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To all whom it ?n@y COTLCEFTL:

Be it known that I, JOEN PRICE W ETHER-
ILL, & citizen of the United States, residing
at South Bethlehem, in the county of North—-
ampton and State of Pennsylvania, have in-
vented certain new and useful Improvements
in Methods of and Apparatus for Magnetic
Separation; and I do hereby declare the fol-

lowing to be a full, clear, and exact descrip-

tion of the 111%11131011 such as will enable oth-
ers skilled in the &1% to which it appertams
to make and use the same.

My invention contemplates the separation,
on a commercial scale, of paramagnetic ma-
terial of very low magnetic suseeptibility
from mixtures 0011ta,1111110 the same, and es-

pecially the separation of ferruginous mate- |

rial wherein the iron is present in such small

proportion or in such chemical combination

that said ferruginous material has been con-
sidered meapable of separation and segrega-
tion by magnetic separators of the kind here-
tofore employed 1n the ore-dressing art.

In the present state of the art, so far as 1
am aware, the only minerals that i are recog-
nized as commercmﬂy separable
from ore mixtures containing them are mag-
netie oxide of iron, (Fe,0,,) natural or arti-
ficial, and py:trhotlte both of which have such
& lufrh degree of attractability as to adhere

miliar to the mineralogist, and to be readily

Agide from these two classes of minerals, and
possibly one or more others closely a,ppro:s_l-

mating them in attractability, the knowledge

that Othel ferruginous minerals are suscepti-

ble of magnetic attr action has not passed the

1&1}01‘&1}01‘37 orlithologic cabinet stage, and has

never been the subject of sueeebsful indus-

trial working despite the incentive offered by
the 1‘960*3111!ed high commercial value of the
pmduots that Would result therefrom.

My present invention realizes broadly the

industrial magnetic separation, on a metal-
lurgical scale, of substances of such low mag-

| netle attmctabﬂﬁy that they are either r‘ated

in the art as non-magnetic, or are not recog-
nized as possessing any mannetlo attmetabﬂ-—
1ty W]latevm
are af

‘orded by the hematite or limonite pres-

ent in ﬂdmmture with sand in ore clep{)Slt%—-—— |

‘netic pel*meablhty

Oy maﬂ‘nets |

to the 01*(1111&1*37 seven-inch hand-magnet fa-

removed by familiar forms of separators.

Examples of such substances

as, for mstmlce the Clinton red fossﬂ ore of
Alabam a—Dby the garnet, menacecanite and ru-
tile present in monamte sandq:. and by spathie

iron-ore, (siderite.} These substances, sep-.

arated throuoh the agency of the 1ntcnse
magneto- motwe forces incident to the prac-
tlee of my invention, are typical of a congid-

erable class, all Wlthm a realm of feeble mag-
extraordinarily 1"emote
from that of the so-called ‘‘magnetic” min-

erals, magnetite and pyrrhotlte the abrupt
gap between the two classes of substances

being unoecupied by substances of interme-

dl&te and graduated magnetic suseepmblhty *

In the pmctme of my mV@ntmn for the sep-
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aration of these and like substances from the .

non-magnetic gangue accompanying them I
first crush the composﬂae ore so that the par-
ticles to be separated break apart from each
other, unless they are already in that condi-
tion, and then pass 1t through a magnetic

field of such extremely-high eondensatmn or

concentration that the hematite, or like sub-
stance of low attractability to be separated,

will be temporarily mmductively magnetized

and deflected into a line of movement differ-
ent from that of the gangue.
For the attainment of the bestresults I feed

the material to be separated through the
strongest lines of force of the hlnhly concen- -

1*atec1 or condensed magnetic ield, estab-
lished across an interval (Such as an air or
water gap) in a magnetic circuit; and, when

the field is formed by the opposing peles of.

electromagnets, I preferably feed the material
into it in such manner that it will enter from
opposite sides of the

central zone of substantially equal attr aetmn
midway of the poles, asa consegquence whereof
the particles to be &ttracbed are arrested in
the zones of greatest attraction and diverted

into 1'eeeptaeleq provided for them without
coming into the neutral or weaker zones at
all.
‘portance for the successful and commercial
separation of the class of bubst&nces with

These features are of extraordinary im-

which my invention deals, as they render it

ield and pass through
the zones of greatest attraction 1111medla,tely.
adjacent to the pole-piece edges, avoiding the
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possible to subject the entire mass of the at-

tractable particles to the maximum attract-

1ve 111ﬂ11enc1nﬂ effect of the maﬂnehc fi eld -
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and secure a corresponding economy in the
expenditure of electrical energy for the ener-
oizing-coils of the electromagnets, since the

full effect of the energy employed 1s that
which is usefully exerted.

In the accompanying drawings I have illus-
trated several forms of apparatus suitable for
the practice of my invention, although 1t will
be apparent that its broad features are capa-
ble of embodiment in other forms of construe-
tion based upon the same general principles
of operation.

In the drawings, Figure 1 represents a ver-
tical section of ome form of the apparatus.
Fig. 2 represents a horizontal section thereof.
Fig. 3 represents a side elevation thereof.
Figs. 4 and 5 represent, respectively, and on
a somewhat larger scale, a plan view and side
elevation of a modified form of conveyer,
which may in some instances be substituted
forthe conveyershown in the preceding views.
Fig. 6 represents, in cross-section, a modifica-
tion in the relative aspect of the pole-pieces.
Fig. 7 represents, in side elevation and par-
tial section, a modified form of the apparatus.
Fig. 8 represents a horizontal section thereof.
Figs. 9 and 10 represent sectional views of
further modifications.

Similar letters of reference indicate similar
parts throughout the several views.

Referring to the drawings, A indicates a
suitable frame or housing for the convenient
mounting and support of the several parts
making up the entirety of the apparatus. In
the upper part of the frame are supported the
feed-hoppers B B for the reception of the ma-
terial to be treated, which is crushed or com-
minuted to a degree sufficient to break apart
from each other the particles to be separated.
At the bottom of each hopper B is located a
device for feeding the material in an even
layer of graduated thickness to a chute b,
said device consisting preferably of feed-roll-
ers ¢ oceupying the bottom of the hopper and
mounted in bearings d vertically adjustable

within brackets ¢ by means of a set-screw ¥,

or the like, so as to adjust the width of the
feed-opening and consequently the thickness
of the layer of material fed therefrom, asmay
be desired.

Each feed-roller ¢ receives a constant mo-
tion of rotation from a belt ¢ driven from a

pulley 2 upon a power-shaft C, actuated from

any suitable source of power, and upon the
same power-shaft C is mounted a pulley ¢ for
driving the conveyer-belt, as hereinatter de-
scribed. Transverse to the frame 1s secured
the electromagnetic element of the inven-
tion. In the form represented in the draw-
ings this electromagnetic elementis support-

ed from suitable brackets [, bolted to the ma-

chine-frame and 1s made up of two cores m,
joined by a connecting-yoke n, each core be-
ing provided with a bobbin having a wrap-
ping of wire colils p 1n series with each other,
the direction of winding of the two coils being

such asto produce opposite polarities in their

respective pole ends. The pole-pieces r are
adjustable toward each other preferably
through the intermediacy of the serew-bolts?,

passing through elongated slots made throu frh
the body portion of the pole-pieces. The ad—
justment of the pole-pieces is toward and
from each other in a dirvection transverse to
the longitudinal axis of the cores, and the
pole-pieces are made of sufficient length that
they will, when adjusted as closely together
as 1s contemplated, still entirely cover the
proximate ends of the cores. ''he exireme
ends of the pole-pieces are made removable
and replaceable, when worn, by means of a
dovetail joint, as indieated, and over and
about these ends extend conveyers which
feed the material forward laterally into the
magnetic field. These conveyers may con-
sist of endless belts s of thin linen or canvas
passed over the actuating-pulleys 2, and may
bear upon their outer surface the conveying-
slats or transverse strips shown in Figs. 1
and 3, should these be found desirable in case
of excess of magnetic attraction at the pole
extremities for the particular material under
treatment, although in many cases they may
be entirely dispensed with.

Where the material to be separvated 13 of
such a character that it is desirable to dis-
pense with any intervening substance be-
tween it and the pole-piece over which it 18

fed, I may feed the material directly upon

the upper surface of the pole-piece and move
it along said upper surface and over the ex-
tremity of the pole-piece by means of the con-
veyer shown in FFigs. 4 and 5 of the drawings,
said conveyer consisting of sprocket-chains
v having cross-slats v’ moving in contactwith
the apper surface of the pole-piece so as to
convey the material deposited thereon for-
ward, and passing over the sprocket-pul-
leys v~

It will be noted that the cross-sectional area
of the cores m and of the yoke 7 are indi-
cated in the drawings as substantially equal.
They have therefore practically the same
magnetic carrying capacity, and the pole-
pieces are of (301*1*@5p@11ding dimensions, not
larger in cross-sectional area than that of the
cores and yokes, so that the magnetic lines
of force may mnot be dispersed upon entering
the pole-pieces. At their ends, on the co.-
trary, the pole-pieces t&perioward cach other,
ther eby decreasing in cross-sectional area
and causing-a corresponding condensation or
crowding together of the magnetic lines of
force, so as to form a concentrated magnetic
field of extraordinary attractive power.

The operation of theinvention isas follows:
The material to be separated is fed from the
hoppers B B and chutes b to the conveying
device in alayer of the approprate thickness
and is advanced by the conveyer laterally
into the condensed magnetic field. Asiten-
ters the magnetic field 1t passes through the
zone of greatest attraction thereof 1mmedi-

ately adjacent to the pole extremities, where-
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upon the particles to be attracted are arrested |

and detained momentarilyin contact with the
surface of the conveyer as it passes from the
polar extremity, while the tailings are carried
onward slightly, so as to fall into the central
space between the pole extremities and into
a receptacle D provided for their reception.
The continued movement of the conveyer car-
ries the particles arrested by the attraction
of the polar extremities out of the range of
such attraction, whereupon they fall from the
ected by
the hinged leaves xinto receptacles E. Where
the attracted particles have a very low ca-
pacity for attractability, they fall from the
polar extremities almost immediately after
having rounded them, and for this reason the
hinged deflecting-plates are carried well up
to the pass or interval between the poles, so

that the possibility of subsequent comming-

ling of the separated products may be avoided.
1'he degree of separation of the hinged leaves
18 also capable of accurate adjustment by
means of a set-screw and slotted links, as
shown. It will be observed that the material
to be separated is thus fed laterally into the
magnetic field, entirely avoiding the central
zone, where the attraction is weaker, and
where, as a consequence, material otherwise
capable of attraction would fall freely into
the receptacle below without being separated.
3y avoiding the central feed and causing the
particles to be attracted to enter initially the
strongest zone of attraction they are at once
subjected to the full separating power of the
magnets, brought to the maximum required
for materials of extremely low magnetic ca-
pacity by reason of the high condensation of
the magnetic circuit at the tapering pole ends.
The location of the upper surfaces of the pole-
pieces in the same horizontal plane insures
the forward feed of the material into the field
without gravital impulse, thereby permitting
it to receive the full effect of the concentrated

lines of force.
It will of eourse be understood that I donot

restrict the employment of my invention to
any particular use, but as an example of the

conditions under which it may be sucecessfully
employed for the magnetic separation of hem-
atite ore from sand or other non-ferruginous
material with which it is associated I may
state that a mixture of such hematite ore and
sand comminuted to a degree sufficient to
pass through a sieve of No. 8 mesh and spread
outin a moving layer of one-eighth of an inch
in thickness has been successfully separated
by an apparatus of the kind just described,

andwherein the cores were each wrapped with

ten hundred and fifty windings of No. 10 cop-

per wire energized by an electrie current of

eight and one-half ampéres and fifty-five
volts, the eross-sectional area of the cores and
yokes being about 26.87 square inches and
the pole-pieces (of the relative size indicated
in the drawings) being separated from each
otherata distance of seven-eighths of an inch.

In this practice, with hematite ore under the
conditions named, the speed of travel of the
conveyers wasabout fifty-five feet per minute.

The feature of adjustability of the pole-

=

pieces toward each other is a great desidera-

tum to the successful use of the apparatus,
for the reason that the strength of the effect-
1ve field can be delicately graduated thereby

to correspond exactly to the requirements of

the particular substance treated, and without
it being necessary to alter the ampérage of
the electric current for small variations. It
18 also important that the material to be sepa-
rated is fed past the magnet-poles without
initial velocity due to gravitation, and at a
moderate speed, so that the magnetic attrac-

tion may not be neutralized by a preponder-

ating force. |

In some cases it will be desirable to pass
the tailings from a primary separation a sec-
ond and even a third time through the appa-
ratus, or, whichis equivalent thereto, through
a number of them, where the magnetic sus-
ceptibility is exceptionally low and a particu-

larly complete separation is desired. Where

the material treated contains a plurality of
magnetically-separable constituents of differ-

ent susceptibilities—as, for instance, the me-

naccanite and garnet present in monozite
sands—I find it convenient to primarily re-
move, as heads, the menaccanite and garnet
by an-appropriate condensation of the field,
and atterward to pass the heads again through

the apparatus, or through an adjacent like

apparatus, wherein the field is weakened
sufficiently to leave the garnet but is still

sufficiently strong toremove the menaccanite.
The difference in the condensation of the

fields can be obtained either by decreasing
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slightly the- ampérage of the current or by

increasing the width of the working interval
between the pole-pieces, or by a combination
of the twoexpedients. Ihave found in prac-
tice that a difference of one ampeére in the
strength of the current is sufficient for such
separation of menaccanite and garnet.

It will be observed that the efficiency of the
separation hereinbefore described depends
upon obtaining a local condensation of the
magnetic circuit of such an extraordinary
character as to inductively magnetize and re-
move these minerals of low magnetic attract-
ability, and that fields of such high condensa-

tion are remarkably susceptible to varying

conditions and are capable of delicate adjust-
ment. Where a still stronger condensation
is desired, I leave one of the pole-pieces un-
tapered, as indicated in Fig. 6. In such case
Istill employ the two belts, as before, but use

as an ore-conveyer only the belt- that passes
around the tapered pole, the increase in the

attractive power of the field being obtained at
the expense of cutting down the feeding ca-

| pacity of the machine. - '

In Figs. 7 and 8 I have illustrated a modi-
fied form of apparatus embodying my inven-
tion, the main distinguishing feature consist-
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ing in doubling the capacity of the machine
shown in Ifigs. 1 to 3, so as to enable 1t to
treat simultancously two different bodies of
material subjected to its action. Moreover,
the magnetic fields, instead of being formed
between two poles of the same magnet, are
formed between poles of separate magnets,
with the result that the fields are more rigor-

ously uniform across their entire effective

zones of greatest attraction. In thismodified
form of the apparatus receiving-bins for the
separated products are provided, as betfore,
and the feeding devices are of the same gen-
eral character asin the construction shown in
Figs. 1 to 3, save that the conveyer-belts s’
may be inclined toward the pole ends, as
shown. Inthisconnectionitistobe observed
thatthis inclination should not exceed the an-
ole of rest for the material treated and should
usually be less than thirty degrees, so that
the material may not slide on the belt, and
thereby have imparted to it an inertia that
would carry it rapidly past the magnet-poles,
but so that it may be fed gradually at the pre-
determined moderate speed required, thereby
having opportunity to be fully subjected to
the influence of the condensed field before be-
ing subjected to the force of gravitation.
The electromagnets, two in number, are se-
cured to a portion A’ of the frame of the ap-
paratus by means of adjusting-stems /', con-

nected to the magnet-yokes ¢', whereby the

magnets as a whole can be moved from and
toward each other, so as to vary the interval
between the opposing pole ends, as required
in practice. Each magnet will be provided
with two cores A/, surrounded each with a
bobbin 7', upon which is wound the appropri-
ate number of convolutions of copper wire.
The convolutions upon all four cores of the
two magnets are conveniently connected in
series and energized by a current from the
same generator, the direction of winding be-
ing such that the poles of each magnet shall
be of opposite sign and that the minus pole
of one magnet shall be opposite the plus pole
of the other, thereby constituting two inde-
pendent maﬂneifle fields. Care should be
taken to Sepamte the cores and pole-pieces of
each magnet from each other sufficiently far
to preven’o leakage across from one pole to the
other of the same magnet, as such leakage
a tendency not only to weaken
both magnetic fields, but also to disturb the
uniform distribution of the magnetic lines in
each, and thereby cause them fo aet unequally
upon the material treated. The pole-pieces
(and by this expression I mean the continua-
tion of the cores beyond the energizing-coils)
are tapered at their ends in the direction of
their thickness, and also preferably in the di-
rection of their width, as shown.

In the construction shown in Fig. 9 the
pole-pieces are of like character to those of
the apparatus illustrated in Figs. 1 to 3 and
are similarly adjustable. The capacityof the

apparatus is, however, also doubled, as will
be apparent, there bemn* double sets of feed-
belts.

In Fig. 10 I have illustrated the employ-
ment of one of the electromagnets shown in
Iig. 9 placed opposite an 111due1nﬂ'-bodya: ot
Soft iron, which arrangement I also find ac-
ceptable in practice when the cores and pole-
pieces are energized todevelop at the tapered
pole ends the hlﬂhly condensed or concen-
trated magnetic fields essential to the prac-
tice of the invention.

In an application for Letters Patent for 1m-
provements in the separation of Franklinite

~ore and the metallurgy thereof, filed of even

date herewith, 1 have elalmed broadly the
method of separating paramagnetic materials
of different permeablhty from mixtures con-
taining them by subjecting the mixture to
the actmn of a magnetic field sufficiently con-
centrated to remove said paramagnetic ma-
terial and then separating the removed para-
magnetic material into its components by
subjecting it to the action of a magnetic field
reduced in intensity sufficiently t0 leave the
less permeable component, but sufficient to
remove the component of higher permeability.
I do not, therefore, claim the same in this ap-
plication,

IHaving thus described my invention, what
I elaim is—

1. The herein-described method of separat-
ing ferruginousmaterials of inferior magnetic
susceptibility or permeability from non-fer-
ruginous materials, consisting in bringing the
mingled materials into a condensed or con-
centrated magnetic field, and deflecting the
ferruginous material, while nunder the influ-
ence of said condensed field, into a path of
movement different from that of the non-fer-
ruginous material.

2. The method of magnetically separating
substances of relatively very low magnetic
susceptibility from a mixfture containing
them, which consists in establishing a mag-
netic circuit, concentrating said magnetic
circuit across a working area and developing
therefrom intense magneto-motive forces suf-
ficient to inductively magnetize such parti-
cles of very low magnetic susceptibility, sub-
jecting the mixture to the action of said in-
tense magneto-motive forces and thereby at-
fracting and withdrawing from the mixture
the particles to be removed, and progressively
removing the withdrawn particles from the
field of action of said intense magneto-motive
torces.

3. The method of magnetically separating,
from a mixture, substances of such low mag-
netic attractability as siderite, hematite, gar-
net, or the like, which consists in eStELbllbh-
Ing a magnetic (311’*(311113 passing the mixture
through a part of the cireuit condensed to
form a concentrated field sufficient to induct-
ively magnetize and withdraw the siderite,
hematite, garnet, or the like, {from the mix-
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~ture, and progressively removing the with-
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drawn minerals from the condensed por tlon
of the magnetic cireuit.

4. The method of separating from a mix-

ture, substances of such low magnetic perme-
ability as to have been usually regarded as
non-magnetic, which consists in e%mbhgh] ng
3} maﬁnetm circuit having an interval across
which the magnetic lines of force extend form-
ng a maﬂ‘netle field substantially uniform
‘Llonﬂ' its length, condensing the magnetie
111168 at said 111’[61‘ al, conveying the sub-
stances to be S@p&l‘&ted into the longitudinal
edge portions of said condensed magnetic
ﬁeld and causing said condensed magnetic
field to attract and deflect the attr aemble
particles subjected to its action.

0. 'The method of separating from a mix-
Lure substances of such low magnetic perme-

ability as to have been usually regarded as

non-magnetic, which consists in esmblishin o
a magnetic cireuit havin
which the magnetic lines of force extend form-
ing a mag netic field substantially uniform

alonw 1ts lenﬂ'th condensing the magnetic

]1}108 at said 111te1*val conveying the suhb-
stances to be sepmated 1nto the longitudinal
ecdge portions of said condensed 1113(1-116’[1(3
ﬁeld, and causing said condensed magnetic
field to attract .:111(1 deflect the attra,c able
particles subjected toits action, and continu-
ously removing the particles thus deflected.

6. The method of separating from a mix-
ture substances of such low magnetic perme-
ability as to have been usually regarded as
non-magnetic, which consists in estabhshmﬂ

a m ‘Lﬁnetle (311’*511113 having an interval across

W]llC]l the magnetic lines Of force extend forms-
ing a magnetie leld substantially uniform
along its length, condensing the magnetic
lines. at said 111terval conveying 13116 Sub-
stances to beseparated mto the strongest part
of sald condensed magnetic field 131"311&\?'61 sely
to the length of the held and without initial
velocity due to gravitation, and causing said
condensed 111&“1]61316 leld to attract mld de-
lect the attractable particles subjected to its
actmn
The method of magnetically separating
fmm a mixture substances of such low mag-
netic permeability as to have been usually
regarded as non-magnetic, whieh consists in
estabhshlnﬂ' a magn etlc circuit having an in-
terval across whwh the magnetic lines of force
extend forming a maﬂ'netlc field, condensing
the magnetic lmes at smd 111terval and feed
ing the mixture at opposite sides of the weaker
?one of attraction between the pole-pieces, so
that the particles to be attracted will pass
through the magnetic field through the zones
of gre fwtest at‘umctwn and &VOldlllﬂ the cen-
‘Jml weaker zone; whereby the so- attmeted
material is deﬂeeted into a different path of
movemendt.
8. In a magnetic separator, an electromag-
net having a pole-piece tapering toward its

o an interval across

ot

free end, said free end being of less sectional
area than the magnet-core so as to highly con-
dense the -lines of magnetic force, and a con-
veyer for withdrawing the attracted material
from the magnetic field. |

9. In a magnetic separator, an electromag-
net having a pole -plece tapering toward its
free end, said free end being of less sectional
area iha,n the magnet-core so as to highly
eondenae the lme,.s of magnetic force, and a

‘conveyer for 1&?1‘011(11‘*&1?111& the attracted ma-

terial from the maﬁnemc field, the tapering
end of the pole-pieee being armnged trans-
versely to the direction of travel-of the con-
veyer.

~10. Inamagneticseparator, an electromag-
net having a pole—pleee tapering toward its
free end z—md havingacore substantially equal
in breadth to the breadth of the pole-piece,
and a conveyer passing around the pole-piece
forintroducing the ore into the magnetic field
and withdrawing the attracted material from
said field.

11. Inamagnetic separator, an 1 electrom ag-
net having a pole -piece tapering toward its
free end, said free end being of less sectional
area than the magnet-core so as to highly con-
dense the lines of magneticforce, aninducing-
body located oppos1te the t;upermcr pole end
and a conveyer for withdrawing Lhe attracted
material from the magnetic eld

12, Inamagnetic sepm*ato ,an electromag-
net having a pole -plece mpermﬂ* toward 1tq
free end, so as to highly condense the lines of
]'11a.g11etuic force, an inducing-body located op-
posite the tapering pole end, said inducing-

body being itself the pole end of an electro-

magnet, and a conveyer for withdrawing the
attracted material from the magnetiec field.

13. Inamagnetic separator, an electromag-
net having a pole-piece tapering toward its
free end so as to highly condense the lines of
magnetic force, an induecing-body located op-
posite the tapering pole end, and means for
increasing or decreasing the interval between
the pole end and theinducing-body, and a con-
veyer for withdrawing the attracted mat erial
from the magnetic ﬁeld

14. Ina maﬂ'netlc separator, an electromag-
net having a pole—-pieee tapering toward its
free end in width and thickness, said free end
being of less sectional area than the magnet-
core so as to highly condense the lines of mag-
netic force, and a conveyer for withdrawing
Lhe attracted material from the magnetic 1eld
15. A magnetic separator, ploxflded with
opposing pole -pleces of opposite sign, said
pole-pieces having tapered ends of ]ess SeC-
tional area than theu cores and separated
from each other by an interval forming a mag-
netic field, and a lateral conveyer for each

pole-piece, said conveyer feeding material to
be treated laterally into the magneticfield and
directly over the surface of the pole-pieces so
that the particles to be magnetized will ap-
proach and enter the nmfmetm

field through
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the zone of greatest attraction immediately
adjacent to each pole-piece and will avoid the
weaker zone midway of the pole-pieces.

16. A magnetic separator, provided with
opposing pole -pieces of oppomte sign, sepa-
rated from each other by an interval I.'ormmﬂ
a magnetic field, said pole-pieces tapering at
their ends, so as to have a sectional area less
than that of their cores, and conveyers for the

material to be treated, said conveyers passing

around the tapering portmns of the pole-pieces
and 1n close proximity thereto.

17. A magnetic separator, provided with
opposing pole pieces of opposite sign, sepa-
rated by an interval forming a magnetic field,

sald pole-pieces tapering at ‘their ends toward
cach other, the form of such taper being in lon-
oitudinal section substantially that of a right-
angled triangle, and conveyers for the nmte-
rml to be treated, said conveyers passing over
the surfaces of the pole-pieces and 1n close
proximity thereto.

18. A magnetic separator,
opposing pole-pieces of opposite sign, sepa-
rated by an interval forming a magnetic field,
said pole-pieces tapering at their ends towar d
each other and having their upper surfaces
in substantially the same plane, and con-
veyers for the material to be treated, said
conveyers passing around the pole-pieces and
in close proximity thereto.

19. A magnetic separator, provided with
opposing pole-pieces having tapering ends of
less sectional area than the cores and sepa-
rated by an interval forming a magnetic field,
conveyers passing over and around sald ta-
pering ends, a central receptacle to receive
tailings and outer receptacles to receive the
withdrawn magnetized particles.

20. A magnetic separator, provided with
OpPposSIng pole -pieces having tapering ends of
less Secmon.:ﬂ area than the COTeS mld sepa-
rated by an interval forming a magnetic field,
conveyers passing over and around said ta-
pering ends, a central receptacle to receive
tailings and outer receptacles to receive the
withdrawn magnetized particles, the entrance
to said central receptacle belng separated
from the outer receptacles by adjustable
wings or shutters.

21. A magnetic separator, provided with
opposing pole -pieces having tapering ends
and separated by an interval forming a mag-
netic field, said tapering ends being adjust-

provided with

able toward and from each other, and a con-
veyer for withdrawing the attracted particles
from the magnetic field.

22. A magnetic separator, provided with
opposing pole-pieces having tapering ends
and with their upper surfaces in sttbstantially
the same plane, endless conveyers passing
over and around said tapering ends, and
means for supplying to each conveyer a layer
of material to be separated of substantially
the width of the tapering ends.

23. A magnetic separator, provided with
opposing pole-pieces, movable toward each
other and having tapering ends, and con-
veyers passing over the tapering ends and
feeding the material to be separated laterally
toward the interval between the pole-pieces.

24. A magnetic separator, comprising &
frame hz‘wmg tapering pole-pieces mounted
therein and adjustable toward and from each
other, endless conveyers passing over and
around the tapering ends of the pole-pleces,
hoppers having feed-rollers in their outlets
for feeding in a layer the material to be sepa-
rated, and chutes for delivering the material
to the conveyers.

25. A magnetic separator, comprising a
frame, tapering pole-pieces mounted therein
and adjustable toward and from each other,
endless conveyers passing over and around
the tapering ends of the pole-pieces, hoppers
having feed-rollers in their outlets for feed-
ing in a layer the material to be separated,
chutes for delivering the material to the con-
veyers, and separate receptacles for the tail-
ings and separated magnetic particles, the

upper portion of the tailings-receptacle being

provided with adjustable wings or leaves to
deflect the separated magnetic particles into
thelr receptacles.

26. A magnetic separator having two elec-

tromagnets presenting two palrs of tapering

poles of unlike sign opposite to each other,
and conveyers for feeding the material to bo
separated laterally into the magnetic field
from opposite sides of the interval separating
them and for withdrawing the attracted par-
ticles from the magnetic tield.
In testimony whereof I affix my signature
in presence of two witnesses.
JOIIN PRICE WETHERILIL.
Witnesses:
ITuGgH M. STERLING,
JOHN C. PENNIE.
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