WO 02/ 30550 PCT/ AU01/01248 TITLE: | MVPROVED MEMBRANE FI LTRATI ON SYSTEM

FI ELD OF THE | NVENTI ON The present invention relates to nenbrane filtration
systens, vedd/sBdse particularly to those systens enpl oyi nBCpAUOLGI2e8

per neabl e menbranes 5 located in a tank or cell open to atnosphere.
BACKGROUND ART Any di scussion of the prior art throughout the specification
should in no way be considered as an adm ssion that such prior art is

wi dely known or fornms part of common general know edge in the field. 10
Porous nenbrane filtration systens require regul ar backwashi ng of the

menbr anes talminiMPRQVEDM%N@RéNEi LERATIQNGSYBUIEM NI | e reduci ng
transnenbrane pressure (TMP) which rises as the nenbrane pores becone
clogged with inpurities. Typically, during the backwash cycle the

i npurities &lELDQR TelE INVENTI®Ne nenbrane pores by pressurised gas, liquid
or both into the is feed tank or cell. The liquid containing inpurities and
deposits fromthe nenbranes is then drained or flushed fromthe tank. The

waste |iquid di Fheaeeseritioverition fekitss terdsnibranbdilidatiposgsieat, atd more
reprocessed, usually in an environnentally safe manner, so any reduction in

the vol une pgficpby t9aRdSe bistehis érﬁgﬁa@ﬁ@ﬁé‘oﬁ@b@%ﬁfﬂ?%% mBnibpanes of

environnmental 20 rrnpact and cost. ai ning or ushing of the tank,

particul arl y, e 2tk & dVSodH to atmosphere.

BACKGROUND ART
Any discussion of the prior art throughout the specification should in no
way be considered as an admission that such prior art is widely known or forms

part of common general knowledge in the field.

10 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 by pressurised gas, liquid or both into the

15 feed tank or cell. The liquid containing impurities and deposits from the

membranes is then drained or flushed from the tank.

The waste liquid displaced from the tank needs to be disposed of or
reprocessed, usually in an environmentally safe manner, so any reduction in the
volume of such waste liquid is seen as advantageous in terms of environmental

20 impact and cost.

The draining or flushing of the tank, particularly when large arrays of

membranes are used also requires time which results in down time of the



menbranes are used also requires tine which results in down tinme of the WO
02/ 30550 PCT/ AU01/01248 -2 filtration cycle. In order to reduce this down
time | argeopusgdsing systens are required to quickly drai np@nduneéizid t he
tank. Were tanks or cells are arranged in banks and feed is used to
refill the tank, a lowering in levels in other cells may be produced
during the refill process. This again inginges on operating 5 efficiency of
the filtration system Further, in filtration systens enploying gas bubbl e
scouring of fittrationaysle: dRrder theegdusedhistdayvntimgJaracaRiepRna YSINS B t he
bubbl es as nmuch as possible in the region of the nenbranes to assist with
t he scouri ngequitakEosuicidy deain @nd nefil ok tearkh Whokrertardkssy oelld ace arrahged i une
of chem cal io cleaning agents required in sone systens. This has the

two-fol d adypankeand Féed iscgésd ROrefiflIhe tdhK, @rl6Weflhg ¢ RiVefin dtRERESIRITRAY S
whil e al so reducing waste disposal problens. It has been found

advant ageous,t : gt s i jon cell to
el or ot o P TSRaGHF BuF IO ArBecs” Sinis RGeS on drehdid ¢
advant ages qut l.i ned ove. DI SCLOSURE OF THE | NVENTI ON The present

i nventi oﬁssggﬁﬂech %3@?%'5@'0&%'3 ¥'nore of the abovenentioned probl ens of
the prior art, provide one or nore of the advantages outlined above or at

| east i d ful alternative by redyci
east provide aFld?tﬁelg in ﬁ,tra?i[)rr}asylsyeems%fgp?oﬁﬁé Bgs 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.

Reduction in backwash volume also reduces the volume of chemical
10 cleaning agents required in some systems. This has the two-fold advantage of
reducing cost in terms of chemical requirements while also reducing waste

disposal problems.

It has been found advantageous to reduce the volume of feed liquid in the
filtration cell to ameliorate the above problems and provide at least some of the

15 advantages outlined above.
DISCLOSURE OF THE INVENTION

The present invention seeks to overcome one or more of the
abovementioned problems of the prior art, provide one or more of the
advantages outlined above or at least provide a useful alternative by reducing

20 the feed volume presented to the porous membranes in a simple, cost effective

manner.



20 the feed volune presented to the porous nenbranes in a sinple, cost
effective manner. WO 02/ 30550 PCT/ AU01/01248 -3 According to one aspect,
t he presavo o/snsent i on provides a nmethod of reduci ng vol ureT/aUof/eeds | i qui d
required in a nenbrane filtration system having a nunber of porous
menbranes subnersed in a volune of feed ljiquid to be filtered, the nethod
conprising the step of providing filler "@ements within said 5 vol ume of
feed liquid to be filtered. Preferably, the filler elements substantially
fill voids bet wASROHTNY feoPrfgsPerinthcapresenhinventian provisiasm mathed of qui d f1 ow
communi cation with the nmenbranes. According to another aspect, the present
i nventi on preduadites velunmendirfaed lifjuld regiuired i aghembinane filfration sybtem bavipgraous
menbranes subnersed in a volunme 10 of feed liquid to be filtered, wherein

one or nor enfihPeplof PBFARY MeRiPaReLYiBRdrddd invislaneedifeen ligaidtomarbr anes to
reduce said volune. In one preferred formthe nenbranes are porous holl ow

fibre menbr ﬁ‘%m m wrls ppdul es
are subrrersg@%idhﬂgé I-qul déé\}gpﬂér?gbgﬁ%élfbﬁe@(ﬁr? a't ﬂilﬁoﬂgbﬁg\%@ﬂ%@é@

at nospher.i c @ressuTrﬁe. In 1 thiftfordm of the invention, the voids between
the modufes'aHEEPT EEGJIUELIO b THS®dt i || eq by a filler menber or nenbers.

Preferably, the filler nmenbers are each fornmed of a nunber of el enents

which fit together tqQ forman integral unit. This enables the filler
menbers to bg Brefera?bly, the filler elements substantially fiPvoids between the porous

membranes while still permitting liquid flow communication with the membranes.

According to another aspect, the present invention provides a membrane
filtration system having a number of porous membranes submersed in a volume
10 of feed liquid to be filtered, wherein one or more filler members are provided in

voids between said membranes to reduce said volume.

In one preferred form the membranes are porous hollow fibre membranes
arranged in bundles to form membrane modules. The modules are submersed
in a liquid volume provided in a tank or cell open to atmospheric pressure. In

15 this form of the invention, the voids between the modules are at least partially

filled by a filler member or members.

Preferably, the filler members are each formed of a number of elements
which fit together to form an integral unit. This enables the filler members to be
assembled around the membranes modules without the need for removal of the

20 modules. This assists in initial set-up as well as with replacement and

maintenance regimes.

The filler elements may comprise spheres, preferably hollow, which can be

packed around the membranes to fill the voids. The spheres are preferably



assenbl ed around the menbranes nodul es wi thout the need for renoval of the
20 nmodul es. This assists in initial set-up as well as with replacenent and
mai nt enance oragsres. The filler el enents may conpri se spherewapoperiser ably
hol | ow, which can be packed around the nenbranes to fill the voids. The
spheres are preferably WO 02/ 30550 PCT/ AY01/ 01248 -4 sized to avoid

bl ocki ng or passing through any of the inlet/outlet ports or valves
associated with the filtration system BRI EF DESCRI PTI ON OF THE DRAW NGS
Preferred efBeditedvpid biocking arpasaingdhraman amoof the inleYerilefqortsgr valyesf 5
exanple only, with reference to the acconpanyi ng drawi ngs, in which: Figure
1 shows a passqeaicdweitlyttenfilbtian bgstermf filtrati on nmodul es having filler
menbers according to one enbodi nent of the invention; Figure 2 shows an
enl arged perspective view of the upper portion of the bank of filtration

nodul es of BRIBFDESCRIPFIONIGF IHEWDRAWINGSP! oded view of the filler
menbers of Figure 1 as they would be assenbled around a filtration nodul e;

Figure 4 shows an end el evation view of a central filler rrenber of Figure

3, Figure 5's hoP’?ef@rr%Hdé?an&Yr?érﬁé)Bf meqm&%t.dmuf Ao 86 4B ?d Hy o efe 4
15 Figure 6 shows a perspective view of 'Filgure 4;
5 example only, with reference to the accompanying drawmgs, in which:
Figure 1 shows a perspective view of a bank of filtration modules having
filler members according to one embodiment of the invention;
Figure 2 shows an enlarged perspective view of the upper portion of the
bank of filtration modules of Figure 1;
10 Figure 3 shows an exploded view of the filler members of Figure 1 as they

would be assembled around a filtration module;

Figure 4 shows an end elevation view of a central filler member of Figure

Figure 5 shows a side elevation view of the filler member of Figure 4;
15 Figure 6 shows a perspective view of the filler member of Figure 4;
Figure 7 shows a plan view of the filler member of Figure 4;
Figure 8 shows an end elevation view of side filler member of Figure 3;
Figure 9 shows a side elevation view of the filler member of Figure 8;
Figure 10 shows a perspective view of the filler member of Figure 8;
20 Figure 11 shows a plan view of the filler member of Figure 8; and
Figure 12 shows a graph of transmembrane pressure over a period of time
for two types of filtration system with a filler system being employed on one
system part way through the test period.

DESCRIPTION OF PREFERRED EMBODIMENTS



Figure 7 shows a plan view of the filler nmenber of Figure 4; Figure 8 shows
an end el evation view of side filler nmenber of Figure 3; Figure 9 shows a
si de el ewad bDB0550 ew of the filler nenber of Figure 8; FiparavifoRiows a
perspective view of the filler nmenber of Figure 8; 20 Figure 11 shows a
plan view of the filler menber of Figure 8; and Figure 12 shows a graph of
t ransnenbrane pressure over a period of t1me for two types of filtration
systemwith a filler system being enpl oyed on one_systempart way through
the test peri odReffrgogitetedrapnprEherRREPPEVEOL MtNTS descrizadingsiation to

PCT/ AU01/ 01248 -5 Referring to the draw ngs, the enbodinents wll be
descri bed i @& mehifdld@nd fitraiomapsten diseloded in buato-pendingt RGT Apgdicat@dNon our
co- pendi ng PCT Application No. WD 00/62908 (which is incorporated herein

by cross-r ef/gOe2908 ANR¥ATs irfdorpbrated MerefPBY efdsateferehad), hdkelay ankilon is

equal ly applicable to other fornms of filtration 5 systemTequiring simlar

advant ages. j : ke

1 achod i nPoaRbrESe et HREUEIRReRiol [ eaye drplkic i el fofihs By Aftion
enbodi nent, the subnodul.es 6 conﬁri se el ongate bundl es of porous holl ow
fibre membr SYEEM (GATNGBINRT AJNARIZOPS- encl osed by a supporting cage (not
shown). The 1o subnodules 6 are positioned within a feed tank or cell (not
shown) and whenTherystemingledes p bapkonef filles sHBmadiless sarhaiirsked im f eed

liquid. Each manifold 7 ‘
groups to a membrane filtration manifold 7. In this embodiment, the

submodules 6 comprise elongate bundles of porous hollow fibre membranes
(not shown) typically enclosed by a supporting cage (not shown). The
10 submodules 6 are positioned within a feed tank or cell (not shown) and when
the tank is filled the sub-modules are immersed in feed liquid. Each manifold 7
is connected to a filtrate conduit 8 for removal of filtrate.
During the backwash process, the fibre bundies of submodules 6 are
cleaned externally by air bubbles or a mixture of air/liquid injected into each
15 submodule to scrub the outer surfaces of the fibre membranes. The
submodules 6 may also be further cleaned by backwashing liquid and/or gas
through the fibre pores.
In accordance with this embodiment, in order to reduce backwash volume,
each submodule 6 is encased partially by a number of filler members 9 which
20 are segmented to allow each to fit closely around the elongate fibre bundles. In
this embodiment, the filler members 9 are spaced from the upper and lower
manifolds 7 to allow for flow of liquid and/or impurities in and out of the
submodules 6. It will be appreciated that other arrangements to allow liquid flow
can also be employed, for example, the filler members 9 could be spaced

25 radially from the outer periphery of each fibre bundle submodule 6 or various



I's connected to a filtrate conduit 8 for renoval of filtrate. During the
backwash process, the fibre bundles of subnodules 6 are cleaned externally
by air bwbdbz3ser a m xture of air/liquid injected into erChAULBOREONOdUl e
to scrub the outer surfaces of the fibre nenbranes. The subnodul es 6 may

al so be further cleaned by backwashi ng |%9UId and/or gas through the fibre
pores. In accordance with this enbodi nent’,”" in order to reduce backwash

vol une, each subnodule 6 is encased partlally by a nunber of filler
nenbers 9 wihapes obfillarénemaefceuld be ysedwhiclt allawed far liguiskBoy tagpdnd t he
el ongate fibre bundles. In this enbodinent, the filler nenbers 9 are spaced
fromthe upfrem ttredsdhmadulermwhileaetili;sﬂbstanﬁaéllydﬂ&irfg)’nhef\kabds bétweeyueakchand/ or
impurities in and out of the subnodules 6. It will be appreciated that

ot her arrangghmdald® allow liquid flow can also be enployed, for exanple,
the filler nmenbers 9 could be spaced 25 radially fromthe outer periphery

gLaggghoi ! ]?r FI gwmlﬁ%gdfg@ocou d bgiot}}lé b%ﬂf’”ﬁggﬁ%"ﬁﬂaa?‘ﬁgf%qw é“%lgw to
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scouring nethod, the use s the filler nenbers 9 provides an additional

advant age opuéglﬁﬁlwt%th%ﬁu@'agdm%@o?%ﬂwst'mFHOY'Hg S§96ﬂ%@i§ﬁ&e®hnd t hus

i mprovi ng scouring efficiency.
As best shown in Figures 3 to 11, the filler members 9 are formed from

complementary segments comprising a central or core element 10 having two
sets of parallel opposed semi-circular, in cross-section, channels 11 extending

10 longitudinally along the length of the central element 10. The channels 11 have
a diameter sized to accommodate and fit closelym’é’round the submodule 6. The
sides 12 and inner edge 13 of the element 10 are provided with outwardly
extending tabs or bosses 14 which mate with complementary siots 15 on other
filler segments 16 fo provide, in use, an integral filler member 9.

15 The side filler segments 16 are generally T-shaped in cross-section with
half-semi circular sides 17 of the same diameter as the central element 10.

The top and bottom surface 18 of the central element 10 are provided with
a spacer peg 19 which positions the filler element 9 in a spatial relationship from
the manifold 7 to allow fluid flow to and from the top and bottom of the fibre

20 bundles.

The filler members 9 are desirably formed from material which is resistant
to any destructive substances present in the feed stream as well as chemicals,
gases, etc. Which may be used in the backwash or other cleaning processes.
The filler members 9 are also desirably of neutral buoyancy so they will remain

25 in position during submersion of the submodules in the feed tank. They can be



As best shown in Figures 3 to 11, the filler menbers 9 are fornmed from
conpl enentary segnents conprising a central or core elenent 10 having two
sets of a0 al/bwsbo opposed semi -circular, in cross-section, PCaune01248 1
extending 10 longitudinally along the length of the central element 10. The
channel s 11 have a dianeter sized to accommpdate and fit closely around

t he subnmodule 6. The sides 12 and inner ‘edge 13 of the elenent 10 are
provided with outwardly extending tabs or bosses 14 which mate with

conpl enent afgfmadiramiigamedaplastics Matarial syely aspolyetbylene fpavidddlow®ruse, an
integral filler nenber 9. 15 The side filler segnents 16 are generally

T- shaped i nratopswudand plastiov YWherhblofv-gmnider, thaifiber elentestslMmayfbe hallavate

di aneter as the central elenent 10. The top and bottom surface 18 of the
central el eapdw faOflEnG withevilwe quaaally watesPeqiodoed thedratfiirell rie@ial i ons the
filler elenment 9 in a spatial relationship from the manifold 7 to allow
flurd flow bgoﬁéﬁéf.romthe top and bottom of the fibre 20 bundl es. The
filler menbers re desirably formed frommaterial which is resistant to

i i f eed [ | hem cal s,
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They can be WO 02/30550 PCT/ AU01/01248 -7 formed from foamed plastics
materi al sugierakensoviereny thelowargraph sbpw eomachine with filler members

employed part way through the test cycle. This graph demonstrates the
improved effectiveness of the backwash when filler members are employed.

10 It will be appreciated that further embodiments and exempilifications of the
invention are possible without departing from the spirit or scope of the invention

described.



rotor noul ded plastic. Wen bl ow noul ded, the filler elements may be hol | ow
to allowfor filling wwth a fluid (usually water) to produce the required
neutral Wwaooyassy. 5 Figure 12 shows the effect on the trpomaENboRIRE
pressure characteristics of tw filtration nmachines. The upper graph shows
a machine without the filler nenbers mhﬁ{eas the | ower graph shows a
machine with filler nmenbers enployed part  way through the test cycle. This
graph denonstrates the inproved effectiveness of the backwash when filler
nmembers ar eCbMMSyed. 10 1t will be appreciated that further enbodinments
and exenplifications of the invention are possible w thout departing from
the spirit or scope of the invention described. WO 02/ 30550 PCT/ AU01/ 01248
-8- CLAIMs: 11. A metheddfatdueing vohune of fead kiquid eeqliradioialporegsi red in a
porous nenbrane filtration system having a nunber of porous nenbranes

subnersed membrapkeUlieation §@esiml Havingla treintiserfdafl goed @simeititsranes Badnesed | si ng
the step of 5 providing filler elements within said volune of feed |liquid

to be fil ternegvo@mﬁﬂrééaqfauﬁfﬁpﬁé?ig&éo?tr?é ethdd %ﬁgﬁ%@gghésiésﬁ gﬁ{ e still

el ements substantially fil vol ds between the porou rane
permtting Liquid. ni.cat | i - ANes,. g menbr ane
Pl trati on o{ritifio tUSIsFERRALGR S yblbte bh e IERALRTBe florcd.
2. A method according to claim 1 wherein the filler elements substantially fill
voids between the porous membranes while still permitting liquid flow

communication with the membranes.

3. A membrane filtration system having a number of porous membranes
10 submersed in a volume of feed liquid to be filtered, wherein one or more filler
members are provided in voids between said membranes to reduce said

volume.

4. A membrane filtration system according to claim 3 wherein the membranes
are porous hollow fibre membranes arranged in bundles to form membrane

15 modules.

5. A membrane filtration system according to claim 4 wherein the modules
are submersed in a liquid volume provided in a tank or cell open to atmospheric

pressure.

6. A membrane filtration system according to claim 4 or 5 wherein the voids
20 between the modules are at least partially filled by the filler member or

members.



1o submersed in a volune of feed liquid to be filtered, wherein one or nore
filler mnmenbers are provided in voids between said nenbranes to reduce said
vol une. 4vo Ae/ssabr ane filtrati on system accordi ng to cl ai PCBAGhESREN t he
menbranes are porous hollow fibre nenbranes arranged in bundles to form
menbrane 1s nodul es. 5. A nenbrane fiItr%;ion system according to claim4
wherein the nodules are subnersed in a’Piquid volunme provided in a tank or
cell open to atnospheric pressure. 6. A nenbrane filtration system

accor di ng t 6 cl & membsansfilfjatipaisysiens agepr@ing tooclaien dediereliethgdtier es are at

| east partially filled by the filler nmenber or nenbers. WO 02/ 30550

PCT/ AU01/ 01e¥8nberd ate eachdobned ef irlumben afreleyehtsnwhich dit dogethéotocioammard
wherein the filler menbers are each forned of a nunber of el ements which
fit togethenﬂé§nﬂghn]an integral unit. 8. A nenbrane filtration system
according to claim3 wherein said filler 5 nenbers are neutrally buoyant
Wth respect to said feed liquid. 9. A nenbrane filtration system accordi ng

to claim 3 wher gl Hefibrand filtlaGon o L eI RNaaINT 3wHdteRERG filldL: A
to clam8 or claim

menbrane filtration system according I ereln said
5 members are neutrally buoyant with respect to said feed liquid.

9. A membrane filtration system according to claim 3 wherein said filler

members are spherical in shape.

10. A membrane filtration system according to claim 8 or claim 9 wherein said
filler elements are hollow and adapted to be filled with a fluid to provide said

10 neutral buoyancy.

11. A membrane filtration system according to claim 4 wherein the filler
member is formed from complementary segments comprising a central element
having two sets of parallel opposed semi-circular, in cross-section, channels
extending longitudinally along the length of the central element, each channel
15 have a diameter sized to accommodate and fit closely around the fibre bundles,
and side filler segments of generally T-shaped cross-section with half-semi
circular sides of the same diameter as said channels adapted to engage with

said central element to form said filler member.

12. A membrane filtration system according to claim 11 wherein each filler
20 member includes complementary engagement formations for engaging with

associated engagement means on other filler members.

13. A membrane filtration system according to claim 3 wherein the filler

member is formed of foamed plastics material.



filler elements are holl ow and adapted to be filled with a fluid to provide
said to neutral buoyancy. 11. A nenbrane filtration systemaccording to
claim4 wheomsessi he filler menber is forned from conpl enrar/avyl/gRggrent s
conprising a central elenent having two sets of parallel opposed

sem -circular, in cross-section, channel i ext endi ng | ongi tudinally al ong
the length of the central elenent, each” %annel 15 have a dianeter sized to
accommpdate and fit closely around the fibre bundles, and side filler
segment s of 1@enérraen5bran%ﬂér9@an syslem aeeending e elainhdiwhereir thedilletul ar si des
of the same dianeter as said channels adapted to engage with said central
el ement to fremberaisdofméd ef bloamimeuldetplasticeemiiteriad. filtrati on system
according to claim 11l wherein each filler 20 menber includes conpl enentary
engagenent formations for_engagi ng with ssoci gt ed_engagenent,. neans on
other fil1elSreRtBRabrans fialansyaies FEFQTEia GrF12s BUHCIBEONGITHE t o cl ai m 3
wherein the filler nmenber is fornmed of foamed plastics material. WO

02/ 30550 POmespay is fornged ofi ptarmopnidashplagties matkeriakt i on system according to
claim3 wherein the filler nenber is formed of bl ow noul ded pl astics
material. 15. A nenbrane filtration systemaccording to claim3 wherein the
filler rgenber is formed of rotor-noul ded plastics material. 5



