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There is currently considerable interest in the

1v development of processes and apparatus to enable the
manufacture of polymer filaments, fibres, ribbons or Eheets.

It is theoretically possible to obtain materials with high
tensile strength and toughness by engineering the
orientation of the polymer molecules and the way in which

15 they intereact with one another. Strong, tough filaments,
fibres or ribbons are useful in their own right for the
manufacture, for example, of sutures, threads, cords, ropes,
wound or woven materials. They can also be incorporated
into a matrix with or without other filler particles to

20 produce tough and resilient composite materials. Sheets
whether formed from fibres or ribbons can be stuck together

to form tough laminated composites.

Natural silks are fine, lustrous filaments produced

by the silk-worm Bombyx mori and other invertebrate species.

25 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 Kevlar™, the toughest and
Strongest man-made fibre. Spider dragline silks also

30 possess high thermal stability. Many gilks 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 natural spinning process is remarkable in that
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| fpreiid9Nr-i &iBS pakodisMt@fbdehe present invention to provide an

d nmet hod and apparatus for spinning a liquid spinning solution or

Fibres produced by existing technological processes
and apparatus suffer from the focllowing disadvantages. Many
show "die swell" which leads to some loss of molecular
orientation with a consequent degradation of mechanical
properties. This is not seen in natural silks which show
strongly uniaxial orientation. Furthermore, existing
processes are not energy efficient, requiring high
temperatures and pressures to reduce the viscosity of the
feedstock so that it can be forced through a die. Separate
stages are often required, for example for further
"draw-down", to anneal the fibre with heat, and to process
it through separate acid or alkaline treatment baths.

Digclosure of the Invention

It is an aim of the present invention to provide an
improved method and apparatus for spinning a liguid spinning
solution or "dope".

According to a first aspect of the invention there is
provided spinning apparatus for forming spun material £from
a liquid spinning solution, the apparatus including a die
assembly having at least one tubular passage through which
the liquid spinning solution is passed having at least
partly permeable walls, wherein said walls defining the or
each tubular passage comprise at least one semipermeable
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porous, pdferial) \solution through at least one tubular passage of a
die assembly having at least partly prmeable walls, wherein
the walls of the or each tubular passage comprise at least

20 one semipermeable membrane and/or at least one porous
membrane and in that the liquid spinning solution is
treated, as it passes along the or each tubular passage, by
components permeating through the semipermeable or porous
membrane of -said walls. - In this way fluent material may -

25 pass inwardly into, or outwardly from, the or each tubular
passage through their semipermeable or porous walls.

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

30 passage at least partly permeable or porous, preferably
selectively permeable along the length of the tubular
passage, which is preferably tapered, it is possible to
control properties such as the pH, water content, ionic
compesition and shear regime of the spinning solution in

35 different regions of the tubular passage of the die.
Ideally this enables the phase diagram of the spinning
solution to be controlled allowing for pre-orientation of
the fibre-forming molecules followed by a shear-induced
phase separation and allowing the formation of inscoluble

40 fibres containing well-orientated fibre-forming molecules.
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It will be appreciated that any solution or solvent
or other phase or phases surrounding the fibre in the second
20 part of the or each tubular passage also serves to lubricate

the fibre as it moves through and out of the tubular
passage.

All or part of the length of each tubular passage

typically has a convergent geométry typically with the

25 diameter decreasing in a substantially hyperbolic fashion.
According to G. Y. Chen, J.A. Cuculo and P. A, Tucker in an
article entitled "Characteristic and Design Procedure of
Hyperbolic Dies" in the Journal of Polymer Sciences: Part B:
Polymer Physics, Vol 30, 557-561 in 19%2, it is reported

30 that the orientation of molecules in a fibre can be improved
by using a die with a cenvergent hyperbolic geometry instead

¢f the more usual parallel capillary or conical dies.

The geometry of substantially all or part of the or
each tubular passage may be varied to optimise the rate of
35 elongational flow in the spinning solution (dope) and to

vary the cross-sectional shape of the formed material
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The diameter of the or each tubular passage may be
varied to produce fibres of the desired diameter.

20 The rheology of the liquid feedstock in the tubular
passage of the die is largely independent of scale enabling
the size of the apparatus to be scaled up or down. The
convergence of the tubular passage allows a wide range of
drawing rates to be used typically ranging from 0.01 to 1000

25 mm gec™?, If fibres are being extruded they may typically
have a diameter of from 0.1 to 100 pm. Typically the cutlet
of the tubular passage has a diameter of from 1 to 100 LI
with the diameter of the inlet of the tubular passage being
from 25 to 150 times greater depending on the extensional

30 flow it is desired to produce. Tubular passages with a
circular cross-section are used to produce fibres with
circular cross sectiomns. Tubular passages of alternative
Cross-sectional shapes can be used to produce fibres, flat
ribbons or sheets of extruded materials with othex

35 cross-sectional shapes.
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passage can he constructed from selectively permeable or
porous membranes in a number of different ways. By way of
example only a selectively permeable or porous sheet can be
held in place over a groove with suitable geometry cut into
20 a piece of material to form the tubular passage.
Altermatively two selectively permeable or porous membranes
can be held in place on either side of a separator to
construct the tubular passage. Alternatively a single sheet
can be bent round to form a tubular passage. A hollow tube
25 of selectively permeable or porous membrane material (s) can
also be used to comnstruct all or part of the tubular
passage. By way of example only, a variety of methods are
available to shape the tube into a die as is commonly known

to a craftsman skilled in the art.

30 The use of selectively permeable or porous walls for
substantially all or part or parts of the tubular passage(s)
enables the proper control within desired 1limits of, for
example, the concentration of fibre-forming material:
solute composition; ionic composition; pH; dielectric

35 properties; osmotic potential and other physico chemical
properties of the dope within the tubular passage by

applying the well-known principles of dialysis, reverse



Z5 of selectively perneable or porous nmenbrane material (s) can also

only,

a variety of nmethods are available to shape the tube into a

is comoWOPRBddn to a craftsman skilled in the art. 30 THE/GB®@/Me489
sel ectively perneable or porous walls for substantially all or part
parts of the tubul ar passage(s) enabl7s-the proper control within desired

limits ofiidopsiexanpl @,wpsqurtclema%fa on af &1 bregf gﬁ%ggonatﬁ'%g
oper

SOIU'[ECE? Ithﬂ i Qni ¢ composi tion;
(0]

REPAPSERG 16t Ka™ pHysi &¢ dsad cfaiI cqriopek ttee Gbmpbeldchp:e:vm t hin

osnmotic p

ect I‘?C

be
used to construct all or part of the tubular passage. By way of ergﬁyz@
b

or

t he t ubupér passaty@&)y wapilyi Rthd hewtRll s knoun Jyddci pl es. of,.di;al ¥’SI S,
reverse X\Qgg%ggg%é 2 MY 2004 PCT/ GB00/ 04489 - di al ysi s,

ultrafil
control FRéaEdRgostei orhe ofpridmlcchapbewd‘n Iﬁotrlﬂédt ubgbar RASSRAG

tion

prE&Fapdr af PBFTolE é‘lﬁcrl"(?rﬁsfr%SI%e‘é%ﬁVaWo bapused to
il he

appr eci agegdm o I ismre ut relating to the
pp EEQE G EOUHO! JRG %@, hgro tgpdzg Eggxt Fﬁaéagﬁ

product bein

ormed, for exanple

RE&uUCt

and/ or t‘ﬁ%u?ggf'%tiaﬁé‘e thep uritariar lmﬁsm@geubahah passhg&,ngu@htaﬁsﬂéh ng

ext rusi onhrbptgpughet ey o h I can .be use
control, rﬁrggag e{q%ptg.ltgtl o c%ﬁ%e%’%drjg?:égﬁ agstajzis%f 16a€0rﬁ>eos??? t:c’i oni c

COI’TpOSI t I on

phystCochempesl t peapeibnis Hompdie: Qe V‘f:ltlh' Hléh‘%cwg‘é f%rgggé %ﬁ

he “walls

selectiv abilit d/o or05|t
passage ‘ﬁa’gg‘éﬁc}’%ﬁ%\%}? ‘E/égli\@tcﬂﬁfrf Gé'I}EﬁIQQﬁWQh@mPESt@ésfmf
substancmldmn)ethéthﬂ.ubuhar tnaﬁsage?a)ss&rg%w ded that these have a

nol ecul ar wei ght |ower than the exc

usion limt of the selectively

perneabl e material fromwhich the walls of the tubular passage (s)
constructed. ByImay sefl eexainpd epeniygabh 129 adieh 1éoNgorybstances ggdded to

the dopainys his oRons SBv Lashyde suriagtanie: gopants; coating agents,

cr OS%

20

30

35

-linkin
diffusion through the walls of further substances into the

tubular passage(s) provided that these have a molecular
weight lower than the exclusion limit of the selectively
Permeable material from which the walls of the tubular
Passage(s) are constructed. By way of example only the
additional substances added to the dope in this manner may
include surfactants; dopants; coating agents; cross-linking
agents; hardeners; and plasticisers. Larger sized
aggregates can be passed through the walls of the tubular
Passage if it is porous rather than being simply
semipermeable.

The compartments surrounding the walls of the tubular
passage or passages may act as one or more treatment zZones
or baths for conditioning the fibre as it Passes through the
tubular passage(s). Additional treatment can occur after
the material has exited the outlet of the tubular passage.

One or more regions of the or each tubular passage
may be surrounded by one or more 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, gas or vapour is
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Conveniently a selectively permeable/porous membrane

can he used to treat one side of a forming extrusion in a

20 different way to the other side. This can be used, for
example, to coat the extrusion or remove solvent from it

asymmetrically in such a way that the extrusion can be made
to curl or twist.

All or part of the draw down process may typically

25 occur within the die rather than at the outer face of the
die assembly as occurs in existing spinning apparatus. The
former arrangement offers advantage over existing spinning
apparatus. The distortion of molecular alignment due to die
swell is avoided. The region of the die assembly after the

30 internal commencement of the draw down taper can be used to
apply coatings or treatments to the extrusion. Further, the
last part of the die assembly is water lubricated by the

sclvent-rich phase surrounding the extrusion.

| By way of example only the apparatus can be used for
35 forming fibres from dopes <containing soluticns of

recombinant spider silk proteins or analogues or recombinant
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or bul fertcan ar 85 &84T Fis8A5EhPEuHIERE waluEiom e PE value at
or close to the pK value of one or more of the constituent
proteins of the dope. Such a pH change will promcte the
formation of an insoluble material. A volatile base or acid
or buffer can also be diffused through the walls of the or

20 each tubular passage from a vapour phase in the surrcunding

compartment or jacket to adjust the pH of the dope to the
desired value. Vapour phase treatment to adjust the pH can
alsc cccur after the extruded material has left the outlet
of the die assembly.

2. The draw rate and length, wall thickness, geometry
and material composition of the or each tubular passage may
be varied along its length to provide different retention

times and treatment conditions to optimise the process.

One or more regions of the walls defining the or each

30 tubular passage can be made impermeable by coating theix

inner or ocuter surfaces with a suitable material to modify

the intermal environment in a length of the tubular passage

using any coating method as will be understood by a person
skilled in the art.

35 The inner surface of the walls of the or each tubulaxr

Passage can be coated with suitable materials to reduce the



20 each tubul ar passage from a vapour phase in the surrounding conpartnent
or jacket to adjust the pH of the dope to the desired value. Vapour, phase
treatment to adjust the pH can also occur after the extruded mterihf”ﬂaéﬂﬂl-
|l eft the outlet of the die assenbly. 2The draw rate and | ength, wall

t hi ckness, geonetry and "material conposition of the or each tubul ar
passage may be varied along its |engtiy to provide different retention
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pr epar ed faymmn= tphtlse Sdpes abtnfibrrsure containing two or nbre conmponents
whi ch, for exanple, may be different proteins. The renoval 15 or addition
of conponents through the selectively perneable and/or porous material can
be used to cont rdl fuRehehaebodinpatattbhipeacesdore prenaceddfgphets of

one or W@ﬂ-ﬁaséloémp@ﬁﬂt§n§>’ﬂhﬁﬁhhé Widnht a3 rdirRmabey &E 190t BohBBeARs W thin
t he bul kY‘R1 qhe in the final extrusion, Thesé can
for example, may be different protelns The removal

15 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 with a diameter of 100 to 1000 am
within the bulk phase in the final extrusion. These can be

20 used to enhance the toughmness and other mechanical

..properties of the extrusion. The use of a convergent or
divergent die conveniently induces elongatiomal flow in the
droplets to produce orientated and elongated fiiler
particles or voids within the bulk phase. A convergent die

25 will orientate and elongate such droplets in a direction
parallel to that of the formed product whereas a divergent
die will tend to orientate the droplets in hoops transverse
to the direction of flow within the tubular passage. Both
types of arrangement can be used to enhance the properties

30 of the formed product. Further it will be understood that
the selectively permeabie or porous walls of the or each
tubular passage ctan be used to diffuse in or out chemicals

to initiate the polymerisation of filler particles.

The spinning apparatus with one or more tubular
35 passages surrcounded by a compartment or compartments to act

as jackets can be constructed by one or two stage moulding



20 used to enhance the toughness and ot her nmechanical properties. of the
extrusion. The use of a convergent.. or divergent die conveniently liZrithycRs
el ongational flowin the droplets to produce orientated and el ongated
filler particles or voids within the bul k phase. A convergent die 25 wl|
orientate and el ongate such droplets in a direction parallel to that of
the formed product whereas a divergent die will tend to orientate the
droplets in hoops transverse to the diYection of flow within the tubul ar
passage. ®Botdthéypestdbdar kewegenmart axyhﬁﬁbnnﬁkhlxe@nh@ncnethEtpromerties
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can be used to nnd# éche %exture of the_surface coating of the extruded

materi al .CERY B SnprETBAPY, mRRE&T}8dkets and supports for the tubul ar

passages can be constructed fromtwo or nore 15 conponents forned by

I nj ection nDuIdl cQBps LN, ot ) mAII he under tood by a
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in parsl | @bmdOnPh 0HUES rilaRLIHANERYSEYiSn moulding or constructed in
other ways as will be understood by a person skilled in the
arts. It will be appreciated that this method of
construction is mcdular and that a number of such modules

can be assembled in parallel to produce simultanecusly a

20 number of fibres or other shaped products. Sheet materials
can be produced by a row or rows of such modules. Such a
modular arrangement allows for the use of manifolds to
supply dope to the inlet of the tubular passage({s) and to
supply and remove processing solvents, soluticns, gases or

25 wvapours to and from the jacket or jackets surrounding the
tubular passages. Additional components may be added if
desired. Potential modifications to the arrangements shown

will be apparent to persons skilled in the art.

Other methods of constructing spinning apparatus in

30 which the walls of the tubular passages are substantially or
partially constructed from semipermeable or porous membrane
material will be known by a person skilled in the art. By
way of example only these include micro-machining
techniques. In addition it will be appreciated that walls

35 of the tubular passages substantially or ©partially

constructed from semipermeable/porous material



20 nunber of fibres or other shaped products. Sheet materials can be
produced by a row or rows of such nmodules. Such a nodular arrangemeny MAY 20[14
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out | e$ epérdétaltic pump to pump the dope to the outlet to commence

20

25

30

35

the drawing of fibres or to clear a blockage. Thus a
decrease in pressure in a jacket towards the outlet end of
the tubular passage will dilate the elastic walls of the
tubular passage within the jacket. If the pressure is now
raised in a second jacket closer to the input end of the
tubular passage a region of the walls of the tubular passage
running through this jacket will tend to collapse forcing
the dope towards the outlet. Alternatively, the pressure in
the dope fed to the tubular passage could be increased
causing the diameter of the elastic tubular passage walls to
increase. It will be appreciated that both methcds cculd be
used together or consecutively. With both methods the
elasticity of the passage walls enables the diameter of the
tubular passage to be increased reducing the resistance to
flow. With both methods it is to be noted that increasing
the pressure of the dope will also assist in start up and in
clearing blockages in the tubular passage. It will also be
appreciated by way of example only that the use of rollers
such as are used in peristaltic pumps can be used as an
alternative means of applying pressure to pump dope to the

outlet to commence spinning or to clear a blockage.
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useful properties on the fibre. It will be appreciated that

& convergent or divergent geometry of all or part of the or

each tubular passage will alsoc serve to elongate and
orientate small fluid droplets of an additional solvent or

20 solution or other ©phase or phases or additional
impolymerised polymer or polymers 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

and well orientated narrow inclusiocns formed by either a

~- convergent or divergent tubular passage can be used to

confer additional wuseful properties to the extruded
material.

1t will be appreciated that the direct drawing down

of a fibre or other formed product from liquid spinning

30 solution within a region of a tubular bpassage greatly

improves the molecular orientation in the £final material

avoiding the disorientation produced by die swell produced

by other methods of forming the final material. It also

greatly reduces the pressure required to form material

35 compared with the extrusion of fibre from a conventicnal
restriction die.
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passage. The convergent geometry with cross-sectional area
decreasing non-linearly and preferably hyperbeolically in
substantially all or the first part of the tubular passage
serves to align the molecules axially before the draw down

20 process thus improving the quality of alignment in the final
formed product.

_ The apparatus may be arranged in such a way that two
or more fibres are formed in parallel and twisted around
each other or crimped or wound onto a former or coated or
25 left uncoated as desired. The fibres can be drawn through
a coating bath and subsequently through a convergent die to
give rise to a "sea and island® composite material as will
be understood by a person skilled in the art. One or more
rows of dies or one or more dies with slit or annular

30 openings can be used to form sheet materials.

Brief description of the drawings

An embodiment of the invention will now be described,
by way of example only, with particular reference to the

accompanying drawings, in which:



passage. The convergent geonetry with cross-sectional area decreasing
non-linearly and preferably hyperbolically in substantially all of7 ME'IGZUUL
first p e tubul ar passage serves to align the nol ecul es axially

bef ore f\%éﬂg);’g%ﬁpdom 20 process thus inproving the quality<df %‘?or’odﬁ??ent in
the final formed product. The appar aggs may be arranged in such a way that
two or nore fibres are formed in | el and tw sted around each other
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convergent die o _give rise to a _"sea and island” conposite material as

will be understobd By P S RPin the art. One or nore rows of
dies or one or nore dies with slit or annular 30 openings can be used to
form sheet mat egi; l& ef de QLtion of the dra s ;A gnbodi ment  of
the invention w I 5 %e %Iegc%l hc’l“atlbc wﬁosﬁfsﬁigﬁﬁﬁg on‘f’yeww\ahﬁng
partizul ar ref eFBﬁcel?Bg%hédlaééomnyl ngfdr?avmdngs asmenilgh: o2 MA¥ 2004

WO 01/ 38614 PCTAEBA0AQ4482nbem KWy q%l}ré s;a generalised schematic
representation of apparatus for thefor mat1on of extruded materials from

a spinning solution; Figure 2 is a schematic cross-sectional view al ong 5

the | ongi t udi nakiagxsire Gf id d eAsEeP] ¥ 9&r§ﬁ8ct§9@a{r§e’~&§ <§f‘0¥‘£‘e' gkl gure
1; Figure 3 is asscgg g‘ﬁg’ﬁa ective view of the die assenbly sﬁovvn in
Figure 2; Figure 2% tFc FégNTSIedf view il lustrating anot her

enbodi rrent of a die assenbl y of apparatus according to the invention; and

Figure 5is a o] a_n f die ) i gure 4
assenbl ed togettggﬁ% 4 lr%t t(gﬁngln é‘c & aﬁ?%ﬁt?"ﬁ?’ f%]oflégtfﬁtb’ég
extrdded. 15 Bezmoibde fmb@mqnmgoﬁutatﬁea Rseseinibdy 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.

15 Best Mode for Carrving out the Invention

Figure 1 shows apparatus for the formation of
extruded materials from a spinning solution such as
lyotropic ligquid crystalline polymer or other polymers or
pelymer mixtures. The apparatus comprises a dope reservoir

-+ 1l; a pressure regulating valve or pump means 2 which
maimtains a constant cutput pressure under normal operating
conditions; a connecting pipe 3; and a gpinning die assembly
3 comprising at least one spinning tube or die further
described in Figures 2 to 5. A take-up drum 5 of any known

25 construction draws out and reels up extruded material at a
constant tension exiting from the outlet of the die assembly
3. The pressure regulating valve or pump means 2 may be any
device normally producing a constant pressure commonly known

to a person skilled in the art.

30 The arrangement shown in Figure 1 is purely exemplary
and additicnal components may be added if desired.

Potential modifications to the arrangement shown in Figure



Figure 1 shows apparatus for the formation of extruded materials froma
spi nning solution such as lyotropic liquid crystalline polyner orptmengu
pol ymers or polymer mxtures. The apparatus conprises a dope reservolr 1;
a pressure regulating valve or punp neans 2 which nmaintains a constant
out put pressure under normal operating conditions; a connecting pipe 3;
and a spinning die assenbly 3 conprising at |east one spinning tube or die
further described in Figures 2 to 50 ¥ take-up drum5 of any known 25
construct oK draRe ARPAFRAY cled sPepsextr sited 1mat dr athat aat . CORSt anta
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ar r angenmehtvshovire iqoriantring pisodW &y wexenphalty g addistional .
conponent sg gdded if desired. Potential no i'fi cat i%g’r%g"n[qcl)lgt fée
arrangenent sho In Figure 12 MAY 2004 - 16 | will be apparent to persons
skilled in the art. In use dope is passed fromthe feedstock reservoir |
at a constant |B®Ne PEEsSW L&y Eans o e regul ating, val ve or punp neans
2 via the gonnect | ng pipe 3 to itfeq.i njfget ngwflhgl%pgﬁﬁgﬁﬁrdi%‘Et%lﬁsé@nbl y 4.
The die asseibly 24 FR%sfiofRdi AogPedses detfdinst jspimmiuy esuBeand Jiand
conpri sesd aups tséampoiniaigséddied Okpdhe 1 WRSd af .a second_ spi.nni ng
tube or ogcp%e]tgleg meleoﬁlt as, to%%%hcir def ﬁlr?lén 2 B a??palgzgaggeﬂ?wgflgf
spi nni ng sol uti on 1?hr&'ugflh the - GifePASSBAEI v/ 4foThEP#neing andut2oare nade
of d&m Fevirel ehw Por cussermibbyi 4l s, ThechHias @eldnd 082 266taL8e JRNDranes
or sheet se SANDPI2S ok i l.e._sem perpeabl e orous materials
e o Pozrin bAteRi 18 BELRTASI Sofbulsfmentatep to

are diethyl am noet hyl or “carboxyl or “carbo

mai nt ai n PSS n- 8Bnt ANRSRE dopes Prher st abemgilidabl e £f or 5 SPEABL 8.

Hol | ow f istemd peemieraaries SEYp@kSOs bRabsedaas Lh e ieabl e/ poy ous
gﬁ) i bre n%n{%rangs dglgelrgr%qnaé%"en??é%{ er

menbrane jtecigl, such | ow f : L
pol ysul f one, é‘a'l yeT hy | CHESPRE T 6t y 95PHeRe Wripls help | tonemaintain
p0|y&§rypg@¢pﬁmk@pnﬁa;ning dopes in a state suitable for spinning.
Hollow-fibre membranes may alsoc be used as the
semipermeable/porous membrane material, such hollow-fibre
membranes being made from polysulfone, polyethyleneoxide-
polysulfone blends, silicone or polyacrylonitrile. The
20 exclusion limit selected for the semipermeable membrane will
depend on the gize of the small molecular weight

- constituents of the spinning dope but is typicaelly less than
12 kbpa.

The die 8 is held at its upstream end by a tapered

25 adaptor 6 positioned at the inlet end of the dije assembly 4

and at its downstream end by a tapered adaptor 7 positioned

internally in the die assembly 4. The die 8 is held at its
upstream end by the adaptor 7 and at its downstream end by °

a spigot 13 at the outlet of the die assembly 4. The die 8

30 has a convergent, preferably hyperbolic, internal passage

and the geometrical taper is preferably continued with the

internal passage of the die 12. This can be achieved during

construction by softening a semipermeable tube or die on a

warmed suitably tapered mandrel, or by other methods as will

35 Dbe appreciated by a craftsman skilled in the art before

fitting the spinning tube or die into the apparatus. The

internal passages of the dies 8 and 12 together provide the



20 exclusion Iimt selected for the sem perneabl e nenbrane will depend an
the size of the small nol ecular weight constituents of the spinnin Zﬂgbéml
but is typically less than 12 kDa. The die 8 is held at its upstream end
by a tapered 25 adaptor 6 positioned at the inlet end of the die assenbly
4 and at its downstreamend by a tapered adaptor 7 positioned internally
in the die assenbly 4. The die 8 is held at its wupstreamend by the
adaptor 7 and at its downstream end-bg7 a spigot 13 at the outlet of the

di e assembiyil4r His shfe 8180:B2S <81 GARUET §tue sRIEf &I aD! shdyPRT Dol L6,
I nt ernal _passa andthgg pnetrical taper is preferably continued with
the int&PFal fadef of 2% he* Bi @5999P¥¥i &- can be achi eved during

construction by softening a sem perneable tube or die on a warned suitably

tapered nmandrel ,, o t hQer haods as.w |]. 35 be_appreciated. b

craft sman skill &d :[Erl\g%éﬁg gr ts%c’ol}ne SfIEPFi r#glet he %Blgnﬁil‘gngufqi?oréd%¥ g?e into

t he appaP&FG@ﬁIWhefﬁuﬂdwrﬁﬂgpasgmﬁﬂﬁmﬁ,th@ldtbsgs aasl 42 tvagethetoprovide

the 152 WAY 2004 tife ﬁwagaéiﬂe%aﬂeﬁzo&% i %é%ﬁﬁ&ﬁ%ret Lhe
s the

inlet to the outlet of the die assenbl .. A Jacket 9 surroun die 8
and is i Rfefd&d R0 CBAt drrXEeY 1UiLe %?é?eﬁ Yoriel, i8diaft ith,amAsanr

vapour teuhleantIdl Hdhecphneeessisigpwondi tilansd WikbBbn ddie spknRimgrhube or
di e 8. TheC&a%ketIQ i.S fhﬁted wi.t h ?g%inlet 10.and. an ggytlet 1 to_control

flow of PRGFG S nt & aRd G oF AHE T jubkBrT T RPAF t ABF [F4Ofet°T1 A4 5%r FBunds
the tubeaod dsefi2teshdiitd fa flladdwinlex flSuiatdi al £1ui8 autdlatfiai tdooutl et

16 t9410 e SJ.uid e.g. I , S lon or_g tQ b ) into
and o0t SFarhe ket 1B S R e B e 2 HE P EEE | & of
the di e #2EoAsa@d alawy natf vethe tiRckite Slshoim hevdtract sewd per nehel e

wall's a diefipeymRarogidrai£dd1 0 SRt ehbaki 451 which is not sem perneabl e
but which is preferably tapered, e.g. convergently, and may be

tenperature-controlled by circulating fluid at a predeterm ned tenperature
through the jaadset #&nh alternative to the die 8 shown having

semipermeable walls a die may be constructed from material
15 which is not semipermeable but which is preferably tapered,
e.g. convergently, and may be temperature-controlled by

circulating fluid at a predetermined temperature through the
jacket 9.

In operation spinning scolution or dope, e.g. a

20 polymer sclution, is fed to the inlet. of the die 8. As the. ..
dope passes along the tubular passage 17 it is treated
firstly as it passes through the die 8 and secondly as it
passes through the die 12, The fluid passing through the
jacket 8 may merely serve to heat or maintain the dope at
25 the correct temperature or provide the correct external
pressure to the walls of the die 8. 1In this case it is not
essential for the walls of the die to be made of
semipermeable or porous material. The temperature of the
dies 8 and 12 for the extrusion of protein-containing dopes
30 should typically be maintained at a temperature of about
20°C but spinning may be carried out at temperatures as low
as 2°C and as high as 40°C. The pressure of the fluid,
liguid or gas, in the jackets surrounding the walls of the
tubular passage 17 is typically maintained at a pressure
35 c¢lose to that at which the dope is supplied to the die

assembly 4. However the pressure c¢an be somewhat higher or



I n operation spinning solution or dope, e.g. a 20 polyner solution,- is

fed to the inlet. of the die 8. As the dope passes along the tubul aiZHAY 2004
passage 17 it is treated firstly as it passes through the die 8 and
secondly as it passes through the die 12. The fluid passing through the
jacket 9 may nerely serve to heat or maintain the dope at 25 the correct
tenperature or provide the correct extgrnal pressure to the walls of the
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the dope js,supplied to th | e .assenbly 4. However the pressure can be
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occur as xn@%@esp@%eesntwm@rﬁrm épen @flﬁh@h'éftt\hrﬁs of Thihe HatBer are

at |east pardly Ferdewet o¥eniper FRILLE  Fat earg a&za»lr“d%‘uﬂlurﬁ? éx3Bdidg the
abrupt pulling away of the dope fromthe walls of the die 12 at X
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at theoter P, nlng e (sl X sron orifice) and not _before.
The pul | L{-‘ng a\/\gflb om"gh re"’Le ltlfhg% tlg G9E5] %A O‘B ars af a
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required to flow the dope through the die_12 in, contact wth the die
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properti esofadbewiiepechd e walls. The position of 12A will depend
on: the changing rheological properties of the dope; the

rate and force of drawing; the surface properties of the die

20 12; the surface properties of the lining of the die 12; and

the properties of the dope and the agqueous phase surrounding

the dope.

It will be appreciated that ths temperature, pH,

osmotic potential, colloid osmotic potential, solute

25 composition, ionic composition, hydrostatic pressure or
other physical or chemical factors of the solution, solwvent,

gas or vapour supplied to the jacket({s) control or regulate

the conditions inside the tubular passage 17 as is commonly
understood by a craftsman skilled in the art. Chemicals in

30 the fluid supplied to the jacket(s) are able to pass through
the semipermeable or porous walls of the tubular passage to
"treat" the dope passing therethrough. It is alsc possible

for chemicals in the dope to pass outwardly through the
semipermeable or porocus walls of the tubular passage 17.

35 The fluids supplied to the dope will obviously depend on the
type of dope used and the semipermeable or pcrous membranes
used. Hewever, by way of example only, for the spinning of

concentrated protein solutions, the jacket 5 may



rate and force of drawi ng; the surface properties of the die 20 12;1?tfﬂ\4¥ 2004
surface properties of the lining of the die 12; and the properties of the
dope and 5%, gous phase surrounding the dope. It will ?EE’ reci at ed

that the tenperature, pH, osnotic potential, colloid osno 8%l |
solute 25 conposition lonic conmpositipy, _hydrostatic pressure or other

physi cal hem Qrs of the soluti sol.vent, gas or vapour
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t hrough the sem perneabl e or “porous wal
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in thes dopesfo pags pubwapil Ypbbhughat hen13aiper gabl S buPRLO 5, chglls of
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t he tubul ar 35

depend onulf’!f;fgfg gzrﬁfca&}élgﬁ’éd S E?}%‘E)%bﬂw peFiE&bre Istc ot e hehbr anes

used. Hovexkyetlyluny cgfh&kainp&aenomﬂey,aci@édtlaa S NE SPueh onCaREEYE £ ed

pr otel n ﬁf‘i gg tothel g et 12 MAY 2004 WO 01/38614 PCT/ GBOO 04489
ain 100 aM ITi§ %o BFPE§ BGfr SRS SAMTTHFTA R P F ywakeT aiBH of

7.4, and1'4'0?0 @dpgodi um chI oride to help maiintain the folded state of the

protein. The jacket 14 may contain lop nM Tris or PIPES buffer solution at

a lower pH, typically 5 6.3, and 250 nM potassium chloride to encourage the

unf olldl ng/ r ef ol FFagwat 1t he peoiésad Ehelr rblee cyiam iwei gil.lbe pmﬂ-w‘ﬂdnyiene

T o Caihrbebétdﬂggl}JQQ t&e é&iyg‘%ogg Il}%tl%ﬁc% %é% rea |se0é1'f hehe ®

the concentrati on of water Bt he
spi nni ng tifbetoPedrd il %ea%nkbé Grigsit ebﬁor 'ﬁhearﬂg@ehanemtmd ways

bet ween dﬂtfsgawéeﬂcﬁahl agnadp@ndt henapi gof + 1333 Thedi met@arga or.
Cross-sect arr% hape or, the exit 13 can be varied or adjusted to suit the

di anet er 5 tReBMiSndires iig@edien ARt eCFBF fedeRBioad stame ©for ned
product hend rigpranesd fat@rial. For a formed product having a circular

cross-section, the typical diameter of the outlet is from 1
to 100 pm and the typical diameter of the inlet to the
tubular passage would be from 25 to 150 times greater than
the outlet diameter depending on the extent of the
20 extensional flow. It will be appreciated that the
arrangements and proportions shown in Figure 2 are purely
exemplary and thus that additional components may be added
if desired. Potential modifications to the arrangements

shown in Figure 2 will be apparent to persons skilled in the
art.

Figure 4 shows a module containing three spinning
tubes or dies 12 mounted within a housing defining three
"jackets" 14, the same numbering being used as in the
previous embodiments to identify the same or similar parts.

30 The arrangements and proportions shown in Figure 2 are
purely exemplary and thus additional components may be added
if desired. Potential modifications to the arrangements
shown in Figure 4 will be apparent to persons skilled in the

art, including the provision of fewer or more dies 12 or
35 Jjackets 14,



cross-section, the typical dianeter of the outlet is froml to 100 Trz)@ﬁ,d
the typical dianmeter of the inlet to the tubular passage would be ff 280
to 150 wiggsssgi«cater than the outlet dianeter dependi ng pATIiBoBdsgnt of
the 20 extensional flow It will be appreciated that the arrangenents and
proportions shown in Figure 2 are puzely exenplary and thus that
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- 20 Fiaﬁt!a%e?lts*EQV\@eQQWntsV‘%k‘mlrgHG:‘L ag-pnits constructed fromthe
appar at us- shown in Figure 4 can be hel d together to enable a plurality of
extruded fibres to be produced. It wll be appreciated that the

arrangements amfleS g AROA%1 DISy SkaWpbBokhgYy b @R PRRahk exemhiLy and
thursL ad&*}thonal conponent s may be added if desired, Potenti_al
modi-Pi cBHPBRETt BAFREISr PaKgRRehle SMBANTIRORARANE 506 Llengrh fipstent to
personslaktkked i aliherantivellg phReEweaRid,i t ¥foreor @abiil £F thewajds of
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15 different semipermeable or porous materials for the walls of
the tubular passage. Thus the walls of the tubular passage
may comprise: semipermeable material of the same
permeability throughout the length of the passage;
semipermeable material cf different permeability for
20 different portions of the passage; porous material of the
same porosity throughout the length of the passage; 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 porous material for
25 one or more other portions of the tubular passage. As
mentioned above, some portions of the walls of the tubular
Passage may be non-permeable, By way of example only,

suitable semipermeable materials are: cellulose derivatives,

Goretex {Registered Trade Mark), poelysulfone,
30 polyethylenoxide-polysulfone blends, and silicone
polyacrylonitrile blends. By way of example only, the

suitable porous materials are: polyacrylate, poly (lactide-
co-glycolide), porous PTFE, perous silicon, porous

polyethylene, cellulose derivatives and chitosan.

35 It will be appreciated that the apparatus is suitable
for the formation of fibres or sheets from all sclutions of

lyotropic liquid crystal polymers whether synthetic or man-



t he tubul-ar passage. Thus the walls of the tubular passage may conprise:
senmi perneabl e material of the sanme perneability throughout the I2M4Y 30iof
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€

openi ngs use or

. The invention has industrial application in the
spinning of products.



formati on of sheet materials. 15 Industrial Applicability The invention has
I ndustrial application in the spinning of products. 12 MAY 2004 - 12HAY 2004

CLAI M5. 1. Spinning apparatus for formng spun material froma liquid

spi nning solution, the apparatus inclygding a die assenbly (4) having at

| east one tubul ar passage (17) thrqyg ich the liquid spinning solution

Is passed with at |east partly per wal | s, characterised in that the

said walls (8, 12) defining the or each tubul ar passage (17) conprise at

| east one sem nmeabl e nepbrane and/ or or.ous nemhrane, and

in that enclosu eéplmr@p%'awﬁ%mﬂm%‘aﬁa“wg‘ﬁga' ?’%’“ ai‘ﬁﬁ'gaﬁﬂ‘ %WP'S} | east

t wo conpardppaafus ircliding 4)did asséable @) hévirmat dezctonetubelay passéger(37) thnoeghof sai d

conpart ma%h?ch(lo% ncﬁ;ﬁ]ﬁép%%g sgﬁtlcﬁ'n %h s§£d RN Ly é@ p%tme}%le%all%hg cthedel hnl ng an

i nl et portion passage a sec one of said
conpar t merin_tha the saig wello@nth) defi ngéh%‘éfrﬂ?%b'ﬂ'?ro??s%aﬂﬂﬁ76F°'§%ﬂ3& héfeplCNBef i ni ng

an outl et déﬁu"ﬁehﬁébbié}f\eﬁlﬂgnééncﬁﬁ%heédﬂBhlé ﬁdro&&ﬁ@rﬂﬁﬁ{e( A in that erfgiisOrei Ng

t t d nbl 4
Pt | odttent a o 0p m el B 1) 850 SO Al ERGMatAPBR R HE o) LA FRRE Y g
sol uti on ifem gassger, adestlone oftzaldaomparyserde(9] QUTDOUMWIF@I@bnneéB)mS%I S
conpri si ng, 4t défﬁ'ﬁr%:]anqmgﬁ poﬁﬁ)moﬂﬁé PE&Rh BP0 % (@ﬂ%ab s@éonh @AS bf s3E por ous

menbrane, and In t he tubuI ar pass f? t hr ou E each of
sai d conparparments &14) ‘Msoun%"g PRCANA rﬂgﬁﬂ% sfl?é’@ R Me‘a% 1

char act er i g eé dreatttabular naksagalizyy of sal d d| e assenblies (4) are assenbl ed
together in a unit. 4. Spinning apparatus according to any one of clains 1
to 3, characterised in that each of said conp artnentsaﬁrgp 14) has supply
and renoval neahs Spinping gepatatusigrordigg to daimgl ghawplersekinthatiediq asserplly and

renovi ng f(h}l%%tat %Eﬁﬁrb albulbr ﬁﬁ%hadebﬁ?ﬁﬂiﬁ&@hwm'gﬁ&helIlﬁu1ﬂl§ﬁ5tﬁlhg3§blutl5n |sSp| nnljng
appar at us acco n t recedl cterise In
t hat the C;?, 8§es Egc@% u?arlpagsage FI??belréﬂ %f‘ Reqebé/t IIQQ rﬁ;],'rging%t Ie%&'%ﬁcﬁ

each tubul ar
passage ( 1sPnipdrmeahiamenbrapnandie atlaay ope pereys fp@?‘?f?'i'm angin thah sbhiie iPulappar at us

accor di ng fRsAfeY¥ (1) pasfthiebgH éeh &f ol cbmpefmémeiopnd)sed in that the
cross-sectional area of sald inlet portion of the or each tubul ar passage

(17) decreases towards said outlet portion. 7. Spinning apparatus
accordi ng to cl ai répBining appasetteadcording taclaimed, charectefisedhiptileat a pluralityiofjsaigd n| et

portion degg gasehbisUlsirantdedloled thhspef A@linfal |y towards said outlet portion.
8. Spinning apparatus according to any one of the preceding clains,

characterised in that said walls of the or each tubular passage (17) are
made of el asti c4. Spimipgappesdilseaccordingtorany snerefrdminsn lorth ckardcigrised in that

each of said compartments (9 ; 14) has supply and removal means (10,11; 15,16} for
supplying fluent material 1o, and removing fluent material from, the compartment in question.

5. Spinning apparatus according to any one of the preceding claims, characierised
in that the cross-sectional area of said inlet portion of the or each tubular passage (17)

increases towards said outlet portion.

6. Spinning apparatus according 1o any one of claims 1 to 4, characterised in that the
cross-sectional area of said inlet portion of the or each tubular passage (17) decreases

towards said outlet portion,

7. Spinning apparatus according to claim 6, characterised in that the diameter of said

inlet portion decreases substantially hyperbolically towards said outlet portion.

8. Spinning apparatus according to any one of the preceding claims, characterised in
that said walls of the or each tubular passage (17) are made of elastic, semipermeable or

porous membrane material.



17 Vy 2804 - 23 9. Spinning apparatus according to any one of the

precedi ng clainms, characterised in that said walls of the or each!f 0iB\IGk
passage (17) are partly coated on their inner and/or outer surfaces with

i mpernmeabl e material to render the walfs at | east partly inperneable. 10.
Spi nni ng apparatus according to any one of the preceding clains,
characterised in that inner surfaces of said walls of the or each tubular
passage (17) ar® Swingdrpsretys pedorinad any g GEiha greseding slaims. ohgracierieqii ng
aﬁpar atus tﬁél%%@ialﬂkgofttﬁé @%ﬁcrgtﬂ?xlé?fpaésbge pI7e&e @by codtédd df(l;theit:ihaégaaﬁﬁ/ellfi sed di nf
t hat concentric arranged feed neans are i tioned at t inlet end o
the or eac‘h"erﬁ'ﬂ%ﬁ?%?"ﬂb'ﬁ‘?g é‘b'(’f'fjje"ggo s R @%‘?GE 'F?sga?@yémp?eﬁn?anbée'sol ution
and one or nore additional conponents to the or each tubul ar passage (17).
12. Spinning appar | ge&g,q THpel
characteri sed fbﬁs’?hﬁ@g? ﬁ‘ga(?%t?g %‘%S'tﬁp‘gg‘?%l“@g?n"ﬁg‘? %S%oﬁﬂe rren%?bg%%@?@orous
nmenbr ane dopt inressudases of sgiievalia eidbeereaphbibearRAoe 417) a'f?r°°§i‘}5§‘f‘|"8' "gb

di et hyl ama@einghater@fr boxl , or carboxymet hyl groups. 13. Spinning apparatus
according to any one of clainms 1 to 11, characterised in that the or each
sai d sem permeabl e nenbrane or porous nenbrane conprises a hollowfibre
menbr ane of pol Vs Bpirving appasityeadepidingdoxiydwe pbihg Biecedingciamarharacieriseicone or

pol yacryl qpiraf Edritentrdhily sTrinBeY 1860 ABARIERE pissitiBsdatit tHelrdetlend aNtie 0Ngacal t he
precedi ng cl ai ns aracterise u]ppl y neans

I , ¢h d inthat it further includ i
(2, 3) fortuRyasmesseas (il suprly,said \yidFRINAIGS SR PBA OR& O IREe a‘ﬁ '®Cqch die
assenbl y ajochporeniaialthem@ach tiblarfpassagem3yi ng t he fornmed material fromthe or
each die assenbly. 15. A nethod of form ng spun material by passing liquid
spi nning solution through at |east one tubul ar passage (17) of a gi e
assenbly (4) hald rpinging|apealupascerdpgie il obthgalecedingclal .‘L%h?’a{fﬁﬁ?e cterised
i n that thg i oneddhsaliseinlpernaable atimbiang el paroysassetgene dompriseseliviese at

| east one. SRRLRSLIRARS USIBLARG AUy, E500 PEabih AubyiRagane. 10

that a fir&t materral 1S supp 0 I rst conpartne
surroundi ng the or each tubul ar passage (17) for treating the liquid

spi nni ng sol uti ¢f Sfinnirdy JPPSSOE aédorING tb By de oealsims tiub Ul ahapetedsedén 10d417) ,  and
in that a second flyid materjal is su ' ept (14)
sur  ound i ERENGPUSERRETTBLF e BRRe ar el AR AR SUTRAN TS |

spi nni ng swembriape ofpslystifope poethensayde-prlvsyifonedinns. SligRNeHr PHMACEAENE17) by
conponents perneating through the sem perneabl e or porous nenbrane(s) of

sai d tubul ar pa e walls (8, 12). 16, A netho L. Lm 15,
characterised i i‘?t T"’Q?razgﬂ?'ég\‘b)\/ﬁccé’%d' &2y %"ﬁi%mf%re%%@%gbﬁg '-'Eh%_&a%{fﬁ%épspi nni ng
sol uti on tio taditfortheindysdes svrplyonéans (S Shivesupelyingthetinyid spipningsaytighicdhe t he or
each t ubUbﬁ%pwa@%mMne%m%m@%sw%rsaﬁm@ 1ROBPRIL RBiial fddhe k7. A

met hod according to claim 16, characterised in that drawn down spun
each die assembly.

mat eri al
15. A method of forming spun material by passing liquid spinning solution through at

least one tubular passage {17) of a die assembly (4) having at least partly permeable walls (8,
12), characterised in that the said walls of the or each tubular passage (17} comprise at least
one semipermeable membrane and/or at least one porous membrane, in that a first fluid
material is supplied to a first compartment (8) surrounding the or each tubular passage (17)
for treating the liquid spinning solution as it passes along the or each tubular passage (17),
and in that a second fiuid material is supplied to a second compartment (14) surrounding the
or each tubular passage (17) for treating the liquid spinning solution as it passes along the or
each tubular passage (17) by components permeating through the semipermeable or porous

membrane(s) of said tubular passage walls (8, 12).

16. A method according 1o claim 15, characierised in that draw down of the liquid




Is treated or coated within the or each tubul ar passage (17) by cogym}ents

pernmeating through the sem perneabl e or porous nenbrane(s) of sai il
passage walls (18, 12). 18. A nethod according to any one of clainms 15 to
17, characterised in that each of said4first and second fluid materials

SUDPl | 20\ BobP e SficRRF o AEREH FRRbel Akl B bl vRIR SRS, 10 A

nmet hod acc one T I'§ed TR t hat
conmponent sUbelfafEeﬁsagﬁfwf@tmqfﬁ@ys@cﬁémdfqompwm(e1|4}-al s pass through the
sem perneabl e or porous walls of the tubular passage(s) to alter the pH,

I oni ¢ conposi ti C tent and/or smal ecul ar wei ght corrp05|t|on
of "the 11 hurd Sgi ATABLSEIENGIb (R JerGoERBUGH PAC P PUp Hege( <)
(17) 20. |sétrmdundoaed:wnmhthgote)acam;butaneaseﬁgec(ha)luWorizﬁorteotsb%;mealneg acterised
in that t | ' |l ysis,
reverse dlhg ijs!]ltgéjé éHnP 5&?' atﬁ) ?Aggwe (5,\écr‘t§é E)E%%Fsdﬁr%kwpggstaéy%tg E)Br g? )ao% or
conbi nati on of these as it passes through the or each tubular passage

( 17% A t21t hA rret1t30¢._ rAGREY StcHging @ #H)bne BELIAhs ¢$ i 175chbRacteAsetDn tHahedchet er i sed
in a €.

in L ution conptises a se se ng m.xture and in
that e SBPITR B 1o B byt APl iEine i BrePeRmir Rl e R e
sem perrreabﬁt@uer porous walls of the tubular passage(s) (17) to regulate
t he phase separation and sem permeabl e poI ynerisation process to produce
filler particles or voids in 8un mat er.i al A et hod

according to any &rBetd @F?JF’H@ t""l%“"t"lfie 2f1°’a‘ ha? Qc@e?has"’é’t?”??? P the 1ength,
area and/ epomporsntsi of Baid first dridelecarg dluidimatdrials\wabd throogh thheemipersableubul ar

passage ( JpZ)oué‘W%us Fd tﬁ%lér%aéé%%é(k‘ﬂﬁ %ﬁerttﬂ?aepﬁ fnfe cQﬁm{:S’éﬁFoﬁ Nt coﬁféﬁt énbfbg ) at

whi ch the p I oni ¢ conposi't ter ‘conten ecu
wei ght co ﬁﬁ'@g Mojesparveiant ﬁ%[ﬂ@?&mwft‘l“ﬁ W“tdtt‘é'”t‘tﬁﬁ ﬁ?"éﬂ"“ﬁé%%%g‘@@g?h the jupylar

passage(s) (17).

20. A method according to any one of claims 15 to 18, characlerised in that the
liquid spinning solution is treated by diffusion, dialysis, reverse dialysis, ultrafiltration, electro-
osmosis, pre-evaporation or a combination of these as it passes through the or each tubular
passage (17).

21. A methed according to any one of claims 15 to 20, characterised in that the
spinning solution comprises a phase separating mixture and in that the sotution is treated by
diffusion of chemicals across the semipermeable or porous walls of the tubular passage(s)
{17) to regulate the phase separation and semipermeable pelymerisation process to produce
filler particles or voids in the formed spun material.

22. A method according to any one of claims 15 to 21, characterised in that the
length, area and/or position or thickness of the walls of the or each tubular passage (17) are
varied to influence the rate or extent or position at which the pH, ionic composition, or water
content or small molecular weight composition are changed within the tubular passage(s)
{17).



