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the portions of the filaments adjacent the oppo- site side of the structure
may contain a large The invention relates to fibrous structures, for
proportion of the second polymeric composition. example fibrous mats or
fibrous tubular struc-       Alternatively, the composition of the
filaments tures. More particularly but not exclusively, the    5    may
change abruptly to provide distinct layers invention relates to fibrous
synthetic vascular    within the structure having different polymeric
grafts.                                            compositions. There may
be more than two In the past, it has been proposed to produce      layers
in the structure. fibrous structures such as mats by a process         The
structure may be in the form of a mat, or using electrostatic attraction,
where a polymer   10   may be a tubular member. such as polyurethane in
solution is ejected from a   When the structure is a tubular member, the
fine nozzle towards a surface, between which       portions of the
filaments at the inner surface of surface and the nozzle exists an
electrostatic     the tubular member are preferably of the first potential.
Between the nozzle and the surface,     polymeric composition to provide
compatibility fibres of the polymer are formed and the fibres   15   with
material with which the inner surface will are attracted to the surface.
This process has been  come into contact, and the portions of the fila-
adapted to make tubular fibrous structures usable  ments at the outer
surface of the tubular member as synthetic vascular grafts by providing the
are preferably of the second polymeric composi- surface in the form of a
rotating mandrel so that a  tion to provide desirable strength
characteristics fibrous tube is gathered around the mandrel.  20   and
other physical properties to the tubular The electrostatic spinning process
is described   member. in some detail in U.S. Patent Specification No.
The tubular member may be cut to provide one 4044404 and proposals to use
the electrostatic      or more segmental elements from the tubular uning
process for making synthetic vascular      wall. If the internal diameter
of the tubular grafts have been made, for example, in a paper by   25
member is large enough, for example a few Annis et al in 1978 (Trans. Am.
Soc. Intern.        centimetres, the segmental element or elements Organs).
The microstructure of the fibrous         will tend towards being planar,
and may be used material produced during electrostatic spinning is  as
pledgets. also described in the Annis et al paper. More        The
invention further provides a method of recently, developments have been
made in   30   forming an integral fibrous structure according to matching
properties of synthetic vascular grafts   the invention, which method
comprises the steps to in vivo conditions, as in our British Patent     of
directing filaments of a first polymeric com- Application No. 8217487
published under No.         position at a surface to start building up a
fibrous 2120946A  and  in  controlling  anisotropic         structure of
the first polymeric composition, and properties of grafts in our British
Patent Applica-   35   altering the composition of the filaments during
tion No. 8216066, published under No. 2121286A.     production thereof such
that the portions of the According to the invention there is provided an
filaments at the side of the structure remote from integral fibrous
structure of a plurality of con-   the surface is of the second polymeric
composi- tinuous, polymeric filaments, individual filaments  tion.
extending from one side of the structure to the    40  The composition of
the filaments may be opposite side of the structure, the portions of the
changed abruptly or may be varied gradually filaments on one side of the
structure being of a   across the structure. first polymeric composition
and the portions of       By way of example, one embodiment of a the
filaments on the opposite side of the structure  fibrous structure and its
method of production being of a second polymeric composition differ-   45
according to the invention will now be described from the first polymeric
composition.            with reference to the accompanying drawings, in The
term "different polymeric composition" is       which:- intended to cover a
variation of the composition      Figure 1 is a diagrammatic view of
apparatus of the filaments where the polymer itself does not  for producing
a tubular fibrous structure; change across the structure but, for example,
an   so  Figure 2 is a graph illustrating concentration of additive is
present in the composition at one side  one polymeric composition in a
structure wall; of the structure but not present at the opposite    and
side of the structure.                                Figure 3 is a part
sectional view of a tubular The structure may comprise a transition area
fibrous structure produced by the apparatus of between the sides of the
structure, and the por-   55   Figure 1. tions of the filaments in the
transition area may     Figure 1 shows diagrammaticall, apparatus for have
a polymeric composition comprising a mix-      electrostatically spinning a
synthetic vascular ture of the first and second polymeric composi-
graft. Polymer solution is ejected from capillary tions.
needles 10 towards an electrostatically charged The polymeric composition
of the filaments   60   mandrel 11 rotating at several thousand revolu- may
vary progressively between the two sides of     tions per minute, for
example 5000 r.p.m. the structure, and the composition of the portions
Typically, the mandrel 11 is at a potential of 



of the filaments in the transition area adjacent the  -12kV with respect to
the needles 10. As polymer one side of the structure may contain a large
solution leaves the needles 10, polymer filaments proportion of the first
polymeric composition and    65   form and these filaments are attracted to
the 2    3              EP 0132376  B1                     4 rotating
electrostatically charged mandrel 11 to   3. With the valves 19 and 26
closed, commence form a fibrous structure around the mandrel.
electrostatic spinning with the first polymer dope When the fibrous
structure has been built up, the  contained in the syringe 24, the tube 15
and the structure is removed from the mandrel to provide  manifold 13. a
fibrous tube.                              5     4. After a time, open the
valve 19 and close the Mechanical properties of the tubular fibrous
valve 20. After expression of remaining first structure formed on the
mandrel 11 can be con-    polymer dope out of the needles 10, spinning
trolled by variation of the speed of rotation of the  continues in an
uninterrupted fashion with mandrel, the type of polymer used and by alter-
second polymer. ing, the potential of auxiliary electrodes 12.  10    5.
The abruptness of the transition from the first The capillary needles 10
are supplied with      polymer dope to the second polymer dope is a polymer
solution from a manifold 13, the mani-    function of the rate of flow of
second polymer fold 13 being supplied by tubes 14 and 15 meeting  dope into
the manifold 13 and the volume of the in a T connector 16. Both tubes 14
and 15 include  manifold 13, needles 10 and T junction 16. This a flexible
coil 17 and 18 respectively. The tube 14   15  transition can be controlled
by the use of the has a valve 19 and the tube 15 has a valve 20 to  valve
26 on the purge line 25 which can be used to enable the respective tubes to
be closed. Control  vent at a variable rate remaining first polymer lines
21 and 22 control opening and closing of the  dope. The concentration
gradient of the two valves 19 and 20.
polymers in the graft wall will follow a defined, The tube 14 is supplied
from a first air-ram    20   controllable relationship as illustrated in
Figure 2 driven syringe 23-and the tube 15 is fed from a  where the solid
line shows an abrupt change second air-ram  driven syringe 24 and the
where the valve 26 is used and the chain line apparatus enables polymer
solution from either   shows a slow change. syringe 23 or syringe 24 to be
ejected from the    A further development of the first example needles 10
towards the mandrel 11. A purge line   25   arises in that on porosity
testing, it was found that 25 including a closure valve 26 allows purging
of  the permeability of the bi-layer graft was too high. the manifold 13.
A situation was envisaged where transmural flow The apparatus of Figure 1
allows formation of    of blood or plasma might lead to excessive blood an
integral, uninterrupted fibrous structure of   platelet capture on the
inner surface and com- continuous polymeric filaments around the sur-   30
promise the thromboresistance of the graft. The face of the mandrel 11, the
portions of the       solution here would be to include an outer layer
filaments at the inside surface having a different  of a third polymer, for
example one having a high polymeric composition from the  portions of the
Young's modulus, which when deposited on the filaments of the outside
surface of the fibrous   second polymer produces a dense matrix with
structure. This can be advantageous when the   35   low interstitial
volume. In this way, the overall tubular fibrous  structures are used for,
for    graft wall permeability is determined by this outer example,
synthetic vascular grafts. It has been  layer. Figure 3 shows in cross
section part of a bi- found that different polymers have different  layer
graft. The further development would mean haemocompatibilities and that
different polymers  addition of an outer layer of a third polymer to the
have different strength characteristics. In a par-   40   graft shown in
Figure 3. ticular example, one polyurethane has advan-        Many
different polymers can be used in the tageous haemocompatibility but poor
elastic       electrostatic spinning process. Several examples properties,
exhibiting high creep. A second poly-  are given in U.S. Patent
Specification No. urethane having a higher Young's modulus has
4044404, such as polyurethanes, polyamides and satisfactory  strength
properties  but poor   45   polyacrylonitrile, all of which can be spun
from haemocompatibility. The apparatus of Figure 1,    solution, and
polytetrafluorethylene and polyes- as will be described in the following
example,    ters which may be spun from dispersion. Water allows production
of a synthetic vascular graft   soluble polymers such as polyvinyl alcohol,
poly- having a thin inner lining of the first polyurethane  vinyl
pyrrolidone and polyethylene oxide may be - on a wall of the second.
polyurethane, the graft,  50   spun from aqueous solution. however, being
formed of fibres spun con-          The constraint on the fibrous structure
and tinuously, with individual fibres changing com-   method of production
according to the invention position between their ends to provide an integ-
is that the two or more polymers used to vary the ral, uninterrupted,
fibrous structure.            composition of the filaments during the
spinning 55   process must be either dispersible or alternatively 



Example                                           soluble in the same
solvent system. Thus it would The sequence of operation of the apparatus of
be possible to spin with different polyurethanes, Figure 1 in this example
is as follows:         as used in the preferred example, or with different
1. Fill the syringe 24 with a first polymer dope  polyesters in dispersion,
but it would not be and fill the syringe 23 with a second polymer   60
possible to change, for example, from a poly- dope.
urethane to a polyester. 2. Using the valves 19, 20 and 26, prime the
It will also be appreciated that the properties of tube 14 with the second
polymer dope and then     a particular polymeric composition may be varied
prime the tube 15 and the manifold 13 with first  by the presence of an
additive, even if the polymer dope.                               65
polymeric composition itself does not vary along 3    5               EP
0132 376 B1                       6 the length of a filament. For example,
a silicone   the structure varies progressively between the lubricant could
be added to a polyurethane          two sides of the structure. polymer and
spun as the inner surface of a graft,      5. A fibrous structure as
claimed in Claim 1 the outer surface of the graft being the same
wherien the composition of the filaments changes polyurethane without the
silicone lubricant. Such    5    abruptly to provide distinct layers within
the an example is included in the scope of the           structure having
different polymeric composi- invention.
tions. The advantage of the embodiments of grafts           6. A fibrous
structure as claimed in any preced- hereinbefore described are that the
different        ing Claim comprising a multiplicity of changes in layers
can be optimised for particular properties,   10   polymeric composition of
the fibres. either in its morphology (e.g. porosity, pore          7. A
fibrous structure as claimed in any preced- shape,' fibre size) or in its
chemistry (e.g. type of  ing Claim in the form of a mat. polymer, presence
of drug. For example, a drug         8. A fibrous structure as claimed in
any one of such as heparin or prostacyclin may be included      Claims 1 to
7 in the form of a tubular member. in the inner layer to improve the
property with   is   9. A fibrous structure as claimed in Claim 8 regard to
contacting blood). If such layers are      wherein the portions of the
filaments at the inner built up discontinuously, lines of weakness exist
surface of the tubular member are of the first between the contiguous
surfaces and delamina-         polymeric composition to provide
compatability tion is likely to occur at quite low mechanical       with
material with which the inner surface will stresses. The advantage of the
method herein-   20   come into contact, and the portions of the fila-
before described is that it builds different layers   ments at the outer
surface of the tubular member into an integrally formed fibrous structure
so that   are of the second polymeric composition to pro- the successive
wall components are merged in a        vide desirable strength
characteristics and other well controlled way.
physical properties to the tubular member. An illustration of the advantage
of a bi-layer   25   10. A fibrous structure comprising a tubular graft
according to the example described is that in   member as claimed in Claim
8 or Claim 9 cut to an initial canine common carotid trial, a 300%
provide one or more segmental elements from improvement in patency over
non-laminated,            the tubular wall. single component grafts were
found. Other               11. A method of forming an integral fibrous
possibilities, for example pledgets and drug    30   structure as claimed
in any preceding Claim, releasing vascular grafts are also quite possible.
which method comprises the steps of directing It will be appreciated that
while the embodi-       filaments of a first polymeric composition at a
ments described relate to tubular fibrous struc-      surface to start
building up a fibrous structure of tures for use as vascular grafts, the
invention is    the first polymeric composition, and altering the equally
applicable to planar fibrous structures    35   composition of the
filaments during production such as mats and that such alternative
structures     thereof such that the portions of the filaments at would
have wide applications.                        the side of the structure
remote from the surface is of the second polymeric composition. Claims
12. A method as claimed in Claim 11 wherein 40   the composition of the
filaments is changed 1. An integral fibrous structure of a. plurality of
abruptly. continuous polymeric filaments, individual fila-         13. A
method as claimed in Claim 11 wherein ments extending from one side of the
structure to    the composition of the filaments is varied the opposite
side of the structure, the portions of    gradually across the structure.
the filaments on one side of the structure being of   45 a first polymeric
composition and the portions of     Patentanspruche the filaments on the
opposite side of the structure being of a second polymeric composition
differ-         1. Integrale faserige Struktur einer Vielzahl von 



ent from the first polymeric composition.             kontinuierlichen
polymeren Fasern, wobei ein- 2. A fibrous structure as' claimed in Claim 1
so   zelne Fasern sich von einer Seite bis zur entge- comprising a
transition area between the sides of     gengesetzten Seite der Struktur
erstrecken, die the structure, the portions of the filaments in the   Teile
der Fasern auf einer Seite der Struktur aus transition area having a
polymeric composition        einer ersten polymeren Zusammensetzung und
comprising a mixture of 'the first and second         die Teile der Fasern
auf der entgegengesetzten polymeric compositions.
55    Seite der Struktur aus einer zweiten polymeren 3. A fibrous structure
as claimed in Claim 2        Zusammensetzung, die unterschiedlich zur
ersten wherein the composition of the portions of the        polymeren
Zusammensetzung  ist,  gebildet filaments in the transition area adjacent
the one     werden. side of the structure contain a large proportion of
2. Faserige Struktur nach Anspruch 1, umfas- the first polymeric
composition and the portions    60   send einen Obergangsbereich  zwischen
den of the filaments in the transition area adjacent the  Seiten der
Struktur, wobei die Teile der Fasern in opposite side of the structure
contain a large        dem  Obergangsbereich eine polymere Zusam-
percentage of the second polymeric composition.       menzetzung aufweisen,
die ein Gemisch der 4. A fibrous structure as claimed in any preced-
ersten und der zweiten polymeren Zusammenset- ing Claim wherein the
polymeric composition of   65   zung ist. 4    5              EP 0132376 B1
6 the length of a filament. For example, a silicone  the structure varies
progressively between the lubricant could be added to a polyurethane
two sides of the structure. polymer and spun as the inner surface of a
graft,    5. A fibrous structure as claimed in Claim 1 the outer surface of
the graft being the same      wherien the composition of the filaments
changes polyurethane without the silicone lubricant Such    5    abruptly
to provide distinct layers within the an example is included in the scope
of the         structure having different polymeric composi- invention.
tions. The advantage of the embodiments of grafts         6. A fibrous
structure as claimed in any preced- hereinbefore described are that the
different      ing Claim comprising a multiplicity of changes in layers can
be optimised for particular properties,   10   polymeric composition of the
fibres. either in its morphology (e.g. porosity, pore        7. A fibrous
structure as claimed in any preced- shape, fibre size) or in its chemistry
(e.g. type of  ing Claim in the form of a mat. polymer, presence of drug.
For example, a drug       8. A fibrous structure as claimed in any one of
such as heparin or prostacyclin may be included    Claims 1 to 7 in the
form of a tubular member. in the inner layer to improve the property with
is  9. A fibrous structure as claimed in Claim 8 regard to contacting
blood). If such layers are    wherein the portions of the filaments at the
inner built up discontinuously, lines of weakness exist   surface of the
tubular member are of the first between the contiguous surfaces and
delamina-       polymeric composition to provide compatability tion is
likely to occur at quite low mechanical     with material with which the
inner surface will stresses. The advantage of the method herein-   20
come into contact, and the portions of the fila- before described is that
it builds different layers  ments at the outer surface of the tubular
member into an integrally formed fibrous structure so that  are of the
second polymeric composition to pro- the successive wall components are
merged in a      vide desirable strength characteristics and other well
controlled way.                                physical properties to the
tubular member. An illustration of the advantage of a bi-layer   25  10. A
fibrous structure comprising a tubular graft according to the example
described is that in  member as claimed in Claim 8 or Claim 9 cut to an
initial canine common carotid trial, a 300%      provide one or more
segmental elements from improvement in patency over non-laminated,
the tubular wall. single component grafts were found. Other             11.
A method of forming an integral fibrous possibilities, for example pledgets
and drug    30   structure as claimed in any preceding Claim, releasing
vascular grafts are also quite possible.  which method comprises the steps
of directing It will be appreciated that while the embodi-    filaments of
a first polymeric composition at a ments described relate to tubular
fibrous struc-    surface to start building up a fibrous structure of tures
for use as vascular grafts, the invention is  the first polymeric
composition, and altering the equally applicable to planar fibrous
structures   35   composition of the filaments during production such as
mats and that such alternative structures   thereof such that the portions
of the filaments at would have wide applications.                      the
side of the structure remote from the surface is of the second polymeric
composition. Claims                                                12. A
method as claimed In Claim 11 wherein 40   the composition of the filaments
is changed 1. An integral fibrous structure of a plurality of  abruptly. 



continuous polymeric filaments, individual fila-      13. A method as
claimed in Claim 11 wherein ments extending from one side of the structure
to   the composition of the filaments is varied the opposite side of the
structure, the portions of  gradually across the structure. the filaments
on one side of the structure being of   45 a first polymeric composition
and the portions of   Patenteansprfiche the filaments on the opposite side
of the structure being of a second polymeric composition differ-       1.
Integrale faserige Struktur einer Vielzahl von ent from the first polymeric
composition.           kontinuierlichen polymeren Fasern, wobei ein- 2. A
fibrous structure as claimed in Claim 1    so   zelne Fasem sich von einer
Seite bis zur entge- comprising a transition area between the sides of
gengesetzten Seite der Struktur erstrecken, die the structure, the portions
of the filaments in the  Teile der Fasern auf einer Seite der Struktur aus
transition area having a polymeric composition      einer ersten polymeren
Zusammensetzung und comprising a mixture of the first and second        die
Teile der Fasern auf der entgegengesetzten polymeric compositions.
5s   Seite der Struktur aus einer zweiten polymeren 3. A fibrous structure
as claimed in Claim 2      Zusammensetzung, die unterschiedlich zur ersten
wherein the composition of the portions of the      polymeren
Zusammensetzung  ist,  gebildet filaments in the transition area adjacent
the one   werden. side of the structure contain a large proportion of   2.
Faserige Struktur nach Anspruch 1, umfas- the first polymeric composition
and the portions   60   send einen Obergangsbereich zwischen den of the
filaments in the transition area adjacent the  Seiten der Struktur, wobei
die Teile der Fasern in opposite side of the structure contain a large
dem Obergangsbereich eine polymere Zusam- percentage of the second
polymeric composition.     menzetzung aufweisen, die ein Gemisch der 4. A
fibrous structure as claimed in any preced-  ersten und der zweiten
polymeren Zusammenset- ing Claim wherein the polymeric composition of   65
zung ist. 4    7              EP 0132376 B1                       8 3.
Faserige Struktur nach Anspruch 2, in der     viduels s'etendant depuis un
cot6 de la structur die Zusammensetzung der Toile der Fasern in
jusqu'au cot6 oppose de la structure, les portion dem der einen Seite der
Struktur benachbarten      de filaments sur un c~t6 de la structure etant
en Ubergangsbereich  einen  grogen Anteil der         une premiere
composition polymere et les por- ersten polymeren Zusammensetzung enthalt
und    5    tions de filaments sur le c6t6 oppose de la die Teile der
Fasern in dem der entgegengesetz-    structure etant en une seconds
composition ten Seite der Struktur benachbarten Ubergangs-     polymere
diff6rente de la premiere composition bereich einen groBen Anteil der
zweiten polyme-    polymere. ron Zusammensetzung enthalten.
2. Structure fibreuse solon la revendication 1, 4. Faserige Struktur nach
einem der vorstehen-   to   comprenant une zone de transition entre ls den
Anspruche, in der sich die polymere Zusam-     cot6s de la structure, les
portions de filaments mensetzung der Struktur zwischen den zwei
dans la zone de transition ayant une composition Seiten der Struktur nach
und nach indert.          polymere qui est un melange des premiere et 5.
Faserige Struktur nach Anspruch 1, in der     seconds compositions
polymeres. sich die Zusammensetzung der Fasern plotzlich   15   3.
Structure fibreuse solon la revendication 2, indert, urn verschiedene
Schichten in der Struk-   dans laquelle la composition des portions de tur
mit unterschliedlichen polymeren Zusam-        filaments dans la zone de
transition adjacentes a mensetzungen bereitzustellen.
un c6t6 de la structure contient une proportion 6. Faserige Struktur nach
einem der vorstehen-   importante de la premiere composition polymbre den
Anspruche, umfassend sine Vielzahl von   20   alors quo les portions de
filaments dans la zone Anderungen in der polymeren Zusammenset-
de transition adjacentes au cdt6 oppos6 de Ia zung der Fasern.
structure contiennent un pourcentage 6lev6 de la 7. Faserige Struktur nach
einem der vorstehen-   seconde composition polymere. den Anspruche in Form
einer Matte.                   4. Structure fibreuse solon l'une quelconque
8. Faserige Struktur nach einem der AnsprOche   25   des revendications
pr6c6dentes, dans laquelle la 1 bis 7 in Form sines rohrenformigen Teiles.
composition polymere. de la structure varie pro- 9. Faserige Struktur nach
Anspruch 8, in der     gressivement entre les deux cot6s de la struc- die
Teils der Fasern an der inneren Oberflache     ture. des rohrenformigen
Teiles die erste polymers         5. Structure fibreuse selon la
revendication 1, Zusammensetzung aufweisen, um Vertrnglichkeit  30   dons
laquelle la composition des filaments mit einem Material, das mit der
inneren Oberfla-   change de facon brutale pour former des che in Kontakt
kommt, zu erzeugen, und die Teils   couches distinctes dans la structure
ayant des der Fasern an der augeren Oberfliche des r8h-      compositions
polymeres differentes. renformigen Teiles die zweite polymere Zusam-
6. Structure fibreuse salon l'une quelconque 



mensetzung aufweisen, um dem rohrenformigen   35   des revendications
pr6c6dentes comprenant une Teil erwunschte Festigkeitseigenschaften und
multiplicite de changements de la composition andere physikalische
Eigenschaften zu verleihen.   polymAre de fibres. 10. Faserige Struktur,
umfassend ein rbhren-       7. Structure fibreuse solon l'une quelconque
formiges Teil nach Anspruch 8 odor 9, das          des revendications
pr6cedentes, qui est sous geschnitten wird, urn ein oder mehrore Toilele-
40   forms d'une nappe. mente aus der rohrenformigen Wand bereitzu-
8. Structure fibreuse solon l'une quelconque stellen.
des revendications 1 A 7, sous forms d'un 6le- 11. Verfahren zur Bildung
einer integralen fase-  ment tubulaire. rigen Struktur nach einem  der
vorstehenden          9. Structure fibreuse solon la revendication 8,
Anspruche, wobei das Verfahren die Schritte   45   dans laquelle les
portions des filaments A la umfaBt, daB man Fasern einer ersten polymeren
surface interieure de l'6l6ment tubulaire sont en Zusammensetzung auf siner
Oberflache anord-        une premiere composition polymere pour assu- net,
urn den Aufbau siner faserigen Stuktur der    rer la compatibilite avec les
matieres avec les- ersten polymeren Zusammensetzung zu begin-
quelles ladite surface interieure pout venir en nen, und man die
Zusammensetzung der Fasern   50   contact, et les portions des filaments a
la surface wahrend deren Herstellung indert, so daB die       ext6rieure de
l'6l6ment tubulaire sont en une Teils der Fasern auf der von der OberFlache
seconds composition polymere pour confhner abgelegenen Seite der Struktur
die zweite poly-    des caract6ristiques avantageuses de resistance mere
Zusammensetzung aufweisen.                    et d'autres propri6t6s
physiques A I'6l6ment 12. Verfahren nach Anspruch 11, bei dem die   55
tubulaire. Zusammensetzung der Fasern pl6tzlich geindert        10.
Structure fibreuse comprenant un 6lement wird.
tubulaire solon la revendication 8 ou 9, d6coup6 13. Verfahren nach
Anspruch 11, bei dem sich     pour presenter un ou. plusieurs 6l6ments seg-
die Zusammensetzung der Fasern durch die           ment6s pour la paroi
tubulaire. Struktur nach und nach andert.               60      11. Proced6
de production d'une structure fibreuse unitaire solon l'une quelconque des
Revendications                                     revendications
prec6dentes, qui consists A diri- ger les filaments d'une premiere
composition 1. Structure unitaire fibreuse d'une s6rie de    polymere 3 une
surface pour commencer la filaments polymeres continue, les filaments indi-
65   construction d'une structure fibreuse on pre- 5 C 11111111111111111
9               EP 0132376 B1                        10
( mikre composition polymrre et 3 changer la           lequel on change de
fagon brutale la composition composition des filaments en cours de produc-
des filaments. tion de fagon que les portions des filaments sur le    13.
Proced6 selon la revendication 11, dans c6t6 de la structure 6loign6 de la
surface soient en  1equel on change progressivement la composi- seconde
composition polymere.                   5    tion des filaments A travers
la structure. 12. Proced6 selon la revendication 11, dans to 15 20 25 30 35
40 45 50 S5 60 65    


