WO 2011/ 129775PCT/ SG2011/ 000153 1 A M CROBUBBLE GENERATOR TECHNI CAL FI ELD
The present invention relates to a m crobubbl e generator and nethod of
gener at i ngo20myevobubbl es, and an apparatus and net hod fPor/screaloongs a
| i qui d using m crobubbl es. BACKCROUND Availability of fresh or potable
water and waste water treatnment remmins, a pressing concern in many regions
22 th? Mﬁr|d. TEe Wrld Health Organization (WHO reported 10 that about
% of the Earth's population |lives in water-stressed areas and the nunber
of people in the water scaré@AF%QBH?%G@NE%&TéﬁB. 5 billion by the year
2025. Treatnment of water to be potable and of waste water for discharge and
reuse typically involves using both organic and inorganic chemcals for the
vari ous UIMTECHNOCEREFEELDf 15 the treatnent system These chem cal s may

remain in the treated water as residue, .as by-product, f.chem.cal reaction
with the poiRIEsSAtEYesiondelgies %“BHPg‘g*ﬁbI%Eﬁ&gaégwﬁgéﬂ“ﬁ%‘? RFEHEDE Gi £ £ cul t
to hangle Iﬁf&ﬁob%bﬁleg%ﬁdqﬁapp&ﬁmg §n@h§&o€¥6f@é§ﬁh%a@?@ﬁﬁlﬂ§ﬁﬂ@e@ fcBobuBBRYE,
increasing the life cycle cost of the system Sone chemcals |ike chlorine
in water treatnent are al so known to produce harnful by-products of

chlorinatgiggkgﬁgxégg%rihalonethanes (THVs), which are known car ci nogens.
Hence, th . t need for nore efficient and :
envi r onment @ilayility beReth)or potable witer MaShStovRbtef trédt@ehiefiaingageasigs W t hou

the use of harnful chem cals and w thout the s|ludge produced by cheni cal
addition. @BcauiMmRYY regions of the world. The World Health Organization (WHO) reported

10  that about 41% of the Earth’s population lives in water-stressed areas and the number of

people in the water scarce regions may climb to 3.5 billion by the year 2025.

Treatment of water to be potable and of waste water for discharge and reuse typically
involves using both organic and inorganic chemicals for the various unit processes of
15  the treatment systefn. These chemicals may remain in the treated water as residue, as
by-products of chemical reaction with the pollutants, or separate out as sludge which is
“not only difficult to handle and dispose of, but is also extremely expensive to remove,
increasing the life cycle cost of the system. Some chemicals like chlorine in water
treatment are also known to produce harmful by-products of chlorination like

20  trihalomethanes (THMs), ‘which are known carcinogens.

Hence, there is a great need for more vefﬁc;,ient and environmentally-friendly water and
-wasfe water treatment processes without the use of harmful chemicals and without the
sludge produced by chemical addition.
’s _ . :
SUMMARY

Generating microbubbles of gas in a liquid result in formation of a microbubble gas-

liquid emulsion. The microbubble generator is configured to mix any gas in liquid for
30  producing microbubbles of either positive or negative charge, depending on the liqui‘d

pH and the nature of the gas (acid or basic). To treat a liquid, which may be the same as

or different from the liquid in which the microbubbles are generated, two reaction



Generating m crobubbles of gas in a liquid result in formation of a

m cr obubbl e gas-1iquid enul sion. The m crobubbl e generator is configured to
m X any owe 201vi2bmyei d for 30 produci ng microbubbl es of ectriseronmseiss ve or
negati ve charge, depending on the liquid pH and the nature of the gas (acid
or basic). To treat a liquid, which may2be the same as or different from
the liquid in which the m crobubbles are generated, two reaction 2 vessels
or .charrber&es@al@ormhﬁﬁxsé@taw &f&a\ﬁl&jﬁﬂyv1d%ﬂeoﬁé)for§&ﬁd/§'z(sg id it gparation in
concurrent flow and the ot% for oxidation, disihfection & pH adjustnent
pur poses igoncament élpwcmdrtbmthﬁlr owoxightnom, d@hmfbctm &fpH dbust entgiviskein
gas-liquid e sion.i.;nto a liquid to be treated leads to efficient renoval
of suspenacé)b‘n%ﬁf"t’%erntgﬂgh as submicron, non-pol ar suspended particles or
solids fromthe liquid to be treated. This is effected by attachment of the

char ged m crobubbl es to these suspended matter, thereby increasing buoyancy
of t he 5mi cintsbdustsion of thesRicrapubhlergas-ligeidremsilsien iito adiawidith be irsated dgsdn tied

TR L, ARy oS RSN LR e LS55 Rl

particles (brl’!;ohﬂls%frsmsli)@hqiﬁd taTBé tredted: hisik sffedred Bgauﬁxoainene@fthy cw@asl tely
charged m crohubb] es, thereby destabilizing the enulsion, nmaking them

aggl oner atBigRpupbleafo @Psesﬁ“ﬁke“ﬁa% Btte thqﬁ@wmgrsé%mg broygrexetithe The

m crobubbl ex; G2, Erxheﬁq é’e%ﬂ@xsaefén &uh?lfe Au'sgééxdgd mQ’& zdiﬂtthé)ﬂ o
di sinfection of t e 15 qU| can al so Ia Sl n% the
m cr obigbbl mnﬂnylly ﬂoacnomghhyldfamyolftheanl]uuthhe\ﬂoahmgM;uspmdeémmenedn then bail i .

Nanobubbl es . ma r.oduced .b ol | a si.ng the m._crobubbl es ich then
e BT O U sratesd PatTRn Hhe ererey DR CE AP btat o1
t reat ment . nclRG12EIGYRPEALEy R2odd HitkshuBBlel Sthéi@bﬁh&@ab@l?ﬁﬁé fleahRsibhe

formati on of gas hydrates and |ncreases t he di ssol ved gas constituent in
t he |i qui dnalRegtheal agglonperhte flaatdorginkdmsed @mthetrrsee¢1ﬁqgradltEaTheal so be

o e hors AREGHEles il Buih AR s G FIRE PRigaB8Y AT SRARRG, bFIR 20

or ganiis poliduid tanalédbd dfeeckddpyi ¢i>11aﬁmg>ﬂfélnﬁhgrdb@bae§ by Srm@atikRirat )l ranfgst |
there is a mcrobubbl e generator conprising: a 25 punp _configured to mx a

liquid andvithayagny extemphstimyi Seaobybbias nerasbe pradvesd by,olippsingide ei n;

contact c f I; f r enhance
di ssol uti gﬂf%c?d'ubhfés ‘Lﬁib}?hh%g E%ﬁ%%élgghfm(&l%%oggég @%ﬂ ({}J{rl(gflét ﬁg?%‘l%n and a
valve in fkateﬂtremmaﬁcTh@mmmebﬂdﬁ@sdmmnchﬁhuleimamﬂmracedﬂekate@Iflfd i@tmm‘bﬂdf

di scharge a obubbl e enul si conprising.the |i nd m crobuybbl es of
the g asg 8PS hyccirates an Encreases t?l (c)ipssolve gas constituent in th%LfIqUI Removal of olill

20  and grease from the liquid can also be achieved, together with lowering of the chemical
oxygen demand (COD) and biochemical oxygen demand (BOD) measurements that .

indicate the amount of organic pollution in the liquid.

According to a first exemplary aspect, there is a microbubble generator comprising: a
25  pump configured to mix a liquid and a gas to form a pressurized gas-liquid mixture
| therein; a contact chamber in fluid connection with the pump and configured to enhance
dissolution of the gas in the pressurized gas-liquid mixture therein; and
a valve in fluid connection with the contact chamber and configured to discharge a
microbubble emulsion comprising the liquid and microbubbles of the gas. |
30

The microbubble generator may further comprise a vent in fluid connection with the

contact chamber; the vent configured to release undissolved gas from the pressurized



The m crobubbl e generator may further conprise a vent in fluid connection
with the contact chanber, the vent configured to rel ease undi ssol ved gas
fromthe woessunbpzmed gas-liquid m xture. According to acsscandoexsspl ary
aspect, there is provided a nethod of generating m crobubbles in a |iquid,
the nethod conprising: mxing a liquid :and a gas in a punp to 5forma
pressuri zed gas-liquid m xture; enhancing dissolution of the gas in the
pressuri zed. gas:d L3¢ M xture in a contact chamber; and discharging a

m cr obubbleéease 1s¢lon conprising the liquid and m crobubbles of the gas

t hrough a valve in fluid connection with the contact chanber. 10 The net hod
may further copprise rel easing undi ssol ved gas. fromth ressuri zed gas-
liquid ni x{wg{% ot Sefsncﬁ?@ewi%r PRRS L ARG P@iegm%(g‘igsaerem)ugh the
val ve. ACGRIAibBblefirfa fifhil dhe XRIARURb RS REChnixih g & 1i§uidSinB a4 He8 pafp to
apparatus for treating a liquid, the apparatus conprising:  a first chanber
havi ng San form etpréseurized gas-liwg naixiurejentanaing distpdutionediteaigasnaitten outl et for

di scharging treated lLiguid; and a first,mcrobubhl ener at.or ording to
the fir ot Mephifeds gl mineE b fpondQ ni Pt b rehaRinEr BHCRREEhe (P o
chanber t analldionvciphiahylRlIRGid MmdahicesHubbRs 5P&ReAs Soupkid @ilvd # fiie |1 quid
to forma scumthat is separable fromthe liquid. 20 The liquid received by

t he punp cfonn¢esionvit thecenterigbinergener at or may be obtai ned from a sane
source as the liquid to be treated. The apparatus may further conprise a
second chanber having an inlet for receiving the treated |liquid discharged
from tliide fThHexhethbdimag furdied campst delhsihg nindissatverlr gis fignt the preseaizd gab | i qui d;

and a secand. m ¢robubpl e ac,'cord'h g to the first aspect for

ener at or )
provi di ng EUebREHBreRrr e T A A L R dharti¥s, wherein
in-flow of the liquid to be treated and in-flow of the first m crobubble
emulsion in the first chanber are in a sane direction, and wherein in-flow
of the trestmedlihg gua thirdredeimplafy spedf thiereeis pecodrd an appatis foetremesi on in the
second ¢ helﬁ}%‘?c{, I?er aepplarnatl%pg%sﬂngglg% rﬁres(% E:hgr{x]gér h?a’lging an inlet for receiving a liquid to
15  be treated and an outlet for discharging treated liquid; and a first microbubble generator
according to the first aspect for providing a first microbubble emulsion into the first
chamber to allow microbubbles to attach to suspended matter in the liquid to form a

scum that is separable from the liquid.

20  Theliquid received by the pump of the first microbubble generator may be obtained

from a same source as the liquid to be treated.

The apparatus may further comprise a second chamber having an inlet for receiving the
treated liquid discharged from the first chamber and an outlet for discharging the treated
25  liquid; and a second microbubble generator according to the first aspect for providing a
second microbubble emulsion into the second chamber, wherein in-flow of the liquid to
be treated and in-flow of the first microbubble emulsion in the first chamber are in a
same direction, and wherein in—ﬂow of the treated liquid and in-flow of the second
microbubble emulsion in the second chamber are in opposing directions.
30
The quuid received by the pump of the second microbubble generator may be the

treated water discharged from the first chémber,



WO 2011/ 129775PCT/ SG2011/ 000153 4 According to a fourth aspect, there is
provi ded nmethod of treating a liquid, the method conprising: providing a
liquid towbeotwestred to a first chanber; providing a fipst/sceenmbubbl e

enul si on generated according to the nethod of the second aspect into the
5first chanber; and discharging treated,liquid fromthe first chanber. The
liquid m xed by the punp of the first m crobubble generator may be obtai ned
froma same source as the liquid to be treated. 10 The nethod may further
conprise providing the treated liquid fromthe first chanber to a second .
chanber, pxQtdhg e AfonehAbskclited:o RULBLRle8 MeRdUT neemes Atigddans aletidag to the
nmet hod of the second aspect into the second chanber; and di scharging the
treated |iwguipdisingoprovitingabouid te hatroaed tovhBrsechaniberfirovidolg afist | i quid to be
treated and. in- w of .the first mcrobubble | si.on in the first, chanber
are in a s‘ﬁ}?éoq’d’itr’*’%ceﬂ‘gﬁ?n ﬁﬂﬁr%‘%?’cé’f’ﬁﬁ?%té tﬁ%ﬂeﬁl\%ﬁ& t}f%seec?r?&e%spgﬁ BN g and

i n-flow of fikhehaiBen abd Aischapiubleated Mduid @ ithe fikecleateAd chanber ~are in
opposing directions. The liquid m xed by the punp of the second m crobubble
generator may be the treated liquid obtained fromthe first chanber. 20

BRI EF DESCR| RT] ' élgp ! Mﬁt@ {.0 ] i hed, by
way of exzca;lrilpelI(Iaquonfn;?f:e d%hwgg& grenclgk?o hig 8?8@65%&:%}%?5%%%& n
whi ch:  Fl G salnd sufcess ienijuid toheaggated. of an exenpl ary m crobubbl e generator;

25 FIG 2 is a schematic diagram of an exenplary application of m crobubble
injection in concurrent and counter flow chanbers; FIG 3 is a flowhart of

o an el R e R e s e o e
PREFERRED &dscial difahikSr, providing a second microbubble emulsion generated according to the

method of the second aspect into the second chamber; and discharging the treated liquid

from the second chamber, wherein in-flow of the liquid to be treated and in-flow of the

first microbubble emulsion in the first chamber are in a same direction, and wherein in-

15  flow of the treated liquid and in-flow of the second microbubble emulsion in the second

chamber are in opposing directions.

The liquid mixed by the pump of the secona microbubble generator may be the treated
liquid obtained from the first chamber. _'

20 . .
'BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described, by way of example only, and with reference to the
accompanying figures in which:
FIG. 1 is a schematic diagrém of an exemplary microbubble generator;

25  FIG. 2 is a schematic diagram of an exemplary application of microbubble injection in
concurrent and counter flow chambers; . __
FIG. 3 is a flowchart of an exemplary method of generating microbubbles; and
FIG. 4 is a flowchart of an exemplary method of liquid treatment.

30 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of a microbubble generator 10, an apparatus 50 for treating a
liquid, a method 100 of generating microbubbles and a method 500 of treating a liquid

according to the present invention will now be described with reference to FIGS. 1 to 4. -



Preferred enbodi nents of a m crobubble generator 10, an apparatus 50 for
treating a liquid, a nmethod 100 of generating m crobubbles and a nethod 500
of treatiwgaii2zessd according to the present inventi onperlsiG2mwonss
described with reference to FIGS. 1 to 4. WD 2011/129775PCT/ SG2011/ 000153
5 As shown in FIG 1, the microbubble generator 10 conprises a punp 20
configured to mx a liquid and a gas to forma pressurized gas-liquid

m xture therein 102. The punp 20 is preferably a two phase high pressure

of to 6 bar .. T 0.i.s fi d i i quid
P ovi ded I PanR RIS gt i sl iRt 0 Gara st ned st titredie, | T &
21 of the DU A ant0Zeasho hea YRbN@izdd phSliqlig bR teRiOM20gHe bampont r ol

| i quid suction pressure and flow to the punp 20. Suction pressure nmay be
i ndi cat ed 2yis prefaxahly mtya pheseldstpprssiudepump of ke tdf ¢ banpressiigt Thapurpdlpinp 20

i a5 TrenBRdeft 5P it B o hieE AT PHRE i g RPN

second i nlhs2iA1e0D1 bhepuii 20103.02 gatgrvafveriabs predérabl aprefiddito icoatrols ol enoi d
val ve 13 and a nechanical non-return valve 14 at the second inlet 22. The

amount of ligaid fetiompiesturoaritBer tatheFampot SYFiQPBsPuEe PrYhF ndifgiedityr@ 15 in
the gas line 33. T -] g £Q. i ubility of
the gas i n the" Ig?%ﬁ[u}“?l&gp% \éusié(ggﬂntge :ﬁ?sg hg%tlrztslr gF : g{rllégggﬁigg‘?ﬁénﬁg@%r red
ermbodi mentreceive ddsiffueius paysupbhritatotbeatixed with the RqdsTheogas igprodidedt i 0 was

chosen for_ gas, conpr.isjing m xtuyre of air, 0O en,and o as 34. The
punp 46 drtmghﬁgﬁﬁbnﬁ%toéﬁﬁm“ﬁ@ ZPi%gF%ﬁonﬁﬂféFﬁ?ﬁk}e E_‘i“ﬂﬂ?{))’;fpggusl'y, in
order to gtgr?%{’ﬁﬁbi;{'ﬁaQﬁ%&%ﬂcﬁ?&%rﬁ?@?ﬁlﬁ&% ghd1 bRl néh-F@shale 14 at

gas-to-liqu 10, by appropriate adjustnent of the suction valve 11 and
a di schar ghe vabudinl& 23r She sredurd@figst bedagringfoduded qanibp cogrolled by faw | et 23 of
the punp 20 is in_fluid conn Lon wi.th.an.inlet. 41 of | i qui, d-.gas cont act
chanber A40CEHART by B50F |gFSz](é)’?Je giihfiga%ll}lau’l’?irﬁtf%’rsén??%r%ep Fpea%ﬁtu%soiﬁ)lﬁfs’ ot
channel | edpt 9adiigh&ERAi@phasehad e ?aﬂﬁl‘ pref@rs Q@h%ﬁéfeﬁétﬁéfhlﬁfdiﬂ@nti, sn preferably
configured to provide a contact tine of about m nutes or nore for

enhandiSng idissty standend offupttp 8. 2gas-tpdiquidaratie pias shosen JuRag §30PIHRE A i xt ur e
104. A pressure gauge 17 and t i r Vv . i wnst r eam
of the cortpeaRAna BRI FOa SR 15 TReatiry frseirtie Rt eyt

gas- | i qui dprafexdbly Smaltafeolsly] inedtd@uoprquues s prasurfxed @ad-ligld nsixtunsstal | ed at an
outlet 42 of the contact chanber 40 to all ow renpval of ﬁndi sol ved gas

fromthe plesisedigassAediqyukiatip R PPrRerals adiusmmenilipe TEIARYANG AHAISR a needl e
val ve. 30 discharge valve 16 provided downstream of the pump 20.
20 _
An outlet 23 of the pump 20 is in fluid connection with an inlét 41 of a liquid-gas
contact chamber 40. The pressurized gas-liquid mixture from the pump 20 is _channelled
to the contact chamber 40. The contact chamber 40 is preferably configured to provide a
contact time of about 2 minutes or more for enhancing dissolution of the gas in the |
25 . pressurized gas-liquid mixture 104. A pressure gauge 17 and the discharge valve 16 are
provided downstream of the contact chamber 40 in order to regulate flow of the
pressurized gas-liquid mixture at a desired pump pressure. A vent 18 is installed at an
outlet 42 of the contact chamber 40 to allow removal of undissolved gas from the
_ pressurized gas-liquid mixture. The vent 18 may comprise a needle valve.
30 | |
The principle behind the microbubble generator 10 is to dissolve the gas in the liquid
- i)hése under high pressure in the pumi) 20, with further enhancement of gas dissolution

by passing the gas-liquid mixture through the contact chamber 40. The liquid becomes



The principle behind the m crobubble generator 10 is to dissolve the gas in
the liquid phase under high pressure in the punp 20, with further
enhancenmend 20f1/@ewsdi ssol uti on by passing the gas-|iqui gcmiscorimosiss ough
the contact chanber 40. The |iquid becones WD 2011/129775PCT/ SG011/000153
6 saturated with the gas at high pressyfe in the punp 20 and in the contact
chanber 40 because of elevated solubility due to high partial pressure

After passin h the tact chapber 40 ui

Subj ect od ERHT B Frnirogy e Ut Mty et W a5,
establ i Sh'H?:gau%egﬁéIG@at&I&ﬂ%hﬁ/&fet@hfgﬁl%aﬁm%résgur@r essure of about 4 to 6
bars between the punp 20 and the di scharge valve 16, so that upon passing

the pressurized gas-liquid mxture through t he di scharge val ve 16, a

m cr ObUbbgﬁ%glsﬁﬁoiu &E‘H I gclbng E:l?a%ltlelr t%e sert]tgr n%dﬁﬁ(ﬁll?c'flps g%ct% tcg he g?; I's

di schar ge ause pressure in

reduces aftheitlid® by Meaditdhiaft@ valueh 6t hik i 5&1163&&-b|yle§t'ablﬁkhﬁﬂgxzi guuege |p@é‘s§t$re
equi librium and beconmes supersaturated. Upon dj schar e throeﬁﬁh t he

di schar ge arglifferenas mwréses?@é@lzougé@ 6 basdedueendhe pyap Paariéh ydbargen t he

formof e a
sheari ng )z;‘;r%{i:l\% XO Iha i §£1§ Br)g%géﬁ;aetd q\“/nqr%/le thrott ehfgll.rg%ﬁrgebubbl es
are so fi rted@nlds elmacxt)buldﬂé bmuﬁtmr@mbrfsh@tthahqmdraodbubhbbulmhﬂ ofi thmgasiise -
15 an enmul n of sandlr uid, is forne t ur .ni the i urd diu

Ky i rsreen a0 i orspi bestuse ReesgaE it sbubgu e redicpgadE |
estimyied hRdtink Q@ch%&trtﬁpgpsbh@tﬁd BayEriiodd- e%glliﬂ’lﬁfn%dsde%@mes-r he presence of
simlar charges on the extremely fine gas bubbl es prevent them from

20coal escrsugersanmterdewmoe dischkargé &m@h\lbt dxspltaygfr V\alt/¢1136 Itheyericdssrgadicames This i n

turnrncreae tri |denct§%e f the dl}s??]nareactor or flow

chanber i n‘t Wut B DGR er’rﬁ %ee BbRISekSed for treating

a liquid, hiessBYlegniens b BBeaing afd H%&ﬂpﬁ@d@ﬁ)ﬁp}@ﬁoxﬁ&ﬁ)n@tﬁ{mwbb&lﬁﬁﬂ@l ndi ng

with suspended matter in the Irciur d for their subsequent renpval fromthe
c

li quid bei Hy The balttdes arp 5o fige apdelgetritalbecharsed that anmerahubblsisanbiien.iis.
|y t f
the gas: | it o SFEteat S o, & AERRE ol e MG ST W IR 7 O

a |iterat Wuspension@y the das hesroballes iapO Nt ie dstirhated tHaetheahiorobubbles haes t r ansf er

co-efficient _can increase 5-to-6 fold by this techni que As t he nicrobubbl e
slowmy ri s¥kL50 micron size.

The presence of similar charges on the extremely fine gas bubbles prevent them from
20  coalescing, and reduce its rising velocity in the liquid medium. This in turn increases the
| residence time of the microbubbles in a reactor or flow chamber into which the
microbubble emulsion may be channelled for treating a liquid, thereby enhancing the
effectiveness of the microbubbles binding with suspended matter in the liquid for their
subsequent removal from the liquid being treated.

25 : ,
As the surface area of the microbubble is inversely proportional to its diameter, this

increases the surface area of the gas-in-liquid emulsion, increasing the mass _transfer co-
efficient. From a literature survey, it has been reported that the volumetric mass transfer
co-efﬁctent can increase 5-to-6 fold by this technique. As the microbubble slowly rises
30 in the liquid medium, the high surface area of thve microbubble transfer the gas in the
microbubble to the surrounding liquid. The increased mass transfer of the gas to the
7 liquid medium thus further reduces the size/volume of the microhuhble, thereby

increasing the pressure of the gas (Laplace pressure) within the microbubble. The



30 in the liquid nmedium the high surface area of the m crobubble transfer
the gas in the mcrobubble to the surrounding liquid. The increased nass
transfer wo20hengas to the liquid mediumthus further redwseotiveonss

si ze/ vol ume of the m crobubble, thereby increasing the pressure of the gas
(Lapl ace pressure) within the m crobubbte. The WO

2011/ 129775PCT/ SG2011/ 000153 7 reduction in SI ze of the mcrobubble

i ncreases t e ..Mmss bl e,

t her eby i AGT € egglllhn SIE{S‘{@LE{ crd b%l afe%ﬁ (e g&@g&gg&gﬁ@%ﬁ%@%n IS
passed Intdﬁa@elolfmubilbbm therebyexammmgtltsezempmemq. 5 surface charge and Zeta
potential of each m crobubble attract subm cron suspended particles to it,
thereby increasing its buoyancy and lifting it to the liquid surface to
forma la ' : ended
subm cr ony\ggrrﬂhgﬁlglg{ggn%% ﬁg% i @%gg%q’ﬁ:@hggg%% ggér%n&g t}?eggc?is?gs ki nred
of f the |isgtfaet chardecrmed.ZeSi }mtentiahef sagh microbnblslo spientedmperon |sudpesd®ir e

smal | er, than_ the.m.crobubbl e, m cro . at rous
suspended PRSP din 5K yllﬁcfréassubgo‘%tﬁ?ﬁé' a’i“ﬁ’ea"gg&h?g ég H’@ﬂ ac%lg in
the |iquid gag o@%cdxﬁéyﬁﬁgmﬁg%sbaﬁiemﬁﬁer@Jl@hrasttue s&wéﬂée@uﬁmﬁe@m@u&y This

renoval of fine suspended particles fromthe Efw d nmediumin the form of
scum r educed oulmdwsaﬁﬂllmncﬁantbhe‘eadlhmkﬁnmdlp ithe Higwjd swiferg. Pasether no

h t b f t ded
Gownst r eariaprat one el pR i ALy A BF SRBE S HE I VAR BRCCC L0

reducqg i ntt fude@us SusparsRd sishRt@! partities § fastie eothlnabgiadedsolids QTSﬂ))ube e
eventual |y increases to such an extent that it bursts. This bursting of

mi cron si Zedhelighd ean brrsduepdiand th%‘&?téﬁgléﬁtydﬁ@ﬁ%‘i?ﬁéfq‘?nii@ﬁ& tlé¥f FBo¥tloduce
radi cals a r e of 20

m cr obubbl ggl ngﬁgggmgdoﬁﬁ%d@%%ﬂéggﬂﬁ ecrgt1 ?Igﬁl gglléﬁ?%ycluﬁgehl g (lg%goxi dation
reducti on @ODeimdiBOD of e liguid mbdiot, eecgﬁmg]a!;smr nbChtinérabsftorbe usajand es no

hi gh pressure | arge c%nt act tank in or dd§ r saturation and dissolution of
the gas i rfedrang theaumbgRel FaHReNt sigRs nHtded do SQWRIEARYQATEANONS.Thi s al | ows t he
m cr obubbl e generator 10 to be conpact and portable so that it can be

readi 1y OrARHUMbE. 1068h BB SoWR files oh E AR insBedB0W F5E hsRE

per f or med enobvé susp ed matter in the water. An exenplary apparatus
50 for tr et pregswae s tHe siikgbbubdld ¢xc¢utuzlllga snanepseshto suclcambubxttlthatsﬂﬂngﬁmer at or

10 descri bed above | shown i 2. aratus 50.compri.ses a first
{ ow chanbCr B Fipironeized bibbies dis (o e p R PSSR IS TPBUI S 501 | A

first m CWQ 1@{1@ L34 R4hoBdbbiSs, Fhe 9r&fu@ﬁbrg§ﬂraﬂl'351@ bBlQ@lli}is[r%toff | ow chamber
51, 502. t|nt first flow chanber 51, preferabl t he uid to be

treat & 6Cknfdrazhl®bleﬂ aalsdmmeidation and disinfection due to its hlgher oxxdatlon re uction

potential.

The microbubble generator 10 therefore requires no high pressure large contact tank in
order for saturation and dissolution of the gas in the liquid medium to take place

25  effectively. This allows the microbubble generator 10 to be compact and portable so that
it can be readily brought to locations where water treatment is required to be performed

to remove suspended matter in the water.

An exemplary apparatus 50 for treating a liquid such as liquid using the microbubble

30  generator 10 described above is shown in FIG. 2. The apparatus 50 corﬁprises a first
flow chamber 51 into which a liquid to be treated 60 is provided 501. A first
microbubble emulsion 61 is also provided into the first flow chamber 51, 502. Within
the first flow chamber 51, preferably, the liquid to be treated 60 flows in a same
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i ntroduction of the m crobubble emulsion 61. In this way, the first flow
chanber 5Siofwnetdes as a concurrent flow chanber. Pref ecaBlcgotiob@ssi quid
to be treated 60 and the liquid supplied 60 to a m crobubble generator 10-1
for formation of the m crobubble emul sign are provided froma same source
30. Both the 5liquid to be treated 60 and the m crobubbl e enul sion 61 are

preferably.introduced..i nt.0 b ] . [ | C er 51. At
a top end %&scy¢n ?ﬁ%s af‘th%Ew? f}})vov?%q%%@g%ﬁ@h%%&ﬁ@&fhﬁéﬁul&g%} i Elgtgg suspended
matter suGhaydtheSHSIORI Ebnitaest 51 CiRSionOhd a c@icanse: farwdclointter. Rraftesbiy,ald e
gasses such as ammoni a, that have been, seBar ated out fromthe Iag(%l d 60 by
the i croliswisd ode teatedifeand see iqyid serndigd 0P 6o Herobribie generateiul & by 10
ski mm ng the scum f i : : T 0 rps ki mm ng
devi ce (noéfgn%%@\?n(ﬁf?gﬁ Iggc&?ﬂr?g%&a&%légg%}ﬂ} %@%H@%%g%&ﬁg&g?&%g@g%g 503
fromthe fliqusd tofdeaytacddastiad thelmickblsutibekmutsipn i6¢ areprofeezbly ortoidnemiusioa by a

separator or skinmmng device 15The treated |iqujd 6 h | | ed t
of "the. ¢ ot 58 BroHMCHT et ShRBRFCHaee obed i o 4 Tt dRy FRBNE harbar
54. The segogd kgglag DDes Sk peRd R XS AT suBp BB parbclex ioHakieass

di sinfecti'on and ment "etc. of the treated liquid 62. Wthin the
second f| cwdattizarinedesirdblegreste subl ag amohenia, thaithave beegseppraed prioligmithe an

opposite direction 72 as.a directi.on,73 of i ntroducti f t-her

mcr obubbﬂé‘l“é‘ﬁm BY&W‘E’Gr‘%’é’bﬁﬁf’d’a{l ﬁéensbgé%ﬁatfe?%rv(\’/% gtﬁl‘g’g{r&d%ﬂ}u Y llc%gnfi guring
the segondydhewm e 88 6riiftoRs Q¥hania8Z asing 8kefaravt brskirhiniy, devideent i on
time of mcrobubbles in the treated water is maxim zed, to allow for

col | apsi ngnof shota),teavinghaispited liqyd 92 shrt dediseharged 393 diman thedstflnl es to
better oxidize a i sinfect L] L oLl f .sane treated
liquid 62 %ﬂgﬁfﬁ{ %]g T?‘iersg m?rf % v?egﬁrg%gfé@%n{ﬁ%%%gy glg e?%%d&tsgﬁ%ﬁls cond 25

m cr obubbl @gvgenerator 10-2 for formation of the m crobubble enul sion 63
that is fed into the counter flow chanber 54. The m crobubbl e emul sion 63
is preferably introduced into a bottomend 55 of the counter flow chanber

of 1 he Coune P L B S o ] Char ged
from the cpunites sédondvflowahbmbesdi. The sé@ndfloy Gambier dhippravidediforet at the
bottom er.]dpr?)rSn'oting oxidation, disinfection and pH adjustment etc. of the treated liquid 62.
Within the second flow chamber 54, preferably, the treated liquid 62 flows in an
opposite direction 72 as a direction 73 of introduction of another microbubble emulsion
20 63 into the second flow chamber 54. By configuring the second flow chamber 54 to
provide a counter flow function, retention time of microbubbles in the treated water is
* maximized, to allow for bollapsing of the microbubbles to produée radicals and
-nanobubbles to better oxidize and disinfect the treated liquid 62.Some of the same
treated liquid 62 from the first flow chamber 51 may be diverted to a second
25  microbubble generator 10-2 for formation of the microbubble emulsion 63 that is fed
into the counter flow chamber 54. The microbubble emulsion 63 is preferably
introduced into a bottom eﬁd 55 of the counter flow chamber 54 while the treated liquid -
62 is preferably introduced into a top end 56 of the counter flow chamber 54. The
treated liquid 62 is finally discharged from the counter flow chamber 54, preferably

30 through an outlet at the bottom end 55.

The extremely small size of the microbubbles makes it impossible to break them by

physical means due to the high energy requirements. It is therefore safe to pump such a
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hi gh pressure punpi ng systens w thout any cavitations inside the punps.

Thi s propwotgi1imebegs it ideal for applications in nenbrarersgabtamsoier the
follow ng reasons: (i) pH adjustnments nmay be made using carbon di oxi de gas;
(i1) menmbrane fouling can be prevented dy the scouring action of the

m cr obubbl es on nenbrane surfaces; (iii) occasional bursting of the :
m cr obubbl es rg uce Eadi caLs whi ch gx' di ze organi.cs apd bi.ao-fouling of the
morbr anes MeTOPUODIEERYISR O arFUgh OF BiEb AR HE PUTRI, G A A3 e,

wi t hout. i NGLRARIDthsidehd PlRbs. TR mopdrues aigedlii deal(fdPPpliehtidnden fRkhine Thi s
is very critical in zero discharge nenbrane systens where the TDS of the
rej ect carsykteins donthe thllowting tdasonscal addi ti ons. The mi crobubbl e generator 10
t hus provi gesya Cﬁlﬁ%%n tt echq)ol 0 euw{ th no hcflrm‘ul 15 chem cals, using only
harm ess gdls®s LUEHUEYS B PCaRT g, "EsZ2018, 180883 di oxi de, ni trogen etc.
Treating V@ @hentbrife folBngtad BdpebiteEhPHteisesuriRRRtiah 65tht hticHbapisegdead
solids, oil and grease and strips unwanted gases in the bulk liquid while
produci ng no ragabreneskfaces;udge in the process. 20 Table 1 bel ow shows the

I mprovenent...i ' . r ' . r.ship

hul | s aft (’;tﬁu)ao:lrc XX?cfng{ %‘%Htgﬁré %yntgggnzlééﬁgﬁbﬁ%ﬁr%%{e rﬁ@%@%?}%ﬁ@%ﬁ% g‘&t&?g%t ment
appar at us 50 andtbiv-fdudingio€ tiehtihbrengener at or 10 and as descri bed above. WO
2011/ 129775PCT/ SG2011/ 000153 10 ;’Qg m cr gbubbl e;#i uid treagrrent appar at us
50 and net(h‘t)dll%@}(ye‘éﬁ?‘ﬁeﬁéafb%%gﬁlldvo the spratgpnes) WheHnsrastiedat Y a wi de
range @f |1 quiidsiveh B kAT ) G HERURES TRIs i$ Oty EeiticRlth 288 diRha@eW de vari ety
of gases. Exenplary applications i'nclude the"following: 5 - LCaundry water
treat ment formembianagystams wherg chd QS of the reject can build up due to chemical

additions.

The microbubble generator 10 thus provides a clean technology with no harmful
15  chemicals, using only harmless gases such as air, oxygen, ozone, carbon dioxide,
nitrogen etc. Treating water with the microbubble emulsion separates the suspended
solids, oil and grease and ‘strips unwanted gases_inAthe' bulk liquid while producing no

additional sludge in the process.

20 Table 1 below shows the improvement in water quality of waste water from vwashing of
tanker ship hulls after air flotation and ozone treatment using the liquid treatment

apparatus 50 with the microbubble generator 10 and as described above.

|Otland | o 1 qss, | % |cop| w | BOD %
2 -:;W.‘“?' “tweduced:] mefl. Mreduced’| mg/L | veduced:| mf‘ ' :reduced
Rawwater BN R X 1 - P16 N B N
':?Iﬁscharg?lﬁmis e - A - 6001 - EE -
Air flotationwith | 11 | 900 32 P86 | 32} 612 ) a8 3.7
coagulant ' ; |
“Subseguentorone | =35 a0 5 7 9?.‘:3' 68 | 23 32 - 850
[veatment o :

25 Table 1



Ship Ballast water treatnment Pond water treatnment GO pal mwaste water
treatnent Solids liquid separation by m crobubble floatation 10 - Gas

i qui d mWwOrgIvMi2eT6ut any of f-gassing Pre treatnent, pHPECHMSGRoI1/060d83
menbrane fouling control Efficient aeration systemfor biological waste
wat er treatment systenms Water and Wastig water treatnment and recycling

I ncrease yield of agricultural crops by increased soil aeration by drip
lines and in 15Hydroponics I ncrease yield and harvesting -of al gae for
Bi o- di esel production Hydr ogenati on of vegetable oils Ozone m xing

Fi sh/' prawrhd miciobidblediquidireasentlippaatusetd mxyiaiod $00dad befeaslicaiapadoni a,
nitrite 20renoval and in oxidation and disinfection. Sw nmm {dg pooI wat er
features aifclspring autisting pyide range vé avida sitbngrang amprats Ahsalidsy P apd

produces Wt 0 SEPOEAL LSO ERENS! Gl L Lk REgiRapater L1 eat ror

ere en-descri or egol ng tion preferred
enbodi rents d)jaumdrgwmtc&stmatmém\fcﬁmdshimg antl redylclinpe under st ood by those :
skilled in tgﬁa)egclgagol 0 y concerned that many variations or nodifications
in details o st BACEBFREYct i on may be nade without departing fromthe
present mve%hg)q,atgf@rrea%(rpl e, the flow chanbers 51, 54 may each conprise
a single colum or a plurality of colums, being designed to neet 30
process flowQibpas waste Wetenjpprmantus 50 The scum. 80 may be renoved by the

separator or i(ldsnmlmg Sepea\rlét%%b@lﬂtﬂfgreorbugglntdoaya%rsll y or at time intervals.

10 - Gas liquid mixing without any off-gassing

-~ Pre treatment, pH control and membrane fouling control

- Efficient aeration system for biological waste water treatment systems

- Water and Waste water treatment and recycling

- Increase yield of agricultural crops by increased soil aeration by drip lines and in

15 Hydroponics o

- Increase yield and harvesting of algae for Bio-diesel production

- Hydrogenation-of vegetable oils

- Ozone mixing

- Fish/ prawn farming to increase Dissolved oxygen levels, feduce ammonia, nitrite
20 removal and in oxidation and disinfection.

- Swimming pool, water features and spa industry

- Post hérvest washing andﬁn_sing of fresh produces with ozone water and recycling

- Oil field produce water treatment

25  Whilst there has been described in the foregoing description preferred embodiments of
| the present invention, it will be understood by those skilled in the technology concerned
that many variations or modifications in details of design of construction may be made
without departing from the present invention. For example, the flow chambers 51, 54
- may each comprise a single column or a plurality of columns, being designed to meet
30  process flow rates in the apparatus 50. The scum 80 may be removed by the separator or

skimming device either continuously or at time intervals.



CLAIMS 1. A m crobubbl e generator conprising: a punp configured to m x
aliquid and a gas to forma pressurized gas-liquid m xture therein; a
contact okerberi2bmisfl uid connection with the punp and cecfrisgairasodiss enhance
di ssolution of the gas in the pressurized gas-liquid mxture therein; and a
valve in fluid connection with the contact chanber and configured to -
di scharge a m crobubbl e enul sion conprisSing the liquid and m crobubbl es of
t he gas. 18 §: !he m cr obubbl e generator of claiml1l, further conprising a
vent in fl nnection with the contact chanber, the vent configured to
rel ease undi ssolved gas fromthe pressurized gas-liquid mxture. 15 3. A
nmet hod of generating mcrobubbles in a liquid, the nmethod conpri sing:

m xi ng a |li. qAi dicastohbhleggrserator soppmpng:o f orm a pressuri zed gas-1iquid

m xt ure; enhanci ng di ssol ution .of .the as, in th ressurize -l.iquid
Txture i CGHRR CTTEHTES mifg Mot &% 4 S Gl SO MEPE e o
emul si gn CconpfikidtdWedelle |1 quid and m crobubbl es of 20the gas through a

valve in fluid connection with the contact chanber. 4. The nmethod of claim
3, further conphsositasychaabeniy figjd eaanastion vl thapumpp apd eondigyrakte gnhansy

Phe vai've. 20sseibioPatt oldindhe BOR R Rkl AR B o o s
conpri si ng: a valve in fluid connection with the contact chamber and configured to discharge
a microbubble emulsion comprising the liquid and microbubbles of the gas.
10
2. The microbubble generator of claim 1, further comprising a vent in fluid connection

with the contact chamber, the vent configured to release undissolved gas from the

pressurized gas-liquid mixture.

15 3. A method of generating microbubbles in a liquid, the method comprising:
mixing a liquid and a gas in a pump to form a pressurized gas-liquid mixture;
enhancing dissolution of the gas in the pressurized gas-liquid Iﬁixmre ina
contact chamber; and o
| discharging a microbubble emulsion comprising the liquid and microbubbles of |

20 the gas through a valve in fluid connection with the contact chamber.

4. The méthod of claim 3, further comprising releasing undissolved gas from the’
pressurized gas-liquid miXture prior to discharging the microbubble emulsion
through the valQe.

25 |
5. An apparatus for treating a liquid, the apparatus comprising: _
a first chamber having an inlet for receiving a liquid to be treated ahd an outlet
for discharging treated liquid; and '
a first microbubble generatdr according to claim 1 or claim 2 for providivng'a
30 first microbubble emulsion into the first chamber to allow microbubbles to attach to

suspended matter in the liquid to form a scum that is separable from the liquid.



a first chanber having an inlet for receiving a liquid to be treated and an
outlet for discharging treated liquid; and a first m crobubbl e generator
accor di ngvoeool@brms1l or claim 2 for providing a 30first porsGabumbdiss

emul sion into the first chanber to allow m crobubbles to attach to
suspended matter in the liquid to form,3 scumthat is separable fromthe
l'iquid. VI)2011/129775PCT/862011/0001§% 12 6. The apparatus of claimb5,
wherein the |Liquid recejved 0 gener at or

y the punp of the first mcr bhl e
i's obtaindd fiheAPRErEEne! Lo oV HECR ﬁ@"ﬁ%@f@%ﬂb@ e i 9 Brstng
apparatus of ,GLah M géneﬁ{téy i@oBtaide M sHABRGIrSE A%ha 1§80 Ue GRaBREr havi ng
5an inlet for receiving the treated liquid discharged fromthe first

chanbgrbgrd an outlet for discharging the treated |iquid; and a second

m cr obu nerator according to claiml or claim?2 faqr.providing a .
Second ni cl-oBBBEPEEHLPESE © At thE Selsrermiiiid ol AT, o t he
l'i qui dsto be,hhaatBeratidingthé tremedliqlinidchirgtd Fofr tBS G kRargbetlagden i n the

first chamber are in a same direction, and wherein 10in-flow of the treated
liquid and i nufl¢tdor dscharging bedredtediligntsh abd k scwnd nirohubhie generafatond chanber

are in opposin irections. 8. ,he a =l ai rei:n the
liquid recei \?g‘g)r%'?g?%éla%?rﬁr Slfau? %ef}&g%rg%{rﬁﬁ% gefcgg(lﬁjgﬁrg&é%g%? a g{oﬁi@mt he
treated wat erhdlicselbci@atef, ddrdit én-flowsdf tishlaquie fo belfreaded ddrintflomdofthet r eat i ng

a liquid, the nethod conprising: providing a liquid to._be treated to a
first chanbedirstristpbubblg emuisiqnsin the fysg & IETHHASPBS dgféﬁé?naﬁ%%wg@&a’r di ng

tot helon‘e t hoqln-(?lfow of the treated liquid and in-flow of the second microbubble emulsion in the

“second chamber are in opposing directions.

8. The apparatus of claim 7, whgréin the liquid received by the purhp of the second
microbubble generator ié the treated water discharged frbm the first éhamber.
15 |
9‘. A method of treating a liquid, the method comprising:
providing a liquid to be treated to a first chamber;
providing a first microbubble emulsion generated according to the method of
claim 3 or claim 4 into the first chamber for microbubBles to attach to suspended
20 matter in the liquid to form a scum that is separable from the liquid; and

discharging treated liquid from the first chamber.

10. The method of claim 9, wherein the liquid mixed by the pump of the first
microbubble generator is obtained from a same source as the liquid to be treated.
25+ | -
~ 11. The method of claim 9 or claim 10, further comprising
~ providing the treated liquid from the first chamber to a second chamber,
.provi,ding a second microbubble emulsion generated according to the method of
~ claim 3 or claim 4 into the second chamber; and discharging the treated liquid from
30 the second chamber, | ' |
| wherein in-flow of the liquid to be treated and in-flow of the first microbubble

emulsion in the first chamber are in a same direction, and wherein in-flow of the



claim3 or claim4 into the first chanmber for m crobubbles to attach to
suspended 20matter in the liquid to forma scumthat is separable fromthe
liquid, awmo2digehasging treated liquid fromthe first ciraFisez011/00183 The
met hod of claim9, wherein the liquid mxed by the punp of the first

m crobubbl e generator is obtained from;g sane source as the liquid to be
treated. 25 11 The rrethod of claim9 or claim10, further conprising

provi di ng th te i d fr mthe first to.a,second chanber,
provi ding a ﬁ ‘Fﬁg 6%&%} &P m@%ﬂ‘%‘ﬁ’gﬁeﬁmg&?&nﬁ &e‘foc?%t he net hod
of claim3 Oéhﬁﬁ@érfa}éxnlogb@slﬁ@&r&ﬁ@ﬁﬁd chanber; and discharging the treated

liquid from 30t he second chanber wherein in-flow of the liquid to be
treated and in-flow of the first mcrobubble emJIS|on |n the first chanber

arein as irec |

2011/ 12977@{;’%1 %‘é&?ﬁ?&&’é‘?g@ ng }netgl Il (%Iglﬁiiegfbg Gegumg ?%t\lflveg?cotnﬁe second
m crobubbl e affttbBilble péhekdier i deOiehted e bbtained iffdnodhe deitrPadbérect i ons.  12.
The met hod of claim 11, wherein the liquid m xed by the punp of the second
m cr obubbl e generator is the treated |liquid obtained fromthe first
chanber .



