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UNITED STATES. PATENT OFFICE. 
RICHARD H. SANDERS AND CHARLEST. THOMPSON, OF PHILADELPHIA, 

PENNSYLVANIA. 

... To att whom it may concern: 
Be it known that we, ICHARD II. SANDERS 

and CHARLEST. THOMPSON, of Philadelphia, 
Pennsylvania, have invented a certain new 

5 and useful Process of and Machine for Mag 
netic Separation, whereof the following is a 
specification. . . . . . . . . . - . . . . 

... Although our process is of course adapted 
to separate and remove particles of paramag 

to netic material generally from a mixed mass, 
we shall, to avoid prolixity of description, 
use the term 'dre” as typical of said parti 
cles, the term 'gangue? as typical of the non 
sindicating the admixture of the two which 

subjected to treatment. 
Our invention is based upon the discovery 

that when an armature of proper efficiency is 
placed in proximity to a magnetic pole in 

20 such manner as to lea inited space: or 
... gap between, which gap is not the direct path 

of the maximum flow of lines of force under. 

across said gap possesses a character pecul 
5 iarly adapted for the separation of ore from 
gangue and for the removal of the separated. 
ore to an isolated point of discharge. 

Before proceeding to describe our invention 
in detail we will, to facilitate the explanation othereof, compare the behavior of paramag 
netic particles in an ordinary magnetic field. 
(or one whose lines of force flow without ab 
normal diversion through the air-space be 
tween the two poles of a magnet) with the be 
of force are shunted and without undue con 
air-space orother gap by means of an efficient 
armature placed at a short distance from the 

4o poles of a magnet. . . . ... ." 
By the term “efficient' we mean that the 

armature (which, of course, is composed of 
material having a high conducting power for 
lines of magnetic force) shall have a sufficient 

45 mass to concentrate upon and conduct 
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 independent of the ar 

53 mature and will not be diverted in such man 
ner as to produge the best results. 

ara magnetic material, and the term “stock” 1. 2. 
dicated in said figure. In the gap' directly. 
between the poles the particles will be densely 

fords conditions highly unfavorable for the 
separation of ore from gangue, since, when a 

r he be- closely-interlocked particles of ore. 
:35 havior of such particles in a field whose lines. 

stance being such as to be readily traversed 
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Figures 1 and 2 of the accompanying draw 
ings illustrate diagrammatically the charac 
teristics of the two kinds of fields referred to 
with sufficient clearness for the purposes of 
such comparison. . . . . . . . . . . . . . 

Referring to Fig. 1, A represents an ordi 
nary horseshoe-magnet having poles NS, res. 
spectively, between and around which a mag 
netic field extends. If iron filings or other 
paramagnetic material in particles beintro 
duced into said field, so as to be arrested 

...therein against the action of gravity, the par: 
ticles will cling to the poles and bridge the 
interspace substantially in the manner in 

crowded together, as indicated at a, around 
a line of maximum magnetic density, or 
greatest number of lines of force per unit of 7o 
area of cross-section. At other points in the 
region of smaller magnetic density they will 

- - - - - . . . . cling to the surface of the magnet in substan 
normal conditions, the magnetic field formed tially pyramidal heaps, as indicated at 2 s, 

respectively. Although this arrangement of 75 
the particles has a quasi-structural character, 
in that the particles are polarized and cling 
to one another in masses of little chains, yet 
their close aggregation, or agglomeration af 

8o 

mixed stock is fed into said field, a large 
amount of the gangue will be mechanically. 
entangled" and detained within the mass of 

Referring now to Fig. 2, the behavior of 
- " - paramagnetic particles in a field which has 

densation are definitely directed through an been shunted and definitely directed by an 
armature will be described. In said figure, 
A represents a horseshoe - magnet having 9o 
poles N'S', respectively. Parallel to one leg 
of the magnet is an armature A, and parallel 
to the under surface of the poles is another 
armature A, the intervening gap in each in 

95 
by the lines of force from the proximate sur 
face of the magnet. If now paramagnetic 

: particles beintroduced into the fields between 
'the magnet and the armatures, it will be 
noted that said particles build themselves up ico 
naturally into diffused striae suspended or 
resting not only upon the surface of the mag 
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net, but upon the surface of the al'matures 
as well, many of the opposing striae meeting 
and bridging across the gap in complete 
chains, substantially as indicated at ('C', re 
spectively. , w 

As compared with the arrangement of pal'- 
ticles in an ordinary field, and still more as 
compared with the arrangement of particles 
in a field whose lines of force are condensed 
to a greater degree than is found in the re 
gion of greatest intensity in a normal field, 
these striae of polarized particles are highly, 
attenuated and are, moreover, diffusedly ar 
ranged in substantial parallelism. The Con 
ditions thus obtained are in the highest de 
gree favorable for the separation of ore from 
the gangue, since if a mixed stock be fed into 
tie fields, the particles of ore are at Once sus 
pended in the attenuated striae just described, 

2O 
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five. degrees to the horizon. 

while the gangue is permitted to readily drop 
out through the substantially-regular inter 
stices between then, so that a minimuna 
amount of gangue is mechanically detained 
in the interior of the striae. 
As thus far described, the peculiar value of 

the shunted field 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 necess 
sary to separate the ore from the gangue and 
permit the latter to escape, but it is also nec 
essary, to remove the ore from the region 
where separation has taken place to a region 
of discharge isolated from the path of out 
9 Oling gallsgC. 
Our discovery of the properties of a shunted 

field embraces also certain features whicli are 
peculiarly available for effecting the removal 
and discha, 'ge of the Separated ore. 

If after the striation of the particles in the 
gap between the pole and the armature the 
latter be moved away from the pole, (or vice 
versa,) a very large percentage of the striated 
naterial will cling in pendulous lines to the 
armature and be 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 relatively dis 
tant. 
We will now proceed to lescribe means 

whereby the properties of such a field, with 
respect to the separation and removal of ore, 
can be made available in a practically-work 
ing process. 

In Figs. 3 and k we have show ll a type of 
apparatus adapted for the conduct of such 
process, Fig. 3 being a side elevation of said 
apparatus and Fig. 4 a top or plan view 
thereof. 

l3 represents the base or standard, provided 
with beaitings U U' for a shaft C, rotatably 
moulted therein at all angle of about forty 

Said Slhaft has 
at its lower end fast and loose pulleys C c', re 
spectively, and carries at its upper end a lig 

. 
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E E represent the two legs of a caseshoe 
magnet, energized by means of a coil Eupon 
the transverse portion which connects them 
and which in Fig. 3 is supposed to be situ 
ated at the rear or side farthest. from the ob 
SeWO, 
The magnet is supported upon the base 

piate B in such relation to the disk that the 
outer surface of the uppermost leg E is Sub 
stantially parallel to the plaire of the disk 
and at a short distance there from, the olt 
side edge of the leg being in a plane substan 

|tially tangential to the periphery of the disk. 
That portion of the disk which at any given 
time is directly opposite to the Starface of the 
leg E. constitutes the armature, and to have 
the highest efficiency for the purposes of our 
invention the disk should be of such thick 5 
ness that said portion shall be capable of 
conducting within itself substantially all the 
lines of force which it intersects. Should the 
metal of the disk be too thin, some of the 
lines of force will fail to be intercepted there 99. 
by and will find paths through the air or 
through other portions of the disk not at 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 individual arnatures succes 

95. 

IOC 

sively moved through the field, but withgut 
the variation in direction and ill tensity of 
tle shunted field which would occur if there 
were intervals between tle arnatures. 
The feed-chute F is supported at an inclina 

tion upon an an F" and leads at One side of 
the apparatus into the gap between the disk 
and the upper surface of the leg E, the plane 
of sail clute being preferally coincident 
with the plane of the upper surface of said 
leg. A hopper G is arranged above the up 
per end of said feed-clute to siphyly stock 
thereto. 
The delivery - chutes are conveniently 

formed by dividing the surface of an inclined 
diaphragan or plate II, which extends down kvs. 

from the loser edge of the leg E. also pro 
jecting beyond thereof and extending up 
Ward, as indicated at II", on that side of the 
figure which is nearest the observer in Fig. 3 
and which is at the bottom in Fig. 4. Parti 
tions . J.', one or both of which inay be ad 
justable, divitie the surface of the diaphragm 
into distinct chutes, and a raised side or rim 
l° extends along the extreme edge of the 
upwardly-projecting portion Il of sail dia 

t 

phragm. In the instance shown three lis 
tinct chutes al'e thus fol'inned, the list of 
which is subjacent to the region where the 
stock is fed into the apparatus, extending, 
however, somewhat beyond said 'egion, and 
constitutes the discharge for the galague. 

idly-attached disk D, preferably of soft iron. The second chute comprises that portion of 
y 

130 



apparatus just described is as follows: The 

Io 
which is of course to be regulated in accord 
the intensity of the magnet. The stock is in 

15 

sity across from surface to surface, being sup 
ported at one end upon the magnet-leg and 

... at the other end upon the proximate surface 

35 

the surface of the diaphragm II which is be 

is between 

which it is carried by gravity and discharged 
upon the surface of the magnet-leg. As soon 
as it reaches the shunted field intermediate 

the striae or at temporary breaks therein 

. 573,485 

tweenthepartitionshh", while the third chute 
comprises that portion of said surface which 

the partition land the outside 
The conduct of the process by means of the 

magnet is energized by a current from any. 
suitable source, and the shaft C is rotitiecki 
the direction of the arrow, Fig. 4, at a speed 
ance with the feed and character of stock and. 
troduced into the hopper G, and is fed at a 
proper rate upon the feed- chute F, down. 

between the leg E. and the disk D the parti 
cles of ore are detained and commence to 
build themselves up in the striated structure 
above described, the gangue falling between 
and passing out into the chute provided for 
it. The greater number of the striae, under 
favoraljle conditions, will extend in continu 

of the disk, but even when not thus continu 
ous they are greatly attenuated and the op 
posite ends approach closely. As the disk 
rotates it carries the striae with it, agitating 
of moving them, and in some instances bend 
ing them like the bristles of a brush moving. 
in contact with a surface. During this period 
of their detention and movement along the surface of the magnet-leg any particles of 

So 

small percentage of the ore which may be ac 
cidentally knocked off before reaching the 

sary, but we mention it as a converient ar 
rangement, since the tailings collected there 
by may be of sufficient value to be subjected 

between the partitionshii', together with any 

point of final discharge. In some cases this 
intermediate chute will not be found neces 

to a repetition of the process. Nearly all the 
separated ore is, however, carried in suspen 
sion entirely through the shunted field, and 

55 

when that portion of the armature to which 
the striae cling emerges from said field their 
continuity with the particles clinging to the 
magnet is broken. A very large percentage. 
of the particles, however, eontinue to cling 
to the surface of the disk until after it has 
completely emerged from said field, not being 
dislodged or dropping off until they are so far 
from the region of force that when they fall 
they do not return thereto, but are received 
into theoge-chute, which is between the par 

net-leg 

... IIaving thus described our invention, 
wish, in order to avoid confusion, to point 
our process and the processes carried 
apparatus heretofore constructed. 

parison is made between our inv s 
the mode of operation of devices which tend 

ce to a 
degree beyond the no ni . . ." 
sity of condensation by means of an armature. 

imum flow. 
ates the ore 

tition.l. and rim h", whence they are lis charged by gravity into any suitable recep 
tacle. The feed being continuous, new por 
tiolus of ore particles are constantly being 

g 

re discharged, said new portions in many 
ends of those striae which have been left within 
instances building themselves, up upon the 

7o the field clinging to the surface of the mag 

is a continuous one. . . . . . 
We 

let-leg after disruption from the striae car 
tied away by the armature. Thus the process . . . 

out certain distinctions which exist between 

Where, as in some cases, the stock has been 
directly fed into the ordinary or normal field 

intermediate field is not shunted so as to dis pose its lines of force in the proper manner 
to form attenuated and regularly-arranged 
stria of polarized particles, and of the fur 
ther fact that the conditions interfere with 
the removal of the ore. Thus in the appa 

the fact that such 

75 

on by 
so 

ratus of Letters Patent No. 264,620 and others of its type the ore particles are suspended in 
a closely-condensed mass directly across the 
path of the outgoing gangue, and when the 
outside 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 our process, on the contrary, there 
is no tendency to condense the striae across 
the path of the outgoing gangue. The move 
ument of the striae in leaving said pathis trans 
yerse thereto instead of in a line there with, 

r . - - - - and the striae are not separated from one of gangue which have theretofore failed to es - . their supports until they laave passed to a cape are disengaged and fill into the chute comparatively remote point. These distine 
C 

tions are even inore marked when the com 
ur invention and 

et the lines off to condense of compact the li . . . ; 
oirmal maximillini 

placed directly in the path of mas 
Again; in apparatus which separates the 
in a diffused or expanded ordinary field be 

Our discovers that the armature liot only 
has the power to shunt and definitely direct 

between two poles, (either of the same mag- . . . 
netic circuit or opposing poles of different 
circuits,)the process lacks the advantages of 
our invention by rea 

Ioo 

5. 

Io. 

tween two stationary poles moving plates and 
scrapers or equivalent devices are enployed 
to carry the separated ore to a point of dis 
charge. - - - - - - 

the field, but also to carry away therefrom 
the striated material still in suspension, en 
ables us to accomplish the removal of the ore 
upon an entirely different principle, simpler 
and unuch more effective than where such ill 
termediate carrying and 
are employed. 
A still more obvious difference exists be: 

tween our process and the method of separa-. 

dislodging devices 
1 

tion indicated in Letters Patent Ny. 40,317 
. - aud others of its class, wherein the ore is lot. carried in to take the place of those which detained within the field, but is merely de 
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suspension of ore particles of course could 
occur under such conditions. 

In the foregoing specification we have 
pointed out an elementary theugh typical 
form of apparatus as adapted to the conduct 
of our process, but we wish it to be under 
stood that we do not restrict our claim to the 
exact conditions found in the use of the ap 
paratus specified. . Thris instead of relying 
upon gravity to effect the introduction of 
stock and removal of the gangue and ore other 
means used in this class of machines may be 
substituted, such as, for instance, currents 
of air or water, &c. 
the surfaces of both or eitherlaay be covered 
or protected without departing from the spirit 
of our invention, all these being details which 
are not essential to the underlying principles 
upon which our process depends. Further 
more, in using the term “armature” to desig 
sate the element of the apparatus which 

25 

35. 

. 40 

45 

shunts the field, and removes the ore there 
... from after separation we do not necessarily 

restrict ourselves to an armature which is per 
se absolutely devoid of polarity. Although 
We prefer that the magnetism of said arma 
ture should be only due to induction from the 
magnet whose field it is intended to shunt, 
Such condition is not essential to the opera 
tion. 
To the extent that the armature possesses 

individual polarity its ise, impaired 
here it prac until a point may be reached w 

tically ceases to act as an armature and be 
comes a second magnet, whereupon the op 
eration will present the objections heretofore 
pointed out. . . . . . . . . . . . . . . . . . . . . 

In our claim; hereinafter made, we use the 
term “diffusedly 'to characterize the shunt 
ing of the field utilized by our invention and 
to distinguish such field from those wherein 
the lines of force are unduly condensed about 
an axis of maximum intensity, whether such 
undue condensationibe merely the normal one 
of said field or whether it be enhanced by so 

5.o. placing an armature as to cause the conver gence of more than the normal number of lines 

. The form of the magnet 
and of the arrnature may also be varied and 

578,485 
flected from its normal trajectory as it falls toward and about the axis of maximum den 
through a magnetic field. Nostriation and sity. It must of course be understood that: 

we do not by the use of such word imply that. 
the lines 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 definitely directed into 
substantial parallelism and that no “disper 
sion,” properly so called, takes place. 
We claim 

55 

) 

1. The hereinbefore - described process of 
magnetic separation, which consists in feed 
ing stock into a diffusedly-shunted field be 
tween a magnet and a moving armature of 
substantially continuous mass; conducting 65 
the ore through said field suspended in striae : 
supported at the end farthest from the mag 
net, and thereby delaying the passage of the 
ore through the field; permitting the gangue 
to escape during the period of delayed con 
veyance; removing the ore from the field still 
supported as aforesaid, and finally discharg 
ing it, substantially as set forth. 

2. In a magnetic separator, the combination 
of a stationary magnet; a movable conductor 
of lines of force, arranged in the described 
relation to the magnet to produce a diffusedly 
shunted field of substantially unvarying in 
tensity and direction, and thereby adapted to 
convey ore through said field while delaying 
the passage of such ore through the same; 
means substantially as set forth for present 
ing in continuity successive portions of the 
pass of said conductor to said field; a feed 
ing device arranged in the described relation 
to said field; a delivery-chute for gangle ar 
ranged in relation to said field substantially 
asset forth; and a delivery-chute for ore lead 
ing from a point beyond the limit of said 
field; whereby the stock is definitely delayed 
but conveyed through said field, the escape. 
of the gangue is permitted during the period. 
of delayed conveyance, and the ore is removed 
from the field, substantially as set forth. 

RICHARD H. SANDERS. 
CIIAS. T. THOMPSON. 

Witnesses: 
JAMES H. BELL, 
E. REESE. 
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