SPECIFICATION

' METHOD FOR SEPARATING MAGNETIC PARTICLES
- MIXED IN FLUID, SEPARATING SYSTEM, AND SEPARATOR

BACKGROUND OF THE INVENTION
Field of the Invention | |
The present mventmn relates to a method for separatmg magnetic
pa_rt:lcles m1xed_m a ﬂmd by making use of the action of magnetlc attraction, |
wherein the method includes causing the magnetic particles dispereed in an
~ original ﬂuld such as liquid or gas to be attached magnetmally by the
magnetic attractlon, and separatmg those magnetlc partlcles from the fluid.
- The present invention also provides a separating system and a separator that '
‘attract the magnetic particles in the fluid magnet1cally and separates them
* from the fluid by opeiating in e.ccordance with the steps of such method.
Prior Art | |
There is a conventiona] seperator that is wused to sepai-ate
- ferromagnetic metals by attractmg the metals in a partlcular ob]ect such as a
fluid magnetlcally and separating them from the obJect
It is also known that even for certain magnetic substances, other than
_the ferromagnetic suhsta.nces, that possess less mégnetization when placed in
'a magnetic field (referred hereinafter to as “less magnetic substances” or “less .
- magnetic particles”), they may be attracted magneﬁeaﬂy and eeparated if the
| magn'etic force that is applied is increased. A process is also propoeed, ‘which
deals with .ﬁ_ne_ tvhite. cley, such as kaolin, whose composition contains
magnetic impiuities, and allows those magnetic impurities to be removed by
.makmg use of the energy of the applied magnetlc field (as d13closed 1n
Japanese patent Pubhcatlon No. 63 - 95908). - ' '

~In the mmeral dressmg field where forelgn _ferr_omagnetic substances
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or elements contained in a partrcular mineral and that should be removed are
attracted magnet1cally and separated from the mmeral or in the field where |
fore1gn ferromagnet:rc objects such as works are attracted magnetmally and
separated from objects such as works being processed there is a process that
is used to separate those forelgn substances or elements, or works by
separatmg them by attractmg them magnetlcally In this process, the
| separatlon occurs by making one side of an electromagnet in contact w1th
ohjects being processed thereby '.magnetizing and attracting any foreign
objects mag'net1cally, and then rotating the electromagnet to demagnetlze the :
' magnetically attracted portions of those objects. However, this process is
. pnmanly ‘designed to separate the: forelgn _.ferromagnetlc -substances or
elements, or works, by the magne_tic attraction, and 'i.s not suitable for use in
senarating less magnetic substances or elements, or works, that nossess le_ss
magnetization when placed in a certain magnetic field. The process as
.- 'menti_oned above that utilizes the energy of the normal magnetic field to -
p'rocess. the kaolin 'comp_osition cannot be used for separating any less
magnetic substances or elements. | | |
| Those less magnetic substances or elements require a nowerful
magnetic force (for example, 1000 Gauss or more) to be magnetized and
a_ttracte(_l' magnetically, and the substances or elements that have thus been
magnetiZed and attracted'must be removed before they become saturated
magnetically. When a powerful magnetic force is applied, it is difficult to
remove the residual magnetism that remains'in the magnetized substances or
eleme'nts, shortly after the magnetic field is removed by cutting the electrical
current. _'I_‘hus-, this process has several problems in that it cannot be utilized -
for the industrial -_application's. For example, even when the less 'magnetic
substances or elements_ are magnetized and attracted by applying the
powerful magnetic .force of 1000 Gauss or more across them, if there are any

less mag'netic substances or elements that are attached to the magnetized
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surface, other less magnetic substances or elements that make contact with

-those less magnetic substances or. elements wﬂl not be magnetized and

attracted and will be allowed to flow away -without bemg attracted
magneucally at all. Th_us, this process is not efficient in separating the less

.magnetic substances or elements. This problem may be solved if the less

magnetic substances or elements that have been magnetized and attached by

.the magnetic attraction are to be removed frequently. It is difﬁcult to remove
"those substances or elements in a short time, however, because the residual-

‘magnetism remain's in them. Accordingly, the separating process must be

suspended until the residual magnetism d1sappears, each time the substances

“or elements that are attached by the magnetic attraction are to be removed

,completely This prevents the efficient separation.

SUMMARY OF THE INVENTION
The'.present 'mvention solves the aforementioned problems of the prior
art by providing a method for separating magnetic particles in a fluid, which
comprises the steps o.f feeding an original ﬂuid containing magnetic particles

dispersed - therein into a magnetized tube as an object being processed

- (referred hereinafter to as “object fluid”), rotating the magnetized tube,

-adding free ferromagnetic elements into the tube as required to increase the

effective magnetized surfaces within the tube, thereby making effective use of
the magnetized surfaces, attracting the magnetic particles magnetically to the

: magnetized_ surfaces, demagnetizing the magnetized surfaces before 'they

reach their magnetic saturation, feeding an exhaust ﬂuid'into the tube, and

removing the magnetically attracted magnetic ' particles from the

| _demagnetized surfaces by carrying them with the exhaust fluid. According to

the method, several magnetized tubes may be provided'in parallel, and those
individual tubes may be operated so that the magnetic attraction of the

magnetic particles and the removal of the magnetic particles thus attracted

magnetically can occur alternately for each individual tube. In this way, at
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‘least ahy one of those tubes may be kept running at any time without having
* to discontinue the separatmg process, and the separatmg eﬁ'imency may be
mproved accord.mgly |

In one aspect of the present invention, a method is provided for

-'_-separatmg magnetlc parincles, which includes the steps of feed.mg an ongmal N

ﬂmd contmmng magnetm particles dispersed therein into a magnetized tube
as an object being processed (also called obJect fluid”), allowing the magnetic |
| parti_cles.'ih tbe object fluid to be attached to the magnetized surfaces within
| the tube by the magnetic attraction, and removing the'magnetic particles from
the magnetized. surfaces by deinagnetizing the tube, wherein the method is
characterized by the fact that the magnetic attraction of the maQnetic
partlcles to the magnetlzed surfaces within the tube occurs by rotating the
tube |
In another aspect of the present mventmn, a method is prov1ded for
separating magnetic partlcles, which mcludes the steps of feedmg an original
fluid containing magnetic partlcles (hspersed therem into a magnenzed rotary
tube as an object being p_rocessed (also called “object fluid”), a110wing the
magnetic particles in «the object ﬂuid_ to be attracted magnetically. to the
- niagnetized surfaces within the tube, suSpending the feed:ihg of the object
fluid before the magnetic attracting capability of the magneuzed surfaces
_ within the tube becomes lower below a certain value, demagneuzmg the
magnetlzed surfaces within the tube, feeding an exhaust fluid into the tube
under' the applied pressure for carrying the detached magnetic particles
'_ the_rewith,- removing the magnetic particies together with the exhaust fluid
from the tube, and separating the magnetic particles from the exhaust fluid -
that contained the magnetic-perticles therein. In this case, the exbaust fluid
may be clean water or air, and may be fed into the .tube in the dire_ct_ion
opposite to that in which object fluid is fed. The surfac_es being magnetized_ |
may include both the inner wall of the tube and the surfaces of the free
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ferromagnetic substances or elements that may be added as required into the
tube. | | | |

Ina further aspect of the present ihvention, a system is provided for
_separating-magnetic particles mixed -idt_o_ an. original fluid, which comprises
means for crashing an original object into fine particles, if the obj'ect is in its
solid form and then dispersing _the'ﬁne particles in water or other fluid, means
" for adjusting the density of an original object to an aﬁpropriate level if the
object is'origihally a fluid, means for .feeding either of the resulting object
fluids into a magnetized rotary tube as an object being brocessed (also called
“object ﬂuid”), means for allowing the magnetic particles contained in the
object fluid to be attracted magnetically to the magnetized surfaces within the
tube,' means for demagnetizing_ the magnetized surfaces within the tube,
means for feeding an exhaust fluid under the applied pressure into the tube
for c_arry_ing_ the detached magnetic.'particles therewith, means for removing
the detached magnetic particles together with the exhaust fluid from the tube,
and means for separating the magnetic particles from the exhaust fluid. The
‘tube may be d1v1ded into several tube sections, each of wh1ch may prov1de a

'magnetlc force of dlfferent strength. Specifically, the strength of the magnetm

-, force may be increasing gradually from the tube section located on the inlet

side of the tube toward the tube section located on the cutlet side. In other
" words, the strength is the sma]lest at the inlet side sectlon, and is the greatest
at the outlet section. The exhaust fluid may be clean water or air, or
combination of both The rotary tube may be a round tube to “which
mechamcal means for rotating the tube may be connected.
In still another aspect of the present invention, an apparatus is
: prowded for separatmg magnetic particles m1xed into a fluid, which mcludes
a;p_lurahty of_ rotary tubes arranged in para]lel on a machme base, each of
“which contains fiee ferromagheti(_: substance or elements, and is capable of

being rotated as well as of being magnetized and demagnetized, a feed pipe
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connected te the.inlet end of 'e'ach tube for feeding an original fluid containing

the magnetic partic_lee into _.the tube as an object being processed (also called
- “object ﬂuid”) an outlet pipe conneeted to the outlet end of each tube for
- removmg, from the tube, the ob]ect fluid from which the magnetic particles
have been separated a pressunzed ﬂuld dehvery pipe connected to the outlet
pipe via a check valve, a further pressurized fluid delivery pipe connected to
the above pressurized_ ﬂﬁid delivery pipe for deliirering a_different pressurized |
fluid, an outlet pipe 'connected to the above inlet .delivery pipe via a control |
valve for dlschargmg the magnetrc particles separated from the fluid carrymg
‘the magnetic partlcles therewith, and means for rotating the rotary tube. |
Each of the tubes mcludes a plurality of tube sections connected in series,
each of wh.ich_ has a magnetiiing coil winding around the outer periphery
thereof. A control device is coupled with each of those _magnetiziné coil
'.win'djngs- for controllin_g the strength of the magnetic force provided by the
magnetizing coil winding.'The free ferromagnetic substances or elements may
- be iron or iron alloy, which may be f‘ormed into small pieces having the rugged
surfaces. The quantity of those small pieees to be fed into the tube sections
may be controlled se that the apparent quantity can be equal to any value -
between 30%. and 90%-, of the total volume of the tube eections; The number of
the parallel tubes may be two, four, or s1x, dependmg on the particular
requn:ements

The electrical current that can flow through each coil winding that act
as an _electromagnet is preferably DC current, which is preferably supplied
from any voltage-controlled power supply. - | |

Th_e fluid that may be used for the purposes of the .prese_nt invention is
usually liquid (water) for the easiness in hand]ing. When an original fluid
being processed is any gas (such as exhaust gas produced by burning), the
separation may occur directly from the gas. In this case, air is often used as

the pre'séuri'z'ed exhaust fluid, but in some cases, water or any Lquid
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conta:lmng any medicine may also be used.
| Most commonly, the tube may be a round tube, but instead of the round
pipe, other shapes such as elhptlcal may be used. The choice should be made
by taking mto account the fact that the tube rotates. For example, a tube
havmg a particular shape in cross section, such as annular corrugated shape
(contlguous rugged arcs) may be used to increase the contact_ area with the
fluid being processed. The diameter and length of the tube may b_e determined,.
depending on the.respective properties of an original fluid being processed
" and magnetic particles contained in the original fluid, and should usually be 5
cm to 50 cm in diameter and 100 cm to 300 cm in length, respectively, for the
 efficient separation of the magnetic particles from the original fluid.
According to the present invention, the flow rate of an original fluid
‘being processed (also called “object fluid”) may also be determined, depending
upon the respective properties of the original fluid and magnetic particles
contained in the fluid, and the particular requirements for the diameter and
'length of the tube. It should usually be 1 cm/sec to 50 cm/sec. Similarly, the
number of rotations for the tube .may be determined, depending upon the
respective properties of the original fluid and magn.,et.ic pa’rticl'es contained 1n
the fluid as well as’'other requirements. It should usually be 1 rotation/sec to
10 rotations/sec, which may depend upon the particular original fluid being
processed. . | | |
'Accord.ing to the present inyention, the tube may externally be divided
into several tuhe sections, each of which may have__ a coil winding around the
outer periphery thereof. .The strength of the magnetic force provided hy each
of the coil wmdmgs may be varied for each respectlve tube section, by
changing the current ﬂow through the. respective coil winding and by
changmg the amount, or the number of turns, of the respectrve coil Wmdmg
Specifically, the strength of the magnetic force may be varied for each tube
seotion such that it is increasing gradually from the first tube section on the |
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| inlet side of the tube toward the last section on the outlet side. In this way; an
' ongmal fluid being processed may contain d1ﬂ‘erent types of magnetic
particles of different magnitudes, wh1ch may be attracted magnetically by the
different tube sections when they are flowing though the tube sections of the
tube. Thus, the whole tube may be used as a magnet filter. |
For example, the ferromagnetic 'particles such as iron particles'may be
attracted magneinca]ly by the first tube sectlon that provides the low magnetic
force, some less magnetic particles such as Ca, Mg may be attracted
magnetlcally by the followmg tube section that prov1des the med1um magnetlc _
force (for example, 1000 Gauss to 10000 Gauss), and other more less magnetic
particles (such as gold; nitrogen) may be attracted magnetically by the final
section that provides the high mag'netic force (over 10000 Gauss). When the.
original fluid containing magnetic particles of different types and strengths
ﬂows through those tube sections, the sections .lnay be magnetized and
demagnetized alternately from one section to the followmg section. The
different magnetic particles that have been attracted magnet1ca]ly by each
corresponding section may be collected in ‘each section, which is now

deniagne_tized, by an exhaust fluid that is fed under the applied pressure into

~ the tube.

For instance, when an original ﬂmd or liquid that contains burned
ashes solved by water is to be processed in accordance with the present
invention, the components such as iron, manganese, etc. may be attracted .
nragnetically by the tube section that provides the low magnetic force, the
components such as Mn, Cr, Pd, etc. may be attracted magnetically by the
tube section that provides the medium magnetic force', and the components
such as dioxin, Cd, Ag, etc. may be attracted magnetieally by the tube section
that provides the high magnetic force. Thus, all of the less.magnetic particles
may be magnetrzed demagnetlzed and then separated from the original fluid
- or liquid with the hrgher eﬁ'imency '



- According to the present in\}ention, a niixture composed of a fluid
(liguid or gas) and magnetic particles may be fed as.an object being processed
(also called “object fluid”) .into a magnetized rotary tube, the magnetic
particles may be attracted magnetlcally within the tube, the rotary tube may
be demagnetlzed after the feedmg of the obJect fluid is stopped, and an
exhaust fluid may then be fed into the tube under the apphed pressure. The

..magnetlc attraction and removal of the magnetic particles may be performed
| automatlcally by magnetizing and demagnetlzmg the inner wall of the tube or
. any ferromagnetic elements W1th1n the tube, respectively.

Accgrdmg to the present mventlon, a plurality of parallel tubes may be
provided, and those para_]lel tubes may be operated alternately so that at least

any one of the tubes can always be kept running at any time so that the

-separation can occur. Thus, the present mventlon may be utilized for the
_mdustnal apphcatlons The free ferromagnetic substances that are fed into
the tube may help even certain less magnetic particles  be attracted
magnetlcally Thus, those less magnet1c particles can be separated with high
: rehablhty ;

Accordmg to the present invention, an original ﬂu1d that contains the
" magnetic part1cles may be fed into the magnetlzed rotary tube as an object
.being proceSSed (also called “object'ﬂuid”), and then the magnetized rotary
tube may be rotated so that the magnetic attracting actilonl can be utilized to
its full ability. Thus, the separaﬁng-efﬁciency can be enhanced.
| Accordmg to the present mventmn, the magnet1c partlcles that have
been attracted ‘magnetically within the tube may be removed from the tube by
demagnetizing and_ counterflow-cleaning the tube, before the magnetic
attraction becomes lower below a certain value. Thus, the continuous
operation may be achleved with the same eﬂit:lency | |

Accordmg to the present invention, the separatlon can occur

contmuously by running a plurahty of separator tubes in parallel. When the
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operation for the magnetic attraction would take I_Onger to be completed than
the operatien' for the counterﬂow-cleaning, one separator tube may be
| counterﬂow;cleaned. while the other separator tubes may be kept running.
Conversely, the operation for the counterﬂew-eleaning would take longer to be
cempleted than the operation for the magnetic attraction, one separator tube
' may be kept running while the other separator tubes may be
counterﬂow-cleaned In e1ther case, at least one separator tubes can always
- be kept runnmg at any time, and the overall efficiency can be enhanced
accordmgly _
" BRIEF DESCRIPTION OF THE DRAWINGS

F1g 1l1is a block d1agram showmg the method accordmg to ome
embodiment of the present invention;

Fig. 2 is a block diagram showmg the system according to one
embodlment of the present invention;
‘ Fig. 8 is a perspective view showing the apparatus'_ according to one
embodiment of the present invention; | |

- Fig. 4 is a front view showing the 'apparatus according to one

| embodlment of the present invention; _
Fig. 5 is a plan view showmg the apparatus according to one

embodiment of the present invention; _
_' Fig. 6 is a side elevatlon showmg the apparatus accordmg to one
embodiment of the present invention; ' )

Fig. 7 is a partial cross-sectional view used to explain the concept of
the s.eparator tube ‘in the apparatus .' according to one embodiment of the
' present invention; |

Fig. 8 is an enlarged cross-sectlonal v1ew used to explain how the
magnetic attractlon occurs w1thm the magnetlzed tube,

Fig. 9 is a conceptual view used to explam the apparatus accordmg to

another embod1ment of the present mventlon, )
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F1g 101 is a side elevation showing the separator tube in the apparatus
| accord.mg to one embodiment of the present invention, w1th some parts broken
away and some parts omitted;
| Fig. 11 (a) is a longitudinal cross-sectional'f.ront view showing the
separator tube in the apparatus according to one'emhodiment of the present
invention; ' o |

" Fig. 11 () is a partlal 10ng1tudma1 cross-sectional view showing the
separator tube in the apparatus according to one embodlment of the present_
| mventlon, | |

Fig. 12 (a) is a -cross-sectional front view used to explam how the
magnetic attraction occurs within the separator tube in the -apparatus
laccording to one embodiment of the present invention; ' |

Fig. 12 (b) is a partial cross-sectional side _elevation used to explain
how the magnetic attraction occurs within the separator tube in the
app aratus according to one embodlment of the present invention;

F1g 13 (@) is a cross- sectional front view used to explain how the
- demagnetization occurs within the separa_tor tube in the apparatus according
“to one embodiment of the present invention; '

Fig. 18 (b) is a partial cross-sectional side elevation used to explain
how the demagnetization occurs within the separator tube in the apparatus
according to one embodiment of the present invention;

F1g. _14 (a) is a perspective view showing a screw used as the free
| ferromagnetie substance according to one embodiment of the present
1nvention, | | _

Fig. 14 (b) is a perspective view showmg another screw used as the free
ferromagnetic substance accordmg to one embodlment of the present
invention; . _ .

Fig. 14 (Qisa perspective view showing an elliptical ball used as the

free ferromagnetic substance aocording to one embodiment of the present
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Fig. 14 (d)isa perspective view showmg a round ball used as the free

invention; an

ferromagnetic substance according to one embodiment of the present
invention; | ' |
| ' BEST MODE OF EMBODYING THE INVENTION .
' (EmbodJment 1
~ The method according to one embodrment of the present mventlon 1s'
.now descnbed by referrmg to Fig. 1, where porcelain clay is used as an object
being processed and contams magnetic partlcles that are to be separated
~ from the clay. | |
A suitable quantity of water (which is typically equal to five times the
quantity of clay) is added to clay, and they are admixed _by stirring. The
resulting mixture (clay water) (referred hereinafter to as “object fluid”) is then
fed inte a tube while it is rotating and being magnetized. In this case, the tube
may have the cross-sectional area that is equal to ten times that of a feed pipe
from which the clay water is fed into the tube. Thus, the clay water may flow
through the tube at the flow rate that is substantlally equal to oné€ tenth of the
flow rate for the feed p1pe The magnetic partlcles, such as iron, trtamum, |
manganese, - etc, _that are contained in the clay water may be attracted
mégnetically'to the inner wall of the maghe_tized tube, while it is flowing
through the tube at the above flow rate.
~ As the tube is rotating, the magnetic partlcles in the clay water may be
attracted magnetically to the inner wall of the tube all over its area. Then, the
feeding of the clay water may be stopj:ed at an appropriate time,. and the clay
vrater from which- the magnetic particles' have been rembved by the ma'gnetic
attraction and that stays in the tube may be removed from the tube. Followmg
th1s, the tube is demagnetlzed and pressunzed water is fed into the tube
Thus, the magnetic partlcles that stay in the tube may be removed from the

"~ tube together with the pressurized water. The magnetic particles now
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contained in the pressunzed water may be separated from the water both of
| which may be dlsposed of in some manner.

The clay water that has been processed as described above contains no
magnetic particles (such as iron, titanium, manganese), and the resulting clay
has its increased whiteness. The product that may be obtained by bakmg this
clay, such as porcelain, looks like wh1te Colormgs app]ied to this white
porcelain may exhibit the better color quahty
(Embodiment 2) _

A system accordmg to one embodiment of the present mventlon is now

: descnbed by referrmg to Fig. 2. Origmal porcelain clay that contams magnetic
particles is solved in water by a fluid density adjustmg means, which provides
clay water of th_e adJusted density ‘that will be processed as described below.
Then; the clay Water is fed into a tube that is rotating and being magnetized.
As it is flowing through the tube, the magnetic particles contained in the clay
water niay be attracted magnetica]ly to the magnetized surfaces. tvithin tbe
tube. The clay. water, from which the magnetic particles have thus been

| removed by the magnetic .attraction, may be removed _from ‘the 'tube.. The

resulting clay water with no magnetic particles contains solids and water,
which may be separated. by using.the technique, such as the sneciﬁc'gravity
separation process and the like. The clay solid tliu's obtained contains no
magnetic particles other than nonmagnetic particles, while the water thus
obtained will be disposed of in some manner. In the meantime, the magnetic
attr_action of the magnetic particies to the magnetized surfaces (inner wall of
the tibe) within the rotating tube may continue until the magnetic attraction
' is_'about to reach its saturation. That is, _the feeding of the original clay vrater

.. into the tube is stopped just before the_ magnetic attraction has reached its

saturation. As the magnetic saturation is determined by the particular
magnetic particles contained in an object_being processed (also called “object

fluid®), the timing at which the feeding of the original clay_' water is to be
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-stopped may be previously set by a timer that responds to the approaching |
' magnetic saturation.' After the original_clay water has thus been processed,
- and then has _completely '.been- removed from- the tube, the tub'e- is
demagnetized. Next, an exhanst fluid, such as clean water or air or
' combination of both, is fed under the applied pressure into the tube in the :

direction opposite to that in which the original clay water is fed. This may

 detach the magnetic particles from the magnetlzed surfaces within the tube,

and the exhaust water or air carrying the detached magnetic partlcles
therewith may be removed from the tube. They__ may be separated into the
magnetic particles' and the exhaust water or air by the specific-gravity
separation; filtering or other separating means. | '
(Embodiment 3) | |

The apparatus according to one embodiment of the_'present invention is
now described by referring to Figs. 3, 4, 5, and 6. Two magnetized tubes 2, 2a
each include four round tube sections 4, 4a, 4b, 4c that are connected in series.
Each of the tube sections 4, 4a, 4b, 4c in the magnetized tubes 2, 2a has
electrical coil windings 5, 8a, 8b, 5c around the outer periphery 'thereof,
respectively, which are connected in series. Sepai:ator tubes 3; 3a are thus
formed, and are mounted on the machine base 1. Each of the separator tubes 3,
'8a has a branch pipe 8, 8a rotatably connected to one end theréof, respectively,
to which ‘a feed pipe 6, 6a is rotatably connected. Each of the separator tubes 3,
3a has a 'delivery pipe | 7, 7a rotatably connected to the' other end thereof,
respectively. The branch pipes 8, 8a commnnicates with the corresponding
magn'etized tubes 2,.. 2a at the_one end,‘ and have a pulley 9, 9a fixed thereto.
‘The pulleys 9, 9a are link_ed with the pulleys 11, 11a on the corresponding_
motors 10, 10a by means of belts 12, 12a. The niagnetized tubes 2, 2a may be
'rotated by dnvmg the motors 10, 10a, respectively. _

The dehvery pipe 7 is connected to a connecting pipe 14 via a pinch
valve 13, and the connectmg pipe 14 is connected to the d_ehvery_ pipe 7a and |
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to_ an outlet pipe 16. via another pinch valve 15. The feed pipes 6, 6a are
connected to a connecting pine 19 via pinch valves 17, 18, resﬁectively, and the
) .connect'ing pipe 19 is connected to a delivery nipe 21 which is connected to a
~ pump 20. | ) | : _
| In operation, the'clay water, which may be obtained by adding to the
" original clay the quantity of water equal to five times the quantity of the clay,
may be delivered from the pump 20 in the direction of arrows 22, 28, 24, 25.
Then, the clay water may flow through the branch pipe 8 into the magnetized
tuhe_'2, as indicated by an arrow 26, going through the magnetized tube 2 as
indicated by an arrow 27. At the outnut end of the magnetized pipe 2, the clay
' water may flow through the delivery pipe 7 and through the pinch valvel3
_into the connecting pipe 14, as indicated by arrows 28, 29, from which it may
.' go' through the pinch valve 15 and through the exhaust pipe 16 to the

following stage. - B ' | |
| During the above sequence of operations, the magnetized tube 2, for
‘example, is driven by the motor 10 and 1s rotating. At the same time, the
electrical coil wmdmgs 5, Ba, 5b, Bc are energized producmg the magnetic
ﬁelds of the respective strength that may cause the tube sections 5, ba, 5b, 5¢
in the magnetized tube 2 to be magnetized, resp_ectively, _according to the
respective-stre'ngths of the magnetic fields. This causes the magnet particles
contained the clay water to be attracted magnetically to the inner wall of the
magnetlzed tube 2 all over its area.

When a considerable amount of the magnetic particles have been
attracted magnetically within the magnetized tube 2 of the separator tube 3,
| the pinch valves 17, 13 may be closed and the pinch valve 18 may be opened
a]lowmg the clay water to pass through the feed pipe 6a into the_ magnetlzed
| tube 2a, as indicated by arrows 31, 32, 33, 34 whe_re the magnetic particles are
magnetica_lly attracted and separated from the clay water. The._clay water,

which may still '_con_tains' any remaining amount of magnetic particles, then
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'_p_asse.s through the delivery pipe 7a into the connecting pipe 14 as shown by
an arrow_ 35, going into the outlet pipe 16 froni which it is delivered as shown
by an | arrow '30. ‘Within the séﬁérator tube -3a, -the reinaining magnetic
~ particles contained in the day water are also magnetically attracted and
~separated from the clay water, which may occur in the same manner as for the .
| separator tube 3. _
Within the separatox tube 3, in the meantlme, when the pinch valves _
17, 13 are closed as described abo_vg, air is delivered from an air feed pipe 36
- through an air valve 40 into a delivery pipe '7, as indicated by arrows 51, 53,
41. This air forces the clay water in the magnetized tubé 2 to ﬂow'revefsély,
which goes through a valire 54 and a conhec_ting pipe 55 back into an outlet
| pipe 56;. as shown by an arrow 57, from which it may be discharged. When the
clay water is completely removed from the magnetized tube 2, the mdgnetized |
tube 2 may be demagnetized, and a valve 39 may be opened to allow clean air
to go into a water supply p1pe 38 as mdlcated by an arrow 50. At the same |
time that the valve 39 for the watex: supply pipe 38'is opened, the air valve 40
may be op_ened to allow air to be supplied. The water from the water feed pipe
~ 38 and the air from the air feed 'pi.pe 36 are mixed together, which mixture
_ gi_)es through the delivery pipe 7 into the magnetized tube 2, as indicated by
arrows 41, 42, 43, in which the mikture of water and air flows i'e\fersely,
bleaning the interioi of the magnetized tube 2. By this_counterﬂow cleaning,
the inagnetic piu_‘ticles previously attached to the_ inner wall of the magnetized
tube 2 may be detached from the inner wall. The magnetic particles thus
detached may flow backwal_'dly through the feed pipe 6 together with the clean
- water, going through the valve 37 and the conﬁecting pipe 58 back into the
outlet pipé 44, as shown by arrows 45, 46, from which it is _delivered to a
- sedimentation ténk 47. _Within' the .."sedimentatiori tank 47, the magne_tic
- particles contained in the outlet water, such aé iron, titanium, manganese, etc.

' may'be separated from the water by the specific gravity separation or any
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other process |

~ Although the operation has been described so far in connection with
'the separator tube 3, the foregomg descnption may apply to the separator
tube 3a as well. | _ ' o

| Speclﬁcally, referring then to Fig. 3, when the ‘pinch valves 13, 17 are -
closed and the pmch valve 18 i is opened and the motor 20 is then started, the
ongmal clay water containing the magnetic particles such as iron may be fed
through the feed pipe 6a into the magnetized tube 2a, as shown by arrows 22,
31, 32, where the magnetic particles may be attracted magnetically The clay
water, from wbich the magnetic particles have been removed, may- only
contain nonmagnetic particles, and may be delivered through the delivery |
pipe 7a and then throug_h the pinch valve 15 to the following stage, as shown.
by arrows 35, 30.-Whi1e_'_ﬂowing through the magne_tized'tube 2a, the magnetic
' particles contained in the original clay water may mostly _be attracted
magnetically to the inner wall of the tube 2a, and the pinch valves.18, 15 may
be closed and a valve 54a may be opened just. before the magnetic attracting
capability becomes lower below a certain value, allowing a pressurized air to
'be fed into the magnetized tube 2a. The air may be fed through the air feed
 pipe 36a into the tube 2a, forcmg the clay water to flow reversely through the
tube 2a and formng it to be removed from the tube 2a through the valve 54a,
the connecting pipe 55 and the output pipe 56, together with the supphed air.

"~ Some of the operations that occur for the separator tube 3a have Just
been described above, but the other operatlons are the same as those for the
‘separator tube 3 that have already been descnbed To avoid the duphcation of
the descrlptmn, those operations that occur w1thm the separator tube 3a will
be omitted. o |

As described the separator tubes 3, 3a are arranged in parallel on the
machme base 1, and the separating and cleanmg operatlons may be performed

alternately between the separator tubes 3 and 3a. That is, one separator tube
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3, for example, may be used for the separating operation while the other

'separator tube 3a, for example, is used for the cleaning operation, or v1se

- versa. Thus, either of the separator tubes 3, 3a may be kept running at any

t1me so that the separatlon operation can occur. Thus, the total separating
- efficiency can be achieved. More .'speciﬁcazlly, the separating operation may
continue within the separator. tube 3, for example, until the magnetic
attraction becomes lower below the certain value, at which time the separator
 tube 3 ulay be siyitched to the cleaning operation mode, while the other
sepai:ator tube 3a, for examj_)le, ‘may be switched to the separating operation
mbde. As the two separator tubes 3, 3a can'fhus work togethei, and either can
. be kept running without any interruption, the separating efﬁciency can be
enhanced. ' _

I this embodiment, as shown in Fig. 7, the magnetized tube 2 includes
four contiguous tube sections 4a, 4b, 4c (such as magnetized stainless tubes).
.. connected in series, each of which has a coﬂ winding.5, 5a, 5b, 5¢c around the
outer periphery thereof, respectively. Each of the soil windings'- 5, 5a, 5b, 5¢
has a branch wire 61, 61a, 61b, 61c connected to cords 60, 60, respectively, and
each qf the branch wires 61, 61a, 61D, Gic is connected through transformers
62, 62 to each respective coil winding so that the magnetic force provided by
~each of the coil windings 5, 5a, 5b, 5c can be controlled adjustably: For
example, as shown by an arrow 63 in Fig. 7; the tube section located on the
inlet side may provide the minimum magnetic force, and as shown by arrow 64,
the tube section located on the outlet ‘side may provide the maximum |
' magnetic force. Thus, the magnetic force may be increasing from the tube
section on the inlet side toward the tube section on the outlet side.

.T'hus, the feiromagnetic parficles may easil,vf be attracted magnetically
when they are passiug through the tube section on the inlet side that provides _
the low magnetic force, and the less magnetic partlcles may easﬂy be
attracted magnetlcally when they are passmg through the tube section on the
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outlet side that provides the magnetic force that is high enough to attract the
less magnetic particles magnetically._ Totally, all kinds of magnetic particles

such as 'ferromagnetic particles, less magnetic particles may be attracted

magnetically when passing through the four tube sections.

By controlling the transformer 62, the magnetic force may be adjusted
" -as required for each magnetized tube section so that each can provide the
different magnitnde of the magnetic force. Instead of adjusting the magnetic
force of each c01l wmdmg by using the transformer, each coil winding may be

prev10usly set to provide each respective magmtude of the magnetic force (for

example, by changing the number of coil turns for each), and may be mounted .'

on each corresponding magnetized tube section. In this way, all kinds of

magnetic particles, mcludmg the ferromagnetic particles, less magnetic
particles and much less magnetic particles, may be attracted magnetically
according to the magnitude of the magnetic force, when passing through the
different magnetized tube sections. In this sense, the sequence of the
magnetized tuhe sections may act as the filter that accepts some kinds of

magnetic particles and rejects other kinds of magnetic particles. Finally, all -

kmds of magnetic particles will have been attracted magnetically, and will
thus have been separated from the object fluid, when .they have gone
throughOut_ all the magnetized tube sections.

According to the apparatus as described above, the magnetic attraction

can occur in the rational manner since the magnetized tube 2 is rotating. For

example, as shown in Fig 8, more of the magnetic particles 65 may tend to be

attracted m'agnetically to the bottom wall of the tube (the part A in Fig. 8). |

When the magnetized tube 2 is rotating slowly in the direction as 1nd1cated by
an arrow 66, the part A of the magnetized tube 2, on which more of the
magnetic particles._ may tend to be attached magnetically is also moving
around. Thus, the magnetic particles may be distributed evenly over the inner
wall of the tnbe 2 where the. magnetized particles may be attracted
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 magnetically. Thds, the separation may be pei‘formed eﬁciéntly. As the.
magnetized tube is rotating, _thé time re_quifed to démagnetize the tube can be
~ reduced. | |

(Embodiment 4) |

The apparatu's according to another embodiment of the present
invention is now described by referring to Fig. 9. Magnéﬁzed tubes 2, 2a each
" have a feed pipe 6, 6a rotatably connected thereto on _thé left sidé, respectively,
and each have a delivery pipe 7, 7a rotatably condected thereto on the right
side, respectively. The de]ivei'y pipes_ 7, 7a are connected through re‘spectiw)e
valves 67 , 67a to a water feed pip_e 68, which is connected through a valve 70
to a water -de__livery"pump (ﬁdt shown). The delivery pipes 7, 7a are also
connected th'rough respective valves 72, 72a to a processing liquid reservoir
73. . _ ' |

-The feed pipes 6, 6a are connécted though i'espective valves 74, 7T4a to
ah inlet pipe 75, which is connected through the pump 76 to d processed ]iquid
reservoir (not shown). The feed pipes 8, 6a are further connected through
respective valves 77, 77a, and then through 'a.valve 80 and an outlet pipe 82 to
| a m_aghetic particles reservoir 81 for containing the magnetic particles that
have - oxi;:e been attached mégneticaliy . and - then .detached within the :
magnetized tubes. The feed pipes 6, 6a are also connected: through the
respective valves 77, 7 7a and then through a valve T8a and an outlet pipe 78
to a reservoir 79 for containing the processed fluid.

The operation is now described according to this elﬁbodiment. The
pump 76 is started up, and then the valves 74a,. 77, 67, 67a are closed and the
valves 74, 72, 72a .aré' opened allowing an original fluid being processed (also
called obJect ﬂmd”) to flow through the magnetlzed tube 2 that is rotating
and being magnetlzed as indicated by arrows 83, 84, and 85. While passmg
through the tube 2, the magnetic partlcles in the original ﬂu;d may be |

attracted magnetically to the inner wall of the magnetized tube 2, and may
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- thus be sepa:ated_ froxp the fluid. The ﬂuid, from which the magnetic particles
: Havé been Séparated’, niay go through the valves 72, 72a into the processed
- liquid reservoir 73, és indicated by arrows 86, -87. The above magnetic
'- ~ attraction and separaﬁon may continue until the magnetic attracting and
separating pgrformanée becomes ldwex. in a certain period of time, at whiéh
time the valves 77a, 74, 72, 67a may be closed and. the valve 74a may be
opened, allowing the. processed fluid to go into the 'processi'ng'liquid reservoir
| 73. as shown by arrows 88, 89, '90 87. In the meantime, the valves 70, 67, 77
! may be opened and the valves 72, 74, 80 may be closed, allowing a pressurized
air to be supplied from the air feed pipe 7 1 as mdlcated by an arrow 91. This
pressurized air may force the processed fluid remaining in each pipe and
| within the ma_.gnetized_. tube 2 to be brought bé.ck into .the processed fluid
_ reser_voir. 79, as indica,ted by arrows 92, 93, 94. Following this, the coil
| windings mounted around the outer periphery of the tube sections in the
niagnetized tube 2, which are now energized for magnetizing the tube 2, may
be de-energized to make the tube section; in the -tube 2 demagnetized. Then,
the valves 69, 80 may be opened and the valves '77, 78a may be closed,
~allowing a bressurized clean water to ble supplied though the v&ater feed pipe
68 as shown by an afrow 95'iﬁto the tubé 2. This pressurized cléan water may .
force the maghetic particles attached to the inner wa]l of the tube 2 to.'be
detached the:efroin, and those magnetic particles may be brought back into
the magnetic particles reservoir 81 together with the pressurized clean water.
Within the reseiv;)ir 81, the clean ‘water containing the detached magnetic
particles m_éy be separated into water and magnetic particles by using the
- specific gravity_ separation.or othér procesé. By now, all operations will be
corﬁpleted. _ |
The process of removing fhe magnéﬁzed particles from the magnetized
tube 2a, in the same manner as describ.ed above for the magﬁetize_d tube 2. To

avoid the duplication, therefore, no further infor;nation will be presented
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 here.
g (Embodlment 5)
| The ‘apparatus according to another embod.tment of the present
invention is now-described by referring Flgs. 10, 11,_ and 12. The magnetized
tube 2 has the feed pipe 6 rotatably connected to one end there_of on the left
side, and has the delivery pipe 7 rotatably connected to the other end on the
| right S1de The magnetized tube 2 is rotatably mounted 1ns1de an inner tube
100 havmg coil windings 5, 5a, 5b, 5¢c mounted around it. Each of the coil
| windings 5, 5a, 5b and 5¢ may provide a different magnetlc force, or magnetic
_ ﬁeld depending on the appropriate numher of turns. Those coil windings 5, 5a,
| 5b, and 5¢ may be shielded by a protectrve Jacket 101 mounted around them.
The magnenzed tube 2 contains stamless screws 97 as the free
' ferromagnetlc elements, which are sealed w1th1n the tube 2. Although the smel
of the screw 97 is arb1trary, too large a screw would reduce the area on which
‘the magnetic particles are to-be attracted magnetically, while too small a
screw would make 'it difficult to separate the 'magnetic particles from the
screw, and the screws cannot be held W1th1n the magnetlzed tube 2. Therefore,
the screws should preferably have the outer diameter of between 2 mm and 5 '
- mm, and the length of between 10 mm and 30 mm.
. Instead of wusing screws, ~_ any small solid elements that are
: fferromagnetic and have the large surfat:e area may be used as the free
ferromagnetic elements, such as sniall balls 97a or elliptical balls 97b that
‘have a plurality of projections thereon and .which may be held within the
magnetized tube 2(F1g 14). | | |
The magnetized tube 2 is divided into several tube sections that
correspond to the coil- wmdmgs 5 Ba, 5b and 5c, each of which may be
controlled to produce a different strength of the magnetm force. Thus, any
nelghbormg sections may be physxcally separated by nets 98, 98 that prevent

‘screws 97 in one section from entenng its neighboring section or sechons

This Sheet Has Been Replace

L i~



’Accordi_ng to this embodi_ment, when the coil windings 5, 5a, 5b, Bc are
energized, the screws 97, 97 may be magnetizgd in one particular direction, as
shown in Fig. 12 (a) and Fig. 12 (b). As the magnetized tube 2 is then rotated
(as inﬂiéated by an arrow 102), the magnetic particles contained in an original
ﬂmd being processed (also called “'objec.t fluid”) may be attracted magnetically
and effectively by those screws 97, 97. When the coil windings are
de-energized, the condition wi]]'bécoine stable és shown in Fig. 13 (2) and Fig.
13 (b), but as the magnetized tube 2 is still rotating as shown by an arrow 102,
the screws 97, 97, which are then m_agnétized, will be demagnetized quickly
by c,ontactiﬁg each other, thereby canceling ea'ch.other..The magnetic particles,
which have been a’ftached to the screws by their magnetic attraction, will thus
be detached from the screws, and will be carried away by the cleaning fluid
that is delivered into the magnetlzed tube 2. |

It may be appreclated from the above descnptlon that the presence of
the free ferromagnetic elements, such as the screws, within the magnenzed
tube 2,-coupled with the rotation of the magnetlzed- tube 2, can prov1de the
easy magnétié attraction and sej)aration of the magnetic particles. The
continuous separatibn operation can be performed by providing more than one
separator tube. . |

In this embodiment, the testmg was made by usmg the separator tube
having an inner diameter of 20 cm and a length of 50 cm. To this end, raw |
‘mineral water was fed into the magnetized tube at the .ﬂow rate of 10 cm/sec.,
and the solencid coil windings mounted around the magnetic tube _wére
energized by supplying a p_bwer of 3 Kw thereto so as to produce a magnetic :
- field of 20000 Gauss. The opération continued for 20 minﬁtes, with the
magnetizéd tube rofating at 20 rpm. At the end of the operation, the solenoid
coil windings were de-energized to make the ma'gnetized tube demagnetized.
Theh, the clean fluid was féd into the demagnetized tube, flowing reversely -
through the tube at the rate of 10.cml'sec. The following table 1 shows the
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results of the testing.

Table 1
Separation Test Results for Raw Mineral Water
ElIonized o .

h ements Pb Cu 7Zn As Fe | Mn
Class . . |
Original Water [ 0.037 | 1.2 1.5 | ND | 53 | 140

rocessed Water | 0.002 | 0.02 0.03 [ ND 0.4 0.2
% of Separation 94 98 98 92 98

‘Date of Teetingi June 5, 1997

Data Offered By: Chubu Kinki Kozan Hoan Kantoku Dept.
Analyms Method: Frame Atomic Light Absorptlon Method

U/M: mglhter '
'ND: not detected

for mmeral waste water under the same conditions, by using the same

apparatus as for the precedmg testing.

: : Table 2
Separatlon Test Results for Mineral Waste Water
ElTomzed
. ements) cqg | b | Cu Zn
| Class . .
riginal Water 0.098 0.23 14.0 32.0
-Processed Water 0.006 0.02 0.28 1.9
93 91 98 94

% of Separation

Date of Testing: September 2, 1997
Data Offered By: Chubu Kinki Kozan Hoan Kantoku Dept.

Analysis Method: Frame Atomic L1ght Absorptlon Method

U/M mg/hter
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It is clear from  the above two testing results that the magnetic -
partmles contained in the original fluid being processed can be separated very |
efﬁmently from the fluid by using the method system and apparatus of the
present invention. = .

Although the present invention has been described with reference to
several partlcular preferred embodrments of the present invention by
referrmg to the accompanying drawmgs, it should be understood that the

.present invention is not restricted to those embodiments, and various changes
-and modiﬁca'tiorrs may be made without departing from the spirit' and scope of
the present invention as defined in the specification and the appended claims.



* [ L M S *

What is claimed is: | _ |
1. A method for separating magnetic particles mixed in a fluid,
| including the steps of feeding an original fluid containing .m_agnetic particles
into a magnetized tube as an object being processed (referred hereinafter to as
“object fluid”), causing the magnetic particles contained in said object ﬂuid to
be attracted magnet1ca11y to magnetlzed surfaces within saJd magnetized tube,
and thereby separating the magnetic particles from said obJect fluid, wherein
the step of causing the magnetic particles contained in said object fluid to be
‘attracted magnetically to a magnetized surface within said magnet1zed tube is
performed while said magnetized tube is rotatmg
2. A method for separating magnetlc partrcles mixed in a fluid,
compnsmg the steps of: ' _
feedmg an original fluid containing magnetic. particles dispersed
therein into a magnetized rotary tube as an object bemg processed (referred
heremafter to as “object fluid’); |
causing the magnetlc particles contained in said object fluid to be
attracted magnet1ca]1y to magnet:lzed surfaces within said magnetlzed rotary
tube, _ .
- stopping. the feeding of said object fluid into said magnetized rotary.
tube before the magnetic attractmg capability of the magnetlzed surfaces
, wrthm said rotary tube becomes lower below a certam value;
~ demagnetizing the magnetized surfaces within said rotary tube at the
' t1me when the magnetic attracting capab111ty of said magnetized surfaces
within said rotary tube becomes lower below the certam value; '
feeding an exhaust fluid into said rotary tube under an apphed '
pressure for carrying the magnetic particles thus detached from the
| _ demagnetlzed surfaces with said exhaust fluid;
- removing the exhaust fluid carrying the~detache_d .mag'netized particles
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' therewith from said rotary tube; and
separatmg the magnetlc particles from the exhaust fluid. -
‘ 3. The method for separatmg magnetlc particles m1xed in a fluid as
defined in Claim 2, wherem _
the exhaust fluid is clean water or air; and
the exhaust fluid is fed to ﬂow'tlllrough_ the rotary tube reversely fo the
-direction in which the object fluid is fed.
4 The methed for separating magnetic particles mixed in a fluid as
&eﬁn’ed in Claim 1 or 2, wherein the magnetized surfaces are the inner wall of
~ the rotary tube or the surfaces of individual ferromagnetic-elemeﬁts‘ contained
in the rotary -tube_. | _ |
5. A system for separating magﬁetic particles mixed in a fluid,
comprising: | | . | -
a fotary tube capable _of rotating as well as being magnetized and
. demagnetized; |
 when an original object. being processed and containing magnetic
particles therein is in a solid form, means for crashing the original object into -
fine part_icles and-addi’ng'fva_.ter or any other fluid to the fine particles to form
a fluid being processed (referred hereinafter to as “object fluid”; '
when "an original obJect being processed and contammg magnetm
| parhcles therein is in a fluid form, means for adjusting the density of the fluid -
" appropriately as required to form a fluid being processed (referred also to as
object ﬂuld”), | | | |
" means for feeding the object fluid into the magnetlzed rotary tube;

_ means for causmg the magnetic partlcles contamed in the obJect fluid
to be attracted magnetically to magnetlzed surfaces w1th1n the magnetlzed
N rotary tube, ' _

_ means for demagnetlzmg the magnetized surfaces within the
magnet1zed rotary tube, and for thereby makmg the magnetic part1cles ready
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to be detached from the demagnetized surfaces;
_ _me'ans for feeding an exhaust fluid under an applied pressure into the
'demagneﬁaed rotary tnbe for detaching the magnetic particles and carrying
: the detached magnetlc particles therewith; |
means for removmg the exhaust fluid carrying the detached magnetic
particles theremth from the rotary tube; and

means for separating the magnetic part1c1es from the exhaust fluid.

6. The system for separatmg magnetic parncles mixed in a fluid as |
deﬁned in Cla1m 5, wherein the magnetlzed rotary tube is divided into a
plurality of contiguous tube sections, and wherein the conti_guon_s tube |
. sections are arranged such that the magnetic force provided by each tube
eection is increasing ﬁ'orn the tube section located on the_ inlet side of the
rotary tube toward the _tube section located on the outlet side, and such that _
the inlet side tube section provides a relatively low magnetic force and the
outlet side tube section provides a relatively high magnetic force. .

7. The s_ystem for separating magnetic particles mixed in a fluid as
'deﬁned in Claim 5, wherein the exhaust fluid is clean water or air, or
combination of both. | _ . _

8. The system for separating magnetic particles mixed in a fluid as
deﬁned in Claim "'5, wherein the magnetized rotary tube is a round tube, and
wherein the round tube includes mechanical means for causing the round tube
to rotate. | | | |

9. An apparatus for eeparating magnetic particles mixed in a fluid,
comprising: | |

a machine-base; o |

. a plurality of rotary tubes arranged in parallel on the machine base,
each of the rotary tubes being capable of bemg magnetized and demagnetlzed
and contammg free ferromagnetlc elements therem,

ﬂu1d feed pipe means connected to one end of each of the rotary tubes
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for supplying an original fluid being processed and containing magnetic
particles (referred hereinafter to as “object fluid”) into said each rotary tube;

delivery pipe means connected to the other end of each of the rotary
tubes for delivering, from said each rotary tube, the object fluid from which
_the magnet1c particles have been removed, | | |

first pressunzed fluid feed pipe means connected through a check
valve to said delivery p1pe means for supplymg pressunzed fluid into said
each rotary tube; | |

second pressurized ﬂuid feed pipe means connected to said ﬁrst
pressurized fluid pipe means for 'supply'ing a different pressurized fluid into
 said each rotary tube; | | )

output pipe means connected through a control valve to said feed pipe
means for dehvermg the magnetic particles that have been removed from the
object fluid; and ' |

means connected to each of the rotary tube for causing said each rotary
tube to be rotated. | |

10. The apparatua for separating magnetic particles mixed in a fluid
as defined in Claim 9, wherein each of the'plurality of parallel rotary tubes
includes a plurality of tube sections connected m series, each of said plurality
~ of tube sectiona having a coil winding around said each tube section for
magnetizing said each tube section, and wherein control means is connected
to each coil wmdmg for controlling the strength of the magnetic force provided
by said each c011 winding. |

" 11. The apparatus for separating magnet1c particles mixed in a ﬂu1d

" as defined in Claim 9, wherein the free ferromagnetic elements include small
pieces of iron or iron alloy, each of said small pieces having a number of |
.- prmectmns on the surface thereof. . |
12. The apparatus for separatmg magnetic particles mixed in a fluid

as defined in Cla1m 9, wherein the quantity of small pieces to be contained in
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said each tube section is_ equal to 30% to 90% of the volume of said each tube

| sectlon

13. The app aratus for separating magneuc part1c1es mixed in a ﬂmd
as deﬁned in Claim 9, wherem the plurahty of parallel magnetlzed rotary

tubes includes two, four or six tubes.
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