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To a,ll whom it may concern:
Be it Enown that Wwe, RICHARD 1L SANDERS

* and CHARLES. T. THOMPSON, of Phllddelphla

Pennsylvania, have 1nvented acertain new
5 and useful Process of and Machine for Mag-

-netic: Separation, w heleof the follow:mv is’ a.

~ specification.
~Although our, process is of course adapted
“to separs ate and remove particles of paramag-
to- netic material generally from & mixed mass,
we shall; t
‘use the. term
zcles, the term ‘“ gangue as typical of the non-

) wpa,ra,maduetlc mateu.ﬂ ‘and the term “‘stock ”? |

4% asindicatling the admlxtule of:the two Whth
- is'tobe’ subJected to treatment.

“Our invention is based upon the (hscovery

th&t when an ar mature of proper efficiency is

‘ placed in proximity to a magnetic pole in

20 such: manner i

Cgap. betw een; which gap is-not-the direct path |

of the maximum flow of lines:of force under. |
normal. conditions, the magnetic field: formed |
across said gap possesses a. characterpecul-
iarly adapbed for the separation of ore from
¥ gangue and for the removal of the separated.|

ore to an isolated point of dlschamue.
- Beforeproceeding to describe ourinvention
“in detail we will, to famhta,te the explanamon
;0 thereof, compare the behavior of ‘paramag-

netie paxtleles in an or dmary magnetic field.

" (or one whose lines of foree fiow without ab-
normal diversion through the air-space be-

tween the twopoles of a- mavnet) with the be-
- 35 havior of such. particles in a field whose lines |

of force are shunted and without undue con-
densation are definitely directed through an
air-space or other gap by meansof an efﬁuent
armature placed at a short dxst(moo from the
‘40_poles of a magnet. :

By the term ‘“efficient” we mean that the
armature (which, of conrse, is composed of
material having a high conducting power for

linesof mavnenc force) shall have a sufficient

45 mass to. coneentrate upon -and ' econduct
through itself a large percentage of the lines
of force which pass near it; otherwise the
lines which it fails to eonduct will find a
_path through-the air indépendent of the ar-

5 3 matare and will ngt be diverted in such mafne-

ner as ’oo pxodxme the besb results, i

‘ Applmatmn filed August 10, 1892 “Serlal No 442 709,

avoid prohmty of descnpblon,,
£fore™ as’ byplca,l of said parti-}

med space-ar:

{Wo-model, )

I‘wures 1 and of the accompanym0' draw-

ings 1llustmte diagrammatically the charac-

ter 1stlcs of the two kinds of fields. referred to

with sufficient cledrr ness. for the purposes of-

suoh comparison..

" Referring to Fig: 1, A represents an o1dx—‘-,

5%

nary horseshoe- md«rnet having poles N'S; rew..
‘spéctively, between and around whicha mag--:

‘neti¢ field extends. - If iron filings or other
paramagnetic material in parbu,les be intro-

69._1

duced into said fleld; so as to-be arrested’

theréin against.the action of gravity, the par-
ticles will ¢éling to the poles and bridge the
mterspace substantxalb in the manner-in-
-dicated in said figure.-

crowded tocrether, as indicated at-a, around
a line of maximum magnetic’ dems1‘ry For
greatest number of lines of force per unit of
area of cross-section: - At other points in.the

In ‘the. gap” directly "
| betweenthe poles the particles will be densely
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region of smaller magnetic denslby they will .

chnv tothe surface of the magnet in substan-

tlally pyramidal heaps, as mdlcdted at ns,

respectively. .- Although this arrangement of
the particles has a quasi-structural olmraeter,
in that the particles are polarized and cling

75

to one another in masses of little chains, yeh :

their close aggregation or agglomomtlon af-
fords conditions highly unfavorable for the
“separation of ore from gangue,since; when a
mixed stock is fed into said field,:a large

8o,

amouut of the gangue will be mechamcally :

entangled’and detained within. the mass of a

closelv interlocked parmdes of ore
Referring now to Fig. 2 , the behavior ef

‘paramagnetic particles in a field which has .
‘been shunted and definitely directed by ‘an -

armature will be described. In said figure,
A’ represents a horseshoe - magnet having
poles N"§' respeetwely Parallel to one le{,
of the magnet is'an armature A* and parallel

85 -
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to the under surface of the poles is anotheyr -

armature A3 the intervening gap in each in-
stance bemg such, as to. be readily traversed
by the lines of force from the proximate sur-
face of the magnet.
.particlesbe mtrodueed intothe fields between
‘the magnet and the armatures; it will be
noted that said particles build themselves up
naturally into diffused strize suspended or

rcstmc not only upon Lhe surface of Lhe mag-

If now paramagnetic’

95

1¢0



10

5

P4

net but upon lhe surface of the armatures
as “ell many of the opposing striz meeting
and bmdfruw across the gap in complete
chains, bul)stantrﬂly as mdxcated at ¢® ¢*, re-
spectn ely.

As compdred witli thie arran 0”ement of pdl’
ticles in an ordinary field, and still more as
compared with the arra n“ement of particles
in a field whose lines of fm ce are condensed
10 a greater degree than is found in the re-
gion “of gre atest intensity in a normal field,

“these btlch of polarized particles are hwhly

attenuated and are, moreover, diffusedly ar-
ranged in substantial parallelism. The con-
(htlons thus obtained are in the hwhest de-
gree favorable for the separation of ore fr om
Lhe gangue, since if a mixed stock be fed into

-iLe fields the particles of ore are at once sus-

- pended in the attenuated strice justdescribed,
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while the gangue is permitted to readily drop
out through the substantially 100ul¢u' inter-
stices bet\\:éen themn, so that a minimum
amount of gangue is mechanically detained
in the interior of the strice.

As thus far deseribed, the peculiar value of

the shunted ficld as compared with a normal
one has only been pointed out with reference

to part of -the work essential in magnetic

separation.

. In a practical process it is not only neces<
sary to separate the ove from the gangue and
permit the latter to escape, but it is also nee-
essary, to remove the ore from the region
where separation hds taken place to a region
of discharge isolated from the path ot‘ out-
going gange.

Ourdiscover y ol the pl operties of ashunted
field embraces also certain features whicl are
peculiarly available for cffecting the remov al
and discharge of the separated ore.

It after the striation of the particles in the
gap between the pole and the armalure the
Iatter e moved away from the pole, (or vice
versa,)a very large percentage of the striated

‘material will 'cling in pendulous lines to.tlie

armature and De carried bodily away from
the magnet, not falling at the instant of re-
moval, but remaining for an appreciable time
sufficient to carry it to a point reldtively dis-
tant. : _

We will now proceed to deseribe means
whereby the properties of such a field, with
respect to the aepm.ltlon and removal of ore,

can be made available in a practically-w ork-
ing Process.

In Figs. 3 and 4 we have shown a type of
apparatus addptod for the conduet of such
process, I'ig, 8

thereof.

I3 representsthe baseor stnudard, provided
with ‘beadings 0 0’ for a shaft ¢, rotatably
mounted therein at an angle of about forty-
.degrees to the horizon. Said shaft has
at its lower end fastand loose pulleys ¢ ¢/, re-
spectively, and carries at its upper end a rig-
idly-attached disk D, preferably of soft iron.

being a side clevation of said
apparatus andd Tig. & a top or plan view |

573,485 ,

E X' represent the two legs of a hewseshoe-

“magnet, energized bymeans of a coil E2upon

bhe Lransverse 1)01t10n which connects them
and which in Fig: 8 is supposed to be situ-
ated at the rear or side farthest. from the ob-
server.

The magnet is suppmted upon the. basc~
plate B in such relation to the disl that the
outer surface of the uppermost leg E is sub-
stantially parallel to the plane of the disk
and at a short distance therctrom, the out-
side edge of the leg beingin a plane substan-

|-tially tan gential to the periphery.of the disk.

That pomon of the disk which atany given
time is directly opposite to the surface of the

8o

leg E constitutes the armature, and to have

the highest efficiency for the purposesof our
inv entlon the disk should be of such thick-

(%21

ness .that said portion shall be capable of .

conducting within itself substantially all the’

lines of fm ce whichit intersects. Should the

metal of the disk be too thin, some of the

lines of forcewill fail to be intercepted there- go

by and will find paths through the air or.
through other.portions of the disk notat.the”

time in immediate proximity to the magnet-
leg, thus to a degree interfering with efficient
action. As the disk is rotated successive
portions thereof become temporarily the ar—
mature during their passage by the region of
immediate proximity to'the magnet-leg, thus
obtaining an effect equivalent to that which

‘would be produced by an absolutely-continu-

ous series- of individmal avmatures succes-

95

1QC .

_sively moved through the field, but withgut -

{he variation in duoctmn .md mtcnsu\' Tof

the shunted field which would oceur if there
were intervals between the armatures.

The feed-chute ¥ issupported at an inelina-
tion upon an arm I and leads at one side of
the apparatus inlo the gap between the disk
and the upper surface of the leg®, the plane
of said chute being preferaliy eoincident
with thé planc of the upper sarface of said
leg.. A hopper G is (u‘ranfred above the up-
per end of said feed- 0111110 to supply btock
thereto.

The (:on\'emently

delivery - chutes arve

formed by dividing the surface of an inclined
. dmphmnm or ]_)]d.t(, 1L, which extends down

from the lowoer edge of the leg E, also pro-
jeeting beyoud thereof and c\tond‘inu up-
ward, as indicated at II', on that side of tho
figure which is nearcst the observer in I'tg

and which is af the bottom in Fig. 4. Rnu-
tious 7: 1/, onc or both of whiclt may be ad-
justable, divide the surface of the diaphragm

into distinct chutes, and a raised side or rim

12 extends along the extreme edge of the

~upwardly-projecting portion I of sail dia-

phragm: In the instance shown three dis-
tinet chutes ave thus formed, the tivst of
which is subjacent to the region where the
stoek is fed into the apparatus, extending,
however, somewhat beyond said regilon, and
constitutes the discharge for the gangue.

. The second chute comprises that pertion of

A -

150
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tween the partitions’ &', while the third chute
comprises that-portion of said suvface which
is' between the partition I’ and-the ouiside
vim B% T T
The conduet of the process by means'of the

- apparatus: just describad is as follows; The

10

magnet is energized by a current from any |
~suitable source, and the shaft € is rotaied ki

the direction of the arrow, Fig, 4,at a speed

- which is of ‘course to he regulated in accord-

ance with the feed and character of stock and.

- thedntensity of the magnet. . The stoek isin-

15

troduced:into the' hopper G, and is fed at a
proper rate upon the feed -chute ¥, down

~whichit is carried by gravity and discharged

- upon-the surfaceof themagnét-leg:  Agsoon’
- as it: reaches the shunted field intermediate-

" 20

between the leg E and the disk D the parti-
cles of ore are d¢tained .and'.commence to
build themselves upinthe striated strietu re
above described, the gangue falling hetween

‘the - strixe or- at. temporary. breaks. therein

and passing out into the chuteprovided for
it. - ‘The greater number of the striw, urider
favoralle conditions, will'extend in continu-

+ ity across from surface to surface; being sup-
ported.at one end upon-the magn et-leg:and

30
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at the other endupon the proximate syrface

“of the disk, but even when not thus continu-

ous ‘they are greatly attenuated and-the op-.
posite ‘ends approach closely. “As-thé disk
rotates it carries the strix with it, agitating
of moving them; and in some instances bend-
ing them like the Dristles of a brash moving.
in contact with a surface.  During this period.

of .their detention ‘and' movement along the

_surface of the magunet-leg: any particles of

40

gangue which have theretofore failed to es-
cape are disengaged and fall into the ‘chute
between the partitions 7', together with any’

small percentage of the ore which may be e~

cidentally knocked -oft before reaching thé

. point of final discharge. .. In some cases this

SO

intermediate: chute will not be found heces-

-sary, but we mention it as a converient  ar-

rangement, since the tailings collected tliere-

by may be of sufiicient value to be subjected

to a repetition of the process.  Nearly all the
separated ore is, however, carried in suspeti-

* sion entirely through the shunted field, and

55

when that ‘porti‘on of the armature to - which
the strize cling emerges from said field their

‘continuity with the particles clinging to.{le

magnet is broken. ~ A very large percentage
of the particles, however, eontinue to cling
to the surface of the disk until after it has
complotely emerged from said field, not being

© dislodged or dropping off until they are so far

6o

from the region of force that when they fall
they do not. return thereto, but are received

-into the:oge-chute, which is between tlic par-

tition. B/ and rim %% whence they are dis-

- charged by gravity into any suitable recep-

. tacle. -

The feed being continuous, new por-
tious of ore particles are constantly Dbeing
carried in to take the place of those whicl

‘ourinvention by reaso

sity of condensation’by meansof an armaty
placed dirvectly in the path of maximum oy,
| Again; in apparatus which separates.the ore

‘2

,ajfe discharged; said- “n‘ew portions in- many
instances building' themselves. up upon the
ends of those strizewhich have been left within

70

the field clinging to the surface of the mag- -

ried away by’ the:armature.
is a continuous one.. " ‘ Lt
IMaving thus described our invention, we

out certain distinctions which exist between

-our process and the processes carried oi by

apparatus heretofore constructed. "+
~'Where, ds in sone cases, the stock has been

net-leg after disraption from the strig-cap- - :
" Thusthe process . .

75

wish, in order to avoid-confusion, to point " -

8o . -

directly fed inta the ordinary or normal field:"

‘between two poles, (either of the same mag-"

netic cireunit or opposing ‘poles of  different:
cireuits;) the.process lacks'the ddvantagesof

, the fact thatsuch
intermediate field is nof shanted so as to dis-
pose its lines‘of force in the proper manner
to fornr attennated and'regularly-arranged

striz of ‘polarized particles, and of the fir- -

ther fact that the conditions interfere with
the removal of the ore. Thus-in ‘the appa-

50"

ratusof Letters Patent No. 264,620 and 6thers -

of its type the ore particles aye suspended in
# closely-condensed mass directly across the
nath of ‘the outgoing gangue, and when ' the
oulside layers of ‘suspended ore: are broken

they break-along a line. which' is over ‘the

gangue-chute, thus facilitating the accidental

-discharge of ore particles along with ‘the

gangue. In‘ourproeess,on the contrary, there
is:no tendeney to condense the striz aeross
the path of 'the outgoing gangue. - The move-

953
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wmentof the strizein leaving said path is trans- -

verse thereto instead of ‘in‘a line therewith,

and the strie aré not separated from one of
their'supports until they have passed to a

comparatively remote point.  These distine-
tions are even inore marked When the éoni-
parison is made between our invention and
the node of operation of deviees whicli tend

to condense or compact the lines of foree to a

degree. beyond thenormal maximum inten-

ina dilfused or expaided ordinary field ‘be-
tween two stationary poles moving plates and
serapers or equivalent devices are employed
to carry
charge. RN o ‘
OQur discovery that the armature ot only

has the power to shunt and definitely direct

the field; but also to carry away theretfrom
the striated material still in suspension, en-
ables us to accomplish the removal of the ore
upon an entively different prineiple; simplev

“and much more effective than where suchin-
termediate carrying and dislodging devices:

are employed.

A still ‘niore obvious difference eXists bes

tween.our process and the method.of separa-
tion indicated in Letters Patent N, 400,517

1¢ .

the separated ore to a point of dis-~

115

I
e
i

130

and others of its class, wherein the ore is o

detained within the field, but is mevely de-
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‘fHected from its normal trajectory as it falls
-through & magnetic field. No’ striation and

suspension of ore particles of course eould
oceur under such conditions,

In the foregoing specification ‘we hav
pointed out an olementa,ry though typical
form of apparatus as adapted to the conduet
of our process, but we wish it to be under-
stood that we do not restrict our claim to the
exact eonditions found in the use of the ap-
paratus specified. . Thriis instead of reélying
upon gravity to effeet the introduction of
stock and removal of the gangue and ore other
means used in this class of machmes may be
substituted, such as, for instance, currents
of air or Wdtel‘, &e.

. the surfaees of both or'eithernay be covered

20

orprotected without departing from the spirit
of ourinvention, all these bemw details which

.-arenob essentml to the under lyno prineiples

upon whieh our:process depends. I‘urther-

. more, in using the term ““‘armature” to desig-

25

‘mate’ the element of the apparatus \Vthh
shunts. the field. and removes the ore there-

- from after separation we do not necessarily

-z restriet ourselves to an-armature which isper

. 30
35
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se absolutely devoid of polarity. Although
we prefer that the madnetmn of said arma-

ture should be only due te induaction from the

magnet whose field it is intended to shunt,
such condition is not essential to the opem-
tion.

To the’ extent that the ar mature possesses
individual polarity its efficiency

tically ceases to act as an armature and be-
comes a second magnet, whereupon the op-

eration will present the obJe(tlons hel etofox e

pointed out.
In our claim; heremafter made, wé use the
tern dlfquedly ?:to: chamacterxze the. shunt-

.ing of the field utilized by our invention and

to dlStlD"ﬂlSh ‘such field from those wherein

the hnes of force are unduly condensed about

an axis of maximum intensity, whether such
undue condensation be merely the normal one

- of said field or whether it be enhanced by so

‘50

placing an armature as to cause the conver-
.gence of morethan the normal number of lines

. The form of the ma gnet-
and of the armature may also be varied and.

. isimpaired.
until ‘a point may be reached wheré it prae:

4 o 573,485

" toward and about the axis of maximum den-

sity. It must of course be understood that

we do not by theuse of such word imply that.

the lifies of force in our shunted field are dis-
persed.  On the contrary, it will be seen by
reference to the foregoing description of our
process that they are deﬁmtely directed into

substantial parallelism and that no““ disper- -

sion,” properly so called, takes placb
We claim—

55
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. The hereinbefore- described plOC&aS of

maﬂnetlc separation, which consists in feed-
ing stoek into a diffusedly-shunted field be-
t“ een a magnet and a moving armature of
substantially continuous mass; conducting

65

the ore through said. field suspended in stricc -

- supported at the end farthest from the mag-

net, and thereby delaying the passage of the

“ore through the field; permlt’unv thegangue

to escape dt:umor the period of delayed eon-

‘veyance; removing the ore from the field still

supporbed as aforeﬁdld, and finally discharg-
m‘(r it, substantially as set forth.
Inama‘rnetwbepdmtox the combination
of a stationary magnet; a movable conductor
of lines of foree, arranged in the described

relation to the magnet to produce a diffusedly-
shunted. field of - qubst:mtmlly unvarying in-

tensity and direction, and thereby adapted to

-eonvey ore through said fieid while delaying

the passage of such ore through the same;
means substantially as set forth for pr esent-

-}ing in continuity successive portions of the
mass of said cond uctor to said field; a feed-
‘ing deévice arranged.in the descrlbed relation
to said ﬁeld, a dehvery-chute for gangne ar-

ranged in relation to said field substantially

70
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as set forth; and a delivery-chute forore lead- . -

ing from & point: beyond the limit of said
| field; ‘whereby the stock is definitely delayed:

9°>

but. conveyed tlnough said field; the escape ..

of the gangue is permitted durmrrthe period. -
‘of delayed conveyance, and theoreisremoved |

from t.he ﬁeld subbtantlally as set forth.
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