SPECI FI CATI ON LI QUI D TREATI NG PROCESS AND APPARATUS, AS WELL AS LI QUI D
TREATI NG SYSTEM Fi el d of the Invention The present invention relates to a
liquid treating process and apparatus as well as a liquid treating system
and particularly, to a liquid treagpperprcaezonand apparatus as well as a
liquid treating systemwhich are suitable for purifying not only waters in

a river, a |lake and a nEr@ND PREATING PROCESS QMICEPPARATOS, dr ai nage such as
a stock farm ng drainage and an industrial drainage, and another |iquid

cont ai ni ng wat er - sol ubAs WELJaASCL B)IED TREAT INGISYSTEM- or gani sns. Backgr ound
of the Invention There are conventionally proposed processes and systens
for purifying a stock farm ng drai nage containing feces and urine of
cattle, pig and the like, or an industrial drainage containing chem cal
subst ances such as a detergent Eheldrof tbesknventiemste |iquid. Such a
conventional liquid treating systemw || be described below w th the

treat ment of a pfhecpresentdinvertion sedates 40 axbhgpid treatiath PLeCESS.
28, the conventional water treating systemfor treati n%_t he pig-cul ture
drai nage eé&%rPPPRLALYS &5 ngrell as a liquid treating system, and

particularly, to a liquid treating process and apparatus as well as
a liquid treating system which are suitable for purifying not only
waters in a river, a lake and a marsh, but also a high-concentration
drainage such as a stock farming drainage and an industrial
drainage, and another liquid containing water-soluble organic

substances and micro-organisms.

Background of the Invention
There are conventionally proposed processes and systems for
purifying a stock farming drainage containing feces and urine of
cattle, pig and the like, or an industrial drainage containing
chemical substances such as a detergent and an industrial waste
liquid.

Such a conventional 1liquid treating system will be
described below with the treatment of a pig-culture drainage taken
as an example. As shown in Fig.28, the conventional water treating
system for treating the pig-culture drainage comprises a filtering
means 131 for removing suspended solids by passing a raw water
through a screen 135 or the like, a activated-sludge treating means
132 for decomposing water-soluble organic substances by aerobic

bacteria, a settling/separating means 133 for settling the
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means 131 for renoving suspended solids by .passing a raw water through a
screen 135 or the like, a activated-sludge treating neans 132 for
deconposi ng wat er - sol ubl e organi ¢ substances by aerobic bacteria, a

settling/ sppadAlddhBELAbrgehi d Subitlahldetd separatefiseoms thebiawowgsercoy
substances separated fromthe raw water by the deconposition to separate

the water gl dedonpostidd @b eaparaiteetheawd tardahgdaaseagmenansrdfjeach
renoving water fromthe -sedinment.. These treating nmeans will be descri bed

bel ow i n deftadd, 4mdtdedéhy@catiggnmeanslisa toe Temparidey watleérisExom the
caught by the screen 135 during passage of the raw water containing the
suspended sedimentsuch as feces and urine through the screen 135. The raw
wat er depl eted of the suspended solids is once stored in a storage tank and
then transferred These treating meamks 381 beodeshrihedrbelow in deteid .walinr
capabl e of being treated by an activated sludge is allowed to flowinto an
acti vat ed-taidifcl texing mpeanskl3B3 the isuspanded tsol tds rEe  ¢aeghhPyebhe
132. In the activated-sludge treating tank 138, aerobic bacteria deconpose
the wat er -sgsrean 35 ¢arieg pasnageces e Fayswater (GAEL g EHESuIReRAE ed

in the
solids such as feces and urine through the screen 135. The raw

water depleted of the suspended solids is once stored in a storage
tank and then transferred to a metering tank 137, from which an
amount of the water capable of being treated by an activated sludge
is allowed to flow into an activated-sludge treating tank 138 as
the activated-sludge treating means 132. In the activated-sludge
treating tank 138, aerobic bacteria decompose the water-soluble
organic substances such as a nitrogen compounds contained in the
raw water. The raw water subjected to the decomposition by the/
bacteria in this treating means 1is fed to a settling tank 139 as
the settling-separating means 133, where the water-soluble organic
substances and the like are settled to the bottom of the settling
tank 139 and separated from the water. The resulting water is
disinfected and then discharged to a river or the like, and the
sediment is transported to the dehydrating means 134, where the
sediment is dehydrated into a solid by a dehydrator 140 and then
discharged.

In the conventional water treating system, a washing water
from the dehydrator 140 is permitted to £low into the storage tank
136 in order to avoid increases in building site and cost due to an

increase in size of the activated-sludge treating tank 138.
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raw water. The raw water subjected to the deconposition by the bacteria in
this treating means is fed to a settling tank 139 as the
settling-separating nmeans 133, where the water-sol ubl e organic substances
and the |ike are mpitdfiskd 0 the beicarédt hegeiddnoen tiratdc3orawd water
separated fromthe water. The resulting water is disinfected and then

di schar gechdwimg ra Visighr otganickeubshdnceelsadi dsnidiiln tedahyp ditee washing
dehydrating neans 134, where the sedinment is dehydrated into a solid by a
dehydr at orwéliér faxont hhe debypdnated.14M andchenoecrtheiirden of theadrgpic
system a washing water fromthe dehydrator 140 is permtted to flowinto
t he storadgea¢hekiz3cfoxr oddcomposimygd ther cexganic bspbgitaneese dnd et
due to an increase in size of the activated-sludge treating tank 138.

Ther ef or e, activatedsindge tyeatdngdreang 132 i%ﬁla@ﬁ’é-latﬁ’&fi ng a high organic
substance load is diluted by the washing water fromthe dehydrator 140 and
hence, the bur defowevare dieonrenyertional s WateEc 5588l RY StEMyFHtters

substances_in the activated-sludge treatin geans 132 i% aLI evi at ed.
However, tHe®R oRYenELIALMiRG: SraRlen: nnggs igpsGPpepytration raw water

cannot be diluted sufficiently by only the washing water f£from the
dehydrator 140, and a more amount of water is required. If the
amount of water diluting the raw water is increased, the amount of
water to be purified is also increased. As a result, the size of
the water treating equipment is increased, thereby causing
increases in initial cost such as building cost, and in. running
cost such as consumed electric power and city water charges for
treating the liquid.

In addition, when a high-concentration sewage is treated
biologically, it is difficult to conduct the maintenance and
management, and if the treating system is once £fallen into
disorder, several months are required for the recovery. During
this period, the water purified incompletely is discharged into a
river, resulting in a possibility that an environment pollution
problem is arisen.

To solve such problem, a treating process has been proposed
which comprises chemically flocculating and separating
high-molecular organic sﬁbstances in water using a chemical agent
such as a high-molecular flocculating agent or the like to reduce
the concentration. However, this process suffers from a problem

that it is delicate to set the type of the chemical agent and the

-3 -



fromthe follow ng problem The high-conce ntration raw water cannot be
diluted sufficiently by only the washing water fromthe dehydrator 140, and
a more anount of water is required. If the amount of water diluting the raw
vat er i s Jpfdinda e, cHéiei GdD Uthrodn eé Pat 1ve beopthief icomdentyadd am@faske).

As a result, the size of the water treating equipnent is increased, thereby
causi ng id¥yeAsesubBtianiceisal andsit siscAif€ibuilitdtachange thet typer andi He
cost such as consuned electric power and city water charges for treati ng
the |iquisghount dddiacicordancenwathi ghvaohsthonain PPREREEATLOR ¢ o ARRLDE
biologically, it is difficult to conduct the maintenance and nmanagenent

and if therdbleat idsy thest difi i the mamgining agant oﬁ%oﬂféﬁ?#l’%ﬂﬁé‘?%l‘g’b‘?&t{k‘é are
required for the recovery. During this period, the water purified

i nconpl etasttyivatefl-ssindgredtraasingr itank. r £861 MFIF bRPRPY H2§ an
environment pollution problemis arisen. To solve such problem a treating

process riacampasest 856664 iVRLYIARGMEY; Re 8iefkOttal Iy f1 occul ating and

separating hi gh-nol ecul ar grgani ¢ substances in water using.a,.chem
agent such as a FREEBEE} ectitere f Accl aR’i‘?%"%eg‘gntpr&cet e Plﬂﬁ'ght o]e'quqé%g%eesthe

concentration. However, this ocess _suffer o} b bmkS

del i cat e 98FTROFINI QRFATHC [sﬁlé)s aPsi&gn%}‘%%gP%é H1 EFbb2Ghn  bmb1n
place of the aerobic microorganism. However, this process suffers
from a problem that a raw water must be stored for a long period in a
large-sized tank and for this reason, a very wide site is required,

and an odor measure must be taken.

Summary of the Invention

The present invention has been accomplished with such
problems in view, and it is an object of the present invention to
providé a liquid treating process and apparatus as well as a liquid
treating system, wherein the size of the liquid treating equipment
can be reduced to reduce the initial cost and thé running cost, and
water-soluble organic substances, microorganisms and the like ina
liquid can be reliably removed by a simple operation, and moreover,
the deodorizing, decolorizing, sterilizing, disintegrating, and
oxidizing and reducing treatments of the 1liquid can be carried out.

To achieve the above object, according to a first aspect and
feature of the present invention, there is provided a liquid
treating process comprising the steps of emitting an
electromagnetic wave such as a microwave to a liquid containing

colloidal particles of water-soluble organic substances,
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- 3- amount of chenmical thrown relative to the concentration of the
organi ¢ substances, and it is difficult to change the type and the anount
in accordance with a variation in concentration. Another problemis that if

the remai pijpeoddgRhilshsi NG/ Pehat adikdt fot eparidtent thle SLUdRE d reatonghe
tank, the m croorgani sms cannot be deconposed effectively and may be died

out. Furt Bellolalephgtichespangdl Piwid wolddules nenittsinglammlesaspnic

or gani ¢ substances usi ng anaerobic m croorgani sns in place of the aerobic

m Cr oor gawavel inHawaor frdtquenmry aearsge utd etle f Lbguid prebudtingafrom e

wat er nust be stored for a long period in a large-sized tank and for this

reason, asepayatida totflocculake rthe caddoidaddpartielesec andtemittingean

Summary of the Invention The present invention has been-acconplished with

such probkedestromagoetignultrasonia wayecinotd high fireguengyandepta the
provide a liquid treating process and apparatus as wel I as a liquid

treating djquidd toudeodorizecthe 2darid-ne |iquid treating equi pnent can be

reduced to reduce the initial cost and the running cost, and

" The term "electromagnetic ultrasonic weve" used herein is

defined to represent a wave made by synthesis of a magnetic flux

generated by a permanent magnet or an electromagnet with an

ultrasonic wave generated by a ultrasonic wave generator. The term

"colloidal particles“ used herein is defined to represent fine

particles of water-soluble organic substances dispersed in the

liquid, and particles of substances other than the liquid molecules

such as microorganisms and fine algae. The particles are in stable

hydrated states or in meta-stable hydrophobic colloidal states in

" the liquid. _

With such process employed, the electric field formed by the

microwave renders hydrophobic the colloidal particles in stable

hydrated states or in meta-stable hydrophobic colloidal states in

the liguid to separate them from the liquid molecules. The

ultrasonic wave in the low frequency range causes the separated

colloidal particles to collide against one another by a cavitation

effect, thereby flocculating the colloidal particles, and the

electromagnetic ultrasonic wave in the high frequency range

deodorizes the liquid. Therefore, it is possible to easily and

reliably remove the colloidal particles dissolved in the liquid and

to deodorize the liquid without need for a large-scaled equipment.

In addition, according to a second aspect and feature of the

-5 -



wat er - sol ubl e organi ¢ subst ances, nicfoorgan[sn§ and the like inaliquid
can be reliably renoved by a sinple operation, and noreover, the
deodori zing, decolorizing, sterilizing, disintegrating, and oxidizing and

reduci ng pregei@nisvehtiss, lifiiadi €26n e eherffsbfleathrejctheval tiwsabiove
obj ect, according to a first aspect and feature of the present invention,

there is pate dadthel lowi frdqeaicnaige qas aofpegaengyt équaleps af lower
emtting an el ectromagneti c wave such as a mcrowave to a |iquid containing
col | oi dal thamnt L0DeckH2{ awd crhes elebitromagmeticsulsrasoaic wave in the high

m croorgani sns and the like to separate the liquid into the coll oi dal

parti cl es freduengy dangechas & freguencyginm ulanges ofii 3 Mvdwe3PA MHZ ow With
frequency range to the liquid resulting fromthe separation to floccul ate

t he col | oistizh featurkeesthendltnasonihg wave|and rekegfironagng i IBHitasenic i n
a high frequency range to the liquid to deodorize the liquid. The term

el ect r onWgvet pEe dinradiated dajrore effectisenfrequencies 1o theptiguid apd

wave made_ by synthesis of a nmagnetic_fl ux %enerat ed by a perganent. magnet
or an el e@@PSﬁagﬁE? s¢parated fine colloidal particles'in he liquid ¢ be

flocculated and removed more rapidly and reliably, and the liguid
can be deodorized more effectively.

Accérding to a third aspect and feature of the present
invention, in addition to the first or second feature, the
microwave which is the electromagnetic wave and the ultrasonic wave
in the low frequency range are emitted to the liquid containing the
colloidal particles to separate and flocculate the suspended
solids; an electromagnetic ultrasonic wave in the high frequency
range is emitted to the liquid to deodorize the liquid, and a
high-voltage pulse is applied to the liquid to separate off
nitrogen compounds and at the same time, to produce ozone to
decodorize and sterilize the liguid. With such feature, an electric
field generated by the high-voltage pulse accelerates the
flocculation and separation of the colloidal particles, and
separates off the nitrogen compounds contained in the liquid and
further, easily deodorizes and sterjilizes the liquid.

According to a fourth aspect and feature of the present
invention, in addition to the third feature, after the application
of the high-voltage pulse to the liquid, the liquid is passed
through an intensive magnetic field, whereby the 1liquid is

subjected to a disintegrating treatment. With such feature, the
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h

ultrasoni c wave generated by a ultrasonic wave generator. The term

"col | oi dal

particles" used herein is defined to represent fine particles of

wat er - sol ubl e organi ¢ substances dispersed in the liquid, and particles of

subst ances; fitdhals JdaRghBe ikl fibd fla WlleRtH iR 134C Bhaeglk i NdgmiiaToafthéiye
al gae. The particles are in stable hydrated states or in neta-stable

hydr ophobicg; € ehkbéleds HethRen ht Mdlddiiligs. \WhBregehepr tive guaditiyop£dthé he
electric field formed by the m crowave renders hydrophobic the coll oi dal
particl es digeatied 19 duidr ehadbetéileinced ) whetiebystthlel erbadedphbguidcoat dealal
states in the liquid to separate themfromthe |iquid nol ecul es. The

ul trasoni ressedl in 4 wtdeavEfebdiuency range causes the separated col |l oi dal
particles to collide agai nst one another by a cavitation effect, thereby
floccul ati ng t he Aowdmiicnd fparai Eifth aspecte aridcfeatwoscofc ther iprrsenrt
wave in the high frequency range deodorizes the liquid. Therefore, it is
possi bl e timesstignandthetreabls paaKidede aolh breatdng APPSHAARS i n
the liquid and to deodorize the liquid without need for a | arge-scal ed,

equi pnent .CAmMPRiing enmigrewavengererater &atd 9g8eEatingqarmifro¥ave Wikkch 5.

is an electromagnetic wave to separate a 1liquid containing
colloidal particles into the colloidal particles and liquid
molecules, a low-frequency range ultrasonic wave generator for
generating a ultrasonic wave in a low frequency to flocculate the
colloidal particles, and a_high-fréquency range electromagnetic
ultrasonic wave genérator for generating an electromagnetic
ultrasonic wave in a high frequency range to remove an offensive

odor from the liquid. With such arrangement, an electric field of

" the microwave formed by the microwave generator renders

hydrophobic the colloidal particles which are in stable hydrated
states or in meta-stable hydrophobic colloidal states in the
liquid, thereby separating the colloidal particles from the liquid
molecules, and causes the separated colloidal particles to collide
against one another by a cavitation effect, thereby flocculating |
the colloidal particles, and the electromagnetic ultrasonic wave
in the high frequency range generated £from the high-£frequency range
electromagnetic ultrasoni_c wave generator deodorizes the liquid.
Thérefore, it is possible to easily and reliably remove the
colloidé.l particles dissolved in the liquid and to deodorize the

ligquid without need for a large-scaled equipment.

According to a sixth aspect and feature of the present
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present invention, in addition to the first feature, the ultrasonic wave in
the I ow frequency range has a frequency equal to or |Iower than 100 kHz, and
the el ectromagnetic ultrasonic wave in the high frequency range has a

frequency jhgeatidngdeinfadiiilon 80GH i\ h! festisre | alidiaitraboniktiwasetin
wave and el ectromagnetic ultrasonic wave are irradiated in nore effective

frequenci geget Qo EddcfiidntyaFaniR) (ondet &® peréih ethé | hewc direqueakcyparangel es
in the liquid can be flocculated and renoved nore rapidly and reliably, and

the |iqui dleeasbaidendoei gefleraterchascaifrdqueniey aqlialy twm or tlnwet dhanct
and feature of the present invention, in addition to the first or second
feature, tbe niHz,ované whiecleliestriomagmexticomibeaseniayyayned ithetbet bdgni c
wave in the |l ow frequency range are enmtted to the |liquid containing the
col | oi dal fpequericy tmangpargarenated oframatthehdiigh pefreguedrydsraage

el ectromagnetic ultrasonic wave in the high frequency range is entted to
the |iqui électyomagnetdct md tragondc sMaven gﬁrge:a%nn 2ps pa| SEeguenpy| riéd &o
the liquid to separate of f nitrogen conpounds and at the same tine,
produce oiéﬁéet@g FeMder 3P0 Mig. Stv&rtlh sugh; fRATYER Fhe/PLET2FORLFHAYS @ndan

electric field generated bﬁ t he hi gh-vo] tage pul se accel eﬁ&ﬁaes t he
floccul at tBf PHeSEFARATRBRIGT WHFISANLT d¥aYEr BFE| LT3 ated 1h more

effective frequencies to -the ligquid. Therefore, the separated
fine colloidal particles in the iiquid can be flocculated and
removed rapidly and reliably, and the liquid can be deodorized more
effectively. | “

According to a seventh aspect and feature of the present
invention, in addition to the fifth or sixth feature, the liquid
treating apparatus further includes a high-voltage pulse generator
for generating a high-voltage pulse to separate the nitroger; ]
cpmpounds from the liquid and at the same time, to préduce ozone to
deodorize and sterilize the liquid. With such feature, an electric
field generated by the high-voltage pulse can accelerate the
flocculation and separation of the colloidal particles, and
separate off the nitrogen compounds contained in the liquid by a
simple device and. further, easily deodorize and sterilize the
liquid.

According to an eighth aspect and feature of the present
invention, in addition to any of the £ifth to seventh features, the
liquid treating apparatus further includes a magnetic field
forming means for forming a magnetic field for the disintegrating

treatment of the liquid. With such arrangement, an intensive
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separates off the nitrogen conpounds contained in the liquid and further,
easily deodorizes and sterilizes the |iquid. According to a fourth aspect
and feature of the present invention, in addition to the third feature,

after the ppldicid | giedla t Berhbah-bvp! t3¢e AHbhetie (Heeldquictmibe Imenri
I s passed through an intensive magnetic field, whereby the liquidis

subj ect ed diecr i 1Ty eharygg thedilgaid tyVfihedicbut atie/bendshbet@een the
i ntensive magnetic field electrically charges the liquid to finely cut the

bonds bet widredulesl @hdmsEorE)ettieorgualiity @falthey tafeatied tldentisl damhed
can be enhanced, whereby the treated.liquid can be reused in a wder field.
Accor di ng enhanded,t Aandsygrec treatiefckiquin cantbe rensednin awbder fiielidere i s
provided a liquid treating apparatus conprising a mcrowave generator for
generating a ni chocording civ ia akntheaspeckgand feature cofeheatrresent
l'iquid containing colloidal particles into the coll oidal garticles and
| i qui d noligsendsions tharerbemuaKideshgeliquid daeating sY§Eam eemPrigping a
generating a ultrasonic wave in a |low frequency to flocculate the
separating means for emitting a” microvave which is an
electromagnetic wave to a liquid containing colloidal particles to
separate the liquid into the colloidal particles .and liquid
molecules, a flocculating means for emitting a ultrasonic wave in a
low frequency range to the liquid resulting £from the separation of
the colloidal particles, thereby flocculating the colloidal
particles, a deodorizing means for emitting an electromagnetic
ultrasonic wave in a high frequency range to the liquid to
deodorize the liquid, a high-voltage pulse treating means for
applying a high-voltage pulse to the liquid to separate and remove
nitrogen compounds from the liguid and at the same time, to produce
ozone to deodorize and sterilize the liquid, and a flocculate
discharging means for attracting flocculates of the colloidal
particles by a magnetic force to discharge them. With such
arrangement, an electric field formed by the microwave emitted from
the separating means renders, hydrophobic, the colloidal particles
which are in stable hydrated states or in meta-stable hydrophobic
colloidal states in the liquid, thereby separating the colloidal
particles from the liquid molecules. A cavitation effect of the
ultrasonic wave gmitted'from the flocculating means causes the

separated colloidal particles to collide against one another to

flocculate them, and the electromagnetic ultrasonic wave in the

‘g .



coll oidal particles, and a high-frequency range el ectromagnetic ultrasonic
wave generator for generating an.electromagnetic ultrasonic wave in a high
frequency range to renove an offensive odor fromthe liquid. Wth such

ar r angenegt ghdfr &486hEY anft EmottbhcEFoim 8086 1R INnE)nddifs Heddvir\ze s
generator renders hydrophobic the colloidal particles which are in stable

hydr at ed ghat BSqeidi N Fadthed ,abhee Dot opb Al & Eorledaby sitsd dighs vidltage

|l i quid, thereby separating the colloidal particles fromthe liquid

mol ecul espudee apphied thyetheaigh-erbIradepidlseptréating meanslacoed exgdiesst
one another by a cavitation effect, thereby flocculating the coll oi dal
parti cl esthand@lbceudbédonoardnseparaitioasofi theaceliloidad paghticlesucand
range generated fromthe high-frequency range el ectronagnetic ultrasonic
wave geneseperatesdofiztbetmbtiogen ccomprurdsreontained por dihg digyish andy
and reliably remove the colloidal particles dissolved in the liquid and to
deodor i zefugherqueasily aadordges apdsterybizes the LiardADY genesatdngg
to a sixth aspect and feature of the present_-7- i nvention, in addition
to the fi PERNLeat TRErefagey thefnale Wf thenliquid treating system can be

reduced to reduce the initial cost and the running cost, and the
colloidal particles in the liquid can be removed reliably, and
further, the liquid can be deodorized, decolorized and sterilized.

According to a tenth aspect and feature of the present
invention, in addition to the ninthhfeature, the liquid treating
system further includes a disintegrating means for subjecting the
liquid to a disintegréting treatment by passing the liquid through
an intensive magnetic £field. With such arrangement, the intensive
magnetic £ield causes the finely disintegrating treatment of the
1iquid. Therefore, the quality of the treated liquid can be
enhanced and hence, the treated liquid can be utilized in a wider
field.

According to an eleventh aspect and feature of the present
invention, in addition to the ninth or tenth feature, the liquid
treating system further includes an oxidizing/reducing means for
delivering and receiving electrons to and from the electrically
charged  ligquid to effect an oxidizing/reducing reaction. With
such arrangement, the liquid in an electrically charged state
liable to cause a chemical reaction can be restored to a stable
liquid difficult to chemically react.

According to a twelfth aspect and feature of the present
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the | ow frequency range generated fromthe | ow frequency range ultrasonic
wave generator has a frequency equal to or lower than 100 kHz, and the
el ectromagnetic ultrasonic wave in the high frequency range generated from

the high fredalengy, rilﬂgsd&iiéféﬁ OE@gal\}/ﬁizldf \tHe a3RRhC ovaetegenthafeathzesa
frequency 1n a range of 3 Mto 300 Wth such feature, the ultrasonic

wave and E?S %Jl%‘iiafs%ﬁ@%axfé Ul I E8@NLewWEreqaracyT Imutige ezmittedrly the
effective frequencies to the liquid. Therefore, the separated fine

col | oi dal gpakkithesngmédes Ildlliadseaguency| equall dicedrahowezthani 10 kHey
and reliably, and the liquid can be deodorized nore effectively. According
to a seveghl Bdellectidnagnetic ulttdsoniewvave imthe high IneERRIGY 5ANDS
the fifth or sixth feature, the liquid treating apparatus further includes
a hi gh- vokiageedy ¢hgedeoddnizing mpans has myfneighcycin ageanpge &f gl to
separate the nitrogen conpounds fromthe liquid and at“the sane ti Lo
produce 0300e MBzdeoddiitie sndhstfeatuve. t Hhe |E&FHasz%ﬁ SYRYS f (—?&’Er@ €an

electric field generated by the high-voltage pul se can! gccel er at €5
f1 occul at edrcAimeMESPEtic BALERSPRECCHRYSI R 416%‘& %8‘°§§p§%§?€ o'f

t he nitrogen conpounds contained in the |i Uld by a Ie devi ge and .
further, &zeauengdésort9e TR Jdguid-ze t'ﬁg erefots ¥ 2’ Separded "tine

colloidal particles in the liquid can be flocculated and removed
more rapidly and reliably, and the liquid can be deodorized more
effectively.

According to a thirteen a.speét and feature of the present
invention, there 1is provided a liquid treating apparatus
comprising an AC high-voltage electrode means for applying a
high-voltage pulse of a high-frequency to flocculate and separate
colloidal particles of water-soluble organic substances,
microorganisms and the like from a colloidal particle-containing
liquid and to destruct cells of the microorganisms or the like.
With such arrangement, an electric £ield generated by the
high-voltage pulse of the high-frequency electrically charges the
colloidal particles in,theﬁliquid:to break the stable hydrated
states or the meta-stable hydrophobic colloidal states, thereby
rendering the liquid hydrophobic. Thus, the colloidal particles
can be separated and flocculated, and the cells of microorganisms
such as water bloom, coldn bacillus and the like can be destructed
and died. In addition, the colloidal particles are separated from
the liquid molecules and hence, the liquid can be deodorized and

decolorized.
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According to an eighth aspect and feafure of the present invention, in
addition to any of the fifth to seventh features, the liquid treating
apparatus further includes a magnetic field formng neans for formng a

magnetic field fQlddiidicstatLForidtaeniteabpeat &ia tded thirlliod. thé tpresmit
arrangenent, an iIntensive -8- magnetic freld fornmed by the magnetic

field foriipvenBds, eheebris Yrokri@ed gebidqibd [irpd g siistenycompribingands
bet ween the nol ecul es. Therefore, the quality of the treated liquid can be
enhanced, fand ¢ bax 11actitiaflgl | odliedr s@ebe Haustdh gn an dee fee tir Acaok ding
to a ninth aspect and feature of the present invention, there is provided a
| i quid tr etdarggmy/tedd -degtrwitimgameapsrwhicly indades en A@ihighgroktage

m crowave which is an electronagnetic wave to a liquid containing

col | oi dal ejazcttimmdes measspLioat capptyinguiad high-vtoktage | pudsie pf t _cllkgund
liquid nolecules, a flocculating neans for emtting a ultrasonic wave in a
| ow f r equdmeguenaye to tsrpanafig dapdsufloeguiaten codloddalat PaRtdFleRe of
colloidal particles, thereby flocculating the colloidal particles,. a

deodor i zi WateEafe i lecnarganig sbslianqeonlidgEpprganisms and the like from

a colloidal particle-containing liquid and to destruct cells of the
microorganisms; a flocculation accelerating device which includes
a microwave separating means for emitting a microwave which is an
electromagnetic wave to the liquid to separate the liquid into the
colloidal particles and liquid moleéﬁles, a first ultrasonic wave
flocculating means for emitting a ultrasonic wave of a frequency in
a range of 40 k to 1,200 kHz to the liquid treated by the emission of
the microwave, thereby flocculating the colloidal particles, and a
deodoriéing means adapted to emit an electromagnetic ultrasonic
wave in a high frequency range to the liquid; and a settling device
which includes a flocculate settling means adaptéd to pass the
liquid containing flocculates of the colloidal particles through a
lattice-shaped electrically separating membrane having a high
voltage applied thereto, thereby adsorbing the flocculates to the
electrically separating membrane, and to settle the £flocculates by
changing the direction of application of the high voltage. With
‘such arrangement, an electric field generated by the high-voltage
pulse of the high frequency in the flocculating device electrically
charges the colloidal particles in the liquid. Thérefore, the
stable hydrated states or the meta-stable hydrophobic colloidal

states of the colloidal particles can be broken, whereby the liquid
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ultrasonic wave in a high frequency range to the liquid to deodorize the
liquid, a high-voltage pulse treating neans for applying a high-vol tage
pulse to the liquid to separate and renove nitrogen conpounds fromthe

liquid angdaat bbheerddFed hf@ropbRoBiedts €106 dte Rl el ddll pairariidliess
the liquid, and a floccul ate discharging neans for attracting floccul ates

of the colang ddle EE1IE | &5 e amiBOOGEgan i SMMs estich dagcwatge bileom, ‘doillon
such arrangenent, an electric field formed by the m crowave emtted from

t he separ dacig 1usaahd ahée19kehy@no peolkdestridetedoland diledpar Fusitherwhithle
are in stable hydrated states or in neta-stable hydrophobic coll oi dal
st at es i nmikerowiaye dndt tire aiiyt rsesrixt wayet Aecebérateathe filidaduda tfiranmanide
liquid nolecules. A cavitation effect of the ultrasonic wave emtted from
t he fl occslepanatimanofcatbes chbleb@al atpartitles ddin pihe cfioceylasgipnde
agai nst one another to flocculate them and the el ectromagnetic ultrasonic
wave in tldsceleratiingh flevdrsmcy r dngeaditdan  r IR t AR e SIRAGTRIBLAPANS
deodorizes the liquid. Further, an electric field fornmed q¥ t he
hi gh- vol t ag@eémrégmﬂeﬁacey thee 14ayAdean Recdpafetized ANt Jecodprized,
accel erat es .
and the electromagnetic ultrasonic wave mainly acts to fragmentize
or decompose amino acid in the colloidal particles to deodorize the
colloidal particles themselves and hence, it is possible to
completely remove the odor of the ligquid. Further, in the
flocculate treating/settling meané, the electrically separating
membrane having the high voltage applied thereto reliably adsorbs
the flocculates of the colloidal particles, and the £flocculates can
be settled rapidly by changing the direction of application of the
" voltage.

According to a fifteenth aspect and feature of the present
invention, in addition to the fourteenth feature, the flocculation
accelerating device is provided with an oxidizing/reducing means
including a DC high-voltage electrode means for applying a DC high
voltage to the liquid containing the colloidal particles to promote
the oxidizing/reducing reaction of the liquid and to decompose
carbon compounds. With such arrangement, the electfic charging of
the 1liquid is promoted by the promotion of the oxidizing/reducing
reaction, thereby rapidly advancing the flocculation and
separation of the colloidal particles. The decomposition of the

carbon compounds makes a short-circuiting difficult to occur and

he_nce, the high voltage can be applied smoothly.

-13 -



the flocculation and separation of the colloidal particles, and separates
off the nitrogen conpounds contained in the liquid and further, easily
deodori zes and sterilizes the liquid by generating ozone. Therefore, the

scal e of the |iquishtdffg ite0aSyskeaLatn $6péctuant featuriiof the present
cost and the running cost, and the colloidal particles in the liquid can

renoved Fﬁx}é&won ang, huatbebn tdatd fougteantheodaiditdenth featuireri the
and sterilized. According to a tenth aspect and feature of the present

i nvent i ong ) b Adfakiin t cadbe Ve nak ifremt @evicke Hisjupkevadedhg withent
further includes a disintegrating neans for subjecting the liquid to a
di si nt egrad s NEtégeat vyl e bactrscally tdhatrging deaanso afiaptied ¥ocRSIRat the

be

magnetic field. Wth such arrangenent, the intensive nmagnetic field causes

the finelyigudiant eonttaimyingeatmentcallohdali qpastinbest oke, Ree RASTEHy
of the treated liquid can be enhanced and hence, the treated liquid ag b
utilized themethreughi othiilerbedng mixed By kladesembaddisd in,a gg‘&?ﬁié .5
the present invention, in addition to the ninth or tenéh f eat t he

liquid trefmagpesissinm AdrersiopRf fdo¥ing okithe tAgHt dmﬁ@fé%mvw a

[ qui 0 | OReSRRELEGRLokd oI | RRA Ty RRHaRT TL IR T AR THERL S

the Ii qUigo:iLgcgfeg IaenC ‘rt (eaééi/lg{]&arlf%%r t:Lac;[lees to electrically charge them,
and adsorbing the colloidal particles to one another. With such
arrangement, the liquid molecules and the colloidal partiéles can
be finely disintegrated by an emulsion effect of emulsifying the
liquid, and are electrically charged, whereby the colloidal
particles having the same potential can be strongly adsorbed to one
another.

According to a seventeenth aspect and feature of the present
invention, in addition to any of the fourteenth to sixteenth
features, the flocculation accelerating device is provided with a
second ultrasonic wave flocculating means adapted to emit
ultrasonic waves as longitudinal waves having frequencies of 28
kHz, 40 kHz and 48 kHz and a ultrasonic wave as'a lateral wave having
a frequency of 100 kHz to the liquid containing the colloidal
particles. With such arrangement, the colloidal particles in
separated states can be flpcculated by a cavitation effect of the
ultraeonic wave having the frequency suitable for the
concentration of the raw water, and the flocculates can be
separated from the 1liguid molecules.

According to an eighteenth aspect and feature of the present
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liable to cause a chem cal reaction can be restored to a stable l'iquid
difficult to chemcally react. According to a twelfth aspect and feature of
the present - 10 - i nvention, in addition to any of the ninth or

el event h iﬁ@éf&fan.t e dhEieseRi ¢ovany ioF i | foudtespEmcyor aayentarntid
by the flocculating nmeans has a frequency equal to or |lower than 100 kHz,

and the ekggtpeEBYNEhLCEUbEEASAPI6nVaveelerabingi daviceqhaacy Fempdesaiyt ed
by the deodorizing nmeans has a frequency in a range of 3 Mto 300 MHz.

Wth suchséparsteng inbans| aisposed thereindfohecenptetebmgAePrratiingalbfi c
wave are irradiated in nore effective frequencies to the |iquid,

Ther ef or ecolilbgdagpareattridlesnefrah | thdalliguid chekecnlese by Rt Eipg pan
floccul ated and renoved nore rapidly and reliably, and the Liguid can_be
deodor i zedlevtrombbreticekgve Aavimy ngft-‘gquetlﬁlfrz%@ rapgec PE 00 M 3L P00f

t he present invention, there is provided a liquid treatin agparatu
conpri si n¥Hante\Chei Fhaubd iceptadndng she orblnidat P&Eﬁl’-yrlﬁ% 5 tﬁed}?-’{)%iet 88e
pul se of a high-frequency to floccul ate and separate, . .
induction plasma. With such arrangement, th¢. induction plasma
generated by the electromagnetic wave completely separates the
flocculates of the colloidal particles from the liquid molecules,
so that even if the liquid is agitated, the flocculates cannot be
diésolved again. _

According to a nineteenth aspect and feature of the present
invention, in additioﬁ to any of the fourteenth to eighteenth
features, the AC high-voltage electrode means comprises two anodes
and a single cathode. With such arrangement, it is possible to
prevent the wearing of the AC high-voltage electrodes to prolong
the life of the electrodes and to apply the AC high voltage over a
wider range to widen the area to be subjected to the flocculating
treatment by switching over the polarities of the electrodes.

According to a twentieth aspect and feature of the present
invention, in addition to any of the fourteenth to nineteenth
features, the DC high-voltage eiectrode means comprises two anodes
and a single cathode. With such arrangement, it is possible to
prevent the wearing of the DC high-voltage electrodes to prolong
the life of the electrodes and to apply the DC high voltage over a
wider range to widen the area to be subjected to the flocculating

treatment by switching over the polarities of the electrodes.

According to a twenty first aspect and feature of the
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col l oi dal particles of water-soluble organic substances, mcroorganisms and
the like froma colloidal particle-containing liquid and to destruct cells
of the mcroorganisns or the Iike. Wth such arrangenent, an electric field

gener al edpbyabhif dillsediid 298 fudpeLo tohanyicah checguPreanh ot Lweakisth
charges the collordal particles in the liquid to break the stable hydrated

states orgtleypELa- shabbethydeophobhe RO hogHavoitageselehtreie meansr Lag
the 1iquid hydrophobic. Thus, the colloidal particles can be separated and

fl occul at gdrmadd otha aphdgtesiutisd9ed gmaitertaluch Withvaseeh bR5EANIEHEBE .
bacillus and the |ike can be destructed and died. In addition, the

col | oi dal maghésshmsi fiGd sseflyed titorihe tligquidjand henceulthe fhacraAaélionne
|l i quid can be deodorized and decol ori zed. According to_a fourteenth
aspect angfftist separateficqilsiinl parsicles, cambecbrameted i fqudhen i qui d
treating systemconprising a floccul ati ng device having an_electricall

char gi Pg/ cel | l—deAccqnﬁing toai®s twenty | secordsagrest I#’an&ﬂ?ﬁbee %EeHY‘Fode
means for a ing a high-voltage_pul se of a hi

fl occul at prgggﬁgi gavepﬁggpﬂ b2 -} %idftion to any o%h Jl{ee%g.%@ce%ntt% %%p%‘rﬂgh Yand

first features, the cathode of the DC high-voltage electrode means
is formed of a magnesium-based material. With such arrangement,
magnesium is dissolved into the liquid and hence, the flocculation
of the separated colloidal pérticles can be promoted further.

According to a twenty third aspect and feature of the
present invention, in addition to any of the fourteenth to
twentieth features, eéch of the electrodes of the AC high-voltage
electrode means is formed of a platinum-titanium alloy material.
With such arrangement, the delivéry and reception of electron can
be proﬁoted by 10 times as compared with a usual case, while
inhibiting the wearing of the electrodes, whereby the electric
charging of the liquid can be promoted further.

According to a twenty fourth aspect and feature of the
present invention, in addition to any of the fifteenth to twentieth
features, each of the electrodes of the DC high-voltage electrode
means is formed of a copper-tungsten alloy material. With such
arrangement, the delivery and reception of electron can be promoted
by 10 times as compared with a usual case, while inhibiting the
wearing of the electrodes, whereby the electric charging of the
liquid can be promoted further.

According to a twenty fifth aspect and feature of the
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wat er - sol ubl e organi ¢ substances, mcroorgani sns and the |ike froma
colloidal particle-containing liquid and to destruct cells of the
m croorgani sms; a flocculation accelerating device which includes a

m cr owave A iremRaARs f ?,b gallkiBE foAgy W \VEheWELitdén i to twenty
el ectromagneti c wave to the liquid to separate the liquid into the

col | oi dal Maftdif! esatiifeli G4nd MRlEcowDFe Gehbtatedl tirasthec fiworulation
flocculating neans for emtting a ultrasonic wave of a frequency in a range

of 40 k t obeld¥utidhig Gevibe Hadgld Sréqaeeney ibyatiengeriofse oa Gitot hee. 5 GHz.

m crowave, thereby flocculating the colloidal particles, and a deodori zi ng
means adaptweictd os@ght a@xraigedernagthti mmiddtowessmi dswoamritted laitgha more
frequency range to the liquid; and a settling device which includes a

fl occul at effddtive fremsemciaptedthe waddoildall ipartickes agandnehcecctine es
of the colloidal particles through a lattice-shaped el éctrically separating
menbr ane resepanpatidy gff the ceddoidpliparticies endithe ddyuddomebeaylenLrom
flocculates to the electrically separating nmenbrane, ard to settle the

fl occul at @@q;\yowangmgber@amﬁl%%pu&rmrtmleﬁéspﬁéﬁeéﬁf-t he hi gh vol t age.
Wth such arrangenent, an electric field generated by the high-voltage
pul se of the high frequency in the flocculating device electrically charges

Lhe collof dal parti ol €5 | Rhe hogit o S CR S nldiB g™ o oraled
particles can be ﬁrgqlier}_,s \Aéneffob‘y &:Paegzl'ainguislqowing a first embodiment of a
liquid treating system according to the present invention;

Fig.2 is a plan view showing eésential portions of the first
embodiment of the liquid treating system according to the present
invention;

Fig.3 is a sectional view taken along a line I-I in Fig.2;

Fig.4 is a view taken along a line II-II in Fig.2;

Fig.5 is a view taken along a 1line III-III in Fig.2;

Fig.6 is a sectional view taken along a line IV-IV in Fig.2:

Fig.7 is a diagrammatic illustration showing a first
separating means and a first flocculating means in the first
embodiment of the liquid treating system according to the present
invention;

Fig.8 is a diagram showing essential portions of a
disintegrating/electrically charging means in the first
embodiment and a second embodiment;

Fig.9 is a diagram showing essential portions of a
deodorizing means in the £first and second embodiments;

Fig.10 is an illustration showing a high-voltage pulse
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- 12 - can be rendered hydrophobi c to floccul ate the coll oi dal
particles, and the cells of the mcroorganisnms such as water bloom colon
bacillus and the like can be destructed and died. Further, the m crowave

and the uldreaBtitid nieaes aghckhealfdridic dnnditatit OSf afles dianeid drredtine
colloidal particles in the floccul ation accelerating device. In

addi ti on, systemhaccbrdtngliad ithe mresder dnvegtdewi;ce, the liquid can be
deodori zed and decol ori zed, and the el ectromagnetic ultrasonic wave mainly
acts to fragnment iFig.dd dexoaposélusiretiond showing ol pattiernpardt ivdldmage
deodori ze the colloidal particles thenselves and hence, it is possible to
conpl et el yappdiiede imetheohigh-vhdthRgguipylserineating imeang Ltpoddel filrst
treating/settling nmeans, t'he electrically separati ng menbrane having the

hi gh vol t &pbofldmendd t hereto reliably adsorbs the floccul ates of the

coll oidal particles, and the floccul ates can he settled rapidlg?gé changi ng

the direction of FdFpliZcatfottof 1LhustEprtigr. shewing n@nofher | 2 2 I

t he present .invention, in_addition to the fourteenth
? the ﬁ? ean%@%tqt%%ﬂ%%ﬂ i% -t%e igh-voltage pulse treating means Lin t%e

first embodiment;

Fig.1l3 is an illustration showing states of molecules in a
water treated by the high-voltage pulse treating means in the first
embodiment;

Fig.1l4 is a block diagram sﬁowing a centralized control
means in the first embodiment;

Fig.15 is a flow diagram showing the second embodiment of a
liquid treating system according to the present invention;

Fig.16 is a front view showing an essential portions of the
second embodiment of the liquid treating system according to the
present invention; |

Fig.17 is a plan viéw showing the essential portions shown
in Fig.16;

Fig.18 is a left side view showing the essential portions
shown in Fig. 16;

Fig.1l9 is a right side view showing the essential portions
shown in Fig.16;

| Fig.20 is a back view showing the essential portions shown
in Fig.16;

Fig.21 is an illustration showing a mechanism of separation

and flocculation of colloidal particles by a flocculating device
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accel erating device is provided with an oxidi zing/reduci ng neans i ncl udi ng
a DC hi gh-voltage el ectrode neans for applying a DC high voltage to the
liquid containing the colloidal particles to pronote the oxidizing/reducing
reacti on ahdtdeilbceuldting dScsberdapss devrikenis aieosedond Wntbodiment ;
arrangenment, the electric charging of the liquid is pronoted by the
pronotion of therasid2zisos resemical rioamidlen shdwdne then getieraidwanofn§Ht he
floccul ation and separation of the colloidal particles. The deconposition
of the carhddcadnpoypndhennkrsatments t ini rthe t flgotivlatdmg deviceuranthda
hence, the high voltage can be applied snoothly. -13- According to a

si xt eent hfaspeuvfladidnfacteieratfinddepicecin thevesecond embeddmenti;:on to the
fourteenth or fifteenth feature, the floccul ation accelerating device is
provi ded wi th a BigiaBedsatinng/ldushimatiom shawimg resserbkahdepreiopg of
permt the liquid containing the colloidal particles to be passed

t her et hr oEaFSttRd sepenfset tbing fenisessin thejereond emhndimant:y, of
magnets in a directiogn of flo '

C | of the liquid in,a pipe ving a netic
(TolG formed theFiBnid A8 @by MHdskearion af ap tractpically’ 38pardRing

membrane in the first and second settling devices in the second

embodiment;

Fig.25 is a block diagram showing a centralized control unit
in the second embodiment;

Fig.26 is a table showing resuits of a demonstrating test on
the treatment of a pig;culture drainage in the second embodiment,
e.g., the amount of water-soluble organic substances in a raw
water, in a water at an inlet of the flocculating device and in a

- water at an outlet of the second settling device;

Fig.27 is a table showing the results of the third run of the
demonstrating test on the treatment of the pig-culture drainage in
the second embodiment, e.g., the amount of water-soluble organic
substances in the water at each of the outlets of the devices; and

Fig.28 is a flow diagram showing a prior art water treating

system.

-Detajiled Description of the Preferred Embodiment
The present invention will now be described by way of A first
embodiment with reference to Figs.1l to 14.
The present invention can be utilized for purification of

not only service water in a pool or the like, but also wvarious
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nol ecul es and the colloidal particles to electrically charge them and
adsorbing the colloidal particles to one another. Wth such arrangenent,
the I'iquid nol ecul es and the colloidal particles can be finely

di si nt egr atigdiBy,a8. M!S heRi AbheCErah toi8 kEbEK furmieg Isutti ds eulitare of

el ectrically charged, whereby the colloidal particles having the sane
potential pagn kattlieoaghytndsniked dw imtustwriderdraivagelisurt @sa waste
sevent eenth aspect and feature of the present invention, in addition to any
of the fondigesd frbém =Eaceonyh dmdlaiwastetdiel f | Foautaniveniencel erhe wager
device is provided with a second ultrasonic wave floccul ati ng neans adapt ed
to emit upurdfging \Exstemsfoong tpilhrciilturesdirainagef rasyuanciiadustrigl
kHz, 40 kHz and 48 kHz and a ultrasonic wave as a | ateral wave having a

f r equency dohibagekwill dbet descriped asopnaienamplere col | oidal particles. Wth
such arrangenent, the colloidal particles in separated states can be

fl occul ated by aFéavitshows acfiret epbodiment; pfddig diguid tReatipg system
frequency suitable for the concentration of the raw water, and the .

f1 occul at 86c@FALPE stParthed PHeGentheipVERtdORo| ec TRR . TAKSr dPRgoLdment

ei ghteenth aspect and_ f.eature of the present -14 . .
g comppz)'ises a filtering means leEor remov.JJ'.ng suspended solids having

a large specific gravity from a raw water including urine of a pig
by a screen or the like, a first separating means 2 adapted to emit a
microwave which is an electromagnetic wave to the raw water which
is still muddy after being filtered, thereby separating ceolloidal
particles and water molecules from each other by an electric field
generated by the mii:rowave, a first flocculating means 3 for
flocculating the colloidal particles by emitting an ultrasonic
wave in a low freqti'ency range to the raw water subjected to the’
separation, a disintegrating/electrically charging means 4 for
electrically charging the liquid to bring the water molecules and
the colloidal particles into a regularly ordered arrangement,
while disintegrating f.he water molecules and the colloidal
particles in the raw water by the mixing of the water, a second
-separating means 5 adapted to emit the microwave which is the
electromagnetic wave, again to the water containing the water
molecules and the colloidal particles disintegrat__ed and brought
into the regularly ordered arrangement, thereby separating the
fine colloidal particles and the water molecules from each other, a
deodorizing means 6 adapted to ém:i.t an electromagnetic ultrasonic

wave in a high freguency range to the water subjected to the
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i nvention, in addition to any of the fourteenth to seventeenth features, .
the floccul ati on accel erating device has a conpletely separating neans
di sposed therein for conpletely separating the colloidal particles fromthe

liquid WE@%&E@&% £Pbhthft 3o Yetfdve) BRISLELAS MRE Coday i fitpre theegubrert n
a range of 100 Mto 500 MHz to the liquid containing the colloidal parti

l es to geg@takre (FRicROMEeAhsNa Pr@te® . t Nte treated,r Megeimeifteli)e andecondn
pl asma generated by the-el ectromagneti c wave conpletely separates the

fl occul at €3oetullbting meadal 7padaptedstdr emithe hilgrasomicewavesinse Lot
even if the liquid is agitated, the floccul ates cannot be di ssol ved agai n.
Accor di ngfregaenicyctaeye toatpe otatexrdstiejected do the deaskarizinw sreagmenitn
addition to any of the fourteenth to eighteenth features, the AC

hi gh- vol t gef beculate tivacsllobdal pastivd esnanid sadlisnersadihe resudddng
Wth such arrangenent, it is possible to prevent the wearing _of the AC

hi gh- vol t §3ece esdefrem the oWgteme mpfecgle%e 3| ddGho¥ol tRae t BUdSsl v

t he AC high voltage over _a wi der range to widen_the area to be sub{lec_t ed to
the flocchraptAggt peansehLqF aPRLYARG g Bigh-YPRtRge & 1150 LHithe,gubject

el ectrodes. According to a twentieth aspect and feature of, the present
water to separate off nitrogen cgmpounas grom '%E:e subSect ICv)f:ater and

- to deodorize and sterilize the subject water by producing ozone, a
flocculate discharging means 9 adapted to attract and settle the
flocculates including metal substances such as heavy metal of the
colloidal particles by a magnetic fofce to discharge them, a water
molecule disintegrating means 10 for further disintegrating the
water molecules also called a cluster by the action of the magnetic
field to produce an activated water, an oxidizing/reducing means 11
for subjecting the subject water ionized by the electrically
charging treatment to an oxidizing/reducing reaction to restore
the water to a stable state, a dehydrating means 12 for dehydrating
the sediments comprising the colloidai particles, and a
centralized control means 13 connected to the above-described
tfeating means for controlling the operations of the treating
means.

The filtering means 1 is comprised of a filtering element 14
such as a screen or a filter for filtering the raw water, a
feces-dregs receiving section 15 for discharging suspended solids
filtered off, and a raw water tank 16 for storing the filtered raw

water, as shown in Fig.l.

The filtering means 1 is adapted to filter off the suspended
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invention, in addition to any of the fourteenth to nineteenth features, the
DC hi gh-vol tage el ectrode neans conpri ses two anodes and a singl e cat hode.
Wth such arrangenent, it is possible to prevent the wearing of the DC

hi gh-vol tg E\%@%f&éﬁ&f‘&ﬁe&%% | Q00 Wt idrfl G dderY a4 rokesanndaterappl y

the DC hig age over a wder range to wden the area to be subjected to

the floccghathaggh! adideRl oY 10y (SALIds Ot the Fecus-dregsof rbeeiving
el ectrodes. According to a twenty first aspect and feature of the 15-

present iggeeibAns | N M@ irawovatér AL tdrdd &yf theeenl beting velemenith 14 is
features, the cathode of the AC high-voltage el ectrode neans is forned of a

magnesi unoheéegtoréar inl theVidw e rrankydee@nd cthene transporiteds sbovthe
into the liquid and hence, the flocculation of the separated coll oi dal
parti cl esftast bsepavatirg neans e focaosubsggquent treatingstage Pypecrawnd
feature of the present invention, in addition to any of the fifteenth to
twenty fiwstefefieeAdng phmpcdi7hod&osf this murDafe v tHRWelRcPiR8elfeidfs
is formed of a nagnesi um based material. Wth such arrangenent, nagnesi um
i s di ssol eanegtedt H© | RAUUPRETd PeRELont ®€ fthe c¥R¥: Water tank 16 for.

permitting the filtered raw water to flow into the raw water tank
16, and a first transporting pipe 19a is connected to a lower
portion of a side of the raw water tank 16 for permitting the raw
water to be transported to the subsequent treating stage by an
suction force of the raw water feedin§ pump 17.

A first discharge pipe 20a for discharging the sediments is
connected to a bottc;m of the raw water tank 16, so that the
sediments are transported through the £first discharge pipe 20a to
the hydrating means 12.

.The water resulting £from the dehydration of the sediments by
a dehydrator 56 (which will be described hereinafter) of the
dehydrating means 12 and the water which has washed the dehydrator
56 are permitted to flow into the raw water tank 16 and utilized to
dilute the raw water.

The first separating means 2 will be described below.

A first seﬁarating pipe 22 is disposed in the first
separating means 2 and connected to the first transporting pipe
19a, as shown in Figs.1l and 2. An electromagnetic coil 23 is wound
around an outer periphery of the first separating pipe 22, and a
circular pipe-shaped first microwave generator 24 is disposed on

the outer periphery of the first separating pipe 22. The first
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of the separated colloidal particles can be prorm.t ed further. According to
a twenty third aspect and feature of the present invention, in addition to
any of the fourteenth to twentieth features, each of the el ectrodes of the

AC hi gh- vl L AG8a6b EGenedatoRansy | $sf eomibtidled of abi mugret afiormed| lafy a
material. Wth such arrangenent, the delivery and reception of electron can

be pronot ggodymitiglde 82 Cwepake] and has anumppen portion actingkas @fgNt he
wearing of the electrodes, whereby the electric charging of the liquid can
be pronotpelé wider lower waktipd ackingeasar Supeheas oo cnavavenhgvdngr at he
present invention, in addition to any of the fifteenth to twentjeth

f eat ur es, freghenty tincaatange ofic30®MHEHeo DE GHgh maxte pgeferabl¥otk anFaRYe| s
formed of a copper-tungsten alloy material. Wth such arrangenent, the

del i very afid2récepto cp F Gz dinom thenviewpednst of bhe18ePaRatige efnpited

with a usual case, while inhibiting the wearing of the'electro , reb
t he el ecteptlehdalinartdickeasand %PﬁéfﬁFB%ﬁYerF&;ﬂPﬁBFy ‘lggﬁr'cﬁmﬁgzt oya

twenty fifth aspect and feature of the - 16- .
is generated from the first microwave generatir 24. A composite

‘field comprising a magnetic field and an electric field is formed
by the microwave which is an electromagnetic wave generated by such
permanent magnet or electromagnet, thereby separating the
colloidal particles and the water molecules in the raw water fi'om
each other. |

It is believed that the microwave has mainly an effect of
subjecting the raw water to the disintegrating treatment to
electrically charge the colloidal particles and the water

" molecules to disperse them sporadically in the raw water, as shown
in Fig.7.

The water resulting from the dispersion is transported
through a second transporting pipe 19b connected to the first
separating pipe 22 to the first flocculating 'means 3.

The £first flocculating means 3 will be described below.

As shown in Figs.l to 3A, a first flocculating tank 26 is
disposed in the flocculating means 3, and the second transporting
pipe 19b is connected to a bottom of the first flocculating tank 26,
so' that the subject water flows from the first separating pipe 22
into the second transporting pipe 19b.

A plurality of first low-~-frequency range ultrasonic

generators 27 are disposed in the first flocculating tank 26 for
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present invention, in addition to any of the fifteenth to twenty fourth
features, the m crowave generated in the floccul ati on accel erating device
has a frequency in a range of 2.4 Gto 10.5 GHz. Wth such arrangenent, the

i crowave denh&ltlilif adul2raBbaief §86ki o€ 4 NRRH & cyheqaell! ebdet lower
particles and hence, the separation of the colloidal particles and the

liquid nolieed a9d k2 @epéndihgr ofiath8@econcenedatiion§ 0ft tive rdwecater) yas
Brief Description O The Drawings Fig.1l is a flow diagram showi ng a first
enbodi nentshdfwm LhqUEidys f3eaahdg 4y st Bm atheor gipgtt enbudimerstent they efitrsn;
Fig.2 is a plan view show ng essential portions of the first enbodi nent of
t he |i qui daw-eErntequenoysrangectirisunicgeherptose2 iisncomprised RifaXinsst
sectional view taken along a line I-I in Fig.2; Fig.4 is a view taken al ong
a line ||-ldwifrégyedcyri gagges uluresondngeineratori montion| |27a Har 2;
Fig.6 is a sectional viewtaken along aline IV-1Vin Fig.2; Fig.71is a

di agr ammatdenenating ani Gt earapigvave having gaf5equena¥ a5 28nkHz on #9ikHz
floccul ating nmeans in_the first enbodinment _of the liquid treating system
accor di ng &% & htapeEdinWaviveid® FiESB LowafFrayYPRAYsKERGSy qrpic

ortions of a
P generator portion 27b for generating an ultrasonic wave having a

frequency of 48 kHz or 100 kHz é.s a lateral wave. Under a
cavitation effect or thé like provided by these ultrasonic waves,
the ultrasonic wave having the low freguency of 28 kHz or 40 kHz has
a role of flocculating the dispersed colloidal particles, and the
ultrasonic wave having the low frequency of 48 kHz or 100 kHz has a
role of dispersing the flocculated particles. and the water
molecules. Outputs of the ultrasonic waves provide an energy in a
range of 300 Wto 1.2 kW.
Permanent magnets 28a of neodymium or the like are laid on an
inner surface of the bottom of the first flocculating tank 26, and a
second discharge pipe 20b is connected to the bottom of the first
flocculating tank 26. Therefore, the flocculates of the colloidal
particles in electrically charged states are attracted to the
permanent magnets 28a and settled on the bottom. The resulting
sediments are transported through the second discharge pipe 20b to
the dehydrating means 12.
The water subjected to the first-stage flocculating
treatment is transported through a third transporting pipe 19c¢c
connected to an upper portion of a side of the first flocculating

tank 26 to the disintegrating/electrically charging means 4. A
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di sintegrating/electrically charging neans in the first embodi nent and a
second enbodinent; Fig.9 is a diagram show ng essential portions of a
deodorizing neans in the first and second enbodi nents; Fig.10 is an

| 11 ustrat Heas3(01 8 aﬂw ¥9| 130QiNPdea i the hiddlé Ne£meEms thikhe
first enbodi nent of ? liquid treating systemaccording to the present

i nventi ongrghg éietb.ﬁg ipd 19,1 86 ithatsene m%@awaa:rdt 95 amléwed tappllowd
in the hi gh-vo tage pul se treating neans int first enmbodinent; Fig.12 is

an illustpaidenr shaw nge groé Bay 1 Rod 1ef N i ghl t o eapphied i N hiteo the
hi gh-vol tage pul se treating neans in the first enbodinent; Fig.13 is an
i1 lustratdosinbegragingsetecttionlry dhargimgmeansrstreated by the
hi gh-vol tage pul se treating nmeans in the first enbodinent; Fig.14 is a
bl ock di agram shamiaiy axbaustaportd forr discbanging aie dontainaddai thet ;
‘'raw water 1is disposed in the upper portion of the first
flocculating tank 26.
The disintegrating/electrically charging means 4 will be
described below. |
| A disintegrating/electrically charging pipe 30 such as a
mixing pipe is disposed in the disintegrating/electrically
charging means 4 and connected to the third transporting pipe 19c.
As shown in Fig.8, neédymium plates 31la of about 10,000 Gauss are
giisposed on upper and lower portions of the
disintegrating/electrically charging pipe 30, and neodymium
" element blades 32 each made of a ceramic material and. having
neodymium elements 31b embedded therein and having a magnetic force
of about 11,000 Gauss are disposed within the
disintegrating/electrically charging pipe 30. Each of the
neodymium element blades 32 is formed from a spirally twisted flat
plate and has the neodymium elements 31b of N and S polarities
embedded alternately, for example, in an order of "NNSSNNSS ( ( ("
in a widthwise end of the blade 32 in a direction of passage of the
subject water, as shown in Fig.8. Thus, the magnetic field
generated by the neodymium plates 3la and the mixing action of the
neodymium element blades 32 ensure that the water molecules in the

subject water are disintegrated and charged with negative electron

(i.e., ionized), and at the same time, the colloidal particles are
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Fig.15 is a flow di agram show ng the second enbodi ment of a liquid treating
system according to the present invention; Fig.16 is a front view show ng
an essential portions of the second enbodi nent of the liquid treating

syst em acgps fh PegtQrbdcand R gdd Wethi positide diledtrdn pimih brioaghthintag
t he essential portions shown in Fig.16; Fig.18 is a left side view show ng

the essenthad pedensed oV rifal geletg. 19 iTshe rf edw rse de vdimw tioai ng
the essential portions shown in Fig.16; Fig.20 is a back view show ng the
essent i al apeintegsasinaelectticdbly Bharjine meanis 4 |sthefinershodiojdal
mechani sm of separation and floccul ation of colloidal particles by a
fl occul atpagtilevese whBch haventeanf icomplletieilyn radr atemandédhatictheefinsthe
second enbodi nment; Fig.22 is a chemcal fornula show ng the generation of
OH r adi cafldgcthatingiseparatingt istadepccoant ibgy easidy atxeated at the
subsequent second flocculating/separating stage by attracting the
molecules having the same potential strongly.

The neodymium plates 3la disposed on the upper and lower
portions of the disintegrating/electrically charging pipe 30 may
be formed of a magnet. |

Tﬁe second separating meané 5 will be described below.

The second separating rﬁeans 5 has an arrangement

substantially similar to that of the first separating means 2.

More specifically, a second separating pipe 33 is disposed in the

second separating means 5 and connected to the

disintegrating/electrically charging pipe 30, as shown in Figs.zl—

and 5. An electromagnetic coll 34 is wound around an outer
periphery of the second separating pipe 33, and a second microwave
generator 35 is disposed on the outer periphery of the second
separating pipe 33. The second microwave generator 35 is formed of
a magnet such as a neodymium plate or the like and has an upper
portion acting as an N pole and a lower portion acting as an S pole.
A microwave having a frequency in a range of 300 M to 16 GHz in
accordance with the concentration of incoming water, more
preferably, a frequency in a range of 2.4 G to 10.5 GHz from the
viewpoint of separating the colloidal particles, and further
preferably, a frequency of 10.5 GHz, is generated for about 1 (sec.

When such a microwave is emitted to the subject water, the subject
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floccul ation accel erating device in the second enbodi ment; Fig.23 is an
i I'lustration showi ng essential portions of first and second settling
devices in the second enbodinment; Fig.24 is an illustration of an

el ectri c%égﬁfgg_%gﬁd%%gég@ethg tdisiniteyratithe cereditment | i agddeas cas

In the secon 5 1s a block diagram show ng a centralized

control upifuip, tAfSeANG iMEOghFRIELeE sndGrd e modlecaleisobeiggr feTmed of
a denonstrating test on the treatnment of a pig-culture drainage in the

second en@ggldﬁgers%@spofaﬁaapy@t of wat er-sol ubl e organi ¢ substances in
a raw water, ina water at an inlet of the flocculating device and in a
water at an outlphen] the Besultingtwater ieviransponted from thel 8esendi ng
the results of the third run of the denpnstrating test .on the treatnent of
t he pi g- cybparatiingipiage3drtd thestsoduriginginesns, 6. g., the anount of
wat er - sol ubl e organi c substances in the water at each of the outlets of the
devices; and Fi gTB8 devdorfilzingineans 6 whdhiteydesgribe R91QWt er treating
system Detailed Description of the Preferred Enbodi nent The present

i nvention will ndwdsodtrdmingedbe¥ Ady ofhichi A& %nﬂo&%@rﬁe‘ﬁlwyr ef8PEnce

to Figs.1l to 14.

electromagnetic ultrasonic generator, is disposed in the
- deodorizing means 6. A deodorizing pipe 38 1is disposed to extend
through the deodorizing box 37 and connected to the second
separating pipe 33. External magnets 39a having N and S polarities
are disposed at upper and lower locations on the outer side of the
deodorizing pipe 38, respectively, as shown in Fig.9, and a
rod-shaped internal magnet 39b is disposed at the axial center
position in the deodorizing pipe 38, so that its polarities are
opposed to the opposite polarities of the external magnets 3%9a. In
the first embodiment, each of the external magnets 39a comprises an
electro:ﬁagnet, and the internal magnet 39b comprises a permanent
magnet. Further, high fi'equency range ultrasonic wave generators
40 are disposed respectively on left and right sides of the
deodorizing pipe 38 for generating a ultrasonic wave as a
longitudinal wave having a frequency in a range of 3 M to 300 MHz in
accordance with the concentration of the subject water, more

preferably, a frequency of 100 MHz at a period of about 0.5 sec.
The subject water is passed through the deodorizing pipe 38,
while being mixed or vibrated in the deodorizing pipe 38. 1In the

first embodiment, the subject water is ejected from a nozzle (not

shown) disposed within the deodorizing pipe 38, and a vibrating
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The present invention can be utilized for purification of not only service
water in a pool or the like, but also various - 19 - liquids, e.g., a
drai nage fromthe stock farm ng such as culture of pig, cattle and the

like, an bAdyat (hek ShewRfdes Aidbdred MPThe Vietndty’ 6/ én fact ety ofarthea
waste oil. For convenience, the water purifying systemfor a pig-culture
drai nage @bzanel,N0s6t bt dthé NagHjedd wetdescis bedbgatede wkaben€ly Fby. 1
shows a first enbodi ment of the liquid treating systemaccording to the
present i gev@ltisadn theddef dgainstntineivilbratdorgplats.a filtering neans 1
for renoving suspended solids having a | arge specific gravity froma raw
wat er including Aricempdsitei fikjda commeisingt be magrestic f ifieldseprd ang
nmeans 2 adapted to emit a mcrowave which is an el ectronagneti c wave to the
raw wat er eliectiricsfield| isnfidyesdf byrtheiertannalemggnetsc? tdy theinkerngl
colloidal particles and water nolecules fromeach other by an electric
field genmagned B9bt Ardntkedkbgl frequengy frangs ukinagondsh gepezr@tor 40,

flocculati ng the colloidal particl es%% emtting an ultrasonic wave in a
| ow f r equéheFebyngenesathigraFonaadled, sitectrgmagnefdc ultrasonic wave.

This electromagnetic ultrasonic wave acts to fragmentize or
decompose the amino acid in the colloidal particles to completely
remove an odor from the subject water.

The electromagnetic ultrasonic wave may be emitted even to
the disintegrating/electrically “ charging pipe 30 of the
disintegrating/electrically charging means 4 at an output of 1 kW
in such a manner to | alternately apply an electric' field in a
magnetic field.

The subject water deodorized in the deodorizing pipe 38 is
transpbrted to the second flocculating means 7 acting at the
subsequent treating stage.

The second flocculating means 7 will be described below.

A second flocculating pipe 41 is disposed in the second
flocculating means 7. An electromagnetic coil 42 is wound around
an outer periphery of the second flocculating pipe 41, and a second
low frequency range ultrasonic wave generator 43 is disposed on the
outer periphery of the second £flocculating pipe 41 for generating a
ultrasonic wave having a low frequency equal to or lower than 50 kHz
in accordance with the concentration of the subject water.

When the ultrasonic waver having the fréquency in the low

range is emitted to the subject water by the second low frequency
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separation, a disintegrating/electrically charging neans 4 for electrically
charging the liquid to bring the water nol ecul es and the coll oi dal
particles into a regularly ordered arrangenent, while disintegrating the

wat er 1ol egybes,1 SRk diifc MalvieOsdRbraBHE 43 £ hewhBEr MYl &Rl Bes ldhddyearati ng
of the water, a second separating neans 5 adapted to emt the m crowave

which is hBgaelieet HOMEINIE Ct@VRatégamdleeulilbe \widrcalldbdal nparhidcieser
nol ecul es and the colloidal particles disintegrated and brought into the

regul arl yagtdnged arrengearii, arBaittyactedts a malilhsutfacecof [thelskcond
particles and the water nol ecul es fromeach other, a deodorizing neans 6
adapt ed tflestthlaninbeptipensdnand filowaabong theewalla finfiade eqgamdcyhe
range to the water subjected to the -.20 - separating treatnent to
renove ancollendailepariticIes mhargesubtcposikive ions €howetosthe wendien ofbe
treated, hereinafter), a second floccul ating neans 7 aflapted to enit a

ul t r asoni themecend £locaulpsinarpipe Alge Thushdhmwategmpleceates ant ghe
deodorizing treatnment to flocculate the colloidal particles and to disperse
the resul ePhfoiflad RAGkicles axet ftsppreed mank thecoklyidal, nafitigdes,aree

flocculated together.

The subject water subjected to the second flocculating
treatment in the above manner is transported to the subsequent
high-voltage pulse treating means 8.

The high-voltage pulse treating means 8 is adapted to
generate plasma to remove nitrogen molecules by applying a high
voltage of about 10 k to 60 kV at different periods.

For this purpose, a high-voltage pulse treating pipe 45 is

" disposed in the high-voltage pulse treating means 8, so that it is
connected to the second flocculating pipe 41, as shown in Fig.10.
A plurality of electrodes 46A, 46A', 46B, 46B', 46C and 46D as
high-voltage pulse generators, to which a high voltage is applied
at different periods, are disposed in the high-voltage pulse
treat;ing pipe 45.

As shown in Fig.11l, a voltage in a range of 10 k to 30 kV is
applied for 20 ( sec., and after a lapse of 20 ( sec., is applied
again for 20 ( sec., between the electrodes 46A and 46A' and between
the electrodes 46B and 46B'. After a lapse of 5 ( sec., a similar
pattern of application of voltage is repeated again.

On the other hand, a voltage of about 60 kV is applied for 5 (

sec., at a period of 5 ( sec., between the electrodes 46C and 46D, as
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treating means 8 for applying a high-voltage pulse to the subject water to
separate off nitrogen conpounds fromthe subject water and to deodorize and
sterilize the subject water by producing ozone, a floccul ate discharging
nmeans 9 adapwRdid idt.izact and settle the flocculates including netal

subst ances such as heavy netal of the colloidal particles by a magnetic

force to di schargggt hgrshcws\whersathbasule stiatiest 6grtaid wateranslddhas and
further disintegrating the water nol ecules also called a cluster by the

action of cohgoidglepacticdked,t ahphothecvaltagesyhave beenr applied by the
oxi di zi ng/ reduci ng neans 11 for subjecting the subject water ionized by the
el ectri cakllgctiradgisng6 | aBATENE6B0 46B bxidbiCzang/46lucAnyargaciinmle shown
restore the water to a stable state, a dehydrating neans 12 for dehydrating
t he sedi méntEigoitprisiagrater oollegidsl, pad: actmallendcireksthanded docsher ol
means 13 connected to the above-described treating means for controlling
t he oper a¥asas moleckle dsacphdoidahpanticies « eFixstnebhe WRtEr FiprLded of
a filtering elenment_ 14 such as a_screen or a filter for filtering the raw
water, a PEBSHAFIRA atRegFthye SdeStFicitR.oanditheaigrages $8FPds
filtered off, and a raw water tapk 16 for stqring the filtered raw water,
as shown FHaFPS.Hl.aﬁ'h(P"IsilltF‘é’ﬁ ngf?fé*éﬁécgtYs gﬂ’aptqgﬁ ﬁﬁi'qlf'l‘fcl-:]rt%q? PHesSes
SUSpendedbetween the electrodes 46A and 46A' and between the electrodes 46B
and 46B'. An effect of separating the water molecules and the
nitrogen molecules from each other is produced by the high-voltage
pulses between the ele;:trodes 46A and 46B' and between the
electrodes 46A' and 46B, and the water molecules and the nitrogen
molecules are completely forced away from the water molecules by
the high-voltage pulse between the electrodes 46C and 46D.
Simultaneously with the spattering of the nitrogen molecules, the
oxygen molecules which are being treated are bonded to produce
ozone. This ozone has an effect of decolorizing and sterilizing
the subject water.

Therefore, the nitrogen compounds in the water are removed,
and the same time, the subject water can .be ‘decolorized and
sterilized, by the high-voltage pulse treating means 8.

A fourth transporting pipe 194 is connected to an outlet of
the high-voltage pulse treating pipe 45 of the high-voltage pulse
treating means 8, so that the subject water is transported to a
discharge tank 48 of the flocculate discharging means 9 as a

subsequent treating stage.

The flocculate discharging means 9 will be described below.
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-21 - solids separated fromthe water and floating in fhe raw water to
di scharge the floating solids to the feces-dregs receiving section 15. The
raw water filtered by the filtering elenment 14 is once stored in the raw

water tank 16 ang,d keBctheaseWiskhdryitembhnsto 1epadapted treatSractothe
subsequent treating stage by a raw water feeding punp 17. For this purpose,

a flowinPiReidd | SarPidrss eglédcelatp@einpor £loocalates by the esecend 16
for permtting the Tiltered raw water to flow into the raw water tank 16,

and a firglodédSRg theapingat 490 dischamgect e dowawagds. portion of a side
of the raw water tank 16 for permtting the raw water to be transported to
t he subsequent tTsatdinghrirage tapkad8s fori shofagecodf theespbieaht €ateEcks ng
punp 17. A first discharge pipe 20a for discharging the sedinents_is
connect eddispasdbtinotheffidosulatedischangknganeans Phaes (oW dPEHES- bre

transported through the first discharge pipe 20a to the hydrating nmeans 12.
The wat er2 mesubt i rthé fourthetiansperting REPE H@dséﬁi‘?@?ﬂ%gﬁgé:%gh'%? Br

56 (which will be described herei nafter% of the .
of the discharge tank 48, so that the subject water containing the

flocculates flows into the discharge tank 48, and the pémanent
magnets 28b of neodymium or the like are laid on the bottom of the
discharge tank 48. Thus, the flocculates in the electrically
charged states in the subject water flowing through thé fourth
transporting pipe 194 into the disché.rge tank 48 are attracted by
the magnetic forces of .the permanent magnets 28b to become settled
down to the bottom.
Then, the sediments collected to the bottom of the discharge
" tank 48 are discharged through a third discharge pipe 20c connected
to the bottom of the discharge tank 48 to the dehydrating means 12.
The magnetic force of each of the permanent magnets 28b is
determined in accordance with the concentration of the organic
substances in the subject water. When a high-concentration raw
water, i.e., a raw water céntai-ning a large amount of colloidal
particles is to be treated, it is necessary to attract a large
amount of flocculates and hence, the magnetic force of the
electromagnet is set at a large value. On the other hand, when a
low-concentration raw water is to bé treated, the magnetic foi'ce of
the electromagnet is set at a small value. .
An air discharge port 49 and an ozone discharge port 50 are

disposed at upper portions of the discharge tank 48, so that air and
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dehydrating neans 12 and the water which has washed t he dehydrator 56 are
permtted to flowinto the raw water tank 16 and utilized to dilute the raw
water. The first separating neans 2 will be described below A first

separ ati ng,BhRe prpduted HIVU Gid' dierdddf ! cofpiRds "By "eREShighRdoltage
connected to thée first transporting pipe 19a, as shown in Figs.1l and 2. An

el ectr onagagkieC t5dtmeht M UdfsShatiged aBo0the! dufdideryhodudtnether atir
separating pipe 22, and-a circul ar pipe-shaped first mcrowave generator 24

i s di sposadsenairige sote4oneid Riher ¥zohe idissdHarsje poparsa. ng pi pe 22. The
first -22 - m crowave generator 24 is conprised of a magnet forned of a
neodym um pl at e Thehhethéksub ject hwasten wibpterthp rdlicocuiatesy ansd dheNlpkee
and a lower portion acting as an S pole. A mcrowave having a frequency in
a range ofrefo®eliHtherelfrotHmwitivie thef discharige dankngt8 ois2tzragsporteds
Gz fromthe viewpoint of the separation of the colloidal particles and
further ptbrengbl § fifithetyanspovrting mingilde conpercted &@ aRJIRRSGRPPFLiPN
m crowave generator 24. A conposite field conprising a nagnetic field_and
an el ectr P& faelsides p§rehp discharge tank 48 to the water molecule
disintegrating means 10.
The water molecule disintegrating means 10 will be
described below.

The water molecule disintegrating means 10 is adapted to
further disintegrate the water molecules of the water treated by
the above-described processing, by the action of an intensive
magnetic force, thereby producing an activated water. )
For this purpose, as shown in Figs.l, 2 and 6, a

disintegrating treatment tank 51 is disposed in the water molecule
disintegrating means 10, and a tube 62 made of an insulating
material such as ceramics is disposed, with its vertical direction
being longitudinal, in the disintegrating treatment tank 51. The
fifth transporting pipe 19e is connected to an upper portion of a
side of the disintegrating treatment tank 51, and an internal
transporting pipe 53 is disposed in the disintegrating treatment
tank 51 to permit the communication between the £fifth transporting
pipe 19e and the tube 52. Thus, the water subjected to the water
molecule disintegrating treatment is permitted to £low through the
fifth transporting pipe 19e and the internal transporting pipe 53
into the tube 52.

The tube 52 has an opened bottom, and an electromagnetic
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i,

by the m crowave which is an el ectromagneti c wave generated by such
per manent nmagnet or el ectromagnet, thereby separating the coll oi dal
particles and the water nolecules in the raw water fromeach other. It is

bel i eved thal (A5t BHSWPYE WoendBrduhd@in it pelripreiredl sugfabe ¢fwhe

water to the disintegrating treatnent to electrically charge the coll oi dal

particl es i t §2. WairdleréRbeey! Gihdw dleperie ldMerteper &lowal | ycross heheaw
water, as shown in Fig.7. The water resulting fromthe dispersion is

transport i edtron@iyna tiec ashil ) aas @vvnwirdi @ErdSbedofoactecdis o generiatest
separating pipe 22 to the first flocculating neans 3. The first

f1 occul at wighimathe Zubd 52 bhavittasxby bhed b pect Materofhowingiigs thet tutds\ 523
first flocculating tank 26 is disposed in the flocculating neans 3, and the
second tr dizssfedt towapd thel Bbttemonf tdet water mobecubendiisinkegrating tank
flocculating tank 26, so that the subject water flows fromthe first
separati ndlpi pe 22 into the second transporting pipe 19b. A plurality of

first lowfrequency range ultrasonic generators 27 are disposed _in the
first floccul ati @ tt&k 2¢hesr hamd, permanent magnets 28c and 284 of

neodymium and the like having a magnetic force of about 10,000
Gauss are laid as magnetic field forming members on inner surfaces
of top and bottom portions of the water molecule disintegrating
tank 51, respectively, so that an intensive magnetic field is
formed within the water molécule disintegrating tank 51. Thus,
when the subject water is passed through the water molecule
disintegrating tank 51, the water molecﬁles. i.e., sol-called
clusters are disintegrated more finely to produce an activated
water.

Therefore, when the water treated in the above manner is
utilized as drinking water for an animal or mammal and supplied to a
plant, it can exhibit a remarkable effect for the growth thereof.

The subject water after being subjected to the water
molecules integrating treatment is discharged, as it is, through a
discharge pipe 54 connected to an upper portion of the side of the
water molecule disintegrating tank 51, and thus, can be released
into a river or the like or utilized as water or the like fed to the
animal or .the plant.

It should be noted that a fourth discharge pipe 204 is
connected to the bottom of the water molecule disintegrating tank

51, so that the final colloidal particles attracted to the
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~generating a ultrasonic wave of a | ow frequency equal to or | ower than 100
kHz depending on the concentration of the raw water, as shown in Figs.3 and
4. In the first enbodinment, the first | ow frequency range ultrasonic

gener at Orpaﬁuhﬁeﬁﬁﬁﬁi’alg&%QSszai fidid owweheepueow rianghisdHargahi to the
generator portion 27a for generating an ultrasonic wave having a frequency

of 28 kHzdenydfaklimgameamd akeral wave, and a first |ow frequency range
ultrasoni c generator portion 27b for generating an ultrasonic wave having a
frequency of 48 khiz adiditidnkHsthe ailratdisdhaxge. porderdh andi tthe onzeneect
or the like provided by these ultrasonic waves, the ultrasonic wave having
the | ow fdakgobargeopors J¢H£fcgr dischargiag aircind sfzdne eradnaed; frpm the

di spersed col loidal particles, and the ultrasonic wave having the |ow

f r equencynbtragergompounds o thes Likeoand oremaipingny thee sibject| water
particles and the water nolecules. Qutputs of the_ultrasonic waves proyvide
an ener gyarf adﬁﬁhﬁgdof 1300thet FABPET (\ROFEiRBnePf nEPeaten Mo d®i um
or the like are on an inner surface of the bottom of the first

f1 occul atﬂhﬁi{“a'ﬁﬂr%lngrﬁfné‘ 3dcond discharge pipe 20b is connected to the

bot tom of ' the figgl £l.opoal 08 JankAS nllEb PUia1l S ddu8SHed 88184, (e

The oxidizing and reducing means 11 comprises four
electrode members 55 having a suitable potentizl, as shown in
Figs.l, 2 and 6. The subject water ionized by the above-described
processing is subjected to an oxidiiing and reducing reaction on
the surfaces of the electrode members 55 to deliver and receive
electrons. The o‘xidiiing and r_educing reaction causes the subject
water to be restored from the ionized state in which the chemical
reaction is liable to occur, to a stable state in which the chemical
reactibn is difficult to occur.

It should be noted that the oxidizing and reducing reaction
is conducted as an electrode reaction through the electrode members
55 in the first embodiment, but as required, suitable oxidizing
agent and a reducing agent may be used.

The dehydrating means 12 will be described below.

A dehydrator 56 is disposed in the dehydrating means 12 to
remove water contained in the sediments discharged from the
above-described means by an action such as a centrifugal separation
or the like. The dehydrator 56 is capable of reducing the water
content of the sediment from about 98 % to about 80 $. Therefore,

the dehydrated sediment can be treated more effectively in a
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particles in electrically charged states are attracted to 't he pernanent
magnets 28a and settled on the bottom The resulting sedinents are
transported through the second di scharge pipe 20b to the dehydrating neans

12. The \A@bﬁboggghﬁc!;ﬁhﬂ,o the first-stage flocculating treatnment is
transported through a third transporting pipe 19c connected to an upper

portion of a si dgsoeskeibedstatdvesctiss i rawt eake26 diduting pipe 57 for
di sintegrating/electrically charging neans 4. A -24- pressuri zi ng punp
29 is di sperangportihg mhedlwatdr thesulting t frompdhei iehydraticn awdt the
t he subject water is allowed to flow under an excessively high pressure
i nt o t he Washihggwatengdisebarged| fxom heidehydator 56AtaithecxrYuWates: t
49 for discharging air contained in the raw water is disposed in the upper
portion otankel§ tosdilute thlearawmyatede 26. The disintegrating/electrically
charging neans 4 will be described bel ow. A disintegrating/electrically
chargi ng pi pe 300BU&e gshgr hand, the solids resulting £ .om he dehydration
conducted by the dehydrator 56 are dischaibed to the solid
receiving section 58. Thereafter, the solids are transported
along with the solids filtered off by the filtering means 1 to the
composting plant, where they are used as a composting material and
subjected to a composting treatment for reuse as an agricultural
fertilizer.
The centralized control means 13 will be described below.
As shown in the block diagram in Fig.14, .the centralized
control means 13 includes a first microwave control section 60 for
" controlling an output of a microwave of 300 M to 16 GHz generated in
the first separating means 2, a first low-frequency range
ultrasonic wave control section 61 for controlling an output of a
ultrasonic wave having a low frequency equal to or lower than 100
kHz and generated in the first flocculating means 3, a second
microwave control section 62 for controlling an output of a
microwave of 300 M to 16 GHz generated in the second separating
means 5, a second low-frequency range ultrasonic wave control
section 63 for controlling an output of a ultrasonic wave having a
low frequency equal to or lower than 50 kHz and generated in the
second flocculating means 7, a high-freguency range

electromagnetic wave control section 64 for controlling an output

of an electromagnetic ultrasonic wave having a high frequency in a
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m xi ng pipe is disposed in the disintegrating/electrically chargi ng neans 4
and connected to the third transporting pipe 19c. As shown in Fig.8,
neodym um pl at es 31a of about 10,000 Gauss are di sposed on upper and | ower

portions ghaplacodi $iicedses MY GneChbheahtydciintdidaeBabe12@nganeansaslyd um
el ement bl ades 32 each nmade of a cefam c material and having neodym um

el ement s pllgneraddee ﬁﬁ@éeiébxﬁ&@bi"%‘éid‘t@o@ §B0RE iconft@bdd inlg ahautrhit @0
Gauss are disposed withi-n the disintegrating/electrically charging pipe

30. Eacla @fighReoleederipulse appllied doeths? high-goltdde pulses firealting
twisted flat plate and has the neodym um el enents 31b of N and S polarities
enbedded alelamisnat, ed Wwoltage aomiml iseckionr dérfof <OMNIINNSNG the volitage
wi dt hwi se end of the blade 32 in a direction of passage of the subject

wat er, asappdwed toFthe &ledtwade inembexyn&5i inf the doxidisr ing @nd, redacing

neodym um pl ates 31a and the m xing action of the neoggm' um el enent bl ades

32 ensuremepas Lhe apd & debydration eonteol agcatdion ko reontizgldking thed

and charged with negative electron (i.e., ionized), and at the sane tine,

t he col | oP@gratdrn efctherdehydrator 56 in the dehydrating means 12. Each
of the control sections is adapted to be controlled easily by the
operation of corresponding one of switches (not shown) on a
centralized control panel 68, but is controlled automatically in a
usual state. |

A water treating process carried out in the first embodiment
will be described below.

In the water treating process in the first embodiment,
first, a raw water including a pig-culture drainage, an industrial
drainage and the like is passed through the screen in the filtering
means 1, whereby it is filtered to remove colloidal particles
suspended in the raw water. The colloidal particles are discharged
to the feces-dregs receiving section 15, and the £iltered raw water
is once stored in the raw water tank 16.

Then, the raw water feeding pump 17 draws the raw water from
the raw water tank 16 and feeds it to the first separating pipe 22 of
the firs-t separating means 2. The first separating means 2 emits a
microwave of 10.5 GHz from the first microwave generator 24 to the
raw water to separate the raw water into water molecules and
colloidal particles. The subject water subjected to the

separating treatment is transported through the second

transporting pipe 19b to the £irst flocculating means 3. The first
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di sintegrated and charged with positive electron and brought into the
ordered arrangenent. Therefore, in the disintegrating/electrically
char gi ng neans 4, the finer coll oidal particles whi ch have been conpletely

not renoved Rleiit s a{Jen?}:é%CQH%@%'é)gfl a9 2 Gl abﬁr@mﬁdy of

treated af second floccu t| ng/ separating stage b

att ract! Naryhge 98 G CA0NGYL thd U8 fRdEH eBE! Alrst rmwlﬁfeiiaw&ew@e um

pl ates 31a di spose n t he upper and | ower portions of the

di si nt egr iti@sRndel whod! bynéiqafsragzm RA3Q8BRYobERé UBTe®f WwatexgnmiderThe
second separating neans 5 wll| be described below. The second separating

nmeans S h&%eaaoﬁtfamgﬁmcﬁé@&iﬁ&hbafirsﬁIm‘b&t‘ré@éﬁmy mindehailftirastonic
separating means 2. More specifically, a second separating pipe 33 is

di sposed waviehecortroll serliain nglearseremndftococatatdngo tihe colloidal
disintegrating/electrically charging pipe 30, as shown in Figs.2 and 5. An
el ect r omapatticles and4dispexsing dhemfiram the watesr mphecyples. t Hthercdhe
separating pipe 33, and a second m crowave generator 35 is disposed on the
outer per ipermanesit mhgnessodastinpesedemitbe bottImesuriane of dhmbiirst
generator 35 is fornmed of a magnet such as a neodym um plate or the |ike
and has aflossalatdng sankc2é afteachs khpoftogewlated felintdal Pagtiiciesas

an S pol e.
P to settle them and discharge them into the second discharge pipe

20b.

On the other hand_, the subject water is transported through
the third feeding pipe to the disintegrating means 4 under a
moderate pressure by tﬁe pressurizing pump 29. The disintegrating
means 4 disintegrates the water molecules iﬁ the raw water under
actions of the magnetic force of the neodymium plate 3la and of the

T mixing by the neodymium element blades 32 to chargé the water
molecules at negative electricity and at the same time, charge the
fine colloidal particles at positive electricity, thereby bringing
them into an ordered arrangement.

Then, the water after being subjected to the disintegrating
and electrically charging treatment is transported to the second
separating means 5. The second separating means 5 emits a
microwave of 10.5 Hz from the second microwave generator 35 to the
subject water under the control conducted by the second microwave
control section 62 of the centralized control means 13, thereby
separating the subject water into the water molecules and the
colloidal particles. The subject water subjected to the

separating treatment is transported to the deodorizing means 6.
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A m crowave having a frequency in a range of 300 Mto 16 GHz in accordance
wi th the concentration of incomng water, nore preferably, a frequency in a
range of 2.4 Gto 10.5 GHz fromthe viewpoi nt of separating the coll oi dal

particles, and furpher qucdc¥iaing mehhedUeN@nid’s 18n5 éiEcticmagmetht ed
for about 1 (sec. Wen such a mcrowave is emtted to the subject water,

t he subj eqlitrd@onic wéiieclof Satioil eD0@IMED f£hémdtRenheéghafreguencyt range
and as a result, fine colloidal particles and water nol ecul es bei ng forned
and di spendedaspaiadwvant| gendietor 40cines magned iwafdeldsunden e continodm
t he second separating pipe 33 to the deodorizing nmeans 6. The deodori zi ng
means 6 wconhdoetedsbyi bhe higyhvEréquencly razige) eiectzomagnetiic ylirasonic
hi gh-frequency rage el ectromagnetic ultrasonic generator, is disposed in
t he deodomiexengontral 6sesgtiiendddi Ahgthe peepgrad igedpntnd cneans 13,
t hrough the deodorizing box 37 and connected to the second separating pipe
33. Ext er thlergbynzemnovdaghayvpifensive &1os| £ren | the Fubigch ¥aderbYuFysh

and | ower | ocations on the outer side of the
electromagnetic ultrasonic wave.

The deodorized water is transported to the second
flocculating means 7. The second flocculating means 7 emits a
ultrasonic wave of 50 kHz or lower from the second low-frequency
range ultrasonic wave generator 43 under the control conducted by
the second low-frequency range ultrasonic wave control section 63
of the centralized control means 13, thereby flocculating the
colloidal particles and dispersing them from the water molecules.

Then, the subject water subjected to the second
flocculating treatment is transpofted to the high-voltage pulse’f
treating means 8. The high-voltage pulse treating means 8 applies
voltage of 10 k to 30 kV to between the electrodes 46A and 46A' and
between the electrodes 46B and 46B' and at the same time, applies
voltage of about 60 kV to between the electrodes 46C and 46D, under
the control conducted by the high-voltage pulse control section 65
of the centralized control means 13, thereby generating plasma to
separate off the nitrogen compounds contained in the subject water.

Ozone generated at that time deodorizes and sterilizes the subject
water.

The water with the nitrogen compounds removed therefrom is

transported through the fourth transporting pipe 194 to the

discharging tank 48 of the flocculate discharging means 9.
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deodori zi ng pi pe 38, respectively,'as shown in Fig.9, and a rod-shaped
I nternal nagnet 39b is disposed at the axial center position in the
deodori zing pipe 38, so that its polarities are opposed to the opposite

polarities of thepexiy nahs6RAP§iSg3tankl N8 hether Pertdinatitremagnessh 28b
the external magnets 39a conprises an el ectromagnet, and the internal

magnet 39k t33HYH SEke A floctlatesTegf ettheFusd hesidél glpairmtdqlescyby artgeir
ultrasoni c wave generators 40 are di sposed respectively on left and right

si des of wagndaddoforceg 1o petidef thepedowniionghe bbttemaiischanging tank

| ongi tudi nal wave having a frequency in a range of 3 Mto 300 MHz in

accor dancet8niand tthemondent f kvconlates harg ubrassponted, thooughr dher fiiird a
frequency of 100 MHz at a period of about 0.5 sec. The subject water is
passed t hddsgiharige ptpel@0cztaghs gehgaratbngamaansd2ai xed or vibrated in

t he deodorizing pipe 38. In the first enbodi nent, the subject water is

ej ected from a nozz|Bhg nsubsestn) vareposiaplated n#hethéod%"\‘?‘i‘i"hjgafﬁﬁi)e isg,
and a vibrating -27- pl ate_(not_shown) is disposed in the Vi CI ni t of an

outl et of BHARSROTLed 1§oa¥1h%¥d?¥1é’%§l§°ébfmﬁa§§§el ef & FaReTPaL P
the fifth transporting pipe 19e to the water molecule

disintegrating tank 51 of the water molecule disintegrating means
10. The water molecule disintegrating means 10 forms an intensive
magnetic £ield by the permanent magnets laid on the top and bottom
surfaces of the water molecule disintegrating tank 51, thereby
disintegrating the water molecules of the incoming subject water to
produce an activated water.

In addition, in the water molecule disintegrating tank 51,
the electrode members 55 of the oxidizing and reducing means 11l
causes the oxidizing and reducing reaction in the ionized subject
water to occur on the surface thereof, thereby restoring the
subject water to a stable water.

Thereafter, the water subjected to the disintegrating
treatment and the oxidizing and reducing treatment is discharged
through the discharge pipe 54, and thus released to a river, or
utilized as drinking water for an animal, or as nutritive water
provided to a plant.

On t_he other hand, the sediments of the colloidal particles
discharged at each of the treating stages are tra.nspori:ed through
the first discharge pipe 20a, the second discharge pipe 20b, the

third discharge pipe 20c and the fourth discharge pipe 204 to the
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collision thereof against the vibrating plate. A conposite field conprising
a magnetic field and an electric field is fornmed by the external magnets
39a, the internal magnet 39b and the high frequency range ultrasonic

gener at O.rdéﬂ}rdi'gﬁéfb% YAl kRflyArae16d! heans! £2! r ARQRR! Aehylitaesense,
wave. This electromagnetic uItragonl c wave acts to fragnentize or deconpose

the ani notgei oifdd hers Adwjdlteddd ithlecTeh® ra eligfad! Skparatitur andedothér om
the subject water. The el ectronagnetic ultrasonic wave may be emtted even

to the di gbRtLEl aldor@Rited rbgaline chehgdrgt pone chhtaiolt heection of the
disintegrating/electrically charging neans 4 at an output of 1 kWin such a

manner tocehteabbtedycopplyl ane&hecl3| cwhertbyi watenniwetenoved| ficonihthe
subj ect water deodorized in the deodorizing pipe 38 is transported to the
second fl|sedithentsg nmeans 7 acting at the subsequent treating stage. The
second flocculating neans 7 will be described bel ow. A second floccul ating
pi pe 41 is di spdBeeni rthéovatean mendusst dyattheg hydxatsor. SAnig| transpeoyhedi c
coil 42 is wound around an outer periphery of the second flocculating gipe
41, and aatemgnWitbBwtheeyashdpor saderudisohanged fromcrhe Aehydpater 56 -
di sposed on the outer periphery of the second floccul ating gige 41 for
gener at i nghEough the raw water ‘diluting pipe 57 to the raw water tank 16,
where it is utilized to dilute the raw water. On the other hang,
the solids resulting from the dehydration are once accommodated in
the solid redeiving section 58 and then transported to the
composting plant, where they are subjected to the composting
treatment for utilization as an agricultural fertilizer.
Therefore, according to the £first embodiment of the present
invention, the colloidal particles (including heavy metals) and
the nitrogen compounds contained in the raw water such as a
pig-culture drainage and an industrial drainage can be removed
4
reliably and at the same time, the water can be deodorized,
decolorized and sterilized by the simple operation using the
centralized control means 13, thereby producing an activated ands
stable water comprising extremely disintegrated water molecules.
Thus, the activated water can be released as it is, but also
utilized as drinking water for an animal or as water supplied to a
plant. If the activated water is used in such an application, it is
remarkably effective for the growth of the animal or plant.
In addition, the equipment required for treatment of the

water can be reduced in scale and at the same time, the consumed

electric powder can be reduced, leading to reductions in initial
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ultrasonic wave having a | ow frequency equal to or |ower than 50 kHz in
accordance with the concentration of the subject water. Wen the ultrasonic
waver having the frequency in the lowrange is emtted to the subject water

by the secoad 1oy ﬁfu 5”&6(51_28 - range ultrasonic wave generator 43, the
wat er nol ecul'es ¢ rge at negative ions, of the water nolecules and

col | oi dal parti Ch%@éﬂ@@ﬂﬁédhﬁ.&ﬁ%@hi Yiqaie t&tédﬁ(iigegyéﬁeﬂ agddrEing aee

of the second flocculating pipe 41 and flow along the wall surface, and the

col | oi dal ¢Rar tprelsesh tC haiwaaft in mi i Néwi BES des@¥ilbed heigientefedénte to
second flocculating pipe 41. Thus, the water: nolecules and the coll oi dal

particl esrFags.48i, Spandels tanzi7{ he coI | oi dal particles are floccul ated
t oget her. The subj ect water subjected to the second floccul ating treatnent

in the above manner i Portaoaporéed componentisbsitnuethe hisgoons t egbodimeat
treating neans 8. The high-voltage pulse treating nean§ 8 is adapted to
gener at e poxrespbndiagote thosegbm the dtintsds elu;boa}ime}ﬂnglm deghi gnaltedy ®yof

about 10 k to 60 kV at different periods.

like reference characters. ¢

As shown in Figs.15 to 20, the liquid treating system of the
second embodiment comprises mainly, a suspended solid removing
device 71 for removing suspended solids in a water to be treated
(which will be referred to as a subject water), a flocculating
device 72 for separating colloidal particles of water-soluble
organic substances and microorganisms incorporated in the subject
water from water molecules to flocculate the colloidal particles
and to sterilize, deodorize and décolorize the water, a
flocculation accelerating device 73 for accelerating the
flocculation of the colloidal particles and promoting the
sterilizing and deodorizing treatments and the like, first and
second settling devices 74a and 74b for forcibly settling the
flocculates remaining in the water to remove them, a thickening
device for thickening the flocculates by removing water from the
flocculates refnoved by the flocculating treatment, and a
centralized control unit 76 for controlling the treating
operations in these devices.

When solid materials having a large weight ratio such as
feces and urine are contained in a raw water to be treated, a
centrifugal separator or a screen as a pre-treating means may be

disposed, as desired, at a location upstream of the suspended
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For this purpose, a high-voltage pul se treating pipe 45 is disposed in the
hi gh-vol tage pulse treating means 8, so that it is connected to the second
floccul ating pipe 41, as shown in Fig.10. A plurality of electrodes 46A,

46A°, 46Bg,16Bs: rd gveag d8H & i 9Bovehatgene Wekiqmateatials, havingi thea
hi gh voltage I's applied at different periods, are disposed in the

hi gh-vol tﬂﬁﬁgauhéﬁghteéhtme gieecdhtriSughbin sepkrgtdd, ofifvEromgthenraw
range of 10 to 30 kV is applied for 20 ( sec., and after a | apse of 20 (

sec., is gRpkrethdlMing ¢helfedes and, uiitewen the el ectrodes 46A and 46A'
and bet ween the el ectrodes 46B and 46B'. After a lapse of 5 ( sec.

simlar pattern pheapphtardemsntof andl tapperatsianepefit dheagdeVices t"ﬁé‘-lot Rer
hand, a voltage of about 60 kV is applied for 5 ( sec., at a period of 5 (
sec., bet aesoribeddhedw doedet®il and 46D, as 29- shown in Fi g 12. Fig.
13 shows variations in states of the water nol ecules and collo

particles, when Ahsuspendgdssobid rerevingltank Rp dor éItQEan&dé?% FBR TAEA

46B, 46B , 46C and 46D. A large circle shown
water depleted of the solid materlals is disposed in the suspended

solids removing device 71. As shown in Figs.16 to 18, a raw water
inlet pipe 79 is connected to a front side (as viewed in Fig.16) of
the suspended solid removing tank 78 for permitting the raw water
depleted of fhe solid materials to flow into the suspended solid
removing tank 78, and a first transpérting pipe 80a is connected to
a left side (as viewed in Fig.17) of the suspended solid removing
tank 78 for transporting the water depleted of the suspended solids
to a next treatment. A raw water pump 81 is connected to the raw
water inlet pipe 79 and serves as a power source for permitting the
raw water to flow into the suspended solid removing tank 78. An air
intake pipe 82 is connected to a lower portion of the suspended
solid removing tank 78, and a plurality of rotating blades (not
shown) are disposed at upper locations within the inside of the
suspended solid removing tank 78, so that they are rotated
eccentrically. _

An air compressor 83 is mounted to the air intake pipe 82, so
that air of a diameter on the order of several ten (m is drawn from
the air compressor 83 through the air intake pipe 82 into the
suspended solid removing tank 78, and bubbles produced from this
air adsorb the suspended solids in the raw water and rises up to the

water surface along with the suspended solids entrained therein.
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in Fig.13 is a water nolecule, and a smaller circle bonded to the water
nol ecule is colloidal particles. First, the water nol ecul es are charged at
negative electricity, and the nitrogen nol ecul es are charged at positive

el ectrici tthe Budgundedsolildsnge det g bet tikenwaberesacfacdearstAcapetbA
and between the el ectrodes 46B and 46B' . An effect of separating the water
mol ecul es toge thiee byttheyeotatiagubkeadds pdisahargedsegqueptddlidwdtivpouge a

hi gh-vol t age pul ses between the el ectrodes 46A and 46B' and between the

el ect r odeslis@hargedpdst, (pot shownlat @ndnbirangperteddte e gampagfing@lant! es
are conpletely forced away fromthe water nol ecul es by the high-voltage

pul se bet \dok shewr) ect r odes 46C and 46D. Sinultaneously with the
spattering of the nitrogen nol ecul es, the oxygen nol ecul es which are being

treated are bondAdflecenbatieg ko 84TRPE sherroh#f Fhecvater afiter being
decol orizing and sterilizing the subject water, Therefore, the_nitrogen
conpounds SURIert efate ther uFRARILY SClddS REMQULBI (HIRATHGRE g‘ﬁb‘?‘ﬁ%‘?é%\g&é"
& T our % rERTRLIT S HEVIS | L coftflectiti® ot TART olf ot nbl - AC
means o, CaSRipLERge: Shrasr BaBFLrongh, b eridtos o Mot S AR g o
the fl occg&itggedéégﬂg&gig% 'E‘ﬁnéogs@itﬁting an electrically charging/cell
destructing means 85 are disposed within the flocculating tank 84,
as shown in Fig.15. The AC high-voltage three-electrodes 86 are
usually adapted to apply voltage of 20 kV having a frequency in a
range of about 600 k to'-l', 800 kHz at 8 mA to 100 mA at a predetermined
period in a range of about 10 msec to 40 msec in a switched manner,
and in the second embodiment, are adapted to apply voltage of 25 to
'~ 28 kV having a frequency of 970 kHz at 8 mA to 12 mA and at a
predetermined period of about 12 msec. The switching of the
voltages applied by the three electrodes at the predetermined
period is intended to prevent the wearing of the AC high-voltage
electrodes 86 and to widen that area in the flocculating tank 84
which is to be subjected to the electrically charging and
cell-destructing treatments.

The application of the high-voltage pulse by the AC
high-voltage electrodes 86 is carried out by a glow discharging
process or an arc discharging process, and the anodes 86a and the
cathode 86b are disposed on the watér surface and under the water,
respectively, or both under the water to discharge electricity into

the water.
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subsequent treating stage. The floccul ate di scharging neans 9 wll be
descri bed bel ow. -30- The fl occul ate discharging neans 9 is adapted to
attract the colloidal particles flocculated into floccul ates by the second

floccul ating treghiPnénéOsétsepatne A@eniénwwféﬂe diéceicabar g6 mapkbds
for storage of the subject water is disposed in the floccul ate di scharging

means 9, @sspoe¥a, ivutadslutal Lrypiod SetslvE therAd niganrypataigegepeptrdddsi s
connected to a bottom of the discharge tank 48, so that the subject water

cont ai ni ngé infey bleodLsposed. f | myvathiensecohé ehtsnaiianeget | ahkedSsetisbfl the AC
per mmnent magnets 28b of neodymumor the like are laid on the bottom of

t he di schaigk-tvabkad8.eldéckrodés &d areulispesed,t e tHalc @ icdxicuyi tchangbel
states in the subject water flow ng through the fourth transporting pipe
19d into switcdhedhaagerequired, dre the opttigwlhgethofnthechC chighrealbagehe
per manent magnets 28b to becone settled down to the bottom Then, the

sedi ment setettredes &6 dependdngorn dhe: genaentratien @ndkthe apount aadathed

through a third di scharge pi pe 20c connected
type of the subject water.

An electric field produced by a high voltage of a high
frequency applied to the- subject water by the AC high-voltage
electrodes 86 electrically charges the colloidal particles of the
water-soluble organic substances and microorganisms in the water
to flocculate the colloidal particle”s and further to destruct the
water-soluble organic substances and the cells of microorganisms
in the water, therebjr bringing the microorganisms such as a colon
bacillus to the death.

A mechanism for flocculating the colloidal particles of the”
water-soluble organic substances ahd the like in the second
embodiment will be described below. The term "colloidal
particles” means fine particles of water-soluble organic
substances dispersed in the ligquid, and particles of substance
other than liquid molecules, such as microorganisms, £fine algae and
the like. The colloidal particles are in stable hydrated states or
in meta-stable hydrophobic colloidal states in the liquid.
Therefore, to separate and remove t}ae colloidal particles of the
water-soluble organic substances and the like from the subject
water, an energy equal to or larger than a bond energy of
hydrophilic groups of water molecules may be applied to the

hydrophilic groups, thereby cutting the hydrophilic groups to
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to the bottomof the discharge tank 48 to the dehydrating nmeans 12. The
magnetic force of each of the pernmanent magnets 28b is determined in
accordance with the concentration of the organic substances in the subject

water. Wiedngebi ghe CRPEESHR LI QN4 BV ¥R 1 ardpHbbid aniivERithlerCObreakiing a
| arge anount of colloidal particles is to be treated, it is necessary to

attract athar dfefaDePab0é Hymrdpmiwse akd1leiaal t beatagneto ¢ dextder ofthiehe
el ectromagnet is set at a large value. On the other hand, when a

| ow- concegblabliaalr parpatiési Bydfopisobicattdths Hiocmating fulec ecdflotildal

el ectromagnet is set at a small value. An air discharge port 49 and an
ozone di sphstgelpsrt Fomr ¢hdbssaagsbsd, upperthpor secoadofenbmditmenthar ghe
tank 48, so that air and - 31 - ozone produced from.the nitrogen
conpoundshigiirophihighgrolipagarputse by QH madicals drodwnefedn dhehanodesi de
t hrough the air discharge port 49 and the ozone di scharge port 50. Then,

t he subj e8baviey dheenrroycof [tdwechighevodtggerpul s&e ascFBOWE P&y fhemdcal
within the discharge tank 48 is transported through a fifth transporting

pi pe 19¢ Eermudecdnt Bign2dppaprdpshei gplloidal particl:s are electrically

charged by an electric field produced by the high-voltage pulse,
whereby the meta-stable hydrophobic colloidal states are broken to
render the colloidal particles hydrophobic, thereby flocculating
the colloidal particles. In addition, the deodorization and the
decolorization of thg water molecules are achieved by the
flocculation and separation of the colloidal particles from the
water molecules.

The flocculated colloidal particles are risen along with
gases such as nitrogen, carbon dioxide, oxygen, hydrogen generated
by the above-described treatment, and settled after diffusion of
these gases. For this purpose, permanent magnets 89 of neodymium
or the like as a flocculate discharging means 88 are laid on the
bottom of the flocculating tank 84, as shown in Fig.15, so that the
flocculates in the electrically charged states are attracted and
settled by magnetic forces of the permanent magnets 89.

Thereafter, the sediments collected on the bottom of the
flocculating tank 84 are discharged through a discharge pipe 93 |
éonnected to the bottom of the flocculating tank 84 to the
thickening device 75.

On the other hand, the cells of water bloom and the like and

bacteria such as colon bacillus are destructed by the OH i'adicals

- 45 -



of a side of the discharge tank 48 to the water nol ecul e disintegrating
means 10. The water nol ecule disintegrating neans 10 will be descri bed
bel ow. The wat er nol ecul e disintegrating neans 10 is adapted to further

di si nt egr pt6atbeq B eheMidic St dije phaseatedierest ed by the
above-descri bed processing, by the action of an intensive nmagnetic force,

t her eby produci rpusthert i Dat arigiptverltdew é¢hestpodense? constHdgwting an
Figs.l, 2 and 6, a disintegrating treatnent tank 51 is disposed in the

wat er nol exidbziing/ nedgcingngearansl 18nd andmprisbrg 6werp@Rodes af2ananfadi ng
mat erial such as ceramics is disposed, with its vertical_ direction being

| ongi t udi sihglercathods S22 egeadispesed aitdhviin thekfbaccyhatingiank 84.
transporting pipe 19e is connected to an upper portion of a side of the

di si nt egr'Bee M bigh-voditagenrlectradasdr ianecpfartedil APRIMPCYphtagess

di sposed in the disinte rating treatnment tank 51 to permt thg

comuni ca®f APBEE WSehot i Vf apdrakeuh 8% i 180 ¥ pé i@@"%r}dtf’hé thrbe Igothe

Thus, th t bjected to_th t I | e di sint t] treatnent i
per i t { ccSPEORT PRARIRERT « HEE O ritp ARG 75 BFRBOTIRI RS REIRhFIRg,

transport, 09 BB g "t2ablioh! Mord eF2Rct1%8132 Mt 2BCOPRIGH-PE1ERGL
electrodes 92 are adapted to apply DC voltages of about 55 V and
about 100 V at about 7 to 13 A. From the viewpoint of preventing the
wearing of the electrodes and conducting the oxidizing and reducing
reaction in a wider region within fhe flocculating tank 84, the
polarities of the anodes 92a and the cathode 92b are switched from
each other at a predetérmined period.

The application of the DC high voltage ensures that the
oxidizing and reducing reaction can be promoted to advance the
elect:.;ical charging, and the carbon components can bee decomposed,
thereby equalizing the dielectric constant.

In the second embodiment, each of the AC high-voltage
electrodes 86 and the DC high-voltage electrodes 92 of the
flocculating device 72 is formed of graphite. However, the
material for such electrodes is not limited to graphite, and for
example, each of the cathodes 86b and 92b may be formed of a
magnesium-based material such as a lime rod and used as an ion
medium electrode. If such an electrode material is used, the
delivery and reception of electron can be promoted by about 10
times as compared with fhe usual case, while suppressing the

wearing of the electrodes.
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-.32 coil (not shown) is wound around an outer peripheral surface of the
tube 52. Thereforg, when el ectric current flows across the el ectromagnetic
coil, a downward directed force is generated within the tube 52, whereby

t he subject wat f.J. o ' $2 YBeh &hd0WH ¢nkhacbnighrvoltage
wat er nol ecul e |%i'Arll"teegsr%%tolhggIa’@aﬂéiﬂﬁ%1 On t?\ee%tlher hand, perrrgnent magnet

a 28¢ andefé&t:%d{;‘@%@#@o&%é beo kephavifAtmatitgnguincaldoyemateabalt

10,000 Gauss are laid as magnetic field form ng nenbers on inner surfaces

of top anghHokEoghPorhte8Soel phheivaine ol iaaiicmdiis Hestgrat i hg3t ahkkiag
respectively, so that an intensive nmagnetic field is formed within the

wat er nol gegbentlict HhROwal §RE , ek MahufHutureMsestt amd it easywaesdling.
passed t hrough the water nolecule disintegrating tank 51, the water

mol ecul es, oh -#he otbredahhad, Chiven eracnoé theiDE dyight-owlnnge ilegtrodes 92

produce an activated water. Therefore, when the water treated in the above

{rgnger i sigtfoimedl fromia chppgrwhungsten akhloyimatenia -parﬁhﬁ wedghd,sptied
of copper to tungsten is set at 7:3 for a similar -&:eason.

A second transporting pipe 80b is connected to a right side
(as viewed in Fig.16) of the flocculating tank 84, so that the
subject water after being subjected to ‘the £locculating treatment
is transported through the second transporting pipe 80b to the next
flocculation accelerating device 73 .'

The flocculation accelerating device 73 will be described
below.

A flocculation accelerating tank 95 for storage of the
subject water after being subjected to the flocculating treatment
in the flocculating device 72 is disposed in the flocculation
accelerating device 73, as shown in Figs.1l5 to 17 and 19. AC
high-voltage electrodes 86 constituting an .electrically
charging/cell destructing means 85 and DC high-voltage electrodes
92 constituting an oxidizing and reducing means 91 are disposed in
the flocculation accelerating tank 95, and each comprise three
electrodes as in the above-described f£locculating tank 84, so that
the s_eparating and flocculating treatment is conducted
continuously. Further, various treating means are disposed in the
flocculation accelerating tank 95 to separate and flocculate the

fine colloidal particles incorporated in the subject water and to

deodorize the colloidal particles themselves.
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plant, it can exhibit a remarkable effect for the growth thereof. The
subj ect water after being subjected to the water nol ecules integrating
treatnment is discharged, as it is, through a discharge pipe 54 connected to

an upper portion ppgﬁggeg‘_?_&p; 99%5{@&‘@&9&1{"& RESESwal S IgaadAlindmbank Jel,

I
and thus, can be released into ariver or The like or utillized as water or

the like fod dghidieréd 8 trd fdﬂfc&imioﬂ tacid rh thi g Alafifk tMtIRrdUH tah

di scharge pipe 20d is connected to the bottom of the water nol ecul e

di si nt egr airdWspepkiRg SLpéhaindthe showl) col | ai ddlcpewhirel ewhiehr als edar 0
the -33 per manent magnets 28d laid on the bottomis discharged to the

dehydr at i ng] eErmaghe it addiel afi, hadea Freqlientiaigea prHrigel DHABO0t Meto e
di scharge port 50 for discharging air and ozone produced fromthe nitrogen

conpounds GHz tdepéhdingndnr ¢l WongentnateionulyEctheasabject eeaftiersd nard he

upper portion of the water nolecule disintegrating tank 51. The oxi di zi ng

and reducipmpfexatslyl,] @i [frdgueheyrribed bAnge of 2. 4G to 10.5 GHz in
consideration of the effective separation of the colloidal
particles, and further preferably, a frequency of 10.5 GHz, is
emitted from the waver guide 97, so that the colloidal particles
incorporated in finer forms in the subject water are separated from
the water molecules.

A ultrasonic wave box 100 constituting a first ultrasonic
wave flocculating means 99 is connected to the wave guide 97
constituting the microwave separating means 96 through a
transporting pipe (not shown), and an oscillator (not shown) is
disposgd in the ultrasonic wave box 100 for oscillating a
ultrasonic wave having a £frequency in a range of 40 k to 1,200 kHz,
more preferably a frequency of 959 kHz, so that '!:he separated
colloidal particles in the subject water are flocculated and
dispersed from the water molecules by a cavitation effect é.nd the
like of the ultrasonic wave emitted £from the oscillator.

A disintegrating/electrically charging pipe 30 such as a
mixing pipe having an arrangement equivalent to that of the
disintegrating/electrically charging means 4 in the £first
embodiment is connected to the ultrasonic wave box 100 constituting
the first ultrasonic wave flocculating means 99. As shown in
Fig.8, neodymium plates 3la are disposed at upper and lower

portions of the disintegrating/electrically charging pipe 30, and
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The oxi di zi ng and reduci ng nmeans 11 conprises f our el ectrode nenbers 55
having a suitable potential, as shown in Figs.1l, 2 and 6. The subject water
ionized by the above-described processing is subjected to an oxidi zi ng and

reduci ng ﬁ@@ﬁ?hﬁpmogl[aﬁ@niuﬁﬁ._§§§§. 95 Lhenchgak’ e¢eameaRand comaterdelli wag
ctrons. The oxi

and receive efe I zing and reducing reaction causes the

subj ect WRRGinHO ModArium cd1bneAtENe3 1w nemBedaka! ethdredt Candhechahig cal
reaction is liable to occur, to a stable state in which the chem cal

reacti on mggflebicCHdrded @ECHboutt 1300l teus®t adet [FEisgdwedxwitthing thed
reduci ng reaction is conducted as an electrode reaction through the

el ectrodediBiheegrating/ehectiriehlaybochargingbwpipes Bequi r eBackuiafabithe
oxi di zing agent and a reduci ng agent may be used. The dehydrati ng neans 12
wi ||l be daeodyhddmbelement hisdedr 3R0is Formed fsrposadspirably dwistred figt
means 12 to renove water contained in the sedinents discharged fromthe
above- despilabed andahasbythen neodymiugu elements chitb | 9£i gl andp&r pollanidieshe
| i ke. The dehydrator 56 is capabl e of reducing the water content of the
sedi nent embefddsdualberngtelubdinr examplencinfan ordef ofcNYNEENNESsedi fent

can be treated nore effectively in a - 34 .
in a widthwise end of the blade 32 in a direction of passage of the

subject water, as shown in Fig.8. Thus, the magnetic field
genérated by the neodymium plates 3la .'and the mixing action of the
neodymium eleinent blades 32 ensure that the water molecules in the
subject water are disintegrated and charged with negative electron
(i.e., ionized), and at the same time, the colloidal particles are
disintegrated and charged with positive electron and brought into
the regularly ordered arrangement. Therefore, in the

' disintegrating/electrically charging means 4, the molecules
having the same potential are attracted strongly to facilitate the
separating/flocculating treatment of the finer water-soluble
organic substances which have been completely not iémoved at the
separating/flocculating treatment by the microwave. The
neodymium plate 31la may be formed of an electromagnet.

In addition, as shown in Fig.9, a deodorizing pipe 38
constituting the deodorizing means 6 having the same arrangement as
in the first embodimenf is connected to the
disintegrating/electrically charging pipe 30, and a deodorizing
box 37 is disposed to surround the outside of the deodorizing pipe
38. External magnets 39a having N and S polarities are disposed at

upper and lower locations on the outer side of the deodorizing pipe
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conposting plant. As described above, the raw water diluting pipe 57 for
transporting the water resulting fromthe dehydrati on and the washi ng water
di scharged fromthe dehydrator 56 to the raw water tank 16 to dilute the

raw water .3 Bo,“rﬁgﬁgettﬁeél?@ngnd tahfoaobhaﬁeawér’m algp@t! Bepded adrspidsea

conducted by t ehydrator 56 are discharged to the Solid receiving

section 5&t fHe'HafdEenthe F6diHfoif the FedddratidOpipe 38, Bbetkat iits
filtered off by the filtering neans 1 to the conposting plant, where they

are used PolAraaiHs bireJoppbséato e dybosdtedpblasi t08POSE itlge lextairmall
for reuse as an agricultural fertilizer. The centralized control neans 13
Wi |l be demendtad deaow. IAS theovsecond hembbdtkent ageawh rofi ghés exdternal
centralized control means 13 includes a first mcrowave control section 60
f or cont r magnetsaA%auwtqmpricfesaan ekemtanamagnednOaiittthe dnGerngdmagnet 3%
the first separating neans 2, a first | owfrequency range ultrasonic wave
control sdet ifermed fofi a@emmanenty magnett.puFurtherul bigho Freanenscyh Iangg a
| ow frequency equal to or [ower than 100 kHz and generated in the first
f | occul at UAFnRseniawaye ganfrators 40 are disposed respectively on left and
right sides of the deodorizing pipe 38 for generating a ultrasonic
wave as a longitudinal wave having a frequency in a range of 3 M to
300 MHz in accordance with the concentration of the subject water,
more preferably, a frequency of 100 MHz. .

The subject water is passed through the deodorizing pipe 38,
while being mixed or vibrated in the deodorizing pipe 38. 1In the
second embodiment, the subject water is ejected £from a nozzle (not
shown) disposed within the deodorizing pipe 38, and a vibrating
plate (not shown) is disposed in the vicinity of an outlet of the
nozzle, so that the subject water is vibrated violently by
collision thereof against the vibrating plate.

A composite field comprising a magnetic field and an
electric field is formed by the external magnets 39a, the internal
magnet 39b and the high frequency range ultrasonic generator 40, .
thereby generating a so-called electromagnetic ultrasonic wave, so
that an offensive odor, mainly, an offensive of the colloidal
particles themselves is removed from the subjected water by
fragmentizing or decomposing the amino acid in the colloidal
particles by the electromagnetic ultrasonic wave.

In order to increase the effecf provided by such

electromagnetic ultrasonic wave, an electric field may be also
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m crowave control section 62 for controlli ng an out put of a m crowave of
300 Mto 16 GHz generated in the second separating neans 5, a second
| ow f requency range ultrasoni c wave control section 63 for controlling an

out put o:ﬁggg]%rp sgg‘i%pag?\égaggﬁg jra‘l"lo%fer equeyRk efinal £4iG pa | ewer tihén

50 kHz a cculating neans 7, a high-frequency

range el egt LAIRORSLIL. BT SO0LRAl 1 385U PN difa Faft #6115 Dbld 18 2N ot it OF

an electr ni'c wave having a high frequency in a -35 -

tror ! eq
range o &M%gfgggggﬁgr/gp@ceﬁeaﬂgg eﬂafefnge%mél g Weangefierate a

hi gh- vol tage section for controlling an output of a

hi gh- vol t aperpubSEc WaRel £6 d RishEdegieney tagge i an dutgnit bg Ikans 8, a

vol tage control section 66 for controlling the voltage applied to the
el ectrode nenber sp ShiighifieghendyZi ggnépdtinductulge Ndd3s tonsandusing a
dehydration control section 67 for controlling the operation of the
dehydr at ogoRf1éfelfesépiydt fid Ngearsnns02 2is kzminedtedie cothe olesderisingi s
adapted to be controlled easily by the operation of correspondi ng one of
swi t ches phpé IOWConatitutentg atheeddeodorbeipgnehe®ds Hut is® cshaitol aRd
automatically in a

electromagnetic wave having a frequency in a range of 100M to 500

~ MHz, more preferably a frequency having a frequency of 270 MHz is
applied to generate an induction plasma by a ‘high frequency
electric field, thereby optimally resonating the subject water to
promote the adsorption_of the water-soluble organic substances.
The water-soluble organic substances are prevented from being
dissolved again in the water molecules, and are separated from the
water molecules, by the induction plésma generated by the
high-frequency electric field.
Further, a disintegrating pipe 106 constituting a water
molecule disintegrating means 105 is connected to the
high-frequency generating tube 103 constituting a completely
separating means 102. Permanent magnets of neodymium or the like
of about 10,000 Gaﬁss are embedded as magnetic field forming
‘members in upper and lower portions of the disintegrating pipe 106,
respectively, so that an intensive magnetic fiéld is formed. Thus,
when the subject water is passed through the disintegrating pipe
106, clusters of water are more disintegrated by the action of the
intensive magnetf!.c field to produce a so-called activated water.
The flocculation accelerating tank 95 is connected to the

disintegrating pipe 106 constituting the water molecule
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usual state. A water treating process carried out in the first enbodi nent
w Il be described below. In the water treating process in the first
enbodi ment, first, a raw water including a pig-culture drai nage, an

e Y
suspened 0 gy WUty Jhouiobbo ol Shem thel SRR ARLORUIE

in the ray etk 46 etk dd1C b MR} Chgh R0 Hiikd UlRe L XSGR difiod AW

water fromthe raw water “tan feeds it"to the tirst separating pipe

22 of the Jddeilersfilaiqathifl g8aNS 2. The first separating means 2 emts a
m crowave of 10.5 GHZ fromthe first m crowave generator 24 to the raw

water to separat epn Bagh 2WonetEtHeAC HAGRLvEPLEGE | EFectitbddd 186 dald the DC
particles. The subject water subjected to the separating treatnent is

t ransport e ghwvsitadd € el eedtddesans ROl ta NpIirad ik30 bf thktfascshic wave
floccul ating nmeans 3. The first - 36 -
generators 109 constitutir_xg a second ultrasonic wave flocculating
means 108 for generating a ultrasonic wave of 100 kHz or lower are
also disposed in the flocculation accelerating tank 95. 1In the
second embodiment, the ultrasonic wave generators 109 are adapted
to generate ultrasonic waves as longitudinal waves having
frequencies of 28 kHz, 40 kHz and 48 kHz, and a ultrasonic wave as a
lateral wave having a frequency of 100 XHz. These ultrasonic waves
are used properly depending on the concentration of the subject
water, and serve to flocculate the water-soluble organic
substances and to disperse the flocculates and the water molecules.
Permanent magnets 89 of neodymium or the like constitutinga
flocculate discharging means 88 ate laid on the internal bottonh of
the flocculation accelerating tank 95, so that the flocculates in
electrically charged states in the subject water flowing into the
flocculatiocn accelerating tank 95 are attracted and settled down on
the bottom by the action of magnetic forces of the permanent
magnets 89.
Thereafter, the sediments collected on the bottom of the
flocculation accelerating tank 95 are discharged through a
discharge pipe 93 connected to the bottom to the thickening device

75.

In the second embodiment, for the manufacturing
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flocculating neans 3 enits a ultrasonic waver having a frequency of any of
28 kHz, 40 kHz and 48 kHz fromthe first |ow frequency range ultrasonic
wave generators 27a and 28b to the subject water under the control

ducted by the fi f _ : L
61, t her CEPTERLERPAT | HIST RLC BV B AR gl e o

61, particles an I spersing them from

the water ”‘?%%C%Z{lﬁqlgl?cmééﬁs pecrﬂgaaﬁg%%eggﬁsﬁn&?ﬁé&éﬁ@éammmﬁé@gmt om

surface of® u I hg tan tracts e floccul ated

col | oi dal, bart i%ﬁsdég?ﬁéﬁﬁé‘?wn%ei sehplateipesepatating meanandlo2

di schar ge pi pe hand, the subject water is transported

through thgat bihed e NHoPbES14 0 diBendegrateasaindihsBB05 4arendiisposed
noderate pressure by the pressurizing punp 29. The disi'ntegrating neans 4

di si nt egr g4 €51 dd e iraoclatibasattel 8fat g edmmt 95ndeHowevieansthey ey
magnetic force of the neodym um plate 3la and of the mixing by the

neodyni unpel@BBEsdd adehid2tie flvoyddtionateelevatiugctani, @agaeven in
electricity and at the same tine, charge the fine colloidal particles at
positive thest réadd y, anheegbivalemyi reffidaim cano b @TRMIILGY r andBnethe
Then, the water after being subjected to the disintegrating and

el ect ri caflgcchhationy accoedtenating tank@hothedsubiest wakemdssebesatated

means 5. The second separating neans 5 emts a
sequentially by a pump or the like, and when a large amount of the

subject water is to be treated, the.circulating speed is increased,
and the subject water is circulated a plurality of times.

The first settling device 74a and the second settling device
74b will be described below.

The first settling device 74a is connected with the
flocculation accelerating device 73 through a third transporting

" pipe 80c, and the second settling device 74b is connected with the
first settling device 74a through a fourth transporting pipe 804d.
For provision for the treatment of a severely dirty water, the two
first and second settling devices 74a and 74b having the same
arrangement are disposed in order to more reliably remove dirt such
as water-soluble organic substances from the dirty water, but the
only one settling devices 74 exhibits a satisfactory effect.

As shown in Figs.15, 17, 19, 20, 23 and 24, a first settling
tank 1l1la and a second settling tank 111b for storage of the subject
water resulting from the treatment in the flocculation
accelerating device 73 are disposed in the first and second
settling devices 74a and 74b, respectively. A plurality of

lattice-shaped electrically separating membranes 114 constituting
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m crowave of 10.5 Hz fromthe second nicrowave generator 35 to the subject
water under the control conducted by the second m crowave control section
62 of the centralized control nmeans 13, thereby separating the subject

water int Ojfé_gt%g‘é‘l"i{%%t ggkgg%gggr{.@&?s L1 cob! 81 8pbsgdvd A Roa11y 1Fh6asHGECt

wat er sub ing tréatment i's transported to the

deodori zig, g&%@%l %d sekond seigf%ﬂgc-\fm{l&sz 119a"Bad 3 16 teM E&cRHE cells in

el ectromagnefic u asoni c wave o0 bout 100 MHz from the high-frequency

range ul ;{yg% %%%ﬁ‘gﬁvefgﬁﬂérﬁ&t&Amf dEHRIt hd mebriamdel 1¢hbs chortmied

conducte I gh-frequency range ‘el ectromagnetic ultrasonic wave

control sfetd iy fi4 1@indthe 16LR! rahigeed£capbuel 1neans mm, Sdetkdy ekswurig a
of fensi ve odor fromthe subject water by such el ectromagnetic ultrasonic

wave. Thexghersior | edswWaiaertd S360 r RS Eabwed dordsse emxionof f thecwedilisndyeans

7. The second flocculating neans 7 emts a ultrasonic wave of 50 kHz or

| over fr il gihercEcadesl palsér ggnerayoraids.ul hhes eliectweiealgancseparatying

under the control conducted by the second | ow frequency range ultrasonic

wave contmembszmés ohl63 are adapted to adsorb the electrically charged
flocculates in the subject water flowing from below into the
settling tanks 1lla and 111b to prevent the upward passage of the
flocculates, so that the flocculates are dropped down with the
polarities of the electrodes switched__over when the flocculates are
discharged.

Permanent magnets 89 of neodymium or the like are laid on
the bottom of each of the first and second settling tanks llla and
11.1b, so that the forcibly settled and electrically charged
flocculates are reliably attracted and discharged through the
discharge pipe 93 into the composting plant.

A diluting transporting pipe 116 is connected to the second
settling tank 111b and coxﬁmunicates with the suspended solid
removing tank 78, as shown in Fig.15, so that a portion of the
subject water treated in the second embodiment flows into the
“suspended solid removing tank 78. The thus-treated water is called
a so-called activated water with the water molecules being in
electrically charged states. Therefore, this activated water has
a nature that if it is incorporated into the raw water, it causes
oxidizing/reducing reaction to decompose the dirt. 1In the second

embodiment, the subject water resulting from the treatment in the

second settling device 74b is introduced into the suspended solid
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of the centralized control neans 13, thereby flocculating the coll oidal
particles and dispersing themfromthe water nolecules. Then, the subject
wat er subjected to the second flocculating treatnent is transported to the

hi gh-vol ta ul se treatjnhg : e dtean
o appl s e Rt o i ik
and bet Wef%[‘ng,tb%ﬁ %6%%} des 6?%1%“9: %Hﬁt S FDgceanBtihgededee i ES are

voltage o 5 be ectro es 46C and 46D, under the

control Cg‘gg% ;ggphham %&hﬂ%d agg %@Qn@o&éeehpaemtmﬁ &5 the diet by

centraliz nmeans ereby generating plasnma to separate off the

nit rogen Gy dfﬂ{‘é iy lFCastheCtanaber promotedyeffiemtddedty .t hat
tinme deodor| zes and sterili zes the subject water. The water with the

i trogen GE{EYUuFYi%e | CRBYCidiiyIrf,r Of | wateanspns teedrivievudireated oint ithe
transporting pipe 19d to the |scharg| ng tank 48 of the floccul ate
di schar gi ng) g@iathing device 72 iseprestoastyngncenpozstedhdnsor ineefaw

magnets 28b attract the floccul ates of the colloidal particles by their
water and subjected to a primary treatment, it is possible to
simplify the subsequent treatments to enhance the treating
ability.

The thickening device 75 will be described below.

A thickening tank 75a is dispose'd' in the thickening device
75 and connected to the each of the above-described tanks by the
discharge pipes 93, as shown in Fig.15. The thickening tank 75a is
adapted to recover the flocculates produced by the treatment in
each of the tanks and t6 remove water from the flocculates to
facilitate the composting treatment in the composting plant. A
known means sudh as a dehydrator or the like may be used to rem.ove
the water from the flocculates.

The centralized control unit 76 will be described below.

The centralized control unit 76 includes a suspended solid
removing device control seci::l.on 117 for controlling the blowing of
air in the suspended solid removing device 71 and the rotation of
the blades, a flocculating device control section 118 for
controlling the magnitude, the frequency and the 1like of the
voltage applied by each of the AC high-voltage electrodes 86 and
the DC high-voltage electrodes 92 in the flocculating device 72, a
flocculation accelerating device control section 119 for

controlling the magnitude and the like the voltage applied by each
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magnetic forces to settle themdown to the bottom di scharging tank 48 and
then, the flocculates are transported through the third di scharge pipe 20c
to the dehydrati ng nmeans 12. The subj ect water depl et ed of the floccul ates
is transp

f f t h t t
fifth tra?f ot(rj"ﬁ Ry BPgrg g@%&#ﬁ?"ﬁé& ‘fﬁ% géc% eg"rlea{1 &ﬁg ?%%EE‘%% of
th t I
di gi n?egiggoﬁgcﬁgﬁgéid' for%gian I'n Z‘r@gﬁ#‘g‘*‘r’%ﬁet i‘c g?bi%h!h? thep‘e’? Hgnt
ts | d t |
oot egr OF| £88 AlErdbRv e Hailld QTERUELEREY, B | Tl e?’fﬁf’gﬁ"& o 15 CHz,

i ncori N9 suBkestenalfl tha RiBHBkEVENsApaLURLAY HERAL. 6] BEHtELONinGNthie

wat er nol & | Sintegrating tank the el ectrode menbers 55 of the

oxi di zi ngoﬁ@ﬁu&e&fl%nwunéagoﬁicweihéﬁ%gow ﬁté’«k@én@ﬂ(iﬂ edUgange [dFAQDkON
in the ionized subject water to occur on the surface thereof, thereby

restoringtbhe, 300) kR: y&@ié&ratéd airs it Eiaiteul tHaordld save Ehecoilating
subj ected to the disint egrating treatnent and the oxidi zing and reduci ng

t r eat ment meandi 98hacgrtréil inghthdécoultmehaofechs pa trasomicc wave hakvdaged to

ariver, or utilized as drinking water for an animal, or as nutritive water

provi ded fweguphaytin a range of 3 M to 300 MHz generated in the deodorizing
means, controlling the output of the electromagnetic wave having a
high frequency in a range of 100 M to 500 MHz generated in the
completely separating means 102, tl_;e outputs of the ultrasonic
waves having frequencies of 28 kHz, 40 kHz, 48 kHz and 100 kHz
generated in the second ultrasonic wave flocculating means 108 and
controlling the speed of circulation of the subject water, a first
settling device control section 120 and a second settling device’
control section 121 for controlling the application, the
switching-over énd the like of the voltages of 1- to 60 kV in the
first and second settling devices 74a and 74b, and a thickening
device control section 122 for controlling the dehydration in the
thickening device 75. Each of the control sections can be operated
easily by corresponding one of switches (not shown) on a
centralized control panel 123, and usually controlled
automatically.

Results of a demonstrating test on the treatmeﬁt of a raw

water using the second embodiment .will be described below with
reference to Figs.26 and 27.

A drainage containing feces and urine of pig was used as a

raw water and measured for the bio-chemical demand of oxygen BOD
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On the other hand, the sedinents of the colloidal particles discharged at
each of the treating stages are transported through the first discharge
pi pe 20a, the second di scharge pipe 20b, the third di scharge pipe 20c and

the fourth discharge pipe .20d to the -39 - e 6

dehyd_r?ti ﬁlﬁ‘gﬁééns t%?. q*%“t;r?é &ﬁﬂﬂ’gqo t95%’,‘ygﬁlg ?éﬁlr 3&..%%1@ 'sagjlée??ae%stgft he
centrifugal separation.un th t d |

controIOI fs@BFPSE88 Fﬁg‘lggnggal(f“efég‘qgoF‘fﬂﬁoﬁﬁ%%&gséyn %ﬁeggmmpgéy?! 2
renmove romthe_sedi Theqn, te @ﬁﬁg} hesdneH '
transportggogpgﬂﬁuﬁ/i t%%itwagﬁllqné /tl\(la)? d?rsléﬁarge I?)r/?)?n tQ=he deﬁ?gfg?g?bga

IO, e, YRR S Akt sl | e Soapunecaon

is utiliz er On the other hand,. the solids

resul ting L&@ghtehq@yda:?d | O apR1808€ngFEeATRIATC Hotentials O{ORP Y eati i ng
section 5§ and then transported to the conposting plant, where they are

subj ect ed ghpi RRgCHAS] | RUel [ eaitTeal Sidfe UbeEbrat ixem amlnofigritml solad

fertilizer. ?herefore, according to the first enbodi nent of the present
materials, at an outlet of the suspended solid -emoving device 71,
at an outlet of the flocculating device 72, at an outlet of the
flocculation accelerating device 73, at. an . outlet of the first
settling device 74a and at an outlet of 'tpe second :s'ett-ling device
74b for discharging the water as a released water. The measurement
was carried out five times on different days. The bio-chemical
demand of oxygen (BOD), the chemical demand of oxygen (CODMn) and
the mass of suspended solids (SS) were measured as an organic
substance content.

The hydrogen ion concentration was measured by a glass
electrode process; the bio-chemical demand of oxygen (BOD) was
measured by a diaphragm electrode process; the chemical demand of
oxygen (COD) was measured by a titrating process; the mass of
suspended solids (SS) was measured by a filtration gravimetric

- process; and the number of colon bacillus was measured by a
deoxycolate culture medium process. The nitrogen content was
measured by a caicium peroxy disulfate decomposing process; the
evaporation residue was measured by A sewage test process; and the
oxidizing/reducing potential was measured by a sanitary test
process.

The results of the synthesis carried out under the

above-described conditions are shown in Figs.26 and 27.
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invention, the colloidal particles (including heavy netals) and the
ni trogen conpounds contained in the raw water such as a pig-culture
drai nage and an industrial drainage can be renoved reliably and at the sane

time, the ﬁﬁgo%ﬁgnggnﬁﬁ%%ggon@éﬁgl orized and sterilized by the sinple

operation control means 13, thereby producing an
activated ands Sfxf@z'a% é@%g}vg NPkl Sigsh 96 tABELYw Akttt A indavbange of

nmol ecul es. Thus,” the activated water can be released as it is, but also

util i zed Ayl kRkdNO00E A/ 1;0¢0p et i rahgdSoR Al DOSUOMI @OA mg#lplam
If the activated water 1S used in such an application, it is remarkably

ef fectivegd Qrad B8 Arrwmide @ Lheoontéals womimarL, butaaiditieconntiké efjuilment
required for treatnent of the water can be reduced in scale and at the sane

tinme, thegcapmenied sehad FémopDiigdevize Pe aftductte prmdireating etlept iBO® in
initial -40 - cost and running cost. A second enbodinent of a liquid
treating wasian aetwelbfd 300 he X0 6N ng/dveCOD wasiiha nangpofids SPP R

with reference to Figs.8, 9 and 15 to 27.

2,900 mg/1l; and SS was in a range of 720 to 3,200 mg/l. Thus, BOD-
was decreased by about 60 %; COD was decreased by about 80 %; and SS
was decreased by about 90 $. Therefore, it can be seen that the
pre-treatment was carried out effectively. However, the treated
water provided in the electrically charged state after processing
in the 1liguid treating system of the second embodiment was
incoiporated in the raw water and hence, it is necessary to take the
effect provided by the treated water into consideration.

In the water from the outlet of the second settling device
74n, i.e., the released water, BOD was in a range of 2.7 to 31 mg/1l;
COD was; in a range of 1.8 to 30 mg/1; and SS was in a range of 1.7 to
40 mg/1.

Consequently, the rate of decrease in BOD is 99.9 % at the
maximum and 99.7 % at the minimum and thus, there is a tendency that
when the concentration at the outlet of the suspended solid
removing device 71 (at an inlet of the flocculating device 72) is
lower, a higher rate of decrease in BOD is shown. The rate of
decrease in COD is 99.9 % at the maximum and 98.3 % at the minimum.
An interrelation between the concentration of the incoming water
and the concentrate of the treated water is not observed from the
data of COD. The rate of decrease in SS is 99.9 % at the maximum and

97.7 % at the minimum, and an interrelation between the
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Portions or conponents in the second embodi ment corresponding to those in
the first embodi men., are designated by like reference characters. As shown
in Figs.15 to 20, the liquid treating systemof the second enbodi nent

conprises mainly, a, d solid i, ' 7 EFDYd

su; pen?edctQBFﬁagrPﬁag\?vg?Q%_ oiggbp}égt”g’é% \%h%a& v%\nq.fel ]%Jel?é%é err eédr?% gslea
subj ec er a QcC ' ' 83335\ '

of wat or - EERRERE AL LE B SR Y i e o e e O et I n Lhe

subj ect wate ;r les to flocculate the coll oi dal i cl
el 2 P cBRYER _ ol | oi dal particles
and to ster|F| €,” deodori ze and decolorize the water, a floccul ati on

accel erating devgfig n7i3t1fd2_ile1§1686£§f;_€tj!.rnﬁhbhﬁaﬁ wated wasam aframge off Lobdal

particles and pronoting tthe sterilizing and deodorizing treatnments and the

like, firgh andosemgnd BAtt hkngndeyiteet 74 theé Fdbpéndedosclblyremovingg
the flocculates remaining in the water to renove them” a thickening device

for thickgaiyiget e hFeeeuktneeproyreatmendy théenitrogihheohtentuwasein a
removed by the flocculating treatnment, and a centralized control unit 76

for contrehhgagothe, 10eaté g éqemg/ilorsdi thubesaboeli kA2 hdip $3-i6d ¥ of

materials having a |l arge weight ratio such as feces and urine are contai ned

in a raw nitebgen beasr cemeveds Therefore, it can be seen that the
pretreatment was carried out effectively.

At the outlet of the second settling 'device 74b, the
nitrogen content is in a range of 7.9 to 14 mg/l, and the rate of
removal of nitrogen is about 99.7 . Therefore, it can be seen that
when the nitrogen content in the raw water is equal to or higher
than 4,000 mg/l, the rate of removal is 99.7 %, and is little
influenced by the frequency in service of the system and the

' variation in load.
(3) Phosphorus content

In the raw water, the phosphorus content is in a range of 400
to 690 mg/l, but at the outlet of the suspended solid removing
device 71, the phosphorus content is in a range of 97 to 200 mg/l and
thus, about 58.3 to 85.9 % of the phosphorus was removed. However,
it is difficult to consider that phosphorus is removed in the
suspended solid removing device 71, and it is considered that there
was an effect of dilution by the water resulting from the
processing in the liquid treating system of the second embodiment.

At the outlet of the second settling device 74b after the
processing of the water iﬁ the liquid treating system of the second

embodiment, the phosphorus content was in a range of 0.068 to 1.3
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centrifugal separator or a screen as a pre-treating nmeans may be di sposed,
as desired, at a location upstreamof the suspended -41 - sol i ds
renoving device 71, so that the solid materials having the | arge wei ght

S i
e ]
iszlsegngiag’éas%_ P% c%?fﬂ%‘é?gd ?o E?ﬁ? I‘%?l? s?'dga%%gsit?/? e\f/\g%li n Flng. léc)w%g? ﬁ\%@

the sol | ARl HATEE B TR e A e e ng L ank 75 and

a first t P?%PQ&W&&% £ fftaobsesoBaccted to a left side (as viewed in
Fig.17) o e suspended solid renoving tank 78 for transporting the water
depl eted of {ipNembReNEEEVr BaciRlasnext treatment. A raw water punp 81
is connected to the raw water inlet pipe 79 and serves as a power source
for permtting tf® the raw water, the number of colon bacillus was in a range

D)

of 240,000 to 900,000/cm’, but the number of colon bacillus was in a
range of 160,000 to 250,000/ cm’ at. the outlet of the suspended solid
removing device 71, and reached 0/cm’ at the outlet of the second
settling device 74b. | Therefore, it was observed that
approximately 100 % of the colon bacillus could be removed by the
liquid treating system of the éecond embodiment, irrespective of
the number of the colon bacillus in the raw water. -
(5) Results of analysis of other values

The hydrogen ion concentration in the raw water showed an
acidic value of 6.5, but the released water resulting from the
processing showed an alkaline value of 7.4. The
oxidizing/reducing potential was -290 mV in the raw water, but 180
mV in the released water. The evaporation residue (TSS) was 19,000
mg/1 in the raw water, but was decreased to 330 mg/1 in the released
water. The odor was removed by 90 % or more at the time point when
the water flowed from the suspended solid removing device 71 into
the flocéulating device 72. Solids risen to the water surface was
deodorized into an almost odorless state by the high-voltage
decomposing effect in the flocculating device 72 and then
deodorized by 99 % by the flocculation accelerating device 73.

Therefore, according to the second embodiment of the
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raw water to flow into the suspended solid renoving tank 78. An air intake
pi pe 82 is connected to a |lower portion of the suspended solid renoving
tank 78, and a plurality of rotating blades (not shown) are di sposed at

upper locations within the inside of the suspended solid remving tank.78,
so that tPopsgns inventdoBecthils passyPLlENtY flgﬁﬁ’ﬁ}%g%@rn%%%ef’%ﬂ[ﬁ? E&et 0

the air intake pipe 82, so that air of a dianeter on the orde \Y I
ten (misYateRTSPAYRLENRT IRRLC SibedalGesgane FHSTRAP IR LiMs Fﬁ{’ggén%ﬁplgﬂ%
AT adsor BohYeEag, R BLbLS, eenatian facas Hha peBSRAIERd Hfiell
cuspended 0ot e Fosamiel SOER: ~aRebY. Bk 2RTTRRYC) BhA, cp Semmeve MR o
hown) . aNTOPEAZAIBACA R A BNt oh bR (U cReeRRAY S e S ey

tank 84 T QbaRler 306 Oinid CwlBhE wALER 1861 SePiPotéd hatbheconpRaday

sol i ds reﬁow ng treatment is disposed in
extremely disintegrated water molecules. Therefore, the

activated water can be released as it is, but also can be utilized
as drinking water for an animal and as water supplied to a plant.
1If the activated water is used in such-application, it :.can exhibit a
remarkable effect for the growth of the animal and plant.

In addition, the equ:meént required for the treatment of the
water can be reduced in scale or size, and the consumed electric
power can be reduced, leading to reductions in initial cost and
running coét .

Although the embodiments of the present invention have been
described in detail, it will be understood that the present
invention is not limited to the above-described embodiments, and
various modifications in design may be made without departing from
the spirit and scope of the invention defined in claims.

For example, the separating/flocculating means for the
‘subject water in the first embodiment of the present invention is
divided into the first separating means 2 and the first
flocculating means 3, and the second separating means 5 and the
second £locculating means 7, whereby two runs of the separating and
flocculating treatment are carried out. However, when a water to
be treated and having a low concentration of organic subsfances is

to be purified, the first separating means 2 and the first
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the floccul ating device 72, as shown in Figs.15 to 17. AC high-voltage
t hree-el ectrodes 86 conprising two anodes 86a and a single cathode 86b and
constituting an electrically charging/cell destructing nmeans 85 are

di d withi the fl | i tank 84 i Ei T
P o Hlacathating Jioeitos BgasFHS, BiroRd 303MRarial tebns SThdiine
KV havi f in . 100
n o bk eand Hidtohidbhd 4R B89 e Thbdont) sbdittier inth 8 Sindre

i t ched i i ' t 1 SPdh
o 58" o SRk BN G S6CORSnCHIONE NbepaEatdgh B | ALorAIIat g A0C
predet er @fﬁ%ﬁﬁ{ od opf tﬂ@%’tgxe]:.zhaﬁﬁ(} wHEE aSwht EPitipelt idet e ahddesving

- applied by ree el ectrodes at the predetermned period is intended to

prevent t%%'@-?@o%ef?{tféﬁoﬁcobi 8PqRl Eagsh stastés das t6bengutdfiedenthdat
area int eJT occul ating tank 84 w%ich IS to be subjected to the

el ectri cahdmb&Passi asivaBdoficblt- dpe! Iseparat ingydletirlating aEAns aaprbef
t he hi gh-voltage pul se by the AC high-voltage electrodes 86 is carried out

by a gl omgksedee@i ng process or an arc discharging process, and the anodes
86a and the cat hode 86b are disposed on the water surface and under the
wat er, respecti VEthe/, AOr ahdt DCuitdghtvol tagerelectiredesr §6 andcid? ¢in ythet o

the vat erf-Jl.occulating device 72 and the flocculation accelerating device 73
in the second embodiment of the present invention are disposed in
the single tahk, respectively, but ‘may be dispos_ed in separate
tanks. |

Further, the first and second embodiments of the present
invention have been described with respect to the treating means
donstituting the water treating _system. However, the treating’_
means have been used as the water treating system, but may be used
as individual treating devices. Even if each of the treating means

is used as an individual device, an effect can be exhibited in each

of the treatments.
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43 - Only one set of the AC high-voltage el ectrodeS 86 may bedisposed,
but a plurality of sets of the AC high-voltage el ec}m'm H

di sposed. In the second enbodi nent, three sets of t ml mm"m

el ectrodes 86 are disposed, so that a gihgMgt can be *swi‘'t ched! as r+equired,
to the optimal set of the AC high-voltage electrodes 86 depending on the

concentration and the anount and the type of the subject water. An electric
field produced by a high voltage of a high frequency applied to the subject

wat er by the Ag Pi&ﬁlﬁo&é‘&@lﬁé %d&@ﬁsscgﬁpgh.gg_hblﬁﬁé|§té§§36$e§mih§lng an

col |l oidal particles of the water-sol uble organi c substances and

m croor ganéfé@tféhéﬁl?eﬂ@é Sfave dudiE @B A Gnidiowdrd Otslaa Pipdid | eontaihing
further to destruct the water-sol uble organic substances and the cells of

m cr oor gané&IkokiAallhepuritdicl ddeoEdywhrtier sylibien croandgeni substantces, a
colon bacillus to the death. A nmechanismfor flocculating the coll oi dal

particl es micitderyaitsmsohndl ¢her dhike tabseparatearsh.theliguidi dntice the
~second enbodi nent will be descri bed bel ow. The term "coll oi dal
colloidal particles and liquid molecules, emicting an ultrasonic
wave in a low frequency range to the liquid resulting from the
separation to flocculate said colloidal particles, and emitting an
electromagnetic ultrasonic wave in a high .-frequency.' range to said
liquid to deodorize said liqﬁid.

2. A liquid treating process according to claim 1, wherein the
ultrasonic wave in the low frequency range has a frequency equal to
or lower than 100 kHz, and the electromagnetic ultrasonic wave in
the high frequency range has a frequency in a range of 3 M to 300
MHz.

3. A liquid treating process according to claim 1 or 2, wherein
the microwave which is the electromagnetic wave and the ultrasonic
wave in the low frequency range are emitted to said 1liquid
containing said colloidal particles to separate and flocculate the
suspended solids; an electromagnetic ultrasonic wave in said high
frequency range is emitted to the liquid to deodorize said liquid,
and a high-voltagé pulse is applied to the liquid to separate off
nitrogen compounds and at the same time, to produce ozone to
deodorize and sterilize said liquid.

4. A liquid treating process according to claim 3, wherein after
the application of the high-voltage pulse to the liquid, said

liquid is passed through an intensive magnetic field, whereby said
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particles" neans fine particles of Jmmtmlﬂj gll Iumpani c subst ances

di spersed in the liquid, and parti cFE3tsm! Ml ot her than liquid
nol ecul es, such as mcroorgani sns, fine algae and the |ike. The coll oi dal
particles

are .in. stahl dr at ed Ly R g EE 85 e hydr ophobi c
col | oi dal X iFr?‘{b‘?iewecﬂji%a.a?%%?é?%geétf% sep%?%{'%?%hd remove t he
col | oi dal partiyc r}ﬁy ' b trﬂi@f&v&?@ Ad
fromthe sslt}bj e%ti%gé,{%a%@ef& e(fll?g:ll‘fgt %Egl?@f%riggrét an a bond energy of
hydr ophi |'i rggé;f& AL ET hb$saRR! e3¢t oaemadcoRaive Go
groups,_t_r%rzg cgtﬁﬁ%@tfem%fdﬁ%*iéfyg%rougs to &%2 A render the
hydr ophi | igeftd 1 d sy dli gahabi Goﬁﬂﬂiﬁﬁlh?heéelﬁbf_&&n%éﬁ@i&éa- stk € the
hydr ophobi ¢ “col | oi dal states to render the colloidal particles hydrophobic,
thus fl oc@dialdialt araldikidandariduil@moledlled hids Jow-{Fretuerndy Wihge
second enbodi nent, the hydrophilic groups are cut by OH radical s produced
by the anadasrs¥vhitywhire gemsptarf foregéh@hatbhg agalprhsoniaswvavoin d\low
chem cal fornula in Fig.22, and the colloidal particles are electrically
charged by¥msguwércyritof iflacpuddtecdsaydt heohilghi-dadl t pgetidbes, and a

high-frequency range electromagnetic ultrasonic wave generator
for generating an electromagnetic ultrasonic wave in a high
frequency range to remove an offensive odor from said liquid.

6. A liqguid treating apparatus according to claim 5, wherein the
ultrasonic wave in the low frequency range generated from said low
frequency range ultra_sonic wave generator has a frequency equal to
or lower than 100 kHz, .and the electromagnetic ultrasonic wave in
the high frequency range generated from said high frequency range
electromagnetic ultrasonic wave generator has a frequency in a
range of 3 M to 300 MHz.

7. A liquid treating apparatus according to claim 5 or 6, further
including a high-voltage pulse generator for generating a
high-voltage pulse to separate the nitrogen compounds from the
liquid and at the same time, to produce ozone to deodorize and
sterilize the liquid. |
8. A liquid treating apparatus according to any of claims 5 to 7,
further including a magnetic field forming means for forming a
magnetic field for the disintegrating treatment of the liquid.

9. A liquid treating system comprising a separating means for
emitting a microwave which is an électromagnetic wave to a liquid

containing colloidal particles to separate the liquid into the

-~ 64 <

This Sheet Has Been Replaced




wher eby the neta-stabl e hydrophobic col "l"sllmwuﬁl broken to render
the colloidal particles hydrophobic, th g the coll oi dal

particles. In addition, the deodorization and thé décolorization of the

t I | d ' ;
col Lot tal ChAPRARRCPRFELAYEE A LGRS, A GERTLELARY e Zor
ticl .. . : ’ R )
bxygen, - neBCLER Bt e B e e 00 oot g

after difCUshoRiah $PEAIASRberEdiobg M6 RASERAITTHAHI CTRHCtheRng!
neodym umor the Tike as a flOccul ate di scharging nmeans 88 are laid on the

bott om of £hRechha¢sngalsand ¥k oddalapartiilds) R WddddcsDzingt mehas for
flocculates in the electrically charged states are attracted and settled by

magneti c epi€esngl anheleetibmaghetignaltré8onibewastt &n, at haghedireeuency
collected on the bottomof the flocculating tank 84 arg& di scharged through

a di schar gangiepto %he digadtetio tdedduriwe sahdoliquidf | o pdghatvicigagmpudset o
t he thi ckening device 75. On the other hand, the cellsiof water bl oom and
the 1ike ardatdngemeansfiir appiyiog advigh-vwliage puilsectedsaid tligudd to
radicals -sig-arate and remove nitrogen compounds from said liquid and at the
same time, to produce ozone to deodorize and sterilize said liquid,
and a flocculate discharging means. for a‘ttr'acting"floc.culates' of
said colloidal particles by a magnetic force to discharge them.
10. A liquid treating system according to claim 9, further
including a disintegrating means for subjecting the liguid to a
disintegrating treatment by passing the liquid through a magnetic
fieid.
11. A liquid ti'eating system according to claim 9 or 10, further
including an oxidizing/reducing means for delivering and receiving
electrons to and from the electrically charged liquid to effect an
oxidizing/ reduciné reaction.
12. A liquid treating system according to any of claims 9 to 11,
wherein the ultrasonic wave in the low frequency range emitted by
the flocculating means has a frequency equal to or lower than 100
- kHz, and the electromagnetic ultrasonic wave in the high frequency
range emitted by the deodorizing means has a frequency in a range of
3 Mto 300 MHz.
13. A liquid treating apparatus comprising an AC high-voltage
electrode means for applying a high-voltage pulse of a

high-frequency to separate and flocculate colloidal particles of
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g“rl rther, DC high-voltage
i

produced by the high-voltage puLﬁﬂm I“I!Btl

el ectrodes 92 constituting an o i* / ] means 91 and conpri si ng
two anodes 92a and a single cathode 925 are I sposed within the

floccul ating tank Jh Ml glﬁ% r 19 aqaPh et £r
apply DC \Vo%%é%o%%%%c?gg%égto 9#%’ aig:utoog%%?& 1658&6/dat a%oufa 3 ?né)
50 A Int %@P{H t RMACA A4 +f aBELPREE N1 of th
oxi di zi ng 4611%8'3‘?@%@%% rea%??o%ortn%%}éwgéﬁﬁgg é/ﬂ&t e DC ﬁlﬁgh- vol t age ©

el ectrodeg,4 @Jf%@‘g_agﬁsegrt &RRky DC vol tages of about 55 V and about 100
V at about to I3 A Fromthe viewpoint of preventing the wearing of the

el ectrodeg gand go_[}g?ﬁd Qgehﬁgngngégé,ﬁ]q,o?%q:irsg%ci ng reaction in a w der

region within the fTocculating tank 84, e polarities of the anodes 92a

and the cathode 92b are syhbealldt Dnyecaddvoebernavringpr afdetelstred qariwd.
The application of the DC high voltage ensures that the oxidizing and

reduci ng retrniginy Assll balgs tradiethd meatisawhich himalwids anaAC ditagh vl t s
t he carbon conponents can bee deconposed, thereby equalizing the dielectric
const ant . dledtmdecmadnsnifadt nepplytagh aofhigk-wilbags- pullisegeof| acthighes
86 and the DC hi gh-voltage el ectrodes 92 of the
frequency to separate and flocculate colloidal particles of
water-soluble organic substances, microorganisms and the like from
a colloidal particle-containing liquid and to destruct cells of the
microorganisms;
a2 flocculation accelerating device which includes a
microwavé separating means for emitting a microwave which is an
electromagnetic wave to said liquid to separate said liquid into
the colloidal particles and liquid molecules, a first ultrasonic
wave flocculating means for emitting a ultrasonic wave of a
frequency in a range of 40 k to 1,200 kHz to the liquid treated by
the emission of the microwave, thereby flocculating said colloidal
particles, and a deodorizing means adapted to emit an
electromagnetic ultrasonic wave in a high frequency rangé to said
liquid; and
a settling device which includes a flocculate settling
means adapted to pass the liquid containing flocculates of said
colloidal particles through a lattice-shaped electrically
separating membrane having a high voltage applied thereto, thereby
adsorbing the flocculates to the electrically separating membrane,
and settling the flocculates by changing the direction of
application of the high voltage.

I

—
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Such ol eotrodes 15 not 1im ?2??o°ﬂlﬂlﬁmﬂﬂ|ﬂmﬁ!ﬂ“2;an§f‘2 "ach of the
cat hodes 86b and 92b may be forned of 9 rragne5| um based nmaterial such as a
s used, S dohi ORI FARAEH PERCER ATRAHIE T ERETh Bhoc e B )
ol ectroded Lageaiat {gn E%c?%tﬂnlagﬁ .mnfiéﬁﬁ%géséﬁga#f?ﬁ&ea‘é% o
maerial, a%ﬁg%é%a’ﬁ%iﬁc.@%%?“e s TR Ry P b b P LHEE 1R hrode
seroun o 8eSios  R HGH Scnsseead the mrpgRinOay e

ot her han ol tage e ectrodes is for

copper -t U%@g.l%&a%ﬂ 9&:@&%&% privmote ghk 6RiaPzPig Pﬁ@@@élﬁg FeHEEL B IfS
set at 7 simlar reason. A second transporting pipe 80b is

connect ed the figho8tand €6 detfompodee8airBofidbmfduris t he floccul ating tank

84, so that the subject water after being subjected to the floccul ating

treatnent 16. A liquid treating system according to claim 14 or 15, wherein
said flocculation accelerating device is provided with a
disintegrating/electrically charging means adapted to permit the
liquid containing the colloidal particles to be passed
'therethrough,l while being mixed by b;.ades embedded in a plurality
of magnets in a direction of £lowing of the liquid in a pipe having a
magnetic'field formed fherein, thereby disintegrating the liquid
molecules and the colloidal particles to electrically charge them,
and adsorbing the colloidal particles to one another.

- 17. A liquid'treating system according to claim 14 or 15, wherein

said flocculation accelerating device is provided with a second
ultrasonic wave flocculating means adapted to emit ultrasonic
waves having frequencies of 28 kHz, 40 kHz, 48 kHz and 100 kHz to the
liquid containing the colloidal particles.
18. A liquid treating system according to any of claims 14 to 17,
wherein said flocculation accelerating device has a completely
separating means disposed therein for completely separating the
colloidal particles from the 1ligquid molecules by emitting an
electromagnetic wave having a frequency in a range of 100 M to 500
MHz to the liquid containing the colloidal particles to generate an
induction plasma. |

19. A liquid treating system according to any of claims 14 to 18,
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is transported through the secono| 'Izm llUll Hme 80b to the next
fl occul ati on accel erati ng devi ce I on accel erating device
73 will be descri bed bel ow. A floccul at | on accel erating tank 95 for storage

of the su haC,-_t n,gn 1P hEh1 01001 2HOL S Gk ddhd iR alsOEGHb2lbEY HRETIBIs | N-

the floccu evice spo ul at1on accel erating
device 73,5 él&alghg,g 15 to 17 and 19. AC high-voltage el ectrodes 86
constituti ng an elEcirically charging/cell destructing means 85 and DC

hi gh-vol t age el gci{Qees HrefOiy shistielladBofdi Al 24 d @&t 'ETRIMN] 4neans 91
are disposed in the flocculation accelerating tank 95, and each conprise

three el eGiHex¥em 3aildDENELGhoVel tage rd 1k Fd I midaris Bompeilke84tws ariddds
the separating and flocculating treatnent is conducted continuously.

Furt her, \&iid ausirigbaicatbodeans are di sposed in the floccul ation
accelerating tank 95 to separate and floccul ate the fine coll oi dal
particl es dincor ﬁolﬂq\aﬂdltr&attmmgjlsyscuemcwréhdgttp anydoficlaims ldotbRWal
particles thensel ves. -47 -
wherein said cathode of said AC high-voltage electrode means is
formed of a magnesium-based material.
22. A liquid treating system according to any of claims 15 to 21,
wherein said cathode of said DC ‘high-voltage -electrode means is
formed of a magnesium-based material.
23. A liquid treating system according to any of claims 15 to 21,
wherein each of the electrodes of said AC high-voltage electrode
means is formed of a plétinum-titanium alloy material. )
24. A liquid treating system according to any of claims 15 to 20
or 23, wherein each of the electrodes of said DC high-voltage
electrode means is formed of a copper-tungsten alloy material.
25. A liquid treating system according to any of claims 14 to 24,

wherein said microwave generated in said flocculation accelerating

device has a frequency set in a :ange of 2.4 G to.10.5 GHz.

——
: —— .
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A wave guide 97 constituting a mcrowave separating neans 96 i s connected
to the floccul ation accelerating tank 95 through a transporting pipe (not
shown) . A m crowave which is an el ectromagneti c wave and has a frequency

in arange of 300 Mto 16 GHpylapeich B¢ Ohe Digcaesueat ration of the subject
water, nore preferably, a frequency in a range of 2. 4Gto 10.5 GHiz in

consi deration of yiphey efifigaigVva Ay | PPo8éss haceoaandal tathec | preseant
further preferably, a frequency of 10.5 GHz, is emtted fromthe waver

gui de 97, iSfrdntitod hecsllldidadal pgrtic s sin ngbabde ahgdranelli states ror iin

t he subject water are separat echromthe wat er nol ecul es. A ultrasonic wave
box 100 caeta-tstidbl® aybrophoblicresbbhotdabvetdtes dm at lhguidaase 3®eridered
connected to the wave gui de 97 constituting the m crowave separating neans

96 t hr ougihysirtophodder tand) sepeErdted £homn)ligaid molesuilebabyr ameledhmdo
I's disposed in the ultrasonic wave box 100 for oscillating a ultrasonic

wave havi fijedd foymeddy amicrowaike of The separatedgodily idads papticiealsdne a
frequency of 950 kHz, so that the separated colloidal particles in the
subj ect waldowade tp| eetlide agadastippcanether 4o baeomat £logentated unden
cavitation effect and the like of .the ultrasonic wave emtted fromthe

osci | | at o2 CAVEtathPR ARG PY 2 litrasoniccHaY e ity IR 8 BRI R N2 low
frequency range, and the liquid is deodorized by an electromagnetic

ultrasonic wave having .a frequency in a high frequency range.

Therefore, it is possible to easily and reliably remove the
colloidal particles dissolved in the liquid and to deodorize the
liquid without need for a large-scaled equipment. For this
purpose, the microwave which is an electromagnetic wave is emitted
to the liquid containing the colloidal particles of water-soluble
organic substances, microorganisms and the like to separate the
colloidal particles from the 1liquid molecules and then, a
ultrasonic wave having a frequency in a low frequency range is
emitted to the 1liquid resulting from the separation of the
colloidal particles to floccu.’!.ate the colloidal particles, and an
electromagnetic ultrasonic wave having a frequency in a high

frequency range is emitted to the liquid to deodorize the_liquid.
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m Xi ng pi pe having an arrangenent equivalent to that of the
disintegrating/electrically charging neans 4 in the first enbodinent is
connected to the ultrasonic wave box 100 constituting the first ultrasonic

wave floccul ati ng nea $9. As shown in Fig.8, neodym um plates 3la are
di sposed at upper and ver portions of the disintegrating/electrically
char gi ng pi pe 30, and B-A neodym um el enent bl ades 32 each nade of a
ceram c material and | n& ueqdym umel enents 31b enhedded therein and
havi ng a magnetic for pf " about 11, 005 Gauss areedi sposed wi-+htn t he
di sintegrating/electr|¢hllly charging pi_ﬂ_p& 30. «~ Ex of -t he a.eodyrln' um
el enrent bl ades 32 is (8me|d frcom q‘g%l rak y _twrsid at plate and has the
neodym um el enents 31 15)1 N agfh S ari f ey esbed I"f"eﬂnatfel y, for
exanple, in an order pfg’ I\INSS S ang a end ef—the bl ade 32
in a direction of pas ?e lof  t&remgrbieT ter. Showh i1 Fdnb. 8. Thus,
the magnetic field ge atied 9 re—greeeyiin um pl ates 31p and fhe mi xing
action of the neodym el ema"nt/ I ] MBure thdt the ter mol ecul es
in the subject water are d:i Si &eg.d.at ed; and ¢har ged Wt ne_gati ve el ectron
” . N
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(i.e., ionized), and at the sane tine, the colloidal particles are

di sintegrated and charged with positive electron and brought into the
regularly ordered arrangenent. Therefore, in the

di sintegrating/electrically char 'gg ans)4, the nol ecul es having the sane
potential are attracted strongly-te facili®ate the separating/floccul ating
treatnent of the finer water-soluble organic substances which have been

conpletely not renoved at the separating/flocculatin treatment by the
m cr owave. The neodym um pl ate 31la may be formed o el ectr et. In
addition, as shomnlrnef}g. 9, a deodorizing pipe 38 qonstituting the

deodori zing neans 6 haying the sane arrangenent as in the f irst enbodi nent

is connected to the disintegrating/ eleectrically charging pi g 0, and a
deodori zi ng box 37 is disposed, to s{™Mound the outsidqéfg eodori zi ng
pi pe 38. External magnets 392 hAving N and S pol agitie¥are | sposed at

upper and | ower | ocati ¢ si dg of e deodori zi ngy
38, respectively, and @ rod-shaped i nfer na ‘“Eg t &b iis di sp
pe

axi al center position gn the deodori zifng pi hat its

4]

ik




polarities are opposed to the opposite polarities of the external nmagnets
39a. In the second enbodi nent, each of the external magnets 39a conpri ses
an el ectromagnet, and the internal magnet 39b is forned of a pernmanent
magnet. Further, high frequency range ultrasonic wave generators 40 are

di sposed respectively on left and right sides of the deodorizing pipe| 38
for generating a ultrasonic wave as a |ongitudioal wave havigf a frequency

in arange of 3 Mto 300 MHz in accordance wit KX he entr of fhe
subj ect water, nore preferably, a frequegcy of 300 ~The SUb] wat er

I s passed through the deodori zi ng pi pg~=%ss o= ' "% brated in
t he deodori zing pipe 38. ' ' S

ej ected froma nozzle (rifo T e 38,
and a vibrating plegte ( olut | et
of the nozzle, so T Dl | i si on
t hereof against the vib

magnetic field and an el et s 39a,
the internal magnet 39hb br At or
40, thereby generating SO t hat

an of fensi ve odor, ami
t hensel ves is renovdd fr

TETTTTTTTOTW

Fig. 3
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fragmenti zi ng or deconposing the amno acid in the colloidal particles by
the el ectromagnetic ultrasonic wave. In order to increase the effect '
provi ded by such el ectromagnetic ultrasonic wave, an electric field may be
al so -50 - appliggh alternately in the magnetic field to the !
di sintegrating/el ectstically charglng pi pe 30 of the i

di sintegrating/ el ect H A C wave
in a high frequency narmge at an output of 1 kW A hlgh f ner at i ng
tube 103 constituti onpl etely separating neans 102 *ctéd o the
deodori zi ng pi pe 3&20- jituting the deodorizing neans 6 L an
el ectromagneti c wave ¥iing a frequency in a range of |0p (] , hore
preferably a frequdn aving a frequency of 270 MHz is R toigenerate
an i nduction pl asimy hi gh freguency electric field, Opqlnally
resonating the subje ater to @é@:;fe t he adsorption ofl it er - sol ubl e
organi ¢ substances. pat er - sol gani ¢ subst ances rvent ed from
bei ng dissolved againfip|the water nolecules, and are sep firomt he
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water nol ecul es, by the induction plasma generated by the high-frequency
electric field. Further, a disintegrating pipe 106 constituting a water
nmol ecul e di sintegrating means 105 is connected to the high-frequency
generating tube 103 constituting a conpletely separating nmeans 102.

Per manent magnets of neodym umor the |ike of about 10,000 Gauss are
enbedded as magnetic field form ng nenbers in upper and | ower portions of
the disintegrating pipe 106, respectively, so that an intensive magnetic
field is formed. Thus, when the subject water is passled through the

di sintegrating pipe 106, clusters of water are nore disintegrated by the
action of the intensive magnetic field to produce a s% cal l ed activated
wat er. The floccul ation accelerating tankg5 is connected to the

di sintegrating pipe 106 constituti .Lhe«wm‘eL.nnLeche - 51 -

di sintegrating neans 105 throughkoaltranspeftin i pe (not shown), so that
the subject water resulting from bovgede bed treatnents is
permtted to flow again into the fﬂocculam\- accel eriati ng tank 95.
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In addition to the AC high-voltage el ectrodes 86 and the DC hi gh-vol tage

el ectrodes 92, a plurality of ultrasonic wave generators 109 constituting a

second ultrasonic wave floccul ati ng neans 108 for generating a ultrasonic

wave of 100 kHz or |ower are also disposed in the floccul ation accel erating

tank 95. In the second enbodi nent, the ultrasonic wave generators ,109 are

adapted to generate ultrasonic waves as |ongitudi nal waves havi
S

frequenci es of 28 kHz, 40 kHz and 48 kHz, and a ultrasonic wav
| ateral wave having a frequency of 100 kHz. These ultrasonic
properly depending on the concentration of the subject water,f
floccul ate the water-sol uble organic s
floccul ates and the wgi er nol ecul es. ' 81 um or

ndi

the |like constitutingeNflogculate .
internal bottom of the f) odfthtions . k=950 e
floccul ates in el ect rcca™Alic ged states in the subjecpywat 4r |3 n
into the floccul ati ora Hirati ng tank 95 are attract ed@®nd ‘ed| down
on the bottom by the acti gy magneti c forces of the pe nen et 89.
Thereafter, the sedi ment$ ected on the bottomof the flo D
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75. In the second enbodi nent, for the manufacturing -52 - conveni ence,
the m crowave separating neans 96, the ultrasonic wave fl occul ati ng neans,
the disintegrating/electrically charging nean, the deodorizing neans, the
conpl etely separating nmeans 102 and t he water nol ecul e disintegrating neans
105 are di sposed outside the floccul ation accel grating tank 95. However,
they nmay be di sposed within the flocculatl acgpleratlng tank, and even in
this case, an equivalent effect can be pro In the floccul ation
accel erating tank 95, the subject water is ed sequential ly by a
punp or the like, and when a |arge anmount (5 t jlect water is to be
treated, the circulating speed is |ncrease subject water is
circulated a plurality of tines. The first & evice 74a and the
second settling device 74b will be describ he first settling
device 74a is connected with the flgccul ati ating device_73
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first settling device 74a through a fourth transporting pipe 80d. For
provision for the treatnment of a severely dirty water, the two first and
second settling devi ces 74a and 74b having the same arrangenent are

di sposed in order to nore reliably renove dirt such as water-sol uble
organi ¢ substances fromthe dirty water, but the only one settling devices
74 exhibits a satisfactory effect. As shown in Figs.1l5, 17, 19, 20, 23 and
24, a first settling tank 11la and a second settling tank 111b for storage
of the subject water resulting fromthe treatnent in the floccul ation
accel erating device 73 are disposed in the first and second settling

devi ces 74a and 74b, respectively. A pIurallty of lattice-shaped

el ectrically separating menbranes {Eﬂ qgstlt ting - 53 - a floccul ate
settling means 113 are di sposed verticalTy in each of the first and second
settling tanks 11la and 111b. Each of cells in the lathtice of the
electrically separating nenbrane 114 is formed in a S|de§ﬁenééﬁ in a range
of about 1 to 5 nm so that el ectRijcgcurrent of 5 mA to 30 fl ows across
each of the cells by a high-voltagd pul se generator 115. THe e electrically
separating

Fig. 9
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menbr anes 114 are adapted to adsorb the electrically charged flocculates in
the subject water flowing frombelowinto the settling tanks 11l1a and 111b
to prevent the upward passage of the flocculates, so that the floccul ates
are dropped down with the polarities of the el ectrodes switched over when
the floccul ates are discharged. Permanent magnets 89 of neodym um or the
like are laid on the bottom of each of the first and second settling tanks
Il1la and 111b, so that the forcibly settled and electrically charged
flocculates are reliably attracted and di scharged through the di scharge
pipe 93 into the conposting plant. A diluting transporting pipe 116 is
connected to the second settling tank 111b and conmunicates with the
suspended solid renmoving tank 78, as shown in Fig.15, so that a portion of
the subject water treated in the second enbodi ment flows into the suspended
solid renovingtank 78. The thus-treated water is called a so-called
activated water wwth the water nol ecules being in electrically charged
states. Therefore, this activated water has a nature that if it is
incorporated into the raw water, itlgaﬁsgg ox'dKiing/reducing reaction to
deconpose the dirt. In the second efrbotli rent, *t subj ect water resulting
fromthe treatnent in the second settling device 74b is introduced into the
suspended solid ' '
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-54 - removing tank 78, but the water nol ecul es of the subject water
imedi ately after being treated in the floccul ating device 72 are nore

el ectrically charged, so that the deconposition of the dirt by the

oxi di zi ng/ reduci ng reaction can be pronoted effectively. Therefore, for
exanple, if water in a river treated in the flocculating device 72 is
previously incorporated into the raw water and subjected to a prinary
treatnment, it is possible to sinplify the subsequent treatments to enhance
the treating ability. The thickening device 75 will be described below. A
t hi ckening tank 75a is disposed in the thickening device 75 and connected
to the each of the above-described nks by tie di scharge pipes 93, as
shown in Fig.15. The thickening takﬁ Y58 Ls addpted to recover the

fl occul ates produced by the treatnment in each of the tanks and to renove
water fromthe flocculates to facilitate the conposting treatnent in the
conposting plant. A known neans such as a dehydrator or the |ike may be
used to renove the water fromthe floccul ates.
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The centralized control unit 76 will be described bel ow. The centralized
control unit 76 includes a suspended solid renoving device control section
117 for controlling the blowing of air in the suspended solid renoving
device 71 and the rotation of the blades, a floccul ating device control
section 118 for controlling the nmagnitude, the frequency and the |ike of
the vol tage applied by each of thegiAL g Ph-}o@ age el ectrodes 86 and the DC
hi gh-vol tage el ectrodes. 92 in the floccCulating device 72, a floccul ation
accel erating device control section 119 for controlling the nmagnitude and
the like the vol t B8ETURTEONSIOFCEIOGIDAS - of the A@aVEFORMItage

el ectrodes 86 ‘?B PARTIXLES BNDWATER)MORECULESJES, 92 | (PULSE [SWEBER)| at i ng
device 72, con ling the ougpy of the ni crd e having a frequency in a
range of 300 rrj GHz @ atethe crowave separating neans
96, controllin he ut of 2 ul t rasopi e having a frequency in a
range of 40k to 1,200 kHz geperated in the first ultrasonic wave

floccul ati ng means 99, cont ing the output of the ultrasonic wave having
a frequency i m@Brange of 3 Mto 300 MHz geneggiged in t.p[/\/d\eodori zing
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1,

means, controlling the output of the el ectronagnetic wave having a high

frequency in a range of 100 Mto 500 Mz generated in the conpletely

separating means 102, the outputs of the ultrasonic waves having

frequenci es of 28 kHz, 40 kHz, ¥8 kiiz affli 190 kiR gei@rafedgn the second
Aé_ [ r Nhj

ultrasonic wave floccul ating , At §é1" ed of
circulation of the subject water, lfir;1 sett | device contfrol section
120 and a second settling device|control|sectionie21) fofcontiolling the
application, the swtching-over and|the}like of e voltpages of 1- to 60 kV
in the first and second settlingjdegvices|74a anf F4bl| ahd alt I ckeni ng
device control section 122 for co¢n oII'Hg { he diﬁyd? tyonjin{the
t hi ckeni ng device 75. Each of th ntro mse&tio{g Cph be ope ated easily
by correspondi ng one of sw tches mcs1?m1(3mm oeentral i géd|control pane
123, and usually control | ed auton@iEa| ye | REsal| 15 ebf aFdemn trating test
on the treatnment of a raw water (Sing Fhesse®apBdodi nent [wijl | be '
described below with reference t ¢4 |g.s§2%11@g7 g% dr aj hage ¢ont ai ni ng
feces and urine of pig was used @@ a‘z)rzg/v wat grg aﬁgﬂeaswej for the
bi o- cheni cal demand of oxygen BOZ 56 2 2 2a| %5 &
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(my/ 1), the chemc
solids SS (ny/1l),

(my/ 1),

concentration (pH)

al

t he nunber of colon bacillus (n
the evaporation resi

demand of oxygen COD (ng/ 1),
the nitrogen content ®N (ng/1),

the mass of suspended
a phosphorus content T-N
r/cnB), the hydrogen ion '
e (TSS) and the

oxi di zi ng/ r educi ng at a lin Lte, i.e., at a site
before rem val of|the sglid nmateri als»hta an outl gt of the suspended solid
»enoving device 71} at b outlet of }he Fbcculat|ng deV|ce 72 at an
outlet of the flocgul ati-engccere e P .
first settling device 74a wnd %
74b for discharging the wale ddkld bhid
carried out five t|nes on @i
(BOD), the chem ca|[dememd—o
solids (SS) were nglasue ag
concentration was neasm €d b
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process; and the nunber of colon bacillus was neasured by a deoxycol ate

cul ture nedi um process. The nitrogen content was neasured by a cal ci um
peroxy disul fate deconposi ng process; the evaporation residue was neasured
by a sewage test process; and the oxidizing/reducing potential was neasured
by a sanitary test process. The results of the synthesis carried out under
t he above-described conditions are shown in Figs .26 and 27. -57 - (D)
Organi ¢ substance content It was observed that BOD in the raw water was in
a range of 7,800 to 27,000 ng/1l; COD was in a range of 1,800 to 13, 000
ng/1; and SS was in a range of 1,700 to 25,000 ng/l, but at the outlet of

t he suspended solid renoving deV|ce 71 after t he pre- treatlnq step, BOD was

in a range of 5,300 to 10, 0(@5 D s T A of LS00t 900
ng/l; and SS was in a range 0 @ 2000 g/ 1. T 5 qr pased
by about 60 % COD was decrea by abdut 8p % fand dd] by
about 90 % Therefore, it can At = = s drti ed
out effectively. However, the treafied
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water provided in the electrically charged state after processing in the
liquid treating systemof the second enbodi nent was incorporated in the raw
wat er and hence, it is necessary to take the effect provided by the treated
water into consideration. In the water fromthe outlet of the second

settling device 74n, i.e., the released water, BOD was in a range of 2.7 to
31 ng/l; CODwas in_a range of 1.8 to 3B—saw-t and SS was in _a range of 1.7
to 40 ny/l. Consequ,gm , Eokcr ea i BODIs 9 b at t he
maxi num and 99. 7 Yeatiih = us, ttheng is a ten cyl t hat when
the concentration at {jhe tlet of e| Buspenped ' rng| device 71
(at an inlet of tKM@ fllocgulating devilce 72)8i - rat e of
decrease in BOD i ¥ SMguwnji The e o 2| -.1,rS 9 I apnt he
maxi mum and 98.3 % at [|t{hi ni njfaym - at hét.y t he| =~
concentration of the {incgpm water Enpjlt he nc It reated
water is not observediifir the dat f ) e eadp-in SSis
99.9 % at the maxi nungas Bell m ni_PTTA| | afdyon
bet ween t he -58- —_ St - =)
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concentration of the incom ng water and the concentrate of the treated
water is not observed fromthe data of SS, as in COD. (2) N trogen content
The nitrogen content in the raw water was in a range of 1,900 to 3,100 ng/|
but at the outlet of the suspended solid renoving device 71 after the
pretreatnent, the nitrogen content was in a range of 1,100 to 1,600 ng/l
and thus, about of 42.1 to 63.6 % of nitrogen was renoved. Therefore, it
can be seen that the pretreatnment was carried out effectively. At the

outl et of the second settling device 74b, the nitrogen content is in a
range of 7.9 to 14 ng/l, and the rate of renoval of nitrogen is about 99.7
% Therefore, it can be seen that when the nitrogen content in the raw
water is equal to or higher than 4,000 ng/l, the rate of renoval is 99.7 %
and is little influenced by the frequency in service of the systemand the
variation in load. (3) Phosphorus content In the raw water, the phosphorus
content is in a range of 400 to 6 @ﬁ the outlet of the
suspended solid renoving device 714+ t egphosL us content is in a range of
97 to 200 ng/l and thus, about 58.3 to 85.9 % of the phosphorus was
renmoved. However, it is difficult to consider that phosphorus is renoved in
t he
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suspended solid renmoving device 71, and it is considered that there was an
effect of dilution by the water resulting fromthe processing in the liquid
treating systemof the second enbodinent. At the outlet of the second
settling device 74b after the processing of the water in the liquid
treating systemof the second enbodi nent, the phosphorus content was in a
range of 0.068 to 1.3 -59- ng/|l and thus, the rate of renoval of
phosphorus was at about 99.9 % at the nmaxi numand 99.7 % at the m ni mum
Even with respect to the rate of renoval of phosphorus, an interrel ation
bet ween the concentration of the incomng water and the concentrate of the
treated water was not observed. (4) Nunber of colon bacillus In the raw

wat er, the nunber of colon bacillus was in a range of 240,000 to

900, 000/ cnferr], but the nunber of colon bacillus was in a range of 160, 000

to 250,000/ cnBat the outlet of thezguapended I d renoving device 71, and
reached O/cnB at the outlet of the Eedor set ng device 74b.
Therefore, it was observed that apprQX|nater 100 % of the colon

baci |l us could be renoved by the
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liquid treating systemof the second enbodi ment, irrespective of the nunber
of the colon bacillus in the raw water. (5) Results of analysis of other
val ues The hydrogen ion concentration in the raw water showed an acidic
value of 6.5, but the released water resulting fromthe processing showed
an alkaline value of 7.4. The oxi di zi ng/ reduci ng potential was -290
nv in the raw water, but 180 nV in the rel eased water. The evaporation
residue (TSS) was 19,000 ng/l in the raw water, but was decreased to 330
mg/l in the rel eased water. The odor was renmpoved by 90 % or nore at the
time point when the water flowed fromthe suspended solid renoving device

71 into the flocculating device 72, _Solids risen to the £er _surface was
deodorized into an al nost odprl ess—kake—py—thelbgh-yor-tage—Geeorgopi Ng
effect in the floccul ating : 2 gnd then d¢odoifjiged by ¥y | he
floccul ati on accel erating devi ce — re, jacc 139 to e {9ecpnd
enbodi nent of the -60- pr esent tronjtTC(rs g8l et lmdcpl at e
and sterilize the water-sol uhle or #d subptanges and Jm cxoor 4nep
contained in a e~ = S Sl 1 Il s
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raw water by the sinple operation using the centralized control unit 76 to
renove themrapidly and reliably, and to achi eve the deodorization and
decol ori zation by such treatnment, and further to produce a stable water
which is an activated water conprising extrenely disintegrated water

nmol ecul es. Therefore, the activated water can be released as it is, but
al so can be utilized as drinking water for an animal and as water supplied
to a plant. If the activated water is used in such application, it can
exhibit a remarkable effect for the growth of the animal and plant. In
addition, the equipnent required for the treatnent of the water can be
reduced in scale or size, and the consuned el ectric power can be reduced,

| eading to reductions in |n|EEp C t ggd runni ng cost. Although the

enbodi ments of the present nk | hak’e ‘been described in detail, it wll
be understood that the present |nvention is not limted to the

above- descri bed enbodi nents, and various nodifications in design may be
‘made without departing fr cot.hemurpnmmt.n:;mmﬁnt he invéntion defined
in clainms. For exanple, thEYPROPEOBIGEHE ATTARACTREDTeans fof the subject
water in the first enbodi NEOIONEANOEHER ZOBECOME TLOCCUIATED Vi ded into the
first separating neans 2 and the first floccul ating means 3, and second
separ ati ng HEDROPHIANG GROUP

OB RADICAL DESTRUCTS
YDROPHILIC GROUP

o g

HYDROPHOBIC GROUP
COLLOIDAL PARTICLE

HYDROPHOBIC GROUP

COLLOIDAL PARTICLE COLLOIDAL PARTICLE

Fig. 22
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second floccul ating neans 7, whereby two runs of the separating and
flocculating treatnment are carried out. However, when a water to be treated
and having a | ow concentration of organic substances is to be purified, the
first separating neans 2 and the first -61 - floccul ati ng neans 3 and

t he second separating neans 5 and the second floccul ati ng means 7 may be
brought together into a single unit to carry out one run of the separating
and flocculating treatnment. On the other hand, when a water to be treated
and having a high concentration of organic substances is to be purified,

t he nunber of division of the separating/floccul ati ng neans nmay be

i ncreased. The AC and DC hi gh-voltage el ectrodes 86 and 92 in the

floccul ating device 72 and-the floccul ati on accel erating device 73 in the
second enbodi nent of the presentg?nxeg%ionZ?ﬁg di sposed in the single tank,
respectively, but may be di sposed i parate tanks. Further, the first and
second enbodi ments of the present invention have been flescribed with
respect to the treating neans :
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constituting the water treating system However, the treating neans have
been used as the water treating system but may be used as individual
treating devices. Even if each of the treating neans is used as an

i ndi vi dual device, an effect can be exhibited in each of the treatnents.
-62 - CLAIMS 1. Aliquid treating process conprising the steps of
emtting an el ectromagneti c wave such as a mcrowave to a |liquid containing
coll oidal particles of water-soluble organic substances, m croorgani snms
and the like to separate said liquid into the colloidal particles and
liquid nolecules, emtting an ultrasonic wave in a |ow frequency range to
the liquid resulting fromthe separation to flocculate said colloida
particles, and emtting an el ectromagnetic ultrasonic wave in a high
frequency range to said liquid to deodorize said liquid. 2. Aliquid
treating process according to claiml1, wherein the ultrasonic wave in the

| ow frequency range has a frequency equal to or |ower than 100 kHz, and the
el ectromagneti c ultrasoni c wave in ' .

Fig. 24
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t he hi gh frequency range has a frequency in a range of 3 Nlto 300 MHz. 3.

Aliquid treating process according to claim1 or

2, wherein the m crowave

which is the el ectromagnetic wave and the ultrasonic wave in the | ow
frequency range are enmtted to said liquid containing said colloida

particles to separate and fl|occul atee the suspen
el ectromagnetic ultrasoni c waye—+ '
the liquid to deodorize said™ i quild,
the liquid to separate off nitrogen ¢
produce ozone to deodorize and steri
whenein aft
hi gh-vol tage pulse to the liqui & |sai
i ntensive magnetic field, wherelfy|sai
Ag ifqu
m crowave generator for generat{ng a
wave to separate a liquid contaEping

process according to claim 3,

di sintegrating treatnment. 5.
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colloidal particles and liquid nolecules, a |l owfrequency range ultrasonic
wave generator for ‘generating a ultrasonic wave in a |l ow frequency to
floccul ate said colloidal particles, and a high-frequency range

el ectromagnetic ultrasoni c wave generator for generating an el ectronagnetic
ultrasonic wave in a high frequency range to renove an of fensive odor from
said liquid. 6. A liquid treating apparatus according to claim5, wherein
the ultrasonic wave in the | ow frequency range generated fromsaid | ow

frequency r gy TaSONESTESVE [OC[E or requges quah jesjas | r
t han 100 g. lBhe lel (R |EBrmadnel BRI t | asfiRl = waye e hi dB{Equendy
range gener efctr-om sai rgh flr ef@dncy nfange|el ec{r gqragnet i EBraEson| c
wave gener atp s a fjrequgncy i|n rfange jof} 3|{Mto}|3 1. PR I quid
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emtting a mcrowave which is an el ectromagnetic wave to a liquid
containing colloidal particles to separate the liquid into the -64 -
colloidal particles and liquid nolecules, a flocculating means for emtting

a ultrasonic waveinalowfreuenc range to the liquid resulting fromthe
separation of thq collesda E;d ) BEISH gl ng said col | oi dal
particles, a deocglg S gerroEgpnetic ultrasonic
wave in a high frg_gu__e__-n eoflorizp said liquid, a
hi gh-vol tage pul et ‘ hi ph-a8} t age pul se to said
liquid to separatgamj*-r ; frpmsajd liquid and at
the sane tinme, tq<preigeesy ; | Z€ stgrilige said liquid, and
a flocculate di sqhargs ; [ ccpul atep of said coll oi dal
particles by a nggne#s 10 A liquid treating
system accor di ng e ., -t IS REEEpr at i ng neans for
subjecting the lifeyid o N S ' e Isysghssing the liquid
t hrough a magnetife=fietd. 234 1. I gui iy syst®M according to claim
9 or 10, further |2 = =
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i ncludi ng an oxi di zi ng/ reduci ng neans for delivering and receiving
electrons to and fromthe electrically charged liquid to effect an

oxi di zi ng/ reduci ng reaction. 12. Aliquid treating systemaccording to
any of claims 9 to 11, wherein the ul trasope—wave—+n the | ow frequency
range emtted by the flocculatlng nmeans has a frequencyZequal to or |ower

than 100 kHz, and the el ectromagnetic ul trds&i € wdve i @&t he hi gh frequency
range emtted by the deodori zi ng neangrhagga ngpenuy &h a range of 3 Mto
300 MHz. 65 - 13. Aliquid treatigg system cefmri{sing a floccul ating

devi ce having an el ectrically chargi ng tel%- des & »g“eans whi ch
i ncl udes an AC hi gh-vol tage el ectrode nea for | & /lnE a hi gh-voltage
pul se of a high frequency to separate and &l occyuEat col oi dal particles of

t
I
e
wat er - sol-ubl e organi ¢ substances, mcroorggni sngcand|thé& |ike froma
t
mA

\

col | oi dal particle-containing liquid and tf destrudt|celds of the
m croorgani sns; a floccul ation acceleratiqg devi de 1icE i ncl udes a
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m cr owave separ ati “ﬂmﬂmﬂmﬂm ting a microwave which is an REPLACEMENT SHEET
el ectrorragnetlc V\Buﬂl to separate said liquid into the .

col | oidal particles*and I5qfid®molecules, a first ultrasonic wave -
flocculating nmeans for emtting a uItrasonic wave of a frequency in a range

of 40 k teoiﬂ.gggahf%ai’@léi@s lain@ul fbii 8 Mk dULddcacsl 66¢wDatinghteans for

m crowave, thereby tlocculating said colloidal particles, and a deodori zi ng

means adapghedtifgedi dltrasderd Wiy iat acwwtfns@mxfcymgm to ihgh liquid
frequency range to said liquid; and a settling device which includes a

floccul at gesellthingofrenntheadepasdttionpossthdecdllpiidalc pardicles f ltherebyt es
of said colloidal particles through a | attice-shaped electrically

separ at i ngloechlatdéngasiald olilghidadl tpeyrtimies cd tdeodtxizingr mpans for
adsorbing the flocculates to the electrically separating nenbrane, and
settling ehtttingcanaedechbyomagngtig uhtrdsonici wavef inpal highi Sxrequenicy
high.voltage. -66 = 14. A liquid treating systemaccording to claim 13,
wher ei n szadgel be dibealliignidcte|daadanigelsaideligqupd o\d géahmqifaage pulse
treating means for applying a high-voltage pulée to said liquid to
separate and remove nif:rogen compounds from said liquid and at the
same time, to produce ozone to deodorize and_ sterilize said liquid,
and a flocculate discharging means for attracting flocculates of
said colloidal particles by a magnetie force to discharge them.

10. A ligquid treating system according to claim 9, further
including a disintegrating means for subjectihg the liquid to a
disintegrating treatment by passing the ligquid through a magnetic
field.

11. A liquid treating system according to claim 9 or 10, further
including an oxidizing/reducing means for delivering and receiving
electrons to and from the electrically charged liquid to effect an
oxidizing/reducing reaction.

12. A liquid treating system according to any of claims 9 to 11,
wherein the ultrasonic wave in the low frequency range emitted by
the flocculating means has a frequency equal to or lower than 100
kHz, and the electromagnetic ultrasonic wave in the high frequency .
range emitted by the deodorizing means has a £requency in a range of
3 Mto 300 MHz.

13. A liquid treating apparatﬁs comprising an AC high-voltage
electrode means for applying a high-voltage pulse of a

high- frequency to separate and flocculate colloidal particles of

REPLACEMEN orie.
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oxi-di zi ng/ rfﬁ“ﬂl Ilmli H udi ng a DC hi gh-vol t age el ectrode reare-JCEMENT SHEE
appl ying a n " the liquid containing the colloidal particles .
n

.

to pronote the oxi di zi g/ reduci ng reaction -of the liquid and to deconpose -
carbon compounds. 15. A liquid treating systemaccording to claim 13 or

14, wher ehatéi*i-doﬁ.hbae%ﬁ?éﬁb suRitandesigniero6£ganipms \anti ¢hei 1 hke £rom
disintegrating/electrically charging neans adapted to permt the liquid
cont ai ni ng d¢dELSDIAD ipdatt ijed el-iconta ihdnigel Ppas e anidhtoateatomgt cediliscod&hegy
m xed by bl ades enbedded in a plurality of magnets in a direction of

fl owi ng ofitirecirggnigmsnon thiepkikayvi ng a magnetic field forned therein,
thereby disintegrating the liquid nolecules and the colloidal particles to
el ectricalky chaddquidetyeatingdystemgomprisbthgoi dal particles to one

anot her. 16 A liquid treating systemaccording to claim13 or 14, wherein
said floccul ati on acceterfloagudatiog i deyise dhaving Anc@IRCHricadddi c
wave floccul ati ng neans adapted to emt ultrasonic waves having frequencies
of 28 kHzchagghmg/cedlrAesiryctdogupparsy which igeludesnaniit idghrvoltage
col | oi dal Eart icles. 17. A liquid treating_system_accordi gg?to an

clai ms 13ed8ciEodpndieans sEPY FARRIGHING | 8n @hevaldagy) BELFee Qfa}s/ag];‘igh
Com et el Yo 2aBanat! "o IR aloRsd, FISIel Y SATEbTRRLY SEFRIGHLIOCE™
o water-soluble organic substances, microorganisms and the like from
a colloidal particle~containing liquid and to destruct cells of the
microorganisms;

a flocculation accelerating device which includes a
microwave separating n‘leans for emitting a microwave which is an
electromagnetic wave to said liquid to separate said liquid into
the colloidal particles and liquid molecules, a first ultrasonic
wave flocculating means for emitting a ultrasonic wave of a
frequency in a range of 40 k to 1,200 kHz to the liquid treated by
the emission of the microwave, thereby flocculating said colloidal

A particles, and a deodorizing means adapted to emit an
electromagnetic ultrasonic wave in a high frequency range to said
liquid; and |

| a settling device which includes a flocculate settling
means adapted to’ pass. the liquid containing. flocculates of said
colloidal particles through a lattice-shaped electrically
separating membrane'_ having a high voltage a:pplied thereto, thereby

adsorbing the flocculates to the electricallf separating mémbrane,

and settling the flocculates by changing the direction of

application of the high voltage. s y
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el ectromagnetic mvem cy in a range of FERE—M-to—586—t—i 0

the |iquid contai l"’"”m particles to genel B!éLAGEMEMcSHEBT

pl.asma. 18. A i Emﬂu ’ em accor di ng to any ¢f clarns I3 tp L7,

wherein said AC hi gh- f/ol'tage &l et rode nmeans conpri se$ w? Qnﬂ(}iﬁ?ﬂﬂd a
ng to”any

si ngl e cathode. 19. A liquid treatiB3I¥MBst em accor di hi s
13 to 18, wherein said DC high-voltage el ectrode neansg --5es--two--anpdes
and a single cathode. 20. A liquid treating systemaccording to any of

cl ai s 13 to 19, wherein said cathode of said AC hi gh-vVoI'tage gefrectrode
means i sif or fbdigrig FREAEIRERIRERTS FRMPLLALNg the SWW (ﬁ#&‘“{lr tddmihgn
system according to anz of clains 14 to 20, wherein sajd cathode of said DC
hi gh- vol Féﬁ'étEP@ESPSHé mHaKe FUCR A%l BECEOWRAYRCEP U bhERYA EPBRERAPING) )
Aliquid treatin stem accordirng tQ any of clainms 14 to 20, wherein eac
of the ePBLIPIEEL oPARH 1F HES hih. VA HeTjEs of-BBLAoIBTABRIE | STRFTRRCEE -a

PLAL MU SRS ShhdY o B 1083 o Dbl '15EA' U RESORRY "0

colloidal particles and liquid molecules, emitting an ultrasonic
wave in a low frequency range to the liquid resulting from the
separation to flocculate said colloidal particles, and emitting an
electromagnetic ultrasonic wave in a high frequency range to said
liquid to deodorize said liquid.

v 2. A liquid treating_process according to claim 1, wherein the
ultrasonic wave in the low frequency range has a frequency equal to
or lower than 100 kH_z, and thé electromagnetic ultrasonic wave in
the high frequency range has a frequency in a range of 3 M to 300
MHz .

3. A liquid treating process according to claim 1 or 2, wherein
the microwave which is the electromagnetic wave and the ultrasonic
wave in the iow frequency range are emitted to said 1liquid
containing said colloidal particles to separate and flocculate the
suspended solids; an electromagnetic ultrasonic wave in said high
frequency. range is emitted to the liquid to deodorize said liquid,
and a high_-voltagé pulse is applied to the liquid to separate off
nitrogen compounds and at tﬁe same time, to produce ozone to
deodorize and sterilize said liquid.

4. A liquid treating process according to claim 3, wherein after
the application of the high-voltage pulse to the liquid, said

liquid is passed through an intensive magnetic field, whereby said

-63 -
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or 22, wherein each of the el ectrf»’,ﬂ"ﬂ#ﬂ mmml gh-vol t g
means i s forned of a copper-tungste s | . 24. A
treating systemaccording to any of clains 13°0*23, whereijn

e

generated in said floccul ation accel erating device has a fr
range ofliguidisosubiscted to ggiisintegrating treatment.

5. A liquid treating apparatus comprising a microwave generator

VET, SHEET|
liquid
sdl 8 dU8r208av
u

juency set in

for generating a microwave which is an electromagnetic wave to
separate a liquid containing colloidal particles into the
colloidal particles and liquid molecules, a low-frequency range
ultrasonic wave generator for generating a ultrasonic wave in a low
frequency to flocculate said colloidal particles, and a
high-frequency range electromagnetic ultrasonic wave generator
for generating an electromagnetic ultrasonic wave in a high
frequency range to remove an offensive 6dor from said liquid.
6. A liquid treating apparatus according to claim 5, wherein the
N~ ultrasonic wave in the low frequency range generated from said low
frequency range ultrasonic wave generator has a frequency equal to
or lower than 100 kHz, and the electromagnetic ultrasonic wave in
the high frequency range generated from said high fregquency range
electromagnetic ultrasonic wave generator has a frequency in a
range of 3 M to 300 MHz.
7. A liquid treating apparatus according to claim 5 or 6, further
including_ a high-%roltage pulse generator for generating a
high-voltage pulse to separate the nitrogen compounds from the
liquid and at the same time, to produce ozone to deodorize and
sterilize the liquid.
8. A liquid treating apparatus according to any of claims 5 to 7,
further including a magneti.c field forming means for forming a
magnetic field for the disintegrating treatment of the liquid.
9. A liguid treating system comprising a separating means for
emitting a microwave which is an electromagnetic wave to a liquid

containing colloidal particles to separate the liquid into the
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colloidal particles and liquid molecules, a flocculating means for
emitting a ultrasonic wave in a low frequency range to the liquid
resulting from the separation of the colloidal particles, thereby
flocculating said colloidal particles, a deodgrizing means for
emitting an electromagnetic ultrasonic wave i}} a high frequency
range to the liquid to deodorize_ said liquid, a?'high-—voltage pulse
treating means for applying a high-voltage puléL to said liquid to
separate and remove nitrogen corﬁpounds from said liguid and at the
same time, to produce ozone to deodorize and sterilize said liquid,
- and a flocculate discharging means for attracting flocculates of
said colloidal particles by a magnetic force to discharge them.

10. A liquid treating system according to claim 9, further
including a disintegrating means for subjecting the liquid to a
disintegrating treatment by passing the liquid through a magnetic
field.

11. A liguid treating system according to claim 9 or 10, further
including an oxidizing/reducing means for delivering and receiving
electrons to and from the electrically charged liguid to éffect an
6xidizing/ reducing reaction.

12. .A liguid treating system according to any of claims 9 to 11,
wherein the ultrasonic wave in the low frequency range emitted by
the flocculating means has a frequency equal to or lower than 100
kHz, and the electromagnetic ultrasonic wave in the high frequency
range emitted by the deodorizing means has a frequency in a range of

3 M to 300 MHz.
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- 13 . | A liquid treating system comprising
| ‘ a flocculating device having an electrically

| charging/cell-destructing means which includes an AC high-voltage

electrode means for applying a high-voltage pulse of a high

frequency to separate and flocculate colloidal particles of

water-soluble organic substances, microorganisms and the like from

a colloidal"part;i.cle-containing liquid and to destruct cells of the

microorganisms;

a flocculation accelerating device. which includes a
microwave separating means for emitting a microwave which is an
electromagnetic wave to said liquid to separate said liquid into
the colloidal particles and liquid molecules, a first ultrasonic
wave flocculating means for emitting a ﬁltrasonic wave of a
frequency in a range of 40 k to 1,200 kHz to the liquid treated by
the emission of the microwave, thereby flocculating said colloidal
particles, and a deodorizing means adaﬁpted to emit an
electromagnetic ultrasonic wave in a high frequency range to said
liquid; and

a settling device which includes a flocculate settling
means adapted to pass the liquid containing flocculates of said
colloidal particles through a lattice-shaped electrically
separating membrane having a high voltage applied thereto, thereby
adsorbing the flocculates to the electrically separating membrane,
and settling the flocculates by changing t.he direction of

application of the high voltage.
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14 A liquid treating system according to claim 13 ,?'wherein said
flocculation accelerating device is provided with an
oxidizing/reducing means including a DC high-voltage electrode
means for applying a DC high voltage to the liquid containing the
colloidal particles to promote the oxidizing/ reducing reaction of
the liquid and to decompose carbon compounds.
15 .' A liquid treating system according to claim 13 or 14 wherein
sald flocculation accelerating device is prov:Lded with a
disintegrating/electricaily charging means adapted to permit the
ligquid containing the colloidal particles to be passed
therethrough, while being mixed by blades embedded in a plurality
of magnets in a direction of £flowing of the liquid in a pipe having a
magnetic field formed therein, thereby disintegrating the liquid
molecules and the colloidal particles to electrically charge them,
and adsorbing the colloidal particles to one another.
. 16. A liquid treating system according to claim 13 or 14, wherein
' said flocculation accelerating device is provided with a second
ultrasonic wave flocculating means adapted to emit ultrasonic
waves having frequencies of 28 kHz, 40 kHz, 48 kHz and 100 kHz to the
1iquid containing the colloidal particles .
' 1-"7. A liquid treating system according to any of claims 13 to 16 ’
wherein said flocculation accelerating device has a completely
separating means disposed therein for completely separating the
colloidal particles from the liquid molecules by emitting an
electromagnetic wave having a frequency in a range of 100 M to 500
MHz to the liquid containing the colloidal particles to generate an
induction plasma.

18. A liquid treating system according to any of claims 13 to 17,
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wherein said AC high-voltage electrode means comprises two anodes
and a single cathode.

19. A liquid ;creating system according to any of claims 13 to 18,
wherein said DC high-~voltage electrode means comprises two anodes
and a single cathode.

20. A liquid treating system according to any of claims 13 to 19,
wherein said cathode of said AC high-voltage electrode means is
formed of a magnesium-based material.

21. A liquid treating system according to any of claims 14 to 20,
wherein said cathode of said DC high-voltage electrode means is
formed of a magnesium-based material.

2.2 . A liquid treating system according to any of claims 14 to 20,
wherein each of the electrodes of said AC high-voltage electrode
means is formed of a platinum-titanium alloy material.

23. A ligquid treating system according to any of claims 14 to 19
or 22, wherein each of the electrodes of said DC high-voltage
electrode means is formed of a copper-tungsten alloy material.

24. A liqguid treéting system according to any of claims 13 to 23,
wherein said microwave generated in said flocculation accelerating

device has a frequency set in a range of 2.4 G to 10.5 GHz.
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