WO 03/ 024575 PCT/ AU02/ 01272 -1- TITLE: H GH SOLI DS MODULE FI ELD OF THE

| NVENTI ON The present invention relates to nenbrane filtration systens used
wi t h hi ghwosoloe4#3s f eed and, nore particularly, to a nethoecamdoappaeat us
for inproving the 5 filtration efficiency of such systens by providing an
I mproved cl eaning systemfor the nenbrdres. BACKGROUND ART I n a nenbrane
filtration process, the nethod used to physically clean nenbranes is of

vital i ”poflﬁ'EECEHIG‘M‘S@CL?l'DgiI\ﬁ’(DD rane cl eaning strategy can 1o maintain
a stable pernmeability of the nmenbrane and reduce the frequency of chenical

cleans. A to physically clean nenbranes is a backwash
(al so cal Ié%@kﬁﬁ?ﬁvggﬁm@ackpul se") with the perneate/filtrate or a
gas. The backwash nethod is typically used to eject solids bl ockjing,the
nenbr ane por es Hmipissent pventiginoglpies W@gmaﬂﬁéhraﬁasysmf@mm%w'taﬂlq e 15
menbrane surface. In a system exposed to a feed containing a high

concent r atsadids foéd swdi, dsoretgeaticulanly, tg @ owethed rendeapparaisyforirpraying the
severely, in particular, where nenbranes are densely packed in a nodul e.

Backwash VfiirhtidH eficientcy of saes s?étérrfsf wprbwding By infprowdceoleaningasyistam fort hod
and is now wdely used in the field of mcrofiltration processes. The 20

limtatio ' thod is the nenbrane pore size. Backwash of nenbranes
W th pernentg%gn%rg\??anr{(?s” mtations to the pore size, but the backwash

or eseuro. (IABKCRABEBRMR o enough Lo of fael the fouling rate. Further
Teans are enpl Olﬁeg ;n(()ambrane filtration process, the method used to physically clean
membranes is of vital importance. An efficient membrane cleaning strategy can
10 maintain a stable permeability of the membrane and reduce the frequency of
chemical cleans. A commonly used method to physically clean membranes is a
backwash (also called “backflush” or “backpulse”) with the permeateffiltrate or a
gas. The backwash method is typically used to eject solids blocking the
membrane pores and partly dislodge the cake that may have formed on the
15 membrane surface. In a system exposed to a feed containing a high concentration
of solids, the fouling occurs more quickly and more severely, in particular, where.
membranes are densely packed in a module.
Backwash with pressurized gas has proved a very efficient cleaning
method and is now widely used in the field of microfiltration processes. The
20 limitation to this method is the membrane pore size. Backwash of membranes
with permeate has no limitations to the pore size, but the backwash efficiency is
generally lower than gas backwash and the transmembrane pressure (TMP)
recovery not enough to offset the fouling rate. Further meaﬁs are employed to

enhance the backwash efficiency, such as dosing chemicals to the backwash

25 permeate, or in combination with gas scrubbing.



enhance the backwash efficiency, such as dosing chem cals to the backwash
25 pernmeate, or in conbination with gas scrubbing. WO 03/ 024575

PCT/ AU02/W023824572 Maruyama et al in Japanese Patent No. PPIZOQND20(272

di scl oses a hollow fibre nmenbrane backwashi ng net hod. The nethod invol ves
the following sequence: stop filtratior-air-scour nenbrane, fill the
menbr ane vessel, backwash with perneate under pressurized air and drain

the waste. Thi s Marpyamedet al insJapgesscePatent Ndi $R2031 20006EI088E i hesy .
Sunaoka et al in a United States Patent No. 5,209, 852 describes a process

for scrubbifpge NAbnBYarfd MRKkwWEBARN garr‘ﬁ‘&hbﬂ meyghel %thEB'ﬁlvav%eﬁ% 'f&ld%ﬁﬁ@osed

of a two- stage air scrubbing draining to clean the nmenbranes. or der

to mnims [ n S y

manut act ur SSUAPN o et S .ng SRR dffbishes, Al cb” Bhéblape *%Sﬁs'form
of fibres PIS |nc eases t unt of Eggﬁrane a ga fqﬁ f||t at|

within a nbdG HEMER 'ﬁﬁ%rp¥ﬁéUf iBHg 28EenSiay NReWAS '?lcult
it isto effectively flush solids caﬁtured during the f||trat|on process
from t hé nbr@sashee iviapdated Ihackieyea higher elficianey. i Sunarkaet aldnenbipited
solids renoval during is backwash allows either higher solids |evels to be

processed, Statehi Gatent Nenb/208¢8 5 desnibeke ras processt forbscrubbitg helthye ifibge t he
cost of treatnment. In prior art fibre nmenbrane systens, renoval of solids

i s usual |y nedrhBeined in ByodWespThis piochss Reempesed bPAABSstEHE aftfschisbingdul e
to the other and then out of the nodule through a side exit port. In this

case, soli Qﬁd"%frﬁmf ®lcls¥s e n?ér%ﬂ@ gthe fibres to the exit end of the

nodul e, but rmnust t en cross t bre bundle to exit the nodule. In high

solids applicat 'Iﬁ)BFdetr% %lﬁﬁrﬂgérfg&%%t efxr% ccgs][,emembrane modules are typically

10 manufactured with a high packing density of membranes, usually in the form of
fibres. This increases the amount of membrane area for filtration within a
module. However; the higher the packing density the more difficult it is to
effectively flush solids captured during the filtration process from the membrane
bundle. Therefore, improvement in the efficiency of solids removal during

15 backwash allows either higher solids levels to be processed, or higher
membrane packing densities to be used, reducing the cost of treatment.

In prior art fibre membrane systems, removal of solids is usually effected
by sweeping with feedwater from one end of the ;110dule to the other and then
out of the module through a side exit port. In this case, solids are first swept

20 along the fibres to the exit end of the module, but must then cross the fibre
bundle to exit the module. In high solids applications this requirement for the
flow to change direction and pass perpendicular to the fibre bundle to exit the
module can lead to accumulation of solids near the exit due to the tendency for
the fibres to act like a string filter and capture or hinder the exit of solids from the

25 module at this point.



flow to change direction and pass perpendicular to the fibre bundle to exit
the nodule can lead to accunul ation of solids near the exit due to the

t endency Woro3/oe4ses fi bres to act like a string filter and ®eptatre/owm72hi nder

the exit of solids fromthe 25 nodule at this point. WO 03/024575

PCT/ AU02/ 01272 -3- DI SCLOSURE OF THE I{/ENTI ON The present invention seeks
to overcone or at |east aneliorate one or nore of the di sadvantages of the

prior art QISGLORIRE QF THEINVENTeOMW alternative. According to one
aspect, the present invention provides a nethod of 5 cleaning a nmenbrane

{17t on modyhe prosh it ARSI JdASHEIGIRraNRe BF afRER: oMRIBIADRRC GOt o 1 1

a feed-containing vessel and extending | ongi tically

spaced upp r Ent o which the ends of the ranes are
ot t od,  noor e WRnlERIGES of et pllhl & ok 1638t Brovice 3 sl aemaibon
filtration operzjti on.whef\rei n feed containing contam nant matter is io
applied to one SCAdHY {p PR R5PEFE thel Preseat inventianepioyidgs: Bdmeod ofm t he
other side of the nenbrane wall, at |east one of said upper and/or |ower
header s 5 h&lgaREIch ige mmbrene filFationgmodhle, esaid mbdulee irfuluing conesliorgmond
suspending the filtration operation; b) performng a cleaning process on

t he menbr amembatanes dodaietotige fekil-comtaming amisseRbher extBRARGT PMgitdMaly aui d
surroundi ng the nenbrane; c) perform ng a sweep of the feed-containing

vessel subbbiddralénicalBAsghde Uhgelfj Eﬁ?'lé\na'f hesia’! ih ﬁ@ﬁﬁﬂaﬁéggn@%?ﬁl%‘es to

renove the liquid containingt | sl odged contam na , at l'east in

part, thr opHinbBfies ORR"bBASA! thd NReRBAEEs l‘?a'?/%g a permeable wall which is

subjected to a filtration operation wherein feed containing contaminant matter is

10 applied to one side of the membrane wall and filtrate is withdrawn from the other
side of the membrane wall, at least one of said upper and/or lower headers
having one or more openings therein, the method including:

a) suspending the filtration operation;

b) performing a cleaning process on the membrane wall to dislodge

15 contaminant matter therefrom into liquid surrounding the membrane;

c) performing a sweep of the feed-containing vessel substantially
parallel to the longitudinally extending membranes to remove the liquid
containing the dislodged contaminant matter, at least in part, through the
openings in the header; and

20 d) recommencing the filtration operation.
For further preference, the openings are provided in the lower header and
filtrate is withdrawn from the upper header. Preferably, the openings may also
be used to introduce gas into the module to produce bubbles for scouring the

surface of the membranes during said cleaning process. The sweep may be



20 d) recommencing the filtration operation. For further preference, the
openings are provided in the | ower header and filtrate is withdrawn from
t he upperwbaase+sss Pref erably, the openings may al so be u®ed/Aw2/Hm7eoduce
gas into the nodule to produce bubbles for scouring the surface of the
menbranes during said cleaning process.-4Fe sweep may be WO 03/ 024575
PCT/ AU02/ 01272 -4 perfornmed concurrently with the cl eaning process.

Pref er abl ypetibenssvesncirserstly Witigthe/ eleafingyprdbeeR- PrdTerabiye 368 swBY §81ki on
provi des for holes or openings in one of the nodule pots so that solids

swept al ongighhRIABRRSGESs during the backwash process 5 continue to flow
parallel to"the nemmbranes as they exit the nodule. The requirenent for the

lids t i al it at i d t i
substant  ai 1y r SAtEsetdR ety RHos e Gk oE sreeBstBna csbepmd o
subner ged nenbranes operated .in an open tank. In the prior art solids are
typically P%%Pe@aEW SPNeRipIeng the memiangs duragrthe haglomash piasgsshe

solids drains fromthe nodule it nust change direction near the bottomto
f1 ow ouf ofontieientedlave paralieticdthe membranes asittey &t themoedwengheol es or
openings in the bottomof the nodule, solids can continue to flow

subst ant i ateiquirpaveaitifed theasditie td tluseoves thd fibrepassdlow et af A & This
uninterrupted fl ow provides for nore efficient renoval of solid fromthe

nmodul e 15sigidantfdlly- reQG66d BF Biminaitéd.f urt her aspect, the present provides a
met hod of cleaning a nmenbrane filtration nodule, said nodul e including one

\c/)rer {T})LSI l”?”ﬂ gmalj‘% shﬁ%&%eb?c&lﬁ%@éﬁﬂ@ﬁo@dﬁné’rﬁga %erﬁgpan%)éto%%%%%
in an open tank. In the prior art solids are typically removed by draining the
10 tank. As the feed containing the solids drains from the module it must change
direction near the bottom to flow out of the module and drain from the tank. By
providing holes or openings in the bottom of the module, solids can continue to
flow substantially parailel to the fibres as they pass out of the module. This
uninterrupted flow provides for more efficient removal of solid from the module
15 and tank.
According to a further aspect, the present provides a method of cleaning
a membrane filiration module, said module including one or more membranes
located in a feed-containing vessel and extending vertically from an upper
header into which proximal ends of the membranes are potted, the membranes
20 having a permeable wall which 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 method
including:

a) suspending the filtration operation;



header into which proxi mal ends of the nenbranes are potted, the nenbranes
20 having a perneable wall which is subjected to a filtration operation
wher ei n fweds/ozsm ai ni ng contam nant matter is applied toremaABRAe7df t he
menbrane wall and filtrate is withdrawn fromthe other side of the
menbrane wal |, the nethod including: a&5suspending the filtration
operation; WD 03/024575 PCT/ AU02/ 01272 -5 b) perform ng a cleaning process

on the menbranebjal | pepfodinirigod dteartey protasyNdn MAE teEmbRATEVER b di§I8d4é qui d

surroundi ng the nenbrane; c) performng a sweep of the feed-contalning

vessel subgbgiminbhymalBF ﬁér@frghﬁﬂfghaugf %ggggh{j: iﬁﬁ‘?ﬁé mrgr%nge mbranes to

renmove the liquid containing tamnant matter, at | east

in part, throughyan ' ' h | e beneat h.sai d nenpranes; and d)
r econmenci ng thg)fi I ?’?ﬁ‘?hﬁﬁ‘%%&‘é@%% 'epd5RBIRG Y5¢ SF'IQE%ﬂQﬂUVNG
Enbodi nents_of the invention will now be described, by way of exanple 1o
only, wit h"?@“&i i, de tV@WQ?i’ya@ﬁ%}?ﬂi%uWﬂ@b@%ﬁ iy semaveshe Higuid g@rn&l)mng hows
a schematic sectional view of a nmenbrane nodule according to one

enbodi mént theadipladgns eontagnioast matieheattdast deqiary rthfoughean afpemine i tae e
nodul e according to further enbodi ment. 15 DESCRI PTI ON OF PREFERRED
EMBODI MENT@oRefebeneagthtsaid heerfbrgnes; dnd the filtration module 5 is nounted

within a housing vessel 6 which contains the feed to be filtered. The
filtration modulp 5 recommencing the filtration operation.
BRIEF DESCRIPTION OF THE DRAWING
Embodiments of the invention will now be described, by way of example
10 only, with reference to the accompanying drawings in which:
Figure 1 shows a schematic sectional view of a membrane module
according to one embodiment; and
Figure 2 shows a schematic sectional view of a membrane module
according to further embodiment.
15 DESCRIPTION OF PREFERRED EMBODIMENTS
Referring to the Figure 1, the filtration module 5 is mounted within a
housing vessel 6 which contains the feed to be filtered. The filtration module 5
contains a bundle or bundles of hollow fibre membranes 7 extending between
upper and lower headers 8 and 9, respectively. The lower header 9 is provided
20 with a number of openings 10 communicating with the interior of the fibre bundie
and a collection chamber 11 having an inlet/outlet port 12. Feed is supplied
through ports 13 and 14 under the control of valves AV1 and AV2.
Permeateffiltrate is withdrawn through chamber 15 and port 16 under control of
valve AV3. A backwash may also be applied through port 16 under the control
25 of valve Av4,



contains a bundl e or bundles of hollow fibre nenbranes 7 extendi ng between
upper and | ower headers 8 and 9, respectively. The | ower header 9 is

provi ded WO 03i024578 nunber of openi ngs 10 comruni cati ng w PoTiAT®2/0m7er i or of
the fibre bundle and a collection chanber 11 having an inlet/outlet port
12. Feed is supplied through ports 13-&nrd 14 under the control of valves
AV1 and AV2. Perneate/filtrate is withdrawn through chanber 15 and port 16

under control pfuse,aoVgs A¥sumAlabat Withmtheayodlis® ReloRty] figdiddaAgoh port 16
under the control 25 of valve AV4. WO 03/ 024575 PCT/ AU02/ 01272 -6 |In use,

solids acc | fi AL ] LR GAL | . kwash
are fl ushe%v%ﬁ%et@ lﬁlﬁr%%dtﬂ'gsm@gmogn ﬁ’]ét ﬁ‘rbgﬁ}é%lgﬁfghébetﬁ% 'ﬁggn@ggb@ openi ng
port 12 an [ syitaple pressure to the fee {thi.n the ule 5.
Port 12 m&%ﬁ@é%gmaﬂatagpgmgpg)?“é%@etpde%%ﬁﬁﬂége gqpv(\iwnfrypéf}?a‘réo ®uring 5
bubbl es wi h}:)n t£2e modul e 5 to assist cleaning of the fibre nenbrane
surfaces. 2FF§fr B2 Maygisr bg useditp SUPah garglenepanings A0 dapeovide aeawsingr, in
this enbodinment the hollow fibre nenbranes 7 are suspended vertically from
t he upperbuizleewiBiratie mpduleds tpasdigictieaning ef the Hovermdinbrane sadsceks?. The
distal ends 17 of each fibre nenbrane 7 are closed and filtrate w t hdrawn

t hrough the upfigure 2 sheaded sithilaBaginwgemenitd Figuré b peivewat, i thié | ushed or
swept through port 12. It will be appreciated that further enbodi nents and

oIt or R o e R e VB B BB B P RL8 01 272
- 7- upper header 8 and are not potted at their lower distal ends 17. The distal ends
17 of each fibre membrane 7 are closed and filtrate withdrawn through the upper
10 header 8. Backwash in this embodiment is flushed or swept through port 12.
It will be appreciated that further embodiments and exemplifications of the

invention are possible with departing from the spirit or scope of the invention

described.



CLAIMS: 1. A nethod of cleaning a nenbrane filtration nodule, said nodule

i ncl udi ng one or nore nenbranes |located in a feed-containing vessel and 5
ext endi ngwbong45a8li nal | y between vertically spaced upper @cad/Awaer27headers
into which ends of the nenbranes are potted, the nenbranes having a
perneable wall which is subjected to a7+ ltration operation wherein feed
containing contamnant matter is applied to one side of the nenbrane wall
and filtraCeEAIMS: Wi thdrawn fromthe other side of the nenbrane wall, at

| east one of said upper io and/or |ower headers having one or nore openings
therein, the nethod including: a) suspending the filtration operation; b)
perform ng a cleaning process on the nenbrane wall to dislodge contam nant

matter therefropi iqui d surroundi ng, the nbr ane; 15 c) rformng a
sweep of t?fe fe'g]d-ng%tﬁpéi ﬁrn‘ge@%’ggeﬁ @Lﬁfﬂpﬁﬁﬂq ﬁQr@orbamggjplgr st%gt mgdme

| ongi t udi nal 'Ih% ext endi ng nmenbranes to renove the |i gui d containing the

di sl odged 'BENCHE (P06 OhePER Mmambranest IoGaterhin atieedwgntainieg vessel rapgd i n
the header; and d) recommencing the filtration operation. 20 2. A nethod
accor di Ag @xesdingriongimdinaliynbetmeecoparically spasedruppatehd lowehaeatemsentdeader
and filtrate is withdrawn fromthe upper header. 3. A nethod according to

claim | orwhichiends bfithehaternirahesliang poietd thes imBiamesi Hidving A difidabRe

t hrough sai d openings to produce bubbles for scouring the 'surface of the

menbr anes W4y | Whickiisl Shi5aBieRd 1o @ ChtatioNCoPldlivhS WherSilY ALY Hridifing 8
contaminant matter is applied to one side of the membrane wall and filtrate is
withdrawn from the other side of the membrane wall, at least one of said upper

10 and/or lower headers having one or more openings therein, the method
including:

a) suspending the filtration operation;
b) performing a cleaning process on the membrane wall to dislodge
contaminant matter therefrom into liquid surrounding the membrane;

15 c) performing a sweep of the feed-containing vessel substantially
parallel to the longitudinally extending membranes to remove the liquid
containing the dislodged contaminant matter, at least in part, through the
openings in the header; and

d) recommencing the filtration operation.

20 2. A method according to claim 1 wherein the openings are provided in the
lower header and filtrate is withdrawn from the upper header.

3. A method according to claim 1 or claim 2 further including introducing gas

into the module through said openings to produce bubbles for scouring the

surface of the membranes during said cleaning process.



4. A nethod of cleaning a nenbrane filtration nodule, said nodule

I ncl udi ng one or nore nenbranes | ocated in a feed-containing vessel and
ext endi ngwoasie4sas |y from an upper header into which proxipcalAteads27ef t he
menbranes are potted, the nmenbranes having a perneable wall which is 5
subjected to a filtration operation whe¥ein feed containi ng contam nant
matter is applied to one side of the nenbrane wall and filtrate is

wi t hdr awn 4f r omat haeideerof Sicdirtf & heembranantitratibh, nddulereshiod moduledi ng:
a) suspending the filtration operation; b) performng a cleaning process on

the ”e”bfﬁgbwgb'n%@g & HALIMeritaREs BERRAN BRTALcOMBIMAG Ysel antil qui d

surroundi rane; Cc) performng a sweep of the feed-containing

I b lally. |lel to th ' I L ' t
emove thetaaing eiRdbhing® arhorhrorsagks Bl i ORI HFPers, 1,
part, through an opening in the nodule beneath said rrerlgranelf; an@ .%5 d)
r ecommrencineMbraNgs lare apotiad. ofier Mmerabrangs ﬁanﬁgh%dpeo\r&%q ¢ nial VIURT Bne of

clains | to 4 wherein the sweep is perforned concurrently with the

cl eani ng pubjected tda filtratinh opetatioorwhergin feedhsordaining centaminantanatier 8 ai ns
wherein the sweep is a high velocity sweep. 20 7. A nethod according to
any one ofgpphied kb @hedidd of tiid Memidranewalltdrel Slvatpis withgnaseiufoed thg offpgrl vi ng

fluid under pressure to the feed-containing vessel.
side of the membrane wall, the method including:
a) suspending the filtration operation;
b) performing a cleaning process on the membrane wall to dislodge
10 contaminant matter therefrom into liquid surrounding the membrane;

C) performing a sweep of the feed-containing vessel substantially
parallel to the vertically extending membranes to remove the liquid containing
the dislodged contaminant matter, at least in part, through an opening in the
module beneath said membranes; and

15 . d) recommencing the filtration operation.
5. A method according to any one of claims 1 to 4 wherein the sweep is
performed concurrently with the cleaning process.
6. A method according to any one of the preceding claims wherein the sweep
is a high velocity sweep.

20 7. A method according to any one of the preceding claims wherein the sweep

is produced by applying fluid under pressure to the feed-containing vessel.



