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Description

BLEND OF ETHYLENE AND ¢-OLEFIN COPOLYMERS
OBTAINED USING A METALLOCENE CATALYST
FOR FABRICATING MEDICAL FILMS AND TUBINGS

Technical Field

This invention relates to a polymer blend for fabricating medical materials and more
particularly, to a blend of ethylene and a-olefin copolymers each having a narrow molecular weight
distribution for fabricating medical films and tubings.

Background Art

In the medical field, where beneficial agents are collected, processed and stored in
containers, transported and ultimately delivered through tubes by infusion to patients, there has been
arecent trend toward developing materials useful for fabricating such containers and tubing without
the disadvantages of currently used materials such as polyvinyl chloride. These new materials for
tubings must have a unique combination of properties, so that the tubing may be used in peritoneal
dialysis and I.V. administration sets. Among these are the materials must be éptically clear,
environmentally compatible, have sufficient yield strength and flexibility, have a low quantity of
low molecular weight additives, have good dimensional stability and be compatible with medical
solutions.

It is desirable for medical tubing to be optically transparent to allow for visual inspection of
fluids in the tubing.

It is also a requirement that the tubing materials be environmentally compatible as a
significant quantity of medical tubing is disposed of in landfills and through incineration. Further
benefits are realized by using a material that is thermoplastically recyclable so that scrap generated
during manufacturing may be incorporated into virgin material and refabricated into other useful
articles.

For tubing that is disposed of by incineration, it is necessary to use a material that does not
generate or minimizes the formation of by-products such as inorganic acjds which may be
environmentally harmful, irritating, and corrosive. For example, PVC may generate objectionable
amounts of hydrogen chloride (or hydrochloric acid when contacted with water) upon incineration.

To be compatible with medical or dialysis solutions, it is desirable that the tubing material
be free from or have a minimal content of low molecular weight additives such as plasticizers,

stabilizers and the like. These components could be extracted into the dialysis or therapeutic
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solutions that come into contact with the material. The additives may react with the solutions or
otherwise render the solutions ineffective.

Polyvinyl chloride ("PVC") has been widely used to fabricate medical tubings as it meets
most of these requirements. However, because PVC by itself is a rigid polymer, low molecular
weight components known as plasticizers must be added to render PVC flexible. As setforth above,
these plasticizers may leach out of the tubing and into the fluid passing through the tubing to
contaminate the fluid. For this reason, and because of the difficulties encountered in incinerating
PVC, there is a need to replace PVC medical tubing.

Polyolefins have been developed which meet many of the requirements of medical
containers and tubing, without the disadvantages associated with PVC. Polyolefins typically are
compatible with medical applications because they have minimal extractability to the fluids and
contents which they contact. Most polyolefins are environmentally sound as they do not generate
harmful degradants upon incineration, and in most cases are capable of being thermoplastically
recycled. Many polyolefins are cost effective materials that may provide an economic alternative
to PVC. However, there are many hurdles to overcome to replace all the favorable attributes of
PVC with a polyolefin.

One particular polyolefin of interest is an ethylene and a-olefin copolymer obtained using
a single-site catalyst such as a metallocene catalyst, a vanadium catalyst or the like. Of this group
of copolymers those having a density of less than about 0.915 g/cc are most desirable due to their
favorable modulus of elasticity and other physical characteristics. These copolymers obtained using
a single site catalyst shall be referred to as ultra-low density polyethylene (m-ULDPE). The m-

ULDPE copolymers have better clarity and softness, a low level of extractables and also have fewer

- additives than traditional polyolefins. This is largely due to m-ULDPE having a narrow molecular

weight distribution and a narrow composition distribution. The m-ULDPE is a newly
cominercialized resin that recently has been used in food and some medical applications.

The major technical challenges of using m-ULDPE to fabricate medical tubing or films is
to overcome a melt fracture phenomenon that readily occurs in these type of polymers during
processing. Melt fracture is typically and easily generated in this family of resins because they
display significantly less rheological shear thinning during extrusion when compared to other
ULDPE resins obtained using traditional Ziegler-Natta type catalysts. Melt fracture occurs when
the surface of the extrudate reaches an unstable flow pattern when the extrusion speed exceeds

certain levels. The unstable flow pattern leads to a structural and cosmetic defect in the surface of
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the finished product which is sometimes referred to as "shark skin" due to its textured finish. The
melt fracture phenomenon significantly limits the range of output rates in which these resins can be
processed without experiencing melt fracture and in most cases the rate falls outside the desired
output rate of commercial extrusion processes. The resin industry has attempted to overcome this
challenge by introducing fluoro-polymer based processing aids. The use of such processing aids
is undesirable in the medical industry as such additives may leach into the solutions or generate
inorganic acids upon incineration.

Currently, there are efforts in dealing with melt fracture without introducing foreign
additives into the material formulations. One is to raise the melt temperature, but has a potential
drawback of widening the dimensional tolerance due to longer cooling period of the extrudate which
in turn can lead to dimensional tolerance problems and slow the extrusion rate. Another is to apply
surface coat of fluoro-polymer on the die surface to reduce extrusion friction resistance. Both have
been proved not effective for fabricating medical products but may be effective in mahufacturing
other products. Another effort is to blend a variety of polymers. Blending different polymers to
achieve desired product performance is commonly used in the plastics industry. However, the
impacts of the miscibility of the resins on the mechanical properties are always one of the major
criteria in selecting individual polymers before blending. Products with a high haze values are

usually generated with mismatched resin densities or refractive indicies.

Summary of the Invention

The present invention provides a blend of m-ULDPE resins or similar resins with a narrow
molecular weight distribution for high speed production of medical products such as tubings or films
with no melt fracture, good dimensional control, and high production throughput rate.

The present invention provides a polymer blend for fabricating medical products. The blend
has a first ethylene and a-olefin copolymer obtained using a single site catalyst present in an amount
by weight of from about 0% to about 99% by weight of the blend and having a melt flow index from
fractional, such as about 0.1 g/10 min, to about 5 g/10 min, a second ethylene and a-olefin
copolymer obtained using a single site catalyst a_hd being present in an amount by weight of the
blend from about 0% to about 99% and having a melt flow index from higher than about 5 g/10 min
to about 20 g/10 min; and a third ethylene and a-olefin copolymer obtained using a single-site
catalyst and being present in an amount by weight of the blend from about 0% to about 99% and

having a melt flow index greater than about 20 g/10 min.
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The present invention further provides a polymer blend for fabricating medical products.
The blend has a first ethylene and a-olefin copolymer having a molecular weight distribution of less
than about 3 and being present in an amount by weight of from about 0% to about 99% by weight
of the blend and having a melt flow index from about 0.1 g/10 min to about 5 g/10 min, a second
ethylene and a-olefin copolymer having a molecular weight distribution of less than about 3 and
being present in an amount by weight of the blend of from about 0% to about 99% and having a
melt flow index from higher than about 5 g/10 min to about 20 g/10 min, and a third ethylene and
a-olefin copolymer having a molecular weight distribution of less than about 3 and being present
in an amount by weight of the blend from about 0% to about 99% and having a melt flow index
greater than about 20 g/10 min.

The present invention further provides a medical tubing having a sidewall of a polymer
blend. The blend has a first ethylene and a-olefin copolymer having a molecular weight distribution
of less than about 3 and being present in an amount by weight of from about 0% to about 99% by
weight of the blend and having a melt flow index from about 0.1 g/10 min to about 5 g/10 min, a
second ethylene and a-olefin copolymer having a molecular weight distribution of less than about
3 and being present in an amount by weight of the blend of from about 0% to about 99% and having
amelt flow index from higher than about 5 g/10 min to about 20 g/10 min, and a third ethylene and
a-olefin copolymer having a molecular weight distribution of less than about 3 and being present
in an amount by weight of the blend from about 0% to about 99% and having a melt flow index
greater than about 20 g/10 min.

The present invention further provides a medical film of a polymer blend. The polymer
blend having a first ethylene and a~olefin copolymer having a molecular weight distribution of less
than about 3 and being present in an amount by weight of from about 0% to about 99% by weight
of the blend and having a melt flow index from about 0.1 g/10 min to about 5 g/10 min, a second
ethylene and a-olefin copolymer having a molecular weight distribution of less than about 3 and
being present in an amount by weight of the blend of from about 0% to about 99% and having a
melt flow index from higher than about 5 g/10 min to about 20 g/10 min, and a third ethylene and
a-olefin copolymer having a molecular weight distribution of less than about 3 and being present
in an amount by weight of the blend from about 0% to about 99% and having a melt flow index
greater than about 20 g/10 min.

Brief Description of Drawings
Fig. 1 is a cross-sectional view of a monolayer tubing;

Fig. 2 is a cross-sectional view of a multiple layered tubing;
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Fig. 3 is a plan view of a multiple lumen tubing;

Fig. 4 is a plan view of a peritoneal dialysis administration set;

Fig. 5 is a cross-sectional view of a monolayer film;

Fig. 6 is cross-sectional view of a multiple layered film; and

Fig. 7 is a perspective view of typical medical tubing clamp for use in I.V. administration
sets and peritoneal dialysis administration sets.

Detailed Description of the Drawings

While the invention is susceptible of embodiment in many different forms, there is shown
in the drawings and will herein be described in detail preferred embodiments of the invention with
the understanding that the present disclosure is to be considered as an exemplification of the
principles of the invention and is not intended to limit the broad aspect of the invention to the
embodiments illustrated.

The present invention provides non-PVC containing polymer blends for fabricating medical
and food product such as tubings, films and containers and the like fabricated therefrom. The blends
of the present invention are of olefin containing polymers having a narrow molecular weight
distribution. The blends are capable of being processed at the rates required by commercial
processing equipment and provide tubings and films having favorable surface characteristics,
dimensional stability, modulus of elasticity, softness, optical clarity and yield strength.

The blends of the present invention have at least two polymeric components. In a preferred
form of the invention the blends have three or more components.

Suitable polymers of the present invention are selected from ethylene and a-olefin
copolymers preferably having a density, as measured by ASTM D-792 ofless than about 0.915 g/cc
and are commonly referred to as very low density polyethylene (VLDPE), ultralow density ethylene
(ULDPE) and the like. The a-olefin should have from 3-17 carbons, more preferably frpm 4-12 and
most preferably 4-8 carbons. In a preferred form of the invention, the ethylene and a-olefin
copolymers are obtained using a single-site catalysts. Suitable single-site catalyst systems, among
others, are those disclosed in U.S. Patent Nos. 5,783,638 and 5,272,236. Suitable ethylene and o-
olefin copolymers include those sold by Dow Chemical Company under the AFFINITY tradename,
Dupont-Dow under the ENGAGE tradename and Exxon under the EXACT tradename.

In preferred form of the invention the components of the blend with have refractive indicies
that differ by equal to or less than 0.08, more preferably equal to or less than 0.04 and most

preferably equal to or less than 0.01. Also, in a preferred form of the invention, the components of
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the blend will have a difference in their densities of equal to or less than 0.008 g/cc, more preferably
equal to or less than 0.004 g/cc and most preferably equal to or less than 0.002 g/cc.

These m-ULDPE resins have narrow molecular weight distributions. What is meant by
molecular weight distribution is M,/M, where M,, is the weight average molecular weight and M_
is the number average molecular weight. What is meant by the term narrow molecular weight
distribution is that M,/M,, is less than about 3, more preferably less than about 2.8 and most
preferably less than about 2.5

To overcome the difficulty in processing these resins at high speed throughputs the present
invention provides blending ULDPE resins having varying melt indicies. The term "melt flow" and
"melt flow index" is used herein as the amount, in grams, of a thermoplastic resin which can be
forced through a given orifice under a specified pressure and temperature within 10 minutes. The
value should be determined in accordance with ASTM D 1238. For two component blends having
a first and a second ULDPE the first ULDPE will have a melt index of from 0.1 g/10 min to about
5 g/10 min and the second ULDPE will have a melt flow index of greater than or equal to about 5
g/10 min.

Inapreferred form of the invention the blend has a first, second and third ULDPE resin. The
first ULDPE resin will have a melt index from about 0.1 g/10 min to about 5 g/10 min, the second
ULDPE resin will have a melt index of from higher than about 5 g/10 min to about 20 g/10 min and
the third ULDPE resin will have a melt flow index of greater than about 20 g/10 min. The first,
second and third ULDPE resins can be present in an amount from about 0% to about 99% by weight
of the blend, more preferably from about 5% to about 70% and most preferably in substantially
equal amounts by weight. ‘

The blends of the present invention are capable of being fabricated into monolayer tubings
(Fig. 1), multiple layered tubings (Fig. 2), a multiple lumen tubing (Fig. 3), monolayer films (Fig.
5) and multiple layered films (Fig. 6). Figure 4 shows a peritoneal dialysis administration set 20
having tubing 22 and a container 24 fabricated from the tubing and films of the present invention.
The blends can be fabricated at commercial processing rates and provide dimensionally stable
products without experiencing the shark skin appearance in the finished product which is indicative
of melt fracture.

The tubings shown in Figs. 1, 2 and 3 shall have the following physical properties: a
modulus of elasticity of less than about 30,000 psi, more preferably less than about 20,000 and most

preferably less than about 10,000 psi, an internal haze of less than about 25% when measured in
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accordance with ASTM D1003, is capable of being fabricated at a throughput rate of greater than
about 100 ft/min, more preferably greater than about 200 ft/min, even more preferably greater than
about 300 ft/min and most preferably equal to or greater than about 350 ft/min; has a substantially
smooth surface absent a shark skin appearance which is indicative of melt fracture, has less than
about 10 mg of low molecular weight extractible components, good dimensional stability, a yield
strength of from about 500 psi to about 1000 psi and more preferably from about 600 psi to about
800 psi, is capable of being repeatedly used with a medical tubing clamp with an occlusion force
typically of about 5 Ibs without significantly damaging the tubing and is capable of solvent bonding
to arigid component.

What is meant by “smooth surface” is that the surface of the tubing or film does not have
a substantial of significant quantity of imperfections known in the field as “shark skin.” The tubing
or film is smooth to the touch and smooth in appearance to the naked éye. This can be quantified
by amelt fracture number as follows: 1 tubing turns opaque and displays severe shark skin pattern,
2 tubing is translucent and shark skin appearance is obvious, 3 tubing is clear with light shark skin
appearance, and 4 tubing is clear with no shark skin appearance.

What is meant by “low molecular weight extractible component” is the amount of material
extracted from a 635 cm? piece of test material extracted at 70°C for 24 hours in 106 ml of USP
purified water.

What is meant by the term “yield strength” is the quantity resulting from dividing the load
point by the original cross-sectional thickness area of the specimen and measured according to
ASTM D-882.

What is meant by the term “good dimensional stability” is that the process capability C;, of
the inner diameter of the tubing (I.D.), the outer diameter (0.D.) and the tubing wall thickness shall
be greater than about 1.33 for a dimensional tolerance of +/- 1.7% of O.D., 2.5% of I.D., and 10%
of wall thickness.. Cyis the specification width (or the range between upper and lower specification
limits) divided by the process width (or 6 times the standard deviation). The C, is measured on-line
by a BETA LAZERMIKE Model 163-100-05.

The tubing of the present invention can be used with a medical tubing clamp such as the
ones shown in Fig.7. A medical tubing clamp 50 is used to control the flow rate of fluid passing
through the medical tubing. The medical tubing clamp 52 has a slot 54 through which the tubing
isplaced. The slot 54 narrows from a diameter greater than the O.D. of the tubing to a point smaller
than the O.D. of the tubing. By moving the tubing in the slot the tubing sidewalls can occlude the
flow of fluid through the tubing. The tubing must have sufficient lubricity for the clamp to be used
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without severing the tubing or without permanently occluding the tubing under a typical occluding
force applied by the claim of about 5 1bs.

What is meant by the term solvent bonding is that the tubing can be exposed to a solvent to
melt, dissolve or swell the tubing and then be attached to another polymeric component to form a
permanent bond. Suitable solvents typically include those having a solubility parameter ofless than
about 20 (MPa)**, more preferably less than about 19 (MPa)"? and most preferably less than about
18 (MPa)'? and include, but are not limited to, aliphatic hydrocarbons, aromatic hydrocarbons,
mixtures of aliphatic hydrocarbons, mixtures of aromatic hydrocarbons and mixtures of aromatic
and aliphatic hydrocarbons. Suitable aliphatic hydrocarbons include substituted and unsubstituted
hexane, heptane, cyclohexane, cycloheptane, decalin, and the like. Suitable aromatic hydrocarbons
include substituted and unsubstituted aromatic hydrocarbon solvents such as xylene, tetralin,
toluene, and cumene. Suitable hydrocarbon substituents include aliphatic substituents having from
1-12 carbons and include propyl, ethyl, butyl, hexyl, tertiary butyl, isobutyl and combinations of
the same. What is meant by the terms "aliphatic hydrocarbon" and "aromatic hydrocarbon" is a
compound containing only carbon and hydrogen atoms. Suitable solvents will also have a
molecular weight less than about 200 g/mole, more preferably less than about 180 g/mole and most
preferably less than about 140 g/mole.

What is meant by a “rigid component” ié a connector or other device commonly used in
peritoneal dialysis or I.V. administration sets and typically having a modulus of elasticity of greater
than about 30,000 psi. Suitable polymers for fabricating a rigid component includes homopolymers
and copolymers of polypropylenes, polyesters, polyamdies, polycarbonates, cylic olefin containing
polymers and bridged polycyclic olefin containing polymers. Suitable cyclic olefin containing
polymers and bridged polycylic olefin containing polymers are disclosed in U.S. Patent Application
Nos. 09/393,91%2, 09/393,052, 09/393,051 which are incorporated herein by reference and made a part
hereof.

The film shown in Figs. 5 and 6 shall have the following physical characteristics measured
inaccordance with the details provided above: a modulus of elasticity of less than about 30,000 psi,
an internal haze of less than about 25%, capable of being fabricated at a throughput rate of greater
than about 300 ft/min, more preferably greater than about 400 ft/min and most preferably greater
than about 500 ft/min; has a substantially smooth surface absent of a shark skin appearance, good

dimensional stability, has less than about 10 mg of low molecular weight extractible components,
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and a yield strength of from about 500 psi to about 1000 psi and more preferably from about 600 ‘
psi to about 800 psi.

The blends of the present invention can be provided individually and blended by tumble
blending or using standard Banburry type mixers, or twin screw type mixers. It is also contemplated
that the desired components can be blended, extruded and pellitized. It is also contemplated to
prepare the desired blend of resins using series of reactors connected in sequence.

In a preferred form of the invention for the latter described process, there is a reactor
provided for each of the polymers in the blend. Monomers and catalyst are added into the first
reactor. The reaction conditions, particularly pressure, temperature, and residence time, are
controlled so that the amount of product produced in each reactor is within certain limits and the
product has certain properties. The catalyst used in each reactor is a metallocene catalyst or a blend
with other metallocene catalyst or a blend with other catalyst. In the first reaction step, ethylene
monomer, o-olefin comonomer, and catalyst are introduced into the first reactor.

In the first reactor, a ULDPE is produced with a melt flow index of from about 0.1 g/10 min
to about 5 g/10 min. The ULDPE product and the unreacted monomers are transported to the second
reactor. In the second reactor, additional ULDPE resin is produced with a melt flow index of greater
than about 5 g/10 min to about 20 g/10 min. The two types of ULDPE polymers and the unreacted
monomers are transported to the third reactor. In the final reactor, additional resin is produced with
a melt flow index of greater than about 20 g/10 min. Each of the three reactor products will be
present in the final product in an amount from about 0% to about 99% by weight of the blend, more
preferably from about 5% to about 90%, and most preferably in substantially equal portions. Of
course it is possible to produce the polymers in any sequence so that the higher melt flow index
polymer is produced in the first, second or third reactor. The same is true for the other components.
It is also possible to produce two components with two reactors or to produce more than 3
components as desired.

The use of multistage processes for polymerization to produce blends of resins of different
molecular weights is well known. For example, U.S. Pat. No. 4,336,352 concerned polyethylene
compositions consisting of three different polyethylenes. One alternative presented contains a three
stage process. In the first stage polyethylene havihg a density between .94- .98 g/cc is polymerized
and the proportion of this fraction to the end product is 1-10%. In the next polymerization stage
polyethylene having a density between 0.94-0.98 is produced. In the third polymerization step
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polyethylene having a density of 0.90-0.97 is produced. The final product has a melt index 0£0.001-
1 and a density of 0.935-0.976.

The blends can be fabricated into tubing using standard polymer processing techniques such
as extrusion, coextrusion, blow extrusion, blow molding, injection molding and the like. Similarly
the blends can be fabricated into films or sheetings using standard polymer processing techniques
such as extrusion, coextrusion, blow extrusion, blow molding, compression molding injection
molding, lamination, thermoforming, calendaring and the like.

The following are non-limiting examples of the present invention and should not be used
to limit the scope of the claims set forth below.

Examples

The following m-ULDPE resins were used in fabricating two and three component blends.

Materials Refractive MWD Density MI Hardness DSC Tm Ultimate Ultimate
index (g/cc) (g/10 min) Shore A °C) Tensile Elongation

strength (&0
(Mpa)

Engage 1.501 2.39 0.885 1.0 86 76 30.3 700

8003 (A)

Engage 1.501 2.33 0.880 18 76 78 10.6 1000

8411 (B)

Engage 1.501 2.15 0.885 30 85 76 10.8 >1000

8401 (C)

The two and three component blends in the amounts specified in the table below were

fabricated into medical tubings. The medical tubings had the noted physical characteristics.

Resin Blend MI Melt Temp Speed Cp of ID. Cp of 0.D. Cp of wall Melt fracture
(g/10 min) of (°F) (FPM) thickness
the blend

75%A+ | 156 348 200 0.74 0.74 222 1
25%C

50%A + ‘5 347 200 1.10 1.10 443 2
50%C

45% A + 3 346 200 1.33 1.33 443 2
45%B +

10%C

45% A + 3 346 250 0.70 0.84 2.95 2
45%B +

10%C

33% A+ 6.5 343 200 1.66 1.66 4.43 4
33%B+

33%C

33% A+ 6.5 333 350 1.66 1.90 4.43 4
33% B+

+33%C
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While specific embodiments have been illustrated and described, numerous modifications
are possible without departing from the spirit of the invention, and the scope of protection is only

limited by the scope of the accompanying claims.
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CLAIMS
1. A polymer blend for fabricating medical products comprising:

a first ethylene and o-olefin copolymer obtained using a single-site catalyst present in an
amount by weight of from about 0% to about 99% by weight of the blend and having a melt flow
index from about 0.1 g/10 min to about 5 g/10 min;

a second ethylene and a-olefin copolymer obtained using a single-site catalyst and being
present in an amount by weight of the blend from about 0% to about 99% and having a melt flow
index from higher than about 5 g/10 min to about 20 g/10 min; and

a third ethylene and a-olefin copolymer obtained using a single-site catalyst and being
present in an amount by weight of the blend from about 0% to about 99% and having a melt flow
index greater than about 20 g/10 min.

2. The blend of claim 1 wherein the first, second and third ethylene and a-olefin copolymers
are each present in an amount within the range of from about 5% to about 70% by weight of the
blend.

3. The blend of claim 2 wherein the first, second and third ethylene and a-olefin copolymers

are each present in substantially equal quantities by weight of the blend.

4. The blend of claim 1 when fabricated into a monolayer tubing has a modulus of elasticity
of less than about 30,000 psi.
5. The blend of claim 1 when fabricated into a monolayer tubing has a modulus of elasticity

of less than about 20,000 psi.

6. The blend of claim 1 when fabricated into a monolayer tubing has a modulus of elasticity
of less than about 10,000 psi.

7. The blend of claim 4 when fabricated into a monolayer tubing has an internal haze less than
about 25%.

8. The blend of 7 is capable of being fabricated into a monolayer tubing at a throughput rate
of greater than about 100 ft/min.

9. The blend of 7 is capable of being fabricated into a monolayer tubing at a throughput rate
of greater than about 200 ft/min.

10.  The blend of 7 is capable of being fabricated into a monolayer tubing at a throughput rate
of greater than about 300 ft/min.

11.  The blend of 7 is capable of being fabricated into a monolayer tubing at a throughput rate
of greater than about 350 ft/min.
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12. The blend of claim 8 when fabricated into a monolayer tubing has a substantially smooth
surface.

13.  The blend of claim 1 wherein the first ethylene and a-olefin copolymer, the second ethylene
and a-olefin copolymer and the third ethylene and a-olefin copolymer each have a refractive index
with the refractive indicies differing by equal to or less than 0.08.

14. The blend of claim 1 wherein the first ethylene and o-olefin copolymer, the second ethylene
and o-olefin copolymer and the third ethylene and a-olefin copolymer each have a refractive index
with the refractive indicies differing by equal to or less than 0.04.

15.  Theblend of claim 1 wherein the first ethylene and a~olefin copolymer, the second ethylene
and a-olefin copolymer and the third ethylene and a-olefin copolymer each have a refractive index
with the refractive indicies differing by equal to or less than 0.01.

16.  The blend of claim 1 when fabricated into a monolayer tubing has less than about 10 mg of
low molecular weight extractible components.

17.  Theblend of claim 1 when fabricated into a monolayer tubing has a yield strength within the
range of from about 500 psi to about 1000 psi.

18.  The blend of claim 1 when fabricated into a monolayer tubing has a yield strength of from
about 600 psi to about 1000 psi.

19.  The blend of claim 1 when fabricated into a monolayer tubing is capable of being used with
a medical tubing clamp without significantly damaging the tubing.

20.  The blend of claim 1 when fabricated into a monolayer tubing is capable of solvent bonding
to a rigid component.

21. The blend of claim 20 wherein the rigid component is fabricated from a cyclic olefin
containing polymer or a bridged polycyclic hydrocarbon containing polymer. |

22.  Theblend of claim 1 wherein the first ethylene and a-olefin copolymer, the second ethylene
and a-olefin copolymer and the third ethylene and a-olefin copolymer each have a density differing
by equal to or less than 0.008 g/cc.

23.  Theblend of claim 1 wherein the first ethylene and a-olefin copolymer, the second ethylene
and a~-olefin copolymer and the third ethylene and a-olefin copolymer each have a density diffe:ring;y
by equal to or less than 0.004 g/cc.

24.  Theblend of claim 1 wherein the first ethylene and a-olefin copolymer, the second ethylene
and a-olefin copolymer and the third ethylene and a-olefin copolymer each have a density differing

by equal to or less than 0.002 g/cc.
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25.  The blend of claim 1 wherein the process capability of the blend shall be greater than about
1.33 for a dimensional tolerance of +/- 1.7%.
26. A polymer blend for fabricating medical products comprising:

a first ethylene and a-olefin copolymer having a molecular weight distribution of less than
about 3 and being present in an amount by weight of from about 0% to about 99% by weight of the
blend and having a melt flow index from about 0.1 g/10 min to about 5 g/10 min;

asecond ethylene and a-olefin copolymer having a molecular weight distribution of less than
about 3 and being present in an amount by weight of the blend of from about 0% to about 99% and
having a melt flow index from higher than about 5 g/10 min to about 20 g/10 min; and

a third ethylene and a-olefin copolymer having a molecular weight distribution of less than
about 3 and being present in an amount by weight of the blend from about 0% to about 99% and
having a melt flow index greater than about 20 g/10 min.

27.  The blend of claim 26 wherein the first, second and third ethylene and a-olefin copolymers
have a molecular weight distribution of less than about 2.8.

28.  The blend of claim 26 wherein the first, second and third ethylene and a-olefin copolymers
have a molecular weight distribution of less than about 2.5.

29.  The blend of claim 26 wherein the first, second and third ethylene and a-olefin copolymers
are obtained using a single-site catalyst. |

30.  Theblend of claim 26 wherein the first, second and third ethylene and a-olefin copolymers
are each present in an amount within the range of from about 5% to about 70% by weight of the
blend.

31.  The blend of claim 26 wherein the first, second and third ethylene and o~-olefin copolymers
are each present in substantially equal quantities by weight of the blend.

32.  The blend of claim 26 when fabricated into a monolayer tubing has a modulus of elasticity
of less than about 30,000 psi.

33.  The blend of claim 26 when fabricated into a monolayer tubing has a modulus of elasticity
of less than about 20,000 psi.

34.  The blend of claim 26 when fabricated into a monolayer tubing has a modulus of elasticity
of less than about 10,000 psi.

35.  Theblend of claim 26 when fabricated into a monolayer tubing has an internal haze less than
about 25%. (

36.  The blend of 26 is capable of being fabricated into a monolayer tubing at a throughput rate
of greater than about 100 ft/min.
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37.  The blend of 26 is capable of being fabricated into a monolayer tubing at a throughput rate
of greater than about 200 ft/min.

38.  The blend of 27 is capable of being fabricated into a monolayer tubing at a throughput rate
of greater than about 300 ft/min.

39.  The blend of 26 is capable of being fabricated into a monolayer tubing at a throughput rate
of greater than about 350 ft/min.

40.  The blend of claim 26 when fabricated into a monolayer tubing has a substantially smooth
surface.

41.  The blend of claim 26 when fabricated into a monolayer tubing has less than about 10 mg
of low molecular weight extractible components.

42.  The blend of claim 26 when fabricated into a monolayer tubing has a yield strength within
the range of from about 500 psi to about 1000 psi.

43.  The blend of claim 26 when fabricated into a monolayer tubing has a yield strength of from
about 600 psi to about 1000 psi.

44.  Theblend of claim 26 when fabricated into a monolayer tubing is capable of being used with
a medical tubing clamp without significantly damaging the tubing.

45.  Theblend of claim 26 when fabricated into a monolayer tubing is capable of solvent bonding
to a rigid component.

46.  The blend of claim 45 wherein the rigid component is fabricated from a cyclic olefin
containing polymer or a bridged polycyclic hydrocarbon containing polymer.

47.  Theblend of claim 26 wherein the first ethylene and a-olefin copolymer, the second ethylene
and a-olefin copolymer and the third ethylene and a-olefin copolymer each have a refractive index
with the refractive indicies differing by equal to or less than 0.08.

48.  Theblend of claim 26 wherein the first ethylene and a-olefin copolymer, the second ethylene
and o-olefin copolymer and the third ethylene and a-olefin copolymer each have a refractive index
with the refractive indicies differing by equal to or less than 0.04.

49.  Theblend of claim 26 wherein the first ethylene and a-olefin copolymer, the second ethylene
and a-olefin copolymer and the third ethylene and a~olefin copolymer each have a refractive index
with the refractive indicies differing by equal to or less than 0.01.

50.  Theblend of claim 26 wherein the process capability of the blend shall be greater than about

1.33 for a dimensional tolerance of +/- 1.7%.
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51.  Theblend of claim 26 wherein the first ethylene and a-olefin copolymer, the second ethylene
and a-olefin copolymer and the third ethylene and a-olefin copolymer each have a density‘ differing
by equal to or less than 0.008 g/cc.

52.  Theblend of claim 26 wherein the first ethylene and a-olefin 00p01ymer, the second ethylene
and a~-olefin copolymer and the third ethylene and o-olefin copolymer each have a density differing
by equal to or less than 0.004 g/cc.

53.  Theblend of claim 26 wherein the first ethylene and a-olefin copolymer, the second ethylene
and a~-olefin copolymer and the third ethylene and a-olefin copolymer each have a density differing
by equal to or less than 0.002 g/cc.

54. A medical tubing comprising:

a sidewall of a polymer blend comprising a first ethylene and a-olefin copolymer having a
molecular weight distribution of Iess than about 3 and being present in an amount by weight of from
about 0% to about 99% by weight of the blend and having a melt flow index from about 0.1 g/10
min to about 5 g/10 min, a second ethylene and a-olefin copolymer having a molecular weight
distribution of less than about 3 and being present in an amount by weight of the blend of from
about 0% to about 99% and having a melt flow index from higher than about 5 g/10 min to about
20 g/10 min, and a third ethylene and a-olefin copolymer having a molecular weight distribution
of less than about 3 and being present in an amount by weight of the blend from about 0% to about
99% and having a melt flow index greater than about 20 g/10 min.

55.  Thetubing of claim 54 wherein the first, second and third ethylene and a-olefin copolymers
have a molecular weight distribution of less than about 2.8.

56.  The tubing of claim 54 wherein the first, second and third ethylene and a~olefin copolymers
have a molecular'weight distribution of less than about 2.5.

57.  The tubing of claim 54 wherein the first, second and third ethylene and a-olefin copolymers
are obtained using a single-site catalyst.

58.  The tubing'of claim 54 wherein the first, second and third ethylene and a-~olefin copolymers
are each present in an amount within the range of from about 5% to about 70% by weight of the
blend.

59.  Thetubing of claim 54 wherein the first, second and third ethylene and a-olefin copolymers
are each present in substantially equal quantities by weight of the blend.

60.  The tubing of claim 54 having a modulus of elasticity of less than about 30,000 psi.

61.  The tubing of claim 54 having a modulus of elasticity of less than about 20,000 psi.
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62.  The tubing of claim 54 having a modulus of elasticity of less than about 10,000 psi.
63.  The tubing of claim 54 having an internal haze less than about 25%.
64.  Thetubing of 54 is capable of being fabricated at a throughput rate of greater than about 100

ft/min.

65.  Thetubing of 54 is capable of being fabricated at a throughput rate of greater than about 200
ft/min. ,

66.  Thetubing of 54 is capable of being fabricated at a throughput rate of greater than about 300
ft/min.

67.  Thetubing of 54 is capable of being fabricated at a throughput rate of greater than about 350
ft/min.

68.  The tubing of claim 54 has a substantially smooth surface.

69.  The tubing of claim 54 heiving less than about 10 mg of low molecular weight extractible
components.

70.  The tubing of claim 54 having a yield strength within the range of from about 500 psi to
about 1000 psi.

71.  The tubing of claim 54 having a yield strength of from about 600 psi to about 1000 psi.
72. - The tubing of claim 54 is capable of being used with a medical tubing clamp without
significantly damaging the tubing.

73.  The tubing of claim 54 is capable of solvent bonding to a rigid component.

74.  The tubing of claim 73 wherein the rigid component is fabricated from a cyclic olefin
containing polymer or a bridged polycyclic hydrocarbon containing polymer.

75.  The tubing of claim 54 wherein the first ethylene and a-olefin copolymer, the second
ethylene and a-olefin copolymer and the third ethylene and o-olefin copolymer each have a
refractive index with the refractive indicies differing by equal to or less than 0.08.

76.  The tubing of claim 54 wherein the first ethylene and a-olefin copolymer, the second
ethylene and o-olefin copolymer and the third ethylene and a-olefin copolymer each have a
refractive index with the refractive indicies differing by equal to or less than 0.04.

77.  The tubing of claim 54 wherein the first ethylene and o-olefin copolymer, the second
ethylene and o-olefin copolymer and the third ethylene and'a-olefin copolymer each have a

refractive index with the refractive indicies differing by equal to or less than 0.01.
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78.  The tubing of claim 54 wherein the process capability of the tubing shall be greater than

about 1.33 for a dimensional tolerance of +/- 1.7%.

79.  The tubing of claim 54 is a monolayer tubing.

80.  The tubing of claim 54 is a multiple layered tubing wherein the blend defines a layer within
the multiple layered tubing.

81.  The tubing of claim 54 wherein the first ethylene and a-olefin copolymer, the second
ethylene and a-olefin copolymer and the third ethylene and a-olefin copolymer each have a density
differing by equal to or less than 0.008 g/cc. '

82.  The tubing of claim 54 wherein the first ethylene and a-olefin copolymer, the second
ethylene and a-olefin copolymer and the third ethylene and a~-olefin copolymer each have a density
differing by equal to or less than 0.004 g/cc.

83.  The tubing of claim 54 wherein the first ethylene and a-olefin copolymer, the second
ethylene and a-olefin copolymer and the third ethylene and a-olefin copolymer each have a density
differing by equal to or less than 0.002 g/cc.

84. A medical film comprising:

a polymer blend comprising a first ethylene and a-olefin copolymer having a molecular
weight distribution of less than about 3 and being present in an amount by weight of from about 0%
to about 99% by weight of the blend and having a melt flow index from about 0.1 g/10 min to about
5 g/10 min, a second ethylene and a.-olefin copolymer having a molecular weight distribution of less
than about 3 and being present in an amount by weight of the blend of from about 0% to about 99%
and having a melt flow index from higher than about 5 g/10 min to about 20 g/10 min, and a third
ethylene and a-olefin copolymer having a molecular weight distribution of less than about 3 and
being present in an amount by weight of the blend from about 0% to about 99% and having a melt
flow index greater than about 20 g/10 min.

85.  The film of claim 84 wherein the first, second and third ethylene and a-olefin copolymers
have a molecular weight distribution of less than about 2.8.
86.  The film of claim 84 wherein the first, second and third ethylene and a-olefin copolymers
have a molecular weight distribution of less than about 2.5.
87.  The film of claim 84 wherein the first, second and third ethylene and a-olefin copolymers

are obtained using a single-site catalyst.
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88.  The film of claim 84 wherein the first, second and third ethylene and a-olefin copolymers
are each present in an amount within the range of from about 5% to about 70% by weight of the
blend.

89.  The film of claim 84 wherein the first, second and third ethylene and a-olefin copolymers
are each present in substantially equal quantities by weight of the blend.

90.  The film of claim 84 having a modulus of elasticity of less than about 30,000 psi.

91.  The film of claim 84 having an internal haze less than about 25%.

92.  The film of 84 is capable of being fabricated at a throughput rate of greater than about 300
ft/min.

93.  The film of 84 is capable of being fabricated at a throughput rate of greater than about 400
ft/min.

94.  The film of 84 is capable of being fabricated at a throughput rate of greater than about 500
ft/min

95.  The film of claim 84 has a substantially smooth surface.

96.  The film of claim 84 having less than about 10 mg of low molecular weight extractible
components.

97.  The film of claim 84 having a yield strength of from about 500 psi to about 1000 psi.

98.  The film of claim 84 is capable of being solvent bonded.

99.  The film of claim 84 is a monolayer film. |

100. The film of claim 84 is a multiple layered film wherein the blend defines a layer within the
multiple layered film.

101.  The film of claim 84 wherein the first ethylene and a-olefin copolymer, the second ethylene
and a-olefin copolymer and the third ethylene and a~olefin copolymer each have a refractive index
with the refractive indicies differing by equal to or less than 0.08.

102.  The film of claim 84 wherein the first ethylene and o-olefin copolymer, the second ethylene
and o-olefin copolymer and the third ethylene and a~olefin copolymer each have a refractive index
with the refractive indicies differing by equal to or less than 0.04.

103.  The film of claim 84 wherein the first ethylene and o-olefin copolymer, the second ethylene
and a-olefin copolymer and the third ethylene and a~olefin copolymer each have a refractive index
with the refractive indicies differing by equal to or less than 0.01.

104. The film of claim 84 wherein the process capability of the film shall be greater than about

1.33 for a dimensional tolerance of +/- 1.7%.
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105. The film of claim 84 wherein the first ethylene and a-olefin copolymer, the second ethylene
and a-olefin copolymer and the third ethylene and a-olefin copolymer each have a density differing

by equal to or less than 0.008 g/cc.
106.  The film of claim 84 wherein the first ethylene and a-olefin copolymer, the second ethylene
and o-olefin copolymer and the third ethylene and a-olefin copolymer each have a density differing
by equal to or less than 0.004 g/cc.
107.  The film of claim 84 wherein the first ethylene and a-olefin copolymer, the second ethylene
and a-olefin copolymer and the third ethylene and a-olefin copolymer each have a density differing

by equal to or less than 0.002 g/cc.
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