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Description
[Technical Field]

[0001] The presentinvention relates to a technology to magnetically separate (separate) ferromagnetic particles from
a powder and granular material containing the ferromagnetic particles and relates to, for example, a magnetic separator
and a magnetic separation method, which are suitable for separating an iron content from a slag obtained as a by-
product of an ironmaking process, and a method for manufacturing an iron source.

[Background Art]

[0002] In the ironmaking process, a slag (steelmaking slag) is generated as a by-product in a molten pig iron pretreat-
ment or a converter decarbonization step. The slag is generated on the basis of reaction of a calcium based additive
added to remove impurities and unnecessary elements in the molten pig iron and a molten steel (sometimes iron and
steel are collectively called iron) with these impurities and unnecessary elements. Besides the removed impurities and
unnecessary elements, a high proportion of iron content is also contained in the slag.

[0003] In order to recycle the iron content in the slag, the iron content has been separated and recovered. Usually,
the iron content is separated and recovered by the following steps. Initially, the slag is sieved to remove large (several
hundreds of millimeters) blocks included in the slag. In small blocks passed through a sieve, an iron content and a slag
content adhere to each other. Therefore, rough crushing into the size of several tens of micrometers to several tens of
millimeters is performed with a hammer crusher, a rod mill, or the like to facilitate liberation (separation of the iron content
from the slag content). Thereafter, the iron content is separated with a magnetic separator. In general, examples of
apparatuses used as the magnetic separator include suspended electro magnets, magnetic drum separators, and mag-
netic pulleys.

[0004] Also, in order to liberate an iron content, in some cases, a slag is heated and is cooled for an appropriate time,
followed by crushing. It is possible to separate only the adhering slag content without crushing iron blocks or micronize
the slag into several tens of micrometers depending on the cooling time.

[0005] Itis needless to say that liberation proceeds as micronization of the slag proceeds regardless of the method.
[0006] Ingeneral,inordertoincreasetherecoveryrate ofthe iron content, itis necessary to pursueliberation. Therefore,
the particle diameter of the slag is reduced by repeating mechanical crushing. Alternatively, the diameter may be reduced
by a heat treatment.

[0007] In the case where magnetic separation is performed to recover the iron content, for example, a magnetic
separator shown in Fig. 8 has been previously used (for example, NPL 1). This apparatus is a magnetic pulley type (belt
conveyer style) magnetic separator, where a powder and granular material (a) containing ferromagnetic particles is
supplied from a supply device 23 onto a conveyer belt 20, and ferromagnetic particles and non-magnetic particles are
separated when the powder and granular material a is discharged from a conveyer end edge portion 27. In the inside
of a belt guide roll 21 on the conveyer end edge portion 27 side, magnets 22 are disposed in part of the circumferential
direction. The magnets 22 are disposed in such a way that magnetic poles adjacent in the circumferential direction of
the belt guide roll 21 are different from each other. The magnets 22 are stationary magnets disposed independently of
the belt guide roll 21.

[0008] In this magnetic separator, the magnetic forces of the magnets 22 inside the belt guide roll 21 act on the powder
and granular material a on the conveyer belt 20 in the conveyer end edge portion 27, non-magnetic particles not attracted
by the magnets 22 fall first so as to be recovered by a magnetically not-attracted material recovery portion 24y, and the
ferromagnetic particles attracted by the magnets 22 pass through a partition plate 25 disposed below the belt guide roll
21 and fall at positions at which the magnetic force is weakened, so as to be recovered by a magnetically attracted
material recovery portion 24x.

[Citation List]
[Patent Literature]
[0009]

[PTL 1] Japanese Unexamined Patent Application Publication No. 2006-142136
[PTL 2] Japanese Unexamined Patent Application Publication No. 10-130041
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[Non Patent Literature]

[0010] [NPL 1] J. Svoboda, Magnetic Techniques for the Treatment of Materials, pp. 70-72, Kluwer Academic Pub-
lishers, 2004

[Summary of Invention]
[Technical Problem]

[0011] However, as shown in Fig. 8, in the case where a large amount of powder and granular material a is supplied
to a previously known magnetic separator and the layer thickness of the powder and granular material a increases, the
following problem occurs. The micronized powder and granular material a is in the state in which ferromagnetic particles
enclose non-magnetic particles, and the ferromagnetic particles and the non-magnetic particles are attracted by the
magnet 22 at the same time, so that the ferromagnetic particles and the non-magnetic particles are not separated from
each other easily. This becomes considerable as the particle diameter of the powder and granular material a decreases.
Furthermore, an agglomeration phenomenon due to micronization is added, so that in the case where the layer thickness
of the powder and granular material a on the conveyer belt 20 increases, as shown in Fig. 8, non-magnetic particles are
also allowed to enter the magnetically attracted material recovery portion 24x, and the ferromagnetic particles cannot
be separated appropriately.

[0012] Itis necessary to deal with the above-described problem usually in such a way that, for example, as shown in
Fig. 9, the amount of supply of powder and granular material a is decreased by utilizing a vibrating feeder 26 or the like
to reduce the thickness of the powder and granular material layer on the conveyer belt 20 to, such as, the thickness of
about one or two particles. However, if the amount of supply of the powder and granular material a is decreased, the
treatment speed is reduced, although the performance to separate the ferromagnetic particles is ensured. In the case
of magnetic separation of a slag, several tons to several tens of tons per hour of treatment is necessary and, therefore,
it is indispensable to perform a large amount of magnetic separation in a short time. Consequently, it is difficult for the
above-described previously known magnetic separator to magnetically separate a large amount of powder and granular
material a in a short time.

[0013] On the other hand, PTL 1 proposes a method in which foreign matters are separated without over-crushing the
slag by undergoing a plurality of specific steps. However, there is a problem that the separation flow becomes complicated
and the treatment cost increases. Also, as shown in PTL 2, a wet process is commonly applied in order to avoid
agglomeration, but there is a problem that a waste fluid disposal cost increases considerably.

[0014] Itis an object of the present invention to solve the above-described issues in the related conventional art and
provide a magnetic separator and a magnetic separation method, where ferromagnetic particles are separated from a
powder and granular material efficiently and magnetic separation can be performed at a low cost without the need for
complicated steps and waste fluid disposal even in the case where a large amount of powder and granular material
containing ferromagnetic particles is treated and in the case where the layer of a supplied powder and granular material
is thick.

[Solution to Problem]

[0015] The present inventors obtained the following findings on the magnetic separation.

[0016] In the case where ferromagnetic particles are separated from a powder and granular material, in which ferro-
magnetic particles and non-magnetic particles are mixed, through the use of moving magnets, when the movement of
each particle is observed, initially, the ferromagnetic particle is moved in such a way as to be attracted by the magnet.
The attractive force that acts on the ferromagnetic particle is changed on the basis of the change in the strength of the
magnetic field in association with the movement of the magnet. When the magnetic field is strong, the ferromagnetic
particles are gathered together on the basis of the attractive force. Conversely, when the magnetic field is weak, there
is a tendency to disperse.

[0017] This change in the attractive force exerts an effect like vibration on the powder and granular material. The state
of sandwiching and enclosure of non-magnetic particles by ferromagnetic particles is resolved on the basis of repetition
of the change in the strength of the magnetic field. As a result, separation of the ferromagnetic particles from the non-
magnetic particles is facilitated. Furthermore, the torque is added to the ferromagnetic particles on the basis of changes
in the direction of the magnetic field, so that the ferromagnetic particles are moved between the non-magnetic particles
toward the magnet side while being rotated. Most of the ferromagnetic particles are gathered gradually in the vicinity of
the magnet by these two effects, and the non-magnetic particles are moved to the side farther from the magnet conversely.
In this manner, the ferromagnetic particles can be separated from the non-magnetic particles by utilizing the changes
in the strength and the direction of the magnetic field.
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[0018] Fig. 1 (A) to (D) schematically show the above-described actions. In Fig. 1 (A) to (D), the magnetic poles of the
magnet of the portion facing the powder and granular material are referred to as the north pole and the south pole. When
the magnet is moved from the state in which the ferromagnetic particles on the conveyer belt 2 are attracted by the north
pole, as shown in Fig. 1 (A), to the state in which a space portion between the north pole and the south pole faces the
powder and granular material, as shown in Fig. 1 (B), the magnitude of the attractive force acted on the ferromagnetic
particles is changed because of the strength of the magnetic field. Also, the ferromagnetic particles are attracted in the
direction of arrows because of the change in the magnetic pole from the north pole to the south pole and are moved to
the magnet side while being rolled. Thereafter, as shown in Fig. 1 (C), the ferromagnetic particles are attracted by the
south pole and are further moved to the magnet side. The above-described actions are repeated and, thereby, the
ferromagnetic particles originally distributed in the whole powder and granular material layer are gathered to the side
nearest to the magnet in the powder and granular material layer, as shown in Fig. 1 (D).

[0019] This phenomenon always occurs if at least one of the magnet and the powder and granular material a is moved,
and the same goes for the case where the magnet is fixed and only the powder and granular material a is moved.
[0020] Inthe case where the magnets are moved while the same magnetic poles are arranged side by side, movement
of the ferromagnetic particles due to the changes in the strength of the magnetic field occur but the amounts of movement
of the ferromagnetic particles are reduced because the torque due to the changes in the direction of the magnetic field
is not added to the ferromagnetic particles. As a result, the separation efficiency is reduced.

[0021] In this regard, Fig. 1 (A) to (D) show the case where the magnets are moved from the right side to the left side
in the drawing, although the same goes for the case where the magnets are moved from the left side to the right side
in the drawing, in theory.

[0022] The presentinventors found that the ferromagnetic particles were able to be magnetically separated efficiently
by applying the above-described mechanism to a belt conveyer style magnetic separator, disposing magnets inside the
belt guide roll on the conveyer end edge side in such a way that adjacent magnetic poles in the portion facing the powder
and granular material were arranged to become different from each other along the circumferential direction of the belt
guide roll and, in addition, in such a way that adjacent magnetic poles in the portion facing the powder and granular
material were arranged to become the same in the width direction of the belt guide roll, and moving the powder and
granular material in the magnetic field formed by these magnets. The effect is further enhanced by rotating the magnets
and, thereby, changing the strength and the direction of the magnetic field acted on the ferromagnetic particles at a high
speed.

[0023] The presentinvention has been made on the basis of the above-described findings and the gistis as described
below.

[11 A magnetic separator including

a conveyer belt to carry a powder and granular material containing ferromagnetic particles,

a rotatable hollow belt guide roll having an outer circumference partly wound with the above-described or an
other conveyer belt, and

a magnetic field application device disposed inside the above-described belt guide roll,

wherein the above-described magnetic field application device includes a plurality of magnets inside the above-
described belt guide roll, and

the above-described magnets are arranged in such a way that magnetic poles adjacent in the circumferential
direction of the above-described belt guide roll are different from each other and, in addition, are arranged in
such a way that adjacent magnetic poles in the width direction of the above-described belt guide roll are the same.

[2] The magnetic separator according to Claim 1, wherein

the magnetic field change frequency F (Hz), which is defined by the following formula (1) and which indicates the
number of changes in magnetic poles acted on the powder and granular material from the above-described magnetic
field application device, is 170 Hz or more.

F = (x'P)/60 (1)

where x: the number of revolutions per minute of magnet roll (rpm)

P: the number of magnetic poles provided to magnet roll (in this regard, as for the number of magnetic poles,
a pair of the north pole and the south pole adjacent in the circumferential direction of the surface facing the
powder and granular material (a) of the magnet roll 4r is counted as one magnetic pole)
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[3] The magnetic separator according to the item [1] or the item [2], including

a first belt conveyer (A) to carry the powder and granular material containing ferromagnetic particles,

a second belt conveyer (B) located above the belt conveyer, and

a magnetic field application device, which is provided with a plurality of magnets arranged in the belt guide roll
circumferential direction, inside the belt guide roll at the conveyer start edge portion side of the above-described
belt conveyer (B),

wherein the conveyer start edge portion of the above-described belt conveyer (B) is closely located above the
conveyer end edge portion of the above-described belt conveyer (A), and

the above-described magnets are arranged in such a way that magnetic poles adjacent in the circumferential
direction of the above-described belt guide roll of the above-described belt conveyer (B) are different from each
other and, in addition, are arranged in such a way that adjacent magnetic poles in the width direction of the
above-described belt guide roll of the above-described belt conveyer (B) are the same.

[4] The magnetic separator according to the item [1] or the item [2], including

a first belt conveyer (A) to carry the powder and granular material containing ferromagnetic particles and

a second belt conveyer (B) located above the above-described belt conveyer (A),

wherein the conveyer start edge portion of the above-described belt conveyer (B) is closely located above the
conveyer end edge portion of the above-described belt conveyer (A),

the conveyer belts of the above-described belt conveyers (A) and (B) are moved in the same direction in the
conveyer end edge portion of the above-described belt conveyer (A) and the conveyer start edge portion of the
above-described belt conveyer (B),

the above-described magnetic field application device is provided with a plurality of magnets arranged in the
belt guide roll circumferential direction and width direction inside the belt guide roll on the conveyer start edge
portion side of the above-described belt conveyer (B) and, in addition,

the above-described magnets are arranged in such a way that magnetic poles adjacent in the above-described
belt guide roll circumferential direction of the above-described belt conveyer (B) are different from each other and
are arranged in such a way that magnetic poles adjacent in the above-described belt guide roll width direction
of the above-described belt conveyer (B) are the same.

[5] The magnetic separator according to the item [1] or the item [2], including

a first belt conveyer (A) to carry the powder and granular material containing ferromagnetic particles,

a second belt conveyer (B) located above the belt conveyer (A), and

a magnetic field application device provided with a plurality of magnets inside the belt guide roll at the conveyer
start edge portion side of the above-described belt conveyer (B),

wherein the conveyer start edge portion of the above-described belt conveyer (B) is closely located above the
conveyer belt of the above-described belt conveyer (A) and between the conveyer end edge portion of the belt
conveyer (A) and a powder and granular material supply device,

the conveyer belts of the above-described belt conveyers (A) and (B) are moved in the directions reverse to
each other in the conveyer end edge portion of the above-described belt conveyer (A) and the conveyer start
edge portion of the above-described belt conveyer (B), and

the above-described magnets are arranged in such a way that magnetic poles adjacent in the above-described
belt guide roll circumferential direction of the above-described belt conveyer (B) are different from each other
and, in addition, are arranged in such a way that magnetic poles adjacent in the above-described belt guide roll
width direction of the above-described belt conveyer (B) are the same.

[6] The magnetic separator according to any one of the items [3] to [5],

wherein the above-described magnetic field application device of the above-described belt conveyer (B) is formed
from a rotatable magnet roll disposed inside the above-described belt guide roll, and

the magnets disposed along the outer circumference of the above-described magnet roll are arranged in such a
way that magnetic poles adjacent in the above-described belt guide roll circumferential direction of the above-
described belt conveyer (B) are different from each other and, in addition, are arranged in such a way that magnetic
poles adjacent in the above-described belt guide roll width direction of the above-described belt conveyer (B) are
the same.

[7] The magnetic separator according to any one of the items [3] to [6], wherein a magnetically attracted material
recovery portion is disposed below the conveyer end edge portion of the above-described belt conveyer (B) and a
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magnetically not-attracted material recovery portion is disposed below the conveyer start edge portion of the above-
described belt conveyer (B).

[8] A magnetic separation method comprising the steps of

using the magnetic separator according to any one of the items [3] to [7], and

supplying a powder and granular material from a supply device onto the above-described belt conveyer (A) with a
layer thickness larger than the diameter of the smallest particle contained in the powder and granular material.

[9] The magnetic separator according to the item [1] or the item [2], including the conveyer belt to carry the powder
and granular material containing ferromagnetic particles and the belt guide roll,

wherein a magnet roll which rotates in the direction reverse to the direction of the above-described belt guide roll is
disposed inside the above-described belt guide roll, and

the magnet roll includes magnets arranged in such a way that magnetic poles adjacent in the above-described belt
guide roll circumferential direction of the above-described belt conveyer (B) are different from each other and, in
addition, arranged in such a way that magnetic poles adjacent in the above-described belt guide roll width direction
of the above-described belt conveyer (B) are the same.

[10] The magnetic separator according to the item [9], wherein a partition plate is disposed below the above-described
belt guide roll and along the above-described conveyer belt width direction and, in addition, a clearance for allowing
the passage of part of the powder and granular material is disposed between the upper edge portion of the above-
described partition plate and the above-described conveyer belt, and

a magnetically attracted material recovery portion and a magnetically not-attracted material recovery portion are
disposed at positions sandwiching the above-described partition plate in the conveyer belt movement direction.
[11] A magnetic separation method including the steps of

using the magnetic separator according to the item [9] or the item [10], and

supplying a powder and granular material from a supply device onto the conveyer belt with a layer thickness larger
than the diameter of the smallest particle contained in the powder and granular material.

[12] The magnetic separation method according to the item [11], wherein the clearance between the upper edge
portion of the above-described partition plate and the conveyer belt is specified to be smaller than the layer thickness
of the powder and granular material supplied to the above-described conveyer belt from the above-described supply
device.

[13] A magnetic separator to magnetically separate ferromagnetic particles from a powder and granular material (a)
containing the ferromagnetic particles, including

afirst belt conveyer (A) to carry the powder and granular material (a) and a second belt conveyer (B) which is located
above the belt conveyer (A) and which attracts and separates the ferromagnetic particles, by a magnetic force, from
the powder and granular material (a) carried with the belt conveyer (A),

wherein the movement directions of the conveyer belts (1) and (2) of the belt conveyers (A) and (B) are reverse to
each other,

the conveyer start edge portion (11) of the belt conveyer (B) is closely located above the conveyer end edge portion
(10) of the belt conveyer (A), and

a magnetic field application device (4) provided with a plurality of magnetic poles (5) arranged along the roll circum-
ferential direction at a predetermined interval, where magnetic poles (5) adjacent in the roll circumferential direction
are different from each other, is disposed inside the belt guide roll (3) at the conveyer start edge portion (11) side
of the belt conveyer (B).

[14] The magnetic separator according to the item [13],

wherein the magnetic field application device (4) of the belt conveyer (B) is formed from a magnet roll (4r) driven to
rotate and disposed inside the belt guide roll (3), the magnet roll (4r) is provided with a plurality of magnetic poles
(5) arranged along the outer circumference thereof at a predetermined interval, magnetic poles (5) adjacent in the
roll circumferential direction are different from each other, and

the conveyer belt (2) and the belt guide roll (3) of the belt conveyer (B) are made from a non-metal and, in addition,
the belt guide roll (3) is specified to be a non-driven roll.

[15] The magnetic separator according to the item [13] or the item [14],

wherein a magnetically attracted material recovery portion (7x) is disposed below the conveyer end edge portion
(12) of the belt conveyer (B), and

a magnetically not-attracted material recovery portion (7y) is disposed below the conveyer start edge portion (11)
of the belt conveyer (B).

[16] A magnetic separation method for magnetically separating ferromagnetic particles from a powder and granular
material (a) containing the ferromagnetic particles by using the magnetic separator according to any one of the items
[13] to [15], the method comprising the step of

supplying the powder and granular material (a) from a supply device (6) onto the belt conveyer (A) with a layer
thickness larger than the diameter of the smallest particle contained in the powder and granular material (a).
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[17] The magnetic separation method according to Claim 4,
wherein the magnetic separator according to the item [14] or the item [15] is used and the magnetic field change
frequency F (Hz), which is defined by the following formula (1), of the magnet roll (4r) is specified to be 170 Hz or more.

F = (xP)/60 (1)

where x: the number of revolutions per minute of magnet roll (4r) (rpm)
P: the number of magnetic poles provided to magnet roll (4r) (in this regard, a pair of the north pole and the
south pole is counted as one magnetic pole)

[18] A magnetic separator which is a conveyer style magnetic separator to supply a powder and granular material
(a) containing ferromagnetic particles from a supply device (204) onto a conveyer belt (201) and attract and separate
the ferromagnetic particles, by a magnetic force, from non-magnetic particles when the powder and granular material
(a) is discharged from a conveyer end edge portion (2010),

wherein the conveyer belt (201) and the belt guide roll (202) at the conveyer end edge portion (2010) side are made
from a non-metal and, in addition, the belt guide roll (202) is specified to be a non-driven roll, and

a magnet roll (203) driven to rotate in the direction reverse to the direction of the belt guide roll (202) is disposed
inside the belt guide roll (202), the magnet roll (203) is provided with a plurality of magnetic poles (205) arranged
along the outer circumference thereof at a predetermined interval and, in addition, magnetic poles (205) adjacent
in the roll circumferential direction are different from each other.

[19] The magnetic separator according to the item [18], wherein a partition plate (206) is disposed below the belt
guide roll (202) and along the conveyer belt width direction and, in addition, a clearance (S) for allowing the passage
of part of the powder and granular material is disposed between the upper edge portion of the partition plate (206)
and the conveyer belt (201), and

a magnetically attracted material recovery portion (207x) and a magnetically not-attracted material recovery portion
(207y) are disposed at positions sandwiching the partition plate (206) in the conveyer belt movement direction.
[20] A magnetic separation method for magnetically separating ferromagnetic particles from a powder and granular
material (a) containing the ferromagnetic particles by using the magnetic separator according to the item [18] or the
item [19], the method comprising the step of

supplying the powder and granular material (a) from a supply device (204) onto the conveyer belt (201) with a layer
thickness larger than the diameter of the smallest particle contained in the powder and granular material (a).

[21] The magnetic separation method according to the item [20], wherein the clearance (S) between the upper edge
portion of the partition plate (206) and the conveyer belt (201) is specified to be smaller than the layer thickness of
the powder and granular material supplied from the supply device (204) onto the conveyer belt (201).

[22] The magnetic separation method according to the item [20] or the item [21],

wherein the magnetic field change frequency F (Hz), which is defined by the following formula (1), of the magnet
roll is specified to be 170 Hz or more.

F = (x'P)/60 (1)

where x: the number of revolutions per minute of magnet roll (rpm)
P: the number of magnetic poles provided to magnet roll (in this regard, a pair of the north pole and the south
pole is counted as one magnetic pole)

[23] A method for manufacturing an iron source to produce the iron source from a by-product of an ironmaking
process, including the step of using the magnetic separator or the magnetic separation method according to any
one of the items [1] to [22].

[Advantageous Effects of Invention]

[0024] According to the present invention, ferromagnetic particles are separated from a powder and granular material
containing the ferromagnetic particles in one separation step efficiently and magnetic separation can be performed at
a low cost without the need for complicated steps, waste fluid disposal, and the like even in the case where a large
amount of powder and granular material containing ferromagnetic particles is treated and in the case where the layer
of a supplied powder and granular material is thick.
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[Brief Description of Drawings]
[0025]

[Fig. 1] Fig. 1 (A) to (D) are explanatory diagrams schematically showing actions of a magnetic separator according
to the present invention.

[Fig. 2] Fig. 2 is an explanatory diagram showing a magnetic separator according to a first embodiment of the present
invention and an embodiment of a magnetic separation method by using this apparatus.

[Fig. 3] Fig. 3 is a perspective view showing the structure of a belt guide roll of the magnetic separator according to
the first embodiment shown in Fig. 2.

[Fig. 4] Fig. 4 is an explanatory diagram showing a modified example 1 of the magnetic separator according to the
first embodiment of the present invention and a magnetic separation method by using this apparatus.

[Fig. 5] Fig. 5 is an explanatory diagram showing a modified example 2 of the magnetic separator according to the
first embodiment of the present invention and a magnetic separation method by using this apparatus.

[Fig. 6] Fig. 6 is a perspective view showing the structure of a belt guide roll of a modified example 3 of the magnetic
separator according to the first embodiment shown in Fig. 2.

[Fig. 7] Fig. 7 is an explanatory diagram showing a magnetic separator according to a second embodiment of the
present invention and an embodiment of a magnetic separation method by using this apparatus.

[Fig. 8] Fig. 8 is an explanatory diagram showing a magnetic separator in the related conventional art and a state
of use in the case where a large amount of powder and granular material is treated by using this apparatus.

[Fig. 9] Fig. 9 is an explanatory diagram showing a magnetic separator in the related conventional art and a state
of use in the case where a small amount of powder and granular material is treated by using this apparatus.

[Description of Embodiments]

[0026] A magnetic separator and a magnetic separation method according to the present invention are to separate
ferromagnetic particles from a powder and granular material containing the ferromagnetic particles by a magnetic force.
The magnetic separator according to the present invention includes a belt to carry the powder and granular material, a
rotatable belt guide roll having an outer circumference partly wound with the above-described or an other belt, and a
magnetic field application device provided with a plurality of magnets disposed inside the guide roll. The magnets are
arranged in such a way that the magnetic poles of the portion facing the powder and granular material come into alternate
sequence along the circumferential direction of the belt guide roll and, in addition, are arranged in such a way that the
magnetic poles of the portion facing the powder and granular material become the same in the width direction of the
belt guide roll. In the case where the magnetic poles are the same in the width direction, a uniform magnetic field is
formed and the force acted on the ferromagnetic particles also becomes uniform, and the separation efficiency of the
ferromagnetic particles can be enhanced.

[0027] The magnetic separation method according to the present invention separates ferromagnetic particles from a
powder and granular material containing the ferromagnetic particles by using the magnetic separator having the above-
described configuration.

[0028] Inthe magnetic separator and the magnetic separation method according to the present invention, the magnetic
field change frequency F (Hz), which is defined by the following formula (1) and which indicates changes in the strength
of the magnetic field acted on the powder and granular material from the magnetic field application device, is specified
to be 170 Hz or more. The magnetic field change frequency F is more preferably 200 Hz or more.

F = (xP)/60 (1)

where x: the number of revolutions per minute of magnet roll (rpm)

P: the number of magnetic poles provided to magnet roll and disposed in the circumferential direction of magnet
roll (in this regard, as for the number of magnetic poles, a pair of the north pole and the south pole adjacent in the
circumferential direction of the surface facing the powder and granular material (a) of the magnet roll 4r is counted
as one magnetic pole and, for example, in the case where the north pole [a], the south pole [b], and the north pole
[c] are aligned in the circumferential direction, the pair of the north pole [a] and the south pole [b] is counted as one
magnetic pole and the pair of the south pole [b] and the north pole [c] is counted as one magnetic pole)

[0029] High-speed changes in the strength and the direction of the magnetic field acted on the powder and granular
material are allowed to occur by specifying the magnetic field change frequency F (Hz) of the magnetic field application
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device to be 170 Hz or more, and preferably 200 Hz or more, so that it becomes possible to separate the ferromagnetic
particles contained in the powder and granular material accurately.

[First embodiment]

[0030] Fig. 2is an explanatory diagram showing a magnetic separator according to a first embodiment of the present
invention and an embodiment of a magnetic separation method by using this apparatus.

[0031] The apparatus according to the first embodiment includes a first belt conveyer A to carry a powder and granular
material (a) and a second belt conveyer B which is located above the belt conveyer A and which attracts and separates
ferromagnetic particles, by magnets, from the powder and granular material a carried with the belt conveyer A.

[0032] In the first belt conveyer A, reference numeral 1 denotes a conveyer belt, reference numeral 8 denotes a belt
guide roll on the conveyer start edge portion 14 side, and reference numeral 9 denotes a belt guide roll on the conveyer
end edge portion 10 side. The conveyer belt 1 is disposed between the belt guide rolls 8 and 9 and, thereby, the belt
conveyer A is constructed.

[0033] In the second belt conveyer B, reference numeral 2 denotes a conveyer belt, reference numeral 3 denotes a
belt guide roll at the conveyer start edge portion 11 side, and reference numeral 13 denotes a belt guide roll at the
conveyer end edge portion 12 side. The conveyer belt 2 is disposed between the belt guide rolls 3 and 13 and, thereby,
the belt conveyer B is constructed. In the present first embodiment, the belt guide roll 3 is configured to have a diameter
larger than the diameter of the belt guide roll 13 and the axis of rotation of the belt guide roll 13 is located upper than
the axis of rotation of the belt guide roll 3, so that the upper surface of the conveyer belt 2 (an upper belt portion between
the belt guide rolls 3 and 13) is almost horizontal. However, the upper surface of the conveyer belt 2 may come down
toward the belt guide roll 13.

[0034] A supplydevice 6 to supply the powder and granular material a containing the ferromagnetic particles is disposed
above the conveyer belt 1 and at the position near to the conveyer start edge portion 14 of the belt conveyer A.

[0035] The ferromagnetic particles attracted and held on the belt conveyer B side are carried with the belt conveyer
B and, thereafter, discharged from the conveyer end edge portion 12. Therefore, a magnetically attracted material
recovery portion 7x is disposed below the conveyer end edge portion 12 of the belt conveyer B. Also, non-magnetic
particles fall below the conveyer start edge portion 11 of the belt conveyer B, so that a magnetically not-attracted material
recovery portion 7y is disposed at that position.

[0036] In the first embodiment shown in Fig. 2, the conveyer start edge portion 11 of the belt conveyer B is closely
located above the conveyer end edge portion 10 of the belt conveyer A. In this regard, the belt guide rolls 8 and 9 of the
belt conveyer A and the belt guide rolls 3 and 13 of the belt conveyer B are rotated in the directions reverse to each
other and the conveyer belts 1 and 2 are moved in the same direction in the conveyer end edge portion 10 of the belt
conveyer A and the conveyer start edge portion 11 of the belt conveyer B.

[0037] In the belt conveyer B, any one of the belt guide rolls 3 and 13 may be a driven roll driven by a drive device,
e.g., a motor. However, usually, the belt guide roll 13 is a driven roll and the belt guide roll 3 is a non-driven roll. The
belt guide roll 3 is formed from a sleeve body with a hollow inside and is rotatably supported.

[0038] In the first embodiment, a magnet roll 4r serving as a magnetic field application device provided with a plurality
of magnets 5 is disposed inside the belt guide roll 3. The magnet roll 4r is configured to be be able to rotate independently
of the belt guide roll 3.

[0039] As shown in Fig. 3 described later, in the first embodiment, the magnet roll 4r is provided with the plurality of
magnets 5 at predetermined intervals in the circumferential direction and the width direction of the belt guide roll 3. The
plurality of magnets 5 are arranged with magnetic poles aligned in such a way that alternating north poles and south
poles adjoin over 360°C in the roll circumference direction of the magnet roll 4r. Also, the plurality of magnets 5 are
arranged in such a way that the same magnetic poles are aligned in the width direction of the magnet roll 4r.

[0040] The number of magnets 5 arranged in the roll circumferential direction, the interval of the magnets 5, and the
like are not specifically limited. Higher speed of changes in the strength and the direction of the magnetic field are
obtained by increasing the number of the magnets 5 or reducing the interval of the magnets 5. Put another way, high-
speed changes in the magnetic field are obtained even when the rotational speed of the magnet roll 4r is low.

[0041] The strength of the magnetic field due to the magnets 5 is not specifically limited. Usually, the magnets 5 are
selected in such a way that about 0.01 to 0.5 T is ensured in the conveyer belt portion in contact with the belt guide roll
3 in accordance with an object. If the magnetic field is too weak, the effect of the magnet roll 4r is not obtained sufficiently.
On the other hand, if the magnetic field is too strong, the attractive force acted on the ferromagnetic particles is too
strong and, on the contrary, separation of the ferromagnetic particles may be hindered.

[0042] Meanwhile, in the apparatus according to the first embodiment, the magnetic field is switched in the manner
of strong —» weak — strong —» weak — -+ and the effect on the ferromagnetic particles in the powder and granular
material layer is repeated in the manner of gathering — dispersion — gathering — dispersion — --- because of the
plurality of magnets 5 arranged at the predetermined interval and the space portions between adjacent magnets 5. The
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width of space portions between magnets 5 adjacent in the circumferential direction is not specifically limited, although
about 1 to 50 mm is appropriate to obtain the above-described effects.

[0043] Fig. 3 is a perspective view showing the structure of the belt guide roll of the magnetic separator according to
the first embodiment shown in Fig. 2. The magnet roll 4r provided with the plurality of magnets is disposed inside the
belt guide roll 3. Reference numeral 40 denotes a roll shaft of the magnet roll 4r. Roll shafts 30 at both ends of the belt
guide roll 3 are allowed to cover the roll shaft 40 of the magnet roll 4r disposed inside the belt guide roll 3 and are fitted
to the roll shaft 40 with a bearing 15 (metal bearing, roller bearing, or the like) therebetween. However, the belt guide
roll 3 and the magnet roll 4r can be rotated independently of each other and the roll shaft 30 and the roll shaft 40 can
take various forms.

[0044] The magnet roll 4r is a roll rotated by a device, e.g., a motor, and the rotational direction thereof may be the
same as or reverse to the direction of the belt guide roll 3. In general, the rotation is in the direction reverse to the direction
of the belt guide roll 3. In this regard, the magnet roll 4r is rotated at a speed higher than the speed of the belt guide roll 3.
[0045] In the present first embodiment, it is preferable that changes in the magnetic field occur at a maximized speed
(high-speed changes in the strength and the direction of the magnetic field). Specifically, as described above, the
magnetic field change frequency F (Hz), which is defined by the following formula (1), of the magnet roll 4r is specified
to be preferably 170 Hz or more. The magnetic field change frequency is more preferably 200 Hz or more.

F = (xP)/60 (1)

where x: the number of revolutions per minute of magnet roll 4r (rpm)

P: the number of magnetic poles provided to magnet roll 4r (in this regard, as for the number of magnetic poles, a
pair of the north pole and the south pole adjacent in the circumferential direction of the surface facing the powder
and granular material (a) of the magnet roll 4r is counted as one magnetic pole) and, for example, in the case where
the north pole [a], the south pole [b], and the north pole [c] are aligned in the circumferential direction, the pair of
the north pole [a] and the south pole [b] is counted as one magnetic pole and the pair of the south pole [b] and the
north pole [c] is counted as one magnetic pole. For example, in the case where 12 poles (a pair of the north pole
and the south pole is counted as one magnetic pole) of magnets (for example, neodymium magnets) are disposed
in the circumferential direction, when the rotational speed of the magnet roll 4r is specified to be 1,000 rpm, the
magnetic field change frequency results in 200 Hz. Also, in the case where 24 poles (a pair of the north pole and
the south pole is counted as one magnetic pole) of magnets are disposed in the circumferential direction and the
magnetic field change frequency is specified to be 200 Hz likewise, the rotational speed of the magnet roll 4r may
be 500 rpm.

[0046] The upper limit of the magnetic field change frequency is about 1,000 Hz because there is a mechanical upper
limit to the number of revolutions per minute of the magnet roll 4r and the effect of changes in the magnetic field may
be saturated even when the frequency is increased.

[0047] The size of the magnet 5 is not specifically limited insofar as the size is suitable for arranging the predetermined
number of magnets 5. In this regard, in Fig. 2, the magnetic poles of one magnet 5 are arranged in such a way that the
magnetic pole on the inner circumferential side of the magnet roll 4r is different from the magnetic pole on the outer
circumferential side. However, as a matter of course, the magnets 5 may be disposed in such a way that the different
magnetic poles of one magnet 5 are arranged in the circumferential direction of the magnet roll 4r. In this case as well,
the north pole and the south pole are disposed alternately, so that the ferromagnetic particles can be separated efficiently.
The north pole and the south pole may be disposed with a space portion therebetween. Alternatively, the north poles
may be disposed with a space portion therebetween and the south poles may be disposed with a space portion there-
between.

[0048] In addition, the space portions between the magnets 5 may be filled with a resin or the like, and a cover may
be attached to the outer circumference of the magnet roll 4r.

[0049] The rotational direction of the magnet roll 4r may be either (i) the direction reverse to the movement direction
of the conveyer belt 2 (the rotational direction of the belt guide roll 3) or (ii) the same direction as the movement direction
of the conveyer belt 2 (the rotational direction of the belt guide roll 3). A carrying force is exerted on the ferromagnetic
particles to move in the direction reverse to the rotational direction of the magnet roll 4r because of the action of the
magnetic field of the rotating magnet roll 4r. In the case of the above-described item (i), the carrying force exerted on
the ferromagnetic particles by the magnetic field and the frictional force between the conveyer belt 2 and the ferromagnetic
particles become the same direction. On the other hand, in the case of the above-described item (ii), the directions of
the above-described carrying force and frictional force become reverse to each other. However, the frictional force is
larger in this case and, therefore, the ferromagnetic particles are carried in the movement direction of the conveyer belt 2.
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[0050] When the item (i) and the item (ii) are compared, in the case of the item (ii), the directions of the carrying force
exerted on the ferromagnetic particles by the magnetic field and the frictional force between the conveyer belt 2 and the
ferromagnetic particles become reverse to each other, so that the ferromagnetic particles may stay on the conveyer belt
2, although the ferromagnetic particles can be separated more efficiently. On the other hand, in the case of the item (i),
the ferromagnetic particle separation efficiency is slightly lower than that in the case of the item (ii), but the ferromagnetic
particles do not stay on the conveyer belt 2 and, therefore, there is an advantage that the particles can be carried smoothly.
[0051] The function and the operation of the magnetic separator according to the present first embodiment and the
magnetic separation method by using this apparatus will be described below.

[0052] Inthe magnetic separator according to the present first embodiment, the belt feed speeds of the conveyer belts
1 and 2 of the belt conveyers A and B may be specified to be speeds required for the treatment process. Then, in the
case of the magnetic separator shown in Fig. 2, the rotational speed of the magnet roll 4r is determined in such a way
that the speed of changes in the magnetic field becomes sufficiently high relative to this belt feed speed. In particular,
it is preferable that the rotational speed of the magnet roll 4r be set in such a way as to satisfy the above-described
condition represented by the formula (1).

[0053] A sufficient thickness of powder and granular material a containing the ferromagnetic particles is supplied from
the supply device 6 to the moving conveyer belt 1 of the belt conveyer A, while the belt conveyers A and B are operated.
This powder and granular material a is carried to the conveyer end edge portion 10. The upper surface of the powder
and granular material a carried with the conveyer belt 1 is brought into contact with the lower surface of the conveyer
start edge portion 11 of the belt conveyer B in the vicinity of the conveyer end edge portion 10, and the powder and
granular material a slips between the conveyer end edge portion 10 of the belt conveyer A and the conveyer start edge
portion 11 of the belt conveyer B. At this time, the magnetic field of the magnetic field application device 4 of the belt
conveyer B is exerted on the powder and granular material a.

[0054] In this regard, in the case of the magnetic separator shown in Fig. 2, the ferromagnetic particles in the form of
enclosing non-magnetic particles in the powder and granular material a are attached to the lower surface side of the
belt conveyer B because of the magnetic force of the magnet roll 4r serving as the magnetic field application device 4
and are carried with the conveyer belt 2. The ferromagnetic particles in the powder and granular material a undergo
action of the magnetic field of the magnets 5 included in the magnet roll 4r and the strength of the magnetic field is
switched in the manner of strong — weak — strong — weak — - instantaneously because of the rotation of the magnet
roll 4r. The effectin the manner of gathering — dispersion — gathering — dispersion — - is repeated on the ferromagnetic
particles in the powder and granular material layer.

[0055] Also, in the case where the magnetic field application device is formed from the magnet roll 4r which is rotated
independently of the belt guide roll 3, as in the embodiment shown in Fig. 2, the ferromagnetic particles can be efficiently
magnetically separated even when the thickness of the powder and granular material a supplied to the conveyer belt 1
is sufficiently increased, as shown in Fig. 2, because of the functions of (1) mechanically generating high-speed changes
in the magnetic field by rotating the magnet roll 4r, (2) supplying the powder and granular material a with a sufficient
layer thickness into the resulting changing magnetic field, (3) moving the ferromagnetic particles to the magnet roll 4r
side and excluding the non-magnetic particles to the side apart from the magnet roll 4r while entanglement and enclosure
of the non-magnetic particles by the ferromagnetic particles are resolved on the basis of changes in the magnetic field,
and (4) allowing the non-magnetic particles to fall by gravity at the conveyer start edge portion 11 of the belt conveyer
B and carrying the ferromagnetic particles in the state of being attracted and held by the belt conveyer B to discharge
in the conveyer end edge portion 12 of the belt conveyer B. As shown in Fig. 2, the ferromagnetic particles can be
magnetically separated from the powder and granular material a efficiently, even if the thickness of the powder and
granular material a supplied to the conveyer belt 1 is large. That is, the ferromagnetic particles can be magnetically
separated from the powder and granular material a efficiently and quickly.

[0056] In this regard, in the apparatus according to the first embodiment shown in Fig. 2, the magnet roll 4r is rotated
and, thereby, 100 times or more in number of changes in the strength and the direction of the magnetic field are given
easily while the powder and granular material a is carried along the belt guide roll 3 of the belt conveyer B. In addition,
the behavior of the ferromagnetic particles in the magnetic field is changed depending on the powder and granular
material a concerned, so that the number of revolutions per minute of the magnet roll 4r can be adjusted to obtain
appropriate performance.

[0057] Even the apparatus in the related conventional art, as shown in Fig. 8, exerts an effect of separating the
ferromagnetic particles in the powder and granular material a because there are changes in the strength and the direction
of the magnetic field corresponding to the number of magnets. However, there is a limit to the number of changes in the
magnetic field (several times to ten-odd times) because of stationary magnets, and the effects of separating the ferro-
magnetic particles is small. On the other hand, in the apparatus according to the present first embodiment, the magnet
roll 4r is rotated and, therefore, 100 times or more in number of changes in the magnetic field are given easily while the
powder and granular material is carried along the conveyer belt 2.

[0058] As described above, the magnetic separator according to the present first embodiment can magnetically sep-
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arate the ferromagnetic particles from the powder and granular material a efficiently. Therefore, in magnetic separation
of the powder and granular material a by using this apparatus, as shown in Fig. 2, it is desirable that the powder and
granular material be supplied from the supply device 6 to the conveyer belt 1 of the belt conveyer A with a layer thickness
larger than the diameter of the smallest particle contained in the powder and granular material a and, in addition, with
a layer thickness which allows the magnetic force to act sufficiently. Specifically, the thickness of the powder and granular
material may be 20 to 30 mm.

[0059] The powder and granular material which is the object of magnetic separation by the apparatus according to
the present first embodiment is not specifically limited. Examples thereof include slag, e.g., ironmaking slag, and tailing
ores. Among them, in particular, application to the magnetic separation of slag is favorable.

[0060] In the iron content recovery from the slag, initially, the ironmaking slag is micronized. If the micronization is
insufficient, the recovery rate of the iron contentis notimproved. There are various steps in the ironmaking and steelmaking
processes to generate the ironmaking slag, so that various types of slags are generated. The slag particle diameter after
the micronization is determined depending on the slag. In many cases, micronization to several tens of micrometers to
about 1 millimeter is required depending on the form of iron contained. The common method for micronization is crushing.
Crushing with a jaw crusher or a hammer crusher is performed as rough crushing and, thereafter, crushing is performed
by using a ball mill, a rod mill, a jet mill, a pin mill, an impact mill, or the like for the purpose of micronization. As for
another method, a method in which heating to about 1,000°C to 1,300°C is performed and, thereafter, cooling is performed
gradually is also mentioned.

[0061] Then, magnetic separation is performed by the magnetic separator according to the present invention, where
the object is the micronized slag. The iron content can be separated and recovered from the slag efficiently by the present
invention.

[0062] In the first embodiment shown in Fig. 2, magnets 5 are disposed over the width direction of the belt guide roll
3 (magnet roll 4r) in such a way that the magnetic poles of the portion facing the powder and granular material a become
the same. In the case where the same magnetic poles are arranged in the width direction, a uniform magnetic field is
formed and a force acted on the ferromagnetic particles becomes uniform. However, if the magnets 5 are arranged in
such a way that the magnetic poles are different in the width direction, the magnetic field becomes nonuniform and
portions, where ferromagnetic particles are not separated, result locally, so that the separation efficiency is reduced.
[0063] The members around the rotating magnet roll are influenced by an eddy-current effect due to the changing
magnetic field, and metal members, which are even non-magnetic materials, are heated by the eddy current. Conse-
quently, the conveyer belt 2 and the belt guide roll 3 of the belt conveyer B according to the present embodiment are
formed from nonmetal, e.g., resin or ceramics.

[0064] The apparatus according to the present first embodiment separates the ferromagnetic particles by allowing the
magnetic field of the magnet roll 4r disposed inside the belt guide roll 3 on the conveyer start edge portion 11 side of
the belt conveyer B to act on the powder and granular material a (powder and granular material layer) carried with the
belt conveyer A and attracting and moving the ferromagnetic particles in the powder and granular material a to the lower
surface side of the belt conveyer B. Therefore, the distance between the conveyer end edge portion 10 of the belt
conveyer A and the conveyer start edge portion 11 of the belt conveyer B may be a dimension at which the magnetic
force of the magnet roll 4r acts on the ferromagnetic particles in the powder and granular material a sufficiently. In
general, the dimension at which the upper surface of the layer of the powder and granular material a carried with the
conveyer belt 1 of the belt conveyer A comes into contact with the conveyer start edge portion 11 of the belt conveyer
B, that is, the powder and granular material layer can be slipped between the conveyer end edge portion 10 of the belt
conveyer A and the conveyer start edge portion 11 of the belt conveyer B, is preferable.

[0065] Next, the modified example 1 of the first embodiment according to the present invention will be described. Fig.
4 is a diagram showing a magnetic separator according to the modified example 1 of the the first embodiment of the
present invention.

[0066] In the modified example 1, the positional relationship between the belt conveyer A and the belt conveyer B is
specified to be a form different from the form shown in Fig. 1. That is, the conveyer start edge portion 11 of the belt
conveyer B is closely located above the conveyer end edge portion 10 of the belt conveyer A, and the belt guide rolls 8
and 9 of the belt conveyer A and the belt guide rolls 3 and 13 of the belt conveyer B are rotated in the same direction.
Meanwhile, the conveyer belts 1 and 2 are moved in the directions reverse to each other in the conveyer end edge
portion 10 of the belt conveyer A and the conveyer start edge portion 11 of the belt conveyer B.

[0067] As a matter of course, even in the case where such an arrangement is employed, the ferromagnetic particles
can be separated. In this regard, the configuration other than the positional relationship between the belt conveyers A
and B is substantially the same as the configuration of the first embodiment shown in Figs. 2 and 3 and, therefore, the
explanations thereof will not be provided.

[0068] Next, the modified example 2 of the first embodiment according to the present invention will be described. Fig.
5is an explanatory diagram showing the modified example 2 of the magnetic separator according to the first embodiment
of the present invention and a magnetic separation method by using this apparatus.
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[0069] In the modified example 2 of the first embodiment, the belt guide roll 3 is formed from a sleeve body with a
hollow inside and is rotatably supported. A magnetic field application device 4 provided with a plurality of magnets 5,
which are arranged at a predetermined interval along the roll circumferential direction, is disposed inside the belt guide
roll 3.

[0070] The magnetic field application device 4 in the modified example 2 is not rotated in contrast to the magnet roll
4r in the first embodiment. Put another way, the magnets 5 of the magnetic field application device 4 are disposed
independently of the belt guide roll 3 and are stationary magnets which are not rotated. In this regard, as shown in Fig.
3, the magnets 5 of the magnetic field application device 4 are arranged in such a way that the magnetic poles adjacent
in the roll circumferential direction are different from each other and, in addition, are arranged in such a way that the
magnetic poles adjacent in the roll width direction are the same.

[0071] As shown in Fig. 5, in the modified example 2 of the first embodiment, the range of disposition of the magnets
5 in the roll circumferential direction is the range of at least about 180° (one-half the circumference of the belt guide roll
3) which is from the lower edge portion of the belt guide roll 3 (the position facing the conveyer end edge portion 10 of
the belt conveyer A) to the top position of the belt guide roll 3. The range of disposition of the magnets 5 can be reduced
by disposing the magnets 5 in such a way that the magnets 5 are fixed and are not rotated, as in the example 2.
[0072] In the magnetic separator according to a second embodiment, the ferromagnetic particles in the powder and
granular material a are attracted by the magnetic field application device 4 provided with stationary magnets 5, and the
powder and granular material a (or part thereof) having the form, in which the ferromagnetic particles enclose non-
magnetic particles, is attached to (held by) the lower surface side of the belt conveyer B and are carried with the conveyer
belt 2. In this apparatus as well, although the effect is small as compared with the effect of the magnet roll 4r shown in
Fig. 2, the ferromagnetic particles in the powder and granular material a undergo action of the magnetic force of the
magnets 5 included in the magnetic field application device 4 and the magnetic field is switched in the manner of strong
— weak — strong — weak — -+ during carrying with the conveyer belt 2. Consequently, the manner of gathering —
dispersion — gathering — dispersion — - is repeated with respect to the ferromagnetic particles in the powder and
granular material a, so that the same quality of effect as with the first embodiment shown in Fig. 2 is obtained. However,
the magnetic field does not change at a high speed in contrast to the magnet roll 4r shown in Fig. 2 and, therefore, the
magnetic separability and the treatment speed are low as compared with those in the first embodiment shown in Fig. 2.
[0073] The magnetic separator according to the modified example 2 has operation advantages, such as, (i) in the
adopted basic system, the magnetic field by the magnetic field application device 4 included in the second belt conveyer
B is acted on the powder and granular material a, which is discharged from the first belt conveyer A, from above to
attract the ferromagnetic material contained in the powder and granular material a and move to the belt conveyer B side,
so that enclosure and entanglement of the non-magnetic particles by the ferromagnetic particles can be reduced as
compared with those of the apparatus in the related conventional art and, in addition, (ii) entanglement and enclosure
of the non-magnetic particles by the ferromagnetic particles are resolved on the basis of changes in the magnetic field
by the magnetic field application device 4.

[0074] Fig. 6 is a perspective view showing the structure of a belt guide roll of a modified example 3 of the magnetic
separator according to the first embodiment shown in Fig. 2. As shown in Fig. 6, in the example 3 of the first embodiment,
magnets 5 are included in the magnet roll 4r, where a plurality of magnets 5 are disposed in the circumferential direction
of the belt guide roll 3 (magnet roll 4r) and only one magnet 5 is disposed in the width direction of the belt guide roll 3
(magnet roll 4r). The magnets 5 are arranged in such a way that the magnetic poles facing the powder and granular
material acome into alternate sequence along the circumferential direction. The magnets 5 may have the above-described
configuration.

[Second embodiment]

[0075] Fig. 7 is an explanatory diagram showing an embodiment of a magnetic separator according to a second
embodiment of the present invention and a magnetic separation method by using this apparatus.

[0076] The magnetic separatoraccordingtothe presentsecond embodimentis abelt conveyer style magnetic separator
as with the first embodiment. The magnetic separator according to the second embodiment supplies a powder and
granular material (a) containing ferromagnetic particles from a supply device to a conveyer belt 201 and attracts and
separates the ferromagnetic particles, by a magnetic force, from non-magnetic particles when the powder and granular
material a is discharged from a conveyer end edge portion 2010.

[0077] In Fig. 7, reference numeral 201 denotes a conveyer belt, reference numeral 202 denotes a belt guide roll on
the conveyer end edge portion 2010 side, and reference numeral 208 denotes a belt guide roll on the conveyer start
edge portion 2011 side. The conveyer belt 201 is disposed between the belt guide rolls 202 and 208 and, thereby, the
belt conveyer is formed. The belt guide roll 208 is driven by a drive device, e.g., a motor, and thereby, the conveyer belt
201 is rotated in the belt conveyer. The belt guide roll 202 is a non-driven roll and is formed from a sleeve body with a
hollow inside.
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[0078] A magnet roll 203 is disposed inside the belt guide roll 202. The configuration of the magnet roll 203 is sub-
stantially the same as the configuration shown in Fig. 3. Specifically, the magnet roll 203 is provided with a plurality of
magnets 205 arranged in the circumference direction and the width direction thereof at predetermined intervals and, in
addition, the magnetic poles of the magnets 205 adjacent in the roll circumferential direction are different magnetic poles
(north pole, south pole). That is, magnets 205 are arranged in such a way that the north poles and the south poles are
arranged alternately in the roll circumference direction. The plurality of magnets 205 are arranged in such a way that
the same magnetic poles are aligned in the roll width direction.

[0079] The magnetroll 203 is a roll rotated by a motor or the like and is rotated in the direction reverse to the direction
of the belt guide roll 202. Also, as described later, this magnet roll 203 is rotated at a speed higher than the speed of
the belt guide roll 202.

[0080] The members around the rotating magnet roll are influenced by an eddy-current effect due to the changing
magnetic field, and metal members, which are even non-magnetic materials, are heated by the eddy current. Conse-
quently, the conveyer belt 201 and the belt guide roll 202 are formed from a nonmetal, e.g., a resin or ceramics.
[0081] The magnets 205 are arranged in such a way that the magnetic poles become the same over the width direction
of the magnetroll 203. In the case where the same magnetic poles are arranged in the width direction, a uniform magnetic
field is formed and a force acted on the ferromagnetic particles becomes uniform. However, if the magnets 205 are
arranged in such a way that the magnetic poles are different in the width direction, the magnetic field becomes nonuniform
and portions, where ferromagnetic particles are not separated, result locally, so that the separation efficiency is reduced.
In this regard, as for the magnet 205, one magnet may be disposed in the width direction, as shown in Fig. 6, or
appropriately divided magnets may be disposed, as shown in Fig. 3.

[0082] The number of magnets 205 arranged along the outer circumference of the magnet roll 203, the arrangement
interval, and the like are not specifically limited. High-speed changes in the magnetic field are obtained even when the
rotational speed is low by increasing the number of the magnets 205 or reducing the arrangement interval.

[0083] In the second embodiment, as with the first embodiment, it is preferable that changes in the strength and the
direction of the magneticfield be allowed to occur at a maximized speed. Specifically, the magnetic field change frequency
F (Hz), which is defined by the following formula (1), of the magnet roll 203 is preferably 170 Hz or more. The magnetic
field change frequency is more preferably 200 Hz or more.

F = (x:P)/60 (1)

where x: the number of revolutions per minute of magnet roll (rpm)

P: the number of magnetic poles provided to magnet roll (in this regard, as for the number of magnetic poles, a pair
of the north pole and the south pole adjacent in the circumferential direction of the surface facing the powder and
granular material (a) of the magnet roll 4r is counted as one magnetic pole and, for example, in the case where the
north pole [a], the south pole [b], and the north pole [c] are aligned in the circumferential direction, the pair of the
north pole [a] and the south pole [b] is counted as one magnetic pole and the pair of the south pole [b] and the north
pole [c] is counted as one magnetic pole)

[0084] Forexample, in the case where 12 poles (a pair of the north pole and the south pole is counted as one magnetic
pole) of magnets (for example, neodymium magnets) are disposed in the circumferential direction, when the rotational
speed of the magnet roll 203 is specified to be 1,000 rpm, the magnetic field change frequency results in 200 Hz. In the
case where 24 poles (a pair of the north pole and the south pole is counted as one magnetic pole) of magnets are
disposed in the circumferential direction and the magnetic field change frequency is specified to be 200 Hz likewise, the
rotational speed of the magnet roll 203 may be 500 rpm.

[0085] The upper limit of the magnetic field change frequency is about 1,000 Hz because there is a mechanical upper
limit to the number of revolutions per minute of the magnet roll 203 and the effect of changes in the magnetic field may
be saturated even when the frequency is increased.

[0086] The size ofthe magnet205is notspecifically limited insofar as the size is suitable for arranging the predetermined
number of magnets. The strength of the magnetic field due to the magnets 205 is not specifically limited. Usually, the
magnets 205 are selected in such a way that about 0.01 to 0.5 T is ensured in the conveyer belt portion in contact with
the belt guide roll 202 in accordance with an object. If the magnetic field is too weak, the effect of the magnet roll 203
is not obtained sufficiently. On the other hand, if the magnetic field is too strong, the attractive force acted on the
ferromagnetic particles is too strong and separation of the ferromagnetic particles on the basis of the above-described
principle (Fig. 1 (A) to (D)) may be hindered conversely.

[0087] In the apparatus according to the present second embodiment as well, the basic function of separating the
ferromagnetic particles is the same as that described with reference to Fig. 1.
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[0088] Itis the feature that when the magnet roll 203 is rotated, the magnetic field is switched in the manner of strong
— weak — strong — weak — -+ instantaneously and the effect on the ferromagnetic particles in the powder and granular
material layer is repeated in the manner of gathering — dispersion — gathering — dispersion — --- because of the
plurality of magnets 205 arranged at the predetermined interval and the space portions between adjacent magnets 205.
The width of space portions between adjacent magnets 205 in the roll circumferential direction is not specifically limited,
although about 1 to 50 mm is appropriate in order that the state in which the ferromagnetic particles in the powder and
granular material layer are released from the magnetic field occurs appropriately, whereas the state in which the magnetic
field is weakened does not continue for a long time.

[0089] A partition plate 6 is disposed below (just below) the belt guide roll 202 and along the conveyer belt width
direction. In addition, a clearance S for allowing the passage of the ferromagnetic particles is disposed between the
upper edge portion of the partition plate 206 and the conveyer belt 201 (conveyer belt portion with the movement direction
reversed by the belt guide roll 202). The partition plate 206 is disposed in such a form for the purpose of avoiding mixing
of the non-magnetic particles with the ferromagnetic particles during falling because the fall area of the non-magnetic
particles and the fall area of the ferromagnetic particles are adjacent to each other.

[0090] Also, a magnetically attracted material recovery portion 207x and a magnetically not-attracted material recovery
portion 207y are disposed at positions sandwiching the partition plate 206 in the conveyer belt movement direction. That
is, the magnetically attracted material recovery portion 207x is disposed at the position on the conveyer start edge portion
2011 side (fall area of the ferromagnetic particles) and the magnetically not-attracted material recovery portion 207y is
disposed on the position of the conveyer end edge portion 2010 side (fall area of the non-magnetic particles), while the
partition plate 206 is sandwiched between them.

[0091] The function and the operation of the magnetic separator according to the present second embodiment and
the magnetic separation method by using this apparatus will be described below.

[0092] In the magnetic separator according to the present second embodiment, the belt feed speed of the conveyer
belt 201 (rotational speeds of the belt guide rolls 202 and 208) may be specified to be a speed required for the treatment
process. The rotational speed of the magnet roll 203 is determined in such a way that the speed of changes in the
magnetic field become sufficiently high relative to this belt feed speed. In particular, it is preferable that the rotational
speed of the magnet roll 203 be set in such a way as to satisfy the above-described condition represented by the formula
(1).

[0093] A sufficient thickness of powder and granular material a containing the ferromagnetic particles is supplied from
a supply device 204 to the conveyer belt 201 in operation and is carried to the conveyer end edge portion 2010 (positions
of the belt guide roll 202 and the magnet roll 203). Then, when the powder and granular material a on the conveyer belt
201 is discharged from the conveyer end edge portion 2010, the ferromagnetic particles in the powder and granular
material a undergo action of the magnetic field of the magnets 205 included in the magnet roll 203 and the strength of
the magnetic field is switched in the manner of strong —» weak — strong — weak — --- instantaneously because of the
rotation of the magnet roll 203. The effect in the manner of gathering — dispersion — gathering — dispersion — - is
repeated on the ferromagnetic particles in the powder and granular material a.

[0094] Inthe conveyer end edge portion 2010, the powder and granular material a is fed along the arc of the belt guide
roll 202 in association with the movement of the conveyer belt 201, and the non-magnetic particles fall freely by gravity
in a region of one-quarter turn to one-half turn. On the other hand, the mass of the ferromagnetic particles is reduced
because of micronization, and the strength of the magnetic field is sufficiently high. Therefore, the ferromagnetic particles
are attracted by the magnet immediately on the occasion of fall from the conveyer belt 201. Consequently, the ferro-
magnetic particles are fed in the movement direction of the conveyer belt 201 and fall freely outside the magnetic field
area after one-half turn or more. Subsequently, the non-magnetic particles which fall first are recovered into the mag-
netically not-attracted material recovery portion 207y and the ferromagnetic particles which fall thereafter are recovered
into the magnetically attracted material recovery portion 207x. At this time, mixing of the non-magnetic particles with the
ferromagnetic particles is prevented by the partition plate 206. In this regard, the position of the partition plate 206 may
be adjusted in accordance with the feed speed of the conveyer belt 201 and the falling behavior of the powder and
granular material a.

[0095] Inthe magnetic separatoraccording to the second embodiment, magnets 5 are disposed over the width direction
of the belt guide roll 3 (magnet roll 4r) in such a way that the magnetic poles facing the powder and granular material a
become the same. Consequently, there are advantages that a uniform magnetic field is formed in the width direction
and the magnetic force acted on the ferromagnetic particles becomes uniform.

[0096] Also, in the magnetic separator according to the second embodiment, the ferromagnetic particles can be effi-
ciently magnetically separated even when the layer thickness of the powder and granular material a supplied to the
conveyer belt 201 is sufficiently increased, as shown in Fig. 7, because of the functions of (i) mechanically generating
high-speed changes in the magnetic field by rotating the magnet roll 203, (ii) supplying the powder and granular material
a with a sufficient layer thickness into the resulting changing magnetic field, (iii) moving the ferromagnetic particles to
the magnet roll 203 side and excluding the non-magnetic particles to the side apart from the magnet roll 203 while
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entanglement and enclosure of the non-magnetic particles by the ferromagnetic particles are resolved on the basis of
changes in the magnetic field, and (iv) allowing the non-magnetic particles to fall by gravity below the belt guide roll 202
and carrying the ferromagnetic particles in the state of being attracted and held on the conveyer belt 201 side to allow
the ferromagnetic particles to fall when the effect of the magnetic field disappear. That is, the ferromagnetic particles
can be magnetically separated from the powder and granular material a efficiently and quickly.

[0097] Even the apparatus in the related conventional art, as shown in Fig. 8, exerts an effect of separating the
ferromagnetic particles in the powder and granular material a because there are changes in the strength and the direction
of the magnetic field corresponding to the number of magnets. However, there is a limit to the number of changes in the
magnetic field (several times to ten-odd times) because of stationary magnets, and the effects of separating the ferro-
magnetic particles is small. On the other hand, in the apparatus according to the present second embodiment, the
magnet roll 203 is rotated and, therefore, 100 times or more in number of changes in the magnetic field are given easily
while the powder and granular material a is carried along the belt guide roll 202.

[0098] In addition, the agitation behavior changes depending on the powder and granular material a, so that the number
of revolutions per minute of the magnet roll 203 can be adjusted in such a way that appropriate performance is obtained.
[0099] As described above, the magnetic separator according to the present second embodiment can magnetically
separate the ferromagnetic particles from the powder and granular material a efficiently. Therefore, in magnetic separation
of the powder and granular material a by using this apparatus, as shown in Fig. 7, it is desirable that the powder and
granular material be supplied from the supply device 204 to the conveyer belt 201 with a layer thickness larger than the
diameter of the smallest particle contained in the powder and granular material a and, in addition, with a layer thickness
which allows the magnetic force to act sufficiently. Specifically, the thickness of the powder and granular material may
be 20 to 30 mm.

[0100] Also, it is preferable that the clearance S between the upper edge portion of the partition plate 206 and the
conveyer belt 201 be smaller than the layer thickness of the powder and granular material a supplied from the supply
device 204 to the conveyer belt 201. The purpose of disposition of the partition plate 206 is as described above. In order
to prevent mixing of the ferromagnetic particles falling from the conveyer belt 201 in the conveyer end edge portion 2010
with the non-magnetic particles, it is desirable that the upper edge portion of the partition plate 206 be brought close to
the conveyer belt 201 as much as possible. Specifically, mixing of the ferromagnetic particles with the non-magnetic
particles can be prevented by specifying the clearance S to be smaller than the layer thickness of the powder and
granular material a.

[0101] The powder and granular material which is the object of magnetic separation by the apparatus according to
the present second embodiment is not specifically limited. Examples thereof include slag, e.g., ironmaking slag, and
tailing ores. Among them, in particular, application to the magnetic separation of slag is favorable.

[0102] In the iron content recovery from the slag, initially, the ironmaking slag is micronized. If the micronization is
insufficient, the recovery rate of the iron contentis notimproved. There are various steps in the ironmaking and steelmaking
processes to generate the ironmaking slag, so that various types of slags are generated. The slag particle diameter after
the micronization is determined depending on the slag. In many cases, micronization to several tens of micrometers to
about 1 millimeter is required depending on the form of iron contained. The common method for micronization is crushing.
Crushing with a jaw crusher or a hammer crusher is performed as rough crushing and, thereafter, crushing is performed
by using a ball mill, a rod mill, a jet mill, a pin mill, an impact mill, or the like for the purpose of micronization. As for
another method, a method in which heating to about 1,000°C to 1,300°C is performed and, thereafter, cooling is performed
gradually is also mentioned. Then, magnetic separation is performed by the magnetic separator according to the present
invention, where the object is the micronized slag. Consequently, the iron content can be separated and recovered from
the slag efficiently, and the productivity of a slag treatment line can be enhanced.

[0103] Meanwhile, as for the separator of the ferromagnetic particles, an eddy-current style separator having a seem-
ingly similar structure is known. However, there is a difference in the principle of separation of metal particles. In addition,
particles are splashed by repulsion and, therefore, a mechanism to adjust the position of a recovery case in accordance
with the size of the metal particles to be recovered is necessary and a space therefor is also necessary. On the other
hand, in the present invention, such positional adjustment of the recovery case is unnecessary, so that a complicated
mechanism therefor is unnecessary.

[0104] In this regard, the presentinvention is not limited to the magnetic separators and magnetic separation methods
according to the above-described first and second embodiments, and various design changes can be performed. Also,
execution as a method for producing an iron source to produce the iron source from a by-product of the ironmaking
process is possible by using the magnetic separation methods according to the first and second embodiments.

[EXAMPLE 1]

[0105] Magnetic separation of a steelmaking slag was performed by using the magnetic separator according to the
first embodiment of the present invention, as shown in Fig. 2.

16



10

15

20

25

30

35

40

45

50

55

EP 2910 309 A1

[0106] A crushed material of a steelmaking slag was sifted through a 400-pm sieve and, thereafter, the slag passed
through the mesh of the sieve was taken as an object powder and granular material of magnetic separation. The iron
concentration in this powder and granular material was 54 percent by mass. The supply layer thickness of the powder
and granular material on the conveyer belt 1 of the belt conveyer A was specified to be 7 mm. The outside diameter of
the belt guide roll 3 of the belt conveyer B was 300 mm, the number of magnetic poles of the magnet roll 4r was 12 poles
(where the pair of the north pole and the south pole was specified to be one magnetic pole), the feed speeds of the
conveyer belts 1 and 2 of the belt conveyers A and B were 0.5 m/sec., the rotational speed of the belt guide roll 3 was
31.9 rpm, and the magnetic field strength in the conveyer belt portion in contact with the belt guide roll 3 was 0.2 T. Also,
in order to examine the effect of the rotational speed of the magnet roll 4r of the belt conveyer B, the rotational speed
of the magnet roll 4r was specified to be 500 rpm (magnetic field change frequency F = 100 Hz), 850 rpm (magnetic
field change frequency F = 170 Hz), or 1,200 rpm (magnetic field change frequency F = 240 Hz).

[0107] Forpurposes of comparison, same powder and granular material of the same steelmaking slag was magnetically
separated by using a magnetic drum separator A (the magnetic field strength on the drum surface: 0.16 T) and a magnetic
pulley B (the magnetic field strength in the conveyer belt portion in contact with the belt guide roll: 0.2 T) commonly used
in the related conventional art at a feed speed of 0.5 m/sec.

[0108] In each of the above-described examples, the iron concentration in a magnetic attraction recovered material
and the iron recovery rate from the slag were examined. The results thereof are shown in Table 1.

[0109] Tobeginwith, asfor the magnetic attraction recovered material of Comparative example 1 in which the magnetic
drum separator A was used, the iron concentration was low because a nonferrous component is entangled and the iron
recovery rate was also low because iron was released to the magnetically not-attracted side. Meanwhile, as for Com-
parative example 2 in which the magnetic pulley B was used, almost all amount of powder and granular material was
entangled and, therefore, the iron recovery rate was certainly good, although an important iron concentration in the
magnetic attraction recovered material was substantially the same as that of the powder and granular material before
magnetic separation. On the other hand, as for the present invention example, in the case where the magnetic field
change frequency of the magnet roll 3 was specified to be 170 Hz or more, both the iron concentration in the magnetic
attraction recovered material and the iron recovery rate from the slag took on high values. Furthermore, in the case
where the magnetic field change frequency of the magnet roll 3 was specified to be 200 Hz or more, both the iron
concentration in the magnetic attraction recovered material and the iron recovery rate from the slag took on higher values.

[Table 1]
Iron concentration in magnetic Iron recovery
attraction recovered material rate from slag
Comparative example 1: magnetic drum separator A (0.16 T) | 62 mass% 82 mass%
Comparative example 2: magnetic pulley B (0.2 T) 55 mass% 99 mass%
Inventlon. example:. . Nl.meer of revolutions per 72 mass% 78 mass%
(change in magnetic field minute of magnetroll = 500 rpm
02T) Number of revolutions per
. 80 mass% 85 mass%
minute of magnetroll = 850 rpm
Number of revolutions per
minute of magnet roll = 1200 92 mass% 95 mass%

rpm

[EXAMPLE 2]

[0110] Magnetic separation of a steelmaking slag was performed by using the magnetic separator according to the
second embodiment, as shown in Fig. 7.

[0111] A crushed material of a steelmaking slag was sifted through a 400-pm sieve and, thereafter, the slag passed
through the mesh of the sieve was taken as an object powder and granular material of magnetic separation. The iron
concentration in this powder and granular material was 54 percent by mass. The supply layer thickness of the powder
and granular material on the conveyer belt 201 was specified to be 7 mm. The outside diameter of the belt guide roll
202 was 300 mm, the number of magnetic poles of the magnet roll 203 was 12 poles (where the pair of the north pole
and the south pole was specified to be one magnetic pole), the feed speed of the conveyer belt 201 was 0.5 m/sec., the
rotational speed of the belt guide roll 202 was 31.9 rpm, and the magnetic field strength in the conveyer belt portion in
contact with the belt guide roll 202 was 0.2 T. Also, in order to examine the effect of the rotational speed of the magnet
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roll 203, the rotational speed of the magnet roll 203 was specified to be 500 rpm (magnetic field change frequency F =
100 Hz), 850 rpm (magnetic field change frequency F = 170 Hz), or 1,200 rpm (magnetic field change frequency F =
240 Hz).

[0112] Forpurposes of comparison, same powder and granular material of the same steelmaking slag was magnetically
separated by using a magnetic drum separator A (the magnetic field strength on the drum surface: 0.16 T) and a magnetic
pulley B (the magnetic field strength in the conveyer belt portion in contact with the belt guide roll 202: 0.2 T) commonly
used in the related conventional art at a feed speed of 0.5 m/sec.

[0113] In each of the above-described examples, the iron concentration in a magnetic attraction recovered material
and the iron recovery rate from the slag were examined. The results thereof are shown in Table 2.

[0114] Tobeginwith, as for the magnetic attraction recovered material of Comparative example 1 in which the magnetic
drum separator A was used, the iron concentration was low because a nonferrous component is entangled and the iron
recovery rate was also low because iron was released to the magnetically not-attracted side. Meanwhile, as for Com-
parative example 2 in which the magnetic pulley B was used, almost all amount of powder and granular material was
entangled and, therefore, the iron recovery rate was certainly good, although an important iron concentration in the
magnetic attraction recovered material was substantially the same as that in the powder and granular material before
magnetic separation. On the other hand, as for the present invention example, in the case where the magnetic field
change frequency of the magnet roll 203 was specified to be 170 Hz or more, both the iron concentration in the magnetic
attraction recovered material and the iron recovery rate from the slag took on high values. Furthermore, in the case
where the magnetic field change frequency of the magnet roll 203 was specified to be 200 Hz or more, both the iron
concentration in the magnetic attraction recovered material and the iron recovery rate from the slag took on higher values.

[Table 2]
Iron concentration in magnetic Iron recovery
attraction recovered material rate from slag
Comparative example 1: magnetic drum separator A (0.16 T) | 62 mass% 82 mass%
Comparative example 2: magnetic pulley B (0.2 T) 55 mass% 99 mass%
Inventlon. example:. . Ngmber of revolutlonf per 68 mass% 70 mass%
(change in magnetic field minute of magnetroll = 500 rpm
0.2T) Number of revolutions per
. _ 77 mass% 81 mass%
minute of magnetroll = 850 rpm
Number of revolutions per
minute of magnet roll = 1200 89 mass% 94 mass%
rpm
[Reference Signs List]
[0115]
1,2,20 conveyer belt
3,8,9,13  belt guide roll
4 magnetic field application device
4r magnet roll
5 magnetic pole
6 supply device
7X magnetically attracted material recovery portion
Ty magnetically not-attracted material recovery portion
10, 12 conveyer end edge portion
11, 14 conveyer start edge portion
15 bearing
30, 40 roll shaft
A, B belt conveyer
a powder and granular material
201 conveyer belt
202 belt guide roll
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203 magnet roll

204 supply device

205 magnetic pole

206 partition plate

207x magnetically attracted material recovery portion
207y magnetically not-attracted material recovery portion
208 belt guide roll

209 bearing

2010 conveyer end edge portion

2011 conveyer start edge portion

S clearance

Claims

1. A magnetic separator comprising:

a conveyer belt to carry a powder and granular material containing ferromagnetic particles;

a rotatable hollow belt guide roll having an outer circumference partly wound with the above-described or an
other conveyer belt; and

a magnetic field application device disposed inside the belt guide roll,

wherein the magnetic field application device includes a plurality of magnets inside the belt guide roll, and

the magnets are arranged in such a way that magnetic poles adjacent in the circumferential direction of the belt
guide roll are different from each other and, in addition, are arranged in such a way that adjacent magnetic
poles in the width direction of the belt guide roll are the same.

2. The magnetic separator according to Claim 1, wherein the magnetic field change frequency F (Hz), which is defined
by the following formula (1) and which indicates changes in the magnetic field acted on the powder and granular
material from the magnetic field application device, is 170 Hz or more,

F o= (x-P)/60 (1)

where x: the number of revolutions per minute of magnet roll (rpm)

P: the number of magnetic poles provided to magnet roll (in this regard, as for the number of magnetic poles,
a pair of the north pole and the south pole adjacent in the circumferential direction of the surface facing the
powder and granular material (a) of the magnet roll 4r is counted as one magnetic pole).

3. The magnetic separator according to Claim 1 or Claim 2, comprising:

a first belt conveyer (A) to carry the powder and granular material containing ferromagnetic particles;

a second belt conveyer (B) located above the belt conveyer; and

a magnetic field application device, which is provided with a plurality of magnets arranged in the belt guide roll
circumferential direction, inside the belt guide roll at the conveyer start edge portion side of the belt conveyer (B),
wherein the conveyer start edge portion of the belt conveyer (B) is closely located above the conveyer end edge
portion of the belt conveyer (A), and

the magnets are arranged in such a way that magnetic poles adjacent in the circumferential direction of the belt
guide roll of the belt conveyer (B) are different from each other and, in addition, are arranged in such a way that
adjacent magnetic poles in the width direction of the belt guide roll of the belt conveyer (B) are the same.

4. The magnetic separator according to Claim 1 or Claim 2, comprising:

a first belt conveyer (A) to carry the powder and granular material containing ferromagnetic particles; and

a second belt conveyer (B) located above the belt conveyer (A),

wherein the conveyer start edge portion of the belt conveyer (B) is closely located above the conveyer end edge
portion of the belt conveyer (A),

the conveyer belts of the belt conveyers (A) and (B) are moved in the same direction in the conveyer end edge
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portion of the belt conveyer (A) and the conveyer start edge portion of the belt conveyer (B),

the magnetic field application device is provided with a plurality of magnets arranged in the belt guide roll
circumferential direction and width direction inside the belt guide roll on the conveyer start edge portion side of
the belt conveyer (B) and, in addition,

the magnets

are arranged in such a way that magnetic poles adjacent in the belt guide roll circumferential direction of the
belt conveyer (B) are different from each other and

are arranged in such a way that magnetic poles adjacent in the belt guide roll width direction of the belt conveyer
(B) are the same.

The magnetic separator according to Claim 1 or Claim 2, comprising:

a first belt conveyer (A) to carry the powder and granular material containing ferromagnetic particles;

a second belt conveyer (B) located above the belt conveyer (A); and

a magnetic field application device provided with a plurality of magnets inside the belt guide roll at the conveyer
start edge portion side of the belt conveyer (B),

wherein the conveyer start edge portion of the belt conveyer (B) is closely located above the conveyer belt of
the belt conveyer (A) and between the conveyer end edge portion of the belt conveyer (A) and a powder and
granular material supply device,

the conveyer belts of the belt conveyers (A) and (B) are moved in the directions reverse to each other in the
conveyer end edge portion of the belt conveyer (A) and the conveyer start edge portion of the belt conveyer
(B), and

the magnets are arranged in such a way that magnetic poles adjacent in the belt guide roll circumferential
direction of the belt conveyer (B) are different from each other and, in addition, are arranged in such a way that
magnetic poles adjacent in the belt guide roll width direction of the belt conveyer (B) are the same.

The magnetic separator according to any one of Claims 3 to 5,

wherein the magnetic field application device of the belt conveyer (B) is formed from a rotatable magnet roll disposed
inside the belt guide roll, and

the magnets disposed along the outer circumference of the magnet roll are arranged in such a way that magnetic
poles adjacent in the belt guide roll circumferential direction of the belt conveyer (B) are different from each other
and, in addition, are arranged in such a way that magnetic poles adjacent in the belt guide roll width direction of the
belt conveyer (B) are the same.

The magnetic separator according to any one of Claims 3 to 6, wherein a magnetically attracted material recovery
portion is disposed below the conveyer end edge portion of the belt conveyer (B) and a magnetically not-attracted
material recovery portion is disposed below the conveyer start edge portion of the belt conveyer (B).

A magnetic separation method comprising the steps of:

using the magnetic separator according to any one of Claims 3 to 7, and
supplying a powder and granular material from a supply device to the belt conveyer (A) with a layer thickness
larger than the diameter of the smallest particle contained in the powder and granular material.

The magnetic separator according to Claim 1 or Claim 2, comprising the conveyer belt to carry the powder and
granular material containing ferromagnetic particles and the belt guide roll,

wherein a magnet roll which rotates in the direction reverse to the direction of the belt guide roll is disposed inside
the belt guide roll, and

the magnet roll includes magnets arranged in such a way that magnetic poles adjacent in the belt guide roll circum-
ferential direction of the belt conveyer (B) are different from each other and, in addition, arranged in such a way that
magnetic poles adjacent in the belt guide roll width direction of the belt conveyer (B) are the same.

The magnetic separator according to Claim 9,

wherein a partition plate is disposed below the belt guide roll and along the conveyer belt width direction and, in
addition, a clearance for allowing the passage of part of the powder and granular material is disposed between the
upper edge portion of the partition plate and the conveyer belt, and

a magnetically attracted material recovery portion and a magnetically not-attracted material recovery portion are
disposed at positions sandwiching the partition plate in the conveyer belt movement direction.
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A magnetic separation method comprising the steps of:

using the magnetic separator according to Claim 9 or Claim 10, and
supplying a powder and granular material from a supply device to the conveyer belt with a layer thickness larger
than the diameter of the smallest particle contained in the powder and granular material.

The magnetic separation method according to Claim 11, wherein the clearance between the upper edge portion of
the partition plate and the conveyer belt is specified to be smaller than the layer thickness of the powder and granular
material supplied to the conveyer belt from the supply device.

A magnetic separator to magnetically separate ferromagnetic particles from a powder and granular material (a)
containing the ferromagnetic particles, comprising:

a first belt conveyer (A) to carry the powder and granular material (a) and a second belt conveyer (B) which is
located above the belt conveyer (A) and which attracts and separates the ferromagnetic particles, by a magnetic
force, from the powder and granular material (a) carried with the belt conveyer (A),

wherein the movement directions of the conveyer belts (1) and (2) of the belt conveyers (A) and (B) are reverse
to each other,

the conveyer start edge portion (11) of the belt conveyer (B) is closely located above the conveyer end edge
portion (10) of the belt conveyer (A), and

a magnetic field application device (4) provided with a plurality of magnetic poles (5) arranged along the roll
circumferential direction at a predetermined interval, where magnetic poles (5) adjacentin the roll circumferential
direction are different from each other, is disposed inside the belt guide roll (3) at the conveyer start edge portion
(11) side of the belt conveyer (B).

The magnetic separator according to Claim 13,

wherein the magnetic field application device (4) of the belt conveyer (B) is formed from a magnet roll (4r) driven to
rotate and disposed inside the belt guide roll (3), the magnet roll (4r) is provided with a plurality of magnetic poles
(5) arranged along the outer circumference thereof at a predetermined interval, magnetic poles (5) adjacent in the
roll circumferential direction are different from each other, and

the conveyer belt (2) and the belt guide roll (3) of the belt conveyer (B) are made from a non-metal and, in addition,
the belt guide roll (3) is specified to be a non-driven roll.

The magnetic separator according to Claim 13 or Claim 14,

wherein a magnetically attracted material recovery portion (7x) is disposed below the conveyer end edge portion
(12) of the belt conveyer (B); and

a magnetically not-attracted material recovery portion (7y) is disposed below the conveyer start edge portion (11)
of the belt conveyer (B).

A magnetic separation method for magnetically separating ferromagnetic particles from a powder and granular
material (a) containing the ferromagnetic particles by using the magnetic separator according to any one of Claims
13 to 15, the method comprising the step of:

supplying the powder and granular material (a) from a supply device (6) to the belt conveyer (A) with a layer
thickness larger than the diameter of the smallest particle contained in the powder and granular material (a).

The magnetic separation method according to Claim 4, wherein the magnetic separator according to Claim 14 or

Claim 15 is used and the magnetic field change frequency F (Hz), which is defined by the following formula (1), of
the magnet roll (4r) is specified to be 170 Hz or more,

F = (xP)/60 (1)

where x: the number of revolutions per minute of magnet roll (4r) (rpm)
P: the number of magnetic poles provided to magnet roll (4r) (in this regard, a pair of the north pole and the
south pole is counted as one magnetic pole).
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18. A magnetic separator which is a conveyer style magnetic separator to supply a powder and granular material (a)
containing ferromagnetic particles from a supply device (204) to a conveyer belt (201) and attract and separate the
ferromagnetic particles, by a magnetic force, from non-magnetic particles when the powder and granular material
(a) is discharged from a conveyer end edge portion (2010),
wherein the conveyer belt (201) and the belt guide roll (202) on the conveyer end edge portion (2010) side are made
from a non-metal and, in addition, the belt guide roll (202) is specified to be a non-driven roll, and
a magnet roll (203) driven to rotate in the direction reverse to the direction of the belt guide roll (202) is disposed
inside the belt guide roll (202), the magnet roll (203) is provided with a plurality of magnetic poles (205) arranged
along the outer circumference thereof at a predetermined interval and, in addition, magnetic poles (205) adjacent
in the roll circumferential direction are different from each other.

19. The magnetic separator according to Claim 18,
wherein a partition plate (206) is disposed below the belt guide roll (202) and along the conveyer belt width direction
and, in addition, a clearance (S) for allowing the passage of part of the powder and granular material is disposed
between the upper edge portion of the partition plate (206) and the conveyer belt (201), and
a magnetically attracted material recovery portion (207x) and a magnetically not-attracted material recovery portion
(207y) are disposed at positions sandwiching the partition plate (206) in the conveyer belt movement direction.

20. A magnetic separation method for magnetically separating ferromagnetic particles from a powder and granular
material (a) containing the ferromagnetic particles by using the magnetic separator according to Claims 18 or Claim
19, the method comprising the step of:

supplying the powder and granular material (a) from a supply device (204) to the conveyer belt (201) with a
layer thickness larger than the diameter of the smallest particle contained in the powder and granular material (a).

21. The magnetic separation method according to Claim 20, wherein the clearance (S) between the upper edge portion
of the partition plate (206) and the conveyer belt (201) is specified to be smaller than the layer thickness of the
powder and granular material supplied from the supply device (204) to the conveyer belt (201).

22. The magnetic separation method according to Claim 20 or Claim 21,
wherein the magnetic field change frequency F (Hz), which is defined by the following formula (1), of the magnet
roll is specified to be 170 Hz or more,

F = (x-P)/60 (1)

where x: the number of revolutions per minute of magnet roll (203) (rpm)
P: the number of magnetic poles provided to magnet roll (203) (in this regard, a pair of the north pole and the
south pole is counted as one magnetic pole).

23. A method for manufacturing an iron source to produce the iron source from a by-product of an ironmaking process,

comprising the step of using the magnetic separator or the magnetic separation method according to any one of
Claims 1 to 22.
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FIG. 3
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FIG. 6
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