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(57) ABSTRACT 
A wet type magnetic separator has a generally cylin 
drical stationary magnet. device with its axis fixed and 
extending substantially horizontally with a cut away 
recess open from the top of the cylindrical body and 
to one side along its periphery. Sets of plural perma 
nent magnets and yokes having a similar configuration 
to said magnets are coaxially aligned in side-by-side 
arrangement so that adjacent yokes have opposite po 
larities. A rotary drum is disposed coaxially and rotat 
ably to the stationary magnet device and adjacent 
about the stationary magnet device, and is covered 
with substances of high magnetic permeability func 
tioning as a group of induced poles. Thus, the mag 
netic separator can separate magnetic particles by 
means of magnetic force from non-magnetic particles 
of the raw materials, which are supplied to the top of 
the rotary drum. 

9 Claims, 15 Drawing Figures 
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1. 

MAGNETIC SEPARATOR 

BACKGROUND OF THE INVENTION 
1. FIELD OF THE INVENTION: 
This invention relates to a magnetic separator and, 

more particularly to a wet type magnetic separator for 
separating magnetic particles from raw ore materials. 

2. DESCRIPTION OF THE PRIOR ART: 
Recently, in the field of wet type magnetic separator, 

in difference to a typical conventional machine 
wherein an effective zone for separation of raw materi 
als is induced by use of simple flat pole piece surfaces, 
a system has been developed which includes members 
having such configuration as a ball or a rod made of a 
substance of high magnetic permeability and low resid 
ual magnetization (hereinafter represented as a group 
of induced poles), such as soft iron, disposed in a mag 
netic field created by a high intensity electromagnet 
(which is generally in excess of 20,000 gauss), and per 
forms magnetic separation while supplying particles to 
be separated into the magnetic field formed in the 
space between these members. 
However, magnetic separators have been known 

prior to the present invention, typical ones of which are 
shown in FIGS. 12 and 13 of the attached drawings, 
have the drawbacks that the effective area for receiving 
raw particles to be separated is very small relative to 
the overall dimension of the machine, the supplied par 
ticles tend to stay in the aforementioned group of in 
duced poles, and supplying of raw particles and remov 
ing of concentrated particles can not be performed 
smoothly. 
These shortcomings of the prior system will now be 

explained specifically with reference to FIGS. 12 and 
13. 
In one conventional magnetic separator exemplarily 

illustrated in FIG. 12, a generally doughnut-like pole 
box 2" is rotated while kept horizontally so as to pass 
through the magnetic field created by an electromagnet 
1', with pole box 2" filled by a group of induced poles 
3' comprising a number of twisted short rods or balls. 
Raw particles to be separated are fed from an ore sup 
ply conduit 4 to the pole box 2" at a point before cross 
ing the magnetic field, thus, the non-magnetic particles 
of the raw material do not receive the strong magnetic 
action of the electromagnet 1' and fall downward im 
mediately to be discharged, while magnetic particles 
are attracted by the group of induced poles within the 
pole box 2" and carried as the pole box 2" rotates. 
Then, as a given portion of the group of induced poles 
comes out of the magnetic field, induced by the elec 
tromagnet 1' to thereby decrease its magnetic force, 
these magnetic particles are released from the group of 
induced poles and fall down where they are collected. 
In this type of magnetic separator, the effective sepa 
rating zone is very small relative to the overall dimen 
sion of the machine because the zone is limited to only 
a portion of the doughnut-like pole box 2" of a small 
crosssection area. It is impossible to increase the supply 
rate of raw particles because the length of the dough 
nut-like pole box 2" in the axial direction is relatively 
long and the separation performance is poor because 
raw particles stay partly in the space of the group of in 
duced poles within the pole box. In addition, by the 
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2 
drop of raw particles, magnetic particles tend to be car 
ried away with non-magnetic particles. 
Also, in another conventional magnetic separator ill 

lustrated exemplarily in FIG. 13, a cage drum 2' of the 
trommel type rotates; passing through the magnetic 
field created by an electromagnet 1', and a group of 
induced poles 3' fills the drum 2'group of induced 
poles 3' fills the drum 2' as in the machine of FIG. 12. 
Raw material to be separated is fed through a narrow 
groove 4' formed on an electromagnet core with its 
center line crossing the center of the drum 2' into the 
inside of the drum and magnetic particles of the fed raw 
material are attracted upon the surface portions of the 
group of induced poles and carried forward as the drum 
2' rotates, and then, at the point where a given portion 
of the group of induced poles leaves the magnetic field 
of the electromagnet 1' and have a decreased mag 
netic force, these magnetic particles are released from 
the group of induced poles to be collected. On the 
other hand, the non-magnetic particles are not atr 
racted, thus, fall down immediately whereby they are 
discharged. This type of magnetic separator does not 
utilize effectively the space of the drum 2' because the 
raw material is fed only to a portion of the inner periph 
ery of the drum, and provides a very poor separation 
performance characteristic, like the separator shown in 
FIG. 12. 

In addition to the afore-mentioned shortcomings, as 
the common problems of the two types of prior mag 
netic separators, it is indispensable in design to con 
struct the electromagnets 1' (1') in such a form that 
the opposing pole pieces of the electromagnet hold 
therebetween, a portion of the doughnut-like pole box 
or drum in order to cause the group of induced poles 
filling the drum to rotate and move through the mag 
netic field created by the pole pieces. Therefore, the 
size of the electromagnet 1' (1') is limited in a struc 
tural point of view and a large number of magnets can 
not be mounted in the machine. As a result, the effec 
tive working zone of the magnetic field formed by the 
electromagnet 1' (1') is limited to only a portion of the 
pole box or drum, resulting in a small effective zone for 
particle separation. Further, since it is necessary to dis 
pose one of the electromagnet pole pieces outside the 
pole box or drum, the machine has a disadvantage that 
its structure is large and complex. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
wet type magnetic separator having a novel arrange 
ment and overcoming all the drawbacks of the conven 
tional magnetic separator as noted above. 

It is another object of the present invention to pro 
vide a wet type magnetic separator having a novel 
structure by which the characteristic property of a 
group of induced poles can be fully utilized. 

It is a further object of the present invention to pro 
vide a wet type magnetic separator having an improved 
magnetic field configuration of the group of induced 
poles. 

It is a still further object of the present invention to 
provide a wet type magnetic separator having remark 
ably improved separation efficiency and performance 
characteristic. 
A wet type magnetic separator according to the pres 

ent invention comprises a generally cylindrical station 
ary magnet device having a cut away recess open fom 
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the top of the cylindrical body to one side along its pe 
riphery and an axis which is so fixed that it holds sub 
stantially horizontally, a rotary drum disposed coaxially 
with and rotatably about in close proximity said station 
ary magnet device, and a group of induced poles made 
of substance of high magnetic permeability are pro 
vided around said rotary drum to effect separation of 
magnetic particles of supplied raw material. 
The aforesaid stationary magnet device consists of 

sets of plural permanent magnets each having the same 
cut away recess and yokes having a similar configura 
tion to said magnets in which they are coaxially aligned 
in side-by-side arrangement and assembled by putting 
in order their cut away recesses into an integral body 
such that said sets of plural permanent magnets are 
sandwiched between respective yokes with adjacent 
yokes having opposite polarities. 

In the above described magnetic separator of the 
present invention, raw particles to be separated are fed 
to about the top of the rotary drum and then move to 
gether with the group of induced poles along the cir 
cumference of the stationary magnet device in accor 
dance with the rotation of the rotary drum. Among the 
raw particles, non-magnetic particles are not subjected 
to the attraction force of the magnetic field generated 
from the stationary magnet device, so that the non 
magnetic particles are permitted to fall down at a cer 
tain rotating position of the rotary drum, whereas mag 
netic particles are attracted and held about the rotary 
drum by the group of induced poles magnetized by the 
stationary magnet device and then fall down from the 
rotary drum at a second rotating position of the rotary 
drum, where the rotary drum passes through the cut 
away recess of the stationary magnet device because 
the magnetic force of the stationary magnet device and 
the group of induced poles is decreased at that position, 
with the magnetic particles washed away by means of 
shower devices. 
The aforesaid rotary drum is generally made of non 

magnetic substance, but, in order to enhance the sepa 
ration performance, a substance of high magnetic per 
meability is preferably provided to portions of the ro 
tary drum corresponding to the yokes of the stationary 
magnet device to form another group of induced poles 
(hereinafter represented as a second group of induced 
poles, therefore, the aforesaid group of induced poles 
except the second group of induced poles are repre 
sented as a first group of induced poles hereinafter). 
The other objects, features and advantages of the 

present invention will become apparent from the fol 
lowing description taken in conjunction with the ac 
companying drawings wherein like elements of the em 
bodiments carry like numerical designations. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1A is an elevational cross-sectional view of a 

first embodiment of a magnetic separator according to 
the present invention. 
FIG. B is an elevational cross-sectional view of a 

modification of the first embodiment shown in FIG. 
1A. 
FIG. 2 is an elevational cross-sectional view of a sec 

ond embodiment of the magnetic separator according 
to the present invention. 
FIG. 3A is an elevational cross-sectional view of a 

third embodiment of the magnetic separator according 
to the present invention. 
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4 
FIG. 3B is an elevational cross-sectional view of a 

modification of the third embodiment shown in FIG. 
3A. 

FIG. 4 is an elevational cross-sectional view of a 
fourth embodiment of the magnetic separator accord 
ing to the present invention. 
FIG. 5 is an elevational cross-sectional view of a fifth 

embodiment of the magnetic separator according to 
the present invention. 
FIG. 6 is an axial enlarged partial cross-sectional 

view of the embodiments shown in FIGS. 1A, 1B, 2, 3A 
and 3B. 
FIG. 7 is an axial enlarged partial cross-sectional 

view of the embodiment shown in FIG. 4. 
FIG. 8 is an axial enlarged partial elevational cross 

sectional view of another embodiment of the present 
invention using the rotary drum shown in FIG. 9 or 
FIG 10. 
FIG. 9 is an explanatory perspective view of a modifi 

cation of the rotary drum. 
FIG. 10 is an explanatory perspective view of another 

modification of the rotary drum. 
FIG. 11 is an axial enlarged partial elevational cross 

sectional view of another embodiment of the present 
invention including the stationary magnet device, the 
rotary drum shown in FIG. 8 or FIG. 9 and the first 
group of induced poles having a circle configuration in 
their section. 
FIGS. 12 and 13 are explanatory perspective views of 

the typical prior art magnetic separators explained 
hereinabove. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to FIG. 1A, a first embodiment of the 
present invention is described as follows. 
Numeral 1 shows a generally cylindrical stationary 

magnet device which has a cut away recess and which 
is so fixed that its axis is held substantially horizontal. 
The elevational cross-sectional view of the stationary 
magnet device taken along the axis thereof is as shown 
in FIGS. 6, 7, 10 and 11, that is, the stationary magnet 
device 1 comprises sets of plural discal permanent mag 
nets 9, which are so assembled that the said plural dis 
cal permanent magnets made of, for example, an iso 
tropic ferrite each having the same cut away recess are 
coaxially aligned in side-by-side arrangement and re 
spective cut away recesses are put in order. Yokes 10 
made of, for example, iron plate, each having a similar 
configuration to the said magnets, are coaxially aligned 
in side-by-side arrangement and assembled into an inte 
gral body such that respective sets of plural discal per 
manent magnets are sandwiched between respective 
yokes by putting in order their cutaway recesses so that 
respective adjacent yokes have opposite polarities. 
Thus constructed stationary magnet device 1 generates 
on the outside a strong magnetic field extending radi 
ally continuously and stripedly in the axial direction. 
About the stationary magnet device 1, a hollow rotary 
drum 2 is coaxially disposed with respect to the station 
ary magnet device and rotatably in the arrow a direc 
tion and in close to the periphery thereof. The rotary 
drum 2 is normally made of non-magnetic substance, 
but the rotary drum 2 is suitably improved as described 
below. Upon the outer surface of the rotary drum 2 
there are provided a first group of induced poles 3 
made of substance of high magnetic permeability, such 
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as soft iron, Fe-Ni alloy (permalloy), or Fe-Co alloy 
(permendur). This first group of induced poles 3 func 
tions to induce a high intensity magnetic field in spaces 
or gaps between respective members of the first group 
of induced poles 3 in response to the magnetic action 
of the stationary magnet device. For this purpose, the 
first group of induced poles 3 having such a configura 
tion as ball, rod, ring, endless chain or endless net can 
be employed, among which ball-like members are pref 
erably employed. Further, there is no limitation as to 
means for equiping and the method for arranging the 
first group of induced poles 3 onto the periphery of the 
rotary drum 2. 
The first group of induced poles 3 used in the first 

embodiment of the magnetic separator of the present 
invention has a ball-like configuration and it is fixed to 
the peripheral surface of the rotary drum 2 with adhe 
sives or welding as shown in FIG. 1A. By thus fixing the 
first group of induced poles onto the peripheral surface 
of the rotary drum 2, any means for preventing break 
ing away and falling down of the first group of induced 
poles 3 is not required in such magnetic separator as 
the first embodiment described above which employs 
a ball-like or rod-like members as the first group of in 
duced poles to the peripheral surface of the rotary 
drum 3, since the first group of induced poles 3 never 
break away and fall down from the rotary drum 3. 

Further, as a following second embodiment shown in 
FIG. 2, some means for separating the magnetic parti 
cles from the first group of induced poles 3, when a 
magnetic separator that the first group of induced poles 
3 is not fixed onto the peripheral surface of the rotary 
drum, is used because the first group of induced poles 
3 is withdrawn together with the magnetic particles 
from a second hopper 8 for collecting the magnetic 
particles, on the contrary, in the magnetic separator 
such as the aforesaid first embodiment, separating 
means are not required. 
Raw particles to be separated are fed from a raw ma 

terial supplying device 4 disposed above the rotary 
drum 2 onto the rotary drum 2 and are carried by the 
rotary drum 2 during which time, they are subjected to 
a separation operation. That is, since non-magnetic 
particles of the raw material do not receive the mag 
netic action from the stationary magnet device, they 
fall down into the liquid at a certain rotating position 
of the rotary drum 2 and are collected by a first hopper 
5 for collecting nonmagnetic particles where they are 
removed through an ejecting port 6. On the other hand, 
magnetic particles are attracted by the first group of in 
duced poles 3 provided around the rotary drum 2, mag 
netized by the stationary magnet device 1 and, thus, 
pass to the underside the stationary magnet device 1 in 
response to rotation of the rotary drum 2. And then, 
the time when the rotating position of the rotary drum 
2 passes coincides to the cut away recess of the station 
ary magnet device 1, the magnetic particles break away 
from the rotary drum 2 and the first group of induced 
poles 3 because of the reduction of magnetic force and 
by means of shower devices and fall down into the sec 
ond hopper 8. Thus, the magnetic particles are withdra 
W. 
Pulp is stored into a casing consisting of the first hop 

per 5 and the second hopper 8 in order to perform ef 
fectively the separating operation for magnetic parti 
cles and non-magnetic particles. The rotary drum 2 and 
the first group of induced poles 3 are partially im 
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6 
mersed in pulp. The level of pulp fluid b is preferably 
selected high in order to reduce the influence of flow 
ing pulp and to enhance detachability of non-magnetic 
particles from the rotary drum surface and of magnetic 
particles from the first group of induced poles 3 and 
collection efficiency; but, it is also necessary to select 
the pulp level depending upon the supply rate of the 
raw particles in a manner such that the pulp does not 
flow away from the rotary drum surface. 
Numerals 7a and 7b show a shower device or nozzle. 

The shower device 7a is disposed at the left-hand upper 
portion of the rotary drum 2 in close to the rotary drum 
2 and functions to magnetically and positively adhere 
magnetic particles among raw material to the first 
group of induced poles 3 and to the rotary drum 2. On 
the other hand, the shower device 7b disposed at the 
right-hand portion in the vicinity of the rotary drum 2 
is required to enhance the separating of magnetic parti 
cles from the rotary drum 2 and the first group of in 
duced poles 3. A turned-up shower device 7b functions 
to enhance separation of the magnetic particles from 
the rotary drum 2 and the first group of induced poles 
3 and to prevent the thus separated magnetic particles 
from flowing back into the first hopper 5. It should be 
noted that the number of showers to be employed in 
the magnetic separator of the present invention can be 
selected freely as occasion arises. 

In addition, a partition board 19 may be disposed be 
tween the hoppers 5 and 8 at a position at the beginning 
of the cut away recess of the stationary magnet device 
1, in order to effectively achieve separation and collec 
tion of non-magnetic and magnetic particles, which ex 
tends axially of the rotary drum 2 and upwardly above 
the pulp level band in close to the periphery of the first 
group of induced poles 3 about the rotary drum 2. By 
use of board 19, the magnetic particles carried by the 
magnetic force of the fixed magnet device 1 and the 
first group of induced poles 3 can be prevented from 
flowing back into the hopper 5. 

Further, it is preferable in order to perform effec 
tively, the separation and collection, to dispose an air 
duct 20 extending in the axial direction between the 
partition board 19 and the rotary drum 2 with the first 
group of induced poles 3 and to spurt out compressed 
air through the gap between them in the magnetic sepa 
rator at the beginning of the cut away recess of the sta 
tionary magnet device 1 which is disposed above the 
pulp level b as the first embodiment shown in FIG. A. 

FIG. 1B shows a modification of the first embodi 
ment of the present invention shown in FIG. 1A 
wherein the partition board 19 is fully immersed in the 
pulp. It is an advantage of this modification that the 
partition board 19 may be easily disposed and the air 
duct 20 is not required. This type magnetic separator 
is preferably used in case of separation of such raw ma 
terial having considerably large particle size. 
FIG. 2 shows a second embodiment of the magnetic 

separator according to the present invention, wherein 
members comprising the first group of induced poles 3 
are fed continuously from a first group of induced poles 
feed device. 11 to the outer periphery of the rotary 
drum 2, which feed device 11 is disposed in a position 
in the vicinity of the top of the rotary drum 2 where the 
magnetic force of the stationary magnet device 1 be 
gins to act on the first group of induced poles, that is, 
this feed device 11 is located slightly before the posi 
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tion where the periphery of the stationary magnet de 
vice 1 begins to have the full radius and behind in the 
direction of the drum rotation the position where the 
raw material is fed. In the zone corresponding to the 
full-radius peripheral portion of the stationary magnet 
device , magnetic particles of the supplied raw mate 
rial, are attracted and held upon the drum surface by 
the magnetic force of the fixed magnet device 1 and 
carried forward as the rotary drum 2 rotates. As a given 
portion of the rotary drum 2 reaches the cut away re 
cess of the fixed magnet device, members of the first 
group of induced poles 3 fall down into the hopper 8 
as well as the separated magnetic particles and are col 
lected together. Thereafter, the members comprising 
the first group of induced poles are separated from the 
magnetic particles by another, different separator or 
comb-like means (not shown) and collected, and, then, 
returned to the first group of induced poles feed device 
11 to be fed again onto the surface of the rotary drum 
2. A device 12 is disposed adjacent the first group of 
induced poles feed device 11 as a means for evenly 
aligning the members of the first group of induced 
poles fed upon the surface of the rotary drum 2 into the 
form of a layer. Device 12 is located immediately in 
front of the first group of induced poles feed device 11 
and behind the raw material supplying device 4. Ac 
cording to this second embodiment, it not only takes 
time for fixing the first group of induced poles 3 onto 
the periphery of rotary drum 2, but allows one to select 
the most preferable first group of induced poles in re 
sponse to the state and composition of raw material to 
be separated. 
FIG. 3A shows a third embodiment of the magnetic 

separator of the present invention; this embodiment 
has a number of holder plates 14, each having substan 
tially the same height as the depth of the first group of 
induced poles layer employed on the peripheral surface 
of rotary drum which are radially placed onto the pe 
riphary of the rotary drum 2 at appropriate intervals 
one after another, in order to pressure the first group 
of induced poles 3. In addition to this, a net 13 covers 
at least the lower half periphery of the rotary drum 2 
in close proximity thereto and fixed to the base body, 
etc. 
By thus providing the net 13, even when given mem 

bers of the first group of induced poles reach the bot 
tom side of the rotary drum in response to rotation of 
the rotary drum 2, and further reach the magnetic field 
reducible zone, corresponding to the cut away recess of 
the stationary magnet device 1, only the magnetic par 
ticles are permitted to break away and fall down into 
the second hopper 8, while the members of the first 
group of induced poles 3 are completely prevented 
from breaking away and falling from the periphery of 
the rotary drum 2. They are further moved continu 
ously upwardly in response to the rotation of the rotary 
drum 2 by the action of the aforesaid pressured holder 
plates 14. Therefore, the magnetic separator according 
to this third embodiment can obtain a separation effi 
ciency similar to that of the embodiments shown in 
FIGS. 1A and 1B which fix the first group of induced 
poles 3 onto the peripheral surface of the rotary drum 
2 and further can prevent injury of decreasing the mag 
netic force on the rotary drum 2 which is caused by ac 
cumulation of raw material, particularly non-magnetic 
particles, among the first group of induced poles 3 be 
cause the first group of induced poles 3 moves forward 
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8 
by being stirred between the peripheral surface and the 
net 13, so that this type magnetic separator can form 
continuously fresh induced poles on the peripheral sur 
face of the rotary drum 2. 
FIG. 3B shows a modification of the above-described 

third embodiment of the magnetic separator of the 
present invention wherein the net 13 covers the whole 
periphery of the rotary drum 2. In this type magnetic 
separator, the holder plates 14 are not necessary. It will 
be understood by those skilled in the art that, in case 
of use of the net 13, the size of mesh of the net 13 is 
selected to be larger than the size of particles of the raw 
material, while smaller than the size of members of the 
first group of induced poles. 

In the foregoing embodiments, ball or rod members 
comprise the first group of induced poles 3, but, the 
present invention can use endless net-like members or 
a number of chain members, in place of the aforemen 
tioned members, to form the first group of induced 
poles in which case they are hung upon the drum sur 
face between end flanges of the rotary drum. 
FIG. 4 shows a fourth embodiment of the magnetic 

separator of the present invention. The first group of 
induced poles 3 used in this embodiment comprises an 
endless chain net covering the whole periphery of the 
rotary drum 2 between either flanges thereof or a plu 
rality of endless chains covering the whole periphery of 
the rotary drum 2 each arranged side-by-side like a 
chain feeder. Numerals 15 and 16 show a sub drum for 
controlling the first group of induced poles 3 as de 
scribed above, and a press drum, respectively, how 
ever, both sub drum 15 and press drum 16 are not al 
ways necessary. 

In this fourth embodiment, the chain-like first group 
of induced poles 3 rotates together with the rotary 
drum 2 in such a manner that a part of the group 3 ad 
heres magnetically to the peripheral surface of he ro 
tary drum 2, while another part hangs down slightly 
from the peripheral surface of the rotary drum 2 by the 
action of gravity. Thereupon, the magnetic particles 
are magnetically adhered and held at the adhered part 
of the chain-like first group of induced poles 3 after 
they are separated from nonmagnetic particles, and 
then they break away and fall down from the chainlike 
first group of induced poles 3 at the hung down part 
thereof. The characteristic of this type magnetic sepa 
rator is that the magnetic particles magnetically ad 
hered to the chain-like first group of induced poles 3 
effectively break away from the peripheral surface of 
rotary drum 2 and the chain-like first group of induced 
poles 3 without magnetic particles remaining between 
respective spaces of the chain-like first group of in 
duced poles 3 and between the chain-like first group of 
induced poles 3 and the peripheral surface of the rotary 
drum 2 by existence of a slight gap formed between the 
chain-like first group of induced poles 3 and the periph 
eral surface of the rotary drum 2 at the hung down part 
of the chain-like first group of induced poles 3. 
FIG. 5 shows a fifth embodiment of the magnetic sep 

arator of the present invention. The first group of in 
duced poles 3 employed in this embodiment comprises 
a plurality of rings having the same inner diameter as 
the outer diameter of the rotary drum 2 or slightly 
smaller inner diameter than the outer diameter of the 
rotary drum 2 and are mounted on the periphery of the 
rotary drum 2 close to one another. The characteristic 
of this fifth embodiment is that manufacture and equip 
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ment of the first group of induced poles is easy and the 
magnetic particles magnetically adhered to the first 
group of induced poles 3 can easily break away because 
no space or gap is formed between respective members 
of the first induction pole group 3. 
FIG. 6 shows the relation among the stationary mag 

net device 1, the rotary drum 2 and the ball-like first 
group of induced poles 3 in the embodiments shown in 
FIGS. 1A, 1B, 2, 3A and 3B. As clear from FIG. 6, the 
members of the first group of induced poles 3 are ar 
ranged at random. 
FIG. 7 shows the relation among the stationary mag 

net device 1, the rotary drum 2 and the chain-like first 
group of induced poles 3 in the fourth embodiment 
shown in FIG. 4. 
The present invention provides also improved struc 

tures of the rotary drum 2 as shown in FIGS. 8 and 9 
which are improved structurally and fundamentally 
over the magnetic separator. That is, in order to pre 
vent decaying of the magnetic field generated by the 
stationary magnet device 1, even at the outer surface 
of the rotary drum 2, rather to strengthen the same, the 
present invention provides a rotary drum of the type in 
which a second group of induced poles made of sub 
stance of high magnetic permeability is mounted on 
portions of the rotary drum 2 facing or corresponding 
to yokes 10 of the stationary magnet device. 
By providing the second group of induced poles, it is 

possible to reduce the magnetic reluctance in the path 
from the yokes 10 to the rotary drum, to increase the 
magnetic flux emitted from the yokes 10, and to con 
centrate the magnetic flux passing to the second group 
of induced poles. 
FIG. 8 is an enlarged partial elevational cross 

sectional view of the combination of the stationary 
magnet device and the rotary drum with the second 
group of induced poles taken along the axis thereof. In 
this drawing, it will be noted that the positions of the 
rotary drum 2 made of non-magnetic substance corre 
sponding to or facing the yokes 10 magnetized by the 
permanent magnets 9 are replaced by members of the 
second group of induced poles 17. Preferably, the 
width of each member of the second group of induced 
poles 17 is selected to be equal to the width of the re 
spective yokes 10, but it can be selected desirably if it 
is satisfied that the second group of induced poles does 
not come too near the adjacent ones aligned axially and 
polarized oppositely. Generally, the second group of 
induced poles 17 is distributedly provided substantially 
on all the several circumferential portions of the rotary 
drum opposing the yokes 10, wherein they may be con 
structed in the continuous ring shape as shown in FIG. 
9 in perspective view or in the form of separate strip 
like plates 17" spaced with a gap 18' as shown in FIG. 
10. Further, this second group of induced poles can be 
attached on the desired portions of the outer surface of 
the rotary drum 2 by means of adhesive or welding, or 
it can be secured to the rotary drum by fitting it in 
grooves or through-holes formed in the desired corre 
sponding portions. Of course, other well known meth 
ods can also be employed. 

It should be noted that some unevenness will appear 
on the outer periphery of the rotary drum by fitting the 
second group of induced poles thereto, but, such slight 
unevenness does not obstruct the separation perform 
ance of the present invention. 
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In the foregoing description, the two basic types of 

magnetic separators according to the present invention 
have been explained, that is, the first type including the 
rotary drum made wholly of non-magnetic substance 
with the first group of induced poles provided there 
around, and the second type including the rotary drum 
made generally of non-magnetic substance with its se 
lected surface portions corresponding to the yokes 10 
replaced by the second group of induced poles not in 
cluding the first group of induced poles. The present 
invention provides further another type of magnetic 
separator which is a combination of the rotary drum of 
the above second type of magnetic separator with the 
first group of induced poles employed in the first type 
of magnetic separator. 
FIG. 11 is an axial enlarged partial elevational cross 

sectional view of a main portion of a magnetic separa 
tor according to the present invention, which employs 
the rotary drum having the second group of induced 
poles shown in FIG. 8 and the first group of induced 
poles in the form of ball members. 
The inventors of the instant application have done 

the following two experiments in order to evaluate the 
difference in intensity of magnetic field in locations 
about the rotary drum between one drum including the 
second group of induced poles and another drum hav 
ing no second group of induced poles. 

EXPERIMENT 1 

We prepared two rotary drums: first rotary drum D 
of the hollow cylinder type made wholly of non 
magnetic substance and having a thickness of about 4 
mm, inside which, the yokes are disposed at a distance 
of about 5 mm from the outer circumference thereof to 
the inner periphery of drum D, and a second rotary 
drum D, having the same dimension and arrangement 
as that of first rotary drum D except that the circular 
bandlike portions of second rotary drum D, corre 
sponding to the yokes are replaced by soft iron ring 
plates of about 4 mm thickness, functioning as the sec 
ond group of induced poles. By measuring the magnetic 
flux density on the outside of each rotary drum, the 
data shown in Table 1 below, was obtained, where the 
instrument used was a "Model 900 Gaussmeter' made 
by Empire Scientific Corporation. The measurement 
points were selected from points in a plane including 
the yokes and normal to the axis of the drum, and the 
indicated distance was measured from the outer sur 
face of the drum: 

Table 1 

Measure points, distance (mm) 0 5 10 

Magnetic flux Drum D. 1920 960 540 
Density (gauss) DrumE) 3050 1520 840 

As will be noted from the data in Table 1, if a rotary 
drum having the second group of induced poles distrib 
uted in portions corresponding to the yokes is em 
ployed, one can get a stronger magnetic field than the 
field created by a drum made wholly of non-magnetic 
substance by about 1.6 times, resulting in increased ca 
pability of separation. 

EXPERIMENT 2. 

We prepared two types of rotary drum: a third rotary 
drum Da of the hollow cylinder type made wholly of 
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non-magnetic substance and having the thickness of 
about 4 mm, inside which the yokes were disposed at 
a distance of about 5 mm from the circumference 
thereof, to the inner periphery of drum Da, and a fourth 
rotary drum D having the same dimension and ar 
rangement as that of drum D except that the circular 
band-like portions of drum D corresponding to the 
yokes were replaced by soft iron ring plates of about 4 
mm thickness functioned as the second group of in 
duced poles. Upon the periphery of each drum above 
were applied soft-iron balls of about 11 mm diameter, 
functioning as the first group of induced poles. We 
measured the magnetic flux density between adjacent 
iron balls induced by the stationary magnet device in 
side the drum and obtained the data shown in Table 2 
below, were the instrument used was the same instru 
ment as used in Experiment 1, the measurement points 
were the intermediate point between two adjacent balls 
aligned in the axial direction of the drum and disposed 
on the drum surface symmetrically with respect to the 
center line between two adjacent yokes while varying 
the spacing between two balls with the indicated dis 
tance being the spacing between two adjacent balls: 

Table 2 

Distance between balls (mm) 2 3 4. 

Magnetic flux Drum D. 6900 4800 2900 
Density (gauss) 14000 9300 4300 Drum D. 

As will be noted from the data in Table 2, if a combi 
nation of a rotary drum having a second group of in 
duced poles and a first group of induced poles provided 
around the drum, one can get a very strong magnetic 
field outside the drum surface, resulting in a further in 
creased capability of separation. 

In each of the afore-described embodical magnetic 
separators according to the present invention, it is pos 
sible to employ either an electromagnet or a permanent 
magnet as the fixed magnet device, however, the per 
manent magnet device is preferable for getting a de 
sired intensity of magnetic field under a given dimen 
sional limitation, because the permanent magnet per 
mits free selection of the number of pole pieces and of 
their size and does not consume electric power. 
As described above, the present invention utilizes ef 

fectively the properties of the first and/or second group 
of induced poles, simply strengthens the intensity of 
magnetic field on the drum surface, utilizes effectively 
the induced high intensity of magnetic field, and im 
proves remarkably the selection performance of the 
magnetic separator. According to the present inven 
tion, the whole outer peripheral surface of the rotary 
drum is utilized as the effective separation area, the 
yokes are constructed in the ring form extending cir 
cumferentially, and the oppositely polarized yokes are 
aligned alternately in the axial direction, so that the 
area of receiving the raw particles is very wide and the 
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field effective area is also large whereby the selection 
functioning area is remarkably increased. 
Further, the magnetic separator constructed accord 

ing to the present invention has the advantage that 
since the attracted magnetic particles can be continu 
ously collected and removed, the processing rate per 
unit time is large; since the raw particles are supplied 
to the top of the rotary drum with the result that they 
first fall down onto the drum surface and, then, only 
non-magnetic particles fall down calmly into water in 
response to rotation of the drum, all particles surely 
have the chance that they receive magnetic attraction 
action in the initial stage; since all particles float over 
the water and fall down thereinto, and thereby the par 
ticles are calmly separated in the water; and because of 
a high efficiency of collection of magnetic particles and 
an increased intensity of magnetic field, the present 
separator can separate and concentrate effectively very 
fine magnetic particles and poor-magnetic particles 
that could hardly be separated in the conventional 
magnetic separators. Specifically, the instant magnetic 
separator can separate particles of smaller than 1 mi 
cron in size. 

Hereinafter, some embodical magnetic separators, 
having been constructed in accordance with the pres 
ent invention, will be described with test data thereof. 

EXAMPLE 1. 

Model A magnetic separator of the arrangement as 
shown in FIG. 1A including: a stationary magnet device 
comprising eight permanent magnet bodies each con 
sisting of three discal anisotropic ferrite permanent 
magnets of 798 mm diameter and 12 mm thickness 
with a cut away or recess of 110' open angle, and nine 
yokes of 798 mm diameter and 6 mm thickness with a 
cut away or recess of 110' open angle, these permanent 
magnet bodies and yokes being aligned alternately in 
the axial direction in side-by-side arrangement with 
their cut aways registered; a rotary drum made of non 
magnetic stainless of 800 mm inner diameter and 3 mm 
thickness; and soft iron balls of 10 - 11 mm diameter 
employed as the first group of induced poles. 
Table 3 shows the results of a separation test done in 

connection with above Model A magnetic separator of 
the present invention and one typical conventional 
magnetic separator as shown in FIG. 9 by use of the 
same raw particles, where the raw material used in the 
test was fine powder obtained by grinding ore and add 
ing fine ferro-nickel thereto the powder size of which 
was in the order that a comb of 20 microns passes 80% 
of the total. In the actual separation process, double 
separation steps were performed with respect to the 
conventional separator, while a single separation step 
was performed in Model A separator, were the “Con 
centrate" in Table 3 defines the twice separated and 
concentrated magnetic particles and the “Tailing' de 
fines the sum of non-attracted reminder in the two sep 
aration processes in the conventional separator. 

Table 3 

Machine Product sk Weight Ni Content Ni Recovery 
percentage (%) (%) 
(%) 

Fecd 00.0 0.64 100.0 
Conventional Concentrate 100 10.6 2.92 48.3 

Tailing 89.4 0.37 51.7 

Feed 100.0 0.64 100.0 
Model-A Concentrate 00 18.4 2.73 78.3 

Tailing 816 0.7 2.7 

* processed amount pur unit weight of the first granup of induced prles (Kg/hr ()Kg) 
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As will be noted from the data in Table 3, the Model 
A separator according to the present invention is supe 
rior to the conventional magnetic separator in that the 
processable amount is higher than that of the conven 
tional separator, and, since the data of Model A show 
the results of the single separation process, the present 
magnetic separator has been improved over the con 
ventional separator in terms of separation performance 
and separation efficiency. 

In this Example 1, the first group of induced poles 
having ball configuration were used, whereas similar 
results to those as shown in Table 3 were obtained 
when the first group of induced poles having other con 
figurations, such as rod, ring or endless chain or net 
were used. 

EXAMPLE 2 

Model B magnetic separator including: a stationary 
magnet device comprising eight permanent magnet 
bodies each consisting of three anisotropic ferrite mag 
nets of 798 mm diameter and 14 mm thickness with a 
cut away of 45 open angle, and nine yokes made of 
soft-iron of 798 mm diameter and 6 mm thickness with 
a cut away of 45 open angle, these permanent magnet 
bodies and yokes being aligned alternately in the axial 
direction in side-by-side arrangement with their cut 
aways registered; and a rotary drum as shown in FIG. 
10 made of non-magnetic stainless having an 800 mm 
inner diameter and 4 mm thickness which was cut off 
in portions of the outer periphery corresponding to the 
yokes to produce rectangular recesses each having 6 
mm width and 200 mm length with the circumferential 
spacing of 10 mm, in which rectangular recesses, strip 
shaped high permeable stainless plates of the same di 
mension as that of the recesses were fitted to provide 
the second group of induced poles while keeping the 
drum surface even. 
Model B magnetic separator having the same dimen 

sion and arrangement as those of Model B separator 
above except that Model B, was devoid of the second 
group of induced poles so that the rotary drum was 
made wholly of stainless steel. 
Table 4 shows the results of separation test per 

formed in connection with Model B and Model B2 
above without use of the first group of induced poles 
where the raw material used in the test was fine powder 
obtained by grinding ore and adding fine ferro-nickel 
thereto, the powder size of which was in the order that 
a comb of 20 microns could pass 80% of the total, and 
the density of pulp was set at 60%. In Table 4, the 
"Concentrate' is the amount of magnetically atrracted 
and collected particles in the single separation process 
and the "Tailing" is the amount of particles not at 
tracted magnetically. 

Table 4 
Rate of Feed 

(Kg/hr) 
Machine Ni Content ( 

Feed 

0.7 
0.71 

0.71 

Concentrate 
1,300 
2,700 

5,300 

2,700 
5,300 

10,700 

2.03 
2.9 

2.27 2 

0.71 
0.71 1. 
0.71 

; 
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Tailing 
0.52 
0.60 

0.64 

0.41 
0.42 

0.44 
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As will be noted from the data in Table 4, the separa 

tor including the rotary drum with the second group of 
induced poles provides an increased amount of mate 
rial processing. 

In this Example 2, the second group of induced poles 
which are strip-shaped stainless plates of high magnetic 
permeability are used, whereas similar result to those 
as shown in Table 4 are obtained when continuous ring 
members are used as the second group of induced 
poles. 

EXAMPLE.3 
Model C magnetic separator having an arrangement 

as shown in FIG. 1A and similar to Model B separator 
in Example 2 except that one layer of soft-iron balls of 
about 10 mm diameter, plated on its surface with nickel 
of high magnetic permeability, were densely attached 
to the outer periphery of the rotary drum by means of 
adhesive to provide the first group of induced poles. 
Model C. magnetic separator similar to the Model C. 

separator except that soft iron balls of about 10 mm di 
ameter were employed in the Model B. separator in Ex 
ample 2 was used. 
Table 5 shows the results of separator test performed 

upon the Model Cand Model Cseparators, where the 
raw material used in the test was fine powder obtained 
by grinding ore and adding fine ferro-nickel thereto, 
the powder size of which was in the order such that a 
comb of 20 microns could pass 80% of the total, and 
the density of pulp was set to 30%. 

Table 5 

Machine Product Weight Ni Ni 
* . Percentage Content ... Recovery 

(%) (%) (%) 

Feed 100.0 0.60 100.0 
Model Concentrate 90 39.8 1.19 78.9 
Cz 

Tailing 60.2 0.2 2.1 

Feed 00.0 0.60 100.0 
Model Concentrate 90 47.9 1.10 87.9 
C 

Tailing 52. 0.14 22. 

Remark: * processed amount per unit weight of the first group of induced poles 
(kg/hri Okg) 

As will be noted from the data in Table 5, by comgin 
ing the first and second groups of induced poles, the 
separation performance and efficiency of the magnetic 
separator are remarkably improved. 
What is claimed is: 
1. A wet type magnetic separator for separating mag 

netic particles from raw material particles, said separa 
tor comprising a generally cylindrical stationary mag 
net device in the form of a cylindrical body having a cut 

Ni 
Recovery 
(%) 

36.0 
2.3 

9.8 

59.3 
54. 

47.8 
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away recess opening from the top of the cylindrical 
body to one side along its periphery and having an axis 
which is fixed substantially horizontally, said cylindri 
cal body consisting of a plurality of sets of multiple dis 
cal permanent magnets each having a cut away recess 
and discal yokes each having a similar configuration to 
said magnets, said plurality of sets of permanent mag 
nets and said yokes being coaxially mounted side by 
side with their cut away recesses coinciding and being 
assembled into an integral body with the sets of perma 
nent magnets sandwiched between said yokes so that 
adjacent yokes have opposite polarity to each other, 
rotary drum disposed coaxially with and rotatable 
about and in close proximity to said stationary cylindri 
cal body, said rotary drum including axially spaced 
nonmagnetic material portions separated by circumfer 
ential strips of material of high magnetic permeability, 
said strips being in alignment respectively with said 
yokes and forming low reluctance paths for the mag 
netic field across the gap between the drum and said 
cylindrical body and defining a first group of induced 
poles, and a single continuous layer of induced poles 
provided on the immediate outer periphery of said 
drum overlying said first group of induced poles and 
forming a second group of induced poles spanning the 
complete length and the periphery of the drum oppo 
site at least the non-cut away portion of said cylindrical 
body; whereby, said magnetic particles are effectively 
separated from the nonmagnetic particles contained 
within raw material particles directed onto the rotary 
drum periphery during rotation thereof. 

2. The wet type magnetic separator as specified in 
claim 1 wherein said second group of induced poles 
comprises ball members. 

3. The wet type magnetic separator as specified in 
claim 2, further comprising a curved net disposed close 
to said rotary drum and covering at least the lower half 
portion of the peripheral surface thereof for preventing 
said second group of ball members from breaking away 
from the rotary drum surface, and holder plates se 
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cured to the rotary drum surface to push said members 
in the rotation direction of said rotary drum and to 
maintain the same in position thereon. 

4. The wet type magnetic separator as specified in 
claim 3, wherein said net covers the whole surface of 
said rotary drum and is fixed to said rotary drum so as 
to rotate therewith. 

5. The wet type magnetic separator as specified in 
claim 1, wherein said second group of induced poles 
comprises rod members. 

6. The wet type magnetic separator as specified in 
claim 1, wherein said second group of induced poles 
comprises at least one endless net holding capsule 
shaped members closely connected together in a lattice 
arrangement on the drum periphery. 

7. The wet type magnetic separator as specified in 
claim 1, having means for adhering said second group 
of induced poles to the periphery of said drum. 

8. The wet type magnetic separator as specified in 
claim 1, further comprising a raw material supplying 
device disposed near the top of said rotary drum, a first 
hopper device disposed in a first section of the circum 
ferential path of said rotary drum for catching non 
magnetic particles of the supplied raw material, a sec 
ond hopper device disposed in a second succeeding 
section of the circumferential path of said rotary drum 
for catching magnetic particles of the supplied raw ma 
terial, a radial partition board for isolating said first and 
second hopper devices, and shower devices disposed in 
the vicinity of the outer periphery of said rotary drum 
for first adhering magnetic particles from among the 
raw material to the surface of the rotary drum and for 
secondly functioning to enhance separation of the mag 
netic particles from the rotary drum. 

9. The wet type magnetic separator as specified in 
claim 1, wherein said said second group of induced 
poles comprises at least one endless net holding ball 
members closely connected together in a lattice ar 
rangement on the drum periphery. 
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