
EP 0423249B1 Description FIELD OF INVENTION 5     This invention relates to
the manufacture of porous hollow fibre membranes and more particularly to
an extrusion die assembly for forming such membranes. BACKGROUND ART 10
Porous polymeric structures having pores in the range of 0.01 to 10 [err]
are commonly used for microfiltration. Such membrane structures may be
prepared from thermoplastic polymers using precipitation techniques and
formed into various shapes including hollow fibres or flat sheets. The
thermal precipitation technique for membrane formation commences with the
formation of a solution of a thermoplastic polymer in a solvent at an
elevated temperature. The solution is then cooled and, 15  at a specific
temperature which depends on the polymer, the solvent, the concentration of
the polymer in the solvent and the rate of cooling, phase separation occurs
and the liquid polymer separates from the solvent. True solutions require
that there be a solvent and a solute. The solvent constitutes a continuous
phase, and the solute is distributed randomly in the solvent at a molecular
level. Such a situation is almost 20  unknown with polymer solutions. Long
polymer chains tend to bend back on themselves and form temporary
interactions or bonds with other polymer chains with which they come into
contact. These interactions are continually forming and breaking, and new
ones are formed. Polymer solutions are thus rarely true solutions but lie
somewhere between true solutions and mixtures. In many cases it is also
difficult to state which is the solvent and which is the solute. In the
art, it is 25  accepted practice to call a mixture of polymer and solvent a
solution if it is optically clear without obvious inclusions of either
phase in the other. Phase separation is usually then taken to be that point
where there is an optically detectable separation. There is yet another
case where the heated mixture of polymer, solvent, and other components if
present, is neither a solution nor a mixture in the usual sense of the
words. This is the case where a 30  surface-active agent is present in
sufficient concentration to form ordered structures such as micelles. A
hollow fibre forming installation disclosed in US-A-4,708,799 includes a
vessel containing a heated solution of a polymer and a liquid which is
inert relative to the polymer which is delivered to an extrusion die by a
pump. The hollow fibre is extruded through a nozzle into a spinning tube
containing inert liquid of the solution. The fibre and the inert liquid
pass through an atmospheric gap to a spinning tube in the same 35
direction and at substantially the same linear velocity. In that
installation, the hollow fibre is extruded in the molten state and formed
in the spinning tube. The application of the inert liquid to the molten
fibre has an adverse effect on the porosity of the surface of the fibre.
Furthermore, the use of a spinning tube is cumbersome and costly.
US-A-4115492 discloses a process for making a polymeric, porous hollow
fibre comprising the steps 40  of:- a) heating a mixture of a thermoplastic
polymer and a solvent to a temperature and for a time for the polymer and
solvent to mutually dissolve, b) introducing the molten mixture into an
extrusion head adapted to shape the molten mixture into a hollow fibre, 45
c) introducing a lumen-forming fluid into the lumen of the shaped molten
mixture, d) cooling the shaped molten mixture in the extrusion head to a
temperature so that non-equilibrium liquid-liquid phase separation takes
place to form a bi-continuous matrix of the polymer and solvent in which
the polymer and solvent form two intermingled separate phases of large
interfacial surface area, and, 50    d) removing the solvent from the
polymer. From one aspect, the present invention provides a process
according to Claim 1, in which the precharacterising part of the claim is
based on the disclosure of US-A-4115492 and the distinguishing features of
the invention are as set out in the characterising part of Claim 1. The
invention also provided an extrusion head for forming a polymeric, porous
hollow fibre and ss  constructed as defined in Claim 19. The preferred
embodiments of such apparatus comprises. a quadruple co-extrusion head
having four concentric passageways. The axial passageway receives a lumen
forming fluid, the next outward passage- way receives a homogenous mixture
of the polymer and a surfactant solvent to form the membrane, the 



2    EP 0 423 249 B1 next outwardly concentric passageway receives a
coating fluid and the outermost passageway receives a cold quench fluid.
Each fluid is transported to the extrusion head by means of individual
metering pumps. The four fluids are individually heated and are transported
along thermally insulated and heat traced pipes. The extrusion 5  head has
a number of temperature zones. The lumen fluid, membrane dope and coating
fluid are brought to the same temperature in a closely monitored
temperature zone where the polymer solution making up the dope is shaped.
The quench fluid is introduced in a cooling zone where the dope undergoes
non- equilibrium liquid-liquid phase separation to form a bicontinuous
matrix of large interfacial surface area of two liquids in which the
polymer phase is solidified before aggregated separation into distinct
phases of 10 small interfacial surface area can take place. The hollow
fibre membrane leaves the extrusion head completely formed and there is no
need for any further formation treatment except for removing the surfactant
solvent from the membrane in a post- extrusion operation that is common to
membrane manufacturing processes. A volatile solvent that does not dissolve
the polymer is used to remove the surfactant solvent for the polymer from
the finished membrane. 15     The hollow fibre membrane made in accordance
with the invention is characterised by a lacey or filamentous structure. In
this specification, the term "lacey" means that the membrane is made up of
a plurality of polymer strands connected together at a number of locations
along each strand. Each connection point has only slightly larger
dimensions than the cross-section of the strands. The length of each strand
is from 5 to 50 times the diameter of the strand and the strands vary in
cross-sectional shape 20 from circular to elliptical, in the latter case
the major axis of the ellipse may be up to 5 times the minor axis of the
ellipse. The description "lacey or filamentous structure" may also be
visualized as a three dimensional rounded lace filet derived from a
bicontinuous structure. The hollow fibre membrane may have a lacey
structure in which there is some slight orientation of the strands in the
axial direction of the fibre so that when a lumenal gaseous blowback
procedure is 25 implemented to clean the fibres, certain dimensions of the
interstices increase on average allowing any material lodged in the
interstices to be easily dislodged. The interstices are of a generally
axially elongated shape and when the gaseous blowback is applied, the
interstices distort from the axially elongated shape into a generally
square shape to enlarge the minimum dimension of the interstices. The
gaseous blowback will also stretch the fibre to increase the minimum
dimension of the interstices. 30 BRIEF DESCRIPTION OF THE DRAWINGS In order
that the invention may be more readily understood and put into practical
effect, reference will now be made to the accompanying drawings in which:-
35    Fig.1   is a schematic diagram of an extrusion die according to the
invention, Fig.2   is a cross-sectional view of an extrusion die assembly
according to one embodiment of the invention, Fig.3   is an enlarged
cross-sectional view of the upper or melt die portion of the extrusion die
assembly of Fig. 2, and, 40    Fig.4   is an enlarged cross-sectional view
of the lower or quench tube portion of the extrusion die shown in Fig. 2,
Fig. 5   is an enlarged cross-sectional view of the discharge nozzle of the
melt die portion of the extrusion die assembly shown in Fig. 2, and, Fig. 6
is a schematic diagram of an extrusion installation according to one
embodiment of the 45            invention. The extrusion die shown in
schematic form in Fig.1 has, at its upper end, three concentric passageways
11, 12 and 13. The axial passageway 11 carries a lumen fluid 14 such as
nitrogen gas, the inner annular passageway 12 carries a homogeneous
solution (or dope) 15 of polymer material and surfactant and the outer
annular passageway 13 carries a hot coating fluid 16 such as soybean oil.
Neither the lumen fluid nor 50 the coating fluid contain the surfactant
present in the dope passing through passageway 12. The thick lines in Fig.
1 represent walls and the thin lines represent interfaces between the
various fluids. 



The upper portion 17 of the extrusion head 10 is a closely monitored
temperature zone. Within the hot zone 17, the coating material remains as a
coating on the membrane 21 being formed and dissolves part of the surface
of the membrane 21 to provide a porous surface on the membrane. 55
Below the hot zone 14 there is a cooling zone 18 which includes an annular
quench fluid passageway 19. The quench fluid, which may be cold soybean
oil, is pumped through the quench passageway 19 at a fixed rate and the
coolant or quench fluid is not open to atmosphere. The inner wall of quench
passageway 19 has a series of openings 20 through which the quench fluid
passes. Beneath the extrusion head 10 there 3    EP0423249B1 is a
collection point for receiving the extruded membrane 21. An extrusion die
assembly 30 according to one embodiment of the invention is shown in Figs.
2 to 5 and consists of an upper or melt die portion 31 and a lower or
quench tube die portion 32 coupled together by a union 33. 5     The melt
die portion 31 which is shown on an enlarged scale in Fig. 3, has a body 34
having an inlet 35 for receiving membrane forming dope and an inlet 36 for
receiving coating fluid. The body has a central bore 37 and at its upper
end there is a closure plate 38 having an axial passageway 39 for receiving
a lumen forming fluid. The plate 38 is secured to the body 34 by bolts 40
and a seal is provided by "O" ring 41. 10    Within the central bore 37 of
the body 34 there is a nozzle member 42 which depends from the plate 38.
The axial passageway 39 is reduced in diameter at its lower end where it
passes through the tapered end 43 of nozzle member 42. The nozzle member 42
is sealed in the body 34 by "O" ring 44. The passageway 39 corresponds to
passageway 11 of Fig. 1. The dope inlet 35 leads to a dope delivery
passageway 45 in communication with an annular chamber 15 46 formed in the
outer surface of nozzle 42, Dope is discharged from the chamber 46 into
passageway 47 which exits into a tapered annular fibre forming tube 48
defined between the outer face of the nozzle 42 and a recess 49 formed in
die plate 50. As can be seen in Figs. 3 and 5 the fibre forming tube 48 has
an upper conical portion 48a and a lower conical portion 48b. The upper
portion 48a is inclined at a larger angle to the vertical than the lower
portion 20  48b. In this instance, the angle of inclination of the upper
portion is from [err] from the axis and that of the lower portion is
from[err]  from the axis. In the preferred embodiment, the angle from the
axis on the upper portion of nozzle [err] and on the upper portion of the
die plate 50 is 50 and on the lower portion of nozzle [err] and on the
lower portion of ringplate 50 is[err], The tapered tube 48 provides a
neck-down ratio (that is the ratio of the molten dope at the bottom of the
tube 48 to diameter of 25  the finished fibre) of 2.1 to 1. The neck down
ratio may be in the range of 1:4 to 10:1. The coating fluid inlet 36 leads
to a coating fluid delivery passageway 51 in communication with an annular
chamber 52 formed by a recess in the bottom of the body 34 and the die
plate 50. Coating fluid is discharged from chamber 52 into passageways 53
formed in the die plate 50 which exit into an annular chamber 54 formed
between the bottom of the die plate 50 and ring plate 51. 30     The ring
plate 51 is secured to the body 34 by bolt 55. "O" ring 56 provides a seal
between the ring plate 51, die plate 50 and body 34 and "O" ring 57
provides a seal between die plate 50 and body 34. A central bore 58 of the
stem portion 59 of the ring plate 51 receives the fibre which is retained
in hollow form by the lumen fluid and which is coated with the coating
fluid. The quench tube portion 32 which is shown on an enlarged scale in
Fig. 4 has a body portion 60 and a 35  connector plate 61 secured thereto
by bolt 62. "O" ring 63 provides a seal between the body 60 and plate 61.
The body 60 as a quench fluid inlet 64 which leads to a quench fluid
chamber 65 formed by a recess 66 formed in the body 60. Within the recess
66 there is a quench oil diffusor 67 having an axial bore 68. Passageways
69 connect the chamber 65 to the bore 68. 40     "O" ring 70 seals the
diffusor 67 with respect to the body 60 and "O" ring 71 seals the diffusion
67 with respect to the connector plate 61. The bore 68 of the diffusor 67
is in communication with the bore 72 of body 60 which in turn is in
communication with the bore 73 of discharge tube 74. Fig. 5 is an enlarged
view of the discharge nozzle 42 which, in this instance, is modified to be
in the 



nature of a needle 80 having a plurality of protrusions 81 which act to
self centre the needle 80 within the 45  chamber 48. The extrusion line
shown in Fig. 6 includes a vessel 90 containing a membrane forming solution
or dope. Around the vessel 90 there is a heating jacket 91 coupled to a
heating oil system (not shown) by lines 92 and 93. Dope from the vessel 90
is drawn through line 94 and valve 95 by gear pump 96. From the gear pump
96, the dope passes through filter 97 having a heating jacket 98 coupled to
the heating oil 50 system by lines 99 and 100. Downstream of the filter 97,
dope line 94 branches into four lines 94a, 94b, 94c and 94d which lead to
extrusion die heads 101, 102, 103 and 104 respectively. Each die head has a
melt portion 105 of the kind described in relation to Fig. 3 and a quench
tube portion 106 of the kind described in relation to Fig. 4. Lines 107
represent the formed hollow fibres which are extruded from the die heads
101, 102, 103 and 104. 55 The hollow fibres are wound onto reels (not
shown). A vessel 108 containing a quench fluid has a heating jacket 109
coupled to the oil heating system by lines 110 and 111. Quench fluid is
drawn through line 112 and valve 113 by gear pump 114. Downstream of the
pump 114, the line 112 branches into four lines 112a, 112b, 112c and 112d
which lead to the respective [err]    EP 0 423 249 B1 quench tube portions
106 of the die heads 101, 102, 103 and 104. After passing through the tube
portions 106 the quench fluid is collected in reservoir 117 and returned to
vessel 108 through line 118. A lumen forming fluid is introduced through
line 119 and valve 120. Downstream of the valve 120, line 119 branches into
line 121, 122, 123 and 124 which lead to the respective melt portions 105
of the die 5 heads 101, 102, 103 and 104. The various pipes of the
installation are insulated and all parameters are controlled by a
microproces- sor. DESCRIPTION OF PREFERRED EMBODIMENTS 10 The invention
will now be further described with reference to the production of porous
hollow fibre membranes. EXAMPLE 1 15 A dope was formed by mixing and then
heating 2600 gram of polypropylene pellets, 7300 gram of TERIC N2 and 100
gram of anti-oxidant ETHANOX 330 (ETHANOX & TERIC are Registered Trade
Marks). TERIC N2 is nonylphenoxyethoxyethanol. The temperature of the dope
was raised to above 220 C with agitation under vacuum to ensure that that
the mixture became homogeneous. The dope was then extruded 20  through the
quadruple passage die at a temperature of 220 C. During mixing, the vessel
90 was held under a vacuum of -96kPa and the oil heating system maintained
at [err]. Mixing was commenced when the temperature of the vessel 90 was
[err] mixing and heating time was 240 minutes. During extrusion the lumen
forming nitrogen gas was maintained at 200 kPa. The filter 97 had an
average pore diameter of 20 [err]and the pressure drop across the filter
was 50 kPa. 25 Nitrogen was used as the lumen forming fluid and soybean oil
as the coating fluid and quenching fluid. The dope flow rate was 22cc/min,
the lumen pump flow rate 7.6 cc/min, the coating pump flow rate 5.0 cc/min
and the quench pump flow rate was 1750 cc/min. The circularity of the fibre
prior to extraction of the solvent was 95% and the break extension was
175%. After extracting the solvent, the physical characteristics of the
fibre were:- 30 Lumen                      340[err] Outer diameter
640 [err] Circularity Concentricity 35                           Bubble
Point                > I70kPa % pores above 0.16 micron    > 50% Mean pore
size             0.20 [err] 



Water Permeability at 50 kPa   > 40 cc/min/m Yield force                0.8
N 40                       Break force                 1.0 N Break
extension            > 150% Surface pore width (nominal)   1 [err] 45
The structure of the fibre so formed was generally lacey. The lacey
structure does not lend itself to a precise qualitative description in
terms used to describe prior art membranes such as cells and pores. In the
prior art such as U.S. patent 4,519,909, cells relate to spheres and pores
relate to cylinders. In some respects, the parts of the lacey structure
where one cavity intersects another may be equivalent to a "cell" and the
actual intersection itself a "pore". Topologically, such "cells" of the
lacey structure relate to 50 adjacent spheres and such "pores" relate to
circles formed by their intersection whereas in the prior art the cells
relate to separated spheres and the pores relate to the connecting
cylinders. As well as such "pores" and "cells", the lacey structure has
alveoli which are larger cavities than cells and these connect to a larger
number of "cells". The lacey structure occupies the spaces between the
alveoli. 55     A typical lacey structure may have substantially spherical
"cells" of between 0.1 to 5 [err] which have substantially circular "pores"
of 0.1 to 0.5 micron interconnecting the cells to each other. The "pores"
also connect the cells to alveoli of about 8 to 20 [err]. Water
Permeability tests showed that the permeability of a typical fibre from
outside to lumen was one third of the permeability from lumen to outside. 5
EP 0 423 249 B1 Although the example has been described in relation to a
polypropylene/TERIC N2 solution, it is to be understood that the extrusion
process may be applied to other solutions. Soybean oil with or without
castor oil may be added to the solution as a co-solvent and SYNPROLAM 35X2
or BRIJ 92 may be used instead of TERIC N2. SYNPROLAM and BRIJ are
Registered Trade Marks. A solvent may be added to the coating 5  fluid.
Surface pore modification may be effected by both temperature control and
variation of the composition of the coating fluid. Membranes can be
prepared having elongated pores in the axial direction but with symmetrical
morphology in the radial and circumferential directions. Surface porosity
can be varied in radial porosity from a "skin" through to complete radial
isotropy and further to having a surface that is more 10 porous than the
remainder of the membrane (reverse asymmetry). During extrusion, the
coating fluid mixes significantly with the molten polymer to a greater
extent than the quench fluid mixes when the coating fluid is omitted. The
coating fluid controls the surface porosity of the membrane. The hot
coating fluid ameliorates the sudden cooling effect of the quench fluid on
the dope. The coating fluid is a separate, co-extrusion, and is neither
part of the membrane extrusion nor the quench 15 co-extrusion. Although the
precise mechanism of the structure formation is not clear, it would seem
that a liquid-liquid bicontinuous system is formed which if maintained for
sufficient time would become two separate layers. During this process, the
system could be made to pass through a lacey structure followed by a stage
of nearly spherical cells with interconnecting pores. For a given polymer
and solvent mix, the size range of the 20 cells depends on cooling rate and
the interfacial surface tension between the polymer rich and the polymer
lean phases while the pore size depends on cooling rate and, to a lesser
extent, molecular weight of the polymer. It is to be noted that the fibre
travels down the quench tube at a significantly different linear speed from
the quench fluid. The extruded fibre travels at a speed three to four times
faster than the average speed of 25 the quench fluid. Such a speed
difference calculated on the average speed also means that the fibre
travels at a speed about double the maximum speed of the quench fluid. The
average and maximum speed of the quench fluid above are taken as the speed
with no fibre present. Although the above example refers to the use of
nitrogen as the lumen forming fluid, any saturated vapour may be used as
may a wide variety of liquids. When nitrogen (or a saturated vapour) is
used, it has 30 the effect of reducing the lumenal surface pore size,
giving greater asymmetry. Use of a saturated vapour has the property that
it will condense in the lumen under cooling, allowing the quench fluid to
pass through 



the porous walls, and give some measure of mechanical compression to the
solidifying membrane. Although polypropylene is the presently preferred
thermoplastic polymer, the following polymers may be used:- 35    (a)
polybutylene (b) polyvinylidene difluoride (c) polyvinylidene dichloride
(d) polyamide (e) polyvinyl chloride 40   (f) polystyrene (g)
polymethylmethacrylate (h) polyphenylene oxide (i) polyethylene
terephthalate (j)polyacrylonitrile 45    (k) cellulose acetate Apart from
TERIC N2 another solvent for polyolefins which may be used is SYNPROLAM
35X2 which is an amine ethoxylate of the general formula:- 50
[err] [err] [err] 6    EP 0 423 249 B1 where x + y = 2 to 50 and R is a
mixture of [err] fatty radicals in the approximate ratio of 70:30 about
half of which are linear and the rest mostly branched species. In the case
of SYNPROLAM 35X2, x+ y = 2. Yet another solvent which may be used is BR1J
92 which is a polyoxyethylene (2) oleyl alcohol. Other solvents for
polyolefins which may be used in carrying out the process of the invention
include:- 5      (a) ethyloxylated derivatives of cetyl-oleyl alcohol such
as TERIC 17A2 (b) condensates of ethylene oxide with tall oil such as TERIC
T2 (c) self-emulsifying derivatives from high molecular weight fatty acids
such as TERIC124 (d) sorbitan monooleate (e) sorbitan monostearate 10   (h)
POE cetyl oleyl alcohol such as ATLAS G-70140 (i) ATMER 685 nonionic
surfactant (j) POE (2) cetyl alcohol (k) POE (2) stearyl alcohol (I) POE
fatty alcohols such as CIRRASOL EN-MB and CIRRASOL EN-MP 15   (m) POE (2)
synthetic primary [err] alcohol such as RENEX 702 ATLAS, ATMER, CIRRASOL
and RENEX are Registered Trade Marks. The same substance may be used as the
coating, lumen, or quench fluids. The lumen forming fluid may be selected
from a wide variety of substances such as soybean oil or an inert gas such
as nitrogen. Water may be used as the quench fluid. Other substances which
may be used as the lumen forming fluid, 20  the coating fluid and the
quenching fluid include:- (a) paraffin oil (b) peanut oil (c) teel oil (d)
boleko oil 25    (e) oil of mustard (f) olive oil (g) seneca oil (h)
coconut oil (i) coffee oil 30      (j) rapeseed oil (k) corn oil 



(I) cottonseed oil (m) glycerol (n) glyceryl trioleate 35      (o)
trimyristin (p) jojoba oil (q) macassar oil (r) neem oil (s) castor oil 40
(t) orris root oil (u) safflower oil (v) oleic, palmitic, stearic,
arachidic, arachidonic, behenic, lignoceric, linoleic, linolenic, elaidic,
vaccenic acids and their glycerides, and mixed with their sodium, potassium
and calcium salts (w) dioctylphthalate and other phthalate esters of
alcohols of six carbon atoms or more 45 EXAMPLE 2 5.2 kg Hoechst
polypropylene PPN1060F was dissolved in 14.6 kg TERIC N2 with 0.2 kg
antioxidant Ethanox 330 and extruded at a temperature of 230  C with
soybean oil as the lumen, coating and quench 50  fluids. The quench fluid
temperature was [err]. The dimensions of the fibre were 322 [err] lumen
diameter and 671 [err] outside diameter. The resulting fibre had a water
permeability of 106 ml/min/m at 96 kPa, 367 ml/min/m at 398 kPa, and 478
ml/min/m at 599 kPa, a mean pore size of 0.301 micron and 90.7% pores above
0.16 [err]. 55  EXAMPLE 3 5.2 kg Hoechst polypropylene PPN1060F was
dissolved in 14.6 kg TERIC N2 with 0.2 kg antioxidant Ethanox 330 and
extruded at a temperature of 230 C with soybean oil as the lumen,coating
and quench 7    EP 0 423 249 B1 fluids. The quench fluid temperature was
[err]. The dimensions of the fibre were 324 micron lumen diameter and 652
micron outside diameter. The resulting fibre had a water permeability of
126 [err]min/m at 96 kPa, 430 [err]min/m at 398 kPa, and 543 [err] at 599
kPa, a mean pore size of 0.380 urn and 95.2% pores above 0.16 am. EXAMPLE 4
5.2 kg Hoechst polypropylene PPN1060F was dissolved in 14.6kg TERIC N2 with
0.2 kg antioxidant Ethanox 330 and extruded at a temperature of 230 C with
soybean oil as the lumen, coating and quench to fluids. The quench fluid
temperature was [err]. The dimensions of the fibre were 323 [err] lumen
diameter and 640 [err] outside diameter. The resulting fibre had a water
permeability of 94 cm3/min/m at 95 kPa, 330 cm3/min/m at 396 kPa, and 448
[err] at 598 kPa, a mean pore size of 0.310 [err] and 87.9% pores above
0.16 [err] 15  EXAMPLE 5 5.2 kg Hoechst polypropylene PPN1060F was
dissolved in 14.6 kg TERIC N2 with 0.2 kg antioxidant Ethanox 330 and
Extruded at a temperature of 230 C with soybean oil as the lumen, coating
and quench fluids. The quench fluid temperature was 31.8 C. 20     The
dimensions of the fibre were 320 [err] lumen diameter and 627 [err] outside
diameter. The resulting fibre as a water permeability of 80 [err] at 98
kPa, 288 [err] at 399 kPa, and 393 [err] at 600 kPa, a mean pore size of
0.260 am and 80.9% pores above 0.16 [err]. EXAMPLE 6 25 5.2 kg Hoechst
polypropylene PPN1060F was dissolved in 14.6 kg TERIC N2 with 0.2 kg
antioxidant Ethanox 330 and extruded at a temperature of 230 C with soybean
oil as the lumen, coating and quench fluids. The quench fluid temperature
was 30.5 C. The dimensions of the fibre were 325 [err] lumen diameter and
642 [err] outside diameter. 30     The resulting fibre had a water
permeability of 73 [err] at 98 kPa, 288 cm3/min/m at 399 kPa, and 393 [err]
at 600 kPa, a mean pore size of 0.260 [err] and 80.9% pores above 0.16
[err]. 



EXAMPLE 7 35     6.75 kg Hoechst polypropylene PPN1060F was dissolved in
18.25 kg TERIC N2 with 0.25 kg antioxidant Ethanox 330 and extruded at a
temperature of 230 C with soybean oil as the lumen, coating and quench
fluids. The quench fluid temperature was 30.1 C. The nominal dimensions of
the fibre were 320 urn lumen diameter and 650 [err] outside diameter. The
resulting fibre had a water permeability of 68 [err] at 95 kPa, 288 [err]
at 402 kPa, and 40  347[err] at 600 kPa, a mean pore size of 0.270 [err]
and 80.1% pores above 0.16 [err]. EXAMPLE 8 5.2 kg Hoechst polypropylene
PPN1060F was dissolved in 14.6 kg TERIC N2 with 0.2 kg antioxidant 45
Ethanox 330 and extruded at a temperature of 230[err] with soybean oil as
the lumen, coating and quench fluids. The quench fluid temperature was 31.5
[err] The dimensions of the fibre were 310 micron lumen diameter and 599
micron outside diameter. The resulting fibre had a water permeability of 52
[err] at 96kPa, 241 [err] at 397 kPa, and 305 [err] at 598 kPa, a mean pore
size of 0.322 [err] and 65.7% pores above 0.16 [err]. 50 EXAMPLE 9 5.2 kg
Shell polypropylene LY6100 was dissolved in a mixture of 9.8 kg soybean oil
and 4.6 kg castor oil with 0.2 kg antioxidant Ethanox 330 and extruded at a
temperature of 195[err] with soybean oil as the 55  lumen, coating and
quench fluids. The quench fluid temperature was 26.2 [err] The nominal
dimensions of the fibre were 320 [err] lumen diameter and 650 [err] outside
diameter. The resulting fibre had a bubble point of 175 kPa, a mean pore
size of 0.3 urn and 87.4% pores above 0.16 [err]. 8    EP 0 423 249 B1
EXAMPLE 10 5.2 kg Hoechst polypropylene PPR1070 was dissolved in a mixture
of 9.8 kg soybean oil and 4.6 kg castor oil with 0.2 kg antioxidant Ethanox
330 and extruded at a temperature of 197[err]with soybean oil as 5 the
lumen, coating and quench fluids. The quench fluid temperature was 26.0 *
C. The nominal dimensions of the fibre were 320 micron lumen diameter and
650 micron outside diameter. The resulting fibre had a bubble point of 133
kPa, a mean pore size of 0.45 micron and 100.0% pores above 0.16 micron. 10
EXAMPLE 11 5.2 kg Hoechst polypropylene PPR1060F was dissolved in a mixture
of 10.8 kg soybean oil and 5.0 kg castor oil and extruded at a temperature
of 186[err] with soybean oil as the lumen, coating and quench fluids. The
quench fluid temperature was 27.5 [err] is     The nominal dimensions of
the fibre were 320 [err] lumen diameter and 650 [err] outside diameter. The
resulting fibre had a bubble point of 245 kPa, a mean pore size of 0.19
[err] and 86.2% pores above 0.16 [err]. EXAMPLE 12 20 5.2 kg Hoechst
polypropylene PPN1070 was dissolved in 14.6 kg TERIC N2 with 0.2 kg
antioxidant Ethanox 330 and extruded at a temperature of 196[err] with
soybean oil as the lumen, coating and quench fluids. The quench fluid
temperature was 25.4 [err]. The nominal dimensions of the fibre were 320
[err] lumen diameter and 650 [err] outside diameter. 25     The resulting
fibre had a bubble point of 140 kPa, a mean pore size of 0.24 [err] and
89.6% pores above 0.16 [err]. EXAMPLE 13 30     4.8 kg Hoechst
polypropylene PPN1070 was dissolved in 15.0 kg TERIC N2 with 0.2 kg
antioxidant Ethanox 330 and extruded at a temperature of 198[err] with
soybean oil as the lumen, coating and quench fluids. The quench fluid
temperature was 20.7 C. The nominal dimensions of the fibre were 320 [err]
lumen diameter and 650[err]outside diameter. The resulting fibre had a
bubble point of 175 kPa, a mean pore size of 0.23 [err] and 82.8% pores
above 



35 0.16 [err] EXAMPLE 14 5.2 kg Hoechst polypropylene PPN1060F was
dissolved in 14.6 kg TERIC N2 with 0.2 kg antioxidant 40 Ethanox 330 and
extruded at a temperature of 238 C with soybean oil as the lumen, coating
and quench fluids. The quench fluid temperature was 21.4 * C. The nominal
dimensions of the fibre were 320 [err] lumen diameter and 650 [err] outside
diameter. The resulting fibre had a bubble point of 280 kPa, a mean pore
size of 0.18 [err] and 83.4% pores above 0.16 [err]. 45 Claims 1. A process
for making a polymeric, porous hollow fibre comprising the steps of:- a)
heating a mixture (15) of a thermoplastic polymer and a solvent to a
temperature and for a time 50       for the polymer and solvent to mutually
dissolve, b) introducing the molten mixture (15) into an extrusion head
adapted to shape the molten mixture into a hollow fibre, c) introducing a
lumen-forming fluid (14) into the lumen of the shaped molten mixture, d)
cooling the shaped molten mixture in the extrusion head to a temperature so
that non-equilibrium 55       liquid-liquid phase separation takes place to
form a bicontinuous matrix of the polymer and solvent in which the polymer
and solvent form two intermingled separate phases of large interfacial
surface area, and, 9    EP 0 423 249 B1 * C   L   M   S* EXAMPLE 10 5.2 kg
Hoechst polypropylene PPR1070 was dissolved in a mixture of 9.8 kg soybean
oil and 4.6 kg castor oil with 0.2 kg antioxidant Ethanox 330 and extruded
at a temperature of 197 C with soybean oil as 5  the lumen, coating and
quench fluids. The quench fluid temperature was 26.0[err] The nominal
dimensions of the fibre were 320 micron lumen diameter and 650 micron
outside diameter. The resulting fibre had a bubble point of 133 kPa, a mean
pore size of 0.45 micron and 100.0% pores above 0.16 micron. 10 EXAMPLE 11
5.2 kg Hoechst polypropylene PPR1 060F was dissolved in a mixture of 10.8
kg soybean oil and 5.0 kg castor oil and extruded at -a temperature of
186[err] with soybean oil as the lumen, coating and quench fluids. The
quench fluid temperature was 27.5 C. 15     The nominal dimensions of the
fibre were 320 [err] lumen diameter and 650 [err] outside diameter. The
resulting fibre had a bubble point of 245 kPa, a mean pore size of 0.19
[err] and 86.2% pores above 0.16 [err] EXAMPLE 12 20 5.2 kg Hoechst
polypropylene PPN1070 was dissolved in 14.6 kg TERIC N2 with 0.2 kg
antioxidant - Ethanox 330 and extruded at a temperature of 196[err] with
soybean oil as the lumen, coating and quench fluids. The quench fluid
temperature was 25.4[err] The nominal dimensions of the fibre were 320
[err] lumen diameter and 650 [err] outside diameter. 25     The resulting
fibre had a bubble point of 140 kPa, a mean pore size of 0.24 [err] and
89.6% pores above 0.16 [err]. EXAMPLE 13 30     4.8 kg Hoechst
polypropylene PPN1070 was dissolved in 15.0 kg TERIC N2 with 0.2 kg
antioxidant Ethanox 330 and extruded at a temperature of 198[err] with
soybean oil as the lumen, coating and quench fluids. The quench fluid
temperature was 20.7 [err] The nominal dimensions of the fibre were 320
[err] lumen diameter and 650 [err] outside diameter. The resulting fibre
had a bubble point of 175 kPa, a mean pore size of 0.23 [err] and 82.8%
pores above 35  0.16 [err]. 



EXAMPLE 14 5.2 kg Hoechst polypropylene PPN1060F was dissolved in 14.6 kg
TERIC N2 with 0.2 kg antioxidant 40 Ethanox 330 and extruded at a
temperature of 238[err] with soybean oil as the lumen, coating and quench
fluids. The quench fluid temperature was 21.4 [err]. The nominal dimensions
of the fibre were 320 [err] lumen diameter and 650 [err] outside diameter.
The resulting fibre had a bubble point of 280 kPa, a mean pore size of 0.18
[err] and 83.4% pores above 0.16 [err]. 45 Claims 1. A process for making a
polymeric, porous hollow fibre comprising the steps of:- a) heating a
mixture (15) of a thermoplastic polymer and a solvent to a temperature and
for a time 50       for the polymer and solvent to mutually dissolve, b)
introducing the molten mixture (15) into an extrusion head adapted to shape
the molten mixture into a hollow fibre, c) introducing a lumen-forming
fluid (14) into the lumen of the shaped molten mixture, d) cooling the
shaped molten mixture in the extrusion head to a temperature so that
non-equilibrium 55       liquid-liquid phase separation takes place to form
a bicontinuous matrix of the polymer and solvent in which the polymer and
solvent form two intermingled separate phases of large interfacial surface
area, and, 9    EP 0 423 249 B1 e) removing the solvent from the polymer,
characterised by: (f) introducing a coating fluid (16) around the outer
surface of the shaped molten mixture, and (g) introducing a cooling fluid
around the coating fluid. 5 2. A process according to claim 1 wherein the
extrusion head has a first temperature zone (17, 31) in which the fibre is
formed and a second temperature zone (18, 32) in which the formed fibre is
cooled and solidified. 0  3. A process according to claim 2 wherein the
lumen-forming fluid (14) and the coating fluid (16) are introduced into the
extrusion head at the first temperature zone (17, 31) and the cooling fluid
is introduced into the extrusion head at the second temperature zone (18,
32). 4. A process according to any one of the preceding claims wherein the
diameter of the fibre is reduced 15     after formation of the hollow fibre
form, the ratio of the final diameter of the fibre to that of the initial
diameter being in the range of from 0.25 to 10. 5. A process according to
any one of the preceding claims wherein the fibre travels through the
extrusion head at a different linear speed to that of the cooling fluid. 20
6. A process according to claim 5 wherein the fibre travels at a speed 3 to
4 times faster than the average speed of the cooling fluid. 7. A process
according to any one of the preceding claims wherein the lumen forming
fluid. (14) is 25     nitrogen gas or a saturated vapour. 8  A process
according to any one of the preceding claims wherein the coating fluid (16)
is selected from the group comprising soybean oil, paraffin oil, peanut
oil, teel oil, boleko oil, oil of mustard, olive oil, seneca oil, coconut
oil, coffee oil, rapeseed oil, corn oil, cottonseed oil, glycerol, glyceryl
trioleate, 30     trimyristin, jojoba oil, macassar oil, neem oil, castor
oil, orris root oil, and safflower oil and oleic, palmitic, stearic,
arachidic, arachidonic, behenic, lignoceric, linoleic, linolenic, elaidic,
vaccenic acids and their glycerides, and mixed with their sodium, potassium
and calcium salts. 9. A process according to any one of the preceding
claims where the cooling fluid is selected from the 35     group comprising
soybean oil, water, paraffin oil, peanut oil, teel oil, boleko oil, oil of
mustard, olive oil, seneca oil, coconut oil, coffee oil, rapeseed oil, corn
oil, cottonseed oil, glycerol, glyceryl trioleate, trimyristin, jojoba oil,
macassar oil, neem oil, castor oil, orris root oil, and safflower oil and
oleic, 



palmitic, stearic, arachidic, arachidonic, behenic, lignoceric, linoleic,
linolenic, elaidic, vaccenic acids and their glycerides, and mixed with
their sodium, potassium and calcium salts. 40 10. A process according to
claim 9 wherein the cooling fluid is the same as the coating fluid (16).
11. A process according to claim 10 wherein the lumen-forming fluid (14) is
the same as the coating fluid (16) and the cooling fluid. 45 12. A process
according to claim 3 wherein the lumen-forming fluid (14) and the coating
fluid (16) are heated to the temperature of the molten mixture (15) before
being introduced into the extrusion head. 13. A process according to any
one of the preceding claims wherein the polymer is selected from the 50
group comprising polypropylene, polybutylene, polyvinylidene difluoride,
polyvinylidene dichloride, polyamide, polyvinyl chloride, polystyrene,
polymethylmethacrylate, polyphenylene oxide, polyethylene terephthalate,
polyacrylonitrile and cellulose acetate. 14. A process according to any one
of the preceding claims wherein the solvent is selected from the group 55
comprising cationic, anionic and non-ionic surfactants. 15. A process
according to any one of the preceding claims wherein the fibre forming
mixture includes an anti-oxidant.    EP 0 423 249 B1 *  C  L  M  S  * 16. A
process according to claim 15 wherein the antioxidant is selected from the
group comprising (1,3,5,-
trimethyl-2,4,6-tris-3,5-di-tert-butyl-4-hydroxybenzyl)benzene and a
dissolvable hindered phenol. 17. An extrusion head for forming a polymeric,
porous hollow fibre comprising an elongated body defining 5      an axial
passageway (11, 39) for receiving a lumen-forming fluid (14), a first
annular passageway (12, 48) around the axial passageway for receiving a
molten mixture (15) from which the hollow fibre is formed, a second annular
passageway (13, 53) radially outward of the first annular passageway (12,
48) for receiving a coating fluid (16) and a third annular passageway (19)
for receiving a cooling fluid and means (20) for directing the cooling
fluid towards the outer surface of the coating fluid. 10 18 An extrusion
head according to claim 17 wherein the axial passageway (11, .39), the
first annular passageway (12, 48) and the second annular passageway (13,
53) are located in a first portion (31) of the extrusion head and the third
annular passageway (19) is located in a second portion (32) of the
extrusion head. 15 19. An extrusion head according to claim 18 wherein the
extrusion head has a passageway (68) connecting the first and second
portions (31, 32) and the third annular passageway (53) is radially outward
of the connecting passageway (68) with the directing means (69)
therebetween. 20  20. An extrusion head according to claim 17 wherein the
axial passageway (39) terminates in a nozzle (80) that projects into the
first annular passageway (48). 21. An extrusion head according to claim 20
wherein the nozzle (80) has a plurality of protrusions (81) around its
outer periphery for centering the nozzle with respect to the first annular
passageway (48). 25 22. An extrusion head according to claim 17 wherein the
first annular passageway (48) is inwardly tapered towards the axis of the
extrusion head. 23. An extrusion head according to claim 22 wherein the
first passageway (48) has a first tapered portion 30     (48a) and a second
tapered portion (48b) with the first tapered portion being at a greater
angle to the axis than the second tapered portion. 24. An extrusion head
according to claim 17 wherein the axial passageway (39) and the first
annular passageway (48) terminate at the same position within the extrusion
head. 35 25. An extrusion head according to any preceding claim, wherein
the second annular passageway has a first portion (53) of constant
cross-section and a second portion (54) that is tapered towards the axis of
the axial passageway. 



40  26. An extrusion head according to any preceding claim wherein the
directing means comprises an elongated annular member (67) having a tapered
bore (68), the taper increasing outwardly relative to the direction of
fibre flow through the extrusion head. 27. A hollow fibre forming
installation comprising:- 45       (i) a vessel (90) for containing a
molten mixture from which the fibre is formed, (ii) an extrusion head
according to any one of claims 17 to 26, (iii) means (96, 94) for
transporting the molten mixture to the extrusion head, (iv) means (119, 39)
for supplying lumen-forming fluid to the extrusion head, (v) means (36) for
supplying fibre coating fluid to the extrusion head, so       (vi) means
(114, 112) for supplying cooling liquid to the extrusion head, and, (vii)
means (91) for heating the molten mixture, the lumen-forming fluid and the
coating fluid to substantially the same temperature. 28. An installation
according to claim 27 and including a filter (98) between the vessel (90)
and the 55     extrusion head. 29. An installation according to claim 27 or
28 and including four extrusion heads.    EP 0 423 249  B1
[err] * C   L   M   S * PatentansprUche 1. Verfahren zur Herstellung einer
polymeren, por6sen Hohifaser in folgenden Schritten: a) ausreichend langes
Erwarmen eines Gemischs (15) aus einem thermoplastischen Polymeren und 5
einem  L6sungsmittel auf eine ausreichende Temperatur, urn eine
wechselseitige L6sung des Polymeren und L6sungsmittels herbeizufUhren; b)
Einfuihren des erschmolzenen Gemischs (15) in einen fMr das Ausformen des
erschmolzenen Gemischs zu einer Hohifaser ausgelegten Spritzkopf; c)
EinfUhren eines lumenbildenden Fluidums (14) in den Hohiraum des
ausgeformten erschmolzenen 10        Gemischs; d) KUhlen des ausgeformten
erschmolzenen Gemischs im Spritzkopf auf eine solche Temperatur, bei der
eine Nicht-Gleichgewicht-Flassig/FlUssig-Phasentrennung unter Bildung einer
bikontinuierli- chen Matrix des Polymeren und Losungsmittels, in der das
Polymere und das Losungsmittel zwei miteinander vermischte getrennte Phasen
groBer Grenzflichen bilden, stattfindet; 15       e) Entfernen des
L6sungsmittels aus dem Polymeren, gekennzeichnet durch f EinfOhren eines
Beschichtungsfluidums (16) um die AuBenflache des ausgeformten erschmolze-
nen Gemischs herum und g) Einftihren eines KUhifluidums umr das
Beschichtungsfluidum herum. \.->   20 2. Verfahren nach Anspruch 1, wobei
der Spritzkopf eine erste Temperaturzone (17, 31), in der die Faser
gebildet wird, und eine zweite Temperaturzone (18, 32), in der die
gebildete Faser gekohit und verfestigt wird, aufweist. 25  3  Verfahren
nach Anspruch 2, wobei das lumenbildende Fluidum (14) und das
8eschichtungsfluidum (16) in den Spritzkopf an der ersten Temperaturzone
(17, 31) und das Kihifluidum in den Spritzkopf an der zweiten
Temperaturzone (18, 32) eingefUhrt werden. 4. Verfahren nach einem der
vorhergehenden Anspriche, wobei der Faserdurchmesser nach Ausbildung 30
der Hohifaserform derart vermindert wird, daB das Verhaltnis Durchmesser
der Faser / Anfangsdurch- messer im Bereich von 0,25 bis 10 liegt. 5.
Verfahren nach einem der vorhergehenden Anspriche, wobei die Faser durch
den Spritzkopf mit einer von der Lineargeschwindigkeit des K~hifluidums
verschiedenen Lineargeschwindigkeit wandert. 35 6. Verfahren nach Anspruch
5, wobei die Faser mit einer im Vergleich zur Durchschnittsgeschwindigkeit
des KUhifluidums 3 bis 4 mal schnelleren Geschwindigkeit wandert. 7.
Verfahren nach einem der vorhergehenden Anspriche, wobei das lumenbildende
Fluidum (14) aus 40     gasformigem Stickstoff oder einem Sattdampf
besteht. 



8  Verfahren nach einem der vorhergehenden Ansprache, wobei das
Beschichtungsfluidum (16) aus der Gruppe Sojabohnendl, Paraffin6l,
ErdnuBol, Sesamol, Boleko6l, Senfol. Oliven6l, Senecaol, KokosnuB- 61,
Kaffeel, Rapssaatol, Maisol, Baumwollsaat6l. Glyzerin, Glyzeryltrioleat,
Trimyristin, Jojobaol, Ma- 45     cassar6l, Nimol, RizinuBol, Iriswurzelol.
und Saflorol sowie 01-, Palmitin-, Stearin-, Arachin-, Arachidon-, Behen-,
Lignocerin-, Linol-, Linolen-, Elaidin- und Vaccensauren sowie deren
Glyzeriden und gemischt, mit ihren Natrium-, Kalium- und Kalziumsalzen
ausgewdhlt ist. 9. Verfahren nach einem der vorhergehenden Ansprache, wobei
das K~hifluidum aus- Sojabohnen6l, 5o     Wasser Paraffin6l, ErdnuBol,
Sesam6l, Boleko6l, Senf6l, Oliven6l, Seneca6l, Kokosnufl~l, Kaffee6l,
Rapssaat6l, Maisol, Baumwollsaatol, Glyzerin, Glyzeryltrioleat,
Trimyristin, Jojobadl, Macassar6l, Ni- m6l, RizinuBol, !riswurzel6l und
Saflorol sowie 01-, Palmitin-, Stearin-, Arachin-, Arachidon-, Behen-,
Lignocerin-, Linol-, Linolen-, Elaidin- und Vaccensauren sowie deren
Glyzeriden und gemischt mit ihren Natrium-, Kalium- und Calziumsalzen
ausgewghIt ist. 55 10. Verfahren nach Anspruch 9, wobei das KThIfluidum
dasselbe ist wie das Beschichtungsfluidum (16). 12    11. Verfahren nach
Anspruch 10, wobei das lumenbildende Fluidum (14) dasselbe ist wie das
Beschich- tungsfluidum (16) und das Kihifluidum. 12. Verfahren nach
Anspruch 3, wobei das lumenbildende Fluidum (14) und das
Beschichtungsfluidum (16) 5      vor ihrer Einfahrung in den Spritzkopf auf
die Temperatur des erschmolzenen Gemischs (15) erwarmt werden. 13.
Verfahren nach einem der vorhergehenden AnsprOche, wobei das Polymere aus
der Gruppe Polypro- pylen, Polybutylen, Polyvinylidendifluorid,
Polyvinylidendichlorid, Polyamid, Polyvinylchlorid, Polystyrol, 10
Polymethylmethacrylat, Polyphenylenoxid, Polyethylenterephthalat,
Polyacryinitril und Celluloseacetat ausgewahIt ist. 14. Verfahren nach
einem der vorhergehenden AnsprUche, wobei das L6sungsmittel aus der Gruppe
kationische, anionische und nicht-ionische oberflachenaktive Mittel bzw.
Netzmittel ausgewahlt ist. 15 15. Verfahren nach einem der vorhergehenden
AnsprUche, wobei das faserbildende Gemisch ein Antioxida- tionsmittel
enthalt. 16. Verfahren nach Anspruch 15, wobei das Antioxidationsmittel aus
der Gruppe (1,3,5-Trimethyl-2,4,6-tris- 20
3,5-di-tert.-butyl-4-hydroxybenzyl)benzol und einem I6slichen gehinderten
Phenol ausgewhilt ist. 17. Spritzkopf zum Formen einer polymeren, pordsen
Hohifaser, umfassend einen langgestreckten Korper, der einen axialen
Durchgang (11, 39) zum Aufnehmen eines lumenbildenden Fluidums (14), einen
um den axialen Durchgaang herum angeordneten ersten ringformigen Durchgang
(12, 48) zum Aufnehmen 25     eines aufgeschmolzenen Gemisches (15) aus dem
die Hohifaser geformt wird, einen radial auswarts vom ersten ringf6rmigen
Durchgang (12, 48) gelegenen zweiten ringf6rmigen Durchgang (13, 53) zum
Aufnehmen eines Beschichtungsfluidums (16) und einen dritten ringformigen
Durchgang (19) zum Aufnehmen eines KUhifluidums festlegt, sowie ein Mittel
(20) zum Richten des KOhifluidums in Richtung auf die Au~enflAche des
Beschichtungsfluidums. so 18. Spritzkopf nach Anspruch 17, wobei der axiale
Durchgang (11, 39), der erste ringformige Durchgang (12, 48) und der zweite
ringformige Durchgang (13, 53) in einem ersten Abschnitt (31) des
Spritzkopfes angeordnet sind und der dritte ringf6rmige Durchgang (19) in
einem zweiten Abschnitt (32) des Spritzkopfes angeordnet ist. 19.
Spritzkopf nach Anspruch 18, wobei der Spritzkopf einen die ersten und
zweiten Abschnitte (31, 32) verbindenden Durchgang (68) aufweist und der
dritte ringf6rmige Durchgang (53) mit dazwischen liegendem Richtmittel (69)
radial auswarts vom verbindenden Durchgang (68) angeordnet ist. 40  20.
Spritzkopf nach Anspruch 17, wobei der axiale Durchgang (39) in einer DOse
(80) auslauft, die in den ersten ringf6rmigen Durchgang (48) hineinragt.
21. Spritzkopf nach Anspruch 20, wobei die Duse (80) um ihren Aul3enumfang
herum eine Anzahl von Vorspringen (81) zum Zentrieren der DOse gegenUber
dem ersten ringformigen Durchgang (48) 45     aufweist. 



22. Spritzkopf nach Anspruch 17, wobei der erste ringf6rmige Durchgang (48)
in Richtung auf die Achse des Spritzkopfes einwArts verjOngt bzw. konisch
geformt ist. 50  23. Spritzkopf nach Anspruch 22, wobei der erste Durchgang
(48) einen ersten sich verijlgenden bzw. konischen Abschnitt (48a) und
einen zweiten sich verjUngenden bzw. konischen Abshnitt (48b) aufweist, von
denen der erste konische Abschnitt unter einem gro6eren Winkel zur Achse
angeordnet ist als der zweite konische Abschnitt. 56  24. Spritzkopf nach
Anspruch 17, wobei der axiale Durchgang (39) und der erste ringformige
Durchgang (48) an der gleichen Stelle innerhalb des Spritzkopfes enden. 13
25. Spritzkopf nach einem der vorangehenden AnsprUche, wobel der zweite
ringf6rmige Durchgang einen ersten Abshnitt (53) konstanten Querschitts und
einen zweiten Abschnitt (54), der in Richtung auf die Achse des axialen
Duchgangs verjtingt bzw. konisch geformt ist, aufweist. s  26. Spritzkopf
nach einem der vorangehenden AnsprOche, wobei das Richtmittel ein
langgestrecktes rinf6rmiges Element (67) mit einer sich verjUngenden bzw.
konischen Bohrung (68) aufweist, wobei die VerjiUngung bzw. Konizitat in
Auswartsrichtung relativ zur Richtung des Faserflusses durch den Spritzkopf
zunimmt. 10  27. Hohlfaserformanlage, umfassend: (1) ein GefB (90) zum
Aufnahmen eines aufgeschmolzenen Gemisches, aus dem die (Hohl-)Faser
geformt wird, (2) einen Spritzkopf nach einem der Anspruche 17 bis 26, (3)
Einrichtungen (96, 94) zum Transportieren des aufgeschmolzenen Gemisches
zum Spritzkopf, 15       (4) Einrichtungen (119, 39) zum ZufUhren eines
lumenbildenden Fluidums zum Spritzkopf, (5) eine Einrichtung.(36) zum
ZufUhren eines Faser-Beschichtungsfluidums zum Spritzkopf, (6) eine
Einrichtung (114, 112) zum ZufUhren von KUhlflUsigkeit zum Spritzkopf und
(7) eine Einrichtung (91) zum Erwarmen des aufgeschmolzenen Gemisches, des
lumenbildenden Fluidums und des Beschichtungsfluidums auf im wesentlichen
die gleiche Temperatur. 20 2& Anlage nach Anspruch 27, mit einem zwischen
dem GefaB (90) und dem Spritzkopf vorgesehenen Filter (98). 29. Anlage nach
Anspruch 27 oder 28, mit vier Spritzk6pfen. 25 Revendications 1. Procede de
fabrication d'une fibre creuse poreuse polymbre, comprenant les 6tapes de:
a) chauffage d'un melange (15) d'un polymbre thermoplastique et d'un
solvant a une temperature et 30        pendant une duree assurant la
dissolution mutuelle du polymere et du solvant, b) introduction du melange
fondu (15) dans une tote d'extrusion conque pour faconner le melange fondu
en une fibre creuse, c) introduction d'un fluide formant fumibre (14) dans
la lumibre du melange fondu faconn6, d) refroidissement du melange fondu
fagonn6 dans la tote d'extrusion a une temperature telle que 35        se
produit une separation de phases liquide-liquide hors d'equilibre pour
former une matrice bicontinue de polymere et solvant dans laquelle le
polymere et le solvant forment deux phases s6par6es entreme81ees presentant
une surface sp6cifique interfaciale importante et e) separation du solvant
du polymere, caract6rise par: .   40        f) I'introduction d'un fluids
de revetement (16) sur la surface externe du m~lange fondu fagonne et g)
l'introduction d'un fluide de refroidissement sur le fluide de rev8tement.
2. Proc6d6 selon la revendication 1, dans lequel la tote d'extrusion
pr6sente une premibre zone de temperature (17, 31) dans laquelle est
fagonnee la fibre et une seconde zone de temperature (18, 32) 45     dans
laquelle la fibre faconnee est refroidie et solidifiee. S. Procede selon la
revendication 2, dans lequel le fluide formant lumiere (14) et le fluide de
revetement (16) sont introduits dans la tote d'extrusion au niveau de la
premiere zone de temperature (17, 31) et le fluide de refroidissement est
introduit dans la tite d'extrusion au niveau de la seconde zone de 



50     temperature (18, 32). 4. Procede selon l'une quelconque des
revendications pr6cedentes, dans lequel le diambtre de la fibre est diminue
aprbs le faconnage en forme de fibre creuse, le rapport du diambtre final
de la fibre a celui du diambtre initial etant compris dans la plage de 0,25
a 10. 55 5  Proc6de solon l'une quelconque des revendications pr6cedentes,
dans lequel la fibre se deplace a travers la tote d'extrusion a une vitesse
lin6aire differente de celle du fluide de refroidissement. 14    6. Proc6d6
selon la revendication 5, dans lequel la fibre so d6place a une vitesse
trois a quatre fois supeieure a la vitesse moyenne du fluide de
refroidissement. 7. Proc~d6 selon lune quelconque des revendications
precedentes, dans lequel le fluide formant lumiere 5      (14) est de
l'azote gazeux ou de la vapeur saturee. 8. Proc~d6 selon l'une quelconque
des revendications pr6c6dentes, dans lequel le fluide de revetement (16)
est selectionne dans le groupe comprenant huile de soja, huile de
paraffine, huile d'arachides, huile de sesame, huile de boleko, huile de
moutarde, huile d'olives, huile de polygala de Virginie, huile ro     de
coco, huile de cafe, huile de colza, huile de malis, huile de coton,
glycerol, trioleate de glyc6ryle, trimyristine, huile de jojoba, huile de
Macassar, huile de margousier, huile de ricin, huile de racine d'iris et
huile de carthame raffin6e et acides ol6ique, palmitique, stdarique,
arachidique, arachidonique, behenique, lignocerique, linol6ique,
linolenique, dlaedique, vacc6nique et leurs glycerides et leurs melanges
avec leurs sels de sodium, de potassium et de calcium. 15 9. Proc6de selon
l'une quelconque des revendications pr6cedentes, dans lequel le fluide de
refroidisse- ment est selectionne dans le groupe comprenant huile de soia,
eau, huile de paraffine, huile d'arachides, huile de s~same, huile de
boleko, huile de moutarde, huile d'olives, huile de polygala de Virginie,
huile de coco, huile de caf6, huile de colza, huile de maTs, huile de
coton, glyc6rol, trioleate de 20     glyc6ryle, trimyristine, huiie de
jojoba, huile de Macassar, huile de margousier, huile de ricin, huile de
racine d'iris et huile de carthame raffinee et acides ol6ique, palmitique,
st6arique, arachidique, arachidonique, behenique, lignoc6rique, linol6ique,
linolenique, 6laidique, vacc6nique et leurs glyc6ri- des et leurs m6langes
avec leurs sels de sodium, potassium et calcium. 25  10. Procede selon la
revendication 9, dans loquel le fluide de refroidissement est identique au
fluide de revetement (16). 11. Proc6de selon la revendication 10, dans
lequel le fluide formant lumiere (14) est identique au fluide de revetement
(16) et au fluide de refroidissement. 30 12. Procede selon la revendication
3, dans lequel le fluide formant lumiere (14) et le fluide de revetement
(16) sont chauffes a la temperature du m6lange fondu (15) avant d'etre
introduits dans la tete d'extrusion. 35  1& Procede selon t'une quelconque
des revendications pr6c6dentes, dans lequel le polymbre est s6lec- tionne
dans le groupe comprenant polypropylene, polybutylene, poly(difluorure de
vinylidene), poly- (dichlorure de vinylidbne), polyamide, poly(chlorure de
vinyle), polystyrene, poly(m6thacrylate de methyle), polyphenylene-oxyde,
polyethylene-terephtalate, polyacrylonitrile et acetate de cellulose. 40
14. Procede selon l'une quelconque des revendications prdcedentes, dans
lequel le solvant est selectionne dans le groupe comprenant des
tensioactifs cationiques, anioniques et non ioniques. 15. Procede selon
l'une quelconque des revendications precedentes, dans lequel le melange
formant la fibre comprend un antioxydant. 45 16. Procedd selon la
revendication 15, dans lequel l'antioxydant est selectionn6 dans le groupe
comprenant le (1
3,5-trimdthyl-2,4,6-tris-3,5-di-tert-butyl-4-hydroxybenzyl)benzene et un
phenol non libre soluble. 17. Tete d'extrusion destinee a fagonner une
fibre creuse poreuse polymere, comprenant un corps allonge 50
d6finissant un passage axial (11, 39) destine a recevoir un fluide formant
lumibre (14), un premier passage annulaire (12, 48) autour du passage axial
destine a recovoir un melange fondu (15) dont est fait la fibre creuse, un
second passage annulaire (13, 53) se trouvant radialement a l'exterieur du 



premier passage annulaire (12, 48) et destine a recevoir un fluide de
revetement (16) et un troisieme passage annulaire (19) destine a recovoir
un fluide de refroidissement et un moyen (20) permettant de 55     diriger
le fluide de refroidissement vers la surface externe du fluide de
revetement. 18. TMte d'extrusion selon la revendication 17, dans taquelle
le passage axial (11, 39), le premier passage annulaire (12, 48) et le
second passage annulaire (13, 53) sont situes dans une premibre partie (31)
de 15    Ia tete d'extrusion et. le troisibme passage annulaire (19) est
situ6 dans une seconde partie (32) de la tete d'extrusion. 19. Thte
d'extrusion selon la revendication 18, dans laquelle la tete d'extrusion
possbde un passage (68) 5      reliant la premikre et la seconde partie
(31, 32) et le troisieme passage annulaire (53) se trouve radialement a
l'ext6rieur du passage de liaison (68), le moyen de direction (69) 6tant
intercaie. 20. T8te d'extrusion selon la revendication 17, dans laquelle le
passage axial (39) se termine dans une filiere (80) qui s'etend dans le
premier passage annulaire (48). 10 21. Thte d'extrusion selon la
revendication 20, dans laquelle la filiere (80) possbde une sur sa
peripherie externe pluralit6 de parties en saillie (81) destin6es a centrer
la filiere par rapport au premier passage annulaire (48). 75  22. Tote
d'extrusion selon la revendication 17, dans laquelle le premier passage
annulaire (48) se retrecit vers l'interieur en direction de l'axe de la
t8te d'extrusion. 23. TMte d'extrusion selon la revendication 22, dans
laquelle le premier passage (48) presente une premibre partie conique (48a)
et une seconde partie conique (48b), la premibre partie conique formant 20
avec l'axe un angle superieur a celui forme avec la seconde partie conique.
24. Tote d'extrusion selon la revendication 17, dans laquelle le passage
axial (39) et le premier passage annulaire (48) se terminent au mome
emplacement a l'int6rieur de la tote d'extrusion. 25  25. Tote d'extrusion
selon l'une quelconque des revendications precedentes, dans laquelle le
second passage annulaire pr6sente une premiere partie (53) a section
transversale constante et une seconde partie (54) qui se r6tr6cit en
direction de l'axe du passage axial. 26. Tote d'extrusion selon l'une
quelconque des revendications pr~c6dentes, dans laquelle le moyen de 30
direction comprend un element annulaire allong6 (67) presentant un trou
6vas6 (68), I'6vasement augmentant vers l'exterieur par rapport a la
direction de passage de la fibre a travers la tate d'extrusion. 27.
Installation de fagonnage d'une fibre creuse comprenant: 35        (i) un
r6cipient (90) destine a contenir un melange fondu a partir duquel la fibre
est fagonn6e, (ii) une tete d'extrusion selon l'une quelconque des
revendications 17 a 26, (iii) des moyens (96,94) destin6s A transporter le
m6lange fondu a la tote d'extrusion, (iv) des moyens (119, 39) destin6s a
alimenter la tote d'extrusion en fluide formant Iumiore, (v) un moyen (36)
destin6 a alimenter la tote d'extrusion en fluide de revetement de la
fibre, 40       (vi) des moyens (114, 112) destin6s a alimenter la tote
d'extrusion en liquide de refroidissement et (vii) un moyen (91) destine a
chauffer le melange fondu, le fluide formant lumi~re et le fluide de
revOtement & une temperature sensiblement identique. 28. Installation selon
la revendication 27 et comprenant un filtre (98) entre le recipient (90) et
la tote 45     dextrusion. 29. Installation selon la revendication 27 ou
28, et comprenant quatre totes d'extrusion. 50 55 16    


