WD 03/ 013706 PCT/ AUO2/ 01065 -1 TITLE: METHOD OF CLEANI NG MEMBRANE MODULES
FI ELD OF THE | NVENTI ON The present invention relates to nenbrane filtration
systens awo,03mm37@6 particularly, to a nmethod and appar at ueciroxvooprssvi ng
the filtration efficiency of 5 such systens by providing an inproved

cl eaning systemfor the nmenbranes. BACKGRQUND ART Any di scussion of the
prior art throughout the specification should in no way be considered as

an admni ssio r rms part of conmon
gener al know-@'% Mﬁﬂtﬂ@ C?QQL?ANB'%% ww&@@rjﬁ'é$ation process, the
met hod used _to sically clean nenbranes is of vital inportance. An
efficient nﬁh%-rfg EHEINVENEOMNit egy can maintain a stable perneability of
t he nenbrane and reduce the frequency of chem cal cleans. A comonly used
rret hod to physi cﬁhéypreberaninvemﬂmareiate'sstoamemmrhmasfﬂtrdtwnssysiaﬂnbeahd, more
"backfl ush” or "backpulse") with the perneate/filtrate or a 15 gas. The

backwash nmephARulasly! wacmelmbwéﬂa épba%t@@tfoﬁ%bﬁiﬁm’@ ﬂféﬂfmnbheefraeﬁar ape
pores and partly dislodge the cake that may have forned on the nenbrane

surface. JBaghuas ta\mgfqygfruse FEfhA8Red B8R SheR PG FlehisbaaL c! eaning

met hod and I'S no nrcro tration processes.
The 20 |i nmet hod I s the nmenbrane pore size. Backwash of
menbr anes %ﬁ%ﬁfgﬁ%é s no limtations to the pore size, but the
backwash efficiency is generally |lower than gas backwash and the
t ransmenbr ane pr Apy dissusginvPof thespriarear thioughaw thghspecifisationshowd in Gl wayy
rate. Further nmeans are enployed to enhance the backwash efficiency, such
as dosi ng cheroasiderddoas he adatigsiars that 2bcp @rioeattds widely knownior fartrisopartof h
gas scrubbi ng.

common general knowledge in the field.

10 In a membrane filtration process, the method used to physically clean
membranes is of vital importance. An efficient membrane cleaning strategy can
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

15 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
membrane surface.

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 means are employed to

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

25 permeate, or in combination with gas scrubbing.



WO 03/ 013706 PCT/ AU02/ 01065 -2 Maruyama et al in Japanese Patent No.
JP2031200 di scl oses a hollow fibre nmenbrane backwashi ng net hod. The net hod
i nvol ves whasbod7bowi ng sequence: stop filtration, air-scear/Aamobimse, fill
t he nenbrane vessel, backwash with perneate under pressurized air and
drain the waste. This 5 procedure is repeated to achieve a higher
efficiency. Sunaoka et al in a United States Patent No. 5,209, 852

descri bes a proc f sgr ubbi ' I g I hi s
process is corrpo@gazu)()%g ‘%tv%-'gt‘g%ea‘rﬁglgl?q#s\éct%hgE@ngjﬁgg’a%gg?'%‘%g %@ té)é";rll- t he
menbranes. A lot of effort has been de to re effectivel | f§ ,solids
accunul at edﬁbrieo Wpf?é‘errg?ﬁp‘é(ﬁéh'ggr 'an]%oddndTH% f"}‘?ih?fgr'%o'lﬂ?rgc}b?i fﬂ”QY"H@? t he
backwash pressure and enhancing the air scrubbing efficiency. Another

i mpor t ant  sseguenseachtopy diltratioref airGceHt @eadiang, fihitee memyass vassgll y
ignored, is the renoval of solids that have been exfoliated off the

menbr ane, fbackhwinsh wetibpenmeatedwinder pressurizedi aial anettdrads the egaste! y Tidsd
are by draining down of the waste or by feed 15 and-bl eed. Feed and bl eed

i nvol ves scopidcedate [ Rpdiatdl & avimeve actighét ffisntpeBuridka @t di e af Whitedpt i on
system The outcone is the accumul ation of solids within the nodules,

particul arl t Aomdul t : re
serious if %Fléetggn\?r%ré antei\go 'a?%og’ergr??e%sﬁéc eg ?B&%gﬁofgﬁlsgm%ﬁw@%%ﬁwHE
I NVENTION 20 It is an object of the present invention,to overco . at
| enst anel | emanghdn SRl o HioBerS B o R L ST it stagE §F Sy
outlined above or at |east provide a useful alternative. According to one
aspect, the2pd S5IANG tR\eAN tie MEmPraRes-a nethod of cl eaning a nenbrane
filtration nodul e, said nodule including at |east one 25 nenbrane |ocated

in a feed-cont ai Ailnt ol efforl hag heemenadeite nerei effectively lift solids accumulated
10 on the membrane surface and in the pores by optimising the backwash pressure
and enhancing the air scrubbing efficiency. Another important step to achieve
an efficient cleaning, which has been largely ignored, is the removal of solids
that have been exfoliated off the membrane, from the membrane modules. The
typical methods presently used are by draining down of the waste or by feed-
15 and-bleed. Feed and bleed involves continual bleeding of waste 6ontaining feed
out of the filtration system. The outcome is the accumulation of solids within the
modules, particularly towards the two ends of a module and the effect becomes
more serious if the membranes are densely packed in a module.
DISCLOSURE OF THE INVENTION
20 It is an object of the present invention to overcome or at least ameliorate
one or more of the disadvantages of the prior art outlined above or at least
provide a useful alternative.
According to one aspect, the present invention provides a method of
cleaning a membrane filtration module, said module including at least one

25 membrane located in a feed-containing vessel, the membrane having a



WO 03/ 013706 PCT/ AU02/ 01065 -3 perneable wall which is subjected to a
filtration operation wherein feed containing contamnant matter is applied
to one siwewN17he nmenbrane wall and filtrate i s w thdrareTiAwenidee ot her
side of the nenbrane wall, the method conprising the steps of: 5 a)
suspending the filtration operation; b) .perform ng a cleaning process on
the nmenbrane wall to dislodge contamnant matter therefrominto liquid

surroundi ng ﬁbhﬁegﬁlﬁbr If;wrﬁé:h Pr %9%5‘8&% garégtﬁlt%iloﬂc o ra?t'@eg\{ﬁgr%@gg%ed

feed-contai ning vessel to renove contai ning t
contam nant matter; and 10 d) reconmenci.ng.the filtragion opneration.

Pref or ably. COREAING SAPTARBRRL ekl ¥ Bpaithio Phe s of e rePAaaR Wl ans

t he nenbrane pores. For preference, the fluid backwash includes a liquid
and /or gaditide Weawhhdiayn fiom Hee qiher sidened the yaembiane albr hee Brethod

I ncl udes gas scrubbing of the surface of the nenbrane. 15 Preferably, the
sweep of theompeigingothestepsngfiivessel is perforned periodically in different
directions within the vessel during operation of the cleaning nmethod. The

cont am nant mattg? magubpehdiag tisofikration perdtion; speci es or other materi al
renmoved fromthe teed during the filtration process. 20 BRI EF DESCRI PTI ON

OF DRAWNGS Pref gyred g%ﬁ’@ in@eé“c‘lba?’\(lﬁmﬁgt; WS%H He MEmbRRNVaR o WidlbdgwW be

gescribedz by way’of exanple~only, erence to the accon?anﬁlng
: . t t
O ot 9% stz e PR ARG AR TR BRRE (T,

C) performing a high velocity sweep of the feed-containing vessel to

remove the liquid containing the dislodged contaminant matter; and

10 d) recommencing the filtration operation.

Preferably, the cleaning process of step b) includes a fluid backwash of
the membrane pores. For preference, the fluid backwash includes a liquid and
lor gas backwash. For further preference, the cleaning process includes gas
scrubbing of the surface of the membrane.

15 Preferably, the sweep of the feed-containing vessel is performed
periodically in different directions within the vessel during operation of the
cleaning method.

The contaminant matter may include solids, soluble species or other
material removed from the feed during the filtration process.

20 BRIEF DESCRIPTION OF DRAWINGS

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

Figure 1 shows a schematic representation of the membrane module

25 assembly according to one embodiment of the invention;



WO 03/013706 PCT/ AU02/ 01065 -4 Figures 2a to 2d show schematic
representations of the nenbrane nodule of Figure 1 during the nenbrane
cl eani ng wegaemyes according to the invention; Figure 3 sikRomsst@agre@aph of
transmenbrane pressure (TMP) versus tinme 5 for the nodule of Figure 1
illustrating cleaning efficiencies of vargous backwash regines; Figure 4
shows a graph of transnenbrane pressure (TMP) versus tine for the nodul e

of Figure 1 ill Uﬁgé.ﬁ érs‘%%ttﬁezﬁf ERG ?éhérﬁ'&ié‘irg re\é‘ébf%ﬁi%g SR nr@@mb?&‘i@ra“e

cl eaning; 10 Fi gur WS a schermati c representation of a nenbrane nodul e
according tgo a fur r enpodinment of the present invention; and.Figure 6
shows a graHFPdé‘Ile P&ﬁ%‘#@ r @gpﬂth SO& f’t‘%@e%?%&?qt‘?%e 4G ’dﬂ’r%g% | e
of Figure 5 illustrating the effect of the gas injection on scrubbing

ef ficiency. iNVeNBERSCRI PTI ON OF PREFERRED EMBODI MENTS AND EXAMPLES In the
preferred enbodi nents, the nenbrane cleaning regine may i nclude a

conbi nation, in pigured shawsteogephdeptradsmgntrané @réssaae (dMP) weraus ttime  of
one or nore backwash met hods. A backwash or bl owout, or a conbination of

both, may beorupednbaule2st Figateodghusttaingdiéalsing leffidiémnges be varols backwastes.
The backwash is normally achieved by forcing the perneate in a reverse
direction t?eg&ﬂ'n'e"srati on through the nenbrane pores. The backwash flow rate
is usually inh a range of 50 - 500%of the filtration flow, nore commonly

in arange of 100 ..3PQROQRL 4 BEadd bf fahSRRAIEENE pPRRRE R versus time

PCT/ AU02/ 01065

for the module of Figure 1 illustrating the effect of the high velocity sweep on
membrane cleaning;
10 Figure 5 shows a schematic representation of a membrane module
according to a further embodiment of the present invention; and
Figure 6 shows a graph of transmembrane pressure (TMP) versus time
for the module of Figure 5 illustrating the effect of the gas injection on scrubbing
efficiency.
15 DESCRIPTION OF PREFERRED EMBODIMENTS AND EXAMPLES
In the preferred embodiments, the membrane cleaning regime may
include a combination, in part or in whole, depending on the feed water quality,
of one or more backwash methods.
A backwash or blowout, or a combination of both, may be used to
20 dislodge the solids blocking the membrane pores.
The backwash is normally achieved by forcing the permeate in a reverse
direction to filtration through the membrane pores. The backwash flow rate is
usually in a range of 50 — 500% of the filtration flow, more commonly in a range of

100 — 300% of the filtration flow.



-5 Blowout is another nethod of renoving solids fromthe nenbrane pores by
creating a rapid and expl osive deconpression within the filtration vessel.
In this wetlkmd37oé he two sides (feed side and perneate si a€l/Afo2aioeenbr ane
are firstly pressurized to a specific value. Then the discharge val ve on
the feed side is s opened to generate angnstantaneous negative

transnenbrane pressure (TMP). The solids in nenbrane pores are then bl own

out by the instag’ %saﬁ'&ﬂgf g od@ﬁenﬁﬁnﬁ%ﬁﬁﬂ% ﬂﬁﬁntﬁpggﬁ{ef %X/\eep

enbodi nent, the owout™ can nt'egra 'nto

step. Anot her met hod o sol i ds bUI|d u he menbr ane L1s
i 0 uses gas @?@Ugl%@pﬂiaaa Ioég’@ {’)%F@Wﬁﬁ?'aﬂéﬂ" ;%nﬁl%ra%rﬁ é’eﬁﬁ?'hoH‘ME%S
gas bubbl es noving past the nenbrane surface to achieve an efficient

scrubbi ng. Metkod dhartegsides (fegd! sideaad permaate siden raf i membrage; arg firstly

processes where suction is applied to the perneate side of the nenbrane
wal | to i ndpoesshirized 4 izospediic value. Phes sheidischangertyaivecohitherfaed aide is
systens, gas scrubbing is achieved by injecting 15 gas, usually air, into

the bottagm gpenéd td aensriid rNRsERtHcdUsMddativd erangRigimisrhAe | frevdur@TMM). f rom
t he upper end, as described in Japanese Patent No. JP2031200 and Unlted

States Patef e'\é%ndéw?ﬂ%n%%neﬁ & atd IRt Yythe a@&%g%&bgi riegamRed

fromthe nmenbranes are nor nal Yy renoved raln

force on thdl Sh?é*e%f e B I FRbofR IR Bl Q%‘ﬂuaigo Bty

weak and nmay not be h enough to flush accumul ated solids out of the
nmodul es and Waﬁ'ghﬁeggm%e%?ephe surface of the nenmbrane. The situation
is nmore manifest in hollow fibre nenbrane nodul es having a high fibre
packi ng densi ty. Awgthes/petpdeoPamaviog/ salgissbuildsup from the membrane walls

10 uses gas scouring to exfoliate the membrane surface. This method uses gas
bubbles moving past the membrane surface to achieve an efficient scrubbing.
Gas scouring is widely used in the membrane filtration processes where suction
is applied to the permeate side of the membrane wall to induce filtration. For the
pressurized membrane filtration systems, gas scrubbing is achieved by injecting

15 gas, usually air, into the bottom end of the membrane module while the
permeate is withdrawn from the upper end, as described in Japanese Patent No.
JP2031200 and United States Patent No. 5,209,852.

After the backwash step, the solids removed from the membranes are
normally removed from modules by draindown of the waste. The velocity during

20 a normal draindown is limited by the gravity force on the liquid within the vessel.
The shear force thus generated is weak and may not be high enough to flush
accumulated solids out of the modules and/or strip solids off the surface of the
membrane. The situation is more manifest in hollow fibre membrane modules

having a high fibre packing density.



Referring to Figures 1 and 2, a preferred enbodi nrent of one formof nodule
cleaning will be described. Figure 1 illustrates a nenbrane nodul e assenbly
5. A hol |we mios7es nmenbrane nmodule 6 is |located in a vess@CTAUZe6csDdUl €
6, in this exanple, 5 contains a plurality of porous hollow fibre
menbranes 8, the ends the fibres openingginto respective upper and | ower
pernmeate collection headers 9 and 10. Filtration takes place by applying

Fibre Lumens. i Rerag ge FBBres Ehd i va preteMEr Bt oRRGRFS) Spkclcntid s

t hr ough port nd 12 cqonne ted headers 9 io and 10 respectively. Feed
i nl et ports"@li‘?tglefﬁ'“gﬁ’&'ﬁ P@gharge ports 15 and 16 are provided at
t he upper and | ower ends of the vessel 7, ectivel Val ves AVl and AV2
control the fl owFigure e‘edlus(trqbestasnlembmelmqm@ie @saan{é)es 5. AVB hallgwafligre
control the flow of scouring gas. The flow of filtrate or perneate from

t he header snienalrdingéOmoduleodtis tddatel iy anadsseb 7 AVBhemabdN@ Butin Itkis baakmeleh 15
flowto these headers is controlled by val ves AV7 and AV4. Val ves AV5 and

AV6 cont 10l com@airts i SaRmitg of fddrdud tollswifibrenthehtbranbs sstihesesds trte fibFé¥-ess
wi |l now be described with reference to Figures 2a to 2d. Step 1

Filtrat t

3 ogsn!‘)the&*ﬁ' DR e Hﬁtaﬁ*bdg%égltez@e eogARR nedloleD A g e
er and rts, 13 _and. 14 whi he d f

tjﬁg top and (trb?r? ia(ﬁ bé(napf?t@'”@f f? Qeg % b(e]J ﬁq%ﬁmrﬁq‘% rem

Fi gure 2(a)) Ste 2. A|r scourin th nd of the iltration step

val ves AV1- WﬁhﬂfaéN'Bgdgféﬂ‘eatezﬁ"QHa ttherf'btrﬁéumﬁﬁér Riteie/ReyBedta t?erem%d

the gas inlet valve AV8 are open. WO 03/013706 PCT/ AU02/01065 -7 Gas
(usual | 'y ai frpmi kothiendsi oftthe duedide Grihcougheportsili! @nd theonngetecto/bead@sehd
the 10 and 10 respectively. Feed inlet ports 13 and 14 and waste discharge ports 15
and 16 are provided at the upper and lower ends of the vessel 7, respectively.
Valves AV1 and AV2 control the flow of feed to ports 13 and 14 while valves
AV8 and AV5 control the flow of scouring gas. The flow of filtrate or permeate
from the headers 9 and 10 is controlled by valves AV3 and AV4 while backwash
15 flow to these headers is controlled by valves AV7 and AV4. Valves AV5 and
AV6 control waste discharge from ports 15 and 16.
The steps of the process will now be described with reference to Figures
2ato 2d. '
Step 1. Filtration. During a typical dead-end filtration process, valves AV1-4 are
20 open. The raw feed water is fed via valves AV1 and AV2 entering the upper and

lower inlet ports 13 and 14 while the permeate is withdrawn from the top and

bottom ports 11 and 12 of the module 6 (as best shown in Figure 2(a)).

Step 2. Air scouring. At the end of the filtration step, valves AV1- 4 are closed,

25 and then the upper discharge valve AV5 and the gas inlet valve AV8 are open.



| ower port 14 to scour the nenbrane as illustrated in Figure 2(b). Step 3.
Pressurization via backwash. Wen the gas scouring stops, valves AV5 5 and
AV8 are cwoss@i37dhie vessel 7 is left partly filled wth gasTaadaicsr. A
per neate backwash is initiated by opening valves Av4 and AV/. The pressure
in the vessel 7 gradually increases during the backwash to pressurize the
remai ning gas wthin the vessel 7 (see Figure 2 (c¢)) and finally the

Pocket | s 1 R puShiR o] FBHERER1RaMRE Mo SR nidiyn Cabe AR b B 075,

gas pocket s to drain down or partly drain . do e liguid waste at the
end of the W‘?rrpﬁrf il}l}lt%?%%rltﬁﬁr”ﬁ)%m%anet%'"{jﬁga?ggﬂ%i?%e :lp(ﬁB'St ep 2. In this
case it takes longer tine to pressurize the gas, and consunes nore
permeate, but will achieve a higher average sweep velocity. The sweep 15
velocity is desirably greater than 0.03nlsec and preferably in the range
0.3 nisec Ste30PessaczatiirepiabadkivasbutWhed the ghs sebuting gtapseeplvdsixV/5
(Figure 2 (d)). Wen the pressure on the perneate side approaches that on

the feedssi dad0AVS hge dlésateNThangesull 7, isWeiftcartly fille8owith yaxpandnwatei.sghar ge
pressure of the backwash punp, valve AV6 is opened. An instantaneous

negative T e'fsrﬁe%?’ﬁcg&%%gg%iﬁét%dtWoﬁ@@i’lﬂﬁu%?vé@’a)\w MY AU 7aCTHE YRS sBre

second back rane pores. | 't aneously, the high-pressure
935, DOKet oifp et el GBSl bt Re BRI SRR, W
ey “reebn S5 BT o Tl R M L A0 RS
negative TMP and sweep velocity that can be achi eved depend on the
resi stance bath sidedcdithe menabegng wals paualiaase Hrpreseurizedn@as poekalds ¢hus he
10 formed within the vessel 7.
Another way to create such a gas pocket is to drain down or partly drain
down the liquid waste at the end of the filtration Step 1 or after the gas scouring
in Step 2. In this case it takes longer time to pressurize the gas, and consumes
more permeate, but will achieve a higher average sweep velocity. The sweep

15 velocity is desirably greater than 0.03m/sec and preferably in the range 0.3

m/sec to 2.0 m/sec.

Step 4. Blowout and high velocity sweep down (Figure 2 (d)). When the
pressure on the permeate side approaches that on the feed side of the
20 membrane wall, which is also the maximum discharge pressure of the backwash
pump, valve AV6 is opened. An instantaneous negative TMP is generated
across the membrane wall, which achieves a second backwash of the
membrane pores. Simultaneously, the high-pressure gas pocket formed on the
feed side rapidly expands and sweeps down the solids out of the membrane

25 module at a high velocity through port 16. The high velocity sweep may also



menbrane. At the end of the fast drain, the backwash punp is stopped and 5
val ves AV6 and AV7 are closed. The sequence then returns to the start of
filtrati owo oBloe3s7ps ocess descri bed above generates both a cowaweoefssect and
a fast drain-down of the vessel 7. Therefore good cleaning efficiency can
be achieved. Oher neans to achieve a higgh velocity sweep may include the
use of the feed io punp to deliver a sweep flow or enpl oyi ng conpressed

ai r/ gas appl,| to o | t | g0 e e , to
Schi ove a eGRts SGR steEhTBrod R a3k BRI e mdpHeC it 2o e
formation of a.pressurized bubbl e within the feed containi vessel is
ai1icult amENBuRDaRpeteHlTy and: PaRsp Veloty dhaf et Hes ABirarg dehgh on
containing region is provided within a further 15 vessel coupled to said

f eed- cont ai Hihgesielanee inthe draisyling ang; engresedreepn 4he Parmeate sidrepf e sel
are sealed as a whole following said cleaning step and pressure applied to
gas withi n nfembmnec oAt dheniend ofethieofast araine s bazkwash pugas jis stdppegdrasd ur e
is then rel eased by opening the feed-containing vessel to atnosphere so as

to cause st hgaReeSAUE | il ABES ate clogednd TABsgYuRIieecthenl fetdfshiodthey etreiof Y
sweep of the feed-containing vessel. An external vessel may al so be

sel ectivel ysgeMBhed by a valve to the feed-containing vessel and contain
pressuri zed gas and/or liquid which is released by opening the valve into

et hod of achi evil g TISRR G  RECANE Sclfergletbdf LRI HER: o s
0o S55r0n. R R LA Skt ae ey o hoiod”
frequency of change of the sweep direction depend on the nodul e
confi gur at i &iher eeangde @chinygl a hghveloche swepermgy iitrléds dhe veg of the ferd
filtration system
10 pump to deliver a sweep flow or employing compressed air/gas applied to the
vessel housing the module or an external vessel, to achieve a high velocity
sweep. An external vessel may be used where formation of a pressurized gas
bubble within the feed containing vessel is difficult due to module configuration.
In such an arrangement a gas containing region is provided within a further
15 vessel coupled to said feed-containing vessel. The feed-containing vessel and
the further vessel are sealed as a whole following said cleaning step and
pressure applied to gas within the gas containing region to pressurize said gas,
the pressure is then released by opening the feed-containing vessel to
atmosphere so as to cause the pressurized gas to expand and produce said
20 high velocity sweep of the feed-containing vessel. An external vessel may also
be selectively coupled by a valve to the feed-containing vessel and contain
pressurized gas and/or liquid which is released by opening the valve into the
feed containing vessel to produce the high velocity sweep.

A further method of achieving a highly efficient sweep is to change the

25 sweep direction (upwards and downwards sweep) from time to time. The times



It will be appreciated that the nmethod of cleaning nenbranes described 5
above can al so be applied to the inside-out filtration process, filtration
by sucti owo sana37oé her types of menbranes, including flat gaFetyo2oulssl ar,
spiral wound as well as other configurations. A nunber of tests were
conducted using different cleaning regimes. These tests are descri bed
below. io0 Exanple 1: Short termtests A hollow fibre nenbrane nodule with a
surface are 3 (iha D) L i C L at ed
in Figure 1.af gf‘?tg‘g‘?ig%rfnmg@gc@% t’ﬂlc ea%?pbpﬁ%@%&%ﬂoﬁg@}ﬁ{g‘é sﬁglstpés%\g%éé)f

t he nodul e Bor 10 njnutes ang at a f'I ux of 52. L/{%}/J;r. tThe f«]aFd w%t?l_r‘
quality was3IpEEion.iqapend; opping (podyle sgontigyration, NER'PE BRI @ANCa{iSdn a
menbr ane cl eaning procedure was started. The follow ng cleaning strategies
wer e conducPparaiing conditians aiithe fikratiopisystemi s conpared in Figure 3.
Strategy 1: Perneate backwash only. The cl eaning protocol involved the

per meat e backwash willlbe appeecidteds that theomethatl oB tleanmgdmenthranes adesofibdd 20
seconds. Solids were renoved by punping the feed water at a flow rate of
3.5 nB/hr hbeve che disv\es ab?li&! @t indRié-GutERpAtitth Praices$, fillratisroBylsactién ough
valve AV5 for 38 seconds. The TMP kept rising after each backwash,

| ndi cating BHBrothé}atggwéf‘n%fgﬁﬁr‘éhéaci)ﬁclu\ﬂﬂ t%%é?%ﬁ’&%é, ®50Ra as vl

Strategy 2: Air scouring and perneate backwash. The cleaning strategy

i ncluded a presaerati.on. for 15 seconds at an air flowrate of 8 nB/hr and

t hen the pgisf%@‘? e&bggg(&ﬁ@)ﬂs'si mlar to Strategy 1 plus a continued aeration
for 15 seconds. .The solid re renoved by the norpal sweep as in Strategy
1 The 5 TWB dr ofip UMY col- 45 WPBhGONAHGed BEPOcPMETe e RENERt TEITeSy o
achieved. Strategy 3: H gh velocity sweep down. The sequence was air
scouri ng f ol hese tests are described below.

10 Example 1: Short term tests

A hollow fibre membrane module with a surface area of 33 m? (based on

OD) was installed in a process illustrated in Figure 1. Filtration was conducted

by pressurizing the shell side of the module for 10 minutes and at a flux of 52
L/m?/hr. The feed water quality was poor with a turbidity of 35 NTU. At the end

15 of filtration a membrane cleaning procedure was started. The following cleaning

strategies were conducted and the cleaning efficiency is compared in Figure 3.

Strategy 1: Permeate backwash only. The cleaning protocol involved the
permeate backwash only at a flow rate of 3.2 m%hr and a duration of 15
20 seconds. Solids were removed by pumping the feed water at a flow rate of 3.5
m3/hr from the lower inlet port and sweeping out of the module through valve
AVS5 for 38 seconds. The TMP kept rising after each backwash, indicating poor

backwash efficiency.



seconds, gravity drain down of waste (5 seconds), perneate backwash with
the shell side valves closed till the pressure at the perneate side
reached 480 osBas7w® (20 seconds), then opening the drain vacrauooashi eve a
bl ow- out and high velocity sweep down (10 seconds). Figure 3 shows that
such a high velocity sweep-down furtherigecovered TMP and renoved the
foulant on the nenbranes. The high velocity sweep not only renoved

cccuml ot ed<iohld o ATULARIP YR potodle SoRKGUAISC T i Yrigof |

t he nenbr ane suri’aces. Tate

different ti cale: gravity drain faqr 10 seconds, backwash a

pressuri zat fﬁu&éfa @(59'%8@5 fofaslst‘?\%agﬁﬁ%ﬁpﬁrﬁ%f@@i&ﬁ@\/@éﬁ"@&b\ﬁ" e 5
seconds. Simlar effect to Strategy 3 was recorded. The above strategies
wer e repeat earmanaate; hackwash tsimilan ggt%@t@gy Doplys f @ qqniiaHed sagjption foRi th

vel ocity sweep down in renoving accunul ated solids from nodul e. Exanple 2:
Ext ended t esecandsef Thetsolids wiegh remabued by théviormabewedp asxindstcadgy dst Thes
conducted in the sane pilot machine and on the 25 sanme site as in Exanple

1. The sts afpApy desppeidnafied stich chsahy amd a dettep elcaBRigteffiCRWEY VR 48 H dhis /20
PCT/ AU02/ 01065 -11 backwash (Strategy 2 in Exanple 1) was used to cl ean
the nmenbranes. Fouling of the nenbrane was reflected in the TMP ri se
during a constant flux operation process. The TMP change profile was

ecorded onshefiaheal PAPIeREN st gy bl aboa SeaiP L Lo
o Exampl o SPR, SIEND AaUNIOND SeRe SBAPPTER, POTBCHAPAGRIE AT T abi ¢
during the gﬁéﬁ sisciiexvaci\?gssclgggd ?i“ltﬁeaprcra;ssuereogt trl\e kat;?m\gg’?e side reached 480 kPa
10 (20 seconds), then opening the drain valve to achieve a blow-out and high
velocity sweep down (10 seconds). Figure 3 shows that such a high velocity
sweep-down further recovered TMP and removed the foulant on the
membranes. The high velocity sweep not only removed accumulated solids
from the module, it also provided further scouring of the membrane surfaces.
15 |
Strategy 4: Similar to Strategy 3 with a slightly different time scale: gravity drain
for 10 seconds, backwash and pressurization for 30 seconds followed by high
velocity sweep down for 5 seconds. Similar effect to Strategy 3 was recorded.
The above strategies were repeated and the results illustrated

20 effectiveness of the high velocity sweep down in removing accumulated solids

from module.

Example 2: Extended test on effect of high velocity (HV) sweep

An extended test was conducted in the same pilot machine and on the

25 same site as in Example 1. The strategy combining air scouring and permeate
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recorded. On Novenber 8, the special high velocity sweep was renoved and
the TMP increased rapidly without the fast sweep. The extended test again
o illustwatiediztne effectiveness of the high velocity sweegTiAule®msi ng of
menbranes. A further aspect of the invention relates to an inproved gas
scouring nmethod where perneate can be w{hdrawn from both ends of the
nodul e. According to this aspect there is provided a nethod of cleaning a

b £ : . : . . N
e ane nobBERIASR AT 2 Ao MM et b i raismarncrelge”

bl whi ' bj iLtratior ti wh in. feed
Cont ai ni ng. CoMEMeTEREN AL oGk P VB M R0Eh 8 CorsiAtE ARl |
and filtrate is withdrawmn fromthe other side of the nenbrane wall, the
met hod conpPragess. t hee JidBshengewofile wasgesended ema dala loggpoAeviserand on;
b) dislodging contam nant matter from said nmenbrane wall into |iquid

sur r oundi ngFiduze deiliisteates the TMWprafileyaAfteuthinee daps (Qgtablee 30reNeveraber 2) t he
menbrane wal |, said gas bubbles being fornmed by feeding gas into said

f eed- contsai TMP roRsBEb.5 kPQUTheAthe ReAtrB0progedaiwas Evarjerf ©F slldw oné hggh
opening is positioned laterally of the nmenbrane. /BSWWD 03/013706

PCTI AUD21 01088ty Lok (S181eR5 £1y EKAmARS! Mo éry it RO RUERRho e

nodul es via the tto port’ an _ meat et fromthe top end only.
Patent o, - N a10nte TRitie Aufifi0ctdhdk 8 B8 AR SR8 Rt ot AckRE v °°
bot h ends. R s OF Neeyirdb thReARSIINGI: YRR Sataash VAR dOMRE RS | or
alternative gas injection. In
the TMP increased rapidly without the fast sweep. The extended test again
10 illustrated the effectiveness of the high velocity sweep in cleaning of
membranes.
A further aspect of the invention relates to an improved gas scouring method
where permeate can be withdrawn from both ends of the module. According to
this aspect there is provided a method of cleaning a membrane filtration module,
15 said module including at least one elongate membrane positioned in a feed-
containing vessel, the membrane 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 comprising the steps of:
20 a) suspending the filtration operation;
b) dislodging contaminant matter from said membrane wall into liquid
surrounding the membrane by flowing gas bubbles along the one side of
the membrane wall, said gas bubbles being formed by feeding gas into

said feed-containing vessel through an opening therein.

25 Preferably, the opening is positioned laterally of the membrane.
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this configuration, port 12 is connected to the gas source via valve AV9
and the backwash |ine through valve AV4 is renoved. Perneate is w thdrawn
from one werd/ioidtmmeugh port 11. io There are two choi ces ofecirrtuoedussng gas
into the nodule 7. The first option is to introduce gas into the bottom
pot of the nodule via port 12. Alternatjyely gas can be injected via shell
side feed port 14. This nethod allows the application of gas scouring to

the situation wh te | q%Iﬁ%

Fi gure 6 conpar eg{ ?}1& BW’*:@?"& 'Ewgﬁgﬁ%‘?% w?&ﬁé I'n) ectl on gasn? nto
port 12 or 14. Un t he sane .oper t|n conditi s into a
Gifferent pBPl anfﬂ%h%tp%ms%éa o Mg dnf Rt THE S éa'% §fa SUER Bbi ng
efficiency. It will be appreciated that furt her errbodl ments and

exenpl i fi cafiashie gpniigisation aemdessribeddn Anitadstates Pateat Ner B 186.200m t he
spirit or scope of the invention 20 described. /BSWW 03/013706

PCT/ AU02/ 01065 in 11 ébave/BxamplesA1rrichddwef hatecahdwy the rintndductionf ofl gasat | on

nodul e, said nodule including at |east one nenbrane |ocated in a

f eed- contsai Hitoda WA8EEE, whBA theepbrrestehY ivitBdravae rfr@abbsthwehds. WhFiglré
subjected to a filtration operation 5 wherein feed containing contam nant

matter is aﬂlﬁ%trﬁ%sﬁﬂe?ﬁ@d@%agzg @ ﬁaﬁen dmmhgﬂa&ts%r hutémt.bélqago J%cﬁ&w. In .

wi t hdrawn fromt ot her menbr , the ne corrprl si ng

o o oo BASEAEF .21 S RSB B A PR O,

therefromi gggkvlvés llne ?hurE)[JSHr\]/%'Iv%gAVH is renr%ved. Permeate is withdrawn from one
end through port 11.

10 There are two choices of introducing gas into the module 7. The first

option is to introduce gaé into the bottom pot of the module via port 12.

Alternatively gas can be injected via shell side feed port 14. This method allows

the application of gas scouring to the situation where the permeate is taken from

both ends of a module. Figure 6 compares the TMP profile by changing the

15 injection of gas into port 12 or 14. Under the same operating conditions,

injecting gas into a different port did not produce any significant effect on the gas
scrubbing efficiency.

It will be appreciated that further embodiments and exemplifications of the

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

20 described.
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c) performng a high velocity sweep of the feed-containing vessel to
renmove the liquid containing the dislodged contam nant matter; and d)
reconmencwiog3tonzzosi | trati on operation. 2. The net hod accordiTngiozoimai m 1
wherein the cleaning process of step b) 15 includes a fluid backwash of

t he menbrane pores. 3. The nethod accordijfg to claim2 wherein the fluid
backwash includes a |iquid backwash. 4. The nmethod according to claim2 or
3 wherein tl&{tl&‘lw.d backwash includes a gas backwash. 20 5. The net hod
according to any one of the preceding clains wherein the velocity of the

hi gh vel ocity sweep_ i reater than about 0.03 misec. 6. The nethod
according td- an\;\ﬁbﬁ'@e@Pgt Rg %P@E'&Qi Rg @?@PW%@%@W t'RRAUlG,| Sl Jnogule e
hi gh velocity sweep is in the range of about 0.3 misec to about 2.0 m sec.
/ BSW WO 03/ 6chyding Fatrienst 2pne opsmbrane Aocated ifbtehdaedcoptaining Yessghy ththe of
the preceding clains wherein the cleaning process includes gas scrubbing

of a surfacenarhbiane mavity anpenaddble 8vallTwbicheishsubjedted g afidratibntdperation
precedi ng clains wherein the high velocity sweep of the feed-containing

vessel i s paHepsinefbepie contimiag! yontanfimdritenritier 8 dpplesd itonenavi didké noft ise
vessel during operation of the cleaning nethod. 9. The nethod of any one of

e precect RribAnga 36! bl TRIBARIR Ko NGl g phine
o ecedi ng. crannie ellos clhofind B SRPRS" (o rurther steps: o o o
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 high velocity sweep of the feed-containing vessel to
remove the liquid containing the dislodged contaminant matter; and
d) recommencing the filtration operation.
2. The method according to claim 1 wherein the cleaning process of step b)
15 includes a fluid backwash of the membrane pores.
3. The method according to claim 2 wherein the fluid backwash includes a
liquid backwash.
4. The method according to claim 2 or 3 wherein the fluid backwash
includes a gas backwash.
20 5. The method according to any one of the preceding claims wherein the
velocity of the high velocity sweep is greater than about 0.03 m/sec.
6. The method according to any one of the preceding claims wherein the
velocity of the high velocity sweep is in the range of about 0.3 m/sec to about

2.0 m/sec.
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a) formng a gas containing region within said feed-containing vessel
follow ng said cleaning step; b) sealing the feed-containing vessel; c¢)

appl yi ng woassw7est o gas within the gas contai ni ng regi onPCa/ATe8s0ssi ze

is

said gas; d) releasing said pressure by opening the feed-containing vessel

to atnosphere so as to cause the pressujjzed gas to expand and produce
said high velocity sweep of the feed-containi ng vessel .

any one of glal My f8udd ag&&ﬂlr@gt& ?ﬁyfcmel i phétied cla%ﬂsg{vﬁ%%to 8

providing a gas contarnin

f eed- cont ai nk3 %
coupl ed fur CF&

r ves cou
vessel

f | i d
'%e@gﬁé%g@s HERE o 'am%con %egf'rfﬁﬁﬁivnﬁ%%& & W

03/ 013706 PCT/ AU02/ 01065 -15 @) apPI ying pressure to gas wthi n the

cont ai ni ng Begi ol hednethedsafranyeone &

openi ng the feed-containing vessel to atnosphere so as to cause the

pressuri zedsgaspt of dkpafebdacohtpinimiycesstl dai perforgied giermidically wiae mitdérenhe

f eed-cont ai ni ng

vessel . 12. The nethod of claim 10 wherein said gas

11. The net hod of

theyaeceding: daims whgreinitae highs velpel y)y

cont ai ni ng HRELWhY WithiAtHE deb¥el dudingi cberatich af thiengestang nietBed.| i qui d wi thin
sai d feed-containing vessel. 13. The nethod of claim 10 or 12 wherein step

c) i ncludesgappl ¥hag, hBh%g%mtgﬁ@% é{eﬁ}%@hs cfl%m%r\ﬁﬁérem thelthemttang s hod

of any one of clains
a hollow fibre membrane and the filtrate is withdrawn from either or both ends of

ocity sweep

the hollow fibre membrane during the filtration operation.

10.

The method of any one of the preceding claims including the following

10 further steps:

a)

b)

15

d)

11.

forming a gas containing region within said feed-containing vessel
following said cleaning step;

sealing the feed-containing vessel,

applying pressure to gas within the gas containing region to pressurize
said gas;

releasing said pressure by opening the feed-containing vessel to
atmosphere so as to cause the pressurized gas to expand and produce
said high velocity sweep of the feed-containing vessel.

The method of any one of claims 1 to 9 including the following further

20 steps:

f)

providing a gas containing region within a further vessel coupled to said
feed-containing vessel,
sealing the feed-containing vessel and the coupled further vessel as a

whole following said cleaning step;
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is produced by applying a source of pressurized gas to liquid within said
feed- containing vessel. 15. The nethod of any one of clains 1 to 9

i ncl udi ngwproewiztnelg a further vessel coupled to said fee@camtoaionicag
vessel wherein said high velocity sweep 15 is produced by applying a
source of pressurized gas to said furthejgvessel. 16. The nethod of any one
of clains 1 to 9 wherein said high velocity sweep is produced by punping

liquid to or fro i -CO i_ni : e et j. a
renbr ane 1 1119 PBAD GBS S EE R YRl PRCoan Pt cagBn e SR 3RAY .
menbrane positioned in a feed-containing 20 vessel, the nenbrane having a
perneabl e wal | wAPEHAS subjected to a filtration operation wherein feed
contai ning contam nant matter is applied to one side of the nmenbrane wall
and filtrate i) weleaginawsaid qiressireotttyeropsining dhet feedrsantainiog wessel the
met hod conprising the steps of: c¢) suspending the filtration operation;

/ BSW WO 03/ 013706atreSphsiod H0a9 &b caudé the plessuwidgdngpsctmempanthahd prddece f r om
said nenbrane wall into liquid surrounding the nmenbrane by flow ng gas

bubbl es &l ong t hga@nfigs veRCRY sbeGP oTeRd fetRcoblning 9éskeyas bubbl es bei ng
formed by feeding gas into Said feed-containing vessel through an opening

et ones P ST ALEBLARAaRE 101 h 0, S AT oM Mol R RGP 89 |
o 18 et okl AR A BB i e b SRS oML 9
]9 feegl_ 2iorr:1ts ail 53:]8 &gg\é\rh@gt_rh%idnofsgiagm g1('%)Soir S12fv(\a/tqereiir? s?enpd?:g inpcrlt?dsessuggpliyirr]wboa Sfl%iidd
backwash to said membrane.
10 14. The method of any one of claims 1 to 9 wherein said high velocity sweep
is produced by applying a source of pressurized gas to liquid within said feed-
containing vessel.
15. The method of any one of claims 1 to 9 including providing a further
vessel coupled to said feed-containing vessel wherein said high velocity sweep
15 is produced by applying a source of pressurized gas to said further vessel.
16.  The method of any one of claims 1 to 9 wherein said high velocity sweep
is produced by pumping liquid to or from said feed-containing vessel.
17. A method of cleaning a membrane filtration module, said module
including at least one elongate membrane positioned in a feed-containing
20 vessel, the membrane 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 comprising the steps of:

c) suspending the filtration operation;
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21. A nmethod according to claim7 wherein said gas scrubbing includes

di sl odgi ng contam nant matter fromsaid nmenbrane wall into liquid
sur roundi wg o3biszosrenbr ane by fl owi ng gas bubbl es al ong t hecamaosiodssof the
menbrane wall, said gas bubbles being forned by feeding gas into said

feed-contai ning vessel 15 through an opgging in the vessel. 22. A nethod
according to claim?2l1 wherein the opening is positioned laterally of said

e on o2, o RGBT, S SRR, S BRI
25 whor ei n gg,egagggopg& adhe sheBpraecet i Bﬁfn"dq{;‘%s biphi it rfm Je ndisne of *°
vessel. BsW the membrane wall, said gas bubbles being formed by feeding gas into
said feed-containing vessel through an opening in the vessel.
5 18. A method according to claim 17 wherein the opening is positioned
laterally of said membrane.
19. A method according to claim 17 or 18 wherein the opening provides a
feed inlet to said feed-containing vessel during said filtration operation.
20. A method according to any one of claims 17 to 19 wherein said gas is fed
10 under pressure into said feed-containing vessel.
21. A method according to claim 7 wherein said gas scrubbing includes
dislodging contaminant matter from said membrane wall into liquid surrounding
the membrane by flowing gas bubbles along the one side of the membrane wall,
said gas bubbles being formed by feeding gas into said feed-containing vessel
15 through an opening in the vessel.
22. A method according to claim 21 wherein the opening is positioned
laterally of said membrane.
23. A method according to claim 21 or 22 wherein the opening provides a
feed inlet to said feed containing vessel during said filtration operation.

20 24. A method according to any one of claims 21 to 23 wherein said gas is fed

under pressure into said feed-containing vessel.
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