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WO 2004/ 044280 PCT/ EP2003/ 013031 APPARATUS AND METHOD
FOR FORM NG MATERI ALS Technical Field 5 This
wonverussn rel ates to an apparatus and net hod POT/EP2003/013031
form ng extruded material, such as filanents, fibres,
ri bbons, AARSRATAS ANDMETHODIFORGRVING MATERIALSUI d
sol ution, such as a polyner solution (which term
i ncludes a protein solution or cellulose solution).
TedmideFioind Art 10 Met hods of producing filanents or
fibres gave been known in the art for a long tine.
For exanple spi nni ng techni ques are used to produce

Spont eRRRIYEEHD ph il nd Bl T iRty mateial,such

as ﬁlemhms,cﬁlﬁes mibbbuss khdetd ot 301&[ prodﬁét@d:‘rtﬁﬁd liqmd%ﬁﬁioﬁgsuch asa
1 l10‘?31’?dragf‘:g:aterla dto be solidified throug
polymprsiplution, (whick;t es g grofeia selufigneneell "B?ﬁélsgléltlpm)om

the end of the porous porcelain tube in this

di scl osure. An operative nediumis introduced into the
rcelain tube through the pores of the tube.

There is currently considerable interest in the

devel opnent of inproved processes and apparatus to

enaVitthoddéf produtimctilihRnior BBt PaVe bdcnXiBWhsn tid Jﬁf for . long time.
ri bbons or .sheets. It is 20 theoretically possib
For gxampls, spuaning '&P@mqmswrwa}ﬁ te produeefibres oo polypner Solutlons British

f.th
patén@ ﬁﬁ%ﬁo §§u o h 2 ?(?ﬁegretr cﬁs&&ée\?\ﬁ}x@%cﬁxﬁgo { @Plé filaments are
produceﬁ by pammgmiiqmad ravEmatenig] totbelsglidiﬁileﬂ #direudita ﬂ(ﬁfobﬁ Pércélain tube.

The et piipize 1Roh the ot e Horou potmebgn o e s diselomas, An
opefafiPe fediBi 13 InteddubEy Bifo TRIpBIA t(ﬁrcei'z_ﬁ?ﬁlbﬁ glg'tgu%l 1219 lp%fés of the tube.

incorporated into a matrix wth or wt
f|IIer particles to produce tough 25 and resilient

l.S. he orned yomfibres
rl%bons cgﬁ cﬁg‘“é‘?ﬁgﬁ rgété{lﬁléer&?‘% OPBICH ¢ oved processes and
appdram; ttﬁélﬁﬁleﬁhﬂmﬁﬁfaeﬁre d‘f}io%&ﬁér fHih@s, dtRed, +iBBons! di‘%ﬁée%i $ is
nt s, rod ed by fhe SI kvvormBorrbxm)rl

theoggioall paroitle sauith Iigh fensile siengitvand fagehness by
en rtﬁ@oﬂ@ﬂtﬂhohhﬁ‘ tﬁey}% Pk xﬁoﬁ&:ﬂg‘ﬁ{flﬁtgg’ fvgﬂ:st hey R rzérgeact with

for he rmnu1 acture o mat er
one ammhqro&fgm& tigb ffilarhents, dibaeyl dr mibbend dce uséﬁlhﬁrthéii“ oOwn right for the

can e ce d.that. of Kevlerm the toughest and,
mangfap g‘ﬁ Ry, fhreadsspprds, 1opgsa WPHRL OIS Y ven materials. They

can ﬂ@(SB@ﬁl‘éngbﬂi%d ﬁﬁf ARbatrBd With b witholYMer SllbKSarfibIes t?TJ'Ep?Qduce tough

blodegra abl e and do not persist in the I ron

and regidigniggomposits mptepinks. Shrgtsawkethor domsddriny ﬁbacsrur gibbyns can be stuck
f ure and | ow tenperature process
togefhet oot ol R BLERA g, O The o 2004/ 044280
PCT/ EP2003/ 013031
Natural silks are fine, lustrous filaments produced by the silk-worm Bombyx mori and

other invertebrate species. They offer advantages compared with the synthetic polymers
currently used for the manufacture of materials. The tensile strength and toughness of the
dragline silks of certain spiders can exceed that of Kevler™, the toughest and strongest man-
made fibre. Spider dragline silks also possess high thermal stability. Many silks are also
biodegradable and do not persist in the environment. They are recyclable and are produced by

a highly efficient low pressure and low temperature process using only water as a solvent. The
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2 natural spinning process is remarkable in that an
aqueous solution of protein is concerted into a tough
wand4gisby i nsol uble material. According to aRCaEPR®BA13031
by J. Magoshi, Y. Magoshi, M A Becker and S.
natidallspinming prbceasis retnackabBi io $hpit an aqupo@iSsdlistidn afprotein is concerted into
Farmati.on, .Mul tipl e Spi nni ng Mechani sns)" published in
ato%%‘g}lﬁym@yﬁ%ngtegﬁfcyd opedi a, by the Cheni cal
Rubber Conpany, it is reported that natural silks are
PT QCHIGRE DY RAPAS bY . AUGELSHD VI NS R N HiRRer ¥al S Nakamura
cannot yet be duplicated by man-mrade spi nni ng
enfitlet TRiospgiing (SilkOFibebramation dduktigleSpinning Marhanisms)” published in

tech ogi Locesses .a a I s suffer fromthe
polyeSOpiEe s ool B R Eha R oGoEr Comphy s'iSfppRS ta
natur83dEs 4@ psetiiled By SophistioRite Spihding t@hhRatSwhiRR cihid? vét be

consequent degradation_of mnechanical properties.
dupkigateda men-made spinpipg dechpplogissses are not ener gy

efficient, requiring high tenperatures and pressures

t oeduce .t h Vi scosi t f the feedstock so that..i
o RUTE BN by HBRE 1enlb b prp SRS oRY @ Pathl Sl ypm the
folloWding ﬂﬁuﬂv&d:;ggi MarfehoT! "dief sivelll" whidlEleadstb 86 @48 'of ndofecular
.anneal ;the fibre with heat, and to _process it _through .
oricniafion with agepsequent degradatinn of mcchanrieal prepesties. Pyrghesmgrep pxisting

proc e A ool e MYl N R D i gl Woducethe

bl S

" viscodityl dfitht feodstd@bkspahat it ¢anche farved frapgina GiceStpavitie kiageslareldfien

20 .which teaches a nozzl l,ate with a.pluraljty of ;
requift. AT HEFIRIF B8 1ol (g o appel the g sgh heat, gd to process it
throdglficpatitel LRI G MRdIRERAhtnttnEbaNE! | Whi ch occurs when the

spun fibre or filament energes fromthe exit of the
nozzle plate. A systemfor producing a

A TR 4 Sl BBUR 4 Byropen
PatehtnAiplicaties EP-AH0i 656 43P |(Fiﬂ1@dtio(ﬁr8y@t'eﬁi_$1 m&emda{?pm Sieel Works, Ltd.)
whidpschont poris Baeatiine Berulty ohipinning heles i hisddBmsr ala however,
to adiRess tﬂ%ﬁr@bﬁﬂﬁff #ﬂﬁw&%ﬁcﬁ obQirs WABE Hie" s?gl:i lki?&%ﬂﬂbﬁﬁ.éﬂg:merges

nore than one fibres. This docunent , however,
fromt the exih ofithemezale plateof the fibres and the di mensi ons of

the apparatus. 30 Sunmary of the Invention There

remains a need to rapidly produce a | arge nunber of

2 | ghsyStemefoppradiidiRe 8 snulif¥hg 8t QbMp3Bitd1bre B RddFdopean
patent application EP-A-0 104 081 (Toray Industries). This application discloses a spinneret

assembly for producing "island - in - sea" type fibres using multiple feedstocks. The spinneret
assembly can have more than one nozzle for concurrently producing more than one fibres.
This document fails, however, to teach the size of the fibres and the dimensions of the

apparatus.

Summary of the Invention

There remains a need to rapidly produce a large number of high-strength fibres.
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These and ot her objects of the invention are solved by

provi ding an extrusion apparatus wth at |east one
woOi2o@Ho448er voi r connected at a first end to apCiT/mEPR003/013031

opening of plurality of regulatory nodul es contai ning

pasThgesaridh btheg hobjérite of nthe einveritions awx salvethlby eproviding an extrusion

ext r USl tﬁg @ggar at sstgg%?\( Og%c()ln&? %]thfﬁ%sgt%‘ pagﬁrg?%eng,g of plurality

of' 185fR AN IRRKIER| codtinRe paRads Mhagighl Whkihodugathl {Ehextrudable. The

passagés can be, for exanple, tubular or
eWuSMOapf@mhaS bt lagste 1.900 nassge (PSS SBWHD Meienerogt-sqchan. Using this
tr usj on appar
aprie  of PR O ek i b8 iy BEGHuBREURE passags canbe,for example,
tubfifae otiibbodf shapskcond reservoir allows a 10
mul ti-conponent fibre to be produced. The extrusion
apparatus further conprises sensors, such as pressure
SeNfOiR adviith pf@&ﬂﬁ &diniehtétihe eﬁﬂﬁmn%baxﬁﬁ@% Rgultdry module
sensors and/ O t-scattering sensors. These
addigormily sompasasraelaakt@qsacmﬁssesvomf Th useofia sgsonghreservoir allows a
cess a i d, adj ustnent of the 15
m“&?‘?‘ﬁ%‘?‘l?ﬁpgwa?g ﬁ)@ required. Preferably the
sensors are integral to the regulatory nodules. In

this enbodi nent, the sensors are not constructed as
sep’ﬁh@at@(h@ﬁlpnt pmyratgmfuﬁther fcﬁﬂwé'éesass%%’ﬁ shich; @& pressure sensors,

gagurﬁ o&&%@ﬁt %%xg? egﬁ}{e%(éngy rregig/ﬁﬁ t%&:&%ﬁﬁggnsensors These

sen‘s@e dad¢aealesthe Wﬂeﬂ; fof thax extossicnprpesa raat! lﬂ]owSmptd adjngiment of the
can be p| ezo ctr vi bration punps or other known
ex‘ﬁﬁf?ﬁ‘scon E’é?iiges may have flow inlets. These
flow inl ets al I ow the addition of further material to
the feedstock during the extrusion process. Such

f ur Prefarabip the senbors ard itégnal|to dke regulotony snogles hinghisegmbodiment, the
th rt f. the f I
serbOFs 1 0fsp g o, i, SoppkliE enftlst AP t Riflelt s pall'S¢ the reguatory

modtilesess i n advant ageous nmanner. 30 In one aspect of
the invention, the interior walls of the tubular
passages are made of a perneable material. This

al | pys e | f
i nt erl i (ﬁ ég)p%'gsr éﬁlar11%:oglrﬁg}(f):rII dﬁgge) | nt%k%maiﬁr%‘)dmes for pumping

feedstwksdmbu@t thei casttﬂlsmﬁh@pamglm Such ypumputass be griedpeelectric, vibration

made, exa either by injection noulding or
PUINRE QO bl 4 ' 2004/ 044280 PCT/ EP2003/ 013031 4 In
or der to av0|d probl ens of die swell, which may | ead

to a reduction of mechanical .
The passages may have flow inlets. These flow inlets allow the addition of further

material to the feedstock during the extrusion process. Such further material could include
dopants which alter the properties of the final extruded material. The further material can also

modify the extrusion process in advantageous manner.

In one aspect of the invention, the interior walls of the tubular passages are made of a
permeable material. This allows further material to diffuse through the interior walls to be
incorporated into the final extruded materials. The regulatory modules can be made, for

example, either by injection moulding or laser ablation.
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strength of the application in operation the materi al

is drawn down at a first distance at least 0.5 mm
wonemwoassout er exit opening within the tubul ar PCT/EP2003/013031

passages. 5 Internal draw déwn is aided by providing a

ri dpeddeuo fazoid pobleins of diceswdl, whiclf may leafl to ahredudtiot lofimechanical

ass . The height of the ridges.on the ridged .
stregibro db¢ applicatign L pepatianie ppletial gvgrapmetovin @ affisshlisiance at least
0.5 8fm e PéuBasHaRninE VA H2S8b04A pligigkd dged surface

are substantially continuous and are substantially

oriented parallel to the |long axis of the tubul ar

passades.i..h ri.dge re pr.eferabl onstructed.fro

D SHARE 4o B SR P £l ST B B8 s of
the aibuldd Padsaye MhicdiRight gbthe ridges o tigaitied sinFas 56 BPially tess than 10%

representati on_of apparatus for the formation of .
than, fhe: dipmetsraefetubylas masvage-o The iridges gnsibe idasd ; surceiag, sebstantially

. L ) ! . Al

co e B AT R EnEATRlAEMo hp BB hd By passages. The
ridgeharerpréfarablygonstrictedirgru oe c@atedswith a diydropholsic peataiadbct i ve

view of the die assenbly shown in Figure 2; 20 Figure

4 is a schematic exploded view illustrating another
Disclohieel b invehtion di € assenbly of apparatus accordi ng

to the invention; and Figure 5 is a view show ng a

nunber of die assenblies of Figure 4 assenbl ed

to - 2D | . Uni Gt o..enabl plurality of. fiores .

t o HRRE, i arpirdlst s heliE bt o 4 dpplytn for ¥ Rfmation of

t ukktraded mdteridls fahapginthgesotimicn; i n t he tubul ar
passage. Figure 7 is a cross-sectional view of the

tubul ar passage. 30 Detail ed Description of the

I n L ON;T, L SERV _Qf ' %Mm ' S s .

pr ‘gguczgdlrsagl%icﬁ% si| Elrogsr %g\(/:lugﬁe}g ‘?ﬁ‘g Eggn S e?iobrn%ﬂ?%gﬁl axis of a die

i nassembbnof theapravatus shomoh in Figurdy; maki ng the wal | s of

the or each tubul ar passage at | east WO 2004/044280

PCT/ EP2003/ 013031 5 partly perneabl e or porous,

pr Bigked s schb@bfid pabpects Viewdif therdie Bssefndly d100@LH Fifure 2;

the tubul ar passage, which is preferably tapered, 1t

is possible to control properties such as the pH,

wa oft L Onj 054t ' f .

{hire B ENenerh @Y GG plely Ao dEfher EMbBRnE of o dic
assembly of apparatus according to the invention; and

Figure 5 is a view showing a number of die assemblies of Figure 4 assembled together
in a unit to enable a plurality of fibres to be extruded.

Figure 6 is a view illustrating tumbling of rod-shaped elements in the tubular passage.
Figure 7 is a cross-sectional view of the tubular passage.

Detailed Description of the Invention

The discovery of the way in which spiders produce dragline silk provides the basis for
the invention. We have found that by making the walls of the or each tubular passage at least
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the tubul ar passage of the die. ldeally this enables

t he phase di agram of the spinning solution 5 to be
woani4roakised al |l owi ng for pre-orientation of theCcT/EP2003/013031

fibre-formng nol ecules fol$fowed by a shear-induced

pagiiiygeemszhia ba poxins,gprefesdblyo véle@ive Repdrokeabit iatvmgahe length of the tubular
i nsol ybl e, fi%re cont aj ni hg vyei | -orientated fibre,

PSRt 5 PSEHERY. oRF,ahiS BT Io A GoMie ISoRRativsi0ih o5 fe PH, water

coﬁtéiﬁf‘io%ﬁc &ﬁﬁﬁmandaéh%aﬁfégﬁﬁé‘ peagd ﬁ%{;ré@%golu&&l in different regions of

encl osure neans t.O provi d_ one or onpartrrents.
thetnbular passqegrof thadis. eallyathis enakles she phasel digtane of thewspaming solution

).nrhe or each. t ybul ar. passage suitab as
to BEESANGIR) quolife 3r SRS Hichiabon 3 BE T e 2Rl Fptlowed by a
sheanihdaced phiset sepiratitie and Bowin)l the forffio® Gf GhsohB1E YHREL containing
terial, and 1s typically divided into three parts

wellorisnigted fitse, Jampipg olspuleshe first part or initial zone
allowing for the pre-treatnment and pre-orientation of
the fibre-formng polyner nolecules in 15 the liquid
f eedetvenlenflyi the tvalld alefining tHee tuballer passadeys)daeweeomhded by said

he second reg{ﬁﬁn or subsequent zone_jn which draw .
encloStis S io PIDFIE 48 of UL OMPREmERE. ThFSeIPompgEmesissact as jackets
arofid the bR PRYgeRN ATHeG dallY uﬁﬁlég ggﬁﬂ% El(t)i’.?ibi}hﬁafsdangﬂ?ie at one end to

or final zone has”an outlet or restric
receivthe-spmpingselutionand gp putle at thepothardon the fiermiedss esfrudddanaterial and

s G iRl 5 0 S Pl e 5] Sl it oo
allowfing Corathe po-trelitMehtiid pRélofiti@ton bf thei fibre Bsning pgﬁg?g &fblecules in

that_ any solution or solvent or other phase or S

the diguidh dergistogk ries toj formingnthenmatesiabivy drawt dem.t the sseond region or
sub§abnt! 2Rk iR 'wiRas alaag@ﬂ@\!vﬁ %ﬁ S VifiPeali® (t)z#k'é%) hiea%?%dt\mch functions as a

fi'lbre as it noves through and out ul ar
treapraerg aagel. c@ing rbagh, fandt the rthixd gt oo ffinkh 2orientisntm @otlet b€ opening of

restie BroSe e m A A PrRaFatias Ly af DECAMBE of the rcatment bath"
with e aflbipth fibieOadd'® prdbide For PRS Edffencelttat by rahhﬁftiog%l air drawing

material” can either alter the conditions under Wwhi
stagehe extrusion process is perforned or can be
I ncorporated as dopant in the final extruded material.
30 In an enbodi nent of the invention, an opening into
andt wilt boapystedigted that hiy sollutioans: solvens@csihet 1PhatdiSurrounding

bul ar passage al|ows the introduction of a coating )
the éﬁliedn otecond Bareolhe pr gach fylpar Rassag plso sees plBbrigpte the fibre as i

OrBet 3031 6 All or part of the
mOI engtgﬁﬁ{o%ﬁ(‘e%%h tubuﬁr pas?g%\ge typically has a

conver gent geonetry
In a further aspect of the invention, the walls of the or each tubular passage may

contain flow inlets through which further material can be introduced into the tubular passage.

The further material can either alter the conditions under which the extrusion process is

performed or can be incorporated as dopant in the final extruded material.

In an embodiment of the invention, an opening into and surrounding the first zone or
second zone of the tubular passage allows the introduction of a coating onto the surface of the
fibre or extruded material.
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typically with the dianeter decreasing in a

substantially hyperbolic fashion. According to G Y.
wGhenjo4d288. Cucul o and P. A Tucker in an arti eC®EP2003/013031

entitled "Characteristic and Design Procedure of

Hy padbed patt &f #e"length toff eactobnlat padsagiotypivally bad £06@&igent geometry

Part B: Polyner Physics, 5 Vol 30, 557-561 in 1992, it _
typically g fbgdyl?lﬁaf@r FSHedRATbsRnta b rerhelis dashipn, According to G.

Y. [CHRRE JRNCRGIo 18R BVAD ThYke! Shh &riilicCetitiel Tharacteristic and Design
convergent hyperbolic geonetry 1nstead of the nore
Pragedure of phpatbiolit Diegliin(the Jousnal of PobaherdBogemcesT Part B: Polymer Physics,

0 f tantial l |l por part.of phe or. each
vof dflurarSebm 895 85 oty My 54 oRBibigh oh OIS If 2 bre can be
imploved by @singanale With\ éohvbipentSRiperiiolie geeétry AhstédOthe more usual
and to_vary the cross- sectional shape of the forned
pargligl eapillpry s conicallies-om i t . The preferred substantially
hyperbolic taper for part or all of the or each
tubul ar passage maintains a slow and substantially
c on$hegtonsdtrynafodubstantially! abhvorr mirtcoft thel or pachvabilangassage may be varied
unwant ed di sarjentati of, the _fibre-fornng
to Gfitice {he 2atp & shng%omf Hein the-spingiing Fplden @opsigadite ey the cross-
sectibil/ SAbE & the TVl RERIRA UsrBdhRUROEL R, Ofhd MG Substantially
materi al before the dope has been appropriately
hypedhwlicetapend for part oerv ell gefnthet epeach dubilar passageamaptsinsge slow and

: . AR | [ | flL whi ch, wi | I .
sublantlCnfiatl lonbREHEF AR AR S Ryentft et fsoriqpeation of he
fibibi fbmeing Oibleb@lesatatting Frons Rafibtiéd Gh ehe Wlongalibh! flow rate or from

parti %I es contained in the dope by exploiting the well
prepaiiss iggmation gf msglubly wAsHR) bafere the depg hax heen appropdatgly reoriented.
L G f ' QW - i t . .
A ol S 08 ETABBE ind SO KIS0 i i
tendigeithduce a sdbstantially ertahnlignmént in te fireforing ahdlesuldshatiort fibres or

o R RS 7 3B o B enio

flow EitérhatRRBH) the itlcile BASIBASEONRIIW thFSRghOAdivQ eBlt PAH R a die instead
fibres of the desired dianeter. 'In the enbodi ment of

of theeconyprsent dic gar dieoused tocinduce rorientasion ianthechoayr direation that is

. b . het h
sy SR o RRTORSE DA B RRED BB e
The theology of the liquid feedstock in the tubular
PR o e e e e IS Sl Soabmrs of e
desighﬁll @amEfRMn Jlg@ @mbggn%?f%lregg HNetiBh diéaﬁ)s&gg&lagfeﬂ&ptﬁg afBfeter of the

ows a W rang wWing rates to
or eagipfubulal passagedias do be cimsen Suchtthat b BAstnk008 dibrds. ar¢ produced per square
fibres are being extruded they may typically have a
et ameter of from0.1 to 100 m Typically the outl et of
t he tubul ar passage has a dianeter of from1 to 100
gmwth the dianeter of the inlet of the tubular

paddggdedlogn @ffthe tiquid feedstook inithe Jubulempansagtepl tivi dig is largely

indcydlf of Sl L Bnplind ot tiad 36 M50 Ber eI E Rt down. The

convergence of the tubular passage allows a wide range of drawing rates to be used typically
ranging from 0.01 to 1000 mm sec’. If fibres are being extruded they may typically have a
diameter of from 0.1 to 100 um. Typically the outlet of the tubular passage has a diameter of
from 1 to 100 pm with the diameter of the inlet of the tubular passage being from 25 to 150

times greater depending on the extensional flow it is desired to produce. Tubular passages of
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7 alternative cross-sectional shapes can be used to
produce fibres, flat ribbons or sheets of extruded
worb@ro4edss Wit h ot her cross-sectional shapes. ACK/E®R003/013031
part or parts of the walls of the or each tubul ar
alteRBAE GFos@sedtidRaldiipas saBk Yusdd @0 produee Sfitirel; tik ribbofs of sheets of
formed or noul ded From sel ectively perneabl e and/ or
extrpdedomatertals avithoother csesstseetiongbthapeose acet at e- based
menbr ane sheets. The nenbrane can be substituted with
di et hyl am noet hyl or carboxyl or carboxynethyl groups
t 0 Alebpparabnpatsofithe wails of trt aricach gibubio pessagaofiths tdit assembly are
suitable for_sp i ng. e. nenbr ane.can_al

constgietser Ko IoPeA PIOCy TS SHSHEH, PRFBIe and/or porous mateial,

sucld ik | efiiiogd B8etRb-basdddeRibRiheSebls] The @hentbrhfle can be substituted with
pol ytetrafl uoroethylene 10 particles. Oher exanples

diethflamiroethyb be cathaxyd rorparkaxymetib graups 4 delpompisiein prtein-containing

nmenbr anes, .such. as_hol |l ow.fi br r .
dopfio . it TP SO e e BB 1R S B atiftRd substantially
hydfophbbie NRithr a Psiliveaziug OsY isilidiging Thstuttorc lowswith pélyietrafluoroethylene

sel ected for the sem pernmeable nenbrane, will depend
partiples; [hesiexamples of pegpeable arsl/icharays wetegat are iollppckiafmembranes,

of ' i cal .

s o 50 A5l 55 oyl gl binds
silicoa® ob polyatyionikeilec A Herexclusival kit selected for theatwimipermgable membrane

ool SRyl B i it
lessTREEL be held in place over a groove wth

sultabl e geonetry cut into a piece of material to form
the tubul ar passage. Alternatively 20 two sheets of

sel ectivel e / Qr r i al
o o o AP 0 R el BB 38 Gt from
selc6@RSY pefthedbite ahd/bit pafoup anstagal. infh tremibet iofedifferent iwags.eBy way of
sheet can be bent round to form a tubul ar passage. A
example QY ¢ elecibeIERerEeAble 2ng/op BPTaDs Shest Seibe Rl 3 gl over a groove

vﬁtt{rﬁ.gﬁﬁbhe%ﬁog%ﬁg At fffo pidta o thelers 6 ForHf thedlibul & palshst. ?ftematively

assage. By way of exanple only, a variety_ .
twoaheete bfisolectizely peunédbltharsl/orpogdusppatetia canbe helstia placgion either side

of gt 3O SFE i R R8s b’ e bR Bont roum
to forP 8 Ll drdPabsaes. 0 BblloW BT SeRchVElY Féiﬁibabletdﬁd/d'r poft@e $iaterial can
or bunps on at |least part of the wall. The presence of

alsoshecusedtel ponstract aller part ofifhe fbulas pagspgs Bywanel exampleionly, a variety
. id i
o E T e S

skilledén eHe s#€! ecti vel y perneabl e and/ or porous walls of
substantially all or part or parts of the tubular
passage(s) enables the proper control wthin desired

L1 Ao Sinfébior Walls %?%ﬁermore be substantially smooth or may be provided with
"ridges" or bumps on at least part of the wall. The presence of such modifications in the walls

aids in the draw-down process. Such ridges or bumps are typically less than 10 % of the
diameter of the tubular passage.

The use of selectively permeable and/or porous walls of substantially all or part or
parts of the tubular passage(s) enables the proper control within desired limits of, for example,

the concentration of fibre-forming material; solute composition; ionic composition; pH;
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the concentration of fibre-formng material; solute

conposition; ionic conposition; pH WO 2004/044280
wWOeCH4ER2803/ 013031 8 dielectric properties; OBODIEPL2003/013031

potential and ot her physico8chem cal properties of the

dielélé’llﬁi@ %r%érﬁés’j dshii‘)ﬁblUghﬂélm?l gﬂ&sﬁm physiep pihyinig! tplmpe_rties of the dope
. we - Known princliples. o lalySls, reverse . SIS . .
withinitheubplar passess byapPhingthe a@ﬁlalfl}oa‘ﬁl. PrEjciRles ‘zfd‘ic@?%% jreverse dialysis,
G ) th 43
e et B e COIBAP 401t B e composition
of thepdapei withinh theatubelac passagd. Ihevillabé sppiciatedethat agconirol mechanism

i.nputs relating to.the product ing, f.or 0 .
reces “‘lshr@iatfi‘ingr@t the B‘PB?“roﬁe e’%%(?ﬁ'ﬁ%%d t%rr oé%%? fean G/ Gpmeter of the
extfuld6d 'pesdiRt 208Rr GRY REREAte| dbubfifed b thetutRAaSpgsages sath as during
as during extrusion through the outlet of the tubul ar
extpuionafeough dhe wutlgs of) theotubBlar pessage.ofanche Mgtde to cpRifglnir example,
concentration t I tlon, . onie co :
polfR” Gl Sus EfiBmea, 1ot coifioR? PO HiclAflc properties,
osnitiRepotemias iandh estheraphypicogtenticat spropertibe ofl de dapé within the tubular
the tubular 10 passage. The selective perneability
Pasgagld/ or porosity of the walls of the or each tubul ar
passage nmay also allow for the diffusionnthrough the
wal I s of further substances into the tubul ar

pasHrgele})ive perneibility hud/ont proesityhef/be avalls|of dbg or eaghtefiular passage

| oper t han the lusipon Iimt of, t se| 1.vel
ma el oredh P o e wihls gl okt Syt inl, e tubulr
pasBRRES pRIvidedoths: hedeShave Glhlecul By weialit iwee Xigdinthe e¢lusion limit of the
t he addi ti onal substances added to the dope in this

selgetively perrasable materialdfrem which the pells @f the-ubulap Bassage(p) are constructed.
agents. c —1J 8K DEnRgeN iy de Rl S i thi
Byg?a isétisfé’lmi'ur?é%ni})Lg]r%g%rql Sl ze atélg?éesgat esstgggg (ggpepénsse?j rannet may
inclulde euigiictinne dophits; cobtinghagentsh vtoss-lipking agents;fhardeness; and plasticizers.
porqus, rather than beij Si sem per e. 20 The .
Lo A BBTRESIo8 GPF B RETPH, PSR MR o G DYgE paooee i T is porous
iR siA SeRGemBblACt as one or nore treatment
raﬂ{zégﬁgg%glrn%bsa ﬂlz for conditioning the fibre as it passes
through the tubul ar passage(s). Additional treatnent
can.occur after the el ' |
€ heTI GasopeBieiegls oL et 5T ¢ bl pASaf e sl may actas
onERGhore Wkt Pérses @f bath®for Renditioning miskefibib s itrpasses through the tubular

conpartnments arranged consecutively so as.to act.as a
paspastele Adriitionalseaimee pRS) 9ECuBIaGET Oh matesial dip exjes iy outlet of the

[h contact with the outer surface of the
tubé@?ﬁ%ﬁ%laé%l y permnmeable walls of the tubul ar
passage(s): Typically solution, solvent, gar or vapour

'S (C)Iné (C);J Jn%}eer%gitogg 8# 81'?3 otr I(?:aech tubular passage may be surrounded by one or more

L=

compartments arranged consecutively so as to act as a jacket or jackets to hold solution,
solvent, gas or vapour in contact with the outer surface of the selectively permeable walls of
the tubular passage(s). Typically solution, solvent, gar or vapour is circulated through the
compartment or compartments. The walls of the compartment or compartments are sealed to
the outer surface of the wall or walls of the tubular passage(s) by methods that will be
understood by a person skilled in the art. The compartment or compariments serve to control
the chemical and physical conditions within the or each tubular passage. Thus the

compartments surrounding the tubular passage(s) serve to define the correct processing
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30 conpartnent or conpartnents. The walls of the

conpartnent or conpartnents are sealed to the outer
weundsaaesof the wall or walls of the tubul ar paesage(s)13031

by met hods that will be unf#lerstood by a person
condifibhd @ethinheh@parat anyl peint alopg thambiilao passagais) {orthis way parameters

serve to control the chenm cal and physi ctailﬁl cq.ndi.ti ONS -1 il
suchyiag fifuen temmeratures Rydropiatic PEESSH g Congenttation ot ire-forming material; pH;

{ i ' U i JURE Sphy3RAN 8r chemical

solfi BRI KRR e e S
pardiSTaERAORS @R MBd in Aifforni tegioms ofithé tubularepagenge asttheydppe moves

point al.ong.the tubul ar.passage(,s). Ll.n this
dovftbe okt &t o, Hyoertr SORIPEIT, sontptiPlilenifi.or sepped changes
in tHY §§éé§iﬁ'geﬁﬁﬁﬁﬁ£€nié&dl§&blﬂ£inéd.bre-fofm ng material; pH
sol ute; Tonic conposition; dielectric constant;
osnol arity or other physical or chem cal paraneter
ca i iV L hetra® cdBe hsedUb afeat one side
pagjsoglg%ﬁg@}{ﬁéélg%a}gwnge\%{gagg@g#%e | ength of the
of adfosminByexwasionfin e xififprent way i, the ofher sideuEhis can helageds for example, to

st epped .changes in.th rocessing . 0 t. .
conl R 2 e 585K BSRRHEAL BB ALy af e cxusion
can BB HRdR BS i hor REstused to treat one side of a formng

extrusion in a different way to the other side. This

can be used, for exanple, to 10 coat the extrusion or

R B AT TG PPHEIR, it o o

temPEBRSS, PrésdiirePehentical udarposition,ysH tand'ot lightpmstierye. Using the resulis of
order fo measure paraneters such as tenperature .

the pirsaisy e PRdoEHPURRCIEB BT ERBIROYOSERIFUY bf fgHfmically alired. Light

soath Ogts%ﬁé(ﬂg car3ét8& thd ?rcrsﬁﬁdé', e @hd disibiRn ST Rtidles WitBin the dope

ess paraneters of the extrusion process can be
and ebgm awiklcapprgpriate sofevire, Idetgmingoshether itheydope dsrassol gpgel state.
detect the presence, size and distribution of
particles within the dope and can, with appropriate
S olf ANVSF dﬁ?lle idéavin dowdd ptﬁbeﬁshﬁlﬂgtyﬂmagy becur withisthie tobular passage of |
gel state. Al or part of the draw rocess, may .. ..
the djpirathr] §1aB caiufho vquten Froe 108 ek 2PSeple 28 @CEHS IpgFisiipe spinning.

appgliaﬁls.r 0l Mraitberhdlf FHrE havEGe Vvet Qﬁsﬁ'ﬁ% Finsiapg tipparatus. The.

S
as occurs in existing spinning apparatus. The forner
disteitioarng ensledulafdlignmenicivertp aligeswelkis aveided. Fp regiomnfithe die assembly

apparatus. The, distogtion of. molecular ali n .
afcf Gheg e rgRlafamipgncg Rt B e s gy i YRR ooty Goatings or
treafRaRER the ¢Rfrb$on. Fafhé) R84 Ipaft QMR i€ ARBIbDS istiigerdiirivated by the
own taper can be used to_apply coatings or

solventetinplese sumounidingdthe exfgusiyn. Further, the |ast part of
the die assenbly is water |ubricated by the 25
sol vent-rich phase surroundi ng the extrusion. By way
of Byxanpld enmpld balyathp apasratiscan Hseused dfdr fonminig Mibirgsgfrom dopes

o s S5 e S0P S8 S P

worm silk proteins or analogues or mixtures of such proteins or protein analogues or

regenerated silk solution from silkworm silk. When these dopes are used it is necessary to
store the dope at a pH above a critical value to prevent the premature formation of insoluble
material. It will be appreciated that other constituents may be added to the dope to keep the
proteins or protein analogues in solution. These constituents may then be removed through the
semipermeable and/or porous walls when the dope has reached the appropriate portion of the

tubular passage in which it is desired to induce the transition from liquid dope to solid
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worm si | k proteins or anal ogues or m xtures of such

proteins or protein anal ogues or 30 regenerated silk
woabuto4aso f rom si | kworm si | k. When t hese dopespraraEprussd13031

it is necessary to store tiee dope at a pH above a

I V.
profit | o eré AP TbR, THE R iy B8 KRl et 287 T Tt proueht by
dlalysm 8gAing enta@pr@ylatweicaﬂdlebbSB or bhﬁfemmhmmdolaqd]b velue at or close to the
ues

cnttgr Ot IP?E%%Q %,hl H%%Q%gio e%(;/gﬁ‘ sol.ut Icﬂxa{]%%m one or more of the

con§iR& PrITEIAL bE tIRGPE SRAABIS st suw@ﬁfmcste ehedfdfBatidSof an insoluble
reached the appropri at (Lel&portl on of the 35 tubular
matprials Agelatite hiseo apid or dubfexqanadsorbe diffiied dhnongh the walls of the or each

ARk ot oy ie SRR duProBiRdihg oiffipalitdni 38t to adjust the

pH Eliﬁﬂledimpe tm/'thehdlemem @aliue DViapour phmatgaeunem té hdjastithe pH can also occur
br ou t di.al ysi ai st pro ate acid or

aftepthe & ?@F%hﬁsﬂ@’% fg‘%?%g Y-or close to
the <critical value to induce the aggregati on or
conf or mati on change in_one or nore of the constituent

pr diheidraw @ate end langpe wall fhiskaesp geomahy enmateqal eempesition of the or

eact% gxg)leﬂag @ ﬂrla fbg eﬁ Sa%n%qltf gthcB 3&#\? de gg# }‘ﬁlrt g%ﬂglét?on times and

treaiﬂmwaidlﬁonsftobbanmetbapﬂmesbubul ar passage from a
vapour phase in the surroundi ng conpartnent or jacket
to adjust the pH of the dope to the desired val ue.
VaRsHdr ori8REreliond (OFRRE walls @8finAL thd'6r- Pi‘c‘hftﬁ&xlﬂ silfeCddn b d
after ?rhe extr%{Jded materlsé hasg left the outl S%é%h © mace
impehn@ahl@maymg Ibelfr et on wuten serfanes Withng smtabhamtenal to modify the

mte C KBess eg‘? 3%%&%;6%833;% OSI b ocnoaﬁ% eﬁm(%ras will be

undét&t@ﬁdﬂ a@bfsbﬁ&mtedhemeram on times and treatnent
cond|t| ons to optim se the process. One or nore

regions of the walls defining the or -each tubul ar

Paghadfingauriae HRARe walls! JTP@E BRRLE tibulSOpdskats é:ﬂﬁbé coated with
inner or outer surfaces with a suitable nmateri al

suitzhlgifopierinlsdo reduce itheafrictiany betwveap the wa:llsa)fﬁbm@lbnlabpaasa&e and the dope
byl [ . 4l .
or ShHE 818  BEHRE G0 U088 1B 10 1Rl pISpHE Ty RiTact RSt alignment
at tieuwallcsf thé tithdavpessapedh lighid aystaltiod pblymerawhanirsg are included in
an be coated with 20 suitable materials to reduce
thedaps. friction between the walls of the tubul ar passage
and the dope or fibre. Such a coating can al so be
used to i nduce appropriate interfacial nolecular
aI iAgfurthat embodiieat aiddWssfoobne bEMOmdaaddiﬁorpabssmgmdnts to be fed to the

Iagﬁgéi?g‘%ﬂlll ne rrer % eﬁtgpg{%?le ' S n%wg doggml)rg different
dopé%%ea&!)déxtuhﬁgé khr@@éﬁ’%%@ﬁfé tﬁlﬁﬂﬁepdcs%ée taflodiiy fof R forbtion of one

the or each tubul ar passage via concCentric openings to
or mek¢ enats andaysrs tedhe fibiief drdibzest

A further embodiment utilises a dope prepared from a phase separating mixture
containing two or more components which, for example, may be different proteins. The
removal or addition of components through the selectively permeable and/or porous material
can be used to control the phase separation process to produce droplets of one or more
components typically vvith a diameter of 100 to 1000 nm within the bulk phase in the final
extrusion. These can be used to enhance the toughness and other mechanical properties of the
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dopes to be co-extruded through the sane tubul ar

passage allowing for the formation of one or nore
woaei494e80| ayers to the fibre or fibres. 30 A PaTiERe003/013031

enbodi ment utilises a dope Iprepared from a phase

extARRA! Thé & oF XdokErgesiiiidiverzdiy dis/éwneeniemteindocgs ehungational flow in
whi ch, for exanple, may be different proteins. Tlﬂe the bulk oh

the deopdeisifo produsedirtentatedmd ebongated filler PWPS{?Q KT F%@SWI e bulk phase.
sel ect i vel y. r risaloe

A cgg\éedgérg dgéo\)r?}lf%ﬁ&?‘ﬁg l(ng% BIRHLRE sP BHSletEah §'diRkktior Batalkg to that of the

ase-separation process to
foried prodactonkpeatadiotrgantaliowilintand to ovapatedhe draplqss ididops transverse

o i T S A B e s s o
BRABSEah 1R |08 96 iR itk %gg&ﬁieé‘fﬁﬁ fienfos@bd prodRer. FultBer it will be

of the WO 2004/ 044280 PCI/EP2003/013031 11 extrusi an.
undBtatoadsthaiothe seleciivels permeable anilios pgeows vealls of dhe enheachdygnlar passage

B e

within the bul k phase. A convergent die w ||

orientate and el ongate such droplets in a direction ded b
parBhe ExtrugoR raap Féith fo8F nek %?ISdWWE%?S gSurrounded by a

%%%é&? ?)'g ncg)hgaamrle tst © ?(ﬁte"% dﬁlﬁk&@ tcah el &ﬁllsgfﬁ&gél %Sodhenor two stage

n
Ver se to i

co
rection of flow of éac

mopldirig 6 ethey mbthods keownu s perspa skillgd i thet 416 ThegeckeBodnnot have to

types of arrangement can he used to .en t .
TS O S Y T —
It willBe %ngglgilaﬁeﬁa&a’@ E%&ﬂhﬁ@t% Bs¥ dagrteeafdetoabréater simple or complex

por ous s of the or each tubul ar E}gssage can_be .
profitss dot the o £4clsubular passaggtand haeutlet of the dig\assprbly. Vgy small flexible
. pol isation of filkler ' '
ipd G PRl O Bnalasl B BpltCevek® BB bE B Xbntents of the
tredbivient ba@paTRidct AENtestiction bperablent aptionaladilitima) air deiving stage or wet

BT LRy ORI

mi%ﬁ%u. ROj6ER Some %I%é? QWfadPof HRMYPsCAtGhy otllét Bt 4428 to modify the

ar passage. e jackets can be of different shape
textame afthe synficaiceating of the ¢xtruded aptardbi at ed t hat a
nmoul di ng process can be used to create sinple or
conplex 15 profiles for the or each tubul ar passage

andit die exttoliBher® bf tHednintioAsthe eRirysionvappraratusis manufactured using the
flexible |ips can be formed, _.e.g. noul ded, at_ t

. h; .
so-ealletl k1G4 peeesventhe peneiplead e R ae desepibed in the book
nalreat . t _h JaGL | ot ; ;
A%%etv&l%gﬁ% :ﬁhé%@%% gﬁrlé% - Egseil .P%gfvierﬁéélﬂlﬂ( l&etﬁ%gll BriRR and Andreas

alr “drawi ng stage or draw ng

Sclahide(Hdrsgebri)e Mulichh #ankee Fachtveh 2001 et of the die
assenbly should this be required. The m croscopic
profile of the inner surface of the lips at the outl et

i f a1 .
Canﬁﬁl&% hfebeEE,)‘%h %%fihre%l?'?cgn&féfﬁ@ Rsplatd & SvefedCRith a layer of

coa extru erial. In one enbodi nent of

resish el Hervesistt is dypicallyea polyr(uethyh nzgthrsrdate)s (tersnadaPMMS) based) resist, but
usjing the o-called LJ. r.Qcess, . he princi s o
o e L8 RSB R O R A i
resist pattern is formed in the resist by lithographic thechniques. The lithographic techniques
used include photolithographic, UV-lithographic or X-ray lithographic process. The smallest
structures are created using synchrotron radiation. Alternatively, the resist pattern could be

=)

formed by laser or electron ablation.
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"Angewandt e M krotechni k. LIGA - Laser -

Fei nwer kt echni k" by Rai ner Bruck and Andreas 25
weehnod#28) Her ausgeber). Mini ch: Hanser FachbuckCT2®0M3/013031

In the LI GA process, an eleaetrically-conductive base

pl & BykiSof et asipichliyhniekélayeppenf goldl,a“ilEBtor Nilg isr miis&;uenﬂy placed

ovexi:?hg}q%gllgégggp}l{p gg]%gtg/n S h‘t#g?getgﬂtn:grcorﬁ atrﬁ?: e ecmcr:raﬁy-conductlve base
plat@?é %n{(J §1ah@Fhe éfﬁiﬁ 'rgs‘?gt ﬂaﬁ%ﬁ&sscﬂvéﬂoyﬁrﬂﬂ% 4 8%ufd insert. The

or anot er suita sist.” A 30 resist patternis
mouldimed isntheh eﬁlledswﬁh aoylalsm mzapidipg i contpiound dicgu exhiclritlee extrusion

lithogr techni ques used include
appasaiys b gq‘?‘ﬂgﬁcfaphi c, WIlithographic or X-ray

|'i t hographic process. The smallest structures are
created using synchrotron radiation. Alternatively,

t h8yrveast efi fusher examploonly, the jacketsiasd Ssgpqrﬁsfeli thgtubular passages can
0 0
oy AL G0 By AR ST it i e

wayNiak-@viflr beNukdersteods b aepspusomt $kylled m:thé artsy & wilh be rappiesiated that this

attern usmg an e ctr rmati o TOC
meﬂmdeefi SqnSENgiipnCs mﬁe"fqr@ea s nyp ety eﬁm‘v@a cgh deagiembled in
Sthich EstnfiltaRBhilf ) nbh®sP oY SebrtS o SHC ﬁlaﬁec'lniﬂbdhcts Sheet

|nser The nmould insert is then filled with
matqﬂaésscancbmpmﬂucedgbm mers .ondows ofnsughi mledules Sewhmpd\ﬂar grangement

o8 e 7 D B e L A P

supp¥ §1Qd RendRPrbéddsihe Sollérits) somiohs, giBesCoroRPPES &6 hiid ﬁbm the jacket or
| aser abl ation or constructed_ in other ways as w ]

Jackfaté surram@@ww Bpular pessages- idditienal comperenty may beg adﬁpql if desired.
Pot m ar an hawg%?&tgfs such q;g ua?géﬁ%g% Sﬁﬂled in the

art. asserrbl ed in parallel to produce sinultaneousl y a
nunber of fibres or other shaped products. Sheet
materi al s can be produced by a row or rows of such

N0 e SmetBoNoLcdRB R kiR apFhtus 3 Whidh fherwallkeof the tubular

use of manifolds to supply dope to the inlet of the
passages aresubstagtiallegrpartiaily qoast%&ﬂoﬁym@ﬁ@lm and/or porous material

or ngr Oca%? W%ﬁs&oﬁﬁ a e?%t Jélg@ d ﬁ%ﬁﬁ i34 Wo&{ ﬁxahﬂ)le only these |

inchidelicid-maakiamgaschnifhads,tlasen ablaﬁmmhmques amlyhthegrapl@etéchmques In
i f deswed Pot ent i_al difications to the
addifipn 4h yalkbetappessiaid that wals ﬁ%srtgwﬂart paspages sHestantjally gy partially

okt b AR 6 OER Y S SBA B s of

spinpiag appEratus,rsacls abalectrospiahing apparpsst i aI |y constructed
from sem perneabl e and/ or porous material or

materials wll be known by a person skilled in the

ar frhe BY 4G tftul ASREE ndy be hiAS Qelfishiptingdind self-cleaning. Tt will be

m cro-nachi ning techni qués, |aser ablation technigues
appreciatet] i thatobjoelpigy afespinming) dies during the commercial production of extruded

materials is time-consuming and costly. To overcome this difficulty, the walls of the tubular

passage may be constructed by two or more jackets arranged in sequence. The pressure in
each of these jackets can be varied independently by methods that will be understood by a
craftsman skilled in the art. Pressure changes in the jackets can be used to change the diameter
of different regions of the tubular passage m a manner analogous to a peristaltic pump to

pumi) the dope to the outlet to commence the drawing of fibres or to clear a blockage. Thus a
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addition it will be appreciated that walls of the
t ubul ar passages substantially or partially

woaonsitwwst ed from sem per neabl e/ por ous nat eri abPCTam2v8/013031
i ncorporated into other typds of 25 spinning

decr&B3h ?&é&&ue SH@jadlet bvesits genduiiet Bgd apirrtabular pasbageokill dilate the
each tubul ar passage may be nade sel f-starting and

elastiewallsofthnitehytlaripassage within the gackete Hthe grespire 1HNQYE kARfd in 2 second

s 8 1 08 GRS e i
passECi@aiig thivugh diis jacket witl tehthéo vallapse frfrcinp ¢het dipel tawardld the outlet.
AltofgaR st PHesSs I8 A dope g dus WPl possegre i B Tpsceased causing
the &Q@F@t of ARG MBS pdsSaRRAAREDB ihdrelik. IBATNOSSaphdiated that both

W e understood by a craftsman skilled in the art.
methade seuldebe hsedglegether otheorsewitively. J¥ith bethumethods the glaghcity of the

t he_dj.aneter f differe regi pns_of u I .
passhtic wlIS Gprbies 4, AelfiL S thel BEpBR olack 16 be'Mkdlecd. reducing the
resiskio® td NEw ORISR Both Ilthodsl itlieto Beondtedianizerdakiag theaprbssgreast the dope

fibres or to clear. a bl opkage. Thus "a ‘WO 2004/ 044280

will plsy/assispBstert 3pzand inxcl gekages Bt thestybwlar passages dicwill also be

utl ' . . .

oo 80 35 47 of Mk iy R B i 383050 ok i peialic

pumpé tdui be wided ap an kktérnativie mémmspf epplying pressmeto panpalbpe to the outlet to
second, j acket f‘FloggE o the input end of the tubul ar

commigacespinning i 5152p, |1s of the tubular passage

running through this jacket will tend to coll apse

forcing the dope towards the outlet. 5 Alternatively,
t h€he pessre dn ithe sdaledoepepattoentsosurieandios dhe tubylas nassage(s) may be

lLd bge.i i h i of T o
contifi tp 2eping G BRGHE YA thert " B B, pRbade ", gprigige spinning
condiitse T Wik Be taliot apprichited itiah ddSseatipdrehebble U gsbrowgmbmbrane can be

or consecutively. With both nmethods, the el al\s icity of
used;tpdntroducs agentsid help glean blasked,dieg; Sirbrageniganglyde ymwgnig vapour or

soluffiSe ARy A ARSI JIEG Ml e

i ncreasing the pressure of the dope 10 wll also

assi st in star and.in clearing blockages in,th

F O ot cheb iplar TRsSage prs'a Fatehent andiy Grep T ey digpe all or part
of it@fen%ﬁ?ﬁﬂé@a?ﬁ&lé% drlsBbrt iFbeesUcluddd in@hd @ masche @fentited as they flow

used In peristaltic punps can be used as an

throught the tuhularepassage by explajiing,the yelrunderstoed nsingiphofiel pegatignal flow.

out | et e..Shi NN . t .

e i . B SRUTERGFGN, ATl 5,685 s ot o shor

fibres Wrill benprotiaced! sy 4 odhiveenpabalg passhgerwhilbe dicapentankarill produce
. to_define and nodify the. geonetry ?f t he tubul ar )

orientations e theohean mwc@@nsfiamﬁ PRProxBiatAlY rgRwerser t0,fbe) lopg axis of the

extn?deﬂ,gnﬁ, .eﬁ(j)tﬁg)ﬁﬁerhpef ofidifatRAHoRf: TBARb AL %efgpgr‘apérties on the fibre.
menbrane can be used to I ntroduce agents to help
It witl baapjrkciated dhati sesonvergeht egdivergeningdombtryasfnalh paparhpb the or each

tubuloﬂrr paq?q%lgqlaj t gféa fslplg(g lécl)J giorr]xgatg Ialn to%er?tgleustn;a?lnﬁuid%{roﬁletlé %lf Iaxsl additional

solvent or solution or other phase or phases or additional unpolymerised polymer or polymers

e D

present in the dope as supplied to the tubular passage or arising by a process of phase
separation within the dope. The presence of elongated phase separation within the dope. The

presence of elongated and well orientated narrow inclusions formed by either a convergent or
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20 If the or each tubul ar passage has a convergent or
di vergent geonetry along all or part of its |ength,
woOi2bd4emazsarti cl es or short fibres included in POE/E®e@®a/013031
may be orientated as they fildow through the tubul ar
P oF [
aiv BRI DR el Bkl (B HATIEOR CRPpideley o Bl extruded
matstidst antial |y axial orientation of such filler
particles or short 25 fibres will be produced by a
convergent tubul ar passage while a divergent one wll
Pr othéCopparafiis AR drfiged il Biehh® ARy dhétadlol SimbRafibies are formed in
approximately transverse to the long axis of the
parzéﬁei pod) bofistedt aspung eackother patcrigmed astwomdante aifermergitcopted or left
g ; g - .
uncBHE4 bt flfteq S AbrePLBRE b O ol cldoBE Both ool sttty through
a comlvbrgeiit diatd gioé risd 1 D'fsee andislandbd vbmpogit@saaterdal s flill bt anderstood by
serve to, el opngate and orientate. .small fluid dyoplgts.
2 PeSPOnSl R Al OO OLBPFLIYS i U OF 7P PR Gy il Siepr amnlar
opeﬂi'hg@%ﬁ@ﬁsé&rtom $HeONAAteMAIRO! yEr i sed pol ymer or
porynmers present 1 n the dope as supplied to the
tubul ar passage or arising by a process of phase
r%ti n_wthin the h%&ﬁ' The presence of el ongated
it the dope. The presence of
el ongated and well orientated narrow i ncl usions forned

by either a convergent or WO 2004/ 044280 _ .
pCFigwe doshows a0svhematic anppetesclor the formation gk exteided apptosials from a

extef 58 shfi6R S0 asHftid bRRANIKO IR Hina AR b o Blymer mixtures.
Thesppiiratus wasnptibesta dope reservolr Ecdnthinig dope 26 pa pressurerregblating valve or
par al | €| tw sted around each other or crinped ar .
DU ¥ Bioh AR & P CUP UG PrePut v a5 §pgatng conditions
a cdifsdti®hipd Bearld PEfifning AidSsEnBHY tohpds at kaAonBSpinning tube or

_bath a d.sub§equently through “a convergent die to _
die firther dé¢sstibedoindiguses tarkd A ket dran defany &nerwp epnsiuction draws out

i1 be understoo ski d Lot . .
o b g8, PR S AL oSS BB i from e
outley ofitheudia rassedfbtiy) 30 The piesbareusgulating valvenos pdaip means 2 may be any
materials. 10 Best Mdde for Carrying.out the |Inventjo

devicp gormpally prodiginga CRERERTPSSUES SOIBOREY knawn 9,2 PP the art.
of extruded materials froma extrusion solution such
as liquid crystalline polynmer or other polyners or
pol|Themrrangenhent shown IbFighee laispmrely eseroplagyrandesldidiodalpmmponents to

reservoir ;1 contai ni e 25; ressure. ulatin
the GRRREGR D THREe 3 W B enpaont i PESHS B R arthn use dope
25 RUbREd PSS fHe' ReliiSl rdd@WOR! 1 QPAr &ustiit tW Piréss@RSby nfeans of the

connecting pipe 3; and_a spinning die assenbhx 4 L .
regulgding valvahor pump aeeans 3rvéa thei qonnegiing pipe drto the inlet of the spinning die

Be

assembly 4.

The apparatus may further comprise one or more sensors, shown schematically at 70.
The one or more sensors 70 are connected to a microprocessor 75 which receives the output
from the one or more sensors 70. The sensors 70 are preferably integral to the die assembly 4,
i.e. they are constructed at the same time and in the same manufacturing step. An output of
the microprocessor 75 can be used to regulate the parameters of the extrusion process such as

the extrusion rate, uptake tension draw rate and pH. It will be furthermore understood that
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die further described in figures 2 to 5. A take-up

drum 5 of any known construction draws out at a draw
woat@/oamsor eel s up extruded material at a consPamiEP2003/013031

upt ake tension exiting fromsthe 20 outlet of the die

comPSRAAENNMhS midioProbERES TS Carl Bttladé iniepriiado\the appapatuy) In particular the
heans 2 may be any device normal |y producing a

compaenestssan bp fabsicated vathnihe ather Rt thoapPa&iSson ski | | ed

in the art. The arrangenent shown in Figure 1 is

purely exenplary and additional conponents to the

ar Thh dieresdmish dvie showitirggreated detail in Bizusgs2aandrit andbcomprises a first

. persgns skilled in the art, Ln.use.dope. 25.25.i5s .

spinfiae 6 oF At ERETPBIA ToRM SUBNG Fbe oY e 12 digSipgether defining

b S 4% GoD3piRAS Solffior @?ﬂnb@%ﬂhé& HIRChsYehBI§ 40Th@EIEPI2 has an
amﬂnear?ggs%évi a ?Igée? cor]necti.ngﬁﬁgﬂi pe to the inl e? of the

interipiwall hyaud é dixided riployansinitinh o H eed asubipguenizope 62. The dies 8
rrse .on or _nor n a
and 53 Bre 350 067, R PP 380y RO RSRRITM Tl Yoligue acctae

menibre® BF SISRES Othef exutipleb of egieible sentipernmeableuind/of porous eaterials are
one or nore sensors /0. The sensors 70 . are: referabItXin protein

diethyiamigeethylt or cbogileotasubapmyetayl groups Whigh, helpeto main
gt &og)%g 5 aagtajgeg%ﬁégféefgh'sgﬁitxﬁﬁ H@Wﬁb&aﬁ%mbranes material, such

G
o ST ng s t e M croprocessor
hollova-fibfembmbrmesl being mexgle | fevne polysulfeneapelytylenedyiddipolysulfone blends,

ol UL BERIEE SR e W T L LR e
semi?@ﬁfééﬁfe%éhﬁﬁﬁé WP/ dir'the 812e RETFERAIDBoRERNEB Weighb constituents

onponents of the m croprocessor 75 can be nade

of thie spipyingldope 2§ hut ia jtyraeadly dess than BPekPa-cul ar t he
conponents can be fabricated wth the other parts of
the apparatus. The die assenbly 4 is shown in greater
detai | The HHe®iscleld atits upstreath anhiy i sagerad ddaptor 6 Positioned at the

_ . spi.nning tube or die 8 uypsiream of a_ second spinnin ..
it ST Spe diecagemmbly Hearh a5 41 AU HER™ 984 Pierigpersd piapioy positioned
] PG . ) gt g
2R B R EUEOIAAIOR oAUty i 7 and
its dowmstoeech end byam spigot 13 at zbeeutet ef theadis assemable - Thendie 8 has a

oG 5 P, RS B B AR e s oy

contiREP Rl the BiterfidlgRbsge 6F hedie kKA MiiesanWe sthicvedbiwring construction by
sem perneabl e and/ or porous materials are 10

softesing: # pemipermoeabis fubsrorcdie #exa Wagned syibably tapered| mepdsely o1 by other

i.ch I ' ' [ Nz Ml ' s
metidh 5 I Ao B 3 S SiRRT S 8P pBRPAUbR o spinning
tube rwltiw ih}ftfc the &ppé:ratlub.dﬂielom&ﬂldl !pgsmgfm}nfahe?iebﬁiagg 12ddgethar pmovide the

ol ysul fone, pol yt hyl eneqyi de-pql ys on ngds,
ubulpr phsageol Tofor seinping solugan ffom the élﬁ%&yts) L'Ji'laq %161%5211 e gkﬁ asgqppbly 4.
exclusion limt selected for the seni pernmeable ‘

menbrane will depend on the size of the small )
nmoAgatkes® suabginds thodiet8 endemny cotbingf fluidee.gpi snlveny, spbysion, gas or

vapozu? tobg(gntrlo? tltn%/ Srlogeaslsgn clogdsiaortlsh\%nqm% lélé)f)ai'nning tube or die 8. The jacket 9 is
fitted with an inlet 10 and an outlet 11 to control flow of fluid into and out of the jacket. A
further jacket 14 surrounds the tube or die 12 and is fitted with a fluid inlet 15 and a fluid

outlet 16 to enable fluid, e.g. solvent, solution or gas, to be passed into and out of the jacket

14 in contact with the semipermeable/porous walls of the die 12.
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The die 8 is held at its upstreamend by a tapered

adaptor 6 positioned at the inlet end of the die
wezsenizso4 and at its downstream end by a tapeceaP2003/013031

adaptor 7 positioned interwally in the die assenbly

4. Athg ditgnivestfleddiats slicwill pading semipetnéupld halls, a die 8 may be

adaptor 7 and at 20 its downstream.end by a i got . 13
congfructedefromt materigh vibigh & BotasegERGMpable OFROTg Dt Hhichgs preferably

o5 A 09 O 8 o S5 i o

aper is conti nued
predéteriired @erhpératurathrqmzhdheackdt Ot he die 12. This can be
achi eved during construction by softening a
sem perneabl e tube or die an a warned suitably tapered
ma j iRk B6Mtiol B A 528 g\ pblyRRr S61Bti; isfeddo the inlet of
by%gbgérr%?‘?{ss@nﬁ"{sa’m Pled in the art bie)fc))’?g fitting the
the diei $inasnithe 2tope imesesralenig therfubulat passpgeal Adluss, tr firstly as it passes
i nternal _passages..of the di 12 .
o B S REHIZ s ek o PF o 127 TREANES prsing frough te
jackkt 9Nmhy Enerély HervieOtd hieat Withaintadf tiehdopti 25 as Seboryeot temiperature or

jacket™ 9 surrounds the die8ag$ﬂ§ra_ ontain-a fluid, ]
providejthe gomestiextamnal pagssurede thegualls %‘i‘ﬁ uft 5 a3t ipot essential for
o el > o ]
i e 815 RGP R B AT IR oy o e i
8 ardiR fon tiudtaisichloftprotetratontdinihp depesi 25 sheuld fypicellyhelmaintained at a

of the jacket. A further jacket 14 surrounds the tube .,
tempprayrotiaposed byt pisipe ey becarmid S 4 FERPFube g6 A as 2°C and
as E%J&deto@ iRt terhPertafir® B8 McEdibd Biddd 10 Br tdiPemARIon of dopes can more
sol ution or gas, to be passed into and out of the

gen¢rat|tj|<b¢ asf lliglﬁiaa ;6@?{3 providing that the mateialdy ReldssEpyedras this temperature.
ie.12. o]
bl A o R YR I408 TG BY AR i bt

passage P ey ?pﬂ:@ﬂﬁ msdthinied at slpesfirarelpsdie thaton sthicicthe dope Bfnis supplied
material which is not{1 sem per nmeabl e o‘%ﬁ’é‘g L Qus bijt din
to thdlis essesbly 6 HPHBYSF the REsaRUe cark be Someyl b Py lowgs depending on
- ' ixle fsbigdriéable and/
the g@gnﬁggaétf %ﬁ%éﬁhﬁe&@@ﬁeﬁéﬁe& thé é‘énﬁﬁ%lz HexMle fsbiai ng e and/or

nperatUre t hroug e j acket“ . .
pordus m@sebmhe.diCtepiical? tgatent of the dapediSpeccas, duing, “dsaw down” as the

ynmer solution,..is, f.ed t he. inle f di
B e B S S
pasde§ bBgh {He! Gk |8VifaRe Wallp dF HRSlattéhire g Teabihpartly endlle @fdemipermeable

secondly as it passes trough the die 12. The flujd

material sorigjgunics 3uagd 3 e alyruptiwlling aveay efdhedgpessy framithe walls of the die
I Nt al t he, t
i A e

pressure to the wa

initiaf zdree0dind tBe sub3eduting zars62. Thisiis a fetture ©f drt inséntionras draw down in
the walls of the die to be made of sem perneable . .
exising PBICCTRRS SRV STt (hoAey SREHIG oo d) pabe grigpipnycsitice) and
S P5RbR? BohPihk Wid'walls SOPISo&urs at a place in the
nmi’%%ﬁ‘%'g‘%?wv&&bgﬁﬁai ntai ned at a tenperature of P
tubwllodit 120&hdre tthes furceraggirediyo producr extent flgw to create a new surface
justtfael?;pl?él(?\}v%cae ?orges relql(ﬁ/rvecil fo ﬁgw "i]trn]eddope through the die 12 in contact with the die
walls. This is the position at which the surface energy of the interior wall 18 becomes lower
than the surface energy of the dope 25. The position of 12A will depend on: the changing
theological properties of the dope; the rate and force of drawing; the surface properties of the

die 12; the surface properties of the lining of the die 12; and the properties of the dope and the

=20

Oy
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as high as 40C. The tenperature of the dies 8 and 12

for the extrusion of dopes can nore 15 generally be as
woi2gi¥/0a£28000C providing that the material i s neCT/EP2003/013031

destroyed at this tenperatu’/e. The pressure of the
aquédugipliasd sugiteiuddiag figadopei The hesifiaralZA showidbaai kegstOHfemm from the

wal I's of the t bul ar passage 17 is typically
oulex@PeRiBg ABEPIEY I pressure close to that at which the

dope 25 is supplied to the die assenbly 4. However

t he pressure can be sonewhat her or | ower dependin

on Inbhe egﬂaodmtfmy obthetineentionsa an%aq‘: 196 of tthe: Hyjgriprayalt Heof the die 12

- SREAENE reSEPLE R STASOAIAR) oo gm0 B, o, i i

shoﬁﬂ ih 'Egﬁrlgé ﬁV&ndﬁW\ﬂ?]JeQeSnﬂiéa 68ihpe a?ﬁelghssﬁslpicbﬂpllqﬁs thdne10% of the
| e al t hou chem cal_ treat nent al S0 ocgur

diameter akibe 412 bpisally (e et R Ut e 3.2af thip ROsEPR is 29t km and the
ndg%,a§8 @ P%r Pﬁlr ggt Tllleeﬁtzé g&ﬂd RARWenSRID RErR2HY Bm high. It is

erra ures the abrupt pulling away
believedtthat diawalodm dfrtbmﬁbﬂemcmislbscanﬁe ihthe dlie8 anczﬂmmlmhzone 60 of the

e et L oy St oLt 0o
intefiBEwall 1Ay g%m@:?[@‘\ﬁgese%tl%halﬁadamﬁtﬁ 3tadi 10 "aimblBCwithin the dope 25

I nvention as draw down in exl st ng processes al wa 5y
and $ha incrmaset the visaosily ang dleriegserthe gnrfape&merg(ﬁ of ¢he dope 25. This produces

extrusi o r|f| t f
chages if o pe by o i B wniGf v 6Ly S Rl o%%%?% G fidees 68 on the
inteBbA®A11 18, Kegs tolintkate dlie diamﬁgZdomhfmfethé fibref or ce required

to produce extensional flowto create a new surface

just falls belom1the force required to flow the dope

t hrpyal l%c{'] thefl thOURpdratthd, pH NGsnthiR polen@dl) éollmd osmotic

Thi's I's p03|t| on at whith thé 'surface energy of
potduitiel, |soluie |compmat1bn, lidnivecoonsitionydydrostatie pr¢ssure o1t etber physical or

chegngpeai g%é thﬁg? ﬁgﬁgp &5, Téuf & O?’)Ibtylg%oglfflugéigeﬁrt\g Jﬁle ]%&&ggb control or

regﬁlgt%tth@tc%n&ﬁgmf iR @BF tibhddd Passagen €7 aud fthae ther emﬁfstdne;ﬁocess as is

he die 12; the surface praperties of the |inj
comphordy yndkretoac by a@caﬁsn@nﬁ killed in fhecarty (C %‘Béh%ﬁ'&“f Heplied to the

e

paséa@3dy t “ﬁez{ﬂ’rtﬁerdaij.’fe DB @assing theredpeugln @t ismlsopogrible fet chemlcals in the
one enbodi nent of the_inventi.on, urf.ace 66 of

doppriiit BFSs,RTarly Brovahths BmipeTingals T Y ERH el Of the tubulr
pasgégg 99STRS {lg@ fs@ﬁbﬂeﬂtt@tﬂfe &Agﬁ o am Qﬁ%‘us‘l’f déﬂéﬁd@nhh@t@% of dope 25

ition IS 1S wn in Figures 6 and 7. These
used iald @ke S@niparmeablenmiddittposéust ppinbednes usess Hovreyar, yowar of example

on e g S B o BE bRl FEARE fpions i
Jaclée"t 9 19&850&%311 abo mM §risicd PEPES Buiadotution, Hpicalig at agﬁ crfam and 400

pmhigh. It is believed that draw down of th
mM |s0dxemodd0née be belpsmaintzin [Hee fHilded staWdoﬁ ﬂ?@ Prafef- thezBﬁl@t 14 may

congaén Z&%ﬁﬁéﬂ%@%&%éﬁe@a ﬂﬂéﬁh?a"?‘ﬁg"é%g] cuP q@ﬂ%ﬂﬂ‘l’é&?thanso and

250 mM potassium chloride to encourage the unfolding /refoldmg of the protein. High

molecular weight polyethylene glycol can be added to the solution in both jackets to maintain

or reduce the concentration of water in the dope 25.
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interior wall 18. At position 12A, these rod-shaped
units start to "tunble"” within the dope 25 and thus
woner@asmot he vi scosity and decrease the surfaeeTarerngy13031
of t he dope 25. This producl@s changes in the rheol ogy
{1t e ORI 0 bBEnRAE 4K QYL 19 olh 88 BAARAR: biM or arranged
ges interio elps to initiate
in otHoe wdysabatwgexdthwrtamed dodlaf 7 bndathelsﬁlgOt m The ddameter and cross-sectional

sha%,%? é_ﬁm 3 f?g ﬁ% egs({hesxafug 8%%%\21“4) Qxamgtsﬁ aﬂdc cross sectional shape of

the FOMRASinhiepinl. F&Na @oﬁm@dﬂpﬁﬁidhbtoﬁawﬂg’ @ Gigdudar &o@i—ﬁa&ﬁuﬁa& the typical
or ot her physical or em cal factors of th

diameser ef the, ou%qm &iom 105 1¢f} nmaandthe Emigal dismater qf e inlet to the tubular
pastaf€ 17 Wotda GORbEC)s & 150 GOUL Bleireh RO Bllids andtBddinding on the

passage us the extrusion proc
extens of theZétaivamhlywu ﬁd\eﬂbba) apprbqnamd cthaif*ths arrangekientsemhdi proportions

the art. Chemclsmth |dsu d o the
shoym i Eigpis 2 gre el REmPIgy SReLlySPBERFRLS B be added
if dEEd.S et ﬁgﬁlﬂﬁhbﬁs fthé Qﬁaﬁ ?sr sho%siﬁq:g ') Wkﬂ’l be apparent to
"treat ope 25 passing therethrough. |s al so

personsskilidddnftg arthemi cal s in the dope 25 to pass
outwardly through the sem perneabl e and/ or porous
wal | s of the tubular passage 17. The fluids supplied

t 0 Figife 4QR6wd 4 middule CAiRIHS ibredl Spifnitg Mbds/oe dieg1e Mbunted within a

dope 25 25 used and ghe sem per neabl e and/ or porous

housingridetiniag theed Jackshe vt o_\,samsymaﬂb@psn’p?@g lEPFF s ipghe previous

embtopﬁn%%pr 0 rﬁ S o{Qg{ergﬁ}S&ﬁ]? jac taﬁgh%ay cont atl% b %8% shown

in Figdrd Qi st pureIB} Exémpiafyf el thos additional toppipoatity naty e q:ddedfif desired.

Potqngpldglag&cg ot|0rri\ﬁ:‘sodl um chl orﬁﬁ%gl to helepi”a:l};ig; apparen?to persons

slqll%@'i}{ﬁb %ﬁlﬂ@luﬁm mmm%a&&:%&&%em digh(ﬂtetsalh al
I ower typically less than 5.0, and 30 2 mv

pot assi um chI or| de to encourage t he unfol di ng

f ol dj é F@‘h f ,a?v g‘gﬁ °§ moﬁuélgpgnﬁ@&{%%&ll ‘f ﬁﬁngﬁé apparatus shown

in Figoréu r@Ckeheld tepetiRy 03 @iable Oplutadity ofexthded Gibosid baptodnced. It will
of water_in the dope 25. V\D 2004/ 04428Q
be appregieted she ey aEEpEemen's Aid RAPOTIARS Shoh it Figupesf aserpurely exemplary
andwaaaigoﬁa&' %ng{?néme n},gy peaaléd BeakGd0 &)ofee.hhﬁﬂma{ﬁcauons to the
arrange In o between the tapered col
arrangethentseshewh goFighse 5 Wﬂébda@m to mrsbnsrskﬂbdsmﬂlelann aI
shape or the exit 13 can be varied or adjusted to suit
the di ameter and cross sectional shape of the forned

MAtrQE igdlmedbility Sorf (Ur68E oF BEUGATINGY HROnBulat ipsth@ may be the same
cross-sectional, the néipl cal 5 dianeter of 'the out et
t

thropghofut ¢hw length ofCibe garttea an@me;opulmrevgn, aﬁﬂleéubldar paseage 17 passes

tolgh Fiors S g 758 2R S ied by S B G he robutar

pass@fe i chast Fdim Gbathiet £otic@6 Hettidint £ow/by bding\ifferdd€ semipermeable

appreci ated that the arrangenents and proportions
or porous materials for the walls of the tubular passage. Thus the walls of the tubular passage

17 may comprise: semipermeable material of the same permeability throughout the length of
the tubular passage; semipermeable material of different permeability for different portions of
the tubulaf passage; porous material of the same porosity throughout the length of the tubular
passage 17; porous material of different porosity for different portions of the passage; or

semipermeable material for one or more portions of the length of the tubular passage and
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shown in Figure 2 are purely exenplary and thus that
additionally conponents may be added if desired.

woeavewsmb nodifications to the arrangenents SROWEPR2003/013031
Figure 2 will be apparent ta9 10 persons skilled in

potdue naatérial Fogoneornwouthenpontidnd ef thentioulani pgsdgel A€ mentioned above,

spi nnj n bes or dies 12 nmounted within a housing
soRE PPHioRg _O% gl %’fgtk% Pgb"f%&,ssag%@ax BFEORBTERFADIG Byeraef example
onlyS €§hiRdle NsehfiforRleSME O WsaterBAP OLMER IS I0kE &é}gmkzéé: tfnded PTFE,

sane or simiar Qart s. The arr angerrent S an
polysWfime: polysthzlepoxida-polysulfongublends, and sificond polyremipngrile blends. By

nde thus .addi;.tignal .c onents nmay .be added i f ]

wel of bR it RS bR AR SpfRitel3 e PEB Pt il Usctide-co-
glysblided), porofus RTRE,4pavolis silicodp pofowd! pdlfetRAéd) nellukké |defidatives and

in the art, including the provision of fewer or nore
chifpsgd 12 or jackets 14. Figure 5 shows how two or nore

nodul ar units constructed fromthe apparatus shown 20

in Figure 4 can be held together to enable a plurality

of Exwillubedppretinted that the appardtus 68l suitdblevifdd theli@formation of fibres of

shegfili ol sefsions of oDl KB Coehpeiumsts Whiher sysihetic or man-made
or {BEkkdll SN ModeRAP BF LBpSIyARY HRnAEd e §oiutf$ﬁ§i6fefi30ﬁlg\‘/bmiqnafltn proteins or

Potential nodifications to the arrangenents s

anaiygyes dedveg frompibemperamixtures of fhessoBy wdyi 0f exhnipie tohly these include

rf.. The il Or _.POL OSi .of the Il s of.
colfipine; Rl rooBBUBE 3 by mifiBAGE ioiS: sptiaient Htein analogues
basbd gt dpidrbinker fibidiy, andpoly (Rbhetlere thepmialbtes). THeNBethod is also
,tﬁgg;ar passage 17 passes through nore than one
suitable for s wWith rﬁ’gleF melyFsThRLpelymes mbaurss prayidad thatthes pregissolved in
t NEy .«
ol el o 9S00S5, ORLEGHAIE LARRSR R ruons. 1
wilbalso bs appieeiated| thatf the ustef nad bsmofe teneipérwablerandas poags treatment

Thus _the Ids ,of the tubul assage 30. 17 ma
zonf{ W8 08 custg df ik, unie e Sntn s e pentialiumatiar or clongated slit
opeliviEasdd fo the folniMea P dhect AitdAROt h of the tubul ar
passage; seni perneable material of different
perneability for different portions of the tubular
passage; porous material of the sanme porosity
t hroughout the length of the tubular passage 17;
porous material of different porosity for different
portions of the passage; or sen perneable materi al
for one or nore portions of the length of the tubul ar
passage and WO 2004/ 044280 PCT/ EP2003/013031 19
porous material for one or nore other portions of the
tubul ar passage. As nentioned above, sone portions of
the walls of the tubul ar passage may be non-perneabl e.
By way of exanple only, suitable sem perneable
materials are: cellul ose derivatives, expanded PTFE,
pol ysul f one, pol yet hyl enoxi de- pol ysul fone bl ends, and.
silicone polyacrylonitrile blends. By 5 way of exanple
only, the suitable porous materials are: polyacryl ate,
~poly (lactide-co-
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gl ycolide), porous PTFE, porous silicon, porous
pol yet hyl ene, cellul ose derivatives and chitosan. It

woizhd4/0besappr eci ated that the apparatus i s sui pabiEe2G061013031

the information of fibres @0 10 sheets from al
solutions of lyotropic liquid crystal polynmers whether
synthetic or man-nmade or nagipal or nodified or

copol ymer m xtures or solutions of reconbi nant
proteins or anal ogues derived fromthemor m xtures
of these. By way of exanple only these include

colll ageRstrusbarapparstucainpuisinge deri vati ves; spi droins;

fi broins; reconbi nant protein anal ogues based on
spidroins, or fibroins, and poly (p-phenyl ene

t er epht fiaé=3t @®)first Tévervoie { Hadnnested hsofidbersitio & fiodt epdnng of a

use with other. polynmers .or I . mxture rovi ded
that t h&)’ eOfJ%)%’i‘%?W&?dﬁlﬁs &g 8%?3:1 & PARST Elgli t%&ﬁ%ous

or | non- wHKE ma&n'ap@lzlsj ie:eftnﬁlgble,t\izmn ﬂxeektémdiagwpm;]ms ) han
solutions. It w al so be appreciated that the use

of one #e ]’7@0031@ﬁ§a§%f<1r5¥9337ﬂ88u ‘%6‘?‘6‘? CIBEFEUL, r eat nent
zones can be used for dies or die assenblies having
essent i akdysiAnPpdrats Mooin@e alkisl 1 Silickein Mo esulsy ueale (4)
for the formation of sheet materials. 20 WO

2004/ 04aEdpnpliyrequprisesst brpsieng secord BTG s 1.

Ext rusi on apparatus conprising: 10 at |east one first

reservoir (1) connected at a first end to a first
op8ni ngExtrusipn apparptys aacordig to elgim At whepeinthg §eeoad peggrvor is
contai nj thdakt art JPERIHG th at WakiChe BRINE bhdheel 257).
i's extrﬂggﬁﬁgﬁﬁﬁ gﬁ%%n th%“gﬁtr%si%n appgratug (43 ﬁgz
at | east 1,000 passage (17) per square netre
crgss-sgction. ' CREALN Y mbAsi
cl & m 1E ey R FHET) O ARGIGLL RS REAL b Asing
addi ti osmkdry (BWnpri ses at | east one second reservoir

3. Extrusion apparatus according to claim2, wherein
the second reservoir is 20 fluidly connected to at

| edst aBx@yiol apgarhns adcotdémesiv onmef thé attolve clpinsss fugther qoipyising

g| aiEX mts ’r gt?liﬁf?s? ﬂ%‘{’& %%ﬁc?\g?lg ge%rs%i%:%%s%@re g%:g?r(s),f teﬁxpé?atﬁg%gﬁsors,

chemical sensors, pH sensors and/or light-scattering sensors.

6. Extrusion apparatus according to one of the above claims, wherein at least one

of the regulatory modules (4) comprise at least one individual sensor (70).

7. Extrusion apparatus according to one of the above claims, wherein the sensors

are integral to the regulatory modules (4).

8. Extrusion apparatus according to one of the above claims, wherein the

regulatory modules (4) further additionally comprise one or more pumps (2).

9. Extrusion apparatus according to one of the above claims, wherein the
regulatory modules (4) further additionally comprise piezo-electric or

vibration pumps (2).



10

15

20

25

30

35

25 5. Extrusion apparatus according to one of the
above clains, further conprising at |east one of the

woabd4oMa28g sensors: pressure sensors, tenperat BCE/EP2003/013031

sensors, chem cal sensors,21pH sensors and/ or
light-scattering sensors. 6. Extrusion apparatus
according to one of the above claing, wherein at | east

onéd0. 30Exdfusionappasgls eCortipg i ens of dheabpve-gaiisi whereip the tubular
| east sdgBdi1Y) fialnoweneer (70). 7. Extrusion
appar at'us §ccordi ng to one of the above cl ai ns,
wherein the sensors are integral to the regulatory
rogl es@,&ﬁ)sio %@ BamEXL L 0o AR A Te ASER! Whddln iR interior
oné of € above ctflal ns, \%/herel n the regulatory

modul eswéliyf theipaskages ddare madad] aperwegbld matele or nore
punps (2). 9. Extrusion apparatus according to one of
t he above clains, wherein the regul atory nodul es (4)

f un2.her Extddioniappeahthyaccondingits enepiféimmbeVvedaimiscwihsrein #1g

vi brati on .punps V0. 2004/ 0. 4 PCT/ EP2003/ 013031
21 5 10r_eg@§t{>¥9&gpé\.ﬁgséé)ng? gﬂeﬁgo%%lglgl?@rng to one of the
above cl ai ns, wherein the tubular passages (17) have

flowinlets, 11. Extrusi,on apparatus accordi f.0..0ne
of 1 he BHBFHONAPHITIES SRRSHE DRl e bars drms Uik 0y
t he pasga@eerfhédulés (@) Arademed bpatdaidieabl e materi al .

12. Extrusion apparatus according to one of the above
claims, wherein the regulatory nodules (4) are

i njigct i pRnERM Ppstatud cddingfeX hiyusTitR abap@elkidiswherein in
according to one of the above cl ains, erein tlhe 0.5
regul at eRejtiendha IB%te‘%aifz%i‘Séj_I?"éﬁ‘?‘ &‘EH’ Hy ) hat lgagt 0.5 mm
EXt 1 USi §fmaRRR-ALHBoRERE (D) MthinGhapiss:at (Ihe above
clainms, wherein in ‘operation the material (25) is

drawn down at a first distance at least 0.5 mm 20

f 99 ANERHRhn IrhtuOREBIARE 16 4R ool RlenibbRE:1AAS, SABein a
(17). 15. trusion apparatus ‘according to any one of
t he abovenpsingitres thewhasereal (25hin ananipielvere mepe phibe pesages 67
(25) in Y . ' _
forms. ¢ 5as kb RO AR SuRllilf [RARARRAR, i blnterna
per pendswufrcaof thepassagei(ht)er nal 25 surface of the
passage (17). 16. Extrusion apparatus according to any
one of the above clains, wherein a

16.  Extrusion apparatus according to any one of the above claims, wherein a

component of the material (25) in a subsequent zone (62) of one of the
passages (17) has rod-shaped units (64) which tumble as material (25) flows
within the passage (17).

17.  Extrusion apparatus according to any one of the above claims, further
comprising a ridged surface (66) having a plurality of ridges (60) on the
internal surface of the passage (17).

18.  Extrusion apparatus according to claim 17, wherein the height of the ridges
(60) are less than 10% than the diameter of the passage (17).
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conmponent of the material (25) in a subsequent zone

(62) of one of the passages (17) has rod-shaped units
(25) flows 30 RCTMPR003/013031
t he passage (17). 17. Extruwgion apparatus according to

anygoneggfudidiep SadebidFho ohdbfdens 1 THNGMiSISNFhérein the
ridged surface (66) having a plurality of ridges (60)

f
on the rtifgrdsprzge (@hpse Birkre envrzyJawer{pan the yyrfacgenesgy of the
Extrusi gpeRpp@spt us according to claim17, wherein the
hei ght of the ridges (60) are less than 10%than the
di aneter of the passage (17). WD 2004/044280
PCE().EPZEQ%&JE{%QJ%?@%(:@:&:% B4 5484 QRnRARES 99, Yeherein the

according to o al msf‘i? or claim 18, wherein the
ri dged sideds46® afeo@pstindisllnomentadatang adeneyris of e tubarpassage
t he surg e energy of the material (25). 20.

Extrusi on“apparatus according to one of the clainms 17
to 19, wherein the 10 ridges (60) are substantially
ori,ente I I f .

(17 B0 Bt @ond Wnd kA7 (PARTARR e
cl ai ns #idgds§6®@re minterof hydropiebicrmalgges (60) are made of
hydr ophobi ¢ material. 15 22. Extrusion apparatus
according to one of the clainms 17 to 20, wherein the

ri dges Ee@)siarppaaat adontdingto bydofihhdbin 1fnt 20,ivelereiPBe
Extrusi on appar at us, accor.din 0 one.of the clainms 17
to 22, wﬁwégﬁaﬁr@a@aﬁﬁghﬁﬂ%ﬁf%@ 's substantially
adj acent to the ridge-shaped surface coating (66).

24. Extrusion apparatus according tq .any_one of the
2bdPe AN AR RECORRPE frape el e 3&%)17 R, Wheggn e draw
cryst al Lk ofldsiBantidy &ﬁaceﬁ)ﬂ) Wﬁd?&slﬁ@@@ﬁﬁfab‘écoaﬁng (66).
according to any one of the above clains, further
conprising cleaning apparatus. 26. Extrusion apparatus
aceQr di BgyhQorCApPhiiug Recoldiey 18 laRy baorEheBBVd \Waifid PRReréit the
conprised a perneable interior wall of the passage

(17) t howiagial RA) ik ligwderysalinggolygeht s are introduced.

25.  Extrusion apparatus according to any one of the above claims, further

comprising cleaning apparatus.

26.  Extrusion apparatus according to claim 25, wherein the cleaning apparatus
comprised a permeable interior wall of the passage (17) through which

cleaning agents are introduced.

27.  Extrusion apparatus according to claim 26, wherein the cleaning agents are

alkaline fluids.

28.  Extrusion apparatus according to one of claims 3 to 27, further comprising a

microprocessor (75) connected to the sensor (70).
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27. Extrusion apparatus according to claim 26, wherein
the cleaning agents are alkaline fluids. 35 28.

waxoougizn apparatus according to one of clai MBCB/EP2003/013031 o

27, further conprising a r#croprocessor (75)

conpect ggmisont garﬁﬁﬁﬁdébrd(n b clad¥2 & QlrbtdiHthe &ficroprocessor (75)
PCT/ EP2003/ 013031 23. 5 2 Extrusi on a par at us
accordlHﬁaP@“EWhﬁﬁﬁ?@H%ﬁﬁ%@%Fﬂﬁﬁﬁgﬂﬁﬁ lggshpegrREastir of the)
has an guhRish apPhrarsendi ng signals to regulate at |east
one paraneter of the extrusion apparatus. 30.

Ext rusi on apparatus according to one of clains 28 or
29 goWhe gl Ridnipparddl mcefd&%rtess&a@iaM% of B, WhteERd o
the regul a ory ﬁnduf . Extrusion apparat us
accor di micrepsoeesser 610 lsdﬁtegrhbto alkﬁivﬁlﬂ@tpaf m%dul%%b rein the
extrusi on apparatus is a spinning apparatus. 15 32.

bj ect fornmed fromthe extrusion apparatus according

t 0 3any Brieusidn dpheratabancerding tapmpsone2d the®ove claims, wherein the

extrusion apparatus is a spinning apparatus.

32.  Object formed from the extrusion apparatus according to any one of the above

claims.

o



