1 MAGNETI C SEPARATI ON APPARATUS Techni cal Field 5The present invention
relates to a magnetic separation apparatus which in particular is capable
of separating and renoving nagnetic flocs fromraw water by letting the
magnetic fl ocs be adsorbed onto magneticy di sks. Background Art As a kind of
a device that functions to renove pollutant substances in raw 10 water of
sewage, industry sewage, etc. there is one known as a magneti c separation
apparatus. This nagnetic separation apparatus adopts a nmethod so called a
magneti c seed nethod in which pollutant substances in raw water are turned
into fornms of magnetized magnetic flocs by adding floccul ati ng agent and

magnetic powder into the fvgmmtr%,sm%mwﬁt&#mmgsmgneti c flocs F be
sks

adsor bed onto nagnetic di 15 havi ng magnets being arranged thereto, the
magnetic flocs F can be separated and renoved fromthe raw water

Pat ent Docupent. 1, }gii fcf' oses a solid-liquid separation apparatus which

i ncor porates a rrﬁgng I C separation apparatus. According to Patent Docunent
1, in tise nagnet iThesprs¢mtinventivppeiaddsu®, a angPnatialsepayatidn apgnaits evidelsks t o
whi ch magnets .are 20 attact%ed are arr(irrl(tgrﬁd .on a rotaté.f' on_axis at certain

interval s iRatieRlatisSapabls of SRParating ap ping magnetie dlocs from 14 Walg Y ar e

removed andiefiffoth€MRABnIOMOJs DY 2984 BEd Bitol RidneA@diske magnetic flocs be
adsorbed onto tthe magnetic di sks. Patent Docunent 1: Japanese Patent

Application Laid-Open No. 10-244424 25Di scl osure of the Invention Problens
to be Sol ved, By 178§ Ajpvention However, in the conventional magnetic
separati on appdaratuses, the ability to renove magnetic flocs fromraw water
is still not suffAcheind bfiatdevive thit funetidmsl toaweimoge poilntagt substances in raw

10  water of sewage, industry sewage, etc. there is one known as a magnetic separation
apparatus. This magnetic separation apparatus adopts a method so called a magnetic
seed method in which pollutant substances in raw water are turned into forms of
magnetized magnetic flocs by adding flocculating agent and magnetic powder into
the raw water, and by letting the magnetic flocs F be adsorbed onto magnetic disks

15 having magnets being arranged thereto, the magnetic flocs F can be separated and
removed from the raw water.

Patent Document 1 discloses a solid-liquid separation apparatus which
incorporates a magnetic separation apparatus. According to Patent Document 1, in
the magnetic separation apparatus, a plurality of magnetic disks to which magnets are

20  attached are arranged on a rotation axis at certain intervals inside a separation tank.
In this structure, magnetic flocs are removed and retrieved from raw water by letting
the magnetic flocs be adsorbed onto the magnetic disks.

Patent Document 1: Japanese Patent Application Laid-Open No. 10-244424

25  Disclosure of the Invention
Problems to be Solved by the Invention
However, in the conventional magnetic separation apparatuses, the ability to
remove magnetic flocs from raw water is still not sufficient in terms of the following

points.



2 (1) I'n the magnetic separation apparatus, it is inportant that
the raw water supplied to the separation tank contacts equally with each of
the plurality of the nagnetic disks in order to efficiently renove the
magnetic flocs inside the raw water. In+his respect, however, in the
conventional magnetic separation apparatuses, water 5flow inside the
separating tank can easily be biased. (2) In a case of adopting a

structure in whi C{i%tlﬁ'?hm ’d.ccse?.hl%ki% %gﬁarﬁﬂlg,sitqmrh thaht RRdtFths Wik Wdted he
raw wat er inside e separdation tank, the magnetic flocs adsorbed onto the
nmagnet i ¢ di sipplicdro dbe istnaraismetapk feontpstss equally eitbfeaghh of Hhgy PburplitydpS e whi | e

they are inside.the,raw water i : 10
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raw water dye to.rotation of t@ﬁ ma nﬁtilbc disks. In this respect, the
convent idonalloWdRids the sepazafing tp C%{’p%ﬁ %PEOESS e not taking adequat e

neasures W th respect &%a"s@%fpédb?{iﬁ@ ofstribaraegnaiick the aasgmericedigkls arded
onto the magnetic di sks com ng off while inside the 1§n%gtg/ﬁmater, nd t he

probl em as swstavtialisnalfreupanithe ravorstes dadioig SEPRIBHhEnKelgR Stagaclr dres
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present invention I's provi in view o ci rcunmst ances, an he obj ect
of the presdisits whilenhéyoareiinsitle the so weterh evhoraab|thermagnetic daoepan beegme

magneti c separati on appafat yses hagve,conecernin t] j
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magneti c segapatiin@wiRRRAsRhre caitftidGhtd the aiRab frenothe rawmwterglusrg metation bf ocs

contained in raw water with high effici en(r:s%/‘é Means.for Solving the Problens
0

For the purthes&agnetidisks ng I hihispsyREche RO CRIIAL ¢ MAgNalicy $EP3TAtIOn 5
separation | | { hwiith aspe&ttoOthet BIBbRIESENA
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raw water tG% Wgteée%’grt ‘fP&?l?%ﬁ&?°a§°‘§§h€§%§‘5‘%’?ovsv,a%g&!ﬁ %?3@?@5‘% gn%égneti c
di sks whi chdigigseobld heefrergnelyirembl@tendeythesareoht mathnetri c 30 force, the
plurality of magnetic di sks bejng. arra&ggd at. ‘g:ﬁdetﬁr m ned. inter v{'illt on a
rotation axis proVRBEESSH PHEPLOBE RIOVISHC t1Bn)C PER (USRS 281 | 56 hal f
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Means for Solving the Problems
For the purpose of achieving the above-mentioned object, a magnetic
25  separation apparatus in accordance with a first aspect of the present invention,
includes: a separation tank to which raw water containing magnetic flocs is to flow
into, the separation tank having a feed-water inlet provided in the lower end of the
separation tank for supplying the raw water to the separation tank as an upward flow;
a plurality of magnetic disks which adsorb the magnetic flocs by use of magnetic
30 force, the plurality of magnetic disks being arranged at predetermined intervals on a
rotation axis provided in the separation tank and being substantially half sunk in the

raw water in the separation tank; a retrieving device which retrieves the magnetic



5 troughs, provided on opposing sides of the separation tank parallel to
the rotation axis, where treated water after renoving the magnetic fl ocs
fromthe raw water by the magnetic disks overfl ows. Ther ef or e,
according to the first aspect, raw waten supplied froma feed-water inlet
provided in a |lower end of a separation tank hits flow dividing nmenbers 10
and is divided its flowin the radial right and left directions of nmagnetic

di sks and igpch hRsdBbe RS thetink BifdicOdisiad fidwe dNagingthemblérskprovidedt dircetivay, by
letting the raw water supplied fromthe feed-water inlet hjit the flow

di vi di ng memdemsathriic espegtivl viageefiq disks,| which dlivide the dew ghihq gy water
directions e .G gl sk ad {; ' | fratdie
magneti c disgé%ﬁgaaﬁ%ggvg?éae? eﬂé&?ﬂﬂ?ﬁ hegwgg/ﬂb\/%@re hﬁlﬁmﬁﬁﬁgﬁgﬁﬁﬁﬁef& far%éggnet iC
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onto the maged inealiSkater after remdVdi@ temaghetipflosd Gongtie pai watdr by tieghs on
opposi ng sides of the separation tank parallel to a rotation axis, where

treated watesgnsti¢ disks @HBUPHE magnetic flocs 20 fromraw water by the
magnetic di sks OW@EAW ’acair%ﬁnget@ file Off¥Rt A5fech Olawl Rlafr rb@ﬁ{)lhélﬁ fdeh hhRed-
us, |

separation tank, an , econes possible to R_rorrpt A di,schar%e t he
treated watveateomletfprovidehon s dpueramidoef & seprration tank hit, flgyodividipg meybers
arranging flow dividi ng-menbers_di LeSReskky endBONEL i C
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upwar d f | owhaviigekrdes©dire@ionhofatigmdgnetiv disksi tn this whg yuleftingethe ghwtwater

magneti c di sks, Therefore, the magnetic floc nce adsarbe nto th
magnet i ¢ diseRRIsE frpmnthe feednvatst g&gh t#hg ho?"'n ivl%lén% ﬁlgn}so W ?/\%%tlgeru.lg dVifed In

accor dance i fibw3nSHE Hiht 38066k dfectibes Bf Bxchaghdticediskoand iim thdehickagnet i ¢
separati on apparatus according to the first aspect, the I]I ow di vi di

menber is fdirestion 3@ the magaetie [kisks) avilew vatsi o theeFase P atelstiawing; @Rﬂ%%gfgeat t he
upper d bei ng..the | f td ol Afdwhikgt a
wedge gﬁapem?ﬁn%g?t’rggsslégg%dl%gﬁcﬂi‘%\ﬁu\{mﬁ%ﬁﬁg th t?ﬁké}%gg@bqune‘?%aﬁi nner towards
the | ower aneves upwardly passByg drnomg thg rhagmetididiskeli nGherebih ét kecpmes pessidptpes
according to the second aspect, it i si bl,e 10 fi.hhe raw
wat er supp! 288 hePagRATCHIACS 11 Eg 1K K e‘lp‘%ﬁ&en i %)éd&ly(gnt{)%eélg |g{|8dr15it%ht and
left directions Qffotdd@erTBYPeSVifingiaShesr éNeoughstoheppbsink siies oflheaeparationf t he
magneti c di sks with good accuracy. 5ln accordance with a.third as(g%%t of
the presenttaikperdliebio ajratation axigrighiare teeappdr Weteh AftSh FAPQYRE AEREHATNGS t o
one of jhe 4i daiale8 flowdl a8é notSefaicdafsile a
squarezloubeffrés Z%)Vé’ ?’i[ﬁpt?lgqrf%%gggalglﬁs %ﬁ%ﬂgi@?’eéti on gf thenrote;ti on 2xi S.
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ank, wher By e TR o SgeareR Einty “of "the mmgnet i ¢ flocs can be. farther
i mpr oved. In addition, by arranging flow dividing members directly underneath the
respective magnetic disks, it is possible to prevent the raw water from becoming a
25  fast upward flow when flowing through the vicinity of the surfaces of the magnetic
disks. Therefore, the magnetic flocs once adsorbed onto the magnetic disks will not
come off and fall inside the raw water.
In accordance with a second aspect of the present invention, in the magnetic
separation apparatus according to the first aspect, the flow dividing member is formed
30  so that the flow dividing member has a thickness at the upper end being the same as a
thickness of the magnetic disk, and has a wedge shape at cross section in which the

thickness becomes thinner towards the lower end.



In accordance with a fourth aspect of the present invention, the nmagnetic
separation apparatus according to one of the first to third aspects,
further includes sealing plates provided between peripheral surfaces of the
respective magnetic disks 15 and an inner surface of the separation tank in
a way such that base ends of the sealing plates are fixed to the inner
surface of the separation tank and apical ends of the sealing plates as
being free ends g@ptaaling MRwPENIdML riRinbetl nagrE sbipdshecordietd the desdisl.

By providing sealing plates between peripheral surfaces of the respective
magneti c di @Rectaitds thessiblenterhayg the dlowopt l}?eraé‘éWé?%tﬁum‘?dam?ué’c%rfgf?%g to
the fourth Lidad o i I : el orter
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gutter-shaped scrapers. eAdvant age of the Invention 15As described above,
t he magnet isurfaeqariahe omgaptiadisks snd orenflgmsgntoothg ipughs whikorkgravacingfthe he

present invention s, capabl e of. resgllvi t. ?E”’?o%’r@ﬁ; ' Bif8ve th
adsor pti on Sé’é%‘é‘?saf’fcsﬁhe ég?gngﬁgn(%@ksan hregf%g'f el\t;gf Fyé)? !Dci ency o {ﬁ#e} Faghetic
flocs, whi ghmeviRigableatFolheveighetwnfbesragneti ¢ separation appar at uses
have, and renoving t he magnet '&]c fl pcs contfaihned in the [aw .vvather with high
efficiency. In accordance with a fifth aspect of the present invention, in the magnetic
25  separation apparatus according to one of the first to fourth aspects, the retrieving
device includes: gutter-shaped scrapers, each of which being provided, in a form of a
gutter extending from the vicinity of the rotation axis to the outside of the separation
tank, between two adjacent rotating magnetic disks just before entering the raw water
from the air, each of the gutter-shaped scrapers having edge parts in the upper ends of
30 both sides contact the surfaces of the magnetic disks with predetermined urging force

to scrape off the magnetic flocs adsorbed onto the surfaces of the magnetic disks; and

conveying devices provided inside respective gutter-shaped scrapers, each of which



20 Brief Description of the Draw ngs Fig. 1 is a block diagram
illustrating a flow of operation in a polluted water clarification system
whi ch i ncorporates a magnetic separation apparatus according to the present

i nvention; Fig. 2 is a schegatic view of devices that construct
the polluted water 25clarification system Fig. 3 is a perspective
view illustrating a cross section of a part of the magnetic separation

appar at us Q:?ﬁ%ﬁ/gitﬁ'@ ndnbtie ABEESERE scApeA o iropped and fdc@muthtédsirdideetti onal
side view of the ngignetlc separation_apparatus according to the present

i nvent i on; gBOEghaped seraper s thel itside of ASCRATEPNGRNE.-ne nagnetic separation
appar atus accordi e or H\Y '_Qﬂq'p d& Fir8vidBd.| SicRDHf
expl anat ory di agrA g%oxitd?rr%gbt F}%tlﬁﬁg%%éggaﬁ%h 0 ea.fc_rag\?vrsd?r\?iﬂéi .nlg rr’t_entger
arranged i whitteisnimgnfitrincoSe gattat dxeendapfiomt the vaguity dof Hig totationeaxpy stdat

i nventi gn; ) Fig..7 |s,a perspective view.,l] rati ng: lLhg
pl ates arr &5l Ph ﬂfenée@gﬁ’é’é‘n{é‘ﬂ(’cbgtgﬁggi‘fvf’oefﬁ%lcﬁﬁgrr(g? tﬁéé’zr%aggét'é{' %lg&? gmtthe
present i N\yRfYrk eftering the rawfwéter foinkhe ¥ @davkicl has edpeqrarts lih thetupptt ergls

di fferences between out nost magneti c. di sks aqgggsg:%n to the conéent.l onal

art and t hefpotxsides rontacit thesurfaces of thejmpagngti i predstesmineti Wgngm
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in the magneti c separa apparatus according to the 10present invention;
Fig. 10 i s disksexPhawby,dt is mhissipleatmunifailisgly seiapg off the magactihfoefespicaavhgiopt i ng

a screw.conyveyer system Fi 11, I I | .
T oot e e e PO s apet bl plkpdif e 16 (T S Lcks UE B Blnctie
scraper;  disks due to being dried in the air, and it is possible to unfailingly retrieve the

magnetic flocs being scraped off into the gutter-shaped scrapers.

Advantage of the Invention

15 As described above, the magnetic separation apparatus according to any of
the aspects of the present invention is capable of resolving the problems concerning
adsorption separation efficiency and retrieval efficiency of the magnetic flocs, which
are problems conventional magnetic separation apparatuses have, and removing the

magnetic flocs contained in the raw water with high efficiency.

20  Brief Description of the Drawings

Fig. 1 is a block diagram illustrating a flow of operation in a polluted water
clarification system which incorporates a magnetic separation apparatus according to

the present invention;

Fig. 2 is a schematic view of devices that construct the polluted water

25  clarification system;
Fig. 3 is a perspective view illustrating a cross section of a part of the
magnetic separation apparatus according to the present invention;
Fig. 4 is a sectional side view of the magnetic separation apparatus according

to the present invention;

30 Fig. 5 is a sectional front view of the magnetic separation apparatus

according to the present invention;



15Fig. 12 is an explanatory diagramillustrating a retrieving device
adopting a finned belt conveyer system and Fig. 13 is an
explanatory diagramillustrating a relation between a fin in the finned
belt conveyer system and a gutter-shaped scraper. Description of Synbols
2010.. .contam nated-water purifying system12.. .raw water punp 14..
.flocculation device 14A.. .rapidly-stirring tank 14B.. .slowy-stirring

tank 251 6. rragrﬁ-;‘glstwtaw&&ﬂa%dwgh@eammustﬂa&ng olﬁﬂﬁﬁw . fasididngdievi ce
19. stlrrlng bl ade 20.. .magnetic separation apparatys 24...filter

separ at i on TembeearsgEsd . in. thehipasratisr sepgration; gRRIHY FQIHng; (o Lhe present

invention;
Fig. 7 is a perspective view illustrating sealing plates arranged in the
5  magnetic separation apparatus according to the present invention;
Fig. 8 is explanatory diagram illustrating differences between outmost
magnetic disks according to the conventional art and the present invention;
Fig. 9 is an explanatory diagram illustrating a relation between a magnetic
disk and a gutter-shaped scraper in the magnetic separation apparatus according to the
10  present invention;
Fig. 10 is an explanatory diagram illustrating a retrieving device adopting a
screw conveyer system;
Fig. 11 is an explanatory diagram illustrating a relation between a screw
conveyer and a gutter-shaped scraper;,
15 Fig. 12 is an explanatory diagram illustrating a retrieving device adopting a
finned belt conveyer system; and
Fig. 13 is an explanatory diagram illustrating a relation between a fin in the

finned belt conveyer system and a gutter-shaped scraper.

Description of Symbols

20  10...contaminated-water purifying system
12...raw water pump
14...flocculation device
14A.. rapidly-stirring tank
14B...slowly-stirring tank

25  16...magnetic-powder adding device
18...coagulant adding device
19...stirring blade
20...magnetic separation apparatus
24.. filter separation device

30  25...dehydrator
26...rotating drum filter



28.. .showering device 29...circulation punp 30.. .punp 31...sleeve 532..

.Separation tank 33..
36.. .magnetic disk 1037..

.motor 40..

.trough 41..

.side walls 1542..

.disk plate 34...rotating shaft 35.. .bearing
. permanent magnet 38... collecting device 39..

.floc collecting tank 43..

.rectangul ar columm pipe 44.. .inlet 45.. .case
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29..
30..
31..
32..
33..
34..
35..
36..
37..
38..
39...
40..
41.
42..
43..
44..
45..
46..
48..
50..
52..
55..
60..
62..
64..
66..
68..
69..
70..

...showering device

.pump
.sleeve

.disk plate
.rotating shaft
.bearing

.magnetic disk

motor
.trough

..side walls

.inlet

.Case

.sealing plate

1id member

.pulley

fins

.endless belt

F...magnetic floc

.separation tank

.rotatable shaft

.SCrew conveyer

.circulation pump

.permanent magnet

.collecting device

.floc collecting tank

.rectangular column pipe

.diverging member

.reinforcement member

.gutter-shaped scraper

.conveying device

.belt conveyer with fins



46.. .diverging nenber 2048...sealing plate 50...rotatable shaft

52...reinforcenent nenber 55...1id nenber 60.. .gutter-shaped scraper
2562,. .conveying device 64.. .screw conveyer 66.. .belt conveyer with fins
68.. .pulley 69...fins 3070.. ,endless kglt F.. magnetic floc 8 Best Mde
for Carrying Qut the Invention In the follow ng, a preferred

enbodi nent of a nmagnetic separation apparatus according to the present

i nvention wikd NaGaed®s ChirhRg Mitlike IRbgi@nce to the drawings. Fig. 1 is a
bl ock diagramillustrating a flow of operation in a polluted water

clarification syshehe f@dlomingha Prﬁi%'feécﬁnﬂiioé‘@@ltr?é@rféﬁgn@tlg éﬁ&lraathno‘?'i’péﬁé‘égr at us
Flocoul at 1 oveRREE B R e e R e e Pl er
separati on devi ceFig4l is a block dlagram illustrating a flow of operation in a polluted water
5 clarification system 10 which incorporates a magnetic separation apparatus 20
according to the present invention. Fig. 2 is a schematic diagram of a flocculation
device 14, the magnetic separation apparatus 20 and a filter separation device 24.
As shown in Fig. 1, in the polluted water clarification system 10, first, raw
water is conveyed to a rapid stirring tank 14A in the flocculation device 14 by a raw
10  water pump 12. In certain places along a pipe arrangement connecting the raw
water pump 12 and the rapid stirring tank 14A, a magnetic powder adding device 16
for adding magnetic powder, and a flocculating agent adding device 18 for adding a
flocculating agent are provided so as to add the magnetic powder and the flocculating
agent to the raw water flowing inside the pipe arrangement. As for the magnetic
15 powder, ferrosoferric oxide can be used preferably. As for the flocculating agent, a
soluble inorganic flocculating agent such as polyaluminum chloride, ferric chloride,
ferric sulfate, etc. can be used preferably. Meanwhile, although it is not shown in
the diagram, it is preferable that a strainer is provided in the system such that the raw
water can be filtered by having comparatively large size dirt of several millimeter
20  size removed before having the magnetic powder and the flocculating agent added.

In the rapid stirring tank 14A, by rapidly stirring the raw water, the added
magnetic powder and the flocculating agent using stirring fins 19 which rotate in high
speed, tiny magnetic flocs F (also known as magnetic micro-flocs) each of which with
a size of around several tens of micrometers (um) are to be formed. It is preferable

25  that a rotating speed at the edges of the stirring fins 19 is about 1 to 2 m/second
(meter per second). The magnetic powder, and solid floating particles, bacteria,
plankton, etc. in the raw water are to be taken up by the magnetic micro-flocs.

Next, the raw water containing the magnetic micro-flocs is conveyed to a
slow-speed stirring tank 14B in the flocculation device 14. In the vicinity of a

30 communicating room 14C that connects the rapid stirring tank 14A and the slow-
speed stirring tank 14B, a high polymer flocculating agent adding device 21 is

provided so as to add a high polymer flocculating agent to the raw water flowing
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20, details will be described after the entire operation flow of the polluted water

30 clarification system 10 is explained.

The magnetic flocs F having been removed from the raw water by the

magnetic separation apparatus 20 are to be dehydrated by a dehydration device 25,



20 integral structure that includes the rapid stirring tank 14A, the
comuni cating room 14C and the sl ow speed stirring tank 14B. However, it is
al so possible to have a structure in which these conponents are connected
by a pi pe arrangenent. The raw wager containing the magnetic flocs F
of which sizes have grown bigger, are to be conveyed to the nmagnetic
separation apparatus 20 according to the 25 present i nvention. The nmagnetic
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Fig. 37s a perspective view illustrating a cross sectlon of a part of the
magneti c separ atl[MagappaSapustlcﬁoamwu&jl ng to the present invention. Fig. 4

(5,2 sectional 5ige 1 o bISEGNSL LG RARAS 3 Lan. SonALes 2B RO
magnetic separation apparatus 20 according to the present invention. Fig. 4 is a
sectional side view of the magnetic separation apparatus 20, and Fig. 5 is a sectional

25  front view of the magnetic separation apparatus 20.

As shown in Figs. 3 and 4, the magnetic separating device 20 according to
the present invention mainly includes: a separation tank 32 where raw water
containing magnetic flocs F flow into; a plurality of magnetic disks 36 which are
arranged, at predetermined intervals, on a rotation axis 34 provided inside the

30  separation tank 32 in the horizontal direction, and which adsorb the magnetic flocs F

by their magnetic force; and a retrieving device 38 which retrieves the magnetic flocs

F adsorbed onto the magnetic disks 36. In this embodiment, although explanation is



As shown in Figs. 3 and 4, the magnetic separating device 20 according to
the present invention mainly includes: a separation tank 32 where raw water
containing magnetic flocs F flowinto; a plurality of magnetic disks 36

whi ch are arranged, at predetermned injgervals, on a rotation axis 34

provi ded inside the 30 separation tank 32 in the horizontal direction, and
whi ch adsorb the magnetic flocs F by their magnetic force; and a retrieving

devi ce 38 W Ghok GldabeVilitre hed ROMAF nfaghb@ disks 36%0¢ Rel, IR uhber oBgREt i C
di sks 36. In this enbodi nent, althoug‘h expl anation is 11 given on a case
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the rotation axis 34 is connected with a notor 39. On the rotation axis 34,
a pluralityhefawmugieeti c di sks 36 each of which having a fitting hole in the

central part are Ad {iHPRPFIES, Whithe uppdt RiststofPihedRiesfmiaedvAlRt £ ¥hkhe

bet ween each other. Between ‘each adj acent magnetic djsks 36, a sleeve 31 is
provi ded i rseparetiomtanky2athetrotatiop sis Y4is shprastedAly a¥éy hrasines Ae imajrefaishle
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such a way as to adjust the interval between the adjacent magnetic disks 36 and fix
20 the inner periphery of the adjacent magnetic disks 36. It is preferable that the
interval between each adjacent magnetic disks 36 is set to a value within a range of
one to three times the thickness of the magnetic disk 36. If the interval is less than
one time the thickness of the magnetic disk 36, it becomes difficult for the raw water
to flow between the magnetic disks 36. Whereas if the interval is over three times
25  the thickness of the magnetic disk 36 and becomes too wide, it becomes difficult for
the magnetic disks 36 to generate strong magnetic force between each other.
It is preferable that each of the plurality of the magnetic disks 36 being
supported by the rotation axis 34 sinks under the raw water in the separation tank 32
by 1/2 to 2/3 portion of it. In such case where the magnetic disks 36 are arranged
30  such that they partly sink under the water, the magnetic flocs F adsorbed onto the

magnetic disks 36 in the raw water are retrieved by the retrieving device 38 when the

magnetic disks 36 rotate and bring the magnetic flocs F to the air. Accordingly, it is



25 the thickness of the magnetic disk 36 and becones too wi de, it becones
difficult for the magnetic disks 36 to generate strong nagnetic force

bet ween each ot her. It is preferable that each of the plurality of
the magnetic disks 36 being supported bypthe rotation axis 34 sinks under
the raw water in the separation tank 32 by 1/2 to 2/3 portion of it. In
such case where the magnetic disks 36 are arranged 30 such that they partly
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this way, by bavbeadivided riaw vigheansUuppldaps 44IN anQMMeaé}eeﬁ wWat:lerfomnécbt 44
divided into two flows in the right anﬂ Ieft dlrect 43 by letting the raw
wat er hit dséved thefoed-watgy @Mé‘*rﬁ@ﬁﬁ%@ 9% diydmegRrhEetoot "t he raw wat er

flow nggbet veen eactAe &¢ %3¢, 4, by having these flow dividing members 46, the raw
water supplied from the feed-water inlet 44 hits each flow dividing member 46 and its

flow is divided in radial right and left directions of each magnetic disk 36. In this

way, by having the raw water supplied through the feed-water inlet 44 divided into

two flows in the right and left directions by letting the raw water hit each flow

25  dividing member 46, a flow rate of the raw water flowing between each adjacent
magnetic disks 36 can be reduced, whereby the raw water becomes a slow upward

flow that moves upwardly passing among the magnetic disks 36. Thereby, it is
possible to have the magnetic flocs F in the raw water efficiently adsorbed onto the
magnetic disks 36. In addition, by reducing the flow rate of the upward flow, the

30 magnetic flocs F once adsorbed onto the magnetic disks 36 becomes hard to come off.
Furthermore, as shown in Fig. 5, the raw water entering the separation tank

32 from the feed-water inlet 44 is also divided in a thickness direction of the



magneti c di sks 36 can be reduced, whereby the raw water becones a sl ow
upward flow that noves upwardly passing anong the magnetic di sks 36.
Thereby, it is possible to have the magnetic flocs F in the raw water
efficiently adsorbed onto the magnetic g4sks 36. In addition, by reducing
the flowrate of the upward flow, the 30 magnetic flocs F once adsorbed
onto the magnetic disks 36 becones hard to cone off Furthernore, as shown
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Therefore, the magnetic flocs F once adsorbed onto the surfaces of the magnetic disks
20 36 are not scraped off due to the flow of the raw water.

In addition, as shown in Fig. 4, the separation tank 32 is provided with
sealing plates 48 which seal the gaps between the peripheral surfaces 36a of the
magnetic disks 36 and the inner surface of the separation tank 32 so that the raw
water supplied from the feed-water inlet 44 does not take a shorter route through the

25  peripheral surfaces 36a of the magnetic disks 36 and flow out into the troughs 40.

As shown in Fig. 7, the sealing plates 48 have their base ends fixed to a
turning axis 50 which is supported by the separation tank 32 in a turnable way, and
have their apical ends as being free ends touching the peripheral surfaces 36a of the
magnetic disks 36. The turning axis 50 is urged by a spring, etc., which is not

30 shown, to rotate in the direction of the arrow. Thereby, since the sealing plates 48
are contacting the peripheral surfaces 36a of the magnetic disks 36 with

predetermined contact force, they can prevent the raw water from taking a shorter



25 peripheral surfaces 36a of the magnetic disks 36 and flow out into the
troughs 40. As shown in Fig. 7, the sealing plates 48 have their
base ends fixed to a turning axis 50 which is supported by the separation
tank 32 in a turnable way, and have thejqy apical ends as being free ends
touchi ng the peripheral surfaces 36a of the magnetic disks 36. The turning
axis 50 is urged by a spring etc., which is not 30 shown, to rotate in the
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magneti ¢ di sks 36A and As shown in Fig.
With respect to the inner magnetic disks 36B, because there are opposed

20 magnetic disks on both sides of each of them, as long as they are arranged at equal

intervals, the magnetic force of the inner magnetic disks 36B should be kept in a

balanced state and thus the inner magnetic disks 36B are free of the problems of
magnetic leakage, deformation, etc.

As a counter measure to such problems in the conventional art, Fig. 8(B)

25  shows a different arrangement of the magnetic disks 36A and 36B. As shown in Fig.

8(B), the inner magnetic disks 36B have the same structure as the ones in the

conventional art, that is, each of them is structured as having permanent magnet

pieces 37 arranged on both sides of the disk substrate 33 in such a way that the

ferromagnetic disk substrate 33 is sandwiched therebetween. On the other hand,

30  with respect to the outmost magnetic disks 36A, each of them has the permanent

magnet pieces 37 for exerting magnetic force arranged only on the inner side surface

of the disk substrate 33 (i.e. the surface on the side of the inner magnetic disk 36B)



8(B), the inner magnetic disks 36B have the sane structure as the ones in
the conventional art, that is, each of themis structured as having

per manent magnet pieces 37 arranged on both sides of the disk substrate 33
in such a way that the ferromagnetic di gk substrate 33 is sandw ched

t her ebetween. On the other hand, 30 with respect to the outnost magnetic
di sks 36A, each of them has the pernmanent magnet pieces 37 for exerting
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i nner magnetisks iAsjeee ammeedfodbhableitndiavea dnae; § feht thi th dpner
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extent that the outnost magnetic di sks is not deformed due to the
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ferromagnetic material, it should be nore preferable that the pernanent
magnet pi edegcesﬂam@teghh@fdhﬁdlskﬁébﬂitaé«3%@5§tspi@léh 33 with an adhesive agent,

althougy 1t 15 ahginREastPltint ullly réﬁieg%gg%mw oFBECes i & theSifiner

directly attached dIS using the 20 nagnetic force of
t he per mananigneegdésk lﬂEGﬁEﬂ'le&?dse Af having thei disk sub:straw 3 m@dqn@fskrlbh@gnfdlc
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i s al so posgigd &isk gutmeéa: POGKREE alR&ivesdpen) altheughed iscalsd ﬂmsmw fodmes tief t he
ferromagnetic di sk substrates 33 so that the permanent %3p1|1s?r(1:e%he37 can
fit in thoserpaegstmagnet pieces 37 directly attached to the disk su g
20  magnetic force of the permanent magnet pieces 37. At this time, it is also possible
to arrange such that resin is molded to the space formed inside the case 45.
Furthermore, in order to enhance the stiffness of the magnetic disks 36, it is
also possible to have pockets (not shown) formed on the surfaces of the ferromagnetic
disk substrates 33 so that the permanent magnet pieces 37 can fit in those pockets.
25 A method for manufacturing the magnetic disk 36 having a plurality of
permanent magnet pieces 37 fixed to the surfaces of the disk substrate 33 includes: a
disk substrate formation process for forming the disk substrate 33 into a honeycomb
structure in which at least one of the surfaces of the disk substrate 33 have a plurality
of holes serving as the above-mentioned pockets; a magnet fitting process for fitting
30  the permanent magnet pieces 37 in the pockets formed on the disk substrate 33; and a

placing process for placing the disk substrate 33 with the permanent magnet pieces 37

being fitted therein inside the case 45 having a torus-shape cavity formed inside.



25 A nethod for manufacturing the magnetic disk 36 having a plurality of
per manent nagnet pieces 37 fixed to the surfaces of the disk substrate 33

i ncl udes: a disk substrate formation process for formng the disk substrate
33 into a honeyconb structure in which g4 | east one of the surfaces of the
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pi eces 37 are not arranged on the outer surfaces of the disk sogﬁgtrat es 33

of the resptdt iy dagingnpekettn Jhe prekeds shaulddr farmedeon both sidey ¢ diske raw
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of the separation tank 3
P outmost magnetic dlSkS 36A and the inner surface of the separation tank 32 may flow

20 out into the troughs without having the magnetic flocs F being adsorbed and
separated. As a countermeasure to this problem, as shown in Fig. 5, shielding
members 54 are arranged to fill in the gaps between the outer surfaces of the
respective outmost magnetic disks 36A and the inner surface of the separation tank 32.
These shielding members 54 are arranged in such a way as to not disturb the rotation

25  of the outmost magnetic disks 36A. As to the shielding members 54, it is important
that they do not disturb the rotation of the outmost magnetic disks 36A, and thus,
material that has less friction and that is soft such as resin, sponge, etc. can be used
preferably. In this way, even though the permanent magnet pieces 37 are not
arranged on the outer surfaces of the disk substrates 33 of the respective outmost

30 magnetic disks 36A, the magnetic flocs F are not flow out into the troughs 40 as they
are. As can be seen in Fig. 5, there are still concave shaped gaps formed between

the outer surfaces of the respective outmost magnetic disks 36A and the inner surface



These shi el ding nenbers 54 are arranged in such a way as to not disturb the
rotation 25 of the outnost nagnetic disks 36A. As to the shielding nmenbers
54, it is inmportant that they do not disturb the rotation of the outnost
magneti c di sks 36A, and thus, material t{hat has less friction and that is
soft such as resin, sponge, etc. can be used preferably. In this way, even
though the permanent naegnet pieces 37 are not arranged on the outer
surfaces ofyfiheséhasifion YRt 1260 tBouddf thédeeirs gEplaiig Membets 5836 s& thegipst i C
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out npst  nagHmIciuce i it gegBRaryapplicabla tocthp owonesk mMEERPtiediskH3 A aniyn At can
magnet i¢ di,sks | . ST i ption will be given on the
floc relt%ri et{ﬁaf%’ﬁ e%oﬁg%r%agetﬁ%élg?%\%ﬁzss t gﬁ'magnetic fl ocs F adsorbed onto
t he magnetic di sk$ow6a description will be given on the floc retrieving device 38 that

retrieves the magnetic flocs F adsorbed onto the magnetic disks 36.
The floc retrieving device 38 includes mainly composed of gutter-shaped
scrapers 60 and conveying devices 62.

15 Each of the gutter-shaped scrapers 60 is provided in a form of a gutter that
extend from the vicinity of the rotation axis 34 to the upper side of the floc retrieving
tank 42, and it is arranged such that it comes between two adjacent rotating magnetic
disks 36 just before entering the raw water from the air (ref. Fig. 5). Each gutter-
shaped scraper 60 is configured in a manner that its edge parts 60A in the upper ends

20 of both sides of it contact with the surfaces of the magnetic disks 36 with
predetermined urging force, by which the magnetic flocs F adsorbed onto the surfaces
of the magnetic disks 36 can be scraped off.

The conveying devices 62 are provided inside respective gutter-shaped
scrapers 60, and each of them is to convey the magnetic flocs F, which have been

25  scraped off, dropped and piled up inside the gutter-shaped scraper 60, to the upper
side of the floc retrieving tank 42 where it drops the magnetic flocs F into the floc
retrieving tank 42.  As for the conveying device 62, a screw conveyer 64 or a finned
belt conveyer 66 can be used preferably. Figs. 9 to 11 are showing the case when
the screw conveyer 64 is adopted, whereas Figs. 12 and 13 are showing the case when

30 the finned belt conveyer 66 is adopted. In Figs. 9, 10 and 12, only the magnetic

flocs F that are on the parts of the magnetic disks 36 exposed in the air are shown.



The floc retrieving device 38 includes mainly conposed of gutter-shaped
scrapers 60 and conveyi ng devices 62. 15Each of the gutter-shaped scrapers
60 is provided in a formof a gutter that extend fromthe vicinity of the
rotation axis 34 to the upper side of thg floc retrieving tank 42, and it
is arranged such that it cones between two adjacent rotating magnetic di sks
36 just before entering the raw water fromthe air (ref Fig. 5). Each
gutter-shaped scrapgowdQniFss.00Md @itteehdpd 3crapeed hdslistedpé partdgA pathes 60A
in the upper ends 20 of both sides of it contact mLth the.s%éfa%ﬁg ﬁ% t he
magneti c diupRst geisupf Rothr Bdest of i sradectthe suriacss Of theymagnetie, disks I0ayHdti ¢

flocs F ad Em&nﬁﬁ%/@prt:&gle%f&éé}%ﬁle%e fiRr BREBEId fardicdinSard Goraid iRRh&HF aped

of f e conveying Ices 62 are provided inside respective
gut t er - shapbit-waltcipehapes 0, Wathdthisa strugstire; Hegnmagnetic dloay &y adspsbedagniet the f 1 ocs

F, which have. bee 25 _scrap f f KO ol c LS

gutter- g haps(‘-jlgfa%%srogﬁlé‘f' m%%‘}e“t"oﬁg‘ﬁg%%‘g"rh aglgc?fga@&dltnﬁléé ?ﬂ 8%‘9}839 ?‘Jiegt\%r{’lrga% tz(i)nk 42
where it driepsrdpeé offigy eiel wpplel 66d efigd pares 607e of thecguteet-shapedrsgrapan&0,4hd As
for the conyeying device 62, a screw 8§nveyer 64 or a finned belt conveyer
66 can be dggﬁpegrl’étpé}‘%lg?%r'sh%%fsc@aﬂeb 1 are showing the case when the

screw conveyer 64d $hoRAPRE Bfhs. YNBrBAS fch@P pakZoA0@f 1k SEr8wSdavtyg R case
when 30t he finned belt conveyer 66 is adopted. In Figs. 9, 10 and 12, only

t he nmagnet iconfainpdsingide tthe geftes-sbapadhecrangr 108, and preenchghie T $RE 638 Bxposed
in the,air I g9, 11

scr aperl%GO Cﬁggecﬁ s'yé{:;adlgﬂlfa)ilog<36r4 P S éﬁﬁﬁls %&f{%‘é‘gs %H&Hgirﬁelgr%g'sl ldgﬁebgl%l%} g{r%ggeg?féi t

cont act t heguster-fleaped efrapicne6Oafioet iits didsk sto3dotiomh showd eprefarablgdhgreesisi ng

force, while the per end ge paris 60A are fornmed in sharp.thin-walled
shapes. | w el ARS o dhat o Srigh fete o fipBred i S alel” onPebi I
surfaces ofmifiRtLiTEIRISIE GiHES kive BeeVit PPedraddrfitedt imdnside tegataakupsie

direction, are to be scraped off by the upper end edge part.s 6 of _t he
gut t er - sha6ERPSE OIS CBYEYeth BY e piSERI iCREBEYEh4gin e vgﬁf‘a %ée sogﬁaﬁeﬂ“ao.

As showg i.r}eﬁeggigttﬁ%ﬁgz %ereathﬁfél% ol%@rdhggféééxg{id% ﬁg fﬁ)‘érr@megﬁl@;’tﬁﬂd@Mﬁ‘l is

cont ai ned i nsi gutter-shaped scra . one end of the screw
part 64A is 10 cdméot ethet bamd,nottbe cgstBof hdontingsthe fomed beliseomypydrPortog. 11,

the inner surface of, the qutter-shaped scr r. 0 f i 4.5::8] d ottom
shoul d pr ef BPEHIT 2% ecogvggﬁ\gc e?’bcﬁla(%’ ehgtﬁ‘g&grg ‘?hagt%%vndlézﬁggpg%g&?sl?f or ned
i N conveyanm firkt@teRcontéyeer 6838 pidviddd! wicls a Ipaittoif phllagsvEs trebothdides édheand

piled up inside the gutter-shaped scraper, 60 is conveyed by the sc
conveyer 64magnetipdiskpifein degadigh g’trﬁ‘é“’inl (HrcthiS‘F@P?ti“‘e N ga’ida?f{e%geﬁﬁﬂ’é’itgm hey
are toojpe H%eﬁ'n i f rEb paf\d MK dre of the pulleds bBEn Ahder
hand, izlr? tﬁglgc se éo?‘??isgﬁﬁ |§g a’%(ﬁgldfi nrg)lgd ggﬁ gd;nveye? 6_&“? I?tuog??mcti on as

t he conveyipuiy id evimsste@i2o at dréving denite suchi as aamotoRosie, Whidhiiggot shpwand This  The

e el RV B0 SEnh BN e bR R B, 51 0
an endl ess 1@l fins/69 are provided in a large number at predetermined intervals on the outer
surface of the endless belt 70, and they are formed as being vertical with respect to
25  the endless belt 70. In this case, as shown in Fig. 13, the inner surface of the gutter-
shaped scraper 60 from its sides to bottom should preferably have a shape that suites
the shape of the fin 69 so that no dead space will be formed for conveyance. For
instance, if the shape of the fin 69 is an inverted trapezoid, then the inner surface
shape of the gutter-shaped scraper 60 should also be an inverted trapezoid.
30 In Figs. 9 to 13, although supporting mechanisms for the gutter-shaped
scraper 60 and the pulleys 68 of the finned belt conveyer 66 are not shown in

particular, it is possible to have them supported by the main frame of the magnetic



20 having fins 69 is wapped around the pair of pulleys. One of the pulleys
68 in the pair is connected to a driving device such as a notor, etc.,
which is not shown. This endless belt 70 is not supposed to contact with
the surfaces of the magnetic disks 36. The fins 69 are provided in a |arge
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5 the magnetic disks 36 into the separation tank 32 due to gravity.
Furthernore, the magnetic flocs F adsorbed onto the magnetic disks 36 are
consolidated due to the magnetic force of the magnetic di sks 36. Thereby,
dehydration of the magnetic flocs F is pponoted to the extent that they
turn into sludge forms wth noisture content of about 90% 10The nagnetic
flocs F wth their dehydration being pronoted are conveyed by the
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the respect{9B BATHHIPCTHREPS B18i%Ks 36A with the permanent magnet pieces
bei ng arranged arSiné®dRe t Mafidtic SepLatmhappadiust RO acesdinpato tire pieseht

substrates 33 of the respective 5 inper magpetic disks 36B. In . this case,
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In addition, the shieldi ng _rregxbers 54 are arranged to fill in the gaps
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bet ween r espiscthievew suteref adsogfedianto Bgtpesnetipdipgke8Pc di sks 36A and t he

i nner surface of t S i T b { kel I :
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Furthermore, among the plurality of magnetic disks 36 arranged on the

rotation axis 34, the inner magnetic disks 36B are structured as having the same

structures as the ones in the conventional art, that is, each of them is structured as

30 having permanent magnet pieces 37 arranged on both sides of the disk substrate 33,

whereas with respect to the outmost magnetic disks 36A, each of them is structured as

having the permanent magnet pieces 37 for exerting magnetic force arranged only on



15det eri or at ed. Mor eover, by adopting gutter-shaped scrapers 60 for
the retrieving device 38, it is possible toreliably retrieve the nmagnetic
fl oes F adsorbed onto the magnetic disks 36. Wile the magnetic separation
apparatus of the present invention have2been 20 explained in detail, the
present invention is not limted to the above exanples, needl ess to say,
various inprovenents and nodifications may be added w thout departing from
t he scope ofhetiliger Bidesenfacée ofvthetdiknsubst?e GRA.&/Bhd surfacemgribe side o€ plae mheon
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nmagnet i ¢ di THESAY SULNCSS-¢ | 6\ di vi di ng nenbers, provided directly underneath
the respective magn@ditongitskaieldibg elentbews Stearcherahpalnodill inthe paye b een

supplied fromthe feed-water inlet in right and |eft difrections th
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according to claim1, rein .
g into the troughsV\Q(?, wlhereby the water quality of the treated water does not be

15  deteriorated.
Moreover, by adopting gutter-shaped scrapers 60 for the retrieving device 38,
it is possible to reliably retrieve the magnetic flocs F adsorbed onto the magnetic
disks 36.
While the magnetic separation apparatus of the present invention have been
20 explained in detail, the present invention is not limited to the above examples,
needless to say, various improvements and modifications may be added without

departing from the scope of the present invention.



the flow dividing menber is forned so that the flow dividing nenber has a
t hi ckness at the upper end being the sane as a thickness of the magnetic

di sk, and has a wedge shape at cross section in which the thickness becones
thi nner towards the | ower end. 3. The #agnetic separation apparatus
according to claiml1 or 2, wherein the feed-water inlet is formed in a
square tube shape which is longer in the direction of the rotation axis.

4. The magnetic separation apparatusclageees ding to any one of clains 1 to 3,
further conprising 23 seal ing plates provi ded between peri pheral
surfaces of the respective nmagnetic disks and an inner surface of the
separatign tank J . b&ﬁﬁ, s of the sealing plates are
fixed toq”t he i%n%%ngﬁrf %%H%?al%pE%Equpar (fii?lgn tank and apical ends of the
seal i ng pl at esa aepaistion tank tewhish daw wetst eqtaiving meendtisilocals ta flewantedhef t he
magneti c_di sks. etLc. ' | y one
of ol ai mietpign sl e FRRERHG S HERAL AR NBREARAREERAANA ik B

gut t er - s bapddngihe agvewster wahdisaphratibn @hk beamgpwardflowed, in a formof a gutter
extending fromthe vicinity.of. the .rotati.on axis.tot out si f the
separ ati on tanRP“Baé%%‘Ha cglﬁﬁ(sa‘glélﬁlfa Sfbatpfﬂlﬁg?‘?gﬁ(r?\lgfslh%%#ggrsngﬁjegf bef or e
ent er i ng &b theephurakity SF nrapRdtictdisks Béing aapbd af prédeecrgitet] éritershlaped ratatianper s

havi ng edge parts.in the upper eggﬁ of E}E}oth,ﬂy&g& cqgi aﬁt t he surfaces of

t he magné¥is prayidef in (e sepapition &ank2ps Reipe SHOgRRL? Suilinds rayewaterin theo
magnet i ¢ sfd.nfen gROr bed onto the surfaces of the magnetic disks; and
conveyi ng devices provided inside respective qutter-shaped scrapers, each
of whi ch conveysetti%énmir@twmcme@@gesﬁgfr mgenstie %ﬁ@%ﬂdﬁ?vbsd ofe IS eReaRr

accumul ahgﬁ,i nsi de the gutter-shaped scraper to the outside of the
separation Yank. 6. The magneti c separation apparatus according to claim4,
wher ei n fioweliddiag imeqibptsapresidpd divestly andemecathathe veapestivé megnefic diskfig

it hout CORPERTHEBE IRy & e Rl Eh e RuaBe e fHEfrah et b uitlen, OO

separ at i ditc@pRaivith kSp&t exuehodg of theahagnenicdiskstaad @i athidkeess direatipndthdevi ce is
of the screw copveyer provided with a screw part contained inside the
gutter-sﬁﬁ‘ﬁ@‘ﬂ‘céj&kéaper. 8. The mmgnetic separation apparatus according to

claim5, wher ehRair of trough Hr&RMICH IpPostEVdi&d of thedsepdritidadiepakalRDiORY €1 i N
which a pair of pulleys are placed on both sides of each magnetic disks in
the radi astaiifinaxis; where gRatehwaivngirsreraodnsiae angneis fiaqefrensheemt WHE G f i ns
is wapp%gdg%tg%&sgt;&ﬂg‘%;r of pulleys.

wherein each of the flow dividing members divides the raw water and guides each

of the divided raw water to flow into a space between adjacent magnetic disks.

2. The magnetic separation apparatus according to claim 1, wherein
the flow dividing member is formed so that the flow dividing member has a thickness
at the upper end being the same as a thickness of the magnetic disk, and has a wedge shape at

cross section in which the thickness becomes thinner towards the lower end.

3. The magnetic separation apparatus according to claim 1 or 2, wherein

the feed-water inlet is formed in a square tube shape which is longer in the direction

of the rotation axis.

4. The magnetic separation apparatus according to any one of claims 1 to 3, further

comprising
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sealing plates provided between peripheral surfaces of the respective magnetic
disks and an inner surface of the separation tank in a way such that base ends of the sealing
plates are fixed to the inner surface of the separation tank and apical ends of the sealing

plates as being free ends contact the peripheral surfaces of the magnetic disks.

5. The magnetic separation apparatus according to any one of claims 1 to 4, wherein

the retrieving device includes:

gutter-shaped scrapers, each of which being provided, in a form of a gutter
extending from the vicinity of the rotation axis to the outside of the separation tank,
between two adjacent rotating magnetic disks just before entering the raw water from the
air, each of the gutter-shaped scrapers having edge parts in the upper ends of both sides
contact the surfaces of the magnetic disks with predetermined urging force to scrape off the
magnetic flocs adsorbed onto the surfaces of the magnetic disks; and

conveying devices provided inside respective gutter-shaped scrapers, each of
which conveys the magnetic flocs being scraped off, dropped and accumulated inside the

gutter-shaped scraper to the outside of the separation tank.

6. The magnetic separation apparatus according to claim 4, wherein
the sealing plates prevents the raw water from flowing through the peripheral of
the magnetic disks to overflow into the troughs without contacting the surfaces of the

magnetic disks.

7. The magnetic separation apparatus according to claim 5, wherein
the conveying device is of the screw conveyer provided with a screw part

contained inside the gutter-shaped scraper.

8. The magnetic separation apparatus according to claim 5, wherein
the conveying device is a finned belt conveyer in which a pair of pulleys are
placed on both sides of each magnetic disks in the radial direction of the magnetic

disk and an endless belt having fins is wrapped around the pair of pulleys.



