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1 TITLE: CHEM CAL CLEAN FOR MEMBRANE FI LTER FIELD OF

THE I NVENTION 5 The invention relates to nethods of

cl eaning suitable for use in filtration apparatus.

More particularly, the invention relates to nethods of

cleaning mcrofiltration or ultrafiltration nmenbranes

used for water filtration purpdses. BACKGROUND ART 10

Mcrofiltration and ultrafiltration menbrane filters
Lncr easi-nal ' oy | nki wat er

T rien: CRIRCAE TN B SR A R 0 0

mcrofiltration or wultrafiltration operation,

%ransrrerrbrane ressure (TMP) is the main driving force

SELD{RF THE NIXOBr ocess. As the process progresses

and firhe Blefionadisks REhEBSS clchtifY SitabldSor V3B HPEB€on apparatus.
nost of the solid contam nants areé retai ned either on

Mrae perfipilarhie theunveatien rel@estto mnthngs af ¢loaningwgicradijieatiogor plérafiltration
' mﬁ#gr : ocking filtration. The
%lregg)zaﬁfggugg ?Oa ou |%§0%1c@§’§rsggér pl ugged pores or both
can significantly increase the transnenbrane pressure
[ I he filtration energy consunption.

%ﬁé&d{mmms with either filtrate or gas can
par t i Midryfiltrattdrpdnid ul thedfiliEvhmasntbrageefilteadit inckessinglgweaddh municipal

i.th these nethods. it is known that.foul ants, .
R o BT G et Hae ik & B i o
UlrafiRRLPO6 RBatioBUEABMEMY LN PRKNAS (TIPS tHRGhaif &AENE foddd for the

{__Lne .deposited material, and consequently over tine
{istian proceset A5 fhsregessPrpgresses qus filfsaed waipy nepmpgates through the

feRiBFHnE Gndk 6f86 S17 OHRBSIBHE ftdied et OembRHL Gface,
cl eaning agents are known. The general criteria for

Beniers fpging laves ar ssanlugsi e theimgnbrendissesilecking filtrptjon; Hhe presence of
@fdﬁliﬁ%]%)}/f&tcg%%%ﬁ?%@@%t@ém%%ﬁ@{eg&%é drshembrane pressure

secon ] e the anp em cal cleaning
awl wigoeately teafiiliraideh enetpytdossunagdigoht ant anount of waste
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=iy

ranes: |
Ehmeabilily, oveser wigh tiest mbthods i Srknawpehat dailats maynentiiieeto build up
chem cal react.ions,di.ssolve {he solids accunul at ed on

1B mfeoptoS 3act AR B Rors) TV B M nbl g W the
depesitet hgteeiaf, @ad camyqubtly ek tiineahezel ishleteBioratioh arfilied gedieability.

to scqur.nmenbranes or by recircul ating.the chemn cal

o ureH i BAESHS Sapplegirtish B e 16 & AN AL Clegoit s e Known.
Thel dené&rhiiesitaial forf RIRHAY ¥ climifR KREMAL nRBloHAFMBLELo achieve a good
however_ it suffers_fromthe drawback that a

reGRTYGL CuprbrangiprRcability iesondly to supigiishe paoy gfisheatcal cleaning

a@e&tr&hﬁed RAPHE SSulleR 8Molf Dt WAkl SeVRAtHIRR Bhdl§ ReMFddase of
wast e.
operation.

One cleaning method involves immersing the membranes in a chemical cleaning
solution for a period of time. The chemical reactions dissolve the solids accumulated on the
membrane surface and plugged in the pores. The cleaning effect may be facilitated by
injecting air to scour membranes or by recirculating the chemical solution. This is a common
method currently used for full chemical recovery of membrane performance, however it
suffers from the drawback that a significant volume of chemical solution is required and the

process generates large volumes of chemical waste.
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2 In other attenpts to control perneability
deterioration, short chem cal cleans (maintenance
cl eans) are frequently carried out with nenbrane
filters. US 5,403,479 describes one such nethod of
carrying out such a process. ,ZA cl eaning solution is
introduced into the lunmen of“a haollow fj bre nenprane,
and Inether gti¢raptetp eontrplorRgrneability detsriorpieany éil%”‘ ‘glém&r?j deqnge
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for tecirculation. During the recircul ati on,process
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di scl osed i Pat ent. appl | i :
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backwash can

e .cqntjnupus or, pul sed, and
methpds %thsla%ca'aﬁ?aé‘%ngtqbﬁ@kw cttiods §ot spbineregd %?%‘ggf‘g%ﬁeﬁ’es are
di'('sjél@s_ed !EWS'P%&@J: i@ngkaﬂoﬁs d@(ﬂEnm_ngzoemﬁmmﬁmp aﬂ(l)4ogg7525A1,
raini ng the nmenbrane tan ior to the em ca

PG armlissfiens WORNGS BRa B4 DS AT I03n Ghemisil Floainebapi i gan be
coVRL AR oY bls@, BRPGBMbeRbrriel Sul MRy He thddebrametaild 8 dexsinetlywhile the

punp when thé menbranes are oriented vertical lér‘ Ehg} hemical
membrene tank & draininggor eysh witherH drainipg #@éﬁelﬁ‘ffa%erta?}? 4Ly e chemica
b Cac%ﬁg .'fh@%héﬁ@%rs_@ﬁﬁﬁn Eséﬂe%’t@&e& HRY sitetlevia RapaRt &dhe top of the

pul'ses may bring t tofilmin the perneate, |ljnes,
mbmbtanebymmyr wheasthe Fembwevard oriprfed Hrtiepllye figdigmical cleaning

nti.ope . I efl
oSBT st
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and free of, sql.i. cause.the | Q0 1105, o d .
i nto lfarfgc%%lraﬁg gi’%s Ig?t’{gcé.“ﬁml%gedaaﬁoggg %n%ﬂallg/f% Séf ﬁgesf‘g,?tgfg‘iﬁ?hemmal
sdhiieanhiroRe fitst fietiod e they rayuixk ot gteshenichkbsadition he obfery high

t he disadvantages of th ri.or .art, .or, t '
AT S0k P Peusese pitalia i fidhisd ucpe REBKH 8P
Ac o 6 AAGbleRt 6 the prebendaiveionttb evérboreni aneliorapyitdest ene of the

nmet hod of cl eaning a porous .
disadvantages of the prior art, or to provide a useful alternative.

DESCRIPTION OF THE INVENTION

According to a first aspect the invention provides a method of cleaning a porous
polymeric membrane having a feed side and a permeate side including the steps of:

introducing a fluid containing a cleaning agent to the permeate side of a membrane;
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pol yneric menbrane having a feed side and a perneate
side including the steps of. introducing a fluid
contai ning a cl eaning agent to the perneate side of a
menbrane; 3 allow ng the cleaning agent to contact
the perneate side of the nmenbrane for a predetermnm ned
time, and contact the pores of? t he menbr ane,

aHhowring thp Pipaningageniaifonigotdbrparmeninside okihe membeanaderagpredetermined
uﬁhé’%n&'%l £ct§ﬂe b oPHRS S ane. ACCOrding to a second :

aspect t e I nvention provi 85 a nethod of cleaning a
por o l}kefeﬁbbdhydmng ageninoatets He\engeate fideahdsy daticamebsare.

h f
PP ot e anont S e Sy ER-Rieon e el g porous
P #’“”?f”mra‘ﬁ&?.”%??geﬁh???i?E??“‘ﬁw“m%‘ﬁmg fmtép? ced
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abPI§ il AeHNkAEmBEARNpressBre0 M€ the HRRI dBTATRRY Be §1edﬁn@ ﬁgetnhﬁom the
nbrane for a predetermned 10 tine, and contact the

Ef‘élr tgfh etﬂ?én??é?rﬁ?ea‘?@ e pewbEaghl y, the transmenbrane
aﬁf)@fn%%éecléaﬁ’m% apBR! 1 coliddi ﬁ{eﬁﬂfrhélte PEEHIH BembrAGE RS di o diptctermined

third aspect the i1nvention provides a neth o
tmeealmmw&tfbep@@softb@mnérm menbr ane haV| ng a feed

si de [ Q
prov ngé?gaﬁgﬁﬁé H%%é‘u%a‘g’!""?‘? & H(%&%r%gc? 0 %lagc JLM?/Ivlm d§?1%£esu¥ %ed
SI de Aof:ortiimg tore tindasesct the invetti@crevide améthed of cleaning a porous
ainin a to the pe S
S RisPe Rehbuhe e & Piba 38 Bt By b e e PRI i e off
pnﬁrndmgi teed bide flofd itrlentie MithahefetdsidaoMhe gdeindramened
act.the pores of the nenbr ane a di ffuse
iftiotoipa FRBRAn i 4 GATihE Be P RePreAt Iy AT ne
aKMVf/ihg HleWleanihglabif tReR@EE the Eeﬂnﬁbﬁtel st iHeQRerhBrafl foY € Bréd¥termined
concentrati on gradi ent between the feed side fluid

tl{nﬁrt%f:@}i%ﬂs M pogsy of Fecrsiarerand idgiise miote feedgiflerdfidgent )

and tphgerdabiyEie Sb18€0d &1H11Q01’§91r’chﬁ lafHeBh FREnGdRBA i Wiven by a
agent. Most preferably he feed side fluid contains

oo san Brgicaeyeorbateed B (uidipRet At HISISIng e ation of
GBS E Bl NP Sl 454 AT b o inSoBen! \AREDRDY,

a presstre to the fluid containing a c
fegdh sidp duidenontes @o sledeing egadit-s| odge, where present,

d IS S@Jeﬁ’éﬁ% r&ge ﬂf‘%}géﬁ%ﬁ%ﬁ/ﬁgﬁ%ﬁé %genm’n? Bt 0ein DR AR g{%g 8f a;I;Plying a

or es ressure I's ap
pIaSSpIﬁ todiek fleid hwmmmng 21 ctnamng agdnit onl tlmrplegmqatea‘i@mehblodge where

prg{'gﬂg%bsg(gl\s/%duarr}élmﬁlgs & vecdeso g %{ﬁg{ S 3en %apgﬁ%nemﬁeb?rgfemlb{y, such
prpsure is appied fres pﬂkeﬁ faiHitm rmbh@pkﬁ'tlaﬂaﬂ)hﬁeﬁfre& embodlment, the source
nventi.on are pr eceded ?l?ck Pr ef e{)&i
fltﬂ’i"éssw&‘%‘i?&g’r%sfe P GRESSHE nP aﬂ?ﬁﬁ xingmgfagg SPgPY
by aPrbRekWase nthdds of the present invention are all preceded by a backwash.

Preferably, the methods of the present invention are also followed by a backwash prior

o

to the recommencement of filtration.
If necessary, the methods of the present invention may be repeated in cycles.
The cleaning methods described in this invention can be applied to pressurized
membrane filtration or immersed membrane filtration systems. The membranes can be

microfiltration, ultrafiltration or nanofiltration membrane, and can be either capillary or

flatsheet membrane.
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to the recommencenent of filtration. 30 If necessary,
the nmet hods of the present invention may be repeated
in cycles. The cleaning nethods described in this

i nvention can be applied to pressurized nenbrane
filtration or inmrersed nenbrane filtration systens.
The nmenbranes can be microfilfration, ultrafiltration
or naResferably.dhe memhandisanaeltrafifidatioaror becrefiltdgon membrane.

capi | t . er abl t he
ronr SRt et TR o T RIRBRRG of bR AR e Rollow b
mmbramsa ha‘hng ) hmi@rsﬁc&dpﬁt’d&ﬁtd:slmeﬁir? abm&anm%élaﬁa@(f@éd side), a
t e yention. are ow fibre nenbranes

QW%@ éelF‘ gﬁls&g"(s AriRofule 1Ugisg- and a nodul e or
S hel | I\/B)EﬂﬁefEIfaBl@da §1|u€iﬂ3ﬁ:y ofgthe ﬁ%ﬂbﬁh&gﬁ afthngdhl '.irpeﬁlgﬁ&f-‘bundles The

Esed i nsi de dul e, housi ng. Most pref er abl

plgt 31e potad af He cheTRihnREdles, Ca%tlaﬁ gebrality af iug:ﬁe apaces inside the
Hdll@)d\} Bres 414% coH@Qiélu gp g[il ﬁl@to'il{%? f’§ hefl Bfle SPES nSfiov ﬁgres The

bundl es, creating a umen spaces I nsi
lumens #reprranged ﬁ%ﬁ@éﬁlﬁéﬂ ‘a(a’fechmgukatps thepae endoim pashed Dorh dre plurality

Husbsl; to%cgﬁﬁﬁ{ed;tﬁ\‘fattgﬁl ga\%flbres The lunens are

arrange ere wat er accunul ates therein
and iBedhabmdy be watet.he plurality of lunens into a

f‘n’”?'h%%?e. el Rt Pl FRiTid oot e s g to the

loinemnfﬁ@asab&itdw fibreintdniteahies.eth the sécbad adpbldtBins el cbﬁ'tﬁﬁnﬁag a cleaning

hol l.ow fi br In the second aspect,
P B eat 1 e B o RaRe. PrLC Ry DY el fling the shell
sideavf sieahbdusd Mo@fbeﬂnﬁ SahRORERRS hPhehekabl y by

artlall fillin shell side of the nodul e before

be ng* ford aplahe coppiEe i cleginears Aspistajned frnthe
rhdntbreheGRheutdWidOwitheit dhfifed DlbBe 61 8RN dﬁgsvsmﬁtgﬁ trdx?mately equal to

retained in the nenbrane perneate Si
thesiat a‘bPré§S§{Prféa3{)1Pe applight pressure, approxi mately
equalrht Qeadif}esobdtBhichn %Qx@r dohtanidhal cf&%ﬁng?ol cm %%r amg% basic or

cl eaning solution can be any conventi on
ngyraltqr & er@tlfF?éW e grieduetive eprindingupom thgtorigin, of drre fomlantb &he

cﬂgéﬁ ? ?caﬂral %%dn\/ ? ot A6RG000R, WP gfga&xrgf %%,5:1 s%%clhbc%ﬁhséolved

a nt. | Nng age nt can
h@ipg%xsgwnh as Chhrabmﬂcméoh/bcéa}nda‘tg/ea)g exiistiviengbntg dor example sulfite

e such as, chlari or dissolyve
bR RRUEE ABBLARENS o Bt oy B B e R e & i acid or
EB&" de Tofedlijetn tls. W&!ﬁlﬁgi‘dsmahd diskolving Hﬁ&&hlﬁhg, DGEAL SndBY odRurfactant
ch as citric acid or EDTA. To
§|F@{§?%§$ﬁ awﬂgf QMY ut and di ssol ving the foul ant,
a s il d manrai syskems the fpastt@ide onRYival9 oRBidaHcd] Clehd® varies

ani ng sol ution.
accor ing to the system design. For example, in some membrane filtration systems it is

preferable that chemical cleaner be delivered to the feed side of the membrane. If so, the
requirement on the water used to prepare the chemical solution in terms of solid content is not
particularly stringent and the cleaning solution may be re-used for several times. This,
however, may require a chemical storage tank and a chemical transfer pump. This delivery
method is commonly found in large membrane systems. In other membrane systems, it is
preferable to deliver the chemical cleaner to the permeate side to further reduce the volume of

chemical solution and improve ease of operation. A dosing pump may be used in such
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25 In a nenbrane system the preference on delivery of
chem cal cleaner varies according to the system
desi gn. For exanple, in some nenbrane filtration
systens it is preferable that chenmi cal cleaner be
delivered to the feed side of the nenbrane. If so, the
ter used to prepare the chem cal

ul renent..on tnhe
éigcﬁlmsfagﬁesi nme&ﬂgo%%% IPreferidpYeation are adaptted to handle either feed side or

atehisiieldagihy, stringent and the cleaning solution nmay
be re-used for several tines. This, 30 however, may
storage tank and a chem cal

DESCRIETION'GYF THR SrAN y nethod is conmonly found

i.n large nenbrane 'systens.” I n other menbrane systens,
Figured shewednenalivdimend ofihk inventidthehich emibLea lsoletiGiAdETery % the shell
rther reduce _the vol une of

: i d f
e Seflo gt Sfi st praooB dysvatr o isdrmen o A

em Ca
Host Aghpurm diventise indeStitilw | C e .
qug?h gs f tdl?lpr reg,ent ?rﬁgnti onﬁ(g}g&aqa) gg@%@‘;}}‘%ﬁﬁ%‘gg‘i fgmen side
L Aow s espbyinepith fog shall sidast levspentinlly BESGRFERGNOGR first
Flgdee DRAMNNGSbo kil : ' t..of, t.he .
igﬁ&e?t on vhi Dol tho 2 B i A RSSO ol o fpmen sice
°§P)§‘é‘ Bt lgreﬁ%ﬂmhiw@ﬂ?ﬂbkevmmbnmthHd penairedd e stellisdgh
Fiord Hgh i Fi g hows a 0di t of the
et oo et ferfnnl SN 20, GBRGR B feavig oHicency.
Figugre> shows sherperherand pebfoemarerbecanery wiithdiftBensbedd mshol

Fihrd €835 r L drained/filtered down first. )
I gure %'S ;&% J&fg%n%g cghﬁgﬁ%’i’?f CUURREOT 19§ & AEber ofpleatng methods.
enabl es solution delivery to |unen side 10 of a holl ow

"Pntainin solid remai ns on

B%jﬁgrhgﬁgﬁ@%ﬁﬂéw ?ﬁmgm profiles of

mai rikteriaventiors ilbife dislbsd@ iWitirbfeRRcOfo HOIIER ML holymeric
e 5 shows the nenbrane perftornance

fd,ci.ency. . Fi.gur,
mﬁg‘%ﬂé@%t%";’? R pliragitetion Bvmbrases expmged oumdies gud lpusedsih owelules, and
withefaralcats meintAbe ¢hhn 6dreRNG ' [ & nunber
. cleani ng met hods. 18 "OEST SRR el By R e

°”$ﬁ§ﬂ?éﬁ$‘?@@°%ﬁ@%ﬁ%\ﬁwoﬁ Witl b apreclated that thd inviention is not limited to
sucleéreb RINGents, and b | | Gl crobiltration

and ultrafiltr at%?gemggﬁggﬂg%%nﬁggéf tq‘tﬂtfﬁ%“é’%"‘%nd

hou SE¥Fr3l Angisenaneascleasr{themkirarie dlefimgkprotochis iRl EMBME O F the

leghiag Rodn® ' fil.tration systemw th
O1 8 B Lo AE AP She T 6] 6 P Wor Epmpeed. The

methods ard theis perforaenaeh erei discessei baloivs not | imited to 20
ass an

' ' f [
P e Rty DR Pl (i  hrinieimig Siatn ol i bagkwash
process eba holbove fibrrmantraner filr exahile) AN is P8P Gh Hle thdiSbrane

frofl R ent to the shell side or the | unen

o’%‘f F?t ral 8 g’seil%’gr RS Presfe g ﬂwapeé&aﬁfam liqyide Aspart hbthe
backweashtinedess, fiershell stie\cibeRitBetiranbE $adial§ ihed or filled with liquid
during the backwash and prior to any cleaning solution being introduced.

The normal procedure for carrying out a backwash usually involves an initial filtering

requi re a chem cal

down or draining down process. Filtering down is the more preferred. Filtering down is, for
preference, achieved with compressed air at a pressure below the membrane bubble point
entering the shell side as the filtration driving force to push the shell-side liquid through the
membrane and into the lumen. F iltering down continues until the shell side liquid level is at
least less than half of the shell side liquid holding volume. In the case where no backwash is
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Backwash is preferably perfornmed prior to any
mai nt enance clean. In the backwash 25 process of a

hol | ow fi bre nmenbrane, for exanple, a liquid is forced
t hrough the nenbrane fromthe |unen side, either by

gas pressure or punped by further liquid. As part of
si de can_ be either

P ier SBECSHER thei 3. 7ok GBS i 8 (R o4 Pl the maintenance

dleah [RefchBlyine Msmeaiadldnéve@fs doGmaiheGbHER 1R tBR HbiY Hown with
bei ng introduced. The normal procedure for carrying

SOPESITA @K s PDERYGarigh inoest eases igsually fust kbave Kiedpwergnodule
?anﬁg WRi1#Rfin S R inBhs Cdﬁlé"{ﬁeﬂ’ Gid 9(%\ e égﬁy B8 HP MY e{n§ maintenance

he nore preferred. Filtering
pleatt sqletipnecan ghuik entpetic wistdm Waihtprt dlegedesaity oﬁralmng tiesshell side. For

t t
e P R oS DR et i St fertorm string
dovedl -side liquid through the nenbrane and into the
i de

| umen I .tering.down co |nu s untj | sh

| i qui o lrm tth gg’éﬂ gowrb%rséf] I8 COVR A H{‘?a"lﬁ‘f"asﬁﬁ%ﬂ Segryied out,
piefteatlly ith dir héﬂudilng I THOliGH® backWadt\@n B8 26ni¥RA L difRrent ways. The air
back [1 arrled out before the clean, filtering,

BBGR P W?f?*rl? PEiEhly ded; hempraysed air belpwihememprane bubble point enters
B b &Nma gﬁsheﬁ ﬁfé@'ﬂtratg E&B@h&i@é ﬂleﬁiblecmé‘ feh JT; rei%xqg dl&écﬁg% £ the

evel is | onest | evel that terin

fon digiehen s@’ésléf ﬁéﬁr%fe resaineddn thevhamengtithcheridrpf| rf’étsectlon asfltering down
1% ﬁsééleHﬁ!hle Badiddabh. aﬂﬁﬂ)@ﬂl}é}ﬁ h&w H"'g{% £ ﬁ% a%d reat to receive
e

tering down neans t Flve | grea
th%@h?éfé@lﬂ&hdmamyolmmtenance 5 cl ean soI ution can thus

ent enyy éﬁ%aﬁéé&é@%ﬂgmggﬁhalcg Clens geérse:‘ults%tllg é’f’}’%ﬁd w1t121 g layer of fouling

shel |
matatdsadsomeof dmmmrﬂs&mcpomsnnayglsfodmplm@ddt Bagt®/afigiighas the

ag%nttaege o? gamgl? é@egng@%%@# l?rlg tageg agé ?l}er}‘gglo 59err exflalb élg (rzllegrgng
sp]tueim tcabho}l angrédtergiercesR@dlof tﬁ@meﬁ_?_ﬁmb bugtce. Wlfék Yi@ﬁfﬂelﬁﬁ@: cleaning
e alr

d in di
oo MR ks Thstink B Stniteiol o eiarcang DL oy togeh the
mrﬁamn 8 @iahublobleeditiviays MhRhSndyHR prdéBBks AREkuRYER@onk BEless fouled
filtrate throuygh ”]%T menbrane in the reverse direction
megtygg sugipqeand tpblacked membrang porss) YVith yulficient ajr pressuie diltrate in the

hinfert A8 thFgRph Alenfolfe 9&% of reésbhézﬂ@%l&ﬂty%d frérﬁévsé 50 fouling

down  is used for the backwash [ owi ng t

mteelzoarhe membrapeanface ardgreps %m@’ume afilogksd rper,esu This engbles
clena 8] GalutiShsC RREN S AL i1+9 Peacﬂ-? F{}ég{:@g é%?&%a%m%? ﬁiefn'b[bg pores.

mai nt enance Cleanlng are usua
of fOtendd anyrpreandintesanse dlesrobaskwiisht te Shdhhdealmlcp@mém either

AR %Jf Qa;xli’er%eagrlg% %gﬁ‘ls g?@&%%ﬁgﬁc% Bas, E{‘ﬁfth? iR 5}9&1 Rbe tiquid

partia ages and
volumpe pchiewst by pgocfibaimgrigwnsthe sﬁellcsudetlﬂlurcb@cﬂiimab@bleaﬁ&ﬁenanoe

r. of th Vhen..mai nt enance
CBELE SR, e PR P SR S Bt R g e
drsindonvi Memayedrﬂ@ﬁ eeasntl iofithe Yhachivfakhl SubdeODEh dd¥eh of the shell side

liquid before maintenance clean is optional.

Alternatively, before maintenance clean, the membrane is not backwashed, but rather
the shell side is filtered down or drained down to reduce the shell side volume before the

delivery of maintenance clean solution.
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20 nmenbranes vi a unbl ocked pat hways whi ch may be
present as a result of regions of |ess foul ed
menbrane surface and unbl ocked nenbrane pores. Wth
sufficient air pressure, filtrate in the Ilunmen flows
through nenbrane pores at reasgnable velocity and

[ MDY E3p S i | bl fiihdhs Attt 2&%{[2@%&% isgither delivered

surface an opens
émthb skl sidd) prafaratily sm]tlﬁ ]o%SCIP/‘d@éaxﬂr@IIhQ’Q’éé@)?ﬁamf&d 6let? QR filtrate

t 25 At end
R e Bafe PusnE Bl shentofor Smtn agrasence.
| | q Ui th thametiRdeot e preséhi BivaRThnOthe sELAIES Ale gﬁ)‘i’?{f?lgf)ly low (0.1 -

back sh process Because of the reduced s

éindé PFY ade depsnding oaewﬂ@vé@eb@rwpulmemaldq@pmngl dhi)iwpgy to
hﬁlﬁmﬁ%%é ne%h@\?e then@iEAn ia‘r??su%%lﬁ!&k?g%b{&fﬁﬁﬂrgetms §iz 258 The

i's general y |less tha
RO eleaningipluion yohinewsed W1hmclea1brlapneﬂana1ny he moerthymethe lumen

e 1) o O IREIRIR BTN D8R8 o e
Aptidubavalelivety trethodt Musliypartieilaiyempeitat: é1aatolih@aRrmitd folution

g?&$@ is not backwashed, but rather the shell side
'S éred down or dralned down to reduce the shel

si de Qlednippsohefons eanttralelickebd wamy e&fstlﬂ?glglhﬁe E’(?ﬁlg@ce@{oecﬁ@ appropriate

OO e ARG Sl o B CTEPaRE, H e iR et mialy

deli@ersdi®l the Rinfa side! & @feﬁxﬁhﬁ sdiﬁtﬁ)nttﬁggel iOVEY 1 (far P such cases, the
Cl eani ng-1n Place) mani fol d or t he
Eﬂaﬁﬁ‘?ﬁ el g?la%an Bsrstred mis syalvd @toxas@tambm cofnnpr@asat ge/S@la? be used as a

By &olltdPusk %Qolu‘ﬁoﬁ‘ﬁ% Q}‘i@g{&% e H}% ihe ﬂ‘{ng St HollSw fibre

present |nvent|on he solutio
mengdr et 4dpentqes of ihlsmmﬁfrth@sprag@tauk & filep avith afipid fevel sensor,

ob Tt ﬁoﬁégﬁ)ﬂ( Yk R pgﬁg 1R tﬁ%l £RRM SRl dgL Vert%hoﬁsé) tion

mninmse the negative rane pressu
velsgrdelivarediy thwystest egde gitatly simptifisdim cl eani ng

sol ubhg@acr%ge?ﬁ%&{rﬂéﬁ (ils cllerl] vgrre]g to gngsfeanS, 6!F%§@er & po%tstﬂpped or the gas

more t
pYepturssoaroe ip'rqmpvhahl Bemdmg oh Itldaaihemwal,md irfiBp e, Rdedited, the shell
1S.1S partlcularly

J t'
-S]%i?r%bdr]t RRlch SR rl P'atr"? %glpeﬂé?ﬁnefa 103 Gt hB o perod br
p@mdwaﬂpwmm duangam sogking beiiddo 'WhearnRa, shell ke %&gtl@ymgy be used

RO AR B e et b e,

thhﬁ e seBuion g doRéd Aol tRYiltr8ite T RintthY sidé] %héll\/s?&e%ra{tfantc&fbe used when
e cl eaning sol ution usage i s ver

thF ﬁ‘ﬁe 'ih?;fhélgfaseé‘éﬂmflﬁéme@maﬁ wialh asdreaehies theshell side. sThﬁrS@&iltlon diffuses
thRous R eebibraie PoRY %o Fe%ﬁ(th@ Bdle %@thﬁé§ &d; t@@ér ﬂﬁ?qr&forqﬁkge% the

as a 15 delivery tool to push e so ution
C%?Watj@n plplganingtagentiie sqlutiaaris layf. t he hoI | ow fibre

storage tanég%mggltte Q%ng mhg%%fﬁ%d e“%“%g%?ﬂngagﬂﬁ

diffuses into the membrane pores only through a concentra’aon gradient. Membrane pores are
soaked in solution for a period of time, preferably 30 seconds to 20 minutes for a typical
maintenance clean, and a longer time is required for a full chemical clean. If desired, the shell
side and lumen side may be vented via upper manifolds during the soaking period or
periodically vented during the soaking period. Humidity loss due to vaporization in the

lumen or shell side is very low and membrane pores are kept wet with cleaning solution.
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or if the storage tank volune is simlar to the total

| umen vol unme, then control of solution volune
delivered to the systemcan be greatly sinplified.
Once cleaning solution is delivered to the system the
CIP punmp is stopped or the gas, 20 pressure source is

r enov he chem cal used in the clean
i f deifl dreélaedo t‘ﬁ kP gan b cqrpe ﬁattpmweéffwdrémwgoféeanmg solution

iRt @6 systéin pRGeEsuiafg filblalén. dur i ng the soaking peri od
or periodically vented during the soaking period.

When vented, shell side aeration may be used to mx

M&h&&‘ff‘i’ gsnﬁgix@u /a1 "o?iﬁ%ﬂb@@ne@?ﬂ% @ﬁém@tcvsﬂﬁhgtéa tion_

chem cal an nbrane. VWhen the sol ution IS ose
t o t hin thisimatbgdetheichernie)l soluden exthisithe shielll sidg erefeiably veathe lower

?e%d mﬁol\w ?—{Z)Iwegé {hg Qo ﬁ!érgér{tgrg th%l sfm%lrscige \gltﬂ'li] lﬁl).ﬁ% shel Ot%ﬂief(:) \r/]alves

nmenbrane wa antl reac
dlioﬁa‘dusaes deacﬂqexﬂd‘gﬂnatrmnhmhnﬁrqmg s chmnn@aﬂdttldzﬂ"te luanejleude If the

ere there js I|t | ]
BAShSe b RE igh Snppeeh oS s Segnind Sh @b iol s b € pig, additional
hemehbidhe phasisd ednl bef’sluﬁlﬁheafb@} 11]3%@ cBingR sl @af, iab Inlbressure
chem cal ¢l eanj ng agent i ffuses into the
%P%H@Cﬁ&r%gy amfg?nt 4‘?r16 a% HngerseshiRem biagg ﬁ%ﬁ%ﬁ@rr BIgreshtLhe shell side

@&mmme& with @nendParQAde8tholsBluBoh. Uthk Alinihfin &1RES VRfime of

of tine, referablé 30 seconds to 20 mnutes for a
4

1ppionde theeshell Hreds slchtlvensre ﬂ@ndhfalum@h gelpmeiphis thespermeate manifold
ﬁcﬁﬁlﬁé regk (to‘ﬁﬁuém:\’% ol cﬁe!?ﬁ@ad%ﬁ(ll fifik ?@&thxs fneffRlid §gmﬁéa{ﬂﬁy less than

shel si de unen side may e vented via
fhafrﬂffa@pnl‘senﬂmal plgan Whers dhelahelgsigeisi foktd avith ﬂpmheoma&: silitjon.

vent eﬁeqfﬂgt' s&% o'f Bo?%l%gﬁ;ﬂi %%)r&glrabgﬁb bFM{Q&a ér}ﬁ ti‘lﬁ?ns quf gotﬁl shell and

vaporization i e 1s ver
laren pided r@mmohmoa reateksali shelltsideividthe losnCiRyvalve. However,

Q de a -back
P B DnePriad bR Rlion P PTG Rk Ve i
appsdde the(l1P aolutiesisiforaed by the kiadll side prédstileaslenker 1R@EA biyle once the CIP
fill he.I i de,,of. e e wth chem cal, cleani
soltiop RR 1 4 e e FRAPHER [oiet DRGRE LEFL < fLRBHE se pocket i
aesz»tfefrsedtdbeveséheu kide rndeid 1prebf BéRbliMg ¥h thetshell siovressufe @@ CIP pump
mani f ol d. wever,, e solution enters the shell side

PR TP ROR ARG ehfimotnd e g S peoEspure fEoth phe air pocket to

cBe@treed frebd doltdh t@RNPRdRIe. AMiGoRY trhlithetibeRR! 'pﬁgsure may be supplied
solution to lunmen side. If the pressure is not %

Vii§8 B estasy- e endingon-the mixing ok wlwiiongior 9 eniraing éheméel? gide, the
ﬁiﬂrﬁﬁm o@ﬁi&ﬂb&eﬁx@ Rleanihf SOGHGIREPRS Jﬂf £8 Bhéh R ePfnded to send some

ect | ng corrpr esse gas, as In a pressure
Sqletlw b@ké@ the rCItS tank s ecirgulatingn pprlopprAltemativelyathe CIP solution can be

ph%ﬁr ﬂw@ﬁ&pglﬁ{@ %dn%q{ré%g 8{3%1%818 |EZ seh-gn?mﬁﬁl?%éfcfe oq?he CIp

I's only partia cl ean
pswputi on. The n1n|nun1dellvery vol une of solution to

(e ALy IS8 E T B A
sidh &'mtwa]vesazﬁd teh lopérti@o e:ﬁuahhal the pRbSIOS Afer theGithéd ﬁwrbs)éure is
fose to tﬁe s%ell side pressure, the shell side vent valve is opened while the lumen side vent
valve can be either opened, closed or opened periodically to control the diffusion process.
When the lumen side vent valve is opened periodically, the valve is preferably opened briefly
during the initial stage of soaking. During the whole soaking period, the lumen side can be

vented for 1 — 10 times, with each time lasting from 1s to 10 mins. The solution in the lumen



10

15

20

25

30

that of a conventional clean where the shell side is
filled wwth the chem cal solution. 15 The first step

of this nmethod is preferably to backwash and then

enpty both shell and [unmen sides. O eaning solution
enters the shell side via the éomer Cl P val ve.

Fbmever ecause the shel e _upper. CIP return

P SlowL diSas b oD ShmPTbRRRE: EndbitiediFo P Spes Tay be aided by

SREH Bidssubdia thd IRmeA LML WAk lu&eﬁ @f&%n%%h?o&ﬂ@& IThé hfdfnbrane is

pressure to enter |unen side once sol uti on

pafially sqakedhia therwllutios; pavever capiiow ftffﬁ@t h&bmép hpldtsplutign within

Lrﬁeﬁ‘fﬁ}'ane’%/ gonpressed air pocket is 20 also forned above
e liquid I evel. Depending on the shell side

pr essénepti¢thbp@i-Eerptimpmaynaso erdppliedinTHio serativarbielps ér suspend foulants
bles the pressure fromthe air

f and t
R)OS ne remo&’%cm’jf ?103 %% press solution to | unen side.
Ad dl t TMIOV& filan@ndikd dack-PirRsisH heoce@yte b telipfdatedGvhen necessary to
mhen n %g D%?endlng on the m xing of solution
ht %%Wﬁﬁalﬁ@“ghell side, the filtration of
e ”b r BR BptEdneBFYstfleBlakd él@a[iuﬂ%ck%ﬁh thiy disd MSE&'EM tlﬁarsoak
givextended to send sone 25 solution back to th

rheclayash ecreierblt ydartakep et fhespd ofwhichitk qhvlé pigle cl%emcal waste is
ﬂl? d?s@ﬁéﬂéédoﬁp?&&rm meRIBRRAE qlehﬁ}&% Fﬁé}ﬁcﬁllﬁ%edsﬁ&f is:Yl side can be

ohpressed air elimnating a runni ng cyc
IFW@d@WﬁﬂmPpgﬁ¥@H%$nkhe | unen side is filled up mnth

the GhREL&GAls BQ! Y n, the shell side and lunen side
vent valves are then opened to equallse the pressure.

Afte rlehsltiomdmheasmgenqﬁto@s sfithe prisr arB ©z1lttypsellyt mvolve 1) fully filling
Ive

tﬁ@ 316&1 C?ic‘de% Y cﬁ%fc’nlil(fra %unogr %&q\?élﬁlg t :(f}\\élgl?g ,lﬁ? 18 né#mpH%} for a short
p@pedl efitime|3) alawing thbpﬂeﬁﬁldar&etb isoalt @fl 4)\ischargiag tHeGlibdeljgent chemical

Wt SRR GHERR o AL ARG Do ee i Pl e Bepeal waste

vohingd, |t}3p1caliyl by Ard then 50%L TiR reSdat@idlu@bn-Filakd Bgak-d@gfﬁmagprocedmes
jod, the lunen side can be

ol e |ng p
h\‘?ﬂﬁf’ Fugg ¢ f c ei’(’)‘ngie wncy,pithout gdgitionalghemicali ng fromis
Figurd © shdvidsmetAbE1 S&ﬂMdﬂpihe sRelt $i&e A Be lu%en%in‘jﬁ%f SHRWhMI side is

diffuses to throu h the nmenbrane, and the diffusion

ppitighy Sdedyyith B’éalana aRutipp and ﬂe?pupéqu%@é g9 thaf the {igwid passepinto the
sh&de when lunmen side vent valve is opened. The

menbrane is partially soaked in the solution, however
capillary effect helps to hold solution within

§ an %‘ﬂ%llmealtse s'li\?k? %ngq?%s e RAaL cl?e%l@%} ?lﬂtlpﬁxvth?le §Relps?de at

app | ed S aera t 0 suspen
Haauyaﬁeuydnﬁneﬂﬁheddﬂywnolutlon The above fill-lunmen

o0 B S D RS A R Dy g
sidet andrisdrefprshe centicansl flrerongmhaitkiasdty fay, al so be

use dTﬁg {ires{ stet3phoef tﬁlg %lr(dtocél is preferably to backwash membrane via the method
described above. This leaves the lumen side empty and the shell side either empty or partially
empty. The membrane lumen side is then ready for receiving the cleaning solution. In case the
membrane Iumen side is not empty through backwash, the chemical solution has to be
delivered under pressure to displace permeate remained in the membrane lumen.

The lumen is then filled with membrane cleaning solution. The chemical dosing pump

or the CIP pump is used to introduce the membrane cleaning solution to the lumen side
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10 full backwash is preferably undertaken, at the end
of which the shell side chemcal waste is fully

di scharged. If preferred, menbrane cl eani ng cheni cal
drai ned fromshell side can be reused by draining to
CIP tank. Filtration is then resuned. Conventi onal

cl eani ng. nethods of the prior art w|l pically
piglesathe vigylowen filtyate/QLP .vﬂges and s gxtgrfition Paueral tipluguen side via

ﬁ ?’ﬁftﬁa‘te (s x‘étﬂre‘g Returilngfth HeQF1P rt‘ﬁmtkt ﬁﬁn&%@x@bﬁéﬁlucﬁ Qi'eH\;e'rﬁ Rhell side

roug or a short eri od | ow ng
nmwb Cﬂi’maltmc@dmmthwwpdr)eddxr slobk §ihey thehlgmsmﬁg@ till@drmﬂth chemical

sol'fl‘ia'txonf g%%’i? 34Sve b% l(h; o%e %8 3nd { ?&%Ps? € yent ve lve can be either

Yy reduce Ked car an
wp‘dneldlmloséd/ & apehdd/penipdicaliye WHaaa thedGaten Jike vere pelat scbpened

R T AT PP RGP FRBJES Bifa tHiaposking. During

0B SoteAoakin® péricll ugneh skld @H&de%f&dd"orll —W0 titheb @ideatntime last from
shel | side_and the | unen The shell side i

I 10 aring Gheppcahdiffupian eequisHnl gtbg GP‘?i’f“iC%lr?O%?P&trﬁtI‘%’lr?t lumen and shell

Q&ég%éjgdzugggdso that the liquid passes into the [unen.
t hod Fill perneate side of nenbrane with chem

m cal
s ol utfoshellisideds @metv jor partialysgmptppart @ﬁ&he sphiien i thy lumen side slowly

e T
lomen mdatvalt velvdés opmnetl. t Rerieg hiscprodess, bhdshelhsidasngl lumen side are
é%ﬁt!laéfy iy gﬁ’vlé}/ Srtﬂlf.)e?cg {llgrgbei%fe}{tt he?;g to -&wﬁ Efuﬁénlrimwﬁauﬁgne%brane wall.
THBQ)rmﬁa‘sho)ftkoaldﬂg aid hﬁdsmbmmenxe& birisfol & predetetniiged timemuntil the

sonbras Pyt oRg it disiped el o e R los@h is.copsymed

r e ad YTHeQéiméEeER iphticBdré véth chedgital Ripanial wblutdth cahrbe @q&etedi hden

nmenbr ane | side is not ty..throu back
SRR AR A R e e a?vggog’a‘ﬂ%e
ARerfitiRlyaeRitiBs ARALLintNBIl KiEel cinbd fehdiETAEK &l@mbehl 5Ea by applying
The lTunmen is then filled wth nenbrane cl eaning

coBIPERSPesAr toshell e Thig cap BeTepgatel it Becesi®-he CI P punp i s
used g Q‘éﬁ&)@iﬁ@th&&‘@ SHEJ.HBIE %ﬂﬁtr&iu@&f‘ﬂoﬁ@m&phéﬂé Whtle d1ell side is fully
the Iufen side 10 preferably via lower filtrate/CP
oy gptfiely drsinedny extra sol ution can exit the |unen side
via wupper filtrate/CIP valves returning to the CIP
tank. During the chem cal delivery, shell side
Miethod gk \Rill parménte side hEmempraredvith clmnm@elcsoh\memnﬂhgeﬂ side not
ArumeHs are filled wwth chem cal solution, the shell
dra&%vent valve is opened and the |unmen side vent
val v&hisanethed Bistonidar tcslvfmed édvlthihe)@eﬂpmn thpteheshell side is not filtered
eri al |l en the | unen si al.ve .i.s .
7t S Sptdoniiai R Geergies o8 pisuiT s Bk o P B Bl g ),
tﬁdﬂﬂeﬁ@cal bedutidhi diffades Siregpd nodmis-aeegone. to Bhersheld) side under concentration

gradient and the diffusion rate is comparatively uniform along the membrane module. The

diffusion process continues until the chemical concentration on both sides reaches
equilibrium.

The lumen fill procedure with chemical cleaning solution can be repeated when
necessary after the chemical concentration in the lumen side is reduced to certain level.

An optional post-aeration may also be used. This aeration helps to suspend foulants

loosened or removed by solution.
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t he whol e soaki ng period, |unmen side can be vented for
1-10 tines and each tine last from 5s to 10 m ns.
Chem cal diffusion occurs until the chem ca
concentration at lumen and shell sides are equalized.
10 As shell side is enpty or partially enpty, part of
the solution in the |unen S|d§-slomA di ffuse

t hr oAgrmpucbnal peshivembeang glee@nah@pkara@e@asb@lsqsbeawé after the soak. A
LS3BERE Bl IR B MG TR B, Y i

|??EF?@%ﬂﬁ1§ﬂwnm$aFglalIy enpty, homever the capillary
effect helps to ho SO '
The B},gg{f: OWF as gp}a 8? ?}MS éer gﬁleg?mﬁe rl%th\’\@iltgr or other fluid

'S " Carried
aflcpﬂle RleRiRE SN 1ﬁﬁ5ddcbdfﬁﬁo e hirhent Mhe lzléamgr‘speane dnfﬁs@Shrough
clean as desired, or .until nost, of ?
thegnerehrane fram a geeiemeichisher repepRiFRtian f1 “t&lF ‘15’?3838 E‘Wg cqeppfration in
apheo gal cl eaning solution can be repeated when

necessary after the solution in the lunen sjde is
Gi 1 1 Bigeces 1 & shies fhesriplag aiinesHepAbgn CaBRHLY AT PYdghods.

sol ug| n'gg ﬁgﬁra; 3 ?sdtherf e(a p%Hff)l and Ph 4E&E TP PEnp. lﬁhﬁﬁ‘ b@é’:ﬁbgututed bya

to | conpressed air to shel
sl solutidui sﬁorweml mpeadeSSeﬂ amédetondeny of th@V@F@ur e 2

sh O}NéVirexéH 1ess?calér?1?% e%% if%lerahg %c@ﬂ?&i CWZ Elgalp Hsn@ogxp?ésge% draindown
aM&li éﬂ;taﬁt st dEghdovﬁﬁdtmhaI ﬁdfsmrct'f}teuhg demior &‘vﬁ% sumpilcs eoimpraseag)] liquid
sol ution an d d
bquma[s hqur EOd)u R‘la tbﬁ ]?lﬂ'le{l Ol&rzl%lg%“{l I‘%Ih }%% lﬁ tagsi I%Eq }e&lon to
11l fl@atich dh@btidnl AVari€ the 16h¥Teed \fahtehiﬁd 2012 id upmen feid ivalvg. AV4 is the
wat er remai ns on the shell si % KH?* dr ai ned as
lqvrer Fhefpide dzgin valyvp @nd A8 4preg eﬂ dgﬁe ¥h€es t hrough
Menby AREmBY @ﬁovl}rpmt li‘lgmé hethb cRhsBy soletEh is aslivert nathi ohell side.
gradient and the diffusion rate 1s gonpa ativel

Tonlfedrsideds mﬁ@y fiied Witk PamiseSnlicn and S SobpR RAlgHed to penetrate
u@&?ﬁ .ggm&mﬂ&%qnuptll t he chem cal concentratlon on

es reaches 30 equilibrium The |unen f
pr oCBlten TP pusipetartsab deliveaihe slganing salpténg to dhe SB%“ side, AV7 and

A peal ee%e%h gd!;Ang %fcﬁ%@ ?egélﬁé ot € sﬁé?les‘iﬂeqa&eases slowly, and some

nce n side I's reduced to certaln
chs%Meil solAnommaiemtas toribshmwetsaite under peapsuas-delsberpisalglelivery stops

r n hel ps .t _
e s SBA B Bl pRREEAE eBiefiBicom ?E%é‘%d mid of the
rrfb'd&l@[m ngenlaﬁai@mbn ﬁsafyuedl @mﬂmhﬂmeﬂl wﬂutem Hitlee pyengiee op the shell

full wash I l.ised,.
o B S PP P bR B
td 1A6 BhalIesdeBAIS V2. After soaking for a predetermined penod oftime, a backwash can be

performed to push the remaining chemical solution on the permeate side back to the shell

© side. It is preferred that compressed air is introduced through SV3 to push the remaining

solution in the lumen back to the shell side.

In Methods 2 and 3, the cleaning agent is dosed to the lumen side. During the dosing
stage, AV9 and AV3 are both opened, and AV5 on the shell side outlet can be either opened
or closed (Figures 2&3). The chemical delivery stops after the permeate side is filled up with
the solution. The chemical solution then penetrates through the membrane pores. In Method

2, the penctration goes on by liquid static pressure and the chemical solution diffuses back to



10

16

20

(&)}

2

30

Figure 3 shows a schematic of nethod 3. The lunen is
filled with water or other fluid 5 and the cleaning
solution introduced into the lumen. The cl eaning
speci es diffuses through the nenbrane froma region
of higher concentration in the lunmen to | ower
concentration in the shell 4%de. Figures 1-3 shows

thé elipidel T diffasiomis oolyrdzivemby the cancsgiratinnradjet apthe shell side s

ﬁlﬂglt’lgﬁ% b:)kg%}h.g ?_l;faga g%spgeergﬂs g? %g ﬂ@aﬁ&%eﬁ@&i of diffusion.

sol ution storage vessel with conpressed air inlet on
top of the vessel. SV 1 supplies scouring air if
Expsplei on is required. SV2 supplies conpressed

d ra (@ F#Q‘Qﬁbduﬁs‘ ViethSor&ANF I pifodSlas Medifstibewonaiarasive ftdstss Thkefiltration
tering down. SV3 supplies conpr dk %30E81fcch
prb@@kmslhesam'mtn@tep filiration felloxed by & spiens EF?J%%? hrecy
1e?ear?sea<{}§l tRl‘P %%fo'r@m%nfe%gﬂe%ﬁeag iy @fdddutt o the

|rect i on. is the | ower feed valve an%
AV2 Asshuppén Figeed, &almeenbrMoulsngtrﬁ@ is ipdeqddiyea 18¢Fetse 1n the

d s
m% r\%ge Iire?'f.lst%%(%égéﬁ rlialQeg \fl(?r'a" Sr]tliﬂg%? rethé{ﬂ@ltbbrgﬁ% %gia{]alﬁ%é&'isfés The

baSRivAkhi c@mpareawsededmmmembnahewsiaeMe However, tﬁrﬁbacécw@ph did not fully

side.is rtly e
rogRyFL e Gpebeans st rELy e ML St bhuBO g |
Muxﬂﬁé%anclél‘dféan \Aﬁeperfdi@e&d%ﬁufmeaMca n}twnetmbrdm § rgeistapgpeand therefore

eaning solution to th e
be&p@ew@h@ﬁ msRPTaNgls REFBEATIY T‘Lée‘ﬁff’g?%ﬁ do%‘“‘g% ‘ﬁﬁ’i\ﬁ The
efibidey G BAGRACSIOMiY defaRd agome  chenical sol ution
penetrates to the | unen side under pressure. The
chem cal delivery stops when the solution |level on
the 55l Ae- A Rpe en the |ower potted head
and or nmenbrane lunen is filled up
wi th chemni cal solutlon If the pressure on the shel

SI derhéc're z{gtis Resgne0 taﬁerRH§Hsttch§m§:Qi diddnOn to the

npressed air can be injected 25 to the
s h eI | s i g 18/R%1®ﬂ2€ stefighs afterdhi lasigparloiash bpfos@pRisRaNsflean

period of t'lges'isnecggﬁ Oﬁeﬁ@&sxﬁ%nteﬂﬁ{cfe‘afeﬂi?d to push

the remaiMithg® m ca ution on th erneate sjde
b ackFif@e 5 BRowhiRE mabitehancd ctleansaf’@ngfcﬁ withgliffereat methods, where:

sed air, | ntrodu :
gglylﬁﬁ géjonggtr 1(9{1? apjﬁlg tr%egkxq%u\;ﬁlglr’] s%g §¥gﬂ}{ %le@{;’fgleﬁﬁﬁg solution,
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pémggggdgan be either opened or closed (Figures 2&3).

The chemi cal delivery stops fte th er ne side,i
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etrates through the nmenbrane pores. In Method
el B2

penetration goes on by IllgSo id static press Ure o
and Rigwe 6lilwsiratss theatlativeohernidel spdwionsgpipnpgon gompared fo the

conventional method.




the shell side. The diffusion is only driven by the
concentration gradient as the shell side is ful
(Figure 3). Again a backwash is preferably to be
performed after a period of diffusion. Exanple 5 A

si x-nmodul e Mentor CMF-L pilot was used for the
conparative tests. The filtration prgpcess involves 30
mnutes filtration foll owed byl3da gas pushed backwash.
The recycle repeats several tinmes before maintenance
cl eRE GISAIMS DEBINIDG THRSNVESTION ARE A48 FOILOWSe
menbrane fouling rate is judged by an increase in the

menbrape resi stance. After . filtering for j

T SRS RS e AU b b A AR e
pakitié ald yper@eite sidé heluamgtiicestdsioési st ance. However, the
backwash did not fully recover the nenbrane's

pemiaktingd 4 Suidd6nthifgtarciatingbgdnt &l thé fiad side ofd mambmne;o
rise. Malntenance clean was perforned to further

5 eapifing b GansREhibane pressiesiosorp e fandicdindniag treeleahief agant from
recover the nmenbrane's perneabilit%: A general trend
ie

i sthgdprdsidedo the permpgsteside of fifamemPpRG | ency of

mai nt enance_clean is defined as: 15‘QCE%éiCie%§%F:<§RHt'
- Algyipgihe Rlspning ageet IRFOPECHBSPETEHE 8108 PT P GIIMCHE Bpder Static
th re%é%t?e%]fgi:?g%&@llmiﬁé@tﬁﬂe 8d dofitablaRd SdradFeheSthéabghd.

afte st backwash before mmi ntenance clean 20
R2 is Resistance after the greyious nainFenance cl.ean

Fi gur eAsneginsascardies inelrimeh whers N hEnSFRPRRRAESSUR i A small
"piﬁﬁﬁggﬂhlﬁ§$ﬂ£ds' where: MCO - Conventional cleaning
met hod w t'h shel |

side fully filled of cleaning
solution, M -Method 1 described above, shell ﬁide
i s3par Aimsthag aficlenring a hollqve Hbrie Pgroys PRIy mEHRC metypzane having a feed
Met.d ' : | el side drained and
cl :selgg ?%%a geg@g% gi gg%@ﬁq}s{% dé%gt%esr%%e ate side, M3 -
Met hod 3 described above without shell side drain and
c| emviding atedsidefuidiin pantachwithgherfeedsideeor the pembyans;
illustrates the relative chem cal solution consunption

co i i | 3Raf sidb 3f 4 blembrane;
gy T S T R

15 allowing the cleaning agent to contact the permeate side of the membrane under static
pressure for a predetermined time to contact the pores of the membrane and diffuse into

the feed side fluid.

4. A method according to claim 3 wherein a concentration gradient between the feed
side fluid and the lumen side fluid containing the cleaning agent causes cleaning agent to

20 diffuse into the feed side fluid.

5. A method according to claim 4 wherein the feed side fluid is lower in

concentration of cleaning agent than the lumen side fluid.

6. A method according to any one of the preceding claims further including the step
of applying pressure to the fluid containing a cleaning agent on the permeate side to

25  dislodge, where present, dissolved and undissolved solid from the membrane pores.



1. A nethod of cleaning a hollow fibre porous

pol yneric nmenbrane having a feed side and a perneate

side including the steps of: introducing a fluid
containing a cleaning agent to the feed side of a
menbrane; 5 applying a transnmenbrane pressure to force

the fluid containing the cleaning aggnt from the feed
side to the perneate side of stlde nmenbrane; all ow ng

the cleaning agent to contact the perneate side of the
menbr aﬂmdﬂﬁﬂ%bccﬁmﬁg tCclaify @wheteia theqiressure ieappliat iniapatbed fashion,

tinme, and c res of ane.
e PN %@4883 it S st e }@W%&%@M%M
pr 2SsfeSto 'sﬁd@eeﬁ@ﬁie'ﬂmd]@h&é hdcgssent i al pressure.

hod of cleaning a hol Iom1f|bre por ous polynerlc
nenbrane avi ng fee de and .a perneate sid .

i nél udh qt‘ﬂéc“élr g taleimyf oA Sl Hlerragmpranehas p Pifte pont and
5C 0?&%& Wb} Waf BEc nﬁﬁé’ss&i HeatQfprdshe HBHYE BRN the membrane’s bubble
roducing a fluid containing a cleaning agent to the

pepﬂébte side of a nenbrane; 15 allow ng the cleaning
agent to contact the perneate side of the nenbrane

unger ghRkioa a@é&&ﬁgf ;r%e 8f Mk preidi VIR 1pI‘écE’i?::dtb a backwash.
contact the pores of e nmenbrane and diffuse in

the feed side fluid. 4 A net hod according to cl m 3
whid-ei 4 methodseeriding o a9 oge atithe precesing daims doflowed @M a backwash

S| ﬁ'ﬁorfté) HeGeRfhdnBéndnd BEMraligle Tl uid containing the

cl eani ng agent causes cl eaning agent to 20 diffuse

into the feed side fluid. 5. A method according. to
10c| hi-m 4 mgehod roeprding tof sy @ne pEfle pregeding daimg ygpeatpdhin cycles.

concentration of cleaning agent than the |unen side

145 d. A GhettddABESRG@Hg B9 0HE BSthE Qre@éWn%zdiﬁn@fwh‘éféﬁl the porous
preceding clainms further includ e ste

appRlyerip perakreng is peig of hpressugipad rmerﬁlﬁ@twa qx fiagaised)
aggRinAhe ﬁgn&¥9g§§}e side to 25 dislodge, where
0

present, diss and undi ssol ved solid fromthe
menbrane pores. 0 -14 7. A method according to claim
6 Wheraimsthodecqordisg trranyiose apipe pededing daipg Whewir the Hiembrane is

a”éje de%?e'd‘ho‘iﬁ %Ijhlgcr&glﬂat{go% Bﬂaﬁﬁ%ﬁ@@&&aﬁ!&ﬂ%@mﬂﬁ&ﬂb déje to

per neat € pressure to sald feed
S|de fluid where necessary. 8. A nethod according to
cl &.m & method apdoeding to ankienerefitbe arvecdirgsclaims whistein the membrane is a

an [ way of conpressed air at a
prgIal élgppg %S%rer%rr%e q?%?r? t he menbrane' s bubbl e

15. A method according to any one of the preceding claims wherein the membrane are
hollow fibre membranes, having a lumen side (permeate side) and a module or shell side

20 (feed side).

16. A method according to claim 15 wherein a plurality of hollow fibre membranes are

housed inside a module housing.

17. A method according to claim 16 wherein a plurality of the membranes is arranged
in aligned bundles, creating a plurality of lumen spaces inside the hollow fibres and a

25 contiguous space on the outer or shell side of the hollow fibres and wherein the lumens
are arranged so that filtered fluid accumulates therein and is passed from the plurality of

lumens into a combined filtration stream.



point. 9. A nethod according to any one of the

precedi ng clains preceded by a backwash. 10. A nethod
according to anyone of the preceding clainms foll owed

by a backwash prior to the recommencenent of

filtration. 10 11. A nethod according to any one of

the preceding clains repeated in cycbes. 12. A nethod
according to any one of the prléeedi ng clains wherein

the porous polyneric nenbrane i-s part of a

Pr eSS UK ine@ddesoadiag & dnylohé af the precedingnaieims exdhereineti flaidds water.
filtration system 13. A nethod according to any one

of _the precedi ng..cl ai erejn e.ne . .

et bor AR e R S Pl 1 FaicSpebihe o
nagiefridg dgeht i9 MmtiaRNdea estBe lubdens Af iedechotiowdibar émigrates. any
one of the preceding clains wherein the nenbrane is a

capi |l l ary of fl atsheet .nenbrape. .15, A.net .
acgéﬂ d‘lgl Héﬂiog 2 ?ﬂ?éIB%B) iy eorﬁgggééi‘”ﬁlﬁre&@? ﬁgﬂ\ﬁﬁ%t? IR
st hglesmBiEIgRAESs A@dudeakd mwshdlvide oTeEhneanitaane. havi ng a
l umen side (perneate side) and a nodul e or shell side

20 (feed side). 16. A nethod accqrding to.claj .
ndl-ci & Tt apsar iy OISR e B QResasrafog® Hrdng sgent s
houseauded Sl M6 sielNERIUr en1RITbrag: bylpartiafly fitlidgable shel oidd ofithe
to claim 16 wherein a plurality of the nenbranes is

ar madgle deforapeing tepnerprist He &6 ludstgat i ng a plurality of
| umen spaces inside the hollow fibres and a 25

COBS | ON QMShoARRERAIAR td 44y oA bethe ?fecédi@é ¢laigisOhetdin thB €luid
hol I ow fi bres and wherein the [umens are arranged sqQ

10t heentdining dieatiffysitle eleanieg Aaontds eaipqgddn deinemiianeepaealede
fror r.ald of lunmens into a conbi ned
fiﬁ??@??%ﬁk%€?§§%¥ 0 15 18. A nethod according to any
one of the preceding clains wherein the fluid_is

waldr . A mahodacersding i anyce of slaimsd te2avherein G fgidgontipins the
Wh?ffﬁl' "Bletégeea fnlgléhglt GOkl eﬁlenﬁ)ka%@ LA RaRARR withSpressure

I ntroduce o the [unmens of these hollow fibre

e afpraxisstely2@ualAo thetskatid heaskwesdimeg to claim 17 or cl ai m

18 wherein the fluid containing a 5 cleaning agent is

j nt,y od t : i AR reir the cfani
rothod St ek g 1y e Gl prk Qe PR e ftaning
c obdlation i8 gnyacaniverdiohaigleaagiepsoligon. i nt r oduced to the

shell side of the nmenbrane by partially filling the

S h% .l Ri n(iie ooc{ ac%ct}ging to claim 24 wherein the cleaning solution is acidic, basic or

neutral.

26. A method according to claim 24 or claim 25 wherein the cleaning solution is

20 oxidative or reductive.

27. A method according to any one of claims 24 to 26 wherein the cleaning agent is

inorganic or organic.

28. A method according to claim 24 wherein the cleaning agent includes dissolved

halogens, such as chlorine.

25 29. A method according to claim 24 wherein the cleaning agent includes sulfite based

reagents.



nodul e before being transported into the lunens. 22. A
nmet hod according to any one of the preceding clains
wherein the fluid 10 containing the diffusible
cleaning agent is retained in the nenbrane perneate
side wthout applied pressure. 23. A nmethod according
to any one of clains | to 21 whereingthe fluid
containing the diffusible cl-d&ning agent is retained
in the nenbrane perneate side with pressure

ap}u. oxA metieldypcegdiag to daitn P4 wheadin thelvieaning agms inchideslEchelating
24. A nmethod according to any one of the preceding

cl %Rk wherein the cleaning solution is any
conventional cleaning solution. 25. A method according
t 031;| aA mevbdabairding td deimcdlealnir¢in theahelbtingragest incitriti acid or
bagb% or neutral. 26. A nethod according to claim24
0 I& m 25 wherein the cl eaning solution is 20

oxi dative or reductive. 27. A nethod according to any
50n82. of A @letiodBicebidih@ t?Mmywhe beilainis2e te3 ewhéraiy asyefadtarnit & added to
i ngrganic or. organic. 28. A nethod according to claim
24mﬁﬁEW@Pﬁ“¥W¥”bleaning agent includes dissol ved

hal ogens, such as chlorine. 25 29. A nethod accordi ng
to claim 24 wherein the cleaning agent includes
sulfite based reagents. 0 -16 30. A nethod according
to claim 24 wherein the cleaning agent includes a
chelating agent. 31. A nmethod according to claim30
wherein the chelating agent is citric acid or EDTA 5
32. A nethod according to any one of clains 24 to 31
wherein a surfactant is added to the cleaning

sol uti on.



