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-1y : METHOD AND APPARATUS FOR WATER TREATNMENT fﬁ[)g
SUMMVARY OF THE | NVENTI ON The present invention relates to the

purification of water which contains contaninants. Mre 5 specifically, it
relates to water purification wherein 1 water is treated with ozone and
is filtered to renove sol i ds. Over the years, nunerous
devi ces have been used to purify water by contact with ozone and/or by
10 filtration. |t has be&NHANGEBLDEONEI ARD SARTON HENERATOR t hat t hey
tend be bul ky, particularly if ozonation equi pnment is added to a
standard filter system It has al so been a problemthat ozone

generat ors producéefBRiCal Fy@ldh nust be dissipated and that ozone-bearing
water is 15 corrosivehis newentishedleliadRlsagtc an enhanced oJkcEist&nd

wh [ le ' f ively, . ' - d_w fil ' :
pracess nas Snow paon enfrafehe ! Bateinutatly oPhChE alhifele bretd a0,

i ncl udes equiepient gemgrakorcdmgeratihgt tdeolfnctd omsornf 20 stand-
generator, that akhewe shRaseLd Sisfd g%%@%ﬁtb?,bénuéﬁibn gendr@toll khgaki on
operations, and that operates automati cal l'y.

mixer of czeone and anion gases.

10 Background of the Invention
In industry and medicine oczone is widely used to
kill wicrobes, eliminate odor, dissolve poisonous
substances, clean water, as well as for beauty, health
and hygiene. The oxidizing effect of ozone, especially of

15 pure cozone dissolved in water, is very strong. 8¢ it has
a function for killing microbes, eliminating odors and
disseclving poisonous substances.

Ozone dissclved in water has the following
documented effects:

20 1. Killing of microbes: As experiments show, the
killing ability of enhanced ozone in water is 600 to 3000
as much as the killing-ability of chlorine. No ratter
whether coliform bacteria, staphylococci or salmonellae
are concerned, they can all be completely eliminated in

25 a short time.

' 2. Elimination of odor: Elimination of bad odors
in water or of bad smell of fish, shrimp and crabs.
3. Bleaching: Oxidization and ~decomposition of

harmful pigments, removing color and bieaching.
30 '



One of the features disclosed is an apparatus wherei n ozone generation
tybes are subnerged for cooling 25 In the water being treated.

Anot her feature is the positioning of such ozone generation tubes
upstreamof filtration beds and downstream of the point where water
treatment chem cal s are added to thg water. By properly arranging the
t ubes 30 in an array, the tubes wll serve as a static m xer. Wat er
t hat passes through the array is agitated, thereby m xing the additive

chem cals into the watger pwe%vw of i‘ﬂéééﬁtdf&bq in vegetabld¥ and
additional feature is the use of, a tower Eotrean1o a“filtering

apparatus to prodddlly Rxdddgatdon, deﬁ8§H°FHE Fsagﬁf??ﬁ?Eﬁ&1§QF¥95U§5'the
water to flow  poidurmigh dewnstaeeesfi| &AGI NOréxeges byofr aidnk indhet

advant ageousl y; t . ri n flow,cal WO 95/ 31407
PCT/ US95/ 06029 e i ¥ VR3eRRnit qgg_Qrﬂﬁg, al ongside a return

or downfl owcol um, tHe twRessividdnsef chlbring jasichedlednime ©6p.watdrt:h
this arrangenment,gagodenag théaabl.?ﬁhti}l gst %‘il‘d’ltz% Wrdé&ﬁ&%euma{@i‘—

colum and then renmoved fromthe water at the_top o he col umms.
Qzone - pelluting substances 1like trlchloromethqne, benzol,

phenol, iron and manganese. In & bath or & swimming pool
the water quality will sc be improved by killing

1o microbes, eliminating odor, disseclving peisonous
substances and cleaning the water.

6. Beauty: When washing the body, ozone water
removes inflammations, kills micrcbes, Lleaches,
dissolves poisonous substsnces and removes pimples,

15 stains, dark spots and freckles, enhancing beauty and
vitalizing the skin.

7. Healing: When ozone is used while washing the
body, ozone water removes inflammations, kills microbes,
dissolves poisonous substances, furthermore it takes girt

20 particles out of skin pores, leaving the skin spotlessly
clean and allowing it to breathe oxygen, cleaning bkloogd,
vitalizing cells and furthering blood circulation and

metabolism.
Other effects of enhanced ozone in the sir include:
25 1. Enhanced ozone kills effectively microbes in

the air, 1like coliform bacteria, staphylococci and
salmonellae as well as worms, mold and filterable
viruses.
‘2. Elimination of bad odor: Enhanced ozone
30 eliminates effectively bad odors generated by pet shops,



51s thus renoved fromthe process water before it enters t he
fiJtration system These and ot her features of the invention
will be further understood with reference to the foll ow ng

description and draw ngs. 10 Brief Description of the Draw ngs
In the draw ngs: FIG 1 is & perspective schematic view of a
filter systemaccording to the present invention; FIG 2 is a
sectional view taken along line 2--2 15 of FIG 1; and FIG 3

is a front el evatdnalen/i gaymd, t Py Systden rishhawrkieRsh! @n hospitals,
Det ai | ed Description, A filtration system acc th

. ording ta e
present 20 i nvent$HH $ Srowt SEF 1BREAEPESRF ng¥aT ARePeP n (FOF | ?ﬁﬁ%‘fﬂets'
water is illustrateastivonrs,r wethrbonse Hasskegss sébw. an exanpl e of a
system for treating a stre r._ b it.h in vessel
10. Solids are then 3. rgrgﬁ“\%&g\&gégp%é)%ﬁonngoﬁ‘i%g?% S;teagge%f' %?@? 4%0311?511 a
two- 25 stage fall ekipgst @i 1RCUSVMRES cIRSEE ,t helK@sSErbe0. nofiexide,

illustrated filtefypypdadn 1R1{AGSLECAYAPI4DST M 8aRkust fudiddN Nuldditgr, 10
series with a downstream filter. In the illustrated

embodi nent, wat erP#dk €LC- purified is fed to a gas contactor vessel 10
that is in 30 the conf4 gur #deerafing foehnekocar edegabaldbes henaRasilt:

55 FerLi e e el A S lE ALY, Oleraendd S ST
upfl ow zon&022 cdecterin awcci andprldifonrnebacbetin Bhem amebvitilinaz.one
24 containing a eyxtends staorage time for food and preserves the
freshness of fcod and fruit.
B, Increasing oxygen, beauty, hair csre: After
washing the hair and expesing it to ozone for 3 - 5
15 minutes, the hair roots take in oxygen and the hair tips
are strengthened. Then the hair will not bregk easily and
retains its color and elasticity.
6. Healing and health care: Breathing ozone in a
_ small concentration provides a fresh feeling, the oxygen
20 content of the blood increases,  vitalizing cells,
furthering metabolism, taking away fatigue. Furthermore,
sleeplessness, headache, long-term bronchitis and catarrh
are quickly and effectively combated.
7. Cleaning the air: Ozone eliminates indoor
25 cigarette smoke, damp smell, bad odor, meld flying about,
red dysentery bacteria and tuberculosis bacteria. At the
same time, ozone in a small concentration takes away
fatigue and cleans the air.
Although ozone has the advantages mentioned above,
30 due to the difficulties to generate ozone, its use has
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35 return column. \Water enters the upfl ow zone 22 through a process

flow water inlet 26, then flows upwardly to the top of the divider 20.
The water then flows over a weir 28 at a top portion 29 of the divider
20 and into WO 95/ 31407

PCT/ US95/ 06029 4 - 3- ' the return col um
24. The weir 28 controls the flow rate. The water then flows downwardly
t hrough t he second chanber 24 by gravity and | eaves the tower 10

through an outl et b@@nl peankyl Limidedetevindustiieland medics naeinlB.inThbe
region 62 over thq gl rfeg,hg@a%er \b‘%%nésgfehératorco'ﬂdrﬂho%f eh@al LEst hgggnber

and the inlet of the secon One portion of the vessel t hus
serves as an BPPEREEL -t ower 60, sonetlnes referred to herein as an

uprOMItorer with reremgaee é@et82=é|ﬁaﬁ¥réﬂﬁﬂbﬂéhnlﬁqﬂﬁﬁﬁﬂﬁﬁﬁiava&l%ﬁQ@nd
portion of the vessel 1 5 .4 a.return to sone
referred to herei #%38% fec*;ré’mﬁﬁ?:ll&w‘f oeiﬁelrp’\ﬁattﬂ f‘emg?enfé"t 6 pﬁ&%%mg

i | lustrated &wb@dpdsﬁtfrom the air. Terrusexidentnine diemdergest keough
the outlet 30 15 p,i cﬂiﬂr egﬁl béntaq,a Sﬂllé,gstﬁgp%rﬁtlgn YSt 8o I N
the illustrated enbo nent SO|I S separation system

pacse= continuously on a circular path through an
electrostatic filter, such that particles are effectively

10 removed. Many devices generate ozene to assist in
cleaning the zair.

Conventional air treating devices mostly are stand-
alone ozone generators or stand-~alone anion generators,
not both of them.

15 : Furthermore, commen ozone generators for househeld
use mostly are employed to clean the air within a room.
In practice, however, in a household several enclosed
spaces can be found. If an ozone generator ¢an be used
there for killing microbes, getting rid of odor and

20 removing poisonous substances, it will have a beneficial
effect, e.g., to kill the mlcrobeu, prevent damp smell
and get rid of odor in shoe cabinets, wardrobes and
refrigerators. But conventional ozone generators normally
cannot be used for getting rid of odor and removing

25 poisonous substances in a small space.

Some of the air cleaning devices generate ozone and
anions at the same time, so there is no need to purchase
two machines to supply ozone and anion gas. Within then,
the ozone generator has an output that is separated from

30 the output of the anion generator, so ozone can be



is the filtration system 12 whi ch includes an upflow clarifier device

34 provided in-an upflow filter conpartnent defined by a vessel 35. The
clarifier 20 device 34 includes a bed 36 of particulate material or

media that is retained beneath a screen 38 and that is buoyant in the
wat er inside the vessel 35. The clargfier 34 is followed by a downfl ow
filter 40, I ncl udi ng a bed 41 of nonbuoyant particulate nmaterial or 25
medi a, provided in a downflow filter conpartnent defined by a vessel

42. The vessels 3§epé2a€é?yP§€Hé9§ée@Yaﬁd vibeE angit atohmedkcedi €5 the
separated by an internal upr.i ght 44. The ve se“; communi cate via
clarifier _ outPéP§e480tRHFch1§ sd"§€nﬂa§ﬁ?%%l%¥% PR t FRAGR QR 1880

42. Exanpl es of sdteablte ot | dsreepavat marsysirermheartasks &f Reé@Ding

U.S. Patents Nos. 541,280,065 83 Whaor orAhridh UL L BuBRRUS

ot her prior patents ypi ca ment plant, water
syst ens are5prOV|MSGOthGahd%ﬁ¢tﬂ¢m§Q§cﬁﬂpm\Mﬁgeﬁﬁh§e§5&nﬁ Wﬁ@ﬁ§ in one

system are being cl eangd, tﬁ@é’eféii"eéﬁeéﬂbrs wit o Ade el &raRar duicplgl, so

that the pl ant contlnuous treats water. Such a secqond systemi.s
shown in broken ROWeFERes FUTE bEEﬁlﬁfQWP@F 1output @E5957 p7anion
PCT/ US95/ 06029 output are separate from each other, the ozone output
pressure is very large (0.5 - 0.9 kg/cm?). S¢ the ozone
10 is output in & high concentration snd does not easily

gspread. As to ozone’s physical properties, its weight is

1.7 times the oxygen’s weight. Therefore, after being

output, ozone immediately drops down and spreads only

slowly. S0 the ozone concentration close to the ozone

15 output is toc high, causing people breathing too much of
it to feel dizzy.

Conventional ozone generators for household use

mostly employ electrostatic discharge and develop a

corona discharge, in which oxygen of the air in =&

20 reaction forms ozone. But due to the limited volume of

the electric pecles in conventional ozone generators the

electrically charged area is small, and the amount of

ozone generated is too small for the effect of killing

ricrobes and getting rid of odeor. After prolonged use

25 dust, humidity and fat in the air impede the generation
of ozone. .

Summary of the Invention
The main objective of this invention consists in
30 providing an enhanced ozone and anion generator with



The illustrated apparatus, as shown in FIGS. 2 and 3, includes an ozone’
“i1,njection systemfor contacting ozone with water in the upright upflow
or contact tower 60. A gas diffuser 52 serves as an inlet for ozone- 5
containing gas 53 and is positioned to inject the gas into water in the
colum 22. The diffuser 52 is prefergbly | ocated near the bottom of the
colum 22, ei ther above or below the inlet 26. Mst conveniently,

the diffuser may be made of a porous ceranmic material 10 which facilitates

t he FrogUEti?R OEepaﬁsténéhnaﬁﬁéd ozonbubh&eénfoﬁkﬁgSF%ﬁf(ﬁ?aihnUOMBiN?dd t
suppl1e (0] e vVia a sup I ne ICh I'S connecte (0]
ShhetPEG, arens s TR LB et

an ozone gen Ozone injection is set o)
that the concentrati od ﬁﬂrbheneobnechﬂveobﬂnﬁhis dowentbonnoensksksdif ppm

It shoul d be appg%bi‘&‘fﬂgt At ehﬂ@ﬁée&rsz%geégd an%ﬁhaﬁhg?ktéfraﬂﬂ%ﬁ”ts

for injecting ozone Into pro exa I s necessary
to treat w&ter ©VeRAY ﬁ@rﬁﬁdﬁz&i’@n&erﬁho"—r@? ediEr °lfha’n EPhnto t BECHPRES at uS
20 coul d conprlsnuﬁaasngkemlahgalyﬁgsehoﬁ@nbnlalm@owwhbmpbencentraEibhCal

di vi ders that defl ci. zones tajnin ti.
col ums of water® %t%ﬁ%l%% ya}‘lnélmr‘é:&o&?st (?nf%\nmﬁt[ ﬁI'I%J grvarl ous
chanbers, preferabﬁyrthea Qbuﬁehivaeoﬁath;supwaﬁdtyoanaoﬁslsts in

downwar dly, whi | ?ﬁ%@&?nlﬁs h“le‘ﬁﬁtﬁgea“BQoHDr Hh%lgﬁ daeqerq%r gﬂ"? er

colums. Sinlar ms cou ovi de
needed. Allbp, al @ﬁé&gﬁ’"ﬁt a hl"]ﬁ °I’ﬁtQHF:y %v&ﬁ?&@e&fﬁt%’z”ﬁ%‘et% uRcBRLY

tower with one yjithout breakdowns.

Brief Description of the brawings _
Fig. 1 1is =& three-dimensional view of this
15 invention’s apparatus. -

Fig. 2 is an exploded three-dimensional view of this
invention.

Fig. 3 is & secticnal view of this invention taken
along the line B-B’ of Fig. 1. '

20 Fig. 4 is an enlarged sectional view of the ozeone
output device used in this invention.

Fig. 5 and 6 are schematic illustrations of the
movement of the ozone ' output device used in this
invention.

25 Fig. 7 is a side elevation of this invention’s ozone
generating device.

Fig. & is an elevational view in section of this
invention’s ozone generating device taken along the line
Cc-¢*f of Fig. 7.

30 '



or nore internal dividers as illustrated, nmultiple 30 separate vessels

cqul d be used to define plural chanbers or zones for columms of water
The fl ow direction pattern could be nodified, e.g. so that water flows
downwardly in a tower and then directly into a cooling vessel fromthe
bottom of the tower; this would not be 35 convenient for gas separation,

but scavenger chem cal s could be added to the water to react with any
resi dual ozone. WO 95/ 31407

PCT/ US95/ 06029 Fig. 9 is & circuit diggram of this invEmtioyose

generation equi prgidnhidiQfage, HIGRLERELE desi-gpiand may, for exanple, be
assenbl ed froﬁ?%iOTECﬁgﬁang ggu?g%gn?ﬁ%%nufactﬁred by Hankin Atlas

Qzone Systens Ltd, Scarborough, Ontario, Canada. The 5 o0zone generator 56

i ncl udes a nunberp&ft Qe tir CAweti eat theekawentsoh8. In the illustrated
enbodi nent, _t hese ]l enents_are.tubes that are nade of tainggss st eel
t

and thal are el ectii%al by YouddetOEadhisst BPHPALE F¥ther JgEts
surrounds an i nneindértisnt s centithacédot czdrozwn)argd &hiophagenkeaktors altgap

between the outer gnd jdner. W& 10, which at its bottom has a base 11,
allo#ing the case to stand vertically.
The front side and the back side of the case 10 each.
10 are provided with a collecting grate 12 and 13. On the

outer side of each of the collecting grates 12 and 13 an
inlet grate 14 and 15 is mounted. Between each collecting
grate and inlet grate & filter 16 or 17 is inserted, each
consisting of & fiber layver, an active carbon layer and
an electrostatic layer. Thus by physical, chemical and
electrostatic methods harmful particles and chemical
substances in the eir entering the air cleaner are held
back.

e
AN

Oon the top sige of the case 10 an cutlet grate 18 is

20  mounted to release processed air.

A4 ventilator 20 is installed inside the case 10 .
close to the outlet grate 1E&.

as shown, the ventilator’s 20 blades 21 rotate, as
driven by the motor 22.

25 The space between the ventilator 20 and the outlet
grate 18 is shaped as an ocutlet path 30. Several electric
discharge needles 31 extend into the outlet path 30.

buring operation, as shown in Fig. 1 and 4, the
ventilator 20 takes in surrounding air through the inlet

30 grates 14, 15 and the filters 16, 17.



- The'inner tube is made of glass and is coated on its I nterior surface
'with an electrically conductive materi al . Ozone i s generated by

el ectrical discharge through dried air or oxygen that is punped through
the 15 gap between the outer and inner tubes and, fromthere, to the
di ffuser 52. During such g&neration of ozone, a considerable
anount of heat is generated inside the ozone generator tubes. This
heat is dissipated by positioning at |east 20 a portion of at |east sone

of the tubes in the fipw Pt hasses @hrolgn\dher ih@ekgokr 68t €He Salsd £ I N
one of the CP ers 22, Zﬁﬂpf tQS.%?S§%5 %ﬁ, so that heat is
transfered to th® ga ¢ Pt rehe outlet pa e enbodi nent shown in the
drawings is a 25 par¥hewltye gindpasdeg dhirowhr fhgeowblewhpth A0t eitzone
generator tubes a d ., Las C | : 140

cool i ng vessel hggeaﬁgls’%ﬁg?&gzntb %glfl g,g ?{%r#rf%%ﬁ%? w ??fl%n‘éfﬁg%t%g‘g

i | lustrate8 emboBiigdti the elggEragforfist Lodurre ReIRElveStad cuphates
return tower 30 jp68ne dirWidwih®y appreciated that the ozone generator
tubes could alternatiyvely be POSi%ionff in éhe col unm_of wat er 24
inside the return tower€edibritpatthetiows theugh ohee | Quthet 3 #torit he
wat er bei ng puributd.of theAl¢dmrighQ |&nds racbwamsagtoustHer suheonzadibegi nl et

52 to 35 be posgbbgpggﬁgﬁgtrean1of ozone generation el enments 58 in
the water flow path: o Fromthe drawing, it w |l be appreciated
t hat 10he il | ust r GPBHiRGMS ngPoEatEen 701 $hg | WG OL 2] oauses

from time to time ionized air to flow again into the
interior of the case 10.

When ionized air is drawn again into the interior of
the case 10, it will come into contact with the
positively charged filters 16 or 17, where the positive
static charge has been induced by the collecting grates
12 and 13.

The collecting grates 12 and 13 are electrically
connected to the circuitry of this invention’s apparatus
20 and carry a positive charge.

The filters 16 and 17 maintain physical contact with
the collecting grates 12 and 13, respectively. Thereby
the filters 16 and 17 are able to electrostatically
precipitate the negatively charged particles passing

[
L&)

25 through. Harmful <chemical substances in the air are
absorbed by the active carbon layers of the filters 16
and 17.

Soc the filters 16 and 17 have & mechanical, a
chemical and an electrostatic filtering ability at the
30 same time.
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-6- of the botton1reg|on of the return tower 61. An openi ng I n
the wall which defines the second chanber 24 is al so the inlet 72 for
t he cooling vessel 70. Because the opening is large in the illustrated
embodi ment, the 5 walls of the return tdwer 61 and cooling vessel 70 can
be said to define a single chanber that has a reservoir region 74 that
corresponds to the portion of the return colum 24 that is | ocated
above the top of inleirhE2o388e gen eara%%t;' ﬁpésﬂipey%& R mﬁ"‘iﬁxﬁ@néocﬁﬁfs the
inlet 72. The 10 oling .vessel 70 al so an outl

i|lustrated enbodWﬁ%ﬁt Hey¥eto h's TRehR PﬁeqqﬂQﬁoﬂﬁ)Qﬁ“eratlnShQEVICe

filtration systerag. The |IIustrated coollng vessel 70 is

particularly advantag S ed wn tr chem cal , feed
mechanism It is con?r%z pfé\%%%?l %Z th ‘g 2 ﬁf‘t I’gpl FhenREAR P 1S

chem cal s, darti diisgahlegodgglidst $he c«setdOwaﬂhﬁ wiircipume 140 hekkis! tar ed.

Th h I tar g est
efrect C""Tﬁerﬁ*ﬁ;‘gﬁ;‘?ﬁ& SRACIALL, TP ATLE LA o, ¥0pb

system \Vater t &t fitcal s, incl uding coagul ants, are added
through inlet ports 7&hwp$mmgammmﬁet duct 41 is connected teo the ozone

generating device 50, A filter 42 is installed within the

10 pump outlet duct 41 to remove humidity, dust and fat
before entering the ozone generating device 50, thus
ensuring the ozone generating device’s 50 proper
function.

Typically the air pressure generated by the air pump

15 40 lies in the range of 0.1 - 0.9 kg/cm?.

When air has entered the ozone generating device 50,
it is exposed to electricity in the ozone mixing chamber,
and oxygen decomposes, forming ozone. Then the mixture of
air and ozone is taken out through an ozone outlet duct

20 51, which is connected to an ozone outlet fitting 60.

The most importani characteristic of this invention
is that the ozone ocutput fitting 60 allows to output the
ozone gas either through the outlet path 30 to be mixed
with ionized air, or through an extra ozone outlet 70,

25 which is installed on the case 10.

As shown in fig. 3 and 4, the ozone ‘cutput fitting
60 is provided with a three-wny tap 61, which is fastened
to the case 10. The three-way tap 61 has an inlet 62,
connecting to the ozone outlet duct 51, a first outlet

30 63, which by way of a duct 64 connects to the outlet path



t he ‘cool i ng vessel 70 The resulting m xture of water and chem cal s
must t hus pass through the cooling vessel 70 prior to filtration.

I'nsi de the cooling vessel 70, 25 t he ozone generation tubes 58 are
arranged in an array, such as the illustrated three rows of four tubes
each, so that the conbined water antP.chemicals flowin a t ort uous
pass through the generator tubes 58 The generator tubes thus serve
as a static mxer which 30 bl ends the injected chemcals with the water
bei ng treat 89, and wheaxuld mpbtiedsdA5 ,70hiel BY s¥a¥epied gquck 66

m xi ng vessel W&%ntﬁ%%si Bbetné20$6h¥ 1 Pt BSt a7 ¢l & Nehe casyesela isHagt
After passing through the array of tubes . 58% o§gne-de
e
o]

] | et ed
coagul ant - cont ai ¥7ngtSnaataRME Teeriast otfiP th Fs?'§8¥ &ﬁpcﬁlsé¥hes
as the mxing vessdltch as ddiated apskwedr tie fikstabutdesystemni? the

previ ously ment i oned. 95/ 31407 :
PCT/ US95/ 06029 second1out1et 6§M%s ozZone oqggut. A turning knxbm%&&”e

of ozone and wat ethiich der mesieseibde fromithesewber aiderdf ng casre kower
apparatus 10, iﬁ{fri G 2 ¥nkhenkel! §70knkhes upbbavesotusm &2, are made
of a corrosion resistant materital such as stainless

2s shown in fig. 4, the inlet 62 of the three-way
tap 61 is provided with a through hole 621 to let ozone

10 gas enter the three-way tap 61. The through hole 621
shares a common axis of the bore with the shaft 67. It is
aimed at the entrance of a gas path 671 within the shaft
67. The gas path 671 is bored into the shaft 67 from the
side of the inlet 62, but it does not go &ll the way

15 through the shaft €7.

The through holes 631 and 651 of the first outlet 63
and the second outlet 65, respectively, intersect with
the axis of the bore of the shaft 67. The shaft 67 is
further provided with two link borings 672 and 673, which

20 aim at the through holes 631 and 651, respectively, and
are each linked to the gas path 671. As shown in fig. 5,
when the user turns the shaft 67 by an angle that aligns
the link boring 672 with the through hole 631, then the
ozone gas coming from the ozone outlet duct 51 flows

25 through the first outlet 63 and duct 64 to the outlet
path 30 of the ionized air, is mixed with the ionized air
and finally released. As shown in fig. 6, when the user
turns the shaft 67'by an angle that aligns the 1link
boring 673 with the through hole 651, then the ozone gas

30 coming from the ozone outlet duct 51 flows through the



5 steel. It would be unduly expensive to neke the entire appar at us of
such a material. Accordingly, a nmechanism I's provided for renoving
ozone fromthe water before it enters the filtration stages of the
system In the i | lustrated enbodi ment, gas entrained in the process 10
water is collected in a gas collection chpnber or region 62 at the top
of the tower before the water reaches the ozone generation el enents
58. @Gs, including any unreacted ozone, is renoved via a gas collector

system ' 63. TheofasoseléedHramy e 8CiNdeEs ardiisdetn®budh tibi ch
IS connected to a catalﬁgé f gas destruction system (not shown). A
punp- (not shown) °&8Hfe® eFo Phe deni ster 64 nmintains the gas

separation region 62 Eurahermorellghblpashhagnmipbsﬂagrnmsswue ¢ the

encour age the ~Sep i t h ums
20 550 snsttPBhABLE] ModPe (Y YALTEC of Vnd ¥E ) skl Efip
substantial®y al Bm§§nb6tﬁe¢@nﬁwc61‘t§éftoﬁé anfethenpedys of the ghreekwasti on

sections of the Hparéed Ussg Thios SHELEas witdn 12! U@i@r@u Vige 8Pacguch
as an OZOVETER brand 25 resi dual ozone anal¥ g ngwﬁgﬁ ed bg nkin
Atl as, posi t P& thesPhGdtef7apnd FHEAPPEY & eSFW KetaP gas

col l ection chanbe1.62 and then signal if the ozone content of t he

tested water exceeds. e m.ned a | Ler
unit 67, including a g&%dg@f ée s&c%ngslognggz%\%‘?%%r an con roI é? k‘
manuf act urldd generEaAnEi isARerates ddamlain cthespbhdifofarepgnalther om

the ozone detect ghgfe éﬁdls'&fﬁé@%%ﬁ%ﬁ Qﬁeskgﬁﬁl bof;@ng 672 kA¥Cenkhe
rate of ozone |nject|on throu% the djffuser when t he qQzone content
of the sanpl ed méi@?“@%b@@ 31, ang ozone gas flows through duct 64.

The duct’s 64 exit lies within the outlet path 30 for
ionized air. So orone gas will mix there with ionized air
15 " and only then be released into the room air, rather than
flow in @ high concentration into the room air. The ozone
gas, after leaving duct 64, is carried by the air flow
generated by the wventilator 20 to be mixed with the air
in the room. S0 it will be spread evenly in the room
20 rather than be confined to a small space with a high
concentration, avoiding an uncomfortable feeling of
inhaling persons and effedtively killing microbes and
getting rid of poisonous substances in the whole room.
When the enhanced ozone generated by the apparatus
25 of this invention is used in an enclosed space to kill
microbes and to get rid of poisonous substances, or is
used to clean water and remove insecticides from
vegetables and fruit, the three-way tap is adjusted to
let the ozone flow out of the ozone outlet 70. Connected
30 to the ozone outlet 70 is an extension duct 71, whose



35 ‘the predeternined anbunt. Mbst conveniently, this is acconpl i shed

by signaling the power supply of the controller unit 67 to reduce the
el ectrical current supplied to the el ectrodes of the ozone generation
WO 95/ 31407 PCT/ US95/ 06029
- 8- el ements 58. Reducing the curgent in turn reduces the
percentage of ozone in the gas injected via the diffuser 52. Instead of
usi ng an ozone anal yzer, gas renoved via the dem ster can be tested for

ozone content byoﬁ@n 0ZRACLexds aﬂﬁl.d'z'er a@B g%‘%ddlpfg tdle%lﬁéo")@ Cg@eegben
exceeds a predet erm ned anmpunt control
signal ed to redutBSt RE (Hige SFt%E%h‘ér i ﬁ}"EEt i7dn. T"EEY hE’P 1“59rﬁ§leﬁocﬂ§“'cﬁ

testing for residupiréBépe méoe:ausﬁdt agdrefrigétatde dravothak &faihose
who are experienced in this ow a_tower

that 15 mich b greroet oFE6 Bey e mmersed o siitern: SUREnEECtz0ae o
purposes. Bt is bEfie¢tivalyf ertficemspf tiwey dasdmnt aft dkillingokiionob@2,t0 be

atall to ensur eq ggph tpi182 gapt i gﬂg 17 €L UL NGOk yirm 24
i s hel pful since %t 5 %ov?geo E éﬁ&dféﬁ Vkﬁﬁ gmgecessarsﬁt% ﬁ? %g t he
space or, when released under water, the tasks of

oxidizing microbes and harmful chemical substances to
kill microbes, eliminate odor, bleach, dechloridize and
10 remove insecticides from vegetables and fruit.

Another characteristic of this invention is the
ability of the ozone generating device 50 to generate
high quantity of ozone gas &s compared to conventions
czone generating devices. At the same time the ozone

15 generating function is not impaired by dust, humidity or
fat in the air.

As shown in fig. 7 and &, this invention’s ozone
generating device 50 comprises & first tube 52 and,
concentrically within the first tube 52, a second tube

20 53. Between the first tube 52 and the second tube 53
there is a gap 54. Both ends are sealed by the endpieces
56a and 56b to form a gas mixing chamber in between. In
the gap 54 a net~like discharge electrode 55 is inserteaq,
surrounding the second tube 53. The first tube 52 is

25 surrounded by induction electrode 57.

The net-like discharge electrode 55 leads to one
electric terminal 58. The induction electrode constitutes
the other terminal 59. Both terminals are connected to

the termlnals W and B of a high-veltage, high-freguency
30 c1rcu1t 80,



wat er by gravity, through the downstreamfiltration system To provide

sufficient head, the height of the weir 28 is greater than the water

| evel s required for 20 operation of both the subsequent filtration stages
34, 40. In particular, the weir 40 is at a higher elevation t han
t he upper surfaces 80, 81 of the beds 36,141 of - particulate nmedia in
both filter stages and is higher than the bottons of the clarifier
outlets 46. 25 For best operation, the surface 82 of water in

the colum 24 shoul d dEherdiins4i hubdews2 lindl £he secprddetlkes hhedechadatddn
range. The Surfacﬁe%m&ﬂﬁmeulaéiné T s €] V8l PTadddp &AL pps of

t he beds 36, 41 particulate nmedia 1 n both fllter st ages and shoul d

be 30 higher thakt hétﬁﬁFFBﬁBt&P thestc| @f | fher PYRateie spischarger,eThe

surface 82 shoul dfatsd bebatsd eesivekhatgoi &sh@s insulddimyviehert ptwéer he
weir 28 so {hat- water

over the wePr. The'© pm%l#éi fgﬁrrﬂarﬁéf§h£8%§éﬁa Q#ﬁﬁang ftgﬁ%ﬂ €5|ng
contacts 35 the electredefSwater in the colum 24. This agitation
facilitates the r el easenglorifddedisklCaHlRy A Rab8%n in1dt0thBE! oLn
region 62 over the weir 28, WO 95/ 31407
PCT/ US95/ 06029 or an outlet tube 92. The 1n1a}: tube 21 is connected to
the pump outlet duct 41 of the air pump 40 and lets the
10 compressed air pass through the endpiece 56a into the gap
54. The cutlet tube 922 is connected te the ozeone ocutlet
duct 51 te bring ozone gas to the ozeone outlet fitting
60.
After compressed air has entered the gap 54, the
15 circular flow to the outlet tube 92 mixes air and ozone.
Due to the narrow gap 54 the mixing of air and ozene
ig very effective.
By way of the small mixing volume and the high
pressure ¢f the air there will be the generation of a
20 high quantity of czone. This method is more advantageous
than simply ventilating a comparatively large velume to
generate ozone and mix it with air.
When the high-voltage, high freguency circuit 80 is
turned on, then between the net-like discharge electrode
25 55 and the induction electrode 57 a corona discharge
develops. aAfter compressed air, driven by the air pump
40, has entered the gap 54 through the inlet tube 91, the
oxygen molecules (0,) in the electric field decompose
into oxygen atoms (Q), then oxygen atoms (Q) and oxygen
30 melecules (0,) react to form ozone molecules (0,). The



The evel of water in the colum 24 will rise as filter elenments

beconme cl ogged. Accordingly, an automatic apparatus is provided for
sensi ng when the | evel of water in the columm 24 exceeds a
predetermned 5 height. This apparatus can take a nunber of forns. In
the illustrated enbodiment, a float switaqglg 84, provided near the top
of the return colum 24, serves as a |evel sensor. |If the water in the
return colunm rises to a hei ght sufficient to trip the float switch

cleaning of 10 tHgosé andiédut e 3y V%Hﬂo@mw%m“rawwléa/ td the

Q h b
used Tor a simiapreaek el TrREERR S dar T EhSna “HReoEI LRI nEP reBRani om
for the clarifieradjustmentyidfi theverbageouslet i hictuikg &0 aiend ppethi time
system 86 15 bel gy %@@ R 33@ 8&': Méﬁ&%@b@ ﬂ?&&rf@i’ clé@y}ﬁﬂ]g[ Q@mla.hr

sensor detects-.a condition of wat the return
condi tion iAdi cates thay emd Fﬁvéﬂ Bh9tﬁ§°"e OUGbPErfEEIEﬁﬁtéﬂreﬁﬁééhélthe
predet erm ned | evake.t he sensor signals an electronlc controller (not

how). The 20 trol qnds b ti t 1.0l
VAl ves 10 i nitiate ol ol AGCUETgon BLPRPLPAE & Ai bkt oioReod I br the e

air injection sysibweg8bion is made of Fhumpei @t eor henethest ratell appaiat us,
water that CERbRL g ngéﬁ”}gafééofsfﬂ&g eﬁ?]fd tRetLBY HOYE flyn 2Pne

t hrough the contact towe e_operati ng the ozone eneration
systemto ilRj ect B8%BAE 9?%???&9%ﬁf4?ﬁﬁﬁe!§9 will be dissipgtefine top of the

colum 22, any residuakinZ@®n&he netslsePakdisethairigem éhecmb@é 584t etnat
the top Of the . :mduclzlon ezfectrodseurgf%%doghtehglrs- an Sselc%n%ont % tsg/i’t h
53 are concentrically wrapped intc one another, ‘the ozone
generating device 50 of this invention has a large area
15 exposed to an electric field. The length of the first ang
gsecongd tube 52, 53 is rather large, sco fhe compresseqd air
having entered the gap 54 has enough time to be exposeqd
to the corona discharge caused by the net-like discharge
electrode 55. Therefore the ozone generating device 50,
20 ~as compared to conventional ozone generating devices, is
able to produce more ozone gas in & smaller volume. A
higher gquantity of ozone will be output, and the tasks of
killing microbes, removing odor, dissolving poisonous
substances, cleaning water and removing insecticides from
25 vegetables and fruit will be suitably performed.

Since the area used for exposure to an electric
field is very 1large, even if a part of the area is
disabled by dust, humidity or fat in the air, the
remainder of the area is still large enough to ensure a

30 proper function. So the effectiveness of the ozone



30 gas that is maintained at a slightly subatnospheric . pressure,
preferably fromone to four inches of vacuum in the region 62. The
negative pressure maintained in t he separation region 62 urges
separation of gasses from the water. 35 Peri odi cal |y,
measurenents are taken to ensure that the no appreciabl e anmount of
wat er - bor ne ozone enters the filter system12. If nore than a

pr edet er mi ned maxi num anount of ozone . is detected, the, WO 95/ 31407
PCT/ US95/ 06029 generating device 50 in produgjng a hlgpatQélaB]tIEXOﬁé

I nj ection throughede rbrdiigestabliesover ar ddtigetiime. After water
reaches the top of the colum.22 . it f.l.0Ms he, wejr. 28 and then
downwardl y inside t hg_ks %%oggt P ?Fltgowgt' %tf\ﬂ‘il e%&%’a_ ierf_shggiﬁj qraerquffcgf

wat er t hat PrIoM ide BG ofy ditds idoviesidopulsi éneprineipie vis \eadse up

through doynstr aamy itlan@liis@Brudl { SsSrh 140 Y WitV ial high frequency ankef Ore
It enters the filtration units, water Is passed t hrough an array of

ozone gener ati orf eltEFEFEOIFEL1T coofSt B Rme e PA¥Ehe FYHRISt rifed
enbodi ment, wat estandardagies ¥,hreeglizarsugpiy. ofhezaiacqdnergdnaratiddes

58. pulsating direct current in the range of 10 kv, 25 kHz.

After that, by way of the diode D5 and the capacitor

10 C7 on the secondary side of the transformer T2 the high-

frequency oscillations become pulses of positive electric

voltage led to terminal W, and by way of the diode D6 and

the capacitor €6 the high-fregquency oscillations become

pulses of negative electric voltage led to terminal B.

The terminals 58 and 59 are connected to the terminals W

and B, respectively, to supply high voltage to the ozone
generating device 50 for the production of ozone gas.

The ozone gas pressure produced by this invention’s

apparatus is 0.5 - 0.9 kg/cm?. It is determined by the

20 air pump’s 40 generated pressure. The hourly ozone gas

, ' quantity produced by this invention’s apparatus is 0 -

750 ﬁé/hour. By way of the adjustable resistor VRE the

output frequency of the high-voltage, high frequency

circuit 80 is contrelled, determining the hourly ozone

25 gas quantity, according to various needs. A knocb 81 on

the case 10 of this invention is used to adjust the

adjustable resistor VRE.

[
e

The enhanced ozone and anion generator of this
invention can be operated to produce conly ozone gas for
30 special tasks like killing microbes, dissolving poisonous



Filtration aids, particularly coagulants, are added at a | ocation 78
upstream of the ozone generation tubes, so that the m xture of water
and filter aids is agitated as 15 it flows through the array of tubes.
After agitation, the heated m xture of water and filter aid chemcals
is - passed t hrough a vessel 35 contaiéiing a bed 36 of particul ate
material to separate solids fromthe water. I f during the
filtering operation it is sensed 20 that the water level in the return
col utm 24 has substcaacdsd aremedit@r dwd, hetlghinirapt ergddr cbeaakpy of

the filter bed 3 gqpﬁn descri.bed
preferred enbodi r%%e? gggetgb%€%ﬁ$lon ru%t QﬁanQfldﬁﬁﬁ%ﬁgF588 89 one
skilled in the ZQXYG&ﬁthhahaxﬂmﬂanﬁw d@vpaneaisonbernpgra#eﬁrt@dpebéueats of

the invention angmitl ibnPeed ¥ ntd Ra LRNEER 29F, 108 it cad rﬁée'atp Btea
descri bed herein.

CLAI VB 5 o BROdpparafiEEe PFeREPRy daf @P%PEHzeémbﬁ #® kill
cont ami nants, thaizppdest,usenowpr b8bNgand clean tiee fdistirchamresr . hawigg a

rinl n ; i i
vat e et and Q¥$%$L10n combines three operating Rrodes in one

Q

apparatus, providing a big advantage for its operation.



5 ° a second chanber having a water inlet and outlet, t he second

chanber bei ng downstream of the first chanber and in comruni cation
therewith such that water is permtted to flow fromthe outlet of the
first chamber to the inlet of the second chanber—16 arrozone

generator system for conbining ozone w tiy water s 8 _
contained in water inside at | east one of the chaﬂiﬁ'ﬂmmmwum
generator system conprising plural elongated ozone«product imon sel enent s,
at | east sone of the el enents being di spagedis one of 15 the chanbers;
and a solids separation system positioned to receive wat er
fromthe outlet of the second chanber. 2. The apparatus

accordi ng to cl aiwhdt wereiaimeRD is: the first chanber is defined by a

contact tower; and ° 3 = ap 'Ogn&RCODd 6hBABET dnY dedhIGW DYeReF&ESE D
t owner . 3. TJhe. apparatus according to claim1l wherein: 25

the chanber8 are @@¥ERE®HIS0 that water is pernitted to fl ow upwardly

through the first chanber; @amdusing, proviveapdainttsiéasthaie adepinbes an
ozone inl et poOSi tionfd_ so that_.ozone .inj e(;tt?__q through the inlet is
mxed with the wafBf #h {H2FT iV il eRF 1! 4. The appar at us

according to claim1 whereism:filter unit, mounted on said inlet and being
provided with at least an electrostatic and dust
i¢ collecting filter net;

2 ventilator, meunted inside said housing to
push air out through said air outlet path, and at least
one anion generating device, mounted in said air outlet
path and generating an ionizing electric field, such that

15 air passing through said air cutlet path takes anions
with it;

an ozone generating syster to produce ozone
gas; and

& distributing device to direct czone gas

20 produced by said ozone generating system, as desired,

either through an ozone outlet, which is mounted on said
housing, or to said outlet path to be mixed with ionized
air and to be released into said housing’s exterior.
2. aAn enhanced ozone and anion generater as
25 claimed in claim 1, wherein said distributing device
further comprises:
a three-way tap:
an inlet, which is connected to said ozone
generating system to lead ozone gas into the interior of
30 said three-way tap:



the 'second chanber conprises a reservoir region and
whi ch is downstream of the reservoir regi on;

/ . t he ozone
generator systemconprises a plurality of ozon uﬂ!, w nts,

-at | east some of the elenents bei ng dlsposed mnﬁhln ﬁur
region. 18

apparatus according to claim1 wherein the SO|IdS separatlon system

conprises an upflow clarifier devi ce wherein water flows upwardly

through a bed of partacghaft, nwtliah i§ rotatablyginggsteppanasaid

according to cl a?;?&ée""&egeFQPtQﬁd whos& Ol A&Sr SRP A Al uy et @chuk! Bas

conpri ses a down downstream of the clarifier device. 10
7. An appar at us PRt CRBNEFEEE nERtSHEA WHRESt inhi ch " contains

cont am nants, the apparatug qqrf@’d Shugiet, which dsvehsstalied nbnasedtier
i nl et and a5\Nater out | et :

three-way tap ané]v1q g duct connected to said sir outlet
path;

region

a second ocutlet, which is installed in said
three-way tap and connected to said ozone outlet;
at least one hole in said shaft, which connects

10 to said gas path and is, by way of rotating said shaft,
aligned with either said first outlet or said second
outlet to allow ozone gas in said gas path to flow out
either via said first outlet or said secend outlet, as
desired.

15 ' 3. an enhanced ozone &and anion generator as
claimed in claim 1, wherein said czone generating system
further comprises:

an air pump;
an ozone generating device, further comprising:

20 : a first tube, made of heat-resistant
material; -

a second tube, which is installed
concéntrically inside saigd first tube, being from said
flrst tube separated by a gap:’

25 a first endpiece, which is tlghtly mounted
on one end of said first and second tube and is connected
to said air pump to lead compressed air that is output by
said air pump into said gap between said first and second
tube;

30 a second endpiece, which is tightly



an ozone generator system conprising plural ozone 1 ' el enent s,

at, l east sone of the el enents being di sposed in the t. hat
water in the vessel cools the el ements. ““\““\\‘E“iﬁm\mﬁar at us
according to claim7 further 20 conprising a divi ! di gposed in
t he vessel between the inlet and out¥%t to divi'de the vessel into a
contact tower and a return tower, the contact tower bei ng adj acent to
the inlet and the return tower bein .adpacent _to the outlet such,that
the water is per MATLEDSEN £8°r PN Ph BRI BUBEETheA Tl THCOMR, il Jeder
and out t hr agginddiedotibl stid three-way t8p Uhad eggpercaonespamdwreat iy t 0

claim8 wherein the g ozo%%”é%ﬁ%r%’g?ﬁé lsi?é%ég £300814 n‘l"ﬁtl%é%ﬁ%’gc%%’t'“ ng

ozone 30 from the ozone génera g. em . jpar at us
according to claim9 wherein thé& net-dikpdeisahareet erpertdon Wiah dswei r

at the top Porti othstallle® RAr ShicVWd®] SurdduditliingOBeERes£88haCtulOMRIng over
the 35 weir, and into the return t.o The ar at us,

. . . n 1qg€|r8' n 1 tr dll's: b navp i .3
according to claim10 wherein aff POUPEICE EoREVEPET he® B oM it iti%n
el ements are di spbigesk tube;i mrnthe return tower.

a high~veoltage, high-freguency circuit, which
is connected to said discharge electrode and said
10 induction eleétrede, generating pulses of high-voltage,
high-freguency electric current, thus causing a corons
discharge between said discharge electrode and said
induction electrode;
wherein, after compressed air that is output by
15 said air pump has entered said gap, & reaction in the
electric field generated by said electrodes produces
cozone gas, which is led out through said second endpiece.
4, &n enhanced cozone and anion generator as
claimed in claim 3, wherein said induction electrode is
20 provided with a plurality of radiator-fins.
8. An ozone generating system to be used in an
enhanced ozone and anion generator, comprising:
a first tube, made of heat-resistant material;
a second tube, which is installed
25 concentrically inside said first tube, being from said
first tube separated by a gap, wherein said first and
second tube are gsealed together on both ends; such that
said gap between said first and second tube forms a
sealed mixing chamber;
30 _ an air inlet, which is provided on one end of



13

12. The apparatus -according to claim 10 wherein the

‘apparatus further conprises a filter system downstream

. ses a fil nstream o the-vessel
1:5he filter system conprising at .least one e mmmmlwmﬂmﬁnrals

13. The apparatus according to clain112

positioned at a | evel above the top of e bed.
apparatus for treating water which contains 10 contam nants, the apparatus

-conpri si ng:

a gas contactor vessel that defines an inlet for

sel ,

vater to be trealat AR LofoldCeled ¥ai8L1na doflpressedagipolpect Lo

chanber to contain a vol.une of gas above wat e

Vvv.sleF N7

insfde the vessel

an ozone inj ect i VHLFy F%MA 978 bEHEeR §asAdfiratefind secqmditulsied to
i nj ect ozone gas into waten suehet Batlet, wRIONEis SpEPMPdNSh ighavalngr t hat

is inside the vegsel:
mai ntai n the vol Ung

R

b

[
o

[
L&)

20

25

a’if-'i firsé1 nadnd second t&bgaasl ICOQ‘,HP%C%QZ[Jngpg\.EQQLQet in
O A
said ozone generating system tc be taken ocut
a net-like gischarge electrode
installed in said gap, surrounding said second tube

H
an induction electrode, surrcunding szid firs

:
is connected to said JgJischarge electrode and said
inducticn electrode, generating pulses of high-veltage,
high-frequency electric current, thus causi a
discharge between said discharge electrode and said
induction electrode;
wherein, after compressed air that is output by

said ventilator has entered said gap, & reaction in the
electric field generated by =said electrodes preduces
czone gas, which is led out through said ozone outlet,

6. An czone generating system as claimed in claim
5, wherein said induction electrode is provided with a
plurality of radiator-fins.

7. an ozone generating system as claimed in claim
5, wherein an air pump is additionally provided to
compress air and lead thereby compressed air through said
air inlet into said gap between said first and second
tube.

g. An ozone generating system as claimed in claim
7, wherein a filter is installed between said air pump
and said first and second tube to filter cut humidity,

15



-

20 gas contained in the gas collection chanber at a nospheri ¢
-pressure to separate ozone fromthe water before th f“mmlf“r‘“‘n
t he vessel through the outl et. 25 15. An _'iaa ﬂm Li ]
treating water which contains contani nants, the apparetus conpri8iny:
an ozone generator system adapted to inj2%t ozone into water inside

t he apparatus, the system conprising pl ural ozone generation el enents;

30 a cooling vessel having a cooling vessel inlet for water to be
treated and-a co8hBhgandsEat cemtaineditin thd edst. sone of the ozone

generation el enments being an ogbﬁgo§gﬂeggt&5§u§ ﬁ%gﬁ%ﬁ 5 Iu%%%tggtahhe

el enents are cool ed by water passing thr¢ the vessel; (
sol i ds separ at | oRZ8{€t AAEFELRTI v ANeredineeatd pgone geanaratss! ikms vatse

outlet to recei veehssat ettewatier duta@t pathl R PS$€lde for an outlet of

. ' r i ch cgntains
14 5 16'pégc3888éaé¥§ éﬁﬁ ég‘§§351 &gﬁé%a€¥h§:sys em to produce

ozone gas, said ozone generating system including:

an ozone outlet, rounted on said ozone
generator; and
& three-way tap, further comprising:

10 an inlet, which is connected to said ozone
generating system to lead ozone gas into the interior of
said three-way tap;

& shaft, which is rotatably inserted in
sald three-way tap and whose interior is provided with a

15 gas path connected to said inlet:;

' a first outlet, which is installed in saig
three-way tap and via a duct connected to said air outlet
path;

a second outlet, which is installed in

20 said three-way tap and connected to said ozone cutlet:

at least one hole in said shaft, which
connects to said gas path and is, by way of rotating saig
shaft, aligned with either said first outlet or said
second out;et to allow ozone gas in said gas path to flow

25 out either via said first outlet or said second outlet,
as desired; ' '

wherein ozone gas produced by said ozone
generating systenm is directed, as desired, either through
said ozone outlet or to said outlet path to be mixed with

30 air in said outlet path and to be released into said



cont'am nants, the apparatus conprising: a first chanber having a
process fIOW|nIet and a weir at a location } e inlet
and the 5 weir being positioned to permit an upward fl o
t hrough t he chanber; a second chanber dg wmm mmw ined to
t he first chamber in such a manner22hat wat *» second
chanber by flowi ng over the weir, the second 10 ' chanber havi ng an outl et
positioned below the weir to permt a downward flow of water through

t he second ebkanbehenerator’s éx@asig®l | ection charrber p05| t| oned to
contain a - vol une _of gs above the t.er in g | east one@dio ﬁ
F 116‘ ©

first and second chanB8rs: Al ozone generakinc: FYSEPTLAR| ¢1HHE fal
ozone into water s, whesucth &haéxbenaion SQuoint s neshnectet dro tsadd iozonesi de

at | east on h ce 3
adapted to :uppl ?u%zgtﬁeg?q%)%rt e 8ﬁ?fhns%? %qgﬁggq%lggﬂsié%%as?ﬁ?cﬁe%ct or

oper abl e t & nai ntidite #E&evel une of gas contained in the gas collection

chamber at a SUbﬁtzmsﬂheékén@rWaﬂ:fﬁi}j si@tefMB¥ecUasméd R R igas
col l ecti on chanber. An appar atus for treatl ng wgt ef'r wh| ch

cont ai ns cor?t'arf‘l’}}f‘a‘?ﬁlé" HWte %&fﬂ‘a‘r":ﬂ REhpRT S Rgt on sal

gener at or SyStemhmszuseagoi)lsmai ldnt@inkole to gaedr &hieogap| batarde Sa.i@

a mxing vessel 31\/1‘1 ,a.gmtégr)g ﬁgageéhﬁlgéxéoéhqft water to be treated
Out

and a m xi ng vess | east
' 10




soné of the el enents being disposed in an array inside t he m xi ng

vessel ; a coagul ant injection systemfor injecting coagul ant 35
_chenicals into the water upstream of the array of el enents-so t hat

m xi ng of the chemcals with the water i s enhanced by agitation that
results as the water passes throug%3the array . of elenents; and

a solids separatiQn system operatively connected to t he n1xing vessel
outlet to receiveékﬂﬁékﬁ éhﬁu%§9nﬁﬁ§ GENERAIOR [ om t he vessel . 5
18.- An apparatus for treatlng wat er wWhiaBSTRBACTai ns contam nants, the
apparat us conpri si ng: a first chanber having a process flow inlet
and a weir at a location above the inlet, the inlet and the wei r

- bei ng positioned &b §RRFRISHNOLRNAr @nE| FARisM WHERETALOT , | FOBPEHP LIRS t Rr ough
the chanber; housird Sﬁtﬁ@ﬁd@aﬁ@ﬂr d@a\mbagem@i‘e adik | ohIeel &Rat Be
first chanber I n_such a _manper et at gr enfflrter Bit, mouggegdor?ha er by
fl owi ng ovet the MEATE OPRALE va
1nlet and being provided with at least an electrostatic
and dust collecting filter net; a ventilator, mounted
inside said housing to push air out through said air .
outlet path; an ozone generating system to produce a high
10 guantity of ozone gas; at least one anion generating
device, mounted in said air outlet path and generating an
ionizing electric field, such that air passing through
said air outlet path takes anions with it; and a
distributing device to direct ozone gas produced by said
15 ozone generating system, &s desired, either through zan
ozone outlet, which is mounted on said housing, or to
said outlet path to be mixed with ionized air and to be
released into said housing’s exterior.

FIGURE 1



chanber having an outl et positioned belowthe weir to 15 permt a downward
flow of water in a column through the second chanber; and a
fi.-lter that (a) conprises a bed of particulate mat eri al having an
upper surface, (b) is connected to the outlet of the second chanber to
receive water from 20 t he second chanber, and (c) is positioned so that

t he upper surface of the bed is atlAh el evati on bel ow t he

el evation of the weir. 19. An apparatus for treating water

whi ch cont ai 25 contam nants, the apparatus conprising: a

first chanbef :1ayving a process flowinlet and a weir at a location
above the inMkgt,,-Xhe inlet and the weir being positioned to permt an
upwar d fl ow of gt &r t hrough t he chanber; 30 a gas diffuser

posi tioned to i nNNgEl\ ozone into water i nside the first chanber;

an ozone gener at or\;s¥%st em adapted to supply ozone to the diffuser, the
system conpri si ng p\uvhl o generation tubes; 35 a second
chanber downstream o' fngtddidlhed to t he first chanber in such a nanner
that water enters thfe: gecond chanber by flow ng over the weir, the
second chanber hay et positioned below the weir to

permt a downward fl oy \ajflet. rough the second




16 chanber, and t-he chanbers defining a gas coll ect.ion chanber
apove the weir; ' a gas collector operable to renove gas fromthe
gas col l ection chanber; 5 an ozone detector which signals when
t he ozone content of the water exceeds a predetermned limt;

a gas supply controller which responds to a signal fromthe ozone
detector to reduce the rate of ozone 2/7injection through the diffuser
when the ozone content 10 exceeds the predetermned limt; a

| evel sensor adapted to signal when the |evel of the water in the
second chanber exceeds a predeterm ned height limt; a cooling
vessel having (a) a cooling vessel inlet 15 that comunicates with the
outl et of the second chanber so that water being treated flows from
t he second chanmber and into the cooling vessel, and (b) a cooling
vessel outlet, at |east sone of the ozone generation t ubes bei ng

di sposed in the cooling\vessel _where the 20 tubes are cool ed by water
passi ng through the ves I,%%%%V t he ozone generation tubes inside the
vessel being paAsiti Onggm an array such that water is agitated as it
passes through the a ay;,%%%%y =

3031




a coagul ant injection systemfor injecting coagulant 25 chenicals into the

wat er upstream of the ozone generation tubes so that m xing of the
chemcals with the water is enhanced by agitation that results as the
wat er passes through the array of tubes; an upflow clarifier
devi ce operatively connected to 30 the cooling vessel outlet to receive
water fromthe cooling vessel, the chapifier device having an outl et
that is |ocated below the level of the weir; a downflow filter
posi ti oned downstream of the upflow clarifier device and operatively
connected to the 35 outlet of the upflowclarifier device to receive
clarified water fromthe device; and a cl eani ng nechani smt hat
responds to a signal from the I evel sensor to-initiate cleani ng of gt
| east one of 17 the clarifier device aﬁg
the filter when the predet erm ned hei ght is exceeded. 0. A
met hod of treating a continuous flow of water 5 whith ®ontgahns '
contam nants, the nethod conprisinqg 0 © g
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directing the flow of water to pass through a gas contactor vesselrs

i njecting ozone into the passing flow of water in the vessel in such a
nmanner that the ozone mxes with 10 the water; separating ozone
fromthe resulting m xture of water and ozone; after the
separating, neasuring the anount of ozone in the ozone-depl eted water
to determ ne whether the 15 anount of gaﬁne remai ni ng exceeds a

pr edet er mi ned anount ; reduci’ng the anmount of ozone being
injected if the anount of ozone renai ni ng exceeds the predeterm ned
anount; and 20 passi ng the m xture of ozone-depl eted water through

a filter system 21. A nethod of treating a continuous flow of
wat er whi ch contains contam nants, thel nethod conprising: 25

directing the flow of water to pass upmardl t hr ough a first chanber
having a process flow inlet and an tNconmpr®©si ng a weir | ocated
above the inlet; directing the at fTows over the weir to
pass downwardly by gravity through Pt secoynd chanber 30 having
an outlet |ocated bel ow the ﬁéir; b3 ng wat\er fromthe second
chanber outlet to and upwardly thr a d of particulate material to
filter solids fromthe water; ) ing a cqndition of water in
t he second chanber
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35 ‘to determ ne when the |level of the water i.n the second chanber
exceeds a predeterm ned height; and cl eaning the bed when the

l evel of the water exceeds t he predeterm ned hei ght.

18 22. A nethod of treating a continuous flow of water whi ch
contai ns contam nants, the nethod conpri sing: directing the fl ow
of water to pass upwardly through %/Hirst chanber having a process
flowinlet and an 5 outlet conprising a weir |ocated above the inlet;
operating an ozone generator, which conprises plural ozone generation
el enments, to produce ozone; injecting the ozone into the upwardly
passi ng fl ow of water in such a nmanner that the ozone m xes with the
10 water; passing the resulting m xture of water and ozone

into contact with a volume of gas maimtai ned at a subat nospheri c
pressure above the water so that ozofe is removed fromthe water; 15
directing the ozone-depl eted mataﬁltéopass downwardly by gravity

t hrough a second chanber havi ng Qg outl et | ocated bel ow the weir;
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measuring to determ-ne whether the anount of ozone . remaining in water
downstream of the first chanmber 20 exceeds a predeterm ned anount;

reduci ng the anmount of ozone being generated if the anount of ozone
remai ni ng exceeds the predeterm ned anount ; cool ing the ozone
generator by contacting an array 25 of the ozone generation elenents with
the water being treated, é/ddi ng coagul ant chenmicals to the
wat er upstream of the array of ozone generation elenments so that the
m xture of water and coagul ant cﬁ@nicahs is agitated as 30 it passes
through the array of elenents; n W passing the agitated m xture of
ozone-depl et ed wat er and coagul ant ch%ﬁica t hrough a bed of

particul ate material to sep dg fr t he wat er;

sensing a condition of water in per 35 to determ ne when

the level of the water in the secu anper exceeds a predeterm ned
hei ght; and cl eani ng the Ds AN Y/ T/ I/ sensed that the | evel of
the water exceeds the predeterm p ™~ 19
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23. An apparatus for treating water which contains contam nants, the
appar atus conpri sing: a first chanber having (a) a process flow
inlet and (b) an outlet at a location above the inlet, the inlet 5
and the outlet being positioned to permit an upward fl ow of water in a
colum t hrough the chanber; a second chanber downstream of and
joined to the first chanber in suc® nmanner that water flows by
gravity fromthe first chanber into the second chanber 10 via the first
chanmber outlet, the second chanmber having an @utl et positioned bel ow
the first chanmber outlet to perm‘@mlowof water in a

col umm t hrough the second chanber; and filter that (a)
conpri ses vessel containing a bed 15 qf partic@ ate terial and a body of
wat er havi ng an upper surface, (b Wmt outl et of the
second chanber to receive water fromthe secg r,___ and (c) is
positioned so that the first chanber outfet | Wis Btf'an efevation that is
f @he waler im the vessel.
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