. “<e3e28u/rrst8tvt 6t T8BU" & The present invention relates to a process and to
“a device intended to monitor the int egrity of mcrofilt rat Mmmumm"l mmm
ultrafiltration nodul es which are used in procedures for d
concentrating 5 solutions and especially in the field of watemgikeat ment.
Ft is known that such nodul es use a nunber of hollow fibres grouped
together in pundLessand tli}ﬁfé?{&@r?”kfa%tég W cj t;ﬁ"f‘oc%@sge%hd' 8”&' on
proposes a solutiton is that of detecting a fibre rupture which leads to
fluid passi iEHGect I%P?Q‘H?‘ﬁq he &P rty"QRdechf thBenenbRARETLEYNcemrate) to

the clean simhcddrrrmaielod hbeughltheriibrar 0bnf is@sIobi Gihiate eeapl etely
or partially 15 broken. To _date there are a nunber of processes for

det ecting t HESbAitF cREPERIBF S Ehel Pht FRANA OF G L GPRGEREZAY T at i on
modul es shi cdolanidaes pl aged iedpeciwd 120 ciad egehkes: field oceSseswata t ori ng
treated Wat%5 %q:ral |t - processes detecting | eaks using a physi cal

pr ocedure. det ails will be given bel ow concerning the state of the
prior art corresponding to processes belonging to the two categories above:
30 Monitori tega t u ygﬁé%‘%% A di Hals reated
t hrough a n%%r%%ekg%r‘?}eﬂ?a thgbg tu;ébsletrj?%%/ %f rfowerxdt 4 \0%1?‘

(nephel onet rfoxes bgmwe@ntpyetherannurbelndiqsr]eanﬁ)dmh@ Pﬁpbéﬁmt yfos}fhoul d

thereforg bei@ansiiad eghrd o aﬂn«v@ﬁﬂsf@ﬁe 81?5%9' di kp1ubewaver ichathe water
to be treated_ is  not very turhid, th | ution makesm, 3 510

15 20 i nposs?thl aeFeiwtt 3a FRKef rBHP%HEebr%}R’e‘FPf i HdHuttdf flarig of

t housands ofpdsdies, direct$eve®n ners! Qﬁrt@etgﬂﬁeo@f\/\ﬁ ttﬂleomiemm%r%ffectl ve
if the vvater to be tr atedlstéﬁr cont am c(ad For

cont ani nat ed' FRE T4 Feat Rd F1638 § eof %%W‘?/%t% ggﬁopﬁhp&ﬂfer form
one broken ffilree oulr off iMELOONNi&npdulees campleasllyy det eglaed.iaWltyh | ow
tur bi di LlLé g#%@ , for exanple 0.5 NTU, the detection of one broken fibre
out of 0 a single nodule) is not assured. Particla counting

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

20 categories:

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

procedure.
25
A few details will be given below concerning the state
of the prior art corresponding to processes belonging
to the two categories above:
30 Monitoring treated water quality
Measurement of turbidity
Water treated through a membrane generally has a
35 turbidity of lower than 0.1 NTU (nephelometric

turbidity unit). A failure in the module integrity
should therefore be translated into an increase in
turbidity. However if the water to be treated 1is
not very turbid, the effect of dilution makes it

RTUMAC

*G00001 *



Thi's process is nmuch nore sensitive than that of nmeasuring turbidity but it
"also has imts. Wth this technique, it is possible to detect one broken
fibre out of 420,00D fibres treating relatively contami nated water (0.15
ng/ 1 of active carbon) and operating in3tangential node. In frontal node
and with low turbidity water, it is possible to detect a broken fibre in
only a few nodul eisypasssiblar oumddé0eco0e flidekestrdm audei bicokent tﬁj:br@r ocess
requires consi der eoEal n S Bagtsl i ol ogi calg yses
This is a pr ocesscg%nl cﬁ |t§n%r %%ﬁgﬂéﬁg g%gtoﬁy to |égl e!rLre%t %na'%v\r}%lch IS
subj ect to exter Rdwsd anPakerbhonAWilldasenlviobeo ire né§atthee

results are needgghtdy Onder pleo §£@5Eesonisrm@ﬁya@&ldae@&atﬂus f3CESS Mmay
use a Coli bacillus detector, but has been noted that, even_when not

it

intact, Phe menbrffdPifenerid | §°BF6@&B@He%t%?t?Fee1?frdiﬁ%"rﬁ%n%hae Col i .
Thi s systemthereo‘cg fcannsg lza;talpm | eChrdoit t Heyr neyoudedet edrinpn ree@ui res 35
several days. In co cluspon, od sed an nitoring. treated water
quality are rore JF°KEss Jr%??aBP 8%dqtazt?eglof9avgg)llf‘ﬂ$‘tl\lbﬁgéc&§r &7 they are
gl obal, given thalettdeted 4 neashrefent iturtdardiied opdwat watetr,on fleavel for
a group of filtr nBC or ngl-e chi oMmpari.si ng
several nodul es. a%taq%tf]h &né;m%s engﬁ\g&eﬁgfghbgka i gg%t%g%f irgr%yrtsehe
failed #bdul e. Treutder®ects o0 ® fﬁ(ﬁ‘ﬂe‘@l& gnadiekef ok I@Qib agsiyrey. Detection
of leaks Air pressure test This is the nost well-known test which consists

in 10 trapping a volume of air under pressure on one side of the nenbrane
and in measuring ¥Heti§he FRGUEIRA for a given drop of pressure through the

ge][r?rane ISI \rllvlce tw.Ltelspo @éﬁ@fsst R red aﬂﬁrér%efridﬂt@.dff\é\ﬂ ztlkm\ivawlat Wltch:e air
iffuses slowy through this r.and the sur OpS S at a
standard rate. |fm" efal‘%%ﬂ]rr&% F’s‘wgégf‘EV % 'Ereﬁﬁr ﬁ}ﬁ ﬂémﬁﬁﬁbr eaks
and thensfore thathiad |teadinines fi hite iiss brpdmbﬂanl SthEtchﬂdadtS reeleat i vel y
accurate if it i | ene nodul. e b e % |nt' case a
manual operati ons?%é?ergdegigge %Iué:m ac%/ %%éh%%g?g%aﬁaefo coér}enaztcl’[nq.lp t he
air. This nethod Fslapireky recetahemated| watapl dledfedadn Ofe asvulvwe of one

filtration machi ng,Fuyt heélq@r eopéﬁgtﬁ?‘ﬂ [ ngnof tgggghggaqau%et he gpeed of

air diffusion to vary and eco ficulft to dlStIﬂgUISh 25
bet ween a broken ﬁlfcb?t'eajanﬁ}ogegé‘ﬁ’éir anl?fthQEISéqrr?%Ybo‘f’%‘é?’Ey éf tie

rre(rjrbr anfeo ﬁlr?,gl fhoisd m & e&bkvmﬂfédtigpée'm@ﬂdeﬁg fﬂbﬁe prlqacets@;yoae m‘wthg

sides of the ne ne is kept un te t he ot S ected to
alowair pressurr%rg)ﬁlfe?hel F&r?éml%s ]\rﬁq qrch agi'b T¢fe aﬁij%]s t hr ough
the | eak causes athagi dplmtcree;aase reqhheesat eronsammrhe'lssur earé&hi sardchni que

is free frominteﬁ]eﬁg éle to air diffusion which is 35 nuch slower in
this case, since needs to becone saturated with dissolved air
then it needs degassing before air diffusion occurs. 5 Acoustic detection

Thi's teghni que copsletsibioysb08 ansistboscope to identify a nmodul e which
| eaks w%en air passes tJﬁro(tDJ% a roke}(r?l I bre. The "bubbling" thus produced

on the water 5 siHel$sigagi IQ}-’O&%SbI‘@chl'hl%s aB5euPLEt POA iLSNHMY &P out by
an operator. implement and which 1s subject to external

contamination. At least two consecutive negative

results are needed in order to start confirming a
30 leak. This process may use a Colibacillus

detector, but it has been noted that, even when

not intact, the membranes generally produced water

free from Escherichiae Coli. This system therefore

cannot be applied. Furthermore, detection requires
35 geveral days.

In conclusion, methods based on monitoring treated
water quality are more or less reliable and they have
limited accuracy. They are global, given that the



WD 94 09890 describes a process for detecting a defective fibre in a
*filtration systemhaving 10 mcrofiltration nmenbranes. According to this
process, a gas under pressure is delivered into the vessel contained
between the fibres of the menbrane and ghe filter envel ope and the
formati on of bubbles, indicating the presence of a defective fibre, is 15

det ected at rﬁé’@sxﬁd‘%rﬂf idecdibi&s. odhi st psesessnt hevel orermakesdige of a
"bubbl e point” Ilt er i,solating, the nodul e or, the bank, of sevea((;%| m)dul es.
It theref or % nFdLFEELAOR PRACTEICYas OF o@f d (&t efh vt RHL E afeSHif e used

aftﬁrdtcﬁ plc&ﬁﬁpﬂfsﬁ’fg.ltséi@é\ﬁal lZﬁo&@l@é/ 1;629;%1&0 et labes tnea dﬁeelcbtl ﬁn
met ho iC uires.a nt t down wi e prese ason ot

ST des of theterbr anelTsl BE SR B 14 Ted ReBhEEE B Bec st B Rhmnt i ng
m crofi | r atprorcesmul st afpad swaralkeesituse. of the appl i catl on of a gas

t hrough a nenbrane and nmeasurenment of a bubble point which is
representative of the size of the pores or the holes present in the

menbr ane. | NP8tk @7 syEt#AXkHhi ch is a bi phasic gas-1iquid system the
plant al so has,to-bessheitrdopn to make the neasurenment. In conclusion, the

technique for nonitoring the integrity of nodul es based on | eak detection
is a 35 gl obEF.S edifni §HE APPPF ed'Rid AR of SFEdUVBECRa $912+3EF o Trachi ne)

agd {TB-][(UIOQ ltt.:%i)ﬁ?i&i lﬁ {r@édfﬁée©$h&1|rteaiﬁt?@ﬂ hotk s dikes F@ﬁ;bhel lstMeOfQ[f |
raentityl ng e 1alle nodul.e | S ecnni q canon e, |l nent e
dorimg o Do e FORPEADE dam AT TearTety okhs TirtmAeerite] Thvors)

m nut es. Furgiresmodeop shbulptesatireedt hramugaddihe omadnbraherv@nhc@n tHest eni ng

by stethoscqpsleieads ho. DecREdese L o dent fdq Lhechalladaodube. .21 0

having to be carrie er production's down
exanpl e carrd&fifunes i wlowly | Fbrenghg thies pideuct Rof W\@eplié-’ﬁﬁu—ﬁmventl on

i nt ends 150 pcﬂPcYﬁéjesPO\QI§9C§§SaV"Qt§HdQ9§SrHQE h@‘fet‘hge d@'b%""tl%c‘@aéﬂext he
solutions 10 nentioned above. The supject of the invention is therefore a

process for Fohft BERRG ttﬁ’@tl n‘%%r?‘?_&?béﬁnﬁollie@\}@sfl%ﬁ% ERREREPKSN tr]f"t?d:ul es and

for detectingt | eakst obnéreabed LEquirekdh .t Thaughet hbidbries G teitvad 1y,
partially broken, charatg_terl zed in that |t co SI stélé}con i nuous and in

filtration ndde rdk% hoat préducts ont Bct PHg t
caused by theopassnageinf thiie 2fhdd qai mahhadu@pea:arm;nmresl hebded -to

anpl i fy| gt e ai_ned qg;’rp ng e f| ed
si gnal tﬁus D%?i;?llhged t\?\} ‘%d{lgg saﬁp# lt%m %% %c\:/tél %he ?{ﬁg sglrrgé range of
frequenci es, mekieh iis chpprexénitei ovhen i Atacts ZEW@me@é‘—,edt hts ddrpari son

meking it possiple Lo dghect swhetheronr RAkniRe . MG HednldHACt -the
ageing of modules causes the speed of air diffusion to

vary and it then becomes difficult to distinguish

25 Dbetween a broken fibre and a general increase in the

porosity of the membrane.

Air diffusion test
When implementing this process, one of the sides of the
30 membrane is kept under water and the other is subjected
to a low air pressure. If the membrane is not intact,
the air passing through the leak causes a rapid
increase in the water side pressure. This technique is
free from interference due to air diffusion which is
35 much slower in this case, since the water needs to
become saturated with dissolved air then it needs

degassing before air diffusion occurs.



The subject of the invention is also a device for inplenenting the process
speci fi ed above, this device 30 being characterized in that it conprises: -
a hydrophone nounted on the | ow purge of each nodule, in contact with the
perneate in such a way as to continuousiy listen to the noise of the 35

liquid passing in filtration node; - an anplifier of the signals delivered
by the said SeNs0 - ks SPmpar at or - anal yser ensuring the conparison of
the anplified noise signal fromthe sensor with a t hreshol d noi se | evel

char act eri stTie of IGFHIHBER ANAIEES hdlandiSysids & ShetdeRsaRssofMaki ng

it possible tqiatfecta theawns siibl € P1esescensh aikepksaBst herdagh mpdule. 5
O her characteristics and dva‘r‘1t es, of the present i ventlﬁg w | energe
fromthe def¥F3KR% drit¥ef o veRR t iR ef BRRRCBTPEUERE SPpERGedaStni ng i n
which: 16 - Hduireslemsiaycuiumbinld usthifgi agstche tatquwst i Cisi gpatired of a

nodul e, and 4 Fi.qure 2o iesr a\:bc')scherrati C representation illustrating an
enbodi ment &% FBY i T HSOT di ng to the invention. 15 As will be

under st ood, the process subject of the present invention relies on the

det ecti on of 61%4290%6%{)?eddQ}(écEti‘BeBas%agep:%c%%gat %Q)If I uagtg%i%%‘%%l y fromthe

dirty side o‘* . ane (concentrate) to 20 cl ean si er neat e)
t hrough a fidafefttiiore nodulkse i biga whitch §sloorpl @t el wywrtgsar t iB@VNRDr oken.

The present mipweIHi 10 -d S APtmédibt 488k | OadAEr &€y Ot oL AL 6T PeRRET 4 O
anal yse the signals, It is possible to 25 collect the signals on the plant
and anal yse 9&fem WiAer ceREREFUBEogrEMMEIR 6 b s s BBt r BFeuniiess®ef er ence

nuxer 1? ihl‘l:cfﬁtgﬂi][r_ﬂabc? Eée\g‘éeﬁ fdHd r@ib@@ﬁrrwiu I@%@f dnteml datiee §AEPIUHS ngha
nu er o oll.OW T 1 Dres rouped together_in un es. CCOr al to the
ot on U PR eI OUBEE  OORE T e T T R %o
t he | ow pur gendizadfiridhi stidupeedéncarakofig at pesscchblieet o flilgtegen digr ect |y,

in contagt w clean er r te), tQ. oi : | ui d
passi ngigEa&éér}béd‘{ﬁede saﬁcgh ééﬁsaé I (?nl(%'ep%\?i %@3 W%tltﬁq%%ydr%glp%gng}?lﬁésfas 14.
The signal dérgsefraae bymakeshydissphode i 8 anfubiblel apdinhil yseftsr an

el ectroni c desdiGRidy thee FREEUPE 8r the bank of several modules. It

therefore involves a biphasic, gas-liquid system which
can only be used after the plant is shut down.

20
WO 94/11729 also relates to a detection method which
requires a plant shutdown with the presence of gas on
both sides of the membrane.

25 US-A-4744240 relates to a process for treating
microfiltration modules which also makes use of the
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

30 this system, which is a biphasic gas-liquid system, the

plant also has to be shut down to make the measurement.

In conclusion, the technique for monitoring the
integrity of modules based on leak detection i1is a
35 global technique applied to a set of modules (a
filtration machine) and making it possible to detect a
leak without the possibility of identifying the failed
module. This technique can only be implemented during a

production shutdown and it requires a minimum of



8 microconputer 16 in order to neasure the noise level, within a

" pre-selected frequency range, characteristic of intact nodules. The result
of the nmeasurenent is then conpared with a threshold noise level, within
the 5 sane frequency range, and this cofparison nakes it possible to

i ndi cate whether or not the nodule is intact. The curve in Figure 2 clearly
shows how t HERESendEiREtaD. o Bubkeermehe e | BhERRAf | Bt r fRilMTS0d e

mani fests it faed he ahar agd@it 4Ll | Ngheasenk ibhe NeEse | u@inAfe t he
acoustic signature of the rmdul e making it possible to detect imredi ately

an anonal y it IYRPEINE efYi (SEHTRAIRORS) dRRBEEI &0 188 TEXT 1@ rPRE ddt by the
present applowist haveigdbawhfyhathd hgarieker emegubei sech ey ell fsiferiiticact
nodul es s honogeneous and di d_not var ppr eci abI fromaone, site to

anot her, Eﬁor rjTsr REP8si d‘loond‘??‘n tﬁérF?{F?‘r at9'v Fr§5h| r?gotdél Sicther

posi tion. Itskhasicuv#rus been denonstrated that the concept of "acoustic
signature”, nodule by nodule, position by position or site by site, is not

determ ning and that the recording of the initial noise |level is not needed
for detecti diie 2priasend: pdsyieitd osiccdntpngst otehep¥ovede i oh tyrasRdsage

var| ous uses,INg gLhnbRe f ol owing Ei%@w%%%‘?c%‘ abky Q?ec'stoqq_rtl?eﬁas

inplementation in filtration node, wthout production shutdown,
li steni A§ t d"eHE RS ERARed by the passage of water through a p055| bl e
| eak; 35 It |s understood fromreading the precedl ng description, that the

process subj t he |n£1e %IOI’] makes it 08 in filtration node, to
bt eve ol nodte ikl HouSY EhP: SRTRBCoPRL AR EREZBERFS 6f MRS SASIGTe. b ven
that in a fewvorsidoonidsy ateondhniteatrliy yandf Igo]aloxeacﬁrurﬁrétrfaﬂmmmi e, or

at al nost any S 0s V.
integrity of ?#lr?l braenscgl offqlﬁesdzétbécg:uﬁni e'I‘Fhé{si ndi catl on nOI’]ICH{ egrity
mekes i fSpoggitstugh o Rderftilize a campilﬁge$1frromn e. Pa‘htsalés'ul tbrsdyarot be

achieved | n ALl SUBIANCAS chikcl T QB 0 | NEoY é&hegés@gogﬁasq% whi ch
are currently known and nenti oned above, whi c I NnVo roducti on

shut down t o EafF5AEIRN tTHRARet BEERQHE aﬁﬁpqw}q?ﬂbl%lh‘é?@%‘t’lﬂonl%f the different

10 techniques for the identification of the def ectl ve nodul e, after
detection of a Ie%hk fromthe set of modul es_i ef}filtration Eﬂ r}h%

whil e the inventiGHEFRkERS | FRFod5% T35 n Vf FASTMRIF SR 8F y Othd-Honi nt act
modul e. 2085 It is D:quertslercbm@her&tnmtmm filerey esent invention i s not

limted to the net hofllf éarrr?cr)u ation rgaefcéﬁ@gdog{]g{r%d”egt' oned above
but that it encorrp varl ant’s:

- comparlng the amplified signal thus obtained with

a threshold noise level, within the same range of

frequencies, which 1s characteristic of intact

25 modules, this comparison making it possible to
detect whether or not the module is intact.

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

- a hydrophone 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

35 liquid passing in filtration mode;

- 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
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with reference to the appended drawing in which:

10 - Figure 1 1is a curve 1illustrating the acoustic
signature of a module, and
- Figure 2 is a schematic representation
illustrating an embodiment of the device according
to the invention.
15
As will Dbe understood, the process subject of the
present invention relies on the detection of noise
caused by the passage of treated fluid directly from
the dirty side of the membrane (concentrate) to the
20 clean side (permeate) through a filtration module fibre
which is completely or partially broken.

The present invention is not limited to the use of a
microcomputer to analyse the signals. It is possible to
25 collect the signals on the plant and analyse them on a

central programmable process control unit.

Reference number 10 in Figure 2 shows a filtration
module of the type comprising a number of hollow fibres

30 grouped together in bundles. According to the
invention, a sensor 14, in the form of a hydrophone,
has been implanted on the low purge 12 of this module
10, making it possible to listen directly, in contact
with the clean water (permeate), to the noise of the

35 fluid passing. Each module such as 10 is provided with
a hydrophone such as 14.

The signal delivered by the hydrophone is amplified and

analysed by an electronic device in the form of a
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The curve in Figure 2 clearly shows how the presence of

10 a broken fibre in the filtration module manifests
itself, the characteristic increase in the noise level
of the acoustic signature of the module making it
possible to detect immediately an anomaly in the
integrity of the said module.

15
Tests carried out by the present applicant have shown
that the reference noise level for intact modules was
homogeneous and did not vary appreciably from one site
to another, nor from one position in the filtration

20 machine to another position. It has thus Dbeen
demonstrated that the concept of “acoustic signature”,
module by module, position by position or site by site,
is not determining and that the recording of the
initial noise level is not needed for detection.

25
It is possible according to the invention to envisage
various uses among which the following can especially
be cited.

30 - implementation in filtration mode, without
production shutdown, by listening to the noise
caused by the passage of water through a possible
leak;

35 It is understood, from reading the preceding
description, that the process subject of the invention
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
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detection and the implementation of the different

10 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
makes it possible to identify immediately the non-
intact module.
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It is of course understood that the present invention
is not 1limited to the methods of implementation
described and/or mentioned above but that it
encompasses all variants.
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