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Process foammﬁﬁmwmmyﬁwmthe integrity of hollow fibre filtration nodul es The
present in es to a process and to a 5 device intended to

noni tor the int@@kPty of microfiltration or ultrafiltration 4fougest 202ch

are used in precelyusas f neparati L gt sqliut i and
especially in the field of wat er%%%t%%tggggsﬁ‘l&?s oﬁg\ﬁgltoﬁva%n%ﬁ%
nmodul es use a nunber of hol | ow fiktmationpeddtbget her in bundl es and the
probl em for which the present invention proposes a solution is that of

detecting a fibre rupture which |eads to fluid 15 passing directly fromthe
dirty side offhehePRBABRANEL{RNEEIR r dLd)attes t he o e@rosiades (pronead ek

through tdhe Hehrieor filrassahi chegre g@ k%&elyﬂﬁé[xuiﬁgééyipppkegf 20 To
date there are a nunber of processes for detecting the nodification 6f the
integrity of MHCERE-t IrraR4Qhf 9%t r B £5A TASEWaEs Ofhi 819 dsHre e whliaked airet 0 t wo

categories: 2%ed PLOCESE68BNRLLOr ERY tE£85ed L VALEr afUal LY, ntPaRifngses
detecting | eaks using a h55|cal procedure, A few details MA?F e given
bel ow concer ﬁPﬁr@‘tﬁﬁé’gsst 2930 6P EHE 1Y or 1Brt TG re§pBAGI NPl 0 pPREEESSES
bel ongi ng totkkatimamtcat egori es above: Mnitoring treated water quality 35
Measur e t of turbidity Water treated through a nenbrane generally has a
turbidity of lower than 0.1 NTU (nephelonetric turbidity unit). Afailure

in the nodul 8ti ntegkhbyn that such modules use a number of hollow
fibres grouped together in bundles and the problem for

which the present invention proposes a solution is that

of detecting a fibre rupture which leads to fluid

15 passing directly from the dirty side of the membrane
(concentrate) to the clean side (permeate) through the

fibre or fibres which are completely or partially

broken.

20 To date there are a number of processes for detecting
the modification of the integrity of micro~- or
ultrafiltration modules which can be placed into two

categories:

25 - processes monitoring treated water quality,
- processes detecting leaks using a physical
procedure.

A few details will be given below concerning the state
30 of the prior art corresponding to processes belonging

to the two categories above:

Moniteoring treated water quality

35 Measurement of turbidity

Water treated through a membrane generally has a
turbidity of lower than 0.1 NTU (nephelometric
turbidity unit). A failure in the module integrity
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24 August 2002 should therefore be translated into an increase in
turbidity. However if the water to be treated is not very turbid, the
effect of dilution makes it inpossible tp detect a | eak from one broken
fibre 5 out of tens of thousands of fibres, i.e. several nod24éaguBeReg2i on
will only be effeckj Kf I.S.very contam nated. For
exanple, if cont am&%gtﬁég.ﬁ{é&e‘%&: r%egttggar\t}\%?#ggSléltf c?%/n actT 2 TarbBn in
powder form one 1BUBP&R&EAYH| Blawesiar of £12he000at 8rnumtul bs) tireaeast | Vs
detected. Wth | owqbur Ri=dit ye | ave: wat e, f | NTU, the detection
of one broken fibre out gl l%fg%%&?a%gieng€£f%§%® clg)%?%bfogsgl??‘@(f 45
Particl e counting TAPSSPiBEBsEI GHRIT nBr & egdns19mecnhalp iokan of ibre
measuri ngst ur bi di tyubub s tead so0ckasHdyd Leh d4:hi s.technique, it is
possi bl e to detect one_ broken f?Er_;tngL{g_%r?dsAf\Z/%?oo%l%?%br’eslt’r‘e‘at%en‘@e‘zﬁl
relatively contaniTtetfat detEEtipmyrilef ek veecabirgtarel aferaténg in
tangential node. lwaféonted e @’ghﬂ@ahﬂé)wvtelyr%gi UdVe MR Bl v ed b 18,
possi bl e to detect_a broken fibre in only a few rfodul es, 1. e. ar ound” ™~

100, 000 fibres. | r?’é‘%f%ﬁ’lt?on,léS M @M’ Rt F est orfsiaktedl evicthe and
mai nt enance. Bacteri®l®yl cabf angtyses TcBkbBohS anpr @@mmimﬂls ayfuous
and Iengf@y to 30bi | erent . and whi ch if SUB'QSC'[ to external contam nation.
At |east two cons€titi¥e heBafi et 3ful {20aPB0nd&ddtrdnl @f tet st ¢astiaky

confirming a | eak.deltictiocedsitimy'lasse aueblbibagi | |xsy dejgebor, g it

has been noted th n n intact, .the nbranes general |y
produced wat er frze;xafrﬁé%]é\@ﬁe??ghi géec&e\%’edﬁﬁiosps t%ﬂ?tﬁéPgﬁﬁréflcbaﬁﬁot be
appl i ed. Furthernong; afetktt00h feqeingiesmodndlk)ddys not a&kAugust 2002 In
concl usi on, nethods based on nonitoring treated water quality are nore or

| ess reliable and they have Iimted accuracy. They are gl obal, given that

t he meask enent | Pazdridlal oegnaingtation level for a group 5 of filtration
machi nes, or at bes; j [ oppri_Si everal nodul es. So ot her
met hods t hen needqﬁésgeﬁ.%gg%?ggq% lﬂl?%lg &% a$ﬁg%%l%aal &3 et Rt e&fi on
process is theref ff@Sgd-NEengiRpidioyDdriwkt ion 0rsd ehks Aimipressdneht est
This is the nmost wlils kRrwhdi@ate Whigch %Si§6§sl5‘1éra\98i nge? ggl ug%eof air
under pressure on one side_of the nmenbrane and I n neasuring Re ti e
required for a 15]C’§i°\?/‘§r‘|1 drbpPee prESsuret t hfélgR%Phe figmsanetrsandast he

pores of2@ he nenbranetare Ify | deek ahifaveliewackhe @ r1gidd usess showkye
t hrough this water argd t he Eﬁ{fgssure dri?rgs slowy at a standard rate. If the
drop i s faster, tAP$°%E4ns t tReTAEhBPanen eHENIGNF tdher PRF@- t hAR 20 at

| east one fibre i frbnakén.mddé s atret hadeh s1bel atirtel yi ggcuaabe i fidt jiss

i mpl enent ed rmdulg %%i’ﬁdmt‘?o wever, _in tl]ii_f%‘ Cﬁsg a manual _operation is
needed to isol at ePPR8 *fodul &° aff =5 coRn&FC T t hePaFr 1orhP8ldetthodels
appr oxi mat e when mptdulesi,npl esenteduod t1HH AW Gcaibrek.omn faddLaiban

machi neysFurt her t LRg S s,.th eed of air
diffusian to var;eg?ﬁg i[ﬁfﬁgﬁggecgﬁi@%\% ic%l%?l%ﬁc?edﬁag?lls%gufzfﬁebet #Ben a
broken fibre and B248R€RaNSencrease in the porosity of the nenbrane. 30 Air
- diffusion test When inplenenting this process, one of the sides of the

menbrane i s kept nggr watler and the other is subjected to a low air
pressure. |f the PARELog 455! iaftai3tSe85 the air passing through the

| eak causes a raptHisndseaseptdcébe watieh siglea paessyr andThishd@gpnigue is
fret frg interference _due to air dif.flﬂsion which is nmuch slower Tn this
case, si ﬁ]ce t he mé‘f‘efeﬂ88§s td _whic 1s subject to external

contamination. At least two consecutive negative
results are needed in order to start confirming a
leak. This process may" use a Colibacillus
detector, but it has been noted that, even when
35 not intact, the membranes generally produced water
free from Escherichiae Coli. This system therefore

cannot be applied. Furthermore, detection requires
several days.



24 August 2002 5 10 15 20 wO 99 09890 describes a process for detecting a
defective fibre in a filtration system having mcrofiltration nenbranes.
According to this process, a gas under-pressure is delivered into the
vessel contained between the fibres of the menbrane and the 24AugustR0@2ope

and the formatnoncehdiuldles, indifsdd g4 heq prese i fgfegtive fjbre,
is detected at %he ends, of the fibres. This procesgﬁ§%g§8 5&2 n%%§§%ﬁ§g of
a "bubbl e poi A7 aft%t-1 56! AEPnGfe Phddies Sorr e heabhak 20 sevey ahave

nmodules. |t themétede amealnees/.a WHAASILre gagrdb i d §ysLEM \f"ﬂ%?_h ¢an only
be used after ghg&%[earét is shut down. WO 94/11729 also relates 10 a
det ecti on netho IR0 Yo AT d PranftsAGREGRA wiswel heopresenoepof

gas on both spfesf bittaeioenimateindds AcA744240ha st atesst g a_leprlgg@ﬁrsl_n%or
treating rricrgéhb%g&'h nsrgqpeull s whi,ch_al s% makes use of the 30 application
of a gas throUgh-a RBREr ane anth nEASHr Bient of F HubBEENESEntthin cheked
representativ@oobEtm@pﬁb&ﬁcﬁotﬁénﬂomﬁe(ﬁaih@dhmbgalgneqm@_&@tégﬁion
menbrane. I n fhj st i i_S bi.phasi.c gas-liquid system the plant
also has.to e‘gﬁﬁ%d%\%n%p\g}ﬁgg S ﬁg’oma]aesxlﬂtet??ént. 35 In conclusion, the
technique for nmonitoring the integrity of nodul es based on | eak detection

is a globgl tgehpiaug.,appl i 0 a set of nodules (a filtration machi ne)
and making it pggg?gﬁg ?g éggé%t a - 5 - 24 August 2002 | eak without the

possibility obilfdenessuirdeneistying the fail ed nodule. This techni que can

only be inpl erend ed JurdRg goRE0dYSEHQ td a jL,reqguires_a njninnm
of several minutes, Furthernore, sﬁ%&lgnéaﬁotggg ,qg%l%%déf ORRPtS 0
i ntervention $53RRHIAgeby cdti@ehcxic oty HeEES trFess wralernt onederitdd yof he

failed modul &hel fembBaundg 4ry ben Cakhised- it Shat donn. 492 §ifah! we be (.o
exanpl e grri ed out ;in thifs | i stening after” production IS present
i nventi oh®i ntEnt t 9L BP0Vt 28 Tk st RRFER ddEs mritbhave. t Béndeavtaeks of

the sol uti onpom i efectedormembtanthes saibjraqt «of & bheni Rlz}éﬁ‘cl%tﬂ,onthé therefore
a process fo i Iltratiron nodul es

r,. itorinqﬁ%ﬁs in%e%ri y of .hollow fibre
and for det e&ﬁ%ﬁ%ﬁk? WiY e &NERYUGTquES 1Bhr BAERT a 3RBr & honpiretssiurer
partially braekemps sty estzedstAnthald idateONSi Sthe CQRLHNYQUH NN in 20
filtration m%#}sw%égggtt %Rguctlones utdown, in: - detec |ng t he noi'se
caused S%Othe hassage of The | Tt BMRFIgh ke tht 6ndd Fhereforeamiat yi ng
t he noi si gfalladnsls obeafbede amdbroken. This method is relatively
accurate if it is implemented module by module.
However, in this case a manual operation is needed to
isolate the module and to connect up the air. This
method is approximate when "it is implemented on the
25 scale of one filtration machine. Furthermore, the
ageing of modules causes the speed of air diffusion to
vary and it then becomes difficult to distinguish
between a broken fibre and a general increase in the
porosity of the membrane.
30
Alr diffusion test
When implementing this process, one of the sides of the
membrane is kept under water and the other is subjected
to a low air pressure. If the membrane is not intact,
35 the air passing through the 1leak causes a rapid
increase in the water side pressure. This technique 1is
free from interference due to air diffusion which is

much slower in this case, since the water needs to



25 - conparing the anplified signal thus obtained with a threshold noi se

| evel', within the sane range of frequencies, which is characteristic of

i ntact nodul es, this conparison making it possible to detect whether or not
the nodule is intact. 30 The subject ef 4the invention is also a device for
i.mpl ementing the process specified above, this device beij l%p ﬂﬁ?grlzed
inthat it conprises: 35 - a hydrophone nount ed on t he IOM/p rge of each
nmodul e, in contact with the perneate in such a way as to continuou
listen to the noise of the liquid passing in filtration node;
August 2002 - an anyl iffier of the signals delivered by € said sensor,
and - a conparator anal yser ensuring the conparison of"the anplified no=se
signal from the sensor with a threshold noi se LevVel characteristic of an

i ntact no8ul e, the analysis of the conparisef naking it possible to detect
t he possi ble presence of a | eak on the~Said nodul e. 24 August 2002 is
not determning and that the recording of the initial noise |evel is not
needed for detection. It isp0Ssible according to the invention to envi sage
S various uses anpbng i the follow ng can especially be cited. -

i npl enentation in tratlon nDde w t hout . productlon shut down, by

| i stening toth 0 pOssi bl e
| eak; ItihsS understood fron1read|ng t he precedlng descrlptlon that the
process subject of the invention 15 nmakes it possible, in filtration node,
to achi eve alffstd M Ihuodesedrbesri g o aoFe@ St e§PFt y dFtadtel mddulees,

gi ven that Iraeafé‘@aweecomsor@ut qrati gal | flqaqa%tlo%achsvslt%hatl aav%zj e,
at alnost any tine i s possible to verify nmpdul e by nodul e, the

integrity ofWH?%Q@%kQEﬁ%%O%fm?%%%%nﬁﬁduﬁ€§°rﬁﬁéq|ﬁﬁ(ﬁﬁ%%ﬂp6?cﬁ5ﬁvn@egrlty
maﬁes Ié posgidy e ﬁ@déﬁenblr@és%rfeal i :sng cﬂ@ﬁﬂ{f@rﬁahl S.ert%gmﬁh@anﬂ@%s'é%h ]
achi eve n any circ ances by i npl_epenting_t vari ous processes ic
are curr%#lt I f%}ﬁﬁm %ﬂﬁgﬁﬁﬁfa eonedabbv rez?ndgfz cﬂeﬁmﬁ%@ﬁ@e a%r §&Gct i on
shut down to Ganrmemout enhe ldatect iao andhiehe ifophenrdriat i off of bubb1disf,f er ent
techni ques far_t.he . identification of the defecti nopdul e, after detectlon
of a | eak frd‘rﬁc{lﬁ:eatslé{g ofttﬁ%duﬁjégs FACThe® % | t ratalleo% Teicht nefl %f’f e the

i nvention 30dealesxdd possitiie t@dsjemffytmemeﬂllareby t Aeisonpnbaets
module. It is,Qf. e stopd, th t.he LN i

limted to thégﬁbt S oﬁgggglenentat?%n dgé§§§g 2}§¥%% nenglg%gd
above bu@oth&tSQ—taté-rﬂg)n%sfé%da:ﬂ Qar £hAt §ank @t several modules. It

therefore involves a biphasic, gas-liguid system which

can only be used after the plant is shut down.

WO 94/11729 also relates to a detection method which
25 requires a plant shutdown with the presence of gas on
both sides of the membrane.

US-A-4744240 relates to a process for treating
microfiltration modules which also makes use of the
30 application of a gas through a membrane and measurement
of a bubble point which is representative of the size
of the pores or the holes present in the membrane. In
this system, which is a biphasic gas-liquid system, the
plant also has to be shut down to make the measurement.
35
In conclusion, the technique for monitoring the
integrity o©f modules based on leak detection is a
global technique applied to a set of modules (a

filtration machine) and making it possible to detect a



CLAI M5 24 August 2002 1. Process for nmonitoring the integrity of hollow
fibre filtration nodules and for detecting |eaks 5 of treated liquid
through a fibre conpletely or partially broken, characterized in that it
consists, continuously and in filtrations node, w thoupy RlLGIC HOER
shutdown, in: 10 - detecting the noise caused by the passage of the liquid
through a ruptdged . fii = LR bE ¥k i i seqshgnal st hus.ebtain and
- conparing thgégnplf??§% .%?QEQFE¥%ggl%E?é?ﬂ%d aitggay%hgegﬁ%ldﬂ%bfgg

| evel , wit hi nT"PHEL8aNE Mrdnde M i rerfuedti Esbewhies sme ndiesy abtwimistéc of
intact nodul egrobilcs:eanpanugeRuWiRKidKy i ti possthlie ba det eql; yhether er not
the nodule is intact. 2. Device for inplenmenting the process according to
20 Claim 1, chaV8Eteri FedYtsSrhatf YathamifrTses: ShodlRydroptaid Yret) wmmunt ed
on the | ow purgei€dd) ofapachdmmauleea(110) intBré@ntach W th,the &Jaﬁlﬁﬁ%' quid
or perneate sp.as to Ii§§en goQFinuously to the noise of the passing Iiquid
in filtrati on-hdd8"LBg P¥XnSLSApIPEFEPSAF RIS &ﬁal%ed&ﬁ-\”/felﬁ@g Byt Hen sai d
sensor, and -osdeonpes atidferasialyyseheensuiing thededapardisos aofi dhding
amplified noise_signal .fromthe sensor_with a thresholLd noise |evel
characteristic of anamSct 30 nbful S21heSdnalYsi s of CPhe EERSAGSIGT
making it possibteéown.detect the possible presence of a |leak on the said

nodul e. . A A% A L. Ah32. Ay. A. A9. AA#. n| 45 nC
||(|#_#_* 20<?1?97" 2" ?2>2?2paq<0x’ | 2222222222222222222222222222222222222222?

?2?27?7?7??227?7?7?2 70092 PRSI0 2 277N 880 8 Obrpsedy) ? £ o- <P BBAE 7pp: pheedls &C

(#. #. 222q<9PxsB ox <TROR ~$277 7640572602 2 azhbh ch > sEl e RbhzsyReg| | x>
>| <px| >| >?<<| 3| >>?2<>] | <x| >>| | | ><>3>| ?[ >x<| ~>x<[ >X ~>~>>|£1~|<||>|%|>x >>| <?

| | ==272] >| ~=>[MRREEIRSA| §5980} | ->7| >x| ~~>2>2x| >X| >| <> X| =>| <>| >0~=><>>| x| ~?<
| | ~x<>>x<?| <>x| >x>?| | >x]| >>| | | >><]| | | ~~?| >X]| >~>><| ~>| >?| <?~~?| <?| >?~><>x<| | >X
|>>?|>>x~>?x3£ >x| <> >£X>>><>X|<98<><XL<X>?<||X|>|< | X| >| | | >x<>>8>xx]| x| >>| >
111~221112] > 4%4%*% k>9&x 88 pn¥@@>€4|0|n>~1>3<|tl‘p°<$@<%@$%>a| PsesRpaxie<>?| >p
XS>X<<PXX XX SRUTPUKHD G B X DD | V<6190 | FlibrRO<2X T2k 5 57<| XX
>>>| | | >] >><| | ~<px< %>X<>><8L%§>>X <?<é§£>?|<>>?xl>?xl<>x<> ~| >??| >~><>| ~~~7?
|>?|~>98>0‘<W?ﬁé§A 2> and g0t ?SﬁéQéc. d<glgakdp; 9t Hgeated liquid
m vv/r\n?‘c] ]X] cia\f]l—(zajwﬁi cakca] z?aﬂzf@\/% e@h@&]e(t&l%qa\/] 64] qugxac]ifd‘leﬂ]}ﬁa] Bfakeal,ca
c”a] ca] ca] calcal ¢ alcal ca all.calcTa. ' . L
rit!zl ! zupkf ac\_!ﬁ]‘ﬁcgaﬁtgga’]glc% %aj’%a]%%g] c;%tca%gaféa 4] %aﬁ%d]”&ﬁ%&]yca?%ﬁ] ¢&] caD>]
ca] ca] cad ¢a] ddldaaE] wanedea) wht tak tapradictibh+shutdoWRHHIRS( ((((((*++. ~!
' zupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca]ca] ca]ca]c
a] ca] cabDa] ca] ca] ca] ca] ca] ca] ca] ca] cagal o A 1099& ()-S10%& ()-!y
"109BB& () - @0%r&qdtecting the noise caused by the passage of the
#3YL0%w&! () - €390 0%l ) c1oBREI0! 2 " 108ATEa ) £Lr&e3(" 10% ()-3("109%B& ()-!s
$109&% ()-y!'} ,"109%& ()- !," OA&'()rngA_‘acXNB! , .
- amplifying the ndéise signal thus obtained, and
25 - comparing the amplified signal thus obtained with

a threshold noise level, within the same range of

frequencies, which 1is characteristic of intact

modules, this comparison making it possible to

detect whether or not the module is intact.

30
The subject of the invention 1is also a device for
implementing the process specified above, this device
being characterized in that it comprisss:

33 - a nhydrophone mounted on <the low purge of each

module, in contact with the permeate in such a way
as to continuously listen to the noise of the

liquid passing in filtration mode;
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}‘s$10%yy&f()-f!o‘s$109&t&f()-f!‘s$1096f&f()-f ns$10%&&f()rf! #10% . & () -
' b0” #10%HH& (- aNed fMis/i FEGHH dDHEh4 OdignaQ's1 QR € Yed! bO" 20UHE {4 -
0"10% & () - S$10%>&'%% fle s$109& ()-fdEK=/ 10HH 10&!
10% & ()-910% & ()>TV¥10% &2{-s10% & ()-s!y&10% & ()-310% & () - W' } [ <K=/
10HHf 810% & (¥--1@, %Q)tmz(a)tO‘F-S/ﬂﬁ)WSé;r- drisio R’ Ghel y&bmbid10%h& §J-E
10% & ()-") "+, ABfEEﬂQHamp fied noise signal from the sensor with a
5 - threshold noise level characteristic of an intact
module, the analysis of the comparison making it
possible to detect the possible presence of a leak

on the said module.
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5 varlous uses among which the following can especially

be cited.
- implementation in filtration mode, without
production shutdown, by listening to the noise
10 caused by the passage of water through a possible

leak;
It is understood, from reading the preceding

description, that the process subject of the invention
15 makes it possible, in filtration mode, to achieve
almost continuous monitoring of the integrity of the
modules, given that in a few seconds, automatically and
at each filtration cycle, or at almost any time, it is
possible to verify module by module, the integrity of
20 the fibres of these modules. The indication of non-
integrity makes it possible to identify a failing
module. This result <cannot be achieved in any
circumstances by implementing the various processes
which are currently known and mentioned above, and
25 which involve a production shutdown to carry out the
detection and the implementation of the different
techniques for the identification of the defective
module, after detection of a leak from the set of
modules in the filtration machine, while the invention
30 makes it possible to identify immediately the non-

intact module.

It is of course understood that the present invention
is not limited to the methods of implementation
35 described and/or mentioned above but that it

encompasses all variants.
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10 - detecting the noise caused by the passage of the

liquid through a ruptured fibre;
- amplifying the noise signal thus obtained, and
- comparing the amplified signal thus obtained with
a threshold noise level, within the same range of
15 frequencies, which 1is characteristic of intact
modules, this comparison making it possible to

detect whether or not the module is intact.

2. Device for implementing the process according to
20 Claim 1, characterized in that it comprises:

- a hydrophone (14) mounted on the low purge (12) of
each module (10), in contact with the clean ligquid
or permeate so as to listen continuously to the
noise of the passing liquid in filtration mode;

25 - an amplifier of the signals delivered by the said
sensor, and

- a comparator-analyser ensuring the comparison of
the amplified noise signal from the sensor with a
threshold noise level characteristic of an intact

30 module, the analysis of the comparison making it
pdssiblé to detect the possible presence of a leak
on the said module.



