25 August 2005 -1- Amended TITLE: Potting Method TECHN CAL FIELDB? The
present invention relates to potting methods for porous hol Fow fi bfeAugust 2005
menbranes typically used in filtration systenms. BACKGROUND ART The potting
material s used to support and hold arrays of porous hollow fibre nmenbranes
are usually a conpronise between material s;which have io sufficient

rigidity to provide adequate support bu%ﬁsu&f'cient sof t ness and

flexibility to avoid breakage of the fi E8%her e they enter the pot. Too
rigid a material produces rapid breakage of fibres adjacent the pot while
too soft a material does not have sufficient nmechanical strength to
adequately support the fibres. The materials are al so chosen to resist
breakdown as a result of 15 exposure to various types of feed as well as
cleaning fluids used to maintain the fibres. Known systens enploy single

| ayers of epbky.E:pBbitingedtibtmel or silicon materials, however, each suffer
fromthe disadvant ages outlined above. The present invention seeks to

over conme or t jFiorate one or 20 nore of the disadvantages of
. f By mor e .
the prior ar 8 Ak e or at |east provide a wuseful alternative.

DI SCLOSURE OF THE | NVENTI ON According to one aspect, the present invention
provi des & met hoph®brededit MRGLBNRELL r i br mbr anes
Proden B ienTg ot ARG AL BRI

including the steps of: 25 placing the e f sal
noul d; f or niM§MPrenestypiealyrused in filtration systems.

(. BACKGROUND ART

The potting materials used to support and hold arrays of porous hollow
fibre membranes are usually a comprofnise between materials which have
10  sufficient rigidity to provide adequate support but sufficient softness and
flexibility to avoid breakage of the fibres where they enter the pot. Too rigid a
material produces rapid breakage of fibres adjacent the pot while too soft a
material does not have sufficient mechanical strength to adequately support the
fibres. The materials are also chosen to resist breakdown as a result of

15 exposure to various types of feed as well as cleaning fluids used to maintain the
fibres.

s Known systems employ single layers of epoxy, polyurethane or silicon

materials, however, each suffer from the disadvantages outlined above.

The present invention seeks to overcome or at least ameliorate one or
20 more of the disadvantages of the prior art outlined above or at least provide a
useful alternative.

DISCLOSURE OF THE INVENTION

According to one aspect, the present invention provides a method of
~ forming a pot for an array of hollow fibre membranes including the steps of:
25 placing the ends of said fibre membranes in a mould; forming a first layer of
curable resin material in a non-cured state around said fibre membrane ends,

applying a second layer of polyurethane resin material to said first layer prior to




curabl'e resin material in a non-cured state around said fibre rrenbééame
ends, applying a second |ayer of polyurethane resin-material to s QUERtZ005
| ayer prior to 25 August 2005 -2- Anended full curing of said first |ayer,
said second | ayer of polyurethane resin material being chemcally reactive
with said first layer material to formann%ldhesive bond there between; at

| east partially curing both |ayers and renbving the pot forned from said
noul d, wherein said second | ayer mat er | Afnepdedyi hi gher flexibility than 5
said first layer material when each layer is fully cured. It wll be

appr eci at ed figuringyolieaidiirsisayardsaitl sseandngyete pparethidiemsinmmatdgaused
prior to the ti : ess,described _abqve. Preferably, the curable resin
material is %%Répdg%gﬂ 'E‘é@fﬁacﬁ*ﬁ‘é “UQ"eS%g ﬂéﬂqa-‘é‘?fdﬁﬁtqr@éF%fQYHSEB@@ﬁeﬁU@r{wﬂcb be
advant ageousthehstietpeiht ng 1&adr FHIRP | |68\ kn
hydroscopi ¢ |iquids which may %{gﬁ%&i sea’la(?{ﬁg] ?'%tﬁﬁid@rﬁ@éﬁé@%%ﬁtorm% es
and the pot PES3dIMaHEr wareein sgichsécondsiager hnatens ipoehigthee dlekibiiny tHim

| ayer of hig ; L hility. s produced by. in ne or nore ‘
flexibili gi n%ﬁaé'fééé;f%%&{@akﬁ%@’&cﬁ%ﬁb%% @VS?/'Stafﬁﬁyﬁaf ial forming the first
| ayer of lower flexibility. 15 Preferably, the nethod includes the step of

the monitoring tiheilche apgrediseeasst ahy kR6whirhethddaweleia ' €
optimal time in which to apply the s%cond | ayer thereetlogqﬁ%r%bgbg@é‘%gnce,

the step of MBKPEHIGHPIIOIRBPOMIMG PHIdesy deseribedrpboaeur e changes wit hin
said first layer to determine the state of the curing process. 20 It is

important that thefsepRNGH ' Lrst.l r priqgr to

curing of the first | a%r éf)g?{ﬁa{;bléc)g%%ﬁE{]éetgqgtgt%@%pcg)f‘yerreé”hﬁﬁgl'ﬁsfaicgiaé'nt

active sitesepoxy resin has been found to be advantageous when potting fibre membranes
10 which typically contain hydroscopic liquids which may produce sealing problems

between the fibres and the pot when polyurethane resin is used.

In one preferred form the layer of higher flexibility is produced by adding
one or more flexibilising agents to the components of the material forming the
first layer of lower flexibility.

15 Preferably, the method includes the step of the monitoring the curing
process of the first layer to determine the optimal time in which to apply the
second layer thereto. For preference, the step of monitoring includes monitoring

- the temperature changes within said first layer to determine the state of the

curing process.

20 it is important that the second layer be applied to the first layer prior to
curing of the first layer being completed so that there are Sufﬁc}{ent active sites
available for the chemical reaction required to adhere one layer to the other can
take place. Proper adhesion of the two layers is required to prevent ingress of
feed between the layers and growth of bacteria etc. between the layers leading

25 to damage and breakage of fibres and consequential contamination of the

| filtrate. The use of this process also eliminates the need for special adhesives

and primers to produce adhesion between the layers.

A necessary condition for the adhesion of the two layers is the chemical

reaction between some of the components of the two different layers. For



avai l abl e for the chem cal reaction required to adhere one |ayer tg%‘lt*he
ot her can take place. Proper adhesion of the two |layers is-requir prgust 2003
prevent ingress of feed between the |ayers and growh of bacteria etc.

bet ween the | ayers |eading 25 to damage and breakage of fibres and
consequential contami nation of the filtrafe. The use of this process also
elimnates the need for special adhesives “and priners to produce adhesion
bet ween the | ayers. A necessary condi ti Ofepesd t he adhesion of the two

| ayers is the chem cal reaction between some of the conponents of the two
different | a‘?!é@@f./pfﬁwFGZBEM@tﬁms,ﬁﬂ&&e&&ab%mdede&ﬁ@hgle@@ky@bﬂiﬁw@.tg ayers,

it is desirable.that..one .of the, epoxy conponents is reactive with the
i socyanat e 3‘%838‘5’3% tﬁg BoTXANALE Hmié)s(%%fa@%f?t%ﬂer{@ée@rabiwﬁrdesy or
Accordi ng toamidegond aspect, the present invention provides an apparatus
s for potting hollow fibre nenbranes including: a nmould for receiving the

ends of said hollow fibre nmenbranes; nmeans for formng a first |ayer .of
curabl e resin met@dqrding te asaerndt aspert, tegpresanbiandntien grévides aARREARES

ends in sai , for_ applying.a second |ayer of polyurethane resin
mat eri al ?oqrggpgm@d@@\gpgl%aryngwpgg'ri%“qe'ﬁg'l curing of said first Iayer,
sai d second | ayer polyurethane resin nmaterial being chemcally reactive

with said first deyed fetreckling @ef &dB @ﬂ‘sai@%@ﬁé\h‘%r@ﬂ?\gﬂﬁ%{&bet ween and
said second | ayer polyurethane resin material being o Irgher 'flexibility
than said first |ayer terjal when each layer is fully cured. 15
Preferably, the MBaMdTefermingsa depdagrof serrde resinfmatsriagirsaindntéurst  and

state around said fibre membrane ends in said mould,

means for applying a second layer of polyurethane resin material to said
10 first layer prior to full curing of said first layer, said second layer polyurethane
resin material being chemically reactive with said first layer material to form an
adhesive bond therebetween and said second layer polyurethane resin material

being of higher flexibility than said first layer material when each layer is fully
cured.

15 Preferably, the mould includes separate means for flowing said first and
second layer materials into the mould. For preference, said materials are fed
into a centrifuge before being flowed along a conduit or tube into the mould.
Preferably, a single centrifuge may be used having separate sections to receive

the respective first and second layer materials.

20 Although, a centrifuge is the preferred tool used in the method, it will be

appreciated that other techniques such as static potting are equally applicable to
the inventive method.

BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the invention will now be described, by way of

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



“seco'nd | ayer materials into the nould. For preference, said rraterii%%flare 5
fed into a centrifuge before being flowed al ong a conduit er tube gu§t 240

nmoul d. Prwberadloys a single centrifuge nmay be used having separate
sections to receive the respective first and second Iayer’ﬁ'%ﬁép?i’@“&ﬁ 20

Al t hough, a centrifuge is the preferred tool used in the nethod, it wll be
appreci ated that other techniques such as-4tatic potting are equally
applicable to the inventive nmethod. BRI EF DESCRI PTI ON OF THE DRAW NGS A

preferred enmbodi Rigure df shidves & miraplifien sehdrhafi®© L Bat; f 25
exanpl e only v%g)lh reference to Phe accprrpgrllyﬁ?%?arﬂgﬁ%?sﬂhn%%&“%
August 2005 HEFHEIBeTeRD theeptingmetwrn actoriansewith snevembodinait iof tied

schenati c di gegsaRt /i p. i ng apparatus used to performthe potting
met hod in acgorgancge\bmt]?ﬂ’ %ﬁnaé enbodi nent of the present invention; and

Figure 2 shows a cross-sectional view of one potted end of the fibres 5

i | lustrating oneFigntmdishemts atrddsesédtioeat view of T trad Py D
EMBODI MENT'S i\ﬁﬁfter ri ng to Figure 1, the potting apparat u@%?fmt)’fl se'lséggEm)ul d
5 for retei VITHFY ORI RoUMenhal thepinkentiambr anes 7. The moul d 5 i ncl udes

a cylindrical cavity 8 for receiving the fibre nenbranes 7. The cavity 8

has an 10 erﬂ)asgmjPT@N@FmRQPERF@QDt%@BF@II\ﬁ%P%I ding the prepot 10 which

serves to support the fibres duringt rocess. A tube or hose 11
connects one bow 12 of a centrifuge 13 to the base 14 of the nould cavity

8. A second tubdiefegingimeiguse 4, the patingappatstusfcoriisiseent riduups 1d3 to the
upper porti %c&izin%fthg%ds 8 of the fibres membranes 7. The mould 5 includes a

cylindrical cavity 8 for receiving the fibre membranes 7. The cavity 8 has an ¢

10 enlarged- diameter base portion 9 for holding the prepot 10 which serves to "
- support the fibres during the potting process. A tube or hose 11 connects one
bowl 12 of a centrifuge 13 to the base 14 of the mould cavity 8. A second tube

15 connects a second bowl 16 of the centrifuge 13 to the upper portion 17 of the
mould cavity 8.

15 In use, the material for forming the first relatively hard layer of the pot is
dispensed into bow! 12 of the centrifuge 13 and flowed along tube or hose 11
into-the lower portion 14 of the mould cavity 8 to form a first layer around the
fibre ends 6. Prior to full curing of this material, a second material for forming
the second softer layer is dispensed into bow! 16 and flowed along tube or hose

20 15 into the mould cavity 8 to apply the second layer of material to the first layer.
The layers chemically react to form an adhesive bond between the first and

second layers. At an appropriate curing stage the potted ﬁbres.are removed
from the mould 5. '

In some applications, it may be possible to use a single bowl and tube to
25 flow the materials sequentially into the mould to form the two layers.

In order to determine the optimal time during the curing of the first layer for
applying the second layer, the temperature profile of the first layer material may
be monitored, at least during the initial set up of the process. The temperature
profile indicates the various stages of the curing process and when the second



"rmulld cavity 8. 15 In use, the material for formng the first relatjyel
hard | ayer of the pot is dispensed into bow 12 of the centi fugeﬁégugﬁﬁzoos

fl owed al r hose 11 into.the |ower portion 14 of the nould cavity
8 to for mqggfo?@%?Gfayer around the fibre ends 6. Prior to YWV RH#g of
this material, a second material for formng the second softer layer is

di spensed into bowl 16 and fl owed al ong tube or hose 20 15 into the nould
cavity 8 to apply the second | ayer of naterial to the first layer. The

| ayers cheni pajler yndyeB6 apbfied &5 ahgﬂreaﬂa?.%mfﬁeh@tﬂgg%ggg%gg aBfadit gl and

second | ayers. At an appropriate curing stage res are renoved
from t he mouFemical hosding kaspieendhiedws laydrs mndecthpassintdidin®has ®eansi ngl e
bow and tubg {eo .25 %:!owthe %terial seguentially into the nould to form
the two | ayeP&e ] 12 prtigeias matsgal semBipatian furtheramanitening he curing of
the first | ayghededsar@ppl yi ng the second | ayer, the tenperature profile of
the first layer material -may be nonitored, at |east during the initial set
up of the process. The tenperature profile indicates the various stages of
the curing proced$iaeRiNandntampesieeniodesteniias the2oaoritod HOBIHES -

PCTI AU021004 a1 - e ILed ensure that sufficient free sites
are avai | abl Ig‘éﬁdfczglrén '%ﬁ%ﬁ@?écgbrﬁ%ép@@f”tﬁ'@ﬁr}?%@% ”%@% &\_e Hoadiager
optimal tinehasbebrdoundits be Wit HIHmimtBaoF taHiMk dFak8tbAlperATR A& 'gﬁa
further nonitori n% is _unnecessary. 5 A steep rise in tenperature 1ndicates
that the majRefeiabhs 1AhENRYESNg reaction is taking place. The optimal tine
for the addition of the second | ayer has been found to be within 5

i nut es of the t'i'iﬁ_‘@eﬁ'fbckﬁhénf ERBGH I BiSurk lSifudles a method using a potting
' 10 sleeve 23 to enhance the interfacial binding between the potling layers 20, 21.
The quantity of potting materials or the width of the potting sleeve 23 is selected
to ensure that the interface 24 of the two layers is within the potting sleeve 23.
The potting sleeve 23 is formed from material which ensures good adhesion
between its inner surface and the two potting materials. Besides the selection
15 of the potting sleeve material, roughening the inner surface of the sleeve 23 can
also enhance the binding of the potting materials with the sleeve 23. Further
enhancement can be achieved by forming grooves 25 in the potting sleeve 23.
Due to the adhesive force between the potting materials and the potting sleeve
23, it serves to reduces any movement or detachment of the two potting layers
20 20, 21 atthe ipterface 24, and therefore enhances the binding of the two potting
layers 20, 21. ’

The potting method outlined above provides a number of -advantages over
the prior art including improved support of the fibres serves to reduce breakages
at the fibre/pot interface. In some applications it is also possible to dispense

25 with the usual potting sleeve as the pot formed by this method has sufficient
rigidity to be self-supporting. This produces a manufacturing saving as in some
cases shrinkage ofzthe potting materials relative to the potting sleeve produces
gaps which are again undesirable in terms of leakage and bacterial growth. in
such cases the pot must be discarded.



preferably, 2 mnutes. The enbodi nent shown in Figure 2 illustrat a

met hod using a potting 1o sleeve 23 to enhance the interfaeial biﬁgﬁH§“5t2095
bet ween t i | ayers 20, 21. The quantity of potting materials or the
wi dt h of pﬁgn%@§?ﬁgg sleeve 23 is selected to ensure that RHAVRSIace 24
of the two layers is within the potting sleeve 23. The potting sl eeve 23

is formed frommaterial which ensures goad adhesion between its inner
surface and the two potting materials. Besides the selection 15 of the

potting sl eeve nmpt@n ib%'apﬂr@éigfé‘ﬂ‘ih%gfdrﬂ%rieﬂ?fé&diﬁ#@&s&ﬁﬁ%%%ﬁbh ip‘iéé@%@? t%eCan

al so enhance _the binding of the potting nmateria

Further enh#iveahen@re ansybleawlibetatepaytifgfroirthe Fpad sodpel of thE nRitidnnd
sl eeve 23. Eggbéééd:he adhesive force between the potting materials ang t he
potting sl eev , It serves to reduces any novenent or detachment of the
two potting layers 20 20, 21 at the interface 24, and therefore enhances
the binding of the two potting |ayers 20, 21. The potting nethod outlined
above provides a nunber of advantages over the prior art including

i nproved support of the fibres serves to reduce breakages at the fibrel pot
interface. In sone applications it is also possible to dispense 25 with the
usual potting sleeve as the pot fornmed by this nethod has sufficient
rigidity to be self-supporting. This produces a nanufacturing saving as in
sonme cases shrinkage of the potting materials relative to the potting

sl eeve produces gaps which are again undesirable in terns of |eakage and
bacterial growth. In such cases the pot nust be discarded. 25 August 2005
WO 02/ 081065 _6_ ---PCT/ AUD2/ 00436



It will be appreciated that further enbodi nents and exenplificati

i nvention
i nvention

are possible without departing fromthe spirit or scope

OB AQiust X0

descri bed. 25 August 2005 -7- CLAIMS: 1. A nethod of formng a

pot for an array of hollow fibre menbranes including the steps of:

. the ends

curable r

ends, applying a second |ayer of polyurethane resin material

| ayer priof PhﬂethBH'olffo?an[grégpcﬂffo% :Qr 'cff%Bflc}vF‘ﬁ@t% méﬁbﬂné§&9ﬁgmgqpf r of

pol yuret hane resin material belng em ca

| ayer mat

of said fibre nenbranes in a nmould; 5 formng a first |aye
diMMt erial in a non-cured state around said fibre nenb

y reactive wt
&R oft 0 form an adhesi ve bond 10 therebetween; at |east p

pl aci ng
r of
rane

to said first

I rst
artially

curing both | ayers and renoving the pot forned from sai d noul d, wherein
sai d second |6}i¥é?fndﬁhb%hd§bféa‘-’rd mremh&ﬁt%néé frd Mblnuty than said first layer

material when each |ayer is ly cured . A nmethod according to claim1
V\/nereln the cyrahl e reS|I materlal IS an e poxy 15 resin. 3. A nethod
according to cPEHAY p figst layer of quiap! PGPS BateEANg anee-aerbstate %I?'éﬁd #4id hi gher
flexibilitfiprdwendeariesrele or nore flexibilising agents to the conponents of
the material formng the first layer of lower flexibility. 4. A nethod
according to an\é one of cl%m;%flc{]o 3 further includi ng the step of the 20
moni tori ng t h&PRNINGR,Se5PRY BT e Pahksthanasiesingpatenialdo ga é'ﬁﬁ'?y@r?ﬁ@téptl nal

tine in whiltturing@f apilfiyst 1dyer, sariidohd@gér diipRlvakdlhane resin material being

10

15

20

25

30

chemically reactive with said first layer material to form an adhesive bond
therebetween:;

at least partially curing both layers and removing the pot formed from said
mould, wherein said second tayer material is of higher flexibility than said first layer
material when each layer is fully cured.

2. Amethod according to claim 1 wherein the curable resin material is an epoxy

resin.

3. A method according to claim 1 or 2 including 'producing the second layer of higher
flexibility by adding one or more flexibilising agents to the components of the material
forming the first layer of lower flexibility.

4. A method according to any one of claims 1 to 3 further including the step of the
monitoring the curing process of the first layer to determine the optimal time in which
to apply the second layer thereto. '

5. A method according to claim 4 wherein the step of monitoring includes monitoring
the temperature changes within said first layer to determine the state of the curing

process.

6. A method according to anyone of the preceding claims including the step of
providing a potting sleeve within said mould to receive the first and second layers of
material, said potting sleeve having adhesion means to assist adhesion of said

materials thereto.

7. A method according to claim 6 wherein said adhesion means includes roughening
the surface of the sleeve in contact with said materials.




5. A nethod according to claim4 wherein the step of nonitoring i #ﬁestzoos
nonitoring the tenperature changes within said first |ayer to det A

the state of the curing process. 25 68-A nethod according to anyone of the
preceding clainms including the step of providing a potting sleeve within
said nould to receive the first and second | ayers of material, said

potting sl&évaetiadiageprdingée rlgin rudetein said adhesiomuiirars pnludés ere o momt eri al s

theret 0. - forof s GdehfiBhs fofmet Bh MPsHIEE B e\l BBSRAQ N EANS

i ncl udes rougheni ng he surtface o e sleeve in co sai d

mat eri al s.safbmalegalst 2005 -8 8. A method according to claim7 wherein said
adhesi on neans includes one or nore protrusions and/or indentations forned

on the surd aheapdbedierop bAEHEnAIBAERRE Afdmofbldd inddiflg.ater Lal s. 9. An

apparatus for potting | bre nmenbranes in ing: 5 a nould for

receiving the ends of said hollow fibre nenbranes; neans for formng a
first Payer of® Movldipraeseidng thegndsiohpaif holpwhtresugnakrasesite around said
fibre nmenbrane ends in said nould, nmeans for applying a second | ayer of

pol yur et hane fmesdng fofFbhingl ik 15RI Bf &rbifé redimd@leriBl ih Y ndnQeratd btafelr i ng of
said first |layer, said second | ayer pol yurethane resin 10 material being

cheni cal | ¢ 3id, ibrgimemiyaneiends igsaldapesidmat erial to form an adhesi ve
bond t herebet ween and sai d second | ayer pol yurethane resin material being

of higher fl exddvislfbriapplyiriya sétiofid fidyes bf paWREthERE Risifthatehigno @amiTirdtayer is
fully cured. 1Q. Aﬁgq?ra,t us acé?rﬂ ng to claim9 wherein the nould includes
separ at e E@‘&ﬁg“?"&f’ Uk GUsiRe o sad figst Jay 'élsa'éﬁﬁc%léﬁ?fﬂowth%-’@ﬂ"al s into the
moul d.1015 nidteridhpemgahumicafle AaditowitPsfid fistafehatbflaMb fdrei 4h sdedivant eri al s
arg fed i IPato(r)ld ?herebetween and said second layer polyurethane resin material being of

higher flexibility than said first layer material when each layer is fully cured.

10. Apparatus according to claim 9 wherein the mould includes separate means for
flowing said first and second layer materials into the mould.

15 11. Apparatus according to claim 9 or 10 wherein said materials are fed into a
centrifuge before being flowed along a conduit or tube into the mouid.

12. Apparatus according to claim 11 wherein said centrifuge has separate sections to
receive the respective first and second layer materials.

13. Apparatus according to anyone of claims 9 to 12 further including a potting sleeve
20  within said mould to receive said first and second layers of material, said potting
sleeve having adhesion means to assist adhesion of said materials thereto.

14. Apparatus according to claim 13 wherein the adhesion means includes
roughening the surface of the sleeve in contact with said materials.

15. Apparatus according to claim 13 wherein the adhesion means includes one or
25 more protrusions and/or indentations formed on the surface of the sleeve in contact
with said materials.

16. A method of forming a pot for an array of hollow fibre membranes substantially as
hereinbefore described with reference to any one of the embodiments of the
invention illustrated in the accompanying drawings.




centrifuge before being flowed along a conduit or tube into the nqg%g. 1%20 5
Appar at us according to claim 1l wherein said centrifuge has separ ate*ugust200
sections to receive the respective fi-Bst and second | ayer materials. 13.
Appar atus according to anyone of clains 9 to 12 further including a potting
sleeve 20 within said nould to receive said first and second | ayers of
materi al , Har@raetus fagpraiiinghalowdipre meadhanssaubataatiallytas hesainbaforadhesi on of

sal d_mat erddbivdd WitlcRereddk to 4 Rh8 oK oA atts LPirBlidldidr bbieked [y 1 he
adhesi on neans .1 ncludes roughéning the surface of the sleeve in contact
with sai d theeesanepanyingsiravipgsr at us according to clai m 13 wherein the
adhesi on neans includes one or 25 nore protrusions and/or indentations
fornmed on the surface of the sleeve in contact wth said materials. 16. A
met hod of formng a pot for an array of hollow fibre nmenbranes

substantially as hereinbefore described with reference to any one of the
enbodi nents of the invention illustrated in the acconpanyi ng draw ngs. 25
August 2005 17. Apparatus for potting hollow fibre nmenbranes substantially
as hereinbefore described with reference to any one of the enbodi nents of
the invention illustrated in the acconpanyi ng draw ngs.



