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‘another form of current;

UNITED STATES PATENT OFFICE.

EDGAR A. EDWARDS, OF CINCINNATI, OHIO, ASSIGNOR TO ALICE V.
B EDWARDS, OF CINCINNATI, OHIO. .

 MAGNETIC ORE-SEPARATOR.

No. 855,166,

' Specification ofﬁ Letters Patent.

Patented May 28,1907.

" Application fled July 30,1904, Serial No, 218,793,

To all whom it may CONCErn:, . |
"“Be it known that I, Epcar A. EDWARDS, &

- citizen of the United States, and a resident of-

Cincinnati, Hamilton county, State of Ohio,

have invented certain new and useful Im-

provements in Magnetic Ore-Separators, of
which the following 1s a specification.

This invention relates to improvementsin

separating

electro-magnetic separators for
such

magnetic from non-magnetic material,

- for nstance, as finely divided magnetic iron
ore from sand and other non-magnetic mate-

rial with which it is usually associated n
natural deposits. .
 The invention will be described 1n connec-
fion. with the accompanying drawing, I
which,- - S

Figure 1 is a perspective view of an electro-
magnetic separator embodiying the inveniion
Fig. 2 is'a-vertical sectiona

tion: and Fig. 6 is a similar representation of

The invention is.designed
extraction of magnetic iron ore irom 1ts 2sso-
ciated impurities although 1t 1s adapted for

the separation of any magnetic material from

non-magnetic inaterial. In _the following

specification we shall term the mixture of
 materials to-be op

erated on as ‘‘stock,” the
iron or other magnetic material as‘‘ore”’and

the sand -or other non-magnetic material as

“‘oangue’. * In carrying out the process the
stock is fed in regulated quantity to the un-
der surface of a magnetic element, which ele-
ment is inclined at-an angle at 40 degrees,
more or less, to a horizontal plane. The
magnetic element, which is an electromag-
net, is alternately magnetized and demag-

netized preferably in such a manner as to

TO-
vide for periods of magnetic energy and aﬁer—

nate periods of rest. The ore separates from
the gangue more or less immediately upon
coming under the influence of the magnet, to
which it is attracted. - The ore however car-
ries with it initially to the magnet a consid-
erable (uantity of gangue. As the magnetic
olement is alternately de-magnetized and
magnetized the ore alternately drops by

viewof the same;
Fig. 3 is a section on the line 3—3 of Kig. 2;
Tig. 4 is a bottém plann view partly broken
away of the electromagnetic element; Fig.
5 is'a diagrammatic representation of an elec-
trie .current adupted to the present inven-

chiefly. for ‘the

gy

.able receptacle.

which the mag

’

I gravity a short distance and is again drawn

to the magnet. The ore thus travels down 55
the under face of the magnetic element being
successively attracted and released, which .
oives it a vibratory movement resulting in

the shaking off or out of all of the gangue,

which droqs by gravity. - The ore in this 50

manner follows the magnetic element to 1its

lower end where it is discharged into a suit-
By a period of rest is meant one during

less than sufficient to retain the magnetic

particles and consequently they fall away

om the element. It will be obvious there-
fore that during a period of rest the elenient

is not necessarily devoid of magnetization, 70

but that the magnetization is below a certain
value as described.  On the other hand, the
element may become totally devoid of mag-
netization without producing a period of

rest, as, for example, where the element. 1s 75
excited by alternating currents of

any of the
usual commercial frequencies. There, al-
though the magnetization of the element 1s
zero Tor an instantaneous period, the succes-

sive impulses of current occur so rapidly that 8o

the magnetic particles are continuously re-
tained and no period of rest occurs, as the-
term is employed in the specification. The

same results would be obtained if a direct

current circuit for energizing the element &j

were made and broken with high frequency.

Periods of rest might, however, be obtained

with either the direct or alternating current
arrangement if the frequency were made low

enough-so that the magnetic particles were go

not continuously attracted. - | -
Tt may be remarked that in-the apparatus

shown the magnetic particles will not move

from top to bottom o - the element unless pe-

riods of rest occur, for the working face of the g5

element is stationary and the field 1s longitu-
dinally stationary; rising and falling in value
but not moving longitudinally of the face.
Tt will therefore be obvious that unless peri-
ods of rest occur when gravity '
magnetic particles downwardly, there will be
no movement of the particles along the ele-
ment. S o
While the magnetic field does not move
longitudinally
allel to the flow of the magnetic particles, 1t -

netization of the element 1s 63

can move the 100

of the element, that 1s, par- ros
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~does, according to certain features of the in.

vention, as hereinafter set forth , Move trans-

‘versely of the element. _ |
~ The process above described may be car-

of an electromagnet in cir-

ried out by means _
electric current .and. pro-

cuit with a direct

vided with means for pertodically interrupt-.
‘ing the circuit

at regular intervals, by means
of which the magnetic element is alternately
magnetized and de-magnetized. It is pret-
slternating cur-
_ between its posi-
tive and negative sine curves or loops which
periods of rest are uniform and preferably
substantially equal
riods of action. |
In carrying out the

surtace of >lem _
1s fed. onto the upper end ‘of the riffle tray
and 1t passes by gravity over the same , being

at all times within the field of the magietic.
travels over the tray:
turn over by, the riffles and?
thus, during its passage over the tray, all
ore are exposed to the influence

element. . As the stock
1t 18 caused to

particles of , ,
of the magnet and withdrawn from’ the
gangue. While the larger part of the ore is
withdrawn at the upper end of the tray it is
found that the stock must travel an ap
ciable distance over the tray before all of the
ore is withdrawn and-the length of the tray
and the magnet are so proportioned that the
separation of the ore from the gargue will be
completed before the gangue is discharged
from the ,
tion will now be described in.detail..”

Referring to the drawing A indicates the |
frame of the apparatus, B the magnetic ele-
ment, U the riffle tray and D the hopper. |
The magnetic element B is built up of a se--

ries of soft steel plates 10 separated by suit-

able insulation and forming the poles: The
plates 10 are toothed and provided with coils

11 surrounding the alternate groups of teeth

as 1llustrated in Figs. 3'and 4. ,"‘Thé’pla_,tes' 1 0 |
may-be of any desired size, depending upon |

the desired capacity of the machin . Az
shown there are two pairs of coils; the coils of
each pair beihg connected in series. It is

preferred to arrange the coils in multiples of

55

bo

oz

two for a purpose to be presently described.
The plates 10 are suitably supported in
frame 12.  As shown they are provided with
shoulders 13 which engage grooves in the

~side bars of the frame and the sidé" bars are
connected by beits 14,14,  The entire under |

surface of the 1agnetic element is covered by

& non-magnctic plate, preferably of brass,

which provides a smooth surface for the pas-

sage of-the ore and covers the lamine and
colls of the magnet, and forms a working

face for the magnet.

At the lower end of the magnet the plates

terial. . -

to the intermediate pe- L S .
| - | | At the 16Wer end of the tray is a guide E-

invention it is prefer-
~able to arrange a riffle board or tray beneath |
and substantially parallel with.the operative |

the magnetic element. The stock: opening 20 throuch

‘the upper side of |
guidqi_.pla;te or.chute 22 which receives the
dre from the magnet and directs it to & place
b. - The upper end 23 of the ouide E
overlaps the opening 20 to prevent any of
the ore from dropping through said opening
| 1In case it is' temporarily

| of deposit.

Ir'e-

.-‘ Of the magn

lower end of the’ tray: | The F"inveln-'
.| otally on a bar or sup

855,166

10 gra,dually recede from theaf'&ceﬂlé') of the
1cated at 16, the object being
| to gradually reduce the force of the magnet

magnet as indicated

and thus permit th
away from it. e
The riffle tray C is

ore to drop completely

adj ustably supported.

below the face 15.. As shown in Figs. 2 and

3 the tray is adjustably supported on the

any desired. position by means of lock nuts or
other suitable devices. -The tray is provided

at intervals with riffles 18 extending across

frame by screws 17 and it-may be locked in

75

1ts face and at the sides it is provided with

ﬂar_lges“_lg to PI' e?ent; the escape of the ma-

L L

adapted to direct the ore to one receptacle

and the gahgue to another. Between the

lower end of the tray and the guide E is an
e _ | which the gangue es-
capes and the guide E is preferably provided
On

with a chute 21 to direct the gangue.
the guide E is a second

released from the
magnet when passing said opening. The
guide E

adjustable. upon its pivot by means of an

arm 25 and an adjusting screw 26.

- The hopper D is arranged at the upper end
et and tray and it is preferably
adjustable to vary the feed. . As shown this
is accomplished by mounting the hopper piv-
with the main frame

28. - The material is fed through a mouth 29

at the bottom of the hopper and the flow of
material will depend upon the angle at which
per is set. The material discharged
. e-hopper falls upon the u%per.' end. of
the.niflle tray, as previously stated.

| . In Fig. 51s indicated in diagram a direct

the hO'E
from t

electric current adapted to operate the appa-
ratus. Any well known means may be.em- |
ployed to interrupt the current to produce
| periods of energy and rest as indicated at 30
(and 31 respectively on the diagram, these
| periods being preferably the sam
| duration. . It bas been found preferable ho-
| ever to use an alternating current having the
peculiar properties indicated in Fig. 6 in-

preferably of about the same

which 32 indicates the positive sine curves or

ort, and connecting it
y an adjusting screw

80

9c

95

1s pivoted to the frame at 24 and is

-"mq-

Iog

1o

115 .

I20

loops, 33 the negative sine curves or loops,

and 34 intermediate periods of rest during
‘which the magnetic "element becomes de-

magnetized. The alternating current de-

scribed effects alternate reversals of the mag-
netism of the magnetic element, and of the

ore particles, with the result that the ore is

| more freely agitated in its descent over the
ince of the magnet and the separ-.tic ( of the : 3

125
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cangue-greatly facilitated. _
means may be utilized for producing the al-
ternating current described. In the opera-
tion of the apparatus the frequency of the al-
ternating current must be comparatively
low.

from 6 to 8 cycles per second works well 1n

actual practice although this may be varied

-~ with different conditions of ore and different

10

20

proportions of apparatus. Similarly, the
number of interruptions per second of the di-
rect current when uséd should be adapted.
to the conditions of .ore and apparatus pre-
vailing. s

The operation of the invention will be un-
derstood from the foregoing description and
need only be briefly referred to. The appa-
ratus_operates continuously, it being only
necessary to keep the hopper supplied with
stock and to provide for the removal of ore
and gangue. The stock falls in a continuous

- stream from the hopper onto the upper-end

3¢

of the tray and it flows hy gravity down the
tray and over the riffles. Asit'descends the
rifles retard the flow and tend to turn the
stock, presenting all of the particles 1n turn
to the magnet. The ore, as presefited to the
magnet, is drawn away from thé gangue and
it travels'down the face of the'magnet, being
alternately released and immediately reat-
tracted before reaching the tray. Substan-
tially complete separation of the ore and

- gangue 1s effected before the materials reach

L
I

- means for feeding -the stock continuously

40

45
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Ho

than others.

- . the magnet at 1¥s upper end than at its lower
5¢

of rest 1n one-half of the eireuits will be si-

the lower end of the tray and the gangue

: thenpasses out through the opening 20 while | ment and adapted to convey the stock along

the ore is carried over the guide It and de- | the magnetic element, and means for feeding -

livered onto the chute 22. - .
- It will be understood that any suitable

may be substituted for the hopper. ]
The adjustable riffle tray is an important
feature of the mvention. It 18 found that
the tray must be adjusted with respect to
the magnet to suit the particular material
being operated on, some classés of material
requiring the tray to be closer to the magnet
It 1s also found preferable in
some Instances to adjust the tray closer to

end as the ore accumulates on the face of the
magnet in depending masses or tufts which
tend to lengthen toward the lower end of the
magnet. In the operation of the machine
these masses of ore descend along the face
of - the magnet step by step and at ecach
period of rest in the magnet they open up
and separate slightly thus freeing any gangue
that may be carried with them and permit-
ting 1t to drop to the tray. -

1t is preferred to couple the circuits in pairs
as 1ndicated 1n Ifig. 4 and to so arrange the
cenerator or commutator that the periods

It has been found that a frequency of |-

multaneous with the periods of enereyv in the

'Any Well.kno_ivn 1 other half, thus rendering the load uppn the

motor substantially uniform.

a

Having described my invention what 1 '.

iSj | : | | | . | | |
1. In an electro-magnetic separator, the
combination with an inclined magnetic ele-

claim and desire to secure by Letters Patent |

70

ment the under surface of which co-operates
with the material under treatment, of a cir-

cuit therefor, a source of energy adapted to
produce in said -eircuit an alternating cur-

rent having periods of rest between succes- .
| sive alternations, and means for feeding

stock beneath said element, substantiglly as
described. o | B

2. In an electro-magnetip dry '_ sepafatbl;','
an inclined magnetic element having a lami-

nated coré the under surface of which co-op-.

erates with the material under treatment,
means for alternately energizing said element

positively and negatively and causing periods -
| of rest between successive energizations, and
means for feeding stock to the under surface -
of"said element, the inclination of said ele- -

ment being such that the magnetic particles
move along its under surface unaided except

by gravity and magnetism, substantially as

deseribed. -

3. In an -electro-magnetic "Ise.pa',raitoi‘, the

combination with an inclined magnetic ele-
ment, of means for periodically energizing

said element and causing periods of rest be- -
tween successive energizations, an inchned

75

30

s1e.

05

stationary tray arranged beneath said ele-

stock between said element and tray, the in- -
| clinations of ‘said element and tray

such that the stock will travel along the

same unaided except by gravity and mag-

netism, substantially as described.” -
4. In an electro-magnetic separator, the

100

being -

105

combination with an inclined magnetic ele-

ment, of means for periodically emergizing
sald element and causing periods of rest be-
tween suecessive energizations, an inclined
stationary tray arranged beneath said ele-
ment and adapted to convey the stock along
the magnetic element, means for feeding
stock between said element and tray, the in-
clinations of sald element -and tray being
such that the stock will travel along the
same unalded except by gravity and mag-
netism, and means for adjusting the tray

to and from said element, substantially as f

described. :

5. In an electro-magneétic separator, the

110

IT§h

120

combination with an inclined magnetic ele-

ment, of means for periodically energizing -
sald element and causing periods of rest be~

tween successive energizations, an inclined

stationary tray arranged benéath said ele-
ment and adapted to convey the stock along

- the maenetic element, means for feeding

125
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stock between said element and tray, the in-
clination of said element being such that the

stock will travel along the same unaided ex-
cept by gravity and magnetism, and inde-
pendent means at each end of the tray for

adjusting the respective ends of the tray to

and from the magnetic element, substan-
tially as deseribed. L
6. In an electro-magnetic separator; the
combination with an inclined magnetic ele-
ment, of means for periodically energizing
sald element and causing periods of rest be-
tween successive energizations, an inclined
tray arranged beneath said element anc
adapted to convey the stock along the mag-
netic element, means for feeding stock be-
tween sald element and tray, the inclination
of saild element being such that the stock
will travel along the same unaided except

by gravity and magnetism, and a cuide at
tray adapted to direct
‘the ore and gangue to their respective places.
of deposit, substantially as describe |

the lower end of said

L '

7. In an electro-magnetie separator, the

combination with an inclined magnetic ele--
‘ment, of means for periodidally energizing
sald element and causing periods of rest be- |
tween -successive energizations, an inclined
tray arranged beneath said element and

adapted to convey the stock along the mag-

-

‘nefic ‘element, means for feeding stock be-
“tween said element and tray,

the inclination

- of said element being such that the stock

- Wwill travel along the

111~

F

- terposed between the tray and magnetic ele-

40

8. In an electro-magnetic
- combination with an ineclined
ment, .of means
- said element and

ment, substantially as described. |

separator, the
magnetic ele-
for periodically energizing

tray

same unaided except
by gravity and magnetism, and a guide 1

causing periods of rest be- |

, 8065186 -

tween successive energizations, an inclined

adapted to convev the stock along the mag-
netic element, means for feeding stock be-

tween said element and tray, the inclination
sald element being such that the stock
‘will travel along the same unaided exce t

of

by gravity and magnetism, g guide at the

lower end of said tray adapted to direct the

ore and gangue to their respective places of

substantially as described. S |
9. In an*electro--ma,gnetic'_.'sepa,r_ator, the
combination with an.inclined magnetic ele-
ment the under surface of which co-operates
with the material under treatment, and with

-meéans for feeding stock to the under surface
of said element, means for ositively and

negatively magnetizing the coils with periods
of rest between energizations, and means for
causing said field to shift transversely of the
magnetic element, for. the purpose set forth.

10. -In an electro-magnetic separator, the
combination of an. inclmed magnetic ele-

ment having a series of coils arranged trans-
versely to the flow of the magnetic particles-

along said element, a.common source of cur-

Tent for said coils,, means for feeding stock
beneath said element, and means for suc-
cessively

energizing and de-energizing said

coils, and producing periods of rest between

- EDGAR A. EDWARDS.
Witnesses: -
Huen M. SterLiNg,
JAMES A. WaTson.

arvanged beneath said element and

50

deposit, and means for adjusting said guide,

55

6o

70

‘successive energizations, the period of rest
‘of-one coil occurring when the adjacent coil -
1s energized, substantially as described: i
 In testimony whereof I have signed my
hame to this specification in the presence of,
| two subseribing witnesses. |
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