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1 DESCRIPTION MEDICAL TUBES 5 FIELD OF THE INVENTION The
present invention relates to medical tubes, and particularly to tubes for
introducing or withdrawing substances into or from a body. More
specifically, the invention relates to intlwelling catheters inserted and
placed 10 in a vessel for transfusion, blood sampling and hemodynamic
monitoring, and also relates to injection of infusion solutions and
chemicals into animal bodies, parécHteshydasman bodies. Still more
specifically, the invention relates to flexible medical tubes suited for
transporting medical fluids 15 such as blood and infusion solutions, the
tubes being made of a propylene polymer composition excellent in
transparency, flexibility, scratéBhésstanteieat resistance and rubber
elasticity. 20 BACKGROUND OF THE INVENTION Medical tubes include
tubes for introducing or withdrawing substances into or from a body, and
catheters inserted into a body for examination or treatment. Specific
examples of the medicaf PEITECAIETRTE RN as urinary 2
catheters, stomach catheters and suctlgn catheters; tgbes 1[s)uch as

mfusmn%ﬁeg LSitaral feBdiry ties” b ?Foneafr%lé[iy 5 flbes Bisd 2%

ransfusion.upes,and tubes connecled IQUINAY o1 withdrawing

substances into or from a body. More specifically, the
invention relates to indwelling catheters inserted and placed
in a vessel for transfusgion, blood zampling and hemcdynamic
monitoring, and also relates to injection of infusion
solutions and chemicals into animal bodies, particularly human
bodies. Still more specifically, the invention relates to
flexible medical tubes suited for transporting medical fluids
such as blood and infusion solutions, the tubes being made of
a propvlene polymer composition excellent in transparency,
flexibility, scratch resistance, heat resistance and rubber

elasticity.

BACKGROUND OF THE INVENTION
Medical tubes include tubes for introducing or
withdrawing substances into or from a body, and catheters
inserted into a body for examination or treatment. Specific

examples of the medical tubes include catheters such as urinary



10

15

20

catheters to guide urine to urine collection bags; circuit 5 tubes used in
blood circuits for hemodialysis, artificial heart-lung machines and
plasmapheresis; and tubes for transporting substances in the medical
field. The transporting tubes for mediéal substances include tubes
attached to multiple blood bags and tubes for connecting an 10 aspirator
and a catheter. Many of the conventional medical tubes are made of
pabwivd ehlodderthatis inaxpensiveandupessesses Rxeelient kikes such
resistance and a certain level of flexibility (pliancy) However, alternative
materials haver een required:hetasserof emiironmentdlconceinglabysis
The alternatives studied so far include styrene elastomer compositions
(P2 2000-68577 23R IA2001-25284 8 rah - UPSA-2001-4482), to urinary
thermoplastic polyurethane compositions (JP-A-H05-84293 and
IPIATOPIS4620 D) b SYhdiGtakfic “T 22 BolyBUtsidnd BoRfgbsitichsr cut
shP -A-2000-334038 and 20 JP-A-2001-104473) The fact, however, is that
432 CBRfsbstiorsAgve dem‘é%a.wfyan’a@&%ﬁ@émma/ daié o 1o+ 2 1

insufficient flexibility.and hi h co atent Document To achieve
%a\’fers?ailpt?/ and%rac%caf‘ flh §S tatf)cjj S Rave beengmé 2 on ?

%%pO'zmef of et%%n%gﬁge% O?ff'nc% Plamere £ahgn Ao, and acid

copo ers o?%th ene and vinyl acetate or the like. However, none has

satisfied, performanges reguirgd suchasfiexibility, heat resistance aad

attached to multiple blood bags and tubes for connecting an
aspirator and a catheter. Many of the conventional medical
tubes are made of polyvinyl chloride that 1s inexpensive and
possesses excellent kink resistance and a certain level of
flexibility {(pliancy). However, alternative materials have
been reguired because of environmental concerns.

The alternatives studied sc far include styrene
elastomer compositions (JP-A-2000-635377, JP-A-2001-252348
and JP-A-2001-1432), thermoplastic polyurethane compositions
(JP-A-H05-84293 and JP-A-2001-46492), and syndiotactic
1,2-polybutadiene compositions {(JP-A-2000-334038 and
Jp-A-2001-104473). The fact, however, is that these
compositions have low versatility and practical utility due
to insufficient flexibility and high costs. (Patent Documents
1-7)

To achieve the versatility and practical utility,
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5 kink resistance. Meanwhile, polypropylenes include isotactic
polypropylenes and syndiotactic polypropylenes. Particularly, the isotactic
polypropylenes are inexpensive and excellent in transparency and heat
resistance, and are 10 therefore widelg used in various packaging
materials and industrial materials. However, their flexibility is
unsatisfactory. To solve this problem, compositions have been studied in

Whicg .erxipIe materials sgch as eth !Lene elas?merrls fre blenged with the
sﬁu i1es nave an ma ecn1c&§% gme%s:a et %)eneauz og-olefins
polypropylénes. However, none as satisfied performances required.

M@d'%'ﬂ%ﬁ%oéa%ﬁ%oéaﬁiﬁéqog/ﬁﬁo&"ﬁﬁ%%%@%@é&@%‘ﬁ%&%\&e and
recently been proposed (WO 2004/067627) , but their heat resistance

anth-preaking-steengththave heen ingufficient. (Raigat Resument 85120
[Patent Document 1] JP-A-2000-63577 [Patent Document 2]

IR A2001252348 fPatent Rocumetit 3kJR-A-2001-1432 {Patentance and
Document 4] JP-A-H05-84293 [Patent Document 5] JP-A-2001-46492 4
[RatentBeduwhent 6] JP-A-2000-334038 [Patent Document 7]
JP-A-2001-104473 [Patent Document 8] WO 2004/067627 5
DISCLOSHREORSTHE INVENTIONTFfe prestitsnvation 4ihss to solve

the aforementioned problems in the background art. It is therefore an
dﬁﬁ%ﬁgﬁopylenes and syndiotactic polypropylenes.

Particularly, the isotactic polypropylenes are inexpensive
and excellent in transparency and heat resistance, and are
therefore widely used in various packaging materials and
industrial materials. However, thelr flexipllity is
unsatisfactory. Tosolve this problem, compositions have been
studied in which flexible materials such as ethylene
elagtomers are blended with the polypropylenes. However, none
hag gatisfied performances required. Medical tubes of
syndictactic polypropylene resin compositiong have recently
been proposed (WO 2004/067627), but their heat fesistance and

breaking strength have been insufficient. {(Patent Document 8)

{Patent Document 1] JP-A-2000-63577
[Patent Document 2] JP-A-2001-252348
[Patent Document 3] JP-A-2001-1432
TPatent Document 4] JP-A-H05-84293

[Patent Document 5] JP-A-2001-4649%2
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the invention to provide medical tubes made of a propylene polymer
composition that are well balanced and excellent in 10 transparency,
flexibility, heat resistance, scratch resistance and rubber elasticity. The
present inventors have made intensive studies of medical tubes capable
of solving the conventional problems and having high heat resistance,
flexibility and kink resistance, 15 and they have arrived at medical tubes

ng@&gll%@c&aﬁlggge 6ﬁ’f gré)gggg%% that-arg-gbtained by use of a specific

propylene polymer composition. Specifically, the medical tubes

ageording testhedoyention:goraptise a-pwpylene polymer composition (A)
that 20 comprises a polymer with propylene units, at least part of the
palymet havirg:asrisowtinstricturecaTd tve total of the propylene units

of the polymer being in an amount of 65 to 82 mol% (the total of the
structural units of the polymer in the composition is 100 mol%), and that
satisfies the following (al), 5 (a2) and (bl): (al) the modulus in tension is in
the range of 5 to 25 RMIBETERSYHRE A JECEHEABY with JIS K 6301;
(a2) the penetration temperature is 120C or above as 5 determined in
accordanbé Wit 955 K 71967448 ThaFWhée aSttibechéiy mbtksrnel oned
composition (A) and. having an inner diameter of 2.1 mm, an outer

AARREFST 35 AT SPIRNGEH G 20 ent s 10dptPby hideting Bothetas

tgggugnvention to provide medical tubes made of a propylene
polymer composition that are well balanced and excellent in
transparency, flexibility, heat resistance, scratch
resistance and rubber elasticity.

The present inventors have made intensive studies of
medical tubes capable of solving the conventional problems and
having high heat resistance, flexibility and kink resistance,
and they have arrived at medical tubes with excellent balance
of properties that are obtained by use of a specific propylene
polymer composition. Specifically, the medical tubes
according to the invention:

comprise a propylene polymer composition (A} that
comprises a polymer with propylene units, at least part of the
polymér having an isotactic structure and the total of the
propylene units of the polymer being in an amount of 65 tc 82
mol% {the toctal of the structural units of the polymer in the

composition is 100 mol%}, and that satisfies the following (al},
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into a hollow jig having a hole 10 mm in diameter and 5 mm in 10 height
and, then, the both ends of the tube are pulled down until a kink occurs in
the loop, the distance H from the upper surface of the jig to the upper end
of the loop is not more than 60 mm. The medical tubes made of the
specific propylene polymer 15 composition are well balanced in
transparency, flexibility, heat resistance, scratch resistance and rubber

ef{%idta}/ gn%@pw superior kink resistance that has been a problem in
the™art 5 BRIEF DESCRIPTION OF THE DRAWING Fig. 1 illustrates an

evaluation method for kink resistance.1 Hollow cylinder (jig). 2, fube § ,5
PREFERRED EMBODIMENTS OF THE INVENTION The medical tubes

made of the spegificRropylene-pelymer. COMPOSHIoN aceeyding to the
present invention will be 5 described in detail hereinbelow. [Propylene

polymer compesitiop4Adl- The psepylenppelymes compasition A) foydise as
in the invention contains a polymer having propylene units 10

(Hersinafter alse referrecttantie Ypropyléhg golymes?), ahdeast part of the
propylene polymer having an isotactic structure. The propylene polymer
compositibh (A containsthe being made of the composition (A} and
having an inner diameter of 2.1 nm, an outer diameter of 3.5mm
and a length of 20 cm is looped by inserting both ends thereof
into a hollow jig having a hole 10 mm in diameter and 5 mm in
height and, then, the both ends of the tube are pulled down
until a kink occurs in the loop, the distance H from the upper
surface of the jig to the upper end of the loop is not more
than 60 mm.

The medical tubes made of the specific propylene polymer
composition are well balanced in transparency, flexibility,
heat resistance, scratch resistance and rubber elasticity, and

show superior kink resistance that has been a problem in the

art.

BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 illustrates an evaluation method for kink
resistance.
1 -»+ Hollow cylinder (Jig)

2 +«++ Tube
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propylene units in an amount of 65 to 82 mol%, preferably 69 to 80 mol%,
more preferably 72 to 79 mol% to the total (100 15 mol%) of the structural
units of the propylene polymer in the composition (A) . The propylene
polymer composition (A) has (al) a mgdulus in tension in the range of 5 to
25 MPa as determined in accordance with JIS K 6301 and (a2) a
penetration temperature of 120C or above as determined in accordance
with 20 JIS K 7196. The propylene polymer contained in the propylene
polymer composition (A) is characterized in that at least part thereof has

an isotactic SyuEiIERAS YaRbReBRmbCR OpKleNARBFRRNaving an

isotactic 7 structure means a polymer in which triad tacticity of the
head-tortall ceupledpropdenganitsequanses asdelqrmiped oy polymer
13C-NMR is at least 95.0%, preferably at least 96.0%, more preferably at
leagt 97i0%s, the tiad-tactigity being the-ratimb of tad sequences obe
head-to-tail coupled propylene units with the methyl groups branching in
thessartiecdirdctioie ta idrbitearyitniaed lsequences of propylene units in the
polymer chains. The procedures for determination of the triad tacticity of
head-to-tail coupled propylene unit sequences by 10 13C-NMR are
described in JP- A H08 73532 The propylene poI mer in th? polymer

A

the-propylene

units without Ilmltatlon as Iong as such structural unit can make
The propyl ene polymer composition (A or use in the

invention contains a polymer having propylene units
(hereinafter, also referred to the “propylene poclymer”), at
least part of the propylene polymer having an isotactic
structure. The propylene polymer composition (A) contains the
propylene units in an amount of 65 to 82 mol%, preferably 69
to 8(5 mol%, more preferably 72 to 7% mol% to the total (100
mol%) of the structural units of the propylene polymer in the
composition (A). The propylene polymer composition (A} has
(al) a modulus in tension in the range of 5 to 25 MPa as
determined in accordance with JIS K 6301 and (a2} a penetration
temperature of 120°C or above as determined in accordance with
JIS K 7196.

The propylene polymer contained in the propylene polymer
composition (A) is characterized in that at least part thereof
has an isotactic structure.

As used herein, the propylene polymer having an isotactic
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up organic polymers. Preferred are structural units 15 constituting
common polyolefins, such as ethylene units, C4-20 a-olefin units, diene
units, triene units and polyene units, with the ethylene units and the C4-8
a-olefin units being particularly preferred. Preferably, the polymer
contains two or more types of these structural units, and particularly 20
preferably contains two types of structural units selected from the

eé@?%#@t%n%%scdg L 3-0lgfin unys w’?ﬁ(;cﬁxac@ﬂ?d the Rropylene, units, .

as use erein are structural units derived from propylene monomers,

which applies;alsa o.0ther stryctiralunits.;& A particulady preferred mineq

embodiment of the propylene polymer composition (A) is described below.

Rarticalanlyr preferably dbe propytene pekunencgmpesition: (ApeQntangore
based on 100 parts by weight thereof: 1 to 40 parts by weight 5 of
potyirepylene daving an jsatastictsteuctire {hesemaftet,y aled refermednatio
as the "isotactic polypropylene (i)); and 60 to 99 parts by weight of a
propylenefethyiersiaolefid rardomt copelymerchaving aprisotactice units
structure and containing 45 to 89 mol% of propylene units, 10 to 25 mol%
of ethylehe s 10 asBcosforaiE Tt BOmd6-6ECaaPB achlEfiT this, to
(hereinafter, also referred to as the "propylene/ethylene/a-olefin random
CoporREF Hii) | twRErsIR BI85t 0AE oF The CoRTENtE f tie TEthyidh& Bhite s

n 4-20 a-olefin units i %). [ [ i
aclgatlhr?sc.: ng Bfo'ce“ dgcselss r}%tro ?eqclé) milr?al‘cszgct%cug nggroipyi%r&e 0

tacticity of head-to~tail coupled propylene unit seguences by
BC-NMR are described in JP-A-H08-73532.

The propylene polymer in the polymer composition (A} may
contaln structural units other than the propylene units
without limitation, as long as such structural units can make
up organic polymers. Preferred are structural units
constituting common polyolefins, such as ethylene units, C4-20
c-clefin units, diene units, triene units and polyene units,
with the ethylene units and the C4-8 o~clefin units beaing
particularly preferred. Preferably, the polymer contains two
or more types of these structural units, and particularly
preferably contains two types of structural units selected
from the ethylene units and C4-8 a~-olefin units. For example,
the propylene units as used herein are structural units derived
from propylene mbnomers, which applies alsoc to other

structural units.
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The isotactic polypropylene (i) used in the invention is a specific
propylene polymer having the following properties. As long as the
properties described below are satisfied, the propylene polymer may be a
homopolypropylene, 20 a propylene/amlefin random copolymer or a
propylene block copolymer. Preferably, the polymer is a
homopolypropylene or a propylene/a-olefin random copolymer. The

isotactic_palypropylene (i) ran in_melt flow rate FR; ASTM D123
2300, A6 14 looey om0 DL 200 3165 ia Ereteraply Hork b F 15 66°
%{QJ%?H'&T@&B%%@Aﬁmﬁzpl%Stfwé@e&@b]e?&%gmppvem@&eéawﬂy
30C or above, more preferably 150C or above. MFR of the isotactic
@Q}é&@;@%@?ﬂ% eﬁ%"-@f‘&p@@%ﬁ@%o’i%@ mayieadita pear imMpactntains,
resistance (Izod impact strength) of the composition. When the isotactic

pelypromtene (i)ds e prepylene/aolefis rangdom copolymesrthe awlefindst
preferably selected from ethylene and a-olefins of 4 to 20 10 carbon

atdnps: Thherpropyierelesolefin randemt:capolymerrdesivalbly (bentainsathies -,
a-olefin units in an amount of 0.3 to 7 mol%, preferably 0.3 to 6 mol%,
moreopreféralslyD . BacE miotds asedadn 20oomuivcefithenetdliofitheand 60
structural units in the copolymer. 15 The isotactic polypropylene (i) may
BeopPGdnead Hyb warous: proéeasesoti e pielusing o/ sterderégnlaandom

catalyst. . i ) o :
copdlymer having an isotactic structure and containing 45 to

89 mol% of propylene units, 10 to 25 mol% of ethylens units
and optionally 0 to 30 mol% of C4-20 e~olefinunits (hereinafter,
also referred to as the “propylene/ethylene/a-clefin random

copolymer {ii)) (wherein at least one of the contents of the

ethylene units and the C4-20 o-clefin units is not O mol%).

Iscotactic polypropylene {1)

The isotactic polypropylene {i) used in the invention
is a specific propylene polymer having the following
properties. As long ag the properties described below are
satisfied, the propylene polymer may be a homopolypropylene,
a propylene/a—olefin random copolymer or a propylene block
copolymer. Preferably, the polymer 1s a homopolypropylene or
a propylene/d-olefin random copolymer.

The lsotactic polypropylene (i) ranges inmelt flow rate

(MFR; ASTM D1238, 230°C, 2.16 kg load} from 0.01 to 400 g/l10
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More specifically, it can be synthesized in the presence of a catalyst
composed of a solid titanium catalyst component, an organometallic
compound catalyst component and optionally 20 an electron donor.
Specific examples of the solid titaniunp catalyst components include solid
titanium catalyst components composed of titanium trichloride or a
titanium trichloride composition on a carrier having a specific surface

area of 100 m2/g.or more;,and solid titanium.catalyst ¢ onents 10 in.
N eh oo, A g5, o Sldas Gorcr oLy o ararhBRa=t

caboxylic acidiesterof an glkyl:containing. .gthen.ant HaNUMAS,e | more

essential components are supported on a carrier having a specific

swrtace-aren,of 500 m2/g aiypeLe. 5 Metallocene catalysts are also useful.
Preferred examples of the organometallic compound catalyst components

include erganealgminumacompounds suchasy thalkylalmpsiims, 400 /10
dialkylaluminumhalides, alkylaluminumsesquihalides and
atkylatarninemdihalidesr Thecb@ organoalusmineam Compoumesmay: bength)}
selected appropriately depending on the type of the titanium catalyst
copbremcosed 1 Examples of the electron donors include organic

compounds containing a nitrogen atom, a phosphorus atom, a sulfur
atom, a &fiedn dt6m.6r&boroR REmIESEYeGMpolnds 185 and ether
compounds containing these atoms are preferable. The catalyst may be

FRAVBISE DG Friretidd BUERMECRoSGHITdiNG Sdind Hié aBiodéshéRtidied

olefins may. be ! _
preferably selected from ethylene and a-olefins of 4 to 20

carbon atoms. The propylene/a-olefin random copolymer
desirably contains the o-olefin units in an amcunt of 0.3 to
Tmol%, preferably 0.3 tqfimol%, more preferakbly 0.3 to 5 mol%
based on 100 mol®% of the total of the structural units in the
copolymer.

The isotactic polypropylene (i} may be produced by
various processes, for example using a stereoreqgular catalyst.
More specifically, it can be synthesized in the presence of
a catalyst composed of a solid titanium cétalyst component,
an organcmetallic compound catalyst component and cptionally
an electron donor. Specific examples of the sclid titanium
catalyst components include solid titanium catalyst
components composed of titanium trichloride or a titanium
trichloride compoesition on a carrier having a specific surface

areaoflOOHF/gornmre;andsolidtitanimncatalystcomponents
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prepolymerized. 20 Propylene/ethylene/a-olefin random copolymer (ii) The
propylene/ethylene/a-olefin random copolymer (ii) possesses an isotactic
structure and contains propylene units in an amount of 45 to 89 mol%,
preferably 45 to 80 mol%, more preferably 50 to 75 mol%, ethylene units
in an amount of 10 11 to 25 mol%, preferably 10 to 23 mol%, more
preferably 12 to 23 mol%, and optionally C4-20 a-olefin units (a) in an
amoynt _of 0 to 30 mol%, prefer 0tp2 9 0 fe
R L s R T S S e
C4-20 aolefin units.in the aboye@Mmoupts, the an alkyl-containing
propylene/ethylene/a-olefin random copolymer (ii) tends to show good
compatibility; with: the: isetactic pebmropylenadi)- further, the propylane-d on
polymer composition obtained will 10 exhibit sufficient transparency,
flexibility, reatresisiancepandsoraichr- registancea In terms oftagkiness ot .
tubes, it is particularly preferable that the propylene/ethylene/a-olefin
téecond ccopoly met £i)ycortarrssthe propytenieadnits in an amount of 15 65
to 71 mol%, preferably 67 to 69 mol%, the ethylene units in an amount of
12 to 158mef%r praferaisiyBetd P4 nidlgo, iR TRRTCA-D0 & ofeTiRP GRS (a)
in an amount of 17 to 23 mol%, preferably 18 to 21 mol%. The tackiness
(ﬁQEBé§$§iﬁﬁm?@Fﬁ%§ﬁe%ﬁﬂ Repfipanoaluminum compounds such as

trialkyvlaluminums, dialkylaluminumhalides,

alkylaluminumsesqguihalides and alkylaluminumdihalides. The
organoaluminum compounds.may be selected apprépriately
depending on the type of the titanium catalyst component used.
Examples of the electron donors include organic
compounds containing a nitrogen atom, a phosphorus atom, a
sulfur atom, a silicen atom or a boron atom. Ester compounds
and ether compounds contalining these atoms are preferable.
The catalyst may be activated by a method such as
co-grinding, and the above-mentioned clefins may be

piepolym@rized.

Propylene/ethylene/o~-olefin random copolymer (ii)

The propylene/ethylene/a-olefin random copolymer {(ii)
possesses an isotactic structure and contains propylene units
in an amount of 45 to 8% mol%, preferably 45 to 80 mol%, more

preferably 50 to 75 mol%, ethylene units in an amount of 10
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20 tube is used in such a manner that it is pinched by application of force
to interrupt temporarily the flow of fluid in the tube, and thereafter the
force is released to restart the fluid flow. Such tubes include infusion
tubes and blood transfusion tubes. Law tube tackiness is preferable in
these applications because 12 the fluid restarts to flow as soon as the
tube is released from the force. That is, the medical tubes of the invention

3@ particularly Suﬁi,ttaég)ll:eagq{ﬁu et}i]”cﬁﬁi?n%‘i‘%m%%%‘éb%%gé eqns for
i pt the fluid'f { i

eforming thé tibe to Interr low and/or means for deforming

E‘gg %ﬂ%;g%t? ggatc%!m%ﬂg%@% Bxamples of the means for deforming. ..,

to interrupt the fluid flow and/or the means for deforming the tube
tgcantrq) the fluidiflow.iaeludeclamps: Particylarly preferablyrthe 18h1y o
medical tubes of the invention are medical tubes that constitute part of
reedioal glevices such as infusion circuits (infusion sets) and blood
transfusion circuits (blood transfusion sets). The intrinsic viscosity [r]] at
135C in¢lecatinrofthe 1% propyehefethylenefa-okefimyrasde micopelyanst
(i) is desirably in the range of 0.01 to 10 dl/g, preferably 0.05 to 10 dl/g.
The propylleféletiylenelae Slefinrantem copolyneéro(iy evingthis the
intrinsic viscosity [r)] will show superior characteristics such as weather
resisraRca Ao fesistafice 1 20 terfaaldaging pesistaree, fovk! tends to

temperature properties and ) , , ,
show good compatibility with the isotactic polypropylene (i};

further, the propylene pelymer composition obtained will
exhibit sufficient transparency, flexibility, heat resistance
and scratch resistance.

In terms of tackiness of fubes, it is particularly
preferable that the propylene/ethylene/o-olefin random
copolymer (ii) contains the propylene units in an amount of
65 to 71 mol%, preferably 67 tec 69 mol%, the ethylene units
in an.amount of 12 to 15 mol%, preferably 13 to 14 mol%, and
the C4-20 w-olefin units (a) in an amount of 17 to 23 mol%,
preferably 18 to 21 mol%.

The tackiness of tubes 1s important especially when the
tube is used in such a manner that it is pinched by applicaticn
of force to interrupt temporarily the £low of fluid in the tube,
and thereafter the force is released to restart the fluid flow.
Such tubes include infusion tubes and blood transfusion tubes.

Low tube tackiness is preferable in these applications because
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dynamic fatigue resistance. The propylene/ethylene/u,-olefin random
copolymer (ii) has a stress at 100% strain (M100) of not more than 4
MPa, preferably not more than 3 MPa, more preferably not more than 13
2 MPa when determined with respect toza JIS No. 3 dumbbell specimen,
with a span of 30 mm at a stress rate of 30 mm/min and at 23C in
accordance with JIS K 6301. The propylene/ethylene/a-olefin random

copolymer {ii) satishing:5 this condition, shows gxceligat flexiilits seq £rom
transparency and rubber elasticity. The propylene/ethylene/a-olefin
rapdomseepalymer (i) has crystallinity of not more than 20%, preferably
from 0 to 15% as measured by X-ray diffractometry. Further, the 10
propylengfathytene/aralefir sangamteopalymer {i-desikably ihas asingle
glass transition temperature, and the glass transition temperature Tg as
measuredwith v differemtial $canming dalosmetér (DSO)ds desirablyd 0 d
or less, preferably -15C or less. The propylene/ethylene/a-olefin 15

rasdom Eopsiyieriiravirey thizeglass ansitionttémpdratireé g shvws or
excellent cold resistance and low temperature properties. When the
prEpYIBnETBHHRASHE Tt fartddif copoRfthér i) has afmefihgipoirt

(Tm, C).in a DSC (differential 20 scanning calorimeter) endothermic

cOVEth&h&dt of fudiGATH J??%d’*%"&%%@, 5hE thesrapyIeRE Unite ™ Hhe

C?T&%& flow and/or the means for deforming the tube to control
the fluid flow include clamps. Particularly preferably, the
medical tubes of the invention are medical tubes that
constitute part of medical devices such as infusion clrcults
{infusion sets) and blood transfusion circuits {(blocd
transfusion sets).

The intrinsic viscosity [n] at 135°C in decalin of the
propylene/ethylene/a-olefin random copolymer (11) is
desirably in the range of 0.01 to 10 dl/g, preferably 0.05 to
10 dl/g. The_propylene/ethylene/a—olefin random copoelymer
{1i) having this intrinsic viscosity [n] will show superior
characteristics such as weather resistance, ozone resistance,
thermal aging registance, low temperature properties and
dynamic fatigue resistance.

| The propylene/ethylene/a~-clefin random copolymer (ii)
has a stress at 100% strain (M100) of not more than 4 MPa,

preferably not more than 3 MPa, more preferably not more than
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(hereinafter, also referred to as the "C3 content”) (mol%) and the heat of
fusion LH (J/g) satisfy the following relation: LH < 345Ln(C3 content
(mol%)) - 1492 14 (with the proviso that 76 <_ C3 content (mol%) <_ 90)
The GPC molecular weight distributiori Mw/Mn, in terms of polystyrene,
Mw: weight-average molecular weight, Mn: number-average molecular
weight) is desirably 4.0 or less, 5 preferably 3.0 or less, more preferably

2505 Jegs.Ihe prepyleneletiylene/asolefinrandom gopolymerdiis Make11

be partially modified by grafting a polar monomer. Examples of the polar
rapRemess include hydrexyl growp-egntainingathylenically-ungaterated/min
compounds, amino 10 group -containing ethylenically unsaturated
compatnds, ‘epoxy greuvpontaining-ethytenicallzonsaturated
compounds, aromatic vinyl compounds, unsaturated carboxylic acids and
derivagives dhiergof | vinyl estel edmpeundsancyinyychloride. ;Thetisfying
modified propylene /ethylene /a-olefin copolymer may 15 be obtained by
draftpelgrterizatiorrbPthe poke Menéniertsithel ity, transparency and
propylene/ethylene/a-olefin random copolymer (ii). The graft
@Fiz&ti61 'of thé Polar monomer to the propylene/ethylene/a-olefin
copolymer (ii) generally involves the/polar monomer in an amount of 1 to

100 partS'by POPREIghtep e} 8/t 80 arts Brwefdht g 100 54+
Y ey sl A SPRUD, (Bl <o
15% as measured by XA-ray diffractometry. Further, the
propylene/ethylene/od-olefin random copolymer (ii) desirably
hags a single glass transition temperature, and the glass
transition temperature Tg as measured with a differential
scanning calorimeter (DSC) is desirably -10°C or less,
preferably -15°C or less. The propylene/ethylene/oa-olefin
random copolymer (i1} having this glass transition temperature
Ty shows excellent cold resistance and low temperature
properties.
When the preopylene/ethylene/a-olefin random copolymer

(i1} has a melting point {Tm, °C) in a DSC (differential
gcanning caloriméter) andothermic curve, the heat of fusion
AH is 30 J/g or less, and the prcpylene unit content
{hereinafter, also referred £o as the “C3 content”) (mol%) and

the heat of fusion AH (J/g) satisfy the following relation:

AH < 345Ln{C3 content (mol%)) - 1492
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presence of a free-radical initiator. Examples of the free-radical initiators
include organic 15 peroxides and azo compounds. The free-radical
initiator may be used directly by being mixed with the '
propylene/ethylene/a-olefin random capgolymer (ii) and the polar
monomer, or may be used after dissolved in 5 a small amount of an
organic solvent. The organic solvents used herein are not particularly

limited ag,jong as,they-ean dissolye the freeradicaliniiatqimds reducing )
substance may be used in the graft polymerization of the polar monomer
to the 1@ peopylengiethylane/arelefintantonr copelymer((iy The, use of:rms
the reducing substance increases the amount of the polar monomer
graftedl ¥hegraftenodficatiohasfithe vpromde mel/dthyldne/avelefin random
copolymer (ii) with the 15 polar monomer may be carried out in a
comventionakbRgmere Ferexampie itletpropyleteethyiene/d-olefar 1ess,
copolymer (ii) may be dissolved in an organic solvent, and the polar
ABRGMEH AN %hg ffoe-tadical MtisRormal g hdded 10 the sbfiition to
perform reaction at 70 to 200C, preferably 80 to 190C, for 20 0.5to 15
hours, preteraBIyey i 16 1fodte LARETaTeRS the TROAFBgCOPOLymer (14)

%ggy}%‘g%:%&ﬂg%%& %98§'yé‘g'feggp@$¥tbien8r%d%°o LBy {gagting the
propylenesetnylene/a-olerin rahaom-copolymer
Examples of the polar moncmers include hydroxyl
group~containing ethylenically unsaturated compounds, aminoc
group -containing ethyvlenically unsaturated compounds, epoxy
group-containing ethylenically unsaturated compounds,
aromatic vinyl compounds, unsaturated carboxylié aclds and
derivativgsthereof,vinylestercompoundsandvinylchloride.
The modified propylene/ethylene/a~olefin copolymer may
be obtained by graft polymerization of the polar monomsr to
the propylene/ethylene/a-oclefin random copolymer (ii). The
graft polymerization of the polar monomer to the
propylene/ethylene/a-olefin copolymer (ii) generally
involves the polar monomer in an amount of 1 to 100 parts by
welght, preferably 5 Lo 80 parts by weilght per 100 parts by
welght of the propylene/ethylene/a—olefin random copolymer
{ii). The graft polymerization is generally performed in the

praesence of a free-radical initiator.

Examples of the free-radical initiators include crganic
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(if) and the polar monomer in the absence of a solvent with 16 use of an
extruder or the like. This reaction is desirably conducted at a temperature
not less than the melting point of the propylene/ethylene/a-olefin random
copolymer (i), specifically at 120 to 250C, for 0.5 to 10 minutes. 5 The
modified propylene/ethylene/a-olefin copolymer obtained as described
above desirably has a modification amount (amount of polar monomer
geafied) i the range of Bckde diwt%, preferably 0.2 to 30 wt%, more
preferably 0.2 to 10 wt%. 10 When the propylene polymer composition

(A) contains the emodifiochprapyle hetethyiene facolefin copotymer; itshevis g
superior adhesion and compatibility with other resins and can give formed
products hakingenproved surdaes wettatdity 18 Pfaductioniof: copolymer
propylene/ethylene/a olefin random copolymer (ii) The

pProby|efel cthyleelablafin Yafdont Eopolkyher (PafayBe prodaced using
a metallocene catalyst as used for synthesizing the isotactic
BolSBropyI8RE (i1 thfthar 6 HR6ddici P s it fimitdd thErtB P rodirctibhr t

of propylene, polymer composition (A) To produce the propylene polymer
RO oR (o e AT Ao R OO eS G el e o2

specified 17, mounts by 3 number,of known,processes, for example by

A reducing substance may be used 1in the graft
polymerization of the polar meonomer to the
propylene/ethylens/d-clefin random copolymer (ii). The use
of the reducing substance increases the amount of the polar
monomer grafted.

The graft modification of the
propylene/ethylene/a~olefin random copolymer (1i) with the
polar monomer may be carried out in a conventional manner. For
example, the propyiene/ethylene/a~ola£in copolymer (1i) may
be dissolved in an organlic solvent, and the polar moncmer and
the free-radical initiator may be added to the solution to
perform reaction at 70 to 200°C, preferably 80 to 190°C, for
0.5 to 15 hours, preferably 1 to 10 houré.

Alternatively, the modified
propylene/ethylene/a-olefin copolymer may be produced by
reacting the propylene/ethylene/o-olefin random copolymer

{ii} and the polar monomer in the absence of a solvent with
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multistage polymerization or mixing with a Henschel mixer, a V-type
blender, a ribbon blender or a Tumbler mixer, or by mixing as above and
melt-kneading the mixture with a single 5 screw extruder, a twin screw
extruder, a kneader or a Banbury mixe®, followed by granulating or
pulverizing. The propylene polymer composition (A) may contain

additives as required while still achieving the objects of the invention.
Examples of the: additivesnelude:weathering 30:stabitizers, healiesirably
stabilizers, antistatic agents, anti-slip agents, anti-blocking agents,
ant-fogging ageats, dubkcantsy pigmentss dyesaplasticizerst anti-agingt of
agents, hydrochloric acid absorbents and antioxidants. Further, "other
copolymery (elastemey berelastonier friesin) ascdescrilied below rhaybe
used 15 without departing from the effects of the invention and while still
SonevibgthdlobjestslgithBandéRtion. Tise propyiéte polyfAeIESMposition
(A) as described above can give formed products well balanced and
excellentitd tigrparefcy ipmyact TR SRERNCE Teiibity Shéat [EERtanBer
20 scratch resistance and rubt%er elagticityé.ag herh%lospoIymecrii'l'Pj(_aca

p%BWe%%dpgﬁm ersc%%“%giti%no(}ss f6r-tise invenafioﬁr‘lomay con%%n
é%%e&n OF)(%J%@&& (eﬁ'é%%'l‘aei! %o%8qmeé%st%3{%%rt'§§5“)i%s £$%9 %%%r-%? of 0.1
xamples of the "othercopolymers” include ethylene/a-olefin random
QQQQQW%%%ﬁmﬁfé?x@gﬁﬂye@?z to 30 wt%, more preferably 0.2 to
10 wt%.
When the propylene polymer composition (A} contains the
modified propylene/ethylene/o-olefin copolymer, it shows

superior adhesion and compatibility with other resins and can

give formed products having improved surface wettability.

Production cof propylene/ethylene/o-olefin random copolymer

(11)

The propylene/ethylene/a-olefin random copolymer {ii)
may be produced using a metallocene catalyst as used for
synthesizing the isotactic pelypropylene (i), but the

production ls not limited thereto.

Production of propylene polymer composition (A)

To produce the propylene polymer composition (A}, the

aforementioned components may be mixed in the specified
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copolymers (iv) and ethylene/triene copolymers (v). These 5 copolymers
may be used singly or in combination of two or more kinds. The "other
copolymer" may be used in an amount of 0 to 30 parts by weight,
preferably 0 to 20 parts by weight per 200 parts by weight of the isotactic
polypropylene (i) . When the 10 composition contains the "other
copolymer"” in the above amount, it can give formed products well

halaneed in, {fexibility, transparenay-ang low temperatyre inpast e by
resistance. Additional description of propylene polymer composition (A)

15: The prepylens pelymer-compositien (Al used inthe piavestien is fiee-of a
styrene or ethylene block copolymers. Further, the propylene polymer

composition €AY prefesablybmeets haydef(I)to (#1)I(HiThercompesitionr by
satisfies all the following (A), (B), 20 (C) and (D). (TI) The composition
satisfies the followiag(E). M@ Tha codipasifion satisfiey allMhé fokowingp L e
(A), (B), (C), (D) and (E). By "the propylene polymer composition (A) is
fise B 19% SEHERE orfethyién 8 BIGEk opbRffTdrs"2ithE titftRFstiod tRabkHE Y
content of styrene or ethylene block copolymers in the propylene polymer

JonFdsitidh ts ABEFhdrd tHARTORTE! Soraferdbly FGt-Hbre than 5 wtd,

: 0
still pref%r}?glyprr]%tpy é%eteh%%lgfr%e\/}\:/t/gbmposition (A} may contain

additives ag required while still achieving the okjects of the
invention. Examples of the additives include weathering
stabilizers, heat stabilizers, antistatic agents, anti-slip
agents, anti-blocking agents, anti~fogging agents, lubricants,
pigments, dyes, plasticizers, anti~aging agents, hydrochloric
acld absorbents and antioxidants. Further, “other copolymer”
{elastomer or elastomer resin) as described below may ke used
without departing from the effects of the invention and while
gtill achieving the oblects of the invention.

The propylene polymer composition (A) as described above
can give formed products well balanced and excellent in
transparency, impact resistance, flexibility, heat resistance,

scratch resistance and rubber elasticity.

QOther copolymer

The propylene polymer composition (A) for use in the

invention may contain “other copolymer” [(elastcmer or
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(A) The composition shows a loss tangent (tans) peak at a temperature in
the range of -25 to 25C according to dynamic viscoelasticity

measurement (10 rad/s) in a torsion mode, and the peak value is 0.5 or
above. 10 (B) The storage moduli G' (26C) and G' (100C) from the

dynamic viscoelasticity measurement have a ratio (G' (20C)/G' (100C)) of
not more than 5. (C) The penetration temperature (C) determined in
acrosdanee WithsdhS) Kokl 96 isinetdess than 120C. 15 (D) The

composition has a permanent set of not more than 20% as determined
after thezsempositionifixagbetween:chueks. Bo=mat aparilis 190%

strained at a stress rate of 30 mm/min, maintained for 10 minutes and
reteaseehford-Qomirtites rEn)dthe compgsitiars cantains thetisplactic/20 ene
polypropylene (i) in an amount of 1 to 40 parts by weight, preferably 1 to
IrpansByReight) more préferabley mzenﬁaﬁemlmiaﬁﬁ afitl the These
propylene/ethylene/a-olefin random copolymer (ii) in an amount of 60 to
RPPRAEHREIGHE, Pprefetably 76 18 69 pattss ght PRofd gréfeRbRCT e
75,10 99 20 parts by weight (based on the weight of the propylene

pIB er composition (A) (100 parts by weight)). In the property (A), the
loss tan (tan at 25 t 25C is O 5 of, above, prefer ably in the rang

of 0.5 toq§l m%c?)re pre era%rlny in the ryange of0.610 f%/%en t??é Io%s8 wo

t%@gﬁglsé@%i} P20, 2pCJE OB than Q5 the PropVIRNG, POYMES o+ 100

parts by welght of the isotactic polypropylene (i). When the
composition contains the “other copolymer” in the above amount,
it can give formed products well balanced in flexibility,

transparency and low temperature impact resistance.

Additional description of propylene pclymer compositicn (A)

The propylene polymer compesition (A) used in the
invention is free of styrene or ethylene block copolymers.
Further, the propylene polymer compositlion (A} preferably
meets any of (I) to (III):

(I) The compesition satisfies all the following (A), (B),
{C) and (D).

{1I) The composition satisfies the following (E).

{11} The composition satisfies all the following (&),
(B}, (C}, (D} and {(E}.

By “the propylene polymer composition (A) is free of
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composition tends to show insufficient flexibility or, even if having
flexibility, tends to be poor in scratch resistance. In the property (B), the
ratio (G' (20C)/G' (100C)) 10 of storage moduli G' (20C) and G' (100C) is
not more than 5, preferably not more #¥an 4, still preferably not more than
3.5. When the ratio (G' (20C)/G' (100C)) of storage moduli G' (20C) and

G' (100C) exceeds 5, the propylene polymer composition tends to show
sir{acestickiness todeteforte 15 hangling propetiessanddends dedailta
exhibit sufficient heat resistance. In the property (C), the penetration
temperafitren(C)c determined in aceardance=wih HS K406 imeotless the
than 120C, preferably in the range of 121 to 135C, more preferably in 20
thecranyercf 126 tond35CoWyken the penetrationempetaieme 18 beléw
120C, the propylene polymer composition cannot be used in applications
regeirig: hest swdrilizdtfol brihe ke [rethel properf (B - tha pemrditeit:an
set is not more than 20%, preferably not more than 18%, still preferably
rfot'thére 21 than 16% as determined after a dumbbell specimen 50 mm

in length, 5 mm in width and 1 mm in thickness is fixed with gauge lines
30mm apArt, thEn SRS at ArsFEsY Fafe bP 3BnAMFHT o 1 skaf at
maintained for 10minutes and released for 1Qminutes. 5 When the .
NP o Sx o tE SO0 T Lt Stastiity e B I, SR

the compasition capnatheused in applications, requiring stretshingand.. g

restoring properties.

. Lthe peak value 1s 0.5 or above.

{B} The storage moduli G* {20°C) and G’ (100°C).fronlthe
dynamic viscoelasticity measurement have a ratio (G (20°C) /G*
(100°C)).of not more than 5.

(C} The penetration temperature (°C) determined in
accordance with JIS K 7196 is not less than 120°C.

{D) The composition has a permanent set of not mere than
20% as determined after the composition fixed between chucks
30 mm apart is 100% strained at a stress rate of 30 mm/min,
maintained for 10 minutes and releaseda for 10 minutes.

{E} The composition contains the isotactic
polypropylene (1) in an amount of 1 to 40 parts by weight,
preferably 1 to 30 parts by weight, more preferably 1 to 25
parts by welght, and the propylene/ethylene/o-olefin random
copolymer (ii} in an amcunt of 60 to 99 parts by weight,

preferably 70 to 299 parts by welght, more preferably 75 to 99
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The propylene polymer composition (A) has a modulus in tension
(Young's modulus) of 5 to 25 MPa, preferably 5 to 23 10 MPa, more
preferably 7 to 20 MPa as determined in accordance with JIS 6301. The
propylene polymer composition (A) geBérally has a melt flow rate (ASTM
D 1238, 230C, 2.16 kg load) of 0.0001 to 1000 g/10 min, preferably
0.0001 to 900 g/10 min, more 15 preferably 0.0001 to 800 g/10 min, and

rLipLinsic visegaity (kN0f .04 10,L0,dl/gypreferably. 00319, 10,Ad/g, dnofg
preferably 0.1 to 10 dl/g as determined at 135C in

desatyedienaphthalene. dihe:propylene pehymern gomposition (A) preferably
20 provides a DSC (differential scanning calorimeter) endothermic curve

in whichthete:és propximtympegk ofhmelting paindéhm, (=a15100€ o5 to
above. The heat of fusion is preferably in the range of 5 to 40 J/g, more
préfetably ih the ramigevsf,5 1o 85<g LT lie imaxkinsurmeerdothéric® peak? - 5,
(melting 22 point) of the propylene polymer composition (A) is 130C or
dhove Forefer Méct&eaﬁ%vé?rﬁérg pheferably 166 bhabeve. Theoent
melt tension (MT) of the propylene polymer 5 composition (A) is generally
iﬁ?ﬁél%n@% of B.5%020 g, ipreferdtlyihtRerange 6R1AE°KY § Sfeadifg ¥Be*

excellent, formi gﬁ)gerties into films %r}d tubes. use hfrein, the
COE?OSltl wl = to.show %na% lgmient Fx1 1ty or, even
me ensmn? iS a tension applied to a filament (stran )l

if having flexibility, tends to be poor in scratch resistance.

In the property (B}, the ratio (G’ (20°C)/G" (100°C))
of storage moduli G’ (20°C) and G’ (100°C} is not more than
5, preferably not more than 4, still preferably not more than
3.5, When the ratio (G’ {20°C)/G’" (100°C)) of storage moduli
G" (20°C) and G (100°C) exceeds 5, the propylene polymer
composition tends to show surface stickiness tc deteriorate
handling properties and tends to fail to exhibit sufficient
heat resistance.

In the property (C), the penetration temperature (°C)
determined in accordance with JIS K 7196 is not less than 120°C,
preferably in the range of 121 to 135°C, more preferably in
the range of 125 to 135°C. When the penetration temperature
is below 120°C, the propylene polymer composition cannot be
used in applications requiring heat sterilization cor the like.

In the property (D), the permanent set is not more than

20%, preferably not more than 18%, still preferably nct more
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when the strand being extruded at 200C and an extrusion speed 10 of 15
mm/min is withdrawn at a constant rate (10 m/min), and is measured with
a melt tension tester (manufactured by Toyo Seiki Seisaku-Sho, Ltd.).
Desirably, the propylene polymer comgosition (A) can give formed
products having cloudiness (haze) of not more than 15 25%, preferably
not more than 20% as determined in accordance with ASTM D 1003. (bl)

Whem g 4ube being-made; of the campasitian (Ayand having an iNheength,

diameter of 2.1 mm, an outer diameter of 3.5mm and a length of 20 cm is
paped by.inserting dhath-ends thereot20sinta a holew jigihavipguaybold A0s
mm in diameter and 5 mm in height and, then, the both ends of the tube
arepulleg-dowr amtil arkink<aceir sainsthe:loep; 4he distaneendtantthe 00%
upper surface of the jig to the upper end of the loop is not more than 60
atma preferablyrrotyadré dhah BB, atore praferablyiotize fidré thide s -
50mm. [Medical tubes] The medical tubes according to the invention are
BiapricateeEfaartic-adcie mertionad Propylend poRrher L ésinposition RS
The medical tubes of the propylene polymer composition (A) ma

: y be |
hfafdfaktiired BSifg & EGMRNGT Bxtttider taBrih ot Cexthugigh -2t +ons

coRdiors a1 XAmpls o propens. om0 sappsvon () may

er, a

The propylene polymer composition (A) has a modulus in
tension (Young's modulus) of 5 to 25 MPa, preferably 5 to 23
MPa, more preferébly 7 to 20 MPa as determined in accordance
with JIS 63C1.

The propylene polymer composition (A) generally has a
melt flow rate (ASTM D 1238, 230°C, 2.1€¢ kg lcad) of 0.0001
to 1000 ¢/10 min, preferably 0.0001 to 900 ¢/10 min, more
preferably 0.0001 to 800 ¢g/10 min, and an intrinsic viscosity
n] of 0.01 to 10 dl/g, preferably 0.05 to 10 dl/g, more
preferably 0.1 to 10 dil/g as determined at 135°C in
decahydronaphthalene.

The precpylene polymer composition (A) preferably
provides a DSC (differential scanning calorimeter)
endothermic curve in which there is a maximum peak of melting
point {Tm, °C) at 100°C or above. The heat of fusion is
preferably in the range of 5 to 40 J/g, more preferably in the

range of 5 to 35 J/g. The maximum endothermic peak (melting
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kneading extruder, a ram extruder or a gear extruder and be extruded
through a circular die, followed by cooling. The medical tubes may have a
multi-layer structure as required, such as for preventing adsorption of
chemicals to 15 the inner surface or idparting heat resistance, without
impairment of the medical tube performance. The medical tubes of the
propylene polymer composition according to the present invention are

#e!lp@!anf@ck% Rreperfies seh.asHansparency Kink.resistange; so°c or

exibility, 20 heat resistance, scratch resistance and rubber elasticity, and
sfficiently satishuthe performance requitgd as meediealf dubes.yTheso°C or
medical tubes of the invention have outer diameters in the range of 3.30
tad80 mm, preferably 3.30 to 4.75 mm, 24 more preferably 3.30 to 4.70
mm, and inner diameters ranging from 1.95 to 3.21 mm, preferably 2.05
to 3.16 il mere: preferably 21MDtod 18hmne Preferably, ple vivedical
tubes satisfy the following (b2) 5 and (b3): (b2) The tubes have hardness
ifIRePadial alredfion (bolrieergeneratet WhentREdEbed afe eoltapdéd
the radial direction) in the range of 0.10 to 0.50 kgif, preferably 0.15 to
0248 Teyf AlnbYe Hrefeiaby0:98 16°0.40 kgt o M3) AretdeSoraitatent

oricantnen amount ol 0.1 19 0400k PIEfEIRb QA2 00U

melt tension (MT) is a tension applied to a filament (strand)
when the strand being extruded at 200°C and an extrusion speed
of 15 mm/min is withdrawn at a constant rate (10 m/min), and
is measured with a melt tension tester (manufactured by Toyo
Seiki Seisaku-Sho, Ltd.).

Desirably, the propylene polymer composition ({A) can
give formed products having cloudiness (haze) of not more than
25%, preferably not more than 20% as determined in accordance
with ASTM D 1C03.

(bl) When a tube being made of the composition {A) and
having an inner diameter of 2.1 mm, an outer diametexr of 3.5mm
and a length of 20 cm is looped by inserting both ends thereof
into a hollow jig having & hole 10 mm in diameter and 5 mm in
height and, then, the both ends of the tube are pulled down
until a kink occurs in the loop, the distance H from the upper
surface of the jig to the upper end of the loop is not more

than 60 mm, preferably not more than 55mm, more preferably not
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to 0.3 wt%, and still more preferably the upper limit of the lubricant
content is 0.25 wt% (based on the weight of the medical tube (100 wt%)).
15 Examples of the lubricants include but are not limited to fatty acid
amide compounds such as erucic acid?dmide, and metallic soaps such as
calcium stearate. The above amount of lubricant is preferable in that the
tube tackiness is lowered while maintaining excellent properties of the
tubes. 20 Rrefetahly, the following relation is satisfied between the outer
diameter of the medical tube and the modulus in tension (Young's
modulus; YM (MPa)) of the polymer composition (A) : 25 When the tube
outer diameter is from 3.30 to 3.80, preferably 3.30 to 3.60 mm and the .
tube inner diameter is from 119&t0c2 25t YIM =5 to 15 MPa,
preferably 8 to 15 MPa 5 When the tube outer diameter is from 4.30 to
4.80 mni hpreferdbiy frormiz:30 do 4920 dnel thectubevianer diameter is
from 2.95 to 3.21 mm: YM = 6 to 23 MPa, preferably 9 to 23 MPa. 10
ESRRKIPIEES ITRE PReSfit MTRARHAWIl Pt relitafter descPibediA Greater
detail by Examples, but it should be construed that the invention is in no
Wﬁﬁ\%ﬂ%%é% Examples. The conditions for testing properties are

as follows. , L
The medical tubes of the propylene polymer composition

(A) may be manufactured using a common extruder under known
extrusion conditions. For example, the propylene polymer
composition (A) may be molten in a single screw extruder, a
kneading extruder, a ram extruder or a gear extruder and be
extruded throggh a circular die, followed by cooling.

The medical tubes may have a multi-layer structure as
reguired, sﬁch as for preventing adsorption of chemicals to
the inner surface or imparting heat resistance, without
impairment of the medical tube performance.

The medical tubes of the preopyvlene polymer compesition
acoording to the present invention are well balanced in
properties such ag transparency, kink resistance, flexibility,
heat resistance, gcratch resistance and rubber elasticity, and
sufficiently satisiy the performance required as medical.
tubes.

The medical tubes of the invention have outer diameters

in the range of 3.30 to 4.80 mm, preferably 3.30 to 4.75 mm,
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15 (1) Evaluation of polymer [Melting point (Tm) and glass transition
temperature (Tg)] Tm and Tg were obtained from a DSC endothermic
curve, and Tm was determined by reading the temperature at the
maximum peak position. Specifically, adsample was loaded into an 20
aluminum pan, and the temperature was raised to 200C at a rate of
100C/min, maintained at 200C for 10 minutes, and lowered to -150C at a

rate-of 1006/min,1 The temnperajurewag thenqinsrgased aha fale Ol anging

10C/min to obtain an endothermic curve, from which Tm and Tg were
determinesk 26; [Intrinsigxjsqosiy JHEThe intrinsic-¥isgQIity Was more
measured at 135C in decalin. [Mw/Mn] Mw/Mn was measured by GPC
(getpermapation Sichromatogrphy,) in an orthodichlorobenzene solvent at
140C. (Il) Evaluation of composition and medical tube [Evaluation of kink
resistan@ejeTlee gbinpositiemadtording tocthes ventipri vad exfrudedgirnito? )
test tubes 2.1 mm in inner diameter and 3.5 mm in outer 10 diameter,
it a argin of error of plus or minus 0.1 mm. The evaluation employed

a jig that was a hollow cylinder (1) having a hole 10 mm in diameter and 5
mm in hefght. ARGbé 25 haviTF ahdnABEdRNeter bF 2P MhiA-af btfer L on
diameter of 3.5 mm and a length of 20 cm was looped by inserting both .
TS T TROAe 5 ek s BT &S SFDGHBE et SIowiy>o 2

direction) in the range of 0.10 to 0.50 kgf, preferably 0.15
to 0.45 kgf, more preferably 0.20 to 0.40 kgf.

(b3} The tubes contain a lubricant in an amount of 0.1
to 0.4 wt%, preferably 0.15 to 0,35 wt%, more preferably 0.2
te 0.3 wts, and still more preferably the upper limit of the
lubricant content is 0.25 wt% (based on the welght c¢f the
medical tube (100 wt%)).

Examples of the lubricants include but are not limited
to fatty acid amide compounds such as erucic acid amide, and
metallic soaps such as calcium stearate. The above amount of
lubricant is preferable in that the tube tackiness is lowered
while maintaining excellent properties of the tubes.

Preferably, the following relation is satisfied between
the outer diameter of the medical tube and the modulus in
tension (Young’s modulus; YM (MPa)) of the polymer composition

(A):
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pulled down until a kink occurred in the loop. The loop length (H) at the
occurrence of kink was obtained as indicator of the kink resistance. The
shorter the loop length, the higher the kink resistance. (See Fig. 1.) 20
Further, test tubes 3.2 mm in inner diatdeter and 4.5 mm in outer
diameter were formed and their kink resistance were measured as
before. [Measurement of dynamic viscoelasticity] A specimen was twisted

(torsion gode)al1Q radls Quer 2 7; alharea-10 M igwigthsand 38;mem in
length and was heated from -100 to 100C at a heating rate of 2C/min; the

loss tangent, tans and storegernadulus, ' were measuredaleach is from
temperature by means of Rheometrics RDS-II. 5 [Tensile test] 1.

Rermarentset=A d@umbbell specimen having 50 mm length, 30 mm-apart
bench marks (LO) , 5 mm width and 1 mm thickness was fixed between
chucks 30 mmapart. Tthé!8peciprerd wasthien8l 0096 Istralifed (to 10 a

distance of 60 mm between the chucks) at a stress rate of 30 mm/min,
maintairf&eefor deenfinditesaic Feleh3Bd 61 16 fniftitds. 4 TRE distahce? ™.
between the bench marks (L) (mm) was measured, and the permanent

WL 8RSt ined flom thé Jofmdafh: Penghétttsdtt96): THEL AT
100 15 2. Modulus in_tepsion (Young's modulus) A JIS No. 3 dumbbell
shechheR Was test8d o mdlilius in

YM = 6 to 23 MPa, preferably 9 to 23 MPa.

EXAMPLES
The present invention will be hereinafter described in
greater detail by Examples, but it shceuld be construed that
the invention is in no way limited to those Examples.
The conditions for testing properties are as follows.

(I) Evaluation of polymer

[Melting point (Tm) and glass transition temperature (Tg)]
Tm and Tg were obtained from a DSC endothermic curve,
and Tm was determined by reading the temperature at the maximum
peak position. Specifically, a sample was lcaded into an
aluminum pan, and the temperature was raised to 200°C at a rate
of 100°C/min, maintained at 200°C for 10 minutes, and lowered
to -150°C at a rate of 100°C/min. The temperature was then
increased at a rate of 10°C/min to cbtain an endothermic curve,

from which Tm and Tg were determined.
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tension with a span of 30 mm, at a stress rate of 30 mm/min and 23C in

accordance with JIS K 6301. [Heat resistance] Penetration temperature

(C) 20 A test specimen 1 mm thick was heated at a rate of 5C/min and a
plane indenter 1.8 mm in diameter waggressed against the specimen at
2 kg/cm2 in accordance with JIS K 7196. The penetration temperature

(C) was determined from a TMA curve. [Haze (%)] 28 A test specimen 1

q\mg}i%g\ﬁs (gsé%gg\ﬁt%}(digg?ll turbidity meter NDH-20D manufactured
by NIPPON DENSHOKU to determine the haze. [Abrasion resistance

test] 5 Artest specimen-2,mm ysthicknesswastested with ee CGakushin'in
abrasion tester manufactured by Toyo Seiki Seisaku-Sho, Ltd., as
foltwsn The tip of a 45R SUS abrasion indenter (470 g) was covered with
a cotton duck (No. 10), and was caused to abrade the specimen at 23C,
reciprocatirigrl0: 30 timesiatd rate 6F83 fgeipracatingambtions per

minute and with a stroke of 100 mm. The gloss change (A Gloss)
sétneentbefore hand afterte abration Wezpdetereifed by Y (BlossbefdreC -
abrasion - Gloss after abrasion) A Gloss = Gloss before abrasion x 100
[thbk KaaiheasiPhe tdhe wpreedibHsse 1 tnmanthe kadidbdirection at

15 a rate of 50 mm/min and the bounce (kgf) was measured with a
[Evaluation of kink resistance]

The composition according to the invention was extruded
into test tubes 2.1 mm in inner diameter and 3.5 mm in outer
diameter, with a margin of error of plus or minus 0.1 mm.

The evaluation employed a jig that was a hollow cylinder
(1) having a hole 10 mm in diameter and 5 mm in height. A tube
(2) having an inner diameter of 2.1 mm, an outer diameter of
3.5 mm ané a length of 20 cm was looped by inserting both ends
theréof into the jig, and the both ends of the tube were slowly
pulled down until a kink occurred in the loop. The lcop length
(H) at the occurrence of kink was obiained as indicator of the
kink resistance. The shorter the loop length, the higher the
kink resistance. {(See Fig. 1.)

Further, test tubes 3.2 mm in inner diameter and 4.5 mm
in outer diameter were formed aﬁd their kink resistance were
measured as before.

[Measurement of dynamic viscoelasticity]

A specimen was twisted (torsicn mode) at 10 rad/s over
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universal tester (Autograph) manufactured by Shimadzu Corporation. The
tip jig used in the measurement had a plane circular shape 6 mm in
diameter. [EOG sterilization] 20 Sterilization was performed with ethylene
oxide gas at 68C for 2 hours. [Vapor &térilization] Sterilization was
performed by showering 121C hot water 29 for 1 hour. [Tackiness test] A
tackiness test was performed using an infusion system including infusion

haos.the medical tubes of the inwentian: -5 asdelamps Saecticalldhe-om

fluid in the infusion bag was allowed to flow through the medical tube, and
thegnedicaldobe waspinchedwithihe clamp to/block thedlow After24ent
hours from the blocking of the fluid flow, the clamp was removed from
therdedicaktthesto-cavatthessecondsuntd dhe flaid sestartad 16mipdlow.ure
The tackiness was evaluated based on the seconds required. This test
Weas performed for4@0:tubesfaBhEated-from the same composition. The
tackiness was evaluated as 0 second when the fluid restarted to flow
imntRediatély(#P0lsecond) in 15 all the 100 tubes. The tackiness was
evaluated as 0-7 seconds when the fluid restarted to flow immediately (in
0 seCEHAFTEMoSi o the 100 tubes but in up to 7 seconds in some tubes.

A dumbbell specimen having 50 mm length, 30 mm-apart
benchmarks (L0}, 5mmwidth and 1 mm thickness was fixed between
chucks 30 mm apart. The specimen was then 100% strained (to
a distance of 60 mm between the chucks) at a stress rate of
30 mm/min, maintained for 10 minutes and released for 10 minutes.
The distance hetween the bench marks (L} {(mm) was measured,
and the permanent set was determined from the formula:

Permanent set (%): = [(L~L0)/L0)] x 100
2. Modulus in tension (Young’'s modulus) |

A JIS No. 3 dumbbell specimen was tested for modulus in
tension with a span of 30 mm, at a stress rate of 30 mm/min
and 23°C in accordance with JIS K 6301.

[Heat resistance] Penetration temperature (°C)

A test specimen 1 mm thick was heated at a rate of 5°C/min
and a plane indenter 1.8 mm in diameter was pressed against
fhe specimen at 2 kg/cm® in accordance with JIS K 7196. The
penetration temperature {°C) was determined from a TMA curve.

[Haze (%)]
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[Synthetic Example 1] <Synthesis of propylene polymer having isotactic
structure 20 (hereinafter, also referred to as "isotactic PP elastomer”)> A
2000-m1 polymerizer sufficiently purged with nitrogen was charged with
833 ml of dry hexane, 100 g of 1-buted& and 1.0 mmol of
triisobutylaluminum at room temperature. The internal temperature of the
polymerizer was raised to 40C, 30 and the pressure in the polymerizer
(hereinater calsos fefesreditoithen system pressweshwas inagaged 10a1
0.76 MPa by feeding propylene. The system pressure was thereafter
adjustedito,0 SMPa Ry feeding:eihylener Subsegyenthr b tokiereoxy to
solution of 0.001 mmol of
dimethylmmethylene(d4ert-butyl-5-methylcyclopentadienyl) fluorenyl
zirconium dichloride and 0.3 mmol in terms of aluminum of
mathsaaluminorane (rraprfactardd by Tosoh Finechem Corporation) was
added into the polymerizer. Polymerization 10 was then carried out at an
internal ferhBéfatiRE6LEOE 16r 90 MinGRESIARTS PndiAitiRgtRE Systém?
pressure at 0.8 MPa by feeding ethylene, and was terminated by addition

of T h Pofmethaiol llowth BY dereddtnization. Fhe Wolymeniz4tion
luti d.into 2 L of th 15, ipit | .
S TR (Rt Ve ST A 1008 TS Aot PraaeERy Lo
qlymer weighed 36.4,9 and, had ap infrpsic visqosity il of 1,81 d{g,a .4

glass transition temperature Tg

was caused to abrade the specimen at 23°C, reciprocating 100
times at a rate of 33 reciprocating motions per minute and with

a stroke of 100 mm. The gloss change (A Gloss} between befcere

and after the abrasion was determined by:

{Gloss before abrasion — Gloss after abrasion)

AGloss = Gloss before abrasion x 100

[Tube hardness]

The tube was collapsed 1 mm in the radial direction at
a rate of 50 mm/min and the bounce (kgf) was measured with a
universal tester {(Autograph) manufactured by Shimadzu
Corporation. The tip jig used in the measurement had a plane
clrcular shape 6 mm in diameter.
[EOG sterilization]

Sterilization was performed with ethylene oxide gas at
68°C for 2 hours.
[Vapor sterilization]

Sterilization was performed by showering 121°C hot water
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of -29C, an ethylene (unit) content of 18 mol%, a butane (unit) 20 content
of 8 mol%, and a GPC molecular weight distribution (Mw/Mn) of 2.1. With
respect to the heat of fusion, DSC measurement did not provide any
distinct fusion peak. 13C-NMR provided that the triad tacticity of
head-to-tail coupled propylene unit sequences was 95.0% or above. 31
[Example 1] <Preparation of propylene polymer composition> A propylene
polymer:composition (1) was obtained by kneading the following in a twin
screw extruder at 200C: 5 15 parts by weight of a homopolypropylene
haning andsetagtietstructure (hereinafter, also referred to as the "isotactic
h-PP(1)") which was Mitsui Polypropylene (manufactured by Mitsui
Chemicalst dnd | B9 \MFR w5y I oxnd65 Q) ang 40 85 Pastsdoy system
weight of the isotactic PP elastomer (propylene/ethylene/butene random
copolyrieny The resiits Zreshdvins indTablal. Thespropyléhe polymer ton,
composition (1) was extruded into a tube using a tube forming machine

(AR ThERRED by LA BIREN Y5 B, 11D-1 costteForis SrigIe s vas

" screw extruder 40 mm in diameter fitted with a tube d|e under the

lofigcbricids:Extiaer terperatre Setig*" thehedical tupe
CYCYCHICHH/DLDZ-190(2001200/200/200/200/200,(0) o 74 e

was pinc amp to

from the blocking of the fluid flow, the clamp was removed from
theinedical.tubet;>count.the seconds until the fluid restarted
to flow. The tackiness was evaluated based on the seconds
required.

This test was performed for 100 tubes fabricated from
the same composition. The tackiness was evaluated as 0 second
when the fluid restarted to flow immediately {in O second) in
all the 100 tubes. The tackiness was evaluated as 0-7 seconds
when the fluid restarted tc flow immediately (in 0 second) in
most of the 100 tubes but in up to 7 seconds in séme tubes.
[Synthetic Example 1]
<Synthesis of propylene polymer having isctactic structure
{hereinafter, also referred to as “isotactic PP elastomer”}>

A 2000-ml polymerizer sufficiently purged with nitrogen
was charged with 833 ml of dry hexane, 100 g of l-butene and
1.0 mmol of triiscobutylaluminum at room temperature. The

internal temperature of the polymerizer was raised to 40°C,
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20 -Extrusion speed: 10 m/min -Tube size: 3.2 mm in inner diameter and
4.5 mm in outer diameter The results are shown in Table 1. [Examples 2
to 4] 32 Tubes were formed in the same manner as in Example 1, except
that the propylene polymer compositiobs were obtained as described in
Synthetic Example 1 using the components in the amounts given in Table
1. The results are shown in Table 5 1. [Comparative Example 1] A tube

wag feraed in the same.mannes s indexample he exceptthat the 1 so
propylene polymer composition was replaced with polybutadiene (R810
manufacidred byhiSRsGorporgiioaksdbeMe vesulis:are:shewntin Table ¥pPa
[Comparative Examples 2 and 3] Tubes were formed in the same manner
&y infExdmple iy cexceptdhat THe: propyiene polmercompdsitionwaster
replaced with a resin composition that included syndiotactic 15
othepbRPrépylend AFtRsyrdibERSE sbIgSopyeie elastoRvt  gbpylend
copolymer), obtained as described inWO 2004/067627. The results are
FoWEneTank E 83 ML WP RNTIFS Gt M L N

dimethylmethylene (3~tert-butyl-5-methylcyclopentadienyl)
fluorenyl zircenium dichloride and 0.3 mmol in terms of
aluminum of methylaluminoxane {manufactured by Tosoh Finechen
Corperation) was added into the polymerizer. Polymerization
was then carried out at an internal temperature of 40°C for
20 minutes while maintaining the system pressure at 0.8 MEa
by feeding ethylene, and was terminated by addition of 20 ml
of methanol, followed by depressurization. The
polymerization solution was poured into 2 L of methanol to
precipitate the polymer, and the polymer was vacuum dried at
130°C for 12 hours.

The resultant polymer weighed 36.4 g and had an intrinsic
viscosity In] of 1.81 di/g, a glass transition temperature Tg
of -29°C, an ethylene (unit) content of 18 mol%, a]autene.(unit)
content of 8 mol%, and a GPC molecular weight distribution
(Mw/Mn) of 2.1. With respect to the heat of fusion, DSC
measurement did not provide any distinct fusion peak. HBC-NMR
provided that the triad tacticity of head-to-tall coupled

propylene unit sequences was 95.0% or above.
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JBllnple 1]

<Preparation of propylene polymer composition>

A propylene polymer composition (1) was obtained by
kneading the following in a twin screw extruder at 200°C:

15 parts by welght ¢f a hemopolyprepylene having an
isotactic structure (hereinafter, also referred to as the
“igotactic h-PP{1}"”}) which was Mitsul Polypropylene
(manufactured by Mitsul Chemicals, Inc., B101l; MFR = 0.5, Tm
= 165°C); and

85 parts by welght of the iscotactic PP elastomer
(propylene/ethylene/butens random copolymer). The results
are shown in Table 1.

The propylene polymer compoegition (1) was extruded into
a tube using a tube forming machine (manufactured by PLA GIKEN
CO., LTD.} constituted of a single sérew extruder 40 mm in
diameter fitted with a tube die, under the following
conditions:

-Extruder temperature setting:
C1l/C2/C3/C4/H/D1/D2=130/200/200/200/200/200/200 (°C}

‘Extrusion speed: 10 m/min

*Tube gize: 3.2 mm in inner diamefer and 4.5 mm in outer
diameter

The results are shown in Table 1.

[Examples 2 to 4]
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except that the propylene polymer compositions were obtained
as described in Synthetic Example 1 using the components in
the amounts given in Table 1. The results are shown in Table
1.

[Comparative Example 1]

A tube was formed in the same manner as in Exanple 1,
except that the propylene polymer composition was reélaced
with polybutadiene (R810 manufactured by JSR Corporation).
The results are shown in Table 1.

[Comparative Examples 2 and 3]

Tubes were formed in the same manner as in Example 1,
except that the propylene polymer composition was replaced
with a resin composition that included syndiotactic
homopolypropylene and syndiotactic polypropylene elastomer
(propylene copolymer), obtained as described in WO 2004/067627.

The results are shown in Table 1.



U ~ W 34 [Synthetic Example 2] <Synthesis of propylene polymer having
isotactic structure (hereinafter, also referred to as "isotactic PP
elastomer")> A 2000-ml polymerizer sufficiently purged with nitrogen 5
was charged with 859 ml of dry hexane, 85 g of 1-butene and 1.0 mmol of
triisobutylaluminum at room temperature. The internal temperature of the
polymerizer was raised to 65C, and the pressure in the polymerizer
(hereinafter, also referred to the '%?/stem pressure") was increased to
0.76 MPa 10 by feeding propylene. The system pressure was thereafter

adjusted to 0.77 MPa by feeding ethylene. Subsequently, a toluene
solution gf 0.002 mmo| of | = © T
diphenylmethylene(3-tert-butyl-5-methyicyclog g@diérgyl)r% £
,7-di-t§rt&outy fluorenyl zircpnium dichlerfdE"aRad~06 thmpk 15 in terms of
3] .
aluminum of methylalumingxane (manutagtured hy Tasph Einechem
Corperatior)-was-added-into-the-pelymerizer—Polymerizatiof-was-then
carried oyt at @n internal temperature oJf 5C for 30 minuteg whitge
. . O =
maintaining the system pressuge at 07 FWHPlee hy|tedHin %e@nyle@e, aphd
- [y =5 =X »
was tgtriinated by addition| 20 of 20 mf frathianol, follg wed by«
depressurization. The ;polymerization|solytion was poured #jto 2L of
methanolito precipitate the polymer, and the| polymEer was vacuurp dried
at 130C for 12 hours. The resultant pplymer:weighed 67.8 g and %ad an
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35 viscosity [11] of 1.42 dl/g, a glass transition temperature Tg of -24C,

an ethylene (unit) content of 14 mol%, a butene (unit) content of 19

mol%, and a GPC molecular weight distribution (Mw/Mn) of 2.1. With
respect to the heat of fusion, DSC 5 m&asurement did not provide any
distinct fusion peak. 13C-NMR provided that the triad tacticity of
head-to-tail coupled propylene unit sequences was 95.0% or above.
[Example ] <Rrepasatiory of propylene polymer composition> 10 A
propylene polymer composition (2) was obtained by kneading the
folowing:mia twih sereyy extradepaty2600C: abE parts hytweight of aructure
homopolypropylene having an isotactic structure (hereinafter, also
referred te scthe disotacit ARR2YY whichiwasaMitdyi Palypropylenesds >
(manufactured by Mitsui Chemicals, Inc., B205; MFR = 1.2, Tm 156C); 85
parts byRveight ot tHecisptscticep élastomer(ptapylererstiiiéherbiteraen
random copolé/me,r : and 0.22 parts by weight of an erucamide as a

UBicatie THE" 20'ebulte Brd'stbwi i TabIe 2 The prdp§ient by 1<
Ppeaton () vesiouded Hin e s st g e,
extudsr 40 mm,in diameter fitted with A fbe dig, upder the following 36- .
and the pressure in the polymerizer {hereinafter, also
referred to the “system pressure”) was increased to 0.76 MPa
by feeding propylene. The system pressure was thereafter
adjusted to 0.77 MPa by feeding ethylene. Subseguently, a
toluene solution of 0.002 mmol of

diphenylmethylene (3~tert-butyl~b-methylcyclopentadienyl) -2
, I-di-tert-putylfluorenyl zirconium dichloride and 0.6 mmol
in terms of aluminum of methylaluminoxane (manufactured by
Tosoh Finechem Corporation) was added into the polymerizer.
Polymerization was then carried out at an internal temperature
of 65°C for 30 minutes while maintaining the system pressure
at 0.77 MPa by feeding ethylene, and was terminated by addition
of 20 ml of methanol, followed by depressurization. The
polymerization golution was poured into 2 L of methancl to
precipitate the polymer, and the polymer was vacuum dried at

130°C for 12 hours.

The resultant polymer weicghed 7.6 g and had an intrinsic
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conditions: Extruder temperature setting:
C1/02/C3/C4/H/DI/D2=190/200/200/200/200/200/200 (C) Extrusion
speed: 10 m/min 5 -Tube size: 3.2 mm in inner diameter and 4.5 mm in
outer diameter The results are shown3ih Table 2. Further, a tube 2.1 mm
in inner diameter and 3.5 mm in outer diameter was formed in the same
manner as before, and 10 the kink resistance was 23. [Examples 6 to 8)

Tubes were fopmegin the same manper as inExample-s, @xeept thaktber

propylene polymer compositions were obtained as described in Synthetic
Exarpgled using:thel esrapanents inchd the amouhtscgive naiiy Tadte: 2 and <)
the inner and outer diameters were altered as in Table 2. The results are
showe it Tablé 2 mEdfthertdbes XL mmlindnnerdissiatet ants3.5ifnt irpn
outer diameter were formed in the same manner as before, and 20 their
KiHK f¥sistantelwere 24 ExarRpies)t 22o(Esdamplias) ahd PASERamp’

8).37C 0 -H 41 . ‘ . 13
measurement did not provide any distinct fusion peak. C-NMR

provided that the triad tacticity of head-to-tail coupled
propylene unit segquences was 925.0% or above.
[Example 5]
<Preparaticn of propvlene polymer composition>

A propylene polymer composition (2) was cobtained by
kneading the following in a twin screw extruder at 200°C:

15 parts by weight of a homopolypropylene having an
isotactic zstructure (hereinafter, also referred to as the
“isotactic h~PP (2)”) which was Mitsui Polypropylene
{(manufactured by Mitsui Chemicals, Inc., B205; MER = 1.Z, Tm
= 156°C);

85 parts by weight of the isotactic PP elastomer
(propylene/ethylene/butene random copolymer}; and

6.22 parts by weight of an erucamide as a lubricant. The
results are shown in Table 2.

The propylene pelymer composition (2} was extruded into
a tube using a tube forming machine (manufactured by PLA GIKEN
CO., LTD.) constituted of a single screw extruder 40 mm in

diameter fitted with a tube die, under the following
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conditicns:

‘Extruder temperature setting:
C1/C2/C3/C4/H/D1/D2=190/200/200/200/200/200/200 (°C)

-Extrusion speed: 10 m/min

-Tube size: 3.2 mm in inner diameter and 4.5 mm in outex
diameter

The results are shown in Table 2.

Further, a tube 2.1 mm in inner diameter and 3.5 mm in
outer diameter was formed in the same manner as before, and
the kink resistance was 2Z3.

[Examples 6 to 8]

Tubes were formed in the same manner as in Example 5,
except that the propylene polymer compositicns were obtained
as described in Synthetic Example 5 using the components in
the amounts given in Table Z and the inner and outer diameters
were altered as in Table 2. The results are shown in Tabkle
2.

Further, tubes 2.1 mm in inner diameter and 3.5 mm in
outer diamefter were formed in the same manner as before, and

their kink resistance were 21 (Example 6), 22 {Example 7) and

21 {Example 8).
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SOV HUHU >t L 38 The tackiness test of the tubes of Examples 6 to
8 showed that all the 100 tubes if ¢ach case allowed the fluid to reflow in
0 second after the blocking was released (tackiness: 0 second) . The
tackiness test of the tubes of Example 5 resulted 5 in 97 tubes permitting
the reflow in 0 second and 3 tubes permitting the reflow in 7 seconds
after the blocking was released (tackiness: 0-7 seconds). Accordingly, the
tubes of Examples 6 to 8 were superior in non-tackiness to the tubes of
Example 5. 10
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INDUSTRIAL APPLICABILITY The medical tubes of the present invention
are well balanced in properties such as transparency, kink resistance,
flexibility, heat resistance, scratch resistance and rubber 15 elasticity, and
sufficiently satisfy the performance rediired as medical tubes. 39

CLAIMS 1. A medical tube comprising a propylene polymer composition
(A) that comprises a polymer with propylene units, 5 at least part of the
polymerhayvipg.an jsotactic stricturg-andythe total 0f1ha propwens Wnitscq
of the polymer being in an amount of 65 to 82 mol% (the total of the
structusahuaits afs thepelymer kthe egnasitien dsi 1:=mlfa)q apd-that ow
satisfies the following (al), (a2) and (bl): 10 (al) the modulus in tension is
inth@ rangeof S:tbt2y MiRa a3 determined ¢n acterdante (with JiSdss: 0
6301; (a2) the penetration temperature is 120C or above as determined
ineeceordancdlwith at8 K 7196;<id (b )whienkee tubé Beimyrmhade 10f the ted
composition (A) and 15 having an inner diameter of 2.1 mm, an outer
digmetet&f3 St ahtlta Tehdthof 205fis ioped By thseriifg botlh 'Epeis
thereof into a hollow jig having a hole 10 mm in_diameter and 5 mm in
HEGAY-drtd " theh” the BOLPBNdE of t1fE TBe! Sré plfféd BBRP thilkakgnk'as
occurs in the Ioo&,ﬁthe dis}aggg %gg&&% upper 20 surface of the jig to

ﬁe agga Hta 1qessv
the upper ena o € 100p IS not morée

Accordingly, the tubes of Examples 6 to 8 were superior

in non-tackiness to the tubes cof Example 5.

INDUSTRIAL APPLICABILITY
The medical tubes of the present invention are well
balanced in properties such as transparency, kink resistance,
flexibility, heat resistance, scratch resistance and rubber
elasticity, and sufficiently satisfy the performance required

as medical tubes.
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than 60 mm. 2. A medical tube according to claim 1, wherein the
propylene polymer composition (A) comprises, based on 100 25 parts by
weight thereof: (i) 1 to 40 parts by weight of polypropylene having an
isotactic structure; and 40 (ii) 60 to 9®Bparts by weight of a
propylene/ethylene/a-olefin random copolymer having an isotactic
structure and comprising 45 to 89 mol% of propylene units, 10 to 25

mol% of ethylene units and optionaiiy §4e 30 5 mol% of C4-20 a-olefin
units. 3. A medical tube according to claim 2, wherein the triad tacticitys
as determined by 13C-NMR of both of the polypropylene (i) and the
propylene/ethylene/a-olefin random 10 copolymer (ii) are at least 95.0%.

4. A medical tulze aseareing taclainn2pwhereig the cpelypiopdene (fmer
satisfies the following (i-a) and (i-b): (i-a) the melt flow rate (MFR; ASTM
D2288:230C012(26 Whakgdoad) fanges frorydO1 0 4Dgtidvmimeandits,
(i-b) the melting point as measured with a DSC is 120C or above. 5. A
medicalttbeatcofdingadelbime, Wekdin the 120 imaksie wiseosity[iy] and

135C in decalin of the propylene/ethylene/a-olefin random cogolymer' (i)
isN8e&iPatly iA thé PangE Bt 0-62 %0 WBLdfg ©F the polymer being in an

amount of 65 to 82 mol% {the total of the structural units of
the polymer in the composition ig 100 mol%), and that satisfies
the iollowing {al), (a2) and {(bl):

{al} the modulus in tension is in the range of 5 to 25
MPa as determined in accordance with JIS K 6301;

(a2) the penetration temperature is 120°C or above as
determined in accordance with JIS K 7196; and

{bl) when a tube being made cof the compositicn (A) and
having an inner diameter of 2.1 mm, arn outer diameter of 3.5mm
and a length of 20 cm is looped by inserting both ends thereof
into a heollow jig having a hole 10 mm in diameter and 5 mm in
height and, then, the both ends of the tube are pulled down
until a kink occurs in the loop, the distance H from the upper
surface of the jig to the upper end of the loop is not more

than 60 mm.

2. A medical tube according to claim i, wherein the
propylene polymer composition {(A) comprises, based on 100
parts by welght therecof:

{1y 1 to 40 parts by weight of polypropylens having an

isotactic structure; and
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6. A medical tube according to claim 2, wherein the 25
propylene/ethylene/a-olefin random copolymer (ii) has a stress at 100%
strain (M100) of not more than 4 Mpa when determined with respect to a
JIS No. 3 dumbbell specimen, with 414& span of 30 mm at a stress rate of
30 mm/min and at 23C in accordance with JIS K 6301. 7. A medical tube
according to claim 2, wherein the 5 propylene/ethylene/a-olefin random

copolymey {(ii) gatisfiess the fallawipg (ij2) and (iizb); (ii-a) the crystallinity

as measured by X-ray diffractomefry is not more than 20; (ii-b) the glass

tﬁ@’&% lon femperatuce £7g)-as measyreds 1Q witlh a DRC.sn106-gf less. 8.
me

ical tube according to claim 1 or 2, wherein the propylene polymer
coyopasition )satisiies thefallowing (A (BY, () andad): X5 (Aythe lene
loss tangent (tans) peak is at a temperature in the range of -25 to 25C
according fo dynamisadiscodlasticity emeasuiement{10pradis)dn aytdrsion 30
mode and the peak value is 0.5 or above; (B) the storage moduli G' (20C)
ard &' ¢100C) fronutirel 20Ldymarhics viscoelasticity measurement have a
ratio (G' (20C)/G" (100C)) of not more than 5; (C) the penetration
temperature (C) determined in accordance with JIS K 7196 is not less
than 1203C; and

A medical tube according to claim 2, wherein the
triad tacticitys as determined by C-NMR of both of the

polypropylene (i) and the propylense/ethylene/a~olefin random

cepelymer {ii) are at least $5.0%.

4. A medical tube according to claim 2, wherein the
polypropylene (i} satisfies the following (i-a} and (i-b}:

{i-a) the melt flow rate (MFR; ASTM D1238, 230°C, 2.16
kg load) ranges from 0.0l to 400 g/10 min; and

{i-b) the melting point as measured with a DSC is 120°C

or above.

5. A medical tube according to claim 2, wherein the
intrinsic viscosity [n] at 135°C in decalin of the

propylene/ethylene/a~olefin random,copolymer (i1) is

desirably in the range of ¢.01 to 10 dl/g

6. A medical tube according to claim 2, wherein the
propylene/ethylene/o-clefin random copolymer (ii) has a
stress at 100% strain (M100) of not more than 4 Mpa when

determined with respect to a JIS No. 3 dumbbell specimen, with
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(D) the permanent set is not more than 20%, which is 25 determined after
the composition fixed between chucks 30 mm apart is 100% strained at a
stress rate of 30 mm/min, maintained for 10 minutes and released for 10
minutes. 42 9. A medical tube accordidg to any one of claims 1 to 8,
wherein the bounce generated when the tubes are collapsed in the 5
radial direction is in the range of 0.98 to 4.9 N; and a lubricant is contained

in ap ameuntof frl ta-04 wWi%: hased-endhe yeighy af thesmedieabtybe in
(100 wt%). 10. A medical tube according to any one of claims 1 10 to 8,
whbeteindhedube is falricated from the propylene polymer composition

(A) having the modulus in tension in the range of 5 to 15 and the tube
outer diameter is from 3.30 to 3.80 mm and the 15 tube inner diameter is
from 1.95 to 2.25 mm. 11. A medical tube according to any one of claims

1 to 8, Whereinfthectdibeds fabkeatett-frofi thHe progylend polyriee2pin the
composition (A) having the modulus in tension in the range of 6 to 23 and
thecibeB\rEr Biameter feing Fbht 43046 SopavERE theltubeihhefies

diameter being from 2.95 to 3.21 mm.
the following (ii-a) and (ii-b):

{ii—-a) the crystallinity as measured by X-ray
diffractometry i1s not more than 20;
{ii-b) the glass transition temperature (Tg; as measured

with a DSC is -10°C or less.

8. A medical tube according to claim 1 or 2, wherein
the propylene polymer composition (A) satisfies the following
(A), (B), (C} and (D}:

(A} the loss tangent (tand) peak is at a temperature in
the range of =25 to 25°C according to dynamic viscoelasticity
measurement (10 rad/s) in a torsion mode and the peak value
is 0.5 or above;

(B} the storage moduli G {20°C) and G’ (100°C) from the
dynamic viscoelasticity measurement have a ratic (G’ (20°C) /G’
(100°C)} of not more than 5;

(C} the penetration temperature (°C) determined in
accordance with JIS K 7196 is not less than 120°C; and

(D) the permanent set is not more than 20%, which is
determined after the composition fixed between chucks 30 mm
apart is 100% strained at a stress rate of 30 mm/min, maintained

for 10 minutes and released for 10 minutes.
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9. A medical tube according to any one of claims 1
to 8, wherein

the bounce generated when the tubes are collapsed in the
radial direction is in the range of 0.98 to 4.9 N; and

a lubricant is contained in an amount of 0.1 to 0.4 wt%

based on the weight of the medical tube (100 wt%).

10. A medical tube according to any cone of claims 1
to 8, wherein

the tube 1s fabricated from the propylene polymer
composition (A) having the modulus in tension in the range of
5 to 15 and

the tube outer diameter is fxrom 3.30 to 3.80 mm and the

tube inner diameter is from 1.85 to 2.25 mm.

11. A medical tube according to any one cof claims 1
to 8, wherein

the tube is fabricated from the propvlene polymer
compesition {A) having the modulus in tension in the range of
6 to 23 and

the tube outer diameter being from 4.30 to 4.80 mm and

the tube inner diameter being from 2.95 to 3.21 mm.



