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To all whom it maly concer:
Be it known that I, Freperick T. SNYDER, |

a citizen of the United States, residing at Oak
Park, in the county of Cook and State of 1lli-
nois, have invented a certain new and useful
Limprovement in Processes of Magnetic Sepa-
ration, (Case No. 7,) of which the following 1s

a full, clear, concise, and exact description,

reference beir z had to the accompanying
drawings, forming a part of this speci

My invention relates to the magnetic sep-

aration of materials of different degrees of

magnetic permeabihty. |
Broadly stated, 1y invention provides an

improved process of magnetic separation In.

- which the forces effective in making the sepa-

20

ration are more efficiently controlled in
strength, direction, and duration of applica-
tion. |

In my improved process a mass of mate-

rials is subjected to a number of attractive

~impulses applied in different directions and
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flux through the convergence.

at different places. The more permeable
materials are attracted from the materials to
be separated toward the place of conver-
gence of a magnetic flux, the convergence and
attracted materials being then given a com-
paratively small movement relative to non-
attracted materials. At the end of the
movement the attracted materials are re-

leased and deposited by sufficiently reducing

either the density or the convergence of tne
flux passing through the materials. The
more permeable materials are then again at-

tracted toward a place of convergence of a

magnetic flux and given a second and addi-
tional movement. This cycle of operafions
is repeated until a sufficient relative move-

ment between attracted and unat tracted ma-

terials is attained.

In practicing my invention 1 find 1t desir-
able to release the attracted materials for de-
posit by reducing to zero the density of the
This mini-
murn density of the flux may be secured by
reversing the polarity of the flux through the
convergence, the density of the flux at the
time of reversal being zero. At this time of
reversal materials of the greatest attractabil-
ity will be released.

My improved process is particularly useful
in the separation of materials of very low

ca-

springs 14 14 sup

permeability. In the separation of such ma-
terials the necessarily high density of the
magnetic force required may be attained m a
field between two poles of opposite polarity
which closely approach each other. ;

In a copending application, Serial No.
136,004, filed December 20, 1902, I have
illustrated and claimed apparatus adapted to
carry out the processes herein more fully de-
scribed. |

The features of my improved process may
be explained by reference to a device for car-
rying out the process illustrated m the ac-
companying drawings, in which— ' .

Figure 1 is a front elevation of a separator
embodying my invention. Fig. 2 1s a plan
view of the same. Fig. 3 is a cross-sectional
view taken on line 3 3 of Fig. 2. Iig. 41s 2
sectional view taken on line 4 4 of Hig. 1.

In this apparatus for carrying out my 1n-

vention I have shown a pair of cast-iron

6 6, adapted to be cilamped to-
cether by the bolts 7 7 to hold 1n position the
laniinations of the field-magnet 8. Thistield-
magnet is provided with oppositely-disposed
pole-pieces 9 and- 10, whose faces respec-
tively, constitute poles 11 and 12. An ener-
oizing-winding 13 is wound on tie field-mag-
net, desirably about the pole-piece 9. The
| port the table or armature
poles 11 and 12. The arma-

frame-plates

15 between the

ture, like the field-magnet, is desirably made

of laminated-iron punchings, as best 1lius-
trated in Fig. 4, the punchings being held m
nosition by means of a brass or bronze clamp-
mo-frame, comprising side rails 16 and 17,

havine dovetailed connection with the arma-

ture laminations and end rails 18 and 19, to
which the supporting-springs 14 are fastened.
The. bolts 20 20 serve to clamp the {rame
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tichtly about the laninations forming the ar-
mature.: The side rail 17 may deswrably

have its upper edge beveled, as best illus-

rated m Iie. 3, the purpose of which will

hereinafter more fully appear. 3
The upper pole 11 is formed into projec-
tions 21, which may take the form of wedge-
shaped teeth. Through the pole-plece 9
there leads o chute 22, through which mate-
rials to be separated are fed to the gap of low

permeability between the pole 11 and the ar-

matare 15, The tapering hoppers 23 and 24
are placed one on either side of the pole-prece

95 .
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10 and, 4s will hereinafter be explained, serve
to convey separated materials from the ma-

chine. | o

- The operation of my improved separator
will now become apparent. A pulsating or
preferably alternating current of compara-
tively low frequency is supplied to the ener-
gizing-winding 13. It will be noted that the

pole-piece 10 is placed considerably to the
left of the iron armature 15, also that the

lower edge of the armature extends slightly
to the right of the pole-piece 10. The result
of this unsymmetrical placement of the sr-
mature 15 1s that when the field-magnet is
energized the magnetic flux in the alr-gap be-
tween the poles 11 and 12 causes g resuﬁant

‘attraction of the armature 15 toward the left.

The supporting-springs 14 permit a move-
ment of the armature to balance the forces of
attraction. It will be seen that the succes-
sive magnetizations and demagnetizations of
the ﬁelﬁcf—-ma,gnet on account of the alternat-
ing currents supplied to the winding 13 will
cause successive attractions of the armature,
the resiliency of the springs serving to retract

thearmature intoits normal position between
~attractive impulses. " Thus the armature re-
ceives and maintains an-oscillatory or recip-
- rocal motion. Materials to be

| separated are
fed through the chute 22 to the upper surface
of the armature 15. One of the purposes of

the oscillatory movement of the armature is

to cause’a mechanical shake or movemeni of
materials to be separated toward the hopper
24, This movement of materials may be Se-
cured by a sudden stopping of the movement
of the armature toward the left and a conse-
quent rebound or quick-return movement to-
ward the right.  Ior this purpose I provide
projections 25 and 26 on the armature frame-
pieces 18 and 19, these projections being
adapted to come into contact with enlarge-
ments 27 and 28 on the frame-pieces 6°6. 1t
will be seen that the accelerated movement,
of the armature toward the.left and the
abrupt stopping of the same, due to the im-

- pact of the projections 25 and 26 upon the

enlargements 27 and 28, will cause a shaking

- movement toward the left of materials rest.

50

ing on the armature. I refer to this peculiar
movement ol the armature which causes a
shaking of materials resting thereupon in one
direction as a “differential’’ movement, and

- I define a “differential reciprocating’”’ move-

55
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ment ol any form of armature or shaking ta-
ble to mean a reciprocating motion such that
materials resting upon said armature or table
are given an ahsolute net resultant move-
ment with respect to such armature or table.
As the pole-pieces become energized there is
produced a magnetic flux locally convergent
toward each of the projections 21 and corre-
spondingly divergent toward the plane-in-
duced pole constituting the upper face of the
armature 15. The projections 21 are so

ment toward the right.

‘817,300

shaped and Flac_ed at such a dist&h@e from
‘the upper pole

of the armature that the more

permeable materials fed to the armature are

attracted toward the projections. Since
there is considerable inertia to be overcome

In starting the moverhent toward the left |

upon the energization of the field-magnet,
the more permeable materials resting on the

toward the teeth 21 before the armature has
acquired any considerable movement towsard
the left. Upon the deénergization of the

field-magnet with the reversal of the direc-
tion of the alternating current the materials

previously attracted to the projections 21 are

9

‘upper surtace of the armature are attracted -

75
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deposited upon the armature, whichshortly -

thereafter swings toward the right under the

elastic influence of the springs 14 14.

- The mode of separation now becomes ap-
parent. 1t will be seen that the more per-
meable materials are attracted to the station-

ary projections 21 and there held during the

movement 1n one direction of the armature
15. ~ The atiracted materials are then depos-

ited, whereafter the armature with the mate-

rials which it carries receives a movement in
the reversed direction.
tition of this cycle of operations results in
carrying themore permeable materials in suc-
cessive steps toward the right. It will be re-
membered that the movement of the arma-
ture toward the left is brought to an abrupt
termination, thereby throwing the. non-at-

“tracted materials resting on the armature to-

ward the outer edge of the clamping-rail 16,

The successive repe-
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over which the materials may fall into the re-

cerving-hopper 24. _ )
materials are carried to the right-hand edge
of the pole 11 they are attracted toward the

teeth projecting from this right-hand edge of
‘the pole, from which position they are re-

leased to fall on the beveled or sloping edge
of the clamping-rail 17, this sloping edge serv-
ing to guide the deposited materials into the
receiving-hopper 23. . o

- It will be seen that due to the quick-return

As the more permeable.

105
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motion of the table the non-attracted niate-
rials are given a net movement toward the

left, while the step-by-step advancement of

the attracted materials results In a.net move-

I.hI g

A direct pulsating current supplied to the .

winding 13 would have an effect
that of the alternating current.

be apparent to those skilled in the art that
the quick-return or bumping motion of the

sunilar to.
It will also -

120

armature might be controlled by mechanical
means suitably operated in synchronism with

the electrical impulses supplied to the wind-
ing 13 and also that a separation might be
accomphished by a positive movement of the
projections 21. | o
When a secondary electromagnetic means
or a mechanically - operated means is em-
ployed to cause the reciprocal movement of
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‘+he iron armature 15.

Tying out my invention,

and releasing the attracted materials during
the. movements in

net movement in one direction;, and the non-

ment in another direction.

‘separated, and 2

flux through the convergence during the

direction, whereby the attracted materials

81%,

the materials With TeIefoncs o Lo pUIE
9, it. will be apparent that a tabie of non-
M%mﬂtm..mmemal.mlght be substituted for

the method of car-
T claim as new and -
desirs to secure by Letters Patent—

B E :ﬁﬂw, process of magnetic separation,
which consists in causing & differential recip-
rocating movement of materials to be sep-
arated, sttracting the mors permeable mate-
rials toward  relatively stationary magnet-
pole during the movements in one direction,

Having thus deseribed

the reverse direction,
whereby the attracted materials are given &

atiracted materials are given a net move-

2. The process of magnetic separation,
which consists in causing a differential recip-
rocating movement between materials to Ee:a
_ convergence of & magnetic
flux, decreasing the density of the flux
through the convergence during the move-
ments in one direction, and increasing the
density of the flux through the convergence
during the movements in the reverse direc-
tion, whereby the aitracted materials are
oiven @& net MOVEMent in one direction,
and the non-atiracted materials are given &
rat movement in another direction.

3. The process of magnetic separation,
which consists in causing a differential recip-
rocating movement between materials to be
separated, and a convergence of a magnetic
flux, decreasing to zero the density of the

movenients in one direction, and increasing
the density of the flux througn the conver-
cence during the moyvements m the reverse

are given & net movement in one direction,
and the non-sttracted materials are given a |
net movernent 1 another direction. .

4. The process  of magnetic separation, ¢
which consists in causing &

| ores, Wwhich consists in

| gence

366 ol

jece | separated, ‘and a convergence of a magnetic

flux, reversing the PO grity of the iux
‘through the convergence during the move-
ments in one direction, whereby the attraci-
“ed materials are given & net movement in one
direction, and the non-attracted materials
gre given a net movement in another direc-
tion. ' S
£ The method of magnetically separating
ifferentially recipro-
cating the ores within the influence of & mag-
net, periodically energizing and deénergizing
the magnet, and maintaining synchronism
between the reciprocations and the changes
in the field of the magnet. |
6. The 'process o
which consists in causing a relative differen-
tial reciprocating movement of materials to
be separated with respect to the place of con-
vergence of a magnetic flux, reversing the
polarity of the flux %o said place of conver-
uring the movernents in one direction,
ond maintaining the continuity of the flux to
‘said place of convergence during the move-

attracted materials are given a net move-
ment in one direction and the non-attracted
materials are given a net movement in an-
other direction. |

7. The process of
which consists in imparting
materials a differential reciprocating motion,
and establishing a periodic magnetic field
through said mass 1n synchronisim
reciprocations thereol and in such phase re-
lation thereto as to retard the more per-
meable particles during each movement of
the mass in the direction of 1ts travel, and to
2llow said materials to move with the mass
during its reverse movement. = |

In witness whereof I hereunto subscribe

magnetic separation,

id0z. - o 1
 FREDERICK T. SNYDER.

Witnesses: o
- LynN A. WILLIAMS,

differential recip-
rocating movement between materials to be |

HarveY L. HANSON.
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magnetic ‘separation,

. ments in the reverse direction, whereby the

to the mass of’

with the
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my. name this 9thday of December, A. D. go
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