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The present invention relates to the use of a gas bupble systemto renove
fouling WORS28066al s fromthe surface of nmembranes used in PCTAUSTIO085S

systens and the |ike. BACKGROUND ART] A variety of nmenbrane
filtration systens are known and many of "t'hese use pressurised systens
operating at high transmenbrane pressures (TMP) to produce ef fective

filtering and high filtrate flux. These systens are highly effective but -
are also 10 expensive to produce, operate -and npintain. Sinpler systens

usi ng menbr AFLErSGOYURING MBTHOP mounted vertically in a tank and using
suction applied to the fibre lunens to produce TMP have al so been
devel oped, however, these systens have been found in the past to be

| ess effecti essuri sed systens. Exanpl es of such
known systeﬁéegm}}#‘gggﬁgt ed in US Patent 5,6192,456 to Ishida 15 et al,
U S. Patent No. The Efe%erﬁgﬂvér@io@élﬁteﬂo ﬁie L%B‘éf X\@agﬂﬂm%&ﬁ td e fouhg%

Envi r onnment al | shida et al patent describes
acti vat ed smatbgalstﬁ'@atthﬂglr&spaf aieuﬁ)rmhﬁsnmeénrﬁlu'atlon fystems andithedikeo cl ean

t he outer syrf f e filter nenbrane. In this arrangenent the air

bl ower usedﬂf*gﬁ&ggg)lggacﬁéhreat ment of the waste water is also used as a

secondary 20 agi b TR e ges. The
A JaietyPoF MOMbfafe Hre BPg s E{é rre%@drane ??{an

menbr ane nodul es are "o the plate-type. have a | ow
packi ng dengsretsurisedl sysherss qnhramtg dtdiigh triwessmembragns priessaines (AdDdP)ctogireducs t h
cleaning ti gfhtl y packed fibre bundles. -Air is bubbled from . beneat h the
modul es andeifestiye silteriag apd high filfate fluxs T hase systems arsdughly sifective but are alsqpe

hi & 25 '8asSbRlbe FEPlsRui S0 BSE Sto SRRl PP A e pea

or par abol i fgedly hidunted verficilliylil@ tank andusing sRtios Qﬁﬂl 8\thd ﬂareamhfe)&s t®
produce bubbl es which contact the fibres such force they keep the

surf aces r efradueecT YR have also beer devriopad, bwevegafhpww&m have beere fywidtin thg

I nani mate pa res,are free able as they are only
attached s*éﬂcb e?‘ch%‘? é‘H‘aB’EHﬁ*‘?RTeES%SFéY %m)val of deposits on their
outer surface. FERnpledBf afchXhoWd s§3@miiare fliu@M«hté& fh OIS Patkpe 5f1r92m5@ 6 QsHig®
external of the fibre bundl e and nove generall

y
15 etal, U.S. Patent No. 5,248,424 to Cote et al and WO 97/06880 to Zenon Envxronmental

Inc.

ﬂ

The Ishida et al patent describes an activated sludge treating apparatus where air
flow is used to clean the outer surface of the filter membrane. In this arrangement the air
 blower used for biological treatment of the waste water is also used as a secondary
20  agitation source to clean the surface of the membranes. The membrane modules are of
the plate type. The membranes also have a low packing density and thus do not have the
problems associated with cleaning tightly packed fibre bundles. Air is bubbled from
beneath the modules and is supplied externally from the membrane array.
The Cote et al patent again describes a system of cleaning arrays of fibres. In this
25 case the fibres are mounted in a skein to form an inverted U-shaped or parabolic array
and the air is introduced below the array to produce bubbles which contact the fibres
with such force they keep the surfaces relatively free of attached microorganisms and
deposits of inanimate particles. The fibres are freely swayable as they are only attached
at either end and this assists removal of deposits on their outer surface. The bubbles of

30 gas/air flow are provided from a source external of the fibre bundle and move generally
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AVENDED. transverse to ﬁ'hﬁ—\ﬂsﬁtj}iﬂﬁs'*;gg”ﬁ br&. This linits the depth of
fibre bun¥OH8RBIGH can be \ ef f BEFOEEY cleatled. * PCT/ANB7R085%Nt | on
di scl osed i.n the Zenon Envirdmmental, Inc. PCT Application No. W -

97/ 06880 is closely related to the Cote e2-al patent. In this docunent the
fibres are 5 unconfined, vertically arranged and di nensioned to be
slightly I onger than the distance . between the opposed faces of the
headers into which the fibre ends are nounted to. all ow for swaying and
i ndependent f Nl | 1ichitof2 bitnd ﬁ'q?f‘

with a gas té%?r@lfggﬁ P{gr%eﬁnéggsng%}écgﬂgsr%%hces%gp%atfﬁgfgbg?%ﬁlvggéﬁn ch serve
t o scrub t heffectivelymi¢anmedsur f ace of the vertically arranged fibres as they

hort 1 cot o YooRbe T GeastSeakndh 2eman i ienil 5 Pt ApplshiaRe
Menbr anes Ugidg786986 isaa54 ﬁté@t{o%? o) a??&f@ﬁﬂ 3h éﬁi@ Ew&t th%ib%@é ane
wal | s by applying a gas pressure to the Tiltrate side o e nmenbranes and

t hen rapk dl yncdefined)vemivally airaspcthald dimensionsddobe stifiely Ragesthde tef distagce
menbr anes. Feed IS Slgppl ied to the shell while this gas backwash is
t aki ng pl acketweer theppesaddacesiaf thepraders intogvhich theftbye gads ave mauntedtecalloy | s

resulting in further di d f _acc | at.ed SOl ds, . .

b1 SLCsURE T SRS B AIER o B6of e Bafayel oSt i pinyig pereted
parti cul arl\yith@ gas BistitltiohYme&ins PeisHArotRed3 a3NAE of bubbles WARMEErvetolsehib the
menbrane nodul e arranged in a relatively tightly packed bundle. 20 These

por ous nenuesriaag obtheivartically auangedsfitlrehassthey rispupwardly/theoughrtbe skein. as
d I b inth b ' : .. t i Ot ks ti
oo ondTor "ot o2 ot Ve g EPRHATS Lo BEE S ke ™ ©

provi di ng angihghlog cRhhRE refhaNes RRLE fas BacR@EsH 1©'difl6AR hRRrihPRbMNHe
materials fromthe surface of the porous menbranes by use of- gas bubbl es.

25 Ac coentbrapetwallsry appheng a gadpregsues rthe ifiltvae side of treonenibranas asd hod of
r enovi ng fouling materialg fromthe surface of . rality of r QuUS
menbr anes dPFR Yi cgnpressmg@wbﬁixa éurﬁ?}ﬂ}.‘i]l“ég %%Mﬁ ?“??%‘%/f?%st !eﬁgt he
modul e, by jgg i‘&ttP"?ﬁe $HRB Wi RSthis gas 3Bélé§ds Gs taRIRYe! B SRR Bfbudnce 3nd

gas uebb or%n ref’l

menbr anes, es In a uni I'stribution ative to the

por ous nentfrathmgearomyd the alenbrate svallsirdsulting ds furthee dishrignieneofacciantstedf 30
and vibrate said menbranes to dislodge fouling nmaterials therefrom said
nenbranes Solids.

DISCLOSURE OF THE INVENTION

The present invention relates particularly to a plurality of poi'ous membranes

arranged to form a membrane module arranged in a relatively tightly packed bundle.
- 20 These porous membranes may be in the form of fibres or plate type membranes as
described in the above prior art. |
The present invention seeks to overcome or at least ameliorate the problems of the
prior art by providing a simple effective system and method for removing fouling
materials from the surface of the porous membranes by use of gas bubbles.

25 According to one aspect, the present invention provides a method of removing
fouling materials from the surface of a plurality of porous membranes arranged ina
membrane module by providing, from within the module, by means other than gas
passing through the pores of said membranes, gas bubbles in a uniform distribution
relative to the porous membrane array such that said bubbles move past the surfaces of

30 said membranes to dislodge fouling materials therefrom, said membranes being érranged
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- 3- bei ng arranged in cl ose.proxim:ty:-to-ene another and mount ed to

prevent excessive movenent thResechetween.s Tk pf:orous menbr anes may
conpri'se hollow fibre menbr-anes. gxrfEbl y, _'g.{he_ fibre nenbranes are
ar r anged wo 9828086 €S ' - " cage whiRGT/ABIN0B8SS: o
prevent sai d excesshiy8héBHAFBEdn Répiceget ween. 5 According to a :
second aspect, the pr n provides a nenbrane nodul e '
conprising a plurali tm1uu[mzuu nbranes, said nenbranes being arranged
in close proxi m t fnotner and nmounted to prevent excessive
novenent therebetween, and means for providing, fromwthin the nodul e,

by nmeans oidelosd Proxifiay 16 066 amghérundugbunted tolprevedo excessive amivemertTbr anes,
gas bubbl es such that, in use, said bubbles npve past_the 10 surfaces of
and vi br at thesehetwaembThsperonpmgmbraney anayorsmprise hetlaifthre membrangsom

The gas buhbl es be, provided fromw thjn,th ) var i

met hods r‘?fﬁ@bg"g i\{%ﬁﬁbgfsmﬁfpg{ap%ﬁtteiwg%# 1gsbu8§leggvglg+1§bé§¥ |b§ at;ﬂe é{ ‘ﬁ%%{d g%géed to
mount the QREL aB6Ss tofprevent BAN CiEeskive tndvRaRhEtheidbefivden! he nodul e or a tube
or tubes positioned to output gas within t he nodul e, the tubes may be

in the fsorm of Accoodihg td a sedood aspact,Ahepregent dhventiom providdsia membrang medy.
nodul e. Anot her, net hod of ovi din as bubbl es i ncludes creati as in-
situ by m&ﬁ%‘P&F‘WWﬁ%&WBH\% Eﬂ’é‘?‘%ﬁsoﬁaé‘l BFmbraRes pRing aﬁa%fﬁf;‘ﬁ Q&Fﬁes of

gas provi sj e é&ﬂm | ehfal E,{gpg,@h'mt f

t he i nvent #’gc;r}{.lmlty to%@aﬂgﬁ@éor |Eghftag,t% ev%étee%(gfsﬁg’gﬁ(g{m % e oresenfﬁxp

i nventi on pieavs g@Sprovidiig) Gidnowithin the ewadule) by fmesns othentitaargas passingrthravigh
surface of a plurality of porous hollow fibre 20 manbrgngg nount ed atﬁd :
extendi ng Hesmpgres af seif membranas, gas ipbles speh thah ipss, s2if bubbles moyg past the; ¢
menbr anes bei ar.r al ' S b0 <t Im'g?lﬁﬁ r and nount ed

to prevl nt > qg%gs(:'lf&%ﬁ%%%%ﬁ%@h‘g?lggg‘){(f\})\ghelhgnﬁ% ne ogltoggrrpri sing the steps
of provi di rnthe dak ®ibbles hiay begirevided fvm Withiehe moduledy 4 veriety af mptids ng

t hrough the pores of _said nenbranes, uniformy distributed gas bubbl es,
sai d di st r innkediog goe distritsuion holrstoropeaingsin tha ppt @@dﬁﬁg@%U%thr&P‘Fsya

uni formy between each rane in.said array .to sScour -ace of
and vi br at 8%"&1%%@’8?‘5&39%% g“’r’@ﬂ%@% oLg ?Wé?%& 15 giﬁf)aé@ﬁ HPY [_,{Sa% :"Jr%&{fxlfle
menbrane mpdilSdule, the tubes m&Pbe [ BETHBN6£a cBb Gf HRbED taitamim oledwhichdit
vertically to formsaid array and said bubbl es pass generally parallel

to the Isongyvithinlitheamodulee notter madthiod phprovidimy gdsdyuhbley includey creating gas in-

situ by means of spark type ozone generators or the like. Further types of gas provision

are detailed below and in the preferred embodiments of the invention.
According to one preferred form, the present invention provides a method of
removing fouling materials from the surface of a plurality of porous hollow fibre
20 membranes mounted and extending longitudinally in an array to form a membrane
module, said membranes being arranged in close proximity to one another ar;d mounted
to prevent excessive movement therebetween, the method comprising the steps of
providing, from within said array, by means other than gas passing through the pores of
said membranes, uniformly distributed gas bubbles, said distribution being such that said
25 bubbles pass substantially uniformly between each membrane in said array to scour the
surface of said membranes and remove accumulatéd solids from within the membrane
module.
For preference, said membranes are mounted vertically to form said array and said
bubbles pass generally parallel to the longitudinal éxtent of said fibres. Preferably, said

30 uniformly distributed gas bubbles are provided at the lower end of the array. Optionally,



30 uniformy distributed gas bubbles are provided at the |lower end of the
array. Optionally, WO 98/ 28066
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a backwasWO28288¢6 used in conjunction with the renoval proc®F/AWTHE8SSst

sol ids renoval fromthe nenbrane pores and outer surface of the

menbr anes. For preference, thé4menbranes conprise porous hol |l ow
fibres, the fibres being fixed at each end in a header, the | ower
header having a plurality of holes fornmed therein 5 through which gas is
I ntroduced to provide the gas bubbles. The fibres are normally seal ed
at the | owef baikivash thagitR usad i Bejlndtimewitie thé remodhll (Pocsss i Nalst 9blids refrlohe-
Some of the fibres may al so"be used to provide bubbles of scouring gas
to the arr afyointhé sedibrgne pores grsouttr suface oftheanemibmes of the fibres in the

array. The fibrgs ar referably arranged.in vl ipdrical _arrays or
bundl es. 10 Tor prejerdics, Be maerifsanes SpRtiseiparoRR bollPB Abiks the fPs thipe
applicatio ' | ¥ ' .
2Pbr cor at o TR 4aeh Ol RohgaREr, the lovisy RElct haying i offolds fmed thereiy
por ous sheethrough wisich geslisiintredutied e providerhe Igas bebbied. €Bheofibres prer rmially t 0
provide a nore uniformdistribpution of gas bubbles. The porqus sheet al so

provi des t healed at thedawigr spd anft opfa a3 their WRRSA £G i allnw semovah pb Eiltrate, Sems of he
air supply . r di I

aspect "t bbb k7 G e uich 10 provide BREHIeE bEChoufid oal'id BErRY B LAy
plurality ofaspiough stletted oheotiha fibrdsi ihtigsareast. €T filsres are préfefubly wethnkidliM
bet ween and nounted at each end to a respective potting head, said :
menbr ane fi®iiadripaiamgyser bursdes.i n cl ose proximty to one another and

ot ti g "heads HERFRRS SQrRiES iR KSR fhe AUIES &Y FhnifeEflon 8F Sielion Shbied
formed ther@itRt@mdweed it il Rsappedcisted tHAs A blifdble/means of PoviainE TMERHA ed

in said one potting head relative to said aeration holes.
Accor di ng the usedr & porousistiest may beased it conjunstion setntheiholesor separgtelyiodes a

filtrati . t L.ocl udi d ' t i,d d
aspect  whorRSPHde B0 B s Bl CLeAe DU f5R BB SRt BIPProGS BRric

cont ai ni ng Jqaed aliy JtPr&Rntihl s6hECing RGNS it tidai @ﬁ}gﬂ pRnbfPéRiRER" ane
pressure to saigl f%]‘bw}%s ffbﬁ sgildéarrlaynfgo_ca%ée fﬂlgelsatufat %Ig Sass

t hr oughtpor es i Accmdidgito bifesharpicferad aspeot, sheppleyent imventioa proyides a membrane

i nt I ttent ' ' [

bl S SiBBahe el SFeros Below HRiibrats ok Shesding® 1© Produce

longitudinally between and mounted at each end to a respective potting head, said

membrane fibres being arranged in close proximity to one another and mounted to
prevent excessive movement therebetween, one of said potting heads having a uniform

20 distributed array of aeration holes formed therein and said fibres being substéntially
uniformly mounted in said one potting head relative to said aeration holes.

According to a preferred further aspect, the present invention provides a filtration
system including a membrane module according to said second aspect wherein said filter
module is positioned vertically in a tank containing feed liquid to be filtered, means to

25 apply a transmembrane pressure to said fibres in said array to cause ﬁltrafe to pass
through pores in said fibres and means to supply continually or intermittently a supply of
gas to said aeration holes so as to produce gas bubbles which move upwardly and
uniformly between said fibres to scour the outer surfaces thereof.

Optionally, when the module is contained in a separate vessel, periodic draindown

30 of the vessel is carried out after the scouring step to remove solids accumulated during



uniformy between said fibres to scour the outer surfaces thereof.
Optionally, when the nodule is contained in a separate vessel, periodic
drai ndowmn 30 of the vessel is carried out after the scouring step to
renove sovods2gos6eunul at ed during WO 98/ 28066 PCT/AU97/00855
PCT/ AU97/ 00855 . -5 -~

the scouring process. Apart from drai ndowh; other methods can be used for
accunul at ed solids renpoval . These include continual bleed off of
concentrated feed during the filtration cycle or overflow at the top
of the-tank by punping feed into the base of the tank at regul ar

interval s | Cj v

hecumil at o depRARE pitiderd. FASIH froh SrBlRRofl Gihct MMIRR oRR R\ i acpumplated,
cycl e. solids remotval. SHmst ithdhedeucmhtinaaldrded oifiof ttrcentrated feabsdurirgetheher ei n

i ncl udes a as, ipcludin air d mxtures of gases as well as ozone
and the |i Rliration ey e or overf?mm fhegep g _Q}Eéenlﬁnéau{rmg # nfgdhebaesiibped
I nvention gRy ﬁ?%ﬁﬁthei‘wﬁ?ﬁ &tk §ffficient too%ﬁff%rﬁgﬁlﬁfgrremo%lo&or ous filter

cartridges as us I'n our continuous mcro systens and

descri bgd hécumniilatedisblidy. This weshldbatypicdl3tdonk ab fietintiofal baekwhkh cylét05, 528.
These cartridges naY be nodified by providing gas distribution holes in the

| ower pl ug It sheuldbenndersigodithat Hhefterm “gey”’ used bergimigelysles any gad, indhading
such that, in yse, the gas pass t hr t he hol es and forns scourin
bubbl es mi"&ﬁ“ﬁé’é‘é‘“ﬁﬁ,ﬁ%"‘s?ﬁ So‘ﬁg‘ﬁafﬂ@'ﬁ%“gﬂﬁgﬁke' medium In a preferred )
arrangenent, t el bd ﬁ:‘pr&ﬁ%& PRAAIRE sbdiR RS@KRA iAVertidf rh&%“ﬁé redffly %E;[;n&m

filtrate withdrawn under a vacuum fromthe upper end while the cartridge or
cart ri dgesoweown puxiuldaramistbponous filtericaguidges asi usgd itheurf comtinuous microfiltration

Flbre minoswyeas axbiRvaped fowsartiq D ies Paieh: e ondon N ftinads
' | ' ; ‘ : ;

SEiors b RPN e R Ut B SR B G el B ey
i nvent i on and providing e niedfold ferdnpplyinggasad said holexsnob kieatoinluse, the ighs passes

- reference to the acconpanyi ng draw ngs_jn which: - Figure 1 shows
a sinplifi Eﬂowlbgﬁl@wﬁnerf%mw&ms%ah@eém WHPPWPIdathm“ghrfgﬁ‘éﬂ"&ﬁe

Ul e i . . ! o a .
Pl 11 oo ERRRRSREEpHcbied AR aRAEnd AHETLERN A8 b sl PRt B °
menbr ang nastifiRrate 0thdiaveh tmled A&raptieh dfone thef per ond while ithe/eaptridge;or

cartridges were positioned in a tank containing the feed.

- The embodiments of the invention will be described in relation to microporous
fibre membranes, however, it will be appreciated that the invention is equally applicable
~ to any form of membrane module. |
20 BRIEF DESCRIPTION OF THE DRAWINGS
Preferred embodiments of the present invention will now be 'd_es'cribed; by way of
example only, with reference to the accompanying drawings in which:-
Figure 1 shows a simplified cross-sectional view of one embodiment of a
membrane mc;dule in accordance with the present invention;
25 Figure 2 shows a simplified two part representation of the potting arranger'ngnt of
the membrane .module according to one preferred form of the invention;
Figure 3 shows an enlarged view of the potting base of Figure 2;
Figures 4A and 4B show the pin formations in the annular portion of the potting

base and the plunger portion of the potting base, respectively;



Figure 3 shows an enlarged view of the potting base of Figure 2;
Fi gures 4A and 4B show the pin formations in the annular portion of the

potting . base and t he plunger portion of the pott| ng base, respectively;
WO 98/ 28098 98/28066 _ _ PCT/AU97/00855
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Figure 5 shows schematic diagramof a fitfration systemusing the menbrane
nodul e of Figure 1; Figure 6 shows a sinplified cross-sectional
view of an alternate enbodi ment of the menbr ane nodul e according to
the present invention; 5 Figure 7 shows a sinplified
cross-sectional ig'u?é"SQﬁoﬁi‘scﬁbﬁ)ﬁfi@aiagrmpgfmfon's?stem usidgth@eplbrhiedi Ng of
air to the nmenbrane nodul e of the present invention; Fi gures 8A

and 8B shovmodubog'rl’agurslnl | ustrating the suction perfor mance of the
nodul e under ferent, conditi

shows a
resi stance |ncr B mwﬁ?ﬁglﬂ(iij}%ﬂ%sﬁmﬂ“@?ﬁﬁ’tqt%ﬂaﬁte@a@e&@@dg Sh ofthe
Figure 10 shoug raﬁ‘xe%@@he%co?tﬁﬁg%%&ﬁeéeﬂ?fn?%over ti me between backwashes

wi t hout a porous she dws a graph of resistance

i ncreasesover tFigard?shevesna siaglified Itﬁassweétional viewidfanpitemdte dfitirlimentin
Figure 12 shows a graph of resistance charll?es over tinme with gas bubble
scouring termgef f%é@%fﬁﬂ?é‘ﬁ/’é@%‘ rane mesule ofthe prRsentinvention: t he fibre

PTIEFB;? Pgts ing t h%lggﬁseé Wﬁ%gﬂ%\ﬂ%ﬁ?@@mﬁh?h%ﬁh ggﬁc%ga?&égrﬂ%ﬁefo fél? ency;

and modulEllﬂuémiﬁreﬁhmﬁorgb ml ar graph to Figure 12 illustrating
the effect of rl]‘ppl yi ng gas 20 bubbl e scouri ng to the outer side of the

fibre bundl e onfigure 9 showaznEsph oRresiaRee MEreass oTeiRimeWwENB0@ninute suction
Referri ng t(% Figure 1, the nenbrane nodul e 4, according to this enbodi nent,
conpri sé ’i ndr i cal array or bundl e of hoI | ow fi bre nmenbranes 5

extending . Figng fo'gliowd g%agﬁbf\&%ﬁme@ﬁfcr&e@ml,&we b TohcRoAdResS. 7
Optionally, a screen or cage 2 8 surrounds the array 5 and serves to hold
the fibres Withoutelppgeugshestnity to each ot her '
| Figure 11 shows a graph of resistance increase over time between backwashes with
the pbrous sheet;
15 Figure 12 shows a graph of resistance changes over time with gas bubble scouring
at regular intervals but no liquid backwash of the fibre membraﬁes;
Figure 13 shows a sxmllar graph to Figure 12 1llustrat1ng the effect of no bubble
scouring on backwash efficiency; and _
Figure 14 shows a similar graph to Figure 12 illustrating the effect of applying gas
20 bubble scouring to the outer' side of the fibre bundle only.
MODES FOR CARRYING OUT THE INVENTION
Referring to Figure 1, the membrane module 4, according to this enibodiment,
comprises a cylindrical array or bundle of hollow fibre membranes 5 eﬁtending
longitudinaliy between upper and lower potting heads 6, 7. | Optionally, a screen or cage
25 8 surrounds the array S and serves to hold the fibres 9 in close proximity to each other
and prevent excessive movement. The fibres 9 are open at the upper potting head 6 to
allow for filtrate removal from their lumens and sealed at the lower potting head 7. The
10§ver potting head 7 has a number of holes 10 uniformly distributed therein to enable

gas/air to be supplied therethrough. The fibres are fixed uniformly within the potting



and prevent excessive novenent. The fibres 9 are open at the upper potting

head 6 to allow for filtrate renoval fromtheir |lunens and seal ed at
the | ower potting head 7. The | ower potting head 7 has_a nunber of
hol es 10 WO 988066y di stributed therein to enabl e gas/ aFFTIATIF/A08SS

suppl i ed therethrough. The fibres are fixgd uniformy within the potting
WD 98/ 28066 mhT
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heads 6 and 7 and the holes 10 are fornmed uniformy relative to each fibre
9 so as to provide, in use, a uniformdistribution of gas bubbles

bet ween t hendad96@nd 7 and the holes Thareformed aniforhsly reldtivestopmch fibke flse aped t i ng
process as described bel ow. The arrangenment of the holes relative to

one anot herpravideein usssa unidoran distrihutionof grs bybhiesbetweendhg fibtes. t o t he hol es

and Aot oLl oSl GRS e S35k PR AR BB, il e
can be over e:%én?fmg Bbied k&Qative totintlanbitier hOweR BSl el attaRgeidbnt 6H filsres O.
ensure that bubble flow around the fibres is uniform across the bundl e.
I n-a cyl 5 ndrelatpie tbtiredhadesdndodack ether has heen fhind toseffect hescouning ¢ffigirmcy lodithel 0
the distance travelled through the bundl e by bubbles introduced towards the
centre of t&Rsbubblesundie is | arger than those introduced towards the outer
extremty of th H{;;*A ibuti | kiR thefiBrebudllR cah He lovERBER B ifte
flow at the cen?}rlg 0 'lg‘ﬁgu%%%gf%&t%ggggt@?tg bcor-der or peri%?\%rigﬁl

As out | i neddiahibation 04t siEhf ofiheles ackehsaresthatghubble fiaw diaundithe fibres is finijorsn

Pore. i st i suessshe amlen i iy indrical pislie ptHGsly BakeAAbToRt bR poRacfoned fhgt "
distri gwossshed _ HElgsay bSO
oo st arlfe. et agfit BT phle R BURkf iRuocd oRaEhs LRGP oP e

propor t i onahytdle {s18rgep HahltRokedntréiuced towards the outer extremity @fAhe-burd®e,20 t he
rel ati onship between the hole diameter (d) and the resj stancie becones

d ~ (R [ er riesulting ingihigher resistanse do bubble flowsatithe eantrepf tasbundie thag a4 #isi gn a
hol e si ze agd posi tipn configuration whi ch conpensates for resistance
di f f er encesPHWIEHPIPEIRERundl e. For exanple, if the resi stance at the

LIS, L1, O Sl gl g e shr s
fol | owi ng f@rpravideiaf morous sheet across the holes to provide{m even pore distribution and thus a
uniform gas flow. Aﬁother method is to provide a distribution of hole size relative to the
distribution of re:.sistance. Since the gas flowrate (Q) per unit area (A) is inversely
proportional to the resistance (R),
Q/A~1R
20 the relationship between the hole diameter (d) and the resistahcé becomes
d ~ (R)"* '
using the above relationship it is possible to design a hole size and position configuration
which compensates for resistance differences within the bundle. For example, if the
resistance at the centre of the bundle is 50% higher than that at its periphery, the hole
25 size at the centre (d,) and on the periphery (d,Jwould be the following for a uniform
distribution of gas:
dJd,=15"=122
Known methods of forming holes require the drilling of holes or other forms of
post-potting formation. Such methods have the disadvantage of requiring avoidance of

30 the fibres/membranes when drilling or the like to avoid damage. This imposes



di stribution of gas: | dlerr]/d[err] = 1.5[err] =1.22

Known net hods of formng holes require the drilling of holes or other forns
of post-potting formation. Such nethods have the di sadvant age of
requiri ngwoesesesee of 30 the fibres/nenbranes when drilli ngcwraushmessske to
avoi d damage. This inposes WD 98/ 28066 _ :
PCT/ AU97/ 00855 . -8- - 8-
limtations on the fibre packing density and hole size as, where fibres are
tightly packed, it very difficult to drill holes without interfering
with or damaging the fibres. Further, "it is difficult to accurately

| ocate hol eﬁnﬁﬁ#iaéi&?t}fe(}iﬂr@?aéﬂi ré%ti{s{ﬁ H?S?Je gﬁlg%ize as, where fibres'dt6 Pﬁfx@f §§c°ke sed

in one aspect o0 e present 1n to overcone or a " Feast” t he
anel i orat e itverypdiffitutt® drithaleswithauttingesring iMithroe damaging the fibres. Further, it
According to this aspect, the present inventjion provides a nethod of

form ng is difficmitig aceusa QIYHﬁﬁQ%? heles ﬁﬂ%ﬁ‘fedf’ thes@bres/membranest r | but i on _
conprising the Zﬁ% FocBls used in e daspﬁct%rfWé &'eggx_t ?na}rggng%rgsefe% }03&\5%% ﬁg&b rane

ends, said noul VIng provi erein I ONS sai d
openi ngs sdulehftdhé ARchéYatd the pRibéieSsnd diSadvantages RREhdd 4bdveg sai d nmenbrane
ends in said nmould which is filled with a curable potting material;
al | owi ng sai d paceordingtatthis aspect, shepresent inveption pravides aumeshod of forming and,
denoul ding sai d manbraneg. . Prﬁf l:at{#%,' sai d. nenbr anes_ ends are
uni form y dPRYYRE5 P 2dnsRbraRe Rt fon v inggs qistubution comprising the Stepsof her
aspect, the inv ' ' ﬁpgrm RL:M by . erst
one menbrane po@%&?ﬂ%gﬁgﬁﬁzipﬁg to %ﬁg@gg@g}?ﬁg%ﬂﬂa HQ\hHQp%Vldethgf erring
to Fi gures frratiomefop fafring sad wperings diringthepotginglpeoggas di stri buti on
hol es wi |l be descrihed. .As shown in the right. side patt . of Fi-gure 2, the
potting !0  appoNtignisg E@ﬂm%ﬂreﬁ%d%mrrg%@da’i&m- d pith 21CwBblount ed
on a vertic tﬁ){ﬁ;%\(& e 20 platform?21 which is raised and | owered by

Ic cy

means of hydrau inder 22. The centre of each nmould 20 is

provi ded wi th aaltevingcaidlpottimpmbletiakfjoent teast partiallyesur@3 oper at ed by and
hydraulic ejector_cylinder 24, A fibre guide or collar 25 fits around the
periphery of and, dgmopidingsaidmembsrnesnd hol d the fibre ends during the

potting proces SPl%?erXﬁH salid mreﬁ}b%is "Ufds are uniformly distributed in relation to said

15 formations. In another aspect, the invention includes a membrane assembly including at
least one membrane pot formed according to .the above method. _

Referring to Figures 2-4, the preferred method of forming the gas distribution
holes will be described. As shown in the right side part of Figure 2, the potting
apparatus (shown empty) comprises a potting mould 20 mounted on a vertically movable

20 platform 21 which is raised and lowered by means of hydfaulic cylinder 22. The centre
of each mould 20 is provided with a vertically movable ejector plunger 23 operated by
.and hydraulic ejector cylinder 24.. A fibre guide or collar 25 fits around the periphery of
the mould to guide and hold the fibre ends during the potting jarocess as well as retaining

~ the potting mixture, typically polyurethane, within the mould. The fibres are held within

25 asleeve 26 when inserted into the guide 25. ‘The base 20’ of the mould 20 has a plurality _
of upstanding pins 27 which serve the dual purpbse of assisting even distribution of the
fibre ends and forming the gas distribution holes in the pot. The pins are sized and |
distributed as required for correct gas bubble distribution. One form of pin distribution

is shown in Figure 4.



the potting m xture, typically polyurethane, within the nmould. The fibres
are held within 25 a sleeve 26 when inserted into the guide 25. The base -
20" of the nould 20 has a plurality of upstandi ng pins 27 which serve .
the dual PHPP8RE066f assisting even distribution of the BGTAYITNESS and
formng the gas distribution holes in the pot. The pins are sized and
distributed as required for correct gas bL?bee di stribution. One form of

pin distribution is shown in Figure 4. WO 98/ 28066
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In use, the guide 25 is placed about the noul d 20 and the mould 20 filled
to the r eqimh a8y uheeg«ﬂhe 25 iSplBeHd dbosit e nful@ R0 and ehethahld@0IEH th$hd hen
raised to lower the fib ends into the nould 20. The fibre ends are
normal ly f amumred&\ml mﬂhrw@tmg waterial. e Thaiplatform 21 és/than misadrtobowenthe &ibde al so
trimmed to en unlfgﬁgéﬁg% CE‘ %ﬂ&fe ngb otting, material has
partially CE‘P 1 & AbEgiendsay perarally frapnag\before insertion to snpure

central eje I is normally heated to
G@éHdl gtuseﬂa&?aﬁﬁ e'agﬂeﬂsurgg% il centn%g} |

~assi st curing. I red uged during the
potting process Orm the potaﬁgn&teri:alhhaq)pamalmtured; thé potie ejeotetifregn et ouldlbyl nt o
the fibre walls. process normally results in the ends of

the fibres Taisipghe %frabgpﬁgr 3@39983 of the mapldy ditie mould;20|is permallyrheateditad

be- opentd |k LA oH PSR i I Paf be ftfififled dhiifis WSBdting progitS ™

nodul e 4 of adshyt she Yaetrdéién mk@dttmgtlhatbﬂxanﬁfb thé ibaswalts.d. /i . d. 650/ 380
[err]m. - The fibre lunens at the | ower end were bl ocked with

pol yur et hane ana”h@aarnmsegomalw wsults in therends of ithevibres injthis patheingseakedhi n t he

the fondB Bowdl. it s SRl AL B pBrobfud huhByred bl G BEPOE o £

modul e 4 V"a§n&rlﬁ§5ngégpened fovRithdi@dal Mfﬁﬁraié‘@oxﬁ)thé Ridgnst ank 15 and the
filtrate withdrawn fromthe top potting head " through suction. Ar

was introduced into the bottom of the nodul e produci ng air bubbl es
bet ween fi bres Adtriebtmodulsdt ¢fthisaypewas aatd:cdo\nﬂnblnﬂﬁ(hﬁbres A dich $50/880nambyv e

oumped - TR PG AL TRE B Bl S anl B oo BRROAS ¢

oper ati on Wasn tPdiaHiRtet ‘didtiiited withir e fibre Bhitié. ©Fhe I eﬁ&%%'ceﬁlécﬁhrd tdan
m nutes 15 seconds. After a first mnute of aeration, a

15 air line sealed from the feed.

Figure 5 illustrates the setup of the trial unit. The module 4 was arranged
vertically in the cylinder tank 15 énd the filtrate withdrawn from the top potting head 6
through suction. Air was introduced. into the bottom of the module 4, producing air
bubbles between fibres to scrub solids accumulated on membrane surfaces. To remove
20 solids clogged within membrane pores, a small quantity of permeate was pumped
through fibre lumens (permeate backwash). One method of operation was to run suction
for 15 minutes, then aeration for' 2 minutes 15 seconds. Afier a first minute of aeration, a
permeate backwash is introduced for 15 seconds . The cycle returns to suction. After
several cycles, the solids in the cylinder tank 15 were concentrated and the water in the

25 tank 15 was drained down to remove concentrated backwash.

In the preferred embodiment shown in Figure 1, gas/air should be uniformly |
distributed and flow through the small holes 10 at the lower end of the module 4 so that
air bubbles can be produced between fibres 9. Air bubbles then flow upwards producing

shear force to scour solids accumulated on the membrane surfaces. If the resistance



per meat e backwash is introduced for 15 seconds. The cycle returns to
suction. After several cycles, the solids in the cylinder tank 15 were
concentrated and the water in the 25 tank 15 was drai ned down to renove-
concent r AW@@8/2886&kWash. In the preferred enbodi MCW/AESO085S N
Figure 1, gas/air should be uniformy di stributed and flow through the
smal | holes 10 at the |ower end of the md®ule 4 so that ai r bubbl es
can be produced between fibres 9. Air bubbles then flow upwards producing
shear force to scour solids accunul ated on the nenbrane surfaces. If the
. resistance WD 98/ 28066 '
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around 1 he e ipies 10 s varisble di to varying resistance provided by diffesent fpipns of
di fferent theditwabundle, gas/ait Wil fent te flowrthiremghdhssedioleswissdcidted titha Iomeyw
t hrough those hol es qssociated (th a | ower resi stance, resulting in
by- pass fIERWSEWB-JﬁFPPH%%bXTBP@g‘OWMO“gh hese helgs.t he manuf act ure of
menbrane nodules 4, it is desirable to pot the fibres 9 ina 5 uniform
distribution r [ ver g S
will hel pﬁgﬁ’gtﬂr{ﬁ‘%ﬁtﬁﬁ% g‘;’g?fg? motflies ghgllse(siéstﬁ%giteeig gt g@ggﬁ &)
reduce Bubimifors distributioh lrelative to the helesH8aMébreved, smalleradd intort helegutidr
surface of the fibres. ' referable that size of holes shoul d be

| t
wi t hin t hehglpdigtripytion ?fjgaﬁliaisrs wrholesghat,are toq small mill peduge brible sizeandibys t he

: . . th | . Fi b
packi ng el o Tohsefl e Dued sifrice ofhd gblch, TORBHrGrBleB sifhotes
Anot her Waghdufd b&diihen 18 lrehiget ol (0IL {00 midh, Hdweevet, lit will Belapprécidted MR thsize
por ous sheet (not shown) which has nuch snaller pore size than the

hol es 10 and positiorcefholes Hwithyay with modnlessize; &ibee paskinig densitwifiirebe acr oss
the porous sheet.lf the.porous, sheet has uniformy di stributed pores,:
the ai r'ddi SRPERT: FoiR PREs 8 aﬁ%ﬂ‘&‘if“é’ﬁﬁ of the nodule will tend to be 15
evenly spread. Another way to redi€e haldiSteibutio® bO Y&/ [ith ubah 1a3er 6f ﬁ)@‘oﬁs Eue2p! es,
a porous tube 16 can be inserted in - the centre of the cylindrical

modul e 4. (nbeshawn) sk bas much sghllerpare size tiwm the holes 10. In this catecthe majof or m
Dubbl s L e D2 et U S Bl Shed:' B 2 pSSRY A i L)

distributed pores, the air distribution across the air end of the module will tend to be

15 evenly spread.

To further improve distributioh of air bubbles, a porous tube 16 can be inserted in
the centre of the cylindrical module 4. _th;.n air passes through porous tube 16 , it
- produces uniform bubbles which pass out through the array of fibres scouring solids on
the fibre membrane walls. It will be appreciated that more than one porous tube could be
20 used and such tubes could be distributed throughout the bundle. Fibres of large pore size
or made of non-woven material could also be used as porous tubes within the bundle.

Figure 6 illustrates this form of module.

Referring to Figure 7, air may be fed into a plenum chamber 17 below the aeration
holes 10 by an air supply tube running from above the feed tank to the bottom of the
25 membrane module. This tube may run down the centre of the membrane module or
down the outside. The plenum charhber 17 may also be connected to or form part of a

lower manifold 18 which may be used alternately for supply of aeration gas or as a liquid



the fibre nenbrane walls. It will be appreciated that nDré t han one porous
tube could be 20 wused and such tubes could be distributed throughout the.

bundl e. Fi bres of |arge pore size or made of non-woven material could
al so be uSI82806for ous tubes within the bundl e. Fi gur e RCT/AUBHQO85S es
this form of nodul e. Referring to Figure 7, air may be fed into

a pl enum chanber 17 bel ow 't he aeration - holes 10 by an air supply tube
runni ng from above the feed tank to the bottom of the 25 nenbrane nodul e.
This tube may run down the centre of the nenbrane nodul e or down t he
out side. The plenum chanber 17 may al so be connected to or formpart of a

| oner nani fahtifdld fedeadovabyf dmcentested backwiah diquid Homsttie pink difringatraindewngas
or as a liquid . WO 98/ 28066
PCT/ AU97/ 0083®ckwashing fromhaibpgpm efghe madsleal of concentrated backwash

liquid f t he..t ank i g dr ai kwashi ng: f the bott
of "the modul e Fieares 84 ind 8B ShAWE R IRal resusbe BRSSHR BNAE MR el ' O
same nodul &onBHRhs Wtelied @grseverai zon@8dThé QRter iR BRI dy3RdbYtafR Wik Araid€d 8§wn The

water in the cylinder tank was drained down 5 every 10 cycles in zones 1
to 4. The diveghi geclesimezonts t dmde The disshialgeqatedf\wastantiatediliqusd waste is thus

cal culated as 3.2% of .the.feed volunme. /Zone 5 was ruyn under the discharge
of Tiqu . catouliiad a3 YRt g Feer Yols, Z6%8 S vias i spdonfg diicheree i it
Zones 1 and,, R&vLIE af bf 9H.2u5! orous sheet at the air end on
the suc%lt%%vrggggf g%%ar?cé}f%r ?ﬂe rrgduegeéve\fth a screen surrounding the
fibre bundle. Initially 10 the suction pressure decreased (i.e. TW

i ncreased) qui ckdénesteaaBeompare like efifabt bEusing a porousrsheet af enaibendios et | on

pressure and resistance tended to be sfable. By conparisop, the ..
i ncrease i rustieR Peﬁorwg?%g%%?w rSCEeR SHITP vsﬂﬁ]lvrs bygdlsy dnitiallyt

as illusggr ' N ' d

combi nedt wirpucton pressuf WErcased UF TV ftrded ity Bk OB e oMk sC

15 Thenews €Tlisn Bdik seetiohegpreSubaandresisaancefended tobe §tabler By compatisen, the

restriction of fibre | novenment by screen facilitates solid accunul ation

during suctii¢sgasedn supléomesistange Mas faster after removing the porous sheet as illustrated in
Zone 2. These results illustrate that the air end combined with a porous sheet helps to

distribute air between fibres.

15 The use of the screen 8 has a dual effect on filtration. The restriction of fibre
movement by screen facilitates sb_lid accumulation during suction. On the other hand,
limited free space between fibres reduces coalescence of air bubbles, producing better
scouring effect. It has also been found that the restriction of fibre movement in
conjunction with the movement of gas bubbles produces high frequency vibrations in the

20 fibres and rubbing between the closely 'packed fibre surfaces which further improves the
removal of accumulated solids. Zones 3 and 4 in Figures 8A and 8B represent results for

the same modules with and without a screen.

During the operation in Zone 3 some by-pass of air bubbles was observed. This
was due to different resistance around the aeration holes, especially on the border where
25 comparatively. less fibres were 'distributed around those holes. We therefore used a
porous annulus sheet covering holes at the outer bordef of the lower potting head.

Results in Zone 4 show the improvement compared to Zone 3.



limted free space between fibres reduces coal escence of air bubbles,
produci ng better: scouring effect. It has also been found that the
restriction of fibre novenent in conjunction with the novenent of gas
bubbl es pywefsseRgssNi O frequency vibrations in the 20 fibresp@fgu £ 0

bet ween the cl osely packed fibre surfaces which further inproves the
renoval of accunul ated solids. Zones 3 ang-4 in Figures 8A and 8B represent

results for the sane nodul es with and w t hout a screen.
During the operation in Zone 3 sone by-pass of air bubbles was observed.
This . was due to different resistance around the aeration hol es,

especially on t order_where 25 c arative l,ess es wer

G St r1 but o ar G SGGEAGR dtat BRIHIBY et 0 Ribaichand fouligg sie. Whemiaus
sheet coven dﬂﬂ" ©Odlle ad.

Results in %{]9 G’ﬁ% hes}lrrprg}{/é@rg‘#?gs{ig%dat‘bﬁ @ﬂéﬁwnghﬁﬁ WO
98/ 28066 influenced filtration performance. When the tank was dramed down every 3 cycles, the
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Sol i d concdperease ipsustionggsisigpes Wansignificartly wdneqdiaseflestecindans i ng rate.
When a tank drain was carried out every 10 cycles, solids were built
up quickly, whi El%m fﬁﬁ?ﬁ nk was
dr ai nedkgdovvn ev]g{r}' fr%quenigf‘cf)féile lﬁé and g%:drk g@glgg{lfrtl&r suc g%p%gm saglang;ggwas '
si gni fi cantaligs meehugaﬁdas?lgxeé behoes thdl‘es_i@lﬁﬂceﬁncreaéi for 30 minute SudtichCuicihsn Of

air scrubbi ng and backwash on the filtration perfornmance was al so
i nvesti gat év@ckwaijmd air serehling. heompared ke rmencmsemznnmamFm i on

and t hen ckwash_and.ai bb h. .t he ance
Mer ease | & ZTsEARcteRE el s AR on RS et ot tR o R
suction tinme was |onger between backwashes. Longer termtrials

wer e conduct ed IighgePEpRrtdals Were toraiictedfio ROMmpate thdeffdct 6Nporaas leH&t 3@ suction
performance. Figures 10 and 11 show the resistance increase for nore than 6

days 10 medermarae; Rigures handdl peaw tWIWWQC@mefpr e th@hé dayelul e not
2006 dur | ng BeRuPE Wi and witsBaEGe salots'shel, EEF LR ARRET, adl chBBET Bttty <
- operation Whed, sicloh Paifstifee Shcriied YRRy b9 ch TDYAKRind! § days, while no obvious
‘resistance increase during 6 days operation when a porous sheet was used to improve air
distribution. These results and the result shown in Zones 1 and 2 in Figure 8 suggest that

15 a porous sheet helps uniform air distribution.

Figures 12-14 are graphs which illustrate the effect of the bubble scouring on |
backwash efficiency. The scouring is conducted a regular intervals as shqw_n the buildup

of resistance followed by a sharp decline at the time of the écouring stage.

Figure 12 shows the effect of not using a liquid backwash in conjunction with the
20 gas scouring. At the beginning of the test a normal liquid backwash where filtrate is
pumped back through the fibre lumens as a liquid backwash in conjunction with the gas
. scouring along tﬁe outside of the fibres. The liquid backwash was then stopped and only
regular gas scouring was used. It was found that even without the liquid backwash a

backwash efficiency of around 90% could be achieved.

25 Figure 13 shows the effect of no gas scouring during the backwash phase. Again
the initial part of the test used a normal liquid backwash where filtrate is pumped back

through the fibre lumens as a liquid backwash in conjunction with the gas scouring along



di stribution. These results and the'result shown in Zones 1 and 2 in Figure
8 suggest that 15 a porous sheet helps uniformair distribution. '
Figures 12-14 are graphs which illustrate the effect of the bubble scouring
on sef ficiency. The scouring is conducted a reggtdiged val s
as shown the E‘lﬁl dup ~ of resistance followed by a sharp de% .’?12683 -the
time- of the scouring stage. -hBgure 12 shows the effect of not
using a liquid backwash in conjunction with the 20 gas scouring. At the
begi nning of the test a normal |iquid backwash where filtrate is

punped back through the fibre lunmens as-a |iquid backwash in conjunction
with the g ., sSequrin ng the qutside of the fibres. The |iquid
backuash adte pwside D ks n e g soouring e fhedscopbed bedep abouee 15988, 1 ¢
was found 4pas. exetholls BiPitle drlish the b EwRAEREISReyPdropped BaGHH | SRpCy
of around 90% coufd be achi eé\fg@ 25 Fi gure fgp?ﬁows Pﬁélli%ﬁgedc%o no
gas scour i 9$%lusing gas svoutiag kmalsiut gt Uswithd\gaas scouringt fitheirafuin of gasascburifigt he
test used a norpal |jqujd backwash ere filtrate i s punped back

t hrough t h&hpwed 8 mag ’énlﬁgvﬁn?‘itd%ft’a"%k e1%Y- conj unction with the gas
‘scouring al ong WD 98/ 28066
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t he out 55{ de of P';l%ueref]i“t%lrhéssn.‘ateﬁhtge 8fafgasoggﬁor"}nr? f\l/\llgg "‘{‘Wé’r‘]“‘set%“&%“ee & vﬁlgén about
9:15 and  scouriry cifly thisowérdfibreqnAghin the bediniihg ob dritestshows hindrmaLhackivasiped
dramatically from ahout - 96% using gas scouring to about 41% w t hout

gas scouri fegimerith Havidbagkweshand gas seqpging up until gysimd D:0R Kheigangsouribgent

i n backwas ff1Ci. : ' [ e effect of
scouri ng. { TPt PARE fo edseie ot LB Subte.| the BT MUy i o
fibres. Ag @e%raus@dﬁammalim froff aboue 98 BsdurbigtiePmal Speratidn tOFBYYRGER the ' egi e
wi th |'iquid backwash and gas scouring up until around 9:00. The gas:
scourinty restrigied gathwaeutingi t ed to .t he outside of the fibre bundle. The
backwash efficiency again degraded dramatically from about 98% duri ng

nor el oper ati %ete%]b% %?1(‘4‘1"1& ?elgtkel?o %r?embrrgget ﬁl'tr%hgg s?s?esmss &d’ {yipri]cgdly to a system

using suction to produce transmembrane pressure, however, it will be appreciated that

the scouring system is equally applicable to any form of fibre membrane filtration

process, including pressurised filtration systems.

15 The scouring process and method may be used in conjunction with any standard
backwashing regimes in'c'ludi'ng liquid backwashing, pressurised gas backwashing,

combinations of both, as well as with chemical cleaning and dosing arrangements.

The scouring process would normally be used in conjunction with the backwash
stage, however, it may also be used continually during the filtration and backwash
20 stages. Cleaning chemicals such as chlorine may be added to the gas providing the
bubbles to further assist the scouring process. Solids removed in the scouring process
may be intermittently or continually rémoved. With continual removal of solid a
clarifier or the like can be used. The clarifier can be used in front of the module, in
paralle] with module or the module can be in the clarifier itself. Chemical dosing can be

25 used in conjunction with the clarifier when required.

The filter system using such a scouring process may be used for sewage/biological

waste treatment or combined with a bioreactor, activated sludge or similar system.



The enbodi nents relate to nenbrane filtration systens and typically to a

system using suction to produce transnmenbrane pressure, however, it
wi |l be appreciated that the scouring systemis equally applicable to
any formof fibre menbrane filtration process, i ncl udg i sed
fiItratiBﬁ)gvgmghs. 15 The scouring process and ng??gaﬂﬁgﬁﬁﬁi used
in conjunction with any standard bagkwashi ng reginmes including liquid
backwashi ng, pressurised gas backwashi ng, conbi nati ons of both, as
wel |l . as with chem cal cleaning and dosing arrangenents. The
scouring process would normally be uSed in conjunction with the backwash
stage, however, it may also be used continually during the filfration and

backwash 20 it sk be appreciated ghasifarther smbodiments and gegmlifications ¥dhedded to
t he gas providjng the , .bubbl es to further.assist t i process.
Sol i ds r erfByenlon{re H‘é‘skbé%mtgﬂbt ‘i’f’f’ﬁ@é’gséom e ‘ngt (%ggéprﬁw Wéﬁ?@g or

cont i nual l&'esf: ymved. Wth continual renoval of solid a clarifier or
the I'i ke can be used. The clarifier can be used in front of the nodule, in
parallel with nodule or the nodule can be in the clarifier itself. Chem cal
dosing can be 25 used in conjunction with the clarifier when required.

The filter system using such a scouring process may be used for

sewage/ bi ol ogi cal. waste treatnent or conbined with a bioreactor
activated sludge or simlar system WO 98/ 28066
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It will be appreciated that further enbodi nents and exenplifications of the

i nvention are possible w thout departing fromthe spirit or scope of the
i nvention descri bed.



CLAI M5: 1. [AMENDED] A net 'hod of_removing fouling materials from
the surface of a plurality ’q NOLARs mebp a/ies arranged in a menbrane
nodul e "by providing, from Pﬁé 18 “ gy neans ot her than gas

passi ng ttﬁ;@ggﬂ?okpe pores of saild bubbl esgb?‘gﬁ}d’ﬁ%b{ rm

distribution relative to the porous nenbrane array such at_sal
bubbl es nove past the surfaces of and vibisate said menbr,.ﬁ] &5, tt di.sl odge _
fouling materials therefrom said nenbranes béing arrange en Replaced
proximty to one anot her and nounted to prevent exces mm', :
t her ebet ween. 2. CANCELLED. 10 @ 3. [ AVENDED] A et to.

claiml i ncé%%_rn)unti ng said menbranes relative to one another so as
to produce ‘ng effect between said menbr anes when vi br at ed.

renbr ancs. ooipr anERol ¥ s GRS Rk indb I8 Yibuhe WD of ity of BB 0
any one of inembparesagiangedcina membiane eicduldiey pidviding, frontrevithirathesmedute, by

arranged, in bundles surrounded by a perforated, cage which serves to
prevent sai‘Meanseiher than gaspassing thnguglh Biernosesof said mgmbranesygas bubblesisvali ng to

any one of | s ' ' ] t . Of r.Qyi di as
bubbl s fr ot B RO SerfiF i R el ad it gt g RE B3 53
openi ngs i Npast B sudfaesk ¢fSalimBinbidnes fo dERdES fuliAp Yaterials thérefrotn,Hatd10d
according to any one of clainms 1 to 6 including the step of providing gas

bubbl es fr omewibraries being amadg¢dingloserguoximity tatoneanethenans povunted ta piswentocat ed
within the nodul e. 8.. A nethod according to any one of clains 1 to
6 i ncl udi ng"X9ESER E"SVSIFle’btrtB?ﬁ_eB?tW§elbas 25 bubbl es fromwithin the nodul e by
means of a $ ubeaGhethB@8scH@nk! oA 1 ﬁmmaﬁ&%ﬁleg of vibrifinglsdid hlkenBrRskY 13,

9. A nethod according to claim8 wherein the tubes are in the formof "a
conb of 10 meadresf saishgasibubbigshol es which are | ocated within the nodul e.

10. [ AMENDED] A rane nodul . c rising a plural,it f porous
menbr anes ,DEgo edp%t%HB ABFoLHiag tp elaim 353?‘3%’@63“‘?‘!&’886@@ rﬁ?f&%ﬂﬁ?% ’SF?%(C&H gne
anot her and,{Gs6ds & produce a rubbing effect between said membranes when vibrated.

4. A method according to claim 1, claim 2 or claim 3 wherein the porous membranes

comprise hollow fibre membranes.

15 5. . A method according to any one of the preceding claims wherein the fibre
membranes are arranged.in bundles surrounded by a perforated cage which serves to
prevent said excessive movement therebetween.

6. A method according to any one of the preceding claims including the step of
providing gas bubbles from within the module by means of gas distribution holes or

20 openings in a pot used to mount the ﬁbré membranes. |
7. A method according to any one of claims 1 to 6 including the step of providing gas

'bubbles from within the module by means of at least one porous tube located within the
module. _ |
8. A method according to any one of cléims 1 to 6 including the step of providing gas

25 bubbles from within the module by means of a tube or tubes positioned to output gas
within the module. -

9. A method accordi_ng'to cIaifn 8 wherein the tubes are in the form of a comb of
tubes containing holes which are located within the module.
10. A membrane module comprising a plurality of porbus membranes, said

30 membranes being arranged in close proximity to one another and mounted to prevent
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- 16- AMENDED prevent
excessi ve novenent therebetg,g&eﬂ;::aﬁ:d:;neaﬁ‘mﬁ providing, fromwthin the
modul e, by neans ot her thanﬂg.gﬁﬂﬁﬁaﬁﬁﬁ"ﬁﬁ gh the pores of said

menbr aneg, 66 bubbjles suBBPLMAED in _use, said bubplcgmumeesssast
t he surfaces or and vibrat e=saroa menbr anes to di sl odge fouling
materials therefrom 5 11. CANCELLED 12. [ AMENDED] A

menbr ane ' to claim10 wherein said porous menbr anes
are nount mﬂmmmﬁnm)wﬂ e another so as to produce a rubbing effect
~between saird frenor dhes when vi br at ed. 13. [ AVENDED] A nenbr ane
nodul e according to cl ai 0 or 12 ypwhereip the,.. 1 or QuS nbr.ane
conpri se [G¥FESSIVCIMOVEmenE ween, and means, {pr Pﬁ“‘%'ﬁ‘g’rg?llg‘ ‘ﬁ’ﬁ}b‘ﬂltgggl?é&{édﬁ%g to
claim 13 wherei f jRr a%‘sﬁh ' id méhbAREE Gad BubbifodRE
surroundedn%""fl1 é)ﬂg%%réaa?éﬁsﬁggﬁ C ggglfe\?ggs%lg%revent ’ggél d b1

excessi ve thaYame! sdid Blilsiled moee past the surfacdSof shidmmeinbeanes twdisloelgadodingd ng t o
any one of clainms 10 to 14 wherein the neans 15 for providing gas

bubbl es f moaterials therefrore. nodul e i ncl udes gas distribution holes or

openings in a pot used to unt t.he n <o

modul e %pégrd!‘ggl?%%@%md%% r ,_gn%zag%‘?é@"hs‘? eéréts a1|d.§> O@és I;ﬁﬁ%é@&%

conj unct i oprWetdd eviBRiabby meRhOdf AR gastitibblReM di stri bution of gas

bubbl es. 17. A menbrane nodul e according to any one of clainms 10 to
14 wher ei 2t heA memmisrane mpgulecaccending toiclajmybls wherisisl said porons memhranasiEe npdul e

I ncl udes a porous sheet through which ' S 1SS lied to provide
said gas HE%‘HP‘%‘gFelat“’e to one f‘S‘."%ﬁf %Wﬁﬁ%dq?ﬁ&wgﬁggfgeﬁi%f%’ %ﬁ‘l@ one of
clainms 10 L Qideieq means for providing gas bubbles from
Wi t hin the&l%g%%r‘\é@ﬁﬁﬁuggs at | east one porous tube | ocated within
the nodul €3. A 2Temb@ne hodelexceodinmtoany cae of cliims 10 to 32 wherein gie paraisis 10

to 14 wherein the neans for rBf)OVi di ng gas bubbles fromw thin the
modul e i nanermbengs eqmprrigshallpgefibisquembrnesyy ¢ o output gas within the

module. 4 A gg%)?ﬁmgﬁ{ggﬁﬁ%cm%gg r%ﬁg?f?hg&ﬁﬂh@'fﬁﬁ%%@&és%@ the

tubes are in th es containing holes which sit
wi t hi n t heyrraaged & bundles surrounded by a perforated cage which serves to prevent said

excessive movement therebetween.

15 15. A membrane module according to any one of claims 10 to 14 wherein the means
for providing gas bubbles from within the module includes gas distribution holes or
openings in a pot used to mount the membranes. |
16. A rnémbrane module according fo claim 15 wherein a porous sheet is used in
conjunction with the holes to provide a uniform distribution of gas bubbles.

20 17. A membrane module acéording to any one of claims 10 to 14 wherein the means

. for providing gas bubbles from within the module includes a porous sheet through which-
gas is supplied to provide said gas bubbles.
18. A membrane module according to any one of claims 10 to 14 wherein the r_neans
for providing gas bﬁbbles from within the module includes at least one porous tube

25 located within the module. |
19 A membra.ne module according to any one of claims 10 to 14 wherein the means
for providing gas bubbles from within the module includes a tube or tubes positioned to
output gas within the module.

20. A membrane module according to claim 19 wherein the tubes are in the form of 2

30 comb of tubes containing holes which sit within the module. This Sheet Has Been Repla
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21. A nmenbrane nodul e according to any one of clains 9 to 18 wherein the

menbranes conprise porous holl O\gIV, I —the=fibreg being fixed at each end

in a header, a | ower header :h @%ngﬁ&EENy’;of hol es formed therein
170

t hr ough W SE 655 introdiced tBEBLRGERe t hellgas. bubblpegyat®708855°
nmenbr ane no u(zg a%gréii'i iFr;p ZI_MermF—"f!i bres are seal e@ at the

tq cl
| oner end and open a B 2% t o ml-l ow renoval of filtrate. 23.
A nenbrane nodul e aCH ﬂ u im21 or claim?22 wherein the fibres are
nounted in a substant nner between sai d headers. 24. '

[ AVENDED] A nmenbrane nodul e conprising a plurality of porous hollow 10
menbr ane fihres, ext endi ng l,ongi tudinal ly between.an nted at each end to
a resp@?t i \/%“W%r%‘%ﬁggl&%cgggH’@&%ﬂy%\g?F%’@§gﬁgﬂgd”}éﬁr?laﬁb%d- in close
proxi m Y {fferiBiines conStlc/iRFod KbllBw b VS '

t her ebet ween, oneeso ° sal rlj|§)c?)(t)ti néw ﬁ%’a@g@gﬁ ng gaﬁﬁ%ﬁ%ﬁtegﬁgﬁ%f%f
aerati on haliewef headerhaving eiplurality cfdiolesf fotmedthessin through shivitgastis al | y

uniformy nmounted in said one potting head relative to said aeration hol es.
15 25. A mEedfucsd toprayide the @as Bubhles o ¢l ai m 24 wherein said aeration hol es

are siz ' . S, passi

her ot hroudd: whs TRt ope dcbdling WEE HALER S gRIRLTd e

subst ant i allbwerdd Middpen aethetaippereid tRdllvvdittoval of fftratd AVENDED] A
menbrane nodul e according to claim25 wherein said porous menbranes are

arranged t @3be A memhrare Bpdwlsageordingstgiclpigudl endlaimed2 whereir the fibreeater ane
nodul e according, to clai m. rein sai.d porous. nbr anes are nount ed
relative t@%%&aﬂ?&%‘g?{agg%&%g%ﬂ W eonrﬁ?b‘gﬁ??gieeﬁf fect between said
nmenbranes waen A hiehirith module28m 'si&@ﬁlﬁ%%ﬁ?&%u@ﬁﬂ?&ﬂ'rﬁ@nﬁﬁn&hﬁfé@ 24 or

25 wherein the fibres are nounte I'n a substantially taut manner

bet weenli0s aiedtepdingilopgihsbnklly RSwedpand mbEhMREBL cach/&nddo hoespettiveepatting ead,

accunul ated solids fr t he.surface , of lurality of, porqus hol| ow

' br e monb AAARCBHF SRR AR e n g proubipHy e gd ploB and Fowtisd 2,

forma menBraRe: SRAM G mddkileATHDBOGRNRBIAIARMSE hiads!tBSFREH OXI M LY Lo
ef an er ebet

one anoth nounted to prevent excessive novenent- ther en, the
met hod distributed array of aeration holes formed therein and said fibres being substantially

uniformly mounted in said one potting head relative to said aeration hole.

15 25. A membrane module according to claim 24 wherein said aeration holes are sized
and located such that bubbles, formed by gas passing therethrough when the module is
immersed in a liquid, pass substantially uniformly between each membrane.

26. A membrane module according to ¢laim 24 or 25 wherein said porous membranes
are arranged to be vibrated by means of said gas bubbles. _

20 27. A membrane module according to claim 26 wherein said porous membranes are
mounted relative to one anothei' S0 as to prodﬁce a rubbing effect between said
membranes when vibrated. | | |
28. A membrane module according to clai£n 24 or 25 wherein the fibres are mounted
in a substantially taut manner between said potting heads.

25 29. A method of removing accumulated solids from the surface of a plurality of porous
hollow fibre 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, from within said array, by means other than gas passing through the

30 pores of said membranes, uniformly distributed gas bubbles, said distribution being such
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conprising the steps of providing, fromwthin said array, by means other
than gas 30 passing t hr ough e=—pores=ot=said-arenbr anes, uni formy

di stributed gas bubbl es, sardﬁ-:af’»ﬁﬁ%ﬂ'%ﬁm i di stribution being
such t hat ' bl es pass flsubst &FFF-AFFEP uni farml y bet wee

menbrane 1N said array to scC "@and Vi brate%éﬁégw%‘?sanes
and renove accunul ated solids_fgomw thin the nenbrane nodul e.

30. CANCELIrtﬂ“I”muImuulm" AMENDED] © A nethod according to claim?29

I ncl udi ng menbranes relative to one another so as
to produce & rdbblng"ef¥ect between said menbr anes when vi br at ed.

32. A nethod according to claim?29 wherein said nenbranes are nounted
verti cal | y that said bubbles @aswmtgmailyaim&ymé)hbetwcme@bmmbmpamsagé aganid v

par al | el toth Ion |tu nt of @ 33.
Aot hod adeeanes S f A meSeis R remove eeimulRd solieB i vt s
bubbl es membrane AloguRl ovi ded at the lower end of the array. 34.

A filtration systemincluding a nenbrane nodul e according to any one of

cl ai ns 30. A nmﬁxotdcacBQdmgetceq:lmm 29 dnakedibg thesstepoefiMibrating paidinnérobrades
vertically i ? ontgq}l 15 feed liquid to be filtered, and
i ncl udi g PX%‘?"FB éﬁlg uRbleshsmenbr ane pressure to said fibres

in said arpray t and
e £ 5 nfliiactbidlt Sdifh RREIN MO B bBrbRs BRI,
sai d neans ohe angthewvsodstg pgithlce a rubbing effbatlhbtvmnsuﬂfmémbtaneawﬁexgaﬁ)mubbl es

nove upwardly and uniformy between said fibres scour, the
" outer surféaesﬁﬁ@ﬂpéfaccordmgte@lmw W ?rpma&tmswbsayﬁ% are mewsedivergically cl ai m

34 wherein @f&ﬁlc{a Lt &d"s%ﬁfil\a/ﬁbfbl?sr%ars# F%neralml;pn]gﬂrﬁ%% {hd Mﬁéﬁhd‘n*{h‘? e§fé8f’5f' ng

process to assis PS5 rane pore

out er s f ggid fibred. he nenbr anes. 36. A nethod of form ng openlngs
in a menbrane pot conprising the steps of providin a noul d
{or Dot L1 g3 meomeOOeR D €1ai Ao sgichunfarmi:disigsc gas bub

A Y A T
34. A filtration system including a membrane module according to any one of claims
10 to 33 wherein said membrane module 1s positioned vertically in a tank containing

is  feed liquid to be filtered, and including means to apply a transmembraﬁe pressure to said
fibres in said arréy to causé filtrate fo‘pass through pores in said fibres and means to
supply continually or intermittently a supply of gas to said means for providing gas
bubbles such that said gas bubbles move upwardly and uniformly between said fibres to
scour the outer surfaces thereof. | '

20 - 35. A filtration system according to claim 34 wherein a backwash is used in
conjunction with the scouring process to_assist solids removal from the membrane pores
and outer surface of the membranes. |
36. A method of forming openings in a membrane pbt comprising the steps of:

providing a mould for potting membrane ends, said mould having provided therein

25 formations for forming said openings during the potting process;

positioning said membrane ends in said mould which is filled with a curable
poiting material; | |

allowing said potting material to at least partially cure

and, demoulding said membranes. ' —_—
Thns Sheet Has
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potting material; allowing said potting material to at |east
partially cure ”III“”“I" III""HHPI“!dermuI di ng said nenbranes. WO
98/ 28066 el e )

PCT/ AU97/ pcHAuomnesss 37
A net hod V&Bﬁéwﬁ"ng openings in a nenbrane pot according to claim 36

wher ei n sai d menbranes ends are uniftqsply distributed in relation to
said formations. 3 8. A menbrane assenbly including at | east one
menbrane pot formed according to the method of claim36 or claim37. 5
39. A nethod of renoving accunul ated solids fromthe outer surface of a

plurality of porous_ hol | ow fi pbre nmenbranes nounteq, andﬁt e}n@hﬁg ]
| ongi t udi ndf} y A meghedafifarming openings itha membianeRnt aperding to Sigim FreiE s

bei ng arranged in,close proxi .t . 'y d to prevent
excessi ve ﬁgﬁéﬂﬁrﬁ{’mf‘ﬁ%? @fﬁgﬁﬁligls%%m%&Q@gﬁ%;@g?ﬂgﬂ? eIFs'st-eps of
providing, 3irom M&Mrﬁhéﬁkﬁnﬁl%'riﬁ&dudmg A BASEori Memnbians Pot Asimbd aedGdinidto

t hrough the pores of said nenbranes, gas bubbl es, said gas bubbl es
gener at i ng the methodatfictaimd¥6 arailatom®hbr anes by passi ng t her ebet ween and

ca051 19,1 RYal, o) e g AL A Bt er S SRR 2,
as to prodyge,a o3 e HhdnfbranQEMBERED 8AA ExteRATRE MtpFrudlaly\th h Ak to
form a membrane module, said membranes being arranged in close proximity to one
aﬁother and mougted to prevent excessive movement therebetweén, the method
comprising the steps of providing, from within said array, by means other than gas
10 passing through the pores of said membranes, gas bubbles, said gas bubbles generating

vibration of said membranes by péssing therebetween and causing removal of said

accumulated solids.

40. A method according to claim 39 including mounting said membranes relative to

one another so as to produce a rubbing effect between said membranes when vibrated.
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