MEMBRANE CLEANI NG W TH PULSED Al RLI FT PUWMP TECHNI CAL FI ELD [ 0001] The
present invention relates to nenbrane filtration systens and, nore 5
particularly, to apparatus and related nethods to effectively clean the
menbranes used in such systens by neans of pulsed fluid fl ow. BACKGROUND OF
THE | NVENTI ON [ 0002] The i nportance of nenbranes for treatnent of wastewater
is growng rapidly. It is now well known that nenbrane processes can be
used as an ef f ect MEMERANE CLEANINGtWIETH PULSERIRATBETIOMIFe qual ity

ef fl uent. However, the capital and operating cost can be prohibitive. Wth
the arrival of subnmerged nmenbrane processes where the nenbrane nodul es are
inmmersed in a large feed tank and filtrate is collected through suction
appl i ed t FEGRNIGAL FREEDs| de of the nenbrane or through gravity feed,

menbr ane bioreactors conbi ni ng biological and physical processes in one

stage pro to A I8, conpact nd..economni c. o their
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treatment. [0003] The success of a nenbrane filtration process |argely

depends oRUEhDISERTRY maanstaiguised dluidBows i ci ent nembrane cl eani ng et hod.
Commonly used 20 physical cleaning nethods include backwash (backpul se,

backf | ushlsAskagouNh o FHRENEBNAGN & gas or conbination thereof,
nmenbrane surface scrubbing or scouring using a gas in the form of bubbles

in a I|qU|d Typlcally, in gas scouring systens, a gas is injected, usually
by means &#0081 bl owerThejifpgrianes efunembipses f\métl@crti water fghoivéng s

subrer ged ﬁﬁdl&grl sSAS Q&E’?gg\%n tﬁﬂ%&ﬁﬁ}%?e rog sse ceﬁrlege natﬁ%%gfe? upwar ds 25

to scrub ft rane surface to renove oul THg° s ub $red on

t he nenbr srdayurdanoent cfkewsgeard froviie qpm@wfﬂdedtarmﬁl@%f @hd @?1@nm{d?e
initial gas bubble veI8C|t bubbl e size and the resultant of forces

appl i ed t SPERENBERHICAR be prohibifiinc &Vithibe 2 vab I9f saprasieed menthsane Rraceshess to be
suppl i ed. vhiRyen@merhhtage ARUORY 2ROAIHERSI 2L B8 @f(}gﬁ!ﬂrﬂ( A4 ARSI colRigOVer .
in an environnment of high concentration of so
through suction applied to the filtrate side of the membrane or through gravity feed,
membrane bioreactors combining biological and physical processes in one stage promise
15 to be more compact, efficient and economic. Due to their versatility, the size of
membrane bioreactors can range from household (such as septic tank systems) to the

community and large-scale sewage treatment.

{0003] The success of a membrane filtration process largely depends on
employing an effective and efficient membrane cleaning method. Commonly used

20 physical cleaning methods include backwash (backpulse, backflush) using a liquid
permeate or a gas or combination thereof, membrane surface scrubbing or scouring
using a gas in the form of bubbles in a liquid. Typically, in gas scouring systems, a gas
is injected, usually by means of a blower, into a liquid system where a membrane
module is submerged to form gas bubbles. The bubbles so formed then travel upwards

25  to scrub the membrane surface to remove the fouling substances formed on the
‘membrane surface. The shear force produced largely relies on the initial gas bubble
velocity, bubble size and the resultant of forces applied to the bubbles. To enhance the
scrubbing effect, more gas has to be supplied. ‘However, this method consumes large

amounts of energy. Moreover, in an environment of high concentration of solids, the



gas distribution system may gradually becone bl ocked by dehydrated solids
or sinply be bl ocked when the gas flow accidentally ceases.

[ 0004] Furthernore, in an environment of high concentration of solids, the
solid concentration polarisation near the nmenbrane surface becones
significant during 5 filtration where clean filtrate passes through
menbrane a8ddRuiheRalsysehl Haf gRledly BRLSRIAb&eliD |&B§dra{eﬁ§91§@§mts‘? Ay

i ncreased menbrane resistance. Sone of these proglens have been dg essed
by the us®edlodhgd witcadks gasdlow ecadaually ¢rasesenbr ane. [ 0005] Cyclic aeration
systens whi ch provide gas bubbles on a cyclic basis are clainmed to reduce
energy co tion i ],e still providing sufficient gas to.effectively 10
serubt o HEr ane SiiiEpBte. i ATt ohieh ST taueH oL UL AR | on,

such syst @BRce@afiBh bylafiSAidn Raf ARh&NbMAL VEfRERESBELA LR cﬁﬁ%r ol
devices which tend to increase initial systemcost and ongoi ng I nt enance

costs of theadgnyher oleahfdtraiedasses thrhiglymembaangemdnt lighergalidednte@ycl i c
frequency | sQ.ld n.ted nechani.cal val ve functioning.jin |ar syst ens.
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efficient operation of the scouring process w thout the need to control the

operation by means oqE conpl ex valve switching etc. It is also preferable to
provi de al®5] phase $Ydigiagrajion syptems puteh provideesas buhlles on pgyelic basisprovi de a

nore effegid; | | ) o st ng: 20 Y. i.rements for
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anel i orate sone of ttg}fe disadvan%?(g\(e?i of the prior art aqr at |east provide
the publ i SYHFER AR [FAVHP CRIR \Ave DEEBHERT ARL 6P deviserHBichdprE, t he
present | Ry&BAseQRitRl HstieeoR aHBbRLSInS maintenance costs of the complex valve and

switching arrangements required. Cyclic frequency is also limited by mechanical valve

functioning in large systems. Moreover, cyclic aeration has been found to not

15 effectively refresh the membrane surface.

[0006] It would be desirable to provide an energy efficient operation of the
scouring process without the need to control the operation by means of complex valve
switching etc. Itis also preferable to provide a two-phase liquid gas flow past the
membrane surfaces to provide a more effective scouring process while minimising

20 energy requirements for such a cleaning process.
DISCLOSURE OF THE INVENTION

[0007] The present invention, at least in its embodiments, seeks to overcome or
least ameliorate some of the disadvantages of the prior art or at least provide the public

with a useful alternative.

25 [0008] According to one aspect, the present invention provides a method of
cleaning a membrane surface immersed in a liquid medium with a fluid flow, including
the steps of providing a randomly generated intermittent or pulsed fluid flow along said
membrane surface to dislodge fouling materials therefrom and reduce the solid
concentration polarisation. For preference, the fluid flow includes a gas flow.

30 Preferably, the gas flow is in the form of gas bubbles. For further preference, the fluid



cl eaning a nenbrane surface imersed in a liquid mediumwith a fluid flow,

i ncluding the steps of providing a randonmly generated intermttent or

pul sed fluid flow al ong said nenbrane surface to dislodge fouling naterials
t herefrom and reduce the solid concentration pol arisation. For preference,
the fluid flowincludes a gas flow 30 Preferably, the gas flowis in the
form of gaRubiehidesa 1k phisd daliBiGui Ber eREarablyhthelrhéthsd irclus prydubidgs a two
phase gas/liquid flow Preferably, the nmethod i ncl udes producing the pul sed
t wo- phase tpapulbddfmadplidse gasfiquid flovdesing e devipp bunpndiedivtith afléw efpofssurised
pressurised gas.. For further preference, the su of pressurised gas flow
P essent B Lo BT, P SRy Y OF Rteshiificd ¢85 v pRGHTAY cRSaath o
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i nvention, the pul sed two-phase gas/liquid flowis used in conjunction with
an essent idaFatipneonst ant t wo- phase gas/liquid flow. [0010] Optionally, an

addi tional source of bubbles may be provided in said |liquid nmediumby neans
of a blo i ke [ d [ [ 10. 5

gaseous oS ne. oAb i PEeRoert PR R Sl Sy BN wsetor

parti cul arn appuh&iin With adkssehBallyeoniDat tvasphagigaslighidfldde purposes of
scrubbi ng and/ or aeration. Gaseous chlorine may be used for scrubbing,

di sinfecti on and enhanci ng the cl.eaning efficiency by chem cal reaction at
the nenbr AAROLur  aceoPHPRTiysEn Wi%%é?urﬁ%gf oblemas e proxidedrip st

ment | oned ijiitd BR3RANGY AL 6PriolRP oL hdvaiA Tlgeg%irsg{ggémng Hilhudeyifs

oxi di zi ng P precursors and converting non-bio
bi odegt@adaislygedigsswhy eblloong.arricoe,arirbgan, methame e app pihec gas smirableffora exanpl e,
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wher e t he Jkafidnt @Kedss BIRERUNNY bdusaifot §dful§&n%,3eﬁ§iﬁfe@ti&ﬂ thd @maatag e
nitrogen. 20 [0011l] According to a second aspect, the present invention

provi des &lepams effisicaeniby ehapwplicasting & th wembrang suffagor Bissusssiiorenres or a
set of me [ di g : t

ul sed 11 UPSoRT gl SHUERAR MEARTl Pr KRG, B HRMhPRARLE, St
surfaces ais csidigng®yBl preesrsbe didsloadgeng avhibiglegrddabieaNOM ber ef rom For

pref erence,. the id flow includes a gas fl ow which generates bubbles
whi ch npv}‘?‘%egﬁ%f%’wet‘ﬁ%goi‘{?ﬁfoéﬁ%@c B?I%Q‘éi ?%%?%91@%“% ?quﬁx??i'@}ev Ref erence,
the fluid fbewbidsibrgdral awtiae@ln%aé@a Hééfgldlg%lbég efnmg{qmé’ﬁm%régk%gen%ﬁ! d

a

pul sed two-phase gas/liquid ow i s produce y evice provided with an

essent i al |oxidamtsaranmndesiyapley nisfogga mayPreafsed apryculathe whategbel fded uamk il ow i s

random i n it.ude . or_frequen d/ o guration. [0012] Where a set of
menbr ane rrcori%% e“éikhagbéﬁpgé(??pttuﬁee%’r%rg %}gﬁ}frrél[ra Ter al | y 30 assenbled in an
array, rack or a cassette located in a feed containing vessel or tank. To

clean aorgo#119r a cassadrtimgab aneahrdonpedtpiiialpeSent ineekttyn ovides a prembrshieng
the pul SEdmggusie comprising a plurality of porous membranes or a set of membrane modules and
means for providing a randomly generated, pulsed fluid flow such that, in use, said fluid
flow moves past the surfaces of said membranes to dislodge fouling materials therefrom.
For preference, the fluid flow includes a gas flow which generates bubbles which move
25  past the surfaces of said membranes. For further preference, the fluid flow includes a
two phase gas/liquid flow. Preferably, said pulsed two-phase gas/liquid flow is
produced by a device provided with an essentially constant supply of gas. Preferably,

the pulsed fluid flow is random in magnitude and/or frequency and/or duration.

[0012] Where a set of membrane modules are used, the modules are generally
30 assembled in an array, rack or a cassette located in a feed containing vessel or tank. To

clean a rack or a cassette of membrane modules, the device for providing the pulsed gas



or two-phase gas/liquid flow can be connected to a distributor and the

pul sed gas bubbl es generated are distributed into the nodul es through the
distributor. It is preferred to arrange one device to one nodule or to a
smal | nunber of nodul es. Accordingly, there typically are a nunber of
devices installed for one rack or cassette. Gas is 5 preferably supplied to

the rack anewbimbsedislliquiiied chf be26hncdeed t6Q ddtARGok Bed AR Gu]seB L ol d.
Al t hough the gas is supplied to individual device in a continuous node, the

erupt i on &ubblgs sprasated gref disimibuied inovthe awdales tyouge theatikribstopr Bdupreteresd
randomti keepi ng the nenbrane tank feed essentially cqonstantly in an
unst abl e g@%ﬂ'?ﬁ% ' (%chg‘%gf)fi%&(’%?ge 3858 -lalri‘%eﬁegmopﬂeiso Cﬁ%‘?‘%gati on
and hence thdie tpitdilyadre Qmubhel f dAGEas iNIIed for bROKICRGr dawend. rgm khe top of a
rack, gas bubbl es appear randomy fromdifferent nodules within the rack,

form ng a Prefaedhy sipplied puthie gackpand themdis(rigned) Bweeeh dideealphg theascls uppl y to

the rack i nt i d at.the same .fl.0 rate,. the volunetric,.gas flow
to an i ndi AT AUNGYE S gl in i RrliD g iiea) 4 ing alBhaE Mg B y i n
| ess t han ehffihonTdTigas beblleefrbm thbdevioss AbhOiheirickR Prodiiced StafdbmSinds, t he 15
pul sed gas-lift device. 100141For preference, the nenbranes conprise porous
hol | ow fi BepRingthremembeane tnk fegd £seatiallit constmtls il ap nnsiahle sardition.nBhisower
header havi r i i tyw- phase
Gaor 11 qut 3R RRRRsMRE R fitod BEITRRONSHE a2 et PG, WReg 3T

t he foram dbokingdotvn fikine tHei tbp 06 a adick, pay edbllas dppairadnddmigrieor diffazént( usual |y,

the | ower en and open a heir other end to. allow renoval of filtrate,
however, iM° %Wﬁ#’%“éﬁ@a?% : I’tgn%mi“fiﬁ’@r‘gﬂ YURLPYEER at both ends to all ow

renoval of fiI_trate fro_m one or both ends. The seal ed ends of _the fibers
may be potiped)in a peidd xﬂﬂer@@l@éj%é%rsuﬁﬁw Bend @tk iwﬁhh&gsl anEfL@lt}Ee éaﬁlfelsm?bwe
un W e

preferably arranged in mats, cylindrical arrays or b es.
appr eci at édtet thgtvoluracter ganflay tpreodedividdebwpilive generally Batiugteapph swaldl e 25 to

ot her for f ran h t .Qr._plate nenbranes.. [00Q15] For further
pref er encg,E n%hgg?&wgﬁggﬁﬁgn rr%%%ée 6%&0@5 ‘?ﬂgﬁ GWAPB&Y é?cqw{gssflfeb@?‘ge@ﬁ ng
fixed ai gqaddedeadlifindeideceader to forma sub-nodule. A set of sub-nodul es

are assenbled to forma nodul e. Between sub-nodul es, one or nore holes are
left to alb t he passage.or distribuytion of gas/liquid intg the
sub- modul d281%0 [ 00 16T ARE ST aIchg e PP EPBIATSE PPEHMILIRY e B fibers
i nvent i on WMV geatRa8BEROR DleatSTRY 100/ cf AEldePBaTRE BhE 8 Trokd RIS fifemayr f ace
of a plurality of porous hollow fiber

therein through which the two-phase gas/liquid flow is introduced. The holes can be

circular, elliptical or in the form of a slot. The fibers are normally sealed at one end

20  (usually, the lower end) and open at their other end to allow removal of filtrate, however,

in some arrangements, the fibers may be open at both ends to allow removal of filtrate

from one or both ends. The sealed ends of the fibers may be potted in a potting head or

may be left unpotted. The fibers are preferably arranged in mats, cylindrical arrays or

bundles. It will be appreciated that the cleaning process described is equally applicable

25  to other forms of membrane such flat or plate membranes.

[0015] For further preference, the membranes comprise porous hollow fibers, the
fibers being fixed at each end in a header to form a sub-module. A set of sub-modules
are assembled to form a module. Between sub-modules, one or more holes are left to

allow the passage or distribution of gas/liquid into the sub-modules.

30 [0016] According to one preferred form, the present invention provides a method

of removing fouling materials from the surface of a plurality of porous hollow fiber



menbr anes nounted and extending longitudinally in an array to forma

menbr ane nodul e, said nmenbranes being arranged in close proximty to one
anot her and nounted to prevent excessive novenent therebetween, the nethod
conprising the steps of providing a generally random uniformy distributed
pul sed gas bubble flow past the 5 surfaces of said nenbranes, said

di st ri but iinthiehdidnstitin shedxSalifle RINERLESalY AMSAHPRL BRbhA R ferBYahor M ¥

bet ween each nenbrane in said array to scour the surface of said nenbranes
and r enov &by stdaneubrots bidng amangedtihclose peximeith o aothdrand pe@b#EdFor

preferenc as _bubble flow further includes a. t hase gas/liquid flow
Br of or abl §0 PEIFE HORSEE LA L RN For P B cP PR B8 YRy Pla devi co
10 provi dedyiiing a8itn&2R9 Mhd R, YinfBRR AN biridURRIpIRl s986ubtit AH6 7Rl e the
pul sed gas flow'is randomin nmagnitude and/ or frequency and/or duration.

[ 0018] Accévdidey of said mdmbrdness paid disthbutpmdmeng such v tsaidrbupblsifldes a nenbr ane
nodul e conpyising a urality of rous, holl ow. fi ber nenbranes,. sai.d fjber
rerbr anes “Her Ay Palg0 teraL e ST hmey LB RG] P8 SR EH ¢ o
prevent exapisiad® hd BRYOIBRunt e BEWEesm Wilten fHehBEMPRAP HLaRRte. bei ng fi xed
at each end in a header, one header having one or nore openings forned

t herein throu?h which a generally random pul sed fluid flowis introduced
for cleanil®he surlfapeeemnces gag buble dlavf fusider welwdean &xo phawapfignid

o f 1 enc it g LELIE LI SR Bl A gl nce, (e

gas flowis int m o pret erence, VoW i ncl udes a
two phese p2dvidabwith guicskehtiaNy chirsedne saply of gas. Prpferabeygl thavpulpbdigss fI@aeid i qui d
flowis produced by a device provided with an essentially constant supply

of gas. PraamHY paghiyde safos frearency @R rEtiolndom i n nagni t ude and/ or
frequency and/or duration. [0020] Preferably, the device includes a gaslift

punp appan@bigs Oper ahtddRdinp té SANRNEDetQhS preleMS AR o Privi@QNS k@RorsiPp! y Of
pressurized gas froma gas source 25 connected thereto to store an
randon y mcgé%@)rpp@%miphédhtgﬁ parisisdloptigbar aheariyenespsad Sibet medibgass t o

gaslift q £t id liquid froma.reservoir of liquid to produce

sai d pul s:aﬂ)gn}g{/\%tdg%%gg] Cg'sglgése/ Ifrloc):iﬁllulcliy H((I;)%. anlogﬁﬁﬂ glrouﬂ?e ftgpé%c%t, e’?ﬁf’ggvegasl ift

punp appamadwsndnn Hewshe svédh, tHaiier @tkngtiSnes being fixed at each end in a header, one
header having one or more openings formed therein through which a generally random

pulsed fluid flow is introduced for cleaning the surfaces of said hollow fiber membranes.

[0019] For preference, the fluid flow includes a gas flow. For further preference,

the gas flow is in the form of gas bubbles. For preference, gas flow includes a two phase
20 gas/hquid flow. Preferably, said pulsed two-phase gas/liquid flow is produced by a

device provided with an essentially constant supply of gas. Preferably, the pulsed fluid

flow is random in magnitude and/or frequency and/or duration.

{0020} Preferably, the device includes a gaslift pump apparatus operative in
response to said essentially constant supply of pressurized gas from a gas source

25 connected thereto to store and randomly release pressurized gas and use the released
pressurized gas to gaslift quantities of said liquid from a reservoir of liquid to produce

said pulsed two-phase gas/liquid flow.

[0021] For preference, said gaslift pump apparatus includes an inverted gas
storage chamber for storing said gas provided by said gas source and having a closed

30 upper end and an open lower end positioned in said reservoir of liquid, a vertical riser



storage chanmber for storing said gas provided by said gas source and havi ng
a closed 30 upper end and an open |ower end positioned in said reservoir of
liquid, a vertical riser tube having an inlet port in fluid comunication
with said reservoir of liquid and an outlet port in fluid comunication

wi th said nenbrane nodule, said riser tube having an opening in fluid

conmuni catiisnhavidgdasild ppasn Sl SERmERRARSE Wit Shid reagdbif of ncg]lﬁ& ghdyhRg said
stored gas from said chanber when the | evel of gas within the chanber

reaches a 99ty eufbindlyif germumication dthysedd hfenibrapetthedule,gaiddiseh nbediavig) 2

riser tube for digcharge into.said, nodule. Preferabl t he rtical. riser
fube i s 1 Spefing T AERAH LN BisiE  THd R siobeeR SpBBsHociGmt Fairsvinant o
t he i nventsaidnstorbd gastHoml shidéhagiber Whkn R RVENITGAS whithiPe REARBAGEadhBO

cont ai ning pressurised gas, the tank being in Tluid communication 10 with

t he merfbr Aedessmincs lgyel and epsiifting ther iquidehiasets snid praiibl fog disahatgerinto
gener at ed I f o Lhe dul.e to formsajd. .t hase gas/liquid
flow for ¢ ﬁféﬁa[?lllgﬁugigt ﬁ%?%%%r éllﬁev eg‘h)c géeerstgbef R 105k e%%’\(ﬁﬁprgﬁ?s, St?'ﬁée control

means mnay chasfped. se a device positioned in a gas/liquid inlet to the
menbr ane nodul e and operabl e in dependence on the level of liquid in the
inlet to Eéovide gas, fromthe external tank. For exanple, a float 15 device

coul d be ¥¥FH to actlPpReembréingglof fie inneriong Bisemapiypt eas mas beipgenided evel |

[ 0023] Pr efyrA i - : Cl€ ¢y ANk £ d . nt _{.s limted
by a nodu Ihg S BJS%/%? %lhg%lé; %@ﬁé%&?@#ﬁﬁg%ﬁaﬁ %’g rtica lﬁéa%?{%g?%@gﬁ"tn%ﬁahép enment s
appr optd atvatlythe paerebran©mpdoleiatid hamingstonirot mdadd foi groaviding emdbindpeédrasgh t he

fibers and_to restrict the anplitude of fjber tion reducing. energy
concentr atplugbs s 8ngsht8 (ﬁb%’?‘fjg‘é"eg& famysaid fixo p %Sérgﬁgﬁlﬂéld[%?ﬁ‘]rlf&anmge‘hér ence,

the nodul endiabrahesi8feapSH dHeQnBdliRe Y BRI @Rtb ANk YnsSAhY gorﬂﬁriéei L gllgas
i npervi ous tube and connected to the pul sed gas-lift punp device so as to

retai n t h@osiiiengrhisgadiquid mlstdo theomembrariermedvde awtiopesablf 00@GRdence on

preference,. £3Ld.f9RGH rise.a slo ots _or ow of hol es.
Preferably,etheq¥igbgl@%§%Iggﬂg éovg%g?%%bwﬁh?ﬁ@eﬁﬁi%P%gﬁh%gﬁmﬁﬁ?ﬁbgﬁﬂthe
slots or rewseabuidbehstes adtdRRGhd benttdlGudaas dspchdiyorbde tila@id 1864, t 0 the
menbrane nodul e. [0027] For preference, the pul se frequency of the randomy
ener at ed es varjes in a.-r e of generally fromO0.1 to 200 seconds. It

\?vi Il be a g&éil at ed rﬁ%r%,gae %Bgrs may be protected and fiber movement is limited by

a module support screen which has both vertical and horizontal elements appropriately

spaced to provide unrestricted fluid and gas flow through the fibers and to restrict the

amplitude of fiber motion reducing energy concentration at the potted ends of the fibers.

20 {0024] For preference, the module may be encapsulated in a substantially solid
or liquid/gas impervious tube and connected to the pulsed gas-lift pump device so as to

retain the two-phase gas/liquid flow within the module.

[0025] For preference, said openings comprise a slot, slots or a row of holes.

Preferably, the fiber bundles are located in the potting head between the slots or rows of

25 holes.
[0026] The liquid used may be the feed to the membrane module.
[0027] For preference, the pulse frequency of the randomly generated pulses

varies in a range of generally from 0.1 to 200 seconds. It will be appreciated the pulse



frequency is related to the structure of the device and with a particular
structure, the pulse frequency preferably varies in a range of about 10 to
about 300% [0028]Preferably, the pulsed gas-lift punp device can be
optionally connected in fluid communication with a fluid distributor to
substantially uniformy distribute the 5 pul sed gas bubbles into the

filtrati offrauehdyeis e¢late®dotRStrubRe 81 e b ficahd withhepdriiiSsuiibfud, thd he
modul e have a packing density (as defined above) of between about 5 to

about 80%PakE Ireayercyrefesatdy vgrieshiotaserge ofabout 8 tatwiybd®0%5% [ 0030] For
preference, said holes have a dianeter in the range of about 1 to 40 10 mm

and nore rably 4 range, of abput 1.5.t0 about 2 In the, case
of ol o TFEFCR of hediendbhvfE PEist sBP B b e AR s v Pet it ot ha
of the abadw€lubdt@amuhRe3d] Wipiacralill bistlihi@of tol3@bsthMagly (HifRmmiyedistiBi@ase f r om
about 0.1 mn to about 5 mMmmand is preferably in the range of about 0.25 mm

to about Pukef grhbubthlesainto theifiltratprcmadels or siadsfssndent on material s used and
strength required versus filtration 15 efficiency. Typically wall thickness

is bet ‘A’eeg?%ﬁ S to % %9, iR rﬁ%eﬁf\%iﬁﬂn b %8@69134’6 %ﬁ%@n%ﬁ%ﬂﬁt& égss a

[ 0032] Acc ng to anot her-aspect, e present inve

menbr ane hlefinedigtmie) bhibdtwdim gbaut Sanleban80% ank ansre fppefeiabdy, badweatl ubsit@®n of
feed thereto for form ng activated sludge within said tank, a

menbr ane ﬁB&B?ggggéording to the third 20 aspect positioned within said
tank so as to be imMersed in said sludge and sai d nenbrane nodul e provi ded

Wi th meangofsy wit hoh:&garagréﬂck,tsraﬁ{ Rolbd RIVeal dih@BRt iPMe r&f #fabs@i o 40
menbr anes. [ 0033] Accor mgﬁto yet anot her aspect, the present iInvention

provi dé& anmeandaaorsiprefprably inrthe sangewrbor 13 tr dwot 85 noh. Iihdetcgperfdedarr i bed
in the aboo\f?ogscq Fﬁ%fes,c t%%{)él? b12d is chosen to be equivalent to that of the above holes.

[0031] Typically, the fiber inner diameter ranges from about 0.1 mm to about 5
mm and is preferably in the range of about 0.25 mm to about 2 mm. The fibers wall
thickness is dependent on materials used and strength required versus filtration

15 efficiency. Typically wall thickness is between 0.05 to 2 mm and more often between

0.1 mmto 1 mm.

[0032] According to another aspect, the present invention provides a membrane
bioreactor including a tank having means for the introduction of feed thereto, means for
forming activated sludge within said tank, a membrane module according to the third

20 aspect positioned within said tank so as to be immersed in said sludge and said
membrane module provided with means for withdrawing filtrate from at least one end of

said membranes.

{0033] According to yet another aspect, the present invention provides a method
of operating a membrane bioreactor of the type described in the above aspect comprising
25  mtroducing feed to said tank, applying a vacuum to said fibers to withdraw filtrate
therefrom while providing said pulsed gas flow through aeration openings within said
module such that, in use, said gas flow moves past the surfaces of said membrane fibers

to dislodge fouling materials therefrom.



25 introducing feed to said tank, applying a vacuumto said fibers to
withdraw filtrate therefromwhile providing said pul sed gas flow t hrough
aeration openings within said nodul e such that, in use, said gas fl ow noves
past the surfaces of said nmenbrane fibers to dislodge fouling materials
therefrom [0034]1f required, a further source of aeration may be provided

wi thin thgotzank to a%sdquired] £fuRe 36l Pelatdnt dMay FOproiRUSrANE he hiie
menbrane nodul e is suspended vertically within the tank and said further

sour ce of ta@sastinparoerganisen petoiiyd der ipesferenee., thremembrsan deetluboigsispended

Pr ef er abl the further squrce of caeration ¢ rises _a,grou f.5ar

per ol e VersaTy WHR e AR AR B PR R P SCRRRPCR- P R bemefh
backwash depangtmitdaiodiiie Pﬂe@fa@ggth%qrﬁﬂh&@aﬁlﬂc& b Berattol EQpAics @hrbipisor  of
suspended solids (5,000 to 20,000 ppn) in the bioreactor Ras been shown to

si gni f i Tarfl Bermeghle &ubess The msanbrapemaduleimgsr isveperdted wather guitiiout hackviash
corbi ned WngeRfin?6h ' A SR ecBRLB8GH 2T LOR 0L IBLATBE Sy BURRYABEES and

menbr ane ani n een shown to enabl constan ow

wi t hout  si(g00it6e 20,000 PpMmFases HidrehtaNBARIERA aNev s suificamtyi leBu@ste@lbicehi ng
hi gh concentration of MSS. [003§%Accordjn3ﬂto anot her aspect the present
i nvent i on tHR®IRGERPraveHitefe gquadity md Re cambingdushel asgting far bathidegerdptiopupf

chanmber 1 yi.dl: : c i ed to
tho 11 qui & ERigpIRRAGE A hombhfc RO PP D ootk Sl BRHIBRRSC oo
chanbeto [{DBB6lifAvef Bgrifitant ifecavat ar trinsainieaie mysuenwhile budsishingdagh
transfer s%/)?ltem havi Emstsucti on side connected to the |iquid chanber and a

di schar ge “OPHNEERRE o the gas chanber. For preference, a source of
gas fluidly is connected to the |liquid chanber. Preferably the system

i ncl udes gogmeybr ane Wiﬁ%\(@ﬁﬁ&hpp%@ta&itﬁé P@sddien 2ROk pRvANE A W4lel e and the
menbr ane nodul e vessel is hydraulically connected to the tank.

[ 0037] Accdragimgptisystamdndladingsgenk; & Inguid shambardhigly eenorstechtovat tnkt  gat nent
system conprj si arJ 1gui servoir,fluidly connected to a.squrce of
%ah mnﬁmgl A oglﬁ%&e(ﬁ & e\ﬁlqulg]% cféa[?l?er,s E{ﬂ% a mgmgfaﬁlg ﬁ]{lochrll%ﬁgldgye cond

wat er; a gas/ i qui er enclos r conpar
conpar tsrerdonnéhed fol ths gacaimpeder.ment 25 fluidly connected to the liquid

reservoir; and a nmenbrane separation vessel hydraulically connected to the
second co ment . 093 For &reference, t he §¥?Kfn1includes a chanber
hydraul i ¢ i sol at Bgiersyy,the water treatment system iricludes a gas transfer system

having a suction side connected to the liquid chamber and a discharge side connected to

the gas chamber. For preference, a source of gas fluidly is connected to the liquid

chamber. Preferably the system includes a membrane module vessel containing the

20 membrane module and the membrane module vessel is hydraulically connected to the

tank.

[0037]1 According to another aspect the invention provides a water treatment

system comprising a Jiquid reservoir fluidly connected to a source of water; a gas/liquid

chamber enclosing a first compartment and a second compartment, the first compartment
25 fluidly connected to the liquid reservoir; and a membrane separation vessel hydraulically

connected to the second compartment.

[0038} For preference, the system includes a chamber hydraulically isolated from

the membrane module and a gas source connected to the chamber.



t he nenbrane nodul e and a gas source connected to the chanber.

[ 0039] Preferably the nenbrane nodule is imersed in a solid-containing
liquid feed contained in a nenbrane tank, the nenbrane tank is
hydraulically connected to the aeration zone which is fluidly connected to
t he chanber. [0040] According to another aspect the present invention

provi des @009 hod of Prafesstdy liigembrameticdife RUdineesddna hydiidgontaindvd ling a
chanber having a first comt))artnent and a second conpartnent; establishing a

hydr aul i c fexhfomsanetian mpmbrane danks Shtpmembiare @nkds hidrantieablyneaneatefliioghe at
| east partially £ill) . -fr I tth a liquid feed and
i ntroduci tr?alaazlgméazgh% %@ﬁ%@ﬁ@%@%}&%ﬁﬂﬁ e b\gf'abl y, the nethod incl udes

breaki ng the hydraulic seal, wherein 10 breaking the hydraulic seal

rel eases ag0dogast a patordiap iohkndther gpsctalnpridnethventidhprovheencthed she
menbrane nodul e and then re-establishing the hydraulic seal between the
first conmdsPYmait membranednade fehiding qupedinggoipmbst havieg afissice, the met hod

i ncludes rg8rhLaaknL i shi. - I oduce
Ul 'sed ST RARRERPERLDR] EhARUnERL BbiMfing o VWA R RCAOAREy 40
chanber. [coffaltRreaf ardathk ynenbrensrriokokt; atnichu ghesiallp il ke idie figstl dogipactnfeaed i nt o

the second conpartnment. Jn one .formof the t hod, introduction of the gas
into the éﬂ%@ﬂ“idgfgffkﬁrfc{oﬁnﬁﬁa“%%?igﬁﬁgﬁgﬂfc %4] According to anot her
aspect, the present invention provides a nethod of 20 cleaning filtration

menbr anes henat ed i nmfefgﬁgghe GG fichdel birdkidle e Ry L8 9aeiR! | Y
random pul ses of fluid within the liquid at a nunber” of |ocations within

t he vedkelbregiying dredtydiaulic seal geleases ableast apattion ef thagdoaertainedimihe ¢blemberd/ or

frequency r tion, Fo reference. the fluid in budes as or
further prtgel er Iglﬁf:ng?{"t%r%)dg?’ées [f({sthfgﬁ % ﬁggﬁéﬁlﬁ%?egggragg%ﬁé ?t“ﬁSP%er%[fsgr ence,
flui d i nclasegmrgndnnandita seergiaiand npdak. m xture. 25 Preferably, said pul sed
t wo- phase gas/liquid mxture is produced by a device provided with an
iall f . BRI EF. DE | PTI.ON OF THE DRAW NGS
essentia [¥O4C2(])n8t ant Fc)srupﬁrgtle¥en%e, tgg ?nethod includess [%Bbreakjng and re-establishing the
hydraulic seal to produce a pulsed release of at least a portion of the gas contained in the

15 chamber.

{0043] Preferably, the method includes introducing liquid feed into the second
compartment. In one form of the method, introduction of the gas into the chamber is

performed continuously.

[0044] According to another aspect, the present invention provides a method of
20 cleaning filtration membranes located in a vessel containing liguid by providing
generally random pulses of fluid within the liquid at a number of locations within the
vessel. Preferably, the pulses of fluid are random in magnitude and/or frequency and/or
duration. For preference, the fluid includes gas. For further preference, the gas is in the
form of gas bubbles. For preference, fluid includes a two phase gas/liquid mixture.
25 Preferably, said pulsed two-phase gas/liquid mixture is produced by a device provided

with an essentially constant supply of gas.
BRIEF DESCRIPTION OF THE DRAWINGS

[0045] Preferred embodiments of the invention will now be described, by way of

example only, with reference to the accompanying drawings in which:



[ 0045] Preferred enbodi nents of the invention wll now be described, by way
of exanple only, with reference to the acconpanyi ng drawi ngs i n which:
[0046] Figure 1 is a sinplified schematic cross-sectional elevation view of
a nmenbrane nodul e according to one enbodi nent of the invention;

[0047] Figure 2 shows the nodule of Figure 1 during the pulse activation

phase; [0Qd&eri gur e Bigshows 4 figpHedkeheafatiCicaits fedidndl d1eWitide Vidig o£ NPl eti on
of the 5 pul sed two-phase gas/liquid fl ow phase; [0049]Figure 4 is a

si npl i f i edne@hafamasdule avserdieg to Gembmdgventidd the/inventadn; a menbr ane nodul e
according to second enbodi nent of the invention; [0050]Figure 5 is a

Syetom ncd8ing to THERE Skbndnmanefr SRR ofs® FoBhtbrefite o

sinmplified schematic cross-sectional elevation view of an array of nenbrane

modul es of(0048 type Fightes3 stagvathe mdduge erfgaicneftllodfindhg ebmpletion of the

[ 0052] Figures 7A and 7B are a sinplified schematic cross-sectional

el evat i bn RASA<WorPhasergaiame Newaehasesi | | ustrating the operation |evels of
liquid within the pul sed gaslift device; 15 [0053]Figure 8 is a sinplified

schemati ¢ (66435~ SeCtENA 4 & LHADIRRG Y RWMABE oss-sectional elevation view of a

membrane module according to second embodiment of the invention;

{0050} Figure 5 is a simplified schematic cross-sectional elevation view of a

water treatment system according to third embodiment of the invention;

10 [0051] Figure 6 a simplified schematic cross-sectional elevation view of an array

of membrane modules of the type illustrated in the embodiment of Figure 1;

f0052) Figures 7A and 7B are a simplified schematic cross-sectional elevation
views of a membrane module illustrating the operation levels of liquid within the pulsed

gaslift device;

15 [0053) Figure 8 is a simplified schematic cross-sectional elevation view of a
membrane module of the type shown in the embodiment of Figure 1, illustrating sludge

build up in the pulse gaslift pump;

[0054]) Figure 9 a simplified schematic cross-sectional elevation view of a

membrane module illustrating one embodiment of the sludge removal process;

20 [0055] Figure 10 is a graph of the pulsed liquid flow pattern and air flow rate

supplied over time; and

[0056] Figure 11 is a graph of membrane permeability over time comparing
cleaning efficiency using a gaslift device and a pulsed gaslift device according to the

mvention.
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menbr ane nodul e of the type shown in the enbodi nent of Figure 1
illustrating sludge build up in the pulse gaslift punp; [0054] Figure 9 a
sinplified schematic cross-sectional elevation view of a nmenbrane nodul e
il lustrating one enbodi nent of the sludge renoval process; 20 [0055] Figure
10 is a graph of the pulsed liquid flow pattern and air flow rate supplied

over ti meDESURIPCOORIOT PREFERRESEMROBIMERTSeNbr ane pernmeability over
time conparing cleaning efficiency using a gaslift device and a pul sed

gaslift device according to the inventjion. DESCRI PTION OF PREFERRED
EMBODI MVE 5?1)057] Ré?fﬁé?f%i“ﬁgﬁof‘l? qfﬁ‘é’“hﬁsaﬁﬁglﬁ’&é,l ‘PSgﬁl?Pé’sa pemgrage e nenbr ane
modul e ar aﬁ,glgféﬁ%} a&%ﬁﬁﬁgg@gné %Bgfﬂﬁgpgghmnﬁﬁ?-t he invention. [0058] The

menbrane nodufe 5 1 nclud a plurality perneabl e holl ow fiber 5
menbranes bundles 6 nounted in and extending froma |ower potting head 7.
In this eb®bd] nent, Theendinbcihe sacaute parciides epbuality gipeuhelblspdbesfiBerbet ween

t he bundl ot ow ] i ated t hat i rabl. t of
rerbr arfes RATTERES A Bles analtieh i RoMmauer BRtgp o bo TR e
provi ded bmbbBgnd@WRE bRiit] 28 parabnéd (@ pRAMAWPEEQW iwbditindSuhes 6t i ough

fromthe distribution chanber "10 positioned below the |ower 10 potting head
7. [ 0059] ™iBbesppregated thittanydepirade agengemdnt opmewibdads vathowthemeodule 5

di stribution chan&er 10 .and.in f.luid comunication therew th. e pul sed
Gaoe 111 BURETCo TR O Gheinth o aRORPYEKS BBt Pttt R Beltonsopen
at its | oy MihidStherthdayh RendthgaBstiiPh@in @Rkibel 40 pEiiE6AAM bdldw thePBRer €Nd.
A central riser tube 15 extends through the gas
10 potting head 7.
[0059] A pulsed gas-lift pump device 11 is provided below the distribution
chamber 10 and in fluid communication therewith. The pulsed gas-lift pump device 11
includes an inverted gas collection chamber 12 open at its lower end 13 and having a gas
inlet port 14 adjacent its upper end. A central riser tube 15 extends through the gas
15 colection chamber 12 and is fluidly connected to the base of distribution chamber 10
and open at its lower end 16. The riser tube 15 is provided with an opening or openings

1’7 partway along its length, A tubular trough 18 extends around and upward from the

riser tube 15 at a location below the openings 17.

[0060] In use, the module 5 is immersed in liquid feed 19 and source of

20 pressurized gas is applied, essentially continuously, to gas inlet port 14. The gas
gradually displaces the feed liquid 19 within the inverted gas collection chamber 12 until
it reaches the level of the opening 17. At this point, as shown in Figure 2, the gas breaks
the liquid seal across the opening 17 and surges through the opening 17 and upward
through the central nser tube 15 creating a pulse of gas bubbles and feed liquid which

25 flows through the distribution chamber 10 and into the base of the membrane module 5.
The rapid surge of gas also sucks liquid through the base opening 16 of the riser tube 15
resulting in a high velocity two-phase gas/liquid flow. The two-phase gas/liquid pulse
then flows through the openings 9 to scour the surfaces of the membranes 6. The trough
18 prevents immediate resealing of the opening 17 and allows for a continuing flow of

30 the gas/liquid mixture for a short period after the initial pulse.

11



15 collection chanber 12 and is fluidly connected to the base of

di stribution chanber 10 and open at its |ower end 16. The riser tube 15 is
provi ded with an opening or openings 17 partway along its |length. A tubular
trough 18 extends around and upward fromthe riser tube 15 at a | ocation
bel ow t he openings 17. [0060]In use, the nodule 5 is imersed in liquid
feed 19 ardosiQur ce OTha2Ritid €854 lof 2a¢lp@Asdes Swa phhdee df ligsig erihifal,lejection
continuously, to gas inlet port 14. %he gas gradual ly displaces the feed

li qui d 19 adtsHrtion hEhe sigeiondgtpagmeccs whe thsbubhigsbig is 1@@%{ faleased iR dKes
he | evel i At hi i as . i 0 i , h
ek Sl HIE JSR00HA8 anonBbpb Py RO w5 SHOUR. L FANidy, LS 00

breaks the 11 qui Cross e’ op rou e openi ng

17 and upwarghghhlieotigh tittel el subbequefy tHroieh the neretatha@odulp ¥l w@radfucgas
bubbl es and feed liquid which 25 flows through the distribution chanber 10
and i ntd taveetrghige gicaging aphigmemiie meabrage surtagss Lhppigouen phasets ighewat so
sucks |iqul : ] i rd I i in
P gh veltgs pyriBHaR e BASE sIREDURAHN R bEErl T BF et kpe TR

t hen fl owstetnipooang kedubgooipepressgs Qid 0 deasivyy diffecense whidagsuits i higuiedmgnes 6.

The trough 8 prevents imedi ate reseal ing of the qQpening 17 and al |l ows
for a c_ont%“ﬁﬁ?%é”?&&&h%gm%ntlﬁé’fgﬁté‘*smqr(ﬁ‘t‘}?edl§m"g?‘iﬂf‘é‘“gldr th initigh 12pbibd aft er

the initialnapuilagiquid ABRLE IR by Rustlf 85id iodARRA Aklylesh de AT Of

liquid transter, ejection and suction. The ejection phase occurs
bubbl e 18| wgpsitkrouph bpedihy 17.el eased into the riser tube 15 creating a strong
buoyancy force which ejects gas and liquid rapidly through the riser tube

15 and su ently rough.the nbr.an dule 5 t roduce 5 an ef.fective
cl eani ng g@ﬁ %n on tﬁﬁg‘-" gr%s%?ruﬁﬁtéo{%?%bccégz ereglju%(‘:”t‘&lofge(gﬁ‘&%lg’ ?SSS%PHPPBV\Bd by
a suction Bigutd RROA R AsEesvBesias hidn réilthd inGWodkr paSingWr tRb-phhg ri ser tube
15 creates a tegPora[y reducti on |gﬁgressure due to density difference

whi ch r esu#a4iquid cleging obbie maemsiaredo Fithsuds rpekile ot Dymta Biegplaginelyr i ser

t ube 15. ol ' - |igui d f '

fol | owned ﬁ@@e%@%ﬁ?‘f‘r&&?éﬁf %év@é\ﬁh{hgﬁ"“?rsﬁé% %@@%@ﬁﬁdﬂ i “r"’h%a‘{g‘gs

t hr oughsopduramgn.17. [ 0062] The gas col l ection chanber 12 then refills with
feed liquid, as shown in Figure 3, and the process begins again resulting

i n anot her si ng of. t wo: phase gas/| i qui. | eani.ng of the ranes 6
wthin ¢ neoBBl s it e Al sl Gefal MR Reod mEp T Bt heo
process, thelplisesbaliBefenakBlid ¥rrbddtdn: iTpbrRIg eneye, anaddiBodlty @t paRed
[ 0063] Figure 4 shows a further nodification of the enbodi nent of Figures 1
to two-phase gas/liquid flow, a steady state supply of gas is fed to the upper or lower

portion of the riser tube 15 at port 20 to generate a constant gas/liquid flow through the

20 module 5 supplemented by the intermittent pulsed two-phase gas/liquid flow.

[0064] Figure 5 shows an array of modules 35 and pump devices 11 of the type
described in relation to the embodiment of Figure 1to 3. The modules 5 are positioned
in a feed tank 36. In operation, the pulses of gas bubbles produced by each pump device
11 occur randomly for each module 5 resulting in an overall random distribution of

25 pulsed gas bubble generation within the feed tank 36. This produces a constant but

randomly or chaotically varying agitation of liquid feed within the feed tank 36.

[0065] Figure 6 shows an arrangement for use of the invention in a water

treatment system using a membrane bioreactor. In this embodiment the pulsed two-

phase gas liquid flow is provided between a bioreactor tank 21 and membrane tank 22.
30 The tanks are coupled by an inverted gas collection chamber 23 having one vertically

extending wall 24 positioned in the bioreactor tank 21 and a second vertically extending

12



3. In this enbodinment, a hybrid arrangenent is provided where, in addition
to the pul sed two-phase gas/liquid flow, a steady state supply of gas is
fed to the upper or lower portion of the riser tube 15 at port 20 to
generate a constant gas/liquid flow through the 20 nodul e 5 suppl enmented by
the intermttent pul sed two-phase gas/liquid flow [0064]Figure 5 shows an

array of RediulPposdioradn BHéRe@BMne emkld. oWalllna dxydpds 6es tvwdp@idpthnwitighat i on
to the enbodi mrent of Figure 1 3. The nodules 5 are positioned in a feed

to
tank 36. e bipeagior bk ZlHbap deeseralbRS gathinishnusbire thnkdd. dheeash punp

device 11 il y, | h rodul |t bag. | d
s S P e e S P S e
Thi s pr odggesdahe eaibadie thil 27 aoG@ o &fmlgd]?'fé@édtsl@ hiyd 98 Ghd) Gypledltyadit, a6 Of

|

liquid feed within the feed tank 36. [006 gure 6 shows an_arrangenent

for usé ofrevided ipbpepoerliention gRarsherZ3dhronsh Pory29: dwinggibaapedilfration ane
b : o ot _ . va §
o ov ded Bl ASETRES ARl S RfieBe SRS ORI 08 b BUG @S, ¢

are coupl ed veiticanwiiesrt ed gas col | ecti on chanber 23 having one vertically
extending wall 24 positioned in the bioreactor tank 21 and a second
vertical l endi n wal |l 25 posjtioned in the nmenbrane tank 22. Vall 24

ext x
extends t 300861 quer ' degtsh & Ehpievided wrier REETET I A RI2ORERN eRARORAP 25
Wi t hin t he, BRERLARS O8N G2m (RD&IRST FRlet Gﬁﬁﬁrpme%ﬂﬁﬂg@&ﬁ@eiﬁ%%ﬁmned

by a connecting wall 26 between the bioreactor tan 1 and rane
t ank 200 defiepchaswe looepand fkef sval 25ansk thB. st@@esthetgppescabtsrapidly pass it

provi ded to as collecti chanber 23,throu ort 2 A ne

TPt ratt o bAoAt 38 ol ARG B aiEAe MIEOrRE ek op AhEmBIRIDS above

the | ower pRdcend 4 ¥v@ph¥edabLighid@dk tZdugt 6HdhBraus ehoddRS30. STHY Qivkdled

under pressure to the gas collection chanber 23 throg\gary] ort 29 resulting
e

in the | evgep alsp pipduses arapid redupBor Ahadser1tip8 coBipaL e hages follegtipn
reaches t 31 I : -hi t rapidly
past the aﬁ #ngi%g%%#@ﬁ#gé?pﬁéh?ﬁg%m§%359#§§§%ﬁﬁggﬁéﬂ&Fﬁggﬁéﬁg?gﬁgdtank 22
as gasidubixoabe preashranaxgnia2? WwoFhphase of gad thiraiphthdr Dvmtah ibe wghirélbeel byearbr ane
nodul e so produces quaid requcti on of gas Wi t hin

30. The surge of gas al
conpart rreﬁ’tal‘%(“BrfShg’l’f“égéﬁgneﬁfﬁ%lt@@tﬁoﬁﬁe&fa%% otsB0wRk RS YrgvS May BF PR&Atedat er
bei ng si phgnechioP hecdindf §aR4Hr tank 21 and 15 into the menbrane tank
22. The fl ow of gas through port '29 may be controlled by a val ve (not

shown) connected to a source of gas (not shown). The val ve nay be operated
by a cont ie¥i7&r devikavillherppissiatnd the pulsed flow generating cleaning device

described in the embodiments above may be used with a variety of known membrane

20 configurations and is not limited to the particular arrangements shown. The device may
be directly connected to a membrane module or an assembly of modules. Gas, typically
air, is contiruously supplied to the device and a pulsed two-phase gas/liquid flow is
generated for membrane cleaning and surface refreshment. The pulsed flow is generated
through the device using a continuous suppy of gas, however, it will be appreciated

25 where a non-continuous suppy of gas is used a pulsed flow may also be generated but

with a different pattern of pulsing.

[0068] In some applications, it has been found the liquid level inside a pulsed

gas-lift pump device 11 fluctuates between levels A and B as shown in Figures 7A and

7B. Near the top end inside the gas-lift pump device 11, there is typically left a space 37
30 that liquid phase cannot reach due to gas pocket formation. When such a pump device

11 is operated in high solid environment, such as in membrane bioreactors, scum and/or

13



[0067] 1t will be appreciated the pul sed fl ow generating cl eani ng device
described in the enbodi nents above nmay be used with a variety of known
menbrane 20 configurations and is not limted to the particul ar
arrangenents shown. The device may be directly connected to a nmenbrane
nodul e or an assenbly of nodules. Gas, typically air, is continuously

suppl i ed HehyldiRed MHESIR Ay BrHag§cbBnipRAR qleggifﬁéé 37164 ttle tdpoed oF tener at ed

for menbrane cl eaning and Surface refreshnent. e pulsed flow is generated
t hrough t Bempalgrice 1l ahd thia evemuedlbyeadeadiohlodngyakiheigen@owrchanrel dol | be

appreci ated .25 where a . nop-conti nuqQus f gas is used a |.sed flow
oy o so. BeUnBE AT RERR S i R T R o rRRe SRl TR Fo0g) 1
sonme appl ksmkiions, it has been found the liquid |level inside a pul sed
gas-lift punp device 11 fluctuates between |evels A and B as shown in

Figures 7A and 7B. Near the top end inside the ?las-l ift pu%p device 11,
there i5s 18A§Pkal | y ISeverahmeihnds tagvescormne Hiis ¢hfentngvpbresddendiiisdt Gnéach due to
gas pocke At S. . i ce i i i;gh solid
i F onmorted b Rdare {REBuSticeuBh BURE 38 5LL Bind el RERRRN Hgulddeit ]

sl udge 39remiedddinppdgeyatidC Wl Atie HigurédRA 3pa08. 3Vhai thehgpuidlveindadifest he
punp device 11 and.this eventually can lead to bl ockage of the gas flow
channel 4he gasdraiiPn ppint Iyt vpuhe gAY EYIcrHies plinwdarwyrddhatdireas|up Figure
8 illustr i { rC j S

ef f ect ha?é%gbelgE%gﬁ?ﬁ?é}%%&&u@t@%ﬁj&%\s{% gﬁq gﬁ%? %qt e&gg%qllhj e tlfcroyn

poi nt BB atheangbiohlhy sHus¥soawch lae aotigrer The opierdity ef spray dhé¢hethtetlo the gaper at i on,

level A in Figures 7A.and .7B. en the ligquid |l.evel reaches the gas

o et on it 162t e Be veeity, b Sase L ety o SR S St OHE ST R

br eaks  up A SCHRLRinskdgeREsUSHEAL i on near the top end of the punp
device 11. Figure 9 10 schematically shows such an action. The intensity of

spray 41 is related to the gas injection |ocation 38 and the velocity of
gas. This{?fPhod mayAprtesranethasis oasgodisaly sent s vatinhepump dayie §linsi de

t he punp i e | r LSt 0 i.qdi van W t hin
t he punp eé%vgge %%mfl (%Q%IYPJO%Q%QQ |‘Pg§f‘§9€“§3§7 1{?%8%@53% t eév%,%a’pﬁe%u ace 37
i nsi deid heppuarpn.d&vihtsecatd, tHelidjagiohof@pe maisi onat drmetuhihs heghest, paiftansidg @t | on
of gas nust be at or near e hi ghest point insjde the pu evice 11 so
Phat a1 shmirciior 10 it e b S sy (o ele 54 onnect 1 on
poi nt 38 gheNdtibA pbind 98 @hdwh $n RRpuEX A4 Eex ARGRENDERGhdIHY d@eSiuddequatd! i ty,
the venting can be performed periodically at varying frequency to prévent

t he creat itohvertinggpn pe pardpened gerindicadl yan yaroremisetuensy foerevéns terpatduveice.

any permanently dried environment inside the pump device.

20 [0071] It was also noted in operation of the pump device 11 that the liquid level
A in Figure 7 can vary according to the gas flowrate. The higher the gas flowrate, the
less the gas pocket formation inside the pump device 11. Accordingly, another method
which may be used is to periodically inject a much higher air flow into the pump device
11 during operation to break up dehydrated sludge. Depending on the design of the

25 device, the gas flowrate required for this action is normally around 30% or more higher
than the normal operating gas flowrate. This is possible in some plant operations by
diverting gas from other membrane tanks to a selected tank to temporarily produce a
short, much higher gas flow to break up dehydrated sludge. Alternatively, a standby
blower (not shown) can be used periodically to supply more gas flow for a short

30 duration.
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20 [0071]1t was also noted in operation of the punp device 11 that the
liquid level Ain Figure 7 can vary according to the gas flowate. The

hi gher the gas flowate, the |l ess the gas pocket formation inside the punp
device 11. Accordingly, another nethod which nay be used is to periodically
inject a much higher air flowinto the punp device 11 during operation to
break up_gighyf at ed 13lflaRoRRAEMATII BB chlle: Sftficalindlidility dhindevi ce, the
gas flowate required for this action is normally around 30% or nore higher
t han the combiledopmieat igaga pmg téinpsimble@pettios and tpeaningleanyscepipudgicant
operations b ‘gi ver,ti,rglg as fr m.ottlf r menbrane tanks to a selected tank to
t enpor ar i Ia(j'c‘{\;? RNt ng! PUMBAEHCRE Gher gas flow to break up dehydrated

sl udge. Alternatively, a standby bl ower (not shown) can be used

peri odi calﬁ,aérﬁt;]essuppl y nore gas flow for a short 30 duration. [0072] The
met hods described above can be applied individually or in a conbined node
to get a long termstable operation and to elimnate any scuni sl udge
accumulat {731 nsi de Quvetypisapmgembrane madulesaomnosedof ey fher mepPEALS

menbr ane npodul e is ¢ d_of _hol L,ow f her I 2 | length
of 1.6m ag‘gsﬁt Wﬁ?%fﬁg’?gf?eﬁ%%‘%ag%%bofo ¢ lgg ﬁﬁ%ﬁq’éﬁ’??@d ‘??gﬁg%gﬁgfati ng
devi ce WagRORNREESHCd Wad Ehrie¥ Rl ¢8the®piebanembraa ntodufe. DA gdddic wieel
flowreter was | ocated at the | ower end of the riser tube to nopjtqor the

pul sed | i flavanetenwas leeater iaf thedowgr gukol the gssrdubmtodnemkorshe pyl uidt ¢ he
pul sed Iiquid t i; . / hr.
The snaps &(%%‘95%%\?%& {l ﬁg%aghﬁlﬁgéﬁgﬂﬁg%gﬁjﬁgﬁ c%]fgd?{' R‘ggﬁdolé%lﬁglf%gvd&g@?tmom or
chaot i ¢o pajchemn suppMedgah flghsatgriiNovs. Thhsndpsbousines thatem ligwid flovhi gh
liquid flowrates was jn the rﬁ%ge o{] about 1 to 4.5.Sﬁc%2£ﬂ]§. The act ual
gas fl ow raateinedhegednlediydiatandagh oF shiplc RemMREINEFLYERY &5i ' as ni xed
with [iqui 118 YRS aRPRLT I8 hd AnBE of hiBult Alto UG debendsl qui d
flow - ran%%%gH%YSﬁ%gtlé\ggﬁlh%ﬁg?@ﬁand Ii)vvs in 1a chaotEi g natuuret(.)_ [0074_]AS\
conpar i sorllef actrprsaiiev ghieanicatpdabee modilg yyasinoe seapided beabe Wivasinuged

devi ces was..conducted, ip a nbr ane_ hi . . il ionr
cycl e was ‘Tﬁﬁﬁﬂﬁﬁt %'étqlfler ﬂf’?"éfq‘.‘ﬁsw Yo ?Wg%gg;g/BgSln@lu ?1%? %Hﬁﬁ@%ﬁﬁ%ﬁ ltak?ﬁ]éach of
the ainsflguveat @shs inbloepralcatoytdee. were tested. The only difference
bet ween the two sets of tests was the

[0074] A comparison of membrane cleaning effect via pulsed and normal airlift
devices was conducted in a membrane bioreactor. The membrane filtration cycle was 12
minutes filtration followed by 1 minute relaxation. At each of the air flow-rates, two
repeated cycles were tested. The only difference between the two sets of tests was the
20 device connected to the module — a normal gaslift device versus a pulsed gaslift device.
The membrane cleaning efficiency was evaluated according to the permeability decline
during the filtration. Figure 11 shows the permeability profiles with the two different
gaslift devices at different air flow-rates. It is apparent from these graphs that the
membrane fouling rate is less with the pulsed gaslift pump because it provides more

25 stable permeability over time than the normal gaslift pump.

[0075] A further comparison was performed between the performance of a
typical cyclic aeration arrangement and the pulsed gas lift aeration of the present
invention. The airflow rate was 3m’°/h for the pulsed airlift, and 6m’/h for the cyclic
aeration. Cyclic aeration periods of 10s on/10s off and 3s on/3s off were tested. The
30 cyclic aeration of 10s on/10s off was chosen to mimic the actual operation of a large

scale plant, with the fastest opening and closing of valves being 10s. The cyclic aeration
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20 device connected to the nodule - a normal gaslift device versus a pul sed
gaslift device. The nenbrane cleaning efficiency was eval uated according to
the perneability decline during the filtration. Figure 11 shows the
perneability profiles with the two different gaslift devices at different
air flowrates. It is apparent fromthese graphs that the nenbrane fouling
rate is | esms3sd/is dfhQaPehSRE tdaihiid & flegighch f HéTengel ofthOYpHEFoTEN e 25

stabl e perneability over tine than the norimal gaslift punp. [0075] A further
conpar i sonpulsssl Pdift deviesd et wetonmiahes wes fevicdane pomwfalised {lpk obkprgwimately
aeration ment he | sed s I aeration of the present

i nvent i on%@%@?l%@%ﬁ%ﬂ%ﬁ&%ﬂﬁfﬁ&wf ﬁ]‘éﬂrﬁﬁ?ssed airlift, and 6n8/h for
the cyclic aeration. Cyclic aeration periods of |1 0s on/lIGs off and 3s on/3s
off were t@ergd. TheTableqWeld® s@d@hdiis@thekest fRuRNSA E5th PulsewaAgliPefiohO
mmc the actual operation of a |arge scale plant, with the fastest opening
and cl o8i nipdgwosdifferest fequrpcy osclicrirsategednecatinap al ho permsiabdisy dropsinripief  was
chosen to [ m - in.the ran of e ration of th ul sed
i deoreiibh SRR RO S 8N Bk BB RN ALu® iR ap

appr oxi mat sipyifidehMompand torgtEegdationgpdraddn. alnnghhegiefeqlendPcydliput es.
[0076] Tabl e 1 bel ow sunmarises the test results on both pulsed airlift
oper at i on SFTH#RN MMpoRsithe MembranccRpiimpnes dightly obe fulset ashbl oneiasps. The

per nmeabi | i ty: dr. i fi i - ' j £s With
pul sed ai r{nﬁr?&g%hega 'ﬁcggm\%gg{a%ecﬂﬁgﬁmégag\eg’i@gﬁ%@f% g’%“@%ﬁpﬁ@%& O&ﬂé{,&%ﬁ?c

aer ati an ogearahg procesd wit dghpdisedhiflifegjuagesnestycl i ¢ aerati on i nproves the
menbrane performance slightly, the pulsed airlift operation maintained a
much nore stapl rane perneabiljty, confirmng a nore effective io

1 eani ng. pXoREE HIFREROFRE odRa radeiot wedhrapE BTN AR o 1 Effect of air
scouring nodel on menbrané perfof nance Opgration node Pulged arrfift 108
on/1 Gs of f cychperadies aloden 3s onp@iséd of f | CYLH/COASHE BYARN| 35 on/3 s off cyclic

airlift aeration aeration

Membrane permeability | 1.4-2.2 3.3 - 6 lmh/bar 3.6 Imh/bar
drop during 12 minute | lmh/bar

filtration

Membrane permeability | 2.5 - 4.8 10 — 12 Imh/bar 7.6 Imh/bar
drop during 30 minute | limh/bar

filtration

[0077] The above examples demonstrate an effective membrane cleaning method

with a pulsed flow generating device. With continuous supply of gas to the pulsed flow
15  generating device, a random or chaotic flow pattern is created to effectively clean the

membranes. Each cycle pattern of flow is different from the other in duration/frequency,

intensity of high and low flows and the flow change profile. Within each cycle, the flow

continuously varies from one value to the other in a chaotic fashion.
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Menbrane perneability drop during 12 mnute filtration 1.4-2.2 lrnh/bar 3.3
-6 I mh/ bar 3.6 1nb/bar Menbrane perneability drop during 30 m nute
filtration 2.5 -4.8 I mh/bar 10- 12 Inmh/bar 7.6 |linh/bar 100771The above
exanpl es denonstrate an effective nenbrane cl eaning nmethod with a pul sed

fl ow generating device. Wth continuous supply of gas to the pul sed flow 15
gener ati nqogt@yi ce, athan®eippreciahAchiaC aihauphRBd ér@bodienGrdeadrtddtaBove use
effectively clean the nenbranes. Each cycle pattern of flowis different

from the ctmdsed gasligrisk flow/ the éapeatiey is effactivg hon gsingogier sandomaly prisgds and
the flow chan rof.il.e. Wthi h_cycle, the flow continuously varies
from one \%lggl%?’g l&%‘é‘hlggﬁ@’ %aﬁglél‘;@gsa% (?/]gq"*lcziishi on. [0078]It will be
appreci ated that, although the enbodi ments descri bed above use a pul sed
gas/ i qui dod1opw, t heitiwid ®atappitciasedethbeRkthycembeiimasis ngd exdraplificndasof y

pul sed fluid flows including gas, gas bubbles and liquid. [0079]1t will be
appr eci ht dBe Hysptuen arepess! Qb dERArHRY freReilp PPIFTt OB 859pR §F He invention

described.
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5 the invention are possible without departing fromthe spirit or scope of
the i nvention described. CLAIMS |.A nenbrane nodul e 'conprising a
plurality of porous nenbranes or a set of nenbrane nodul es and further
including : a gaslift punp apparatus operative in response to a supply of
pressurized gas froma gas 5 source connected thereto to store and
intermttently release pressurized gas and use the released gas to gaslift
gquantities of said liquid froma reservoir of liquid to produce a pul sed

t wo- phase gas/liquid flow al ong said nenbrane surface to dislodge fouling
materi al s therefr6FAIM® 2. A nenbrane nodul e according to claim| wherein
said gaslift punp apparatus including an inverted gas storage chanber for
storing said gas provided by said gas source and having a cl osed upper end
and an open | r SrBepRsRIeestyistomarisied alplpekiaod pireusofienitiranes ok, 2 sat ofer t i cal

riser tube | oGad@danMdidaliRs SR frgld Cﬁ,hglrgage chanmber and having an inlet
opening in fluid comunication wth safd reservoir of liquid and an outl et

port in 15 fluid communication with said nenbrane nodul e, said riser tube
havi ng an openi gaglift punfp dpbatatc® FPLHNLAE FQRbn R sS4 fg;gé chamber

posi tioned for receivin said%g?bred_5§gﬁfronf§@ﬁ%¥ aﬁgégféﬁgﬁmfﬁﬁslevel

of gas withrn SPHE&e W?Pﬁgﬁhqrgameaﬂdplﬂ@ﬁélﬁ@ﬁlﬁﬂﬁ@de pressetizedipas @A sbdthd i ng t he
liquid throughecisabdlodsite £ktif HRGifiQTordiis & i LPdmeaul e., 20 3. A
renbrane modul e accor di%{gﬂtg Q|1611i m o or C g?nr}lagés\%%vgl?gglﬁq”t‘ '8 PPA4983 quid f1ow
conpri ses gas PYEbI"Ophase gas/ligis flew elonpshid wemipenyrsdifag ¢ disiadye oilggof t he
precedi ng cl airderiReigifdsai d pul sed gas/liquid flow is produced by said
apparatus provided with a supply of gas.

0 2 A membrane module according to claim 1 wherein said gastift pump apparatus
including an inverted gas storage chamber for storing said gas provided by said gas
source and having a closed upper end and an open lower end positioned in said reservoir
of liquid, a vertical riser tube located within said gas storage chamber and having an
inlet opening in fluid communication with said reservoir of liquid and an outlet port in

15 fluid communication with said membrane module, said riser tube having an opening in
fluid communication with said gas storage chamber positioned for receiving said stored
gas trom said chamber when the level of gas within the chamber reaches a
predetermined level and gaslifting the liquid through said riser tube for discharge into

said module,

20 3. A membrane module according to claim ! or claim 2 wherein the gas/tiquid flow

comprises gas bubbles.

4, A membrane module according to any one of the preceding claims wherein said

pulsed gas/liquid flow is produced by said apparatus provided with a supply of gas.

25 5. A membrane module according to any one of the preceding claims wherein, the
gashift pump apparatus for providing the pulsed gas/liquid flow further includes a
distributor in fluid communication with said apparatus and the pulsed gas/liquid flow is

distributed into the modules through the distributor.
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25 5. A nenbrane nodul e according to any one of the preceding clains
wherein, the gaslift punp apparatus for providing the pul sed gas/liquid
flow further includes a distributor in fluid communication with said
apparatus and the pulsed gas/liquid flowis distributed into the nodul es

t hrough the distributor. 6. A nenbrane nodul e according to any one of the
preceding clainms wherein a gaslifl punp apparatus is provided for each
nodul e. 7. A nenbrane nodul e according to any one of clains | to 4

wherein a gasljft zc‘gqu apparfat us i.s provided for a nunber of nodules. 8.
A menbrane nodll e BraTgiadylearrdinsiogpy enest Heprespdingslaims wherpiglas ed
gas/liquid fl cgyslifspdnﬂmg?mtﬁs Q‘%Fb%{d@aggmﬁg_ said apparatus formng a
random di stri bution pattern. 10 9. A nenbrane nodul e according to any one
of the preceding clains, further conprising a plurality of porous holl ow

fi ber nmenbranes, sai i.her Lhg arran i,n.close ptoximty to
one anot her aﬁg rml’}nliti‘facjJ r%h% %@%%@?&:@% (\gﬂg Ort;ﬁl\%lé]%rgﬂt? 4t“ﬁ'§?e n, the

fi ber nmenbr aneymipeppagaths ix poivied fae huretred of modulddeader, one header 15 havi ng
one or nore openings formed therein through which the gas/liquid flowis

i ntroduced for cleaning the surfaces of said hollow fiber nenbranes. 10. A
menbr ane nodulfe acdonstngetrmdarc@ndngh clahe S pr elgieté Berch aicFBiswher ei n t he

supply of gas J.s;.proyi ded b n external tank contaiping pressurised gas,
F IRty gt ﬁ e

the tank bein ntt P85t FoRMeR P PrSatHERprARa eIl e and
havi ng cont r oldisteifaunisn pawernpr ovi di ng randomly generated pul ses of gas to the
nodul e to fls)rm a gas bubble flow for cleaning the nenbrane surfaces. li.A

menbrane nodul e according to claim 10 wherein the control nmeans conprise 25

a fluid flow cont r él mabraeenda@RiatdoadIfttolahy SneQARel grétddif bRkl t he
menbr ane nodul e _and o%)elr %PI e.in dﬁ{%ﬁndence on the level of lTiquid in the
inlet to proviUEPGURE FRYMBREPURTEIHAY TPgRembanen spid Fherapranbrasaubeingic cor di ng

to claimll whaetsiet if e pldtirlieyf Ve SOMeF Bld HlRMIE & F8vednBexeQBVERLED L fluid
cofmuni cat i on(hvvlth a fluid distributor to substantially unifornmy
distribute thé"PHCEES SHDsuBRRRansshege fing drsirticad in aigadsr, et hoderof ¢l eani ng

a menbr ane isumth@sgondBrRioseshehRgPo brhddUhdleiFBES LLRWWMidhIh@gas/liquid flow is

introduced for cleaning the surfaces of said hollow fiber membranes.

10. A membrane module according to any one of the preceding claims wherein the

supply of gas is provided by an external tank containing pressurised gas, the tank being
20 in fluid communication with the membrane module and having control means for

providing randomly generated pulses of gas to the module to form a gas bubble flow for

cleaning the membrane surfaces.

Il A membrane module according to claim 10 wherein the control means comprise
25 a flud flow control device positioned in a gas/liquid inlet to the membrane module and

operable in dependence on the level of liquid in the inlet to provide gas from the external
tank.

I2. A membrane module according to claim 11 wherein the fluid flow control device
30 is connected in fluid communication with a fluid distributor to substantially uniformly

distribute the pulsed gas bubbles into the module,

13- A method of cleaning a membrane surface immersed in a liquid medium with a
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gas flow, including the steps of providing a randomy generated
intermttent or pulsed two phase gas/liquid flow al ong said nenbrane
surface to dislodge fouling materials therefrom wherein the pul sed gas
liquid flowis randomin magnitude and/or frequency and/or duration. 5
14. A nethod according to claim 13 wherein the gas flow conprises gas
bubbl es. 15. A nethod according to claim13 or 14 wherein the nethod
i ncl udes produci ng the pul sed two-phase gas/liquid flow using a device

supplied with a ﬁlom%$ gssurl ed togas. . 16. A method according to claim
15 wherein t hé® W' dHE?é NERS Efoé‘é'élg|a§af@§§‘5’r&eP%$‘F%/m@8H%tﬁlaﬁf pulgg 17. A

met hod accor ditag phae FaNiqOR SN aldil bl nekBrane sk BB sRiaBe blfnd ke f urt her
i ncl udes using the pul sed two-phase gas/liquid flowin conjunction with an

essentially ¢ P%?ﬁé’t% vhghsing hridsed gay liquiguflogy s rasdpm in magnitgle andekégoencgiccor di ng
to any one of 4/8f dBad3 t0 17 wherein the nmethod further 20 includes

provi ding an addi ti onal source of gas bubbles in said liquid nedium 19. A
menbr ane nmodlul e conprising a plurality of porous nenbranes or a set of

ul sed tvo. phade oherPrRK Rt R lhR! Mt FrEE0E SomburSaE PPl 11 ow
noves past the surfaces 25 of said nenbranes to dlslodge fouling nmaterials

therefrom wh reln th ul se as . |i n1|n nagnltude and/ or
frequency andﬁor durr%et%fd@r?.‘mr‘g‘ﬂgt%lw h%wﬁﬁﬁﬁﬁ'@ g@gﬂﬁ‘ﬁiﬁs PBIingi m 19
wherei n the gabd pulsgdiiveh-Hase60Gw0a i |ﬂse3mgga doubdhipSicd 34h a Adw P&?éﬂhsfe@ne

nodul e acc Bding to claim 19 wherein said pulsed gas/liquid flowis
pr oduced ba device provided with a supply of gas. - 15 -

16. A method according to claim 15 wherein the flow of pressurised gas is

essentially constant.

s 17 A method according to any one of claims 13 to 16 wherein the method further
includes using the pulsed two-phase gas/liquid flow in conjunction with an essentially

constant two-phase gas/liquid flow.

18. A method according to any one of claims 13 to 17 wherein the method further

20 includes providing an additional source of gas bubbles in said liquid medium.

19. A membrane module comprising a plurality of porous membranes or a set of

membrane modules and a device for providing a generally randomly generated, pulsed

two phase gas/liquid flow such that, in use, said gas/liquid flow moves past the surfaces
25 of said membranes to dislodge fouling materials therefrom, wherein the pulsed gas

tiquid flow is random in magnitude and/or frequency and/or duration.

20. A membrane module according to claim 19 wherein the gas/ liquid flow
comprises gas bubbles.

30
21 A membrane module according to claim 19 wherein said pulsed gas/liquid flow

is produced by said device provided with a supply of gas.
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22. A menbrane nodul e according to any one of clains 19 to 21, wherein, the
device for providing the pulsed fluid flow further includes a distributor

in fluid communi cation with said device and the pulsed fluid flowis
distributed into the nodul es through the distributor. 5 23. A nenbrane
nodul e according to any one of clains 19 to 22 wherein a device is provided
for each nodul e. 24. A nmenbrane nod #9 according to any one of clains
19 to 22 wherein a device is 10 provided Tor a nunber of nodules. 25. A
menbr ane nodul,e acgording to claim23 or claim?24 wherein the pul sed
gas/liquid fl 62\% i s&"&ﬁ}ﬁ’&%f’?"ﬂﬁlﬁé‘icgf‘ﬁ%{% tﬁﬁ%ﬂ?towglﬁ'inﬁ laé‘?/&eé‘g‘elﬁﬁrw ng a random

di stribution patitehnproliBing 26-puledBiid AdwFHitH-LRBMERY dis@iuidsh iRt erial s from
the surface of gﬁﬁluralit of porous hol | ow fiber nenbranes nounted and
1

ext endi ng | onGPPHYTIFAIOP Y/ 1th satd devageraig thepupsest Ryic flone irrHisinteuteroioka the, malaled
nenbranes bei Rglo@RWEHL L Cl 0se proxinmity to one another and nounted to
prevent excessive novenent therebetween, the nethod conprising the 20 steps
of providiny a generally random uniformy distributed pul sed gas bubbl e

fl ow past thesgurf f i . s, said distribytion being such that
sai d Sas bubbl’25 fFoﬁ%ﬁ%‘%?’%ﬁﬁfgﬁ%‘[@ﬁa‘&?ﬂef?ﬁlé’tm\ﬁe‘gﬁ" D uhrR REr e i sard

array to scoumpravived furficheedofe. sai d menbr anes and renove accunul ated solids
fromw thin the nmenbrane nodul e, wherein the pul sed gas bubble flowis
random i n magni tude and/ or frequency and/or duration. 25 27. A nethod of
renovi ng foul i2dg nétwamibedns nfodolmatdoedisg o faag eneff clainpl 19t@ b2 Wiersif a @OKiQ@US hol | ow
fiber nean&ngﬁrﬁgg?rdinggto clgan126 wherein said gas bubble flow includes

a two phase gas |qd¥ ot Vfﬁgﬁ & A method of renoving fouling materials

fromthe surface of a plurality of porous hollow fiber nmenbranes according

to claim27 rein said pul sed two-phase. /liquid flowis produced by a
devi ce proviggg'mﬁ@ﬁmgwnggggﬁWF§?P§h§5ﬁ§ﬁﬁﬁ?fgﬂﬁﬂpf4dﬁmﬁﬁ§heWﬂ@é. A
menbr ane nodulges/linpiidvsis Rgdam dehhied ¥mofgspaiiAesicddab iy £ iah@m menbr anes,

said fiber neg%n%nes bei ng arranged in close proximty to one another and

mounted to preévent EXEEE%i ve novenent therebetween, the fiber menbranes

being fixeds at each end in a header, one header having one or nore openings
formed therein,thrqu i.ch a 5 neral ly random pul sed two- phase

gas/ | i quid flg\?v i sRi”%ﬁO%t§ “?‘érﬁ%@%é‘ﬁieﬁ‘é’s R TR furfaceans agfuraliay of massius ow

fi ber nmenbranésliashBieeinrmbheepubmed gaskitidig i6hgithamaliysn bR kAmABINI t ude
and/ or frequergrg:a(nb nd/ or. dungtion 0. nbr ane npdul e according to

. .3 A e
clai m 29 wher i n ihe SO S &Y FELOFAEHPTIE THEHE O IAITHY (000 BRBIT es .

and mounted to prevent excessive movement therebetween, the method comprising the
20 steps of providing a generally random, uniformly distributed pulsed gas bubble flow past
the surfaces of said membranes, said distribution being such that said gas bubbles flow
substantially uniformly between each membrane in said array to scour the surface of said
membranes and remove accumulated solids from within the membrane module, wherein
the pulsed gas bubble flow is random in magnitude and/or frequency and/or duration.
25
27. A method of removing fouling materials from the surface of a plurahity of porous
hollow fiber membranes according to claim 26 wherein said gas bubble flow includes a

two phase gas/liquid flow.

30 28. A method of removing fouling materials from the surface ofa plurality of porous
hollow fiber membranes according to claim 27 wherein said pulsed two-phase gas/liquid

flow 1s produced by a device provided with an essentially constant supply of gas.
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31. A nenbrane nodul e according to claim30 wherein said pul sed two-phase
gas/liquid flowis produced by a device provided with a supply of gas. 15
32. A nmenbrane nodul e according to claim 31 wherein the supply of gas is
essentially constant. 33. A nenbrane nodul e according to claim21 or claim
31 wherein the supply of gas is provided by an external tank containing
pressurised gas, the tank being in fluid 20 conmuni cation with the nenbrane
nodul e and having control neans for providing randomy generated pul ses of
gas to the nn%gle to %ﬁ%n1a gas bubbl e flow for cleaning _the nmenbrane
surfaces. 34.2°A nédB epyles0 BETHIEA Rigrabity o€ pypyh hoBownlsr aiembranes, cont r ol
Means Conpri se&aidTFibér théntrshel baMg £ARAELAN cggé/érgﬁmﬂgﬁi e QRREE: bt rﬁo&?&%/ i1 quid
inlet to the menbrane nodul e and operabl e in dependence on the [evel of
liquid in the B§HCBiexeessYR BN snenigherctietvenen.ttheefitex memhrihestbaing fixed at 84ch edd

menbr ane nodul; i -] 4 I i | ow control device
30 i s connect elga?%gﬁ g‘?eggé%mdr@cd%i%{)rﬁ%%? %@Skﬁeglhgleg‘t%oﬁ%ﬁ%ﬁaf%

subst ant i al §y aspirdlyratdpmdivised ouplesd dre/lipuill Sed igasodusbbedeaning ehet he nodul e.
36. A menbr ane Ji . ncludi ng.a tank hayin ans f.or the introduction
of feed theré?ggkﬁégﬁgi?%ﬁwF%ﬁﬂﬁ#@?%%ﬁWé%f%ﬁw§ﬁh%§%“@ﬂTﬁﬂﬁw§§?@°Fﬁﬁk, a
menbr ane nodulmagatwie rod/mgfrdqoeran ynddmeluedioel ai ms [to 12, 19 to 25 or 29 to 35
positioned within said tank so as to be imersed in said sludge and said
menbrane nodul e provided with nmeans for withdrawing filtrate fromat | east
one end of saild. meAlmaitesmeInoddit.acdrdls (3ethinh9 epeeRithd\gisdd PRMBLANE the
bioreactor! C rdﬁn && @%ain136, the nmethod conprising introducing feed to
said tank, ‘appfyi d§% BESum to said fibers to withdraw filtrate therefrom
whil e providing said pul sed gas flow through aeration openings within said
nodul e such that, in us; said gas fl.ow npves past the surfaces of said
mermbrane to fiBer s BT YRR plorE AP fhereinaideplswskivo-tbge A net hod
of operating aastqux Aneishir@fearsyar d-are plodidbgwliRa GldiyBr34, furt her conprising
providing a further source of aeration may be proviged within the tank. 1S
39. A nmet hod of operating a nmenbrane bioreactor according to claim 38

wher ei n t hes msabr aRendmMeiteand dlesUsRERERAINERT MWidleliniMubhll Br 426 tank and

said further sour ce of aeration is provided beneath the suspended nodul e.
essentially constant.
33. A membrane module according to claim 21 or claim 31 wherein the supply of

gas is provided by an external tank containing pressurised gas, the tank being in fluid
20 communication with the membrane module and having control means for providing
randomly generated pulses of gas to the module to form a gas bubble flow for cleaning

the membrane surfaces.

34. A membrane module according to claim 33 wherein the control means comprise
25 a fluid flow control device positioned in a gas/liquid inlet to the membrane module and
operable in dependence on the level of liquid in the inlet to provide gas from the external

tank,

35, A membrane module according to claim 34 wherein the fluid flow control device
30 is connected in fluid communication with a fluid distributor to substantially uniformly

distribute the pulsed gas bubbles into the module.

36, A membrane bioreactor including a tank having means for the introduction of
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40. A nethod of operating a nenbrane bioreactor according to claim38 or
claim39 20 wherein the further source of aeration conprises a group of air
perneabl e tubes. 41. A method of cleaning filtration nmenbranes |ocated in
a vessel containing liquid by providing generally random pul ses of
gas/liquid wwthin the liquid at a nunber of l|ocations within the vessel,
wherein the pul ses of gas/liquid are randomin magni tude 25 and/ or
frequency and/ or duration. 42. A nethod according to claim41l wherein

the fluid corrpéi%é%s a Jig}as. 43. A nmethod according to claim42 wherein
the gas conpri SEEIEEQ. HEAS farorming aguvared sidpevithip sait @nlh g membzang mogwde of

clai ms 40 t0 Agcybing & ahyldd€of difihs Pld QN SRIBIRADES Bl Esil | ranes
nodul es accordi ng t% _anf/; ong of1 claing t0012i?§’133pt8%&%§§%§%§89%%g2. 45. A
menbr ane fil t rgtas énbesipsieased inreidubikdgrand spitl nreaibiany mofulerpobid edreith mexmtt kes
according to ap ' Q 12,19 .to 24 or 29 to 35 located in a
feed containi ngyvgﬁggﬁltr\%kzd}ogfaﬁ}eta%%ém%ﬁr[dso(]af a'é?ﬂ" 5aaﬁi d flowis randomy
gener at ed aongst said nodules form ng a randomdi stribution pattern. 5

46. A et hod of37cl ea}\ni ntg Ji tration nbr ﬁges substantial ly as herein
described wit b ef & BREY" YOPERYEFHB B 24RO TEHS6 AT REHIESO BRI He therrdidi on

i Il ustrated i neoirdpeisiag HoPesing @ 16l 5aMaRg SpRiE Qka@¥RPLRBhbers to dlthdrhyy TENDI ane
nodul e substanttéllr%tIFIt 33 herein described wth reference to any one 10 of

t he embodi ment ORISR IRg saiddruissd 83 tow thiqushackasinm apfpingywikiawi ngs

and/ or exanpl esid moduftSuctthIeES BAd PAsAleaasRE patiie bantirkid Asmbghel
described with refere@@gﬁ){go,any one of the en‘godi ments of the i1 nvention

i |1 ustrated® niteRdo 46 Hine iateilaibesefiorms and/ or exanpl es.

38. A method of operating 2 membrane bioreactor according to claim 37 further

comprising providing a further source of aeration may be provided within the tank.

15 39. A method of operating 2 membrane bioreactor according to claim 38 wherein the
membrane module is suspended vertically within the tank and said further source of

acration is provided beneath the suspended module,

40. A method of operating a membrane bioreactor according to claim 38 or claim 39

20 wherein the further source of aeration comprises a group of air permeable tubes.

4l. A method of cleaning filtration membranes located in a vessel containing liquid
by providing generally random pulses of gas/liquid within the liquid at a number of
locations within the vessel, wherein the pulses of gas/liquid are random in magnitude

25 and/or frequency and/or duration.
42. A method according to claim 41 wherein the fluid comprises a £as.

43. A method according to claim 42 wherein the gas comprises gas bubbles.

30 44, A method according to any one of claims 40 to 43 wherein the filtration

membranes are located in membranes modules according to any one of claims 1 to 12,
19t0 25 or 29 to 35.
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49. A nethod of operating a menbrane bioreactor substantially as herein
described with reference to any one of the enbodi nents of the invention

illustrated in the acconpanyi ng drawi ngs and/ or exanples. 20

20

45, A membrane filtration system including a plurality of membranes modules
according to any one of claims | to 12, 19 to 24 or 29 to 35 located in a feed containing
vessel, wherein the pulsed gas/liquid flow is randomly generated amongst said modules

forming a random distribution pattern.

46. A method of cleaning filtration membranes substantially as herein described with
reference to any one of the embodiments of the invention illustrated in the

accompanying drawings and/or examples.

47. A membrane module substantially as herein described with reference to any one
ofthe embodiments of the invention illustrated in the accompanying drawings and/or

examples.

48. A membrane bioreactor substantially as herein described with reference to any
one of the embodiments of the invention illustrated in the accompanying drawings

and/or examples.
49. A method of operating a membrane bioreactor substantially as herein described

with reference to any one of the embodiments of the invention illustrated in the

accompanying drawings and/or examples.
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