REI NFORCED TUBULAR POLYMERI C MEMBRANES W TH | MPROVED
BACKWASH- ABI LI TY AND METHOD OF PRODUCI NG THEM 5 Field
of the Invention [0001] The presentinvention
WQPR{/E¥0T20 rei nforced tubul ar both inside toPSE'tEg?“H'é‘m“S’-
(i/0) and outside to inside (olfi) polymeric
filtration nenbranes and to 10 net hods of producing
them Particularly, the present invention is rel ated
- to tubular polynerlc nmenbranes conprising a
reinforcing support which is enbedded in the
menbr ane. The nenbrane naterlal of a polynerlc
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neﬂﬁﬁiéeg—ﬁéﬁiéégﬁﬁﬁﬂﬁﬁe menbr ane deternines at which

si dgoofi1t he tubmhar npebsene (iDstéleriam outisi deyedated to
backi n reinforcing support is provided.

The .
reFﬁfLBgEF‘ﬁ%‘i -QpPet POFBi EaPLFe chRpPT s Mﬁ%eand outside |

| aygr iAsMd chot/he g)@@%&ﬁﬁ’é‘ieicdo@qlﬁ:trgﬁl§ﬁl Ukdrydad and to

25 is cast or coate nly partially perneates,
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A backwash- trans- menbrane-pressure is a pressure

153 ppRFERLF MY & Sse direction across the menbrane
than the TWMP for filtration

State of the Art

[o002] It is known in the art to reinforce tubular
polymeric membranes for use as either inside to outside
20 . (i1/0), or outside to inside {o/i) membranes. The use of the
wembrane determines at which side of the tubular membrane

{ingide or outside) a backing or reinforcing support is

provided, The reinforcing -support typically comprises a

dense layer in which the membrane dope (the solution that
25 ig cast or coated) only partially permeates, leading to a
poor adhesion between the reinforcing support and the
membrane substance. n
-fooo3] As a result, all supported tubular i/o
-membranes can Withstand significant i/o—trans—membrane-
30 pressgsures (TMP} upon filtration, but suffer from poor ofi-
TMP upon backwashing, as the membrane is prone to collapse,
resulting in permanent membrane damage. A backwash trang-
membrane-pressure 1is a pressure applied in a reverse

direction acrcoss the membirane than the TMP for filtration




-2 (normal operation). By backwashing, fouling
substances which adhere to the nmenbrane are renoved.
An anal ogous situation exists with capillary outside
WO 20074168@& (o/i) polymeric filtration menbr anBSTERHNEHS3482
~suffer froma poor 5 i/0 TMP upon backwashi ng,
because the nenbrane is prone t'o detaching fromthe
. support and may eventual | y expl ode when the backwash’
TV REMdo RP§HAL{OBI04] Bhc 2cExPSRLnRg: t ulRNgmg substances
POl MRS CoBRINY aRES [dR NRLmBRRRL €at8 Xl Ridd.t N8I analogous
full potential in long term10 sem dead-end
opesidtiadrd oowrrrie tshev Ech scaphéderpf cbsskdashionginside (o/i)
- of ten. .or preblens .o LSt ar I '
neﬁ%g'ng%hgrei1%?F§$§%d§ﬁ§%%§%ﬁggagﬁgg%oﬁuineﬁrﬁﬁkﬁn & poot
3 ypiek afMiet wipphabackwashihmgprisessuyeatie meobaadeohiis prone to

menpranes), resulting in 15menbrane danmage en
o AT P E T e W GRBPP TR A BB () Smode when
0. RrkamawikirBeBasyr 103od tighar woven and non-woven

supports are wel ded and there i s no nmenbrane .
penétd®4di on i nt JIEHE s eTMVFNI tubular ppjymgeiq. membranes
Uhereiye Jnle1 ABREr aRs1 6861 Life fL1 ALNESIp®i &9t BE 1ong term
tubul ar support at the welds; collapse of tubular

lumsort ofeadrengenbranatiopon vhekSasthense atihi gherneed of
TVES. 't r t | opr oves..an, .t
su&%%%%%gggéghsse Igboégggﬁgk %&%&?¢%ﬁ;§ﬁss%éygtﬁ%% tubular
201668081, m@bwdnaxh adiescl oses a crochet process for

t he manut act ure of t ubul menbrane suppqert fro .
multifil gﬂrﬁh’fe‘fi W@g?a’ﬁ%nj‘i%&lﬁ% i tT atePEPs Pl tubular
t hr eads aegbidsess t ggeither/Atamd wnberentfradiest i Nnetesulting in
spots, inproving the stabili%y of tgg support. .

13 onever , PERRY R SEAMGAS VEIRThPA e asEs JMEPngTgohigher than 1

support berN@ieiei ricHlid anBUb .8 BebY@D Jdyeover, the
use of nmultifilanment fibres results in a tubul ar

support FPFEcEEWPElFHAVIRET ARG R9iEIVER ENRROKZLS are welded

”D”Ofi|agﬁgttﬁ%fé“¥é“ﬂ% m&ﬁb%a%%pﬁeﬁétf&ﬁ%%ﬂ‘iﬂ@%ythe seam of

t her ef or e nore prone to collapsing.

the weld; therefore the membrane easily detaches from
20 the tubular support at the welds;
- - collapse of tubular support of 1i/o membranes upon
backwashing at higher TMPs. ' _
[0005] A  tubular sﬁppo:rt that dimproves on the
supports discussed above is known £from WO 2005/061081,
25 which discloses a crochet process for the manufacture of a
tubular membrane support from multifilament fibres.
Longitudinal and transverse threads are tied together at a
number of distinct spots, improving the stability of the
support. However, the cross-section of the resulting
30 support is not ¢ircular, but a polygon. Moreover, the use
of wultifilament fibres results in a tubular support
structure having lower rigidity than a monofilament
structure: this type of support may therefore be more prone

to collapsing.




3 (0006]1t is known fromUS 4061821 to i npregnate a
tubul ar braided or knit cord with a nenbrane dope in
order to obtain a tubular menbrane wherein the cord

W 24011607 nbedded i n the nenbrane. The di scl §§&EFF2007/053482
nmet hod of 5 manufacturing howeyer, does not allow for
preci se control of the inner difameter of the nenbrane
under all circunstances, partlcularl%Pln t he cas

whiléR%he cord i Al IKAWhrEgat ¥ f%gﬁknﬁ?aﬁgpgegnate a
dORG 1A ALPB: @l the thimentdon 0304 Iierihenst abpeofin order

the art there is a need of |ow cost tubular polyneric
f i Lo athiterimewb tahudanhinsmbyeacapvee Tt FRst &9dchi Hh fully

%E\%nygwﬁnan%ﬂ@ Gl éfagt ual |y dray chi%h ASpmethod of -

0 out'side an tside to |nS|de
5f|manafaonunsnprhm%@Veﬁmo@om@nboaneélﬂﬁyfbrn@rﬁaigé control
l'i cati ons,,such as LB ra act
(N@ ) tﬁ? pg%%%%%agnventFgﬁk%eﬁggﬁggﬁéat Ghder  all

pr @‘ih:d&m@téﬁché’}zf orpae@t:tdimaxaly pnl ymas i cagee o aweieoh t hhe cord
i mproved_nmechani cal. strength an ngéoved backwashi ng

pr éfefti &%, 1ERY SERAIR O Ve CoREY Fﬁ@e Fbacks of the
prior art. An object of the invention is to provide
and manufacture an inproved or at |east an

10g| pdmaapEvEhe | IRVSNCLM yneri c nenbrane conprising a
r eirghey§i Ng SUPRYY teyhi Sl GaNoBe LhaPLegnakadeby d N need of
menbrane dope and which is perneable for the 25
rreﬁbwanesuopebulmr spghmem<a| ﬁ@@att@tlmcmm@ﬁwtwbmh are

an b T

cvanBare) vl aRh ot AR AR iR A0, Tk ncuaniy
f|hhyabeonséaﬁés[ﬂﬂhmghﬁbedprESenntsn@@n&mdnvuﬁamﬁeamms1nslde

: rOV|de an rove r | east an alte|3|at| e
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such a nmenbrane. The present inventi ual |

Lo 18P881 to ol PERCRRR I AETHE oy TapcE Bims ¥dBrovide a

reinforced tubular polymeric wmembrane with improved

U'l

mechanical strength and. improved 'back:wa_shing properties,
20 which overcomes the drawbacks of the prior art. An object
of the invention is to provide and manufacture an improved
or at Ileast an alternative tubular polymerié membrane
comprising a reinforecing support which can be impregnated
by the membrane dope and which is permeable for the
25 membrane dope. This should allow for backwaghing - the
membrane at much higher backwash TMPs than 1 bar and
eventually' at backwash TMPs on the order of the filtration
™P. |
[6009] The pfe-sent invention also aims to provide an
30 improved or at least an altermative method of producing a
reinforced tubular polymeric membrane and an improved
apparatus for manufacturing such a membrane. The present

invention equally aims to provide a method of manufacturing

T AT EmEE |1




such nmenbrane, which overcones the drawbacks of the
prior art. Summary of the Invention [0010]C rcularly
shaped, hollow filtrati on nmenbranes cone in a w de
range of dinmensions. Such nenbranes having an
internal dianeter in the range between 0.5 mmand 2.5
mm are generally referred t% as capillary nenbranes.
Menbranes havi ng an internal® diameter |arger than

sughl PRl genefal byerebess edhko daswbdbukabf the prior
menbr anes. Enbodi ments of the present invention are

aritel ated to both capillary and tubul ar reinforced
polymeric filtration nmenbranes, as set out in the
appended cl ai nrs. The nenbranes envi saged by

Suapai eEntheoInvémtiemwenti on have an interna
[ ter i ng e . 5
g8 ever CERCRREEFEl T Eutrg T ne Carts » COTUT o Renp dgpanes
comg Useda whids shaukd dfe dimterpreted aschalseonbranes having
conprising capillary nmepbranes. odi nents of th
LR BTG SAPF bR  ar® BHGAr i cPAL BT ob o it HHIE of -5 w1
areBRehactuningererptar ¢edakubulan 1peky Memhbea ABIDI BAESranes
as set out in the appended clains and to a coating
hayppdr aftis #BFQE%%%in@ﬂ%mﬁﬁﬁéﬂrﬁ%ﬁgﬁrhgt§éﬁpo?f2mﬁtﬁm“ are
ge&aggaﬁgb&%%rr[ego,]t%]ésp @ukglhia?‘f M&En@;j t]ﬂﬁoodiments of
I nvention, there is provided a nethod of producing a
theeipfeseed tiobehaiopolaarer relaeatr dive, beohpriagiiddatrle and
teps of :. nuf acturijn sear oro | ar
tuéﬁppgrfrﬁéﬁ%%ﬁ#ﬁf??éﬁeﬁ?h%h?ggg?gFg%?e%%%%?%%egheas set
outubith arcisuppepetndetih @l polynerhe soénbiored ocabianged by
an anregnated t ubul ar support, mher%%é the_polyneric
emegAuPrah>i T &d'F r St He Jut BRYE 6 tHE SLhfgort difder 10

theher8f)e thechaner abuoen 10f wh hentubd agm sUpReEkEvatk in the
| east partially fills with the polyneric solution,

foddpusefnghehd Sranert Wivdmat arergiranse | ipriettht dehis should
tu rt.. 4 dj i .ng. it '

oo har AR boRatec”T ubil B SURBOTE Cmmererug Fhe et fines.

Empppimgnatedft obel sresappoitvintaopr ece pégadlon batdred to

to tain rei nforced menbrane,.  and cutting_ the .
* | RePBtfarel «hntr e CSIRIRT A R S HhhRgr bagpghmeric
mehbeapeeci pid akiean dat h.in 00R8b]dppandkeconlaaspecindofto a
the invention, there is proviqgg a tupul ar polyneric
CORBHBE aREPESAPEFsiTG & X %artsuppottt Hrid 9 ife With
theuhshBpsgs Wherein: the tubul ar support is seam ess
and conprises nonofilanment thread, the tubul ar .
[084PBpbrt &Bnpti Sé&sthratgPcoperi ngse theanuyb@rar there 1s
t LS ed in t ﬂﬁﬂﬁ{ ne, supst.ance, .4 h
prégﬁgggneasugggggg% fgppﬁggént 6fh At fﬁ% |nné¥Iaﬁ:bular
pot hecoitememplrhnof tdoeptrdbuhgr tSwppordpsands f i héasusattdiring
t hr ough- openi ngs_and.the outer dianeter of.1he
= ERROLaR= B RPOPc P haRbr SREPPEehOar T6meRb Dy thread,
imglagrieingf thbe thvbabar ssyppent .witd0Qllpdy@ric solution
enbodi nent of the invention, there is provided a
LoePRBALBf PP odtIRFRFIR Tt nf-ofed it uBUPAPT bol yiRFTEOY the
poleRbE 8RE ¢ GARPRhSIIRG e BL&RStAE: oMRBYHACLYT ifd® Ssupport
seanl ess porous tubul ar support from nonofil anent
anghpbatdebynpheghanehglvhent abubhe Suppbr¥ surmpzr atl least
I G ut i tQ 0 i ' ed tu r
paBRLTRY ELERLOMIRS IR AN RERAIRE by ene
inhapreégaatedr tabutter iSupportateadjtudtilng shepout er
di aneter of the inpregnated tubular support and
i mrersing the inpregnated tubular support in a
precipitation bath to obtain a reinforced nenbrane.
In the inpregnating step, the polyneric solution is
fed fromthe outside of the support. The inner |unen
of the tubul ar support at least partially WO
2007/ 116072PCT/ EP20071053482 fills with the polyneric
solution. The polyneric is a nenbrane dope yielding a



along a casting bob. Preferably, the step of

adj usting the outer dianeter conprises passing the

i mpregnat ed tubul ar 10 support through an orifice.
[0013] Preferably, in the manufacturing step, the
seanl ess porous tubul ar support conprises

t hr ough- openi ngs havi ng a qize | arger than or equa

to 0.1 mm More preferably, % he t hr ough- openi ngs have

adgusita@gl nthde danrge dbabetyeen 0. themiand ckared Evebular
nore preferably, the through-openings have a size in,
SUPRETangt iR Weeh (2 MfRRP B A FHPBUGR- op&mIgs in 2

prl-8 peRGRE BYS DI+ 1POReS MBi£hy ext end; £oaPL&L elderfha@gh ang
the wall of the tubular support, fromthe outer side

cutd inhe ittwer dmprEyna2@d 004 Reef ersalbioprtt heviidiehodit  is

. rdic t j 0 rises the step of

13%%%%F%ggghéﬂ? ?%Sg%fg%&Vﬁbu%g?Lsupport while it is

[0i0d0BisedInn & heepredi pidratdtonobattthe invention, there is

0015] Preferabl y, t hei npregnatingstepis 25 perfornmed
5PN b g 1 eV G BT e HUBUEE STBRGHETS fhendenlar
suipbbedghatdie £oatnitGa6evi e8bs{H9d8) Prefar-abl.y, thhe tubular

manuf acturi ng step conprises linking parts of said
Suﬁ&ﬁéfﬂ%ﬁnﬁﬁaWWWﬁ%dﬂMhi%%méﬁﬁﬁﬁéI“ oramegichthmgael,  the
tubh@%khgséngPPOfé&éﬁ%ﬁgeé*"ﬁﬁ¥$%?ﬁﬂa%eﬁéh%§ of t£be tubular
nonof i | ament step fixates said parts of fhe
suppefer abl pubthdedt ép ohel makbngnehsehdteonpr i sles membrane

su&satlgegrqg%f ii.)éa&nirne%enscaibdo aratﬁi?]' tﬁgui‘hh¥rpra%fdert%@ ydd;lttehre wall
p of I'i'nkKing parts o e nonofi Tament threa

ofcamar itsgs: leaatduppdte @uppdrtls said through-openings and
the outer diameter of the tubular reinforced membrane is
equal to the cuter diameter of the tubular support.

[0011] In an embodiment of the invention, there 1is
provided a method of producing a reinforced tubular
polymeric membrane, comprising the steps of: manufacturing
2 seamless porous tubular support from monofilaﬁent thread,
impregnating the tubular support with a polymeric sclution
to obtain an impregnated tubular support, adjusting the
inner diameter of the impregnated tubular support,
adjusting the outer diameter of the impregnated tubularxr
support and immersing the impregnated tubular support in a
precipitation bath to obtain a reinforced membrane. In the
impregnating step, the polymeric soluticon is fed from the

ocutside of the support. The inner Jlumen of the tubular

support at least partially



with a resin and curing or hardening said resin. The
resin 6 nmay be a UV-curable resin which is UV-cured
after coating the support. The resin may al so
¥ORY14@7R har deni ng accel erator. Preferabl y PGIAPRHE053482
step of hardening the resin, the resin is hardened

Wi thin 60 seconds after coating the support.

[ 00477 i ef,e62bL e @Bf I‘@dsé‘ﬁ@{éjd.”grﬁé’ ]%Q%me ic solutio
i nvention conprises, prior to € 1 npregnhati s]fep,

t heist ep ofenbmeeet | dgpa prielfidngedaspiclald,t hpeaduknt vembrane

t he_t.ubul ar- support and_|inking said spiral thread . to

he T SuBborr. [ BETElr B e Ebl y i n- FRESUEAELSS.  The

| nppegiaditeg ishepbbhR pOHLyrEr iat3nl Uk ORhAds athe polymeric

viscosity in the_range between 0.5 Pa.s and 500 Pa.s. ~

Pr e'"?%?r ]f CPﬁ‘gflIJr@th‘pr egnating step the polymeric

sol pgaxan has a tptafeRUIMIErtike COREENLENIGRGELEREN @le inner

equal to 25% [0019] According to another enbodi ment _

of NG GRre SOMEN I SERePasSESngr U déupacgeyted f@pular support

| MURANAt NG 13 IO GoLdWat i a POl VOB G justs

sol ution. Thesvlgcle‘l\g’ioc((ej of thee%}%&i i 'g% c%i?nfépé i%%sadajusmng the

coarutiy hédahnetonprispnipes cordsing etthearinpregnafred tubular
_1[§ he?%) HPRLLS S hyghocr)lrl %cea.n outlet. The device -

ur rmor e conpri Sés guiding means for guiding the

coribdistio t he comtéfwyradtdad, whi dhearmapuadtdetdinagt step, the’

the cord inlet. Thgyg#{l et conﬁri’:ses an,orifice and a |

cadti g “56b POSEh 8h EHEPREF| GRMEREHEEPasiERugh-openings

t hnetghdt he devise,ldh@ercashbhAg &OD dfu=arrasged. 10 ®L. More

| ocated inside the inner |unmen of the hollow cord.

[ 0F3EEPTEPaY abFPe SEFGUgh PR PEANEEdnPr FiBealpufdle range
1550k thyde | 6. DI h dedhat 1bhempOr dejal] etnor§a'd§réf@fab1y, the

preferably extends into the coating head and-

pr éfBoshy ceeRbRYS eBaper Rorsdiziconist | Bhe hsaroat bagween 0.2 mm

head,q Pgefﬂﬁlr_ablwgf %f_%déqj I.s of cylindeigal .
coni cal shape. ]6% Al co?éﬁg%g %roé:ar? tgﬂ%{rlggnbog%i%%ﬁ?s T’_mlCh
-of eritendngempiehely helheoush prlvyiwedl aoff uthd arubular support,
pol ri ne. conpri.si_ng_a_tubul ar support and a
el Es Bt e T (sl ek inh. |
2020apo126072PCT/ ER2J@H=0533482 thesupeatbdi S agearieag, to the
~conprises nonofilanment thread and conprises .
{rBUGRESBRNCRIET IERE (bl &F B upHor T St bERed T egRated
t heupRnbrapeppubst angeeand tike immebiane isUhslane®dipitation
present both at the inner and the outer wall of the
t ubgFEr 5 support and fills said through-openings."
[ 0G42]LBy ef er abl mretf%%abmg%ghtﬁeem &%ragﬁgtﬁngl Z€gtep . is
. e

| arger than or equal to nm Mre preferably, the
25 performed in a coating device and the tubular support is

pushed through the coating device.
[0016] . Preferably, the manufacturing step comprises
linking parts of said monofilament thread which engage
and/or toﬁch. The linking step fixates said parts of the
30 monofilament thread. More preferably, the step of linking
parts of the monofilament thread comprises thermo—fixatiﬁg
said parts. Equally preferably, the step of linking parts
of the monofilament thread. comprlise's coating the suppoft

with a resin and curing or hardening zaid resin. The resin




t hr ough- openi ngs have a size in the range between 0.1

mm and 10 nm Even nore preferably, the

t hr ough- openi ngs have 10 a size in the range between

0.2 mMmand 5 mm [00231Preferably, parts of the

nonofil ament thread that engagesand/or touch are

1inked by other neans than the nenbrane substance and

i n agdi theom tO7thealebrasénsubsrhndés. UNbeperad after coating

P hat Hong s or HeouEh iPe T kad By Tty o Hardening
har dened chasbn., EveiTaramaypr efier abley, ssabd dfibdsadening the

support conprises |.oops of nopofilanment.thread and

adj FEEHE antiror ETgagi A I%ﬁ%’%ﬁle PEAREd. & peconds after
tub@ogﬁiggpggétsﬁﬁpﬁmgferably knit or crocheted. 20

[ 0024] Preferably, said nonofilanent thread is

sel dOPaA1f rom t h&rgreuprednsi SR ngmeF oI yReFRFding to  the
p0|&%g%g@‘oﬁok¥ﬁb?¥%§§?’g?g%%pEep%E%n%ﬁﬁfegnating step, the

pol yet herket one, “pol yet h erketone a _
pol ypkeenydbenésekettiey [0025¢Pfefredblepivrehe thpgacdr Intc the

i nf d b -2 . di to. the.i '
s FARCOE o AR oF *qaariRtboL i Ght BP LA B £ the

t he tphukar swgtppert . [ 0026] Preferably, the tubul ar
rei nforced nmenbrane according, to the anentiog.has an
tHE Step the

i nndPOdParet er eqtEEeEEPthe iTher™hfi arEPEFIGFE

t UbPb S PP Wd1urdGnl BAATEPredesably id Rt whubar between 0.5
rei nforced nenbrane according to the invention

conBhi 8eand H B4 st-hPEgderakive B thee iMpsapRAting step the
sup | ch,t edded i n . SU Wich
R RN e
reptesents ¢dqeicdioe 26fi.t of a knitting machi ne. -

[0019] According to another embodiment of the

inventicon, there is provided a device for impregnating a

hollow cord with a polymeric solution. The device of the

invention comprises a coating head, comprising a cord

inlet, an inlet for the polymeric solution and an outlet.

The device furthermore comprises guiding means for gulding

the cord into the coating head, which are provided at the

cord inlet. The outlet comprises an orifice and a Easting

bob, so that when the hollow cord passes through the

device, the éasting bob is arranged to be located{inside

the inner lumen of the hollow cord. -

(o020} Preferably, said guiding means comprise a

tube. Said tube ig provided at the cord inlet. Said tube

preferably extends into the coating head and preferably

comprises perforations in the coating head. Preferably, the

tube is of cylindrical or conical shape.

[0021] According to another embodiment of the invention,
there is provided a tubular polymeric membrane comprising a

tubular support and a membrane substance. The tubular



[0029] Figure 2a represents a needle in lateral 5
profile. Figure 2b represents a close-up of the upper
part of the needle of figure 2a. [0030] Fi gures 3a and
B9 2008418 %%nt the knitting process. [0031]Fi gBf&ER2007/053482
represents the spirally knit argicle 10

schematically. [0032]Figure 5 represents a cord.

according to the sent invention co
S|ng¥%95%%r§||ysﬁgm e%%hofxwgﬁ%ﬁFstrwéghﬁﬁiament thread and
[ 0033 esce thrrripheseshsngs dettad lepfuibhe stppbke 96 embedded

15 the. cord shown in figure 5. [0034]Figure 7
repjrrésEﬁ‘Fs TETEEATG HRF-ATE A1] cFRe ofierPgaRe Substance is

[ 008ad e gunR 18 BepLasenhisSeR LM dc@%@zﬁ:@h:”@aﬁ.@ éﬁethe tubular
i nvention cg;gr|3|n two spirally knit nonofil anment

20 T4RRAYs AaP0G361LFi grié Dhreesesrdngst op vi ew of
t heygdddicl e of fbﬂ&f@xﬁaﬁﬁy[ Oogi'géd':tl. %ﬁ%@ggﬁﬁg%e%a%e a size

t he. knlttlng unit wt itro
i nskantdegh bhaa spi r @lqusprity intlo mhe 2reni preferably, the

moraF TR oaara [O03o R GUre fo EPOE*CRe BSFrEGR 01 m
of zomt diofmf.i @Wetr more preferably, the through-openings have
10 a size in the range between 0.2 mm and 5 wm.
[0023] Preferably, parts of the monofilament thread
that engage and/or touch are linked by other means than the
membrane substance and iﬁ addition to the membrane
. substance. More preferably, said parts of the monofilament
15 thread that engage and/or touch are linked by cured or

hardened resin. Even more preferably, said tubular support

comprises loops of monofilament thread and adjacent and/or'

engaging loops are linked. Said tubular support ie

: preferably knit or crocheted. ,

20 f[0024} Preferably, said monofilament thread is
selected from the group donsisting of polyester, polyamide,
polyethylene, - polypfopylene, polyetherketone,
polyetheretherketone_and polyphenylenesulfide.

[00251 . Praferably, the tubular reinforced membrane

-25  according to the invention has an outer diameter equal to

the outer diameter of the tubular support.

[oo26] ‘Preferably, the tubular reinforced membrane

according to the invention has an inner diameter equal to

the ipner diameter of the tubular support

30 [0027] Preferably, the tubular reznforced menbrane

accordlng to the invention comprises a sp1ra1 thread inside

of the tubular support, which is embedded in the membrane

gubstance,

T




11, coated with cured resin for linking the |oops.
30 [0040] Figure 13 represents the device for
coating/inpregnating a hollow cord with nenbrane doge{
Ve eWAIAF to the invention. 9 [0041] Fi gure FETEP2007/033432
represents a knit hollow cord glower' article) and
the sane cord in a reinforced nenbrane (upper _
artjcle) ggcgrdinb té%the 'ng&@%Lgn. [ 0042] Figure 15

re—tper 5 article of
16 represents ackai tcdwet | omit of a
cord . gupper article) and a woven and helicoidally
wegedtdBg R Re - a menbrane of the prior art (I ower
artipehe) . 10 Detmide@d Descridfisde:afs t ke havanti ofn lateral
E0044) The rei nforced tubul ar pol yneric nmenbranes of
% heorpiiide - aFigehowral FRREBF R ad F R orpP (fsitdttantper part
agaj:n TVE. b O %ﬁﬁggi* n- either i/o or oli -
bu%fm%éﬁ t %aﬁ%ﬁgféﬂé I'S ggékmashed a nunber of o
prdfiodnd ari se whigshress Bamiand héhraxepgepgnt the knitting
ap%%icable backwash TM? (reverse TMP). One possible
pr 65

M s col | apsi ng of the nenbrane tube, which

makes3the nenbr angnnet 4suepabkentortisesprmtherknit article
€$roblen1na be that the nenbrane substance (the
1G | FePEPRRY2hb¥ ous membrane material) detaches from

thgoggpport and pignRe danpgededdriecayecabliyaccording to the
I nnovating in the present invention is a new, nuch

moPEEFRREd SRPPRTOT o CMRESRENDPANe® an® BT het iR lly  knit

anghokirRg-ther nepdyane substance to the new support,
- wherein t%e support gets enbedded within the menbrane

sud§PaRte and t RigveFbFaREPsEBSRERCcR FREalbsL the fabric of
ISt d. thin t rgcture of the support,
ﬂ%%ﬁ%ﬁ %%&g ?%%%Qtﬂ%:ﬁﬁﬁﬁ%hﬁé adheres nore strongly to

t hdosapport and Riggtret Rerspppoentshovecn high of the article
resi.st.ance q?ainst col | apsi ng and-expl oding. As a '

reStl €29Ph% Teinforced tubul ar pol yneric nmembranes of
t hgoioBBENt i on haxdeyurexisrateprasciMg 30 anddokiccPbRing to the

whi.ch are al nost equal Hence the sa nmenbrane may_be.

enpPIFBELBBt h SHPEAGL8Rd i i | SBphF tirrg(ﬁ‘&,t w?%%%fllament
20BNt nreAlEat i on of applicabl e backwash TM?. [0045]1n

order to achieve the above goals, a nethod,is

A . .
pr GPP3EH for rariiREEuPi REPESFENKT oF cEOP t bT af the article

cf figure 8.

[00373 ' Figure 10 zrepresents the knitting unit with

additional bobbin for insertion of a s@iral spring into the
25 knit article. _

| [0038]. Figure 11 shows a portion of a knit

monofilament cord.

[0039] Figure 12 shows the pprtion of coxrd of figure

11, coated with cured resin for linking the 1oops. '
30 [0040] Figure 13 repregsents the device for

coating/impregnating a hollow corxrd with membrane dope

according to the invention.




1

10 polyneric nenbrane. tn a first part of the nethod,

a sufficiently rigid tubular support which relnforces

t he polyneric nmenbrane is manufactured. The tubul ar
'Qﬁﬁﬂﬁﬂﬂﬂm% a porous, hollow cord. Optional s®PEBEPHRY053482
be provided for 5 reinforcing ghe support. In a
follomﬁng part of the method of the invention, the

i's |npr nat ed oat ed a oI ri :

ﬁ@gégﬁ (menbr @'5gpe§ aﬁ%p%?éﬁ?%%efPanﬁpEUt%Dllow cord

dl qrekers aetithe) nendreane sne: agjrdstied.a Relialfoyceth@embrane
menbrane is imersed in.a pre0|£|tat|on bat h where

t hd VPDeFeRbF BFES U FREEE4GE 5PebRE ot FET I renbr ane
suhgbange. The nERANEsMRELeREEARS| hYtBE Gilbwi BEOthe upper
tubes of desired Iength 846]The met hod of the

5 neeticén af | HEITD Jdd] ust and to control both'the

'n%%Bﬁgg and extgf ﬁgﬂ% di gmelef - Oferdd; t he NBARY aRR1IY  cord
as to obtain a ne ane with snDoth I nner and outer
waHMspewher91@l¢heush@pwpvenayn@eh@kﬁqﬂxﬁaﬂ%W'@Wﬁéﬁﬁb@upport
in/the poI neric b n ] e, In

" FPper SRS ETRRC0e: BE LR Ehoper YRR

manuf act ur ed fron1nDnof|Ianent thread. 20 Techni ques

known '9 he art. for ‘th ngnu acture of fabrics,
{%I5fE§£452;$§%5&%E¥EQL§F——39iﬁ¥%§55§%ape such as

knifobikay, brai dimeg rereebetéAgr@buea\ldlgmdrdy: hembranes of
used for manufacturing the support. The manufacturin

rrettﬁéd BFifhe atippothow estFeadyn & MR AEHF hawsTgStance
gagﬁsﬁtwﬁtﬂa Cond Rilre®t 18nNal LOVhe PO QU /MA. Thet when
ope I'ngs (or pores) extend conpletely through the
wathetMemhn®@% ‘of hakweshgd ﬁhéym%W%‘Hém&@b ems arise which
n T fi I
pgganeggzéQ%§ma ?g §§§¥} efgﬁg&%agﬁ %ﬁ% (GeSRELY M) |
| rrpnegrpatsesmbﬂie goroiplemhhd sc aral Japspngf er%btlye ofiembrane tube,
C|r I Cr.oss ction, _The 30 .m | of e
%8? HE= OE FEURrRes; i sg‘g%?ﬁ%islécgg u%é‘_ Another
meb@‘bngempﬁa@tb@nﬂnaftorth@ahemgrahe sulpporicd ulideart iditrating,

hol | ow are not used. For the uj poses._of presen \
T PERPr e el R AR R s HIE BhRRAL =na s

2oseﬁﬁhaﬁéé 1%9@&8@é%&ﬁ£¥ﬂ(iﬂﬁﬁﬁbﬁihgfaﬁobw@ﬂpiasent invention

pol yet her ketone (PEK), nonofil amentmaterjal sare
is a new, much more rigid support for the membrane and a

. method of anchoring the membrane. subgstance to the new
support, wherein the support gets embedded within the -

membrane substance and the membrane substance gets

25 distributed within the structure of the support, which make

that the membrane adheres more strongly to the support and
that the support shows a high resistance against collapsing
and explodlng As a result, the reinforced tubular

polymeric membranes of the 1nventlon have maximal i/o0 TMP

30 and o/i TMP which are almost equal. Hence the same membrane

may be employed both in i/o and in o/i applications,
without any limitation of applicable backwash TMP.
[00451] In order to achieve the above goals, a method

is provided for manufacturing a reinforced tubular




pol yet hyl ene, pol ypr opyl ene, pol yet her et her ket one

(PEEK) and pol yphenyl enesul fi de nonofi | anent

threads. These threads 5 are preferably pre-shrunk
WeRH7A1498I ng used in the cord manufacturing PICEERIYT/053482
Pre-shrinking the nonofilament,ghread allows to

consi derably reduce the shrinkage and enhance the

stiffness of the tubular cord.. At the_ e 0 i S

t eRCIARCEABodISENA ST t iR st eglgfgtnaﬁﬁ?gctciﬁi %*et hgethod. &
10 ssipRen bnt $y dasigriidegubil 491 euitebat| »ﬂzaldmi tretiAgorces the
met hod). [ 0049 a spool for cord js not tio

15 FPAUBETic MEFRFanants dBRHR ML e Jot Hﬁz}%ﬁ& support is
moun éa@vzautsf aRRRALA LR, E@tao%aie%ta?@d k=R vehefv-diRied for

Coat th menbrane at thé sane faci or In an
foptriedndbrsieg, thesprppdri hrlad nﬁ@l%@unméﬁﬁte@f the method

t h
W ) thte q_n@fgmlgﬂ 'eﬂéogggnce 8 08 c%?%é%op‘%%d) with

arnst pléeating resi
| n’pzr cptel}cmmaqosmlzelslcm afenpfandedopblll arndenbrandyner and

Th%u%girglametégstgg the membrane are adjusted. Finally, the
membrane is immersed jjl-a precipitation bath where the

10 membrane dope coagulates to form a membrane substance. The

membrane wmay optionally be cut into tubes of desired

length. _ S

10046} ~The method of the invention allows to adjust

and to control both the internal and external diameter of

15 the membrane, s0 as to obtain a membrane with smooth inner

and outer walls, wheréin. the support may be completely
embedded in the polymeric membrane substance.

[0047] 'Hence, in a first step, a seamless tubular
support is manufactured Erom monofilament thread.
20 Techniques known in the art for the manufacture of fabrics,
cloths, etc. in a circular, seamless shape, such as
knitting, brailding, crocheting or weaving, may be used for
manufacfuring the support. The manufacturing method of the
support results in a hollow cord having an open structure,
25 i.e. a hollow, pordus cord. ‘The copenings (or pores) extend
completely through the wall thickness of the cord, they are
hence through-openings. The openings should be sufficiently
large in size to allow the membrane dope to impregnate the
cord. The cord ig preferably of circular cross-section. The
30 manufacturing of the support (the cord) results in a
seamless cord and welding operations for making the support
tubular or hollow are not used. For the purposes of the
present invention, seamless means without comprising a weld

sSeam.




[0051] thread may be manufactured in advance and cord
during the cord manufacturing process. In a preferred
enbodi ment of the inserted nenbrane rmanufacturing
WELABH10h order to further inprove the col PAREFR2007/053482
(pleating) resistance of the hall ow cord, after the

step of manufacturing of the cord, engaging parts of

25 ol gl hread ag&;»' pked Orm%%ﬁ?t??&heﬁ@d/Orms'ﬂ%_%@g are

| oops are |inke I'S may be perfornmed by applying a
heablfexaeion steplmnide,appl pohgeehytste har damingropylene,

resin. t he case spiral _threa Lt hin.the
hoFP@KFkg?ﬁ$e??EFprgé%gh'rn§§¥¥?%§%§6%§?F%%§0P%r (PEEK) ~ and
[ @bﬂ?ghéh@l@:@ééx&ifjt&ﬁ eadnd bi 1dreercor ¢hrd8d6005Hesde threads
heat Ti1xation_(or therno-fixation) is perforned by

redie G AT T TEUBE FEE dPiHe SaRg iR the coxd
MgBhAeatPatiRy 0dgesscbhe CPEd-shBIhhd hetheat monofilament
fixation, engagi ng/touching parts of the thread nelt

andharadnerigedea Pt t9@sidherBby fIotdHIRy A0Pi niiritkage and

1Sl aphet hat sGUELRY s Wohe tubul d. At th d of
oS R EE S She PR sTHE B0t Phe cubular cord. AL open =

st thésurtexsf arhestilzdiiimenics ofotthonptel eby GRoYEacsiring the
ot herwi.se t he rneabi Lt PROIL. 4.S. .
e R b R Y e T

ation tenperaturé may
t o [bboxal e a nonoffideameatufacduainenpdratarrs ofays be wound on -

about 120C to 180C may be .preferably used,. dependin

ot (B ot BFFHC SR CPher ot 1SR o PR LS Hhen the
r edueas ikhect! asddi@d Wwinh teneemne, HuTpEoyesants facility or
‘rigidity and prevents the cord from fraying.

[ 0BS3RELARI ng may equal |y wel | be perfornmed by 10

15008khip8ge] t he manufaciurgdh byl Heegor  Wpira® thread may be
hardening resin, preferably a fast-harde fling resin.
Thiligsguyede wi e uElB| €9rés| Bo ( MPrdfoxyPeorresistance of
resi AT e '6\_3;1 Hewrandetdt | 1ok acora (t
knﬁ%gﬁ§%o?F$%%§%% g%r :?egggg?%€e?§ befgge and aft_eror (to
t hémbiroké ngodlapsé aréasstararalerf nghe esithubas besprane) . The

158 OB RASLEy AP BB 0E0, LOODLAOYER ncertcs

20f i gur ehd 1cosd ahlyirpantieakbyd| mstufacturing process. ,
[0051] ' In a preferred embodiment of the membrane
manufacturing method, in order to further improve the

- collapse (pleéting) resistance of the hollow cord, after
the step of manufacturing of the cord, engaging parts of

25 the thread are linked or adjacent and/ocr engaging loops are
linked. This may be performed by applying a heat fixation
step or by applying a fast-hardening resin. In the case of
a spiral thread within the hollow cofd, the present method
step allows for linking the spiral thread to the cord.

30 [o052] A heat fixation {or thermo-fixation) is
performed by means of heat and may be performed on the same
machine that produces the cord. During the heat fixation,
engaging/touching parts of the thread melt and are merggd a

little, thereby forming a link. It is important that during

U - — e =TT o T RS S T T ANIAN




[ 0054] The fast-hardening resin nay be coated after

the step of manufacturing the cord, and prior to the

step of coating/inpregnating the cord with nenbrane
WeRwW7/116872 preferred enbodi ment, the cord i s PCT/ER2007/053482
manuf act ured -and wound on 30 & -spool. Thereafter, at

the manufacturing facility of the nenbrane, the cord

i's unvvondfromtesool oatdvvlthr n e .
redPf i l’FF’atr“d’éhe& BFRd gflgn?'gr?he 5t ggieof eggg%gngls not
th%oﬁ@&@té&*}hc[[@&’@ﬂaﬁﬁﬁjoaﬁhex\#ﬂse the permeablllty of the
'2007/116072PCT/EP20071053482 13 &OOSS%In' fol | @A ng b
st SYPPPRE tEbdPEL - sdFpdreli LeprhprledRat et {“Ffera ure may oe

negbrnapesgone; dhefefolea %ﬁo@ﬂ@@ﬁéﬁt'@oﬂ@séademperature of
through a coating-device of the invention. Conp

% 0 apoibr 1aePCcbat iLfg “Fewiagede HFEIe5aPIHg u&@@roéﬁf@ﬁndlng on
th%hg L yent 'n%ﬂ: 1005 40s f UL yond IPEANRNLE P&, reduces the

support wth rane dope and to obtain a tubul ar
merirapnécnty hofonheobbed, | hmerovasd 0w erigdidist énst prevents
[ 00 6] Fi hovvs a preferred enbodi nent 200 of

thé 808??#91?5%% &Y he invention. The coating

deVioge310 conpr irsiefkimgc oaky ngednedld y2 1&elCoabengedrefeimed by
210 conprises an inlet 211 and. ouytlet 212 far.a

1thoRPBRARST 801 Y T FRERS 2 FRPERTL FETEnIPARe Jodgrdening

HOl QWi O e 20doh By f £ de ntiafdeushy tesLeatTmgs dew de a UV-
200. Cord 201 Wil constitute the suppor.t of, a

{ ubsraPleemsedfle. (A9 NEPPRYLL OF5 21F°F4P (HdthoPy (iprdening
Corg %ggﬁ b Fioqhd@&b—ac&n%%e%% faskyrgafd%@gyﬁf@chane resin

cor roug e coating device ube %;
of wiyhi maridealingr asweileabtonape [hee CoRfdmoNt@R nfhe cord is

1E]dn%ge%§ég e”%i‘ﬂﬁﬁgg' Bt ﬁgra&gd %12‘3%@9 (Q' Ctﬂyo@ass:_ng the

i ment ext end into"t he
coabirdg WMidrercth Oa Wherlebyp) tub@l@l@essnprmm parts of

with perforations 217 for pas |n t he p

ThEPBREER oo “TABI bR f SR one 2B7 i SOPBCT oo 7y 904n
up@arstabl HAcamndnboilspergnate ﬁhdatcammr&i eie;n fndd displace
up the cord with dope. The nenbrane dope '

P Gt Bhy e | G JPEBRE | oHOB8. DY ot CEPHEE. @ nom-

2@“@%%%&@?91@%6‘%@4&%% I ﬁpbb@ coabhngihedd Figures 11
he menbr ane dope passes t

rough the -
perfigr aflitonshey7 & tdffeidie %nd 3 n-g?l'ééhaﬂ%@quﬁelament cord
??%‘%ggéggltgjﬁnﬁ)ﬁggg ofnd hgreor degQ1 l&@fk%.r@on@i@g eliy fast-

dope. The tube 216 nay "end a
shdmalrddnsngmnesmsha@ahew eyrd 3 gug digpEe gf2)t-hdés may be

ORI R, OB PR S50 My ot the
2devoed (heybhuad iml it cﬁﬂll;a pa[r@@EI]Lﬁeh@et the cord

20%00%4 er ex'“‘ﬁga t.l'!:l t%la.:c’denlng resin may be coated aftexr

the step of manufacturing the cord, and prior to the step

of coating/impregnating the cord with membrane dope. In a

preferred embodiment, the cord is manufactured and wound on

30 a spool. Thereafter, at the manufacturing Ffacility of the

membrané, the. cord is unwound from the spool, coated with

resin and the resin is hardened or cured before the step of

coating the cord with membrane dope.



arrives at the outlet 212 of coating device 200. At

the T-7112 111 11 I 14 outlet, the internal and the
external dianmeters of the eventual nenbrane are

Va2 ed72 Therefore, outlet 212 conprises anPEFEPEES3432
214 and a casting bob 213. Oiyhice 214 determ nes the
eventual “outer diameter of the manufactured 5 tubul ar

ﬁgpggfaﬁg?ercﬁgﬁkﬂe N qﬂ%%%'%%kﬁighe O%E§u§%§8%#ﬁ%0rt is
a n&aprsgﬁ@@@rwﬁhtzhamm a@@pes ‘Bl st ek byt]h@t tupgort is

cord 201, which at this 'stage is inp gnated and
coRpraesdl PIFUTed WP écep&>§s Bhe” ey ion. Compared

outgi de-i0f Gastidhibaly 2d3vidas! | fge beBaR1dgl Wevice of the.

locatéd in the inner |umen of the cord. Hence, the

Soutivent beret @l leWscasPi ngilioh SNBTeERREe| stiadjBROTt with

th‘tanetgnﬂp%rle di ferf the geEb{ane The.Last| %m%%ne with
-plare by a bar or a rope 218, which

nayobérall&ﬁuyﬂmam Bh@roupsrr@emmeﬁeIES downstreamt he
G23phass DoP: Of pefle 13PLAGS @q%%tfe%eldy Bl 200 of
'ce,"as is co n prac ice in ior art, or
naihbecﬁﬁﬁhﬁg talarategh ¢metheaUmngndéuncetﬂﬁmShmmglmg device
the cord through.the - atln ice m
10adGRAPRIRRUS W18 agP TG 219, popprises an

degshigd benaihs saevés @pi wlunai W5 Bowpestd 2outhad a feed
enbodi ment of figure 13, cord 201 is_pushed thro

h
coaﬂ-ﬁngf@%w‘é}tﬁ 2Oty ARean S -dr FoLhg*wheers 269% is tfed
Wegh 1 nQsudiay b@%prezsa%ﬂ Wi B pLES Wlioch ergage bo1  will

t he openi ngs “of e cord 201 and hence push the 15
cocdnshibegh thve samdmg afed cebpier Waskrsnge2Afpfhe inlet

158! 99,08 IR0R O iy g TELIHAE AN ided 1PNck0EC816 for

cor e cord. e -not ed
t hati tley atﬂné i ¢yrd 02 pms hhrheglaotkﬂetm@ug:hgt flevioat i fgbe 216
dey cebleso 191918::8:5,9"3.? or conical shape (i.e. the internal

diameter decreasin_g in the cord feeding direction). In &

preferred embodiment, tube 216 extends into the coating
20 head 210, Whereb’y tube 216 is provided with perforations
217 for passing the membrane dope. The function of the
perforations 217 is to remove air upon start up and to
impregnate and completely £ill up the cord wiEh dope. The
membrane dope, which is a liquid polymeric solution, is fed
25 by a wmetering pump to feed point 215 and fills the coating
head 210. The membrane dope passes through the perforations

217 of tube 216 and impregnates the coxd. The inner lumen

of the cord 201 gets completely filled with wembrane dope.

The tube 216 may end a short: distance upstieam of the
30 outlet 212 of the coating head. The amount of dope is
metered in function of the level of the dope within the

coating device (level at inlet 211).

[00571 Hence, the cord 201, after exiting tube 216,

arrives at the outlet 212 of coating device 200. At the

o R — e~ T S s s ST




5 by the guidance provided by tube 216. Tube 216

cares for guiding the cord 201 fromthe inlet of the
coating device to the outlet. Cord feed rates through
he0ZdHPT12ng device 200 lie preferably in thePEHREH07/053482
between 1 and 10 netres/mnutg, 10 (00601According to

a preferred enbodi nent, either one or both the ' _
cast | bob, and the orifice have dinensi.ons.equal_to
re‘%‘ﬁa‘éjéI iveFPet HESSTRa: aﬁf‘fo t%gr Gt ArePer %%alﬁﬁgeré of the
t ubtbdusUppehbrahbe geed)adHenoel. a eFkfane, nayubket 212
- obt ai ned having either _one or both i,nnei) %nd outer,%S 1
di SR Y GHaPTEE IFEs el t FHRIF TR P E¥nEPPaAd  oubEF T L0e 214
di g0EL K rs Ithe SHRRANLG1 SNEBracHBRBEaReost the Rasufactured
its support fully inpregnated with _ nenbrane doge, )
5i . eubylpr neebbaasedopl3i s PrekiEr Hhekh aL3t heergspgees the

at Jt S| I

Ot RS BRRRERe Ol R edtora e rs P
cobb®%8] devi ce Bigeoutihper21Ziametes | mfer $&@ | nnebrane  1is

precipitalion t.h 220, in_.whi t menbran e, o
coaa‘gq}FSart%st ?g Pg?t a4 por S6s is(g:P'l d%rr%rgrglr agﬁg TP stage 18
subspesfresteldr anidpicbapletebat fi PR ngy wdehpibpe, apass at the
coagul ati ng agent, for, 25 the mbr.ane .d .. For , .

-leo%‘grrﬁjéFi o‘% He- rP‘?%h;ch%np Ty &ﬁ?&%eﬁ ppeated in
t hendretiane dape PO YRer £¢S3d. Ofleiedl Xine eofen diameter of
sol vent and a non-sol vent. The nenbrane formation

StEFFHEE beolperior FEBLERESr PAGUEDS hetfREdSHRFGWTTaReter. of
Alemd,A0821The RRAPLAGELHORE TR kieitaiﬁi'ﬁﬁﬁﬁé'_by 2 bar

t
sgﬁﬁti on 30 conprising one or nore polymers, ‘an
organic ropev &8 .f orhiidie payyher @raperfg aidder dmprean or

h Il <Preferred viscosit t _
15 DRI, PRl B LB, hpEoRh gl Bgnecicensy.
r angesowrer hipertdarhant whiaté hempomonid mdhestped opy letting

art. The viscosity of the d sol uti y ‘
S 1 A O S B AU SR TS (i Hgpmetex of
of ot hei dey pE ©f ctbnbubbs Jappasts) stke ohitepediimgeter of the
nonof.i | ament dianeter, etc.)..ln ord to _all.ow
{ U T RS oTR B Ah P Tr 410 ERONGHSr SRaTdste ¢ ™Y of
20t NRapuggestBd TR 1LRIRS, withi Srqfeelprabl €ot haicl hether in:
through- 5 openings of the cord are larger than 0.1
mitFEEiise ofhERBoFFRERT S| S iy HEYOMEYoPeNBPEL6ROPARE 3t the
fo%é.n?é”' ﬂ?igkwl yet hepaybphane @ReSlooating device 200 allows
pol yvi nyl pyrrol i doné (PVP), _ . ‘
pofyss ulophieheipal ac tybohRYr iREYFSINIE nYEEPEYRD| with smooth

B e e e

25 podyaertexencentrati on of the nenbrane dope sol ution

is preferably 251 or Hhi . e, . i pitat.i b

225P [{F:Jr?ce may cgﬁ%r %]éégﬂr?n{x %Fee lo?-‘ %\(}/Kﬂ/a{5 er B&%ggd'%pough the
nofe@dine evaket, hasddpe cpakphie pshcahde NMP. thO068}bn art, or
~an_optional, subseqguent step of the method 15 _of  the -
 nierttohe PRERRENDRANEIR s RutCIH oD Ghdacsr RUSPiEd of the
| et e EgHeynde cpaeiagmedvatbbemapassd ngadttageous when
menbrane through the precipitation bath, ]

30 Al R RASREESChE At then gt P P eichl 17 diet Pt 1s mot
perdaldres, whidedihe e bkanayos i haRer §edrifutde1s, cord 201
preci pitation-bath 200, as shown in figure 20 13. o
Thies eperleed | Bhteolpr eerpitat FEH1pat RO22OY WFFerhet hdriving
t t Fgui | I, _ i ot 1yRe khiMesi230 which
rmm?l‘%zi%r%{)/?de te%!%utz%{gmﬁgngrean%%lh%é@nenb?anzplnay e
beergtge in the openings of the cord 201 and hence push the

e ——




whil e the dope is coagulating. Preferably, used in

order to avoid displacenent of the 25 the nenbranes

203 are cut to size, they two knives are nenbrane.
VOPRW7/AI872put aside wi thin the precipitati onPoAFR2ONR53482
and the dope is allowed to furgsher coagul ate. The
~meMoranes may be cut in |engths exceeding three
meters. [ 00641Sybsequent | t he rane

\SHED BUEOSE J SANES HEKLE51 Lt o S Ay, na alse be
SOhﬁQFeoQ?@abaéﬂiék§ESiﬂ@dadhﬁgﬂ.ft@Sﬁﬁdﬁwfmageobn the cord
exanple, for an i/o nenbrane with as tric re ., ...
sif@rdﬁ§?@}¥ﬁnqhﬁ1qﬂ%ﬁ'nétalaeﬁgeb%t?%kﬁ rEP%ﬁfghﬁaablllty to

i ngi,d8 ¢aRBLL ROEESIugANEnkessadenseastivst ik nele bbssible
the outside (larger pores), the nmenbrane fonmation

5tep iy lswigenrer meaviAedudl FURgy Afat THRS i Ater Rares for
lay et 39fiqt P "EOPS 2061 | $.-5Q7 PR PY1LPMBESLOR coating device
pr &ci pi ta

tron rn a precipitation bath (water or other
nomesaheenuslof . t or8 depd, reteni khupedbf thel vertiagd device
non-sol yent) . apd t extern I of ¢ nbr an
ma Oée gé?utgaegﬁr%bd%nt%%llg emZ%%ég%apgégﬁ%%ﬁtagt fna 10
(emgrrbefmiiutidurer sion in the bath), preferably

havi t t in th : C- i
M%gébggg?[Ogggf%%gghgﬂéggcﬁg}L%Sgﬁggg%%ggpegﬁgdgagnt,_elther

| nyaat benpath awes fastampuibast Hh NEhs Upelifs have dimensions:

rei nforced tubul ar pol yneric, nmenbranes at relativel¥
| oRABBAt tandeRPEACHYGH t RRBUGRDRE . 2PB0BPFFHedlameter of the
I NYGRLL QP AFRIIOVIHRE AcsLhNf OFeede, a membrane may be

obtained having either one or both inner and outer
15 diameters egual to respectively the iInner and outer
diameter of its support. Such a membrane gtill has its
support fully impregnated with membrane dope, i.e. the
_ﬁembrane ddpe is present both at the inside wall and at the
outside wall of the support. '
20 [0061] After the membrane impregnated cord exits the

coating device by outlet 212, it is immersed in a

‘precipitation bath - 220, in which the membrane -dope
coagulates to form a porous, solid membrane substance.
Precipitation bath 220 may comprise a coagulating agent for
25 the membrane dope. For coagulaéioﬁ,wthe bpath may comprise a
non-golvent of the membrane dope polymer(s), or a mixture
of a solvent and é non-solvent. The membrane formation step

may be performed according to methods known in the art.

[00621 The wembrane dope used is a viscous solution

30 comprising one or more polymers, an organic solvent for the
polymer(s) being wused, and a hydrophilic compound.
Preferred viscosgity of the solution ranges between 0.5 Pa.s
and 500 Pa.s. These ranges are higher than what is common

in the prior art. The viscosity of the dope solution may be




15 tubul ar pol yneric nenbrane, which can be produced

by the nethod of the invention and which has inproved
mechani cal properties over polyneric nenbranes of the
V27150062 Two aspects are inportant in the PERFEHNE0S3482
of the invention: a rigid suppgrt of high nechanica
strength and a strong 20 anchoring of the nenbrane

b h . 0068] - Havi _ _‘
fﬁg'tgggg %g Ig%#%$ egghﬁBSr%YB? %%ggﬁéﬁ% o%%%%%IEO(SlZE of

t ubpkainge) WRIdTL Inmsbrrade anétehe énvent in drslexr to allow a
hol | ow cord made, of nopnofil anment thyead. The-corﬁ i S
e25at the

pr éP L aBMpPregne il 8F MssSett POt NERBEFTS

t hrsaageQ@éd arbbghertekyi dict yid hareradddifd | @@t the through-
thread of equal dianmeter. The cord is preferably of a
BwoPBRRIRET t OFf bERE dET Ic PEENSPEFSEy F8aT0 0 -arflit 2t} uFEe - The

by eﬂﬁmgﬂw Sﬁg},' ak,et eChid qugr Whiggheal IoWs €05 following:
obfai I'ng a seanf ess hollow cord. The support (the

copd}yhencrsulggsnsot cOifftli.se IPlywieydpyeam.idone  (PVP),
[0069] According to , . i ment, QLA 21 eohol
ispﬁﬁ%?uggm%f%chetegggaﬁégégsgﬁggﬁggéf theEkﬁ%vq Watconot,
nopof i ampricdifreacntlipdlgopsy(lsbtbradet hEhgt fothest may be

i-n.a knit_ cord),, which age.w th other .l cops or .
1o e B SRRt ey RS Hcentretion
abgyernat homerhtdr dispal sentii shaw prikicgha®ipl aSkobr higher.
resi stance (resistance against i/o TMP), but the .,
colPapBFAg R Sah &t s (aricE AGXi RSTPBFPe TR IGFITS ©F

theae0Ed(Ahd [RURAILET BRY LAt affe P nient anthemp.
resi stance 5 agai nst coll apsi-ng may be i nprove

db
engPB§3hg Iargeﬁndﬁan@Péioﬂﬁ%of$ﬂ%ﬁ§HF“Fhﬁé&@s°¢o¥he method .

lSmaBltE'f oty U{I{;\;%’JJE)%,C %gg n%%BZQJz@”lQ' &8 NAd v &1 3RlsULEO0Resired
that I's pu orward by the present inventionis to

| i Aknadhac@his amelooee nesigf argpeado oplEqre. RS9 NG atle ofiembrane
knit_or .crocheted cor O - e [ ‘ 0 h

K hibadief SR TREC A el ekt SONRARALI 5, ObpbNButeing
| oepspomagngagnliyt heddd kparpesrimynede werlfeoriferl bymbrane is

therno-fixation, or by applying.on,t support a_ . .
f asPORLT rﬂ‘Ihgt ee_ge%quy?agﬁ.'pgblbé’tt rBSO, QB s{'xown ?.n figure
20t hesno-hardesiag) iheside ghecipidexipreventh t bao, t hederneath
Ioogs or thread, parts 15 nove rehftiye to eac other230
ané @i@étPhélgﬂbgoi?Vﬁﬁ'iﬁﬁ?ogga PR t YPYhEnLves may

i Bki BGoet abQOBS it MHIRAhAM = eBYHRE ReifreiiE®tiay be cut
additionally to the use of |arger _dianeter

nolbil¢abbat doheedd coagnating- cBrafeTRPBaselwo knives are

e i cal nggh [ Ltipn [ .. Once

nsgecy R pRUCEIRN  avedal CAPPIaPeTREt LoEothe! RRADLAL. o

25i nbat neabirsnehe 20cherengEwf the shesbr aHkesubsearke: aside
to the.support. A good c :
SUBSE B RS PHECHEr By B Gar Ayt by i oo g Leved
r ough rapdhepeteosgulicteir eths upgoivtandb 130724 Foust by, lengths
the struycture of the tubular support is porous,
pr@F%?%éh@géﬁBﬁ§55@ &Ffai n degree of roughness and

- prebesepl y conpeiubesgashituf, dege eeetibrdmns tinsi by ehshed out
t he nmonofil anent thread. A rough su por% siructure Do

Oal PEWECEBE BT FPRi BREVEREROFAGe “BbPHt §oFgPlehacpe additives
meghg agei sybst ance, 30 which contribute to the

adhesi on strength of the nmenbrane substance,to the )
suppes®l and i ncP¥a¥eVt RE pREERIS rfeE AAnteP ofefREane with

LURW RRe{BPIANG size distribution having a dense structure

on the inside (small pores), and less dense structure on




[0073] Secondly, the structure of the tubul ar support

(cord) of the invention is preferably sufficiently

WO 2007/ 116072PCT/ EP2007/ 053482 19 open (porous) and

VEQ A ILEEE t hr ough- openi ngs whi ch ext end acr o$§THRA07/053482
wal I of the support. This allowg a good perneability

of the nenbrane dope into the support. Hence, the *
meniyra t ' Nt ot BERERGe SESHEALH & At

5 THe ShisEets ThEfats RN et Re hEHR Lk Meep ma
subs¢ areEarapdi Anaddichi en Wy predertheatintsanadt dayer of the
side of the suppart and/qr_at.t J.nner _sj .
tuﬁ%%pp&ﬁ . O]{ﬂ?é"e upggéfrt lcr%rgrré%rsl“lls%gs ppltaki®n in 2

- t hrgtghipapepiegs wttich (eaeesufdd cbehety nargmlvents of the

Furt hei wore, when the gpenings (the pores) i.n the 10 .
Jupidtar aPE IMHPGeES t Rt s §%st%‘th P B N
t heewaldn-avaibabl-e for thet rabhofandn ddie Aercdadl " by a
the openings in the support structure may not be too |, ,
| argeitred 1edr geredi SPRACEs ardaftr d edir f iRedierre g rsion in

bri gged, byt h e{éﬂ?ﬁ@f%‘fy sybstagce. HAgfafARe {hethe range

t hrough- operi ngs 15 (pores) of the support have a -
si Zeetvarege 0t Haandre@ial to 0,1 mm and nore
re ly betwegp, 0, %@ﬁ peef erabl ¥iventd
1€hefﬁ16?égugh-opem negsml%gve %Qg?‘%’ggmﬁet e range betvveenVen ron
0. Z1mowand formmmafEa4LGetagni agperidwi d, rebwingrapentubular

tubul ar 2Q su rt _may necessitate_an, appropriat . .
chGIRE TS EneBRTaT5E ot FFMIRLY hHEhd Tor Tha With high
suppardusdpdrcauti on shoul d be exerted when l'i nki ng or
fixating the thread parts or |oops of the,&u
TheE¥6§%lnks may Tt ftiF 8NPl 63E%0f PXPhE ,‘
1% POfE1aY JAGrkIBE GrentbralRQ7 A tdanabé yprbohgkar by the

arge-di anmeter supports may be provided with a spiral ,
t hreetdhdch s ttde | HrentHethobwhishd has Firkavedp mechanical

g(n)f?r. Lgléeinforced

o f U%%,S{eff&gg%o}ﬁge‘fo L3RR85BS ehRR&Bed Nb $RLM Yrior art. Two

thre ions withi'n the cord as a kind of “spring, .

pr exsgrdtisg atrke lopedthnomipl ddts mpnbThae3@sftienginvention: a
t hr ead has pref.er ahl a ' t t -
thrré%d;fs&qg%o#t o? 3@}:11 afa&h i?%%l %Eg%ﬁggh d a strong -

abric i s prefe nof i 'anment

20 hrgathordabeot ethhé rrommivieens ambspaoep - 0b tht esuppsrias

W TR o1y S | i hbad ar e Mty 2sPect.  the
metalppolRe o8 PERAJr&BYEdeced tubular polymeric membrane of the
invention is a hollow coxd mader of monofilament thread. The
cord is preferably of circular cross-section. Monofilament
25 thread has a higher wrigidity than mulfifilament thread of
equal diameter. The cérd ig preferably of a woven, knit,
braided, crocheted type, or manufactured by any other -
similar technique which allows for obtaining a seamless

hollow cord. The support {(the cord) hence does mot comprise

30 a weld seam.

[0G69] . ZAccording to a preferred embodiment, the cord
is knit or crocheted, whereby parts of the monofilament
thi‘ead form loops (such as the stitches in a knit cord_),

which engage with other loops or parts of the thread to




WO 2007/ 116072PCT/ EP2007/ 053482 20 linked to the

tubul ar cord by therno-fixation, O application of a
fast-hardeni ng coating. [0076] The support is enbedded

W4 200781688 br ane substance. Hence both at t hePCREPHETASIB2
and the outside wall of 5 the juybular support, there

I s menbrane substance provided. The nenbrane _
substance forps a_unitary structure through a hich
wi U PhEaSHhBorine POGTRTAE L 0hER o BT ARt jhov & i
of &:ha Jxeehr as; sehséances¢ doRaice idgaligspr ef/er apipg ,t @ut the
have a suffici ent‘IX 10 hi gh pol yner concentratjon i

t heddg@sis® HSSEBLR

m"cf%?vlﬁ { ght . OL Y EEkel Ly resistance
suftici glrﬁ }A%“%jg%g?%lh@?:gebxggﬁoﬁa\%g&g%%%ﬁer Ttlnlfe resist
sufdgadinett eeldlzansiics By ery hinppeveshalyy, eppboying larger

pol y.aer y_be g¢r - | ner g :

B e e OB R P B R R e o

t heldowodnt i on Maufattarnatgiwf seibulian stipgoriscond forward
by a knittin rocess [0078] By .way, of exanple,. a knit

ol Bowthr PRESFEe . rERTRCC ed o e, mach nd G FL | and/or
i nding=dualy cesbsolend. the 2lsseefllignit kigurecheted cord) or
represents the "core" unit 10 of the knitting_

LG SHSRGARBrPBF B r OF ot bt BRFEh (Fridh it (RS S SER coTa) -
i N the kRl td4 NGHRr 09888s @S 0BhGA fi-agent ph$ts may be
kniLtl arlognd a cyli nde?ﬁ_sor kni tt?nggﬁﬁéad 12, vvh?ch_ Ess Y
f i serfoamed ey othesnasi deadil e a8 T 10Y APRADENT 6T Bi|SUpPort
gr Qov 1t vided, Eac CCePtsh&-ieat @en:
11%l Tﬁ%?/@g%é%%g?& te?gi/ Eécgjpn}gggg%{g%nélg. The cam ening)
systemminensiimeesl et poevent thetnébddl deoays upr othiewd parts

i mul t aneous| . byt th / war Xi not4i On
1$e§ré°r¥tﬁ egega?/%%ee- ﬁ%ee%ggﬁoggﬂgg\?ia%gg ?ﬁ&%adtt'#%ncseuplpfxt =
- I eciipresetihei ghifad ant passeng bft bodfs tde tlesdidparts may

SG7H1 FL 85 25, AN 20 oy cpenCne poedl o2 1lD gismecer

pr ayd-ded 1uhb ke acpre&a USboRri4, el nerd fioldeweed hidchanical
engages into the cam 13. Fol |l ower 24 enables cam 13

t o ShRF@9tRe needl es : S
20 [0071] An additional important aspect of the tubular

support of the present imvention is the anchoring of the
men@rag_e substance te the support. A good anchorage of the
membrane substénce ro the cord may be achieved by a
providing rough and open~structured support.

25 [0072] Firstly, the structure of the tubular support
is porous, preferably shows a certain degree of roughness
and preferably comprises a high dégree of tortuosity of the
monofilament thread. A rough support structure allows for
sufficientr anchorage pbints for the membrane substance,

30 which contribute to the adhesgion strength of the membrane
substance to the support and increase the pressui‘e
resistance of the tubular membrane.

[0073] Secondlﬁz, the structure of the tubular

support (cord} of the invention ié preferably sufficiently

a |
REP e 4585 £ ARERBH AR ST si B4 ?HBP of the




21 vertically (up/down). The needle has a hook 21 for
engaging into the thread and a lip 23, able to rotate
around a hinge 22. The needl es are nounted into head
WO 27 HOFook 21 and |ip 23 facing outwards. FREEPI007/053482
function of lip 23 becomes 5 c{gar when | ooking at
figures 3a and 3b. Figure 3a represents an unfol ded
view of the needles 11 mounted gn the knitting head
TheHBedIREHase Atle CORNERG. RSO a0 P ol T e Sitend
nee@dh®@sst othde deft off fitger esudpoand 3thias e alMwyy a good
upwar ds; those to the right are_novinhg 10 _downwards.
FuRsHaeabr &l tBaeh Wé%drl%f%am% depg Hefgfé%/et% BPRAFE - Hence:
st ideh tﬁémb!ré_ngmstélbisﬁﬂncw‘@ﬁ sagedk@rhsni Bhet Structure of
0

upnost position f figure 3b, lip 23 is situated
fabdve tePsTEt ehdegebedyr by dopeE: d Th iR Substance

needle,. . h . 21 i.nto_th i L@io.t t
neSl 35 4l RS O L0 b oupgo
r epreSent ezt | thpositpen 4igle f pdurehadbtupylirp gpport. The

rotates war ds.around hinge 22 .11_opens,.t St e

cy ¢ SRBTEn AT BT Atk ST Rt opRuthrs oPRER, dZg i ciently

4 ggagf@@now?EthEemzfgachhﬁmeiﬁﬁi @ﬁuniﬁgme ﬁ?ﬁe'pgré@)'in the
cl oses the hoo , ere reventin evirgin '

14 1 ASRBOFE 48EaPBTIRT: D6 Hife TOMIE S tdwibede> ares of the

POSiahilonavinGisi2l sbil | £engagesed.heohhrigad, céhdri thand, the

wi |l | oosen the thread as soon as the upward novenent :

st AESingR {8 sthpuaiRPoy eHeRiCtHife aediod P& too largs, as

surroundeds;sQy hALS QoW Vi@ MaPiSeeef ddreadpwhigha by the
“in turn fotns a new stitch eye. This new stitch. eye )
Wi InfembgRate |9upsERIRS . dowRvdFesarker ebfhepe g uBbierenings

.21, he.p e ' e s ti
12 B e PLAE S5 SeE SHERS of BT A R R B B o
t he .thmeadind] 008@] Trefelrabdyt beitweer 6f1tie agdulOi mg. Most
product is.a cord osed of [ y_kpit_ thre
e b6 rappilonthn CERBRAL: earp{rd) BRLYs Gliq; fE7¥e range
neakrgweat ot hewdtddcesm.i e along a spiral 1ine 40.
The di_stance 41 hetween one entire_ revpluti.on of the
spi P47 ne 40 6&&@&?§n§ aﬁﬂrbrﬁﬁl?igu? oYyt afERg  tubular
20Mihhoche shit eRessaieakai bn iappirBprPhtehchdhecpbkcithe size

is determ ned by the speed of 22 evacuating the cord
fr o eaetidaneRe FBEPPROEAEI MG FEqReRty 28f dretion should

negdl e .. a0 theSi ZenPind Nerneed@SngA dif denBéd&hparts or
results in a nore open knit structure - the stitches
ar ddopeatoadd ther t$upPagrar tThe®mn &aeks obREr nots epudgely close

Fi 2 e cord, papuf actured with
a %%&gipfaﬁéﬁgﬂ%ﬁgegggkﬁﬂe?gbéh%hggs??tches lie al ong
25 dgioal | i ne. Asiddppenedfyfr ombtilglr éafge edighmeter supports
" needl es._have been_used.tao knit I S I t.he .
i nFEY FPAnBrBY L7 5k 1D FﬁggéﬁTﬁé&%ﬁﬁeﬁ'|%#E%%rlnto the
or Hohackni teohal, | owrcorskrdesr deter nmfmedhby t Hepmaweer collapse
of needl es used and the _di aneter of

he knittin :
hed® S 1FHaT60t et SR | erh P RGOy (H LR the cord as
di ametsefq and ) (Iﬁé@v&ﬁtm e}nof copaokirbangntsting. The

bei ng used. 15 [0083] Hence, two or nore nonofilanents
3q~rafpgéngsé@1read has  preferably a larger diameter than the
thread of the fabric and is preferably a monofilament
thread, selected from the same group of materials as the
threads used for the fabric of the cord. Alternatively, the

spring thread can be made of metal. The spring may be




simul taneously in the knitting process. In the latter
case, the sanme manufacturing technique is applied as
descri bed hereabove for the single nonofil anent
WaR@Id1®ake, with the only difference that tRETEP2007/053482
nore nonofil anment threads are 26 used and stitched

si mul taneously by the sane needle. A cord for which

twolmmilI@émnehéhreaﬂﬁlgfvecg%n P! Ay 5 \mon or

in figures 8 and 9. Fromfigure 9 it~ i s apparent
si xappediadschavd dedwsudmidaniag worhitsgcord. |t | s

'rﬂ¥ﬁafﬂﬂ to rea%%% 1#%%1Ehe§% t%ﬁgégéego ﬂ@t the membrane

conpose "a 25 mul t thread
semﬁﬁtanmnoﬁehaaemut hate ads ﬁh;&yaeaaadkmé anﬁbidw&zall of

toget.her in one t he,sanme stitch 0084] For . .
D S SRR, ARt 48 M Er Bt s grpovided.
a fql'raangﬁerhz@ﬁbien s thdeS FdEhal hedndehi-i Cakhyic38+eN through
a pre unwi ndi ngﬁsystem The thread has to be fed

t PR HPEE, CItRi EPPRY ther f oLmed by a tensi on

contggidier on tops okot hendBehbRg ettt {dNJ N 8he membrane
positive feeding of the thread. This is a prom nent

pr ciiratiepgestiggeenni 8k Headsraferekdef spnitgiven aofsufficiently

gor ef 0 3

L Besha s iy RO 18 Ton g gp to tnovesse

i g aiupeaymecbsisyt hEhs etolecwlan heighitd ofThihe polymer is

takes trea of .t.he machin pr ef.er abl

o EEP R RSOy R e T SPenePoRPaFE L Fo Mave 2 polymer of
sufflclent mechanical strength. Optionally, the polymer may -
be crogs-linked to increase mechanical strength.

15 ' ' '

Description of a Preferred Embodiment of the Invention

Manufacturing of tubular support coid by a knitting process
[0078] By way of example, a knit hollow cord may be
manufactured on a machine with individual control of the
20 needles. Figure J. repregents the. "core" unit 10 of the
knitting machine. In order to obtain an uninterrupted
product in the knitting process, a continuous filament is
knit around a cylinder or knitting head 12, which is fixed.
At the outer gide of head 12 a number of axial grooves are
25 provided. Each groove accepts a needle 11. They are
actuated by a cam system 13. The cam system ensures that
not all the needles go up or down simultaneously, but the
up/downward axial motion resembles a wave-like motion. A
fixed thread fence 14 receives the thread and passes it to

30 the needles.
[0072] Figures 2a and 2b represent the needle 11 in
profile. Referring to figure 2a, the needles are provided
with a protrusion 24, being a follower that engages into

the cam 13. Follower 24 enables cam 13 to move the needles

e T




setout has to be neticulously adjusted in order to
ensure 5 that the tubular cord is not conpressed. In
order to produce a cord of uninterrupted length, a
WRRWE1HAT | i ght wei ght shuttl e shoul d be usedPCHEP2007/053482
| east bi g enough to take up-5000 to 10000 m

[0086] Circular knit support tubes with an internal’

10, L3021, L, DN, 0 TR 6% WP cnsasins

(Pehyestre, teaMraRY lenep et¢. hblktio ardlianetaatound a hinge
the range of 0.1 mmto 1.0 nm , The nunber and size of _
t h@2nedBEc8aRUSE hBTHI BRBPERD of R ERlRH t}?nﬁlﬁéaéoﬁ}‘ezl and
adqg_%edﬁt ot benglesinefdript enmal / exdeingl 46 diiyreber vecomes
of the cord. The novenent of the needles .in the
Sknicflepmg weemhi neodksitiondigli déagiryeeontd ol 3l BP t hdigure 3a

U5 o8 LOHNE CANBYSLAM The SATOL0BUES { Ntbuncea on

_ € needl’'es 'go up or down simultaneously, but
nmotkei N kEreésngThehespbed Ohier ot@eiddrscaridsenidne edai nwaving

bet n 500 and 5000 [ pm 087]l1n_a p rred,.
orBBARRERTe S R (bR et near | S G DBy igures 2a
;h%naoﬁ%-e&ﬁL&mﬁh&@ﬁd&ﬂﬂﬁﬁbﬁOmﬁoﬁdfﬂdlthe.khght are moving
abric as_a kind of spring, preventing the cord from

10p) Q&WF‘W@Fdﬁ'h!@l%‘ﬁ?e’rré‘}O%epr%ﬁﬁ i QST BOVGPed™ F8sSYe 33 of
adyancerangh ifnserd aguidtibbe waed duéingedhe dnifid iing upmost
process. Referring to figure 10, the spiral spring :
10Bokdtied ShratighigpaRi mP:1021iPo Fheleord Rt e (RPHYe the
bo@?ﬁ%fﬁoéxégeﬂﬁriﬂ i?b@ﬁ@aﬂ@4m59i&§ &pi tnbkonthread hook 21

fence core u 10. The spring doe's not

engagegea amyo ofhe hrelmgin diwsaBRTROISY 3Ag (heegditch eye

has_prefera a ' t ' e
LSRR PO B dim iRl pheniide { e gl . s

seliaet ed foomdheysareisgreopndf himger2al sitaopdns the stitch

t hr eads ed far the fabric of .the cord. .

A F@Fnéﬁf}ﬁeﬁf}b{aﬁ% gﬁﬂ?ng&t pan B’grﬁéﬁe thread to pass

Mek@hk-ough the stitch eye. At the same time, lip 23 closes the
hook 21, thereby preventing the virgin thread to escape. At

20 the needle's downmost position, hook 21 still engages theé

thread, and it will loosen the thread as soon as the upward
movement starts. In its upwérd movement, the needle is
surrounded by this new virgin piece of thread which in turn
forms a new stitch eye. This new stitch eye will rotate lip
25 23 downwards thereby opening hook 21, and fhe process is
repeated to make a new stitch. Thread fence 14 ensures that
the needles can hock in the thread.
[0080] The characteristic of the resulting product
18 a cord composed of =a spiraliy knit thread, as
30 represented schematically by figure 4. This means that the

stitches lie along a spiral line 40. The distance 41

between one entire revolution of the spiral line 40 (points

"a and b on figure 4}, along which the stitches are knit, is

the pitch. The pitch is determined by the speed of
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evacuating the cord £rom head 12, the reciprocating
frequency of the needles, and the size of the needles. A
large pitch results in a more open knit structure - -the
stitches are located further apartffrom each other.

[0081] Figures 5, 6 and 7 <represent a cord
manufactured with a monofilament thread, whereby the

stitches lie along a spiral line. As apparent from figure

7, eight needles have been used to knit this coxrd and the

inner diameter is 5 mm.

[6082] The inner diameter or the knit hollow cord is
determined by the number of needles used and the diameter
of the knitting head. The outer diameter is determined by

the diameter and number {one or more) of monofilaments

“beling used.

[0083] Hence, two or more monofilaments may be used
simultaneously in the knitting process. In the latter case,
the same manufacturing technique is applied as described
hereabove for the single monofilament thread case, with the
only difference that two or more monofilament threads are
used and stitched gimultaneously by the same needle. A cord
for which two monofilament threads have Dbeen employved is
shown in figures 8 and 9. From figure 9 it is apparent that
six needles have been used to knit this cord. It is
important to realise that these threads do not compose a

multifilament thread, but remain separate monofilament

threads. They are knit and thus bound together in one and -

the same stitch.

{00841 For proper operation, the monof;lament thread
comes from a flange bobbin, which is installed vertically
on a pre-unwinding system. The thread has to be fed tension
free, which is performed by a tension controller on top of
the machine, resulting in a positive feeding of the thread.
This is a. prominent production stage which leads to the

formation of a cord free of defects.

e ]
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24 Exanpl es of tubul ar menbranes [00881Four nenbranes

(#1, #2, #3, #4) were prepared using the

manuf acturing nmethod of the invention. Al four 5 j
WaBW7ar0&upports are of a knit pol yester (PEFLCI/ER2007/053482
monof i [ ament hol | ow cord. Fourt@en needl es were used

in knitting the -tubular supports, but with varying
mondé o gshent di amat erdhet ve&D Eﬁ@oﬁt&@@ré_ﬁ d# o OrRe setout

l.e 1) Due to the fact at the
nun%%rtgn]HBE re§ RISCarioWrEF i@ Gt ebhe machine,

di apps esrafiyt hgfﬁéﬁp%{y r engicngag téFepsa”%hé(S “ed®on  of the

whereas the inner dianmeter decreased for increasing

di afRt@HLt s He® nemoret hekruslon a;dmsé:eghptporcorcur %o ensure
£ne reGsl V. POXy T. n whi

gzgpﬁmhcjﬁéd foriﬁgnsgﬁg't e é%%%gF%%s%%ggs of:ﬁ% order to

noﬁ@$®$ﬁh%nﬁ- Thedl150f hreough-@panitegs ilentha, f oar large and

zZes ran bet ween 0.2
tdéiﬁgg]g gtggrdsaﬁgléng?eﬁﬁgse mf %%d%;$ %Pugh o
coanﬂagthwnoe ob theodt nventi on in which thF di anet er
htly | arger

| i 6, | _
Chalfitler 20 i GHETEIEdrie ARPRSH TR AeritarRn spternal

1@ chsiriowgrbel wasimeRd1NaViRAgusNtoUi 8l nili 4Bt 8L Rinuractured

4.9 mMmm Al l nmenbranes were cut in |lengths of 1 neter
at SF3PRE Y0 W LEPBIE T HRATRE | Y&tathe polypropylene,

r iyt atikAn 0090 Ae dope, s h
3a§ﬁ%$ép3?§d aggig%%%osgh of ZgQW?%)BoIge%ﬁg#g£+qﬂonnml The

(tyﬁ@bﬁédeandmw@) PE lthent nesdia: (apgde tmsgdi@?ag@r of the
coat ed ont o

238%%$FW% R ;P% QE%QEQQS %ggﬁ %%1¥%%6H?F%§Fal}gxte;nal

iﬁtbdgam&tevnoﬁeﬁhmncmrﬁ\Mﬁhﬁ mdremares d#t ened hbedbhew in the

o LG T BT A PR P OLH cHOPFo Hthal ddje tse of a

r emosmdno;mmag@rsrtsdm exphesicam (duyx acpsesssr enbtomdheail the
InSIdgiegngor%%l%&?qggm?ggiggitghégégﬁyir%mggIgéggtgggwaves
The speed of rotation can be varied in between 500 and_SOOO

20 rpm. ' | | "

[0087] In a preferred embodiment, a spiral thread
may be inserted within the cord. This thread functions
within the knit fabric as a kind of spring, preventing the

cord from pleating.'This spiral spring is manufactured in

25 advance and imserted in the cord during the knitting
process. Referring to figure 10, the spiral spring 103 is

fed through opening 102 to the core unit 10. A bobbin 101
feeds the fibre 104 to be knit to thread fence 14 and core
unitklo. The spring does not engage in any of the stitches.

30 The spring thread has preferably é larger diameter than the
thread of the fabric and is preferably a monofilament
thread, selected from the same groﬁp of materials as the

threads used for the fabric of the cord. Altermatively, the

spring thread can be made of metal.




WO 2007/ 116072PCT/ EP2007/ 053482 25 the outside
(col | apse pressure and menbrane detachment pressure).
For conparison, also a nenbrane (#0) supported with
Werggd1ddubl e- 1 ayer pol yester support was t eSCEEP2007/053482
(support 160 of figure 16), ? a support is
~described in 5 US 5034129. Table 1: Experi nental
results of nmechanical resistance tests for a nunber
of menbranes (test results refer to liquid nedia).
Menptana debai Labalat heemispaard Mechani cal resistance
Expl osi ogn 0/i nenbrane Cbllapse pressure etachnent
pr eE&¢fH

"~ using the wanufacturing method of the invention. All four
5 tubular supports are of a knit polyester (PET) monofilament
hollow cord. Fourteen needles were used in knitting the

-tubular supports, but with wvarying monofilament diameter

between the supports (from 0.2 to 0.4 mm, see table 1).

to the fact that the number of needles was kept constant,
10 the outer dlameter of the support remained the same (6.2

mm) , whereas the inner diameter decreased for dincreasing

diameter of the monofilament. Only the support of membrane

#2 received an epoxy resin coating, which was UV-cured, for

linking the engaging parts of the monofilament.

15 through-openings in the four support cords had sizes in the

range between 0.2 and 0.6 mm.

{o089] The cord was impregnated with dope in a
coating device of the invention in which the diameter of
the outlet orifice was 6.5 mm {slightly 1arger than outer
20 diameter cord) and e.g. for membrane #37a casting bob was
used having an outer diameter of 4.2 mm. All membranes were

cut in 1engths of 1 meter at a depth of 20 cm below liguid

level of the precipitation bath.

[0090] A membrane dope solution was prepared,

25 composed of 20 wt¥% polyethersulphone (type Radel AL00®),
-10 wt% PVP (type BASF K90®) and 70 wt% NMP. The membrane
dope was coated onto the support according to the method of

the invention. Coagulation medium was water. Figures 14 and

15 gshow the outer surface and a crogs-section of membrane

30 #3.

[0091] The membranes were tegted for mechanical
resistance against explosion (by a pressure from the

inside) and resistance against a pressure originating from

& pressur%@ur membranes (#1, #2, #3, #4) were prepared




(bar) (bar) (bar) #0 Wel ded PET, doubl e-layer (woven

i nsi de/ non-woven outside) >17 2 #1 Braided PET

nonoti l ament (0,2 m 14 needles) >17 >7.5 7,5 #2

VBP A0ARBOPET nonofi | anent (0, 2 M 14 needl es) PRl ER2007/053482
epoxy coating >17 >10 10 25

10

15

20

the outside (collapse pressure and membrane: detachment
pressure). For comparison, also a membrane (#0) gupported
with welded double-layer polyester support was tested
(support 160 of figure 16), such a support is described in
US 5034129.

Table 1: Experimental results of mechanical resistance

tests for a number of membranes (test results refer to

liquid media).

1 Membrane Details of the support . Mechanical resistance
\ Explosion | Ofi membrans | Collapse
pressure detachment pressure
pressure
{bar} (bar) {bar)
#0 Welded PET, double-layer {wovan >17 1 ) 2
inside/non-woven autside) ’
#1 Braided PET monofilament (0,2 »17 >7.5 7.5
mm/14 needles)
#2 Braided PET moncfilament (0,2 =17 =10 10
) mm/14 needies) with epaxy coating
#3 Braided PET monofilament {0,3 »17 =10 10
mm/14 needles) '
#4 Braided PET monofilament (0,4 >17 >17 =17
ram/14 needles) ‘

[0082] © From table 1 it is found that all membranes
offer excellent resistance against explosion (more than 17
har), but,laxge differences are found in resistance against
pressure from the outside. Prior art membrane #0 already
detached starting from 1 bar and the membfane easily
collapsed starting from 2 bar, resulting in a pooxly back-
washable membrane. Membranes #1 to #4 made with a braided
monofilameht support did not detach from the support at
all, even not at their collapse pressure. It is also
observed from tabkle 1 that using PET tmaﬁofilament with
larger diameter during the braiding process resulted in

higher collapée pressures.



#3 Brai ded PET nonofilanment (0,3 ni 14 needl es) >17

>10 10 #4 Braided PET nonofilanment (0,4 nm 14

needl es) >17 >17 >17 10 [0092]Fromtable 1 it is
WeaMd/11#z al | nenbranes  of fer excell ent resiP§TARW7/053482
agai nst expl osion (nmore than Lg bar), but large
dlfferences are found in resistance agai nst pressure

RIS 211 9% PEAR! L pEIRASRS 0 oreiold cneas

CO't'a.&@éeﬂ ghawt i PHaf resapd-Hay #J esigH I}Jigz}deﬂ @ .poaed yhamete:r
back-washabl e nenbrane. Menbranes #1 to gade W th
a EﬁﬁﬁaédhﬁﬁnéfFF§#€H9C§&pE@FFSHFHCﬁquHéY% nf Gy membrane

'thQBS%EEﬁrhnﬁﬁnﬁéh OegeﬁmngﬁaﬁEtEPethr§95|Qﬁé@ linked prior
pressure. It is also 20 observed fromtable 1 that

usitrgmPEFraEm ofdd Hmeit WEOWingr Bee HRFAstet RAgkvisgh-ability
the bral di 0, PLACe ST kesUlhednt i gher coll apse

pr essures.

10

15

[0094] The membranes acceording to the present

invention are suitable for microfiltration (MF},

ultrafiltration (UF), nanofiltration (NF}, reverse osmosis

(RO), gas separation (G8), membrane distillation (MD),

vapour permeation (VP), pervaporation (PV). Such membranes

find their application in a lot of sectors, including but

not limited to:

- croés-flow external membrane bioreactors (MBRs),

- submerged MBRs.




26 [0093] As for the nenbrane 42 with |inked thread,
table 1 shows that nmenbrane #2 with linked 0.2 mMm
di aneter thread has a nmechani cal resistance
equi valent to nenbrane #3 with unlinked 0.3 nm
di aneter thread (not |inked2prior 5 to nenbrane
coating), show ng the inproved backwash-ability of
the nenbranes of the invention. [0094] The nmenbranes
(ﬁ&&ﬁﬁsing to the present invention are suitablefor
_ iltration(NP), ultrafiltration (UP),
nanofiltration (NF), reverse osnosis 10 (R0), gas
separation (GS),. nenbrane distjllation (MD), vapour

per mbat i ot Mgiod gk pyedisg: fosinfpred bglanbolgmsrg fagmbrane,

fin i ' {fon in a lot of sectors, including

but %ﬁgj?ﬁf{nﬁlﬁ?eg%é@ﬂ - cross-fl ow external
~mafdidreuriticar Raeiles pofoBRbujar pposiubmerfgsd nidBfilamet thread,
CLAI M5 1. A nethod of producing a reinforced tubular

—polpragnpiéngreho riahelar coRpet s ¢ holypesies sefution to obtain an

R DR, L BP0 e
S Wopidet ofwhé bupdoptaindetidrebystb iirie lurhéh @fthaitbul? support at least

i mpregnat ed tubul ar support, whereby the polyneric
s dRtitaly dills gvithadfe pplymers solioRi de of the support and

- Sl ¢ ol e I o Bl e SUREE L O

—adipstingthe bbRr dRReterdif AEinghediatddhebilanuppsiat ed
tubul ar support, adjusting the outer dianmeter of the

—i npmegiag e inragrateds Gpwdart SuppetinTe ras prggipithieon bath to obtain a
i npregnat ed tubul ar, support in a precipitation bath
¢ BRSPS bEP B ced' menbr ane, and
— cutting the impregnated tubular support while it is immersed in the precipitation
bath.

2. The method according to claim 1, wherein the step of adjusting the

inner diameter comprises passing the impregnated tubular support along a casting bob
and the step of édjusﬁng the outer diameter comprises passing the impregnated

tubular support through an orifice.

3. The method according to claim 1 or 2, wherein, in the manufacturing

step, the seamless porous tubular support comprises through-openings having a size

larger than or equal to 0.1 mm, preferably in the range between 0.1 mm and 10 mm,

more preferably in the range between 0.2 mm and 5 mm.



cutting the inpregnated tubular support while it is
imrersed in the precipitation bath. 2. The
nmet hod according to claim1l, wherein the step of
adjusting the inner dianeter conprises passing the
i npregnat ed tubul ar support2&l ong a casting bob and

the step of adjusting the outer djaneter conprise

passitng t e mededgeserding B0y SR SUPSSFEcCnE SRS atperein the
irgﬁﬁe%%ﬁgisﬁ?p is rpeirérmgmﬁl ?’g%%j[u AS5Qr di NG Pihe @R lsuBport is

€ manu i ng step, the seanl ess
plshed ot gtbiik 8batiignieetce. conpri ses t hrough- openi ngs
having a size | arger than or equal .to 0.1 . i
pr ef &r abl yhe pethnd acsprdiede £e en° 8% e ey gf@?“ﬂfn""herem the
[factbi ik <liRg; € oP&liNBRN0MiatchT AR whidHBngage
Z,Mdcmég{eﬁ%%lphéﬁsﬁ%ﬂ corgi ng to gny gne of the 838
apl/ectedétng cl ai ms, wherein the inpregnating step is

performed_jn a_coating.devi ceand t.he .t ubul ar ort.
i s pgshedTpﬁpﬁﬁﬁﬂzgﬁg%gggpﬁﬁamuggﬁg@?n¥m3ﬁfpgfﬁﬁﬁggpaﬂsOf
ﬂﬁ%(‘i}%ﬁ‘ilfﬂﬁﬁgMb&@c&n@p&@é’ﬂﬁﬁ&o—ﬁ&aﬁﬁﬁaﬂﬁﬁﬁ%d| ng clains,

wherein t manuf act uring st.ep conprises |inking .

part & of Fhé chettmdofdcouimento déimeddvhatdie Hleeﬁgag%h%ﬂ@% garts of

t ouch. 6. . The net hod_ accordin -claimb, .

- ChgpmpEiHamr G SRR et St RAB SRS g guine or
hirlEBRY sHAMRELS BRfirhRly OV IduKak ithg ré#i o hakdksing the resin’with a
The nethod according to claim5 wherein the step of

harderkimaccpkberater. of t he nonofi | anent thread conprises

coatjng t support wit.h resi n ang . curj . :
har dg‘ni nngE%li 0edVS|a C,OI'%F%?}_ 8 ragjgl (gr)/he - (t:lfjé r \Hr?gg%‘ﬁ% c}aérgf’nﬁ]ﬁher
cathpriaddd PRioR §o THeini@esatink skpatteadieeol ngerdag @l e-dbrated spiral
8.” The nmet hod according to any one of the preceding
thedadiinte,the mbvhénsum@ﬁmnﬁgmhglg Sﬁ&di-sarfalttgfqaﬁ o th%\“é@ﬁﬁé?gﬁ‘iﬁt-
step, the f. jnsart f ' it 1
hrodd i b R AR Bhog e R BRLeARE it wherein in
the finpadenitiieeach the polendridudlaionshapporigcosity in the Gangd etween 0.5
nmet hod according to any one of the precedi ng clains,
Paph k39 K4St he i npregnating step the pol ymeric
solution has a viscosity in the range between 0.5
Pa.s and 500 Pa.s. -




29 10. A tubul ar polynmeric nmenbrane conprising a
tubul ar support and a nenbrane substance, wherein:
the tubul ar support is seam ess and conpri ses
nonofi |l ament thread, the tubular support conprises
through openings t he tumﬁ%u support is enbedded in

t he ubst.ance, menbr ane su ce is

et Lo b et BHSERA dPoaRnT KA BUEEE Rt upRert and a
In&ﬁﬁ%h@&ﬂ%ﬁﬁ&?%hwﬁﬁg fills said through-openings and

the outer di anmeter of the tubular reinforced nenbrane

i thedgludir suppdrhis seunbsss aiderenmiscomonpidlamghihegad,
olynerlc menbr ane

ul ar .
- aﬂ%&ﬁ@ﬂﬂﬁmpgxﬁVgFHQ%ﬁ%nﬁﬂgh e t hr ough- openi ngs
- haxausuls stfpdrfsdeibeibaninahe ﬁﬁﬁ%‘rarfe%u@stﬂndém
preferably in the range between 0.1 nm and 10 nm
- nﬁmempmbtaéﬁ abbsjanset inawpseot botnitathel isnaaand the oy wathef the
ul.ar Iy 3 g toclaim10 or
1 v%é‘% OFf ggr ]%S qﬁﬁ) ﬁ' ﬁ%'?gésgérlr@nt t hread t hat
- eﬂ@a@lﬁeﬁﬂ%wtert@ﬂl&{b amaldri teledokcby ndrhiganeréargqudlh@nthe outer
t he nenbrane substance and in addition to the
neiegicies ef thepabuacepport. 13. The tubul ar reinforced

menbr,ane Ctﬁﬁl‘ﬁhpﬁ%lﬁrﬁj gll %11 e %‘b%ﬁﬁh t§ %1 PRy, tvﬁleﬁé{m the

t he nnnof anent t hat engag or touc
thngh-loberkigh Taywe asigdlanger hmmd@mpia]r ©d).hmm, preferdb!ly ifTHe range

tubul ar pol yperi c nenbrane or di ng. o clajm112 or '

belpseen oo Bt FACLH B GRATF BF S POFI Bk PSEes] O8RS of

monghi | angt cfgeﬁﬁ A AgARtcaREng o BRYALIONG 11, wherei
Ioogg argﬁﬁﬁwﬁg . y]ﬁEl]'qclS. Thez?ubu grore.inforced-‘{-Verem
partenn’ﬁﬂwmomnf‘damdntrtgread tldt aingagendin éoushrare dinkied bip othgr means

ol ort knjit or crochet.ed. 6. The tubul ar
SRR Aot i H AR BTy e MR CPS e

cl aitgs 10rHcGubdar MEHRED idhbtaRDRRbidiRRN¢lafiin 8ahdiSin said
sel ected-fromthe group consisting of

paps bf e tregnofiddnyentritldeadol yet hyl ene, polypropylene polyet
her ket one, pol yetheretherketone and
pol yphenyl enesul fi de. 17. The tubul ar
reinforced nmenbrane according to any one of the
clainms 10 to 16, having an inner dianeter equal to
the i nner dianmeter of the tubular support.




18. The tubul ar reinforced nmenbrane according to any
one of the clains 10 to 16, conprising a spiral
thread inside of the tubular support, the spiral

t hread enbedded i n the nmenbrane substance.
30

that engage and/or touch are linked by cured or hardened resi_n.

14.  The tubular polymeric merﬁbrane according to claim 12 or 13, wherein
said tubular support comprises loops of monofilament thread and adjacent and/or
engagihg loops are linked.

15, The tubular reinforced membrane according to claim 14, wherein said
'~ tubular support is knit or crocheted. -

16.  The tubular reinforced membrane according to any one of the claims
10 to 15, wherein said monofilament thread is selected from the group consisting of
polyester, polyamide, | polyethylene,  polypropylene, polyetherketone,
' pquetheretherkétone and polyphenylenesulfide. ‘ |

 17.  The tubular reinforced membrane according to any on¢ of the claims
10 to 16, having an inner diameter equal to the inner diameter of the tubular support.

18.  The tubular reinforced membrane according to any one of the claims

10 to 16, comprising a spiral thread inside of the tubular support, the spiral thread

embedded in the membrane substance.



