WO 03/,013706 . PCT/ AU02/01065 -1- T : METHOD OF CLEANI NG MENBRANEOOS 42.5
MODULES FI ELD OF THE | N\/ENlm, mﬂ“ﬂ ent invention relates to menbrane
filtration systens and, nor _

ly, to a nethod and apparatus for
| mprovi ng | ation efficiswrogNof 5 such systens by | an
I npr oved cwg%{/d%%}oéystem for the nmenbranes. BACKGROUND ARH@{A%M ?@gussi on
of the prior art throughout the specification should in no way be
consi dered as an admi ssion that such pri‘or  art is wdely known or forns
part of commn general know edge in the field. 10 In a nenbrane filtration
process, the WE%—%bMEE‘@DtQFQWSNMMEMBBANE MERMLES s is of vital
I nportance. An efficient nmenbrane cleaning strategy can namintain a stable
per meabi | i t y AELDKRF FHEINVENTION r educe the frequency of chenical cleans.
A commonly used nmethod to physically clean nenbranes is a backwash (al so
cal | ed "backf | ush'Ther prebentkipuértion) relatéshtd enbrane dittetion | systemes and,ambfe gas.
The backwash nethod is typically used to eject solids blocking the
menbr ane por grargduhriyatd lay nidtidogste apparatskfer irptovingytheafilzationr eMiciency bhe
menbr ane surface. Backwash with pressurized gas has proved a very efficient

cleaning getdigf s nisﬁoyrb?wwhg%hymyméd tleahing sliteifoPthethémbiianks ! at i on
processes. The 20 limtation To this nethod I's the nmenbrane pore size.
Backwash of @A‘Qké N\btp[mperneate has no limtations to the pore size,
but the backwash erticrency is

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 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 uéed fnethod 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. "I'_he

20 limitation to this method is the membrane pore size. Backwash of membranes
with perfﬁeate 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 chemicals to the backwash

25 permeate, or in combination with gas scrubbing.
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general ly | ower than gas backwash and the transnenbrane pressure (TMP)
recovery not enough to offset the fouling rate. Further nmeans are enpl oyed
to enhance the backwash efficiency, such as dosing chemicals to the

backwash roeate, or in conbination with gas scrubbppg, 3/ 013706
PCT/ AU02/ 0‘%@8@&3?@ Maruyama et al in Japanese Patent No. bgng ()321/621}%)50

di scl oses a hollow fibre nenbrane back\r/fshi ng net hod. The nethod invol ves
the following sequence: stop filtration] air-scour nenbrane, fill the

nb |, backwash with ) L zed, al d,drai
The waste, This’ SMBRGBEE Ao JapRareek elataih VD120 AfkicReb: Boudk "
Sunaoka et al in a United States Patent 53, 5, 2(@9, 92 (ﬂescri befs a _Brocess
for scrubbi fipraomembrane rhackwashing meethod. noie Bethadjiavalyes: the Tplowignosed

of a two-stage air scrubbing and draining to clean the nenbranes. A | ot of
effort has bsesuengere step rfifiration; f aic-scaw ynembrango filgdhe ceembrane gvessslon t he
menbrane surface and In the pores by optimsing the backwash pressure and
enhanci ng t hisackiwash cwillb lpermeatef Lndem pressarizachair ang cdrainthes waste.o Thisi eve
an efficient cleaning, which has been largely Ignored, is the renoval of

sol i ds t batproagdureds nepadted toabehieval & higher wifitieraye Sunaoka ehal irearbinited

nodul es. The typical nethods presently used are by draining down of the

wast e or by $rsk FateiidNd! 8209,85eedestnited| £ prodeseolov ecrulibing holiow biitredi ng
of waste containing feed out of the filtration system The outcone is the

accumul at i onmambyahdstin Mbdied) THS prodbsliesompaséd oLh twd-stdgevalr scrubbiagt wo
ends of a npdule and the effect becones nore serious if the nenbranes are

densel y packggh BraidingRSeibsan tHe meibrifds. OF THE | NVENTI ON

A lot of effort has been made to more effectively lift solids accumuiated
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 membrané. 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 éontaining 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



20 It ,is an object of the present invention to overcone or at |east
aneliorate one or nore of the disadvantages .of the prior art outlined
above or at |east provide a useful alternative. According to one aspect,

t he prese ion provides a nethod of cleaning a mppbignsebéd tration
nodul e, sg?%lbjr}r[\ég@%e I ncluding at | east one 25 rrenbranerTFocat ed li n a

f eed-cont ai ni ng vessel, the nenbrane hay%gg a WD 03/013706 PCT/ AU02/ 01065
-3 perneable wall which is subjected to filtration operation wherein feed
cont ai ni ng cont am, nant tter is lied to e . side of .the nephrape wall
and filtratBemeane el yhieh Js ?ﬁggg?ﬁep 4 3@’% ne RRErAtion, WhareIR feed; e
met hod conpri si_n‘g the steps of: b5, a%miiuaﬂgendi n thf filtration oHer%t I on;
b) per f or mi ngPTHEBINGFANRMIRaBE Beltepis npliepdnang fide\al the egirang yall an
contam nant nmatter therefrominto |iquid surrounding the nmepbrane; c) -
perforning afiifatgnis,withdrawn &per the ptheleside f- henmemirage wealk dhe tmethodnpye
the liquid containing the dislodged contam nant matter; and 10 d)

r ecommenci ngcemepriging tephiobiperati on. Preferably, the cleaning process of
step b) includes a fluid backwash of the menbrane pores. For preference,
the fl ui dsbackwasd) -i rstisperdingthe fijtratibreoperation; gas backwash. For further
preference, the cleaning process includes gas scrubbing of the surface of
the menbrane. 15 By ef grenfokiyingt é eleaningpprotesson ftee dnerobtamienwally tos diskelgei s
performed periodically in different directions within the vessel during

ol 1 ds. S0l by o hee e e by ot et emovad T rom the feed during the
filtration proces§. 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 cleahing 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;



20 BRI EF DESCRI PTI ON OF DRAW NGS Preferred enbodi nents and exanpl es of the
i nvention will now be described, by way of exanple only, with reference to
t he acconpanying drawi ngs in which: Figure 1 shows a schematic

repr esent aginQRse E; ¢ he nenbrane nodul e 25 assenbly accor dp@EgatiRo6te

enbodi nment of t I nvention; WD 03/013706 PCT/ AU02/ 01065 -4 Figures 2a to
2d show schemati c representations of the4rrenbrane nodul e of Figure 1
during the nmenbrane cl eani ng sequence according to the invention; Figure 3

of Figare 111 FLSFM%T?“"F%% 0 B el BpStRabAg ot el lacipting ™ ©
for the moduriodsfe B Sise 1 A M. ERIPTAR Searind SRS FRarBoBroaney
sweep on nenbrane cl eanl ng; 10 Figure 5 shows a schematic represent atlon -

of a menbrand@pHAMe according to a further enbodinent of the present

I nvention; and Figure 6 shows a graph of transmenbrane pressure (TMP)
versus time for Flgsrenddshawsa graphof trensmembrang prepsure (EMP versys time gas

i njection on scrubbin % efficiency. 15 DESCRI PTI ON OF PREFERRED EMBODI MENTS
AND EXANMPLES forrthetraodule fof Figute dniustratingt cleaning effioigncigscolcyariovshackwgsie may
i nclude a conbination, in part or in whole, depending on the feed water
quality, of regimesy nore backwash net hods. A backwash or bl owout, or a
conbi nati on of both, nmay be used to
Figure 4 shows a graph of transmembrane pressure (TMP) versus time
for the module of Figure 1 lllustrating 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 thé 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 fnembrane 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.



20 di sl odge the solids bl ocking the nenbrane pores. The. backwash is
normal |y achieved by forcing the perneate in a reverse direction to
filtration through the nmenbrane pores. The backwash flow rate is usually

In a range -~ 500% of the filtration flow, nore co ' ange of
100 - 300%“8103?’}2%7"% Itration flow WO 03/013706 PCT/ Auo%%éé’w?@“ral owout
I s anot her method of renoving solids fror%the menbrane pores by creating a

rapi d and expl osive deconpression within"the filtration vessel. In this
net hod, the two sides (feed side and perneate side) of a nenbrane are
firstly pressuriB 'saa%qsa%nmewom?momﬁwwﬁvmgﬂﬁgmm RRICBRY t he
feed side is 5 opened to generate an instantaneous negative transnmenbrane
pressure ( TMvoJeatingrerapil aad explosivaisiesp@prrssion within ﬂﬂﬁé&""@tlm\hﬂe?@ﬁb e thise

I nst ant aneous negative TMP. As described below, in one enbodi ment, the
bl owout can dhetbodhethd twosides: (feed side andipgrmeaie sida)yof avwgmbrang arenfitstier
met hod of renoving solids build-up fromthe nenbrane walls 10 uses gas
scouring to eréssurized ta lacspeificr valee.s UFHencthe dischargetvalve osdbke feed sidalisl es
novi ng past the nenbrane 'surface to achieve an efficient scrubbing. Gas

scouring is \wpdeed togederate bhdnstantanemss hegativettransmunibrese @sessimy (MRt i on
Is applied to the perneate side of the nenbrane wall to induce filtration.

For the pregherdon@s inTRiskibiase pblds sbithén BIWrESE byOthe iAstartdhedls hégativdi eved
by injecting 15 gas, usually air, into the bottomend of the nmenbrane

modul e whi | € 1vE ABeSEHe befow! ih BB @bddifant! (e BIGWSUt caR Glsctse RfkgFatbded i n
Japanese Patent No. JP2031200 and United States Patent No. 5,209,852.

After the ba(im 3 ; i,ds renoved fromthe menbranes are
normal Iy renove orr?ﬁ%%%ﬁ%édr ai ndown of. the waste. The velocity

during 20 a nor Maofedi HEMBE diSrdmdling Sollds blfd-hat¥ermYthkomBmbPihd Mans ' qui d

within the vessel.
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 remdved from modules by draindown of the waste. The velocity during

20 anormal 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.



The shear force thus generated Is weak and may not be high enough to flush
accunul ated solids out of the nodules and/or strip solids off the surface
of the nenbrane. The situation is nore manifest in hollow fibre nmenbrane

nodul es i hi gh fibre packing density. WO 03/ 0137QQ-1ielhAtdeg/ 01065
Referri ngh‘?%“’@?‘gi‘z‘%%s | and 2, a preferred enbodi mrent of one formof nodule

cleaning will be described. Figure 1 ill %s_t rates a nenbrane nodul e assenbly
5. Ahollow fibre menbrane nodule 6 is l'ocated in a vessel 7. The nodul e

"6, in this exanpleg, cont ai ns plyralit f por . fiDb

menbranes 8, the §ﬁ@§?f19120 #ﬁ%@%%ﬁ@ﬁiﬁgai%?%"PBS?@E&?'B@"&%E/@Pea{qﬁnl Per
perneate collection headers 9 and 10, Filtration takes place by applying
feed to the Godule cleaningwilt be deseribed. and  wi t hdr awi ng pernmeate through the
fibre lunens. Filtrate/ perneate is renoved from both ends of the npdule 6 .
through ports 11 Bigurerd itlustretescal memheange modole; gssaablY 0o+ A Juliow, BPRR.  Feed
inlet ports 13 and 14 and waste discharge ports 15  and 16 are provided at
t he upper anthemiwene ematiul@® isHocated drla Vessekgpddda edyle 6.\aithissexamplend Av2
control the flow of feed to ports 13 and 14 while valves AV8 and AV5
control the &bmtainsfa pluralityngf parmus oo fibveomefribranes: 8, the padsnthe dibreésr om
the headers 9 and 10 is controlled by val ves AV3 and AW whi | e backwash 15

flow to thesgpbsingaits respantive upbeedndYower parmelié/ calledtictyheadis \Beand\¥8. and
AV6 control waste discharge fromports 15 and 16. The steps of the process

wi Il now be gfeftidnd esked! bﬁcéegyr?mdg Jedd Qurhe odwertwalRdf the effbrés and
Filtration. During a typical dead-end filtration process, valves AV1-4 are

20 open. Thewftﬁ&faf\nﬁf‘% Wrheate! hrduih tﬂeaﬁbfé!l}iﬁ%né\VJFimfb/ﬁéf&lm & rérdovdie

upper and |ower 1In ports 13 and 14 while the perneate is w thdrawn from

tFIhSuﬁ gpzf‘g;ﬂ) fer B RAE tof tHetnRRdielE tHRbudh Bor@ i1 bRd @ 2(cbhnbekt t6 Redders™
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 AVS 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.



Step 2. Air scouring. At the end of the filtration step, valves AVl- 4 are
closed, 25 and then the upper discharge valve AV5 and the gas inlet valve
AV8 are open. WO 03/013706 PCT/ AU02/ 01065 -7 Gas (usually ai r) is t hen

i nt roducedj nodul e 6 through valve AV8 and the gs14 toO
scour the #ed]n!i)’?bg@gas I[l'lustrated in Figure 2(b). Ste essurl zat I on
vi a backwash. Wen the gas scouring stops7 val ves AV5 5 and AV8 are

cl osed. The vessel 71is Ieft partly fill'ed with gas and water. A perneate
backwash is i ate

vessel 7 gra %”Pﬂﬁg ig "bl'l!? PH%%&@*%@M&Q éﬁ“fﬂ“@ﬁs‘%ﬁ ;‘g\% ARd wethe

remai ni ng gas within the vessel 7 (see Fi H flnallythe
pressure on lpwerpart 4 do sgourtee mamranea i“Pga'@dd'& QQ pressurized gas
pocket is thus io formed within the vessel 7. Anot her vvay 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 takesStepRgPressurization yia backwaste vwmengmgaaaqowmmm valves AV5
permeate, but will achieve a higher average sweep velocity. The sweep 15
velocity is cmali AUBl gregiestider ThbavesSelOBig feficpantly filled fwitragby and witer.r #nge
0.3 nisec to 2.0 msec. Step 4. Blowout and high velocity sweep down

(Figure 2 (d)perméhtnbddkwvashiic fitidted &9 opehingpeivesaA¥d andeAAvipThaphessutdiat  on
the feed side of the 20 nmenbrane wall, which is al so the maxi num di schar ge

pressure of thanhBagdedap!l7 griduBlly ifdre8sddV@utifg ARE NESbkwABh 1S pRIZEGEO tfe
negative TMP is generated across the nenbrane wall, which achieves a

second backwgagha mé Btsfm h%ﬂf‘es@@lr?%se#l@wé E‘Qé’ﬁ‘éﬁmﬁnaﬂﬁ%dw&@sw ure

gas pocket forne side rapidly expands and sweeps down the

sol ids out Ofbottﬁ‘gld'érg'H?rtﬁé‘ﬁméﬁﬁn‘%ﬂg%&saéqu%hfésghA‘b%é‘eﬁJer&dtdégwneﬂgrt50§6

The high velocity swee
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

1s 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 ié also the maximum discharge préesure 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



WD 031013706 PCT/ AU02/ 01065 -8 create a high shear force to assi st
scrubbi ng the nenbrane surface. The naxi num negative TMP and sweep
velocity that can be achi eved depend on the resistance in the drain |ine

and the pra%sdé the perneate side of the nenbrane. T AR2/0ds of the
fast drain, t ;é)?ggg;kwash punp is stopped and 5 val ves Avélcan AV/ are

cl osed. The sequence then returns to the 8start of filtration. The process

descri bed above generates both a bl owout” *effect and a fast drain-down of

t he vessel 7. Therefore good,cl eaning.efficiency, can chi d. her
means to ac-hic@ﬂgeaa Hhigh s\%@%é‘?@?ﬁg\/@%ﬁ)ﬁnﬁfupﬁeg Jhe Tﬁ&‘%ﬂ%be 86*%% f-&éqj i 0
punp to deliver a sweep flow or enpl oying conpressed, air/gas applied to the
vessel housi W%‘WH%BQ@‘B’%‘FME@@(ﬁB’PéaIV%anBh?t ¢ Qemc.l)&é!e%\ p&ﬁs\@] ocity
sweep. An external vessel may be used where formation of a pressurized gas -
bubbl e wi t hi #he [esistasee do thexdrain dine anskthe; pregsyre; e the eaameﬁe fiffu Pk the
configuration. 1In such an arrangenent a gas containi ng reqion I's provided
wi thin a furmhembtevedt the end of dbe fast drain, thesbackyashi PMP 1s stepped ande
feed-containing vessel and the further vessel are "sealed as a whole

fol | owi ng saivalvescAV6 randsAVP amedcloged: s Jhecsequence dhem retasnsita ten stark ofjas
containing region to pressurize said gas, the pressure is then released by

openi ng t he ffitestionont ai ni ng vessel to atnosphere so as to cause the
pressuri zed gas to expand and produce said 20 high velocity sweep of the

f eed- cont ai ni ng vanegirocéys @%ﬁbé@bbd@?@herﬁwﬁ Bt @ blowoustedfact evelayfasbupl ed
by a valve to the feed-containing vessel and contain pressurized gas

and/or |i qui GryRiddivi 8f theBssET. ihePdTER Gibd lBaning fficiency caiBe dchRed.
cont ai ni ng vessel to produce the high velocity sweep. A turther method of

ey o2 OB B S 0@ Gy BB bl e f i i
10 pump to deliver a sweep flow or employing compressed air/gas applied to the
vessel housing the module or an extenal 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 afe ‘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 50 as to cause the pressurized gas to expand and produce sg_id
20 high velocity sweep of the feed-containing véésel. An external vessel may also
be selectively coupled by a valvé 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



WD 03/ 013706 PCT/ AUO2/ 01065 -9- of the sweep in one direction and the
frequency of change of the sweep direction depend on the nodul e
configuration, feed water quality and the operating conditions of the
filtratio S It will be appreciated that the nmethoGissihfigs NY
menbr anes described 5 above can also be applied to the trsrde: out
filtration process, filtration by suctiq@_ and ot her types of nenbranes,
including flat sheet, tubular, spiral wound as well as other

configurations., A nunber_of tests.were nduct ed uysj | eani ng
regi nes. Thgiéh?e@?’%apar'% %‘3561'?%@8 Bﬂﬁjgaﬁd{f%q‘ﬁ?g}ﬁp(#fggqgl'%g’ﬁ%eﬁﬁ ests A
hol | ow fi bre enbrane nodule with surface area ,of ,33 based qn, QD)
was i nst al | e§'ertion slepend on |th%smPav'8d°?€fF9#r%l9Pe feed FW?{\%aélfag" g the
conducted by pressurizing the shel|] side of the nodule for 10 m nutes and-
at a flux of operatiogeopditionsrattheditrptionisystequal ity was poor with a turbidity
of 35 NTU. At the end 15 of filtration a nenbrane cl eaning procedure was
started. The fol | Bwikpecappiaciated that ﬂlee@\ieﬂ!@dvﬁfr@e%ﬂ@mf@gwélﬁﬁ deserikgdeani ng
efficiency is conpared in Figure 3. Strategy 1. Perneate backwash only, The
cl eani ng p¥ olabowvé canatsovkedapplied tp ¢havinaide-dud fikradion psodassafiltration bwsuetian of
3.2 nB/hr and a duration of 15 20 seconds. Solids we re renoved by punping
t he feed wat endather tpeswfiraembrdnes, includivgiat Sheeb, tubaldrosgiral wolued asovell and
sweepi ng out of the M odul e through valve AV5 for 38 seconds. The TMP kept
ri sing after asathervonfigaationd.ndi cati ng poor backwash efficiency. WO

03/ 013706 PCT/ AU02/ 01065 -10 Strategy 2: Air scouring and perneate
backwash. The cl eanhabet 'citte8té were conducted using different cleaning regimes.

These 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 we'r.e removed by pumping the feed water at a flow rate of 3.5
m3hr 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.



i ncluded a pre-aeration for 15 seconds at an air flowrate of 8 nB/hr and
then the perneate backwash simlar to Strategy 1 plus a continued aeration
for 15 seconds. The solids were renoved by the normal sweep as in Strategy

1. The 5 T r d after such cleans and a better cleargdjg [0 ENCY Was
achi eved. tor(§f0 %53: Hi gh velocity sweep down. The sequcrapnce l\ﬁ)/géi a#r
15

scouring for seconds, gravity drain ggwn of waste (5 seconds), perneate
backwash with the shell side valves closed till the pressure at the

permeat e side reached 480 kPa io (20 seconds),, then openi the drain val vé
to achi eve a ale@b @ Akdsaeugng %’l‘f d@rf"?a@/\i@ﬁk‘ﬁﬁ% (?Ee s‘ggﬂﬂ%)s?r Yure 3
shows that such a high velocity sweep-down further recovered TNP and
renoved t he ﬂ@ﬁlm%ﬁﬁa@fﬂ'ﬁﬁf@tloﬂiﬁﬁﬂ%wndﬂ%aﬁiagm%ﬁ&Pfg"%M@Bdﬁ ?"Q’lﬂ'y
renoved accumnul ated solids fromthe nodule, it also provided further
scouring of tpesmastebbackwvashr similes . to1Strategyt tgRlusi:a Spptinuad aeratipp foeghp 3

with a slightly different tine scale: gravity drain for 10 seconds,
backwash and secesdsir Thesolas were rB3thaved dydhe normeleweep asinghtrategy dcithe sweep
down for 5 seconds. Simlar effect to Strategy 3 was recorded. The above
strat egi ess waMMP degppridesitensdch bleans and ahetier vlwanmpaatici@icyefdscaxhievedess of
the high velocity sweep down in renoving accunul ated solids from nodul e.
Exanpl e 2: Extended test on effect of high velocity (HV) sweep An extended
test was conducted in the sane pilot machine and on the 25 sane site as in

Exanpl e 1. Tharasb B.esw&rp@aaéify §Wodh HoRRAOUThd Bequshceewa® alr scBHNINRr 15
03/ 013706 PCT/ AUOZ/ 010 -I't "backwash (Strategy 2 In Exanple 1) was used

0! Sor) o SPEERIR IRk f vk (530009, s bkt i b TP

shell side valves closed till the pressure at the permeate 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 il_lustrated

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

' from module.

Example 2: Extended test on effect of high velocity (HV) swee
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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process. The TMP change profile was recorded on a data | ogger device and
Figure 4 illustrates the TMP profile. After three days (Cctober 30 -
Novenber 2) 5 TMP rose by 5.5 kPa. Then the control programwas changed to

al | ow one w&?/oﬁﬁﬁ% ocity sweep (Strategy 4 in Exanple 1) chf i
0

ei ght - hour s operation. The TMP was quite stable during e nex? Si X
days and only a rise of 1 kPa was reCOriiﬁ_d. On Novenber 8, the speci al
hi gh velocity sweep was renoved and thé&*TMP Increased rapidly w thout the
fast sweep. The extended tes ain iQ illustrated the effectivepess of the
hi gh vel oci t Paskash raé?@a%ﬁmégwplenﬁm.tmﬁau#@ﬁmera%fae%ﬁ- pulinge
invention relates to an inproved gas scouring nethod Wnereé@errreate can be

wi t hdrawn f r Sfthsoiemiiare westraiectediin the TMBJiseidusing@ constant fluxaperatioare i s
provi ded a nethod of cleaning a nenbrane filtration nodule, 15 said nodul e.
i ncl udi ng at precess. ofhe dMfhgbhargerprafileawas Fecorded wada idatan lquger deviee tamdni ng
vessel, the nenbrane having a perneable wall which is subjected to a
filtration ofigune ddiusitatesihe TMRprofiet After thoee daysy(@cteher 30at Nevernbers@)pl i ed
to one side of the nenbrane wall and filtrate is withdrawn fromthe other

side of tshe TiPriosetey 94 KPa. t Tisernthiehcahtrobprogrsn m@stchenged frsaliviv oRéhigh
suspending the filtration operation; b) dislodging contam nant matter from

sai d menbr angeleity swesp (JStk'éta?j" 4 in EXamplet) fodeldr? eiibitrhoarscoflopefdtioni Mhegas
bubbl es al ong the one side of the nmenbrane wall, said gas bubbl es being

formed by fequipevadaguite'bableSaifind &RFnERNSIRIdAYS Bndesiigla Fisd B ghkPH wageni ng
therein. 25 Preferably, the opening is positioned |aterally of the

oo e T R RET WP LAL ol Sop sonhodaer l
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 operétion;

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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port and the perneate taken fromthe top end only. The details of such a
nodul e configuration are described in United States Patent No. 6,156, 200.

In the above exanples 1 and 2, we have shown the introduction of gas 5

into a nodylgodisiet e perneate is wthdrawn from both engspadu28ves 5

Il lustrates t%e nodul e configuration and the ports for alternative gas
injection. In this configuration, port _12 is connected to the gas source
via valve AV9 and the backwash line through valve AV4 is renoved. Perneate.

is withdrawmn fromone _end through.port, 11, The ' ' [ of

I ntroduci ng gas | A'P ghq Hgorn@%gpgog_alrﬂag lf‘ﬁ?@fcje%cm{&l %‘% 'ﬁé&'g&ﬁﬁﬁgﬁ?@g"bas
into the botto ot of the dule via port, 12. Al tergatiyel) s can be
inj ected via PQRBEPC' stﬁﬂepq‘r@@g?ﬁ) 'Yenlﬁ‘?mTﬁPstORE?%&n Fl 3‘&? g"tﬁﬂ%s ggﬁl"?'&zﬁ i on
of gas scouring to the situation where the perneate .is take _ bot h
ends of a mdngréu'eppgﬁstga@rtaméﬁssﬁb%@ Wdétaﬁslétﬁ@; "i?r?tsng?énég&he 15

I njection of gas into port 12 or 14. Under the sane operating conditions,
i nj ecting gas i ntdndheiigbpee exemplest1 and 2, we 'bﬁ‘@d%fl%”"hﬁ&ﬂ istrodvetion-ofi 9as f ect
on the gas scrubbing efficiency. It will be appreciated that further
enmbodi ments dnid exmogulef whani thaspermeatee is withdrawro from dofio e5dal eFiguren 5
departing fromthe spirit or scope. of the invention 20 described. /BSw WO

03/ 013706 PCilustidssitheGhodide CoAfigiationlandthertonsdonélterhativel gas injectiornr bme
filtration nodule, said nodule including at | east one nenbrane | ocated in

a feed- cont aithisrapnfigartion, pdre 12 ieotnirestedtothe gas spercesdd valvadiV9 ad tHe | s
subjected to a filtration operation 5 wherein feed containing contam nant
matter is apdcr@atl lindthrougde valve A\t is removed. 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 perméate 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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menbrane wall and filtrate is withdrawmn fromthe other side of the nmenbrane
wal |, the method conprising the steps of: a) suspending the filtration
operation; b) performng a cleaning process on the nmenbrane wall to

di sl odge @ ospisheyM Nant matter therefrominto liquid supcgidi@ed he
menbrane; c) performng a high velocity sweep of the feed-containing vessel

to renove the liquid containing the dis{sodged contam nant matter; and d)
recomencing the filtration operation. 2. The pethod according to claim1l
wherein the e '§,ng process of step b) 15 includes a fluid backwash of
t he menbr ane b'm * 3. The nethod according to claim2 wherein the fluid

backwash includes,a I|iquid backwash. 4. The hpd accqrdin o claim?2 or
3 wherein thd f1ufd %@iﬁéhcgﬁnwsuae@%g&ee g@i‘ﬁﬁ%& h’.“°§6'95.£9ﬁwemﬂé'?‘ﬁod
according to,any, one of the precedi ng ¢l ains wher eia the velocity of the
hi gh vel oci t{P at slegste ape r membrang, derated dn a; fegd-coglaining vaseabthe
according to any one of the preceding clainms wherein the velocity.of the
hi gh vel oci t Jnesiisape ihaving a perpeahie wall wiishids subjestedde a fitratienopemtionny sec.
/ BSW WO 03/013706 PCT/ AU02/ 01065 -14 7. The nethod according to any one of
t he precedi nwherein nfisedheantainingheontaminant myatteroise @pplied: itadere gide of rthebi ng
of a surface of the nenbrane wall. 8. The nmethod of any one of the _
precedi ng cl aiemsbrahe valinandcéitategis withdrawnyfrom\tbe ptidr sitle of dhel-noeambrainei ng
vessel is performed periodically in different 5 directions within the
vessel duri ngatiptheahéthod odmphsing tleastepg ofret hod.
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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9. The nethod of any one of the preceding clains wherein the nenbrane is a
hol | ow fibre nenbrane and the filtrate is withdrawn fromeither or both
ends of the hollow fibre nmenbrane during the filtration operation. 10. The

met hod of of the preceding clains including the | e}
further st‘gﬁﬁ?/&g?“form ng a gas containing region wthi nfpglg)iAgj\M/m“

feed-contai ning vessel follow ng said gl eani ng step; b) sealing the
f eed-contai ning vessel; c) applying pré dire to gas within the gas

containing region_ to pressurize 1s said gas;, d) relgasi sai.d pressure by
openi ng the feed- dnhmethad,gocardiag torany ﬁ'ﬁ‘gr@zﬁmrpéeg%"?%c % JYNse ‘Ph@‘e
pressurized gas to expand and produce  said high velocit weep t he

f eed- cont ai nglﬁgmog@mess includpsgasachhbing Ofaaﬁurg?r@ ftﬁe |"A$/'H§'afet%§€9
including the followng further 20 steps: e) providing a gas containing .
regi on withi8. a fThe methodeafsarly aneupf the precedingi clairae whersin dhehigh veleetyn : )
sealing the feed-containing vessel and the coupled further vessel as a

whol e fol | onswees afdthel éeed-containing, vESRIV MOpegbomed aeerfedivaliyoiry diftesent 15-

g) applying pressure to gas within the gas containing region to pressurize
sai d gas; sh) dirdtions witbinsthe Jepset daring opsratipaiof e ¢laanihg enbthodt ai ni ng vessel

to atnosphere so as to cause the pressurized gas to expand and produce 5
sai d high veboci tyhesReHdAMf driyriecsithé préciidiig dainmswhérein the membrane is
a hollow fibre membrane and the filtrate is withdrawn from either or both ends of
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) forming a gas containing region within said feed-containing vessel
following said cleaning step,

b) sealing the feed-containing vessel;

c) applying pressure to gas within the gas containing region to pressurize

15 said gas;

d) 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.

11. The method of any one of claims 1 to 9 including the following further
20. steps: | |

e) providing a gas containing region within a further vessel coupled to said

feed-containing vessel,

f) sealing the feed-containing vessel and the coupled further vessel as a

whole following said cleaning step;
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12. The method of claim 10 wherein said gas containing region is forned by
partially draining dowmn feed liquid within said feed-containing vessel. 13.
The nethod of claim 10 or 12 wherein step c¢) includes applying a fluid

backwash 9 %ﬁbﬂ geembrane. io 14. The nethod of any one Qfcq¢d@h/ifsd tO ©
wherein saig |g% velocity sweep is produced by applying a source of

pressurized gas to liquid within said feed- containing vessel. 15. The

met hod of any one of claims | to 9 including providing a further vessel
coupled to said,feed-contai ni ng vess erein said high velocity sweep is
i s produced by SARRRNING, PEESSYR g’égéﬁ V@M Uit 9?%&’%"55"1"9 1eglon %JPE%&’"%ssel .
16. The nmethod of any one of clains 1 to 9 wherein said high velocity sweep
i s produced by puiRid88Siliquid to or fromsaid feed-containing vessel. 17. A
met hod of cleaning a nenbrane filtration nodule, said nodule including at .
| east one el onfatreleasingr said prressurenby Ppeaing e 8ie clerdNontaiging2yessaists | t he
menbr ane havi ng a perneable wall which is subjected to a filtration

oper ati on wher ei ratmespherenscas itogaves thenpressurizad gas t¢ expand aod produgee si de
of the nmenbrane wall and filtrate is wthdrawmm fromthe other side of the
menbrane swal |, tsaid highhvetboity speiepiafithe feedstoatainiof:ves$elsuspendi ng t he
filtration operation; |IBSWW) 03/013706 PCT/ AU02/ 01065 -16 d) di sl odgi ng

contam nant $2it t eThd methaboficlami0avtereinl daid gas containidg region dsifatimed byhe
menbrane by flow ng gas bubbles along the one side of the nmenbrane wall,

sai d gas bubpidislyp@raiiing 86WE fedMliduieHithie sabfdedlsontaifing Vegeel: cont ai ni ng
vessel through an opening in the vessel. s 18. A nethod according to claim
17 wherein the OPARY Rbthcd BP&falrh OftE8r 12 wherein step c) includes applying a fluid
backwash to said membrane.
10 14. The method of any one of claims 1 to 9 whersin 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 Yessel.
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-cor_\taining
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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| aterally of said nenbrane. 19. A nethod according to claim17 or 18
wherein the opening provides a feed inlet to said feed-containing vessel
during said filtration operation. 20. A nethod according to any one of

clainms 17 rein said gas is fed 10 under pressurg. d
f eed- cont a‘%ﬁi“%/gls\\%égsel. 21. A nethod according to claim \/\%‘gl?dg{o?\ﬁéai d gas

scrubbi ng i ncludes di sl odgi ng contam na g matter from said nenbrane wal l
into. liquid surrounding the nenbrane by Tl owi ng gas bubbl es al ong the one

side of the menprane wall, sai.d gas hubbles bejng forned by feeding, gas
into said feed- oﬂ?@pﬂﬁnﬁg"%@%ﬁ‘a&i ny o{ﬁﬁ’ﬁ‘ éﬁidog'é?mhi?npn“\éﬂe"ﬁ%s'@“’? 22.
A nethod according to claim 21 wherein the,openia S S osginti_'i oned ,
lateral |y of sai dSUfEQHRGIGtheomemBrang Ry dowing.e3n @bte'ese © Png;Siggof
wherein the opening provides a feed inlet to said feed contajning vessel
during said filtrthei mambpeneawalnsaid@assbubblesbaing foewed Miynfgedingaas bt of
clainse 21 to 23 wherein said gas is fed under pressure into said :
f eed- cont ai ni ng vsaid 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 abcording to any one of claims 21 to 23 wherein said gas is fed

under pressure into said feed-containing vessel. ' .
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