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METHODS OF MAKING
POLYTETRAFLUOROETHYLENE/POLYMER
COMPOSITES AND USES THEREOF

STATEMENT OF GOVERNMENT SUPPORT

[0001] This invention was made with government support
under UO1HIL.134655 awarded by the National Institutes of
Health. The government has certain rights in the invention.

BACKGROUND OF THE DISCLOSURE

[0002] The present disclosure relates generally to methods
of making polytetrafluoroethylene (PTFE)/polymer com-
posites. Polytetrafluoroethylene (PTFE) possesses a number
of special properties such as a low dielectric constant (i.e.,
good electrical insulator), high thermal resistance, low coef-
ficient of friction, low flammability, resistance to UV light,
hydrophobicity, oleophobicity, and chemical inertness.
Expanded polytetrafluoroethylene (ePTFE) possesses other
attractive attributes such as porosity, air permeability and
tunable strength. Due to its biocompatibility and inertness,
ePTFE has also been particularly useful in the field of bio-
and medical applications, such as for use in vascular grafts,
cardiovascular and soft tissue patches, facial implants, sur-
gical sutures, and endovascular prosthesis. As used herein,
PTFE refers to PTFE, ePTFE, and their sintered counter-
parts.

[0003] Due to its inability to flow, even when melted, and
inability to be dissolved, there is no effective method for
making PTFE/polymer composites. These shortcomings
limit the applications of PTFE/composites and/or require
secondary processing to prepare the composites.

[0004] Accordingly, there is need to develop a method of
fabricating PTFE/polymer composites. It would be further
advantageous if the processing allowed for bio-functional
materials to be added to the final composite products to
provide additional desired functions.

BRIEF DESCRIPTION OF THE DISCLOSURE

[0005] The present disclosure is directed to methods of
making PTFE/polymer composites. By blending the PTFE
material with various other polymers, it has been found that
the functionality of the PTFE is improved in many aspects,
including biocompatibility, bioactivity, hydrophilicity and
surface roughness. Additionally, the processing methods of
the present disclosure allow modification of the products
through the addition of biodegradable polymers. For
example, in one embodiment, by incorporating a drug-
loaded biodegradable polymer, controlled drug release can
be easily achieved, making the methods of the present
disclosure appealing in biomedical applications, such as
artificial blood vessels, wound dressings and vascular
patches.

[0006] Accordingly, in one aspect, the present disclosure
is directed to processes of making a polytetrafluoroethylene
(PTFE)/polymer composite product, the process including:
dissolving a polymer with a solvent to form a polymer
solution; immersing a PTFE material into the polymer
solution; and extruding the PTFE/polymer blend into an
intermediate or final product. In some embodiments, the
processes further include evaporating the solvent from the
PTFE/polymer solution and adding a lubricant to the PTFE/
polymer blend before extruding the PTFE/polymer blend. In
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yet other suitable embodiments, the processes further
include expanding the extruded products.

[0007] In some embodiments, a target material such as a
bio-functional material, a therapeutic, a natural compound,
an aesthetic agent and combinations thereof, is dissolved
into the PTFE/polymer solution.

[0008] In one embodiment, the PTFE material is an
extruded (and, optionally expanded) PTFE product. In this
embodiment, the PTFE product can be immersed to coat the
product with the additional polymer, and optionally, a target
material, to provide improved properties to the extruded
PTFE product. The process of this embodiment includes:
dissolving a polymer with a solvent to form a polymer
solution; optionally, dissolving a target material into the
polymer solution; and immersing a PTFE raw material or
product into the polymer solution.

[0009] In another aspect, the present disclosure is directed
to a process for preparing a polytetrafluoroethylene (PTFE)/
polymer foam composite product. The process includes:
dissolving a polymer with a solvent to form a solvent/
polymer solution; blending a PTFE material into the solution
to form a blend; extruding the PTFE/polymer blend; and
leaching the polymer from the blend to form pores in the
PTFE/polymer composite product. In some embodiments,
there are at least two polymers that are dissolved in the
solvent to form the solvent/polymer solution. In these latter
embodiments, the process can include leaching the first
and/or second (and subsequent) polymers from the blend to
form pores in the composite product.

[0010] In yet another aspect, the present disclosure is
directed to an artificial blood vessel including the composite
products described herein.

[0011] In yet another aspect, the present disclosure is
directed to a polytetrafluoroethylene (PTFE)/polymer com-
posite product including a PTFE material and a dissolvable
polymer as prepared by the processes described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The patent or application file contains at least one
drawing executed in color. Copies of this patent or patent
application publication with color drawing(s) will be pro-
vided by the Office upon request and payment of the
necessary fee.

[0013] The disclosure will be better understood, and fea-
tures, aspects and advantages other than those set forth
above will become apparent when consideration is given to
the following detailed description thereof. Such detailed
description makes reference to the following drawings,
wherein:

[0014] FIG. 1 depicts a schematic of a process of prepar-
ing the PTFE/polymer composite of one embodiment of the
present disclosure. Chloroform is used as the solvent for the
thermoplastic polyurethane polymer.

[0015] FIGS. 2A-2C depict (FIG. 2A) water contact angle;
(FIG. 2B) surface morphology, and (FIG. 2C) expanded
structure of pure PTFE and PTFE/TPU composites.

[0016] FIGS. 3A-3C demonstrates the processabilty and
expandability are not impaired. FIG. 3 A depicts neat ePTFE
material; FIG. 3B depicts a ePTFE/PCL composite; and FIG.
3C depicts ePTFE/PCT composite including a drug material.
[0017] FIG. 4 reveals an improved wettability, which is
good for cell adhesion.

[0018] FIG. 5 shows the drug release period and 35 days
is long enough for artificial blood vessel application. PBS
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stands for phosphate buffered saline and mM is the unit of
the reactive oxygen species (ROS) drug used to test the drug
release profile

[0019] FIG. 6 exhibits a good anticoagulant property. The
peach color indicates a blood clot (thrombus).

DETAILED DESCRIPTION

[0020] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which the
disclosure belongs.

[0021] Currently, however, PTFE is primarily used as a
filler in composite materials as PTFE cannot be dissolved by
organic solvents and cannot flow even when melted. The
methods of the present disclosure provide an easy efficient
means to prepare PTFE/polymer composites (i.e., PTFE as
the matrix material) with any dissolvable polymer without
impairing the processability of the PTFE/polymer compos-
ites. Additionally, the methods of the present disclosure
allow the PTFE/polymer and ePTFE/polymer composite
products to be further modified with added functional target
materials (e.g., bio-functional materials (also referred to
herein as biomolecules)).

[0022] It has recently been found that the methods allow
PTFE to be easily coated with any dissolvable polymer to
form a PTFE/polymer composite having desired functional
propertie(s). As used herein, “coated” or “coating” or “coat”
refers to the dissolvable polymer permeating, penetrating,
diffusing, and/or distributing through the PTFE material;
that is, the polymer passes through pores, spaces, gaps and
any other interstices of the PTFE material.

[0023] Generally, the methods initially include dissolving
a target polymer into a solvent. Any dissolvable polymer is
suitable for use in the methods of the present disclosure.
Exemplary polymers include polylactic acid (PLA), poly-
caprolactone (PCL), thermoplastic polyurethane (TPU),
polyvinyl alcohol (PVA), poly(ethylene oxide) (PEO) (also,
known as poly(ethylene glycol) (PEG)), polycarbonate
(PC), polystyrene (PS), polyamide (PA, also known as
nylon), polyacrylonitrile (PAN), and the like, and combina-
tions thereof. The polymers for use in the PTFE/polymer
composites provide functional and structural benefits to the
compositions. By way of example, when the biodegradable
PLA or PCL is used as the polymer, the composite can be
loaded with a drug or other therapeutic such to allow for a
PLA/drug of PCL/drug coating on PTFE powders to slowly
release the drug as the PLA or PCL biodegrades into
harmless byproducts. This use of the composites allows for
controllable sustained release of the drug such as when used
as ePTFE artificial blood vessels.

[0024] The dissolvable polymer is dissolved in a solvent.
Solvents such as biocompatible lower alkyl (C,-C,,) alco-
hols (e.g., methanol, ethanol, isopropanol, and the like), or
organic solvents such as ketones (e.g., acetone), methyl
chloride (e.g., dichloromethane, and chloroform), furan
(e.g., tetrahydrofuran), amide (e.g., dimethylformamide),
and dimethyl sulfoxide can behave as dual purpose solvents
(that is, solvents for dissolving target polymers and as
lubricants for extrusion of the resulting polymer composite
blends into final products). For example, these solvents/
lubricants allow for good wettability on PTFE powders and
are fast and easily removed through evaporation. In contrast
to traditional lubricants (e.g., Naphtha), which are flam-
mable, polluting, toxic and have been linked to latent
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diseases, some biocompatible solvents and lubricants may
be up to 100% non-toxic and non-corrosive, thereby further
enhancing the safety and utility of finished PTFE and
ePTFE/composite products.

[0025] Additional suitable solvents include other organic
solvents, for example, acetic acid, ethyl acetate, acetonitrile,
chloroform, benzene, methylbenzene, dimethylbenzene,
acetone, 2-butanone, cyclopentanone, pentane, n-hexane,
cyclohexane, heptane, dichloromethane, dichloroethane,
trichloroethane, tetrachloromethane, tetrachloroethane,
trimethylpentane, 1,4-dioxane, chloroform, ether, dimethyl
sulfoxide (DMSO), dimethylformamide (DMF), tetrahydro-
furan (THF), and combinations thereof. The organic sol-
vents can further be combined with a carrier such as water,
and the like, to form a dual purpose solvent and lubricant
mixture.

[0026] The dissolvable polymer is added to the solvent for
a suitable time to completely dissolve the polymer. Typi-
cally, the time periods for dissolving include ranges of from
about 0.5 hours to about 2 hours, using normal pressure and
stirring speeds ranging from about 2 rpm to about 200 rpm.
Heating may be helpful for dissolving, but the specific
temperature depends on the solvent and polymer material
used. Typically, however, the temperature ranges between
about 50° C. to about 200° C. and should be under the
boiling point of the solvent and the degradation temperature
of the polymer. Suitably, the polymers may be dissolved in
the solvent by stirring using any means suitable as known in
the art. For example, in one embodiment, the solvent/
polymer solution is magnetically stirred to help dissolve the
polymer faster.

[0027] PTFE material, typically in the form of particles
and powders, is immersed into the solution including the
solvent and fully-dissolved polymer to blend the PTFE
material with the solution. For blending with the PTFE
material, it is generally suitable for the polymer to be present
in the solution in an amount of from about 0.1% to about
10% by weight of the total solution. The polymer solution
and PTFE powders are blended using any means in the art
for blending, and typically, are blended for a rolling time of
from about 30 minutes to about 120 minutes and soaking
time of from about 30 minutes to about 48 hours. Soaking
is typically conducted at a temperature of 40° C. to keep the
solution at a lower temperature than the boiling point of the
solvent for a period of time, which facilitates uniform
wetting.

[0028] In an alternative embodiment, an extruded, and
optionally expanded, PTFE product may be coated with a
polymer using the processes of the present disclosure. When
a prepared extruded (and, optionally, expanded) PTFE prod-
uct is to be coated, the process includes immersing the PTFE
product into the solution as described above to uniformly
coat the product with the solution.

[0029] In further embodiments, it has been advanta-
geously found that the solvents and lubricant described
herein can be used as a carrier for target materials (e.g.,
bio-functional materials) to allow for introduction of the
biomolecules into the final extruded product. Particularly,
the polytetrafluoroethylene (PTFE) powder is pretreated
with a target material during the mixing of the PTFE
powders with the polymer solution (with or without the
addition of water). The pretreatment process generally
includes: dissolving a target material in the solvent/polymer
solution to form a target ternary solvent/polymer solution;
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and then immersing the polytetrafluoroethylene (PTFE)
powder in the ternary solvent/polymer solution to form the
blend, which is then preformed, and extruded and sintered
(if applicable), to form a composite product including the
target material.

[0030] Specifically, target materials may include bio-func-
tional materials (e.g., dopamine, heparin, growth factors
(e.g., epidermal growth factor (EGF), fibroblast growth
factor (FGF), nerve growth factor (NGF), platelet-derived
growth factor (PDGF), vascular endothelial growth factor
(VEGF), insulin-like growth factor (IGF), granulocyte-mac-
rophage colony-stimulating factor (GMCSF), granulocyte-
colony stimulating factor (GCSF), transforming growth fac-
tor (TGF) erythropieitn (EPO), thyroperoxidase (TPO),
bone morphogenetic proteins (BMP), hepatocyte growth
factor (HGF), growth differentiation factors (GDF), Neuro-
trophins, melanocyte-specific factor (MSF), sarcoma growth
factor (SGF), and the like, and combinations thereof), and
the like, and combinations thereof), anticoagulants (e.g.,
heparin, salicin, and bivalirudin), therapeutics (e.g., antican-
cer agents (e.g., nimustine hydrochloride, doxifluridine,
daunorubicin), anti-inflammatory agents (e.g., aspirin,
cephradine, cilastatin), antibiotic agents (e.g., penicillin,
cephalosporins, erythromycin), natural compounds (e.g.,
vitamins), aesthetic agent (e.g., pigments), and the like, and
combinations thereof that can be dissolved in the solvent/
polymer solution and, after the evaporation of the solvent
and/or lubricant, will remain inside of the extruded product,
endowing them with specific desirable biofunctional, physi-
cal and aestheticproperties.

[0031] When dissolved in the solvent/polymer solution
(with or without carrier), the target materials are typically
present in an amount of from about 0.1% by weight to about
10% by weight total. Advantageously, with the use of the
solvents and lubricants in the present disclosure, the target
material(s) can be dissolved in the solvents and lubricants at
room temperature.

[0032] The target material is dissolved in the solvents and
Iubricants for a period of from about 0.1 hours to about 3.0
hours, suitably, from about 0.2 hours to about 2.0 hours, and
more suitably, from about 0.5 hours to about 1.0 hour.
[0033] Further, dissolving conditions include dissolving at
room temperature, normal pressure, and stirring at speeds
ranging from about 2 rpm to about 200 rpm.

[0034] Historically, PTFE is difficult to modify because of
its chemical inertness. Previous solutions for improving
PTFE’s behavioral properties have included surface coating,
chemical bonding, and plasma treatment. Surface coating,
however, cannot reach deep inside the PTFE material and
resulting products. Chemical bonding requires toxic chemi-
cals and complex procedures. And, plasma treatment is
greatly limited by the resulting PTFE product’s geometry.
By contrast, using the methods as disclosed herein, the
surface of the PTFE powders was completely coated by the
polymer (and, in some embodiments, the polymer and target
material). Further, as verified by subsequent expansion
experiments and characterization, the polymer and the target
material were evenly distributed throughout the PTFE mate-
rial (see FIG. 1). And, the processability of the PTFE
material was not impaired by this process, such that an
expanded porous PTFE (i.e., ePTFE)/polymer composite
could be produced (see FIG. 2).

[0035] As noted above, in some suitable embodiments, it
is suitable to include water with the solvent to form a carrier
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mixture to dissolve the polymer and, in some embodiments,
atarget material. The addition of water (or other bio-friendly
liquid) can increase the solubility of target molecules such as
bio-functional materials without compromising the dissolv-
ing function of the solvent/polymer solution. Further, the
higher the water ratio, the more bio-functional material the
polymer solution (e.g., solvent/polymer, water) could carry.
However, if the water ratio is too high, the solubility of the
polymer will be impaired, which results in processing fail-
ure. Typically, when water is used with the solvent, the
solvent/water mixture has a ratio of solvent:water of from
about 10:90 to about 100:0, more suitably, the ratio is larger
than 50:50; and even more suitably, the ratio is 70:30.

[0036] In some embodiments, once blended, the blend
may be preformed at room temperature (23° C.+/-2° C.).
That is, the blend is compressed and compacted with a
defined pressure and compression rate. Preforming has two
functions: first, it gives shape and second, it removes any air
pockets from within the composite material. The maximum
pressure depends on the consistence of the PTFE material,
additional polymer included, and presence of any additional
target materials in the blend (e.g., bio-functional materials).
Typically, the pressure ranges from about 1 MPa to about 30
MPa, and suitably about 2 MPa. The pressure is typically
maintained for a period of from about 0 minutes to about 120
minutes, including from about 0 to about 60 minutes.

[0037] The blend (preformed or not) is extruded through
any extruder known in the extruding arts to give the final
composite product its shape. In some suitable embodiments,
the blend is extruded in a ram extruder.

[0038] In some embodiments, the solvent is then evapo-
rated from the extrudate by heating or ventilating. Conven-
tionally, to evaporate the solvent, the extrudate had to be
heated to a temperature of from 60° C. to about 200° C. for
a period of from about 0.5 minutes to about 120 minutes.
With the use of lower boiling point solvents, the process of
the present disclosure can evaporate the solvent at room
temperature for a period of from about 1 hour to about 96
hours, including from about 1 hour to about 72 hours. This
proves beneficial as it is more cost effective and energy
efficient. Further, if target molecules are introduced in the
products, the lower evaporation temperature prevents deg-
radation of some target materials (e.g., bio-functional mate-
rials) and/or their functional properties that they provide the
composite products.

[0039] In some embodiments, the extruded composite
product is expanded into a desired size and shape. Expansion
can be at a typical expansion temperature (200-300° C.),
however, it has advantageously been found that solvents
used in the present disclosure such as ethanol have a lower
boiling point, and thus, can be expanded at lower tempera-
tures, for example from about 25° C. to about 340° C.,
including from about 25° C. to about 300° C. Further,
suitable stretch rates include from about 1 mm/min to about
5000 mm/min, including from about 1 mm/min to about
1000 mm/min.

[0040] Maximum expansion will vary depending on the
specific application. Typically, however, maximum expan-
sion ratios of the PTFE/polymer composite products are
about 800%, more typically, the expansion ratio is from
about 100% to about 800%, and more typically still, about
400%. It has been found, that PTFE tubes prepared and
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expanded using the processes of the present disclosure show
a rough surface when the expansion ratio is larger than
400%.

[0041] By using the methods of the present disclosure,
PTFE/polymer composite products are prepared to have
improved functional properties, such as biocompatibility,
bioactivity, hydrophilicity and surface roughness. The com-
posite product typically includes a PTFE material and a
dissolvable polymer as described herein. As noted above,
PTFE has historically been used as a (minor phase) filler for
composites. Alternatively, it has been known to chemically
treat, coat, or graft other polymers to the surface of PTFE
products, however, the content of the grafted polymer is low.
The PTFE/polymer composite product of the present dis-
closure can be prepared with a greater content of dissolvable
polymer, including from about 1 wt % to about 50 wt % or
greater, and including having greater than 10 wt % to about
50 wt % of'the dissolvable polymer, including from about 10
wt % to about 20 wt % of the dissolvable polymer.

[0042] The PTFE/polymer composite products can further
include other target materials such as is described herein to
provide improved functional and aesthetic properties.
[0043] In some embodiments, the composite product is
formed as a foam. In these embodiments, a polymer is
dissolved with the solvent to form the solvent/polymer
solution, and after blending and extruding as described
above, the polymer (also referred to herein as the sacrificial
polymer) is leached from the blend to create voids/pores
within the composite product. In some embodiments, more
than one polymer can be used in the solvent/polymer solu-
tion. For example, a first polymer and a second polymer can
be dissolved with the solvent to form the solvent/polymer
solution. Then, one or both of the polymers can be leached
from the blend. In some embodiments, when more than one
polymer is used, the first and second polymers are the same
polymers and are selected from the polymers described
above. In other embodiments, the first and second polymers
are different polymers, independently selected from the
polymers described above. Particularly, any dissolvable
polymer is suitable for use in the foam embodiments.
Exemplary polymers include polylactic acid (PLA), poly-
caprolactone (PCL), thermoplastic polyurethane (TPU),
polyvinyl alcohol (PVA), poly(ethylene oxide) (PEO) (also,
known as poly(ethylene glycol) (PEG)), polycarbonate
(PC), polystyrene (PS), polyamind (PA, also known as
nylon), polyacrylonitrile (PAN), and the like, and combina-
tions thereof. The resulting composite foam products can be
used, for examples, in sports protection gear, advanced gear
(e.g., anti-chemical suit), and aerospace applications (e.g.,
space suit).

[0044] Suitably, the PTFE/polymer composite products
prepared by the processes of the present disclosure can be
used for any products known in the aerospace, electronics,
fabrics, filtration, industrial and sealant arts. It has been
found herein that the composite products are particularly
useful in medical implants and biomedical devices such as
artificial blood vessels, vascular grafts, cardiovascular and
soft tissue patches, facial implants, surgical sutures, and
endovascular prostheses.

[0045] Further, the processes of the present disclosure
have been found to be effective for drug loading. While
untreated ePTFE has poor biocompatibility, drug-loaded
ePTFE composites, for example, ePTFE/PCL composites,
made via the processes disclosed herein, exhibit greatly
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enhanced biocompatibility (see FIGS. 3A-3C and 4-6 where
ePTFE/PL/drug material was prepared), which could pro-
vide applications in the medical, food and other applicable
industries.

[0046] Various functions and advantages of these and
other embodiments of the present disclosure will be more
fully understood from the examples shown below. The
examples are intended to illustrate the benefits of the present
disclosure, but do not exemplify the full scope of the
disclosure.

EXAMPLES

Example 1

[0047] In this Example, TPU/PTFE composites were
made for use in PTFE/ePTFE fabrication using the methods
of the present disclosure.

[0048] 8 grams of thermoplastic polyurethane (TPU) were
dissolved in 40 grams dichloromethane (DCM) followed by
blending with 80 grams polytetrafluoroethylene (PTFE).
Then, the mixture was roll blended for 1 hour with a speed
of 4 rpm (room temperature, normal atmosphere). After
complete removal of DCM by evaporating, the resulting
material was a TPU/PTFE composite.

Example 2

[0049] Inthis Example, PCL/PTFE composites were made
for use in PCL/ePTFE fabrication using the methods of the
present disclosure.

[0050] 6 grams of polycaprolactone (PCL) were dissolved
in 40 grams dichloromethane (DCM), followed by blending
with 80 grams PTFE. Then, the mixture was roll blended for
1 hour with a speed of 4 rpm (room temperature, normal
atmosphere). After evaporation of DCM, the resulting mate-
rial was a PCL/PTFE composite.

Example 3

[0051] In this Example, a PCL/PTFE composite was pre-
pared, drug loaded using the methods of the present disclo-
sure.

[0052] Drug Synthesis

[0053] Ethyl salicylate (ESA) (2.28 g, 13.72 mmol, 99%,
Alfa Aser, USA) and triethylamine (1.389 g, 13.72 mmol)
were dissolved in 60 mL of Dichloromethane dichlorometh-
ane (DCM). Oxalyl chloride (1.74 g, 13.72 mmol, 98%, Alfa
Aser, USA) was dissolved in 40 mL of DCM and then was
added to the above solution drop-wise in an ice-water bath
with mechanical stirring. The reaction mixture was stirred at
room temperature for 2 hours. Next, hexane (150 mL) was
added to the solution, and the triethylamine hydrochloride
was removed by filtration. After evaporation of hexane
under vacuum, ethyl 2-(2-chloro-2-oxoacetoxy) benzoate
was obtained as a colorless oily liquid and was used for
further operations without purification. The chemical struc-
ture of the obtained ES-ROS was confirmed using NMR
(INM EX-400, JEOL, Japan). 1H NMR (400 MHz, CDCI3):
&=1.35 (3H), 4.35 (2H), 7.29 (1H), 7.43 (1H), 7.64 (1H),
8.13 (1H).

[0054] Polycaprolactone (PCL) coating on ePTFE mate-
rial for drug loading.

[0055] First, 1 gram of PCL was dissolved in 10 ml
chloroform/dimethylformamide (DMF) mixture (v/v=7:3),
and then 100 mg of the synthesized drug above was dis-
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solved in the solution (w/v=0.1%). Prior to coating, an
ePTFE blood vessel graft was first immersed in the above
chloroform and DMF for 4 hours for cleaning. Then, the
PCL/drug solution was injected into the ePTFE blood vessel
graft which was afterward sealed and was placed on a shaker
for 24 hours at 60 rpm and 37° C. Next, the yielding graft
was placed on a rotary evaporator for drying. Eventually,
PCL/drug coated the surfaces and pores of the ePTFE blood
vessel grafts.

What is claimed is:

1. A process for preparing a polytetrafluoroethylene
(PTFE)/polymer composite product, the process compris-
ing: dissolving a polymer with a solvent to form a polymer
solution; immersing a PTFE material into the polymer
solution; and extruding the PTFE/polymer blend.

2. The process as set forth in claim 1, wherein the solvent
is a biocompatible lower alkyl (C,-C,,) alcohol selected
from the group consisting of methanol, ethanol, isopropanol,
and combinations thereof.

3. The process as set forth in claim 1, wherein the solvent
is selected from the group consisting of acetic acid, ethyl
acetate, acetonitrile, chloroform, benzene, methylbenzene,
dimethylbenzene, acetone, 2-butanone, cyclopentanone,
pentane, n-hexane, cyclohexane, heptane, dichloromethane,
dichloroethane, trichloroethane, tetrachloromethane, tetra-
chloroethane, trimethylpentane, 1,4-dioxane, chloroform,
ether, dimethyl sulfoxide (DMSO), dimethylformamide
(DMF), tetrahydrofuran (THF), and combinations thereof.

4. The process as set forth in claim 1, wherein the polymer
is selected from the group consisting of polylactic acid
(PLA), polycaprolactone (PCL), thermoplastic polyurethane
(TPU), polyvinyl alcohol (PVA), poly(ethylene oxide)
(PEO), polycarbonate (PC), polystyrene (PS), polyamind
(PA), polyacrylonitrile (PAN), and combinations thereof.

5. The process as set forth in claim 1 further comprising
evaporating the solvent from the PTFE/polymer solution and
adding a lubricant to the PTFE/polymer blend before extrud-
ing the PTFE/polymer blend.

6. The process as set forth in claim 5, wherein the
lubricant is the same as the solvent.

7. The process as set forth in claim 1, wherein the polymer
solution is further mixed with water before blending with the
PTFE material and the solution/water mixture has a weight
ratio of solution:water of from about 10:90 to about 100:0.

8. The process as set forth in claim 1, wherein immersing
the PTFE material comprises roll blending the PTFE mate-
rial and polymer solution for a period of from about 30
minutes to about 120 minutes.

9. The process as set forth in claim 8 further comprising
soaking the blend for a period of from about 30 minutes to
about 48 hours after rolling.

10. The process as set forth in claim 1, wherein evapo-
rating of the solvent comprises heating the PTFE/polymer
solution to a temperature of from 60° C. to about 200° C. for
a period of from about 0.5 minutes to about 120 minutes.

11. The process as set forth in claim 1 further comprising
preforming the blend of PTFE material and polymer solution
and extruding the preformed blend to form an extruded
composite product.

12. The process as set forth in claim 11 comprising
preforming the blend at a pressure of from about 1 MPa to
about 30 MPa.

13. The process as set forth in claim 1 further comprising
expanding the extruded product.
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14. The process as set forth in claim 13, wherein the
expanding is conducted at a temperature of from about 25°
C. to about 340° C.

15. The process as set forth in claim 13, wherein the
extruded product is expanded at a rate of from about 1
mm/min to about 1000 mm/min.

16. The process as set forth in claim 13, wherein the
extruded product is expanded at an expansion ratio of from
about 100% to about 800%.

17. The process as set forth in claim 1 further comprising
dissolving a target material in the polymer solution.

18. The process as set forth in claim 17, wherein the target
material is selected from the group consisting of a bio-
functional material, a therapeutic, a natural compound, an
aesthetic agent and combinations thereof.

19. The process as set forth in claim 18, wherein the
bio-functional material is a growth factor selected from the
group consisting of epidermal growth factor (EGF), fibro-
blast growth factor (FGF), nerve growth factor (NGF),
platelet-derived growth factor (PDGF), vascular endothelial
growth factor (VEGF), insulin-like growth factor (IGF),
granulocyte-macrophage colony-stimulating factor
(GMCSF), granulocyte-colony stimulating factor (GCSF),
transforming growth factor (TGF), erythropieitn (EPO),
thyroperoxidase (TPO), bone morphogenetic proteins
(BMP), hepatocyte growth factor (HGF), growth differen-
tiation factors (GDF), Neurotrophins, melanocyte-specific
factor (MSF), sarcoma growth factor (SGF), and combina-
tions thereof.

20. The process as set forth in claim 17, wherein the target
material is present in the polymer solution in an amount of
from about 0.1% by weight to about 5% by weight.

21. A process for preparing a polytetrafluoroethylene
(PTFE)/polymer foam composite product, the process com-
prising: dissolving a polymer with a solvent to form a
solvent/polymer solution; blending a PTFE material into the
solution to form a blend; extruding the PTFE/polymer blend;
and leaching the polymer from the blend to form pores in the
PTFE/polymer composite product.

22. The process as set forth in claim 21, wherein the
polymer is a first polymer and a second polymer is further
dissolved with the first polymer in the solvent to form the
solvent/polymer solution.

23. The process as set forth in claim 22 comprising
leaching the second polymer from the blend.

24. An artificial blood vessel comprising the composite
product as set forth in claim 1.

25. A polytetrafluoroethylene (PTFE)/polymer composite
product comprising a PTFE material and a dissolvable
polymer, the composite prepared by the process of claim 1.

26. The PTFE/polymer composite product as set forth in
claim 25, wherein the composite comprises from about 1 wt
% to about 50 wt % of the dissolvable polymer.

27. The PTFE/polymer composite product as set forth in
claim 25 further comprising a target material selected from
the group consisting of a bio-functional material, a thera-
peutic, a natural compound, an aesthetic agent and combi-
nations thereof.

28. A polytetrafluoroethylene (PTFE)/polymer composite
product comprising a PTFE material and from about 10 wt
% to about 20 wt % of a dissolvable polymer.
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