DESCRL PTI ON VAPOR/ LI QUI D M XER AND POLLUTED WATER PURI FI CATI ON APPARATUS
USFNG THE M XER Techni cal Field The present invention relates to a
vapor/liquid m xer which m xes gas such as air with a liquid such as

pol luted water. Specifically, the preseqt i nvention relates to a
vapor/liquid mixer for use, for exanple, in a pressure floatation nmethod
conprising the steps of dissolving gas such as oxygen in polluted water to
make pollutants rise, and to a polluted water purification apparatus using
the m xer. Background Art As water pollution generated as a by-product with
recent technol ogi cal advances is beDB&CRIPTDONBe and worse wi th i nprovenent
in the-standard of living, a variety of purification processes for water
qual ity have been devel oped. O these purification processes, a . so-called
pressure floatation nethod is enployed as a purification process of,
especial ly, closed water regi ¥AFOR(EFQONSD RaddDsea areas. The pressure
flotation nmethod is a purification process which conprises the steps of

ef octing pressStPHLELENNATER JFURLFLCATION AYFARRTIS| USHNG 1EHE: MIKEBm
nozzles or slits, allowing fine air bubbles fornmed by a sharp drop of the
pressure to adhere to

Technical Fieid

The present invention relates to a vapor/liquid mixer which
mixes gas such as air with a iiquid such as polluted water.
Specifically, the present invention relates to a vapor/liquid
mixer for use, for example,  in a pressure floatation method
comprising the steps of dissolﬁing gas such as oxygen in polluted
water to make pollutants _rise,. and to a polluted water

purification apparatus using the mixer.

Background Art

As water pollution generated as a by-product with recent
technological advances 1is becoming worse and worse with
improvement in the standard of living, a variety of purification
processes for water quality have been developed.

Of these purification-processes, a so-called pressure
floatation method is employéd as a purification process of,
especially, closed water regions such as lakes and sea areas.
The pressure flotation method is a purification process which
cbmprises the steps of ejecting pressurized water saturated with
air dissolved therein from nozzles or slits, allowing fine air
bubbles formed by a sharp drop_of_the pressure to adhere to

floating or debositing solids, thereby making the solids risé



floating or depositing solids, thereby, making the solids rise to form
scum and collecting the formed scum Purification techniques using the
pressure floatation nmethod are disclosed in, for exanple, Japanese

Unexam ned Pat ent Publication No. 54-75156, Japanese Unexam ned Pat ent
Publ i cati on No. 5-317847, Japanese Un&xdri hed Patent Publication No. 8-
112587, and Japanese Unexam ned Patent Publication No. 8-132094. The
Japanese Unexam ned Patent Publication No. 54-75156 discloses a benthic
region purification process. The process includes the steps of dissolving

air in vwates formessamjrah@dconieetphgseHeesobmngaesctfan the water pressure
of a benthic region to yield pressurized water, ejecting the pressurized

wat er from nozzlesrpfbcation thkehbhdatleisc ue@nthe fpresdure floababhbeas,
mechanically stirring deposits in the benthic region concurrently
with the epethodqmpdiatiiosetioin; for bradppesi Japarsd®iinegamiaed Bateng
matters to adhere to the fine air bubbles, thereby allow ng the floating
mat t ers t oPbhbicabhon NcheS4u¥ Phbe, clapanessaVrexannued Aatent Rgbihdataanvi ng

scum of the deposits on the water. The Japanese Unexam ned Patent
Publ i cati NP No>-81384d47 Japanese Unexamined Patent Publication No. 8-

112587, and Japanese Unexamined Patent Publication No. 8-132094.

The Japanese Unexamined Patent Publication No. 54-75156
discloses a benthic region purification process. The process
includes the steps of dissolving air in water to be saturated
under pressures higher than the water pressure of a benthic region
to yield pressurized water, ejecting the pressufized.water from
nozzles placed in the benthic region to form fine air bubbles,
mechanically stirring deposits in the benthic region
concurrently with the ejecting operation to rise the deposits,
allowing the floatinglnatters_to adhere to the fine air bubbles,
thereby allowing the floating matters to float onto the surface
of the water, and collecting and removing scum of the deposits
on the water.

The Japanese Unexamined Patent Publication No. 5-317847
discloses a water purifying device which is capable of forming
very fine air bubbles by attaching a pressure valve at a tip of
a supplying pipe in a region to be treated, and supplying a raw
liquid pumped up by the pressurized pump concurrently with
supplying compressed gas from a compressor to a vapor/liquid
mixing means.

The Japanese Unexamined.fatent Publication No. 8-112587

discloses an improvement of the water purifying device disclosed



di scl pses a water purifying device which is capable of form ng very fine
ai‘r bubbles by attaching a pressure valve at a tip of a supplying pipe in a
region to be treated, and supplying a raw |liquid punped up by the
pressurized punp concurrently with suppkging conpressed gas froma
conpressor to a vapor/liquid m xing nEas.” The Japanese Unexam ned Pat ent
Publ i cati on No. 8-112587 discl oses an inprovenent of the water purifying
devi ce di scl osed -3- in the Japanese Unexam ned Patent Publication No.
5-317847. In the device, both a tip of a punping tube and a di scharge val ve

at the tipigftiee dapaRiseevhekRamihedrbacest i Pulsl 1d4iti 6h iNb .a5-8377@3 7.0 be
treated, and a punp neans is operated to supply the original liquid in the

regi on to tiee tdeaies, tisotth vsaaig loffj@ umpingg tibanandBy thsshaegéi galaki on,
gas supplied through a gas supplying neans is mxed with the liquid to be
treated t catltlmvttipeofos dicadengeteby drsgplaced int kel 1ggid din Theedapanese
Unexam ned Patent Publication No. 8-132094 discloses a fine babble

di schar gi nee &sphreated, And acpwnR @eans i rnajedtoasuprly dheopraghnad

di ssol ved gas and to increase . o
iquid in the region to be treated to a vapor/liquid mixing means.

By this configuration, gas supplied through a gas supplying means
is mixed with the liquid to be treated to allow the gas to
completely dissolve in the liquid.

The Japanese Unexamined Patent Publication No. 8-132094
discloses a fine babble discharging apparatus. To increase the
discharge of a liquid containing dissolved gas and to increase
the content of fine air bubbles in the discharge, this apparatus
includes a group of injection holes and an outer cylinder outside
the injection holes. The outer cylinder has a discharge port
which opens either at the end supplying the liquid containing
dissolved gas or at the opposite end thereto, and the liquid
containing dissolved gas injected from the injection holes is
collided with the outer cylinder. |

As described above, various improvements in purification
apparatuses for use in a pressure floatation method have been
made. What is the most important in the pressuré floatation
method is believed to maximize the volume of fine air bubbles
dissolved in a solution. Generally, in the pressure floatation
method, the more uniform and smaller particle sizes air bubbles
have, the higher the absorbencS( is and the more quietly the bubbles
rise. In addition, such air bubbles do not bubble in an upper

layer, and adsorbed flocks and floating matter can be recovered



the‘content of fine air bubbles in the, disgharge, this apparatus includes a
group of injection holes and an outer cylinder outside the injection holes.
The outer cylinder has a di scharge port which opens either at the end
supplying the liquid containing dissolved gas or at the opposite end
thereto, and the |liquid containing di 5sd ved gas injected fromthe
I njection holes is collided with the outer cylinder. As described above,
various inprovenents in purification apparatuses for use in a pressure
floatati on nmethod have been nade. What is the nost inportant in the
pressure fgpehaht Obra8khrd.i s believed to maxim ze the volune of fine air
bubbl es dissolved in a solution. Generally, in the pressure floatation
met hod, the nor edowedor m ard SRl lgars pandi & elsgaes, aiagllbudbbl eshdhasbovehe
hi gher the absorbency is and the nore quietly the bubbles rise. In
addi tion, spparatuseésbdrespdovidedbubbheai vapordppguitaméreraadchdasr bad
flocks and floating matter can be recovered W t hout breaking. However,
to nix gasehedter|sephratel from a mressmne HYPwr FousSupPaveapyapPuédiaiid a
vapor/liquid m xer such as an ejector separate froma pressure pu to
supply a vaperPikgurg of gas and’a liquid to the pressure pump. Therefore,
the apparatuses as a whole are complicated, and air bubbles to
dissolve in the liquid have limited sizes because the gas is
mechanically mixed with the liquid. The purification capacity
of the apparatuses is thusllimited.

Accordingly, an object of the present invention is to
provide a vapor/liquid mixer which has a relatively simple
structure and is capable of allowing fine air bubbles with a high
purification capacity to dissolve in a liquid, and.a polluted

water purification apparatus using the mixer.

Disclosure of Invention

The present inventor ha.sl studied intensively.to solve the
above problem and found that a space into which a liquid,
preferably in a form of a shower, is ejected provided in a pressure
tank enables gas such as oxygen toefficiently dissolve ina liquid
without requiring an ejector or other conventional vapor/liquid
mixers. The ejected liquid comes in contact with air in the space
formed over a 1liquid level of the pressure tank before the ejected
liquid reaches a surface of a stored 1iquid, and the ejected liquid
is crushed by colliding with -.-the level of the stored liquid,

" thereby further enhancing thé dissolution. .

Specifically, the Vapdr/liquid mixer of the present



as a mxture of gas and a liquid to the pressure punp. Therefore, the
appar atuses as a whole are conplicated, and air bubbles to dissolve in the
liquid have limted sizes because the gas is nmechanically mxed with the
liquid. The purification capacity of the apparatuses is thus |imted.
Accordingly, an object of the present'iﬁbéﬁtion IS to provide a
vapor/liquid mxer which has a relatively sinple structure and is capabl e
of allowing fine air bubbles with a high purification capacity to dissol ve
inaliquid, and a polluted water purification apparatus using the m xer.
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sol ve the above problem and found that a space into which a |iquid,

pref er abl yfon & Yioguddf = gdoowripplivaig aesaed whdehdedppl ie@spgassaneht ask
enabl es gas such as oxygen to efficiently dissolve in a |liquid w thout

requi ri ng exyg¢ectorths poelssureobankt i @nbl quig dreve lggiodi tiriodemeans which
Theej ect edl i qui dconesi n contact wi thairinthe space fornmed over a liquid

| evel of t¢enprebsarbiqaht leakdrin the ryesswee tagkiy dndadiasiigd elechéddof a
stored liquid, and the ejected liquid is crushed by colliding with the
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Specifically,, the vapor/Jiqujd m xer of the sent,
P tXnk. The tgrm "ga%w used)in the vapor (Je.qurid mixer of the present

invention includes air, oxygen, carbon dioxide, nitrogen and
other soluble gasses.

By the above configuration, a liquid ejected onto the liquid
level allows the contacting area of gaswith the liquid to increase
and ensures the gas to dissolve in the liquid. In addition, the
ejected liquid crushes into fine particles by colliding with the
level of the stored 1liquid, thereby further enhancing the
dissolution of the gas. When gas such as oxygen dissolved in a
liquid is released into the air, the reieased gas has a
significantly smaller particle size of about 5 pm compared with
that obtained by conventional mechanical stirring. Such fineair
bubbles have large contacting area with the liquid and exhibit
a high aeration effect. Furthermore, it takes longer for fine
bubbles to rise in the water, which further enhances the aeration
effect.

The vapor/liquid mixer of the present invention can be
widely used not only in a poliuted water purificétion apparatus
but also in a deodorizer, a degasifiér and other appar_atuses which
mix gas with a liquid.

When the vapor/liquid mixer of the present invention is

used as a deodorizer, the liquid collides with the liquid level



5 invention conprises a pressure tank having an inlet and outlet for a
ligquid, a gas supplying neans whi ch supplies gas such as oxygen to the
pressure tank, a liquid | evel control neans which controls a liquid |evel
in the pressure tank, and a liquid ejecéang nmeans which ejects a liquid
onto the liquid | evel of the pressure’t The term "gas" used in the
vapor/|liquidm xer of the present invention includes air, oxygen, carbon

di oxi de, nitrogen and ot her sol uble gasses. By the above configuration, a
liquid ejected onto the liquid |level allows the contacting area of gas with
t he |1 qui dag mentti@as® abudrecandr eshibétgas do-ailSlsad Ienard b€ fleicgyi dhakn
addition, the ejected liquid crushes into fine particles by colliding with
the | evel 1$,tHFehehowadeln quialerttier edxyl ¥idedewithhapckngrt Heheali ksloé utinon
of the gas. Wen gas such as oxygen dissolved in aliquidis released into
the air, tweteefabledoyasamid wivenmi fliaxge [apoymdls of peoative isbne ate
about 5 [err] mconpared wi th that obtained by conventional nechanlcal
stirring. SREmed; mndieleamAs saptainne fdae AdStey 1s gengirerednhé | Byui d

and exhibit. a high aeration effect. Furthernore, jt takes |onger. for fine
bubbl es t ot IPJr%@ﬁ%?‘%‘hegﬂét%‘FCl%‘P‘éﬁnf WREREMALARHES °§ér&tq1yohecomes

inert and is released, thereby deodorizing the water.

Odor componeﬁts in raw water, during the storage in the
apparatus, make contact with fine air bubbles having a diameter
of about 5 ym, i.e., fine air bubbles having a large surface area
and are deodorized by the stripping activity of the air bubbles.
In this process, such fine air bubbles remain longer in water
than the air bubbles obtained by conventional aeration processes,
and therefore have a longer stripping time. By this advantage,
the deodorizer can have increased deodorizing efficiency than
conventional equivalents.

Next, the application of the present invention to removal
of ammonia or other components dissolved in water will be
explained. Generally;pollutedwafercontainsdissolvedammonia
or-other gases which are more soluble'than.oxygen. To remove the
ammonia, it is necessary to form spaces or gaps.where oxygen is
to be dissolved in the polluted water. According to the present
invention, gas is dissolved in a liquid not by means of mechanical
stirringbut by collisionwith the liquid level as mentioned above.
Thus, clusters of the liquid are crushed to form gaps to thereby
enhance the dissolution of gas such as oxygen. By this
configuration, the degasification is promoted.

As the liquid level control means for use in the present



effect.. The vapor/liquid m xer of the present invention can be w dely used
not only in a polluted water purification apparatus but also in a

deodori zer, a degasifier and other apparatuses which mx gas with a |iquid.
When the vapor/liquid m xer of the present invention is used as a
deodorizer, the liquid collides with the ITquid |evel as nentioned above
and exhibits a so-called Lenard effect, that is, "when water violently
collides with rock or the like in waterfalls or rapid rivers, |arge anounts
of negative ions are fornmed, and clean air containing fine msts is

gener at ed. in®ynthos, &f §pstemaAs dncbmpetlses anaiguiddlesall gauyernodateky
becones inert and is rel eased, thereby deodorizing the water. COdor
conponent stha limwiwalevel dur theg dres ssiner bgekiand acapparlatost tmkentonflact
with fine air bubbles having a diameter of about 5 [err]m i.e., fine air
bubbl es haah mpening g surtizatt ke ¥alayedanrangeddor iszedrbyof Abespreppung
activity of the air bubbles. In this process, such fine air bubbles remain
| onger in WeRkRndar tRCA FrHlLISHPESS BRFaIdfe8hE S URIMAS I885aFaRdratFeA -

processes, and ther el ST EndAE 2 g 9y 2 'Rtd bbToe Bhe' 1hguddvaatage:

of the pressure tank shbuld.preferably be 30% or more relative
to the total capacity of the pressure tank in order to further
enhance the dissolution of gas such as air in a liquid. If the
gas region has a volume of less than 30% relative to the total
capacity of the pressure tank, the amount of the gas dissolved
in the liquid is decreased. The liquid ejected onto the liquid
level of the pressure tank is preferably in a form of a shower
or a mist. Further, by allowing a liquid stored in the pressure
tank to form a vortex by the ejected liquid, air bubbles close
to the water level enter inside the stored.iiquid to further
enhance the dissolution of the gas.

As a gas supplying means, conventional compressors can be
used. Gas to be supplied to the pressure tank may most generally
be oxygen-containing air when the vapor/liquid mixer is used in
apolluted water purification apparatus, but may be gés containing
oxygen in a higher concentration to improve the purification
capacity.

The polluted water purification apparatus of the present
invention pumps up water in a polluted water region, dissolves
gas such as oxygen in the water under pressure, and discharges
the water into the polluted water region again. The apparatus

comprises a pump which pumps up the polluted water from the



t he deodorizer can have increased deodorizing efficiency than conventional
equi val ents. Next, the application of the present invention to renoval of
anmoni a or ot her conponents dissolved in water will be expl ai ned.
General ly, polluted water contains dissqgl ved anmoni a or other gases which
are nore sol uble than-oxygen. To renove % he ammonia, it is necessary to
form spaces or gaps where oxygen is to be dissolved in the polluted water.
According to the present invention, gas is dissolved in a liquid not by
means of nechanical stirring but by collision with the liquid | evel as

ment i oned pdbMeted Mdterctegions a0préfsurée dank fu ehdroistied pod fued gapert o
t hereby enhance the dissolution of gas such as oxygen. By this

conf i gur atpumped hep degashei patporisi $torenht ed.gafs supwpplying du¢anvel| whbohr ol
means for use in the present 7 invention, a system which conprises a
liquid | evetprbige gas dudivies haygegurd the gressure tandssar watgnklandla
control unit to control an opening of a throttle valve arranged in a port
of the preleREect Avensndhbeh condgitisorha wetedsheee bin hhe AFSHSUES askean

be used. The vol une, of a gas regi on forned above the _liquid | evel
a polluted.wateége%ect%r whgch efgcts é%e polluted water pumped

up onto the water level of the pressure tank, and a discharging
means which discharges the water in the pressure tank into the
polluted water region. ..

As a pump for pumping up polluted water, a slurry'pump or
a screw pump is preferably us_ed because they also pump up sludge.

The discharging means for discharging the water in the
pressure tank into the pollutéd water region may be composed of

_ a piping such as pipes and hoses connected to the pressure tank,
throttle valves placed in the piping, and nozzles arranged at
a tip of the piping. Conventional nozzles can be used as such
nozzles, and the liquid may also be discharged directly from the
piping into the polluted water region.

Preferably, the apparatus of the present invention further
comprises a degasifier which dégasses the pressure tank to rerﬁove
gas and a deodorizer which déodorizes the removed gas. If gas
remains in the pressure tank without degassing, the gas dissolves
again in water in the pressure tahk, thereby re-polluting the
water. Thus, the purification capacity declines. Since the
removed gas often contains toxic substances such as ammonia, the
deodorizer is provided for purifying the gas. The deodorizer is
preferably an ozone deodorizer or a deodorizer using phytoncid

in particular.



of the pressure tank should preferably, be 30% or nore relative to the total
capacity of the pressure tank in order.to further enhance the dissolution
of gas such as air in aliquid. If the gas region has a volune of |ess than
30%relative to the total capacity of the pressure tank, the anpunt of the
gas dissolved in the liquid is decreased The liquid ejected onto the
liquid |level of the pressure tank is preferably in a formof a shower or a
mst. Further, by allowing a liquid stored in the pressure tank to forma
vortex by the ejected liquid, air bubbles close to the water |evel enter

i nsi de the storeghénh athél guorif flirddieiore Rippaae thlie odi $hel presanef ihkengasn As
a gas supplying neans, conventional conpressors can be used. Gas to be

suppl i ed tis usedpseaspret raakmeny appsiragersef ar layrbpeid)figarercontaal achdjvei r
when the vapor/liquid mxer is used in a polluted water purification
appar at us, cacivomayibkegasBOOnwaidnimid rixiegeronporeriig hean doacefifiaienhlyo
improve the purification capacity. The polluted water purification

appar at us ¢meved pr dpani firahty oftheuwmpeer gmpnosed hngdhp PDOuvabuedineEhe
regi on, dissolves gas such as oxygen in the water under pressure, and

di schar gesP¥Rbfhg@kionnepParatpsl et Badaater f1eyi bhragahna Taeidpphthets

conprises a pu whi ch punps u he polluted water, fromth
P or parqrpact:%.ve galr:TBon Pi_llterpto }:Jorm aerobic organ:le.sm layers in

a filtering sand layer or an active carbon layer. Since many
aerobic and facultative anaerobic denitriding bacteria are
contained in the aerobic organism layer, BQD and nitrification
and denitrification of nitride'components can be efficiently
progressed while the water is made to flow through the filtering

sand and the active carbon filter.

Brief Description of Drawings

Fig. 1 is a genefal view of a polluted water purification
apparatus according to an embodiment of the present invention.
Fig. 2 is a general view of a polluted water purification apparatus
according to another embodiment of the present invention. Figs.
3 and 4 are diagrams showing dissolved oxygen concentrations in
the system of the present invention and in a conventional system,

respectively.

Best Mode for Carrying Out the Invention

A polluted water pufification apparatus using the
vapor/liquid mixer according to an embodiment of the present
invention will be described in detail with reference to a general

view shown in Fig. 1.



polluted water region, a pressure tank.in which the polluted water punped
up by the punp is stored, a gas supplying neans which supplies gas such as
oxygen to the pressure tank, a water |evel control nmeans which controls the
water level in the pressure tank, a poliﬁted wat er ejector which ejects the .
pol I uted water punped up onto the water+Vevel of the pressure tank, and a

di schargi ng neans whi ch di scharges the water in the pressure tank into the
polluted water-region. As a punp for punping up polluted water, a slurry
punp or a screw punp is preferably used because they al so punp up sl udge.
The di schar gi ng Tie@nsufDfickhSidbmrgppwrdthes vied eshown tike Figesduiacladiesi at o
the polluted water regi on nay be conposed of a piping such as pipes and
hoses conneaw edtex sibet porssuadneankyhibhdis i pseatedsnilcapetlubedmatsEmi ng,
and nozzles arranged at a tip of the piping. Conventional nozzles can be
used as swelpressiee, pand 2hehichuid eeynactedbeodtbehatyadndrr éet Bpdf Bom
the piping into the pol|uted water reqgion. Preferably, the apparatus of the
present i ntAWtVAFL¥ (BeHEYaleRp? ivheich 1fepdgiceide Annkhehdgugasseam segion
pressure tapk to renove gas and a deodori zer whi ch deodorizes the renoved
gas. |f galf dfaPrESENTehRBUBP ssurde ShkaiRehotnt PFEFIUSNGUIPHer GRS raw

dissolves | ter activator 3 are connected by a pipe P;, and an end of the

pipe P, is connected to a pressure tank T.

The raw water activator 3 imparts magnetism to the polluted
water to break up clusters of the polluted water pumped up by
the preésure pump 2; and the treated polluted water is then
supplied to the pressure tan T.

The pressure tank T st'ore.s the polluted water containing
dissolved oxygen and further dissolve oxygen in the polluted water
therein. That. 'is, the pressure tank T functions both as a
conventional pressure tank and as a conventional ejector. The
pressure tank T may be made of iron or stainless steel and should
have a structure which can withstand exposure to pressures of
10 kgf/cm® or more.

To the pressure tank T, the pipe P, as an inletlis connected
as described above, and a pipe P, as an outlet, a pipe P; for
degasification on a top of the tank, and a pipe P, for suppllying
air on a side of the tank are connected; respectively.

An end of a high-pressure shower nozzle 4 is connected to
the pipe P,. From ejecting ports of the no.zzle 4, the polluted
water of a high pressure of about 5 kgf/cm? is ejected as a shower
onto the water level of the pressure tank T so as to collide with

the water level. This configuration can exhibit the so-called



again . irn water in the pressure tank, thereby re-polluting the water. .Thus,
the purification capacity declines. Since the renoved gas often contains

t oxi ¢ substances such as ammoni a, the deodorizer is provided for purifying
the gas. The deodorizer is preferably an ozone deodorizer or a deodori zer
usi ng phytoncid in particular. -9-"Wién-t he purification apparatus of
the present invention is used as a pretreatnent apparatus for a rapid
filter or an active carbon filter, BOD and nitride conponents can be
efficiently renoved. Specifically, the water inproved in the DO value in

the purificataed SPREEERl WhdtS i8gdehéA wa B Wrugt 18y 1canild ded Wwetthoroak
active carbon filter to formaerobic organismlayers in a filtering sand

| ayer or asw athéeveéiker Hon watyerfaldgcer neapiderdversand dmpeul dmbunvies of
anaerobic denitriding bacteria are contained in the aerobic organismlayer,
BOD and ninegdtteti bonanaredefiotrmedj candonlednnairi dentaimmpingnfineamibes
efficiently progressed while the water is nade to flow through the
filtering S2u¢ngr@tese athpuighrprgsdure Showelr ROZTES ¢raplows tdfe WRERENgS

in the pressure tank T to form a vortex.

Awater level gauge 5 detects the water level in the pressure
tank T, and a switch 6 controls the water leVel in the tank T
based on measuréments obtained by the water level gauge 5. The
switch 6 is connected to a pressure compressor 9 through a control
unit 18 as stated below and controls the water level in the
pressure tank T to an appropriate level. The appropriate water
level is a level at which the volume of air in the upper region
of the tank T occupies 30% or more of the total capacity of the
tank. In the present embodiment, the volume of air is controlled
to adjust the water level to such appropriate level.

A pressure gauge 7 determines the pressure inside the
pressure tank T to control the pressure compressor .9 described
below, thereby adjusting the pressure in the pressure tank T to
a range from 3 to 5 kgf/cm?.

A relief valve 8 is arranged on the top of the Ipressure
tank T. Upon pressure anomalies, the valve opens to allow the
inside gas escape to the outside air, thereby preventing the
damage of the pressure tank T.

To the air supplying pipé_ P,, the pressure compressor 9 and
an excited oxygen generator tank 10 are connected in this order.
By starting these units, high-pressure air having a high oxygen

concentration is supplied from the pipe P, to the pressure tank



Fig. 1'is a general view of a polluted,water purification apparatus
according to an enbodi nent of the present invention. Fig. 2 is a general
view of a polluted water purification apparatus according to another

enbodi nent of the present invention. Fig . 3 and 4 are diagrans show ng

di ssol ved oxygen concentrations in the ?sfen1of the present invention and
I n a conventional system respectively. Best Mdde for Carrying Qut the

I nvention A polluted water purification apparatus using the vapor/liquid

m xer according to an enbodi nent of the present invention will be described
in detail M tiTHepeeeBOEet Compopeses Al Vi emtdriwstked kigh thhe waterllevelhe
purification apparatus as shown in Fig. - 1 includes a raw water suction
strai ner IlgawgehS5i sndnddre esivittlo fobhdt ¢ \wattema ta qarldss uterperipol /offifch
is connected to the strainer 1, and a raw water activator 3 which is pl aced
in the dovwweeerdimng e orobime hef jrhes watep oy chanpies dnr sheepresspresofire
punp 2, and raw water activator 3 are connected by a pipe P1, and an end of
t he pi pe  Pree rpressesantaRkdTto a pressure tank T.

The pipe P, is connected to an outlet 11 of the pressure
tank T, and a throttle valve 12 is provided in the pipe P, and
a discharge nozzle 13 at the end. By opening.the throttle valve
12, water having a pressure from 3 to 5 kgf/cm’ and containing
dissolved oxygen is discharged into the polluted water, and the
compressed oxygen dissolved in{the discharged water is released
to expand, thereby forming fine air bubbles. The fine air bubbles
of oxygen oxidize andwdecompése to#ic substancés in the polluted
water.

A pipe P, for back washing is connected to the bottom of
the pressure tank T, and a tip of the pipe P; is connected to the
raw water suction strainer 1. A throttle valve 14 is arranged
in the pipe'Py By opening the throttle valve 14, pressurized
water in the pressure tank T washes back the raw water suction
strainer 1 to prevent plugging of the strainer 1.

A throttle valve 15 arranged in the degasification pipe
P, opens when the gas concentra{:ion in the tank T reach.es or exceeds
a predetermined level, and-aischarges gas in the pressure tank
T to the outside. On the downstream side of the throttle valve
15, an air filter 16 for removed gas to eliminate toxic substances
and a deodorizer 17 are arranged. By this configuration, toxic
substances and odors_in the removed gas are éliminated, and the

treated gas is discharged into the outside air.



The raw water activator 3 inparts magnetismto the polluted water to break
up'clusters of the polluted water punped up by the pressure punp 2, and the
treated polluted water is then supplied to the pressure tank T. The
pressure tank T stores the polluted water containing dissolved oxygen and
further dissolve oxygen in the poIIutéd1§afer therein. That is, the
pressure tank T functions both as a conventional pressure tank and as a
conventional ejector. The pressure tank T may be nade of iron or stainless
steel and should have a structure which can w thstand exposure to pressures

of 10 kgf/cnferrther copteolTadie p8essurcdrimidted tbeapidpecditefd]s aghan
inlet is connected as descri bed above, and a pipe Plerr] as an outlet, a
pi pe P[errpréssudegasid P ¢atwidichnid, ptegpswife thaptrasisoradd thnotid ePrelvesf or
supplying air on a side of the tank are connected, respectively. An end of
a hi gh- preb2ure! singhdiS,neizl §idtey tonnand exthar membsinse ag[ éndjicakednby
ejecting ports of the nozzle 4, the polluted water of a high pressure of
about 5 kgdree¥2rh|tesGejrcthe figurshower onto the water level of the

pressure tank T so as to collide with the water |evel. This configuration
can exhibit the Eee e9yladFed water purification apparatus according to the

present embodiment includes a high-pressure shower nozzle to
eject the polluted water onto the water level of the pressure
tank T and therefore can allow oxygén to efficiently dissolve
in the polluted water. Accordingly, with a reiatively simple
structure, a satisfactory purification capacity can be obtaihedl.

Fig. 2 is a diagram showing another embodiment of the
present invention, in which the invention is applied to ponds,
lakes or marshes. The polluted water purification apparatus of
the present embodiment operates according to the same principle
as in the apparatus shown in Fig. 1, except that two pressure
tanks T, and T, are arranged in series.

The system shown in Fig. 2 includes a polluted water
purification apparatus 30, an ejector pump 31, an oil fence 32,
a belt conveyer 33, and a dewatering apparatus 34. In the
purification according to this system, polluted.water in a pond
is taken into the polluted water purification apparatus 30. 1In
the apparatus, oxygen is dissolved under pressure as described
in the previous embodiment, and the treated water is discharged
into the pond. The dissolved oxygen is converted into fine air
bubbles in this process. The fine bubbles S purify the pond, and
aportionof pollutants rises as scum. The risenscumis collected

within a predetermined region by the 0il fence 32 and is gathered



Lenard-effect, that is, when water violent|ly collides wwth rock or the |ike
inwaterfalls or rapid rivers, |arge anmounts of negative ions are forned,
and clean air containing fine msts is generated. The hi gh-pressure shower
nozzle 4 allows the water in the pressure tank T to forma vortex. A water

| evel gauge 5 detects the water |evel~ihédthe pressure tank T, and a switch
6 controls the water level in the tank T based on neasurenents obtai ned by
the water |evel gauge 5. The switch 6 is connected to a pressure conpressor
9 through a control unit 18 as stated bel ow and controls the water |evel in

the pressusg trdbelltt @orredii GBI atRel erdd & AP P Hewlat eidebyl enel s
a level at which the volune of air in the upper region of the tank T

occupi es dsaaterbng appahattistdl sapaist yrahspbetédnko thet betpidseby,
enbodi ment, the volume of air is controlled to adjust the water level to
such appr ofwr a¢eathpele) . aAtpueksure gauge 7 determ nes the pressure inside
the pressure tank T to control the pressure conpressor 9 described bel ow,

t her eby adj usti MBpt merpfysaguanbagese ¢f etbar presertT inventiome OXpPEeB to
5 kgf/cnferr]. Arelief valve 8 is arranged on the top of the pressure tank
T. Upon prakserktbepmdfiaiengie and oehepdirdues Yere e rRrnired aisgayg Eheape

to the outside air, thereby preventing the dama f of the pressure tank T.
embodiment shown in Fig. 1, a system apg ying a shower and water

turbine as Comparative Example 1, a system applying a tubular
air diffuser as Comparative Example 2, and a system applying an
ejector as Comparative Eiample 3. The oxygen absorption
efficiency was determined by evaluating oxidation of an Nazéo3
solution.
[Example]

.In the apparatus of the present invention, the
instantaneous mixing rate of the dissolved oxygen almost reached
saturation (at 20°C, 8.84 ppm Max) at a water volume of 0.4 m®,
a supblied air volume of 10 liter/min, a discharge rate of 3 m*/Hr,
and a power of 0.6 kw. The oxygen absorption efficiency of this
apparatus was 23.9%.

[Comparative Example 1]

The system using a shower and water turbine has been
employed, for example, in culﬁivation. The oxygen absorption
efficiency of this system.waé 0.15% at a water volume of 0.4 m?,
a discharge rate of 3 m®/Hr, and a power of 0.1 kw.
[Comparative Example 2]

The system using a tubular air diffuser had oxygen
absorption efficiency of 0.17% at a water volume of 0.4 m®, a

supplied air volume of 10 liter/min, and a power of 0.6 kw.



To the air supplying pipe P[err], the pressure conpressor 9 and an excited
oxygen generator tank 10 are connected in this order. By starting these
units, high-pressure air having a high oxygen concentration is supplied
fromthe pipe P4 to the pressure tank - 12 - T. The pressure conpressor
9 is interlocked with the water Ievel“ghﬁgé 5 and the swwtch 6 and is
automatically turned on/off according to volune of the water or changes in
the pressure of the pressure tank T. The pipe P2 is connected to an outl et
11 of the pressure tank T, and a throttle valve 12 is provided in the pipe
P2 and a dacebeditgnodziieid3spstéhp €nd. eBfiopencpowabephhtbttil arvgl Yewl2,
wat er having a pressure from3 to 5 kgf/cn2 and contai ni ng di ssol ved oxygen
i s di scharpedthet@addecopatunn bty wedtesr, nvdinde denpite ssfedboutgdnmdi s$heved
in the discharged water is released to expand, thereby formng fine air
bubbl es. fThleuianeadrrdbfibbsersoveveygenapeiddineaaniivedeconposa rarge of
substances in the polluted water. A pipe P5 for back wash[n% i's connected
to the boti®fnmi anet gkrednas sunmliiep tendhe tupudprt parppéippers] fpy a

connected to the
DO increase test. As a result, the DOs of water before and after

passing through the test system were both 0.5 ppm, indicating
that no change have occurred.
_[Comparative Example 3]

Although the oxygen absorption efficiency of the system
using an ejector was the best result among the conventional
aeration systems, the efficiency was 3% at a water volume of 0.4
m’, a supplied air volume of 10 liter/min, a discharge rate of
3 m’/Hr, and a power of'0.6 kw. In addition, the reaction
discontinued during the test before a final reaction. This is
probably because Na,SO; started an oxidation reaction at an early
stage by rapidly mixing air into water when dissolved oxygen was
not present, but the réaction probability with oxygen decreased
with a decreasing concentration of Na,S0;.

As stated above, the apparatus of the present invention
can exhibit a performance (oxygen absorption efficiency) which
is 8 to 100 times greater than.those in the conventional systems
(systems using a shower and water turbine, a tubular air diffuser,
or an ejector).

As shown in Fig. 3, powers required to increase DO by 1
ppm were determined using fresh water of which dissolved oxygen
had been biologically reduced to zero. As a result, a blower of

0.59 kw required a power of 0.9 KW/ppm while the apparatus of



raw water suction strainer 1. Athrott]e valve 14 is arranged in the pipe
P57 By opening the throttle valve 14, pressurized water in the pressure
tank T washes back the raw water suction strainer 1 to prevent plugging of
the strainer 1. Athrottle valve 15 arrfgged in the degasification pipe P3
opens when the gas concentration in the'Pank T reaches or exceeds a
predeterm ned level, and discharges gas in the pressure tank T to the
outside. On the downstream side of the throttle valve 15, an air filter 16
for renoved gas to elimnate toxic substances and a deodorizer 17 are
arranged. ye tgresaronfirgteratiion relgwiireds abhsdaac esf and &Wo'ipepm, nwhihehr gasved
gas are elimnated, and the treated gas is discharged into the outside air.
- 13 - Thealoowt r60% unft ti8ti sequinedtbyd tbeabilowentrol s the pressure punp
2, switch 6, pressure conpressor 9, throttle valves 12, 14 and 15, air
filter 16, and ofi@r dhésbereonpaiaiditaddganamashewing PO izgreasre i ghee.
The polluted water purification apparatus accordi ng to the ‘present

enbodi nent2PPR¥ERS Of KhGnPEPESRLr NEORIEIN RS LB 1 FUWAT e Soffused

wat er onto e ter level of the pressure X ,
wigh the abscissa s oqugpt e t£me and the ordinate showing the

dissolved oxygen concentration. In this test, also determined
were changes 1in dissolved oxygen concentration after thé
operation of the apparatus was discontinued after supplying
6xygen in a predetermined time. Test conditions are shown at the
lower right of the figure.

As apparent from Fig. 4, according to the apparatus of the
present invention, the DO rapidly reached the saturation point
in a short time (15 min.) and was stable at the saturation point
even after the operation of the apparatus had been discontinued.
In contrast, in the system using the tubular air diffuser, the
rise of the dissolved oxygen concentration was slow and did not
reach the saturation point. Inaddition, after discontinuing the
operation, the dissolved oxygen concentration dropped to 4 ppm
and remained the same, which was half the concentration at the
time when the operation had been discontinued: 8 ppm. The above
test results are attributable to the diameter of air bubbles
obtained in the apparatus of fhe present invention, that is 5
pm and smaller than those obtained in conventional systems, and
also to the uniformity of the air bubbles.

The present invention has the fdllowing advantages.

(1) Providing a liquid ejecting means which ejects a 1iquid onto

"a liquid level of a pressure tank enables gas to efficiently



tank T and therefore can all ow oxygen to efficiently dissolve in the
pofluted water. Accordingly, with a relatively sinple structure, a
satisfactory purification capacity can be obtained. Fig. 2 is a diagram
show ng anot her enbodi ment of the pre§e£h i nvention, in which the invention
I's applied to ponds, |akes or marshes. ‘The polluted water purification
apparatus of the present enbodi nent operates according to the sane
principle as in the apparatus shown in Fig. 1, except that two pressure
tanks T[err] and T[err] are arranged in series. The systemshown in Fig. 2
I ncl udes adpssdlwedinmed ariquird f i datcoaniapiy, abusafOr/ahqgejdcnorkepunipi8h, an
oil fence 32, a belt conveyer 33, and a dewatering apparatus 34. 1In the
“purificatiloms acretdthyely sinple psracturel and dé wapablermf agdowiing £aken
into the polluted water purification apparatus 30. In the apparatus, _oxygen
i s di ssol v&Hr bkl egrebtheesatigbactepepurd figa tgon fapacehBdd dbasolEad
the treated water_is discharged jnto the pond. The dissol ved oxygen is
converted imtlthei hkTaid BaBLHPRsOPHALARY process. The fine bubbles S purify

th d, d tiqn.of | | t ' m i
col 1 60t ed bk HDh 3 o6Eaddt Br L AR AR PoRNBYSENEIRT 11 adevest ERaIT S5 ghPRer ed

in a surface region of the liquid more efficiently.

(3) The polluted water purification apparatus of the present
invention includes a gas supplying means which supplies gas such
as oxygen to the pressure tank,' a water level control means which
controls the water level in the pressure tank, a polluted water
ejecting means which ejects polluted water pumped up onto the
water level of the pressure tank, and a discharging means which
discharges the water in the pressure tank into the polluted water
region. By this configuration, the apparatus can markedly
increase purification efficiency of the polluted water with a
relatively simple structure requiring no ejector.

(4) By providing a degasifier which degasses the pressure tank
and a deodorizer which deodorizes exhausted gas, the exhausted
gas containing toxic substapces can bg treated to be safe and

nontoxic.

Industrial Applicability

As described above, the vapor/liquid mixer of the present
invention can be used as a vapor/liquid mixer according to a
pressure fZ_Loating method in which gas such as oxygen is dissolved
in polluted water to make pollutants rise. The vapor/liquid

mixer can also be used in a polluted water purification apparatus,



= 14 - by the belt conveyer 33. The gathered scumis dewatered by the

devwat eri ng apparatus 34 and is transported to the outside by, for exanple,
a truck. To verify advantages of the present invention, oxygen absorption
ef ficiency and ot her val ues were deternLged usi ng the enbodi nent shown in
Fig. 1, a systemapplying a shower and W&t €r turbine as Conparative Exanple
1, a systemapplying a tubular air diffuser as Conparative Exanple 2, and a
system appl yi ng an ej ector as Conparative Exanple 3. The oxygen
absorption efficiency was determ ned by eval uati ng oxi dation of an Na2SQO3
sol ution. 4 RXev@dbeizén, ahdegapphitarusndobthéhe. present invention, the

i nst antaneous m xing rate of the di ssolved oxygen al nost reached saturation
(at 20[err]C, 8.84 ppm Max) at a water volunme of 0.4 nferr], a supplied air
volune of 10 liter/mn, a discharge rate of 3 nferr]/H, and a power of 0.6
kw. The oxygen absorption efficiency of this apparatus was 23. 9%

[ Conparative Exanple 1] The system using a shower and water turbine has
been enpl oyed, for exanple, in cultivation. The oxygen absorption
efficiency of this systemwas 0.15% at" a water volune of 0.4 nferr],



a discharge rate of 3 nB/Hr, and a power of 0.1 kw. [Conparative Exanple 2]
The systemusing a tubular air diffuser had oxygen absorption efficiency of
0.17% at a water volune of 0.4 nmerr], a supplied air_vQlune of 1Q

l'i ter/ m n, —and—a—power—o+—0-—6- kw. - 1; - According

efficiencyv\ﬁ§ al icularly lowin the £8sé of runnin

of about 1 m eplaced (i ffusers were arrayed beR—adidal—Quls
range of 100 [ supplied to the tubul ar aiT diffusers for
i ncrease test the DOs of water before an er..passing

through the test systemwere both 0.5qunMs ndi cating {THIS SHEEN HASSBEENE
occurred. [Conparative Exanple 3] Although the oxygen gabsor RERACEDHfI ci epcy
of the systemusing an ejector was the best result ano |
aeration systens, the efficiency was 3% at a water volune of 0.4 nierr], a
suppl i ed air vollire Poffaporl/iltiguini mixer dicsphrdsjag atrredsBrarftend héwingnd a
power of 0.6 kw. 1In addition, the reaction discontinued during the test

before a famainlebcapdnouthet fer a liquid, a gas supplying means which

supplies gas to the pressure tank, a liquid level control means
which controls a liquid level in the pressure tank, and a liquid
ejecting means which ejects the liquid onto the liquid level of

the pressure tank.

2. Avapor/liquidmixer according to claim 1, wherein said

liquid ejecting means ejects the liquid in a form of a shower.

3. A vapor/liquid mixer according to claim 1 or 2, wherein
said liquid ejecting means allows a liquid in the pressure tank

to form a vortex.

4. A vapor/liquid mixer éccording to any one of claims 1

to 3, wherein saidgas is air, oxygen, nitrogen, or carbon dioxide.

5. A polluted water purification apparatus which pumps up
water in a polluted water region, dissolves gas such as oxygen
in the water under pressure, and discharges the wateij: to the
polluted water region again, wherein said apparatus comprises
a pump whicﬁ pumps up the polluted water in said polluted water
region, a pressure tank in which the polluted water pumped up
by the pump is stored, a gas supplying means which supplies gas

such as oxygen to the pressure tank, a water level control means

) * c L M H *



rapidly mixing air_i gok\g@m when di ssol ved oxygen was not present, but
t he reacti orrhpiS gt h oxygen decreased with a decreasing
concentration \mm%rr]. As stated above, the—app sof the
present inven @S’\W Mt a perforndfice (oxygen goBUSHBHEET KAS BEE‘ﬂcy)
which is 8 to

probably because Na2S@3—started an oxidation reaction at an early stage by

O tinmes greater than those in the corjventi RERPLACE[St ens
(systens using a shower and water turbine, a tubul ar arr—drffuser—er-4dn
ejector). As shown in Fig. 3, powers required to increase DO by 1 ppm were
det er m nedyWBtN dcbh €661 ¥ah efa £ér Wb 681 di SEh¥ efroxyae8 bafkpegnpolluted
biologically reduced to zero. As a result, a blower of 0.59 kwrequired a
power of Ow&td&iVeisetvind anddies appiaghataieddfs the pelpiuteenwaitereptuinpad up
required a power of 0.3 KWppm which was about 60% of that required by the
bl ower. Figntd the watendaredl o thepresssireviiamk DAnidne ddashany inigemeans
apparatus of the present invention and in a tubular air diffuser with the
absci ssa sWoith@ischarges & Meadear dnnblhe BIRISWEE thankiitosshecHobkyged
concentration. In this test, also determ ned were changes in dissolved
oxygen cort¥ne¥ aF¢9HCRfter the

6. A polluted water purification apparatus according to
claim 5, wherein said polluted water ejecting means ejects the -
polluted water pumped up onto thé water level of the pressure

tank in a form of a shower.

7. A polluted water purification apparatus according to
claim 5 or 6, further comprising a degasifier which degasses the

pressure tank and a deodorizer which deodorizes exhausted gas.

. * [+ L M S *



operation of the apparatus was discontinued after supplying oxygen in a
predetermned tinme. Test conditions are shown at the |ower right of the
figure. As apparent fromFig. 4, according to the apparatus of the present
invention, the DO rapidly reached the s iuration point in a short time (15
mn.) and was stable at the saturation g int even after the operation of

t he apparatus had been discontinued. In contrast, in the systemusing the
tubular air diffuser, the rise of the dissolved oxygen concentration was
sl ow and did not reach the saturation point. In addition, after

di scontinuing the operation, the di SESI®AQIXygen concentration dropped to
4 ppm and remai ned the sanme, which was half the concentration at the tine
when the operation had been discontinued: 8 ppm The above test results are
attributable to the dianeter of air bubbles obtained in the apparatus of
the present invehtPohlutadt wases pardfmcatd osn@orarativen iinoze BRRRSNER in
conventional systenms, and also to the uniform_ty of the air bubbles. The
present i MAFET ol RPIHE A AR ST ZREAIagdd OWEL I3y SV Chi A§ SXVO8DI §°

el ecting Mpns YOl o, oLect SuRel | e, oDt Qs 2ub b WhY LPYEha0le? BRESSHES! 2K
into the polluted water region again. The apparatué comprises
a pump (2) which pumps up the polluted water in the polluted water
region, a pressure tank (T) in which the polluted watér pumped
up by the pump (2) is stored, a gas supplying means (9, 10) which
supplies gas such as oxygen tb the pressure tank (T), a water
level control means (5, 6) which controls the water level in the
pressure tank (T), a polluted water ejecting means (4).which
ejects polluted water pumped up onto the water level of the
pressure tank (T) and a diséharging means (13) which discharges
the water in the pressure tank (T) to the polluted water region.
The water is improved in the DO value in the purification épparatus
and made to flow through a rapid filter or an active carbon filter
to form aerobic organisms layers in a filtering sand layer or
an active carbon layer. Since many aerobic and facultative
anaerobic denitriding bacteria are contained in the aerobic
organism layer, BOD | removal and nitrification and
denitrification of nitride components can be efficieﬁtly
progressed while the water is made to flow through the filtering

sand and the active carbon filter.



-- 17 - dissolve in a liquid. Accordingly, a vapor/liquid m xer which has a
relatively sinple structure and is capable of allowi ng fine air bubbles

wi th a satisfactory purification capacity to dissolve in the liquid can be
obtained (2) By ejecting a I'iquid as a shower, gas is allowed to dissolve
in a surface region of the liquid nore efficiently. (3) The polluted water
purification apparatus of the present invention includes a gas supplying
means whi ch supplies gas such as oxygen to the pressure tank, a water |evel
control neans which controls the mate%- ﬁiﬁ% in the pressure tank, a
pol |l uted water ejecting nmeans which Q<§A ol luted water punped up onto
the water | evel of the pressure tank, and a di schargi ng neans which

di scharges the water in the pressure tank into the polluted water region.

By this configuration, th aratus can markedly increase purification
ef ficiency of thg'po&#ﬁﬂﬁéiiggﬂer with a relatively sinple structure

requiring no ejector. (4) By providing a degasifier whithdegasses—the-
pressure tank and a deodorizer which deodorizes exhauiﬂ Emﬁ ﬂﬁ
st g Con o igidanes ubsances o e e INLMEMUMNUIR
m xer of phe pr esent
3. (Amended) A vapor/liquid mixer comprising a pressure
tank having an inlet and outiet for a liquid, a gas supplying
means which supplies gas to the pressure tank, a liquid level
control means which controls a liquid level in the pressure tank,
and a liquid ejecting means which ejects the 1iquid onto the 1liquid
level of the pressure tank, wherein said liquid ejecting means

allows a liquid in the pressure tank to form a vortex.
4. (Cancelled)

5. A polluted water purification apparatus which pumps up

o water in a polluted water region, dissolves gas such as oxygen
in the water under pressure, and discharges the water to the
polluted water region again, wherein said apparatus comprises

a pump which pumps up the polluted water in said polluted water

region, a pressure tgnk in which the polluted water_pumped up

by the pump is stored, a gas supplying means which supplies gas

such as oxygen to the pressure tank, a water level control means

which controls a water level in the pressuré tank, a polluted

water ejecting means which ejects the polluted water pumped up

onto the water level of the pressure tank, and a discharging means



invention can be used as a vapor/liquig mxer according to a pressure
floatt ng nmethod in which gas such as oxygen is dissolved in polluted water
to:make pollutants rise. The vapor/liqyig mi xer can al so be used in a
pol l uted water purification apparatus, - 18 - a deodorizer, a degasifier
and ot hers. 19 CLAIM5 1. (Cancelled) 2. (Cancelled) 3. (Arended) A
vapor/liquid m xer conprising a pressure tank having an inlet and outl et
for a liquid, a gas supplying neans which supplies gas to the pressure
tank, a liquid |evel control neans which controls a |liquid |evel in the
pressure t¥pkChbseharges dhg s@tiary inehie RFFEFIES AR i theqaPdiBied t he
liquid |level of the, pressure. tank, wherein said liquid ejecting neans
allows a |V3EPH Fﬁg%ﬁﬁ'pressure tank to forma vortex. :

6. A polluted water purification apparatus according to
claim 5, wherein said polluted water ejecting means ejects the
polluted watér pumped up onto the water level of the pressure

tank in a form of a shower.

"
7. A polluted water purification apparatus according to
claim 5 or 6, further comprising a degasifier which degasses the
pressure tank and a deodorizer which deodorizes exhausted gas.
S ) R

'.v.
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4. (Cancelled) 5. A polluted water purification 2pdDDGIRIRMPUNEs Uup
water in a polluted water region, dissolves gas such as oxygen | th wat er
under pressure, and di scharges the water to the poll utgﬁpg\i‘

agai n, wherein said apparatus conprises a punp which pu @Vh ICDdbed
water in said polluted water region, a pressure tank in which the ol I uted
wat er punped up by the punp is stored- a9gas suppl ying negrﬂ:wlg u\ahbl es
gas such as oxygen to the pressure tank, a water |evel contro Y
controls a water level in the pressurm, a polluted water ejecting

means which ejects the polluted water d up onto the water |evel of the
pressure tank, and a di schargi ng neans - 20 - whi( & s—t-he-yat er
in the pressure tank to the polluted water region. 6, ﬁﬂg EM
purification a parg%:us aé ording to claim5, wherein{s&id poIIuted Wat pr
ej ecting nmeans “gj | uted wat er punped up ont m\gyegﬁ? eje] of
the pressure tank in a formof a shower. 7. A pollutedjwater purificatfon
apparatus according to

2. (Cancelled) — od

3. (Amended) A vapor/liquid mixer comprising a pressure
tank having an inlet and outlet for. a liquid, a gas supplying
means which supplies gas to the pressure tar_lk,. a liquid levél
control means which controls a liquid level in the pressure tank,
and a liqﬁid ejectingmeans which ejects the liquid onto the liquid
level of the pressure tank, wherein said liquid ejecting means

allows a liquid in the pressure tank to form a vortex.

4. (Cancelled) MR 0 AR O
* [ L M S *

5. A polluted water purification apparatué which pumps up
water in a polluted water region, dissolves gas such as oxygen
in the water under pressure, and discharges the water to the
polluted water region again, wherein said apparatus comprises
a pump which pumps up the polluted water in said polluted water
region, a pressure tank in which the polluted water pumped up
by the pump is stored, a gas supplying means which supplies gas
such as oxygen to the pressure tank, a water level control means
which controls a water level in the pressure tank, a polluted
water ejecting means which ejects the polluted water pumped up

onto the water level of the pressure tank, and a discharging means



claim5 _ or 6, further conprising a degasifier which dd¥33@ENTkSHEEEsure
tank and a deodorizer which deodorizes exhausted gafs.
' © §9 NOV 2000
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- 20 -

which discharges the water in the pressure tank to the polluted

water region.

6. A polluted water purification apparatus according to
claim 5, wherein said polluted water ejecting means ejects the
polluted water pumped up onto the water level of the pressure

tank in a form of a shower.

7. A polluted water purification apparatus according.fo
claim 5 or 6, further comprising a degasifier which degasses the

pressure tank and a deodorizer which deodorizes exhausted gas.

* c L M s *



