1 Decenber 2006 WO 03/106004 PCT/ AU03/00755 TITLE: Methods of pdddibst #6h6
the Effect of Integrity Loss in Hollow Fibre Menbrane Mddul es 5 TECHNI CAL
FI ELD Thewn es®ado4i nvention relates to nenbrane filtrati opcgystBrsand in
particular to systemusing a plurality of porous hollow fibre nmenbranes
wherein | oss of nenbrane integrity can lead to degradation of filtration
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BACKGROUND OF THE INVENTION

10 Consider a typical hollow fibre membrane module as shown in Figure 1. The

et

CD-

meodule consists of plurality of hollow fibre membranes 5 potted at least at one end into a
pot 6 having a length L. In order fo calculate the flow from individual fibres the TMP
(Transmembrane pressure P; — P;) is considered as acting across a total module

resistance R to give a flow Q:

i5
TMP/R o Q (at constant temperature)
Now in this typical model we can break the resistance down into:
20 R=Rnp+ Rpot

and  Q; o TMP/(Rm + Rpot)

Where Q; is the flow emerging from the top of the intact fibre, Ry, is the module
25 resistance and Ry is the resistance across the pot.
‘We can assume Ry, is constant — a sort of average - though it will vary down the
length of the fibre.
Now taking the case where a fibre is broken at the top pot (a worst case for
filtrate bypass). In this case:
30
Rn=0
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filtrate emerging fromthe top of the broken fibre. The ratio of the f
down a brwleess/fosdese to the flow down an intact fibre is oareitdoedsas
follows: 5 ~1 !~1Iv = Q/Q = (Rm+ Rpot)/Rpt 1 + R Rpot 10 In the nonnal
case R nf Rpot - typically 20. Thus it ¢an be seen a broken fibre allows a
significant anount of feed to contamnate the filtrate and thus degrade
filtration performance. Additionally, increasing the internal dianmeter of

the fibre nakes the robl em massi vely worse as typically Rppt a L/d4,
where d is the dVamefddis B flomecs filrete emenging fiom thedop efithe hraben fikes. pot . 15
Accordingly, it S| e t f f filtrate from.a broken
fibre. Take théﬂl ggg[go %@?@%&@ﬁ%&g‘%ﬂ%@t& ?}gof?mm%%ﬁ%é&%?ﬁ%%]ﬁeasi ng L
or reduci ngald)latedhe folldws:t of Qo/Q tends to 1. This is a highly desirable
result. But increasing the length of the pot is undesirable in other ways
- it increases the | ength of the nodul e and the expense of the nodul e and
process. The other opihoA. 1S ta redygi t i nternal dianmeter 20 of the
fibre in the pot, SUI\/I\%%@' OF THE | QW?F"W s an object of the present

I nvention to overcone or at |least aneliorate the problens of the prior art
associated with integrity loss_in hglqlgw fibre menbrane filtration systens
or at |east provide a useful alternat @Re25 Accor di ng to one aspect, the
present invention provides a nethod of reducing the effect of integrity

loss in a hollow fibre nmenbrane nodule, said nodule including a plurality
of hol | Bw fi br eInibgmoanelscaseR rPedin -obpicalid2®f Thus iticn Yersseme htnkem breei ng

support ed uflofd, PObnifbhf: AFACHr o0 bo'Uutiuib g o Rt anlt MilsXR308 likeiin

resi stance o
performance. Additionally, increasing the internal diameter of the fibre makes the
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problem massively worse as typically Ryo o L/d*, where d is the diameter of the lumen
and L is the length of the pot.

15 Accordingly, it is desirable to reduce the flow of filtrate from a broken fibre.
Take the case where we increase Ry (for instance by increasing L or reducing d). The
limit of Qu/Q; tends to 1. This is a highly desirable result. But increasing the length of
the pot is undesirable in other ways — it increases the length of the module and the
expense of the module and process. The other option is to reducing the internal diameter

20 ofthe fibre in the pot,

SUMMARY OF THE INVENTION

It is an object of the present invention to overcome or at least ameliorate the
problems of the prior art associated with integrity loss in hollow fibre membrane
filtration systems or at least provide a useful alternative.

25 According to one aspect, the present invention provides a method of reducing the
effect of integrity loss in a hollow fibre membrane module, said module including a
plurality of hollow fibre membranes, at least one end of said fibre membranes being
supported in a pot, the method including the step of increasing flow resistance of the
liquid through the lumen of the fibre membrane in the region of the pot.

30 Preferably, the step of increasing the flow resistance is produced by reducing the
inner cross-sectional area of the fibre lumen in the region of the pot. For preference, the
step of increasing the flow resistance is produced by placing a porous layer in the flow

path of the fibre lumen in the region of the pot.




liquid through the lumen of the fibre menbrane in the region qfpédanBet 2066
Preferably, the step of increasing the flow resistance is produced by
reduci ng W@03/10600dr cross-sectional area of the fibre | umprtiQudsherssegi on
of the pot. For preference, the step of increasing the flow resistance is
produced by placing a porous layer in th&-flow path of the fibre lunen in
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According to a skwordingspesdcond bepl; R Psehiivesiitionpr@ridss deslow makl ow fibre

menbrane nodul e inclydjng .a plurality of hollow fibre nenbranes supported
at | east artemhanemedile clpdins 3 plralityioh jollow fibremempranpssiniarerdatileast ae

lumens of  sgle@nfl P4 Bot dﬁﬁrﬂ%ﬁl@%\w} Restldfiof ﬁﬁ%.lgspin%e ﬁlﬁ‘;iegla B?%]aéd | biar €f erably,

the flow restricti oh neans conprise neans reduc nner
cross- sect imerabrangsan tlof regglon dfishidgpot.umen in the region of the pot. BRI EF

DESCRI PTLON OF W.N Preferred enbodi nents of the_ invention will now
be descr%bed, bﬁgﬁgﬁ %%F%ng%eaWF?@PW@@%‘E@%@@%@E&B}%%W ng

drawi ngs i norydlis6dtiondOarkh BFIHE fbré RinfnSk RRTBLILE of Betdopnal el evation of a
typi cal hollow fibre nenbrane nodule with an intact and broken fibre;

Fi gure 2 i SRIEFDRESGRIRFION OF THIGDRAWINGSh t he addition of a porous |ayer

to the pot sun -1 El . : how.enl ar,ged sch tic

Cross- sect i onaﬁ%ﬁ%@% Iﬁgﬁé&%{g %@g&l?eoégen gwé[ﬁt%gi t%éﬁﬁf?l%&ﬁ?ﬁ%ga}’ pEmPls  and

Fi gure 4 slhmiyw withRESEIRCETd BN aCtorhhinlynRiriin MeNTS Referring to Figure 2
referred enpodi nent of the invention is illustrated.

i’\f si 2'? e% g\rM Bg e ﬁ&{/)% sehpmafic septigal ¢leyationpf »typicabhellow Bbreanepibsonaie a 20
further sem&midWith ih BR&R aRRBLIKEA fbRe POt 1. e.
Figure 2 is a similar view to Figure 1 with the addition of a porous layer to the pot
surface; |
Figures 3A to 3K show enlarged schematic cross-sectional elevations of various
15 embodiments of the invention, and
Figure 4 shows a
DESCRIPTION OF PREFERRED EMBODIMENTS
Referring to Figure 2 of the drawings, one preferred embodiment of the invention
is illustrated. A. sinter or porous layer 10 is placed on top of the pot 6 to provide a

20 further series resistance Ry to the pot i.c.

Rpot = Rpotr + Roorz

An appropriate sinter 10 may have openings of microns in dimension and only be
25 afew millimetres thick. This method may reduce the Qy/Q; by a factor of 10.

Such an arrangement provides added benefits when used for membrane filter )
systems in a bio-reactor. The high solids feed in bio reactors leads to the sludge actually
plugging the filter and self sealing the broken fibre totally.

The may be extended to the general case by replacing the sinter with a membrane

30  with the same pore size as the hollow fibre membrane and enabling achievement of this
self plugging capability even with low solids feeds.

It will be apparent the extra resistance of the sinter or membrane 10 will require

an exira pressure to maintain the module filtrate flow, however, this is only an operating
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in dinmension and only be 25 a fewmllinetres thick. This nethod may
reduce t h&@@@pody a factor of 10. Such an arrangenent prradysigs/oegged
benefits when used for nmenbrane filter systems in a bio-reactor. The high
solids feed in bio reactors | eads to thetsludge actually plugging the
filter and self sealing the broken fibre totally. The may be extended to
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pressure to maintain the nodule filtrate flow, however, s onl'y an
operating baclevashiveth ctdodne eaotins suitddodemery. AUO3/ 00755 - 4- cost not a

menbr ane; proces Lhgeefficiency .as.it s operatir ver the pot
assenbl ;5 not a?rhgglgé’r@#élﬂ %‘on ’(L,gisi(%%abYHWW&?&WC%WBH@Wgﬁ&m. 8t i ng
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backwash with chlorine or other suitable cleaners. 5 The nmenbrane/sinter 10

i s desir abFitesRbERRelemeBht act with the pot 6 to prevent sideways flow

of filtrate/ fee | | L | aceab)

si nt er/ menbr ane %%ﬁ@%ﬁ@%@ﬁ%@%ﬁ%%ﬁh gﬁ%%ag%efﬁoﬁgh?g céll\nﬁ%ﬁ%lgﬁ ?P%trf’ge
pore. side €wrinaotmaldilttie fror the filifate flows hotheatirebiid ofredudihgport bizef sl trat e
fl ows iibtla%%%h{ection of reducing pore size) is 10 desirable. As shown in
figures 3B- Sari ety of nethods may be Jl:lsed tg}lpgg}g:;e thi{ poéé.floyv
resi stance. Ref @ilshf€n iR fik@y8B-3%0a Fardy BPRmeRRls apib to TXtbdsk e p@HN ! S
shown. Figure 3B shows agmigncreased | ength pot 6 whi ch, V\hr{?#e |ncr%a3| ng
pot flow r 88Wdesiptarce. has ot her

Referring to Figure 3A a normal pot 6 without modification is shown. Figure 3B

n

shows an increased length pot 6 which, while increasing pot flow resistance, has other
15 disadvantages.

Figure 3C illustrates providing the fibre 5 with a non porous coating 7 adjacent
the interface 8 between the fibre 5 and the pot 6. This serves to increase pot flow
resistance while also moving the fibre failure poiﬁt away from the fibre-pot interface.

Figures 3D and 3E show a further method of reducing flow by reducing the inner

20 diameter of the fibre lumen 8 using a layer of material 9 applied to part or whole of the
inner surface 11 of the fibre lumen 8 in the region encompassed by the pot 6.

One method of providing such a layer 9 is to coat the inside of the lumen 8 near
the end of the pot 6 with a thin layer of material that effectively reduces the diameter of
the fibre lumen 8 at this point. This can be achieved by drawing up a material such as

25  epoxy into the end of the fibre lumen 8 and then allowing it to run out again before it has
time to set, leaving behind a thin coating 9 on the inner fibre lumen wall 12 that can tﬁ;:n
set over time.

The embodiment shown in Figure 3F illustrates smearing the surface of the pot
with a suitable grout material 13 to reduce the diameter of the fibre lumen 8 adjacent its

30 opening 14 from the pot 6.

Figure 3G shows the insertion of hollow annulus 15, for example, a hollow pin,

into the end of the fibre lumen 8 in the region of the pot 6 to reduce the cross-sectional

area of the lumen 8 in the region of the pot 6.




15 di sadvantages. Figure 3Cillustrates providing the fibre 54{\WddembéCs006
porous coating 7 adjacent the interface 8 between the fibre 5 and the pot
6. This senveslobm4i ncrease pot flow resistance whil e al spommiodgoisee fibre
failure point away fromthe fibre-pot interface. Figures 3D and 3E show a
further nmethod of reducing flow by reduebng the inner 20 dianeter of the
fibre lunen 8 using a |layer of material 9 applied to part or whole of the
i nner surface 1IFighret3iieshioiv tiee hasrafa pdrius layee of egiepial Ehamopakshehddy t he pot

6. One nethod of provjdi such a layer 9 i.s, to coat the inside of the
| uren 8 neaﬂpemﬁlﬁéaéﬁﬁis%ﬂ‘?‘ﬁ%“b@?e nfof Bigh9 Zyer of material that
effectively redugesebiend AL S o henttdit d | ii%%%' i ' ' Thi s
can be achi eved bgl%grawi ng up aomat gr%i a rs%@ﬁﬁggs gglg%rc}eﬂ?gotﬁﬁelﬂ}gﬁg of
the fibre lopmeimgd4dnfbrivhepugllbodibispanbenchieved yusmengiaga poefusrgeolittacihas ti ne

'to set, | eaviyn hind.a thin coafjng 9 aqn the inner fibre |lunen wall 12
that car’ t Koft u%ggﬁe Qfgﬂ“??‘h%?emﬁ?:{‘{grf%@d? ﬁﬂﬁferg??&%e‘{uﬁe E?egfﬁ?‘@mﬂﬁtquf’? B5trates
sneari ng thﬁeﬁyfeﬂm@ng{m&h@fi@pgfm@ﬁpbm_a suitable grout material 13 to
reduce the dianeter of the tfibre lumen 8 adjacent its 30 opening 14 from

the pot 6. Fi gulBgwe3dHbwEakesan pmbeditrieohofghe inylention whera thesfitrs jurher 8 éxanpl e,
a hol | ow pi | ' l.n _the reqgion.pf the pot 6
to reducept eo‘(’:vlregg}s?-sec |§ cg?f)f%?@g\?%?{rﬁdgﬂ:{é‘jﬁgﬁo@ﬂgﬁlﬁ%ﬁﬁ%ﬁe ﬁorof thg pot

6. 1 DecentkenstdCs th¥\endof tho®deyd PCT/ AU03/ 00755 -5- Figure 3H shows the use
of a porous Iayﬁ_{i of erial Elng across_the lumen opening 14 as al so shown
in the Ehbodi merti&®p 3k fawe an smppgimeat wherg brg e g Isdatrowee pPEORICpor ous
mat eri al | Oﬁgfgged into the lunen opening 14 to forma plug 16. This can
be achi eved by “sneari ng a porous grout across 5 and into the fibre |unen
openi ng 14. Agaibligurb#shews ihegetulis o€d tastparfreniet onwtwe sisintesde@ilbbtrateltiee i br e

lumen in t %%erraﬁglll 8Pmg fmx;egﬁoﬁ). O'Sng ‘modules A and B were used in the test. For each

module one hollow fibre membrane was potted. The end of the fibre which was not in

15  the pot, was sealed. A stainless steel mesh was glued on the top of one of the pots in a
way that prevented sideways flow of feed bypass during filtration in a similar manner to
the embodiments shown in Figures 2 and 3H. The mesh had openings of 51 microns and

was 56 microns thick. The characteristics of bofh of the modules are shown in Table 1.

20 Table 1: Characteristics of the modules
Name Length of the pot | Length of the fibre | Other characteristics
L, (mum) L¢ (mm)
Module A 56 202 none
Module B 53 205 Mesh glued on the pot
25 Firstly, feed water was filtered through module A for 35 minutes. During this

filtration, the transmembrane pressure (TMP) was measured. Then the fibre of module
A was cut as close to the pot as possible and module A filtered the same feed water for a
further 35 minutes. During this filtration, the transmembrane pressure (TMP) was
measured. The same test was repeated with the module B using the same feed water.

30 The graph shown in Figure 4 compares the TMP of the modules A and B during
the two filtrations before and after the fibre was cut. The first part of the graph shows
that the two curves are very similar. In particular, it shows that TMP of both modules




Figure 31 illustrates an enbodi ment of the invention where the fddergbér 2B
8 is narrowed within the region of the pot 6 by causing the potting
mat eri al WO @mebdodor constricting the end of the fibre. PeTR@BEsSK shows
an enbodi rent where the fibre lunmen end is narrowed prior to potting.
Figure 4 shows the results of a test perfermed on two nodules to illustrate
the operation of the invention. Two nodules A and B were used in the test.
For each rincludsed anibeadk pate fHitwes ofithehnaindeswese fnilédat.a shhdlareat. dhetshalif | br e
whi ch was n in 15 pot , s sealed. A stainless, steel nmesh was gl ued
on the t op BFIERE %ffbﬂﬁ&ewg Sivep mﬁg‘ﬁe%lﬁélﬂeﬁ?@\?@ﬁﬁsé&néﬁl%%”m}b%ﬁ%@f
feed bypass, giHil Hraltekibaadd 8Mdw) nSbdtb PR arhith aft ' shown
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in Figures 2 an H. The nmesh had openin m-crons a
m crons t hiveds. cul keoveshtheh CMER pEmiodslecd ahd Bhdefeldpeéd imadughly dafferestheayn The

Tabl 1. I : terpsti f. ot I h of t t
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none Modul %hﬁpﬁ&ha%%‘\@ahthgmeﬂma bldRe P thé Fedd dobtdn¥nadtged water was
filtered through nodule A for 35 m nutes. Duri nghthls filtration, the
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pressure ( Ebilpd iteedf, prevastingtic fobdefraa benthraBiativgtherfiifpatel ed with the nodule B

using the sanme feed water. 30 The graph shown in Figure 4 conpares the TMP
of the Hbdul es At‘é{ﬂhbﬂsanfa%%@ PSR 1p A1 AP O WIdREF HAGUEPERRL { he

fibre was GiioiqlBPod Yoslool® fodfife OG0B Plin HONGe 1A in'therdah S 2T e

very simlar. In particular, it shows that TMP o nodul~es nmber
2006 WO 03hd deveurhpehniques f07EEIn-he scope of the invention described. It will also be

appreciated that further embodiments and exemplifications of the invention are possible

without departing from the spirit or scope of the invention described.

15




increased at the sane rate. Fibres of the nodul es were foul ed| @ecanihdR 2006
rate. The small difference in TMP between the two nodules is due to the
mesh on nmodul e B which adds a small extra resistance to flow The second
part of the graph after the fibre of #odules was cut shows that TMP of
nodul e A and B developed in a highly different way. The 5 TMP of nodule A
remai ned hkpyy; higygl whereas the TMP of nobdule B increased sharply
showi ng that the nmesh was bl ocked by the feed contam nants. This test
clearly shows the efficiency of a nesh as far as reduction of integrity

loss is cangemb@dd oPeRivcmgtaneerRAEbE APMtdiicy [Rs s RoliGw iibee ARMbrae t he cut
fibre quickl Yl seal ed itself, Ereveni.l ng, t fﬁed fromcontam nating the
(o)

filtrate. maYUlE tg lPnglbls cQppLFig @ Rlgrafi o Filig mEmbTHBeSa Rt 1R1O%S wi do

}/QL i et?/ afihrermet®ranefconipes gl uatns aMektn aslesst bie eRdBCEchRE td Mow thin the
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in the region of the pot . and,that such techniques fall within
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further enbodi mentasingrdflew aagpdtaddecdtal lopued dirotdhea lumwmndfi sofibrermempiaané bl e
wi t hout d i LI . i i pn described. 15 1
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conpri sing unen, wrt1ere| n at |east onhe en ] ol'low fibre
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menbrane in a region of the pot, whereby an effect of an integrity loss is
reduced, wherein increasing the flow resistance conprises one of placing a
porous | dyetThé methdd vordaightoaflaitrhy, whetein iheredding theFlown redfstdnbe pot and

of "t he pofoRR i DRORR WRER)  AGTat of 8o T Y AREBRPEPRT 5y O

swel ling potmaterial used to formthe pot.

3. The method according to claim 1, wherein increasing the flow resistance
comprises_reducing the inner cross-sectional area of the lumen by smearing a
surface of the pot in the region of the lumen with a grouting material.

4. The method according to claim 1, wherein increasing the flow resistance
comprises reducing the inner cross-sectional area of the lumen by swelling a
material used to form the pot.

5. A hollow fibre membrane module comprising:

a plurality of hollow fibre membranes, each hollow fibre membrane
comprising a lumen, wherein at least one end of each of the hollow fibre
membranes is supported in a pot; and

a flow restrictor for increasing a flow resistance of a liquid through the
lumen of the hollow fibre membrane in a region of the pot,

wherein the flow restrictor comprises one of a grouting material on a surface
of the pot in the region of the lumen, and a porous layer in a flow path of the lumen
in the region of the pot.

6. The hollow fibre membrane module according to claim 5, wherein the flow
restrictor comprises a grouting material smeared on a surface of the pot in the
region of the lumen.




2. The nethod according to claim1, wherein increasing the flQpdQ@shBérecs
conprises placing a porous layer in a flow path of the lunmen in the region
of the pot. 3. The method according to claim 1, wherein increasing the

fl ow resistance conprises-reducing tReeinner cross-sectional area of the
lumen by smearing a surface of the pot in the region of the lunmen with a

grouting rmtEtd pdllovﬂﬁbﬁéhﬁeﬁsiahe@nmreoﬁc@bﬂﬂng @ Qhitl 50 WherdfHOhE FIBw NCT €asi ng
t he fIOM/rgigstance conprises reduci cross-sectional area of

he | Unren TEYHICHEFITPS ¥ HAOE: Ik el Bhai i Reregan thesrezionfi hew 11 br o
menbr ane modul e conprising: a plurality of hollow fibre nenbranes, each

hol | ow fi bre menbrane conprising a |unmen, wherein at | east one end of each
of the hollow fibre nenbranes is supported in a pot; and a flow restrictor
for increasing a flow resistance of a liquid through the Ilunen of the

hol l ow fi bre menbrane in a region of the pot, wherein the flow restrictor
conprises one of a grouting material on a surface of the pot in the region
of the lumen, and a porous layer in a flow path of the lumen in the region
of the pot. 6. The hollow fibre nmenbrane nodul e according to claimb5,
wherein the flow restrictor conprises a grouting material sneared on a
surface of the pot in the region of the lunen. 1 Decenber 2006 8 7. The
hol | ow fi bre nenbrane nodul e according to claim5, wherein the flow
restrictor conprises a porous layer in a flow path of the lunen in the
region of the pot.



