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Description

Title of the Invention:

Heat shrink tube and Method for Producing Same

Technical Field
[0001]

This invention relates to a heat shrink tube, which
comprises a fluororesin, excels in peelability., and has a high
thermal (heat) shrinkage rate and high transparency, and a

method for producing the heat shrink tube.

Background Art
[0002]

Fluororesins are excellent, for example, in chemical
stability, heat resistance and mold release characteristics as
compared with other plastics. Thus, heat shrink tubes made of
fluorbresins are used as protective and insulating heat shrink
tubes in various fields including foods, medicine,
pharmaceutics, chemistry, and analytical instruments.

[0003]

Among uses as general heat shrink tubes for protective
and insulating purposes are uses involving processing of
products in which the heat shrink tube is once coated, if
required, and then only the heat shrink tube is peeled off.

They include, for example, uses in which electric wires,
tubes, etc. having a multilayer structure including a
protective layer for a blade or the like, or having a
heteromorphic structure, are coated with the heat Shrink tube,
and the interior members are molded or heat-welded, whereafter
the heat shrink tube is removed.

In addition to the excellent properties characteristic
of fluororesins, the excellent property of the tube beingeasily
peeled and strippable by hand, namely, peelability, is required

of such uses.
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[0004]

Patent Document 1 describes a peelable tube comprising
a mixture of a plurality of thermoplastic fluororesins
containing different types of fluororesins.
[0005]

Patent Document 2 and Patent Document 3 show heat shrink
tubes having peelability. These documents describe that

fluororesins used therein are characterized by fulfilling the

- change amount of loss energy as specially defined; comprising

a mixture of a plurality of fluororesins of different types;
and containing a fluororesin accounting for a main proportion
in the mixture (i.e., a main fluororesin), the main fluororesin
being a polymer composed of at least three types of monomers,
the polymer being a copolymer containing at least
tetrafluoroethylene (TFE) and hexafluoropropylene (HFP) as its
constituent monomers.

[0006]

The heat shrink tubes of Patent Documents 2 and 3, however,
tend to be excellent in peelability, but are decreased in
shrinkage rate, as the amounts added of the fluororesins other
than the main fluororesin increase. Depending on the uses théy
are put to, therefore, the amount of their heat shrinkage is
insufficient, and they fail to fulfill the roles of heat shrink
tubes, so that further improvements are required of them.
[0007]

The present inventors have also found that the heat shrink
tubes described in Patent Documents 1 to 3 show a tendency toward
better peelability with increases in the amounts of the other
fluororesins added, but pose the problem of decreased
transparency such that they become cloudy, making it difficult
to confirm the state of the underlying material through the

heat-shrunk tube.

Prior Art Documents

Patent Documents
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[0008]
Patent Document 1: Japanese Patent No. 4968823
Patent Document 2: Japanese Patent No. 5518268
Patent Document 3: JP-A-2014-129883

Summary of the Invention
Problems to be solved by the invention
[0009]

It is an object of the present invention to provide a heat
shrink tube having the peelability of the publicly known heat
shrink tubes and, in addition, improved in heat shrinkage rate,

and excellent in transparency as well.

Means for solving the problems
[0010]

The present invention provides a peelable heat shrink
tube comprising a composition containing a melt-processable
fluororesin and PTFE having no heat history of a melting point
or higher after polymerization and having a specific gravity,
as measured according to ASTM D4894, of 2.20 or less, wherein
the content of the PTFE is 0.05 to 3.0 wt% based on the total
weight of the melt-processable fluororesin and the PTFE.
[0011]

The present invention provides a peelable heat shrink
tube which is obtained by forming a composition at a temperature
lower than the melting point of PTFE, wherein the composition
contains a melt-processable fluororesin and the PTFE, the PTFE
lacking a heat history of the melting point or higher after
polymerization and having a specific gravity, as measured
according to ASTM D4894, of 2.20 or less, the content of the
PTFE being 0.05 to 3.0 wt% based on the total weight of the
melt-processable fluororesin and the PTFE.

[0012]
The heat shrink tube having a heat shrinkage rate of 40%

or more is a preferred aspect of the present invention.
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[0013] ,

The heat shrink tube having transparency, that is, having
a transmittance, as measured in compliance with ASTM D1746 using
a transparency measuring instrument, of 80% or more is a
preferred aspect of the present invention.

[0014]

The present invention also provides a method for
producing a peelable heat shrink tube, comprising:
melt-extruding a composition at a temperature lower than the
melting point of PTFE, wherein the composition contains a or
melt-processable fluororesin and the PTFE, the PTFE lacking a
heat history of themelting point or higher after polymerization
and having a specific gravity, as measured according to ASTM
D4894, of 2.20 or less, the content of the PTFE being 0.05 to
3.0 wt% based on the total weight of the melt-processable
fluororesin and the PTFE.

[0015]

The method for producing the peelable heat shrink tube,
which comprises performingmelt extrusion under such conditions
that a drawdown ratio (DDR), as calculated from the following
equation, is 20 to 300

DDR = (Dp* - Di”)/(Do” - Dy°)

where Dp represents the inner diameter of a die, Dg

represents the outer diameter of a mandrel, D, represents

the outer diameter of the tube, and D, represents the inner
diameter of the tube

is a preferred aspect of the present invention.

[0016]

The method for producing the peelable heat shrink tube,
which comprises premixing the melt-processable fluororesin and
the PTFE, then melt-mixing the resulting mixture at a
temperature lower than the melting point of the PTFE to obtain
a pellet-shaped material containing the melt-processable
fluororesin and the PTFE, and further melt-extruding the

material at a temperature lower than the melting point of the
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PTFE, is a preferred aspect of the present invention.

Effects of the invention
[0017]

The hat shrink tube, and the method for producing it,
according to the present invention, can be expected to show the
following excellent effects:

(1) The peel strength of the tube in the longitudinal
direction can be lowered. Thus, the tube can be easily peeled
by hand, with a notch measuring several millimeters or so as
a starting point.

(2) The heat shrinkage rate is 40% or more. Thus, clamping
by the heat-shrunk tube is sufficiently ensured, a high work
efficiency is obtained, and the tube can be put to any type of
use.

(3) A peelable tube comprising PTFE and a small proportion
of a low molecular weight fluororesin is known (e.g., Japanese
Utility Model No. 2528627) . Comparedwith sucha publicly known
tube, the content of PTFE is so low that rupture, cracking, or
burst during diameter expansion of the tube does not occur. As
a result, a sufficient heat shrinkage rate can be ensured, with
peelability being maintained. That is, a heat shrink tube
excellent in both of peelability and heat shrinkage rate is
obtained.

(4) The content of PTFE is markedly low in comparison with
the conventional technologies. Thus, the transparency of the
heat-fusible resin is retained, and the state of the substrate
below the heat-shrunk tube is easy to confirm.

(5) According to the method for production of the present
invention,PTFEi81nﬁformlydispersedand,startingtherewith,
peelability is exhibited. Thus, a tube having stable

peelability over the continuous length is obtained.

Brief Description of the Drawings

[0018]
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[Fig. 1] is a photograph comparing the transparency of a heat
shrink tube obtained in Example 3 of the present invention.
[Fig. 2] is a photograph comparing the transparency of a heat
shrink tube obtained by a conventional technology (Example 1
of Patent Document 1).

[Fig. 3] is a view showing a typical tube extrusion die.

Mode for Carrying Out the Invention
[0019]

The peelable heat shrink tube of the present invention
is obtained by melt-forming a composition at a temperature below
the melting point of PTFE, the composition containing a
melt-processable fluororesin and the PTFE lacking a heat
history of the melting point or higher after polymerization and
having a specific gravity, as measured according to ASTM D4894,
of 2.20 or less.

The melt-forming technique is a forming method using a
publicly known extruder. With this method, the composition is
flowed in a molten state, whereby a formed product showing
sufficient strength and durability suitable for a predetermined
purpose, such as a film, fiber or tube, can be prepared from
a melt.

[0020]

Examples of the melt-processable fluororesin are
copolymers melting at a temperature of a melting point or above
to show fluidity. They include polymers or copolymers of
unsaturated fluorinated hydrocarbons, unsaturated fluorinated
chlorinated hydrocarbons, and ether group-containing
unsaturated fluorinated hydrocarbons, etc., or copolymers of
these unsaturated fluorinated hydrocarbons and ethylene.
Their concrete examples include copolymers of
tetrafluoroethylene and at least one monomer selected from
hexafluoropropylene, fluoroalkoxytrifluorocethylene
(preferably, perfluoroalkyl vinyl ether (hereinafter called

PAVE) ), chlorotrifluoroethylene, vinylidene fluoride, and
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vinyl fluoride; or copolymers of these monomers with ethylene.
More concrete examples include
tetrafluoroethylene-hexafluoropropylene copolymer
(hereinafter, FEP), tetrafluoroethylene-perfluorocalkyl vinyl
ether copolymer (hereinafter, PFA),
tetrafluoroethylene-ethylene copolymer (hereinafter, ETFE),
tetrafluoroethylene-hexafluoropropylene-vinylidene fluoride
copolymer (hereinafter, THV), and polyvinylidene
fluoride-polyvinylidene difluoride (hereinafter, PVDF).

Preferred examples of the melt-processable fluororesin,
from the viewpoint of transparency, include FEP composed two
monomers (i.e., a copolymer of TFE and HFP). Other examples
are mixtures of FEP with different melting points, and mixtures
of FEP and melt-processable fluororesins different from FEP.

The melt-processable fluororesins may be used alone, or
may be mixtures of two or more of them. Also available are
mixtures of at least two of the same type of copolymer different
in the type of comonomer, comonomer content, molecular weight
(weight average molecular weight or number average molecular
weight), molecular weight distribution, melting point, mélt
flow rate (MFR), or the like, or different in mechanical
properties. Their examples include mixtures of PFAs or FEPs.
Such melt-processable fluororesins can be produced by a
publicly known method such as solution polymerization, emulsion
polymerization, or suspension polymerization.

[0021]

The melt flow rate (MFR) of the melt-processable
fluororesin is preferably 1 to 100 g/10 min, more preferably
1 to 80 g/10 min, and further preferably 1 to 50 g/10 min. The
MFR is measured at a temperature of 372°C under a load of 5 kg
in accordance with ASTM D1238-95.

The MFR affects the degree of orientation of PTFE due to
its fiberization to be described later. The lower the MFR, the
higher the degree of orientation becomes, and there is a

tendency to obtain a tube better in peelability.
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The melting point of the melt-processable fluororesin is
not limited, as long as it is within a range where a tube can
be formed. However, it is 150°C or higher, preferably in the
range of 150 to 320°C.

The melting point of the melt-processable fluororesin is
lower than the melting point of PTFE and, for the purpose of
preventing compatibilization, is preferably different greatly
from the melting point of PTFE.

[0022]

An example of the PTFE is a polymer of tetrafluoroethylene
(TFE) alone, called a homopolymer of tetrafluoroethylene (PTFE),
or a copolymer of tetrafluoroethylene containing 1% or less of
a comonomer (i.e., modified PTFE). The melting point of the
PTFE immediately after polymerization is 336 to 343°C, depending
on the method of polymerization.

The polymerization method for the PTFE can be a publicly
known method such as solution polymerization, emulsion
polymerization, or suspension polymerization. The preferred
resulting PTFE is preferably a fine powder with an average
particle size of 300 to 600 pm obtained by coagulating and drying
a polymer latex produced by emulsion polymerization. '

Such PTFE does not exhibit melt formability, and is
present in a composition (or in pellets) in the state of polymer
particles which undergo orientation due to fiberization by a
shearing force and/or a stretching force during melt extrusion
of the tube.

The PTFE of the present invention is preferably PTFE
obtained as above which does not have a heat history of the
melting point or higher after polymerization and which has a
specific gravity, as measured according to ASTM D4894, of 2.20
or less.

[0023]

Heating the PTFE to the melting point or above after

polymerization is not preferred. This is because the molecular

chains of crystals of the PTFE arranged neatly are loosened by
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molecular relaxation, and the molecules are apt to be entangled
randomly, thus posing difficulty with fiberization. Another
reason is that the melting point of the PTFE is lowered, and
its difference from the melting point of the melt-processable
fluororesin tends to be small.

[0024]

Since the PTFE having no heat history of the melting point
or higher after polymerization and having a specific gravity
of 2.20 or less is high-molecular weight, it is easy to fiberize.
By using such PTFE, therefore, the PTFE is fiberized by a
shearing force and/or a stretching force during melt extrusion
for tube production, and orientation takes place in the
direction of tube extrusion, so that the resulting tube can
possess peelability.

[0025]

The content of the PTFE in the composition containing the
melt-processable fluororesin and the PTFE in the present
invention is 0.05 to 3.0 wt% based on the total weight of the
melt-processable fluororesin and the PTFE. If the PTFE content
is in the range of 0.05 to 3.0 wt%, rupture, cracking, or burst
does not occur during diameter expansion. The resulting tube
is excellent in peelability, can be peeled easily by hand, and
has a heat shrinkage rate of 40% or more and high work efficiency.
The PTFE content is more preferably 0.2 to 1.0 wt%, because the
resulting tube is excellent in peelability, and has a heat
shrinkage rate of 40% or more, preferably 50% or more,
demonstrating high work efficiency; that is, the tube is
excellent in both of peelability and heat shrinkage.

[0026]

The method of mixing these materials, in preparation for
forming the composition containing the melt-processable
fluororesin and the PTFE into a tubing shape, can be performed
upon appropriate selection from the publicly known methods.
Its examples will be shown below.

The examples of the mixing method include a method of
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obtaining the composition containing the melt-processable
fluororesin and the PTFE by premixing, and a method which
comprises further melt-mixing the premixed composition at a
temperature lower than the melting point of the PTFE to obtain
a material in the form of pellets.

[0027]

The method of premixing the composition containing the
melt-processable fluororesin and the PTFE may be a publicly
known method such as dry mixing or wet mixing. For example,
the premixing can be performed using a publicly known dispersing
or mixing machine or method such as a cdaggregation method, a
planetary mixer, a highspeed impeller disperser, a rotary drum
mixer, a screw mixer, a belt conveyor mixing, a ball mill, a
pebble mill, a sand mill, a roll mill, an attritor, or a bead
mill. Adevice capable of uniformdispersion is more preferred.
[0028]

The forms of the melt-processable fluororesin and the
PTFE for use in mixing are not limited. However, a dispersion
of fine particles having an average particle size of 0.05 to
1 pm, a powdery material measuring several to several tens of
micrometers, or granules of a powder measuring several hundred
micrometers can be named in consideration of work efficiency.

The form of the composition according to the present
invention is, for example, a powder, granules of a powder,
particles, flakes, or pellets. The average particle size of
the resulting composition is 0.1 pm or more, and is preferably
in such a range as not to impair handleability.

[0029]

Usable as a method for obtaining the pellet-shaped
material is a publicly known method, for example, comprising
melt-extruding the composition by means of a single screw or
twin-screw extruder to form a strand (string-shaped material),
then cooling the strand, and cut it into predetermined lengths
to form pellets. The melt extrusion temperature is preferably

a temperature which is equal to or higher than the melting point
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of the melt-processable fluororesin, but is lower than the
melting point of the PTFE. By setting the temperature lower
than the melting point of the PTFE, a fall in the melting point
of the PTFE can be prevented, and a highly crystalline state
(a state facilitating fiberization) immediately after
polymerization can be maintained. Cohsequently, when the
composition is melt-extruded into a tubing form in a subsequent
step, the PTFE can be fiberized and oriented by a shearing force
and/or a stretching force.

Cutting into the predetermined lengths can be performed
using a publicly known method such as strand cutting, hot
cutting, or underwater cutting. The average particle size of
the pellet-shaped material is 0.1 mm or more, and is preferably
in such a range as not to impair handleability.

The mixing method is not limited to those mentioned above,
and a preferred method for obtaining more stable peelability
over a continuous length is used. '

[0030]

Next, an example of the method for melt-extruding the heat
shrink tube of the present invention will be shown.

The above-mentioned composition or pellet-shaped
composition prepared in advance is melt-extruded into a tubing
format a temperature below the melting point of the PTFE. Since
kneading within a cylinder of a melt extruder is apt to cause
fiberization of the PTFE, the temperature of the cylinder
(screw) of themelt extruder is equal to or lower than the melting
point of the PTFE. From the viewpoint of formability and
productivity, on the other hand, only the temperature of the
die portion of the melt extruder, which is minimally affected
by kneading (where the fiberization of the PTFE minimally
occurs), can be rendered equal to or higher than the melting
point of the PTFE for such a short period of time that the
inhibition of peelability due to the entanglement of the PTFE
molecular chains does not occur.

The forming temperature in the present invention is lower



10

15

20

25

30

35

12

than the melting point of the PTFE. Thus, the state free from
the entanglement of the PTFE molecular chains is maintained
until extrusion into the tubing form out of the die of the
extruder. Under a shearing force and/or a stretching force in
the subsequent formation (cooling) step, the PTFE is fiberized
and oriented. Within the resulting solidified tube, a state
where the melt-processable fluororesin and the PTFE are not
compatible, namely, a state where the molecular orientation of
the PTFE is great, is existent, so that the tube can be peeled
easily, with such a state serving as a starting point.

If a temperature of the PTFE becomes equal to or higher
than the melting point during melt extrusion, the molecular
chains of the PTFE are apt to become entangled with the molecular
chains of the melt-processable fluororesin because of molecular
relaxation. As a result, the molecular chains of the PTFE are
fiberized with difficulty, or are not fiberized. This brings
out the drawback that the molecular orientation effect of the
PTFE is not obtained, and peelability worsens.

[0031]

Whether the heat history of the PTFE within the tube is
present or not can be confirmed by calculating a melt tension
ratio. The melt tension ratio is calculated from the following
equation based on melt tension (unit: g) measured using a
capillary rheometer (Capilograph Model 1D, produced by TOYO
SEIKI Co., Ltd.):

Melt tension ratio = melt tension at 340°C/melt tension
at 320°C
[0032]

The melt tension was determined in the following manner
using the above capillary rheometer: The cylinder with a
measuring temperature stabilized at 320°C or 340°C was charged
with 30 g of a sample for measurement. After the sample was
allowed todwell for 10 minutes, a strand was extruded at apiston
speed of 3 mm/min from an orifice of 2 mm in diameter by 20 mm

in length. The strand was taken up by means of a melt tension
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measuring roll at a take-up speed of 5 m/min to measure the melt
tension. Measurements at each measuring temperature were made
5 times, and the average of the measured values was taken as
the melt tension at 320°C or 340°C.

[0033]

The melt tension shows the presence or absence of the heat
history of the PTFE.

Generally, the melt tension tends to decrease upon
heating. However, when the PTFE is heated to the melting point
or higher after polymerization, the molecular chains of the
crystals of the PTFE arranged neatly are loosened by molecular
relaxation, and their random entanglement occurs, so that the
melt tension increases.

Hence, the fact that the melt tension measured at the
melting point of the PTFE (320°C) or lower is high means that
PTFE having a heat history of the melting point or higher after
polymerization is contained. Since its value is higher than
when PTFE without a heat history of the melting point or higher
after polymerization is contained, the melt tension ratio
becomes low.

That is, when the melt-processable fluororesin
composition containing PTFE having a heat history of the melting
point or higher after polymerization is subject to forming at
a temperature below the melting point of PTFE, or when the
composition.ié subject to forming at the melting point (340°C)
of PTFE or higher, the melt tension ratio becomes low. Based
on these findings, whether the heat history of PTFE has been

present or absent can be confirmed.
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PTFE without a |[PTFE having a
heat history of|heat history of
the melting the melting
point or higher|point or higher
after after
polymerization |polymerization
is contained is contained

Melt tension @ (320°C) Low High

Melt tension (@ (340°C) High High

Melt tension ratio High Low

(@/QD) (high/low) (high/high)

[0034]

The melt tension ratio in the present invention is 0.8
or higher, preferably 1.0 or higher, and more preferably 1.5
or higher. Desirably, the melt tension ratio is 30 or lower.
When the melt tension ratio is 0.8 or higher, but 30 or lower,
the peelability of the resulting tube is increased, because the
PTFE has no heat history and is moderately oriented.
Furthermore, the diameter of the tube can be greatly increased,
without rupture of the tube, during diameter expansion of the
tube. Inaddition, diameter expansion and extrusion of the tube
can be performed at a faster speed, thus increasing
productivity.

If the melt tension ratio is less than 0.7, on the other
hand, PTFE has a heat history, and molecular chain entanglement
of the PTFE and the melt-processable fluororesin occurs. Since
the PTFE is minimally oriented or is not oriented, peelability
becomes poor. If the melt tension ratio exceeds 30, the degree
of orientation of the PTFE is so high that uniform expansion
of the tube diameter is difficult, thus deteriorating
dimensional accuracy. This is also undesirable.

[0035]

Thus, a forming material comprising a composition, which
contains the melt-processable fluororesin and the PTFE and has
amelt tensionratioof 0.8 to 30, is apreferred formingmaterial

for obtaining the heat shrink tube of the present invention.
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By melt-extruding such a forming material, the heat
shrink tube of the present invention can be obtained.
[0036]

The formed tube is heated and internally pressurized for
diameter expansion, whereby it is turned into the heat shrink
tube of the present invention.

A diameter expansion rate E is represented by the
following equation and, preferably, the diameter expansion rate
E is, although not limited to, 200% or less:

E (%) = (Y-X)/Xx100

(X: dimension of melt-extruded tube

Y: dimension of tube after diameter expansion)

The diameter expansion rate correlates with the heat
shrinkage rate, and an increase in the diameter expansion rate
contributes to an increase in the work efficiency. If the
increase is too great, however, the expanded tube tends to
minimally return to the outer diameter before diameter
expansion, and the work efficiency is aggravated. Thus, a
diameter expansion rate of 50 to 150% can be said to be a further
preferred range.

[0037]

The heat shrinkage rate S is represented by the following
equation. The heat shrinkage rate S is preferably 40% or more,
more preferably 50% or higher.

S (%) (P-Q) /Px100

(P: dimension of tube after diameter expansion processing

Q: dimension of tube after shrinkage)

As the heat shrinkage rate increases, sufficient clamping

by the heat-shrunk tube is obtained. Thus, excellent

workability results, so that the tube can be put to every usage.
As the tube is shrunk at a higher temperature, the shrinkage
rate becomes greater. To obtain a greater shrinkage rate,

therefore, a method of shrinking the tube at a high temperature
in a short time is also available. 1In this case, the shrinking

temperature needs to be determined in consideration of the heat
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resistance of the material to be coated.

The heat shrink tube of the present invention is
characterized in that it retains a high thermal (heat) shrinkage
rate, namely, a high work efficiency, and excels in
contradictory properties, i.e., peelability.

[0038]

The melt extrusion method for the heat shrink tube of the
present invention provides a drawdown ratio (DDR), as
calculated from the following equation, of 10 to 500, preferably
20 to 300, more preferably 20 to 200.

DDR = (Dp* - D) /(Do - D;”)

where Dp represents the inner diameter of a die, D

represents the outer diameter of a mandrel, D, represents

the outer diameter of the tube, and D, represents the inner
diameter of the tube.

As the drawdown ratio increases, the resulting tube is
higher in the degree of orientation of PTFE due to fiberization,
and is better in peelability.

[0039]

The peel strength in the longitudinal direction of the
heat shrink tube of the present invention is preferably 6.0 N
or less. With the peel strength of 6.0 N or less, the tube can
be easily peeled by hand, starting in a notch measuring several
millimeters or so.

The peel strength is measured based on the following
method:

A 20 mm notch is provided near the center of the diameter
at one end of a measurement sample measuring 100 mm, and the
bifurcated notched parts are held by chucks (fixing jigs) of
a tensile tester.

The notched parts of the measurement samples are further
peeled at a tension speed of 100 mm/min, and maximum strength
under these conditions is measured. The average value of the
measurements (n=5) is used as peel strength.

[0040]
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The peelability is exhibited, with the oriented site of
the fiberized PTFE serving as a starting point. Thus, the
peelability can be evaluated in the measurement of the degree
of orientation as well.

The degree of orientation is measured based on the
folloWing method:

The degree of orientation (degree of fiberization) of
PTFE in the heat shrink tube due to fiberization was measured
using an X-ray diffraction device (RINT2550 Model WAXD,
manufactured by Rigaku Corporation). The device used an X-ray
source for CuKoa and a detector of a scintillation counter, and
made measurements at outputs of 40 kV and 370 mA. The sample
tube was cut open, and used as a measurement sample. The
measurement sample was fixed to a sample holder, with the
longitudinal direction of the sample as a reference axis, and
fluororesin-derived peaks near 26=18° were measured for the
azimuth angle distribution strength.

The degree of orientation was calculated from the
following equation. The higher the value of the degree of
orientation, the more intense the orientation of crystallites
is.

Degree of orientation = (180-f)/180 (B is the half-value
width of the orientation-derived peak)

[0041]

In regard to the transparency of the heat shrink tube of
the present invention, the tube has a transmittance of 80% or
more, particularly preferably 90% or more. The transmittance
is measured by a method complying with ASTM D1746 with the use
of a commercially available transparency measuring instrument.
[0042] |

The heat shrink tube of the present invention is excellent
in both of peelability and heat shrinkage rate, and also excels
in transparency. Thus, it is useful in foods, medicine,
pharmaceutics, chemistry, analytical instruments, and any

other technical field. The tube isparticularlyuseful for uses
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in which electric wires, tubes, etc. having a multilayer

structure including a protective layer for a blade or the like,
or having a heteromorphic structure, are coated with the heat
shrink tube, and interior members are molded or heat-welded,

whereafter the heat shrink tube is removed.

Examples
[0043]

The present invention will now be described in more detail
by way of Examples, but is not limited at all by these Examples.
[0044]

[Example 1]

FEP (Teflon (registered trademark) FEP100J, produced by
Du Pont-Mitsui Fluorochemicals Co., Ltd., MFR 7 g/10 min,
melting point 260°C) comprising two types of monomers (i.e.,
a copolymer of TFE and HFP) was used as a melt-processable
fluororesin. A PTFE powder (melting point 336°C) lacking a heat
history of the melting point thereof or higher after
polymerization and having a specific gravity of 2.20 was mixed
in an amount of 0.05 wt% with the heat-fusible resin. The
resulting mixture was formed into pellets at a extruding
temperature of 320°C (a temperature lower than the melting point
of PTFE). The pellets were melt-extruded (DDR=110) in the form
of a tube at a extruding temperature of 320°C (a temperature
lower than the melting point of PTFE) by means of a melt extruder.
The resulting tube was 1.2 mm in inner diameter and 1.6 mm in
outer diameter.

The forming temperature represents the temperature of the
molten resin within the melt extruder.

The tube was heated and internally pressurized for
diameter expansion, whereby a heat shrink tube was obtained.
[0045]

[Example 2]
A heat shrink tube was obtained in the same manner as in

Example 1, except that the content of PTFE was set at 0.2 wt%.
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[0046]
[Example 3]

A heat shrink tube was obtained in the same manner as in
Example 1, except that the content of PTFE was set at 0.4 wt%.
[0047]

[Example 4]

A heat shrink tube was obtained in the same manner as in
Example 1, except_that the content of PTFE was set at 0.6 wt%.
[0048]

[Example 5]

A heat shrink tube was obtained in the same manner as in
Example 1, except that the content of PTFE was set at 1.0 wt%.
[0049]

[Example 6]

A heat shrink tube was obtained in the same manner as in
Example 1, except that the content of PTFE was set at 2.0 wt%.
[0050]

[Example 7]

A heat shrink tube was obtained in the same manner as in
Example 1, except that the content of PTFE was set at 3.0 wt¥%.
[0051]

[Example 8]

A heat shrink tube was obtained in the same manner as in
Example 3, except that FEP (Teflon (registered trademark)
FEP140J, produced by Du Pont-Mitsui Fluorochemicals Co., Ltd.,
MFR 3 g/10 min, melting point 260°C) comprising two types of
monomers (i.e., a copolymer of TFE and HFP) was used as a
melt-processable fluororesin, and pellets were formed at a
extruding temperature of 300°C (a temperature lower than the
melting point of PTFE).

[0052]
[Example 9] .

A heat shrink tube was obtained in the same manner as in
Example 3, except that FEP (Teflon (registered trademark)
FEP9494-J, produced by Du Pont-Mitsui Fluorochemicals Co., Ltd.,
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MFR 30 g/10 min, melting point 260°C) comprising three types
of monomers (i.e., a TFE/HFP/PAVE terpolymer) was used as a
melt-processable fluororesin, and pellets were formed at a
extruding temperature of 300°C (a temperature lower than the
melting point of PTFE).

[0053]

[Example 10]

A heat shrink tube was obtained in the same manner as in
Example 3, except that PFA (Teflon (registered trademark)
PFA920HP Plus, produced by Du Pont-Mitsui Fluorochemicals Co.,
Ltd., MFR 30 g/10 min, melting point 280°C) comprising two types
of monomers (i.e., a copolymer of TFE and PAVE) was used as a
melt-processable fluororesin, and pellets were formed at a
extruding temperature of 300°C (a temperature lower than the
melting point of PTFE).

[0054]
[Example 11]

A heat shrink tube was obtained in the same manner as in
Example 1, except that pellets were formed at a extruding
temperature of 300°C (a temperature lower than the melting point
of PTFE).

[0055]
[Example 12]

A heat shrink tube was obtained in the same manner as in
Example 2, except that pellets were formed at a extruding
temperature of 300°C (a temperature lower than the melting point
of PTFE).

[0056]
[Example 13]

A heat shrink tube was obtained in the same manner as in
Example 3, except that pellets were formed at a extruding
temperature of 300°C (a temperature lower than the melting point
of PTFE).

[0057]
[Example 14]
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A heat shrink tube was obtained in the same manner as in
Example 4, except that pellets were formed at a extruding
temperature of 300°C (a temperature lower than the melting point
of PTFE).

[0058]
[Example 15]

A heat shrink tube was obtained in the same manner as in
Example 5, except that pellets were formed at a extruding
temperature of 300°C (a temperature lower than the melting point
of PTFE).

[0059]
[Comparative Example 1]

A heat shrink tube was obtained in the same manner as in
Example 1, except that the content of PTFE was set at 0.03 wt%.
[0060]

[Comparative Example 2]

A heat shrink tube was obtained in the same manner as in
Example 1, except that the content of PTFE was set at 3.5 wt%.
[0061]

[Comparative Example 3]

A heat shrink‘tube was obtained in the same manner as in
Example 1, except that the content of PTFE was set at 0.0 wt%.
[0062]

[Comparative Example 4]

FEP (Teflon (registered trademark) FEP100J, produced by
Du Pont-Mitsui Fluorochemicals Co., Ltd., MFR 7 g/10 min,
melting point 260°C) comprising two types of monomers (i.e.,
a copolymer of TFE and HFP) was used as a melt-processable
fluororesin. A PTFE powder (melting point 336°C) lacking a heat
history of the melting point thereof or higher after
polymerization and having a specific gravity of 2.20 was mixed
in an amount of 0.4 wt% with the melt-processable fluororesin.

The resulting mixture was formed into pellets at a extruding

temperature of 340°C (a temperature higher than the melting

point of PTFE). The pellets were used as a sample.
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[0063]

The heat shrink tubes of the above-mentioned Examples and
Comparative Examples were evaluated for peel strength, heat
shrinkage rate, transparency, and degree of orientation. The
results of the evaluations are shown in Table 1.

Moreover, the pellets of Examples 8 to 15 and Comparative
Examples 3 and 4 were used to measure melt tension, and the melt
tension ratio was calculated. The results are shown in Table
2.

[0064]
(Evaluation criteria for peelability)

| The peel strength was measured by the aforementioned
method, and the results of the measurements were evaluated based
on the following criteria:

©O: Not less than 1500 mm was peelable easily.

O: Not less than 1000 mm was peelable easily.

A: Slightly difficult to tear, but not less than 800

mm was peelable manually.
Represents the limiting value of a conforming
article. |

X : Manually peeled, but in some cases, the resin was
broken halfway, and the tear distance shortened.
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[0067]

The heat shrink tubes of Examples 1 to 15 of the present
invention are all excellent in peelability and have a high
thermal (heat) shrinkage rate.

[0068]

In particular, the heat shrink tubes of Examples 2 to 5
and Examples 12 to 15, namely, those having a PTFE content of
0.2 to 1.0 wt%, excel in peelability and have an excellent heat
shrinkage rate of 50% or more, demonstrating that they possess
both of these characteristics.

[0069]

In Examples 1 and 11, that is, with a PTFE content close
to the lower limit, peelability is slightly poor, but the heat
shrinkage rate tends to be high.

[0070]

In Example 7, that is, with a PTFE content close to the
upper limit, peelability is excellent, but the heat shrinkage
rate tends to be low.

[0071]

The heat shrink tube of Comparative Example 1 has a PTFE
content of lower than 0.05%, and is unusable from the viewpoint
of peelability.

[0072]

The heat shrink tube of Comparative Example 2 has a high
PTFE content exceeding 3.0% and, during processing for diameter
expansion, rupture, cracking, or burst, for example,
occasionally occurs. Thus, the heat shrinkage rate has to be
lowered. As a result, sufficient clamping by the heat-shrunk
tube is not obtained, its uses are limited, and its work
efficiency deteriorates. Thus, this heat shrink tube is not
usable.

[0073]

In the heat shrink tube of Comparative Example 3, that

is, one with a PTFE content of 0.0%, the degree of orientation

is lower than 0.5. As will be clear from comparisons with the
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Examples as well, the degree of orientation which enables the
fiberization of PTFE to appear, contributing to an increase in
peelability, is 0.50 or more.

[0074]

As noted above, the heat shrink tube according to the
present invention is found to be a heat shrink tube, which
ensures a sufficient heat shrinkage rate, while maintaining
peelability, thus excels in both of peelability and heat
shrinkage rate, and is also excellent in transparency, as

compared with the conventional technologies.

Industrial Applicability
[0075]

The heat shrink tube of the present invention is excellent
in both of the characteristics, peelability and heat shrinkage
rate, and also excels in transparency. Thus, it is useful in
foods, medicine, pharmaceutics, chemistry, analytical

instruments, and any other technical field.
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Claims

[Claim 1]
A peelable heat shrink tube comprising a composition
containing a melt-processable fluororesin and PTFE, the PTFE
5 lacking a heat history of the melting point or higher
after polymerization and having a specific gravity, as
measured according to ASTM D4894, of 2.20 or less, a content
of the PTFE being 0.05 to 3.0 wt% based on a total weight of
the melt-processable fluororesin and the PTFE, and the
peelable 10 heat shrink tube having a heat shrinkage rate of

40% or more.

[Claim 2]
The peelable heat shrink tube according to claim 1, which has a
transmittance, as measured in compliance with ASTM D1746 15 using

a transparency measuring instrument, of 80% or more.

[Claim 3]
The peelable heat shrink tube according to claim 1 or 2, wherein
the melt-processable fluororesin is at least one copolymer
selected from tetrafluorocethylene-hexafluoropropylene
copolymer (FEP), tetrafluoroethylene-perfluorcalkyl
vinyl ether copolymer (PFA), tetrafluoroethylene-
ethylene copolymer (ETFE),
tetrafluoroethylene-hexafluoropropylene-vinylidene fluoride
copolymer (THV) , and polyvinylidene fluoride-

polyvinylidene difluoride (PVDF).

[Claim 4]
A method for producing a peelable heat shrink tube,
comprising:
melt-extruding a composition at a temperature
lower than a melting point of PTFE,
wherein the composition contains a melt-processable
fluororesin and the PTFE, the PTFE lacking a heat

history
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of the melting point or higher after polymerization and
having a specific gravity, as measured according to ASTM
D4894, of 2.20 or less, a content of the PTFE being 0.05 to
3.0 wt% based on a total weight of the melt-processable

fluororesin and the PTFE.

[Claim 5]
The method for producing a peelable heat shrink tube
according to claim 4, further comprising:
performing melt extrusion under such conditions that
a drawdown ratio (DDR), as calculated from the
following
equation, is 20 to 300
DDR = (Dp* — Dr2)/ (Do2 — Dr?)
where Db represents an inner diameter of a die, Dr
represents an outer diameter of a mandrel, Do
represents
an outer diameter of the tube, and Dr represents

an inner diameter of the tube.

[Claim 6]
The method for producing a peelable heat shrink tube
20 according to claim 4 or 5, further comprising:
premixing the melt-processable fluororesin and the
PTFE;
then melt-mixing a resulting mixture at a
temperature lower than the melting point of the PTFE to
obtain a pellet-shaped material containing the melt-
processable
fluororesin and the PTFE; and
further melt-extruding the material at a
temperature

lower than the melting point of the PTFE.

[Claim 7]
A forming material comprising a composition containing a melt-

processable fluororesin and PTFE, the PTFE lacking a heat
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history of the melting point or higher after polymerization
and having a specific gravity, as measured according to ASTM
D4894, of 2.20 or less, the composition having a melt tension
ratio (melt tension at 340°C/melt tension at 320°C) of 0.8 or
higher, but 30 or lower, and a content of the PTFE being 0.05
to 3.0 wt% based on a total weight of the melt-processable

fluororesin and the PTFE.

[Claim 8]
A heat shrink tube comprising the forming material

according to claim 7.



