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Full English (renslation of thé iniginal specification of PCTATPST/O0TST (WOST/33696)

QEVICB F OR MAGNETICA’LLY AGGLOMERATING AND
'I'REATNG IMPURITIBS IN LIQUIDS '

] ,.\ ‘. s . .
¢ " ‘-

SIECANE ""-';'I'hlsz‘lnvennon relates to'd devme for magneucally agglomeranng_; D

PE "and treating mpunnes in lzquxds 80 28 to msgnetmlly agglomerate and

. 'treat the unpunues such as’ magnetxc suspensxons and non-magnetic'. .

.-v.suspensmns 'in’ the.: hquxds, théreby to  magnetically- adsorb me,q on. - L
Sl 17 IIAgRets, for: example, relates Yo a device fot Temoving' from ‘pracessing .. - -

. hquids impurities of magneﬁc suspensions-such -3s cu’tungs and metal

' - .'powders, ‘and’ non-magnetic’ suspensions suchi as- carb%n and soil matters, .
~.  which ‘are contained in oily or.aqueous proeessmg liquids'.used for

" electrical discharge machining by an electrical discharge machine or for :_ )

S _'cuttmg work or gmdm,g work to cast articles by machine tools.

- .. Hitherto, ﬁne unpunnes such . as- suspensions (collo:dal.-
substanees) contained in liquids, have been temoved by a filter using a
filter paper or filter cloth or by a pre-ooat filter coated with a filtration
- auxiliary. These - fine impurities such ‘as suspensions are, however,
immediately adhered to the filter and accumulated thereon to increase a
flow resistance of the filter, for which reason removal of the unpuntzes by
© the filters are: often made impossible within a'short time.. -
Therefore, there were disadvantages’that removal ;:rocess of fing "~
" impurities such as suspensions by means of a filter or a pre-coat filter has

to be discontipued to exchange the filter paper or filter cloth, or to pre-coat

the filter with the filter auxiliary every times,

- According to circumstances, fine impurities such as suspensions

" may be removed by using a screen or a strainer. In-this case, however,

clogging with the fine impuritics appears soon to increase the flow
resistance, thereby making remcval process of the impurities impossible in

a short time, for which reascn i is necessary to discontinue the removal
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Full English translation of the original specification of PCT/TP97/00797 (W097/33696)

“r .

. 'process of the fine impurities’ for cleaning the screen or strainer every
7. 77 L As mentioned ‘above, in fhe conventional impurity removing
U2 -process,in order to removethe fine impurities such 25 suspensions i the
=+ " liquids, it is necessary to discontinue the removal process frequently, for
2.5+ which"reason ‘there “are’ disadvantages in not only inefficiency of the . -
{."; process’ but "also’~ complicited, timesconsuming ‘and inconvenient
i1 operations such as'xchange of - th filter papér or cloth, pre-coating with: " i
5%, the Siltration awliary. and “cledning the scréen or" punching ‘metals. . ..
JL#: 7 7 Particularly, upon: disassembling the filter (2pparatus), many problems are - .. .+ -
227 raised not-only'in long term' discontinyation of the impurity removing. * " ..

.57 .~ Process ut alio.lis fucreasing initil and-ruging, costs of the fmpurity -

T rmovgin o L P
Soe T I addition to the’ above-mentioned - filtration apparatuses,”
= 'magnets such as ferrite have-also been used to magnetically ¢dsorb.and -
. -~ Texove fine impurities such as suspensions in liquids. Since, however,
.. magpets such as férrite are used, which have 2 magnetic force of 1200to -
. . 4000 gausses.. The removable impurities. in liquids by such’ the magnets
; - wolild be' only the magnetic suspensions such as iron, or nickel, but non- -
. . magnetic suspensions such'as ‘carbon or:oils are almost unremovable to
" rosid in the meated liguids. o U
R “The residual non-magnetic suspensions such as carbon and oils
* [« ¢ in the treated liquids cause problems in'pollution and corruption likely to.
" . .generate malodor and off-flavor, thereby deterioration of the work
" - environments. - o
S ~ If'the liquids containing such the non-magnetic suspensions are
. - discharged to sewage or rivers without Proper treatments, then the - -
© - problem with environmental pollution are caused, for which reason it is

.necessary to separately provide ‘waste-liquid treating systems, -thereby ~ '
" - incressing plant and equipment investments, . | - . . . -

o For disposal as industrial waste in open-spaces near the factory, "

. it is necessary to keep a vast disposal space due to a large amount of the

Wwaste. Relying upon disposal tiader raises another problem with increase

. in the cost for disposal, . |
| If a treating object is a used electrical discharge working liquid
or a coolant liquid, then the magnetic suspensions and non-magnetic
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. FallEnglish wansluon of the original specification of PCT/IPI/00797 (WOS7/33696)

,'suspensmns are meluded as’ xmpunttes, for wlnch reason effective
tngtedtents for the machining liquid or. coolant liquid arc also .included
therein. The removal of thesc' impurities makes the liquid available ‘again
2§ "an’ ‘electrical ’ dtseha:ge machuung ltqtud or. the’ coolant llquld. .

- s Notmthstandmg, 10 Te-cycle was made as resougces,

.The present mventor hes conducted mtenstve researches on

‘. '5-_ magoetic adsorption” of. finé’ impuritics “such’ as. suspensions. by using
RE ."‘.'magnetsm orderto solve the above-menuoned probletns ‘with.the priorart,; N
.55 -and " could " develop ‘a ‘method - andan" ‘apparatus” for - magrietically. - '

.3 agglomerating and treating impurities iy liquids to. remave the imipurifies - A
;'f",[ ;" from the ltqutds as menuoned in Iapanese La.td-open Patent Publ.tcauon SR
L *No 6-71195. L L
el Namely, in aecordanoe w:th tlus developed unppnty removmg AT

:' Y g ’:'fmethotl a-liquid lncludmg lmpunnes ‘such. as magnetic. suspensions or

2T non-magretic” ‘suspeasiois is flowed onto ' magnet’ ‘having '3 maghetic .. .
« . --~force “of not"Igss than 4000 gausses -(preferably: mof- less than 12000. -. .-

L "gausses) at a ﬂow rate of 0. 01 to 0. 1m/sec, so that the impurity conta.tmng L

7t .+ liquid is-made into’ contact with the’ magnet. for 0.1 to 180 mtnutes, S

= '(preﬁerably Q.OSmGOmmutes), thereby causmgamagnettc agglomeration = :.:

i of the non-magnenc suspensions in'- cooperation ‘'with -the magnetic

-. " suspensions in the liquid as'core particles, resulting in magneuc adsorption
' onthemagnetsforremovedthereof. .
. For the’ impurity removwg system, rotary plates are ﬂxed to
_opposite ends of a rotary shaft; pmuded in 2 magnetically agglomerating-
and treating tank, and a plurality of magnets having a magnetic force of
‘not less than 4000 gausses (preferably not less than 12000 gausses) are
. attached at a predetermined interval onto entire segions of confronting
- sides of the two-rotary plates. In this case, ‘the' plural magnets are so e
: an'anged asto make -magnetic pole pairs, so that the plural magnetsonthe = - -

" one rotary plate form magnetic pole orders of N, N, S, S, N, N, S, S, whilst
the plural magnets on the other rotary plate form magnetic pole orders of S,
S, N, N, §,'§, N, N, thereby causing the magnstic agglomeration of the

“non-maguetic suspensions in cooperation with the magnetic suspensions
as core particles to form a magnetic field for magnetic adsorption onto the
magnets, whereby the magnetic agglomerates adsorbed on the surfaces of
the magnets are peeled by scrapers which ‘arc provided adjacent to the
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Full English translation of ths original specification of PCTAPY7/00797 (WOST/33656)

w*

" surfaces of the magnets ﬁxed on n the two rotary plates in order to remove
the rmpurmes inthe liquids." ' -

Dunng the* continuous mvestxganon of the mpunty removal
techmque in ' the liquids*'mentioned ‘in .Tapanese I.atd-Op _Patent,

. Publication No. 6-71195, the follgwing facts were found. If the magnetic.

-farce-of the maguets, the flow rate of the- lxqurd the tune of contact of the
llquxds with the magnets, and the ' magnetic’ pole amngement of -the
megnets were:set yader:the ‘same condmons as' mentioned - above, then.

dunng the: magnenc agglommtes ‘of the mpunties in" thehqmds a part of o

- the * niop-magnetic suspens;ons is not involved ' into “the magnenc; A
agglomerates and thus removed, wlulst other ‘part of the non-magnetrc". '
suspepswns is 'not magneucally agglomerated nor mvolved into the

. maguetic agglomerates, thereby residing in the treatmg hqtuds resultmg Lo

. in deterioration'of the quality.of the treating. hqmd. :
: Accordmgly it is an object of the Jpresent § mventxon to ptovrde a

treanpg apparaﬂrs capa‘ble ofmagnemlly agglomeratmg all the impurities ’ '_

such as magneuc ‘suspensions and non-magnetw suspensions (colloids)
-included in- liqmds to completely ‘remove the sarne from the liquids
' without discontinuation of the removal treatment of the jmpurities such as. -
the magnetic suspensions and non-magaetic suspensions in the liquids.

, It is another- Obj ect of the present jnvention to provrde 8 treating
:.apparatus capable of reducing initial and. Tunning costs for impurity-

L xemoval process ‘from ‘a liquid without discontiguation of the removal

proeess, and with nor exchange of filter papers or ﬁlter cloths nor.cleaning
stramers every tunes :

It is a further object of the present mventron to remove
unpuntxes -from ‘waste liquors such as the used clectrical discharge
- machining liquids and coolant liquids, which are hard to be treated and
discharged: and also which require costly disposal, and to recycle the
- electrical discharge machining liquids ard coolant hqurd as the treating
. liquids for effective use as resources.

Jt-is a still further object of the present invention to separate -

. “impurities in-the liquids and eliminate the liquid from: the imapurities for
collsctions of the impurities, thereby to largely reduce the amount of the
wastes, save the disposal space, curtai] the disposal cost, and to prevent

- corruption of wastes and generation of odors for improvement of the work
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Fall Boglish translasion of tho original specificatina of PCTAPO7/00797 (WO97/23656)

-~ - .

envuonm' ) ents '

= The appa:ams for magneueally ag;lomeratmg and treatmg
w0 "'mpunhesmhquxdsaeeordingmthepresentmvennonlscharactenzedm-
LT 'thatrotaryplatesneﬁxedtoopposlteendsofamtaxyshaftprovxdedma,

%o % 7 magnetically agglomeraung‘and treating tank which is commynicated with .
et 0 4 2 stock ‘solution inlet ‘pipe ‘and .2 treated hqmd outlet: pipe, 'and the

i '. - confronting sides ofthe two Totary, plates are’ ‘attachiad with gides. ofa -
T ."...shapedyoke, and a plummy‘of rnagnets havmg a magneuc force ‘of not
% % *less than -4000° gausses are’provided at-an interval:on ‘eatire: regions of .
F50 confronting:sides of the yoke so as to form a2’ ‘magnetic field defined by a -
T .. . ¢ distance of3to200mmbetweentheconfronnngfacesofthe magnets, and
- a magpetic adsorption mezns- is provided- for -flawing, through the: -
AR "-'magnenc field at a. ﬂow rate- of .0.01  fo- 0:1m/sec; & liquid contammg
EUL 0 - impusities sucb as magneﬁc ‘suspensions ‘and- non-magnetzc siispensions,
r. 7. soasto make the unpnrity eonmin;ng hqmd into contact with the magnets
=i .. for0.05 to 60 minutesin oxderto telease one of the paired ¢lectrons of the
non-magnetic suspenslon in. the lquid to produce unpaned electrons
which. are magnetically agglomerated together with- ‘the magnetic
suspensions and adsorbed on the magnets, and a peeling means is provided
for peelmg the magnetic agglomerates adhered onto the surfaces of the
magnets. .
- In the apparams for magneucal.ly agglomeranng and treanng :
impurities in liquids according to the invention, magnets: having a
"' magnetic force of ot less than 12000 gaussés are attached to rise an
efficiency of removing the impurities. :
| " Also in the apparatus for magneucally agglomerating and
_ ‘treating nnpuntxes in liquids according to the jnvention, the plural'magnets:
. attached ‘at the interval on ‘the entire’ surface of the side"of the yoke -
attached to-the side of one of the rotary plates and the plural magnets -
attached ‘at' the interval on'the entire surface of the side of the yoke
attached to the side of another of the rotary plates are so arranged to form
magnetic pole pairs for forming a magnetic ficld having an interactively
enhanced magnetically agglomsrating and treating capacity thercby to
further rise the cfficiency of removing the impuuities.
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Pl Eplish magslation of th riglnal specification of PCTAPS7/00797 (WO97/33696)

7 7vn i Alsol iy the appaatus ' for” magnetically - agglomerating and
: : iWeating impurities in liquids sccording to the invention, a plurality of the-
> megnetsatached at an interval onto the entire surface of one side of the
;- “yoks'aftached to one'of the'rotary plates are-amanged to have & magnetic
- poleorder of N, N, SIS, N, N;'S, S, whilsta plurality of the other magnets:
;. % . attached at'an interva] onto the entire surface of the.other side of the yoke

viw- 300 attached to the; other'Totery: plate; are"amanged to. have 2 magotic pole -

.07 Lorder of §; S, N;'N;:S; S, N, N, 'so as'to-form the magnetic pole pairs, . - o
i vy hereby forming 2 ‘magnotic’ fild Bavingan’ interactively enhanced -
- i - maghetically agglomerating and treating “capacity :for further rising the..

2ol efidencyof removingthe fopurity:, Lt T

T
LR L PR

-~
.

L F T Figure: 1 is s vigw! Shoiwiag “opgtational pringiples” of the -

£33 %0 ' appatanus Yot iiagretically aglomprafing dnd trcating impurities io liquids - - °

o according wthe presegtigwemtion. . L

© . Figire2is a'schematic cross-sectional side view of the main part
5, 4 0% Mhe sppamtus for magnetically agglomerating and treating impuyities in’

.+~ ' liquids according 16 an embodimient of the present invention, . - -
el T -EgureSisi"ﬁ'alg'mentuj ;chsin_a“tib_‘mss—,s_ect_imial plain view of - -
,=+.i  the apparatus' for magnetically agglomerating and treating ‘impurities in
Jnoi0r lquidsshowninFigwe2, - .o T T
(o ™ 7. A preferred embodiment of the: present invention will be
|." .. . described in detail with reference'to the dccompanying drawings. -

.. .. [Asa preferred embodiment of the apparatus for magnetically
~. . 'egglomerating and treating impuritics in lighids according to ths invention,
: there will be described an apparatus for treating an oily waste electrical
. . discharge machining liquor- containing magnetic suspensions (steel
. i ..powders) and non-magnetic suspensions .(carbon .powders) as impurities
= _ whichrare discharged from machine tools, - ' - v -
s In Figures 2 and 3, the apparatus for magnetically sgglomerating
and treating impurities in Jiquids according to the invention has rotary
plates 14a, 14b fixed to opposite ends of a rotary shaft 12 provided in a
~ magnetically agglomerating and treating tank 10, and magnets 16 attached
—
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. Full English traosiation o the oiginal specification of PCTAPIN00TS7 (WOST33696) .

174 - on omfrouting;sides of the-fwo.rotary plates s, 14b. In this case, the

"indEVic_it_:a_l “confroating "sides “of the two “rotating platés 1l4a; 14b are - .

S attached to the individual sides of a U-shaped yoke.18. A plurality of disk-

+- ke magnets 16 having & maganetic force of not less tan 4000 gausses,

- “'preferably'not less than 12000: gaussés are. mounted at a predefermined

interval-on the sides af the U-shaped yoke 18: A:non-magnetic adhesive

T St

# iadhesive plate 20 -

- e v

"+ useful ‘permanent: magnets'

Rk LI R BN

B Co

i g i plate 2Q may, if necessary; be mounted-on'the magnets 1o sapdwich the.. . - .
-3 U magnets ‘16 bpt_we'eu'eagh.'j-of._tpe-.rqtdr_y ‘plates 142 and 14b and the - -

P Astﬁe?m'lﬁtfo-fb.eﬁused.;is_ifthé present invention, there are

. such a5 4 fomite' magnet having:a magnetic S
£ - faree of no less thau 4000 geusses, and preferably rare carth iaguets -
747y having'a magnetic:force, of not less. than’ 12000, gausses. Particulaily, | .
oot v ‘ sama;ium-cobalt ‘based rarg earth mgnets Orneodymmm-lron-bomn

“:5 Ebased rare sarth ‘magnefs: are ' preferable.: Anisotropic: neodymiur-iron- -

 *, boron based rare earth mag, ts'having & magnetic force of mot less than ..

257 1,7 2000 gausses ane optimury - uther, as the magaet 16, ‘clectromaguets - -

D)

1, may, I Some cases, be sujtable instead ‘of use of.the. above mentioned ' -

tetragon are available instead of the disk-shape, ‘The - proper size ig in the
Tange of 1 to 100 cm?. The proper thickness s in the range of 0.5 0 3 cm.

o ey oo PO
o " i N e
. TR w

OlcmtoScm. - :

ey

on the sides of the U-shaped yoke 18 provided onto the rotary plates 14a,
14b, 50 as to have a predstermined interval in the form of a merty-go-

round fashion. Further, as illustrated in Figure 2, a distance between the .
' confronting faces of the magnets 16 provided on the sides of the U-shaped .

yoke 18 is maintained in the range of 3 to 200 mm to produce a magnetic
' fieid 22'for mag

‘waste liquor. o
'For forming the magnetic -field 22, the magnetic poles of the
plural magnets 16 attached on the sides of the U-shaped yoke 18 may be in
the form of (1) random arrangements of S pole and N pole or (2)

' | DU © Aplurality of the _magnéts 16 are attached on the sides of the U. ‘
. ¢ 'shaped yoke 18 so that, as illustrated in Figures 2 and 3, they are attached. .-

U iLiUAS 1o the shapeofthemagnet 16, polygonal shapes such as .

i, " . Theproper number in use i5'4 to 300 which are arranged at-an interval of

" tic agglomeration ‘treatment of the"impux_ities in the. . ~
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- Full English translation of the arigiaal specificatior of PCTAPST/00797 (W097/23696)

.+ 0 N §’however, (3) the magnetic pole order of N, N, S, §, N, N, S, §
_enabiles to increase: the magnetically 3gglomerating and treating capability
R up.to'about'twd times higherthan the'amangements of () or (2). -
1o the.one Totary plate 148 and the other magnets 16 attached onto the yoke -
EELE lp:ovxdegl oni the one rotary plate 14b are arranged to form such opposite
i, - magetic poles that ths magpetic pole of all the magnets 16 on ans ids is L
? s 52 % " N'pols whilst the magnetic'pole of the other-magnets 16 on the other side” . - |
Uit is§ pole, thereby to-increase.the. magnetically agglomerating and treating
.2 capabiliiy up to about:thres times higher,than the arangements of (1) of

ik AT S e plural ‘magnets 16 attached onto the yoke 18 provided-on

. - the 'one Totary plate 14a are arranged in the form of magnetic pole orders

e oEN, N;'S; S, N, 'N; S, S whilst the other magnets 16, artached onto the

7% T.yoke 18 provided on the oftier rotary plate 14b-are arranged in the form of _’

t?;natmgarra.ngement of N pole and S poie such as in the order of N, S,

R + the magretic pole’ orders of S,-S, N, N, §, 5N, N, s0-2s to form ..
7. . . altcrnating opposite ‘magnetic poles, thereby ‘to”increase the magnetically
- .- agglomerating and treating capability up to about six times higher than the
R arrangements of (1).or (2). . . . L
TR . In‘the invention, the inlet of the magnetically agglomerating'and -
[+ tredting tank 10 is conpected to an inlet pipe 24 for introducing a waste . -
.. 5. electrical discharge machining liquor which is discharged from machine
- 7. tools,’and containis' magnetic suspensions and non-magnetic suspensions., - -
.t “The outlet of the magnetically agglomerating and treating tank 10 is
" connected to an outlet pipe 26 for discharging a coolant liquor (treated
¢+ liquid) from which impurities have been-removed by the magnetically
. - agglomerating and treating processes. A scraper 28 is also provided
adjacent to the rotary adhesive plate 20 1o screpe magnetic agglomerates
30 adhered. to the adhesive plate 20 from the plate, and a discharge tank 32
is amranged adjacent to the scraper 28 to discharge the magnetic
- agglomerates 30 scraped off by the sCraper 28.
> ‘A sprocket 34 of the mtary shaft 12, to which the rotary plates
144, 14b are'fixed, is connetted to a motor 38 via a'chain 36. By rotating
the two rotating plates 14a, 14b, the plural magnets 16 mounted thereon
are also rotated. The two Totary plates 14a, 14b are preferably rotated ata
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Full Baglish translation of the original specification of PCTAP97/00757 (WOS7/33656)

-

rate of 0.1 to SO tums per migute, L o
R . The flow rate of the waste liquor gon;aining' impurities to be
. .magnetically agglomerated and treated i5 0.01'to 0.1m/sec. If the flow rate
.y, et than 0:01msec, the efficiency is 100 Jow-as practical, sven 20

s ".:"ra.te:'is,'béyoxz'i'ci'o.l_xp/s'ec,' the flow rate ‘of the waste liguor is too high to-
S eﬂ’éét.@e'g;gi;etic agglomeration process. - 1 7 - -
(ST AT ,When"'thg“ma_gx;gﬁc'agglomemﬁdq;'pmcqés. is- carried out by
' using the magnets 16 having a magnetic force: of 4000 gausses, a contact -
i 1ig ¢ thmeetween the impurity-containing waste:liguor and the magnets 1635
R e in:the range 0F 0.1 t0,180 minutes, If the ‘contact time s less than 0.1
"l Cimte, then ‘4 predetermined magnetic’agglomerdtion: ticarment ctfout
s *'cannot be expected. If the contact time is beyond 189_&_:iihut_es, then there _
SRS AT " When' the ‘magnetic’ egglomeration process is’ carried. out by
o D using“the magnets 16 having'a magnetic force of 12000 gausses, then g
| 'contact time ‘between the- impurity-containing- waste liquor and the
~.. ,-magucts 16:fs set in‘the range of 0.05 10 60 minutes. Jf the contact time is
. less- than “0.05 - minute, then s ‘p termined magnetic agglomeration
. . treatment effect cangot be expeicted. If the contact time beyond 60 minutes,
. Bentherelsmolongermert. - . -
© =% % “Theruagnets 16.and 16 having ma_gneﬁc';fg!é'es’of 4000 gausses

t ;A\').:':-I‘ !

distance between - magnetic flux density: of magnat (H) '
- 3mm 3750.5 gausses 11251.4 gausses
6 mm | 3503.9 gausses 10511.6 gaugses
2am ... . '3028.8 gausses . 90B9.5 gausses
25mm " . T 22122 gaysses . . . 6633.6 gausses
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-+ . 100 gausses. For example, if
&, Bux density His 53.0'gaussés. It is difficult to obtain s sufficient magnetic -

. Full English wanslation of s original specification of PCT/IPS7/00757 (WO97/33696)

-§Om1_z;'_ ) 1.,171.6gausses” ' ~ 3514,8 gausses
10mm ~ - 4220gausses; © 12660 gausses

7 200mme I R R ¢ (Y gausses © ; " .. '358,8 gausses .
T 300mm i 53.0 gausses m 11580 gausses

' As described above; if the distance’ L between the confronting

#1 o facs of the'magness 16:and 16135 set in the rauge, of 3 to 200mm, then the
R magnencﬂuxdcnaty}! is not-less than 100 gausses. If the distance L js
. ¢ ‘not’less than 200mm; then the magneric flux density H is not higher than, -

if the distance L is'set t0.300mm, the magnetic.

" fux for ‘magnetically. agglomerating almost ‘all ‘of ‘the- fos-magnetic
;" - suspensions in"the waste liquor to be described below; If the distance is
... Jess than 3mm, the distance Detween the magnets 16 and'16 is too narrow
7 to form a space for proﬁding'the'scrapgr'zs to .7emove magnetically
[z adsorbed suspensions between the magnets 16 and 16, even.no problem
R with'regard 'to the maghetic flux demsity,. ~ I . . - T

wohs Having been' well known, magnétic materials sixch as fon,

through a magnetic field 22 having 4 magnetic flux density H of not Jess
than 100 gausses preferably not less than 3000 -gausses, whereby one of

‘be magnetically agglomerated.

Subsequently, operatioxs and running of the system for magnetic

. agglomeration process according to the present invention will be described
' bélow. The impurity contaiping waste liquor containing magnetic

suspensions.and non<magaetic suspensions having been. discharged from
machine toals is discharged frorn the electrical discharge machine to flow

the same through the inlet pipe 24 into the magnetically agglomerating
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Full Eoglish translacion of the eriginal specification of PCTAPS7/00797 (WO97/33696)

: ! and weating:tank 10 at the predetermmed flow rate 25 described above,

and concmrently, a motor 38°provided oni a mount 40 of the magnetically .
agglomeranng and processing systém is driven to rotate the sprocket 34 of

the rotary shaft 12 via the chain o as 1o rotate the rotary plates 14a 14b
thh the plural maguets 16 in the:clockwise direction. . :
© & 'The electrical discharge machining waste liquor mtroduced into
the magneually agglomerating .and processing tank 10 is then flowed

- “throught the plural confronting magnets 16 attached ‘on-the two rotary .

2 platés 14a; 14b in:the anti-clockwise: direction. In' the. ‘magnetic-field 22 -

/" heving 3 high magnetic flux”density of not less then 100- gausses =

.~ preferably not less.than 3000 gausses, the non-magnetic suspensions in the © .
»' -waste” liquor ‘are:converted ‘to ‘magnetic materials having ‘wnpaired . "~ ..
:  electrons,’ resultmg in magrietic agglomeration together. with the magnetic’ =
“suspensions’ and magnetic adsoxpnon onto thé surfaces of the adhesive "~ -

. . plates 20 on the magnets 16 as magnetic agglomerates 30..

.The treated liquor from which the magnetic suspensmns and the

* . pon-magnetic suspensions ' have been  -removed as- the magnetic -
AT agglomerates 30 is then re;ycled via the outlet p1pe 26 of the magnetically -
. " agglomierating gnd treating tank 1085 anciectrical diScharge’ machining
' liquid. The magnetic agglomeraies 30 magnetically adsorbed onto the
. surfaces of the adhesive plates 20 on.the magnets 16 are rotated in the

clockwise direction together with the two rotary plates 14z, 14b so as to be
scraped by the scraper 28 from the surfaces of the adhesive plates 20,
before the scraped magnetic agglomeratcs 30 are then transferred along
the scraper 28 and discharged intv'a waste storage tank 32.

Example

* As illustrated mFIGS 2 and -3, preparations were made for two

~ scts of magnetically agglomerating and treating tanks (500c<) according to

the present invention, wherein magpets (S0X40X 15cm) of rare earth
elements having .magnetic forc:s of 4000 gausses and 12000 gausses

. rcspecuve.ly were, mounted at a distance between the confronting faces ‘of

6num and 12mm rcspecnvely on the opposite sides of the U-shaped yoke
18 fixed to the two rotary platet’ 14a, 14b in the form of opposite poles.

Also, as a comparative example, preparation was made for a single set of a
magnetically agglomerating and tresting tank (500cc), wherein the
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;" _'.."-magnettcforceof ' .
""" - magnet(gauss) . , 12000 - 4000 120000
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_' ;q:stance between the conﬁ-onung surfaces of the magnets was set at 300

'l - Into each of the magnehcany agglomeranng -and treatmg tanks

"¢ “there is mtroﬂuced 300cc of an electrical- discharge maclnnmg .aqueous.
. Cwaste hquor contamng 6667 ppm of impurities of steel powders (3:3%)as
PR | magneuc suspensmn and earbun powders (95 %) as, 2 non-magnetlc
LR suspensxon, so-that the magaetic agglomeration process vias cartied: out.
“i+ 7 ‘under the following conditions (see Table 2). The results of measuring’ the
R -{ eoncenn'atxon of the resxdual suSpensmns are shown jo ';l‘able 2. o

Appa:atusA ApparamsB | Apparatus |

W " accondingto acconting 5 comperaive ":

“xbe.xmzennmthemennnnrxample._

‘T distapcebetween ¢ - Lo
LT magnetfaces(mm) A S A 300 -
Vet ;f_'ﬂpwrateofwaste L T R P
'+ liquor (m/sec)” MUEEIITIRN 11y MR ) 1) & ToeL Ll
" contact time of - A, k. '
+ +. " - waste liquor (min.) - -7 180 - 60 - - 180 !
o, -, magneticfluxdepsity =~ . : : . ay

-ofmagnet(gauss) . . . 10500.. 3030 158

in treated Kiquer

| “magueticsuspension (ppm)- - - 3 © 28 2650

~'non-magnet1c suspensxon (ppm) 130 1987 6356 -

As being appaxent from the "above-mentioned example,

- " - -according to . the apparalus of. the present invention, it is possible to
-magnetically agglomerate the non-magnenc suspensions deteriorating the

quality of the liquid together with the. magnetic suspensions and to remove
the same from the liquid without discontinuation of the removal process.
Funher, in accordance with the epparatus of the present
ect Has Been Replaced
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: in\fenripn,"ft isglso possible to aduce. theuunal 'and mnnﬁg;chts of .
; removal process to'impurities such as suspensions from the liquid sincs it
Is uanecessary to exchange’filter papers or:filter cloths or to wash a
‘strainer or the like every time: ¥ - 7 . o Lo . :
“:+.;+. Furthermore, 'in;aqoordance.jwith,;t_x.e apparhtﬁs_ of tfhe bre_se;;t N

-+ invention, itis advantageaus that the immpurities requiring costly. disposal, . - e

: for; am pl?','th%'_u's.es_lelegt'ricél discharge machining waste liquors:and the *
", ", -used coolant waste liguors are removable io allow recycling the flectrica -

;1 ;. dishargs machining liquors'and the coolai

liquars. This is just suitable; .

| '. ", for the'cyrrent requirément for.recycling resdurces, -

. to'caail the dispos

© 1 i © - Since; in‘decordance with the appmmsofthezmsem inventiop; " '.

. ;. he Impurities suchas suspensions in liguids ape/separablo,as & scale, (1) it * 17,

is possible to largely reduce thic amount of the wastes, and.(2) it is possible

al cost withont taking disposal space, and @itis - R

S . possible to keep good working cavironments without. corruption: of the .~ '-

. wistes and generation of malodops, . il .,

™
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3 A% appents for sagikicly aglonertog s tatng

" impurites in lquids which s characterized in'that rotary. plates aie fixed

to. opposite’‘ends " of a *rotary ‘shaft - provided ' in ,a. magnetically -

- _agglomerating-and’ treating ‘tank which is communicated -with a stock

- .solution. inlet' pipe and a treated liquid. outler pige, and. the' confronting
'sides of the two rotery plates'are attached with sidcs of a Usshaped.yoke,

g T and'a plﬁya]{tx_’-’éf":}nfa'gnet_s having a magneuc_forceof 'Il;o.'.t"l';a'gs‘_'than_ 4000 L
i gausdes arc'provided at an intérval on-catire segion of donfronting sides R

of the yokE s0'as to orm a mignetic field defiried by distance.of 3 fo

L 200mm betwesn the confyonting faces of the’ magnets, ‘and 'a magnetic .
, .. ~ adsorption means'is provided for flowing, through the magnetic field at a

flow rate- of 0,01 to 0.1m/sec, a liquid containing impurities ‘such as
. . 'magmetic suspensions and non-magnetic suspensions, so & to make the
~impurity’ containing liquid into contact with the magnets for.0.05 to 60

i .+ "minutes in order to release one of the paired electrons of the non-magnetic -

" suspension ‘in the liquid 1o produce - unpaired: electrons Which ars

i .magnetically agglomerated together with the magnetic. suspensions and

-adsorbed on'the'magnets, and a peeling means is:provided for pecling the

; D  magnetic agglomerates adhered onto the sprf,_aces'of_'t_hé magnets, -

2. . The ‘device' for magnetically agglomerating and treating-
" impurides in liquids according: to ‘claim 1, wherein magnets having a
.magnetic force of not less than 12000 gausses are attached to fise an

efficiency of remaving the impurities. S S
3. - The device for ‘magnetically agglomerating and. “treating

impurities in liquids according to claim 1 or 2, wherein the plural magnets

attached .at the interval on the entire surface of the side of the yoke
attached to the side of one of the totary: plates and the plural magnets
attached at the interval on the entire surface of the side ‘of the yoke
attached to the side of another of the rotary plates are so arranged to form
magnetic pole pairs for forming a magnetic field having an interactively
enhanced magnetically agglomerating and treating capacitv_thereby to
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further nse the eﬁuency of remowng the unpunnes

b ’I‘he devwe for magnetwally agglomerahng and  treating
5 -'----xmpunues in hqmds accoxdmg to claim 3, wherein 3 plurahty of the
#5707 magnets attached at'aninterval onto the éntire’ surface of one side of the -
47 yoke attached to one ofthe rotu?' plates are arranged to have a magnetic
N poleorderofN N;S,S,N,N, ‘S, S, whilst a plurality of the other magnets
el ettached atan ‘interval onto the. enhre surface of the other side of the yoke -
s¥%: 007 attached’ o the-other" Totary ‘plate ‘are"atratiged to have'a magnetic pole
42 order of S, 8, NN, S, S, N.N; 50 as to form the magnetic pole pairs, |
ftl;ereby formmg a: magnenc ﬁeld havmg an interactively enhanced .
L&Y magnetically agglomeratmg and tream:g apacxty fnr fulther nsmg the -
it .fefﬁcxency ofremuvmgthempumy . - oo |
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