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(Ne medel )

1o all whom it mayl COnCer:

Be it known that I, CLARENCE Q PAYNE, a
citizen of the United States, and a resident of
Stamford, in the county of Fairfield, State of
Connecticut, (having a post-office address at

99 John street, in the borough of Manhattan,

city and State of New York,) have invent-
ed certain new and useful Improvements in
Apparatus for Magnetic Separation, of which
the following is a “full and true epeolﬁoatmn

.reference belnc-' had to the accompanying
drawings, Wherem elmlhr letters refer tolike .

parts in the several views.

My invention relates to 1mprovements in
magnetic ore-separators for the concentration
of substances of all degrees of magnetic per-
meability, and more especially to improve-

ments in that type of separator in which the

magnetic field is formed between opposing
magnetic surfaces.

In an application for United States Letters-
Patent filed February 2, 1902, Serial No.

141,402, of which the present applicetion 1S
a lelSlOIl I have, among other things, de-
seribed and claimed a novel form of ore-sepa-
rating apparatus wherein toothed. plates or
laminge are so disposed in the separating
carrier or cylinder of said apparatus that the

teeth of the adjacent lamina are brought out
of alinement, and thus expose a large number

of points and lines of the toothed edges of
sald laminae to the ore particles undergoing
separation, whereby -very beneficial effects
may be exerted, especially upon those ore
particles which are feebly magnetic. In my
present invention I am able to accomplish
the same results by other dispositions or ar-
rangements of the toothed plates or laminee,

and I am also enabled to make use of plates

or laming having smooth edges, whereby i im-
portant edvantewes are secured. -
My invention “also consists of a novel form

of separating-cylinder, and it is shown as ap-

plicable to a complete ore-separating machine
in which a single magnetic field is formed
upon two magnetic circuits. =

In the accompanying two sheets of d1 AW-
ings, Figures 1, 2, and 3 illustrate by dia-

grammetio sections through a magnetic field

| the use for the purpose described of plates

of thin i1ron or soft-steel

or lamina whose edge faces are made to pro-
Ject in such a way “that the adjacent outer

edges of said laminse.are wholly out of con-
tact with each-other. Figs 4 and 5 show the
application of my invention to a novel form
of cylindrical separating-carrier. Figs. 6, 7,

8, and 9 illustrate applications of my inven-
| tion to various forms of a hollow cylindrical
~or annular separating-carrier.
11 -show in section and plan an or e-separating
‘machine in which a single
|- formed upon two magnetic circuits and in

- which my new type of separating- ovhnder 1S

magnetic field is

employed.

In &CCOHIpllSthU' the purpose of my pres-
ent invention I preferably make use of a series
plates or la,mmae

Figs. 10 and.
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which are placed tmnsverselv to the axis of

‘the separating cylinder or carrier in order to
completely suppress Foucault or eddy cur-
rents which would otherwise be generated in
the carrier and offer a resistance to its motion
when caused to travel through a strong mag-

netic field. The edge faces of these phtes,
which wholly or in p‘ut form the separating-
surface of the .carrier, may be smooth, as

shown in Figs. 1, 4, 5, 6, and 7. ~ They may
be part Smooth and pelt toothed as shown in
Figs. 2 and 3, or they may all be toothed

or beveled S shown in Kig. 3. In any case

1t 1s the purpose of my present invention to

so -assemble . the plates that their adjacent
outer edges shall be out of contact with each

other, either by beveling their edge faces or
by causing the latter to a,lternately project so
‘that they expose to the ore particles under-

going separation a series of strongly-mag-
netized edges and edge faces or a combina-
tion of eﬂ'netmed pomts, edges, and edge

| faces, Whereby a proper separating effect mav-“
be obtained by the control which they thus

exert over the positions of the lines of force:
‘within the magnetic field.

In Fig. 1 mownetlza,ble I)Ietes or la,mm%,

ell hawncr smooth edges, are so assembled that

their adjecent_edge faces are at different levels
or alternately project in order that the adja-
cent outer edges shall be wholly out of con-
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tact with each other. When brought within
a magnetic field formed between the surfaces

M and N, the lines of force Wlthlll the field
will then be strongly diverged or ‘‘dispersed ”
from the bounding edge face A A’ BB’ of the
plate and from its outer edges toward the
opposing surface N. By the use of plates
which arequite thin and a field of high mag-
netic density I have found that not onlv the
bounding edges, but the edge faces them-
selves, may be employed to attract and hold
magnetic ore particles of even slight perme-
ability while separating them from non-mag-
netic particles.

Another application of my invention  1s
shown in Fig. 2. Here the magnetizable
plates or laminse have alternately toothed
and smooth edges and are so assembled that
the former are exposed, overlap, or project
beyond the latter. The outer or toothed

out of contact with each other.

¥ig. 3 shows another application of my in-
vention. Here the edges of the plates are
provided with the equivalent of teeth by bev-
eling them longitudinally and are so assem-
bled that the adjacent outer edges A*B*A° B’
of the plates are wholly out of contact with
each other and are thus available for the pur-
pose of separation.

Various other combinations of these ele-
ments or arrangements of plates may also be
made within the scope of my invention.

In Figs. 4 and 5 I have shown anovel form

of cylindrical separating-carrier in which I

have embodied that application of my inven-
tion which is illustrated in Fig. 1, although it
will be readily understood that any of the
other applications of my invention (shown in

Figs. 2 and 3) may also be combined with this

form of separating-cylinder. A series of thin
iron or soft-steel circular plates or disks:S,
(shown in part section in Fig. 4,) the plates of
ogreater diameter being spaced apart by those

of less diameter, are mounted upon a shaft T

and clamped together inany convenient way—
as, for instance, by means of a key and com-
pression-flanges, as shown in the 1llustration.
When so assembled, it is evident that the
edges of the plates project radially beyond
those of their adjacent plates with respect to
the cylinder. This form of separating-cyl-
inder can be revolved with great ease through
a magnetic field which i1s formed between
magnetic surfaces placed on opposite sides of
the cylinder, since it completely suppresses
the Koucault or eddy currents by its subdi-
vision into thin plates and forms, in effect, a

- laminated armature-bar.
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My invention may also be applied to other
widely-different forms of separating carriers
or cylinders, and I have shown in Figs. 6, 7,
8, and 9 for the purpose of illustration fur-
ther applications of my invention to hollow

cylindrical or annular separating - carriers.

762,753

These forms of cylinders are found to be de-
sirable when one of the two opposing mag-
netic surfaces or pole-pieces between which
a magnetic field i1s formed is placed on the in-
side and the dther on the outside of the cylin-
der. In the construction shown in Figs. 6, 8,
and 9 the plates which may form any of the
various combinations shown in Figs. 1, 2, and
3 are preferably clamped together by tie-rods
V V, which support flanged drum-heads at
their ends. These tie-rods. which should be
made of metal or alloy of high electrical re-
sistance, such as manganese-bronze, &c., are
maintained in proper position by means of
tie-rings R R, placed at intervals. The plates
when assembled thus form, in effect,an annular

‘laminated armature-ring and are preferably

interrupted or made in sections in order to in-
troduce air-gaps, and thus avold weakening

the field by short-circuiting a portion of it in

edges A* B* C A° B® C' of the plates are thus_ the direction of the circumference of the cyl-

inder. Inthis way I am also able to suppress
Foucault or eddy currents when this form of
cylinder is caused to travel through a strong
magnetic field.

In Fig. 7 T have shown another form of
separating - cylinder, as especially deseribed

‘In my application, Serial No. 72,322, filed
“August 17, 1901, whereby the results above

described may be accomplished by means of
any of the various combinations of plates al

ready referred to in connection with Figs. 1,

2, and 3 by inserting them in grooves in the
surface or a hollow or annular non-magnetic
cylinder instead of clamping them together
in the manner shown in Fig. 9.

In the various constructions above de-
seribed, in which the projecting plates are

- spaced apart by smaller plates, the latter may

be magnetic, or, as described and claimed in
the application Serial No. 175,598, filed simul-
taneously herewith, they may be non-mag-
netic, whether of the same or of smaller size.

In wa 1.0 and 11 I have shown my inven-
tion embodled in a complete operating ma-
chine and In connection with the particular
form of separating-cylinder shown in Figs. 4
and 5. The coils are so wound and connected
that when they are charged with an electric
current, preferably tfrom a dynamo-electrical
machine, the magnetic flux generated in the
cores of the magnetformtwo circuits, asshown
by the broken lines and arrow-heads in Fig.
11.
the space between the opposing magnetic sur-
faces of the pole-piece M and N, as shown in

A magnetic field is thus established in
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Kig. 10. The cylindrical separating-carrier

S T is placed centrally between the pole-pieces
M N and at a short distance from their sur-
faces, which are made approximately concen-
tric with the separating-cylinder for a portion

of their lengths, as shown in Fig. 10.

The apparatus is preferably provided with
means for retaining the material undergoing
separation In close proximity to a consider-
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able segment of the cylinder. For this pur-

pose pole-piece N is preferably extended along

~a considerable segment of the cylinder’s sur-
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passing through the field.
pole-piece may also be provided with a lining-

face below its' horizontal diameter, so as to:

form a guide-surface for the ore mixture while
The surface of the

plate or wearing-plate, as shown in Fig. 10,
although such a plate is not essential to the
proper operation of the machine. |
“To increase or diminish the air-gap between
the separating-surface of the cylinder S and
the pole-piece N, the shaft T is supported in
hinged bearings Q Q and the yoke O is pro-
vided with serews L L, so that it may be moved
along the core ends of the magnets W W'.

In operating the apparatus the _magnetié'
field is charged and the separating-cylinder is | -

caused to revolve through the field in the di-
rection indicated by the arrow by means of a

pulley X, keyed to one end of the shaft T,

.30

35

driven by a belt connected with any conven-
lent source of power. The means employed
to revolve the separating-cylinder are, how-
ever, not important, since the suppression of
all Fouecault or eddy currents by the construc-
tion of the cylinder permits it to be revolved
with an expenditure of very little power, and

by varying the diameter of the driving or

driven pulleys the speed of the cylinder may
be readily adjusted to the requirements of th
material undergoing separation. B
The material to be separated after crush-
ing, if necessary to unlock the minerals to
be separated, is introduced from any con-

- venlent source of supply H by means of the
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65 field are guided by the division-plate X into

guide-plates £ F G into the magnetic field be-
tween the cylindrical carrier S and the pole-
piece N. The magnetic ore particles of the
mineral are then attracted and held to the

surface of the carrier S until by the contin-

uec rotation of the carrier they are conveyed
outofthefield. Duringtheir passage through
the field the surface of the pole-piece N, which
1s preferably made approximately concentric
with the cylinder S, and its relative position
to the cylinder serve to retain the ore parti-

cles in close proximity to the surface of the |

cylinder along a considerable segment there-
of below its horizontal diameter, and while
the non-magnetic or non-attracted particles
are thus readily discharged from the surface

ot the cylinder the magnetic or attracted par-

ticles are at the same time prevented from es-
caping beyond the range of attraction of the
inductively-magnetized surface of the cylin-
der while within the field. Upon successive
local demagnetization of the plate edges of
the cylinder as the former revolve through
and out of the fi
cles are released and discharged over the edge

of the division-plate I§, thus effecting their

separation from the non-magnetic or non-at-
tracted ore particles, which on leaving the

eld the attracted ore parti-

a separate receptacle. (Not shown in- the-

drawings.)

In case it is desired to divide an ore mix-
ture into products known in ore-dressing as*

4

“heads,” ““middlings,” and ‘‘tailines.” or
p. T 14 =%

where the crude material contains several mag-
netic materials which differ in their magnetic
susceptibility, it may be desirable to use two

or more division-plates to classify the mag-

netic material as it is discharged from the
separating-carrier, as shown in Fig. 10. If

the ore contains a certain amount of strongly-

ig |
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magnetic material, it may also be desirable

to employ a light brush, as shown at Y, Fig.
10, 1n order to prevent such particles from
remaining attached to the surface of the cyl-
inder during a complete revolution.

the magnetic flux, I do not desire to con
my invention to this form of application, as

magnetic field formed upon two circuits of

various modifications within the claims of my

invention will suggest themselves to those
skilled in the art. - - o
What I claim is— |
1. Ina magnetic separator, a transversely-

While Figs. 10 and 11 show, for purpose of
iHustration, my invention applied to. a single

80__
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laminated separating-carrier provided with a

plurality of contacting magnetizable laminge

whose outer edges are wholly out of contact

‘with those of their adjacent laminse, in com-
| bination with two opposing magnetic sur-

faces both placed external to said carrier and

between which said carrier is arranged to
travel, and means for feeding the material
to be separated, substantially as deseribed.

2. In a magnetic separator, a transversely-
laminated separating-cylinder provided with

a plurality of contacting magnetizable lami-

ne, a-series of whose outer edges project ra-
dially beyond those of their adjacent laminze,

1n combination with two opposing magnetic

surfaces, both placed external to said cylin-
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der and between which said cylinder is ar-

ranged to revolve, and means for feeding the

ITO

material to be separated., substantially as de-

scribed.

3. In amagnetic separator, the combination -
of a separating-cylinder provided with a plu-

rality of transversely-disposed magnetizable
laminge, a series of whose outer edges project

n&e; two opposing pole-pieces placed approxi-
mately concentric with said cylinder and- be-

tween which said cylinder is arranged to re-

volve, and means for feeding the material to
be separated, substantially as described.

4. Inamagnetic separator, the combination
of a separating-cylinder provided with a plu-
rality of transversely-disposed magnetizable

circular disks, a series of whose outer edges

115

radially beyond those of their adjacent lami- -

120
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are wholly out of contact with those of their
adjacent disks; two opposing magnetic sur- .
taces both placed external to said cylinder

and between which said cylinder is arranged

3130
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to revolve, and means for feeding the ma-

terial to be separated, subqta,ntmlly as de-
scribed.

5. In amagnetic separator, the combination
of a sepa,mtmﬁ'-cvlmder provided with a plu-

rality of transversely- disposed magnetizable
circular disks, a series of whose outer edges

project 1‘1(11211113:r beyond those of their ‘Ld]a-
cent disks: two opposing pole-pieces placed
approumately concentric with said cylinder

and between which said cylinder is arranged
to revolve, and means for feeding the mate-

rial to be separated, substantially as described.
6. In amagnetic separator, the combination

of a sepamting—cylinder provided with a plu-

rality of transversely-disposed magnetizable

laminee, a series of whose outer edges project

radially beyond those of their adjacent laminee;
means for magnetizing said cylinder, and
means for retaining the material undergoing
separation in close proximity to the cylinder

- along a considerable segment thereof below

30
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it horizontal diameter, substantially as de-—
scribed.

7. Inamagnetic separator, the combmatwn
of a separ fttmcr—cy]mder provided witha plu-
rality of transversely-disposed magnetizable
circular disks, a series of whose outer edges
project radially beyond those of their adja-
cent disks; means for magnetizing said cylin-
der, and means for retainirig the material un-
dergoing separation in close proximity to the
cy]inder along a considerable segment there-
of below its horizontal diameter, substantially
as described. |

8. Ina magneticseparator, the combination
of a separating-cylinder provided with a plu-
rality of transversely-disposed magnetizable
laminge, a series of whose outer edges project
I“ldl&llV bevond those of their a,d]acent lami-
ne; two opposing pole-pieces between which
said cylinder is arranged to revolve, and a
culde-plate formed par-tly by one of said pole-
pieces and partly by an upward extension
added thereto, substantially as described.

9. Inamagnetic separator, the combination
of a separating-cylinder provided with a plu-
rality of transversely-disposed magnetizable
circular disks, a series of whose outer edges
project radially beyond those of their adjacent

disks: two opposing pole-piecesbetween which

said cylinder is arranged to revolve, and a

guide-plate formed partly by one of said pole-

pieces and partly by an upward extension
added thereto, substantially as described.
10. Inamagneticseparator,the combination

762,753

of a separating-cylinder provided with a plu-
rality of transversely-disposed magnetizable
laminse, a series of whose outer edges project
radially beyond those of their adjacent lami-
nxe; two opposing pole-pieces between which

said cylinder is arranged to revolve, and a
U'mde-pla,te formed partlv by one of Sald pole-

pieces and partly by an upward extension
added thereto, substantially as described.

11. Ina magnetic separator,the combination
of a separating-cylinder provided with a plu-
rality of transversely-disposed magnetizable
circular disks, a series of whose outer edges
project radially beyond those of their adjacent
disks; twoopposing pole-pieces between which

sald cylinder is arranged to revolve, and a

peripheral edges of their adj

ouide-plate connected with one of said pole-
pieces, having an extension above the hori-
zontal diameter of said cylinder, substantially
as described.

12. Inamagneticseparator,the combination
of a transversely-laminated separating-cylin-
der provided with a plurality of magnetizable
laminge whose outer edges have toothed out-
lines and which project radially beyond the
peripheral edges of their adjacent laminee;
means for mawnetlzmﬂ‘ sald cylinder, and
means for feedmcr the material to be separated,
substantially as descmbed

13. In a magnetic separator, a tr ansversely-
laminated separatmo'-cyhndel provided with
a plurality of magnetizable circular disks, a
series of which have toothed edges which pro-
ject radially beyond the peripheral edges of
their ‘td]"went disks, in combination with two
opposing pole-pieces between which a mag-
netic field is formed and between which said
cylinder is arranged to revolve, and means for
feeding the mate rial to be separated, substan-
tially as described.

14. Inamagneticseparator,the combination
of a transversely-laminated separating-cylin-
der provided with a plurality of magnetizable
laminge, whose outer edges have toothed out-
lines and which project radially beyond the
acent laminge;

‘means for maﬂ'netlzma' said cylinder, and

means for retaining the material undergoing
separation in close proximity to the cylinder
along a considerable segment thereof, below
its horizontal diameter, substantially as de-

scribed.
 CLARENCE Q. PAYNE.
- Witnesses:
ALFRED (GAWw,
Howarp H. PETERSON.
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