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VEMBRANE CLEANI NG W TH PULSED Al RLI FT PUVP TECHNI CAL
FI ELD [ 0001] The present invention relates to nmenbrane

wo pdoBnsasiHN systens and, nore particularly, toPCT/US2008/006799

apparatus and related nmethods to effectively clean the
menbranes used in such systens by neans of pul sed
fluid flow. BACKGROUND OF THE | NVENTI ON [ 0002] The

i nportance of nenbranes for treatnent of wastewater is
gr owi ng MEMBRANE CLEANBNGAMITH ROS KD Al Rid K BUMP
processes can be used as an effective tertiary
treatnent of sewage and provide quality effluent.
However, the capital and operating cost can be
%EGHNBC&L\I@ELWW the arrival of submerged nmenbrane
processes where the nenbrane nodules are inmmersed in a

b@(fl e f eedT{l@%sé}ﬁ] ﬁjmfeh #yﬁ Fe{lgteé & I‘fl&é’b%&?ﬁﬁﬁt%ﬂ &ms and, more

suctlon app to the rate si ran
p}lmctdiartbugdnamraaaxuﬂ ynd edtaded methods neefiicavivelyatleansthe membranes used in

|n|n bi ol 0 sical processes in one
gb h¥§§aF é@ﬂﬁﬁﬁg‘gg%ﬁhct efficient and
econonlc Due to their versatility, the size of

BROKGRGUNDGETHEINVERTIONRNge from househol d (such as
septic tank systens) to the community and | arge-scale
The su ess of a_nenbrane

PRTP5 | i GEREahFe Lop GOENSB T4 SHEI O OyPIRy o s srowing

12pldBE Lk Yen AR @eﬁfl&lb%QHﬁt HEAPLA Erd&l&:?s@@ bé}gbé%hodg an effective
monly used physical cleaning nethods include

tba@kw\retsatn(eba@ﬂqgmag@ andpoideupha)ityudtlnenta Havwpyed the capital and

G e T M—

\Oﬁerb tlm}he&btdﬁe anddulisi e imMBis6@hd ¥ largdfegd SankCaIfilfi8te is collected
systenms, a gas is injected, usually by neans of a

tbr%\gé sUCtiqi appHeq [ajilie dilsgts siskn ol sembranetsr shreughy gravity feed,
§m§ E%L&&Qt&g’ c&rﬁﬁml%&gwgl Gid B@%?(h Bp& n_gs%s TiPone stage promise

orne en trave 0 scr
tolefraare compaaneffieicnh end mdnbmyc sDbs tcﬁﬁheﬁs/efsanh@dtmmiehff

menpr ane. surface. The forc roduced. | argely
PEPPERC GIPreqrters At {aggeérg %5‘;‘8‘61\951‘ g&StS§7Pt1°otaB‘bF3é“‘§Psz)é° the

Qb RO geARhIcAbwhY GEAnRAR! | ed to the bubbles. To
ennhance

[0003] The success of a membrane filtration process largely depends on
employing an effective and efficient membrane cleaning method. Commonly used
physical cleaning methods include backwash (backpulse, backflush) using a liquid
permeate or a gas or combination thereof, membrane surface scrubbing or scouring
using a gas in the form of bubbles in a liquid. Typically, in gas scouring systems, a gas
is injected, usually by means of a blower, into a liquid system where a membrane
module is submerged to form gas bubbles. The bubbles so formed then travel upwards

to scrub the membrane surface to remove the fouling substances formed on the

‘membrane surface. The shear force produced largely relies on the initial gas bubble

velocity, bubble size and the resultant of forces applied to the bubbles. To enhance the
scrubbing effect, more gas has to be supplied. However, this method consumes large

amounts of energy. Moreover, in an environment of high concentration of solids, the
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scrubbing effect, nore gas has to be suppli ed.

However, this nmethod consunes | arge anounts of energy.
wORens3s1§ i n an environment of high concentr aRE¢DOS2IH8/006799

solids, thegas distribution system may gradual |y

becone bl ocked by dehydrated solids or sinply be

bl ocked when the gas flow accidentally ceases. [0004]

Fag ditebutiomesystiem lalay gmdhal&mhqunecﬁlotﬁegrbyamhgémmastoilidm or simply

e SO rati on pol ari sati on near
RSk TianahE g et EO0GHALY &a 1 cant  duri ng
filtration where clean filtrate passes through

(0BG} ane aRgktikriiosd) 8K s Shvifbneft 8Nbigh @bscndhBonh Sf J;cﬁfdts the solid

| eadi ng to an i ncr eased nenmbrane resi stance. Sone of
qomeerErabiop pokatisatien/ecap é@rmambraeg §@xda®;beph@em signigicant during

RN SR AP e RO BE M B el

e&siate Brleft qleamﬁgcb irommdseaeme:ﬁsfaw r€&sXIEHPS bra8 ofdtiek€problems
still providi sufficient gas to effectively scrub

haye b ﬁ%rhﬂdaﬁ%e%gw&‘c% of two-phaserflavy igelesn the mempbrgpen
cyclic operation, such systems normally require

[t@g(fﬁgl ex Vaty&@&&ﬂ%%ﬁ%hﬁ w’ﬂl@h NS %13 Q¥bISESn \ﬁ"%'yg’l'f'c basis are

to incfease initi syste cost ongol
daimedan setiee ensRy coﬁsmﬂmlonomtple@nll\mbwdmguﬂlfﬁmemtcgas n@effectively

RHiPEEE it RAFeES Inao sy ke £3¢1F @pgation. such

¥R MormMIy RAMAE cofmpfdxl val ng@[ﬁeﬁ‘@in@ %Sﬂrél%oﬁé @hich tend to
not effectively refresh the menbrane surface. [0006]

ipgregsuinitiabgystrss icostiand ongoipg ovairtenance enws gg/th@fcbnml@malve and

cess Wit
SRR PiBpbiS i, P9 BE REETRCof IRyl pl Rl vave
fam:ticﬁhmg@ latge.sybtemisS Mdreovep) GicHt aérlatioh BaPbevifdEndto not
t wo- phase Ilqw d gas flow past the nmenbrane surfaces

@cfff’cb?’?}\‘llf%féesg homembranecurigee-scouri ng process whil e
m nim sing energy requirenents for such a cleaning

BoGsiess. D %@%Qﬁbl—g% lpl‘Mgé\g—d 10N n%@ gﬁ' %leerﬁll—gﬁeratlork of the

present Inventlon | eas Inits e see
SCOUNEPROCOSS Wlthdue&wtneadﬁb cantal dlesmptmtmm ttylmeans of complex valve

di.sad t f t de t
BRI RS prelfroBles Sprige b pbss ki erdlag pesd e
HEBbANP Saifacet e pRIvERaNold BfRREIVO ScdkidY ipiees@wiBé RAfinging

energy requirements for such a cleaning process.
DISCLOSURE OF THE INVENTION

[0007] The present invention, at least in its embodiments, seeks to overcome or
least ameliorate some of the disadvantages of the prior art or at least provide the public

with a useful alternative.

[0008] According to one aspect, the present invention provides a method of
cleaning a membrane surface immersed in a liquid medium with a fluid flow, including
the steps of providing a randomly generated intermittent or pulsed fluid flow along said
membrane surface to dislodge fouling materials therefrom and reduce the solid
concentration polarisation. For preference, the fluid flow includes a gas flow.

Preferably, the gas flow is in the form of gas bubbles. For further preference, the fluid
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cl eaning a nenbrane surface imersed in a liquid
mediumwith a fluid flow, including the steps of

wee@sisismg) a randonly generated intermttent oPCPUB2E$1006799

fluid flow al ong said nenbrane surface to disl odge

fouling materials therefromand reduce the solid

concentration pol arisation. For preference, the fluid

féwmdludss adwe paas;a@sﬂiquifd flewePeefatably, thehmethad ifdlwdesipsoducing
ref.er

For, furth ,
bR @URF Pl A Y Bk BHsxEe GuB R gUHt fipBg! pressurised
Faefrer altner pleh@ent! BRGubpI! HPRSssiri RAUGE AGw! i @sd%Hgﬁgdcor?stant

t wo- phase gas/l iquid flow using a device suppli
Rrefarahly ahe prlsedflnidsfta gforandgrorin nagnitiede andéfrdregnency andéor
Su g@ J of pressurised gas flowis essentially

ON&%nt . Preferabl y, the pulsed fluid flowis random
i n magni tude and/or frequency and/or duration. [0009]
[booxne f or I @fe folif of tecitemivn, theguel $@0-phuse @lARRId flow is used
gas/liquid flowis used in conjunction wth an
BLOBNFUPY Vith 3R epseatiallneensinns BverrBaseiggsiliguid figyw- [ 0010]
Optionally, an additional source of bubbles nmay be
[ll@bﬁ){l' ded i @pgatdly! hdl H&cﬁu&?ﬂ 'syﬁpcpr bR @by Be gf&wd iRsai

ke device. The~gas used may include air,

lipse ogdivnh bp meanrs oz bloaver oi tikodevice. nﬂteh@sexscxt mapynclude air,

- Pueeh AR bleBRrecr. RuPat ol staly bCt iR ikl fora

et Qr PliddtiAN-AiFERSEE Wos€ Bdddohiiél fEMhE Eu#ﬂ)%@éi dfQErubbing and/or
scrubbi ng, disinfection and enhanci ng the cl eaning

astatiaei &prsyous,chigrine may be sedtfopserabbingalisipfestien @nd enhancmg the
aé’a[ 1(?%% &Ia gghé)r{ucglzt% lon aﬁ%lll ﬁémtb 8%'*11"?3& tf%f)zone,

aseous C

li&aleu tesSsimiuce e ss m&mﬁbnkdl’fgr @Béb@rcmwrr&oh& zamhonal features, such
convertl ng_non- bi odegradabl e NOM s to biode adabl e

Qfl ddring GESSHESORSANI SN VNG 8%“’%&3@3@?
@@%A&bl@(ﬂsmr& ific BABbRILEYmE lircmp?or%éan Plse’ an

I ol ogi cal environnment where oxygen or oxi
maerqulmslqgaial ejvirniengena nuy-btoéoglszé @pvipenrhénd wherd 9xygen or
wh t h th abiljt
i Teing raSTinelen Mirisg oSt phadkilpl bR SR i

cﬂ@fe@%tlﬁ%ﬁ%ﬁ to chpRrdaRBIRBYclé Mealitrbgh. provi des a
menbr ane nodul e conprising a plurali ty of porous

menbranes or a set of nenbrane nodul es and neans for
9PN di ng AceuAidsiP ¢ sgersraspedd, thp preseqf inyentigniproxides amembrane

hBadie cbﬁllpH§1§g ai)%rQhI}J df';grous membranes or a set of membrane modules and

means for providing a randomly generated, pulsed fluid flow such that, in use, said fluid
flow moves past the surfaces of said membranes to dislodge fouling materials therefrom.
For preference, the fluid flow includes a gas flow which generates bubbles which move
past the surfaces of said membranes. For further preference, the fluid flow includes a
two phase gas/liquid flow. Preferably, said pulsed two-phase gas/liquid flow is
produced by a device provided with an essentially constant supply of gas. Preferably,

the pulsed fluid flow is random in magnitude and/or frequency and/or duration.

[0012] Where a set of membrane modules are used, the modules are generally
assembled in an array, rack or a cassette located in a feed containing vessel or tank. To

clean a rack or a cassette of membrane modules, the device for providing the pulsed gas
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fl ow noves past the surfaces of said nenbranes to
di sl odge fouling materials therefrom For preference,

wa b@sfisagigl fl ow i ncl udes a gas fl ow whi ch geneP@r/€82008/006799

bubbl es whi ch nove past the surfaces of said

menbranes. For further preference, the fluid flow

i ncludes a two phase gas/liquid flow Preferably, said
Puvoephasegasiiguie flgwsranibgwodnddtesio asdiptribdtes @dd Bye pulsed gas

N TR W O e

toRERAh IO @V dnk SRR YT BN flhBdri 0¥ Modu®@1 Accordingly,
Where a set of nenbrane nodul es are used, the nodul es

there tg@ﬁ@lhamleyt el devipes instalied gy one zack cprcassette. Gas is

e f n nk.
Izﬁrgisez? ;Lé)?%g 1'1(1)( gle racal? z(i:nadg tgngrtl ?mPrll?uteci P a ﬁéé‘ﬁﬁ% %]Irogg’ et l‘ﬁlgk
xd@Mfdl&. Mﬂhoﬁ%lﬁthe(ﬁaﬂgs iulpgllélﬂ{oslﬂdlvmq)ﬂe\tl&@mﬂhétﬁﬁmuous mode, the
gas/liquid flow can be connected to a distributor and
HRLIQN Pisgag byhblen frop tBe dguisey dprg therackiisqredusgd atrandem times,
Eé@ﬁln:gqg% glgﬁg)%&e}{e A gﬁ?getgﬁt%%ﬁgﬁéﬁy (%# Pintlg i tah ﬁn&ﬁtﬂg %F}ﬁcﬁgon This
effecbexduods sotid ebesentraticw poliarigdtion dntldieacd thp Iﬁlﬁhtiqn @kistaAice. When

stalled far one rack casset t

f d
nugtf)lg@?ypefr@ﬁ Qfme%?'sogamkeaa% Drhibles apRew randprRidFom different
&lbé&l&é Rith8OhE CackBFINAEY A FRIBMANGrbREOS g&kermim fol d.

hough the gas is supplied to I ndividual device in a
contlnuous node, the eruption of gas bubbles fromthe
[881Alces al Brep wheretha gasi supplydd theethckis contidbens andgat the same flow

e ne tank.fe d essenti al onst ant |
R B L PG IR RN o B o PRER Pty BCERRlp ¥ sman
ra0ge gehdrally anlepothar il SE. i This &rtﬁlehé ftgeev dria€ioh in bicki prédiure inside the
reS|stance When | ooki ng down fromthe top of a rack,
Rascdsspifedeviispear randomy from different nodul es
within the rack, form ng a random di stribution

patfern. | ﬁ&lﬁ]:fe'?éﬁ%@ e %&nﬁrgﬁes%ﬁlp?iég @b%tu]:s] goHB@ fIREK the fibers

IS continuous and at the sane flowTrat
hedihgifined at@aglasnd ingvheader thej lnwev hehglet havoogibee gemeredidlgs formed

SLA5H 400 5 P OB TR PSP one

dlft%léﬂeelhﬁ@ca‘l) ol Betle 6t bf 4 §lofl eVheCRberb QQ]{ermEIHfr sealed at one end
&r ef erence, the nmenbranes conpr i se por ous

pusdlys thelpwer ¢n¢d iend ppemy theix @aleapncb@ca&loe‘n@mqvahof filtrate, however,
L ey T
frérawne ©r bothrendslc EHe séElIt&l didk @$ tirafibddemay be potted in a potting head or

may be left unpotted. The fibers are preferably arranged in mats, cylindrical arrays or
bundles. It will be appreciated that the cleaning process described is equally applicable

to other forms of membrane such flat or plate membranes.

[0015] For further preference, the membranes comprise porous hollow fibers, the
fibers being fixed at each end in a header to form a sub-module. A set of sub-modules
are assembled to form a module. Between sub-modules, one or more holes are left to

allow the passage or distribution of gas/liquid into the sub-modules.

[0016] According to one preferred form, the present invention provides a method

of removing fouling materials from the surface of a plurality of porous hollow fiber
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circular, elliptical or in the formof a slot. The
fibers are nornally sealed at one end (usually, the

wo omMensismi) and open at their other end to al | B#I/US2008/006799

renmoval of filtrate, however, in sone arrangenents,

the fibers my be open at both ends to allow renoval

of filtrate fromone or both ends. The seal ed ends of
Itltmblfahb?emumagl abds eptendlieg longimdpeatly iman headtodiormeymémebrane

tte flbers eferabl arra
IH% e B Py Beip ATaTss 15 T @E RS phe Bibther 4nd mounted
8 pRVRAL @Ic@%ﬁé"ﬁbv&ﬂ@n&h@r@lﬂét%erp rtl?&l%%&o@%%ﬁ{p'rl@ﬁl% thé steps of
equal |y applicable to other forns of menbrane Such

Frpwidingra gﬁnaraélyrrem@sfon[naochsqnbsmd ffulsetligas bubble flow past the
f mhra
R Ry Bl SRR PORH o B2h B a3 P B Bles oy

%Bstﬁﬂidﬂy&rﬁ%bml@b’@ﬂv@en éach@herfibrafiél i $Hd b BB toAcBur the surface of said
assenbled to form a nodul e. Between sub-nopdul es, one

gembignes #ndl 1eg10xe acquanylated slidsoifpmiveithin theagembrane module.
distribution of gas/liquid into the sub-nodul es.

[)9107}6] AC Cl%rgi;ﬂ&%rén‘ae @tbﬁf)glf oRx’eﬂlrlfhgf mclu%d FQ\R/S ?)ﬁgste gas/liquid

|nvent|on pr es a renovi ng
fhoat . ePr@&brabIM <aid philsedstwd-phase ghas/Hqpiduted lstgtodﬁceﬁ(blyca&wce

hol | ber membr 3 ted and
TPOHGPY MR o AL RO ALY PhERY RS e Rl gas flow i

raRddn TEFRERARR PA/d FredLEaRARd/drluFi@ae pProximty to
one anot hér and nounted to prevent excessi ve novenent

t her ebet ween, the nethod conprising the steps of
(B9 di ng Acepsdisgad ayhlrchm@nq the prefsentrinyendios proidesstimembrane

rfaces of s
rﬂgélggg gorggxsimgggg)lllg‘ Vf'g%?l Osglogle}vﬁt;t)eé H&eﬁrﬁrﬁ%?s gag? glber membranes
Heirphdremgtd ﬁmclss&@baﬁmltﬁ{d ohelthofhRr Bhd mdahiwa e pRAeht excessive
menbrane in said array to scour the surface of said

TREYRSRER Erehvt feamtird 1ReE enpmiraresbeing fixed 4t cagh G iniaheader, one
HeAGerBRVRIA0R dir?t‘ijd%le ggeﬂlgg%n thelPdift ftl?r;)ﬁglg gﬂlfaﬁf%%ﬁvlémfyerandom

flowfurther i ncl udes a"two pﬁase gas
i sfidhad Flpw is aitcbdpo¢ds feat cloapingtibs surfraes bf zqui holldvofibesmembranes.
pr oduced by a device provided with an essentially :

BRE, 7o ¢ Shaefnetht MhiaEOSKERNcr i By TdRgper proference,

tHelpad flew is {nQﬂé &Jrm/\6fceis BubBles OF ér Iﬁfe&éilcésglﬁ(ﬂoﬁ fiRludes a two phase
present invention provides a nmenbrane nodul e

g@é/#ﬂmdsﬂ% Breferablyl saig pulseqh amnbaqchaﬁlqu fipsy is produced by a
ded @ﬁh dn ek&ﬁﬁaﬁ?@&[ ﬂiﬁ??u&ﬁ) Ly O th?a% F% the %l%lsed fluid

cosé) proximty to one -an nte
feove ssandeem in magnitude and/or frequency and/or duration.

[0020] Preferably, the device includes a gaslift pump apparatus operative in
response to said essentially constant supply of pressurized gas from a gas source
connected thereto to store and randomly release pressurized gas and use the released
pressurized gas to gaslift quantities of said liquid from a reservoir of liquid to produce

said pulsed two-phase gas/liquid flow.

[0021] For preference, said gaslift pump apparatus includes an inverted gas
storage chamber for storing said gas provided by said gas source and having a closed

upper end and an open lower end positioned in said reservoir of liquid, a vertical riser
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novenent therebetween, the fiber menbranes being fixed
at each end in a header, one header having one or nore

W@p@aisegss f or med therein through which a generedT/¥52008/006799

random pul sed fluid flowis introduced for cleaning
the surfaces of said hollow fiber menbranes. [0019]
For preference, the fluid flow includes a gas flow.
fube haying e Anley pareindhiuid compaunieasion | vith $aid reserviis of digridofnd an
. r.ef eren . flow ingludes,a t .
(R BUA T P B R FO-P S o T horgl oGl ¥R AstBoe having an
dpeminhiastuid asmviiitatioh Wt dafd QisGeregdcHANtRr B63iii61Rd for receiving
rovided with an essentially constant supply of gas.
& ptaresigay fromysaigh ghayaberfwhandghe feygl plsgas arithiptherchamber reaches a
Li L I and/ LAt 0j. )
RAREIrRy R Bl 2o AR i Rlouh R bR tischarge o
sqip arodtiles Pogferably, vige verticat sisonsibe ivlosatd withirethe igas Styrage
onstant supply of pressurized gas froma gas source
Eted thereto to store and randonly rel ease
pressuri zed gas and use the rel eased pressurized gas
opaslifi o . e . .
L d o e, SRR ol 5 P iproviced
by amextpooDtpk Fomtaiming pressuciecd gasi, thegaskt béibg pufiwid communication
rat us.incl ud an, | nverte as storage.chanber for
SRBRSEBnre ERT B0 bl el gt f SR ERE Fdomnty eneratea
Pélvdsng gas & 08 etbduRP©fof daidtWoPha P&/ RWEloR F6r cleaning the
positioned in said reservoir of liquid, a vertical .
MEERFANG ISBripces; Ayormempedimenbthe ¢ontfol glednemaygpinprsd adevice
i e JNs Is L qui rt i.n
PSR 8 RETRANA Lo b Bthbrill InB02Hhd SborBBle iy fpendence on
thee $evel olliquith & thednlantogmenide gas frofd the dx ek Fok example, a float
ith sajd gas storage chanber positjoned for repelvin%
Sict DDl Reigg 0 Artp b GopwalBEANS sBFI LR Brdiauss level
gas within the chanber reaches a predeterm ned | evel
@ogB1gas! i f piehstablheihk iffbetsOmhy bOPElet& shd fils& mdveRfeni RNimited by
di scharge into said nodule.” Preferably, the vertica
§ moduletsuprort screascwhichl has bothrvertical gadsherizontad eleateatsappropriately

026k 8050 EORRATRR 0 0K LIRS B e b v

gnpistade oSfisbrgaciontibéudiag éndrgy Bendehtrhtidh &t (ROPERLA hdb bPthe fibers.
wi th the nmenbrane nodul e and havi ng control neans for

i di ng rando enerated pul ses of gas to the ]
[ﬁé%ﬁl e to #@rﬂ?g‘é‘%&g’t‘aﬁ “tﬂﬁlélg“em@é?? Fi“iﬂﬂﬁ'ga@ﬂé\)\/aﬁﬂul?“amlally solid
& IRMIM/BS itdpRrvious tube and connected to the pulsed gas-lift pump device so as to

retain the two-phase gas/liquid flow within the module.

[0025] For preference, said openings comprise a slot, slots or a row of holes.

Preferably, the fiber bundles are located in the potting head between the slots or rows of

holes.
[0026] The liquid used may be the feed to the membrane module.
[0027] For preference, the pulse frequency of the randomly generated pulses

varies in a range of generally from 0.1 to 200 seconds. It will be appreciated the pulse
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menbrane surfaces. I n one enbodi nent, the contro
nmeans nmay conprise a device positioned in a gas/liquid

WO p008t153888 t he nenbrane nodul e and operabl e i n PCT/US2008/006799

dependence on the level of liquid in the inlet to

provide gas fromthe external tank. For exanple, a

fl oat device could be used to activate the control
frequescyl spelagidrg thastruveurk jofj theddeveoeeind Wido2 articular structure, the

Priefgrably, the fibers may be te nd fiher
PSR, plelablydREs H e B Qi oBto 8uahb%n o

has both vertical and horizontal elenents

@PPRIOPT i at PteferabBCa@d gubsel rg@ﬁﬂliﬁﬁ;dﬂl’i}f &sti¢d natié dptishsllP&shnected
gas flow through the fibers and to restrict the o
1@,&5.]111 comagicaipp avithnpflnidrdistabuter fysubpi@pgglly uniformly distribute the

@Hg‘&f)g},‘s;b%tx‘é? irfth {rig}‘f‘mﬁgéﬁﬁ G0dERAS Rdadide fibers. [0024]

or ef'erence, e nodul e nay‘be encapsul ated in a
substantially solid or |iquid/gas inpervious tube and
©o0iect ed Pref¢rablypthleSidrgaihini thé nodole ldee agaclsiag dsndity (as

ai.n the two-phase gas/liquid flow wthin_ the
g élborfgdﬁg?t“rﬂsp ab?létfiﬁoéweet, 8Q%jand-gpersi iglsrabbynhetvgen about 8
@ ot 5541 ots or a row of holes. Preferably, the fiber
bundl es are |located in the potting head between the
slots or rows of holes. [0026] The |liquid used may be
0A%0If eed t Hor prefenencior sand hotosihive. a §i@@REY irFthe range of about 1 to 40

reference h ul se freguenc t he rapdont
AL FRE et by YL PRl FIMEORL G gl AR dn g of a st
6k rbwt 6f K}, R @pBA Srealit cMbseh thBe aRVAEHAb @tht bh the above holes.
pul sefrequency is related to the structure of the

device and_ wth a particular structure, the pulse
OP2Huency pyeiraiaphsfiberipeer digmeter mages Eomabgu 0.1 g go about 5

I%Hp . 0 | - | 4 .
i R Bt 100 998 9 s s
thorkmassi is dependenti dnhmatefihlyivdediarst strelpgthoequioed versus filtration

bst antial.l y. unifqr. di st ri but he. pul se as
el isdisad fiffdkss tsbelscrn Bo% b Bt el mifdessey between
&n eh@rablim. the fibers within the nodul e have a :
packi ng density (as defined above) of between about 5
t o about 80% and, nore preferably, between about 8 to
B8Rt 55% Arcwdug tegpothepispeetnthe Pregntinyentian pgvidesa membrane

Bib £ ith‘{xg‘ Jﬁﬁﬁ@'f‘?atb‘f%l' ‘Eﬁ

AP RAEIOE Iy it o AR St e YR BB Bicfeto. means for
flonmirgeactiasted sfudge slithin said tank, a membrane module according to the third
aspect positioned within said tank so as to be immersed in said sludge and said
membrane module provided with means for withdrawing filtrate from at least one end of

said membranes.

[0033] According to yet another aspect, the present invention provides a method
of operating a membrane bioreactor of the type described in the above aspect comprising
introducing feed to said tank, applying a vacuum to said fibers to withdraw filtrate
therefrom while providing said pulsed gas flow through aeration openings within said
module such that, in use, said gas flow moves past the surfaces of said membrane fibers

to dislodge fouling materials therefrom.
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or row of holes, the open area is chosen to be
equi valent to that of the above holes. [003 1]

waesasdsiy/, the fiber inner dianeter ranges frpei/HR2908/006799

0.1mmto about 5 mMmand is preferably in the range of
about 0.25 mmto about 2 mm The fibers wall thickness
i s dependent on materials used and strength required
Wesdus fi | lfrraquired, efffiitksrenesce of yeriatan nayelprotiied witbasthe tank
i s between 0.05 to.2 and re often hetween,Q. 1nmm
(oSS AR B GGl e el G s TRopERtE mppige ¥ Sispended
Wrﬁﬁaﬁgg withiveRd 128k aRd 9Xidd8Rhd sOBRBIAAEaRbR g YeProvided beneath
i ncludi ng a tank haV|n? means for the introduction of
Y,

the suspendedemedulae Breferfably. the further swurdevaftagtation gamgrises a group of

' ' i.d tank, ran dul e according to the
1 bOfabRofed bR AR IR e BEFRId oM SRy ackwash
depaBdiag dnithe 88k @ndlded @Onaifidn s Al il g eiTREBNGuOTA Yhspended solids
rovided with neans for withdrawmng filtrate from at

(3006410 28,000 mpriSin s iorraRsy ah%kzse_n[sggwe]to Rigaificantyradgee residence
e | - | S .
R DRl FRRAE bual 0T 1L R R Bl pthidh Rf b adbadarion of
algsauicisbiedarices dttbmambvanead@mirig leaieen shoven iodnabliltonsgnt filtrate
eed to said_tank, applying a vacuumto said fibers to .
¥ iAW fiepificaridheRaicaty aﬁvfmm@am BRPPYr R i hilg egfablishing high
st evipgs t hrough aerati on openings within said
nodul e such that, in use, said gas fl ow noves past the
surfaces of said nenbrane fibers to dislodge fouling
9838r i al s Akeerdingdmapohguispeet the gresewdnventipo prévades a water
f aerati,on nmay, be,.pr.qvide i t.hin the.t t )
FRER R PR FURG hBPerthdtohpE e ot ank: 2 gas

¢anibea feidipcotnected t6 Ueudé dhatebdr] & 4 Medibtdtiembdige fluidly
tank and said further source of aeration nay be

g6stad e theganehanbes. suspended nodul e. Preferably, the
further source of aeration conprises a group of air

pesgreabl e Pf@&ﬁblgTH@Meﬁ@&nm%rﬁ irfﬁ?%dee@?l %)Q(%raa%dfgldsystem

with or without backwash dependihg on
liaverp & suetion issle.coAndviterhtorthg 8duidi dpambendndsaidipelratgedside connected to

ol i d 000 to 20, 000 ip the . biaoreactor hag .. .
B’ Sy BoLPgfireriean ey s bbb oy e tn 16 Teipuid
¢HARTHRY. EPfefdrhblg e SYsadnh includEh@ ricitriane thodSR vebscR86hinY the
for both degradation of organic substances and

membrang aneduisidige mesnbaenmofplgryesss! sraidranlicalhs eenmected to the
hLhktrate

[0037] According to another aspect the invention provides a water treatment
system comprising a liquid reservoir fluidly connected to a source of water; a gas/liquid
chamber enclosing a first compartment and a second compartment, the first compartment
fluidly connected to the liquid reservoir; and a membrane separation vessel hydraulically

connected to the second compartment.

[0038] For preference, the system includes a chamber hydraulically isolated from

the membrane module and a gas source connected to the chamber.
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flow wi thout significant increases in transmenbrane
pressure while establishing high concentration of

wWOL®153809035] Accordi ng to anot her aspect the PCEES08/006799

i nvention provides a water treatnment system i ncl udi ng
a tank; a liquid chanber fluidly connected to the
tank; a gas chanber fluidly connected to the liquid

[©A¥ber ; aReeferablyihe membryeunedyl i icmerseshingctodid-coptaining liquid

h s. chanmper. .[0036], Preferably the. water treatnent
tepfp @R TR Blerupryac AR ERRayl kDl SO BTG ed 0 e
Srétfoncone ediddistfhidifeohhépdkoaheshaibeand a di scharge

side connected to the gas chanber. For preference, a

source of gas fluidly is connected to the liquid
OAdHber . cUding tg app@esyspeelihe RESE daveatinp PEIVAdes a method of

st e A e B S S G S
¢dmpdramdat apdB 3dondecompditngnt; esablihivey a hgdraglic ddabbetween the first

i nvention prqvides a water treatnment sysfem conprising
PR abd theyBsibing mpdyles 3hikat magially T4 e dgsigompartment

Wah 8Miquil #8&4hd ﬁwoquahgrmg iROhLHaRbep i rst
conpartnent and a second conpartnent, the first

conpartnent fluidly connected to the Iiquid reservoir;
@Adllla nenbPreferablyptae andthed inghxies brepkinguhé bydrhylic seal, wherein

GRODEF LRSS RA SO YA 50 b B8 cBinct n e chamber
toytB¢ aiehibealel todil®bad 8dnfré-@BtablihiNEiiBhgaRuITD déH] ®e@tdn dhe first
gas source connected to the chanber.[0039] Preferably

¢MeParERt apd thegaembrang maggls: sed in a sol i d- cont ai ni ng
liquid feed contained in a nmenbrane tank, the nmenbrane

(opary 1S hyﬂ&_aﬁijlefye?é}{ck}’the 91‘[@5@6& ﬁ‘lglhutdgs Lebﬁeﬁsﬁg%%%%dfs‘?ﬁﬁishing the

which is fluid connected to the chanber.

Iyckarldi segl tbprechot heulsed peleasetdiat fpastseprrtiomeEthieigas contained in the
&ﬁp%jdes a met hod of scouring a nenbrane nodul e

K6 ng: providing a chanber having a first

conpartnent and a second conpartnent; establishing a

fogsaul i ¢ BRMrablg! e eRethb®irkciudes irﬁﬁﬂﬁéﬁhF@ﬁId fRBdlidt & he second
menbrane nodul e; at |east partially filling the first

cospRasimaREnin Qne flerm of itk mathod eiatradutiontaf derugdsrigtodhgamber s
beH Rt ofIREY

[0044] According to another aspect, the present invention provides a method of
cleaning filtration membranes located in a vessel containing liquid by providing
generally random pulses of fluid within the liquid at a number of locations within the
vessel. Preferably, the pulses of fluid are random in magnitude and/or frequency and/or
duration. For preference, the fluid includes gas. For further preference, the gas is in the
form of gas bubbles. For preference, fluid includes a two phase gas/liquid mixture.
Preferably, said pulsed two-phase gas/liquid mixture is produced by a device provided

with an essentially constant supply of gas.
BRIEF DESCRIPTION OF THE DRAWINGS

[0045] Preferred embodiments of the invention will now be described, by way of

example only, with reference to the accompanying drawings in which:



[0041] Preferably, the nmethod includes breaking the
hydraul i c seal, wherein breaking the hydraulic seal

WO 2008a538$8 at | east a portion of the gas cont ai PEHUB2908/006799
t he chanber to the nenbrane nodul e and then
re-establishing the hydraulic seal between the first
conpartnent and the nenbrane nodul e. [0042] For
[PP4dler enceFigurel iset $ioplifiad schtasaticerdnssaktiiangl eledation view of a
re-establishing the draulic,.seal .t roduce a pul sed
IEFBELE gl AoldFe A ARIBER ofefe RuBRbHE AT nba 1 r
the chanber. [0043] Preferably, the nethod includes
londT0duci Nigukei sisbvwLBE mdtule b6 gBRCIOME i HRORD %ﬁlsﬁﬁﬂﬂivation phase;
In one formof the nethod, introguction of the gas
into the chanber is performed continuously. [0044]

BE8r di ng Feusmd shys the peedule eiaigpredsfolowing dgcogipletion of the
1994 dgs ; L.ng filtration nmenbranes
ocattgg) lﬁ‘sgg{’/%@@’é fﬂé’gJ i ng liquid by providing
general ly random pul ses of fluid within the [iquid at
®Oo#2mber oFiguocis asimplifictischeniicwessaskectidrabélevainyiew of a

t he. pul ses, of fluj.d are rapndom i.n nagni t ude and/ or
PRI YOt asIine & tesAnd ePOYmERE e dvepREny | i d
i ncludes gas. For further preference, the gas is in

fobso]f or m ofigaass kbahpsified efhepilc REGRGLetiddablevation view of a
includes a two phase gas/liquid mxture. Preferably,

YaleHrpRimsapsysig preesding tasthindpmbpdimneataf she wvertidyced
by a device provided wth an essentially constant

gpR! y of I gﬁ,ﬁg@ ; DRAVWNGS, vi
([%0%135] Pr e?%??eegggﬁg% [ rren%l gr-l%t tr%]gs %—ér?ggnt [ X%} W IVler‘;Vo(\)/\g an array
dlemembrane loediuldsyof Waeytypé ilsaaelen drl embadimbntraffRigende
to the acconpanyi ng drawi ngs in which:[0046] Figure 1

[ si npl i.fi ed . sche i c cross-.sectional elevation .
(9Pef] o "= RIS RE N aR ot LS SR B & REu g levation
Atwh Bea nbnethhnedmod (10 Grhdtratihg tHeCoperaidasvdl6f A Mathef the pulsed
Figure 1 during the pul se activation phase; [0048]
ﬁsgﬁrd@"@e‘shows the nodule of Figure 1 follow ng the

conpl etion of the pul sed two-phase gas/liquid flow

[@b?ﬁﬁe; [ OOﬁ%lij: 8 gsi"z[ 8t lih%d §cl§einm?i:gic%s§-c§e§t?&%?@1te{f§tion view of a
cross-secti onal elevation view of a
membrane module of the type shown in the embodiment of Figure 1, illustrating sludge

build up in the pulse gaslift pump;

[0054] Figure 9 a simplified schematic cross-sectional elevation view of a

membrane module illustrating one embodiment of the sludge removal process;

[0055] Figure 10 is a graph of the pulsed liquid flow pattern and air flow rate

supplied over time; and

[0056] Figure 11 is a graph of membrane permeability over time comparing
cleaning efficiency using a gaslift device and a pulsed gaslift device according to the

invention.
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menbr ane nodul e according to second enbodi nent of the

invention; [0050] Figure 5 is a sinplified schematic
wW@e@sasmsexrti onal el evation view of a water treRCTESL008/006799

system according to third enbodi nent of the invention;

[0051] Figure 6 a sinplified schenatic cross-sectional

el evati on view of an array of nenbrane nodul es of the

PESCRIFTION OFPREFERRER BEVIBORIMENTS! Figure 1; [0052]

Figures 7A and 7B are a sinplified schenatic

HP[S- SECLROR GMebE %'EHH%

L:él [ustrating ?ﬁegedgperaﬁ oﬁé’/ rQJIfb I qul g?r?en?ﬁ @ﬁ(eme
qmalngemiegmbmrﬁtngie\uneemdoﬁﬁﬁa]t oFitlguineerlians a si nplified
schematic cross sectional elevation view of a nmenbrane

gi%L]l: FUSI r t{; e =N O(\;\@HF Sd}uge qes%oﬁx nt fsgrﬁlg : tﬁp %pllow fiber

@Hﬁﬁrané@@tﬂfh]les"_ﬂ ﬁx‘ébﬁteg ifafd Bﬁlahcilhg @roﬁ?z’i‘%' btting head 7. In this
cross-sectional elevation view o e nodul e

qmmdsmp@tt tmg)uodbs @rebpadiiviensd tofpr«v\hée spaudsg& bctemn ghe bundles 6. It

PROG sttt ahfebiad ot A o iyaies g Bpe modute

rhhifBe ugddd A A0@6¢r &t dpehiigd 9 dré pROViednA tlﬂ:flo% GtEAL head 7 to allow
tﬁgrmabl ity over time conparing cleanin I ci ency

W 0§ flaidg ala,qrwlfom\fr% thedistaibytipw elaprghps |1 fnos@@wctbelow the lower
%ﬂ%\?@ to the invention. DESCRI PTI ON OF PREFERRED
S [0057] Referring to the draw ngs, Figures
1 to 3 show a nenbrane nodul e arrangenent according to
[0ﬁ59] enbodi Agnulsedfgas-hiét pmmed‘t\'rioenl 1 [sG6dHed bdowahbdBrébution

R Dl ER s P o s 1
ﬁlf:l‘ﬁﬁé@aﬂ RVEkedPSdstdoNectiRethambel 12 bpéSa§ENOREI&M 13 dd¥having a gas

bundles are partitioned to provide spaces 8 between
nkes po délaéBiC@lt itstuppet ¢ndoeA sppira ciset whe i h at&teachg/through the gas

54T Sof FESGTR ot SHORADE o R ber 0

d’dﬁl&)ﬂeﬂW&fts R ien@ 16 T8e fiséouBe 11 V¢ provide@fwifhl 44 $Bening or openings
t heret hrough fromthe distribution chanber 10

borartwayrdengiss lsRethne fubpéar trough 18 extends around and upward from the

riser tube 15 at a location below the openings 17.

[0060] In use, the module 5 is immersed in liquid feed 19 and source of
pressurized gas is applied, essentially continuously, to gas inlet port 14. The gas
gradually displaces the feed liquid 19 within the inverted gas collection chamber 12 until
it reaches the level of the opening 17. At this point, as shown in Figure 2, the gas breaks
the liquid seal across the opening 17 and surges through the opening 17 and upward
through the central riser tube 15 creating a pulse of gas bubbles and feed liquid which
flows through the distribution chamber 10 and into the base of the membrane module 5.
The rapid surge of gas also sucks liquid through the base opening 16 of the riser tube 15
resulting in a high velocity two-phase gas/liquid flow. The two-phase gas/liquid pulse
then flows through the openings 9 to scour the surfaces of the membranes 6. The trough
18 prevents immediate resealing of the opening 17 and allows for a continuing flow of

the gas/liquid mixture for a short period after the initial pulse.
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potting head 7. [0059] A pul sed gas-lift punp device
11 is provided bel ow the distribution chanber 10 and

WO pooBl15E8#8 conmruni cation therewith. The pul sed BEBUB1008/006799

punp device 11 includes an inverted gas collection

chanber 12 open at its |ower end 13 and having a gas

inlet port 14 adjacent its upper end. A central riser

[006H 15 exTbeihdtialisnrgegh gakprayadesdwhblpbascis of lighidrtaasfer.zjection

%I'Hid %épn 1’811%?%0%%2&1%«% Sgciutgso gi}h%%ygb%éllggllﬁéﬂl:llggé Fecfeased into the
tiseR @ubledl I Gredtn@Vd ﬂﬁﬂlg\Mubz &2 fORRRII6h Bfec® rgay hitWBqulid ra CFldly
tubul ar trough 18 exten

partway along its |le
wronghd gﬁaerupbvalrfdand @Smmnﬂy gupughthe mankrangmogdaligt @rproduce
? ét‘i’ér%gtgh %legf?%gaggg n thé:[ r%gmg%%lle gl(l)rﬁ"rf'c%g opg p‘;ggc% ?ha%e Sfollowed

@385 snhaloarlmsipﬁdn phasaitidra tieyrapidmldw O pss ot of theG@r tubkdls creates a
ort 14. The gas gradually displaces the feed |iquid

PAFATH ireucHen impasssueEidg Qﬁfﬁﬁlﬂé@ltff%fﬁlcé WS%@ 1pAiguid being
élfcké &IESO t(?ﬁ’lelg (ﬁ‘{tﬁé H?er(?ﬁ)tgening ci'r]dl‘%fglyt tHe nf??ﬂ {led two-

ure e gas eaks t

phztse gss/hdpﬁd (ﬁb@ﬂlls rfiglldwedbyreslucgelsquit flowgehich enaypeﬂm drgw in further
pwar.d izrough the central riser tube 15

17
%?%EFW& OB°HB# <& of gas bubbl es and feed |iquid which
flows through the distribution chanber 10 and into the

asg of t henhaBaPEARESPEMHEHER 12 Théh fefibk d&n@l"f&&?ll@jidﬁ@%hown in
al so sucks liquid through the base opening 16 o

Figge 3.tand dheiproeess heging gg4in r@sum@wm\p@p@@r pbylsmmf rerphase

g?sgl védl(? glegmflg 8¥vh ememﬁyggey g 1@@1%/1416&11;1% % & u ¢ ethter}glg ively

rou openi ngs 0 scour aces

thnielted anes of thelpr@dcéssOthg fpulls%s Rregpepdtally irifiddeh @l feequency and
resealing of the opening 17 and allows for a

dyRtiPmui ng flow of the gas/liquid mxture for a short
period after the initial pulse.[0061] The initia

peege of g F%ul?é BYhARSa FviheP RS afibn lof el dnti skt ’Flgures 1to

ej ection and suction. The ejection phase occurs whe
Bhin tbldﬂcfbhboctsﬂnagt abybnd airangeynang isqaeeided mtheret headdltscm to the pulsed

P G e 0 Rt PN LR i BB fovwer

PoHESE @ eHet riggr tulbe qggllﬂ pbR 2018 FBihcte aBoditaft dastliquid 6 Eifrough the
an effective cleaning action on the nenbrane surfaces.

mrduls) ewpplsmepicddy the imemiigaricpubipdawembasangasdiquid avn

phase where the rapid flow of gas out of the riser
fdégﬁ 15 cr £S5 Shows an array of modules 35 and pump devices 11 of the type
y

described in relation to the embodiment of Figure 1 to 3. The modules 5 are positioned
in a feed tank 36. In operation, the pulses of gas bubbles produced by each pump device
11 occur randomly for each module 5 resulting in an overall random distribution of
pulsed gas bubble generation within the feed tank 36. This produces a constant but
randomly or chaotically varying agitation of liquid feed within the feed tank 36.

[0065] Figure 6 shows an arrangement for use of the invention in a water
treatment system using a membrane bioreactor. In this embodiment the pulsed two-
phase gas liquid flow is provided between a bioreactor tank 21 and membrane tank 22.
The tanks are coupled by an inverted gas collection chamber 23 having one vertically

extending wall 24 positioned in the bioreactor tank 21 and a second vertically extending
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tenporary reduction in pressure due to density
di fference which results in |iquid being sucked

w0 k0osasAs18 he bottom 16 of the riser tube 15. PCT/US2008/006799

Accordingly, the initial rapid twophase gas/liquid

flowis followed by reduced liquid flow which may al so
draw in further gas through opening 17. [0062] The gas

wall P& positonashiarthemefribraregank 22.i Wadl 24 ¢dteridsad allowern dipth within

BRSEIB R PA2BER e SR P B e D s
&JiRaMbehaibel NS iBAFIFi8AKRSBbYOa ¥brindLitng Wall 7B Betvieen thdWRreactor tank
to the relatively uncontrol |l ed nature of the process,

2handohe swesnbyare @ok @2 alefipe temdempantménte gdiend ¥8akus, typically air, is

A L o L

1268616 ofBeNice 30 RRylbEdted aithaNGieMdtibrafe RR'22ABEVAUNRNIEwer dktremity
addition to the pul sed two-phase gas/liquid flow, a

oftvertinal #1alt28- supply of gas is fed to the upper or
| ower portion of the riser tube 15 at port 20 to

I%S&ﬁr ate a S ANk &ﬁﬁééd lﬂ‘hl]!ep Fek%ﬁ% &{‘ﬁ@gﬂ%‘c&ﬁ%ﬁw gHz{rﬁber 23
suppl enent ed’ By tRe intermtren pul sef t wo- phase
thesyghipgui 29 febwdting [0M64¢veFofjwaer Svithivotke chamber 28/bahg lowered until

.nodu] es. 35 and devjces, 11 of the type described
Fhapufns Bt ool ﬁi%_é .’ﬁ?ﬁ&cﬁ%ﬁ& s Stggeglieeeh Syspes Tapily past the
WA S eDnbcdth ttZW%@‘ilisb@th"i‘oJ% e hRRtbrat tah® 22 as gas bubbles
operation, the pulses of gas bubbl es produced by e%ch

podycinge tee-phasegssliquidificw hrpugly thegnembraod maglule 30. The surge of

esulting in_an.overal.l randomdistributio f.pul sed .
el M VR on PRE Vit iieg 2 o BeB Cotection
B e 23 re3ultidigs h ftthedd WatdraRediphdiled FRoae tHeGAbledctor tank 21 and
yar%jng agitation of liguid feed within the feed tank

gt the gepenfirans @ok 226 Eollaw 9f 2ay haengbrRomt 2% may g eorjfolled by a

i i i te { i
8 R Lol R L L SAIE i BT, e b oper
bywpdrasdlegdevite (ot shdwmow | s provi ded between a
bi oreactor tank 2 1 and nenbrane tank 22. The tanks

coupl ed hy.,an invert a | | ection chanber 23,
o5 o1p et il pRdapis st Br S Red o Eoa nE c amederice
deReritidan eReébodiaRkitsAbbv@ dy be REPWth 48V akie 201 Rhown membrane
ext endi ngwal | 25 803|t|oned in the nmenbrané tank 22

anefigungorsandhig a0t Bmitefl souehe pagigubanamangemente shavor. Bl davice may
l%egcﬂhzfﬁlg %aéﬁéb%&dq8 %Smm{)}ang ?no\ﬁuiehémant z{ggen%%rf %‘o%uieasl.n lf}as, typically
air, is continuously supplied to the device and a pulsed two-phase gas/liquid flow is
generated for membrane cleaning and surface refreshment. The pulsed flow is generated
through the device using a continuous suppy of gas, however, it will be appreciated
where a non-continuous suppy of gas is used a pulsed flow may also be generated but

with a different pattern of pulsing.

[0068] In some applications, it has been found the liquid level inside a pulsed
gas-lift pump device 11 fluctuates between levels A and B as shown in Figures 7A and
7B. Near the top end inside the gas-lift pump device 11, there is typically left a space 37
that liquid phase cannot reach due to gas pocket formation. When such a pump device

11 1s operated in high solid environment, such as in membrane bioreactors, scum and/or
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col l ection chanmber 23 is partitioned by a connecting

wal | 26 between the bioreactor tank 2 1 and the
WOoreooBnsases t ank 22 define two conpartnments 27 apdr/B82008/006799

Gas, typically air, is provided to the gas collection

chanber 23 through port 29. A nenbrane filtration

nodul e or device 30 is |located within the nenbrane

dehiyidrapal didges3% Ihey gmdgallsemquemmty irothe spadei 3Fadt tlmﬂop €8 of the

08 Sy Sl RSl eag shRiogked T35 e ASy Rfnngt 40,
l%ﬁkﬁn% e }edQEed/\ﬁllﬁhﬁWr hBipdistA effebam Qﬁ r F?g%repg hlﬂ&tﬂa@é@ﬁ&ga
unt i reaches the lower end 3 1 of wall 25. At th
SSERAJEO. the gas escapes rapidly past the mall 25 from
conpartment 27 and rises through the nmenbrane tank 22

bub AN
RS, Lo AR AR % AR AT GRRE LA L bRY, one

pethdd ¢e® lacatapiedzas egectionapoigf 380a% ertthierWZ RRPpENBQid level
28 of the gas collection chanber 23 resulting

e g Ogsraien. rgved idpHoigHres 7 énandnd.bdice ke biguid dgwel reaches
t%e %a@ gec'tlehg fngQS TRERLNE tﬁea%aF g%ﬁergt-gg 9 lifcflgfﬁl\éé)?%y Qf‘tchat breaks up

ough por may be cont
Ishsm}m:) scoororeshided atcuraulatom oearahe gp@san(l rmcﬁthqhnnmalevna'm e1. Figure 9
devj ce

lve. ted troll
SRR TY 6B5YS SHeb 40 1o19%e 11 reRT LaPENd I JardEad 7 B 2
1ﬁﬁ@ﬁb@ldcﬁﬁo&k§ﬁﬁﬁ ha \Qﬁ)é'lt‘}%f %§§ CTth Sk ohdy Itngf prevent any lo long-term
enbodi nents above may be used with a varie

Fpewip lation o6 pludgriingidedhe pamg desicadd. | i nmit ed to the
parti cul ar arrangenents shown. The device nay be

@?f(ﬁot Iy CRH@% &gthoﬁ ”;S;é}%d?élﬁ nggtu BS W1 h e?pc’usr’r?pnge%ce 11to

dul es arr
algppthiedduidletdiao d@mh Glee wpd:na sphﬂeSHCﬁnEMe tmﬁaﬁ@ device 11 during

as/]iquid.flowis generated for penbrane cleaning and
Seraigoe Tn g?lf EXRnRdNCTHRN i gasarrst bo il erncgethe Paghsat point inside the

ﬂd?ﬁ[?&&hcé f‘f—‘scg@l‘éi QFOP&% 4 the géé U3 PERAYe Wntd@PSFhe eas

however, it wl be appreci at ere a non-contli nuo
@nppqﬁlwfpogaS%I si;owsenl Fagupe Vseah ExanplemiPepdeiingden the sludge quality,

ener.at ed th di f attern of pul sin .
‘?66%%‘ ngcan dnstighme FpdriodiG 3t Bine Trdifne Bl drey i the creation of

%hﬁm@wgldrieﬂ%hdﬁoﬁn&uhﬁﬁ@e ﬂﬁquﬂ;fdevméﬂp device 11
fluctuates bet ween | evel s A and as shown in Figures

[3)67 1? nd It was also noted in operation of the pump device 11 that the liquid level
A in Figure 7 can vary according to the gas flowrate. The higher the gas flowrate, the
less the gas pocket formation inside the pump device 11. Accordingly, another method
which may be used is to periodically inject a much higher air flow into the pump device
11 during operation to break up dehydrated sludge. Depending on the design of the
device, the gas flowrate required for this action is normally around 30% or more higher
than the normal operating gas flowrate. This is possible in some plant operations by
diverting gas from other membrane tanks to a selected tank to temporarily produce a
short, much higher gas flow to break up dehydrated sludge. Alternatively, a standby

blower (not shown) can be used periodically to supply more gas flow for a short

duration.

14



10

15

20

25

30

7B. Near the top end inside the gas-lift punp device
11, there is typically left a space 37 that liquid
Wphbagasisanot reach due to gas pocket formati oPCT/VE2908/006799
such a punp device 11 is operated in high solid
envi ronment, such as in nmenbrane bioreactors, scum
and/ ordehydrat ed sl udge 39 may gradual ly accunul ate in
OpR]space Bie methode desspibedhabeye qande @pp#iedj'@di\é@lally odi g 2
thi.s eventu ead bl ockage of as fl
dorehing Paee T e e (5 S blestreli g th g liRndlE St Biystuage
a@:fcﬁl@iﬁlan@h iRide thE pipRIeSidel llUst rat es such a scenario.
[ 0069] Sever al nethods to overcone this effect have
been identified. One nmethod is to |locate the gas
Exgmapleson point 38 at a point bel ow the upper liquid
| evel reached during operation, level Ain Figures 7A
q% 7B W‘éﬂe h{b?%% 'n%ﬁlgﬂ %eeﬂl%huleqé&t}ﬁéosteﬁ%f H8%ow ﬁber membranes,
ctlon an ove gener at es
Hlasqubdil mngmyofm dmtahdia therablane smmmztbfésmﬁ nAqmlsed flow
sl udge accunul ati on near the to nd of th
gragralias flevicewgs canrecicdia b Y 91651% E'af paddle wheel
AGWInRfr whb ?odafgdedi‘ e bwef eﬁ(Pf)Ptl‘le 4’15& ﬂuﬁe [cﬂn@ﬁﬁ& th@ phR&d liquid
gas Injection location 38 and the velocity of E
frdlwsrauwétfhd@yrmy drigwre 10 shnws Iacsng;shetcmﬁ the pulsed hquud rilowf-rate at a

sI u gs WIPE?Y[ %e%éﬁe 3;){% S@r\{j Cet'ljh§ égL%%g \,{sﬁég}‘éﬁ%qmd flow

éiﬁé’xhrfgethé IddRlcthddoyahBem! drGHAStid fvein bwe&PRighé ARl IoWR. The
end space 37 inside theffJurrp devi ce 11 during

fspaueaey fam lpw tothigh dawd, @tfpw@scmutbwa@ge ghabandtto §ed seconds.
’ﬁtle ?{1 :{i%%{ flg&era[y g g’ed Qh&?huod[lll%l vgaes ?r{eggj}gd ggc\égge it was mixed

near e gas poc
w&h ligdid, Binethg ﬂsmﬂﬁﬁcmyd&kp@eteﬂtto 88 siiitumio the 1fguiifléw 7 ranging
i s an exanpl e. Depending on the sludge quality, the

‘?FéWF?‘h’@‘gE%lﬁ’do’@“ﬁéF?&Pﬁ%F PYieodi cal |y at varying
frequency to prevent the creation of any permanently

@orAd envi AQRIRRALisbSf Ql@nﬂapﬁleﬁ:‘}%u%eéff&?wa[ﬁgza]an& Bormal airlift

was al so noted in operation of the punp device 11 t
ddvacesivepgicdndusiesl ina mnmbragla ibéorgactemn Tkmrryerabxaoc dinltna;pomo:ycle was 12

t he f .0 e, L her t a W

PR G iea PP iR 2 erd b waldhcgates. owo
tepeatéd E@1EH Wgte Yeste O tesnl fratfhaencatietweditiie Beo & SOf ieSts was the
t o _peri odi calli/l inject a nmuch higher air flowinto the

drrigs eavecied trrthy quﬁlf opapanilEashis dpyiea kersys HpHyest gaskifi device.
’ﬁléjﬁjlgﬁrbrﬁ%Q‘?&m&%fﬁ&efl@}?wg§§v§ﬁht&f aécgfedmg to the permeability decline

during the filtration. Figure 11 shows the permeability profiles with the two different
gaslift devices at different air flow-rates. It is apparent from these graphs that the
membrane fouling rate is less with the pulsed gaslift pump because it provides more

stable permeability over time than the normal gaslift pump.

[0075] A further comparison was performed between the performance of a
typical cyclic aeration arrangement and the pulsed gas lift aeration of the present
invention. The airflow rate was 3m>/h for the pulsed airlift, and 6m’/h for the cyclic
aeration. Cyclic aeration periods of 10s on/10s off and 3s on/3s off were tested. The
cyclic aeration of 10s on/10s off was chosen to mimic the actual operation of a large

scale plant, with the fastest opening and closing of valves being 10s. The cyclic aeration
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device, the gas flowate required for this action is
normal |y around 30% or nore higher than the nornal

wop@sasism) gas flowate. This is possible in sPeEUL0881006799

operations by diverting gas from ot her nenbrane tanks
to a selected tank to tenporarily produce a short,
much hi gher gas flow to break up dehydrated sl udge.
of 3eomds offevas, chasesit tamaiimic bifegeendyrinthestangadf thamwpbmtion of the
used riqdi.cal to.supply nore gas flow for a short .
Hafset R Bess) e Sraihbed iR soie Goa natyed S 94 approximately
3OLMEE Al MsUIYdAUBh S Yiltlitiony&les 8750 AftlgRde to get a
| ong term stable operationand to elimnate any
scum sl udge accunul ation inside the punp device 11.
036l es [ Jobl] 1 @lewtsppingalsesrdwitesa mesulto dubethi pilsed airlift operation

osed. of hollow fiber nepbranes, has,a total.length .
SRR fecRoe by @S o RURL AP dion; TuE prgnkiny AR during
shwfigenen ahd NshgdaviaGen YRS Belsefaitioft bp&ratiyPwadmuch less
menbrane nodule. A Paddl e wheel flowreter was |ocated
sienificant omnareshie arlie perationeperatioe Alshanghihigh frequency cyclic

. . Bl gure 10.s
RS0V LRI el AP0, AR RS on
onnshiaed a suyehlyorefstapbsmbnbyinatpermébNG/ donfirmivg a more effective
snapshot shows that the |jquid flow entering the
HJBHIEP%PH%?GS%WFBHWHIW AHELTZEWERer n bet ween hi ghs
and | ows. The frequency fromlowto high liquid
ThBk 1 Hffset YPRirl sleoﬁltiﬁg thﬁﬂﬂ%lrplfneﬂ*d?)?tﬂﬁe grelthrlﬂal"'}ceS econds.
ed to

The_actual gas flowrate relea he nodul e was

not| measured because |t was mked with [iquid,| but the

f | onOperatier mogas expecPelded o bpl@s en/1@xoff oydlise| s oquB d off cyclic
flow - ranging betvveenai_riﬂghs apd lows in a chapti Ci
nature. [0074] A conpprison of A& 5ne cl ean n@eralon

ef flect via pul sed and[ normal alrlift devices \Qfas
conjdMieirbalarierpeemebiliryape.4b2 ar eaf 8.8r- 6 Thigbaenbr an® 6 Imh/bar
filtration cycle was 12 minutes filtration fol] owed by
1 nj Hop&upigg Az amipyts. pmldbah of the air flowrjates,

two| figReaLed cycles were tested. The only difflerence
betmeen the two sets pf tests was the device clonnected

to fhe nodule -a nornpl gaslif} device versus fa pul sed
gas| Metmbdangi ppemeathbtyng2br-ah8 c| Ednrilddmbftar ci enicy.6\ab/bar

eval r%%%gmgg%rn%in&% to1 t]hgalper reabi ity decline

filtration

[0077] The above examples demonstrate an effective membrane cleaning method
with a pulsed flow generating device. With continuous supply of gas to the pulsed flow
generating device, a random or chaotic flow pattern is created to effectively clean the
membranes. Each cycle pattern of flow is different from the other in duration/frequency,
intensity of high and low flows and the flow change profile. Within each cycle, the flow

continuously varies from one value to the other in a chaotic fashion.
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during the filtration. Figure 11 shows the

perneability profiles with the two different gaslift
waleawsgessisat different air flowrates. It i s apper/E81008/006799

fromthese graphs that the nenbrane fouling rate is

|l ess with the pul sed gaslift punp because it provides

nore stable perneability over tinme than the norma

®ag3li ft pukltpvill[l@oppteciatédithah atthoeghpthe egbndimeents described above use

f .b th f f t ypi cal l i
BB P MBSk IR b AL BB G A MRS by puted
ﬂﬁidtfhﬁvsnh@lﬁamg ga_s,v@anjuames ihelighidf | ow rate was 3nB/h
for the pulsed airlift, and 6nB/h for the cyclic

aeration. Cyclic aeration periods of 10s on/ 10s off
@A®P13s on/ Bavidte apprasiated thatfurthgeemedimentseangiexempbfications of
T 2lior 42, RS AR TR Berk By o oL et pe invention
dperibaaly and cl osi ng of val ves being 10s. The cyclic
aerationof 3s on/3s off was chosen to mmc a

frequency in the range of the operation of the pul sed
airlift device. The performance was tested at a

normal i sed flux of approximately 30LMH, and included

long filtration cycles of 30 mnutes. [0076] Table 1

bel ow sumari ses the test results on both pul sed

airlift operation and two different frequency cyclic
aeration operations. The perneability drop during

short filtration and long filtration cycles with

pul sed airlift operation was nuch | ess significant

conpared to cyclic aeration operation. Although high
frequency cyclic aeration inproves the nmenbrane
performance slightly, the pulsed airlift operation
mai nt ai ned a nuch nore stable nenbrane perneability
confirmng a nore effective cleaning process with t
pul sed airlift arrangenent. Table 1 Effect of air
scouring node on nenbrane performance [0077] The above
exanpl es denonstrate an effective nenbrane cl eaning
nmet hod with a pul sed fl ow generating device. Wth
conti nuous supply of gas to the pul sed fl ow generating
device, a random or chaotic flow pattern is created to
effectively clean the nenbranes. Each cycle pattern of
flowis different fromthe other in
duration/frequency, intensity of high and | ow fl ows
and the flow change profile. Wthin each cycle, the

fl ow continuously varies fromone value to the other
in a chaotic fashion.[0078] It will be appreciated
that, although the enbodi ments descri bed above use

he
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a pulsed gas/liquid flow, the invention is effective
when using other randomly pulsed fluid flows
WO p@BasEsNyy gas, gas bubbl es and |iquid. [0079]PCT/USR00$/006799
be appreciated that further enbodi nents and
exenplifications of the invention are possible w thout
departing fromthe spirit or scope of the invention
descri bed. CLAIMS: | . A nethod of cleaning a nenbrane
CLAWMSace imersed in a liquid nediumwith a fluid flow,
including the steps of providing a random y generated
i nt er I fluid flow al al d. .
L oo B pEiIeRIE F et afc s Tp@RRed M H HEREHEIGm witn o
fivEitl Hlesh, asctodidy (e Ste€ps@f ProvidinghieaddinlyRnédatéddnfek@ittent or pulsed
conprises a gas flow 3. A nethod according to claim?2
fhtd Hlovhalopg syd snempbyane sirface sedislpdge frmiipgagaterals fherefrom.

nmet hod according to claim1l wherein the fluid flow

5 2.ncl ugegefod Y& 6 ot é’ﬂﬂﬂ' W %H's% flow.
accorgiﬁa ?o cpgpﬁgg)%ﬁerein t gﬁket]ggkﬁnﬁﬁﬁ ésgagas oW
produci ng the 0 pul sed two-phase gas/liquid flow using

% devAaretboppidoedingta dlabn 2|vdwreih thr gesSlow sedpygses .gagbubbles.
nmet hod according to claimb5 wherein the flow of

£ cor mhg e 920l T RRI 4 iB TEDRT e 198 phase

gaRdiquittBowsi ng the pul sed two-phase gas/liquid flowin
conjunction with an essentially constant two-phase 5

as/liquid flow .8 A nethod according to claim1l
er efiringthed Aecordiae fuslea f wheesin dissmpthgdiinglpdss producing the

i i o . - b gk i ol .
o ARG DAL AR DL Lo dibi Yt pesuried g
pul sed fluid flowis randomin magnitude and/or
6.r equAnusthedadcording taclaom S whet@n the flewiof aressurisdd (ges is essentially
go%ri sing a plurality of porous nmenbranes or a set of
eRBrane modul es and a device for providing a
generally randomy generated, pulsed fluid flow such
1.hat , Aimethis@accdadiflg td ¢laiin fi lvahréi U@SMp@SYH fhifiger ShUlid@Ba8ing the
of said nenbranes to . . . ) .
pulsed two-phase gas/liquid flow in conjunction with an essentially constant two-phase

15 gas/liquid flow.

8. A method according to claim 1 wherein the method further includes providing an

additional source of gas bubbles in said liquid medium.

9. A method according to claim 1 wherein the pulsed fluid flow is random in

magnitude and/or frequency and/or duration.

20 10. A membrane module comprising a plurality of porous membranes or a set of
membrane modules and a device for providing a generally randomly generated, pulsed
fluid flow such that, in use, said fluid flow moves past the surfaces of said merﬂbranes to

dislodge fouling materials therefrom.

11. A membrane module according to claim 10 wherein the fluid flow comprises a

25 gas flow.
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di sl odge fouling materials therefrom | | . A nmenbrane
nmodul e according to claim 10 wherein the fluid fl ow

w@owpnsses a gas flow 12. A nenbrane nodul e acROr/tb10g8/006799

to claim1l wherein the gas flow conprises gas

bubbl es. 13. A nmenbrane nodul e according to claim11l
wherein said pul sed gas flowis produced by said

bavi cA membiade thaduteacgossiimgioyclaim hlawhertin tha gas flowaneenprises gas
nnbg%l e according to claim 10 wherein the pul sed fluid
B4ORISi ncl udes a two phase gas/liquid flow 15. A

menbr ane nodul e according to claim10 wherein the

Bl sed rhémbfné htuieSac oMol dlai FRENWhe@a idlp@lked gas flow is
frequency and/or duration. 16. A nenbrane nodul e

Rredusedibygpatdbdevies proyidedimathed supphhef gevi ce for

providing the pulsed fluid flow further includes a

otri . . TR Cabl o L h. sai .
S
inobidees twd plasg lgat/Mquidifidw.i but or. 17. A menbrane nodul e
according to claim 10 wherein a device is provided for

pach Iodule. i RIbLane, Tdul & agcor dind 10 S Mow is
1ARE4th 8§ makfitudt SRS AR ABIMH Fordfue A N9 to claim 17

or claimI8 wherein the pulsed fluid flowis randomy
1gﬁenerat ed anongst said devices formng a random

st r Aunembiang sradeleraccolingforpbainoly) whernearthd dayidedar prayiding the
rd [ e of plural ity of [ ou . .
AR Pty ATEDBUE! 255y MNGEEUteflrahod 45 s avie

dndnge puled Albidyflow isdis@ibued ih the iodaleseirbtgingerdsttibetor.
sai d menbranes being arranged in close proximty to

e anot her and nted o prevenf. excessi ve novenent
er e‘ﬁéf‘%é‘ﬁ‘f‘eﬂﬁ‘ SR 4 HYyvhersing deydceis provided for each

Rb@vedi ng a generally random uniformy distributed

pul sed gas bubble flow past the surfaces of said

menbr anes, said distribution being such that said gas
Bubbl Agn¢mbrane gesiuleracicarding igrvildioy ) whereinvedeviesistprovided for a

mgr%?%&dﬂl«:%?i d array to scour the surface of said

19. A membrane module according to claim 17 or claim 18 wherein the pulsed fluid

flow is randomly generated amongst said devices forming a random distribution pattern.

20. A method of removing fouling materials from the surface of a plurality of porous
hollow fiber membranes mounted and extending longitudinally in an array to form a
membrane module, said membranes being arranged in close proximity to one another
and mounted to prevent excessive movement therebetween, the method comprising the
steps of providing a generally random, uniformly distributed pulsed gas bubble flow past
the surfaces of said membranes, said distribution being such that said gas bubbles flow
substantially uniformly between each membrane in said array to scour the surface of said

membranes and remove accumulated solids from within the membrane module.

21. A method of removing fouling materials from the surface of a plurality of porous
hollow fiber membranes according to claim 20 wherein said gas bubble flow includes a

two phase gas/liquid flow.
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menbr anes and renove accunul ated solids fromw thin
t he menbrane nodule. 21. A nethod of renoving fouling

woreaosnsmis fromthe surface of a plurality of PCIUS208/006799

hol | ow fi ber nmenbranes according to claim20 wherein
sai d gas bubble flow includes a two phase gas/liquid
flow 22. A nethod of renpving fouling materials from
the sOrmetbad of reangyiing Euling negterjipds from tho buracefdf lagrlurality of porous

' im 2 - e i d | sed -
N ABGImaREANE BabinEl ot o Lo v Bt PresBhise sasniquia
fow\s preduvdd by @ﬂe\ﬁéépl!&)ﬁvic&ﬁ|tht§3é7tﬂ§§sé’fmall§%Bﬁété(nt%ﬁp?lgﬁ)f gas.
23. A nmethod of renoving fouling materials fromthe

surface of a gluraLité)of por ous hol | ow fi ber )
Fenmbr arfeethad ebreangigng tpudingmaterials Fpmcthe syrfare afigenlwiality of porous

holfoup b ilerdBantl R¥efihg Bftiaitn 3P BHOI 22 WA Htpulsed gas
bukihld Bowaspmideinrig magniitudehid/yr féqueacypusd/baddratior. i ber

menbr anes, said fiber nmenbranes being arranged in
ose,proxjmty to one another and unted to prevent

%L_ceséi fv%mhf@v% lq ?Pé?%‘b%‘f%@h’fﬂtth &l Pt hoflant .ﬁiﬁ%glembranes’

§8d NBerf h&RBraakbs BARY aBAfkddNn 1€ @ﬁﬁ(ﬁmltz @@oﬁ@ﬁgﬁﬁerh%ﬂ Ifi¢linted to

one or nore openings formed therein through which a

prevent gkegssiva myiemsnt heagbgtvecen| e fibsr imetnbeahgs bdingdixed at each end
cl i the surfaces of said hollowc/fiber nenbranes. . .

B RAR oh B bR o o P pir b T BER which
gdieryl ragdbrg palskd ox¢ flowiifintloguded fat eleatiag tHikablaess of28id hollow
A nmenbr ane nodul e according to claim24 or claim25

fAbraBsb@agsd pul sed gas flow includes a two phase

gas/liquid flow 27. A nenbrane nodul e according to

$4.al M8 NHGHE! | i ] RS ph Rl is i

I's pr odu%ed byhgbdggév%ggwﬁl?%g)i%%@j %ﬁag suﬁé’:”&%gagggg‘% in the
foBm oA gaghtbtdese nodul e according to claim27 wherein

the supply of gas is essentially constant. 29. A

nmbr ane dule according to cl.aim 24 or aim25 .
hner et et mosiicsorfing o Jaim Al ars R FASPtRid pulsed gas
Ackl/igdludds@auphisepat/iquidaoal i on. 30. A menbrane
nodul e according to claim 14 or claim 27 wherein the
devi ce :
27. A membrane module according to claim 26 wherein said pulsed two-phase

gas/liquid flow is produced by a device provided with a supply of gas.

28. A membrane module according to claim 27 wherein the supply of gas is

essentially constant.

29. A membrane module according to claim 24 or claim 25 wherein the pulsed gas

flow is random in magnitude and/or frequency and/or duration.

30. A membrane module according to claim 14 or claim 27 wherein the device
includes a gaslift pump apparatus operative in response to said supply of pressurized gas
from a gas source connected thereto to store and intermittently release pressurized gas
and use the released gas to gaslift quantities of said liquid from a reservoir of liquid to

produce said pulsed two-phase gas/liquid flow.
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includes a gaslift punp apparatus operative in
response to said supply of pressurized gas froma gas

W@ omsassstnnect ed thereto to store and i nter m PCBEOS1098/006799

rel ease pressurized gas and use the released gas to

gaslift quantities of said liquid froma reservoir of

liquid to produce said pul sed two-phase gas/liquid

31. ow. 8 membnangrinodnle acookding tacﬁéainnﬁm‘ghtroirdaal gasB6t pump apparatus

slift t | ud ,
PRGER B §ile R e CHIRER POt g P g by said gas
UL Ak Chalih g A1 6k 08 P pEOSHACA dAMBPRAYOWE hd TolRRHed RPRId reservoir

end and an(;?en | oner end positioned in said reservoir
Qffliquidyai wgrtical visgritileealocated avithin gaad gacsiowage @harhber apdihdving an

hanmb d t influid . ..
A LR B PR PSR b g b b in i
dﬂiﬂfhh@ﬁlcimfnt with sdill wheinSrafe thddGR] §20d rl\;‘.%rttbb@l@dvdn s in fluid
nodul e, said riser tube having an opening in fluid
COBHRUMEREAN With said |as sPEAEg £8aBbel PRgEInRG fTdrceiviaE shidrsered gas
g 25t R (3L 8 gy AR SR RS o YiBlrmines

lpved chatl @astifting tHeduplid dndugesiid fisérngbd floe dischirige irftb s gid @hodule.
said riser tube for discharge into said nodule. 32. A

nbr ane npdul e ordl 14 or aim 27
Ther eRempats pptyieareyithe © gV Shobgied masupoly of
%a@ nzkpx%@ﬁfeﬁ'b@" AMEXRITBA TN &ﬁﬁlalﬁﬁ‘l% prés@@rlk@r}iﬁs Qﬁé Hhk!'Hing in fluid

communi cation with the menbrane nodul e and

qqmmwgca;tm with thmaﬂgbfa@ﬁ: nmd@h @d&gﬂvu@mmyngemﬁeﬁoapwiding

I?.HJIOS \j enex%?sd[;hu g)ut'h or%gL rpo% gis E}éulﬂgl? glﬂfgl f%¥vcleaning
tﬂeduhﬂnaﬁgﬁﬂﬁmﬂg to cla|n132 wherein the control neans

conprise a fluid flow control device positioned in a

as/lqu|d inlet to the menbrane nodul e, and operabl e
%g%n deerdrpiane Biedplrecrrding 9relaimgid whergin the cppirelimeags comprise

LASMIHRY 88trd] HevcE ggsﬁ?%é?f nal %ﬁ%ﬁﬁlﬁld infbt tdy ﬁﬁge module and

nmodul e according t [aim 2 ereln the device
aperabde inadépendeinicel bl thfolltmdmfdalmd)m the triletao pravide gas from the external
dlstrlbutor to substantially uniformy distribute the
‘'sed gas bubbles into the nodule. 35. A nenbrane
bi oreactor including a tank having neans for the

3t r odusdmiBran®molieRdict Hidirg 0, claimaniswhé&einf tBE @Vile is connected in
activated sludge within said tank, a nmenbrane nodul e
fluid communication With a fluid distributor to substantially uniformly distribute the

pulsed gas bubbles into the module.

35. A membrane bioreactor including a tank having means for the introduction of
feed thereto, means for forming activated sludge within said tank, a membrane module
according to claim 24 positioned within said tank so as to be immersed in said sludge
and said membrane module provided with means for withdrawing filtrate from at least

one end of said membranes.

36. A method of operating a membrane bioreactor according to claim 35, the method
comprising introducing feed to said tank, applying a vacuum to said fibers to withdraw

filtrate therefrom while providing said pulsed gas flow through aeration openings within
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according to claim 24 positioned wwthin said tank so
as to be immersed in said sludge and sai d nenbrane

woroeai1gssps ovi ded wi th neans for w thdraw ng fiPCT/HS208/006799

fromat |east one end of said nmenbranes. 36. A nethod
of operating a nmenbrane bioreactor according to claim
35, the nethod conprising introducing feed to said
saghmodualgsight Higt.an v gaich gae flowi movdstpasisthe surfiaaeh @f said membrane
i ltrat.e therefraomwhile .praoviding said pul sed gas
R R A URF W Phr msai G- rodul & such
that, in use, said gas flow noves past the surfaces of
3ai d pan&thedef bpdeating: 4 medibsdredgereh@ot Adegrdingd & ¢1ain$ 36 further
therefrom 37. A nethod of operating a nmenbrane
IRRTEARE BoVidiRD ST sepree af e MY he pravisagy wishia ghe tank.
providing a further source of aeration nmay be provided
§ t hi [ g -
B or A cafiod 3perthe LrBEHRAL i3hreREF KcbRing d B 30 Gherein the
menhblane insodsuks sesnsigthdoc verticalyt withintthe mnkaad tsaidifusthet source of
sai d furthe ource of aeration |S$ provided beneath
AT Bé‘h"d‘iﬁf l?ﬁ:?&ﬁtgél.‘e ggpe eﬂé’(l‘?fb’ie'of operating a
menbr ane bi oreactor according to claim 33 wherein the
$ir t NRrm&ALE 6EoRYratRey R hlebr&RMIbled@Sr RcBFdMPtPE1aidh B3 wherein the
ermeabl e tubes. 40.” A water treatnment system
ﬁ[l)lﬁbmmur@ of aceation comipriges dgwupebeair permeabletubeninect ed
to the tank; a gas chanber fluidly connected to the

qui : r . .
4014 oA BoTRIBAMS JREL Gt bl iy comec o
thy sdrdara gac clizahiey fluidlg lcanmacdd tb e lqrid charhbedt gl anmgabrane
transfer system having a suction side connected to the
II“F’a F dluidiy rpmiecddo dhegas €'-si de connected to the

gas chanber. 42. A water treatnent system according to

£1.ai AP e r&diAbRR stbod éﬂcbﬂﬁﬁ% 1A B e RISTBnPd gas transfer
gas fluidly connected to the Tiquid chanber. 43. A

syatear haviega Aegtionsjda compecied fodtha diquisl ahiapibar @l 4 dischesge side
Lhel udi rane nodul e vessel containing the
%%ﬁ%ﬁ%%g%%§§ggg%gﬁﬁxthe menbr ane nodul e vessel is
hydraulically connected to the tank. 44. A water

42. eat ABniterSty&itRemtesysRm sicogling fol daini0 esanivoi I firther thfuding a
connected _to a

0 L
source of gas fluidly connected to the liquid chamber.
43. A water treatment system according to claim 40 further including a membrane
module vessel containing the membrane module and the membrane module vessel is

hydraulically connected to the tank.

44. A water treatment system comprising a liquid reservoir fluidly connected to a
source of water; a gas/liquid chamber enclosing a first compartment and a second
compartment, the first compartment fluidly connected to the liquid reservoir; and a

membrane separation vessel hydraulically connected to the second compartment.

45. A water treatment system according to claim 44 further comprising a chamber
hydraulically isolated from the membrane module and a gas source connected to the

chamber.
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source of water; a gas/liquid chanber enclosing a

first conpartnment and a second conpartnent, the first
w@ovpassment fluidly connected to the |iquid reGEUS08/006799

and a nenbrane separation vessel hydraulically

connected to the second conpartnent. 45. A water

treatnment system according to claimd44 further
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i mersed in m xed Ilquor contai ned in a nmenbrane tank

congectp@totbaishameen ank is hydraulically connected to
the aeration zone which is fluidly connected to the
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I 'icl uding: pro aving a Pirst

conpartnment and a second conpart nent; establlshing a

hy dr apdoviigeathdistiendaning aefirki ¢hpacomna ahdre s¢coad dotripartment;
menbrane nodul e; at least partially filling the first
conpart with a liquid and iptroducin

C e, crrutDishing g dfeuis icbebreeadh i gombreRgimg (e ombrane
mBguke according to claim47 wherein the nmethod

further includes breaking the hydraulic seal, wherein
breaki ng the hydraullc seal rel eases at Ieast a

por t i ¥rieast patiglly ftlingohe firsicgmipartmeat withgdiguid and he

menbr ane nodul e and then re-establishing the hydraulic

seal Hﬁ%§§SH§F%§%ﬁ%%ﬁ%?ﬁQHRQFtnent and t he nenbrane

nodul e couring a nenbrane nodul e
according to claima47 wherein the nethod further
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wherei n the nmethod includes |ntrodu0|gg liquid into

angethew eoertiabdishipgrtherbydraulic) seahbetwe e thedirsiseompartmeeng and the
y@ggﬁggqn&ﬂﬂyle according to claim47 wherein the

49. A method of scouring a membrane module according to claim 47 wherein the
method further includes re-breaking and re-establishing the hydraulic seal to produce a

pulsed release of at least a portion of the gas contained in the chamber.

50. A method of scouring a membrane module according to claim 47 wherein the

method includes introducing liquid into the second compartment.

51. A method of scouring a membrane module according to claim 47 wherein the

introduction of the gas into the chamber is performed essentially continuously.

52. A method of cleaning filtration membranes located in a vessel containing liquid
by providing generally random pulses of fluid within the liquid at a number of locations

within the vessel.

53. A method according to claim 52 wherein the pulses of fluid are random in

magnitude and/or frequency and/or duration.
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