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SQUARE MBR MANI FOLDI NG SYSTEM TECHNI CAL FI ELD The
present invention relates to subnmerged nenbrane
wo 2dobatdion systens and nore particularly to tPOBFAU2005/001253
types used in bioreactor processes. BACKGROUND ART A
variety of nenbrane filtratipn systens are known and
many of these use pressurised systens operating at
hi gh transmenbrane pressures (TMP) to produce
effective filtering and high filtrate flux. These

systens are hi %Bdﬂé effective but are also expensive to
pr ode8JARB B AUFQBDMNE RYSSEMI er systenms using

menbrane arrays freely nmounted vertically in a tank

and using suction applied to the fibre lunmens to
THECKNICAL PMPLDave al so been devel oped, however, these

systens have been found in the past to be |ess

of TBEtRTeEoR HAVE RN isi@iss (e seemesged mﬁéﬂb@wfatr@aoreﬁystems

an3 150 BB BHY A6 s, frs A bR e piboss 5" 4
BACKGRGUKRD ARTand WD 97/ 06880 to Zenon Environnent al

Inc. Recent devel opnents have used conbi nations of
scAuYariedy aﬁm%feuanggfﬁvﬁfgon BYsiBmSAredaeMnsald mﬁﬂvequtgese use

pré%’éﬁ?fsé&%yéﬁé%se rqul re‘?%?tr@ﬁ%@@hiﬂ?ﬂn& frés%nﬁ@ﬂTM?ﬁ}'ﬂé{

hese”syste and ex ens ve
produtef @ﬂf@btr\vg fﬁimlpg @nddegh rﬁlérate dluixr eichedel Systams peerbighlly

efferive; Bt A0 FaRcantve 1QBEHILCE: OBprale daccdel e Sepler
PR SRR oy v
sucitiad»raapsliqmtdﬁhedlkme IlLymens in pmdwdel TiViPdiayeoalsa$een developed,
R SNCKE RN O e
thd MF&S[}ﬁg@d} apfenRs descri bed in the above prior art.

Examples of such known systems are illustrated in U.S. Patent 5,192,456
to Ishida et al, U.S. Patent No. 5,248,424 to Cote et al and WO 97/06880 to
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 to 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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The present invention seeks to overconme or at | east

aneliorate the problens of the prior art by providing
wa@2@empioel ef fecti ve mani fol di ng and nounti ng BEFAEM05/001253

for subnmerged nmenbranes nodules. 0 - According to a

first aspect, the present invention provides a

menbr ane nodul e conprising a plurality of porous

hol | ow nenbranes, said nmenbranes extendi ng between and

being fixed at each end in a header, one header having

one or nore of“ggenin%s fornmed therein; said openings

beiFOrHNg e iedirebasRAndAEi RS TRVeN B pEVIdss aembrane
m@dde omiiihida didiai; i ordhs Rl MAHBIMAC KR membranes

extertutag bptweesn asdibeifetbdedateeschoend(h adepded drie keaddrehaving
to an associ ated head-piece of g further nodule to
ONERTArG 9 Rp%'“%éﬂm@s‘lﬁhﬁ%ﬁé%{ IQpenings heipg ph deis!
. " r - . g
coffiaofufi Sa6RecaulY dnder KA InEQTRLFLLRI Bhocere
beind sealingly benredatedto &od i fiuidemmpuefeationaetit Adead-piece; said

headpi .1 ncl further gas/air ndui t, for
negBrhiRts LSNPSR & FOBIeMRE TR RERORIBFg Of arfirther
méBAE LS fren 8GHEK Bf Rlodufsd angul ar shaped in

cross-section. For preference a skirt is provided
ar Guettrablpethentaripiede mchuoesanfitrate cofidwhindiuid echwadeication

il inghheg At el e it e, For
fuRSr prefdrbMc@ ik hBSdSietE FRiWed A Atk BYS/Ai &bH&'@t £t

opening in a conduit carrying gas and/or i qui
copusinicatirg gpslabviodas dnakilet . For further preference,

or SreREtl PeaRGBieds Sofagod iektarsilaShapesdn i Ssyection.
FoP pRsteRshdens akigths pravidsdaldurif a ?@'ri?ne‘i{éi bla bbgénﬂfa%badf said
end of d b ed be

sai d pi pe being positio ow sai d openi ngs

onedreaides fivmdjrepdiagtsiait gas and or diqeideintosidepenirgs. pFpe or

ord B S BEEa ot StATAE) B30 4 45 b0 o
AL GRS ahng s d CAUSoRaF 08 AN ARyREoncy blow
saigh gl r iq-@a fihesnwetsremes, ¢aid opening comprises a nozzle, jet or the
like. For preference 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. 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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support nenbers | ongitudinally extendi ng between the
headers. Preferably the support nenbers are rods. In
wor@sarvangenent one of nore of the support nMeEPOPAB2@5001253

hol | ow tubes and used to supply gas to the skirt from

the gas/air conduit. Preferaply, the nenbranes are

encl osed al ong part of their length by a screen for
retaining gas/air bubbles and liquid flow w thin the
nodul e. The screen may be inpervious or substantially

bubbl |
otiretarabr i Jreratianss AEFEHBS RS NSloWaPeRs the fibw being
fleﬁg kég%échté?ﬁ E'é’ﬁ@é%@ggg{églow&%%a%r R8GIRgIHE &fmBre oaenmgs

| ower havi ng one or “nore openi
formedittreine r Bien fibEsearti r‘mrmllwseakemﬂralﬂhbyoweaéad aqd dpen at

d d tt dt I | ow renoval .
theif Uppeieid & Sk Femdialolditiatst oihe BBy are rmtiabbmnanged in

paPfidnicdl iRfedundl es. Pr eferably, the openings are
positioned to coincide with the spaces forned between

s alPdefmablyt ﬁh@rmmemmgsjaﬁposﬁmnqﬂ &f evincide, wittathd spaces formed
eni n sl ots or one,(g%rmre rows of

eRfras 298, SRS blodleS, Eof plerRrdives REIcORIRATS SomPERe 2
sldtoéléise& ot bPARETEWE &F H@%@ @%Y@r@ﬁ ﬁ/ éﬂﬂt%n% fibR€bundles

one or nore rows of holes. For furt e erence, gas
arg lasetedindthe Rattingiheed between gk slotshoatha one dr fricvevrows of
h %efore bei ng fed through the openings, though it wll

° appreci ated that gas only may be used in sone

CORbF el méﬁareﬂ'é@ dds%u%lébsﬁfé Wanﬁ@dtd?'?n&éﬁ%frpa li§&id

menbr ane nodul e. fibres and/or fibre es nay
flograsdereoheingdae tlamghéhe beenings, thoeighdt wilhioe bpladmlated that
sirable t

oa BRe eefed 6 Sdie Sapidiraliars e yis e Myl he feed

to ieemeRitiade medala. Ahasidres BRERT e bhﬁale%%by Cross over one
i nj ection-nolded nylon, though it wl appr eci at ed

an@’lﬂi@r betwiesn e paling hesdaithought és dasu;abiedihat tbeymemt

el STE I BEBVOTRET S RB5E Al TS heBgS 8 Frolded
froenapldstig rhateriafaysicalapREtibA- rh@ldte@ yRsh, itAotigie itREIfl bend
appree%ias”[ed that other suitable molding materials could be used. The use of
molded heads reduces the amount of potting material (e.g. polyurethane)
required while also enabling intricate shapes to be formed in the potting heads
for use with high strength mounting and connection arrangements. This resuits
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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for use with high strength nounting and connecti on
arrangenents. This results in cost reductions and nore

WO b@xioliohi ty i n nmounti ng and connecti on arrangR@BAUSM05/001253
According to a second aspect, the present invention
provi des a nenbrane nodule rack including a plurality
of menbrane nodul es according to the first aspect
connected toget her by said headpi eces. Preferably, the
Iomer headers are al so connected together by

For. this connection

nnec n nmeans r ef erence,
apg ig@d @f@?ﬂ wvrﬁ\@yéawwyg@ APBFaGRIRH HBak M nawitahig means of
pr@\/l pdﬁ\glPorﬂgg‘ﬂz’ea&?éE | ower headers of the nodul es. For
urt

er preference, the formations are gui des that

sI iAdeording teagirefdriet furiher aspediptie pleseatjraeation provides a
eaders and renpve thq%qr}eed for extra | oose parts.

f"trﬁﬂotnrsatséemgn?{eﬁwﬂ 3 (acki QTHReRRFENe Biaduirs @mrésngotp said
se%@f?(# b%ﬁééﬂﬁh&felﬁgélg rﬁﬁé@l@% I8 pb E&*b@%& ’ve?l‘?é’ﬁl‘{/‘?ﬁ a tahk

be appreci ate at any §0rtable means
coptamvmglfaqi Trqmdrta}béo@ltarséﬂmemsm dpply & traasmeerhta‘aneq)ressure

th t sent inve n, provides a _
to SR PGIHANGS &t sH0 HeY s o CAUIS N2 (rBASS drBudB dgresin
soRE A e 0 R RSBy QSR IS LT Ll of
gakitgsbdl operingé lsbta@rtecprodmg% bubbkelswvlauch maonsgTe plasiie
ressurgtos ranes i n, sai Iesto cause

id ne o{
bepyeen e ftb(ge?,g%§c9qx{ SLlhy Horeiages QQYGCP menbr anes and
e RSfelShIF YD lsmp@graflga@,% |s¥110°6 émhgé g\a&c%g éxgimg%@'gés

of gas to said ni Ngs so as uce gas
an@unw nove upwardly between said flbres to scour the

0 o Shob] BE R IPRT Mt he R s wlssf B aRioed iy oas,
mdltidlﬁgﬁ‘@#'éi'nd%l)&iﬂ%r&‘tgjé%‘éstééﬂheﬁ Bs o%@hg‘angﬁﬁe leed

herein includes any Qgas, including air and m xtures of
gasbe embadimenis obtheniaveniibrt wil e Hescritres iemetatiomentraicro

ool BT Sl SOSEHRR S b St Bevsver,
will ¥® epprividteatth@ntheIAVYEMRIN isidqually applicable to any form of
membrane module and may be employed in a wide variety of filtration systems
used to remove unwanted 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 embaodiment 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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will be appreciated that the invention is equally
applicable to any form of nenbrane nodul e and nay be
weapboy®di i n a wide variety of filtration systRPOFAUS®E001253

to renove unwanted solids froma liquid feed. BRI EF

DESCRI PTI ON OF THE DRAW NGS $#referred enbodi nents of

the present invention will now be described, by way of
exanple only, with reference to the acconpanying

drawi ngs in which:- Figure 1 shows a sinplified end

eI vation, Vi 3/\/ of one enpodi nent of a nmenbrane rmdul e

M@? d&riee R eRe %@WHOW WigBntngarsigs yigveand
sAGive v?éﬁpéégécﬁgelgrlﬁ BhEHPpipR u‘é'e@"}h Q; J?‘rbtlgﬂ%i eridlule

Fl gure 1 hows a secti onal evat
ofF@medf one ceII of the filtration system according to

oA SLTE N S SR S50 it v
oSO ApSiptane b ey ARl S oa

th&:'rrgldtm 6f Eigum1a pictorial front perspective view of
cel | ure 3; shows a |ctor| rear .
boFiciied Jiovs dnesmodatie U obiiamnciBe o Je Bwerpating
heé@ osﬂp:pgyy”grgcend el evation view, undersi de vi ew and
perspective view respectively of a head piece used in
coffguretiiloshanis & pepsndoivetview glithe Unddi side ef tigalovergotting

view, side elevation view and undersi de
nedf o Fuled,

tively of a menbrane bundl e and upper and

|°Wﬁjur§qt1téHﬂﬁvé1§ﬁ¢§onH'étﬂ9\ﬁéthﬁ1é@%¥’é o oft Hftrh ﬁnse

Figure 9 shows a perspective view e upp rsi
the hpp¢romitm®beadm@ Rigure 8, Fi gure 8c; Fi gure 10 shows a

4 f t i de of t .
RS el YR B e S 4 o g e o
F.g\(jrgwwgnahe undersi de of a potting insert of the upper

potting head of Figure 8a,
Figure 13 shows a simplified sectional view of the base of the module of

Figure 1.

MODES FOR CARRYING OUT THE INVENTION

Referring o 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 length and serves to hold the fibres 8 in close
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Figure 12 shows an isonetric view of the upper side of

a potting insert of Figure 11; and Figure 13 shows a
wa@RoploiPied sectional view of the base of the POTAUZ006001253

Figure 1. MODES FOR CARRYI NG QUT THE | NVENTI ON

Referring to Figure 1 and 2,5the nenbrane nodul e 3,

according to this enbodi nent, conprises a

squar e-shaped in section array or bundle of holl ow

fibre nenbranes 4 extending |ongitudinally between

upper and | ower generally square shaped in section
pr%wliyﬁg anchiher, prevest exegpuve Maveynenighehetygeread prevent

coaREC Yl SR80 i Beth it b o mive

hq&umhntlam th@qh@@gglar or triangular could also be
nEf oyed. Such cross-sectional shapes enabl e cl oser
pad Kerfipres 8tare apsiAtdBe URPSH ﬁ@étrngdweacbﬁ@@ ellawfar fijrate

re%bglnﬁbrﬂ%éﬁgﬁﬁé@ ﬁﬂa%retaléoogtﬁteac@wgr gﬁgfng 1ffs P Pg@gﬂlar

er an ower pottlng ese r
headpmeé Brsezlinglycitaetied nd thé bepeppettingiddosvand poirt fluig
heads, 5 and duri ng theégottl ng process. A screen or

cog|ragRigafiemy it HBWtheﬂdé thefibfesPy y herqasimiers Phircludes a
pafr'd? IngHﬁﬁ I1 9% nHFH alvd fig 60%’@?‘8%@%@?@%‘?% Oisa

res osepr oxi'm
flltmtev:enduémdmndaltﬁdwermgﬂs/alheoabanvveen and prevent

d dl Th |
e PR AMERBOgag T Griasd THTaGE CLPRATIRGS e, WA eass slots,
dlsTmutEb Qﬁél%gr?t@éﬁatﬂ@ e Ao 'ph?sé W’?iﬁf]u r@ o p'ag%nhﬁ?dj gﬁxéd’ liquor

[ ow for ['trate removal fromthelr Fumens an
forsml imcthatskirh eediamwér betsuppmﬂ trerdthBough. nﬂlihbagh slots 12 are

e
mcﬁﬂﬂ'ﬁ%‘écl ineB? af &ely %&m% C&ha ﬂtﬁéé 8458 ffkebh'

urts 11 e bove t potting head
paﬁltlo@ed chjunldIeBO4 lwsthm thiel potting headd & anda6 darmidhéLsId)tsl’IJZ open into

therbit Taelien Raeh PaToRe RG4St FD Rsprovids, if use, a
distribution of gas bubbles and mixed liquor between the fibres 8.

The lower potting head 6 is provided with a downwardly extending skirt 13
for conveying gas/air and mixed liquor to the slots 12 in the lower potting head
6. A dropper tube 14 extends from the gas/air conduit 11 in the headpiece 9
into the side of the skirt 13 for, in use, feeding gas/air thereto. In one
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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distributed therein to enable the two phase m xture of

gas/air and mxed liquor forned in the skirt region to
wheoosoppli ed t heret hrough. Al though slots 12 aPer/anoomy001253

it wll be appreciated that any form and shape of

opening may be used including_ a linear array of

cl osely spaced holes. The fibres 8 are fixed in

partitioned bundles 4 within the potting heads 5 and 6

and the slots 12 open into the region 13 between each

partitioned bundle 4 so as to provide, in use,

mqﬂts@? Pney aleodpe g@?nmwaw%wgvam@é@ﬂg heads 65&5@%@¢~
YRR a0 Rep o kPSR TR SRPRE BBl Rifption

whiktsénaisledhd maodieds ko boelid tegdther sémitallvi 21tivill bbexgppeéeiated
otting head 6. A dropper tube 14 extends fromthe

P . . tul .
thajpiher formg i dnteriegking apgeclinpig@oinay @1sp batsedhdn shigdyrsg of

R T R
by & raick seeddrpwhithdatdegstysetiaihosire@shdias ra¢loot imbeurerdw gimilar
11 to the skirt 13 in place of the dropper tube 14. A

Mafngs do (they insHVigyenadulp SCHRANR i oned bel ow the skirt 13
o8B aBks 71 ogfiohgh i SR iBLd i 18U the

congmts M@ enspticef the reddpieqsS béonetemdomodubeesking cbuplee to the
m xed liquor flow fromthe jet 16 before entering the
majp §tteate Andpasiaeadsie l 9znd 2%@5@3@’['\@%0&*?%%21 {5 ugefbto
] i IRl ' : V. f feed
oot Lk o R 208 e DR A OBk Phi nt he

f eFtetracks 18 ardsubesideshalvave a nhikgdligeoBpipe 15, vitieh extends
nodul es 3 of _the typ@agescribed above are forned into

alopgthanatiam &R of the el 4R aick hagysharedhislzi ] pipesttiongdialong the
. i . i t .

oEPToEHTN SO S 1900kl UL Inhe SRELUFRL. o

mixdtelidwovdre guier t23rig postidacd at fondemnid efdtheToglli thbhg cohhects

T NI ORTE T LT
oth‘é‘?re‘hﬁtft(?;dci{rbénté Fniﬂiétilor%a%%i’é ?r%yg?fgr Viddd af B@l‘lhnéﬁslnéf Ak cell.

I nter I'ng and I ppi Ng nmay e used.
t yRefarfing dofhigiureat/iado Adhéhes headpiede £cisished/nahaletaif. of he

neSiiPEaS NBEr & 1T SLAVBAAGS coTiR B anbatieatending paralle
to 4R bfHer and the gas/air conduit 11 being positioned above the filtrate
conduit 10. The lower filtrate conduit 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 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 to 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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manner to the individual nodul e screens. The nodul e
racks 17 are positioned in a cell or feed tank 18 with
wo b@eoordui ts 10 and 11 of the headpi ece 9 of POEAER®S/001253

nodul e being coupled to the main filtrate and gas

headers 19 and 20, respectively. A hose 2 1 is used to
connect the main gas header 20 to the conduit 11 of

each rack 17. The racks 17 are suspended above a m xed

I'i quor pipe 15, which extends along the bottom 22 of

18 and has spaced jets 16 positioned al on

preRementoranEaeR P b BIASHE el plqaylydwl@@cﬁ hags seen
fou.r}@dj'tHaq DS/ mlr{‘mkhl‘@tf?é@ﬂggms{n‘f (tc%r%b@ ?@ﬂlg'ng%t%‘hgo nec

osi oned one en e ce

poéwrhtrmhet) hmunedetd; ﬂnoqn‘oﬁhe?]mcplew nﬂb.lﬁgtmemkﬁan@§ml vl gm'tthe@l
i uor {not shown). In other e iments mx |iquor
Qg ?ﬁﬂ}oﬁé PPY09 g8b bﬁ@%@‘f?‘ﬁnds of the cell.

Ref g4dfbhh t‘é IFPQHEEI_ ﬁgh%ﬂ)v&é’r p@ﬁ*m%ﬁéa@ ﬁhﬁﬁgesga Ip?efprmed

shown I n det ai eadpi ece I ncl
potiirg eleémearl29dvadng Bnubtberaf spncedt pa@llagenendinlgahetrmane

SR BBt ST, T s B R S
méé?f@W bhaﬂ@el*ﬁﬁhév ﬂw%eﬁot%?% 3tk wt]i thédnmaéih.d ﬁ&:ﬁ‘fgﬂﬂlﬁéq‘:@éx}lmz is

a COUp |ng ange IN use, IS sea
pr@\o@e@m edch cotrtes aﬁpﬂm@elqm&mlzwfdneambiangﬂhemkﬂs ru:ﬁcﬂimé epacer

26 he head
SUBRPTHESAS s 57 RERISEHTG Al EoVIES Redap b iasisy’ grayibe iSolated
wﬂ'h%%ﬂ fRfm thﬁﬁg%ﬁéhng% %%Htﬂ@'ﬁbré@an?ﬁk%ﬂloﬂl& tﬁ@ﬁﬁ)res 8

other to forma rack dul es and provide flui
to dsnhpeited aepaateyiiose theawksc?r albi$ givesiaipreciso amddedsy method
of the ack, forne The,

o StRg 5o sE08, ! 8 5 bR GRS o

rodiéﬂ?’ lé:@htbet B iBd do® iRtoMpeR cfa@fti@%%dd‘%@tt@d ééégrajcgly after the
ol  ow spigot tube 28 extends fromt

pOtitm@dniatermi araung theviilres Bdws partiefly Dh’éJlldrcmm@cd-;r Thekrbstance the
o P e 9 bR BN Bl e o o stk
R A et T g
adhé»ﬁénﬁggljug Swhlﬁg thedibres rmeﬂmﬁte ﬁwnmfnmtsSwK@htafe %fn‘mulihto grip
an@mSHPARYE WARbL BRULIRY fbletlahigud! Y

A pair of vertically extending module interlock clips 33 and 34 are provided
on a pair of opposed sides 35 and 36 of the potting element 29. In this
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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pol yur et hane) required to nmount the hollow fibre

menbranes in the potting heads significant cost saving
wa@aneloerdachi eved. Referring to Figure 9 the | omer/AU2005/001253

potting head 5 conprises a preforned potting el enent

29 having a nunber of spacedy_parallel extending

menbrane insertion channels 30 forned therein. The

island areas 3 1 between each insertion channel 30

have the slots 12 fornmed therein. A nDuIded cavity 32

Is provided in each corner of the elenent

r edR USE N ReMbaRe Hsartien sharegls SQpenat |@%ﬁi§33ﬂlall§/of|'”9d with
cu%kﬂ% BloBHcPm: &él%mﬁplvb@ISﬁt E%rm%ﬁﬁoraﬂe 8/arB8Y, ot%Si This

1 SO rom e potting c annel

setVes thiredese &he Fhicuntof avstetidieefiibsd shile tabsdpraidihg @ strong,
arately f%é)mthe rods 7. This gives a precise and
Ué%@ - creating fibre slack. The fibres 8 can

be F@?éltr gtBIFFI bred ﬁﬂaﬁ&’ﬁ' ﬁ'@(upeps gﬂnéﬁlﬁp{egg% |§f &’%f

| ower ed nto elr caviti separ er

poﬁfrtgemsendzpmhlbhrwrmmdsmi reinforoed 4 pet fdtshewd) Rertned from
di stance the rods 7 are

t or fylly cured
tyih %@W%M@ﬂfﬁ skt Ae bl yé!é%tﬁéﬂ%an%Whﬁ'é‘ therkpranangs of the
R B s F e st g POURESReC 2 PTo Proed wihan, o
upwiaedy open girdres4 B eatending mrwnﬂotsm:mﬁerrMes fortreckipaneo-ring

difficult t [ d [ ate { causjn flbre
e, iead oS of s PSRRI o2 35 DA et b it 1ogaton
| i d i
fortfHRin 2 for feLORL SR Shatly SUBpBH obaciot Pl dpfilqss steel
inseiisst feateoplioviled ia @adberodllogat®n fosmatibadd tordrmhde threaded

f th I t t d t ube 14,
crBhabfn VTR ol o ShE S el B R beegor e
insekt 42 faaambﬁ@y.hg w&ﬁﬁﬂhe ,&;tﬁh@ 'iﬁatéhélp | edge 38 is this

enbodi nment forned al ong | ower edge of opposed

si dbe Qp@r@tm abth@fblommrafartgementomllmnabe @escrileéd with
ui t abl

rofp R P Aoy el i s BLER e 10t e ragiegane Fodies
3 tﬁ*&@h%aﬁ%@é&értﬁﬁe fﬁés"% hAA/jéts Y 'ﬁ‘?e Ry ﬁ@@oﬁ% ijB¥ted

sui tabl e | ocation on opposed sides 39
int¢-ithpibase of mﬁm‘srtﬂlﬁeamm @ethen aeixed withegds)gpicakiy airngithin the
sklﬂeﬁd '[051"0rr-rl;hae’[vxr/c%e %ase stream of the gas/air and mixed liquor. The air is
fed into the skirt 13 through dropper tube 14 which is connected to the gas/air
conduit 11 of the headpiece 9. The gas/air conduit 11 is in turn connected to
the main gas/air header 20 by a hose 21.

The mixed liquor and gas mixture 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 filtrate 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.



bet ween the channels 30 are open to formfluid
di stribution openings 4 1 beneath the slots 12.1n use,

WO b@oteTr ane i nsertion channels 30 are at | eaBCT/AU2005/001253
partially filled with curable potting material into
which the fibre nmenbranes 8 jgre potted. This serves to
reduce the anount of material required while al so
provi ding a strong, durable potting head. Referring to
Figures 11 and 12, the upper potting head 6 is forned

of potting insert 42 which surrounds an reinforces a
pot! NEnB¢stamowmle desqribgdrip sRsRS I 8 bipeactergnau ey wagd for
. ' [ ; : [ € t he
et ? Sultiod UE 6HRAG el RelfRo IO RGP B LGy e
copnmined edthvart bctivategshuddy arpmilgr oatem43 ext endi ng
ar unﬂ its upper iide for receigl of o-ring seal. Each
oﬁfn\@ by appecisted thay furaer embodimenis ahdasteraplifications gf the

, i . £k . ,
i 418 FRe T Lol PRI e splkFr SA337b thpnvention
deacebed.ovi ded in each rod location formation 44 to
enabl e t hreaded engagenent with the rods 7. Qpeni ngs
46 are fornmed in the lower side of the insert 42 to
al l ow keying with the potting material. The operation
of the bioreactor arrangenent will now be descri bed
with reference to Figure 13. In use, nmixed liquor is
fed into the menbrane nodul es 3 through mai n header
23, pipes 15 and jets 16. The mi xed liquor is injected
into the base of the skirt 13 and is then m xed with
gas, typically air, within the skirt 13 to forma two
phase stream of the gas/air and m xed |iquor. The air
is fed into the skirt 13 through dropper tube 14 which
is connected to the gas/air conduit 11 of the
headpi ece 9. The gas/air conduit 11 is in turn
connected to the main gas/air header 20 by a hose 2 1.
The m xed |iquor and gas m xture formed in the skirt
t hen passes upward through the openings 12 in the
| oner potting head 6 and into the fibre nenbrane
bundles 4. Filtrate is withdrawmm fromthe fibre [ unens
and passes out of the open ends of the fibres in the
upper potting head 5 and into the
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headpi ece 9. In the headpiece 9 the filtrate passes
through the wall opening 24 into the filtrate conduit
wdaooaod79al ong t he joi ned headpi eces of the nodeCBAD200K/001253
17 to the main filtrate header 19. Filtrate is
typically withdrawn fromthegif.i bre nenbranes by
applying suction to the filtrate header 19. 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 conbined with an
jvated sludge or simlar system It will be
C%M&ci ated t hat further enbodi nments and

1. Sé%ﬁ{eﬁ%@@% 'g?n oHlﬁ'}stlﬁb‘c’ﬁ rﬂ)iﬁr%ﬁtg%fepo?ﬁﬁ§ hﬁb@ﬁ}%é\lﬁg\’énes

sanibmembredeﬂektdﬁmglbewmcabelngtfd@kjatcwmr@m mga &eader,
sai d nmenbr anes

oy AsE v Bk S S B PRGNS Sarmasd e hins AaI PoaRings
be?@aiﬂqréud eBMMGAESEo AMth s ANEe XF 959 fa%d?cgr lﬁ%Zd}'tHQ%ther of said
rme ng rntlu

t herein; sald openi ngs be
heedmwtnmmgtseahngwmnaestedrtoar@fmg‘msd ao%mmb{amﬁ dnthtahleead-

ot her i d h ader s beln seal connected to, and
pitie Erigthedbesh g 8ﬂ me@ ol e 8950 ledt hed-Biece of
a flAAEr ARG teﬁo%\@ ul%%Upl e to an associ at ed
head- pi ece of a furt uIe to forma rack of

2. noduinembrane morhﬂ@aanerdmgitd elamc doxkiénedn the iséadpiede includes

a PG AR LR ST GRS AR S1Oa:el Sarbis ahiages for

the RithdRRvaMor Rdf-A%@herfrofd. | trate therefrom 3. A
menbr ane nodul e according to claim2 wherein the

3. heédpemamamcwﬂ& aaccom!mgq’@r clngaNmerecmﬂiw fheddpiece includes
Lcatin ir to the nodul rane
a (e SRk sPRAAE il E RIS (e olEHE
4. Sapahentbrané Mo baco@iPRLclhitn 4" Aesreftiid r%dufe us%quare or
menbr ane nodul e according to claim1l wherein a skirt
reqt@nwlawshmedoglmsaedn@he header. 6. A nenbrane

5. TR hERRESR eyl SoSh AL MAR T e e TP 2 betow
saidbriPBEANEr. I N a condui t
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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positioned below said skirt. 7. A nenbrane nodul e
according to claim1l wherein the source of gas
WO p@b00®$1 a pi pe or tube passing through a si de@EAU206/001253
said skirt, the distal end of said pipe being
positi oned bel ow sai d openi.ngs for feeding gas
thereto. 8. A nenbrane nodul e according to claim?7
wherein the pipe or tube is connected to the gas/air
conduit of the headpiece. 9. A nmenbrane nodul e
according to claim5 wherein said skirt is arranged to
argf9dssai d gas and |iquid before passing through said

1Rl T R A R AR, B APkl 8 Fhrhare of

thereuepent ppemberrsegveeraiolvoindes adidnedddytoesupgphdgag td Hensldrt from
the headers, 11. A nenbrane nodul e according to claim
the gaspE@nduithe support menbersare rods. 12. A nenbrane

132?%%%%8%%6‘&1&%o&én%fir?@eﬂcﬁcg?[m lijwﬁ‘%l%rirﬂﬁb H\%‘?nb(fapo e

he 'support nenbers a ow tubes and use

enslappt \ale@s pha df tieeis length by asdréen fersketiningaedkit bubBles and
A rrerrbrag_e nodul e according to claim 1 wherein the

liqwd fiomawgsingihe r@ﬁ@\ﬂ'@sed along part of their Iength by a
145\/I c ﬂ%@ﬁtﬁén%ﬁc}l@é %%28@%%&96 n%lQh‘??%%h&‘é% {Heqéﬁrgeﬁ how

in the rane nodul e according to
substantialhBimpevieius 10 lyaskir eerbles agdlstligotd at bgth.

i erviqQus to [air bubbles and/or |iqguyid or both
154 DA ROTBTEPS T8 e RIEL A (v ae e ANE TREIIRHCE he
; i S | i i:Qr
cofJBISE RFSEERSIL 18,90 R S 1Bl o e ek e,
thehlawiendheader hagingtsy plofalityp ehopgsinfsrfomaed ttereim. 16 . A

167 Byiemhrans Gaple SCoOHTY (RIS Wi cBpi thros up sealed
=t YRR A P Ol e bIARI iy Br e
17 ar Aamgatbrane paodule mcoedinguiodtlan 15 wherein the fibres are arranged
in partitioned bundles.

18. A membrane module according to claim 17 wherein the openings are
positioned to coincide with the spaces formed between said partitioned bundles.
19. A membrane module according to claim 17 wherein said openings
comprise a slot, slots or one or 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
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18. A nenbrane nodul e according to claim 17 wherein

t he openings are positioned to coincide with the
w@paems7dior med between said partitioned bundl eBCT/AB2008001253

menbr ane nodul e according to claim 17 wherein said

openi ngs conprise a slot, slhagts or one or nore rows of

hol es. 20. A nenbrane nodul e according to claim 19

wherein the fibre bundles are |located in the potting

head between the slots or rows of holes. 2 1. A

rane dul e rack incl udj n% E ural ity of menbrane
MRS BRSO PelYasRtPUaln RE BttermitishlY Resunp|y of gas to

I
saRfiperifaq BoRENE: profodade KBNS IHEH o AL BBUEIIY bEfueen said
fibtw&i@urbhemmwfameerMf 23. A nenbrane nodul e
wherein the connection nmeans

25, 1 lialon ARErDERISH réclllfotd 10Gefdoe Sikiotoenis oo

E&mél gltration system

oP?ﬁ@ﬁgdlﬁﬂgagélrégg @‘ﬁ% ane duI es according to

26¢| & mtmnwmehfnr sae th modulieg pareupbsiidw omstdbreatesi chpiising a
tan cont ai ni,n fee I|qU|dto kieflltered neans

et HpE Pl eaid v i, ment tnl Gding S oh Hoes cpties
for%@bglvl@dém@%lé Boﬁrﬁ t%hbﬁﬁ/ﬁfcﬁ Fnou g%)t | nﬁlﬂf H%[)n?&anes.

i n sal dnmenbr anes a means 10 supp
27i nAgpotiing dweblya (m:oscdjpg lty clafm ﬁswheresna ithe ppﬂlrmgrejsmt &sformed

t 0. prqoduce gas, bub whi ch nove upwardly between
frO%!F@eﬁiOErfé@ @E‘@éﬁ‘?”ﬁ@‘ Juter surfaces thereof. 25. A

2gf i N@hhg%eam%c%mﬁg% glafte zﬁwﬁé@imﬁpgﬁ@p%@m@hﬁpas one

supply gas to sald openings Include xtare
or guwe dnrdughcqpehingsformeddheraiy fdrezomfoniazatieni of fludint i ng

th%oms hoI | ow menbranes conprising a preforned potting
" said potting elenent including one or nore

20caK| ;sotﬁég heBdIRe8Idhae BRIAEAROI BIITIIAIdIPbpURRES arc
in use, supports said nenbranes. A potting head

|0Caltﬁfbba’iW&}‘rt saidicaiviile26 wherein t he pot ting element is

a0 A B RS i B B bR s copaiidhng
ch@tﬁ@é@ﬂ‘érnﬁ&ﬁrﬂ%d%otﬁﬂ@j&e?ﬂerr@gh openi ngs formed

therein for comunication of fluid
31. A membrane module comprising a plurality of porous hollow membranes,
said membranes extending between and being fixed at each end in a header, at
least one of said headers comprising a preformed potting element, said potting
element including one or more cavities containing a curable potting material
which fixes and supports said membranes, said potting element having one or
more of through openings formed therein; said through openings being in fluid
communication with a source of gas and/or liquid.
32. A membrane module according to claim 31 wherein said through openings
are located between said cavities for flowing said gas and/or liquid between said
membranes.
33. A membrane module according to claim 32 wherein said membranes
comprise bundles of membranes and said flow of gas and/or liquid is between
said bundles and membranes.
34. A membrane module according to claim 33 wherein the bundle is in the

form of a mat.



t heret hrough. 29. A potting head according to claim28
wherein said through openings are | ocated between said
w@a00601™$1 30. A potting head accordi ng to cl aP@1/262005/001253
wherein said cavities conprise channels fornmed in said
potting elenment. 3 1. A neohgane nodul e conprising a
plurality of porous holl ow nenbranes, said nenbranes
ext endi ng between and being fixed at each end in a
header, at |east one of said headers conprising a
preformed potting elenment, said potting el enent .
35i n& memigaen SAUIRGEECIEIRG 10 €3ine Srivheisimgais QRAMMY sOMprises
ajgptting mat eri al which fixes and supports said
nenbranes, said potting el enent having one or nore of
t hrough openings formed therein; said through openings
being in fluid communication with a source of gas
and/or liquid. 32. A nenbrane nodul e according to
claim3 1 wherein said through openings are | ocated
between said cavities for flow ng said gas and/ or
[iquid between said nmenbranes. 33. A nenbrane nodul e
according to claim 32 wherein said nenbranes conprise
bundl es of nenbranes and said fl ow of gas and/or
liquid is between said bundl es and nmenbranes. 34. A
menbr ane nodul e according to claim33 wherein the
bundle is in the formof a mat.35. A nenbrane nodul e
according to claim6 wherein said opening conprises a
jet.



