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(57) ABSTRACT 
A Web of continuous ?laments Which are made of at least 
one semi-crystalline polymeric component covalently 
bonded as a linear block copolymer With or blended With one 
or more semi-crystalline or amorphous polymeric compo 
nents. The ?laments are intermingled together to form a 
porous Web of ?laments, the ?laments having multiple 
contact points With each other Within the Web. The ?laments 
are bonded at the contact points Without requisite for added 
adhesive binders, adjuncts or post extrusion melt processing. 
The Web may be bioresorbable. The Web may also be 
provided in forms With relatively high cohesive shear 
strength. The polymeric components of the ?laments exist, 
at least temporarily, in a homogenous substantially phase 
miscible uncrystalliZed state. If preserved in the homog 
enous substantially phase miscible uncrystalliZed state, the 
object can then be manipulated into a distinct desirable 
molded shape and then subsequently set or crystallized to 
retain the desired form particularly suitable for a speci?c use 
or application. 
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SELF-COHERING, CONTINUOUS FILAMENT 
NON-WOVEN WEBS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a division of application Ser. 
No. 08/942,371 ?led Oct. 2, 1997. 

FIELD OF THE INVENTION 

[0002] This invention relates to continuous ?lament non 
Woven structures fabricated from semi-crystalline polymeric 
materials. More particularly the invention relates to said 
structures that are self-cohering Webs fabricated from biore 
sorbable polymeric materials Which are found useful as 
surgical implants. 

BACKGROUND OF THE INVENTION 

[0003] This invention relates to compositions that are 
useful in medical applications intended to provide for inte 
gration With and subsequent attachment to the surrounding 
mammalian tissue. A requirement for any medical device 
that is to become Well integrated With the surrounding host 
tissue is an open structure on the surface of the implant that 
is sufficiently large for cells to readily penetrate. If the open 
structure is sufficiently large to alloW for the ingroWth of 
both collagenous and vascular tissues, a Well tolerated 
attachment betWeen the implant and the surrounding tissue 
is then possible. 

[0004] Porous structures for implantable devices suffi 
ciently large to alloW ingroWth and attachment of tissue can 
be achieved through a variety of means. Various technolo 
gies are able to deliver tailored open-celled structures With 
various pore siZes to ?t the particular cell ingroWth appli 
cations. Use of expanded polymeric membrane materials, 
such as expanded polytetra?uoroethylene (e-PTFE) is one 
such technique. It can be tailored to provide optimal tissue 
integration. It is considered chemically inert and therefore 
possesses enhanced biocompatibility. 

[0005] The use of extruded ?bers or ?laments and their 
subsequent assembly into a variety of organiZed structures is 
common. These structures fall into the categories of tradi 
tional Weaving and knitting. Such Weave and knit technolo 
gies can be found in various “meshes” found under the trade 
names of Vicryl®, Dexon®, and Proline® meshes. The 
resulting structural integrity is primarily due to the align 
ment of the component ?bers into bundles, Which are then 
Weaved or knitted into the particular desired construction. 
Besides the high cost and complexity of the knitting and 
Weaving equipment, a particular additional draWback of 
such construction is an increased potential for coloniZation 
and Wicking of bacteria Within the interstices of the aligned 
?ber bundles if the implant becomes contaminated. 

[0006] Another method of assembling ?bers is as a non 
Woven ?brous construction. This construction involves a 
random arrangement of ?bers or ?laments rather than the 
organiZed ?brous construction Which typi?es Weaves and 
knits. The random nature of the non-Wovens structure makes 
manufacturing of the fabric easier than Weaves and knits. 
HoWever, feW ?brous implants utiliZe non-Woven construc 
tions since the mechanical interlocking betWeen ?bers in 
such Webs are generally Weak. Consequently only limited 
applications such as felts and pledgets exist for the non 
Woven implantables that are dependent on ?ber entangle 
ment for their mechanical integrity; these possess relatively 
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poor cohesive or tensile strength. Non-Woven strength can 
be added by the addition of a subsequent binding process 
Which produces an attachment of the randomly deposited 
?bers at their points of contact. One of the feW non-Woven 
implantables on the market is Resolut® Regenerative Mate 
rial Which is disclosed in PCT #WO92/ 10218 and is com 
posed of staple ?bers and an adhesive binder to produce its 
bioresorbable non-Woven structure. 

[0007] Bioresorbable materials are particularly desirable 
for use in many medical applications, especially in implant 
applications, controlled release, and cell groWth tissue engi 
neering applications. Most implantable bioresorbable mate 
rials are used either in the form of sutures or in the controlled 
delivery of drugs or other bioactive agents. In the case of 
sutures or other structures Which bear mechanical loads 
during at least part of their implantation, semi-crystalline 
polymer systems are utiliZed. Conversely, controlled release 
applications Where no mechanical loading is required typi 
cally utiliZe amorphous polymer systems for their consistent 
diffusion properties. 

[0008] Auseful implant application for a non-Woven con 
struction is as a barrier material in mammalian tissue regen 
eration, also knoWn as guided tissue regeneration (GTR). In 
one such GTR application, either a non-resorbable or biore 
sorbable membrane can be employed to separate an area 
Where bone groWth is desirable from adjacent areas Where 
competing faster groWing gingival tissue may be present. 
The implanted GTR membrane is used as a protective cover 
and acts as a barrier to entry by the other tissues into the 
space Where bone groWth is desired. Simultaneously the 
barrier must also resist collapsing into the defect under the 
pressure of the overlying tissues. The advantage of a biore 
sorbable material is that once its primary purpose is 
achieved it Will be absorbed, thus eliminating any surgical 
need to remove it. 

[0009] The preservation of space betWeen the surface of 
the defect and the desired contours of the subsequently 
regenerated surface is necessary in order to alloW for the 
regeneration of tissues into that space. Periodontal structures 
Which may be regenerated in this fashion are the periodontal 
ligament, bone and cementum. The barrier material alloWs 
propagation of bone and periodontal ligament cells by 
precluding entry of epithelial cells and gingival connective 
tissue cells into the provided space. 

[0010] One commercially available material that provides 
a cell-barrier for periodontal guided tissue regeneration is 
GORE-TEX® Periodontal Material. This is an expanded 
polytetra?uoroethylene (e-PTFE) material that serves as a 
cell-barrier betWeen the gingiva and a periodontal defect and 
is intended to preserve the necessary space betWeen the 
surface of the defect and the desired contours of the subse 
quently regenerated surface. This material is made of porous 
expanded PTFE having a microstructure of nodes intercon 
nected by ?ne ?brils. One portion of the total surface area of 
the GORE-TEX Periodontal Material has a porous structural 
surface that becomes in?ltrated With blood clot and ingroWn 
With ?brous connective tissue, thereby inhibiting epithelial 
migration. The remaining portion of the surface area has a 
cell-barrier structure of loW porosity for isolating the over 
lying gingival connective tissue from the underlying defect. 
It is not bioresorbable, hoWever, and must be removed in a 
subsequent surgical procedure. 

[0011] Another commercially available cell barrier sheet 
material intended for guided tissue regeneration is the pre 
viously mentioned Resolut® Regenerative Material, also 
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from W. L. Gore & Associates, Inc. PCT application 
#WO92/10218 describes this material as a bioabsorbable 
material made of a non-Woven ?brous matrix of polygly 
colic acid ?bers laminarly af?xed to a cell-barrier sheet 
material that is a copolymer of polylactic acid and polyg 
lycolic acid. The overall material is intended to provide 
sufficient rigidity in vivo to maintain space over the defect 
as it regenerates. 

[0012] There have been other attempts to produce suitable 
surgical barriers from bioresorbable materials. A 70 micron 
thick solvent-cast bioresorbable polylactic acid membrane 
having no inherent porosity or tissue cell permeability Was 
tested in periodontal applications as a cell-barrier material 
for exclusion of epithelium and gingival connective tissue 
during healing (I. Magnusson, et al., “New Attachment 
Formations FolloWing Controlled Tissue Regeneration 
Using Biodegradable Membranes”, J. Periodontal, January 
1988, pp. 1-6). Tests shoWed some neW formation of cemen 
tum and bone. Reproductions of this material demonstrated 
poor surgical handling characteristics due to its thin friable 
construction and also proved to be difficult to suture because 
of its brittleness. This material makes no provision for tissue 
ingroWth on either of its surfaces. 

[0013] Another commercially available material for use in 
guided or controlled tissue regeneration is Vicryl® Peri 
odontal Mesh available from Johnson & Johnson. The Vicryl 
Periodontal Mesh is comprised of Woven ?bers made from 
a bioresorbable copolymer of about 90% glycolide and 10% 
lactide. Studies have shoWn that the Vicryl Periodontal Mesh 
has had some success as a barrier material that provides for 
tissue regeneration (Fleisher, et al., “Regeneration of Lost 
Attachment Apparatus in the Dog Using Vicryl Absorbable 
Mesh”, International Journal of Periodontics and Restorative 
Dentistry, 2/1988, pp. 45-55). This material is a single layer 
material of Woven construction that is intended to both 
promote tissue ingroWth and simultaneously serve as a tissue 
barrier. As these are someWhat contradictory objectives for 
a single layer material of Woven construction having a 
degree of inherent porosity, ingroWth can only be made to 
occur at the expense of the barrier function. The effective 
ness of this material is therefore a compromise betWeen the 
material’s ability to alloW for tissue ingroWth and the 
requirement to simultaneously function as a tissue barrier. 
An additional dif?culty With this conventional Woven con 
struction is its lack of adequate rigidity and a resulting 
inferior ability to maintain space adjacent to the defect. 

[0014] While most of the preceding guided tissue regen 
eration bioresorbable designs utiliZe readily available poly 
mers and copolymers derived from glycolic and lactic acids, 
a particular polymer Which provides both suf?cient in vivo 
rigidity and longevity to resist its collapse into a defect is 
described in Us. Pat. No. 4,243,775 to Rosensaft, et al and 
in US. Pat. No. 4,300,565. The disclosed material is a block 
copolymer of glycolide (PGA) and either lactide (PLA) or 
trimethylene carbonate (TMC) that is described as useful for 
absorbable articles such as sutures. The speci?c block 
copolymer combination of PGA :TMC has been used exten 
sively as commercially available surgical sutures produced 
and marketed by Davis & Geck under the trade name of 
Maxon®. This same polymer system has been utiliZed to 
produce a non-porous structure for the repair and regenera 
tion of bone that is disclosed in Us. Pat. No. 5,080,655 
issued to Jarret, et al. The disclosure describes an absorbable 
deformable surgical device fabricated from the same 
PGAzTMC copolymers described Within Rosensaft (US. 
Pat. No. 4,243,775) and Casey (US. Pat. No. 4,429,080). 
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None of these refer to embodiments that can be described as 
non-Woven ?brous structures. Other bioresorbable block 
copolymer systems Which are of potential relevance to this 
invention are described Within US. Pat. Nos. 4,916,193 and 
4,920,203. 

[0015] Besides planar porous materials, it is additionally 
desirable in some implantable applications to deliver a 
porous three dimensional object for the function of ?lling a 
particular space, rather than for covering it as has been 
described above. Filling of a defect With a porous biomate 
rial is a common approach toWard treating bone defects. In 
such applications open celled bioresorbable foams are com 
mon, hoWever these materials generally possess limited 
tensile strength since it is relatively dif?cult to introduce 
molecular alignment, also knoWn as molecular orientation, 
into such a structure. Conversely, numerous methods exist 
for inducing molecular orientation and thereby enhanced 
strength into ?brous or expanded node and ?bril structures. 
HoWever, three dimensional ?brous Webs cannot be readily 
produced Without the use of either adhesives, adhesive 
adjuncts, or compression, tWo of Which are processes Which 
inherently reduces the loft of the Web leading to more Web 
density and a consequential reduction in the potential for 
tissue integration. Besides introducing an ongoing risk of 
dissimilar degradation pro?les, the use of an additional 
adhesive to bond betWeen the Web’s ?laments leads to more 
material present Within the Web resulting in decreased void 
space and an increased mass that delivers the expectation of 
a proportionally more reactive tissue response upon biore 
sorption. 

[0016] The construction of a single component non-Woven 
Web Without the use of binders is commonly achieved 
through the direct application of heat and pressure to create 
a localiZed melting or fusion of the Web ?laments at ?ber 
crossover points. HoWever, since heating ?bers in the solid 
state can deliver only limited melt viscosity to the bonding 
interface Without damaging overall ?ber integrity, such an 
approach commonly delivers relatively Weak inter-?ber 
attachments When compared With Webs utiliZing adhesive 
binders. Also, regardless to the quality of the produced 
inter-?ber bonds, such compression under heat inherently 
reduces Web loft, therefore increasing the Web’s apparent or 
overall density and limiting the relative amount of available 
open space Within the Web for tissue ingroWth. 

[0017] There remains a need for a non-Woven implantable 
bioresorbable material that is composed of a structure 
formed from a suf?ciently homogenous underlying con 
struction that it Would provide for bioresorption in a con 
sistent structural manner as the implant degrades. HoWever, 
current non-Woven fabrics, especially those constructed 
from bioresorbable polymers, do not meet this need. Fibers 
in Web form are typically bonded together at their points of 
contact by the application of various knoWn binders or 
binding techniques, many of Which also include the appli 
cation of pressure Which in turn reduces the available loft. 
Further, With increased concentration of binders, fabrics 
tend to be stiffer. 

[0018] The use of any external binder also introduces 
issues of the uniformity of its distribution throughout the 
Web. Additionally, the properties of the entire Web become 
limited to the properties of the binder Which gives the Web 
its integrity, also referred to as cohesion. Thus, for example, 
if a binder With a relatively loW melting point is used as a 
bonding material, the temperature conditions to Which the 
Web may be subjected are limited by the melting point of the 
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binder. Additionally, if the binder is Weakened or softened by 
other factors such as moisture, solvents, or various physi 
ological ?uids, then the overall integrity of the Web can be 
affected. These problems are overcome by the self-cohering 
properties of the present invention. 

[0019] Solvent bonding, Where the reinforcing ?bers are 
sWelled by solvent in either liquid or vapor form to provide 
bonding of the Web, is not easily controlled and frequently 
tends to Weaken the Web’s ?bers. Furthermore, the intersec 
tions at Which the ?laments are bonded frequently have a 
sWollen appearance and possess alteration of their polymeric 
organization or crystalline structure With a resulting loss in 
strength. 
[0020] Solvent spinning or “dryspinning” is a process 
Where a polymeric material is dissolved Within a suitable 
solvent to produce a viscous solution Which is then eXtruded 
through a spinnerette. This process has been used to form 
non-Woven Webs With ?laments Which self-adhere at points 
of contact due to the use of the solvent as a tacki?er adhesive 
adjunct. When the exiting ?uid is directed at a rotating 
mandrel, non-Woven tubular constructions are possible and 
have been utiliZed as an implantable vascular graft such as 
the Vascugraft® polyesterurethane vascular prosthesis 
manufactured by B. Braun Melsungen AG (Melsungen, 
Germany). Other descriptions of this or similar solvent 
spinning processes used to form non-Woven medical 
implants can be found in US. Pat. Nos. 4,323,525 and 
4,474,630. 
[0021] Since the utiliZed solvent essentially plasticiZes or 
lubricates the polymer chains to the point of dissolution, its 
removal to a concentration level Where its presence no 
longer signi?cantly affects the polymer’s physical properties 
becomes essential. Such a removal process, typically evapo 
ration by heat, constitutes an additional processing step 
Which becomes more dif?cult to complete as the acceptable 
or tolerable residual solvent level becomes loWer. This 
residual level of solvent, Which in all cases is detectable at 
some level, carries particular signi?cance in implantable 
applications Where, dependent on the toXicity of the 
included solvent, its presence may cause a detrimental 
bioresponse as it diffuses from an implant. This is of a 
particular concern in With bioresorbable polymers Where the 
produced implant degrades completely and, in many cases, 
the only solvents Which dissolve the polymer are especially 
toXic. This is particularly the case With heXa?uoroisopro 
panol and the other similarly toXic ?uorinated chemicals that 
are required to dissolve either PGA homopolymers or PGA 
block copolymers. 

[0022] Webs can be produced by melt-bloWing or spun 
bonding. MeltbloWn Webs are produced by entraining melt 
spun ?bers With convergent streams of heated air to produce 
extremely ?ne ?laments. Melt bloWn processing has com 
monly been described as forming discontinuous sub-denier 
?bers, relatively short ?laments that are typically 1 micron 
or less in diameter. Since melt bloWn ?bers attain their ?nal 
diameter While in a semi-molten state, no method is avail 
able to further enhance molecular orientation Within the 
?bers before they cohesively attach to each other as a Web 
on the collector screen. The net result is a Web of short ?bers 
With loW to moderate strength When compared With other 
?brous non-Woven constructions. 

[0023] Fabrication of the ?bers of spunbond non-Wovens 
is accomplished through entrainment of melt spun ?bers 
folloWed by subsequent cooling and attenuation utiliZing air 
or mechanical methods to induce molecular orientation or 
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alignment into the resulting continuous ?laments. The 
resulting ?bers are generally in the range of 15 micron to 25 
micron in diameter. Consequently, spunbond Webs are made 
of continuous ?bers or ?laments that are generally greater 
than 10 micron in median diameter. Spunbond processes, 
hoWever, are generally recogniZed as requiring a separate 
bonding step (thus the term spunbond) Which interlocks the 
heretofore unattached ?bers. Methods of spunbond inter 
locking generally utiliZe either thermal fusion, mechanical 
entanglement, chemical binders or adhesives, or combina 
tions thereof. HoWever the continuous layering of the draWn 
spunbond ?bers on top of one another causes the surface 
layer of ?bers to have limited integration With loWer layers, 
resulting in an increased ability for the Web to lose ?bers or 
fray if the inter?ber adhesion is overcome. It is common to 
compensate for this loW Web cohesive strength by thermally 
fusing the Web’s ?bers at intermittent points. HoWever, this 
heat and pressure process, knoWn as point bonding or 
thermofusion, virtually eliminates Web porosity Within the 
fused areas. 

[0024] An autogenous self-bonding Web made Without 
any requirement for ensuing compression is described in 
Yung US. Pat. No. 4,163,819. The self-cohering properties 
of the ?bers of the produced Web are described as being 
dependent on reduced crystalliZation dependent on the pres 
ence of a polyhydric alcohol (polyol) sequence contained in 
a block terpolymer. Such polyols are knoWn to readily 
hydrate and the disclosure describes prevention of crystal 
liZation and the enhancement of ?ber tackiness When the 
polymer system is eXposed to Water. No provision Was made 
for autogenous self-bonding or self-cohering non-Woven 
Webs from polymer systems that could not be classi?ed as 
polyols. Neither the polymers that Were utiliZed nor the 
produced articles Were described as being useful in an 
implantable application, nor is the utiliZed polymer systems 
considered as bioresorbable. Also, no description of 
enhanced cohesive or peel strength Within the produced Web 
could be identi?ed. 

[0025] EscheWy, US. Pat. No. 5,466,517 assigned to 
Freudenberg, describes a self bonding Web made from 
biodegradable polycaprolactone homopolymer and blends. 
Biodegradable in this patent is meant to be degradable by 
bacteria and microorganisms in soil. The Webs described 
Were self cohering and possessed an area density of less than 
120 g/m2. Such a loW Web density With this particular 
polymer is likely to result in a Web With relatively loW 
tensile and cohesive strength, values not reported Within the 
disclosure. Additionally, the 40-50° C. heated air used in 
producing the described self-bonding Web remains suf? 
ciently close to the 60° C. melting point of the polycapro 
lactone homopolymer that inter?ber attachment or bonding 
While in a melted condition is likely. Additionally, the fact 
that EscheWy describes self-bonding Webs of polycaprolac 
tone homopolymer demonstrates that microphase separa 
tion, a feature of the current invention, is not present since 
the phenomenon of microphase separation betWeen dissimi 
lar segmental compositions is not possible Within a 
homopolymer system. 

[0026] It is this inherent limitation of homogenous semi 
crystalline polymer systems requiring inter?ber bonding 
prior to solidi?cation from the melt that the current inven 
tion intends to overcome. In such homopolymer systems, the 
ability of continuous ?lament Web ?bers to contact and 
self-cohere to themselves must be accomplished before 
solidi?cation of the ?laments from the melt. Since polymer 
solidi?cation is a function of temperature, the eXternal 
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boundaries of the ?bers are the ?rst to cool and, as a 
consequence, the ?rst to solidify. This rapid solidi?cation of 
the ?bers’ outer boundaries functionally diminishes the 
possibility of creating inter-?ber attachments With later 
contacting ?bers. It is the intention of the present invention 
to overcome this limitation of requiring inter?ber contact 
prior to solidi?cation and to functionally achieve the goal of 
delivering a self-cohering continuous ?lament Web Where 
inter?ber attachments are formed after the polymeric com 
ponents have solidi?ed. 

SUMMARY OF THE INVENTION 

[0027] In vieW of the foregoing, it is seen there is a need 
for a Web Which: 

[0028] provides for autogenous cohesion betWeen the 
constituent ?bers at physical points of contact; 

[0029] by virtue of autogenous cohesion precludes 
any subsequent requirement for further mechanical 
entanglement, thermal processing, or the addition of 
polymeric or copolymeric adhesive binders or 
adjuncts to facilitate inter?ber bonding to effect or 
achieve effective Web cohesion; 

[0030] provides for autogenous attachment betWeen 
the produced Web and other objects of a suf?ciently 
similar substantially amorphous polymeric or 
copolymeric composition to provide crystalliZation 
and autogenous bonding betWeen the objects at the 
physical points of contact; and 

[0031] provides for a bioresorbable Web Which, as a 
result of its single component or homogenous com 
position, can be used as an implantable medical 
device that delivers a more consistently homogenous 
bioresorption pro?le than Would be eXpected of an 
implant With distinct structural features of different 
compositions. 

[0032] 
[0033] It is an object of this invention to provide by 
utiliZing melt spinning techniques and semi-crystalline poly 
meric materials a Web Which, by virtue of temporarily 
suspending crystalliZation of its component ?bers at a sub 
stantially amorphous incomplete level of crystalliZation, 
provides for autogenous bonding betWeen the constituent 
?bers at their physical points of contact. 

[0034] It is a further object of this invention to provide 
such a Web fabricated from semi-crystalline polymeric mate 
rials Which, by virtue of its autogenous bonding capability 
provided through the inhibition of crystalliZation, precludes 
any subsequent requirement for further mechanical 
entanglement, thermal processing, or the addition of poly 
meric or copolymeric adhesive binders or adjuncts to facili 
tate inter-?ber bonding to effect or achieve effective Web 
cohesion. 

[0035] It is a further object of this invention to provide 
such a Web Which, by virtue of kinetically or thermody 
namically temporarily suspending crystalliZation in a sub 
stantially amorphous incomplete level of crystalliZation, 
provides for autogenous bonding betWeen the produced Web 
and other objects of a suf?ciently similar, substantially 
amorphous polymeric or copolymeric composition. 

[0036] It is a further object of this invention to provide a 
Web Which preserves the amorphous homogenous disor 
dered phase miscible condition achievable Within the melt 

In light of the aforementioned de?ciencies: 
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by suf?ciently rapid cooling of the Web’s component ?bers 
from the melt to a temperature beloW either the polymer’s 
glass transition temperature or, in the case of temporarily 
miscible polymer systems, the temperature of its disorder 
order transition to prevent polymeric crystalliZation. 

[0037] It is a further object of this invention to provide a 
Web that is a self-cohering, continuous ?lament, non-Woven 
implantable medical device fabricated at least partially from 
semi-crystalline polymeric or block copolymeric materials 
Which, by virtue of its autogenous bonding capability pro 
vided through the inhibition of crystalliZation, precludes any 
subsequent requirement for further mechanical entangle 
ment or the addition of adhesive binders or adjuncts to effect 
or achieve effective Web cohesion. 

[0038] It is a further object of this invention to provide a 
self-cohering, continuous ?lament, non-Woven implantable 
medical device fabricated utiliZing melt spinning techniques 
from at least partially semi-crystalline block copolymeric 
materials of at least partially phase immiscible block com 
positions Wherein the microphase separation potentiated by 
the initial block segment incompatibility provides an initial 
inhibition of the rate of crystalliZation, thereby extending the 
available time at a particular temperature that physical 
contact can occur betWeen uncrystalliZed ?bers or other 
objects prior to subsequent crystalliZation. 

[0039] It is a further object of this invention to provide a 
self-cohering, continuous ?lament, non-Woven implantable 
medical device fabricated utiliZing melt spinning techniques 
from at least partially semi-crystalline block copolymeric 
materials of at least partially phase immiscible block com 
positions Wherein the provision of the incompatible blocks 
in a solid homogeneously miXed condition potentiates, When 
placed in contact With other identically conditioned objects, 
an ensuing at least partial phase separation Which provides 
for polymeric chain miXing betWeen the contacting objects 
and a correlating reduction of the distinction betWeen 
objects that results in an enhancement of inter-object adhe 
s1on. 

[0040] It is a further object of this invention to provide a 
self-cohering, continuous ?lament, non-Woven implantable 
medical device fabricated utiliZing melt spinning techniques 
from at least partially semi-crystalline polymeric or block 
copolymeric materials of at least partially phase immiscible 
compositions under processing conditions Which Will 
deliver a homogenous disordered state of polymeric miXing 
suf?cient in longevity to provide for assembly of a cohesive 
Web or other structure Wherein the contact points betWeen 
structures are established prior to subsequent at least partial 
phase ordering of the homogenous state and crystalliZation 
of the crystalliZable polymeric or copolymeric segments. 

[0041] It is a further object of this invention to provide a 
self-cohering, continuous ?lament, non-Woven implantable 
medical device fabricated utiliZing melt spinning techniques 
from at least partially semi-crystalline polymeric or block 
copolymeric materials of at least partially phase immiscible 
compositions Wherein the amorphous homogenous disor 
dered phase miXed condition possible Within the melt is 
preserved through sufficiently rapid cooling to a temperature 
beloW the miXture’s order-disorder transition to substantially 
prevent subsequent ordering or crystalliZation of the copoly 
mer’s semicrystalline segments. 

[0042] These objects are met by a Web of continuous 
?laments Which are made of at least one semi-crystalline 
polymeric component covalently bonded as a linear block 
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copolymer With or blended With one or more semi-crystal 
line or amorphous polymeric components. The ?laments are 
intermingled together to form a porous Web of ?laments, the 
?laments having multiple contact points With each other 
Within the Web. The ?laments are bonded at the contact 
points Without requisite for added adhesive binders, adjuncts 
or post extrusion melt processing. The Web may be biore 
sorbable. The Web may be provided in forms With relatively 
high cohesive shear strength. The polymeric components of 
the ?laments exist, at least temporarily, in a homogenous 
substantially phase miscible uncrystalliZed state. If pre 
served in the homogenous substantially phase miscible 
uncrystalliZed state, the object can then be manipulated into 
a distinct desirable molded shape and then subsequently set 
or crystalliZed to retain the desired form particularly suitable 
for a speci?c use or application. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] FIG. 1 depicts a schematic diagram of the layout of 
of the Web producing extrusion system. 

[0044] FIG. 2 depicts angled 50x magni?cation scanning 
electron micrograph (SEM) of representative Web surface 
and cross-section. 

[0045] FIG. 3 depicts the characteristics of a typical 
differential scanning calorimeter (DSC) scan of a produced 
Web in homogenous disordered condition. 

[0046] FIG. 4 depicts the dimensions of the tensile testing 
specimens utiliZed to evaluate the produced Webs (see 
Example 2). 

DETAILED DESCRIPTION OF THE 
INVENTION 

De?nition of Terms 

[0047] By “Fiber” is meant a cylindrical or tubular struc 
ture Wherein the length is much larger than its diameter or 
breadth Which is less than 500 microns (micrometers). 

[0048] By “Continuous Filament” is meant a ?ber or ?bers 
of substantial length to unending length. 

[0049] By “non-Woven” is meant a type of fabric made 
directly from ?bers or ?laments or from a Web of ?bers 
Without the preliminary yarn preparation needed for Weav 
ing or knitting. 

[0050] By “sheet” is meant either a ?exible or rigid layer 
Which is very thin in its thickness relative to either its breath 
or Width. For the purposes of this application, a sheet 
consists of deposited ?laments and the thickness or smallest 
dimension of such a sheet shall not exceed 5 mm (0.2 

inches). 
[0051] By “Web” is meant a sheet made by laying doWn or 
assembling ?bers. 

[0052] By “porous” is meant a material possessing a 
sufficiently open structure to alloW for the passage of physi 
ological ?uids and/or living mammalian cells. 

[0053] By “cohere” is meant the ability of ?laments Within 
a ?brous Web to effectively stick or attach to themselves 
Without the need for thermal or melt processing, or adhesive 
binders or adjuncts. 

[0054] By “cohesive” is meant the ability of a material to 
hold itself together as a mass. 
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[0055] By “self-cohering”, “self-bonding” or “autog 
enous-bonding” is meant the ability of a melt formed 
structure, or component thereof, to effectively self-generate 
an attachment to itself Without the requirement to undergo a 
melt, or undergo the requisite addition of supplementary 
adhesives, binders, or adhesive adjuncts either before or 
after structure formation. 

[0056] By “3-d Web” is meant the laying doWn or assem 
bling of ?bers to form a structure thicker than a sheet (as 
previously de?ned). 
[0057] By “shapeable” is meant the ability of a structure to 
conform or adapt to a particular contour, form, pattern, or ?t. 

[0058] By “quench” is meant the substantial inhibition of 
crystalliZation Within a semi-crystalline polymer specimen 
by means of rapid thermal cooling to a temperature beloW 
the polymer system’s glass transition (Tg) or order-disorder 
transition temperature (Todt). 
[0059] By “setable” is meant the retention of the ability to 
convert a crystalliZable polymeric or copolymeric Web or 
3-d Web from a thermodynamically unstable (metastable) 
condition possessing limited crystallinity to an alternative 
substantially thermodynamically stable level of crystallinity. 
This conversion cannot be effectively reversed short of the 
complete remelting and reformation of the Web like struc 
tures. The conversion is facilitated by either the exposure of 
the Web to solvents, lubricants, or plasticiZing agents that 
facilitate chain mobility, the application of heat, or a com 
bination thereof. 

[0060] By “implantable” is meant a biocompatible device 
retaining potential for successful surgical placement Within 
a mammal. 

[0061] By “implantable device” is meant any object 
implanted through surgical, injection, or other suitable 
means Whose primary function is achieved either through its 
physical presence or mechanical properties. 

[0062] By “bioresorbable” is meant those materials of 
either synthetic or natural origin Which, When placed into a 
living body, are degraded through either enZymatic, hydro 
lytic or other chemical reactions, into by-products Which are 
either integrated into or expelled from the body. It is 
recogniZed that in the literature “resorbable”, “absorbable”, 
and “bioabsorbable” are frequently used interchangeably 
With this de?nition. 

[0063] By “alternating copolymers” is meant copolymers 
With a regular or alternating repeating unit sequence 
Whereby crystalliZation potential is substantially reduced 
due to segmental sequencing Which prevents substantial 
crystalliZation from occurring. 
[0064] By “thermoplastic elastomers” is meant a melt 
processable copolymer Which possesses elastomeric 
mechanical properties as a result of a crystalliZable “hard” 
segment and an amorphous “soft” segment possessing a Tg 
beloW its service temperature. 

[0065] By “blends” is meant polymeric materials that are 
melt mixed to achieve compounding betWeen tWo or more 
different polymeric compositions that are not covalently 
bonded to each other. For the purposes of this application, a 
melt miscible blend is a polymeric mixture Which possesses 
suf?cient miscibility in the melt to provide for its extrusion 
into ?laments. 

[0066] By “additives” is meant substances added to poly 
mers or polymeric systems that modify one or more of its 
properties. 
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[0067] By “semi-crystalline polymer” is meant polymers 
or copolymers Which retain the eventual ability to crystallize 
upon solidi?cation or annealing at temperatures above the 
T in homopolymeric systems or above the highest compo 
nént Tg in multicomponent polymeric systems. Since 
uncrystalliZed segments of polymer chains exist in even the 
most highly crystalline of polymers, any polymer Which 
crystalliZes is generally considered as semi-crystalline. 

[0068] By “phase miscible” is meant the homogenous 
mixing of dissimilar polymeric repeating sequences to pro 
duce either a stable or unstable condition possessing sub 
stantially no repeating sequence concentration gradient. 

[0069] By “phase immiscible” is meant the segregation of 
dissimilar polymeric repeating sequences into macroscopic 
or microscopic regions that possess enhanced concentrations 
of similar or like polymeric repeating sequences. This term 
shall not be construed to refer to like polymeric sequences 
segregating into regions of crystalline and amorphous 
phases of the same polymeric sequence composition. 

[0070] By “microphase immiscible” is meant phase 
immiscible regions of a dimension that is microscopic in 
scale and is not observable With the naked eye. 

[0071] By “adhesive” or “binder” is meant a distinct 
component of the Web that provides for bonding betWeen the 
Web’s ?brous or ?lamentous components at their contact 
point interface. The bonding component can be administered 
and bonding effected through solution, heat, or other pro 
cesses that substantially retain the properties of the Web’s 
structural supporting ?laments. 

[0072] By “adhesive adjunct” is meant a distinct separable 
additive Which imparts adhesive or bonding qualities into an 
otherWise nonadhesive material. An example is the use of 
solvents, tacki?er resins, or polymer softening agents 
blended With a melt processable polymer to produce a 
temporary or ongoing stickiness or tackiness Which can 
result in an apparent self-cohesion. For the intent and 
purposes of this invention, tacki?er resins are oligimeric 
materials With a Weight averaged molecular Weight of less 
than 5,000. 

General Description of the Invention 

[0073] This invention relates to self-cohering non-Woven 
Webs constructed from continuous ?laments formed from 
semi-crystalline multicomponent polymeric systems Which, 
upon the achievement of an equilibrium state, possess some 
evidence of phase immiscibility of the system’s constituent 
polymeric components. The particular ability of the ?brous 
components of the Webs of this invention to self-cohere to 
themselves or other similarly prepared objects is believed 
the result of a reduced rate of crystalliZation Within the 
Web’s ?bers When compared With rates typical of melt 
processed ?bers. This crystalliZation rate depression is 
believed advantageous by preserving the melt’s substan 
tially homogenous amorphous non-crystalline phase mixed 
condition Within the solidi?ed quenched ?lamentous Web 
until such a time that it can come into physical contact With 
other ?bers or objects sustained in a similar amorphous 
condition of limited crystalliZation. The resulting inter?la 
ment or inter?ber bonding that occurs in this invention can 
thus be accomplished Without any requirement for adhesive 
binders or adjuncts, and additionally does not hold require 
ment for additional secondary mechanical entanglement, 
thermal, or compressive processing. 

[0074] The autogenous self-cohesion that occurs betWeen 
the ?laments of the current invention is able to be produced 
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from a semi-crystalline polymer blend or copolymer 
Wherein the crystalliZation rate is suf?ciently sloWed to 
provide for sustained physical contact betWeen solidi?ed 
amorphous objects prior to substantial microphase separa 
tion and crystalliZation of at least the surface of the melt 
fabricated objects. More particularly, the observed crystal 
liZation rate depression is believed provided by the solidi 
?cation of a homogenous melt miscible condition existing 
betWeen tWo at least partially phase immiscible polymer 
systems. Physical contact betWeen ?bers or other objects 
existing in this relatively tacky solidi?ed metastable homog 
enous state of phase miscibility provides the basis for an 
initial physical adhesion betWeen the objects. Once such 
initial adhesive contact has been made, any ensuing phase 
separation of the initially miscible polymeric components 
offers potential for further enhancement of polymeric chain 
mixing across the joined objects’ physical contact or bond 
ing interface. More particularly, the invention utiliZes a 
thermoplastic semicrystalline polymeric blend and/or block 
copolymer system processed in such a manner that from the 
melt a substantially amorphous solid condition is induced 
and maintained for a suf?ciently extended period of time to 
provide for contact and combination With other similarly 
produced objects. The duration of the time period required 
for joining such temporarily amorphous substantially semi 
crystalline objects remains dependent on the siZe of the 
produced object, the crystalliZation rate of the particular 
polymer system being utiliZed, the temperature of the melt, 
the temperature and volume of the cooling air or gas, and the 
eventual Web retrieval and storage temperatures. 

[0075] The invention also relates to a method for achiev 
ing a retarded crystalliZation rate and subsequent autogenous 
bonding of polymeric components by preferential selection 
and use of semi-crystalline polymeric blends and/or copoly 
meric materials. The prolonged amorphous state attainable 
by utiliZing at least partially phase immiscible blends or 
block copolymers results from the preservation of the 
homogenous disordered fully miscible microphase unsepa 
rated state expected of polymeric materials When in a melted 
or How processable condition. This condition is believed to 
be preserved through a suf?ciently rapid rate of cooling that, 
due to elevated viscosity and reduced chain motion, sub 
stantially inhibits either full or partial microphase separation 
and consequentially sustains the substantially disordered 
state of the melt after both cooling and melt solidi?cation. 
Suspension in such a disordered state of miscibility is 
believed to inhibit the subsequent crystalliZation that Would 
be expected of a progressively more phase ordered structure, 
thus providing a continuation of an unstable malleable 
amorphous condition Which alloWs shaping of the produced 
Web into a virtually unlimited array of shapes Which can then 
be retained after subsequent crystalliZation. 

[0076] The self-cohering ?laments of the current inven 
tion differ from the self-cohering ?bers common to melt 
bloWn Webs by the current invention’s development of 
inter?ber or inter?lament bonding after their solidi?cation 
from the melt. This post-solidi?cation bonding feature pro 
vides for the continuous ?lament nature of ?bers of the 
current invention and contrasts With the discontinuous char 
acteristic of melt bloWn ?bers that are deposited directly 
from a melted state. These differences are exempli?ed by 
both the consistent nature and larger ?ber diameters (>10 
pm) found in the current invention When compared With that 
of the smaller (<1 pm diameter) diameter ?bers typical of 
melt bloWn Webs. Additionally, the continuous ?laments of 



US 2001/0000352 A1 

non-Woven Webs of the current invention may possess 
relatively enhanced levels of molecular orientation When 
compared With melt bloWns. 

[0077] The current invention preferentially utiliZes block 
copolymers that can be described as diblock, triblock, or 
multiblock Which possess at least partially phase immiscible 
segmental components When in a thermodynamically stable 
state. Block copolymers are typically referred to as A-B for 
diblock, ABA for triblock, or combinations thereof for 
multiblock copolymers. Additionally, three or more compo 
nents may be used to create a block copolymer, as in the case 
of an ABC terpolymer (also knoWn as a tripolymer or ternary 
copolymer) exempli?ed by the bioresorbable PGA/TMC/ 
PDS copolymer utiliZed in Biosyn® sutures that is available 
from US. Surgical Corporation, NorWalk, Connecticut, 
USA and contains one amorphous and tWo crystalline seg 
ments. A block copolymer Which has Within its composition 
a segment that is soft and rubbery at its service temperature 
Would potentially possess elastomeric properties and could 
thus be described as a block copolymer thermoplastic elas 
tomer (BC-TPE). Phase immiscibility in the context of block 
copolymers in intended to refer to segmental components 
Which, if a part of a blend of the correlating homopolymers, 
Would be expected to phase separate Within the melt. 

[0078] More particularly, the invention preferentially uti 
liZes an ABA triblock copolymer system composed of 
poly(glycolide), also knoWn as PGA, and poly(trimethylene 
carbonate), also knoWn as TMC, to form a bioresorbable 
implantable non-Woven Web; Wherein A comprises betWeen 
50 and 85 Weight percent of the total Weight, and Wherein A 
is comprised of glycolide recurring units; and B comprises 
the remainder of the total Weight and is comprised of 
trimethylene carbonate recurring units said material being 
bioresorbable and implantable. Details concerning synthesis 
of this copolymer can be found in US. Pat. No. 4,429,080 
Which is hereby incorporated by reference. A diblock con 
struction of the same PGA:TMC segmental components is 
detailed Within US. Pat. Nos. 4,243,775 and 4,300,565 
Which are hereby incorporated by reference. A 33% Weight 
to Weight ratio of TMC to PGA triblock copolymer may be 
obtained from SherWood/Davis & Geck, Danbury, Conn. 

[0079] Alternatively, other bioabsorbable components 
could be utiliZed in the polymeriZation dependent on the 
desired physical, mechanical, or bioabsorption rate proper 
ties needed for the intended implant application. HoWever, 
polymeriZation must result in block segments of suf?cient 
length to form at least one or more crystalliZable compo 
nents to the system. A system for use as an implantable 
Which utiliZes an amorphous segmental component Would 
preferentially possess a segment Tg Which is higher than 
—50° C. and loWer than 70° C. 

[0080] Other semi-crystalline multicomponent polymer 
systems Which possess phase miscibility Within the melt but 
result in at least a partial phase separation upon equilibrium 
may be utiliZed to form a self-cohering Web if conditions are 
maintained Where contact betWeen ?laments and the related 
inter?ber bonding can be effected prior to the phase sepa 
rated equilibrium. Such self-cohering Web forming condi 
tions have been observed When utiliZing the crystalliZable 
poly-beta-hydroxybutyrate-hydroxyvalerate (PHB:PHV) 
copolymers. Additionally, self-cohering Webs have also 
been achieved utiliZing a blend of the bioresorbable poly(p 
dioxanone) and PGA homopolymers. In both of these sys 
tems, evidence of at least a partial phase separation can be 
observed by the presence of multiple DSC endothermic melt 
peaks. 
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[0081] It is believed that the temporary suspension of a 
phase immiscible polymer system Within a homogenous 
amorphous phase miscible metastable condition Which 
affords assembly of a self-cohering continuous ?lament Web 
can be achieved With other crystalliZable block copolymer 
systems. Such polymer systems are believed to include 
segments selected from the group consisting of polyesters 
such as poly(butylene terephthalate) and poly(ethylene 
terephthalate); poly(vinyl alcohol); poly(vinyl acetate) and 
partially hydrolyZed forms thereof; hydrogel type polymers 
such as poly(hydroxyethyl methacrylate), poly(hydroxypro 
pyl methacrylate), and the like; polysulphones such as 
poly(phenylene-sulphone); polyurethanes; segmented poly 
urethanes; polyether urethanes, polyesterurethanes, polycar 
bonate urethanes, poly(urethane ureas) polyamides; poly 
(ethylenes); poly(propylenes); and poly(carbonates). If a 
bioresorbable constructions are desired, such polymer sys 
tems are believed to include polymer segments selected 
from the group consisting of poly(glycolide); poly(carbon 
ates); poly(dioxanone); poly(lactides); poly(d-lactide), 
poly(l-lactide), poly(d,l-lactide), poly(lactide-co-caprolac 
tone), poly(caprolactone), poly(hydroxybutyrates), poly(hy 
droxyvalerates); and poly(hydroxybutyrates-co-valerates). 

Polymeric & Processing Requirements 

Phase Miscibility and Microphase Separation 

[0082] The ability of any tWo or more component poly 
meric systems to achieve a state of phase miscibility, be it 
based on block copolymers, blends, and/or other polymer 
systems, remains dependent on a variety of factors that 
in?uence the interactions betWeen neighboring polymeric 
chains. Discussions of factors such as the Flory-Huggins 
solubility parameter, especially as it relates to miscibilities 
of bioabsorbable polyester blends systems, can be found in 
the folloWing references: 

[0083] G. Rocha and S. McCarthy. Polymers in Bio 
degradable Surgical Devices: Blending (Poly(gly 
colic acid) With other Biodegradable Plastics. Medi 
cal Plastics and Biomaterials, May/June 1996, 
44-48. 

[0084] Y. Cha and C. G. Pitt. The biodegradability of 
polyester blends. Biomaterials, 11 (March 1990), 
108-112. 

[0085] Regardless of the driving mechanism, the existence 
of full phase miscibility in such a multi-polymeric compo 
nent system may be observed through the presence of a T 
Which substantially folloWs the Fox equation. In this equa 
tion, Which is usually applied to compatible random or 
alternating copolymers, the observed glass transition tem 
perature is a composition dependent function averaging the 
constituent components of the homogenous mix. The spe 
ci?c Fox relationship is: 

[0086] Wherein W represents the respective mass fractions 
of the copolymeric component and the respective tempera 
tures Tg1 and Tg2 re?ect the glass transitions (expressed in 
degrees Kelvin) of the respective components in homopoly 
meric form. In the case of a temporary miscibility in blends 
or block copolymers re?ective of a disordered or homoge 
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neously mixed substantially single phase condition, the 
temperature of the order-disorder transition (ODT) above 
Which a quenched mixture of speci?c components begins to 
segregate into a more ordered or separated phase condition 
is sometimes referred to as the order-disorder transition 
temperature (Todt), or the microphase separation transition 
temperature (Trust). This temperature, like that of random or 
alternating copolymer systems, is also composition depen 
dent, and can also be affected by the partial miscibilities of 
polymeric components. An excellent discussion of the ther 
modynamics surrounding this transition temperature can be 
found in the article entitled: Block Copolymer Thermody 
namics: Theory and Experiment, Annu. Rev. Phys. Chem. 
1990, 41, 525-57 by F. S. Bates and G. H. Fredrickson. 

[0087] In the context of the current invention, a condition 
of either permanent or temporary phase miscibility is iden 
ti?able through the existence of a single Tg or TOdt Which 
substantially folloWs the predictions of the Fox Equation. 
The presence of the single Tg or TOdt has been observed in 
various multiple component polymer systems as is discussed 
Within the folloWing references: 

[0088] P. Xing, et al. Miscibility and Crystallization 
of Poly([3-hydroxybutyrate) and Poly(p-vinylphenol) 
Blends. Macromolecules, 30 (1997), 2726-2733. 

[0089] M. C. Luyten, et al. Morphology in binary 
blends of poly(vinyl methyl ether) and E-caprolac 
tone-trimethylene carbonate diblock copolymer. 
Polymer 3(1997), 38, 509-519. 

[0090] G. O. Shonaike. Studies on miscibility of 
glass ?bre reinforced blends of polyethylene tereph 
thalate With polybutylene terephthalate. (needs ref 
erence revision; European Polymer Journal, 28 
(1992), 777-781. 

[0091] Besides the preceding articles, the folloWing pro 
vide additional references discussing variations in the nature 
and temperature of the Tg of miscible and partially miscible 
systems: 

[0092] J. N. Clark et al. Reexamination of poly(m 
ethyl methacrylate)/poly(epichlorohydrin) blends by 
small angle neutron scattering and differential scan 
ning calorimetry. Polymer; 33(1992), 3137-3145. 

[0093] M. Song, et al. Modulated differential scan 
ning calorimetry: 4. Miscibility and glass transition 
behaviour in poly(methylmethacrylate) and poly 
(epichlorohydrin) blends. Polymer; 37(1996), 25, 
5561-5565. 

[0094] Any achieved phase miscibility can, dependent on 
the polymeric system, exist in a condition that either remains 
stable or, alternatively, exist in a metastable miscible-like 
state of transition toWard a condition of increasing immis 
cibility as polymeric chain movement and reorganiZation 
potential is alloWed. Some evidence about the nature and 
stability of these molecular interactions betWeen chains may 
be elicited by comparing the thermal characteristics 
expected of fully miscible systems With that of actual DSC 
thermal analytic data performed on polymeric systems sus 
pected of being less than fully miscible. In such thermal 
comparisons, blend and copolymeric systems that exist in a 
state of full component miscibility Within their amorphous 
phase, be it in a metastable or equilibrium state, are expected 
to display a single Tg or TOdt occurring at a temperature that 
is a function of the systems composition and substantially 
predictable When utiliZing the Fox equation. Conversely, 
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fully immiscible multiphase amorphous systems are 
expected to display distinct Tg’s Which correlate With the 
homopolymer analogs for each separated immiscible phase. 

[0095] BetWeen the aforementioned scenarios of full 
homogenous phase miscibility and complete phase separa 
tion there exists a condition of partial polymeric phase 
miscibility. If a condition of partial miscibility is present, the 
DSC scan can be expected to reveal a Tg occurring at a 
temperature betWeen that of the correlating homopolymer 
analog and one of full component miscibility as predicted by 
the Fox equation. In such partially miscible systems, this 
shift of Tg toWard the homopolymer’s Tg delivers evidence 
of an enrichment of the system’s amorphous phase With 
polymeric constituents similar to that of the homopolymer. 
In any system, such phase enrichment With a particular 
polymeric constituent Would strongly imply a correlating 
reduction of that same constituent Within other regions. In 
completely amorphous phase separating systems, this con 
stituent enrichment Would have to result in its correlating 
depletion Within other regions of the polymer system’s 
amorphous domain. HoWever, in semi-crystalline polymer 
systems such constituent enrichments can lead to crystalli 
Zation resulting in the subsequent removal of the crystalli 
Zable component from the amorphous domain. This removal 
of constituents by crystalliZation results in a continuing 
further enrichment of the amorphous phase With the non 
crystalliZing component and the consequential progression 
of the experimental T toWard that of the non-crystalliZing 
component’s homopolgymer analog. 
[0096] When complete crystalliZation is achieved in a 
semi-crystalline system, then the non-crystallized balance of 
the polymeric system must, of necessity, be present Within 
the system’s non-crystalliZing amorphous phase. If the 
amorphous phase is composed exclusively of non-crystal 
liZing monomeric components, the resulting Tg Would be 
analogous to that of the correlating non-crystalliZing 
homopolymer. Conversely, components Within the crystal 
liZed regions can no longer be detected by the presence of a 
Tg, a characteristic attributable exclusively to amorphous 
regions possessing greater chain mobility. If, hoWever, some 
crystalliZable or other constituents remained miscible Within 
the existing amorphous phase due to reasons such as steric 
constraints or segment inclusions, the resulting Tg Would be 
affected by their presence. As a result, the T of such a 
partially phase miscible system Would be shifted aWay from 
that of its non-crystalliZing homopolymer analog toWard a 
temperature re?ective of the constituent ratio existing Within 
the amorphous phase, a value Which could be interpreted 
utiliZing the Fox equation. 

[0097] Although the formation of polymeric crystals is not 
generally recogniZed to occur betWeen dissimilar constitu 
ents, inclusions of other polymeric constituents may be 
encountered Within the lattice produced by crystalliZing 
polymeric segments. Such non-crystalliZing or amorphous 
inclusions, When present in sufficient concentrations, can be 
expected to produce a diluent or colligative effect resulting 
in a depression of the melting temperature from that 
expected of a crystalliZed homopolymer analog. This 
observed evidence of melting point depression can also be 
attributed to crystalline imperfections and reduction of lam 
mellar thickness. Alternatively, immiscible semi-crystalline 
polymer systems Which, upon reaching thermodynamic 
equilibrium phase separate into regions of relatively greater 
purity resulting in the formation of less diluted crystals, 
Would therefore produce a correlating higher DSC melt 
point. Also, if inhomogeneity Within the sample exists that 
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either affects the amount of inclusions present Within a 
crystalline sample or produces variations in the level of 
sample phase separation, multiple DSC melt peaks may be 
encountered re?ecting the differing diluent effect on the 
formed crystals. 

Determination of the Order-Disorder Transition (by 
DSC) 

[0098] Phase immiscibility in either an exclusively amor 
phous or semicrystalline Web system can be evidenced by 
any substantial deviation of the polymer system’s Tg from 
that predicted by the Fox equation for the sample’s estab 
lished ratio of polymeric components. For a system With 
multiple amorphous components, the existence of correlat 
ing additional T ’s Would provide evidence of additional 
separated amorpzlious phases of the differing polymeric 
compositions. Conversely, for semicrystalline systems pos 
sessing an amorphous component, deviation from the amor 
phous Tg predicted by the Fox equation correlated With the 
presence of a DSC crystalline melting peak provides evi 
dence of effective separation and crystalliZation of a par 
ticular polymeric component from the miscible amorphous 
phase condition. In such a semi-crystalline system, a par 
tially miscible system Would result in the depression of the 
observed Trn While a fully phase separated system Would 
retain a Trn similar to that of the homopolymer analog. 

[0099] Since block copolymers are composed of differing 
homopolymer segments connected together through cova 
lent bonds, regions With characteristics of the respective 
homopolymer are created When similar segments are 
attracted to each other causing phase immiscibility. In an 
ordered, tWo component, block copolymer system Where 
both segments can crystalliZe, this resulting microphase 
separation Would result in tWo melting points representative 
of the tWo crystalliZable segments. The glass transition for 
such polymers may be obscured and even eliminated by the 
crystalliZation Which has tightened the tie chains suf?ciently 
to eliminate molecular motion suf?cient to produce a Tg. 
Alternatively, if the tWo component system Was composed 
of phase immiscible amorphous segments, then tWo different 
Tg’s Would be expected for each of the resulting ordered 
amorphous block copolymer segments. The current inven 
tion that utiliZes PGAzTMC possesses both a crystalliZable 
and an amorphous segment that results in a Tg for the 
amorphous block and a melt peak for the crystalline block. 

[0100] As described earlier, an ordered block copolymer 
system possesses distinct segments that produce Tg’s rep 
resentative of their homopolymer analogs. Conversely, the 
same block copolymer in a disordered state possesses char 
acteristics Which are a composite of the tWo mixed poly 
meric constituents. If one induces a quenched disordered 
homogenous condition through suf?ciently rapid cooling 
either by extrusion processing or through cooling capabili 
ties of a DSC, the temperature above Which reorganiZation 
of this mixture into segregated segments becomes possible 
is considered the temperature of the order-disorder transition 
(Todt). Since the properties of the homogenous disordered 
condition are dependent on the composition ratios betWeen 
the tWo polymeric constituents, the temperature of this 
occurrence can be predicted by utiliZing the Fox or the 
Gordon-Taylor-Wood equations that are commonly applied 
to polymer blends, and sometimes applied to random 
copolymers. 

Preferred Embodiment 

[0101] The particular ability of the amorphous compo 
nents of this invention to self-cohere When utiliZing the 
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earlier described polymer selection criteria and processing 
conditions can be utiliZed to produce a continuous ?lament 
non-Woven Web that provides for autogenous inter?lament 
bonding of the Web’s ?bers Without any mandatory require 
ment for the use of adhesive binders or adjuncts or for 
secondary thermal processing to obtain a cohesive non 
Woven Web. The Web produced When utiliZing the speci? 
cations of the current invention yields the continuous 20 to 
50 micron diameter ?laments Which are common to spun 
bond non-Wovens. HoWever, the current invention does not 
require the subsequent bonding processes typical of spun 
bond processes. 

[0102] One embodiment of the current invention provides 
for a self-cohering Web comprised of an at least partial phase 
separable melt miscible blend of at least tWo homopolymers 
Where at least one of Which is semi-crystalline and the rate 
of polymeric crystalliZation may be controlled kinetically or 
thermodynamically. 
[0103] Another embodiment of the current invention pro 
vides for a self-cohering Web comprised of an at least partial 
phase separable and controlled crystalliZable blend of a 
homopolymer and block copolymer, Where at least one of 
Which is semi-crystalline. 

[0104] Another embodiment of the current invention is a 
self-bonding or self-cohering Web comprised of an at least 
partial phase separable and controlled crystalliZable semi 
crystalline block copolymer system. 

[0105] The preferred embodiment of the current invention 
is a self-bonding or self-cohering porous non-Woven com 
prised of an ABA block copolymer of a preponderance of 
repeating sequential units of glycolide possessing the for 
mula: 

O 

H 

[0106] and repeating sequential units of trimethylene car 
bonate possessing the formula: 

[0107] The end groups in this block copolymer are Well 
knoWn and can be —OH, —COOH, or derivatives thereof. 
The amount of A in the ABA block copolymer can range 
from 50% to 85 % by Weight. The inherent viscosity at 30° 
C. in hexa?uoroisopropanol (HFIP), can range from an 
average of 0.5 dl/g to over 1.5 dl/g, and preferably, for 
preferred use as a barrier used in bone regroWth can range 
from 0.8 dl/g to 1.2 dl/g . The acceptable melting point for 
this particular range of copolymer compositions as deter 
mined through a DSC melt peak can range from approxi 
mately 170 to 220° C. 

[0108] The PGAzTMC copolymeriZation is achieved by a 
sequential addition ring opening polymeriZation of the 
cyclic trimethylene carbonate and glycolide dimer mono 
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mers. The synthesized block copolymer can either be 
acquired directly from Davis & Geck (Danbury, Conn., 
USA) or prepared through the synthesis methods detailed 
Within US. Pat. Nos. 4,243,775 and 4,429,080 described 
earlier. Both monomers are available from BI Chemicals, 
Petersburg, Va., USA. Other desired polymeric composi 
tions and structures may necessitate the use of different 
polymeriZation conditions and/or methods. 

[0109] The Web is ?rst produced from the block copoly 
mer by a procedure similar to spunbonding. The procedure 
is ?rst to dry the granulated or pelletiZed block copolymer to 
free it of any volatile components or residual moisture. Then 
the copolymer is melted in an extruder equipped With a 
multi-ori?ce ?ber spin-pack or spinneret to alloW formation 
of continuous ?laments. The continuous ?laments are then 
accelerated Within a Transvector connected preferentially to 
room temperature air and directed in a generally vertically 
doWnWard direction. The Transvector air stream, Which may 
be varied in temperature to either accelerate or sloW the rate 
of phase separation and crystalliZation, acts to attenuate or 
draW the emerging ?bers and to control the rate of ?ber ?oW. 
The produced ?bers of the preferred embodiment are 
entrained in room temperature air to produce ?bers that 
typically possess molecular orientation and are betWeen 20 
and 50 micron in diameter. 

[0110] The produced ?bers are then deposited by puddling 
in a mass of continuous randomly disposed ?laments that 
physically contact and appear to adhere and become physi 
cally linked at crossover points to form a porous cohesive 
Web Without the need for adhesive binders or adjuncts or for 
additional thermal bonding processes. The ?laments as spun 
appear visually solid and appear not to stick to most objects 
Within Which contact is made, but do adhere readily to each 
other at said crossover points. Unlike usual spun-bonded 
?bers, the ?bers of the copolymers used herein are self 
cohering as they collect on a surface positioned underneath 
the spinneret. In other Words, the spinning conditions are 
adjusted to provide a tackiness to the emerging ?bers Which 
alloWs them to self-cohere as they collect in a cohesive 
random pile, or Web, on the collecting surface. In other 
Words, the ?bers as they strike the collecting surface are 
solid ?bers, but still tacky enough to bond to each other. In 
contrast, the PGA homopolymer extruded in a similar fash 
ion is not tacky and does not form a coherent or cohesive 
Web. 

[0111] To produce the preferred embodiment, the ?bers 
are randomly deposited on a movable belt upon Which they 
make contact at crossover points to produce the self-coher 
ing Web. By moving the collecting surface along a planar 
path, the Web formed Will be in the shape of a sheet, the 
density and pore siZe of Which can be directly affected by the 
collector’s linear velocity. Consequently, at high collector 
velocities, macroporous Webs With very loW area and vol 
ume densities, and thicknesses hypothetically reducible to 
that of the ?ber crossover height are possible. Conversely, 
loW velocities produce more ?ber deposition over a given 
area thereby reducing pore siZe and producing higher vol 
ume density for a given ?ber diameter. By alloWing the 
spinneret to remain in a ?xed position, the deposited sheet 
Will be thicker along its center While tapering to the sides 
due to the fact the spinneret has more ori?ces in the center 
and less along its sides. By moving the spinneret from side 
to side, a substantially ?at sheet can be obtained. If the 
collecting surface is not moved, What can be described as a 
3-dimensional ?brous block capable of an indeterminate 
thickness can be built up With the resulting Web porosity and 
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density at least partially a function of the applied air veloc 
ity, the resulting ?ber diameter, and the accumulated height 
(i.e. compressive Weight) of the Web. 

[0112] Initially, after retrieval of the noW cohesive Web 
from its room temperature cooling and collection conditions, 
the Web is resilient and can be shaped at temperatures that 
are above its “quenched” Todt, betWeen —5 and 30° C. 
dependent on the speci?c PGAzTMC copolymer ratio. 
Accordingly, this substantially amorphous uncrystalliZed 
Web, prior to any subsequent microphase ordering, can be 
shaped into any con?guration the Web can be manipulated 
into, one of Which could be to ?t and cover a defect under 
Which bone regroWth can take place. During such in vivo use 
the copolymer is gradually bioresorbed through the combi 
nation of hydrolysis and enZymatic activity that progres 
sively reduces its molecular Weight and eventually returns 
the constituent polymeric segments into their original 
repeating units Which are then dispelled or assimilated in 
vivo. Thus, the longevity of the Web in vivo is at least 
partially dependent upon the siZe of the block copolymeric 
segments and the molecular Weight of the copolymer. 

[0113] This concept is useful for other applications Where 
structural support is indicated or separation of speci?c cell 
varieties is desirable. Examples of such applications are 
surgical meshes intended for soft issue repair, nerve repair 
and nerve guidance applications, adhesion prevention, and 
bone and hard tissue regeneration. 

Extrusion Conditions 

[0114] In the case of block copolymers under extrusion 
conditions, a minimal level of mixing is believed to result in 
disordering of the polymer chains so that When exiting the 
spinneret as ?bers the blocks of a melted copolymeric 
system are believed to be in a substantially homogenous 
disordered condition. The copolymer’s cumulative thermal 
exposure over time needs to be minimiZed suf?ciently to 
prevent transesteri?cation reactions that can result in deg 
radation of the copolymer’s block and correlating phase 
immiscibility characteristics. When cooled from the melt, it 
is knoWn that the polymeric chains of most block copoly 
mers at equilibrium possess phase-immiscible segments that 
undergo rearrangement from the homogenous disordered 
condition of the melt through a self-assembly process into an 
ordered and microphase separated condition, a condition 
highly characteristic of BC-TPEs. This rearrangement of the 
constituent polymer chains into a more ordered condition is 
provided by the chain mobility present in the rubbery state 
existing betWeen the melt temperature and that of the 
order-disorder transition temperature (Todt), the temperature 
above Which this transition from disorder to order can 
proceed. If crystalliZable segments are present Within the 
noW ordered microphase separated regions, a crystalliZation 
process analogous to that of a similar homopolymer system 
can subsequently proceed. 

[0115] In the current invention, as the spun ?bers exit from 
the spinneret die, the still molten ?laments are entrained into 
an accelerated air current provided by a Transvector Which 
both accelerates the ?bers, thereby potentiating molecular 
orientation, While imparting a drop in the ?bers’ temperature 
from that of the melt. It is the temperature of this entrained 
air and that of the ambient conditions Wherein the spun ?bers 
are collected that dictate the ability, or lack thereof, to impart 
an amorphous self-cohering condition into the produced 
?bers. 

[0116] The TOdt of the multicomponent polymeric system 
must be at a suf?ciently high temperature that spontaneous 
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micro-ordering and crystallization does not occur before 
inter-object adhesion can be achieved. The rate of such 
micro-ordering and crystallization is affected signi?cantly 
by the thermal conditions in Which the Web is retrieved. In 
the case of PGAzTMC Where the Todt, dependent on copoly 
mer ratio, is betWeen 0° C. and 25° C., chain mobility is 
sufficiently sloWed to effectively inhibit microphase order 
ing While the Web is being retrieved at room temperature. 
Conversely, a crystallizable polyester ether thermoplastic 
elastomer With a TOdt of —25° C. Would be expected to 
provide higher chain mobility at the same room temperature 
Web retrieval conditions and consequently Would be 
expected to more rapidly micro-order and subsequently 
crystallize before inter?ber bonding could occur. 

[0117] Additionally, in order to attain inter?ber bonding 
under similar room temperature conditions, the TOdt must be 
sufficiently loW that the room temperature cooled ?bers 
remain reasonably above the TOdt Where spontaneous inter 
?ber adhesion Will occur upon contact. If the thermal 
environment into Which the Web is retrieved is substantially 
beloW the TOdt Where the amorphous disordered mixture 
enters a glassy condition, chain mobility is expected to 
become suf?ciently reduced to prevent inter?ber attachment 
from occurring upon ?lament contact. 

Filament Cohesion 

[0118] Crystallization from the homogeneously mixed 
condition expected When cooling directly from the melt is 
believed to occur only if suf?cient microphase reorganiza 
tion is realized to alloW agglomeration of the crystallizable 
segments. This physical requirement for movement of the 
chains to achieve the thermodynamically stable microphase 
separation condition is believed to occur not only Within the 
?ber structure, but also across ?bers in the regions Where 
physical contact and surface adhesion has occurred. After 
such inter-object contact has been achieved to the extent that 
the amorphous, homogenous, disordered interfaces have 
combined, further maintenance at temperatures above the 
Tom Will alloW for continuing crystallization or microphase 
separation ordering. The ordering process is believed to 
extend betWeen adequately joined but previously separate 
objects to provide a bridge leading to a mixing effect 
betWeen the tWo joined surfaces that provides, upon micro 
phase separation, for an enhanced intermingling of the 
constituent polymeric chains. Such ordering and subsequent 
crystallization results in the potential for both the elasto 
meric soft segment and the crystalline hard segment regions 
to bridge the region Where the tWo objects Were joined. It is 
this microphase reorganization that is believed to effectively 
create a phase integration betWeen the tWo ?bers or objects 
that is essentially of the same chemical and physical com 
position as the ?bers and consequently delivers the enhanced 
inter-?lament bonding strength observed in the produced 
Web. 

[0119] The resulting surface integration created by this 
microphase mixing is not believed to folloW the normal 
de?nition of adhesion since bonding is effected solely With 
the substrate material and consequently no identi?able com 
positional interface exists betWeen the tWo intersecting 
surfaces. The result is a bond believed to possess strength 
approaching that of the constituent block copolymer, gen 
erally stronger than What Would be expected of less inte 
grated adhesives covering the same amount of intersecting 
area. The produced bond is also believed to be potentially 
superior to adhesion produced through normal polymeric 
crystallization since chain mixing Would be more integrated 
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With the current invention than that of a single phase system 
that crystallizes With minimal molecular movement. HoW 
ever, this particular inter?ber bonding may be reduced as 
molecular orientation increases and the bene?ts may be 
offset by the increased ?ber strength inherent to such 
increased orientation. 

[0120] Such microphase separations or micro-orderings 
can vary in size due to copolymeric composition ratios and 
can arrange themselves to various shapes. A variety of 
shapes betWeen phase components ranging from spherical 
inclusions to laminar alternating arrangements either paral 
lel or perpendicular to the former surfaces of melt produced 
but noW joined objects are possible. Such varieties of 
ordering shapes across the contact surfaces of the tWo joined 
objects provides a mechanism for bonding Which differs 
from that of normal surface to surface adhesion delivering 
an integration of ordered phases Which, if formed perpen 
dicular to the joined surface, potentially imparts almost 
covalent bond strength levels of attachment betWeen the 
former surfaces of similarly prepared objects. 

[0121] Since the adhesive mechanism driving attachment 
is dependent on another similarly prepared object, the pro 
duced material in its disordered amorphous state preferen 
tially bonds to itself With little observed af?nity to other 
objects. This provides processing bene?ts by minimizing 
risk of the ?bers attaching or sticking to objects such as the 
Transvector, collector screen, or processing object. This is 
speci?cally the case With the preferred embodiment 
PGAzTMC Web Which possesses a distinct af?nity to itself 
rather than to other objects. 

[0122] In bonding of similarly conditioned homoge 
neously disordered structures, actual assembly of the com 
ponents occurs under thermal conditions beloW the melting 
point of the polymer system and above the order-disorder 
transition of the amorphous quenched system. This compo 
nent assembly can occur directly by inducing collisions or 
other inter-?ber contacts as they are cooled from the melt 
and before temperatures beloW the TOdt are realized. Option 
ally, if cooled With suf?cient rapidity to a temperature beloW 
the Todt, exposure of the produced material to the chain 
mobility of the rubbery state existing above the TOdt can be 
minimized or eliminated to a point Where microphase sepa 
ration and crystallization can effectively be averted. If 
successful, the ?bers or other melt formed product can 
through this rapid quench approach be induced into retaining 
the homogenous disordered condition by continued mainte 
nance at temperatures beloW the TOdt Where a glassy state is 
maintained and chain mobility and chain intermingling is 
minimized. Under these thermal conditions, microphase 
separation ordering does not occur until temperatures are 
suf?ciently raised and chain mobility is reintroduced. Any 
subsequent temperature increase above the TOdt delivers the 
accompanying chain mobility that reinstitutes interaction 
betWeen similar block copolymer surfaces and continuing 
rearrangement toWard the most stable ordered con?guration 
again possible. 

[0123] Generally described, the blend or block copoly 
meric systems of the current invention are able to autog 
enously bond to other structures of similar amorphous 
condition after solidi?cation from melt. To attain this end, 
the amorphous objects produced from the melt must achieve 
physical contact Within the temperature range beloW that of 
the semi-crystalline material’s melt temperature and above 
that of the single glass transition temperature representative 
of the thermodynamically unstable homogenous phase mis 
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cible condition, also known as the order-disorder-transition 
temperature in block copolymer systems. Exposure of the 
homogenous object to temperatures Within this range can 
provide for self-tackiness and self-cohesion in amorphous 
quenched objects if completed prior to substantial achieve 
ment of phase equilibrium. Conversely, temperatures Within 
this range additionally and competitively promote both 
ordering and phase separation in both semi-crystalline poly 
meric blends and block copolymers leading to both a loss of 
tackiness and the ability of ?bers to adhere to themselves 
and other objects of similar conditioning. As a result, for any 
particular blend or copolymer system a limited time duration 
eXists Wherein the amorphous condition attachment can 
occur before suf?cient levels of crystalliZation effectively 
prohibit self-cohesion to occur. 

[0124] Bonding betWeen amorphous components is 
achieved through their physical contact after solidi?cation 
from the melt and before substantial crystalliZation has 
occurred. The duration of the time prior to substantial 
crystalliZation Wherein bonding can occur can range from 
seconds to years dependent on the crystalliZation rate of the 
polymer selected, the siZe of the produced object, and the 
post processing temperatures the produced object is eXposed 
to. 

[0125] Alternatively, chain mobility and the ensuing 
microphase separation and crystalliZation may be enhanced 
through the use of plasticiZing agents that effectively lubri 
cate or facilitate chain movement Within the solidi?ed 
polymer. Such agents can be plasticiZers or other similarly 
acting additives that can be introduced into the polymer 
system at any point before, during, or after introduction into 
the melt. Such polymer plasticiZation can additionally be 
accomplished by the application of volatile solvents, such as 
acetone or chloroform, Which penetrate the solidi?ed poly 
mer’s interstices to provide a temporary lubrication of the 
polymer chains that facilitates molecular movement and a 
transition to the more stable crystalliZed or ordered state. 

Features of the Produced Web 

[0126] In general, the non-Woven Webs produced utiliZing 
the current invention possess opposing surfaces and are 
porous through and betWeen the opposing surfaces, a feature 
Which delivers a recogniZable value in a variety of applica 
tions. HoWever, the construction of the non-Woven Web of 
the current invention delivers particular physical features 
and bene?ts Which are either difficult or impossible to 
achieve, either individually or combined, When utiliZing 
other non-Woven Web fabrication technologies. These ben 
e?ts are considered to be by virtue of this invention’s 
objective of effectively retarding the rate of crystalliZation 
producing the resulting amorphous condition Within the 
deposited ?bers. 

[0127] As described previously, the current invention pro 
vides integral non-Woven Webs possessing inter?ber self 
cohesion from a single melt composition Without require 
ment for the addition of adhesives, binders, solvents or other 
adjuncts. Additionally, this feature eliminates any process 
ing requisite for mechanically induced interlocking, or the 
application of calendaring or other forms of compression 
based deformation (With or Without heat) to achieve inter 
?ber attachment. It also eliminates the secondary thermal 
compression processing required to soften coated ?bers, 
sheath/core ?bers, or the loWer melting ?ber inclusions that 
provide for inter?ber bonding in multicomponent heat fus 
ible Webs. Beside possessing a melting or softening point 

Apr. 19, 2001 

loWer than that of primary ?brous structure being bonded, 
these components are typically materials With different 
physical and mechanical properties that, in turn affect the 
?nal properties of the Web. 

[0128] (Reduced Web Density) 
[0129] As a consequence of self-cohesion, Webs of the 
current invention possess a reduced apparent Web density or 
overall Weight from that Which Would be eXpected of an 
identical Web construction produced from the same material 
but not processed in a manner that effects autogenous 
inter-?ber bonding. Additionally, since any adhesive or 
binder necessitated in the absence of autogenous bonding 
Would inherently displace additional space Within the exter 
nal boundaries of the produced Web, the result of autogenous 
bonding Would be a relatively less dense and more open 
structure than if added binders Were required. This feature is 
a disadvantage if a maXimum amount of Web loft for tissue 
ingroWth is desirable. 

[0130] (Consistent Degradation Characteristics) 
[0131] Since the overall stability of any structure fabri 
cated from any single component is generally simpler to 
predict than a similar structure fabricated from multiple 
compositions, the autogenously bonded single component 
Webs of the invention are eXpected to possess a more 
predictable morphological stability over a variety of condi 
tions than Would the same composition When combined With 
additional components. Additionally, if designed for degra 
dation either in a land?ll or after implantation in a mammal, 
a single component Web Would be reasonably eXpected to 
deliver a more predictable overall degradation pattern than 
Would a similar Web With additional components. In the case 
of bioabsorbable materials, a more consistent decomposition 
or bioresorption rate is believed to lead to a more consistent 
and predictable implant integrity in vivo. Consequently, this 
single composition provides the bene?t of a homogenous 
bioabsorption Which both minimiZes the loosening of ?bers 
due to either the inherent differences in modulus betWeen 
multiple materials and due to inconsistent bioabsorption 
rates inherent to the combination of tWo materials. 

[0132] (Molecular Orientation Within Fibers) 

[0133] Despite the fact that the Web of the invention 
produces a level of spontaneously developed inter?ber 
bonding not eXpected outside of a melted condition, the 
produced self-cohered ?bers have been observed to retain 
molecular orientation Within the produced ?laments. Other 
self-bonding or self-cohering continuous ?lament Webs have 
been reported in US. Pat. Nos. 4,163,819 and 5,575,874 for 
non medical implantable applications, but neither delivered 
speci?c reference to the ability to retain molecular orienta 
tion after development of the self-cohering non-Woven 
structure. Although inducement of molecular orientation is 
dependent on a variety of conditions during extrusion pro 
cessing, the capability to deliver relatively consistent 
molecular orientation Within a Web Which can spontaneously 
develop inter-?ber self-cohesion Without the requisite for 
adhesive binders, adjuncts, or thermal compression methods 
is believed unique. 

[0134] (Fiber Alignment/Web Integration) 
[0135] Usual spunbond Webs are constructed of continu 
ous ?laments that are relatively straight and free of notable 
curvature Within the aXis of the ?bers. This is believed to be 
the result of the spunbond draWing process and the related 
solidi?cation and cooling of the ?bers prior to their depo 
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sition onto the collector mat. Since the solidi?ed spunbond 
?bers possess minimal free suppleness and curvature When 
deposited onto the collector, they tend to layer upon them 
selves, bridging across prior ?ber depositions With broad 
gaps orders of magnitude larger than the component in 
betWeen the ?ber’s diameter. This strati?ed deposition pat 
tern generally produces a visually observable open porosity. 

[0136] The material of the current invention as a result of 
?ber cooling and crystalliZation after deposition, is believed 
able to achieve higher Web densities than Would be expected 
of usual spunbond processes produced from straighter and 
more rigid ?bers at the time of deposition on the collector 
mat. With the present invention, the ?bers as deposited in an 
amorphous condition are more ductile than their more 
crystalline counterpart and, as a result, deposit in a more 
variable fashion producing more crimps or Waves Within any 
particular ?ber thereby resulting in a more dense deposition 
than Would be expected of more rigid ?bers. This increased 
curvature of the ?bers consequently delivers greater levels 
of intermingling and entanglement among component ?bers 
than Would be expected from the limited interaction With 
non-proximal layers and broader spans found in conven 
tional spunbond’s deposition of stiffer and more straight 
?bers. Consequently, the current invention is believed to 
deliver a Web With an increased level of ?ber entanglements 
When compared With the levels inherent to traditional spun 
bond processes. 

[0137] The practical result of this combination of 
increased entanglement and integration of ?bers With autog 
enous bonding at ?ber contact points is both a reduction in 
the Web’s potential for fraying and an improvement in its 
cohesive strength When measured by shear forces applied to 
the plane of Web deposition. This result is a function of the 
combination of integral self-cohesion of the individual ?bers 
at contact points and the general entanglement of the Web 
With other ?bers deposited more deeply Within the cross 
section of the membrane. These characteristics contrast With 
prevailing spunbond constructions Where an attempt to 
remove ?bers from the strati?ed layers of a spunbond Web’s 
surface is relatively easier since it does not involve as many 
entanglements With other ?bers deposited Within the inter 
stices of the Web. As a result, resistance to surface ?ber 
removal in conventional spun bond processes involves only 
the rupture of the ?ber-?ber bonds Which connect that 
surface-exposed ?ber to the ?bers immediately beloW it. 
Conversely, if the ?ber at the surface Was not straight but 
possessed undulations or ripples, as in the current invention, 
these features Would increase the chance of inter?ber 
entanglements and consequently the net energy required to 
remove a ?ber from the surface of the Web. In the current 
invention, this Web cohesion through ?ber entanglement is 
further augmented by the inter?ber bonding that is imparted 
Without the use of adhesive binders or adjuncts, or thermal 
compression processes. 

[0138] (Fiber Alignment/Web Smoothness) 
[0139] Webs produced in accordance With the current 
invention deliver a smoother Web When compared to other 
spunbond materials since the continuous ?bers or ?laments 
are more likely and frequently integrated into the interstices 
of the Web. This more integrated ?brous material With 
relatively reduced void presence Within the topmost surface 
layer consequently delivers a smoother surface texture that 
is less apt to experience fraying or ?ber separation from the 
surface than Would a normal spunbond counterpart. 

[0140] The continuous ?lament nature of both this and 
normal spunbond Webs eliminate the frequency of ?ber ends 
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With a reduction in the presence of ?brous protrusions above 
the external dimensions or boundaries of the produced Web. 
This absence or reduction in the frequency of ?ber termi 
nations provides improved smoothness to the Web, espe 
cially When compared With staple ?ber based Webs and felts 
Which possess signi?cantly larger amounts of ?ber termi 
nations and, as a consequence, a rougher texture to the Web 
surface. 

[0141] (Improved General Web Strength) 

[0142] The improved cohesive strength afforded by com 
bined autogenous bonding and ?lament entanglement prop 
erties of the described Web can be best observed When 
compared With other single composition ?brous Webs, such 
as felts, that are dependent solely on mechanical integration 
and entanglement for Web cohesion, yet possess no direct 
inter?ber bonding. HoWever, upon evaluation of a variety of 
other spunbond constructions, including some Which utiliZe 
adhesives binders, it Was unexpectedly found in an example 
contained herein that the Web of the current invention almost 
doubled the cohesive strength value of the highest strength 
Webs as measured under lap shear. Additional appreciation 
can also be obtained through noting the relative ease With 
Which ?bers can be separated from poorly cohesive, ther 
mally compressed Webs Where autogenous ?ber bonding is 
a result of heat and compression on already solidi?ed and 
crystalliZed polymeric materials. Additionally, the Web of 
the current invention, by virtue of its ?brous construction, 
provides signi?cantly higher Web cohesive strength When 
compared to other non-?ber based porous non-Woven struc 
tures such as sponges and other similar non-?lm based 
non-?brous porous structures knoWn to those skilled in the 
art. In addition, the frequency and strength of the inter?ber 
bonding of the current invention delivers a three-dimension 
ally integrated structure Which is believed to provide for a 
cohesive Web possessing enhanced ?exural strength When 
compared to other self-cohering non-Woven Web forms With 
the same ?ber diameter, volume density, and composition. 

[0143] (Combination of Web With Other Materials) 

[0144] The bene?ts that are derived from the cohesive 
strength and consistent biodegradation pro?le offered by the 
described self-cohering non-Woven Web construction may 
be later optionally combined With desirable additives, coat 
ings, or other components added to either the stabiliZed or 
unstabiliZed Web. Such treatments may be bene?cial for a 
variety of reasons, such as the modi?cation of adhesive or 
surface properties, the reduction of as-fabricated porosity, or 
the delivery of drugs or other desirable chemical, biological, 
or bioactive agents. By virtue of the Web’s single component 
construction, addition of such additives is not subject to 
considerations inherent to the multiple substrate composi 
tions, such as susceptibility of the binder to solubility or 
degradation considerations When exposed to a carrier sol 
vent for the additive. 

[0145] As With virtually any suf?ciently porous construc 
tion, various bioactive agents and carrier materials can be 
introduced or loaded into the porous inter?ber interstices of 
the Web. Bioactive agents in this context refers to osteocon 
ductive substances, osteoinductive substances, groWth fac 
tors, chemotactic factors, morphogens, pharmaceuticals or 
drugs, catalysts, proteins, peptides or other biologically 
active molecules or genetically altered or native state living 
cells of autogenic, allogenic, xenogenic, or recombinant 
origin that induce an intended biological response. Such 
substances include, but are not limited to, transforming 
groWth factor beta (TGF-beta), bone morphogenetic proteins 



US 2001/0000352 A1 

(BMP’s), osteogenic proteins, antibiotics, organic or inor 
ganic anti-microbial agents, vascular endothelial groWth 
factor (VEGF), basic ?broblast groWth factor (bFGF), plate 
let derived groWth factor (PDGF), insulin-like groWth factor 
(IGF), insulin and immunoglobulin type G antibodies. Such 
an application could be the introduction of a bioactive 
antimicrobial agent, such as the silver agents described 
Within US. Pat. No. 5,019,096, into the porous structure of 
a ?brous Web With the intended biological response of 
inhibiting microbial coloniZation Within the implant. 

[0146] Introduction of a bioactive agent into the inter?ber 
interstices of the Web can, in some applications, be achieved 
simply by solvating or suspending the agent Within a carrier 
solvent that readily penetrates the porous interstices and is 
then evaporated or extracted to deposit the bioactive agent 
Within the porous substrate. HoWever, in many applications 
such simple deposition techniques can result in overly rapid 
diffusion rates from the porous structure. The elevated 
diffusion rate of simple deposition can be mitigated by 
including a controlled release polymeric component that is 
codeposited With the bioactive agent and provides an immo 
biliZing structure Which inhibits solvation, dissolution, or 
diffusion of the bioactive agent into the surrounding physi 
ological ?uids. Additionally, cells that are either genetically 
altered or in a native state can be seeded into Web for 
delivery of bioactive agents. 

[0147] Such codepositions of bioactive agent and con 
trolled release substrate can be achieved simply in the form 
of solid inclusions such as poWders, nanospheres, micro 
spheres, or microcapsules that are mixtures of the polymer 
and the bioactive agent that can be retained Within the 
porous structure through mechanical means. The bioactive 
agent can be suspended Within the substrate in the form of 
an included particle, or it can be molecularly dispersed 
Within the polymer to effectively act as a soluble, intimately 
mixed plasticiZing agent. Either approach effectively 
reduces the bioactive agent’s diffusion rate into the adjacent 
or ingroWn tissue due to the presence of the codeposited 
polymer. In addition to diffusion, bioresorbable polymers 
can in themselves regulate release of bioactive agents as a 
result of their oWn degradation process 

[0148] Alternatively, codeposition may be achieved by the 
application of an adhesive coating Where a layer of polymer 
that controls release of the bioactive agent is adsorbed onto 
the ?brous structure Where it is effectively immobilized, and 
from Which diffusion of the bioactive agent occurs. Such an 
applied coating layer can alternatively be of a chemical 
formulation possessing chemically reactive groups that can 
provide for covalent interlocking or cross-linking of the 
polymeric molecules in situ, subsequently immobilizing the 
coating around the ?bers. Alternatively, linkage can be 
designed to occur betWeen the immobiliZing polymer and 
the bioactive agent, thereby creating a chemical mechanism 
With Which to control bioactive agent release. Consequently, 
composition of the selected bond Will determine the rate of 
its scission in vivo and consequently the release or desorp 
tion rate of the bioactive agent into the surrounding tissue. 

[0149] Simply providing for penetration of bioactive 
agents into the amorphous interstices of controlled release 
polymeric structures is commonly knoWn to those skilled in 
the art. HoWever, the extended metastable condition that 
exists after the extrusion of Webs produced With the current 
invention provides a unique quality for facilitating penetra 
tion into or attachment of soluble bioactive agents to the Web 
?bers under conditions that are much less severe than that 
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possible With melt or conventional solvent dissolution tech 
niques. The ability of the metastable amorphous Web to 
absorb relatively biocompatible solvents such as acetone and 
Water Which then facilitate subsequent crystalliZation offers 
the unique ability to introduce bioactive agent solutes into 
the polymer interstices along With the solvent Where they 
can be immobiliZed Within the crystalliZing structure. Pen 
etration Would be dependent on the bioactive agent’s 
molecular siZe and solubility Within the polymer. Complete 
dissolution or entrapment Within the crystalliZing polymer 
Would be possible With species of relatively loW molecular 
Weight, such as steroids. Alternatively, entrapment of pen 
dant side chains of polymer-insoluble, larger bioactive mol 
ecules such as proteins could provide for their immobiliZa 
tion adjacent to the polymer surface Where a continuing but 
physically immobiliZed bioactivity could occur. The ?nal 
polymer properties Would then become a function of the 
concentration of the bioactive agent additive and its cumu 
lative effect on polymer chain interactions. 

[0150] The relatively reduced temperatures at Which the 
Web’s ?laments self-cohere additionally provides an oppor 
tunity for the unique ability to add and evenly distribute 
solid inclusions Within the interstices of the Web as it is 
being formed. Additionally unique is the ability to readily 
add solids that are larger than the pores of the Web, that 
possess melting or deformation temperatures Which Would 
result in potentially severe deformation under higher tem 
perature ?lament deposition or bonding conditions, or that 
Would dissolve in the solvents utiliZed in dry-spinning, 
solvent-based Web formation processes. Such solid inclu 
sions could be in the form of microspheres, or of coated or 
uncoated particles containing one or more bioactive agents. 
Such an approach overcomes common concerns for uneven 
distribution of particles When introduced into fully formed 
Webs, especially those Where the intended application dic 
tates a limited or restricted pore siZe. 

[0151] The article of the present invention may therefore 
incorporate any of the above de?ned bioactive agents in a 
coating on an exterior surface of the Web, a coating on the 
interior surfaces of the void spaces of the Web, Within or as 
solid inclusions Within the Web, or as a component of the 
?lament material. 

Unlimited (3-d) Web Thickness 

[0152] Due to self-cohesion and ?ber integration charac 
teristics combined With the elimination of any requirement 
for compression processing requirements, the Webs of the 
invention are believed to provide superior Web thickness 
capabilities than can currently be attained When utiliZing 
either conventional melt bloWn or spunbonding non-Woven 
processes. The fact that the Web self-coheres as it is being 
formed provides instant inter?ber bonding upon Which addi 
tional, equivalently-bonded ?ber layers may be applied to 
produce an instantly cohesive Web Without any requirement 
for the application of adhesives or binders, or heated com 
pression processes. Consequently, With polymer systems 
Which readily quench into an amorphous homogenous 
phase, only apparatus based dimensional limitations prevent 
the recognition of an unlimited thickness Web continually 
building and bonding onto the underlying layers. 

[0153] Such capacity provides for the simple production 
of densely packed three dimensional porous ?brous Web 
based structures that Would be difficult to produce utiliZing 
compression based non-Woven methods. 
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Shapeable Webs 

[0154] The preservation of the ductile and formable amor 
phous non-crystalline and homogenous disordered state 
expected after the Web formation and prior to any phase 
separation and crystallization may be achieved through rapid 
cooling of the formed Web to a temperature beloW the TOdt 
or miscible system Tg. If the melt and Web are cooled With 
sufficient rapidity, the reduced temperatures Will limit chain 
mobility and consequentially arrest any further progress in 
either the ordering and phase separation of a block copoly 
mer system and, if comprised of semi-crystalline polymer 
components, any subsequent crystalliZation of those com 
ponents. Such ordering of the block copolymeric phases 
Would be eXpected to be especially limited in polymer 
systems in the glassy state beloW the homopolymer con 
stituents’ glass transition temperature. Such depressed ther 
mal conditions can be eXpected to maintain such an amor 
phous homogenous state inde?nitely until temperatures are 
raised and chain mobility is sufficiently increased to provide 
for chain reorganiZation and crystalliZation. 

[0155] If such conditions are maintained and minimal, to 
no crystalliZation is present, the produced ductile, formable, 
and shapeable, substantially amorphous Web can be subse 
quently shaped at temperatures above its TOdt into virtually 
any desirable form into Which it can be manipulated. This 
can be undertaken at various times and locations ranging 
from manufacturing processes Which immediately folloW 
Web formation to the ultimate consumer provided that 
precautions preventing microphase separation and crystalli 
Zation for the utiliZed polymer system are undertaken. 

[0156] Additionally, bonding of similarly quenched and 
preserved substantially amorphous objects may again be 
achieved by raising the temperature of the objects to be 
joined above the homogenous single but separable phased 
system’s order-disorder-transition temperature. Once above 
the Todt, suf?cient physical contact to produce intersurface 
miXing betWeen like amorphous objects of similar condition 
can result in autogenous bonding betWeen those objects. 
Such inter-object bonding may be in addition to the inter 
?ber bonding already achieved Within the Webs. 

[0157] Once the desired form of the shapeable article has 
been achieved, methods other than direct heat can be utiliZed 
to induce microphase separation and subsequent crystalli 
Zation of the Web. Such microordering of the structure can 
alternatively be achieved by enhancing chain mobility 
through the use of plasticiZing agents that facilitate chain 
movement Within the solidi?ed amorphous polymer. Such 
agents can be included With the polymer at any point before, 
during, or after introduction into the melt. Such plasticiZa 
tion or polymeric lubrication can additionally be accom 
plished by the application of a suf?ciently permeating vola 
tile solvent, such as acetone, Which penetrates the solidi?ed 
polymer’s interstices to provide a temporary lubrication of 
the polymer chains that then facilitates molecular movement 
and a transition to the more stable crystalliZed or ordered 
state. Chain movement can also be facilitated by the pres 
ence of moisture, Which can also be combined With heat as 
is the case When a Web is eXposed in vivo to blood or in vitro 
to saline solutions maintained at 37° C. 

Medical Applications of Self-Cohering Webs 

[0158] The variety of forms Which can be derived from the 
Webs of this invention, if fabricated from knoWn biocom 
patible polymeric components under appropriate controls 
knoWn to those skilled in the art, may be utiliZed for 
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implantable applications such as in membranes utiliZed for 
guiding the regeneration of tissue lost to periodontal disease. 
Although some of the aforementioned structural and physi 
cal bene?ts of a continuous ?lament self-cohering non 
Woven Web component can be recogniZed if utiliZed in an 
implantable device fabricated from a non-bioresorbable 
polymer system, the bene?ts of a self-cohering Web pro 
duced from a single melt composition is of particular bene?t 
in bioabsorbable implantable polymer systems due to the 
eXpected consistency of its mechanical property degradation 
throughout the bioabsorption process. 

[0159] In the case of bioresorbable materials, additional 
bene?t is gained With the elimination of added binders or 
adhesives intended to impart cohesive strength to the Web, 
but necessitates an additional material’s eventual biological 
resolution, and thus bioresponse, upon degradation. The 
reduction of an implantable device to a single structural 
composition provides the engineering bene?t of delivering a 
single bioabsorption pro?le; rather than the alternative of 
having to coordinate in vivo loss of mechanical properties in 
structural features that possess differing compositions and, 
consequently, differing bioabsorption patterns. 
[0160] Consequently, there remains a need for a biore 
sorbable membrane material for use in mammalian applica 
tions that delivers suf?cient porosity to provide for ingroWth 
and attachment of tissue, possesses suf?cient cell barrier 
properties to maintain separation of tissue types, and main 
tains suf?cient rigidity to provide the needed space to alloW 
bone regeneration Within the treated defect. Of particular 
need is the membrane to deliver suf?cient conformability to 
mold to the contours of the bone surrounding the defect. 
Consequently, it is especially bene?cial if the material is 
shapeable or moldable upon demand into shapes speci?c to 
the bone contours surrounding the treated defect and then 
becomes rigid once in place to ensure preservation of the 
desired space proXimal to the defect. Moldability is desir 
able in order to shape the material into desired contours of 
the regenerated bone. Rigidity is desirable in order to 
maintain the space in Which bone groWth is desired. 

[0161] The porous Webs of the invention, as formed, are 
shapeable into a variety of shapes either during manufacture 
or anytime prior to microphase separation and crystalliZa 
tion. This constitutes one aspect of the invention. In another 
aspect of the invention, the invention is directed to a rigid or 
microphase separated solvent set or heat-set material. The 
invention also relates to the utiliZation of such Webs in 
implantable medical devices in various dimensional forms 
for a variety of applications. The material referred to covers 
a bone defect in a mammal to protect said defect from 
ingroWth of tissue, other than bone tissue. The material can 
be shaved or trimmed, then “set” or, ?rst “set” and then cut, 
shaved , or trimmed to a distinct desirable shape. 

[0162] Additionally, the self-cohering Web of the current 
invention can be utiliZed as a component Within a multi 
component construction, such as a construction similar to 
that of Resolut® Renerative Material as described Within 
PCT #WO92/10218. In that construction, a cell occlusive 
layer of one component eXists betWeen tWo porous ?brous 
layers of another component to provide for tissue ingroWth 
and attachment Without alloWing cells to penetrate through 
the plane of the membrane. The self-cohering Web of the 
current invention can be utiliZed to provide the porous tissue 
integrating component Which can then be laminated to either 
side of a cell occlusive layer provided by another compo 
nent. 
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[0163] Still other related aspects of the invention include 
processes for making the materials described above and 
processes for using said materials. 

EXAMPLES 

Example 1-Preparation of Web 

[0164] 67% poly(glycolide) 33% poly(trimethylenecar 
bonate) (W/W) triblock copolymer Was acquired from Davis 
& Geck (Danbury, Conn.)-Lot #10-CV-9433. This biore 
sorbable copolymer is commonly referred to by Davis & 
Geck as polyglyconate. 

[0165] Approximately 25 mg of the acquired copolymer 
Was dissolved in 25 ml of hexa?uoroisopropanol (HFIP). 
The produced dilute solution Was found to possess an 
inherent viscosity (IV) of 1.53 dl/g When measured using a 
Cannon-Ubelodde viscometer immersed in a 30° C. (+/— 
005° C.) Water bath. 

[0166] Approximately 10 mg of the acquired copolymer 
Was placed into an aluminum DSC sample pan, covered, and 
analyZed utiliZing a Perkin-Elmer DSC 7 equipped With an 
Intracooler II cooling unit able to provide sample cooling to 
temperatures as loW as —40° C. After preconditioning of the 
sample at 180° C. for 2 minutes, the sample Was cooled at 
the maximum rate provided by the instrument (—500° C./min 
setting) and scanned from —40° C. to 250° C. at a scanning 
rate of 10° C./min. After completion of this initial scan, the 
sample Was immediately cooled at the maximum rate pro 
vided by the instrument (—500° C./min setting). A second 
similar scan Was undertaken on the same sample over the 
same temperature range. After scan completion and thermal 
maintenance at 250° C. for 5 minutes, the sample Was again 
cooled at the maximum rate provided by the instrument and 
a third scan undertaken. 

[0167] Each scan Was analyZed for the observed Tg, Todt, 
CrystalliZation exotherm, and melt endotherm. The results 
are summariZed in the folloWing table. 
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die openings at a distance (“A” in FIG. 1) of approximately 
3.8 cm (1.5 inches). The Transvector Was connected to a 

room temperature (20-25° C.) pressuriZed air source regu 
lated at approximately 30 psi. When operating, the pressur 
iZed air introduced and accelerated Within the Transvector’s 

throat draWs additional air into the inlet from the area of the 

multiple ori?ce die. 

[0170] The polymer Was alloWed to feed into the screW 
extruder and through the crosshead of the spinneret, even 
tually exiting as a melt through the die in the form of 7 
individual ?laments. As the ?laments became in?uenced by 
the air current entering the Transvector inlet, the ?laments 
Were accelerated through the Transvector at a signi?cantly 

higher velocity than Without the provided air entrainment. 
The accelerated ?laments Were then accumulated on a 

screen fabric collector belt (see FIG. 1) located at a distance 

(“B” in FIG. 1) 66 cm (26 inches) from the die surface and 
moving at the speed of approximately 23 cm/min (0.75 feet 
per minute). The resulting ?brous Web that accumulated on 
the collector belt possessed a relatively consistent loft along 
the direction of belt movement, While the amount of accu 
mulated ?laments diminished in height on either side of the 
centerline When observing in line With the direction of belt 
movement. 

[0171] After greater than 10 seconds of cooling at ambient 
temperature, the Web Was removed from the fabric belt and 
examined. The retrieved article Was found to be a tactilely 

supple, cohesive ?brous Web Where individual component 
?bers did not appear to fray or separate from the Web When 
subjected to moderate handling. The ?laments Were inter 
mingled and bonded at contact points. 

Tg/I‘Qm Tg/I‘Qm Capacity Exotherm Peak Exotherm Enthalpy Melt Peak Melt Enthalpy 

Heat 1 0.2° C. 0.26 J/g" ° C. none none 213.7° C. 44.7 J/g 
Heat 2 17.0° C. 0.59 .I/g" ° C. 113.7° C. —34.2 .I/g 211.4° C. 41.2 .I/g 
Heat 3 17.0° C. 0.51 .I/g" ° C. 121.4° C. —35.3 .I/g 204.2° C. 38.5 .I/g 

[0168] Approximately 100 grams of the as delivered pel- Example 2-CharacteriZation of Example 1 Web 
letiZed copolymer Was heated overnight under vacuum at 
130° C. Upon completion, the vacuum dried polymer Was 
then alloWed to feed into a half inch Randcastle screW 

extruder With an attached J. J. Jenkins ?ber spinpack. 
Ultimately heated to a die or “spin pack” temperature of 
225° C., the molten copolymer then exited the system 
through the bottom of a 7 ori?ce spinnerette (see “Spin 
Pac ” in FIG. 1) consisting of 0.381 mm (0.015 inches) 
diameter die openings arranged in an approximately 2.16 cm 
(0.85 inches) diameter circular con?guration. 

[0169] An adjustable arm holding a Vortec Model 902 
Transvector® (Vortec Corporation-Cincinnati, Ohio USA) 
Was positioned beloW the base of the spinnerette (see FIG. 
1) With the top of the Transvector inlet centered beloW the 

[0172] Filament Diameter 

[0173] A sample of the cohesive Web produced in 
Example 1 Was observed utiliZing both light microscopy and 
scanning electron microscopy (SEM) at magni?cations 
betWeen 20>< and 1000>< (see FIG. 2 for example). The 
examined Web Was found to be composed of ?bers ranging 
in diameter from approximately 20 to 100 micrometers. 

[0174] Web Bonding Characteristics 

[0175] Further examination of the contact points betWeen 
?bers utiliZing both light microscopy and SEM at 1000>< 
shoWed the Web’s ?bers to physically intersect With each 
other With limited distortion or deformation of the contact 

ing ?bers’ cylindrical form or nature. This observed physical 
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intersection and inter?ber contact Was assumed to be autog 
enous self-cohesion since no adhesive binders or adjuncts 

had been added to the copolymer either before, during, or 
after the extrusion process described in Example 1. 

[0176] No Noticeable Fraying 

[0177] Visual examination also revealed minimal fraying 
or protrusion of individual ?bers outside the planar bound 
aries of the produced Web. This condition remained after 
thermal conditioning at 75° C. and moderate handling of the 
Web. 

[0178] Inherent Viscosity 

[0179] Approximately 29 mg of the produced cohesive 
Web Was dissolved in 25 ml of hexa?uoroisopropanol 
(HFIP). The produced dilute solution Was found to possess 
an inherent viscosity (IV) of 0.97 dl/ g When measured using 
a Canon-Ubbelohde viscometer immersed in a 30° C. (+/— 
005° C.) Water bath. Consequently, the IV Was observed to 
have dropped during processing from the initial value of 
1.53 dl/g in the pelletiZed copolymer to a value of 0.97 dl/g 
in the produced Web. 

[0180] Thermal Properties 

[0181] An appropriately siZed sample Was obtained from 
the Web produced in Example 1 to alloW for its thermal 
analysis utiliZing a Perkin Elmer DSC7 Differential Scan 
ning Calorimeter. Scanning Was conducted at 10° C./minute 
and the instrument’s temperature Was moderated With an 
Intracooler II refrigeration unit. A single scan betWeen —20° 
C. and 250° C. Was performed With the obtained results as 
folloWs: 
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from points centered 0.45 inches (11.4 mm) to either side of 
the specimen longitudinal centerline. This results in a speci 
men of Width 0.150 inches (3.81 mm) that is then measured 
for its respective thickness and then placed into the tensile 
test apparatus With a grip separation distance of 5.0 mm. The 
gauge length in this specimen is considered to be the same 
as the grip distance of 5.0 mm. When the specimen Was 
tensile tested at a constant crosshead speed of 50 mm/min, 
the thermally conditioned Web Was found to possess at 
maximum load tensile stress of 0.5 kg/mm2 (4.9 MPa) When 
tested after pre-conditioning in buffered saline at 37° C. for 
1 hour. The Young’s modulus for the same samples Was 
found t2o be 1.17 kg/mm2(11.5 MPa) and ranged from 0.5 
kg/mm (4.9 MPa) to 1.6 kg/mm2 (15.7 MPa). 

[0185] Gurley Stiffness 

[0186] The Web produced in Example 1 Was retained for 
approximately 9 months under refrigerated conditions of 
approximately 3 to 5° C. At that time the Web Was removed 
from refrigeration and a series of 254x127 cm (1.0><05 
inch) samples Were cut. The stiffness of these unconditioned 
samples previously stored under refrigeration Was then 
determined utiliZing the Gurley Stiffness Test described 
Within INDA standard test method #IST 902-86 utiliZing a 
Gurley Stiffness Tester available from Gurley Precision 
Instruments, Inc., Troy, NY, USA. After completion of 
testing, the same samples Were then conditioned for 1 hour 
by immersion in phosphate buffered saline at 37° C. The 
values for both the Gurley Stiffness and the Adjusted Gurley 
Stiffness (Gurley Stiffness divided by the Weight of the 
sample Web) are presented for both conditioned and uncon 
ditioned samples in the folloWing table. 

Tg/I‘Qm Tg/I‘Qm Capacity Exotherm Peak Exotherm Enthalpy Melt Peak Melt Enthalpy 

Heat 1 16.32° C. .54 J/g" ° C. 88.16° C. —31.68 J/g 209.70° C. 45.49 J/g 

[0182] The reported TOdt occurs at the in?ection point 
betWeen the differing levels of heat capacity marked by a 
de?ection of greater than 0.1 joule per gram-degree Celsius 
(J/g*°C.) in the baseline of the scan. This TOdt occurs at a Gflrley _ _ 

, . Stiffness Gurley Ad]usted Ad]usted 
temperature betWeen the Tg s of the respective homopoly- (uncom Stiffness Stiffness Stiffness 
Iners and is roughly approximated by the FOX equation- In Sample ID ditioned) (conditioned) (unconditioned) (conditioned) 
this particular example the Web sample displayed an order 
disorder transition at a roximatel 16° C and a cr stalli- SElg'DG'l 19'3 mg 123 mg 0'18 mg/mg 1'17 mg/mg 

_ _ PP y _ ' o y SE18-DG-2 79.0 mg 322 mg 0.92 Ing/n’lg 3.74 Ing/n’lg 
Zat1on exotherm beginning at approximately 70 C. Full 5E18_DG_3 395 mg 667 mg 005 mg/mg O91 mg/mg 
specimen crystallinity is considered proportional to the area 
under the melt endotherm, quanti?ed by enthalpy in joules/ 
gram(J/g). The general characteristics of a thermal scan of 
this Web can be observed in FIG. 3. 

[0183] Tensile Strength 

[0184] After conditioning of an appropriate siZed section 
of Web produced in Example 1 at 75° C. for 30 minutes With 
the intention of assuring the specimen’s microphase sepa 
ration and crystalliZation, a portion of the conditioned Web 
Was then cut into the test dimension depicted in FIG. 4. The 
as cut test specimen possesses a length of 0.150 inches (13.2 
mm) that is trimmed at a radius of 0.375 inches (9.5 mm) 

[0187] For each sample, conditioning at 37° C. resulted in 
an increase in stiffness at least 4 times that of the uncondi 
tioned Web. This demonstrates the change in Web stiffness 
that occurs in the transition betWeen the disordered amor 
phous and solid ordered crystalline states. 

[0188] Density 
[0189] Three 1.27 cm (0.5 inch) diameter samples of the 
Web Were acquired and both their apparent or overall thick 
ness and Weight Were determined. The resulting volume 
density of the three samples Was found to be 0.28, 0.27 and 






















