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WD 2006/ 017911 PCT/ AU2005/ 001253 -1 SQUARE MBR
MANI FOLDI NG SYSTEM TECHNI CAL FI ELD The present
i nvention relates to-subnerged nenbrane filtration
systenms s and nore particularly to those types used
WA 2160188kt or processes. BACKGROUND ART A \EGT/A2)054p1253
menbrane filtration systens are known and many of
these use pressurised syst€ls operating at high
transmenbrane pressures (TMP) to produce effective
filtering and high filtrate flux. These systens are
highly 1o effective but are al so expensive to produce,
oper ageAKE WERVENIFOBDINGESYS Yt ens usi ng nmenbr ane
arrays freely nmounted vertically in a tank and using
suction applied to the fibre lunmens to produce TMP
-Eggﬁh! SOFhagn devel oped, however, these systens have
ound Iin the past to be | ess effective than the
pr eSherireszht dyventios relaies x awpnergedimembranediiiptiosysystams

T e e

M@KI@%]UNDAF{Enon Envi ronnmental | nc. Recent

and A ERGECRRgTans flal T Sebiths S Cynh At Banial frsnyse
pr¥SdURigBd tspstbﬂ‘l@rdp:‘éﬁatmé(bt Q@rt@énmmfﬁrﬁns Ip@éﬁ%}ared\(mw}P)db

t hese systens require co | ex an ensi ve

iR geLPEACHY TSP TRACCR FIBaie fi-r Do ST Lsms Arediig

#{?ciw&ﬂ tAfte NG SPendile td’éfdd%é &dér‘&%sarﬂfméh?anﬁ’fsmér
e con |gurat|o and footprlnt nodul es has al SO

Syé’tﬁﬂmaUPrlm@)m”fm\‘anQ arraysijeqly mq:unéﬁd vartienlyyr adagk and using
30 S0 o NPT LDl WP bbb e
hmrdvearhleeseasysmngseha\tmbémfmuad methier zasé tanbel ldse .effehtivecthan
L R A I A
ar t Exaheleprafsanh khovesystomssee Iidhslstratedvre Lc®neatent &t 92,456
TSRS UL Moo Vo e o 2 el O B o Ry
Zenon Environmental Inc.

Recent developments have used combinations of gas scouring and
backwashing in non-pressurised submerged membrane systems to improve
operating efficiency. Many of these systems require complex and expensive
manifolding to provide the required delivery/removal of liquids and gas at
various stages of the process. The configuration and footprint of modules has
also become important o many users of such systems.

DISCLOSURE OF THE INVENTION

The present invention relates particularly to a plurality of porous
membranes arranged to form a membrane module. 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 manifolding and

mounting system for submerged membranes modules.
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nmounti ng system for subnerged nenbranes nodul es. WO
2006/ 017911 PCT/ AU2005/ 001253 2 According to a first
aspect, the present invention provides a nenbrane
nodul e conprising a plurality of porous holl ow
weptsaes, sai d menbranes extendi ng bet weePCIAY2H5/0H353
fixed at each end in a header, one header having one
or nore of openings forned-therein; said openings

being in fluid 5 conmuni cation with a source of gas
and/or liquid; the other of said headers being
sealingly connected to and in fluid conmunication with

a hoadoRIiRf® a it spdteafe Prexept POEMDASIARIIBS atrBe®BrIMee
to an associ at ed head-p| ece of a further nodule to

modute gompeiRingfa plyealityeaf porgust g membranesesrigimarabranes
é)&%’k)‘ﬁﬂ%ﬁeﬁefe athEHe aﬂ“‘@%@lﬁtteabﬁ‘ chlt org ht%%g%ﬁpg%%é&& hé\&g

en en of s mbr anes dr awal
dniel arrraore affogesinge fiornfecrthefei; tsae#oppamnwrlmim@irtﬂwd

SR ERR D § 3558 e DRIl e
bﬁh@é@hhgly&mnaﬁﬁedlto aed affuid bamnsimégadidn iwith a head -piece; said
Cross-sect.ion pref erence

e ecsobg Paren toPOSPIE it P aesariael headelfcd & Sfigher

rﬁ&ﬁﬂ@tofdpﬁq SR & nivgiufsal d gas and or |iqui d into said
openi nfg For ﬁreference sai d nmenbranes are nounted

ver fire &rab;by dhrineadpiecaipelades a fifteale gongrilinifigid erramypication
VAIRES e dd cﬁf s%fbnﬂﬁh{br SITYF 1R VRBRIr %U&V of rﬁltnla‘t&’fHe‘Flefrom For

posi'tioned bel ow sal klr For ther preference,
ferthel weerentg the mpadpiese imcludes ledurthertgasair eanduitifae.  For

Cg)hﬁ{g,{;gg{ﬁ% igg?%,stgl{%ﬁm%glegas i ncl udes a pipe or tube

assing ewal | of said skirt, the
di sPaéfeea’m;hy cbhie mgdleps peuarelr?ngeqiasgulam’m@ebm oress-aedtion.
eni_ngs for edin s thereto. I.n one enbodi ment .
FOR ErIPREon # 9ib 6 Db a et SR es R e
obk HeRBehRAAREERR) s ?é@éﬁﬂ)bblh idhinto s&itifdpehmgsaFbanged
to m x sai.d gas and uid before E\?ssmgthrougfh saj d

p&f@fﬁm@ssa"rtmermr@ﬂ@*f é??cféou'ﬂtﬁg VREicaby ang fre sqitee
n%’&ﬁﬁ@lﬁﬁ@ @n%eﬁﬁ‘@ iR JHREEIt ARG BaS bnﬂ]%?‘h@hé posmoned below

Itudinally extend| ng between the hea
SPIdeEf .abpr/futther prefaienge; Sﬁ@mnglgaﬁ%nnr@% a nq&&qeet or the

R FORFERRnCL s U 5,50 hRust BRElor IRIBBER o
stdewvatj axf saidrskirt; dmeldistal end of said pipe being positioned below said
openings for feeding gas thereto. In one embodiment the pipe or tube is
connected to the gas/air conduit of the headpiece. Preferably, said skirt is
arranged to mix said gas and liquid before passing through said openings.

For preference, the headers are spaced and supported by one or more
support members longitudinally extending between the headers. Preferably the
support members are rods. In one arrangement one of more of the support
members are hollow tubes and used to supply gas to the skirt from the gas/air
conduit.

Preferably, the membranes are enclosed along part of their length by a
screen for retaining gas/air bubbles and liquid flow within the module. The
screen may be impervious or substantially impervious to gas/air bubbles or

liquid or both.
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Preferably, the nenbranes are encl osed al ong part of
their length by a 30 screen for retaining gaslair
bubbles and liquid flow within the nodule. The screen
may be i npervious or substantially inpervious to
wWaggoaP179ubbl es or liquid or both. WO 2006/P¢T/AY2005/001253
PCT/ AU2005/ 001253 -3- Preferably, the nenbranes
conprise porous hollow fibrés, the fibres being fixed
at each end in a header, the | ower header having one

or nore openings fornmed therein. The fibres are
normal |y sealed at the | ower end and open at their

Upprefeigbly, aha hlMbraREDYsthpe Horblis Abow FibRs| ﬂherfmsesam@ng
preferably arranged in s partitioned bundle

weéfaé paeh Hnd ima h@g&n hgdowerhgrsier h%ﬁ@@nﬁ@r@aﬁrﬁ opgaings
féfun?]é&{ {Hafeis) p&ﬁ@%ﬁé&%%onhsly%%@éﬂ e MWdr dddCatRfopen at

prererence enlngs conprise a
tls$loupp@1 epdso@ilowrremoralras Erat@v\E ofibies|are prefersolir aianged in

ed fibre bundles are located in the
Aanionag bbb

between the slots or the one or nbre rows

of Peefbrabds thdroperingd srerpasitiehed tmccmncngaswﬂhubb Ispscesrfermed
entrai ne before bei n

BT P GRS B Por lfanect SGIY qPagios cofptie a
sﬁ@,&ﬂ@l@loﬁlbﬂé dr ddre r@\ﬁ§ oPROI¥S. rTBbbfé\%xblySmé partiS&e fibre bundles

urations.. The quid u e e the feed to
Ao BoRbR ShaPaiaa hest pRbRNRe SO BF Sarga falast

hg@é cross over one is another between the potting
heads though it is desirable that they do not. In one
f or Frpolurthpepisferenes.@as bukblea sse eniaiged onetxesbwith Adquid

oA R rodh OB Sodln T it adfRuBel i,
gtah anlycmmebe sged abi;mnembnﬁgmga(;mser'rt hﬁl lls;urcmse;di mfay be ¢tk feed
re e _amunt o

d
19 iRatEGotine FBUE TE M ied STk AinAER by FosEPly' e
anoihkl beigvdentthé pattiag$lsaps thdughlites desiratile that tiey dwhdti ng
W th hlg stren mount i

h f d
confie1s B fag e S eARST Pd W Pathit, Gids are molded
froRP4 pldsBE fatelth Nppialfyl ifpLid- Howédrhymu hduth nawm be

connectl on arrangfnents Accord to a second

apeligsiated thabolhee suifable mplding @swtqnamwé% bg ugedhd AAéIse P5

leleicioy ngcriléguﬁé Mg'a%ﬁt Bf pSithd matal BEPEANGRAE) €S
required while also enabling intricate shapes to be formed in the potting heads
for use with high strength mounting and connection arrangements. This results
in cost reductions and more flexibility in mounting and connection
arrangements.

According to a second aspect, the present invention provides a membrane
module rack including a plurality of membrane modules according to the first
aspect connected together by said headpieces. Preferably, the lower headers
are also connected together by connection means. For preference, this
connection means may be proved by interlocking formations provided on
adjacent lower headers of the modules. For further preference, the formations
are guides that slide into each other to interlock the adjacent headers and
remove the need for extra loose parts.

Filtrate is normally withdrawn from the fibres by application of suction
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aspect connected together by said headpi eces.
Preferably, the |lower headers are also connected

t oget her by connection neans. For preference, this
connection neans nmay be proved by interl ocking
woremapi®hs provi ded on adjacent | ower headd(d/A3R2005/4@1253
nodul es. For further preference, the formations 30 are
gui des that slide into each4ther to interlock the

adj acent headers and renove the need for extra | oose
parts. Filtrate is normally withdrawn fromthe fibres
by application of suction WO 2006/017911

%’M@I'ﬁléa\%}@é/ AOWRPS it vl B Bbprediatdiethat Sny HawdKemeahs of

be appreciated that any suitabl e neans of

- pewdingi TGP ™Y baaysesk used. According to a preferred

furt ' ' ' i
11 ¢RI RRPER prercifoRERsActl R RICRE VLA frovidps o
filzatmnckystem ook ming 5 racks merakaee mashdesacrasding torsald] es

I verti Ly | . tai i f eed
FieBuf 8vds: %ot Sl aBlukan e FARETU L A% ane
?hﬁmm? Geetd ltqmca‘tcdl;seﬂﬁltéreﬁ,nesarisnto_ﬂipﬁ/ ar_trgutraentbcanmme%ure

i ate to pass ro ores i sai d nepbranes an
SR DL SelhpoHIss 18 caieeifliats i PREriVoIah RATBRIT
$ld MeAbrafesSAMdImRBRS I8 pRPcaHtinlifilPoIaAERitEATy BB B
whi ch nove upwardly to between sai'd fibres to scour

qa5d0 Ga0PeRINIBASe3s orHupaiste 99 ihblesvhich mroveusprardlyf

Ies [ ' i e of gas and

t%ﬁ\g%%@séﬂﬁﬂgﬁ%gﬁ{ggag@hﬁ%&éﬁ%{é gfgget Ia?ﬁét{f‘he term "gas”
us e®Préferasinthierstipptyedf gas o gaid openings ireiudpsad migueg of gas

E[Fﬁ’ﬁqﬂf s of gases as well as ozone and the |ike. 15
e ‘enbodi nents of the invention will be described in

r el #itshonldtle nmdarstoog dnaidise farinr'‘gasiardeddrersinengildgsezhyi gas,
.a_ bi.oreactqr type | ication, however, .it.wll be
iBGURiRe AADA PSS Hedqsss anfelies LOBEATA ) JES i cabl

t o FAY ehfbodirénts B (Y Abentiohdull Be drdciiad ingecktiph @y eitrd n
a wde variety of filtration systens useqd to renove

PeFRksHtEs Menbrages paployeriin @ itipreaeiar typg agriiggtion, however, it
vilESEBp BrECihb dnal e iIRRAWONGSe i Ak &ippRehsig RO dhyRinSofOf
the present invention will now be described, by wa
reempsaammedumpYd mavtbe ereployed ea wisa wieéscebfﬂ’ﬁa%gn $V§¥ems
W68 RSV LMHMREd Solids from a liquid feed.
BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the present invention will now be described, by
way of example only, with reference to the accompanying drawings in which:-

Figure 1 shows a simplified end elevation view of one embodiment of a
membrane module in accordance with the present invention;

Figure 2 shows a simplified end elevation view of the module of Figure 1;

Figure 3 shows a sectional side elevation view of one cell of the filtration
system according to one embodiment of the invention showing a rack of
membranes modules of the type shown in Figures 1 and 2;

Figure 4 shows a plan view of the cell of Figure 3 with some of the
membrane module racks installed;

Figure 5 shows a pictorial front perspective view of the cell of Figure 3;

Figure 6 shows a pictorial rear perspective view of the cell of Figure 3;
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Figure 1 shows a sinplified end el evation view of one
enbodi nrent of a nenbrane nodul e in accordance with
the present invention; 25 Figure 2 shows a sinplified
end el evation view of the nodule of Figure 1; Figure
80267981 secti onal side el evation view of dHE/AEPIS/0pRS3
the filtration system according to one enbodi nent of
the invention showi ng a rack of nenbranes nodul es of
the type shown in Figures 1 and 2; Figure 4 shows a
plan view of the cell of Figure 3 wth sonme of the 30
menbr ane nodul e racks installed; Figure 5 shows a
pi CtFE(_K;dréé 7hHOME sREW A 18vatioAWidH, Underdiéd Viewfard gure
3; igure 6 shows a pictorial rear perspective, view
Refrsperdive aiew @ﬁp@ty@h@f@ hage) pigeRsweRH7ig epnjunction with module
CR(E{QMOOSI 001253 Figures 7a to 7c¢c show an end
el'evati én view, underside view and perspective view
r es frégtres 8& yo 8¢ show@gdam Viewe sidesdeviation yigvwaird iaderside iew
l.e Fi e ELAU t : :
GReiey H ah@tbbrs oA TRt e T i Rt used n
the smendd ofefigurefi;a menbrane bundl e and upper and | ower

pottin eads used in . the nodul e of FEigur . Figure
5° Fishde 3 iR pusersbebtyp MEr hh e Bpeind of e Tawet Attt
Hewedf Fpiré 8By head of Figure 8c; Figure 10 shows a
per spective view of the under sijde of the | V\qr .
pot tigiie 1P ShAws @ RerspsYye ¥iey: of 6HP€9”ﬂd%%&)§ gyyer potting
He2@ B Fidure ¥l €w of the underside of a potting insert of
t he upper potting ‘head of Figure 8a; Figure 12 shows
an Figned i isbows @w igimetHie vigwpefrthe updersidesofpopetiing insert of

j P L1 d 15 Figure 13 shows a
t@?ﬁg%%@&‘@%ﬁ%@ r\‘??%‘w of the base of the nodul e of
Fi glrigard 12 SODES ah GOnBARRYIEMGGhE uppier $itdeyERa IpOling insert of
l._Refer,lri,n dto Figure 1 and 2, the nenbrane nodul e 3,
é%"%r&'rﬂ'g to this 20 enbodinment, conprises a
squfigrs haghdws a skaplifledrseatiory view dithdlbasefof thel module of
1 bre nmenbranes 4 extendi ng | ongitudinally between
iBBer- and | oner general ly

MODES FOR CARRYING OUT THE INVENTION

Referring to Figure 1 and 2, the membrane module 3, according to this
embodiment, comprises a square-shaped in section array or bundle of hollow
fibre membranes 4 extending longitudinally between upper and lower generally
square shaped in section potting heads 5 and 6, respectively. While a square
shaped module is shown and described it will be appreciated that other regular
straight-sided shapes such as rectangular or triangular could also be employed.
Such cross-sectional shapes enable closer packing of the modules.

A number of longitudinally extending spacer support rods 7 are positioned
between the upper and lower potting heads 5 and 6. These rods are preferably
potted into the upper and lower potting heads 5 and 6 during the potting
process.

A screen or sleeve (not shown) at least partially surrounds the fibre
bundles 4 along part of their [ength and serves to hold the fibres 8 in close
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square shaped in section potting heads 5 and 6,
respectively. Wiile a square shaped nodule is shown
and described it will be appreciated that other

regul ar straight-sided shapes such as rectangul ar or
woieniguder coul d al so be enployed. 25 Such PCT/AU2005/001253
cross-sectional shapes enabl e cl oser packing of the
nodul es. A nunber of |ongit-wdi nally extendi ng spacer
support rods 7 are positioned between the upper and

| ower potting heads 5 and 6. These rods are preferably
potted into the upper and | ower potting heads 5 and 6

gSerRI tb R&cp 8He'r gﬂe%rﬁ %§§§33|vé3:9003rﬁ8ﬁﬁﬁ8re%étv§ée%% prevent

hown) st partially surrounds the fibre
dmn@uea@urmgmam@n@awe giregmalse seawgin eatdingbe @eg ang mixed

8.in close WD 2006/ 017911
!%?Whglgéé%%@& -6 proximty to each other, prevent
excahsi fibecs1® RExTRMEN bthbe eppemnpetiinghdag bde aldw farditteaje
duri ng, handl The scree serves t.0 r [

GO AR et and BEr SRR e DRt el bl
HeadbRceeB sabliidheattyuped to tid mps]gerlmeﬁlﬂ\gﬂwetad Bhhoiy ih duid
filtrate 5 renpval fromtheir | unmen d seal ed. at. the

qom@ynlﬁ@q% \ngu teepen engs b thg tifpres ﬁegrcﬂﬁ pipced mcludes a
p%%f'c@agmfsam a6 eq eldenkile ém@rth@%&mg hehgad c%rmﬂ 1i0Sis a

comuni cation With the open ends of
fitrae sonauit and conduitsl lde @ gpSaicead- a  pair of condwts

10 ahd |&»%? i hé 8Raye rngrF]‘rgp Congh@ﬁnggﬁ‘g in- th;g%agé‘ilsfrots,

10 i's e condur t
distributed thereinTthenbblgdhe pue phage n@a@re&fmas/aa Emsrmgad difuor

O e i P RSP O B Al

éthbwm{ w"fb@rwlfmd lﬂmﬁﬁniyrf?rm agd eham@oﬁ@emg{mnlagﬁle uged
eret hrou sl o .

EHIEE PUDER S TP hACER oI BATR PR e

p‘éﬂﬁ%ned s A0withih tHEERH IR hedgs aﬁ&i B<R1dythe RAESA2 open into
holes. The fibres 8 are fixed in 1ls partitioned

th FREies 13 bwwwn@ach@aﬁspnpﬁ GURdiRALSBaR RIPEVIERd N ¥Re. 2
&ét%&lo%fg,g@ rE)ubBle anH hSixEE 5} b%%/véc%{ WREBrosgh

partition bund so as to I N use,

di sfTheteweramwttitg @eﬁﬁ %@bﬁp\éée@mhrﬁ d@rwwaralycﬂxf%éh%@ﬁrt 13
o7 oIS SaSar 1B PR fiaRA b P sBREE fihe I AR head
6y Umppeatld)emdxedemdsjumn tlu@gaskvalrs:bndmt 12in thetheadpiene ©
il&g ﬂt‘né g%e o?%we skirt 13 for, in use, feeding gas/air thereto. Inone
embodiment one or more of the spacer support rods 7 are hollow and are used
to feed gas from the conduit 11 to the skirt 13 in place of the dropper tube 14.

A mixed liquor pipe 15 is positioned below the skirt 13 and provided with
jets 16 for feeding mixed liquor into the skirt 13. The skirt 13 functions to
provide a confined space to allow gas/air to be mixed with the mixed liquor flow
from the jet 16 before entering the slots 12 in the lower potting head 6.
Optionally, the mixed liquor pipe may be omitted and delivery of feed to the skirt
is achieved by complete mixing within the feed tank 18.

As best shown in Figures 3 to 6, the modules 3 of the type described
above are formed into a module rack 17 by connecting the head-pieces 9 to

form a manifold rack support from which the modules 3 are suspended. The
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20 6. A dropper tube 14 extends fromthe gas/air

conduit 11 in the headpiece 9 into the side of the
skirt 13 for, in use, feeding gas/air thereto. In one
enbodi mrent one or nore of the spacer support rods 7
WOa0toI196W and are used to feed gas from t RCTAIRAT001253
11 to the skirt 13 in place of the dropper tube 14. A
m xed |iquor pipe 15 is positd oned bel ow the skirt 13
and provided with 25 jets 16 for feeding m xed |iquor
into the skirt 13, The skirt 13 functions to provide

a confined space to allow gas/air to be mxed with the

I / th
gl SRRt i g

Tipigatlyl the wvermq@mgm@a & ¥ygipreddedinith dntprieeking ormeten
it PR3 i o e25 bESTE e TR R T i HiEyes

théeothediorras oBmérldckmgtayupe:hdpmg mna;e@lso ab mmed atrethisotype of
i nt.o ule rac onnectin head- pi eces. 9
CBNSYBAR S Shre e riaes SDRRD 5T ot S SR apes Eftaced
R Screspl ehish SPRBSIEshidIesUNOURES 8/r8dk Slrhodules in a similar
CT/ AU200j / 001253 -7 nodules 3 may al so be connected

ragnneido theeivisiet MRYUIRSSERSNS- i f desired. Typical ly,
the ﬁh@"t‘ﬁ(ﬁdtﬁ@?&dk@gTrﬁé%s@oﬁé&mﬂi 8| &e@eéﬁ"téﬂk 18 with the

i nterloc formati on whi enab t he nodul es to be

oohildits dyeandd of ére headpisee 9 of ona enda@ogg@r%n@p@@led feathe

rﬁé Hjl trz{t@ %pﬁ gQE h'eQ&glrs 1@‘:&5{0‘@ E}Q%)e%ltl{/& hdB% 135 3Rel %o
con rat o e Screen

(ﬂeaea:tlibe thadio gme héamier@ﬁ)db tine dumch.ms’i hafyeetm rae!pnﬁc ed by

k t t
" acRPgeaeisat we S:iPalad e  Rbieidiaubr bR o%: Ry ategas
dlm@lﬂlhlé t@ﬁbfﬁﬁ:ﬂ@ofi tﬁb%eggaldndhﬁat%adp&céa jei’tas ¢6 miigbnm ahl’bgg mffle
a cell or an e conduj
pen?eaﬂe%rﬁnéi@ b1 AbeaRtTPdUga t@*a RHPET, A
rh&edﬁ'ﬁchdbrﬁﬂebbé@&s%ﬁ@ﬂéd Aeafeead b@trﬂﬁ@éllzﬁ and connects

respectively. A hose 21 is used to conpnect the main

egak oh thedaixeddiover Ripes Edivaspurce afmixedt fayosfnot shownpeln
ot ke@«%o)@@%gtgwg fﬂgmﬁ}%a@egsg zogsﬂgéd ALsStn @nes oﬁhe cell,

e cell
has Referdegltq Bigerese’ Eptogct tf@rfmﬁd@kaﬂegﬁ istshowpi lp@lemﬂ The

PRS2 Te B4R DHF ot sShagaclo BB el
takacimethendnothd g&/alebdmdl.& Hinokeing positibised aaove the fitttate
cgmﬂg\ﬁﬂjé_).l ﬁﬁg Iiov?ér%ﬁ?atél %ortug)uifa1 10°' ﬁgsr an o%fen Wali & ih giti o nd (not
communication with a coupling flange 25 which, in use, is sealingly connected to
the upper potting head 5 of each module 3. The ends 26 of the headpiece 9 are
provided with formations 27 which enable the headpieces 9 of a number of
modules 3 fo be sealingly connected to each other to form a rack of modules 17
and provide fluid communication between associated conduits 10 and 11 along
the length of the rack formed. The headpieces 9 are constructed to be of
sufficient strength to support the modules 3 when formed into a rack 17.

A hollow spigot tube 28 extends from the upper gas conduit 11 to allow
connection of the dropper tube 14.

Figures 8¢, 9 and 10 show in more detail the lower potting head 5. The
lower potting head 5, in this embodiment, comprises a potting element 29
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ot her enbodi nents m x |iquor headers may be provi ded

at both ends of the cell. Referring to Figures 7a to

7c, the headpiece 9 is shown in detail. The headpiece
9 includes a pair of cylindrical conduits 10 and 11
wQeealMy parallel zo to each other and the(JadJ28(5/001253
conduit 11 being positioned above the filtrate conduit
10. The lower filtrate conddit 10 has an open wall 24
in fluid communication with a coupling flange 25

which, in use, is sealingly connected to the upper
potting head 5 of each nodule 3. The ends 26 of the

hreffRes FnPinfedtion PRANEd SR nAtdral, TRSitAIRSioh. Whadibeen

enabl e t he headpi eces 9 of a nunber of 25 nodules 3 to
feund geat by gripiniging dee amovet f4urPRie Relting naterish (dsyalltk of

EBMLBSndY reqiifel B t‘?\\ﬁkﬁﬁhglhBiI&N‘?i mghﬁ%ﬁﬁﬂgﬁiﬁgﬁﬂg he

associ ated conduits 10 and 11 al ong
heedk signifieadt coti savisadph beash@vade constructed to be of

suf figj t

f or metnng T4 FEREG B 1o BBl WS B ked AR med.

datiing ¢lbmenpP@ hagag acwmnthertof $faden, ablatiel exX3énding nectbrane

.0f 1he droppe ube ,14. Figuyres, 8c, 9 a 10 show i n

RO eba R e TR fersiy s Rielt s AL fsig ohch

iRsYrtiorehdieRl 36 hald tHeists elPro fh & tHereifl O MPinbEIRIRd &avity 32 is
otting elenent 29 WO 2006/ 017911 PCT/ AU2005/ 001253
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rods 7. For preference, the cavities 32 for the rods 7

a tggequsovhgretne filgresd areval the forghet matsyuhich At diffichi&o grip
and rﬁé}{&pdl% \rf/iih%ru?éa\?sin e Bieyes_the fibres 8 to be

potted separately fromthe rods 7. This gives a

pr eAipsé divdrtically extendiog masiulecinéeitock gling B8 end Bdeite pivided
ot\iabpgaﬁrsoﬁop%%geg gid%g%%ea%dféé éilthwp%ﬂingoelg%gﬁl}(zg.tlnﬂ'ﬁs the
embodiment a tube clip 37 is molded into one side of the element 29 for
retaining the dropper tube 14, though it will be appreciated a separate non-
integral clip may also be used. A skirt clip ledge 38 is this embodiment formed
along the lower edge of opposed sides 39 and 40 of the element 39 for
attachment of the skirt 13. It will be appreciated that any suitable formation may
be used to attach the skirt 13 to element 39 and the formation/s may be
provided at any suitable location on the opposed sides 39 and 40.

Figure 10 shows the underside of the lower potting head 5. The regions

between the channels 30 are open to form fluid distribution openings 41

beneath the slots 12,
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rods 7 can be |owered down into their cavities and
potted separately after the 15 potting material around
the fibres 8 has partially or fully cured. The

di stance the rods 7 are |lowered at this second stage
WOaseNE79the sane anount of fibre slack, w tH{gAU2p(3801253
need to grip and mani pulate fibres 8 This is

particul arly advantageous Athen the fibres 8 are in

the formof mats which are difficult to grip and
mani pul ate wi t hout causing fibre damage. 20 A pair of
vertically extending nodul e interlock clips 33 and 34

ar e |RIua| 18 herbraie Rfddrtic crpPerResh sledfIeatl panell ﬁlléhf with
the potting el ement 29. In this enbodinment a tu
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&b Al r@?u%‘ﬁedén%m'ﬁ of Héli’@na]rflec#ﬁrgﬂ Ie'atlsd"ﬁr]olwdﬁ'@ strong,
a al’so e

appreci ate separate non- egral clip may
digelle pattgliheadel i p 1 edge 38 is this enbodi nent forned

e erenEbiS 56 1 PART 121 nBRERRFPoRhd Bied b S i 1

putiing ipserapp w\emraétﬂtbmwhatanaem&ﬁrms alpr(rfo@ Bmg.gnpf@rrﬁw&om
and

be us to a the skjrt 13 to el n
WoPHoElg Taateua! BUEh 55 Bobisiate. S WGUAT e LBPeLead o ine
fiive Heenmaﬁ%s@ré b&iesd. %@ﬁ&t:ﬁ@ms%gw@ pt&ViddtPWeh bhRe

undersi de of the |ower potting head 5. The regions .30
%‘fﬂﬂ%)éﬁpffrh@r oeMafta @xgengig)ga@r @UB‘S% UPBeR ideTar rgeaipt of o-ring

[
SaELEA e bt sl

formaationi 4infoc reaein 1o theospacer supHostrods Far Ihr@lau?d fstainless steel

lxrrgée#% 4§:Weebg!)\ﬂde9c9 It (%6{2?% dggﬁfcﬁcraltlgnl'\ férﬂ*a% )"1\"214(‘13 é%‘%sle tbﬁera%ed

ranes are SEME8
MHQMeon‘wntratMrmds 7r €pdniresd mdee‘oah@d)mrihe\mmnm;daof the

.Str ur.abl e ead. eferring to Figures

'ﬂ?@%mﬁ%‘”t ! \8@? h]n‘?o%t{]r}ggmﬁgeéﬁn is fo?msd of )

pot The %péfﬁ;ﬁ@? tof ﬂ%dm?reabtcﬁ lanfangemnamn rr@mnlﬁ@déﬁslblad ath
ot shown or rom a ottin ria
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provided open groove 43 ex 10
uﬁa&amaaset@f tbg@&ﬂ‘sﬁ@amsd en é‘l%i ithgas-typieg)lyi air, yéfin the

S FREASR B rpSo R 0 paSy ARe R Rt
fediimpothe skiti$3 throTgir diaghpdr Bibai 1Al wisish it einected to the gas/air
conduit 11 of the headpiece 9. The gas/air conduit 11 is in turn connected 1o
the main gas/air header 20 by a hose 21.

The mixed liquor and gas mixiure formed in the skirt then passes upward
through the openings 12 in the lower potting head 6 and into the fibre
membrane bundles 4. Filtrate is withdrawn from the fibre lumens and passes
out of the open ends of the fibres in the upper potting head 5 and into the
headpiece 9. In the headpiece 9 the filirate passes through the wall opening 24
into the filtrate conduit 10 and along the joined headpieces of the module rack
17 to the main filtrate header 19. Filirate is typically withdrawn from the fibre

membranes by applying suction to the filtrate header 19.



inserts 45 are provided in each rod |ocation formation
44 to enable threaded engagenent with the rods 7.
Openings 46 are forned in the | ower side of the

insert 42 to allow keying with the potting material .

We 2Tee1Bpler at i on of the bioreactor arrangengi$il/Afj2pq5/001253
now be described with reference to Figure 13. In use,
m xed liquor is fed into thé0penbrane nodules 3

t hrough mai n header 23, pipes 15 and jets 16. The

m xed liquor is injected into the base of the skirt

13 and is then mxed with gas, typically air, within

the Tikiysterd dinil@ dfe@érme@ i Y& pabasEn BlofeaatarGhay b& used for
gasl al r and m xed liquor. The air is 20 fed into the

tsgatment su rfaﬂeaxgimnbm pYier, sawage/iojgaicah wWastedsaieenter t o
ece 9. The

gas?gggaﬁgngE&ﬂa%%a%hﬁbeQﬁSEﬁﬁgggﬁgﬁied to the nmain

gas/lawill beecapesciaied tyatdutiverentiodimaetsranderkempdifications @f the

OB BB TR i RSP REP 3 1 oo

c&ﬁ@nb@do the fibre 25 menbrane bundles 4. F|Itrate i's
wi thdrawn fromthe fibre | umens and passes out of the
open ends of the fibres in the upper potting head 5
and into the headpiece 9. In the headpiece 9 the
filtrate passes through the wall opening 24 into the
filtrate conduit 10 and al ong the joi ned headpi eces of
the nodule rack 17 to the main filtrate header 19.
Filtrate is typically withdrawn fromthe fibre 30
menbranes by applying suction to the filtrate header
19. WD 2006/ 017911 PCT/ AU2005/ 001253 10 The system
whi |l e described in respect of a bioreactor may be used
for treatnment surface or drinking water,
sewage/ bi ol ogi cal waste treatnment or conbi ned MAth an
activated sludge or simlar system It will be

appreci ated that further enbodi nents and
exenplifications of the s invention are possible

wi t hout departing fromthe spirit or scope of the

i nvention described. WO 2006/ 017911 PCT/ AU2005/ 001253
CLAIMS: 1. A nenbrane nodul e conprising a plurality of
porous hol | ow nenbranes, said nenbranes extendi ng

bet ween and being fixed at each end in a header,
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one header having one or nore of openings forned
therein; said openings 5 being in fluid communication
with a source of gas and/or liquid; the other of said
headers being sealingly connected to and in fluid
wonwpaiiZedt i on with a head- piece; said head-B§iTedig005/001253
bei ng adapted to couple to an associ ated head- pi ece of
a further nodule to forma-thek of nodules. 2. A
menbr ane nodul e according to claim 1l wherein the
headpi ece includes 1o a filtrate conduit in fluid
comruni cation with open ends of said nenbranes for

the withdrawal of filtrate therefrom 3. A menbrane
oogiee according to claim 2 wherein the headpi ece
includes a further gas/air conduit_for co nlcatléﬁ%

as PamPTOEAN S ROR G HOBIPTENG/2 FFANILGTP TR e o R P
o ﬁrle?dtﬁ‘?ra ér‘?dugb b8GRS ity %dlaét%a%h en%ﬁn a header,

rectan I n cross-section. . rane
omomaaeieabawn@ png ot maee af epaningsciosned §18§thi ﬁa!ﬁ openings

ity B AnicBRbA w8 DRSS e artydraBI e REHb i
treadstsdobing séalinglyl gonandet e asd in thed ebrinunicadionrvathualbsad-

rigter BSIAESg Hie G 2ol So BOTUP U A Spauti FRphpiece o
MUEthet Motitie 6 fothe & radk ¢fasodules:| udes a pipe or tube
iassn ng through a sidewall of sajd s t he di st al

nd AJnembEang ippdde BErAIg Ngds qﬁl@nkwh%@'%%eﬁeﬁp@ﬁsrﬁn%ws
d fﬂfratfegﬁﬂbﬂ@ lrgﬂlﬁd EhRERInRatiSn withBpERreHa8 ofedidl rﬁembranzeg for

accor ['laim 7 wherein the pipe or tube is
th@wﬂbdm@lobﬂltrﬁ@tga@ﬂam conduit of the headpiece. 9.

'mé%ﬁadéq%&@e%e&ﬁm)?% ddm% @hé'ﬂegﬁ ?H%qw nge%@'lﬁjcludes

kl 'S arran gas an efore
qdaﬂhemgas‘/@r ormyhuts‘ar @bmmenicatﬁg gaﬂalrm therrediie. nodul e

oSS A3l oAb D AFEF e ot v o

ré@ﬁ@@maﬂmnmhbynex%enﬂbmg130 between the headers. 11. A
e B2 ah S b ST A HEk B8 pfted o

s@fdeor{@ﬁéader.

6. A membrane module according to claim 1 wherein said membranes are

mounted vertically and the source of liquid includes an opening in a conduit

positioned below said skirt.

7. A membrane module according to claim 1 wherein the source of gas

includes a pipe or tube passing through a sidewall of said skirt, the distal end of

said pipe being positioned below said openings for feeding gas thereto.

8. A membrane module according to claim 7 wherein the pipe or tube is

connected to the gas/air conduit of the headpiece.

9. A membrane module according to claim 5 wherein said skirt is arranged to

mix said gas and liquid before.passing through said openings.

10. A membrane module according to claim 1 wherein the headers are spaced

and supported by one or more support members longitudinally extending

between the headers.

11. A membrane module according to claim 10 wherein the support members
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12. A nmenbrane nodul e according to claim10 or 11
wherein one of nore of the support nenbers are hol | ow
tubes and used to supply gas to the skirt from the
gas/air conduit. 5 13. A nenbrane nodul e according to
wbabwo179nher ei n t he nenbranes are encl osed RATOHGHEHP1253
of their length by a screen for retaining gas/air
bubbles and Iliquid flow wiihin the nodule. 14. A
menbr ane nodul e according to claim 13 wherein the
screen is substantially inpervious to gas/air bubbles
and/or liquid or both. 10 15. A nenbrane nodul e
AeG54ding to claim 1 wherein the menbranes conprise

orous hollow fibres, the fibres being fixed at each

d A membiieei module; arsordingio Hairytd Oha% Whgrein pne ehmarg of

8 SEPAM O} ZRNAILH! b8 ohl upth FPERIAF Go R Ricy rom
tae gtas,ellrlam?d?:tleptrjaagd gge27at their upper end to allow
Shenras b0 i aceOte o dhith L MR IR eFprangs arg

érﬁlds@ataldnmdobmemh@@th BBa sbrauRItor mtsinimdsistair bubbles and
accor di ngat 0 claim 17 wherein the openings are

ligich iavpwERintbe gdwa-de wi th the spaces formed between
£21 ¢ mmdréﬁé’ﬁw%eul&%b%g toldhainy Wﬁ@fa’mme"@vﬂé@rﬁs

according to claim 17 wherein sai d openings

stbataNtiay ipsingeus ) gasiiohubhirs #d/apiqsid @R/\BOth hol es.

e A TERERAA oBRRAEORGENGHAR 1 Anpleh M mehibparen
dwtpmerpdrdnes sdllowsfibres, tbevibres Hefrigefixed2at eaph eedtin ameader,

e,ra i ncl udi ral.i ne nodul e

R e e aing el Rt e o BhedTRERL S, o0 ©°
1f6|$a¢pmg§r@>$ane'ﬁﬁloaaleha%cﬁmﬂyd t&rtéamm:mh dWhemimthed” bres b se;led
claim erein t sai d one a are.c ecte

A SRRl oY 08 msL et bart S & S eerib il 6P AEEH ¢

B¢ C Ol feRtbrae floauid s23omiey 1Bl dlaiin 'S wherRétthedbra®arsarranged
i ncl udes interlocking formati ons provi ded on said one

impadiipaedpupties.nodul es.  24. A filtration system
1'8”C % Rbréhd Aobuffa gesmg{q%%mdw RRcRHEMB I 238

ereln sai es are positioned verti cal IdY
pmltlaneam(ccmoadalv\mmrtbe spaaes fpinged uem/@en@afd pargiiengd bundles

kP Py SR PR AR 400 ¥Pbfnge
dohippisgla siol; eldtd or e aF more rows of holes.

20. A membrane module according to claim 19 wherein the fibre bundles are
located in the potting head between the slots or rows of holes.

21. A membrane module rack including a plurality of membrane modules
according to claim 1 connected together by said headpieces.

22. A membrane module according to claim 21 wherein the said one headers
are connected together by connection means.

23. A membrane module according to claim 22 wherein the connection means
includes interlocking formations provided on said one headers of the modules.
24. A filtration system including a rack of membrane modules according to
claim 1 wherein said modules are positioned vertically in a tank containing feed
liquid to be filtered, means to apply a transmembrane pressure to said
membranes in said modules to cause filtrate to pass through pores in said



-13- nenbranes and neans to supply continually or
intermttently a supply of gas to said openings so as
to produce gas bubbl es which nove upwardly between
said fibres to scour the outer surfaces thereof. 25.
A filtration systemaccording to claim24 wherein the
supply of gas to said openings includes a m xture of
gas and liquid. 26. A nmenbrane nodul e conprising a
plurality of porous hollow nenbranes, said nenbranes
ext endi ng between and being1¥ix8d at each end in a
header, at |east one of said headers conprising a
preforned potting el enent, said potting elenent

i ncludi ng one or nore cavities containing a curable
pmmtwgnmr@rmaans todsiety eankieuallyod inkeimtentlsa seprly of gas to

”&%fog)@ﬁa B&dd%%a@bﬁﬂﬁé‘é whigh | Hage egﬁ h/bcm’efe% <afd
(0] enlngs orne ou

hro therein; said openi ngs
bdibrag t© AcAUr thedputerewifaeasdag®ein with a source of gas

and/ of, sl GH Systetd ac ddTﬁ%ch@m 2ARGHEr&n %Cé&bgl'y%ggésoto said

claim 26 wher'ei n sai h openings are’locCated
b@pGRiess 'Q@W@PS@&V‘WW@@W@&‘W llieWidng sai d gas and/ or

| hguidbebnes @ﬁaﬁmﬁnpw@am@f cﬁoﬁ%@ﬁﬁ?{%@ﬂﬁerﬂ&%%@

accordlng to c eln sa ranes rse
begid mesbsdneswending Hebiregn ead deihp dinedot apaB oy @header at

| feﬁ%t'o%e'o? sQ@H@Q&QS c&ap (ﬂs r%ué"grle‘racﬁm@@ goﬁﬁﬂgl‘éﬁ{é% sa@%otﬁﬁg

rane dul e accor | ai m 28 Wherein
belipaest inguding emgeor m@rﬁ&aw Sacqmmm@e Cumbmﬁtﬁ%ul e

a\?«ﬁl@ﬁ HARABNHRuBpSHI B MBRbRINEs, SRldch ARRYIdHHe HBPIhG RS or @
more of through openings formed therein; said through openings being in fluid
communication with a source of gas and/or liquid.
27. A membrane module according to claim 26 wherein said through openings
are located between said cavities for flowing said gas and/or liquid between said
membranes.
28. A membrane module according to claim 27 wherein said membranes
comprise bundles of membranes and said flow of gas and/or liquid is between
said bundles and membranes.
29. A membrane module according to claim 28 wherein the bundle is in the
form of a mat.
30. A membrane module according to claim 6 wherein said opening comprises

a jel.



