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THERMOPLASTIC ELASTOMER TUBING AND METHOD TO MAKE AND USE
SAME

BACKGROUND ART

Many industries utilize tubing to dispense fluid or remove fluid. For example, the
biopharmaceutical industry, the medical industry and the food and beverage industry utilize
tubing for the transfer of fluids. In various situations, thermoplastic elastomer tubing is used

for fluid transfer.

Typically, thermoplastic elastomer tubing is formed from pellets of one or more of the
starting materials. In some cases, the pellets are formed by combining powders of one or
more of the starting materials, such as a powder of a thermoplastic component of the tubing
and a powder of an elastomer component of the tubing. The combined powders are then
melted and, in some situations, the melt can be extruded and cut into pellets of a particular
size. In certain scenarios, the pellets can be subjected to an additional pelletizing process
involving a second melt operation, a second extrusion operation, and a second cutting
operation. The pellets may then undergo an additional melt process and be combined with

other starting materials to be extruded to form thermoplastic elastomer tubing.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure may be better understood, and its numerous features and
advantages made apparent to those skilled in the art by referencing the accompanying

drawings.

FIG. 1 is a flow diagram of a process to make thermoplastic elastomer tubing

according to an embodiment.

FIG. 2 is a diagram of an embodiment of a system to make thermoplastic elastomer

tubing.
FIG. 3 is a view of a thermoplastic elastomer tube according to an embodiment.

FIG. 4 is an image of a portion of a thermoplastic elastomer tube formed by a

conventional process.
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FIG. 5 is an image of a portion of a first thermoplastic elastomer tube formed

according to embodiments described herein.

FIG. 6 is an image of a second thermoplastic elastomer tube formed according to

embodiments described herein.

The use of the same reference symbols in different drawings indicates similar or

identical items.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The following description in combination with the figures is provided to assist in
understanding the teachings disclosed herein. The following discussion will focus on specific
implementations and embodiments of the teachings. This focus is provided to assist in
describing the teachings and should not be interpreted as a limitation on the scope or

applicability of the teachings.

The disclosure generally relates to thermoplastic elastomer tubing, and processes to
make thermoplastic elastomer tubing. In particular, embodiments are described herein that
eliminate certain steps from a conventional thermoplastic elastomer tubing manufacturing
process. For example, processes described herein eliminate pre-mixing and pelletizing
operations of conventional thermoplastic elastomer tubing manufacturing processes. Thus,
the production of thermoplastic elastomer tubing is more efficient and cost-effective.
Thermoplastic elastomer tubing produced according to embodiments described herein can
also have improved properties over thermoplastic elastomer tubing formed according to

conventional processes.

In an embodiment, a thermoplastic elastomer tube includes a thermoplastic elastomer
component disposed within a matrix. The thermoplastic elastomer component can be
disposed in the matrix as a thermoplastic elastomer phase having a number of domains. At
least approximately 50% of the domains of the thermoplastic elastomer phase may have an
aspect ratio of no greater than approximately 1.5. Aspect ratio as used herein with respect to
domains of phases of thermoplastic elastomer tubes refers to a value of a major dimension of
a particular domain divided by a value of a minor dimension of the particular domain. The
minor dimension can be measured along an axis perpendicular to an axis along which the

major dimension is measured.
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In another embodiment, a thermoplastic elastomer tube includes a thermoplastic
elastomer component having at least a polymeric portion. A molecular weight of the
polymeric portion can be at least approximately 70% of a molecular weight of an unprocessed
sample of the polymeric portion. The molecular weight can be a number average molecular
weight (Mn), a weight average molecular weight (Mw), a Z-average molecular weight (Mz), a

peak molecular weight (Mp), or a combination thereof.

In an additional embodiment, a thermoplastic elastomer tube includes at least
approximately 20 wt% of a thermoplastic elastomer component comprising styrene. The
thermoplastic elastomer tube can also include no greater than approximately 50 wt% of a
polyolefin component. Further, the thermoplastic elastomer tube can have a tensile strength
of at least approximately 1000 psi. In a particular embodiment, the thermoplastic elastomer

tube can be coupled to a pump to transfer fluid.

FIG. 1 is a flow diagram of a process 100 to make thermoplastic elastomer tubing
according to an embodiment. At 102, the process 100 includes providing a number of starting
materials to a twin screw extruder. The starting materials can include a thermoplastic
clastomer. The thermoplastic elastomer can include a thermoplastic component and an
clastomeric component. In particular embodiments, a composition of the starting materials
can vary depending on a type of the thermoplastic elastomer. A type of the thermoplastic
elastomer can include styrenic block co-polymer, thermoplastic polyolefin, thermoplastic
polyurethane, thermoplastic vulcanizate, co-polyester elastomer, flexible polyvinylchloride, or
co-polyamide elastomer. The starting materials can also include one or more additives. The
additives can include a stabilizer, a curing agent, a lubricant, a filler, a processing aid, a
colorant, a catalyst, a blowing agent, a foaming agent, another polymer as a minor component,
or combinations thereof. Additionally, one or more of the starting materials can be in the

form of a solid, a liquid, or a gas.

At 104, the starting materials are mixed in the twin screw extruder to provide a twin
screw extruder output. In addition, to mixing the starting materials, the twin screw extruder
can heat the starting materials. In a particular embodiment, the twin screw extruder can melt
one or more of the solid starting materials, such as the components of the thermoplastic

elastomer.
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At 106, the twin screw extruder output can be provided to a pump. The pump can
include a gear pump, a positive displacement pump, a single screw extruder, or another
suitable type of pump. At 108, the output of the pump is provided to a die and mandrel to
form a thermoplastic elastomer tube. In some embodiments, the output of the pump is
provided directly to the die and mandrel. In other embodiments, the output of the pump can
pass through one or more filters to remove contaminants and/or provide back mixing before
being provided to the die and mandrel. In certain instances, the one or more filters can

include one or more wire-mesh screens.

In addition, at 110, the process 100 includes performing one or more additional
operations in regard to the thermoplastic elastomer tube. For example, the thermoplastic
clastomer tube can be subjected to a cooling process, a drying process, a coiling process, a
cutting process, or a combination thereof. In some instances, dimensions of the thermoplastic
clastomer tube can be measured, such as via a laser sensor, an ultrasonic sensor, or an X-ray
device. The measurements of the dimensions of the thermoplastic elastomer tube can be
provided as feedback information to a control system. The control system can then utilize the
feedback information to adjust the operation of one or more devices used to form the
thermoplastic elastomer tube, such as the twin screw extruder, the pump, a cooling bath, or

combinations thereof.

FIG. 2 is a diagram of an embodiment of a system 200 to make thermoplastic
elastomer tubing. In a particular embodiment, the system 200 can implement the process 100

to form thermoplastic elastomer tubes.

The system 200 can include one or more starting material feed devices 202 to provide
starting materials to a twin screw extruder 204. Each of the starting materials can be in a

particular form of matter, such as a solid, a liquid, a gas, or a combination thereof.

The starting materials can include components of thermoplastic elastomer tubing. In
an embodiment, the starting materials can include a thermoplastic elastomer component. The
thermoplastic elastomer component can include a mixture of a plurality of polymers. In some
instances, the thermoplastic elastomer component is selected from a group containing a
polyether-ester block co-polymer, a thermoplastic polyamide elastomer, a thermoplastic

polyurethane elastomer, a thermoplastic polyolefin elastomer, a thermoplastic vulcanizate, an
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olefin-based co-polymer, an olefin-based ter-polymer, a polyolefin plastomer, or

combinations thereof.

Additionally, the thermoplastic elastomer component can include a particular co-
polymer. For example, the co-polymer can include a block co-polymer. In an embodiment,
the block co-polymer can include a mixture of a plurality of formulations of block co-
polymers including styrene. In a particular embodiment, the block co-polymer is selected
from a group containing a styrene-butadiene-styrene block co-polymer, a styrene-isoprene-
styrene block co-polymer, a styrene-isoprene-butadiene block co-polymer, a hydrogenated
block co-polymer, or combinations thereof. In particular embodiments, the hydrogenated
block co-polymer can include a styrene-ethylene-butylene-styrene (SEBS) block co-polymer,
a styrene-ethylene-propylene-styrene (SEPS) block co-polymer, a styrene-ethylene-

ethylene/propylene-styrene (SEEPS) block co-polymer, or combinations thereof.

The components of the thermoplastic elastomer tubing can also include a polyolefin
component. The polyolefin component can include a mixture of a plurality of formulations of

polyolefins. In a particular embodiment, the polyolefin component includes polypropylene.

Further, the starting materials for the thermoplastic elastomer tubing can include one
or more additives. For example, the one or more additives can include a plasticizer, a
catalyst, a silicone modifier, a stabilizer, a curing agent, a lubricant, a colorant, a filler, a
blowing agent, another polymer as a minor component, or a combination thereof. In a

particular embodiment, the plasticizer can include mineral oil.

In certain instances, the one or more starting material feed devices 202 can include one
or more liquid injection pumps to provide liquid starting materials to the twin screw extruder
204. Additionally, the one or more starting material feed devices 202 can include one or more
feeders coupled to the twin screw extruder 204 to provide solid starting materials to the twin
screw extruder 204. In some embodiments, pellets, powders, or both, comprising one or more
of the starting materials can be provided to the twin screw extruder 204 via a feeder. Further,
starting materials in the form of strips, such as strips of thermoplastic elastomer components,
can be provided to the twin screw extruder 204 via a feeder. The starting material feed
devices 202 can also include gas injection devices to provide starting materials in the form of
a gas to the twin screw extruder 204. In a particular embodiment, at least a portion of the

starting materials can also be provided to the twin screw extruder 204 via a side feeder of the
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twin screw extruder 204. In addition, a number of the starting materials can be blended
before being provided to the twin screw extruder 204. In an embodiment, at least one of the
starting material feed devices 202 includes a mixing apparatus, a blending apparatus, or a

combination thereof.

The twin screw extruder 204 can provide mixing of the starting materials.
Additionally, the twin screw extruder 204 can heat the starting materials. In certain instances,
the twin screw extruder 204 can have a number of heating zones, where each heating zone is
associated with a specified temperature. For example, in an embodiment, the twin screw
extruder 204 can operate at temperatures above a melting point of one or more of the starting
materials, such that the starting materials form a melt within the twin screw extruder 204.

The temperature profile of the twin screw extruder 204 can include temperatures within a
range of approximately 125°C to approximately 230°C. In a particular illustrative
embodiment, the twin screw extruder 204 can operate with a temperature profile having
temperatures within a range of approximately 150°C to approximately 180°C. Additionally,
the twin screw extruder 204 can be operated such that the maximum temperature of the melt
within the twin screw extruder 204 may be no greater than approximately 205°C, no greater
than approximately 195°C, no greater than approximately 190°C, no greater than
approximately 185°C, no greater than approximately 175°C, or no greater than approximately

160°C.

Further, the twin screw extruder 204 can operate with a screw speed that varies across
a range of speeds based on a formulation of the thermoplastic elastomer tubing being made,
settings for process parameters of the system 200, or a combination thereof. For example, the
speed of the twin screw extruder 204 can be within a range of approximately 50 rotations per
minute (rpm) to approximately 1150 rpm. In a particular illustrative embodiment, the speed
of the twin screw extruder 204 can be within a range of approximately 450 rpm to

approximately 550 rpm.

In addition, the twin screw extruder 204 can operate at a torque that varies across a
range of torques based on a formulation of the thermoplastic elastomer tubing being made,
settings for process parameters of the system 200, or a combination thereof. For example, the
torque of the twin screw extruder 204 can be within a range of approximately 10% to
approximately 90%. In a particular illustrative embodiment, the torque of the twin screw

extruder 204 can be within a range of approximately 30% to approximately 45%.

-6 -
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The system 200 also includes a pump 206 that receives the output from the twin screw
extruder 204. In one embodiment, the pump 206 can be a gear pump. In another
embodiment, the pump 206 can be a positive displacement pump. In a particular
embodiment, the positive displacement pump can be a melt pump. In an additional
embodiment, the pump 206 can be a single screw extruder. The single screw extruder can
have a ratio of length to diameter of no greater than approximately 24, no greater than

approximately 16, or no greater than approximately 8.

A speed of the gear pump 206 can vary across a range of speeds based on a
formulation of the thermoplastic elastomer tubing being made, settings for process parameters
of the system 200, or a combination thereof. For example, the speed of the gear pump 206
can be within a range of approximately 10 rpm to approximately 100 rpm. In a particular
illustrative embodiment, the speed of the gear pump 206 can be within a range of

approximately 12 rpm to approximately 30 rpm.

In an embodiment, an output rate of the gear pump 206 can vary across a range of
output rates based on a formulation of the thermoplastic elastomer tubing being made, settings
for process parameters of the system 200, or a combination thereof. For example, the output
rate of the gear pump 206 can be within a range of approximately 5 1bs./hr. to approximately
250 Ibs./hr. In a particular illustrative embodiment, the output rate of the gear pump 206 can
be within a range of approximately 15 Ibs./hr. to approximately 25 Ibs./hr. In some
embodiments, the output rate of the gear pump 206 can be even higher depending on the
screw size of the twin screw extruder 204. To illustrate, the output rate of the gear pump 206

can be up to approximately 1000 lbs./hr.

Additionally, the system 200 includes one or more filters 208. The one or more filters
208 can provide filtering of the output of the pump 206 and also provide additional mixing of
the output of the pump 206. In some cases, the one or more filters 208 can include wire-mesh

SCreens.

Further, the system 200 includes a die and mandrel 210 to form thermoplastic
elastomer tubing via extrusion of the output of the pump 206. In an embodiment, a pressure
at the input of the die and mandrel 210 varies by no greater than approximately 10% from a

specified pressure, no greater than approximately 8% from the specified pressure, no greater



10

15

20

25

30

WO 2013/184517 PCT/US2013/043715

than approximately 6% from the specified pressure, no greater than approximately 4% from

the specified pressure, or no greater than approximately 2% from the specified pressure.

The pressure at the input of the die and mandrel 210 can vary across a range of
pressures based on a size of the die and mandrel 210, dimensions of the tubing being formed,
cross-sectional geometry of the die and mandrel 210, settings for process parameters of the
system 200, or a combination thereof. For example, the pressure at the input of the die and
mandrel 210 can be within a range of approximately 1 psi to approximately 1000 psi. In a
particular illustrative embodiment, the pressure at the input of the die and mandrel 210 is at
least approximately 485 psi, at least approximately 492 psi, at least approximately 495 psi, or
at least approximately 505 psi. In another particular illustrative embodiment, the pressure at
the input of the die and mandrel 210 may also be no greater than approximately 525 psi, no
greater than approximately 515 psi, no greater than approximately 511 psi, no greater than
approximately 504 psi, no greater than approximately 500 psi, or no greater than
approximately 495 psi. It will be appreciated that the pressure at the input of the die and

mandrel 210 can be within a range between any of the values noted above.

After being formed via the die and mandrel 210, thermoplastic elastomer tubing can
be cooled via a cooling apparatus 212. In an embodiment, the cooling apparatus 212 can
include a water bath. In some embodiments, the water bath can be disposed in a vacuum tank,

the water bath can be open to the air, or both.

The system 200 can also include one or more post-processing devices 214 that subject
the thermoplastic elastomer tubing to one or more post-processing operations. For example,
the one or more post-processing devices 214 can include a cutting device to cut the
thermoplastic elastomer tubing into a number of distinct tubes. In another case, the one or
more post-processing devices 214 can include a coiling device to wrap the thermoplastic
elastomer tubing into a coil. Furthermore, the one or more post-processing device 214 can
include a drying device, such as a heater, a curing apparatus, such as a curing oven, or a

combination thereof.

In an illustrative embodiment, the thermoplastic elastomer tubing formed according to
embodiments of the process 200 can include at least approximately 20 wt% of a thermoplastic
clastomer component. In an embodiment, the thermoplastic elastomer component can include

styrene. In one embodiment, thermoplastic elastomer tubing can include at least
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approximately 25 wt% of the thermoplastic elastomer component, at least approximately 30
wt% of the thermoplastic elastomer component, at least approximately 33 wt% of the
thermoplastic elastomer component, at least approximately 38 wt% of the thermoplastic
elastomer component, or at least approximately 45 wt% of the thermoplastic elastomer
component. In another embodiment, the thermoplastic elastomer tubing may include no
greater than approximately 60 wt% of the thermoplastic elastomer component, no greater than
approximately 55 wt% of the thermoplastic elastomer component, no greater than
approximately 48 wt% of the thermoplastic elastomer component, or no greater than
approximately 40 wt% of the thermoplastic elastomer component. It will be appreciated that
amount of the thermoplastic elastomer component can be within a range between any of the
values noted above. In a particular embodiment, the thermoplastic elastomer tubing can
include the thermoplastic elastomer component within a range of approximately 25 wt% to

approximately 45 wt%.

Additionally, the thermoplastic elastomer tubing formed according to embodiments of
the process described with respect to FIG. 2 can include no greater than approximately 50
wt% of a polyolefin component. In one embodiment, the thermoplastic elastomer tubing can
include at least approximately 8 wt% of the polyolefin component, at least approximately 10
wt% of the polyolefin component, at least approximately 15 wt% of the polyolefin
component, at least approximately 20 wt% of the polyolefin component, at least
approximately 23 wt% of the polyolefin component, at least approximately 27 wt% of the
polyolefin component, or at least approximately 30 wt% of the polyolefin component. In
another embodiment, the thermoplastic elastomer tubing can include no greater than
approximately 45 wt% of the polyolefin component, no greater than approximately 42 wt% of
the polyolefin component, no greater than approximately 40 wt% of the polyolefin
component, no greater than approximately 35 wt% of the polyolefin component, no greater
than approximately 33 wi% of the polyolefin component, or no greater than approximately 25
wt% of the polyolefin component. It will be appreciated that the amount of the polyolefin
component can be within a range between any of the values noted above. In a particular
embodiment, the thermoplastic elastomer tubing can include the polyolefin component within

a range of approximately 10 wt% to approximately 30 wt%.

In some embodiments, thermoplastic elastomer tubing formed according to

embodiments of the process 200 can include mineral oil as a plasticizer. In one embodiment,

9.
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the thermoplastic elastomer tubing can include at least approximately 1 wt% mineral oil, at
least approximately 20 wt% mineral oil, at least approximately 32 wt% mineral oil, at least
approximately 40 wt% mineral oil, at least approximately 42 wt% mineral oil, or at least
approximately 50 wt% mineral oil. In an additional embodiment, the thermoplastic elastomer
tubing can include no greater than approximately 70 wt% mineral oil, no greater than
approximately 60 wt% mineral oil, no greater than approximately 48 wt% mineral oil, no
greater than approximately 45 wt% mineral oil, or no greater than approximately 35 wt%
mineral oil. It will be appreciated that amount of mineral oil can be within a range between
any of the values noted above. In a particular embodiment, the thermoplastic elastomer
tubing can include mineral oil within a range of approximately 35 wt% to approximately 55

wit%.

In certain embodiments, the thermoplastic elastomer tubing made according to the
process 200 can have a particular dimensional accuracy. Accordingly, particular dimensions
of the thermoplastic elastomer tubing may vary by a specified amount over the length of the
thermoplastic elastomer tubing or over a number of thermoplastic tubes formed from the
thermoplastic elastomer tubing. In one embodiment, the dimensional accuracy of the
thermoplastic elastomer tubing can be expressed as the outer diameter of the thermoplastic
elastomer tubing having a standard deviation of no greater than approximately 1.5% of an

average outer diameter of the thermoplastic elastomer tubing over a specified length.

FIG. 3 is a view of a thermoplastic elastomer tube 300 according to an embodiment.
In a particular embodiment, the thermoplastic elastomer tube 300 can be formed according to
the process 100 described previously with respect to FIG. 1, by the system 200 described
previously with respect to FIG. 2, or both.

The thermoplastic elastomer tube 300 can include a body 302 having an outer
diameter 304 and an inner diameter 306. The inner diameter 306 can form a hollow bore 308
of the body 302. In addition, the body 302 can include a wall thickness 310 that is measured
by the difference between the outer diameter 304 and the inner diameter 306. Further, the

body 302 can have a length 312.

In a particular embodiment, the outer diameter 304 can be at least approximately 2
mim, at least approximately 5 mm, at least approximately 12 mm, at least approximately 15

mim, at least approximately 18 mm, at least approximately 20 mm, or at least approximately

-10-
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22 mm. Additionally, the outer diameter 304 may be no greater than approximately 40 mm,
no greater than approximately 33 mm, no greater than approximately 30 mm, no greater than
approximately 25 mm, no greater than approximately 16 mm, or no greater than
approximately 10 mm. It will be appreciated that the outer diameter 304 can be within a

range between any of the values noted above.

In another embodiment, the inner diameter 306 of the body 302 can be at least
approximately 0.5 mm, at least approximately 3 mm, at least approximately 5 mm, at least
approximately 9 mm, at least approximately 15 mm, or at least approximately 22 mm.
Further, the inner diameter 306 may be no greater than approximately 28 mm, no greater than
approximately 25 mm, no greater than approximately 20 mm, no greater than approximately
17 mm, no greater than approximately 12 mm, or no greater than approximately 10 mm. It
will be appreciated that the inner diameter 306 can be within a range between any of the

values noted above.

The thermoplastic elastomer tube 302 can also have a wall thickness that is the
difference between the outer diameter 304 and the inner diameter 306. In some embodiments,
the wall thickness can be at least approximately 0.5 mm, at least approximately 2 mm, at least
approximately 5 mm, or at least approximately 7 mm. Additionally, the wall thickness may
be no greater than approximately 17 mm, no greater than approximately 15 mm, no greater
than approximately 12 mm, or no greater than approximately 10 mm. It will be appreciated

that the wall thickness can be within a range between any of the values noted above.

In a further embodiment, the length 312 of the body 302 can be at least approximately
S cm, at least approximately 25 cm, at least approximately 35 cm, or at least approximately 45
cm. The length 312 can also be no greater than approximately 100 cm, no greater than
approximately 80 cm, no greater than approximately 65 cm, or no greater than approximately
55 cm. It will be appreciated that the length 312 can be within a range between any of the

values noted above.

In some embodiments, the thermoplastic elastomer tube 302 can be formed from a
length of thermoplastic elastomer tubing that is greater than the length of a single tube. For
example, in one embodiment, the thermoplastic elastomer tubing used to provide the
thermoplastic elastomer tube 302 can have a length that is at least approximately 10 m, at

least approximately 35 m, at least approximately 50 m, at least approximately 125 m, at least

-11 -
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approximately 350 m, or at least approximately 500 m. In another embodiment, the
thermoplastic elastomer tubing may have a length that is no greater than approximately 800
m, no greater than approximately 650 m, no greater than approximately 400 m, no greater

than approximately 200 m, or no greater than approximately 75 m.

Although the cross-section of the inner bore 306 perpendicular to an axial direction of
the body 302 in the illustrative embodiment shown in FIG. 3 has a circular shape, the cross-
section of the inner bore 306 perpendicular to the axial direction of the body 302 can have a

square shape, a triangular shape, or a rectangular shape.

Furthermore, although the thermoplastic elastomer tube 300 of the illustrative
embodiment shown in FIG. 3 has a single lumen comprising the hollow bore 308, in other
embodiments, the thermoplastic elastomer tube 300 can have a plurality of lumen. In

addition, each of the respective lumen of the plurality of lumen can have an inner diameter.

The thermoplastic elastomer tube 300 can have particular values for certain physical
properties. For example, in certain embodiments, the thermoplastic elastomer tube 300 can
have a tensile strength of at least approximately 1000 psi, at least approximately 1250 psi, at
least approximately 1500 psi, at least approximately 1750 psi, at least approximately 1800 psi,
at least approximately 1820 psi, at least approximately 1900 psi, or at least approximately
1930 psi. Further, the thermoplastic elastomer tube 300 may have a tensile strength no greater
than approximately 2150 psi, no greater than approximately 2100 psi, no greater than
approximately 1970 psi, no greater than approximately 1950 psi, no greater than
approximately 1880 psi, or no greater than approximately 1850 psi. It will be appreciated that
the tensile strength can be within a range between any of the values noted above. Ina
particular embodiment, the thermoplastic elastomer tube 300 can have a tensile strength

within a range of approximately 1950 psi to approximately 2000 psi.

In addition, the thermoplastic elastomer tube 300 can have a 100% elongation
modulus of at least approximately 400 psi, at least approximately 425 psi, at least
approximately 435 psi, at least approximately 460 psi, or at least approximately 470 psi. The
thermoplastic elastomer tube 300 may also have a 100% elongation modulus of no greater
than approximately 510 psi, no greater than approximately 500 psi, no greater than
approximately 475 psi, no greater than approximately 450 psi, or no greater than

approximately 430 psi. It will be appreciated that the 100% elongation modulus can be within
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arange between any of the values noted above. In a particular embodiment, the thermoplastic
elastomer tube 300 can have a 100% elongation modulus within a range of approximately 440

psi to approximately 470 psi.

In some embodiments, the thermoplastic elastomer tube 300 can have a 300%
elongation modulus of at least approximately 600 psi, at least approximately 630 psi, at least
approximately 660 psi, or at least approximately 680 psi. In other embodiments, the
thermoplastic elastomer tube 300 may have a 300% elongation modulus of no greater than
approximately 700 psi, no greater than approximately 675 psi, no greater than approximately
650 psi, or no greater than approximately 625 psi. It will be appreciated that the 300%
elongation modulus can be within a range between any of the values noted above. In a
particular embodiment, the 300% elongation modulus can be within a range of approximately

640 psi to approximately 670 psi.

In addition, the thermoplastic elastomer tube 300 can have a Graves tear strength of at
least approximately 180 pounds per linear inch (pli), at least approximately 200 pli, at least
approximately 220 pli, or at least approximately 250 pli. The thermoplastic elastomer tube
300 may also have a Graves tear strength of no greater than approximately 270 pli, no greater
than approximately 260 pli, no greater than approximately 235 pli, or no greater than
approximately 225 pli. It will be appreciated that the Graves tear strength can be within a
range between any of the values noted above. In a particular embodiment, the Graves tear

strength can be within a range of approximately 210 pli to approximately 240 pli.

In certain instances, the thermoplastic elastomer tube 300 can have a burst pressure of
at least approximately 65 psi, at least approximately 70 psi, at least approximately 80 psi, or at
least approximately 90 psi. In other instances, the thermoplastic elastomer tube 300 may have
a burst pressure no greater than approximately 100 psi, no greater than approximately 95 psi,
no greater than approximately 85 psi, or no greater than approximately 75 psi. It will be
appreciated that the burst pressure can be within a range between any of the values noted
above. In a particular embodiment, the burst pressure can be within a range of approximately

75 psi to approximately 95 psi.

In an embodiment, the thermoplastic elastomer tube 300 can have a shore A hardness
of at least approximately 40, at least approximately 45, at least approximately 55, at least

approximately 60, or at least approximately 70. In another embodiment, the thermoplastic

13-
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elastomer tube 300 may have a shore A hardness of no greater than approximately 80, no
greater than approximately 75, no greater than approximately 65, or no greater than
approximately 50. It will be appreciated that the shore A hardness can be within a range
between any of the values noted above. In a particular embodiment, the shore A hardness can

be within a range of approximately 50 to approximately 65.

Furthermore, the thermoplastic elastomer tube 300 can have an enthalpy of mixing of
at least approximately 15 J/g, at least approximately 16.5 J/g, at least approximately 18 J/g, or
at least approximately 19 J/g. The thermoplastic elastomer tube 300 may also have an
enthalpy of mixing of no greater than approximately 21 J/g, no greater than approximately 20
J/g, no greater than approximately 17.5 J/g, or no greater than approximately 16 J/g. It will be
appreciated that the enthalpy of mixing can be within a range between any of the values noted
above. In a particular embodiment, the enthalpy of mixing can be within a range of

approximately 16 J/g to approximately 18.5 J/g.

In certain embodiments, the thermoplastic elastomer tube 300 can include a
thermoplastic elastomer component that has a polymeric portion. In some embodiments, the
molecular weight of the polymeric portion can be at least approximately 70% of an
unprocessed sample of the polymeric portion. In one embodiment, the molecular weight of
the polymeric portion is at least approximately 75% of the molecular weight of the
unprocessed sample of the polymeric portion, at least approximately 80% of the molecular
weight of the unprocessed sample of the polymeric portion, or at least approximately 90% of
the molecular weight of the unprocessed sample of the polymeric portion. In another
embodiment, the molecular weight of the polymeric portion may be no greater than
approximately 95% of the molecular weight of the unprocessed sample of the polymeric
portion, no greater than approximately 92% of the unprocessed sample of the polymeric
portion, no greater than approximately 88% of the unprocessed sample of the polymeric
portion, or no greater than approximately 85% of the unprocessed sample of the polymeric

portion.

Additionally, the molecular weight of the polymeric portion of the thermoplastic
elastomer tube 300 can be at least approximately 120,000, at least approximately 135,000, at
least approximately 150,000, or at least approximately 165,000. Further the molecular weight
of the polymeric portion may be no greater than approximately 275,000, no greater than

approximately 230,000, no greater than approximately 210,000, no greater than
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approximately 190,000, or no greater than approximately 175,000. It will be appreciated that
the molecular weight of the polymeric portion can be within a range between any of the
values noted above. In a particular embodiment, the molecular weight of the polymeric
portion of a thermoplastic elastomer component of the thermoplastic elastomer tube 300 can

be within a range of approximately 140,000 to approximately 180,000.

Furthermore, the molecular weight of the unprocessed sample of the polymeric portion
can be at least approximately 150,000, at least approximately 165,000, at least approximately
175,000, or at least approximately 185,000. In another embodiment, the molecular weight of
the unprocessed sample of the polymeric portion may be no greater than approximately
300,000, no greater than approximately 255,000, no greater than approximately 210,000, or
no greater than approximately 180,000. It will be appreciated that the molecular weight of the
unprocessed sample of the polymeric portion can be within a range between any of the values
noted above. In a particular embodiment, the molecular weight of the unprocessed sample of
the polymeric portion can be within a range of approximately 160,000 to approximately

200,000.

The physical properties of the thermoplastic elastomer tube 300 can be measured
according to particular techniques. For example, the tensile strength, the 100% elongation
modulus, and the 300% elongation modulus can be measured according to the ASTM D412
standard at the time of filing of this patent application. Further, the Graves tear strength can
be measured according to the ASTM D624 standard at the time of filing of this patent
application. The burst pressure can be measured according to the ASTM D1599 standard at
the time of filing this patent application. In addition, the Shore A hardness can be measured
according to the ASTM D2240 type A standard at the time of filing of this patent application.
The enthalpy of mixing can be measured using a differential scanning calorimetry (DSC)
technique. The molecular weight of the thermoplastic elastomer tube 300 can be measured

using gel permeation chromatography.

In some embodiments, the thermoplastic elastomer tube 300 can have a particular
morphology. In one embodiment, the thermoplastic elastomer tube 300 can have a
thermoplastic elastomer phase. The thermoplastic elastomer phase can include one or more
thermoplastic elastomer components. Additionally, the thermoplastic elastomer phase

includes a number of domains of the one or more thermoplastic elastomer components. The
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thermoplastic elastomer phase can also include a number of other components, such as a

plasticizer.

In a particular embodiment, at least approximately 50% of the number of domains of
the thermoplastic elastomer component can have an aspect ratio of no greater than
approximately 1.5. In some embodiments, the aspect ratio of at least 50% of the number of
domains of the thermoplastic elastomer component is at least approximately 0.5, at least
approximately 0.8, or at least approximately 1.3. In other embodiments, the aspect ratio of at
least 50% of the number of domains of the thermoplastic elastomer component is no greater
than approximately 1.4, no greater than approximately 1.2, or no greater than approximately
0.9. Furthermore, a value of a major dimension of the domains of the thermoplastic elastomer
component can be at least approximately 0.5 microns, at least approximately 0.8 microns, or
at least approximately 1.2 microns. The value of the major dimension of the domains of the
thermoplastic elastomer component may also be no greater than approximately 2 microns, no

greater than approximately 1.7 microns, or no greater than approximately 1.5 microns.

In another embodiment, the thermoplastic elastomer tube 300 can have a polyolefin
phase. The polyolefin phase can include one or more polyolefin components. In addition, the
polyolefin phase can include a number of domains. In a particular embodiment, at least
approximately 50% of the domains of the polyolefin component have an aspect ratio no

greater than approximately 1.5.

The morphology of the thermoplastic elastomer tube 300 differs from the morphology
of conventional thermoplastic elastomer tubes in that the miscibility of the thermoplastic
elastomer phase and the polyolefin phase is minimized. For example, the purity of the
thermoplastic elastomer phase and the polyolefin phase of the thermoplastic elastomer tube
300 is increased over conventional thermoplastic elastomer tubes. In another example, the
domains of one or more of the phases of the thermoplastic elastomer tube 300 are larger and

more spherically shaped than those of conventional thermoplastic elastomer tubes.

Without being held to a particular theory, the reduced miscibility between the
thermoplastic elastomer phase and the polyolefin phase and the shape and size of the domains
of the phases is a result of fewer processing steps used to produce the thermoplastic elastomer
tube 300. To illustrate, the materials used to make conventional thermoplastic elastomer

tubes are typically blended, heated, and cut multiple times before being formed into a tube
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shape. The multiple heat and shear histories of conventional thermoplastic elastomer tubes
produces miscibility between the phases of these thermoplastic elastomer tubes. Those of
skill in the art typically consider the miscibility of the phases of the thermoplastic elastomer
tubes to contribute to improved physical properties. However, quite unexpectedly, the lack of
miscibility between the phases of the thermoplastic elastomer tube 300 results in improved
physical properties over tubes made using conventional processes. The lack of scission
histories and heat histories for the thermoplastic elastomer tube 300 can also yield higher
molecular weights for the components of the thermoplastic elastomer tube 300. Furthermore,
the reduced processing used to form the thermoplastic elastomer tube 300 can result in more
of a crystalline structure, which improves the thermal properties and physical properties of the

thermoplastic elastomer tube 300.
Embodiments may be in accordance with any one or more of the items as listed below.
Item 1. A thermoplastic elastomer tube comprising:

a thermoplastic elastomer component disposed within a matrix, wherein the
thermoplastic elastomer component is disposed within the matrix in a thermoplastic elastomer
phase having a number of domains, and wherein at least approximately 50% of the domains
of the thermoplastic elastomer component have an aspect ratio of no greater than

approximately 1.5.

Item 2. The thermoplastic elastomer tube as recited in item 1, wherein the aspect ratio
is no greater than approximately 1.4, no greater than approximately 1.2, no greater than
approximately 0.9, at least approximately 0.5, at least approximately 0.8, or at least

approximately 1.3.

Item 3. The thermoplastic elastomer tube as recited in any one of the preceding items,
wherein the matrix includes a polyolefin phase having a number of domains of a polyolefin
component, wherein at least approximately 50% of the domains of the polyolefin component

have an aspect ratio of no greater than approximately 1.5.

Item 4. A thermoplastic elastomer tube comprising:

-17 -



10

15

20

25

WO 2013/184517 PCT/US2013/043715

a thermoplastic elastomer component including at least a polymeric portion, wherein a
molecular weight of the polymeric portion is at least approximately 70% of a molecular

weight of an unprocessed sample of the polymeric portion.

Item 5. The thermoplastic elastomer tube as recited in item 4, wherein the molecular
weight of the polymeric portion is no greater than approximately 95% of the molecular weight
of the unprocessed sample of the polymeric portion, no greater than approximately 85% of the
molecular weight of the unprocessed sample of the polymeric portion, at least approximately
75% of the molecular weight of the unprocessed sample of the polymeric portion, at least
approximately 80% of the molecular weight of the unprocessed sample of the polymeric
portion, or at least approximately 90% of the molecular weight of the unprocessed sample of

the polymeric portion.

Item 6. The thermoplastic elastomer tube as recited in item 4 or 5, wherein the
molecular weight of the polymeric portion is no greater than approximately 275,000, no
greater than approximately 230,000, no greater than approximately 210,000, no greater than
approximately 190,000, no greater than approximately 175,000, at least approximately
120,000, at least approximately 135,000, at least approximately 150,000, or at least
approximately 165,000.

Item 7. The thermoplastic elastomer tube as recited in any one of items 4 to 6,
wherein the molecular weight of the unprocessed sample of the polymeric portion is no
greater than approximately 300,000, no greater than approximately 255,000, no greater than
approximately 210,000, no greater than approximately 180,000, at least approximately
150,000, at least approximately 165,000, at least approximately 175,000, or at least
approximately 185,000.

Item 8. The thermoplastic elastomer tube as recited in any one of items 4 to 7,

wherein the thermoplastic elastomer tube further comprises a polyolefin component.
Item 9. A thermoplastic elastomer tube comprising:

at least approximately 20 wt% of a thermoplastic elastomer component comprising

styrene; and

no greater than approximately 50 wt% of a polyolefin component;
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wherein the thermoplastic elastomer tube has a tensile strength of at least

approximately 1000 psi.
Item 10. An apparatus comprising:

a thermoplastic elastomer tube comprising at least approximately 20 wt% of a
thermoplastic elastomer component comprising styrene and no greater than approximately 50
wt% of a polyolefin component, wherein the thermoplastic elastomer tube has a tensile

strength of at least approximately 1000 psi; and
a pump to dispense fluid via the thermoplastic elastomer tube.

Item 11. The apparatus as recited in item 10, wherein the thermoplastic elastomer

tube and the pump comprise a medical device to provide the fluid to a patient.

Item 12. The thermoplastic elastomer tube or the apparatus as recited in any one of
items 9 to 11, wherein the tensile strength of the thermoplastic elastomer tube is no greater
than approximately 2150 psi, no greater than approximately 2100 psi, no greater than
approximately 1950 psi, no greater than approximately 1850 psi, at least approximately 1000
psi, at least approximately 1750 psi, at least approximately 1800 psi, or at least approximately
1900 psi.

Item 13. A process comprising:

providing a number of starting materials to a twin screw extruder, the starting

materials including a thermoplastic elastomer;

mixing the starting materials in the twin screw extruder to provide a twin screw

extruder output;
providing the twin screw extruder output to a pump; and
providing an output of the pump to a die to form a thermoplastic elastomer tube.

Item 14. The process as recited in item 13, further comprising heating the number of

starting materials in the twin screw extruder to form a melt.

Item 15. The process as recited in item 14, wherein a temperature of the melt is no

greater than approximately 230°C, no greater than approximately 205°C, no greater than
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approximately 195°C, no greater than approximately 190°C, no greater than approximately

185°C, or no greater than approximately 175°C, or no greater than approximately 160°C.

Item 16. The process as recited in any one of items 13 to 15, wherein a first portion of
the number of starting materials comprise solid materials, a second portion of the number of
starting materials comprise liquid materials, a third portion of the number of starting materials

comprise gaseous materials, or a combination thereof.

Item 17. The process as recited in any one of items 13 to 17, wherein a pressure at an
input of the die varies by no greater than approximately 10% from a specified input pressure,
no greater than approximately 8% from the specified input pressure, no greater than
approximately 6% from the specified input pressure, no greater than approximately 4% from
the specified input pressure, or no greater than approximately 2% from the specified input

pressure.

Item 18. The process as recited in any one of items 13 to 17, wherein the output of the

pump is provided to the die and mandrel via one or more filtering devices.

Item 19. The process as recited in any one of items 13 to 18, further comprising

cooling the thermoplastic elastomer tube.

Item 20. The process as recited in item 19, wherein the thermoplastic elastomer tube

is cooled after providing the output of the pump to the die.

Item 21. The process as recited in item 19 or 20, wherein the thermoplastic elastomer

tube is cooled via a water bath.

Item 22. The process as recited in item 21, wherein the water bath is disposed in a

vacuum tank, open to the atmosphere, or both.

Item 23. The process as recited in any one of items 13 to 22, further comprising
blending the starting materials before providing the starting materials to the twin screw

extruder.

Item 24. The process as recited in any one of items 13 to 23, wherein the twin screw

extruder is driven by a gear pump.
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Item 25. The process as recited in any one of items 13 to 24, wherein the pump is a

positive displacement pump.

Item 26. The process as recited in item 25, wherein the positive displacement pump is

a melt pump.

Item 27. The process as recited in any one of items 13 to 26, wherein the pump is a

single screw extruder.

Item 28. The process as recited in item 27, wherein the single screw extruder has a
ratio of length to diameter (/D) of no greater than approximately 24, no greater than

approximately 16, or no greater than approximately 8.

Item 29. The process as recited in any one of items 13 to 28, further comprising
providing one or more of the starting materials to the twin screw extruder via one or more

liquid injection pumps.

Item 30. The process as recited in item 13 to 29, further comprising providing one or
more of the starting materials to the twin screw extruder via one or more feeders coupled to

the twin screw extruder.

Item 31. The process as recited in any one of items 13 to 30, further comprising
providing at least a portion of the starting materials to the twin screw extruder via a side

feeder.

Item 32. The process as recited in any one of items 13 to 31, wherein the
thermoplastic elastomer tube comprises a thermoplastic elastomer component and a

polyolefin component.

Item 33. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of items 1 to 12 and 32, wherein the thermoplastic elastomer tube has a 100% elongation
modulus of no greater than approximately 510 psi, no greater than approximately 500 psi, no
greater than approximately 475 psi, no greater than approximately 450 psi, no greater than
approximately 430 psi, at least approximately 400 psi, at least approximately 425 psi, at least

approximately 460 psi, or at least approximately 470 psi.
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Item 34. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of items 1 to 12, 32, and 33, wherein the thermoplastic elastomer tube has a 300% elongation
modulus of no greater than approximately 700 psi, no greater than approximately 675 psi, no
greater than approximately 650 psi, no greater than approximately 625 psi, at least
approximately 600 psi, at least approximately 630 psi, at least approximately 660 psi, or at

least approximately 680 psi.

Item 35. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of items 1 to 12 and 32 to 34, wherein the thermoplastic elastomer tube has a Graves tear
strength of no greater than approximately 270 pli, no greater than approximately 260 pli, no
greater than approximately 235 pli, no greater than approximately 225 pli, at least
approximately 180 pli, at least approximately 200 pli, at least approximately 220 pli, or at
least approximately 250 pli.

Item 36. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of items 1 to 12 and 32 to 35, wherein the thermoplastic elastomer tube has a burst pressure of
no greater than approximately 100 psi, no greater than approximately 95 psi, no greater than
approximately 85 psi, no greater than approximately 75 psi, at least approximately 65 psi, at

least approximately 70 psi, at least approximately 80 psi, or at least approximately 90 psi.

Item 37. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of items 1 to 12 and 32 to 37, wherein the thermoplastic elastomer tube has an enthalpy of
mixing of no greater than approximately 21 J/g, no greater than approximately 20 J/g, no
greater than approximately 17.5 J/g, no greater than approximately 16 J/g, at least
approximately 15 J/g, at least approximately 16.5 J/g, at least approximately 18 J/g, or at least
approximately 19 J/g.

Item 38. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of items 1 to 12 and 32 to 37, wherein the thermoplastic elastomer tube has a shore A
hardness of no greater than approximately 80, no greater than approximately 75, no greater
than approximately 65, no greater than approximately 50, at least approximately 40, at least
approximately 45, at least approximately 55, at least approximately 60, or at least

approximately 70.
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Item 39. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of items 3, 8, 9 to 12, and 32 to 38, wherein the thermoplastic elastomer component includes a

mixture of a plurality of polymers.

Item 40. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of items 3, 8, 9 to 12, and 32 to 39, wherein the thermoplastic elastomer component includes a

co-polymer.

Item 41. The thermoplastic elastomer tube, apparatus, or process as recited in item 40,

wherein the co-polymer comprises a block co-polymer.

Item 42. The thermoplastic elastomer tube, apparatus, or process as recited in item 41,
wherein the block co-polymer comprises a mixture of a plurality of formulations of block-co-

polymers containing styrene.

Item 43. The thermoplastic elastomer tube, apparatus, or process as recited in item 41
or 42, wherein the block co-polymer is selected from a group containing a styrene-butadiene-
styrene block co-polymer, a styrene-isoprene-styrene block co-polymer, a styrene-
isoprene/butadiene-styrene block co-polymer, a hydrogenated block co-polymer, or

combinations thereof.

Item 44. The thermoplastic elastomer tube, apparatus, or process as recited in item 43,
wherein the hydrogenated block co-polymer includes a styrene-ethylene-butylene-styrene
(SEBS) block co-polymer, a styrene-ethylene-propylene-styrene (SEPS) block co-polymer, a
styrene-ethylene-ethylene/propylene-styrene (SEEPS) block co-polymer, or a combination

thereof.

Item 45. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of items 3, 8, 9 to 12, and 32 to 42, wherein the thermoplastic elastomer component is
selected from a group containing a polyether-ester block co-polymer, a thermoplastic
polyamide elastomer, a thermoplastic polyurethane elastomer, a thermoplastic polyolefin
elastomer, a thermoplastic vulcanizate, a polyolefin plastomer, an olefin-based co-polymer, an

olefin-based ter-polymer, or combinations thereof.

Item 46. The thermoplastic elastomer tube, apparatus, or process as recited in any one

of items 3, 8, 9 to 12, and 32 to 45, wherein the thermoplastic elastomer tube comprises no
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greater than approximately 60 wt% of the thermoplastic elastomer component, no greater than
approximately 55 wt% of the thermoplastic elastomer component, no greater than
approximately 40 wt% of the thermoplastic elastomer component, at least approximately 25
wt% of the thermoplastic elastomer component, at least approximately 30 wt% of the
thermoplastic elastomer component, or at least approximately 45 wt% of the thermoplastic

clastomer component.

Item 47. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of items 3, 8, 9 to 12, and 32 to 46, wherein the thermoplastic elastomer tube comprises no
greater than approximately 45 wt% of the polyolefin component, no greater than
approximately 40 wt% of the polyolefin component, no greater than approximately 35 wt% of
the polyolefin component, no greater than approximately 25 wt% of the polyolefin
component, at least approximately 10 wt% of the polyolefin component, at least
approximately 15 wt% of the polyolefin component, at least approximately 20% of the

polyolefin component, or at least approximately 30 wt% of the polyolefin component.

Item 48. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of items 3, 8, 9 to 12, and 32 to 47, wherein the polyolefin component includes a mixture of a

plurality of formulations of polyolefins.

Item 49. The thermoplastic elastomer tube, apparatus, or process as recited in any one

of items 3, 8, 9 to 12, and 32 to 48, wherein the polyolefin component includes a

polypropylene.

Item 50. The thermoplastic elastomer tube, apparatus, or process as recited in any one

of the preceding items, wherein the thermoplastic elastomer tube includes a plasticizer.

Item 51. The thermoplastic elastomer tube, apparatus, or process as recited in item 50,

wherein the plasticizer is mineral oil.

Item 52. The thermoplastic elastomer tube, apparatus, or process as recited in item 51,
wherein the thermoplastic elastomer tube includes no greater than approximately 70 wt%
mineral oil, no greater than approximately 60 wt% mineral oil, no greater than approximately
45 wt% mineral oil, no greater than approximately 35 wt% mineral oil, at least approximately
20 wt% mineral oil, at least approximately 40 wt% mineral oil, or at least approximately 50

wt% mineral oil.
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Item 53. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of the preceding items, wherein the thermoplastic elastomer tube includes one or more

additives.

Item 54. The thermoplastic elastomer tube, apparatus, or process as recited in item 53,
wherein the one or more additives are selected from a group containing a silicone modifier, a
stabilizer, a curing agent, a lubricant, a colorant, a filler, a blowing agent, an additional

polymer, or any combination thereof.

Item 55. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of the preceding items, wherein the thermoplastic elastomer tube includes a hollow body

having an inner bore and having an inner diameter, an outer diameter, and a length.

Item 56. The thermoplastic elastomer tube, apparatus, or process as recited in item 55,
wherein the inner diameter is no greater than approximately 25 mm, no greater than
approximately 20 mm, no greater than approximately 10 mm, at least approximately 0.5 mm,

at least approximately 5 mm, or at least approximately 15 mm.

Item 57. The thermoplastic elastomer tube, apparatus, or process as recited in item 55
or 56, wherein the outer diameter is no greater than approximately 40 mm, no greater than
approximately 30 mm, no greater than approximately 25 mm, no greater than approximately
10 mm, at least approximately 5 mm, at least approximately 15 mm, or at least approximately

20 mm.

Item 58. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of items 55 to 57, wherein the thermoplastic elastomer tube has a wall thickness of no greater
than approximately 17 mm, no greater than approximately 15 mm, no greater than
approximately 12 mm, no greater than approximately 10 mm, at least approximately 0.5 mm,

at least approximately 2 mm, at least approximately 5 mm, or at least approximately 7 mm.

Item 59. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of items 55 to 58, wherein the length of the thermoplastic elastomer tube is no greater than
approximately 100 cm, no greater than approximately 80 cm, no greater than approximately
65 cm, no greater than approximately 55 cm, at least approximately 5 cm, at least

approximately 25 cm, at least approximately 35 cm, or at least approximately 45 cm.
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Item 60. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of the preceding items, wherein the thermoplastic elastomer tube is formed from
thermoplastic elastomer tubing having a length of no greater than approximately 800 m, no
greater than approximately 650 m, no greater than approximately 400 m, no greater than
approximately 200 m, no greater than approximately 75 m, at least approximately 10 m, at
least approximately 35 m, at least approximately 50 m, at least approximately 125 m, at least

approximately 350 m, or at least approximately 500 m.

Item 61. The thermoplastic elastomer tube, apparatus, or process as recited in any one

of the preceding items, wherein the thermoplastic elastomer tube has a plurality of layers.
Item 62. Thermoplastic elastomer tubing comprising:
a hollow body having an inner diameter, an outer diameter, and a length;
a thermoplastic elastomer component disposed within a matrix; and

wherein a standard deviation of the outer diameter is no greater than approximately

1.5% of an average outer diameter of the hollow body over the length.

Item 63. The thermoplastic elastomer tubing as recited in item 62, wherein the length
is no greater than approximately 50 m, no greater than approximately 30 m, no greater than
approximately 30 m, at least approximately 10 m, at least approximately 15 m, at least

approximately 25 m, or at least approximately 40 m.

The concepts described herein will be further described in the following examples,

which do not limit the scope of the disclosure described in the claims.

EXAMPLES

Example 1

Thermoplastic elastomer tubing is formed according to a process described in
embodiments herein. In particular, a mixture including approximately 18 wt% to
approximately 20 wt% polypropylene, approximately 35.5 wt% to 37.5 wt% of a styrene-
ethylene-butadiene-styrene block co-polymer, approximately 42.5 wt% to approximately 45
wt % mineral oil, with the remainder being additives, such as a silicone modifier, is directly

added to a twin screw extruder. The mixture is mixed and heated in the twin screw extruder
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to form a melt. The temperature profile of the twin screw extruder includes temperatures
within a range of approximately 150°C to approximately 180°C. The maximum temperature
of the melt within the twin screw extruder is within a range of approximately 168°C to
approximately 173°C. In addition, the twin screw extruder is operated at a speed within a
range of approximately 490 rotations per minute (rpm) to approximately 510 rpm at a torque
within a range of approximately 37% to approximately 41%. The melt passes from the twin
screw extruder to a gear pump via one or more filter devices. The speed of the gear pump is
within a range of approximately 19 rpm to approximately 21 rpm. The melt is then extruded
and cooled in a water bath. The output rate of the melt from the gear pump to the die and
mandrel is within a range of approximately 18 Ibs./hr. to approximately 22 lbs./hr. Physical

properties are measured according to techniques described herein.

Example 2

Thermoplastic elastomer tubing is formed according to a process described in
embodiments herein. In particular, a mixture including approximately 19 wt% to
approximately 21 wt% polypropylene, approximately 34 wt% to 36 wt% of a styrene-
ethylene-butadiene-styrene block co-polymer, approximately 44 wt% to approximately 46 wt
% mineral oil, with the remainder being additives, such as a silicone modifier, is directly
added to a twin screw extruder. The mixture is mixed and heated in the twin screw extruder
to form a melt. The temperature profile of the twin screw extruder includes temperatures
within a range of approximately 150°C to approximately 180°C. The maximum temperature
of the melt within the twin screw extruder is within a range of approximately 168°C to
approximately 173°C. In addition, the twin screw extruder is operated at a speed within a
range of approximately 490 rotations per minute (rpm) to approximately 510 rpm at a torque
within a range of approximately 32% to approximately 36%. The melt passes from the twin
screw extruder to a gear pump via one or more filter devices. The speed of the gear pump is
within a range of approximately 19 rpm to approximately 21 rpm. The melt is then extruded
and cooled in a water bath. The output rate of the melt from the gear pump to the die and
mandrel is within a range of approximately 18 Ibs./hr. to approximately 22 lbs./hr. Physical

properties are measured according to techniques described herein.

Comparative Example 1
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Thermoplastic elastomer tubing is formed according to a process described in
embodiments herein. In particular, a mixture having the same composition as Example 1 is
used to form tubing according to a conventional process where the mixture is ribbon blended,
mixed and melted using a twin screw extruder and pelletized. The pellets are then melted
again in a twin screw extruder and subsequently pelletized. The speed of the twin screw
extruder is within a range of approximately 590 rpm to approximately 610 rpm at a torque
within a range of approximately 44% to approximately 48%. The temperature profile of the
twin screw extruder includes temperatures within a range of approximately 160°C to
approximately 190°C with a maximum melt temperature within a range of approximately
215°C to approximately 220°C. The output rate from the twin screw extruder is within a
range of approximately 290 1bs./hr. to approximately 310 lbs./hr. The second group of pellets
is added to a single screw extruder, melted, and then extruded to form tubing. The single
screw extruder is operated at a speed within a range of approximately 96 rpm to
approximately 103 rpm at a torque within a range of approximately 30% to approximately
34%. The temperature profile of the single screw extruder includes temperatures within a
range of approximately 160°C to approximately 190°C with a maximum melt temperature
within a range of approximately 190°C to approximately 194°C. The output rate from the
single screw extruder depends on the dimensions of the tubing being formed. Physical

properties are measured according to techniques described herein.

Table 1 includes physical properties for example 1 tubing and comparative example 1
tubing. The physical properties of example 1 tubing are improved over those of comparative
example 1 tubing. For example, the 100% modulus of the example 1 tubing is improved by
approximately 22% from the 100% modulus of the comparative example 1 tubing and the
300% modulus of the example 1 tubing is improved by approximately 21% over the 300%
modulus of the comparative example 1 tubing. In addition, the tensile strength of the example
1 tubing is improved by approximately 140% over the tensile strength of the comparative
example 1 tubing and the Graves tear strength of the example 1 tubing is improved by
approximately 25% over the Graves tear strength of the comparative example 1 tubing.
Further, the burst pressure of the example 1 tubing is improved by approximately 25% over
the burst pressure of the comparative example 1 tubing. Ultimate elongation of the tubing of
example 1 is also improved over the ultimate elongation of the tubing of comparative example

1 by approximately 14%.
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Table 1
Break Graves Burst Ultimate
100% 300%
Shore A Strength Tear Pressure | Elongation
Hard Modulus | Modulus (psi) St h (psi) %
ardness si reng si o
(psi) (psi)
(psi)
Ex. 1 58 452 655 1981 225 80-83 820
Comp.
56 369 539 821 179 63-64 722
Ex. 1
Improve
-ment - 22 21 140 25 25 14
(%)

Table 2 includes a measurement of the molecular weight of the styrene block co-

5  polymer of example 1 tubing and a measurement of the molecular weight of the styrene block
co-polymer of comparative example 1 tubing. Table 2 also includes a measurement of the
molecular weight of an unprocessed sample of the styrene block co-polymer used to make the
example 1 tubing and the comparative example 1 tubing. The molecular weight of the
example 1 tubing is higher than that of the comparative example 1 tubing indicating decreased

10 scission of the chains of the styrene block co-polymer.

Table 2
Sample Molecular Weight
Unprocessed
181,313
Sample
Example 1 163,887
Comparative
119,835
Example 1

Table 3 includes values for enthalpy of mixing for example 1 tubing and example 2

tubing. The enthalpy of mixing for the example 1 tubing is higher than that of the
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comparative example 1 tubing indicating a higher degree of crystallinity for the example 1
tubing and also indicates that the process used to make the example 1 tubing is less

degradative than the process used to make the comparative example 1 tubing.

Table 3
Sample Enthalpy of Melting (J/
Example 1 17.7
Comparative
14.9
Example 1

FIG. 4 is an image of a portion of a thermoplastic elastomer tube formed by a
conventional process. In particular, FIG. 4 is an atomic force microscopy (AFM) image of a
portion of the comparative example 1 tubing. In addition, FIG. 5 is an image of a portion of a
first thermoplastic elastomer tube formed according to embodiments described herein. In
particular, FIG. 5 is an AFM image of a portion of the example 1 tubing. Further, FIG. 6 is an
image of a second thermoplastic elastomer tube formed according to embodiments described

herein. In particular, FIG. 6 is an AFM image of a portion of the example 2 tubing.

FIG. 4 illustrates increased miscibility between domains of the thermoplastic
elastomer component (dark colored areas, such as domains 402, 502, 602) and the polyolefin
component (light colored areas, such as domains 404, 504, 604) as compared to the domains
of thermoplastic elastomer components and the polyolefin components of FIG. 5 and FIG. 6.
Additionally, the purity of the polyolefin component of the comparative example 1 sample
illustrated in FIG. 4 is lower than that of the polyolefin component of the example 1 sample
and the example 2 sample in FIG. 5 and FIG. 6, respectively, as indicated by the darker
coloring of the domains 404 in relation to the domains 504 and 604. Furthermore, the
domains 502 and 602 of the thermoplastic elastomer components of FIG. 5 and FIG. 6 are
more spherical in shape and have increased size when compared with the domains 402 of the

thermoplastic elastomer component in FIG. 4.

Note that not all of the activities described above in the general description or the

examples are required, that a portion of a specific activity may not be required, and that one or
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more further activities may be performed in addition to those described. Still further, the

order in which activities are listed is not necessarily the order in which they are performed.

Benefits, other advantages, and solutions to problems have been described above with
regard to specific embodiments. However, the benefits, advantages, solutions to problems,
and any feature(s) that may cause any benefit, advantage, or solution to occur or become more
pronounced are not to be construed as a critical, required, or essential feature of any or all the

claims.

The specification and illustrations of the embodiments described herein are intended to
provide a general understanding of the structure of the various embodiments. The
specification and illustrations are not intended to serve as an exhaustive and comprehensive
description of all of the elements and features of apparatus and systems that use the structures
or methods described herein. Separate embodiments may also be provided in combination in
a single embodiment, and conversely, various features that are, for brevity, described in the
context of a single embodiment, may also be provided separately or in any subcombination.
Further, reference to values stated in ranges includes each and every value within that range.
Many other embodiments may be apparent to skilled artisans only after reading this
specification. Other embodiments may be used and derived from the disclosure, such that a
structural substitution, logical substitution, or another change may be made without departing
from the scope of the disclosure. Accordingly, the disclosure is to be regarded as illustrative

rather than restrictive.
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WHAT IS CLAIMED IS:

1. A thermoplastic elastomer tube comprising:

a thermoplastic elastomer component disposed within a matrix,
wherein the thermoplastic elastomer component is disposed within the matrix
in a thermoplastic elastomer phase having a number of domains, and wherein
at least approximately 50% of the domains of the thermoplastic elastomer

component have an aspect ratio of no greater than approximately 1.5.

2. The thermoplastic elastomer tube as recited in claim 1, wherein the aspect
ratio is no greater than approximately 1.4, no greater than approximately 1.2, no
greater than approximately 0.9, at least approximately 0.5, at least approximately 0.8,

or at least approximately 1.3.

3. The thermoplastic elastomer tube as recited in any one of the preceding
claims, wherein the matrix includes a polyolefin phase having a number of domains of
a polyolefin component, wherein at least approximately 50% of the domains of the

polyolefin component have an aspect ratio of no greater than approximately 1.5.

4. A thermoplastic elastomer tube comprising:
a thermoplastic elastomer component including at least a polymeric
portion, wherein a molecular weight of the polymeric portion is at least
approximately 70% of a molecular weight of an unprocessed sample of the

polymeric portion.

5. The thermoplastic elastomer tube as recited in claim 4, wherein the molecular
weight of the polymeric portion is no greater than approximately 95% of the
molecular weight of the unprocessed sample of the polymeric portion, no greater than
approximately 85% of the molecular weight of the unprocessed sample of the
polymeric portion, at least approximately 75% of the molecular weight of the
unprocessed sample of the polymeric portion, at least approximately 80% of the
molecular weight of the unprocessed sample of the polymeric portion, or at least
approximately 90% of the molecular weight of the unprocessed sample of the

polymeric portion.
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6. The thermoplastic elastomer tube as recited in claim 4 or 5, wherein the
molecular weight of the polymeric portion is no greater than approximately 275,000,
no greater than approximately 230,000, no greater than approximately 210,000, no
greater than approximately 190,000, no greater than approximately 175,000, at least
approximately 120,000, at least approximately 135,000, at least approximately
150,000, or at least approximately 165,000.

7. The thermoplastic elastomer tube as recited in any one of claims 4 to 6,
wherein the molecular weight of the unprocessed sample of the polymeric portion is
no greater than approximately 300,000, no greater than approximately 255,000, no
greater than approximately 210,000, no greater than approximately 180,000, at least
approximately 150,000, at least approximately 165,000, at least approximately
175,000, or at least approximately 185,000.

8. The thermoplastic elastomer tube as recited in any one of claims 4 to 7,

wherein the thermoplastic elastomer tube further comprises a polyolefin component.

9. A thermoplastic elastomer tube comprising:
at least approximately 20 wt% of a thermoplastic elastomer component
comprising styrene; and
no greater than approximately 50 wt% of a polyolefin component;
wherein the thermoplastic elastomer tube has a tensile strength of at

least approximately 1000 psi.

10. An apparatus comprising:

a thermoplastic elastomer tube comprising at least approximately 20
wt% of a thermoplastic elastomer component comprising styrene and no
greater than approximately 50 wt% of a polyolefin component, wherein the
thermoplastic elastomer tube has a tensile strength of at least approximately
1000 psi; and

a pump to dispense fluid via the thermoplastic elastomer tube.
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11. The apparatus as recited in claim 10, wherein the thermoplastic elastomer tube

and the pump comprise a medical device to provide the fluid to a patient.

12. The thermoplastic elastomer tube or the apparatus as recited in any one of
claims 9 to 11, wherein the tensile strength of the thermoplastic elastomer tube is no
greater than approximately 2150 psi, no greater than approximately 2100 psi, no
greater than approximately 1950 psi, no greater than approximately 1850 psi, at least
approximately 1000 psi, at least approximately 1750 psi, at least approximately 1800

psi, or at least approximately 1900 psi.

13. A process comprising:
providing a number of starting materials to a twin screw extruder, the
starting materials including a thermoplastic elastomer;
mixing the starting materials in the twin screw extruder to provide a
twin screw extruder output;
providing the twin screw extruder output to a pump; and
providing an output of the pump to a die to form a thermoplastic

elastomer tube.

14. The process as recited in claim 13, further comprising heating the number of

starting materials in the twin screw extruder to form a melt.

15. The process as recited in claim 14, wherein a temperature of the melt is no
greater than approximately 230°C, no greater than approximately 205°C, no greater
than approximately 195°C, no greater than approximately 190°C, no greater than
approximately 185°C, or no greater than approximately 175°C, or no greater than

approximately 160°C.

16. The process as recited in any one of claims 13 to 15, wherein a first portion of
the number of starting materials comprise solid materials, a second portion of the
number of starting materials comprise liquid materials, a third portion of the number

of starting materials comprise gaseous materials, or a combination thereof.
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17. The process as recited in any one of claims 13 to 17, wherein a pressure at an
input of the die varies by no greater than approximately 10% from a specified input
pressure, no greater than approximately 8% from the specified input pressure, no
greater than approximately 6% from the specified input pressure, no greater than
approximately 4% from the specified input pressure, or no greater than approximately

2% from the specified input pressure.

18. The process as recited in any one of claims 13 to 17, wherein the output of the

pump is provided to the die and mandrel via one or more filtering devices.

19. The process as recited in any one of claims 13 to 18, further comprising

cooling the thermoplastic elastomer tube.

20. The process as recited in claim 19, wherein the thermoplastic elastomer tube is

cooled after providing the output of the pump to the die.

21. The process as recited in claim 19 or 20, wherein the thermoplastic elastomer

tube is cooled via a water bath.

22. The process as recited in claim 21, wherein the water bath is disposed in a

vacuum tank, open to the atmosphere, or both.
23. The process as recited in any one of claims 13 to 22, further comprising
blending the starting materials before providing the starting materials to the twin

screw extruder.

24, The process as recited in any one of claims 13 to 23, wherein the twin screw

extruder is driven by a gear pump.

25. The process as recited in any one of claims 13 to 24, wherein the pump is a

positive displacement pump.
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26. The process as recited in claim 25, wherein the positive displacement pump is

a melt pump.

27. The process as recited in any one of claims 13 to 26, wherein the pump is a

single screw extruder.

28. The process as recited in claim 27, wherein the single screw extruder has a
ratio of length to diameter (I/D) of no greater than approximately 24, no greater than

approximately 16, or no greater than approximately 8.

29. The process as recited in any one of claims 13 to 28, further comprising
providing one or more of the starting materials to the twin screw extruder via one or

more liquid injection pumps.

30. The process as recited in claim 13 to 29, further comprising providing one or
more of the starting materials to the twin screw extruder via one or more feeders

coupled to the twin screw extruder.

31. The process as recited in any one of claims 13 to 30, further comprising
providing at least a portion of the starting materials to the twin screw extruder via a

side feeder.

32. The process as recited in any one of claims 13 to 31, wherein the
thermoplastic elastomer tube comprises a thermoplastic elastomer component and a

polyolefin component.

33. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of claims 1 to 12 and 32, wherein the thermoplastic elastomer tube has a 100%
elongation modulus of no greater than approximately 510 psi, no greater than
approximately 500 psi, no greater than approximately 475 psi, no greater than
approximately 450 psi, no greater than approximately 430 psi, at least approximately
400 psi, at least approximately 425 psi, at least approximately 460 psi, or at least
approximately 470 psi.
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34. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of claims 1 to 12, 32, and 33, wherein the thermoplastic elastomer tube has a 300%
elongation modulus of no greater than approximately 700 psi, no greater than
approximately 675 psi, no greater than approximately 650 psi, no greater than
approximately 625 psi, at least approximately 600 psi, at least approximately 630 psi,

at least approximately 660 psi, or at least approximately 680 psi.

35. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of claims 1 to 12 and 32 to 34, wherein the thermoplastic elastomer tube has a Graves
tear strength of no greater than approximately 270 pli, no greater than approximately
260 pli, no greater than approximately 235 pli, no greater than approximately 225 pli,
at least approximately 180 pli, at least approximately 200 pli, at least approximately

220 pli, or at least approximately 250 pli.

36. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of claims 1 to 12 and 32 to 35, wherein the thermoplastic elastomer tube has a burst
pressure of no greater than approximately 100 psi, no greater than approximately 95
psi, no greater than approximately 85 psi, no greater than approximately 75 psi, at
least approximately 65 psi, at least approximately 70 psi, at least approximately 80

psi, or at least approximately 90 psi.

37. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of claims 1 to 12 and 32 to 37, wherein the thermoplastic elastomer tube has an
enthalpy of mixing of no greater than approximately 21 J/g, no greater than
approximately 20 J/g, no greater than approximately 17.5 J/g, no greater than
approximately 16 J/g, at least approximately 15 J/g, at least approximately 16.5 J/g, at
least approximately 18 J/g, or at least approximately 19 J/g.
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38. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of claims 1 to 12 and 32 to 37, wherein the thermoplastic elastomer tube has a shore A
hardness of no greater than approximately 80, no greater than approximately 75, no
greater than approximately 65, no greater than approximately 50, at least
approximately 40, at least approximately 45, at least approximately 55, at least

approximately 60, or at least approximately 70.

39. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of claims 3, 8, 9 to 12, and 32 to 38, wherein the thermoplastic elastomer component

includes a mixture of a plurality of polymers.

40. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of claims 3, 8, 9 to 12, and 32 to 39, wherein the thermoplastic elastomer component

includes a co-polymer.

41. The thermoplastic elastomer tube, apparatus, or process as recited in claim 40,

wherein the co-polymer comprises a block co-polymer.

42. The thermoplastic elastomer tube, apparatus, or process as recited in claim 41,
wherein the block co-polymer comprises a mixture of a plurality of formulations of

block-co-polymers containing styrene.

43. The thermoplastic elastomer tube, apparatus, or process as recited in claim 41
or 42, wherein the block co-polymer is selected from a group containing a styrene-
butadiene-styrene block co-polymer, a styrene-isoprene-styrene block co-polymer, a
styrene-isoprene/butadiene-styrene block co-polymer, a hydrogenated block co-

polymer, or combinations thereof.

44, The thermoplastic elastomer tube, apparatus, or process as recited in claim 43,
wherein the hydrogenated block co-polymer includes a styrene-ethylene-butylene-
styrene (SEBS) block co-polymer, a styrene-ethylene-propylene-styrene (SEPS) block
co-polymer, a styrene-ethylene-ethylene/propylene-styrene (SEEPS) block co-

polymer, or a combination thereof.
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45. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of claims 3, 8, 9 to 12, and 32 to 42, wherein the thermoplastic elastomer component
is selected from a group containing a polyether-ester block co-polymer, a
thermoplastic polyamide elastomer, a thermoplastic polyurethane elastomer, a
thermoplastic polyolefin elastomer, a thermoplastic vulcanizate, a polyolefin
plastomer, an olefin-based co-polymer, an olefin-based ter-polymer, a flexible

polyvinylchloride, or combinations thereof.

46. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of claims 3, 8, 9 to 12, and 32 to 45, wherein the thermoplastic elastomer tube
comprises no greater than approximately 60 wt% of the thermoplastic elastomer
component, no greater than approximately 55 wt% of the thermoplastic elastomer
component, no greater than approximately 40 wt% of the thermoplastic elastomer
component, at least approximately 25 wt% of the thermoplastic elastomer component,
at least approximately 30 wt% of the thermoplastic elastomer component, or at least

approximately 45 wt% of the thermoplastic elastomer component.

47. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of claims 3, 8, 9 to 12, and 32 to 46, wherein the thermoplastic elastomer tube
comprises no greater than approximately 45 wt% of the polyolefin component, no
greater than approximately 40 wt% of the polyolefin component, no greater than
approximately 35 wt% of the polyolefin component, no greater than approximately 25
wt% of the polyolefin component, at least approximately 10 wt% of the polyolefin
component, at least approximately 15 wt% of the polyolefin component, at least
approximately 20% of the polyolefin component, or at least approximately 30 wt% of

the polyolefin component.
48. The thermoplastic elastomer tube, apparatus, or process as recited in any one

of claims 3, 8, 9 to 12, and 32 to 47, wherein the polyolefin component includes a

mixture of a plurality of formulations of polyolefins.

-39 -



WO 2013/184517 PCT/US2013/043715

49. The thermoplastic elastomer tube, apparatus, or process as recited in any one

of claims 3, 8, 9 to 12, and 32 to 48, wherein the polyolefin component includes a

polypropylene.

50. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of the preceding claims, wherein the thermoplastic elastomer tube includes a

plasticizer.

51. The thermoplastic elastomer tube, apparatus, or process as recited in claim 50,

wherein the plasticizer is mineral oil.

52. The thermoplastic elastomer tube, apparatus, or process as recited in claim 51,
wherein the thermoplastic elastomer tube includes no greater than approximately 70
wt% mineral oil, no greater than approximately 60 wt% mineral oil, no greater than
approximately 45 wt% mineral oil, no greater than approximately 35 wt% mineral oil,
at least approximately 20 wt% mineral oil, at least approximately 40 wt% mineral oil,

or at least approximately 50 wt% mineral oil.

53. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of the preceding claims, wherein the thermoplastic elastomer tube includes one or

more additives.

54. The thermoplastic elastomer tube, apparatus, or process as recited in claim 53,
wherein the one or more additives are selected from a group containing a silicone
modifier, a stabilizer, a curing agent, a lubricant, a colorant, a filler, a blowing agent,

an additional polymer, or any combination thereof.

55. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of the preceding claims, wherein the thermoplastic elastomer tube includes a hollow
body having an inner bore and having an inner diameter, an outer diameter, and a

length.
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56. The thermoplastic elastomer tube, apparatus, or process as recited in claim 55,
wherein the inner diameter is no greater than approximately 25 mm, no greater than
approximately 20 mm, no greater than approximately 10 mm, at least approximately

0.5 mm, at least approximately 5 mm, or at least approximately 15 mm.

57. The thermoplastic elastomer tube, apparatus, or process as recited in claim 55
or 56, wherein the outer diameter is no greater than approximately 40 mm, no greater
than approximately 30 mm, no greater than approximately 25 mm, no greater than
approximately 10 mm, at least approximately 5 mm, at least approximately 15 mm, or

at least approximately 20 mm.

58. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of claims 55 to 57, wherein the thermoplastic elastomer tube has a wall thickness of
no greater than approximately 17 mm, no greater than approximately 15 mm, no
greater than approximately 12 mm, no greater than approximately 10 mm, at least
approximately 0.5 mm, at least approximately 2 mm, at least approximately 5 mm, or

at least approximately 7 mm.

59. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of claims 55 to 58, wherein the length of the thermoplastic elastomer tube is no
greater than approximately 100 cm, no greater than approximately 80 cm, no greater
than approximately 65 cm, no greater than approximately 55 cm, at least
approximately 5 cm, at least approximately 25 cm, at least approximately 35 cm, or at

least approximately 45 cm.

60. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of the preceding claims, wherein the thermoplastic elastomer tube is formed from
thermoplastic elastomer tubing having a length of no greater than approximately 800
m, no greater than approximately 650 m, no greater than approximately 400 m, no
greater than approximately 200 m, no greater than approximately 75 m, at least
approximately 10 m, at least approximately 35 m, at least approximately 50 m, at least

approximately 125 m, at least approximately 350 m, or at least approximately 500 m.
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61. The thermoplastic elastomer tube, apparatus, or process as recited in any one
of the preceding claims, wherein the thermoplastic elastomer tube has a plurality of

layers.

62. Thermoplastic elastomer tubing comprising:

a hollow body having an inner diameter, an outer diameter, and a length;

a thermoplastic elastomer component disposed within a matrix; and
wherein a standard deviation of the outer diameter is no greater than approximately

1.5% of an average outer diameter of the hollow body over the length.

63. The thermoplastic elastomer tubing as recited in claim 62, wherein the length
is no greater than approximately 50 m, no greater than approximately 30 m, no greater
than approximately 30 m, at least approximately 10 m, at least approximately 15 m, at

least approximately 25 m, or at least approximately 40 m.
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