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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, whic
comprisesafluororesin,excelsinpeelability.,an
thermal (heat) shrinkage rate and high transparency
method for producing the heat shrink tube.

Background Art
[0002]

Fluororesins are excellent, for example, in chemic
stability,heatresistanceandmoldreleasecharact
comparedwithotherplastics. Thus,heatshrinktu
fluororesinsareusedasprotectiveandinsulating
tubes in various fields including foods, medicine,
pharmaceutics, chemistry, and analytical instrument
[0003]

Among uses as general heat shrink tubes for protec
and insulating purposes are uses involving processi
products in which the heat shrink tube is once coat
required, and then only the heat shrink tube is pee

Theyinclude,forexample,usesinwhichelectric
tubes, etc. having a multilayer structure including
protective layer for a blade or the like, or having
heteromorphicstructure,arecoatedwiththeheatS
andtheinteriormembersaremoldedorheat-welded,
the heat shrink tube is removed.

In addition to the excellent properties characteri
offluororesins,theexcellentpropertyofthetube
peeledandstrippablebyhand,namely,peelability,
of such uses.

h
dhasahigh
,and a

al
eristicsas
besmade of
heatshrink

tive
ng of
ed, if
led off.
wires,
a
a
hrinktube,
whereafter

stic
beingeasily
isrequired



10

15

20

25

30

35

[0004]

Patent Document 1 describes a peelable tube compri
a mixture of a plurality of thermoplastic fluorores
containing different types of fluororesins.

[0005]

PatentDocument2andPatentDocument3showheat
tubes having peelability. These documents describe
fluororesinsusedthereinare characterized by fulf
change amountof loss energy as specially defined;

a mixture of a plurality of fluororesins of differe

and containing afluororesin accounting foramain
inthemixture(i.e.,amainfluororesin),themain

being a polymer composed of at least three types of
the polymer being a copolymer containing at least
tetrafluoroethylene(TFE)andhexafluoropropylene(
constituent monomers.

[0006]

TheheatshrinktubesofPatentDocuments2and3,
tend to be excellent in peelability, but are decrea
shrinkagerate,astheamountsadded ofthefluoror
thanthemainfluororesinincrease. Dependingont
are put to, therefore, the amount of their heat shr
insufficient,andtheyfailtofulfilitherolesof
tubes, so that further improvements are required of
[0007]

Thepresentinventorshavealsofoundthatthehea
tubesdescribedinPatentDbocumentslto3showat
better peelability with increases in the amounts of
fluororesins added, but pose the problem of decreas
transparencysuchthattheybecomecloudy, makingi
to confirm the state of the underlying material thr
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]

Itisanobjectofthepresentinventiontoprovid
shrink tube having the peelability of the publicly
shrinktubesand,inaddition,improvedinheatshr
and excellent in transparency as well.

Means for solving the problems
[0010]

The present invention provides a peelable heat shr
tube comprising a composition containing a melt-pro
fluororesinand PTFE havingno heathistory ofame
or higher after polymerization and having a specifi
as measured accordingto ASTM D4894, of 2.20 or les
the content of the PTFE is 0.05 to 3.0 wt% based on
weight of the composition.

[0011]

The present invention provides a peelable heat shr
tubewhichisobtainedbyformingacompositionat
lower than the melting pointof PTFE, whereinthe c
containsamelt-processablefluororesinandthe PTF
lacking a heat history of the melting point or high
polymerization and having a specific gravity, as me
according to ASTM D4894, of 2.20 or less, the conte
PTFE being 0.05 to 3.0 wt% based on the total weigh
composition.

[0012]

The heatshrinktube havingaheatshrinkage rate

or more is a preferred aspect of the present invent
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[0013]

Theheatshrinktubehavingtransparency,thatis,
atransmittance,asmeasuredincompliancewithAST
a transparency measuring instrument, of 80% or more
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
melting point of PTFE, wherein the composition cont
melt-processable fluororesinandthe PTFE, the PTFE
heathistoryofthemeltingpointorhigherafterp

having
MD1746using
is a

than the

ainsaor
lackinga
olymerization

and having a specific gravity, as measured accordin gto ASTM
D4894, of 2.20 or less, the content of the PTFE bei ng 0.05to
3.0 wt% based on the total weight of the melt-proce ssable
fluororesin and the PTFE.

[0015]

The method for producing the peelable heat shrink tube,
whichcomprisesperformingmeltextrusionundersuc hconditions
thatadrawdown ratio (DDR), as calculated from the following
equation, is 20 to 300

DDR=(D *-D *)/(D o°-D ?

where D prepresents the inner diameter of a die, D T
representstheouterdiameterofamandrel,D orepresents
theouterdiameterofthetube,andD rrepresentstheinner
diameter of the tube

is a preferred aspect of the present invention.

[0016]

The method for producing the peelable heat shrink tube,
whichcomprisespremixingthemelt-processablefluo roresinand
the PTFE, then melt-mixing the resulting mixture at a
temperature lowerthanthe melting pointofthe PTF Etoobtain
a pellet-shaped material containing the melt-proces sable
fluororesin and the PTFE, and further melt-extrudin g the
material at atemperature lower than the melting po intofthe
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PTFE, is a preferred aspect of the present inventio

Effects of the invention
[0017]

The hat shrink tube, and the method for producing

accordingtothepresentinvention,canbeexpected
following excellent effects:

(1) The peel strength of the tube in the longitudin
directioncanbelowered. Thus,thetubecanbeea

by hand, with a notch measuring several millimeters

a starting point.

(2) The heat shrinkage rate is 40% or more. Thus,
by the heat-shrunk tube is sufficiently ensured, a
efficiency is obtained, and the tube can be putto

use.

(3) A peelable tube comprising PTFE and a small pro
ofalowmolecularweightfluororesinisknown(e.g
UtilityModelN0.2528627). Comparedwithsuchap

tube, the contentof PTFE issolowthat rupture, ¢
burstduringdiameterexpansionofthetubedoesno
aresult,asufficientheatshrinkageratecanbee
peelability being maintained. That is, a heat shri
excellent in both of peelability and heat shrinkage
obtained.

(4) The content of PTFE is markedly low in comparis
the conventionaltechnologies. Thus,thetranspare
heat-fusibleresinisretained,andthe state ofth

below the heat-shrunk tube is easy to confirm.

(5) According to the method for production of the p
invention,PTFEisuniformlydispersedand,startin
peelability is exhibited. Thus, a tube having stab
peelability over the continuous length is obtained.

Brief Description of the Drawings
[0018]

it,
toshowthe

al
silypeeled
or so as

clamping
high work
anytype of

portion
.,Japanese
ubliclyknown
racking, or
toccur. As
nsured,with
nk tube
rate is

on with
ncy ofthe
esubstrate

resent
gtherewith,
le



10

15

20

25

30

35

[Fig. 1]is a photograph comparing the transparency

shrink tube obtained in Example 3 of the present in
[Fig. 2]is a photograph comparing the transparency

shrink tube obtained by a conventional technology (
of Patent Document 1).

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

Mode for Carrying Out the Invention
[0019]

The peelable heat shrink tube of the presentinven
isobtainedbymelt-formingacompositionatatemp
the melting point of PTFE, the composition containi
melt-processable fluororesin and the PTFE lacking a
historyofthemeltingpointorhigherafterpolyme
havingaspecificgravity,asmeasuredaccordingto
of 2.20 or less.

The melt-forming technique is a forming method usi
publiclyknownextruder. Withthismethod,thecom
flowed in a molten state, whereby a formed product
sufficientstrengthanddurabilitysuitableforap
purpose, such as a film, fiber or tube, can be prep
a melt.
[0020]

Examples of the melt-processable fluororesin are
copolymersmeltingatatemperatureofameltingpo
to show fluidity. They include polymers or copolym
unsaturatedfluorinatedhydrocarbons,unsaturatedf
chlorinated hydrocarbons, and ether group-containin
unsaturated fluorinated hydrocarbons, etc., or copo
these unsaturated fluorinated hydrocarbons and ethy
Their concrete examples include copolymers of
tetrafluoroethylene and at least one monomer select
hexafluoropropylene, fluoroalkoxytrifluoroethylene
(preferably, perfluoroalkyl vinyl ether (hereinafte
PAVE)), chlorotrifluoroethylene, vinylidene fluorid
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vinylfluoride;orcopolymersofthesemonomerswit
More concrete examples include
tetrafluoroethylene-hexafluoropropylene copolymer
(hereinafter, FEP), tetrafluoroethylene-perfluoroal
ether copolymer (hereinafter, PFA),
tetrafluoroethylene-ethylene copolymer (hereinafter
tetrafluoroethylene-hexafluoropropylene-vinylidene
copolymer (hereinafter, THV), and polyvinylidene
fluoride-polyvinylidene difluoride (hereinafter, PV

Preferredexamplesofthemelt-processablefluoror
from the viewpoint of transparency, include FEP com
monomers (i.e., a copolymer of TFE and HFP). Other
aremixturesofFEPwithdifferentmeltingpoints,
of FEP and melt-processable fluororesins different

The melt-processable fluororesins may be used alon
may be mixtures of two or more of them. Also avalil
mixturesofatleasttwoofthesametypeofcopoly
inthe type of comonomer, comonomer content, molecu
(weight average molecular weight or number average
weight), molecular weight distribution, melting poi
flow rate (MFR), or the like, or different in mecha
properties. Theirexamplesinclude mixtures of PFA
Such melt-processable fluororesins can be produced
publiclyknownmethodsuchassolutionpolymerizati
polymerization, or suspension polymerization.

[0021]

The melt flow rate (MFR) of the melt-processable
fluororesin is preferably 1 to 100 g/10 min, more p
1t080g/10min,andfurtherpreferably 1to50g/
MFR is measured at atemperature of 372
in accordance with ASTM D1238-95.

The MFR affectsthe degree of orientation of PTFE
itsfiberizationtobedescribedlater. Thelower
higher the degree of orientation becomes, and there
tendency to obtain a tube better in peelability.
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Themeltingpointofthemelt-processablefluorore sinis
not limited, as long as it is within a range where atube can
be formed. However, itis 150 °C or higher, preferably in the
range of 150 to 320 °C.

Themeltingpointofthemelt-processablefluorore sinis
lower than the melting point of PTFE and, for the p urpose of
preventingcompatibilization,ispreferablydiffere ntgreatly
from the melting point of PTFE.

[0022]

AnexampleofthePTFEisapolymeroftetrafluoro ethylene
(TFE)alone,calledahomopolymeroftetrafluoroeth ylene(PTFE),
oracopolymeroftetrafluoroethylene containing 1% orlessof
a comonomer (i.e., modified PTFE). The melting poi nt of the
PTFEimmediatelyafterpolymerizationis336t0343 °C,depending
on the method of polymerization.

Thepolymerizationmethodforthe PTFEcanbeapu blicly
known method such as solution polymerization, emuls ion
polymerization, or suspension polymerization. The preferred
resulting PTFE is preferably a fine powder with an average
particlesizeof300to600 umobtainedbycoagulatinganddrying
a polymer latex produced by emulsion polymerization

Such PTFE does not exhibit melt formability, and i S
presentinacomposition(orinpellets)inthesta teofpolymer
particles which undergo orientation due to fiberiza tion by a
shearingforceand/orastretchingforceduringmel textrusion
of the tube.

The PTFE of the present invention is preferably PT FE
obtained as above which does not have a heat histor y of the
melting point or higher after polymerization and wh ichhas a
specificgravity,asmeasuredaccordingtoASTM D48 94,0f2.20
or less.

[0023]

Heating the PTFE to the melting point or above aft er

polymerizationisnotpreferred. Thisisbecauset hemolecular

chainsofcrystalsofthe PTFE arrangedneatly are loosened by
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molecularrelaxation,andthemoleculesareaptto
randomly, thus posing difficulty with fiberization.
reason is that the melting point of the PTFE is low
its difference from the melting point of the melt-p
fluororesin tends to be small.

[0024]

SincethePTFEhavingnoheathistoryofthemelti
or higher after polymerization and having a specifi
of2.20orlessishigh-molecularweight,itiseas
By using such PTFE, therefore, the PTFE is fiberize
shearingforceand/orastretchingforceduringmel
for tube production, and orientation takes place in
direction of tube extrusion, so that the resulting
possess peelability.

[0025]

ThecontentofthePTFEinthecompositioncontain
melt-processable fluororesin and the PTFE in the pr
invention is 0.05 to 3.0 wt% based on the total wei
melt-processablefluororesinandthePTFE. Ifthe
isintherange 0f0.05t03.0wt%, rupture, cracki
does notoccur during diameter expansion. Theresu
isexcellentinpeelability,canbe peeled easily b
hasaheatshrinkagerateof40%ormoreandhighw
ThePTFEcontentismorepreferably0.2to1.0wt%,
resulting tube is excellent in peelability, and has
shrinkage rate of 40% or more, preferably 50% or mo
demonstrating high work efficiency; that is, the tu
excellent in both of peelability and heat shrinkage
[0026]

Themethodofmixingthese materials, inpreparati
forming the composition containing the melt-process
fluororesinandthe PTFEintoatubingshape,canb
upon appropriate selection from the publicly known
Its examples will be shown below.

The examples of the mixing method include a method
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10

obtaining the composition containing the melt-proce
fluororesin and the PTFE by premixing, and a method
comprises further melt-mixing the premixed composit
temperaturelowerthanthe melting pointofthe PTF

a material in the form of pellets.

[0027]

The method of premixing the composition containing
melt-processable fluororesin and the PTFE may be a
known method such as dry mixing or wet mixing. For
thepremixingcanbeperformedusingapubliclykno
or mixing machine or method such as a coaggregation
planetarymixer,ahighspeedimpellerdisperser,a
mixer, a screw mixer, a belt conveyor mixing, a bal
pebble mill, a sand mill, a roll mill, an attritor,

mill. Adevicecapableofuniformdispersionismo
[0028]

The forms of the melt-processable fluororesin and
PTFEforuseinmixingarenotlimited. However,a
of fine particles having an average patrticle size o
1 um, apowdery material measuring several to several
micrometers,orgranulesofapowdermeasuringseve
micrometers can be named in consideration ofwork e

The form of the composition according to the prese
invention is, for example, a powder, granules of a
particles, flakes, or pellets. The average particl
theresultingcompositionis0.1
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, ¢
melt-extruding the composition by means of a single
twin-screwextrudertoformastrand(string-shaped
thencoolingthe strand,andcutitinto predetermi
toformpellets. Themeltextrusiontemperatureis
atemperaturewhichisequaltoorhigherthanthe

ssable
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of the melt-processable fluororesin, but is lower t
melting point of the PTFE. By setting the temperat
thanthemeltingpointofthe PTFE, afallinthem

of the PTFE can be prevented, and a highly crystall

(a state facilitating fiberization) immediately aft
polymerization can be maintained. Consequently, wh
compositionismelt-extrudedintoatubingformin
step,thePTFEcanbefiberizedandorientedbyas

and/or a stretching force.

Cutting intothe predetermined lengths can be perf
using a publicly known method such as strand cuttin
cutting, orunderwater cutting. The average partic
thepellet-shapedmaterialisO.1mmormore,andi
in such a range as not to impair handleability.

Themixingmethodisnotlimitedtothosementione
and a preferred method for obtaining more stable pe
over a continuous length is used.

[0030]

Next,anexampleofthemethodformelt-extruding

shrink tube of the present invention will be shown.

The above-mentioned composition or pellet-shaped

compositionpreparedinadvanceismelt-extrudedin
formatatemperaturebelowthemeltingpointofth
kneading within a cylinder of a melt extruder is ap
fiberization of the PTFE, the temperature of the cy
(screw)ofthemeltextruderisequaltoorlowert
point of the PTFE. From the viewpoint of formabili
productivity, on the other hand, only the temperatu
die portion of the meltextruder, which is minimall
by kneading (where the fiberization of the PTFE min
occurs), can be rendered equal to or higher than th
point of the PTFE for such a short period of time t
inhibition of peelability due to the entanglement o
molecular chains does not occur.
Theformingtemperatureinthepresentinventioni
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thanthe melting pointofthe PTFE. Thus, the stat efreefrom
the entanglement of the PTFE molecular chains is ma intained
until extrusion into the tubing form out of the die of the
extruder. Underashearingforceand/orastretchi ngforcein
thesubsequentformation(cooling)step,the PTFEI sfiberized
and oriented. Within the resulting solidified tube , a State
where the melt-processable fluororesin and the PTFE are not
compatible,namely,astatewherethemolecularori entationof
the PTFE is great, is existent, sothatthe tube ca nbepeeled
easily, with such a state serving as a starting poi nt.

If atemperature of the PTFE becomes equaltoorh igher
than the melting point during melt extrusion, the m olecular
chainsofthePTFEareapttobecomeentangledwith themolecular
chainsofthemelt-processablefluororesinbecause ofmolecular
relaxation. Asaresult,the molecularchains oft hePTFEare
fiberized with difficulty, or are notfiberized. T his brings
outthe drawback that the molecular orientation eff ectofthe

PTFE is not obtained, and peelability worsens.

[0031]

Whether the heat history of the PTFE within the tu beis
presentor not can be confirmed by calculatingame It tension
ratio. Themelttensionratioiscalculatedfromt hefollowing
equation based on melt tension (unit: g) measured u sing a
capillary rheometer (Capilograph Model 1D, produced by TOYO
SEIKI Co., Ltd.):

Melt tension ratio = melt tension at 340 °C/melttension
at320 °C
[0032]

The melttension was determined in the following m anner
using the above capillary rheometer: The cylinder with a
measuringtemperature stabilized at 320 °Cor340 °Cwascharged
with 30 g of a sample for measurement. After the s ample was
allowedtodwellforlOminutes,astrandwasextru dedatapiston
speed of 3mm/min from an orifice of 2 mmin diamet erby20 mm

inlength. The strand was taken up by meansofam elttension
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measuringrollatatake-upspeedof5m/mintomea surethemelt
tension. Measurementsateachmeasuringtemperatur eweremade
5 times, and the average of the measured values was taken as
the melt tension at 320 °Cor340 °C.
[0033]

Themelttensionshowsthepresenceorabsenceof theheat

history of the PTFE.
Generally, the melt tension tends to decrease upon

heating. However,whenthePTFEisheatedtothem eltingpoint
or higher after polymerization, the molecular chain s of the
crystalsofthe PTFEarrangedneatlyareloosenedb ymolecular
relaxation, and theirrandom entanglementoccurs, s othatthe
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
PTFEhavingaheathistoryofthemeltingpointor higherafter
polymerization is contained. Since its value is hi gher than
whenPTFEwithoutaheathistoryofthemeltingpoi ntorhigher
after polymerization is contained, the melt tension ratio

becomes low.
That is, when the melt-processable fluororesin

compositioncontainingP TFEhavingaheathistoryo fthemelting
pointor higher after polymerization is subjectto forming at

a temperature below the melting point of PTFE, or w hen the
compositionissubjecttoformingatthe melting po int(340 °C)
of PTFE or higher, the melttension ratio becomes | ow. 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 D (320°C) Low High
Melt tension ® (340°C) High High
Melt tension ratio High Low
(@ ©) (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 prefe rably 1.5
or higher. Desirably, the melttensionratiois 30 or lower.
Whenthe melttensionratiois 0.8 or higher, but3 Oorlower,
thepeelabilityoftheresultingtubeisincreased, becausethe
PTFE has no heat history and is moderately oriented
Furthermore,thediameterofthetubecanbegreatl yincreased,
without rupture of the tube, during diameter expans ionofthe
tube. Inaddition,diameterexpansionandextrusio nofthetube
can be performed at a faster speed, thus increasing
productivity.
Ifthe melttensionratioislessthan0.7,onthe other

hand,PTFEhasaheathistory,andmolecularchain
ofthePTFEandthemelt-processablefluororesinoc
thePTFEisminimallyorientedorisnotoriented,
becomespoor. Ifthemelttensionratioexceeds30
of orientation of the PTFE is so high that uniform
of the tube diameter is difficult, thus deteriorati
dimensional accuracy. This is also undesirable.
[0035]
Thus,aformingmaterialcomprisingacomposition,
containsthemelt-processablefluororesinandtheP
amelttensionratioof0.8to30,isapreferredf
for obtaining the heat shrink tube of the presenti
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By melt-extruding such a forming material, the hea
shrink tube of the present invention can be obtaine
[0036]

Theformedtubeisheatedandinternallypressuriz
diameter expansion, whereby itisturnedinto the h
tube of the present invention.

A diameter expansion rate E is represented by the
followingequationand,preferably thediameterex
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 he
shrinkagerate,andanincreaseinthediameterexp
contributes to an increase in the work efficiency.
increase is too great, however, the expanded tube t
minimally return to the outer diameter before diame
expansion, and the work efficiency is aggravated.
diameterexpansionrateof50to150%canbesaidt
preferred range.

[0037]

TheheatshrinkagerateSisrepresentedbythefo
equation. TheheatshrinkagerateSispreferably
more preferably 50% or higher.

S (%) = (P-Q)/Px100

(P:dimensionoftubeafterdiameterexpansionpro

Q: dimension of tube after shrinkage)

Astheheatshrinkagerateincreases,sufficientc
by the heat-shrunk tube is obtained. Thus, excelle
workabilityresults,sothatthetubecanbeputto
As the tube is shrunk at a higher temperature, the
rate becomes greater. To obtain a greater shrinkag
therefore,amethodofshrinkingthetubeatahigh
inashorttimeisalsoavailable. Inthiscase,t
temperatureneedstobedeterminedinconsideration
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resistance of the material to be coated.

The heat shrink tube of the present invention is
characterizedinthatitretainsahighthermal(he
rate, namely, a high work efficiency, and excels in
contradictory properties, i.e., peelability.
[0038]

at)shrinkage

Themeltextrusionmethodfortheheatshrinktube ofthe
present invention provides a drawdown ratio (DDR), as
calculatedfromthefollowingequation,of10to50 0,preferably
20 to 300, more preferably 20 to 200.

DDR=(D *-D /(D ,*-D ,?)

where D prepresents the inner diameter of a die, D T
representstheouterdiameterofamandrel,D orepresents
theouterdiameterofthetube,andD rrepresentstheinner
diameter of the tube.

As the drawdown ratio increases, the resulting tub eis
higherinthedegreeoforientationofPTFEdueto fiberization,
and is better in peelability.

[0039]

The peel strength in the longitudinal direction of the
heat shrink tube of the presentinvention is prefer ably6.0N
orless. Withthe peelstrengthof6.0Norless, thetubecan
beeasilypeeledbyhand,startinginanotchmeasu ringseveral
millimeters or so.

The peel strength is measured based on the followi ng
method:

A20mmnotchisprovidednearthecenterofthed iameter
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.

Thenotchedpartsofthemeasurementsamplesaref urther
peeled at atension speed of 100 mm/min, and maximu m strength
under these conditionsis measured. The average va lue ofthe

measurements (n=5) is used as peel strength.
[0040]
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The peelability is exhibited, with the oriented si te of
the fiberized PTFE serving as a starting point. Th us, 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 inthe heat shrink tube due to fiberization wa s measured
using an X-ray diffraction device (RINT2550 Model W AXD,
manufacturedbyRigakuCorporation). Thedeviceus edanX-ray
sourceforCuK  oandadetectorofascintillation 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, wi th the
longitudinal direction of the sample as areference axis, and
fluororesin-derived peaks near 2 6=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 de gree of
orientation, the moreintense the orientation ofcr ystallites
IS.

Degreeoforientation=(180- R)/180( pisthehalf-value
width of the orientation-derived peak)
[0041]

Inregardtothetransparency ofthe heatshrinkt ube of
the presentinvention, the tube has a transmittance of 80% or
more, particularly preferably 90% or more. Thetra nsmittance
ismeasured by amethod complyingwith ASTMD1746w iththeuse
ofacommerciallyavailabletransparencymeasuring instrument.
[0042]

Theheatshrinktubeofthepresentinventionise xcellent
inbothofpeelabilityandheatshrinkagerate,and alsoexcels
in transparency. Thus, it is useful in foods, medi cine,
pharmaceutics, chemistry, analytical instruments, a nd any

othertechnicalfield. Thetubeisparticularlyus efulforuses
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in which electric wires, tubes, etc. having a multi layer
structureincludingaprotectivelayerforablade orthelike,
or having a heteromorphic structure, are coated wit hthe heat
shrink tube, and interior members are molded or hea t-welded,

whereafter the heat shrink tube is removed.

Examples
[0043]

Thepresentinventionwillnowbedescribedinmor edetail
bywayofExamples,butisnotlimitedatallbyth eseExamples.
[0044]

[Example 1]

FEP (Teflon (registeredtrademark) FEP100J, produc edby
Du Pont-Mitsui Fluorochemicals Co., Ltd., MFR 7 g/1 0 min,
melting point 260 °C) comprising two types of monomers (i.e.,

a copolymer of TFE and HFP) was used as a melt-proc essable
fluororesin. APTFEpowder(meltingpoint336 °C)lackingaheat
history of the melting point thereof or higher afte r
polymerizationandhavingaspecificgravity of2.2 Owasmixed
in an amount of 0.05 wt% with the heat-fusible resi n. The
resulting mixture was formed into pellets at a extr uding
temperatureof320 °C(atemperaturelowerthanthemeltingpoint

ofPTFE). Thepelletsweremelt-extruded(DDR=110) intheform
of a tube at a extruding temperature of 320 °C (atemperature
lowerthanthemeltingpointofP TFE)bymeansofa meltextruder.
The resulting tube was 1.2 mm in inner diameter and 1.6 mmin

outer diameter.

Theformingtemperaturerepresentsthetemperature ofthe
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]

Aheatshrinktube was obtained inthe same manner asin

Example 1, exceptthatthe contentof PTFE was set at0.2 wt%.
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[0046]
[Example 3]

Aheatshrinktube was obtained inthe same manner asin
Example 1, exceptthatthe contentof PTFE was set at0.4 wt%.
[0047]

[Example 4]

Aheatshrinktube was obtained inthe same manner asin
Example 1, exceptthatthe contentof PTFE was set at0.6 wt%.
[0048]

[Example 5]

Aheatshrinktube was obtained inthe same manner asin
Example 1, exceptthatthe contentof PTFE was set at1.0wt%.
[0049]

[Example 6]

Aheatshrinktube was obtained inthe same manner asin
Example 1, exceptthatthe contentof PTFE was set at2.0wt%.
[0050]

[Example 7]

Aheatshrinktube was obtained inthe same manner asin
Example 1, exceptthatthe contentof PTFE was set at 3.0 wt%.
[0051]

[Example 8]

Aheatshrinktube was obtained inthe same manner asin
Example 3, except that FEP (Teflon (registered trad emark)
FEP140J,producedbyDuPont-MitsuiFluorochemicals 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 use dasa
melt-processable fluororesin, and pellets were form ed ata
extruding temperature of 300 °C (a temperature lower than the
melting point of PTFE).

[0052]
[Example 9]

Aheatshrinktube was obtained inthe same manner asin

Example 3, except that FEP (Teflon (registered trad emark)

FEP9494-J,producedbyDuPont-MitsuiFluorochemica IsCo.,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 u sed as a
melt-processable fluororesin, and pellets were form ed at a
extruding temperature of 300 °C (a temperature lower than the

melting point of PTFE).

[0053]

[Example 10]

Aheatshrinktube was obtained inthe same manner asin
Example 3, except that PFA (Teflon (registered trad emark)
PFA920HPPIus,producedbyDuPont-MitsuiFluoroche micalsCo.,
Ltd.,MFR30g/10min,meltingpoint280 °C)comprisingtwotypes
of monomers (i.e., acopolymer of TFE and PAVE) was usedasa
melt-processable fluororesin, and pellets were form ed ata
extruding temperature of 300 °C (a temperature lower than the
melting point of PTFE).

[0054]
[Example 11]

Aheatshrinktube was obtained inthe same manner asin
Example 1, except that pellets were formed at a ext ruding
temperatureof300 °C(atemperaturelowerthanthemeltingpoint
of PTFE).

[0055]
[Example 12]

Aheatshrinktube was obtained inthe same manner asin
Example 2, except that pellets were formed at a ext ruding
temperatureof300 °C(atemperaturelowerthanthemeltingpoint
of PTFE).

[0056]
[Example 13]

Aheatshrinktube was obtained inthe same manner asin
Example 3, except that pellets were formed at a ext ruding
temperatureof300 °C(atemperaturelowerthanthemeltingpoint
of PTFE).

[0057]
[Example 14]
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Aheatshrinktube was obtained inthe same manner
Example 4, except that pellets were formed at a ext
temperatureof300 °C(atemperaturelowerthanthemeltingpoint
of PTFE).

[0058]
[Example 15]

Aheatshrinktube was obtained inthe same manner
Example 5, except that pellets were formed at a ext
temperatureof300 °C(atemperaturelowerthanthemeltingpoint
of PTFE).

[0059]
[Comparative Example 1]

Aheatshrinktube was obtained inthe same manner
Example 1,exceptthatthecontentof PTFEwasset
[0060]

[Comparative Example 2]

asin
ruding

asin
ruding

asin
at0.03wt%.

Aheatshrinktube was obtained inthe same manner asin
Example 1, exceptthatthe contentof PTFE was set at3.5wt%.
[0061]

[Comparative Example 3]

Aheatshrinktube was obtained inthe same manner asin
Example 1, exceptthatthe contentof PTFE was set at0.0wt%.
[0062]

[Comparative Example 4]

FEP (Teflon (registeredtrademark) FEP100J, produc edby
Du Pont-Mitsui Fluorochemicals Co., Ltd., MFR 7 g/1 0 min,
melting point 260 °C) comprising two types of monomers (i.e.,

a copolymer of TFE and HFP) was used as a melt-proc essable
fluororesin. APTFEpowder(meltingpoint336 °C)lackingaheat
history of the melting point thereof or higher afte r
polymerizationandhavingaspecificgravity of2.2 Owasmixed
inanamountof0.4wt%withthemelt-processablef luororesin.
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]

Theheatshrinktubesoftheabove-mentionedExamp
Comparative Examples were evaluated for peel streng
shrinkagerate, transparency, and degree of orienta
results of the evaluations are shown in Table 1.

Moreover,thepelletsofExamples8to15andComp
Examples3and4wereusedtomeasuremelttension,
tension ratio was calculated. The results are show
2.

[0064]
(Evaluation criteria for peelability)

The peel strength was measured by the aforemention
method,andtheresultsofthemeasurementswereev
on the following criteria:

©: Not less than 1500 mm was peelable easily.

O: Not less than 1000 mm was peelable easily.

/\: Slightly difficult to tear, but not less than 80
mm was peelable manually.

Represents the limiting value of a conforming
article.

X: Manually peeled, but in some cases, the resin wa
broken halfway, and the tear distance shortened

lesand
th, heat
tion. The

arative
andthemelt
ninTable

ed
aluatedbased
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[0067]

The heatshrinktubes of Examples 1to 15 ofthe p
invention are all excellent in peelability and have
thermal (heat) shrinkage rate.

[0068]

In particular, the heat shrink tubes of Examples 2
and Examples 12to 15, namely, those havinga PTFE
0.2to1.0wt%, excelinpeelabilityandhaveanex
shrinkagerate of50% ormore,demonstratingthatt
both of these characteristics.

[0069]

InExamples1and 11, thatis, witha PTFE content
tothe lower limit, peelabilityis slightly poor, b
shrinkage rate tends to be high.

[0070]

In Example 7, thatis, with a PTFE content close t
upper limit,peelabilityisexcellent,butthehea
rate tends to be low.

[0071]

The heatshrinktube of Comparative Example 1 has
contentoflowerthan0.05%,andisunusablefromt
of peelability.

[0072]

The heatshrinktube of Comparative Example 2 has
PTFEcontentexceeding3.0%and,duringprocessing
expansion, rupture, cracking, or burst, for example
occasionally occurs. Thus, the heat shrinkage rate
lowered. Asaresult, sufficientclamping by the h
tube is not obtained, its uses are limited, and its
efficiency deteriorates. Thus, this heat shrink tu
usable.

[0073]

In the heat shrink tube of Comparative Example 3,
is,onewitha PTFE contentof0.0%, the degree of
islowerthan0.5. Aswillbe clearfromcompariso

resent
a high

to5
content of
cellentheat
heypossess

close
utthe heat

othe
tshrinkage

aPTFE
heviewpoint

ahigh
fordiameter
hasto be
eat-shrunk
work
be is not

that
orientation
nswiththe
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Examples as well, the degree of orientation which e
fiberizationof PTFEtoappear, contributingtoan
peelability, is 0.50 or more.

[0074]

As noted above, the heat shrink tube according to
present invention is found to be a heat shrink tube
ensures a sufficient heat shrinkage rate, while mai
peelability, thus excels in both of peelability and
shrinkage rate, and is also excellent in transparen
compared with the conventional technologies.

Industrial Applicability
[0075]

Theheatshrinktubeofthepresentinventionise
inbothofthecharacteristics, peelabilityandhea
rate, and also excels intransparency. Thus, itis
foods, medicine, pharmaceutics, chemistry, analytic
instruments, and any other technical field.

nablesthe
increasein

the
, Which
ntaining
heat
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xcellent
tshrinkage
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Claims

[Claim 1]

Apeelable heatshrinktubewhichisobtained by f
a composition at a temperature lower than a melting
PTFE,

wherein the composition contains a melt-processabl
fluororesin and the PTFE, the PTFE lacking a heat h
the melting point or higher after polymerization an
specificgravity,asmeasuredaccordingtoASTM D48
or less, a content of the PTFE being 0.05 to 3.0 wt
a total weight of the composition.

[Claim 2]
Thepeelableheatshrinktubeaccordingtoclaiml1
has a heat shrinkage rate of 40% or more.

[Claim 3]

The peelable heatshrinktube accordingtoclaim 1
whichhasatransmittance,asmeasuredincomplianc
D1746usingatransparencymeasuringinstrument,of

[Claim 4]

The peelable heat shrink tube according to any one
claims 1 to 3, wherein

the melt-processable fluororesin is at least one
copolymer selected from
tetrafluoroethylene-hexafluoropropylene copolymer (
tetrafluoroethylene-perfluoroalkyl vinyl ether copo
(PFA), tetrafluoroethylene-ethylene copolymer (ETFE
tetrafluoroethylene-hexafluoropropylene-vinylidene
copolymer (THV), and polyvinylidene fluoride-polyvi
difluoride (PVDF).

[Claim 5]
A method for producing a peelable heat shrink tube

orming
point of

e
istory of
dhavinga

94,0f2.20
% based on

,which

or2,
ewithASTM
80%o0rmore.

of

FEP),
lymer

),

fluoride
nylidene
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comprising:
melt-extrudingacompositionatatemperaturelowe
a melting point of PTFE,
wherein the composition contains a melt-processabl
fluororesin and the PTFE, the PTFE lacking a heat h
the melting point or higher after polymerization an
specificgravity,asmeasuredaccordingtoASTM D48
or less, a content of the PTFE being 0.05 to 3.0 wt
atotalweightofthemelt-processablefluororesin

[Claim 6]
The method for producing a peelable heat shrink tu
according to claim 5, further comprising:

performing melt extrusion under such conditions tha

a drawdown ratio (DDR), as calculated from the foll
equation, is 20 to 300
DDR=(D *-D /(D ,*-D ,?
where D prepresents an inner diameter of a die, D
representsanouterdiameterofamandrel, D
anouterdiameterofthetube,andD
diameter of the tube.

[Claim 7]

The method for producing a peelable heat shrink tu
according to claim 5 or 6, further comprising:

premixingthemelt-processablefluororesinandthe

then melt-mixing a resulting mixture at a temperat
lower than the melting point of the PTFE to obtain
pellet-shaped material containing the melt-processa
fluororesin and the PTFE; and

further melt-extruding the material at a temperatu
lower than the melting point of the PTFE.

[Claim 8]
A forming material comprising a composition contai

rthan

e
istory of
dhavinga
94,0f2.20
% based on
andthePTFE.
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amelt-processablefluororesinandPTFE thecompos
a melt tension ratio of 0.8 or higher, but 30 or lo

[Claim 9]
A heat shrink tube which is obtained by melt-extru
the forming material according to claim 8.

itionhaving

wer.

ding



