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1 | MPROVED MODULE CLEANI NG METHOD FI ELD OF THE

I NVENTI ON The present invention relates to nmenbrane

filtration systens, and nore particularly to those

systens enpl oyi ng porous or perneabl e nmenbranes

| ocated in 5 pressurised shell or, a tank or cel

open to atnosphere and a backwash device therefor.

BACKGROUND ART Any di scussi gn of the prior art

t hroughout the specification should in no way be

consi dered as an adm ssion that such lor art is

wi del y known IMPREYERBMRAULEGELEANING, I'T' Qener al

knomAedge in the field. Porous nmenbrane filtration
stenms require regul ar backwashing of the nenbranes

F{ ChF e VE‘NTQ ion efficiency and flux while

reduci ng transnenbrane pressure (TMP) which rises as

th nb b I JWith t

Ty o TEBPIEs emciOTaiGh FAlE oh AR RREOANG i oy R, pid R rie
are forced out of the éS menbr ane g eeaz) and/ or_sc -t‘%in
parrhswlsht@ oSy YIRS BPIRYIBG BOTRUS OF RETFRARIF ISRTa0S 19T

one or nore of Sur i as ,bubbl e ui d
PrSksw Sarael 8, s Bt ool OPRB 4 P REN e B A giacn o
|npur|t|es and deposits fromthe nmenbranes is then
%Phed or flushed fromthe tank. Further, in
f||trat|on systens enpl oyi ng gas bubbl e scouring of

t es it has been found advantageous to
mﬂﬁﬁg%ﬂbbl es as much as possible in the region
Q\ny gescussmn of hg pléllgrsar? t%roug}woutt & ssgc%%E{iWs%u%ﬁ%%'way

be considered as an admission that such prior art is widely known or forms part of

common general knowledge in the field.

Porous membrane filtration systems require regular backwashing of the
membranes to maintain filtration efficiency and flux while reducing transmembrane
pressure (TMP) which rises as the membrane pores become clogged with
impurities. Typically, during the backwash cycle the impurities are forced out of the
membrane pores and/or scoured from the membrane surfaces into the feed tank or
cell by one or more of pressurised gas, gas bubbles, liquid or a mixture thereof.
The liquid containing impurities and deposits from the membranes is then drained

or flushed from the tank.

Further, in filtration systems employing gas bubble scouring of the
membranes it has been found advantageous to confine the bubbles as much as

possible in the region of the membranes to assist with the scouring process.
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Mnimsing the footprint of filtration systens is al so
desirable in terns of space eventually occupied by the
filtration plant. Conpact systens have | ower cost,
| ess waste volune, |esser inpact on the environnent
and are nore acceptable to the market. 5 1t would be
desirable to be able to provide the advantages of such
systenms to known systens whi ch have been initially
desi gned and manufactured wi thout such cleaning and
badWinmsising teciestpeist ofifiltration systems ireals gesirbledn terais| o spare
sinplify the manifolding and piping required to
eventuallylecayaiedarydhe filiralion plant Heompashpyitemabarg wer erpti IeRf
the filtration, backwashing and cl eani ng processes. to
wRItS G OBERES SR iMpEctioEaENdanTIsst pickarerroreRgesniplip to the
seeks to overcone one or nore of the abovenentioned
mprkebl ens of the prior art, provide one or nore of the
advant ages outlined above or at |east provide a
useful alternative. According to one aspect, the
pr dbwatidibevdsstraln tpbe ablade providesheadvantages t?éé%%a%ﬁfems to
device for use with a porous nmenbrane filtratio
knonadyetemsrehichihae ern 'B'F*alwﬂeé'%%ﬂﬁﬁé’é‘”@ﬁ%%wa@o“t such
| ongi tudi nally between vertically _spaced upper
cleairg anbbanrkvesh REQSERRRSIA Mine BHHET Bfs @??éraﬁﬁﬁg Pm@qua? e
potted, the nmenbranes having a perneable wall which
manifaldieg and pipingjreauitad to previds gasandiligh'd tg g HEMbrane modules
wherein feed containing contam nant matter is applied
duripgdhe filyatien. Gackwashing FRARNANY RIBFISSERd filtrate is
wi thdrawn fromthe other side of the nmenbrane wall,
the aeration/backwash devi ce adapted to at | east

DISLQRRE CfuFHB INYENTIRN t i on of said nenbrane nodul e
and_i ncl udi ng a _communi cati on chanmber hayij aced ..

{ hr BoRyPrEBRRTVRRHON RPTkRP BVEIGHTIE ATE &1 TGFF 4 (TR ABayeentoned
pr%t&%%e& tr'?engric}rg?t, [g%g%lé%%% or more of the advantages outlined above or
at least provide a useful alternative.

According to one aspect, the present invention provides an
aeration/backwash device for use with a porous membrane filtration module
including one or more membranes extending longitudinally between vertically
spaced upper and lower headers into which the ends of the membranes are potted,
the membranes having a permeable wall which, in use, is subjected to a filtration
waﬂmw%mmmwcmmwmcmﬁﬂmmmmaGaWMdmmemMJme
membrane wall and filtrate is withdrawn from the other side of the membrane wall,
the aeration/backwash device adapted to at least partially surround a portion of said
membrane module and including a communication chamber having spaced

through-openings in fluid communication with said chamber and the membrane

module, wherein, in use, gas is supplied to the chamber and communicated to the
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memisfareenodyle threughhsaid tinougherrent)gs 4 aerd

nodul e, wherein, in use, gas is supplied to the
chanber and communi cated to the 3 nenbrane nodul e
t hrough sai d t hrough-openings to aerate the nmenbranes
within the nmenbrane nodule and |iquid backwash is
wi thdrawn fromand/or fed into the nmenbrane nodul e
t hrough sai d through-openings into said chanber. In
one form gas and liquid bagkwash may be sel ectively
conmuni cated 5 through the sane throu openi ngs. For
%’th? @éﬁmtgra%%w@w
t hrough-openings in fluid conmunication with sa
thehperhlenane mbdutecansdisicraskwasuisavithdraneiom apg/or t?éﬂéﬂwé%{’s
is supplied to the chanber and conmunicated to the
mesbangrraodiel threught $aid thyeugitoneaings inta s2idishambet sai d
t hr ough- openings to aerate the nenbranes within 1o the
me oy enedomn diAs @ngd Higuidi hgakweshaB RNBES FEIPEIVRIYI RETBHEH D m
t he nenbrane nodul e through the | ower of said
throuabuhe sape Hiraggh-ppengsi d chamber. It will be
appreci ated that |iquid backwash nay be w t hdrawn
t hr Borgielsnaniset the torepah-opeRrings @'ﬁ/é/ﬁrtlcﬁhlvoipg"ﬁe% Bﬁw%@f’em“gs
For preference, backwash or feed |iquid @
lnfMdamr@ﬂuwﬁ@twntWiﬂl $rid ehamiser snd e mMEBRATS 'P%‘i* %@}thfﬂe in
| ower openltgs or both set of openin These |IQUIg
PO Al A A T e S S

to carry out solids backwashed off the r
thsewgheat deastithe) urpet plesaihtiraudheArenings t%%%fﬁ(ﬁglgﬁ meplages within
containing the solids can be flushed from
theamembrane Tisduls g liod h@:ka@ste evthdggyvnirom ﬁfée PEMErRs, |

or by draining g fromthe tank/cell t hrou
modleletthiouaty the lgwebgpea@ fggougbro&feema%lfx}o s3ifh ehqrabe; é*aw'ﬁg

spaced t hrough-openi ngs include an u
ap;F)Jremated that |Iq?lld backwashgmay be withdrawn th oth bothqhe upper and

lower through-openings.

For preference, backwash or feed liquid may be fed or injected into the base
of the module through the lower openings or both set of openings. These liquids
may also be used to sweep solids along the membranes fo carry out solids
backwashed off the membrane surfaces during the gas scour. The backwash
waste containing the solids can be fl_ushed from the tank/cell by overflowing at the
top of the tank/cell or by draining or pumping from the ténklcell through the through-
openings.

Preferably, the vertically spaced through-openings include an upper and lower
set of through-openings. For preference, the upper openings are smaller in cross-
sectional area than the lower openings. Preferably, the openings of each set of

through-openings are axially spaced around the periphery of the chamber. In one
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set of through-openings. For preference, the upper
openings are smaller in cross- sectional area than the
| oner openings. Preferably, the openings of each set
of through-openings are axially spaced around the
peri phery of the chanber. In one 4 form the liquid
backwash nay be wi thdrawn from and/or fed through both
sets of openings. According-to another aspect, the
present invention provides a porous nenbrane
fofrh) the diyiiid backoeashenaynied withdrgwo frenoandiesifed thspaghdyrila sets of
extending 5 longitudinally between vertically spaced
opgmirgys. and | ower headers into which the ends of the
menbranes are potted, the nmenbranes having a perneabl e
wal Acoshdicgto aratharsspedtsthe piygseot Bvention RrevidasHpPrgHs
operation wherein feed contai ning contam nant _matter
miesibeguel filteationanashie isckidingfone tos MespMeAPEANRS| SXteNing
filtrate is withdrawmn fromthe other side of the
longittisiiratiy befaielen vetisalipsraced HEPSrAREOWR fiapersyip yghthe
fluid to communi cation with one or both of the ends of
endsi of theemembranssaane pelted, thasmemheanes §ayeg arsamephie wall which,
and/or lower filtrate collection chanber such that, in
inuse, isfsubjecterido aiiteatian aperatielowhegindest Reftabingeoptanipant
menbrane wall is communicated through at |east one of
miatter is ppplieddn dnesidecidie meadeanewaliand TlEde i§ \3@@6@%5@? the
and/ or |ower collection chanbers, an o .
other sitie ofthbasnlrane wel, the ugpen anddewsyfraapgrs| Reing in fluid
surroundi ng a 15 portion of said nenbrane nodul e and
commnigatinn wittcomnerhaihet e eorarbEid membRNesarda fast one
t hrough-openings in fluid conmuni cation with said _
agsociated ueper snd/onlawsefitraterreliesionceambamnichdirl i use. filrate
wherein, in use, gas is supplied to the coqnunicatiqp
withdrawe froamenia othenside of the reembrage waltiy e HYARIPE through at
t hrough sai d through- openings to aerate the nepbranes
least drierpf i upRaiiENEIoE lowed Péd%g%l the; apgpejated upper andfor lower

collection chambers, an aeration/backwash device at least partially surrounding a
portion of said membrane module and including a communication chamber having
spaced through-openings in fluid communication with said communication chamber
and the membrane module, wherein, in use, gas is supplied to the communication
chamber and communicated to the membrane module through said through-
openings to aerate the membranes within the membrane module and liquid
backwash is withdrawn from and/or fed into the membrane module through said
through-openings into said communication chamber.

For preference, the through-openings are vertically spaced through-openings
in fluid communication with said chamber and the membrane module, wherein, in

use, gas is supplied to the chamber and communicated to the membrane module
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20 backwash is withdrawn fromand/or fed into the
menbr ane nodul e through said through-openings into
said communi cation chanber. For preference, the
t hr ough- openi ngs are vertically spaced
t hrough-openings in fluid conmunication with said
chanber and the nenbrane nodul e, wherein, in use, gas
is supplied to the chanmber snd conmuni cated to the
menbrane nodule 5 through at | east the upper of said .
thtdugb wt leastibeiupper of saidehughopeningsisraaials thg MeMbranegavithin
menbr ane nodul e and |iquid backwash is withdraw from
thamuérasrafie thodnlecandHiguidrhaeiswaste's ithdrasnt frang age ot fed inte i
of said through-openings into said chanber. )
mBmbfameabodule tirought thalawes ohprid threveipPRaNINgs ipfeSida@mbsT-
fluid comuni cation 5 between the upper and | ower
f i | Preferably, liltsate connedtiantpineds arryideiin fligd €oOmaUpiceHeR awn
fromone or the other of the collection chanbers. For
beiwesrethertipper andlowse fillietesolipetiorshambamsanddiltrae jpuithdesavn
adj acent the | ower header. Preferably, the upper and
frérowee ot tel Woer of the: erllgbléanschiaRberkl & qré%?f@@np%’éhgpper and
| ower collection cups adapted to detachably receive
aeratiorébaskyesh device isupepted giacanh Hiedpwardieogh pieiete ek ite
| oner headers. For preference, the headers are .
uppse R loyes gglgsdian ghamberg nclyds) rﬁw'ﬁuuwéna;&o%&ﬂ@ecwn
a bayonet-type fitting. According to_get anot her .
cupsyasieptesitie dplassenly racae AT GRORIDV aflid ioarsnset gfid upper
renovi ng contani nant material froma feedliéauid.Hiing
and lgweoleadessrol afrmseferance  the headers @lR @ckabbornaadgd ih thke
invention including the steps of 15 (a) performng a
cqllettianeaups by opranataf 8rbayprstdyRe ¥ cont ai ni ng
contaninant matter is applied to one, side of the
e nbeardingis vel angilner AReal BeineseRy PHERtSRPTPYiden 4 Mithod of
ot her side of the nmenbrane wall, .
removing contaminant material from a feed liquid using a porous membrane

filtration module according to the invention including the steps of

(a) performing a filtration operation wherein feed containing contaminant
matter is applied to one side of the membrane wall and filtrate is
withdrawn from the other side of the membrane wall,

(b) communicating said withdrawn filtrate through at least one of the upper
and/or lower headers to at least one of the upper and/or lower collection
chambers,

(c) supplying gas to the communication chamber and communicating said
gas to the membrane module through said through-openings to aerate the
membranes within the membrane module;

(d) backwashing said membrane wall using a liquid;



(b) comunicating said withdrawn filtrate through at

| east one of the upper and/or |ower headers to at

| east one of the upper and/or |ower collection 20

chanbers, (c) supplying gas to the comruni cation

chanber and conmunicating said gas to the nenbrane

nodul e t hrough sai d through-openings to aerate the

menbranes within the nenbrage nodul e; (d) backwashing

said nmenbrane wall using a liquid; 6 (e) wthdraw n

| (gjui witharekingsliauld bankwaeh fremiihe Aemibang Bodwe SgHatssal

t hrough-openings into said conmuni cati on chanber.

Enbod threwghsopgningsaniorsaishearaiAuRication HPBwsEi on of a

modul e in an inverted format, but also allow for gas

ancEmbegimgntscaf thsbinventien@lleweppraon eha megdlegn ag invertsd

mani fol d arrangenent installed near the base of the
forroatubetsalsoraliow faygar arshliquid sereliing gdisween ¥ 18EiUSR °f o

use with individual nodules or arrays of nodul es in
menpiaid afreraement installrd Resethe bage @i thhe nipdulssp g REEHCR ge

invention can be equally be adapted to pressurised
desgrbechi relation toneseyaith ipividyakmedes,prascys o MOdYeR §5°Rad

connections. Desirably, the invention nmay be used
feqfl tankeoiwever. drwik hg @ariesiates! the dvention ¢ant 6d Y b6 2gaRtad

ends, but can equal |y be applied to dules with .
tofEreaS EiERChYSISTOTOR 1EHRE G Hjable prestyT&NQLERAS fae Connections

Wi thdrawn fromthe top or the bottom of the EPPH{e. I n
Desieblynthgdnyasitien mayspq usegyyiih medtigsarsanag e pefisct filrate from

surroundi ng the base of the podule. The inside of tqe
beth gofsiPutean eqyrlly PREpREAT toeerWRs Wit Tatan TR PR egdenty-
to pass through and enter into the nenbranes. This
Filsrate ermbswitbgrawn Jonbiig terypr ths betiemaf H1NOBHeNi ngs

posi ti oned bel ow t he gas ppenin%s such that.feﬁd

|i o Qmemgbqggnent, gas is supplied to an annulus surrounding the base of the

module. The inside of the annulus contains through-openings that allow the gas to
pass through and enter into the membranes. This embodiment also allows for
additional openings positioned below the gas openings such that feed liquid may he
fed into the base of the module and used to sweep solids along the membranes to
carry out solids backwashed off the membrane surfaces during the gas scour. The
backwash waste containing the solids can be flushed from the moduie by
overflowing at the top of the tank/cell or by draining or pumping from the tank/cell
and/or draining or pumping from the module through the openings.

The modules typically have a closed screen section in the middle that acts to
contain the gas and backwash liquid so that it is more efficiently utilised. The open
areas allow gas and/or backwash waste to escape from the top and feed water or

gas/backwash liquid to enter the module near the base.
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fed into the base of the nodul e and used to sweep
solids along the nenbranes to carry out solids
backwashed of f the menbrane surfaces during the gas
scour. The backwash waste containing the solids can
be flushed fromthe nodule by overflowing at the top
of the tank/cell or by draining or punping fromthe
tank/cell zo and/or drainipg or punping fromthe
nodul e t hrough the openi ngs. The nodul es typi cal
havEheagas ansklbpokwiagle magields BIAYibE coRPneddafeoneniit (3t s
to contain the gas and backwash liquid so that it is
demsribedplpqve) enlken) agsppargtegnaniifddsopen areas al | ow gas
and/ or backwash waste to escape fromthe top and feed
wat Aiterpativelypremet RivraNNGsAYCaUs! khisad W'%thmﬁﬂ'ag%e%mg
the base. 7 The gas and backwash mani f ol ds g
s\gtahlyi sheged andbsized andispagecsarguad erBeAuih s thak %é}!ﬂ!y Gpyid
separate mani folds. Alternatively one set of openings
beHssd st thensas setpingcwith ligsicoyeaepdgstvednage S%"HBP'B&I y
shaped and sized, and spaced around the nodul e such
follping iy S0 oplycyRegings Sisable shapgs iagiude slais, H%gu'a’ and tear
combined with |iquid sweep for two hase r
drogshanes Piffgrent acem@n%tmrss of {hespsiegs: it oo Uﬁ Reste back
i ncl ude sl ots, trlangular and tear drop shapes.
flyshe may @ie Reg¥sidnat i ons of these st eps, WI t h or without
per meate back flush, na
B BRaRodmeg) # A0k oS %m\ﬁﬁ?%ft'”d'é% S§rief HBIC SXgs to
whi ch extends to 1o just above t s/b ckmasgﬁgglet
jushehavadre eas/parkwash tr@éhopawagﬁﬁt tpg BattalRopnd URiieq

AL O MO T e
sl b %@&ﬁaﬁg@u@ﬁw&ﬁ@w&eﬁa
ggg’ggc!ksvats}?in%tlo%\évnygg \évng at the%op of tﬁe module to allow flow of liquid and
gas through the screen. During filtration, the module is submerged and feed liquid
can enter the module through the open area at the top of the solid section and flow
along the membranes. During backwash, aeration is carried out using the manifold
arrangements and processes described above. The key advantage of this
configuration is that when the backwash sweep occurs the backwash liquid sweeps
along the membranes within the region surrounded by the solid section of the
screen only, flowing out the top of the module and overflows from the tank or is
drained away to waste. This process reduces the amount of backwash liquid
required to accomplish the sweep compared to modules with a large open mesh

screen (or no screen) as there is no sweep flow outside the solid section of the

screen, so that all the flow that is supplied to the module is used for sweeping. [f
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gas through the screen. During filtration, the nodul e
is subnerged and feed liquid 15 can enter the nodul e
through the open area at the top of the solid section
and flow along the nenbranes. During backwash,
aeration is carried out using the manifold
arrangenents and processes descri bed above. The key
advantage of this configurgtion is that when the
backwash sweep occurs the backwash |iquid sweeps
nesessagy. tamy niaedrask saxing that might eceWFUBRI SVRTFoU MRSy
the solid section of the 20 screen only, flow ng out
miniveisedpy adding eperians te thmsolighasetionigar thohaserdustiabhre Bie
is drained away to waste. This process reduces the
aciatinvhackvaginehamhss suehytietia smaliand sentiiied apawpt pidpasie
sweep conpared to nodules with a | arge open nesh
oasise drive(raajonity of flows aiepldhe dirpstesl theough %&A@eﬁulﬁ eggthe small
outside the solid section of the screen, so that all
bywaes fiovsworlaent!y flasipany remaining $RldsaHMAGK Mmixed, wagterfigm the
sweeping. If 8 necessary, any m naor back_m xi ng that
speice hetweep de mopvliag se@ate MARIFHR FStRNtal PG fIQ¥y by
addi ng openings to the solid section _near the base
j ushlteamasivaly; erﬂ@rwqrtwﬁa%ﬁ%%ﬁemHﬁwj@f@ﬁbfﬂq?wtth%
smal | and controll ed anpunt of bypass o CU{S. Thgm
abeyp GraRgeraents it SialspRAstiRIoRSToRD E SHRBLRIEP IR the iRn ta the
and the smal| 5 bypass flow vvou%\t’g \g\gntly fl ugh a
batlemapiig (aepackuahioRa e o SABRF ST WATts Ganaglon arfhe base
bet ween the nodul es so as to nai ntz}ia‘c es entigllé Il{g
torgaBy thepackvagh magie\awayqa i is easgntsfackvasn 'Ray 868 ';J;ed
step frombottomto top_in the bove arrapgenent, it
fiqwe byt eeg Hecnedin by ilraineleediagk > & Pt BIRGTETant or
top.to the bottomutilisin he backwash/ lLine or.
maHRiNG frerianelerel ABoHR e TR by Tie cBRSuhPLb e itk g this
t he backwash waste away. |n this case, .the bgckwash
casRy e EONHa SR GRyaSh MERTE G TR TG R IRD SRR Mot the
Fill . .
baclkwalslg]igeegl rI]ic(:? uif:l ?se S'uép"ﬂé‘é‘ frgr% tge %Bt%jn? tw?tk %enggniﬁgellr% gglva? nrtage that
no additional pump is required other than the existing pumps that supply feed to the
tank or vessel.

Having the solid section of the screen or a shroud as part of the module also
reduces the cost of constructing the device as it performs the multiple functions of
protecting the fibres, providing the module support, and creating a vessel to contain
fliquid and gas during the backwash process. An external shell may also be used to

provide the same function.

BRIEF DESCRIPTION OF DRAWINGS
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mai ntai ning the tank | evel above the nodule by the
feed supply to the tank. In this case the vol une of
backwash waste will be simlar to the situation above
where the backwash feed liquid is supplied fromthe
bottomw th the significant advantage that 15 no
additional punp is required other than the existing
punps that supply feed to t§e tank or vessel. Having
the solid section of the screen or a shroud as part of
t heA preferired embedimestiefdles invertionowt new besieserkes: Prhyay Rk
device as it perfornms the nultiple functjons of
exanmnle ooly nyith teferengs toghe pe@mnﬂnﬁi@gw'ﬂ%mw%ppor t,

and creating a vessel to contain 20 liquid an

dur Figgret hehdvesck oiassrsprtiopaldareshprtenedsehematied 3 tV%@‘ fibre
al so be used to provide the sane function. BRI EF
MBRGGRIEATONE BRvViTRAReRKuRsY dexicsaseering PnerardAdiasHt obthe
the invention will now be described, by way of exanple
ingention; with reference to the acconpanyi ng draw ngs in
which: Figure 1 shows a cross-sectional foreshortened
schEigure 28 fows siggelevation ivigmeo! the fsmbrRNeHAtYE °hals ng a
backwash devi ce accordi ng one enbodi ment of the 5
enhodimenbef therinyaptiona shows si de el evation view of the
menbr ane nodul e of one enbodi nent of the inventiopn;
Fi gligeresdd sipuEs %Pcé'@%qllsﬁﬁaq|e‘@it'8‘ét9é‘%\?5’ln9&1 t%%@h‘redg%ng
A- A of Figure 2a; gure 2c shows _an e éﬁrged vi ew of
ar eBIOWesRC Stioyigran %afG%WPWghP@az% oERigWE <th enl ar ged

Vi ew of area B of Figure 2b; Fi gure 3 shgws an

expFigy dp%ﬂ‘%"lssaé\:‘?ri"t‘fﬁﬁ‘l’ vigwrdf 9623 B GEFGHEFDE t he nodul e

of
Figure 3 shows an exploded part-sectional perspective view of the module of

Figure 2a;

Figure 4 shows an upper perspective view of a module bank mounted located
in a feed tank or vessel, and

Figure 5 shows a graph of transmembrane pressure (TMP) of a test module
according to an embodiment of the invention over time.

DESCRIPTION OF PREFERRED EMBODIMENTS
Referring to Figure 1, the membrane module § comprises a piurality of porous

hollow fibre membranes 6 formed into a bundle and extending between vertically
spaced upper and lower headers 7 and 8 into which the ends of the fibre
membranes 6 are potted. The upper and lower headers 7 and 8 are in fluid
communication with the ends 9 of the fibre membranes 6 and associated upper and
lower filtrate collection chambers 10 and 11 formed by upper filtration cap 12 and
lower filtration collection cup 13. The fibre membranes are supported between the

upper and lower headers by a fluid impermeable screen 14 having apertures 3 and
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Figure 2a; Figure 4 shows an upper perspective view of
a nodul e bank nounted | ocated in a feed tank or
vessel ; and 15 Figure 5 shows a graph of transnenbrane
pressure (TMP) of a test nodule according to an
enbodi nent of the invention over tinme. DESCRI PTION OF
PREFERRED EMBODI MENTS Referring to Figure 1, the
menbrane nodul e 5 conprisegpa plurality of porous

hol Il ow fi bre menbranes 6 fornmed into a bundl e and

4 juzt ahoue the lowenbeadey 8ite jushbelow e upnee baadRS Je FeSRREVE e r
headers 7 and 8 into which the ends of the fibre
Theeareriaress anchf et pither ead offe saipsar 4@ Proyidea thalnefs 7
and 8 are in fluid comunication with the ends 9 of
pashagd ohgas anditiapisiie end framdhe Swskieanenbiggpe p- Afitrate sis1°
filtrate collection chanbers 10 and 11 forned b |p
extéricsrtbvoLgh thecgenire o4 meBHENE PLNGIE 207 SAMRRSEY BECPBR! LD
13. The fibre nmenbranes are supported between the 25
lowppidiratarealiectiar charahersr® ad 'd- £ | ui d i nper neabl e screen
14 havi ng agertures 3 and 10 4 just abgve the |o
he affereratioibagkash dpyoe ffas @b%ﬁ‘ 'W{%%r@? 170 3 surrounds 2
respectively The apertures 3 and 4 at _either er}d of

partien efdhe merbrang @moglg j ahove the 'swrabwa!dsr 8 aﬁﬁé@@ﬁ@ﬂ
gas and liquid to and fraomthe nod %%ﬂ? ‘
aperiuresal @ the perees sedionddad st h@rﬁeajgﬁ’b@ﬁ'éw er"é’ed'f’c ‘t‘ci?é a
menbr ane bundl e and connects the upper Wﬂ %
ccmeieatisnCHAMBe { 6RAVNRHALSAY BEacaHHPpeT aihiower thiough-
aer ati on/ backwash device 16 as shown in Fi 97
opanings Uandal 9 ip Hrid; comremnieatien WEhihe, FRMMHRIGH F&?Hé?\%
the | ower header 8 and adj acent é@ W% $; %@t q
angtihe stenalrape Biedyle 5. THie GREVAYRISHIC LR d&eEstvey
i ncl udes a
connected via a pipe 20 to a source of gas or backwash liquid.

The upper and lower headers 7 and 8 include respective upper and lower
potting sleeves 22 and 21 which sealingly engage by means of O-rings 23 and 24
with the upper cap 12 and the lower cup 13, respectively. The lower header 8 may
be connected to the aeration/backwash device by any suitable detachable
connection, in this case, a bayonet type connection 28 is used.

During operation, the modules 5 are submerged in a feed tank 25, suction is
applied to the lower collection chamber 11 which in turn applies suction to the upper
(via the filtrate pipe 15) and lower ends of the fibre membranes 6. Filtrate is
collected in the filtrate cap 12 and cup 13 and piped away through manifold 26 (see
Figure 2). The upper filtrate cap 12 and lower filtrate cup 13 of the module 5 are
connected by the centre filtrate pipe 15 that collects filtrate from the upper filtrate

cap 12 of the module and conveys it to the lower filtrate cup 13. This connection
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comuni cation chanber 17 having vertically spaced
upper and | ower through 10 openings 18 and 19 in fluid
conmuni cation with the conmuni cati on chanber 17 and
t he nenbrane nodul e 5. The communi cati on chanber 17 is
sel ectively connected via a pipe 20 to a source of
gas or backwash liquid. The upper and | ower headers 7
and 8 include respective upgper and | ower potting
sl eeves 22 and 21 which sealingly engage by neans of
beBveemifye upBerang lower filgatgihendend angfemay aj§o P2 Bt th
| ower cup 13, respectively. The | ower header 8 ma be
capoestivptastsideothe o étalfaﬁw@hﬁléb\ﬁ§mb&€w%"ﬁﬁ/sw ere as
sui tabl e detachabl e connection, in this ca
beingyeartef thy produlerniseli Giltrats may Reseqiectegf rOng 8‘&& Pa‘i‘ubb‘h
the nodules 5 are subnmerged in a feed t (i
callectingfism e ttoaommpua‘wérthftman@%@%nT%B‘FFBErC '&C‘ﬁ# i'Sopred
in turn applies suction to the ug er 20 (via the
avay thyoagh nAngeldi29) asseWndEIIUERfds fgq 4the fibre
menbranes 6. Filtrate is callected in the fil ate cap
12 Glaanieg pf ths fikrmpmbeanes Rds a?M?%ﬁ?quﬂr'Haﬁ?Pw XY (see
ure 2). The upper filtrate ca .
o ratg@sdxslcw 5F Sta heaibens hedile Batnel B Yrpet feaid
centre filtrate pipe 15 that coll ect flltrate from
thiQuehPEEINGS 16 HPISNEACt 85 gerelon PPERISIAEF . MERBE B RS 18

RESTI WY Fo MR E X R R R
mgﬁzgms&mg B 178 G PES B RS oSP PPN Eh SHAM AL &
et e RBL e hea S ToL S ﬂaﬁgo%pr%ymge
S Sl et R s S h 0885 00
di;lstgblgtlga :;ré\eggﬁizl)ﬂ g? Ipﬂgs@g@%mlgﬁﬁ%vodule csrcum{e?en%%n%n%e?ﬁe gas
scour using gas bubbles generated by gas fed into the module membrgnes Bis
complete (optionally combined with permeate back flush of the membranes), a
liquid sweep is introduced via the backwash 19 and aeration openings 18. Any gas
still in the chamber 17 is displaced though the aeration openings 18 initially and
thus may be utilised in further gas scrubbing of the membranes 6. The chamber 17
then fills with feed liguid and flow occurs into the module 5 through both the
aeration openings 18 and the backwash openings 19. The additional backwash

openings 19 are provided to allow for a greater resistance of the liquid flow

compared to that of the gas.

The liquid flow introduced into the base of the module 5 flows along the

module 5 sweeping the solids from the module 5. The backwash waste can be
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I ntroducing gas, typically air, into the nmenbrane
nodul e 5 through the upper of said through-openings
18 which act as aeration openings. These
t hr ough- openings 18 are sized and spaced apart from
the | ower backwash through-openings 19 such 10 that
the majority of the gas passes through these openings
18 and maintains a |iquidqseal with the backwash
openi ngsl 9, although a small anount of | eakage
ovetflowed et thedop at thaaehsel BEndratied pavay shrogghepipteon tgitank or
ensures that the gas is distributed as evenly as
vepsal Z5bdredraingd o pumeedpdtaf dhapreningedler®e. Once the gas
scour using gas bubbl es generated by gas fed into the
nmodul e nmenbranes 6 is 15 conplete (o tiona¥| conbin%Q
Wi tASdoNAbA e SAYINSTTRNRIG 4170 SYeREHesaEoId may g e
sweep i s introduced via the backmaﬂp 19 Qg aerati%n
sush &t ag dher BLichisyntepsiuced intq The; 36ratIgE PARHASE Jeyipe;add chamber
di spl aced thou%h the aeration oBenin s 18 i nitj al y
172ihfiushen gas frat the chempersEcariying e ftp gamodide éﬁb?fﬁb of
the nenbranes 6. The chanber 17 then fills with feed
proyiding @dgitienal gasseeibbing of mwrn@ramﬁi e 5 through both
the 20 aeration openings 18 and the backwash openi ngs
19. The additional backwash  openings 19 are pro
o GRS DR AISP b TgirRePes iNie DieShaRBET oF o Broagh e £9 e
conpared to that of the . gas. The .liqujd flow
sanif {rBe a8 éd’aF'ﬁHBS'I ¥t Ie8ed fcupng’ r?ﬁ’bﬁﬁ@wé f?ff)téﬂ’ﬁs"hgﬁ%ng
the nmpodule 5 sweeping the solids fromthe ule 5.
sokbnsadhe sstreoteas, b o8 Sa Gher sl MRe ofabes”
the vessel 25, drained away .through outl|ets.on th
origpinadhrough TabasTakon reriics: el B9G cae VB 10 packRgen

openi hgs 18 . Additiqgnally, .the_existing
ﬂ%‘ﬁ?‘f%g&i‘%[eo% gﬁﬁu&kﬂ'ﬂn‘g@b& ﬂ%‘?ﬁ'@éﬁ& ﬁ%’y be used such

that as the liquid is introduced into the

aer/ﬁ{elrr?awvgla?gr\{\@ g’e o? ﬁ\‘t‘é&g%-gpne%incglgalréﬁ%ronly may be used with the
through-openings suitably shaped and sized, and spaced around the module 5
such that gas only is used first, then gas combined with liquid for two phase

scrubbing and sweep, followed by liquid only sweeping. Different combinations of

these steps, with or without permeate back flush, may also be used.

Figure 4 shows how the modules 5 may be installed from above the tank 25
into filtrate and aeration/backwash manifolds 26 and 27 arranged along the bottom
of the feed tank/vessel 25. The aeration/backwash manifolds 27 are connected to

pipe 20 the aeration/backwash device 16.

Figure 5 shows a graph of transmembrane pressure (TMP) of a module

according to the invention over time with drain down of the module contents after



5 17 it flushes gas fromthe chanber 17 carrying this
into the nodule 5 thereby providing additional gas
scrubbing of the nenbranes 6. Gas nay al so be
i ntroduced into the chanber 17 or backwash |ine 20 at
the sanme tine as a back flush with feed is occurring.
This allows for two phase scrubbing during the sweep
stage, with the gas either qgeparating in the chanber
17 10 or flow ng through the aeration openings 18, or
edwbibagkwash. i Bt giaph shpws et leaEWP of theuneduiagdeeding nfhe
5 through any of the openings 18, 19. Alternatively,
ingerdion secayprs: ¢ffestivaly aftrrAash drai@dawn.onl y nay be used
with the through-openings suitably shaped and sized,

and spaced around the nodule 5 such that s only s
L okl resanpreqiati i fustiet FBRSIERTS ANCRIEP atplR.0f the

phase 15 scrubbing and sweep, followed by |jiqui.d onl
inboimepiarPoss IS BHBRH! deGRUAFEIRS Spit o1 seabe ob e Ry 1
or without perneate back flush, may al so be used.
descgbed 4 shows how the nodules 5 may be installed from
above the tank 25 into filtrate and aeration/backwash
mani fol ds 26 and 27 arranged al ong the bottom of the
feed tank/vessel 25. The aeration/backwash manifol ds
27 are connected to 20 pipe 20 the aeration/backwash
device 16. Figure 5 shows a graph of transnenbrane
pressure (TMP) of a nodule according to the invention
over time wth drain down of the nodule contents after
13 each backwash. This graph shows that the TWMP of
the nodul e according to the invention recovers
effectively after each drain down. It will be
appreci ated that further enbodi nents and
exenplifications of the invention are possible
wi t hout departing fromthe spirit or scope of the
i nvention
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5 described. 14 CLAIMS: 1. An aeration/backwash
device for use wth a porous nenbrane filtration
nodul e i ncl udi ng one or nore nenbranes extendi ng
| ongi tudinally between vertically spaced upper and
| ower headers into which the ends of the nenbranes 5
are potted, the nenbranes having a perneabl e wall
which, in use, is subjectedqto a filtration operation
wherei n feed containing contam nant matter is applied
CtAlMEne side of the menbrane wall and filtrate is
W thdrawn fromthe other side of the nmenbrane wall,
1.t heAmaerationbadkaerasyice foy uge With #rasers; pergprang fiffation
partially surround a portion of said mepbrane nodul e
meghde inchidingi ang A redmeMiraneoaxtendindlopgiusingly PRYVeSPaced
t hr ough-openings in fluid comunication with said
vertinalty 8Paced dPPREANTHBWEF Beaserpigtn which ey eds of the membragss
is supplied to the chanber and comuni cated to the
arawetiedriee membranasthayingr? RAMEaPBMANGHIGh iRy &S tuplected to a
aerate the nenbranes within the nmenbrane nodul e and
filiration; apertior wsFein Eeag GoRtHnINgh contaRyiRraH AR 1$ 8BP!IEAHd OPfe
‘nmenbrane nodul e through said through-openings into
sideptthe TeeraaR® Al and KA WENFGHTEREK e e SiAe & the
according to claim1 wherein the gas and |iquid
mpebranerellathe assationihagkyvgsh-davrsAadekiesdosh Ieaa@i’ﬁrt*?l'& sygfnd
t hr ough-openings. 3. An aeration/ backwash device
a perien af saKd memiranemedyie apd\jpriyding,a ceraMUAicatigyhchamber

openi ngs are vertically_spaced thro_ngh: ope

C nings.,in

apINg Sp3eHIPHG HORESHIGR 1§ UG &PRMUNFACAY R Pag ST e 2nd the

menbr ane nmodul e, and wherein, in use, %ﬁé is supplied
mEDIENE BRI ANERFIE: 1B SR ATSIREURPIES 1 e HARBFEAM modul o

through at | east the %Pper of ) ,
communicated to the membrane module through said through-openings to aerate
the membranes within the membrane module and liquid backwash is withdrawn
from andfor fed into the membrane module through said through-openings into said
chamber.
2. An aeration/backwash device according to claim 1 wherein the gas and liquid
backwash are selectively communicated through the same through-openings.
3. An aeration/backwash device according to claim 1 or 2 wherein the through-
openings are vertically spaced through-openings in fiuid communication with said
chamber and the membrane module, and wherein, in use, gas is supplied fo the
chamber and communicated to the membrane module through at least the upper of
said through-openings to aerate the membranes within the membrane module and

liquid backwash is withdrawn from the membrane module through the lower of said

through-openings into said chamber.
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sai d through-openings to aerate the nmenbranes within
t he nmenbrane nodul e and |iquid backwash is w thdrawn
fromthe nmenbrane nodul e through the | ower of said
t hrough- openi ngs into said chanber. 15 4. An
aer ati on/ backwash device according to claim3 wherein
backwash or feed |liquid is fed or injected into the
base of the nodul e through4she | ower through openings
or both sets of through openings. 5. An
4.aer/t henfitrabioimeskh device aceeding & elgint 3 whpeimbackyaeh e feed
t he backwash 5 and/or feed liquid is used to sweep
liqeiial i flel arl injegtet ligo tieanbaserad $he module tyrowah thedpwerghrough
backwashed off the nmenbrane surfaces during said
oedirgsion bothGeetshof thmugh icpeningskwash devi ce according to
anyone of the preceding clains wherein the vertically
5.5 pakre dettatiombatkvasb tievigs acenttingéo elainuf pderaimhe kagkvasiet
of through-openings. 10 7. An aeration/backwash _
arttiéori feed it isdiseg to sweempotids alaneites mepmsangsje caky PeiRPHAS
openings are smaller in cross-sectional area than the
baawashachofothgimepbrana gorfagss daing spidaciiicBackwash devi ce
according to claim6 or 7 wherein the openings, of .
6.cachn getatiof/batiashivevice arerjding te amyang| of eskgeain&Faimsd
t he periphery of the chanber. 15 9. An
whereint the nettigalknapshed Bypegh-eraniiogiinrdeAoyrashABd lowes selgf
wherein the liquid backwash is w thdrawn from and/ or
thfaghtdpeoingh. bot h sets of through-openings. 10. An
aer ati on/ backwash devi ce according to any one of the
7. pr eederatjorbaciwashwiedice acarriag de ¢iaie 6 whefein therpst Hirough
annul us. 11. A porous nenbrane filtration nodul e
openingscire gmahes io cragsraectiasgbargadian the lower through openings.

8.  An aeration/backwash device according to claim 6 or 7 wherein the openings
of each set of through-openings are axially spaced around the periphery of the
chamber.

9.  An aeration/backwash device according to claim 6, 7 or 8 wherein the liquid
backwash is withdrawn from and/or fed through both sets of through-openings.

10. An aeration/backwash device according to any one of the preceding claims
wherein the device is formed as an annulus.

11. A porous membrane filtration module including one-or more membranes
extending longitudinally between vertically spaced upper and lower headers into
which the ends of the membranes are potted, the membranes having a permeable
wall which, in use, is subjected to a filtration operation wherein feed containing
contaminant matter is applied to one side of the membrane wall and filtrate is

withdrawn from the other side of the membrane wall, the upper and lower headers



10

15

20

20 extending longitudinally between vertically spaced
upper and | ower headers into which the ends of the
menbranes are potted, the nmenbranes having a perneabl e
wal | which, in use, is subjected to a filtration
operation wherein feed containing contam nant matter
is applied to one side of the nenbrane wall and
filtrate is wthdrawn froggthe other side of the
menbrane wal |, the upper and | ower headers 160 being
beiry if fuidccoeronumicatioatvithronsi arfeotine tioe emxdst of seid Mambeangs apd at
said menbranes and at | east one associ ated upper
legs1Bhomssamimed fipperramtior bover dlitateoer!leptionhanthes Rughigat, in n
use, filtrate withdrawn from said other side of the
usepfitraizneithdedwn fremesaithothércsidecef the meoteneawall Egomnyicatid
t he upper and/or |ower header to the associated upper
thpughat east anseof theolipeas tahdior iowevbeadsr tehe associated upper
aer ati on/ backwash device at |east partially .
arsloriioverdiotiectian pbambers, en asktion/hacivash devisa gl eaglRartially
i ncluding a conmuni cati on chanber having spaced .
surfoundigh aqeeitnmy saidmemgiane deramandinpledingjar gemypynication
conmuni cati on chanber and the nenbrane nodule, .
chaivdree haying spacsd thrgagh-openisgsipl flusearymunieation iitiriadt i on
chanber and conmmuni cated to the nenbrane i o nodul e
canmonigdtiopahdmbkir andjthespembiage masiulge WAEEIN, feU$fe 987 Shes
within the nenbrane nodule and |iquid backwash is
supipti¢rtiioete commwnisation ehdreleriand sotrmumiGaatiedhe MmepdRne
t hrough sai d through-openings into said communj cation
motaletieoughlSaid thrpugtooreningste #aeate thetpembigresddlindhe
according to claim 11 wherein the 15 through-openjngs
membranermodide hiyd iqiid backwash igWithsrawn g ansi/qr e Eﬂo the
conmuni cation wth said comruni cation chanber and the
meewstanereodbel threugh/#aig tireugh-epenigs inja §aidicoMUAIFatiEn t o
t he communi cati on chanber and communicated to the
chemniierane

12. A porous membrane filtration module according to claim 11 wherein the
through-openings are vertically spaced through-openings in fluid communication
with said communication chamber and the membrane module, wherein, in use, gas
is supplied to the communication chamber and communicated to the membrane
module through at least the upper of said through-openings to aerate the
membranes within the membrane module and liguid backwash is withdrawn from
and/or fed into the membrane module through the lower of said through-openings
into said communication chamber.

13. A porous membrane filtration module according to claim 11 or 12 wherein a

filtrate connection pipe is provided in fluid communication between the upper and
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nodul e through at | east the upper of said
t hr ough- openings to aerate the nenbranes within the
menbrane nodul e and |iquid backwash is withdrawn from
20 and/or fed into the nenbrane nodul e through the
| oner of said through-openings into said
comruni cati on chanber. 13. A porous nenbrane
filtration nodule accordingyto claim 1l or 12 wherein
a filtrate connection pipe is provided in fluid
lowerrtivate calldotion bledralesrs and ditnapepie withdwwirrom gne or the atheiod
col l ection chanbers and filtrate is withdrawn from one
the coltdetiorotimnbers. t he col | ecti on chanbers. 14. A porous
menbrane filtration nodul e according to any one of
14| @ perolld ntemntirsne fitratian module agearding Ehamnenarfsiping il de 13
is |ocated adjacent the | ower header. 5 15. A porous
wingralntiaen ecritibr/badkinash aiedios is lacated adiaeent &helayeohradss.
clainms 11 to 14 wherein the upper and |ower
150l A potous merttzaefitraiioncinadde aeegsdiog ite an\ppseef daigs 11to 14
| ower collection cups adapted to detachably receive
wizerdinethe aggeerianddovwéridotieatiog Ishamperisrirgludeiegresiiye Hreagi@nd
| ower headers. 16. A porous nenbrane filtration npdule
loweceniiditivg ¢ups @dapter 16 delaehakihnrecpive ead BBGRAS 1§ afjuid-tight
| ockably engaged with the collection cups by neans of
mantexysaitaippey ped loiver headers.17. A por ous nenbr ane
filtration nodule according to any one of clains 11 to
16,6 A parouk enembreneiiratioramedyle scqingrio giain da yherein the
partially surrounds said nenbranes. 18. A porous
heeslety aradodkiably eagaged wistitinesoliedtion gUpgPY Breanapha payonet-type
wherein the 15 screen is a sleeve which extends al ong
fittg.t of the length of the nenbranes. 19. A porous

menbrane filtration nodul e accordi n% to claim17 or 18%
1 Tvh e @orous ieembrane filtration module accordingto any one of claims 11to0 16

further including a screen which at least partially surrounds said membranes.

18. A porous membrane filtration module according to claim 17 wherein the
screen is a sleeve which extends along part of the length of the membranes.

19, A porous membrane filtration module according to claim 17 or 18 wherein the
screen is solid.

20. A porous membrane filtration module according to any one of claims 17 to 19
wherein the screen is located above said aeration/backwash device.

21. A porous membrane filtration module according to claim 19 wherein the
screen extends along the full length of the membrane module and is provided with
one or more openings adjacent the through-openings of the aeration/backwash

device to allow communication with the membranes and one or more additional
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screen is solid. 20. A porous nenbrane filtration
nodul e according to any one of clains 17 to 19
wherein the screen is | ocated above said
aer ati on/ backwash device. 20 21. A porous nenbrane
filtration nodul e according to claim19 wherein the
screen extends along the full length of the nenbrane
nmodul e and is provided w thg: one or nore openings
adj acent the through-openings of the aeration/backwash
opéfiniys et draadiddeatithedoprofithe atddale teiallew flw ofga phisel and
one or nore additional 18 openings at or adjacent the
thérethradght he nodul e to all ow fl ow of gas of liquid
t her et hrough. 22. A porous nmenbrane filtration nodul e
22ac Fopetong mtemburhra fittrationimaeduie acresdiog to saime2t bavingepne or
openings in said screen at or adjacent the
mererfatiiss opbaiogsvastaidiscreereat @ adincant thevapiperysagiwash device
backwash fl ow. 23. A nethod of renopving contam nant
to eidve biypdssfaf batiavdsbdidW | qui d, using a porous nenbrane
filtration nodul e according to any one of clains 11 to
222 A inetrloddif rgmevieg centtepinaot metgyialfean aiferchiiguig, using a porous
filtration operation wherein feed contai ni . ,
membtangifification meuler adosrdinpoppione @f elginnt! & %e ingtudingghe
menbrane wall and filtrate is wthdrawn fromthe other
stepsdef of the nenbrane wall, (b) communicating said
wi thdrawn filtrate through at | east one of the up
(apnddeviormingediltratioadweration wWoerein fagd C@ﬁ@"’ﬂﬂg w&arﬂwa@rmaﬂef Is
and/ or | ower collection chanbers, (c) supplying gas t
aptplied tooone side af the merhkrapewathaod BiEaias heaweg st e g%%ef
to 15 the nmenbrane nodul e t hrough said
sidehofdbg meoperangdyellt o aerate the menbranes

(b) communicating said withdrawn filtrate through at least one of the upper and/or
lower headers to at least one of the upper and/or lower collection chambers,

(c) supplying gas to the communication chamber and communicating said gas to
the membrane module through said through-openings to aerate the membranes
within the membrane module;

(d) backwashing said membrane wall using a liquid;

(e) withdrawing fiquid backwash from the membrane module through said
through-openings into said communication chamber.

24. A method according to claim 23 wherein the gas and liquid backwash are
selectively communicated and withdrawn through the same through-openings.

25. A method according to claim 24, using a porous membrane filtration module
according to claim 12, wherein the gas is supplied to the communication chamber

and communicated to the membrane module through the upper of said through-
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wi thin the nenbrane nodul e; (d) backwashing said
menbrane wall using a liquid; (e) withdrawing liquid
backwash from the nenbrane nodul e t hrough said
t hr ough- openi ngs into said conmuni cati on chanber. 20
24. A nethod according to claim23 wherein the gas and
i quid backwash are selectively comunicated and
wi t hdrawn through the saneqghrough-openings. 25. A
met hod according to claim24, using a porous nenbrane
ogehinigs & hematenthd mambraoesowithin the pembenmmMadulairg luid t he
gas is supplied to the conmmuni cati on chanber and
bazkwasis wathd thwirofrerh @ndfenfaddnie the membrang mogwe thisughpzdeast
of said through 19 openings to aerate the nenbranes
thadldver of sdid threngh-apenimgsdolosaichepmmepicationsAeRRESh | s
w thdrawn fromand/or fed into the nenbrane nodul e
26 hr/Augthaatadcersding totdmm|28wesing & PeEIUS ePlrage figiglien mgdule
into said comruni cati on chanber. 26. A nethod
amotingloratpimd 2 insludirgdeedieg the heclvrduer faedriguighipto the base of
filtration nodule 5 according to claim 12, includin
th eemtiufecthtdugh ia: lowes throirght-eradings @i bathi ﬁﬁ%oftth@ua'a-%e'agg&
t he nodul e through the | ower through-openings or both
2% et & methadrasargindlocidimg3, using a PArgustHYARRRE Hitiatier mogule
claim 23, using a porous nmenbrane filtration nodule
acvowtinglioraipimot 2 PaElmn 26 inshudingaisingZbe PASWAREN AGA(ps ferd axid
backwash and/or feed liquid to sweep solids along the
torsreep ankds along:therperobrang o epsryrastBRlisls remaysd fem v
menbrane surfaces during said aeration. 28. A nethod
mambrangi swfaces duringraaitBacrg¥dMmg a por ous nmenbr ane
filtration nodule according to claim12, or claim26
2®r A Imstmogcopringiorclaimeheabe arorersdueabiage filiaiap mpcy'e

in feed liquid contained within a vessel and incl uFIi.ng
acdoeding topclaim 12, or claim 26 or claim 27 wherein the membrane module is

submerged in feed liquid contained within a vessel and including the step of
flushing backwash waste containing the solids from the vessel by overflowing at the
top of the vessel.

20. A method according to claim 23, using a porous membrane filtration module
according to claim 12, or claim 26 or ciéim 27 including the step of flushing
backwash waste containing the solids from the module by overflowing at the fop of
the module.

30. A method according to claim 23, using a porous membrane filtration module
according to claim 12, or claim 26 or claim 27 including the step of flushing
backwash waste containing the solids from the module by draining or pumping the

waste from the module through the through-openings.
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fl ushi ng backwash waste containing the solids fromthe
vessel by overflowng at the 15 top of the vessel.
29. A nmethod according to claim 23, using a porous
menbrane filtration nodule according to claim 12, or
claim26 or claim27 including the step of flushing
backwash waste containing the solids fromthe nodul e
by overflowi ng at the top ef the nodule. 20 30. A
met hod according to claim 23, using a porous nenbrane
31f i |14 mathiodracoordingdo aay ooe df clgimsR7cb S0rimd@lingthedten oh 26
or claim27 including the step of flushing backwash
invetticihg gastird thengotlie dedhg sayd flughing $fep.nodul e by
drai ning or punping the waste fromthe nodul e through
32 he tethodgitcopiing ta giaim 20 wigtsin AaithgiaR édmixed iilissl t o
any one of clains 27 to 30 including the step of
backivasrdaral/orfegdliquiaght o t he nodul e during said flushing
step. 32. A nethod according to claim31 wherein said
3PaA imsthudeedondirghto skird 31betwkein shidpagivintrodeagd|tp gaidd. 5
33. A nethod according to claim31 wherein said gas is
cammhurochiioadhémbeai d communi cati on chanber. 34. A
porous nenbrane filtration nodul e substantially as
3herk porode swnikivane fitration megwe swestantigluas hegin desciiprd with
enbodi ments of the invention illustrated in the
refecermepiaany nge of teiampodinents of g dnvsnian ilugiratesl inAhgret hod
of renmoving contam nant material froma feed |liquid
accaimphaying diawjngssandfasexamp@éscri bed with reference to
any one of the enbodi nents of the invention. ,
35.1 | Augtethmdenf rémoving confamimaahyriegakfremaierd gy sbstantially as
exanpl es.
herein rcrj.rtjascribed with reference to any one of the embodiments of the invention

illustrated in the accompanying drawings and/or examples.



