wardly directed current of water under
pressure, whereby the material is sized and
caused to overflow entirely by said current,
subjecting the overflow material to mechani-
cal classification, and subjecting each grade

of the mechanically classified material to

hydraulic separation.
8. The herein described process consisi-
ing in subjecting pulverized material during

=

the pulverizing operation, to an upwardly
delivered current of water, whereby the ma-
terial is sized and caused to overflow en-
tirely by said current of water, subjecting
the overflow material to classification,
whereby a number of different grades are
formed varying in size, and finally sub-
jecting each grade vesulting from the last
named classification to an upwardly direct-
ed current of water, whereby a separation
is formed by virtue of the difference in spe-
cific gravity of the particles under treat-
ment. .

7. The herein described process consist-
ing in subjecting pulverized material dur-
ing pulverization to an upwardly directed
current of water, whereby pulverized par-
ticles are sized and caused to overflow en-
tirely by the current of water, subjecting
said overflow material to mechanical classi-
fication, whereby a number of different
grades varying in size is produced, and
finally, subjecting each grade to upwardly
directed currents of water, whereby the ma-
terial treated is separated into a predeter-
mined number of grades varying in specific
gravity, substantially as described.

8. The herein described process, consist-
ing in subjecting material during the pul-
verizing operation, to upwardly directed
fluid pressure, whereby a portion of the ma-
terial is separated from the remaining por-
tion entirely by the fluid pressure, subject-
ing said separated portion or overflow to

mechanical classification, and finally sub-

jecting each mechanically determined grade
to upwardly directed fluid pressure for sep-
arating purposes.

9. The herein described process consist-
ing in subjecting pulverized material dur-
ing pulverization, to upwardly directed fluid
pressure, whereby the pulverized particles
are sized and caused to overflow entirely
by fluid pressure, subjecting sald overfiow
material to mechanical classification, where-
by a number of different grades.varying in
size, 1s produced, and finally subjecting each
grade to upwardly directed fluid pressure,
whersby the material treated is separated
into 2 predetermined number of grades va-
rying in specific gravity, substantially as
described.

Tn testimony whereof we affix our signa-
tures in presence of two witnesses.

 GQEORGE C. HACEKSTATT,
GEORGE B. HOLDEN.
Witnesses:

A. J. O'Bruw,
A, Eserr O'Brien.
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