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1 DESCRI PTI ON MEDI CAL TUBES 5FI ELD OF THE | NVENTI ON
The present invention relates to nedical tubes, and
particularly to tubes for introducing or w thdraw ng
substances into or froma body. Mre specifically,
the invention relates to indwelling catheters
inserted and placed 10 in a vessel for transfusion,
bl ood sanpling and henmodynam ¢ nonitoring, and al so
relates to injecti on ®PESCRIBSIONM sol uti ons and
chemcals into animal bodies, particularly human
bodies. Still nore specifically, the invention
relates to flexible nmedical tubes suited for
transporting nedi cal MEbacds t5sssich as bl ood and

i nfusi on solutions, the tubes being made of a

propyl ene pol ynmer conposition excellent in
transparency, flexibility, scratch resistance, heat
resi stance and r gbhBeh 6F afis CiveNTEIoRACKGROUND OF THE
I NVENTI ON Medi cal tubes include tubes for

| Nt r @Uc},ngs Ofic WMANH AWM G SHReLans e;ﬁech{EaQL Qdfubfefsomaﬁd
body, and catheters inserted into a body f
[ r t t i f: e
PELERGT R PR %%?%sléucﬁfiﬂ%?%ﬁly@
ters, otpc t e a u te
FREEAL L WS
eri.t.oneal s, bl o transfu5|9n tu

G e‘gejcaonne f)ejdmiswe rlnr?a(r:y HiHe §e¥oe%&n%eplaced

rine i ne col | ctlon cirecui
5 Beooa eFPE T 1 ool aPy st pc]alﬂq Pt BFfodFienic
heart -1l ung machi nes and $Iasnapheres|s nd%%ubes for
PR LRI | AGsBHEPahtedtTh the WEGFCAP Pet
transporting tubes for nedical substances include
s@ UBleOnst #26¢ RBEME 62 hEIILOHH1 N BledotP bty BREC1TIbET fohuman
connecting an 10 aspirator and a catheter. Many of
begkeonvVeRt| dMal e nith dli Pubes &he %@Rﬁp?ﬁgﬁxﬂg%@ﬁﬁﬁlto
chloride that is inexpensive and possesses excel | ent
Tkenlb renpdiamb & UhRE Autledd drn YapePostinpaygdidalt §luids
(pliancy). However, alternative materials have been
spelgs bHObR cas enbhs baviacdmiBanal Wondabes. baBThaade of
al ternatives studied so far include styrene el astoner
acongpusisnicops 1 fIRPr Ac2000s B35V, exHR1Ae2001n252848parehcy ,
JP- A- 2001- 1432), thernopl astic pol yuret hane
ftenjpesiitiygnscratch 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
ingerted into a2 body for examination or treatment. Specific

examples of the medical tubes include catheters such as urinary
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(JP- A- HO5- 84293 and JP- A-2001-46492), and
syndi otactic 1, 2-pol ybut adi ene conpositions
(JP- A-2000- 334038 and 20 JP- A-2001-104473). The fact,
however, is that these conppsitions have | ow
versatility and practical utility due to insufficient
flexibility and high costs. (Patent Docunents 1-7) To
achi eve the versatility and practical utility, 3
cathiticss , hetvandydena tipeles onagd poky er sadhetsehy b dnbeargich
a-olefins of 3 or nore carbon atons, and acid
agOopdhyiren L ubkset dryt el daddimgythibasetade tomeiedia kesis
However, none has satisfied performances required
teibed) BSobdl eddaislfiuky pnheftie s ast shanrcecamnde Stdd nk urinary
resi st ance. Meanwhi | e, pol ypropyl enes i ncl ude
chsdaatd eopghypeopyi enese and sy Rdil0t8€ibE bags; circuit
pol ypropyl enes. Particularly, the isotactic
£ R0l Y RI=QRY L 8NBS 088 Eci REXPENSAALE naRddextebl eNntadtificial
transparency and heat resistance, and are 10
ndderefere ukdehys used ,]sihéf@ergh%&%s%e kagh ng.hed efd.al s
and industrial materials. However, their flexibility
tiSn 4Rt aGHOEYn-d0 S0IME LS RAOBEEMy  The
conpositions have been studied in which flexible
|.al:s .S S el a
R e R S
-Salhal] od RETLorTBncesd eayly ady Modlealot BRSOl 0y o

syndi ot acti c pol ypropylené “resin conpositions

tl b d 2004/ 067627 Tt t i )
e 20 PO aRcE™ BREC B ol PRy St r BNy WAVE BBgh Fedical
i nsufficient. Pat ent C nt. 0 [ Patent Docunent
Y e PR R L PALERE CoRis ChRhL L BSEEREnpE Snd
[ Pat ent Docunent 1Lin2] 3] 4

possesses excellent k' resistarice and & certain level of

flexibility (pliancy}. Howewver, alternative materials have

been required because of environmental concerns.

The alternatives gstudied so far include styrene
elastomer compositions (JP-A-2000-63577, JP-A-2001-252348
and JP-A-2001-1432), thermoplastic polyurethane compositions
(JP-A-HO5-84293 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
compogitions have low versatility and practical utility due
to insufficient flexibility andhigh cests. (Patent Pocuments
1-7)

To achieve the versatility and practical utility,
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5] JP-A-2000-63577 JP-A-2001-252348 JP- A-2001- 1432

JP- A- HO5- 84293 JP- A-2001- 46492 4 [Patent Docunent 6]

JP- A- 2000- 334038 [ Pat ent Docunent 7]

JP- A- 2001- 104473 [ Patent Dogunment 8] WD 2004/ 067627

501 SCLOSURE OF THE | NVENTI ON The present

invention ains to solve the aforenenti oned probl ens

in the background art. It is therefore an object of
stheéienhentisrert nage owni clepaigtiesal of eheylradeardf caolefins

propyl ene pol yner conposition that are well bal anced
odritoexcetd eatbpn at®ntsy, aarspacedcyqepdlamedsi bf terhyAeat and

resi stance, scratch resistance and rubber elasticity.
vinyl acetate or the like. However, none has satisfied
performances required such as flexibility} heat resistance and
kink resistance.

Meanwhile, polypropyvlenes include isotactic
polypropylenes 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, their flexibility is
unsatisfactory. To solve thisproblem, compositions have been
studied in which flexible materials such as ethylene
elastomers are blended with the polypropylenes. However, none
has satisfied performances required. Medical tubes of
syndiotactic polypropylene resin compositions have recently

been proposed (WO 2004/067627), but their heat resistance and

breaking strength have been insufficient. {Patent Document B)

[Patent Document 1] JP-A-2000-63577
[Patent Document 2] JP-A-2001-252348
[Patent Document 3] JP-A-2001-1432
[Patent Document 4] JP-A-H(05-84293

[Patent Document 5] JP-A-2001-46492
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The present inventors have nade intensive studies of
nmedi cal tubes capabl e of solving the conventiona
probl enms and having high heat resistance, flexibility
and ki nk resistance, 15 and,they have arrived at

medi cal tubes with excellent bal ance of properties
that are obtained by use of a specific propyl ene

pol ymer conposition. Specifically, the medical tubes
[peEorli Mg-dnenthe] i oyent2@mo-TDIm@s se a propyl ene

pol ymer conposition (A) that 20 conprises a pol ymer
[RatEnpropyhene uni vs-aatodeasisqgat of the pol ymer
having an isotactic structure and the total of the

[ PEODYE ER-uMinkS 89f wbheo @) ysres2-bei ng in an amount  of
65 to 82 mol % (the total of the structural units of
the polyner in the conposition is 100 nol% , and
that satisfies the following (al), 5 (a2) and (bl):

(al) the nmodul §8stibdils i ek ThvERPIéRNgE Of 5 tO
25 MPa as determned i n accordance wth JIS K 6301;

(a2) flnee Qg }1{5 afriv%rﬁ a,%qu_ruﬂg u{]oefl g %%%rfoggggﬁtgéned

5 det'er I N aCCor aance Wlt
J(:bl_?. I\[{\Qel?l %h(ta lf)baeckbel ngdng 1? F bg t% % I E on oﬁ)ject of
an aVI ng an laneter o an ou er

is.loo

ﬁ'ﬁ%ﬂf‘%%%?ﬁ @gaglgﬁe?%%i#t fbanSﬁa%F%wOF S REhlene
10 1
p?%gﬁeftwﬁeﬁ@ﬁh?"%%e&?]féqﬁ}@emégﬁﬁﬁ? S a0t in

a kink occurs_in the |oop, the distance Hfromthe
tﬁﬁ%%Pa%ﬁﬁ?2nx§¥ﬂXlPHélFVg ?%a?h%?%&ﬁﬁﬁnqgndSSFaFﬂ% | oop
"is not nore than 60 nm The nedical tubes made of the
TSpeETIRRS Pyl eherpbl-§iEt 35Y conposition are wel |

bal anced in transparency, flexibility, heat

resi sSthngEessptat oHenbel st haice BaRE ﬂ@ﬁ@@ﬁlﬁﬁaﬁ¥¢%ﬂQ%/°f

and show superior kink resistance that has been a
mpeobh b vubr stdreadnlie, o R GBRIVERIDESCRMPTHION QR ITiMEOb Lems and

DRAW NG Fig. 1 illustrates an eval uation
hpethodifobr nkatnkceséskshanc €1 <H4bllawy ayld Ridek rgsiigrapce,
-.- Tube

and they have arrived at medical tubes with exzcellent balance
of properties that are obtained by use of a specific propylene
polymer composition. Specifically, the medical tubes
according t¢ the invention:
comprise a propylene polymer composition (A) that

comprises a polymer with propylene units; at least part of the
polymér having an isctactic structure and the total of the
propylene units of the polymer being in an amcunt 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),
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6 PREFERRED EMBODI MENTS OF THE | NVENTI ON The nedi ca
tubes made of the specific propyl ene pol yner

conmposi tion according to the present invention wll
be 5 described in detail heseinbel ow [Propylene
pol ymer conposition (A)] The propyl ene

pol ymer conposition (A) for use in the invention
contai ns a polymer having propylene units 10
{gbpnﬁkpa&ngﬁ, also referred to the "propyl ene
polymer"), at |east part of the propyl ene pol yner
havi n@1anths GlRaliG Shrshsien iEhepr opylenepolymeree 25
conposition (A) contains the propylene units in an

MBAOUNt Qe 1 BInLQ 87 AL JhadH &S eriabl 169t O3B0; nol %
nore preferably 72 to 79 nol % to the total (100 15

nol@@ugﬁ EHS ﬁéﬁé%%éﬁfgn @Qh %rQéu%@QupﬁgﬁVbee§ above as
pol ymer “in the conposition (A). The propyl ene pol yner

aSPIReS ta g% g/%gt}%g &@'v) mpdukus bR, tepsion in the

range of a as ern1ned I'n accordance with
JI'S and a tion t f
or a&)qz “det erumene‘aggﬁelggc%or aﬁ%‘g@ﬂ s’%&? Io% @?Oa%d
e polyner ont ai
Do PP REPCEOmder e LR 3 S oenat ATt e ot oy
that _at | east part .t hereof has, an i sotact
SIS T el s%falﬁgjr%?%d Kel By ién Jb%l%‘ﬂ% thereot
_having an isotactic 7 structure means a
1T ch RN LHLRRELEG B He B To S aNF eh pred T 1o
| ene unit sequences as determ ned b 13CG-NMR i S
hatghl%aﬁsﬁdf%he% pRrefetbiepdst ofebRe @éoeo%r%fdéled down
preferably at least 97.0% the triad tacticity being

unhel makipk Hosunsy fadhsedtencddcoflineali¢ & faPT the upper
coupl ed propylene units with the methyl groups
sbranchioly tie he Sanehelivrmsy end 06 Blirdi o st PPidMoTe
sequences of propylene units in the polynmer chains.

tihe P coedures for determ nation of the triad
tacticity of head-to-tail coupled propyl ene unit
sequertieesetycal tubes made of the specific propylene polymer
composition are well balanced in transparency, flexibility,

heat resistance, scratch resistance and rubber elasticity, and

show superiocr 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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10 130-NWVR are described in JP-A-HO8-73532. The
propyl ene polynmer in the polynmer conposition (A my
contain structural units other than the propyl ene
units without limtation, as |long as such structura
units can make up organic golyners. Preferred are
structural units 15 constituting conmon pol yol efins,
such as ethylene units, 04-20 a-olefin units, diene
units, triene units and polyene units, with the

et hyl ene units and the 04-8 a-olefin units being

parti cul phkyemas) eivMbIvBReGECORDtYE fiRGEmSloer

contains two or nore types of these structural units,

and par heaylséi'tx;b%% RL&d %Ee\meys?@@i@w%rbwlgﬂ@%m%er

structural units selected fromthe ethylene units and

co%go&@a&%eéé&% taF%eeF@gEé& M{?erp&%qykﬁm@ ypi ts

use erein ar structu units derived from
aeREORYLENS, MRNONEY S, i g, 8RRl i es al so to of her
sEructural tmits. =% A particularly preferred
enbodi nent of the propyl ene pol ynmer conposition (A
i s described below. Particularly preferably, the
propyl ene 1S 1 based on
100 part s By 4 by wei ght
5 of polypropylene havi ng an isotactic structure,
(her SR EWRY LRSI TEr SamP%SJaJ%l‘frhe&')' Stadffcn the
pol ypropyl ene (i)); and 60 to 99 parts b ht of a
lwﬁa§ypén@¢@*@m%r\%/%W| ﬁawéﬁa&ﬁ%w%&“ dvi ng
an isotactic structure and containing 45 to 89 nnl@b
(hefreprapyrenelan teeferyefot osthn | WGP YAERF BAEYERT tly 2t
10 and optionally 0 to 30 nol % of 04-20 a-olefin
Lagnitt patherdi vat teropvlye poflgppedhapling amelsotactic
"propyl ene/ et hyl ene/ a-ol efin random copol ynmer (ii))
stwheneen dihd paspybeme pblyher conpeni sioh (Rheamtapneride
units and the 04-20 a-olefin units is not 0 nol%.
priplydehacth it palry pmopypbene ¢f )65 to 82 mdlte psefacably 62
pol ypropylene (i) used in the invention is a specific
tpmopybeae notynerehandly Thetd ol $ owiItg tor aper toesl ADO
|l ong as the properties described bel ow are sati sfied,
ndivg pEOHE ereuvpelyAErumeybe fa-homapolypnopyd gmer 20 the
propyl ene/ a-ol efin random copol ymer or a propyl ene

cdiRek ceopol xer .THY efrebgbbye pHEymal YeRipdsS tdon (A} has

honopol ypropyl ene or a propyl ene/ a-ol efin random

(£0PQ ¥iBGius in tedB€omh SO atld GapokypEOPYLENES (NDa as
ranges in nelt flowrate (MFR, ASTM D1238, 230C, 2.16

dé‘t%ﬂnﬁ%@i :fr[ Q%QrgénEQ vALQQ ﬁisl@ 631 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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mn, preferably from0.1 to 90 g/10 mn. The DSC
nmelting point thereof is 120C or above, preferably
130C or above, nore preferably 150C or above.

MFR of the isotactic polyprppyl ene exceedi ng 400 g/ 10
5 mn may | ead to poor inpact resistance (lzod inpact
strength) of the conposition. When t he

i sotactic polypropylene (i) is a propylene/a-olefin
st aRaON € aRengMar pol heen- 0l effich $rpeaf esabl i seletitedt
fromethylene and a-olefins of 4 to 20 10 carbon

hai@Me-tHie pbapYLEensldrBleefd nfansdomiropal yatHetermined
desirably contains the a-olefin units in an anount of

b Betgvd LY 1] esabky PrSrdaf y1BE Ned® ©6.0%, more
preferably 0.3 to 5 nol % based on 100 nol % of the
pk0&tai0fy e Sidtuey Usal RIS ddt b6 CORPLYIRE thkoFhe: o
i sotacti'c polypropylene (i) may be produced by

oY BLLOMS NUPLERSES of! AL XA 11T 1 88! BEE0Y POM Alnics
cat al yst. re specifically, 1t can be synthesized in

e _,of t S o] sgl | :
ot PSSR pePe bl BB SIS bl i ot ton, o
c ound .cat al yst conpon n ionally 2 n
PO Gnh LR ElTR Chpaadht; A it R poLymer
I tanium catal yst conmponen i.nclude solid.titaniu

c%af%?ysgkfoﬁﬁ8§%%?§e%dﬁﬁbé%%x%?upﬁgﬁﬁ?u%#t??%ﬂﬁﬁﬁ%%ﬂa

or atitaniumtrichloride conposition on a carrier
tﬁﬁ%ﬂrﬂﬂg’ﬂﬁé°§pté%%#wt&"§&ﬂ%a%%ul%ﬂre£1>6?mi PGt G HFEeS PY
and solid titanjum catal yst congonents 10 in which
fradiBs plifn daSPakkRgen AR -&r8LErénodonor (preferably

an aromatic carboxylic acid ester or an .

al ky| TRORTEPYI $1RF BORERFT didt e PRAVEAT £LLMPSSdNE PR (B) may
conponents are supported on a carrier having a
copeeitnistiptfuaed anéisopthed wpawy tde perpylsne units

Met al | ocene catal ysts are al so useful . - '
wPtkbet rlddidranphesa®fl obiea o syahoser et iunalcgnpbsmhn make
cat al yst conponents include organoal um num conpounds
upuochgasit¢ rpcl vamd s . un? nefss ratl @rey lsarurtnuahal des,

al kyl al um nunsesqui hal i des and ,
cahkyliatuhgoodinbalpicdesleThes 1Guochganeah yhemummits, C4-29
conpounds nmay be sel ected appropriately dependi ng on
at-Beckypeanroftd,haibht aniiys,cat-abysturtioipananbo Lg@tk units,
Exanpl es of the electron donors include organic

wE@APeHAdSE &l Rif@sazAHt ERFEN, -8 GNo1a MROSBABEUBeing
atom a sulfur atom a silicon atomor a boron atom

pESteruCoPPPYRdSarred. 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 monomers, which applies also tc other

structural units.
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15 and et her conpounds contai ning these atons are

pref erabl e. The catal yst may be activated by a

nmet hod such as co-grinding, and the above-nenti oned

ol efins may be prepol yneri zgd.

20Pr opyl ene/ et hyl ene/ a- ol efIn random copol yner (ii)

The propyl ene/ et hyl ene/ a-ol efin random copol ynmer (ii)

possesses an isotactic structure and contains

propyl eretigutsriy e Bamtsd afbooddmbnt 88f MiHdgpropylene

preferably 45 to 80 nol % nore preferably 50 to 75
p@p ar etdoRneibii {8) | Ds afle PIHEd 8k130. FadtGRdarly

% preferably 10 to 23 nol % nore preferably 12 to

| pgéf@piwy,ar&@eolpib@g%éﬂa deA2R rarehshé 1 180 1) (adntHins,

an anount of Ot nol % preferably O to 25 nol %

bggégcﬂ{ﬁbgrﬁggﬁ@ %ytﬁeéghiﬁﬂh@ré%@oni&kﬁh@gpéf%% by weight

propy ene units, ethylene units and optional C4-20

pro pyﬂgﬁggﬂtbhé ﬂa{h;rl?f S AMDUNLE ruhire (hereinafter,

yl enel a I n random copol ymer (ii)

S R e T
<FAEREH AL %“.é%pmaee&ev AT -

scrftc%%re3|stance r ns, of tackln s of

t ubes,
CPPO L Eg PATC I a7 ;}Sﬁfi@rcet&gbﬁsrvﬁ%w? s cor-aZiifigus co
| / et hyl / | ef .
oBORPA R REPH-oPg | GREtmi 13 h AN aTbU TFUAS B piLs

71 nol % preferably 67 to 69 nol % the ethylene units
ang ot igme hYOdﬂ3i@mpéofsfﬁﬁr@Q“ﬁPéFE*%BP&tiﬁhﬁéelﬂafterf
nmol % and the 04-20 a-olefin units (a) in an anount
appolFefeor X3l vol 86 ?h%#?ﬂﬁﬂﬂ%}eﬂs/?éhﬂh¢¢ﬁ%@f0Iﬁﬁin random
tacki ness of tubes is inportant especially when the
cppoipber i slilgedvwharsiie pta It@sterne it the Fenpemehed the
by application of force to interrupt tenporarily the
efthohent dihidisd ana the C4bB) o-olefin units is not 0 mol%).

Isotactic polypropylene (i)

The isotactic polypropylene (i) used in the invention
is a specific propylene poiymer.having the following
properties. As long as the properties described below are
satisfied, the propylene polymer may be a homopolypropylene,
a bropylene/a—olefin_random copolymer or a propyiene block
copolymer. Preferably, the polymer is a homopolypropylene or
a proleene/q—olefin random copolymer.

The isotactic polypropylene (i) ranges inmelt flow rate

(MFR; ASTM D1238, 230°C, 2.16 kg load) from 0.01 to 400 g/10



10

15

20

_ng hlgsEetanted BEPR e sgiPng Fes

and thereafter the force is released to restart the

fluid fl ow. Such tubes include infusion tubes and

bl ood transfusion tubes. Low tube tackiness is

preferable in these applications because 12 the

fluid restarts to flow as soon as the tube is

rel eased fromthe force. That is, the nedical tubes

of the invention are particularly suitable for use in
mid,Spteidiednldi Ngom Ot abeo andg Al 0means fTore DeE oeii hgg e nt

tube to interrupt the fluid flow and/ or neans for
tref-Qrri B 1L s tabedcareG optre@l rubey f 1 316 T fdowbove, more

Exanpl es of the means for deform ng the tube to
prdHcaihupt 1thec forigbddeow and/ or the neans for

defoLm ng the tube to control the fluid flow include

cl anpgr E@r%ﬂétﬂs%rtlaﬁt@egﬁsxfﬁapylté& 19 ceedisgl 460beso

of the invention are nedical tubes that constitute

f
by Of c IR HL G 0 HE¥hG 88 SUCH % e H5b QN niplab Uit Sength)
I nfusi on sets) and bl ood transfusion circuits (bl ood

O%qggfg%%hggiﬁggg). The intrinsic viscosity [T] at
3BC iN C

ecalin of the 15 propyl ene/ et hyl ene/ a-ol efin
rand copol yner. (i), i [ pst range of
0.01 Snlgg%l?%ﬁt6?@Teﬁ%%&§§8gggg¥% Eb)gﬁ75% The
propyl ene/ et hyl ene/ a- ol efi n random_copol (0
PJF]%RM%’?@%/H’T&;LF%%H RPN i SESSIY T | Fflem?fg#oﬁwlg

eri or characteristics _such as weat her _resi stance,
TREPR AT | 20

tenperature properties and dynamc fatigue

caExinstagwEé. The Propyd eprdfyPemélet AyPEe/ RS A
random copol yner (ii) has a stress at 100% strain

de Mot LyoEonbeindricha kanlafipaunprefiér 8Bl Gt mor -3 to
than 3 MPa, nore preferably not nore than 13

7 mol%, preferably 0.3 to 6 mol%, more preferably 0.3 to 5mol%

hiil

based on 100 mol% of the total of the structural units in the
copolymer.

The isotactic polypropyiene (i) may be produced by
various processes, for example using a stereoregular catalyst.
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
an electron donor. Specific examples of the solid titanium
catalyst components include solid titaﬁium,catalyst
components composed of titanium trichloride or a titanium
trichloride composition on a carrier having a specific surface

areaoflOOnF/gornwre;andsolidtitaniumcatalystcomponents
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2 MPa when determined with respect to a JIS No. 3
dunbbel | specinmen, with a span of 30 nmat a stress
rate of 30 minmn and at 23C in accordance with JIS K
6301. The propylene/ethyleg_ a-ol efin random
copolynmer (ii) satisfying this condition shows
excellent flexibility, transparency and rubber
el asticity. The propyl ene/ et hyl ene/ a-ol efin

i mdem 6ORpet Y1k, G haldgs Caystabttivd Hopbrnobrdmy@ably
than 20% preferably fromO to 15% as neasured by

anCd @it CaeheRi 1Y . adi thekr bheadOalkyl-containing
propyl ene/ et hyl ene/ a-ol ef i n random copol ynmer (ii)

eg?éf)r abhyt Pash AR iROL S 2581 LHA Féh&h@@ 4:RNBEpBLHEEI on
d the glass transition tenperature Tg as neasured

geg}rlggdﬁééfﬁ rg'sglﬁf@@ry cal ?Eéﬁ%@ﬁob@?@)g bs more.

ly -10 [ ess, erably -15C | ess. The

«ﬁ{é’ﬁy ’Pn%/ %%@%éé?@@éaa% eils% 13 s@pdom copol yner (' i)

aving this g S tran3|t|on tenperature Tg shows
exceld ent £ald.Lest SLange Ad o\ QU bRIP! Al Brpound
properti 6s
opyl ene/ et hyl ene/ a-ol.efin random.copol yner | S
St gtk R R b B S R
scanni.n alorlneter endot herm c.curve, the heat of
?%Eﬁ%ﬁ%q_ 1QUES - 3flga %¥Yf L AAES B¢ opyl ene uni t
content (hereinafter, also referred to as th
abprt iR UAsEER A e aﬁ@aﬁl&svl%%fﬂmqawa;l&fs The
satisfy the followng relation: LH < 345Ln(C3, content
O{W%J)umnmgommueamlhax e Fedwcs6dt RRPT IRt LY
content (nmol % 90) The GPC nol ecul ar wei ght
dependimsuenomy Mp#eL the tditapisr W%ﬁ%%ﬂ@om‘: used.
wei ght - aver age nol ecul ar wei ght, ©Mh: nunber-aver age
nDIediﬂamphﬁgiQﬁtﬁhﬁsetﬁﬁﬁﬂqnﬂdpn¢lﬁ éncleds, omganic
preferably 3.0 or less, nore preferably 2.5 or |ess.
cdimeoprdp ydaerielietimgl enel arofef iatarandowhoepbbyweral{dri,) a
may be partially nodified by grafting a pol ar
subhomertongExangpl eiscwof at e qpokaroroneriens | Bxilamdeompounds
hydr oxyl group-containing ethyl enically unsaturated
afi@nPowdt Scomgrdui@ls containing these atoms are preferable.

The catalyst may be activated by a method such as
co-grinding, and the above-mentioned olefins may be

prepolymerized.

Propylene/ethylene/a-olefin random copolymer (ii)

The propylene/ethylene/o-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
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10 group -containing ethylenically unsaturated
conpounds, epoxy group-containing ethylenically
unsat urat ed conpounds, aromatic vinyl conpounds,
unsat ur at ed carboxylic aci and derivatives thereof,
vinyl ester conpounds and vinyl chloride. The
nodi fi ed propyl ene/ et hyl ene /a-ol efin copol yner nmay
15 be obtained by graft polymerization of the polar

£ ST RRN 31 Op e PRy henebebByhens/ anddeetira feanddm 12 to
copolymer (ii). The graft polynerization of the polar

zﬁ%%?raﬁ@ Hﬂ?ﬁoﬂé@@ I@lezoe&hxh@e%alﬂt%f i(R) capahyaRSunt
(i) generally |nvo ves the polar nonomer 1 n an

Arpunt 38f nd14 0 J00-nafhs, By (302vehait, :ef prabbyadly o
°to 80 par?s by “wei ght pé} 100 parts by wei ght of the
# %?e/ethylene/a ol efin random copol ymer (ii).
he graft polynerization is generally perfornmed in
t he 0 f fre cal it i gﬁﬁﬁﬁkﬁ%‘ﬁ
t he Ogégr gg (g *I"ﬁeré :spag%?lse |{i'llrlllclllt§de!e{gfrI ani ¢ "
er oxi_des and az The free- adlgg

o -2l o A LR TS iy, Wy BRERE ARSSALe) (i

the rop | ene/ et hyl ene/ a- ol ef i n random cop
iy S T AL RBAGTeTS L oh %%&@3@%? AR
in5 a snall amunt of, an grganlc i The Y
ey dRre SHRAdPS LaSEd Hdt EPR et Cp%? %’%{ﬁ%}ﬁ%}le (=)
limted as |ong as they can di ssolve the free-radi
ERHi o e PRORY 2R [ BUMEITY SIBAE Ry Be S Lh
the graft polynerization of the polar nononer to the
e1bipropyf Erel BtthyFenepar e fLeakbhi copbeyherstrfree
The use of the reduci ng substance increases the
apaosptatofh tesipékacrenononer - graft ed. The graft
nodi fi cati on of the propyl ene/ ethyl ene/ a-ol efin
r andoin depoisy mér tack}neds o f Heibes, poltai snpabeeU sl Y
be carried out in a conventional nmanner. For exanpl e,
ptBee pAIODY [terze/ ety benpl dent Aé iy copolorrere fini yandymbe
di ssolved in an organic solvent, and the pol ar
copaDymer and )t kentreesr itk gatodyilicnieatoi t ey ben adoedt of
to the solution to performreaction at 70 to 200C,
¢prebernblon s§0ptrerd8E] yfOr 120 6% moll®, 16héotirlsylene units
preferably 1 to 10 hours. Alternatively, the
1 R0gh fAnedinar epyl 2ned atshybene/ profefdyleapokynes mEys bend
produced by reacting the propyl ene/ et hyl ene/ a-ol efin
th@né@f@(‘?%lﬁéﬁﬁz (th_);sal{lg the polRoupRNerel i tde mo1s

bsence of a solvent with
preferably 18 tco 21 mol%.

The tackiness of tubes is important especially when the
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 thersafter 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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16 use of an extruder or the like. This reaction is

desirably conducted at a tenperature not |ess than

the nelting point of the propyl ene/ethyl ene/a-ol efin

random copol ymer (ii), specjfically at 120 to 25000

for 0.5 to 10 m nutes. 5The nodified

propyl ene/ et hyl ene/ a- ol efi n copol yner obt ai ned as

descri bed above desirably has a nodification anount
tamiunt ofstpoitar totilowess goahtad rhe nttbeei s arrdeastdOf dom

to 50 wt% preferably 0.2 to 30 wt% nore preferably
tRe 2fdxxel0 Wt % 10When the propyl ene pol ymer

conposition (A) contains the nodified

pr opyilrerek et hyheneéar @ efiubegopa@l yRer invéntshoware

superi or adhesion and conpatibility with other resins
paPg: &an Aiw et e5ped psPdUE Srhavieg inmneMed sutfBnseand

wettability. 15 Production of

nPERPYLENR/ Rlhy henelar abefddi £ enapCcoROY BA f1heand/or

propyl ene/ et hyl éne/ a-ol efin random copol yner (ii) may

mBEn PrAdUCRE S RG andBL@bd aaeng alal ¥ab asutigesh dipr
synt hesi zing the”isotactic pol ypropylene (i), but the

Eggm i?osd WG h?cg Ide%n@%okidg’ftoﬁ%ihgf\gﬁé QupBr od LTiqlttie%ggfc the

yl'ené pol ymer conposition o produce
fﬁah:g?l g&g:%?%rgdﬂgo %lgl)énﬁgaﬁ?%q:sHgggﬂdf@egh%h@%khe to control

em mponents may be m X In e
CRBCEL LS o0 Ty AL 3, Do TS o OO B OB 5
b e TRIREIE, L Xer 8 Vo vpe, Hloiden, B LLDIGR,
cgrei!s‘gigu?teea%iar;% ggemencjlixéaulr gew;%ctzgs asuscihng!s einfusion circuits
(infusion sets) and blood transfusion circuits (blood
transfusion sets).

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

| The propylene/ethylene/o—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 noct more than
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5 screw extruder, a twin screw extruder, a kneader or
a Banbury m xer, followed by granul ating or
pul veri zi ng. The propyl ene pol ymer conposition
(A) may contain additives as, required while stil
achi eving the objects of the invention. Exanples of
the additives include weathering 10 stabilizers, heat
stabilizers, antistatic agents, anti-slip agents,
> M whbACKEPerRUesd Syitantdesbegyi 1g age$ Ko. 3 dumbbell
l'ubricants, pignments, dyes, plasticizers, anti-aging
sRAE RS, PYEH QC iRk eragd Gmalsorbepissanthte of 30 mm/min
anti oxi dants. Further, "other copolyner"” (el astomer
afy £l 95PeNR LESLR)ads dR%Y iskedkbebow mayebe used 15
w t hout departing fromthe effects of the invention
and -whi |l e, sti hi evi. ' : ; ;
B s e Rl Ve
tfgleﬁsgrohgggl&p%\{l%v&a «GLY o 088G 1 BE OLE! S MBldbarency ana
al anced and excel 'ent 1 n transparency, i npact
sistﬁgg%icg exibility, heat resistance, 20 scratch
'

r
r$b§*%fhnce and’ i ubber elasticity. O her copol yner
y poly

The propyl ene, pol r conpositiqn (A) for use.in the,.
veRbPor sy S v SERE: ctsponyiaacH atRetylier i)
18 el ast r.resin) as required., .. a e
hiHETYSERLE L BEREI B PRSI i @0l RReF AT A Y A on 0 to
random copol yners_(iii),. ethylene/diene_cgpol rs
13%\5° A5G SEERY B e T FR¥N %ﬁ%qfﬁ?’ee&ycv)?urfﬂb e«ngﬁhe
copol ynmers may be used singly or in conbination of
prowy lomersitdykengde-olefin rEHElomoERRPLEBPBI Yiner defayably
be used in an anpbunt of .0 to 30 parts by weight,
has of eriallly OlE6S20TPRFLELEY YRIRFTRLYER  1609pale sIHss

wei ght of the isotactic polypropyl ene %ﬂ). Wien t he,
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/u-olefin
randmncopolymer(ii)havingthisglasstransitiontempefature
Tg shows excellent cold resistance and low temperature
properties.

When the propylene/ethylene/ea—olefin random copolymer
(i) has a melting point (Tm, °C) in a DSC (differential
scanning calorimeter) endothermic curve, the heat of fusion
AM is 30 J/g or less, and the propylene gnit content
{(hereinafter, also referred to 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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10 conposition contains the "other copolynmer"” in the
above anobunt, it can give forned products well
bal anced in flexibility, transparency and | ow
tenperature inpact resistance. Additional description
of propyl ene polynmer conposition (A) 15The propyl ene
pol ymer conposition (A) used in the invention is free
of styrene or ethylene bl ock copolyners. Further, the
propyere pakYyPEsvOTROSItt i7en<( A} poeferabine 1feets 90)
any of (lI) to (I11): (1) The conposition
sat | gfhize§p@lro i@ 16@! kommg diAkribB)io? 06/ Mandih Berms
(I'l) The conposition satisfies the following (E).
of gdﬁysﬂﬁe%npw tholysatdwfizes abhetheaf obd Mg un:
C, (D) and (E). By "the propyl ene pol ymer
vtér%%e( ﬁblééuiﬁﬁ%éﬁghtj)g 1St WeeneaQly ef hylenaess,
ock copol'yners it is understood that %he cont ent

J‘_Oéféf%ﬁlﬁg% Qr o8t T¥E§”emé¥e°%e“f%‘}%§£?eé§5' Or (s

prop pol ymer composition is not nore than 10

Wt % re£%%§§£%n%f%ﬁggyg%evgaglfﬁfnW Scﬁ%%ogr??géablgi)

not | e conpo
t
S0P RS0 AU AL DO DSBS

Vi scoel as it asur enent (10 r d/ torsi on
SN St (s ésge PR l&?’ aﬁge fo(B) The
st orage nodul i § Oq%: d 1009%(%ron1the
JHYPPRFT L RA LS8 a&*e t B?Fg]é’sblflé Rt 3 het CoFeerRPas (dine
(20C) /G (100C)) of not nore than 5. G The
gﬁ@ﬁ@r@ﬁtaﬁn@ewéahé{tleﬁéceé}ngtS@r%rﬁga% TP antOxY
with JIS K 7196 is not |less than 120C. 15 (D) The
JEewpoeIRtoimings chhpéehathtY SESBRIRGECNEPEP P S 20%
as determned after the conposition fixed between

achuekse 30L0h Fpaprungs 10095 3k 4z el carbaxgt $ esacidt eand

of 30 ramimn, maintained for 10 m nutes and rel eased
d&givatﬂvﬁsmmggeof,vinylestercompoundsandvinylchloride.

The modified propylene/ethylene/a~olefin copolymer may
be obtained by graft polymerization of the polar monomer to
the propylene/ethylene/oa-olefin ranaom copolymer (ii}. The
graft poclymerization of the polar monomer to the
propylene/ethylene/a-oclefin copolymer (il) generally
involves the polar monomer in an amount of 1 to 100 parts by
weight, preferably 5‘to 80 parts by-weight per 100 parts by
weight of the propylene/ethylene/a-olefin random copolymer
(ii). The graft pelymerization is generally performed in the
presence of-a free-radical initiator.

Examples of the free-radical initiators include ocrganic
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(E) The conposition contains the isotactic 20

pol ypropylene (i) in an anbunt of 1 to 40 parts by

wei ght, preferably 1 to 30 parts by weight, nore

preferably 1 to 25 parts bxuyeight, and the

propyl ene/ et hyl ene/ a- ol efi 0 'random copol ynmer (ii) in

an anount of 60 to 99 parts by weight, preferably 70

to 99 parts by weight, nore preferably 75 to 99 20
pdaydisichy anai gbd (dasachden the wei ght of the propyl ene

pol ymer conposition (A) (100 parts by weight)).

I n t hgepraRetayiiCA), ititg 2ltesSmi praaed tap&It Bt byPreing

to 25Cis 0.5 or above, preferably in the range of

ml%e%v\}]qg_ﬁ%t ﬁ%e ﬁafgg;ﬁ eﬁgggﬁﬁ?Péﬂeg &wéf&ziréza{}%ﬁczig% c?%gﬁj ]Eycl’ner

0ss "t angent tano) at

A owen gt 830 a9 & orPéP,p}S'reﬂg% A YaEH LOMPOSELEONved in

tends to show i nsufficient f xibillty or, even if

%ﬁﬂ?a&béﬁk?ﬁ%i 7o éQ%Q% gg%gg?gpo%ﬂenpﬁggé%§hsolvents

 resistanc e property the ra
200/ G. (1000)). 10 _of sto . |
295006 18 ot T SoFRarStE BRI AR Py Bar
4, still preferably. not .nore than 3.5. Wien the ratio
dl(ééoar"foé)h/esérf?mﬁi%c%r WHSEFE Todul i G (200) and
G (1000), exceeds 5, the propyl ene pol ymer
compds FEFBA T ente T Ao fSUPFaBEset TEKT Fes¥ 4T
deteriorate 15 handliqﬁggroperties and tends to fai
PHYMSIHI A 08uPFi EPe e FFatmeeIsst dRcel® I n the
property (C), the penetration tenperature (C) '
prfgtEatieded hydcae cordbakier vianscy Soro¥ymeri slinot Teesuse
than 120C, preferably in the range of 121 to 135C,
ofdie predieiapl yubstaora Kecraagesothd 2yt 5Cthirplar
the penetration tenperature is bel ow 120C, the

= S

- mpromd ar@iyekbymer conposition cannot be used in

applications requiring heat sterilization or the
| i ke.The graft modification of the

propylene/ethylene/c~olefin random copolymer {(ii} with the
polar monomer may be carried out in a conventional manner. For
example, the propylene/ethylene/a-olefin copolymer (ii) may
be dissolved in an organic solvent, and the polar monomer and
the free-radical initiator may be added to the solution to
perform reaction at 70 tc 200°C, preferably 80 to 190°C, for
0.5 to 15 hours, preferably 1 to 10 hours.
Alternatively, the modified

propylene/ethylene/a-olefin copolymer may be produced by
reacting the propylene/ethylene/a-olefin random copolymer

(ii) and the polar mcnomer in the absence of a solvent with



10

15

20

In the property (0), the permanent set is not nore

than 20% preferably not nore than 18% stil

preferably not nmore 21 than 16% as determ ned after

a dunbbel | specinmen 50 nmi,. length, 5 nmin width

and 1 mmin thickness is fixed with gauge |ines 30mm

apart, then strained at a stress rate of 30mmnmn to

100% strain, nmaintained for 10m nutes and rel eased
uf®roflAm But £Sded Mhedhd he kper nEneNtreset iexceedse2094b1y

the rubber elasticity tends to be Iow, and the

c&IRAsid Lo eanpetaberdsed !LEsQFiﬁidnCﬁhéQ!ﬂéiﬂﬁ@prhﬂg of
stretching and restoring propertles

tlpé %B%éﬁﬁ%$§9!e¥ﬂgie§%@ooﬁ)et r(a%)iomaéo Méﬁlr u(sl i n

ung a, preferably

séeéa?fl?c;%ﬂtg YPa; > gOLE Py efcer ?&EJ;:V 07 5t 90290 '\ﬁfn&ses

detfermi néd I'n accordance Wi JI'S 630

e e e 9%”%% i q%ﬁ"we

O 0001 t OOO 1 f. 0 O 0.9

oG A5 orer 18 r BT S aBI 50061 1t8 BoB G T0 ey
d t ty DV of .0 01.t0. 10 dI

BoereraBrynt. o6 s '%835%1? ez rﬁ)r?aeftﬁfigferg% 8 1%

determ t 1 cahydrona th Ien
t&rhéoga*r%py%ﬁée %‘P el %%‘Ppé@. tFon f&% YT Eral %ﬂy G2 o
ETOVIdeS a DSC (dlfferentlal scanni ng cal ori neter)
‘ot hermic curve in which there is a maxi mum peak of
melting point (Tm C) at 100C or above. The heat of
fusi dfensthy SFEPABRYSiRP WY GHFRCHFCP1 SRIPY G ins the
nore preferably in the range of 5 to 35 J/g. The
mpakf irinremgoilbeprithpeake (et tding c2popairar) bf $hyews
propyl ene pol ynmer conposition (A is 130C or above,
sprefEvmbbBied40C amd aboyet ki pretkraililar 166prand can
above. The nelt tension (MI) of the propyl ene pol yner
gbveofposid ipord(Arsi bagiéner kg sovied tshefrargwedtalgi 5o
10 g, preferably in the range of 1 to 10 g, |eading

to excellent formng properties into filnms and tubes.
As used herein, the nelt tension (MI) is a tension
rapRl:kedot & @ dridcaent /6shy aad) /avhere fihie rsindard cbpbhgmer
extruded at 200C and an extrusion speed

(ii}

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

production is 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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10 of 15 mmmn is wthdrawn at a constant rate (10
mmn), and is neasured with a nelt tension tester
(manuf actured by Toyo Sei ki Sei saku-Sho, Ltd.).
Desirably, the propylene quyner conmposition (A) can
gi ve fornmed products havi ng cl oudi ness (haze) of not
nore than 15 25% preferably not nore than 20% as
determined in accordance with ASTM D 1003. (bl) Wen

afodrite theangufibde 6f khentPmesiskeen 4y anshgiay ibyy
an inner dianeter of 2.1 nm an outer dianeter of

mSL OB RRAp81 1888 Pa©f or2 @ rCift k Snd @QAREMa D¥erd NGRN hilger, a
both ends thereof 20 into a hollow jig having a hole

v 10,y 1R ndie@MEL ek 1 8H8n o TERALY kel ahtuaBder i t Re by
both ends of the tube are pulled down until a ki'nk

S Aphhe LQQRme fha di-st:ancenH rﬁf;@é'ﬁxteh%ﬁilﬂpgr51ngle

sur ace o? the Jj1g to the uppéer end of the loop is

=00L,, %%E%PEQE‘” 6%{9@ sgggi %&&%ﬁepota ﬁz%gflwa& 58 Mbury

nore preferably not nor e Medi cal
m%%ﬁﬁﬂ&%%%%ogFg Eyfgﬁ?ngggéd%%ron$%§V%g g?ghggtfgnége

propyl ene E ner co oSi tcP Oglklon (

t ubes "6f P QY%?BﬁyP% Pol S ¢ 5ABBsi 1 I %/5
oo ot F mﬁ'%é;(i%rhé‘i%{lﬁg”%}eosépsﬁ% of the
1nvegggﬂh. 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
acid absorbents and antioxidants. Further, “other copolymer”
(elastomer or elastomer resin) as described below may be used
without departing from the effects of the invention and while
still achieving the objects 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.

Other copolymer

The propyvlene polymer composition (A) for use in the

invention may contain “other copolymer” (elastomer or
Yy
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10 conposition (A) may be nolten in a single screw
extruder, a kneading extruder, a ramextruder or a
gear extruder and be extruded through a circul ar die,
fol |l owed by cooling. 1gThe nedi cal tubes may
have a nulti-|ayer structure as required, such as for
preventing adsorption of chemcals to 15 the inner
surface or inparting heat resistance, w thout
eldpaimererbsof ) tde repiioald.t ube perfornmance. The
nmedi cal tubes of the propyl ene pol yner conposition
accomghRgl1Ee dhecHy esehkri el iesrar einellddebal anced
in properties such as transparency, Kkink resistance,
egég?@ﬂgﬂd Biefgg f@ﬁﬁoﬂ‘%ﬂﬁﬂﬁ?ﬂ@%ﬂ §eh af chaf1epl Slcantene
rubber elasticity, and sufficiently satisfy the
f NQe K gyl r &ch @SB dicahnet bgslym@ds (Bre These
%rﬁ{elfygrgéal%lg 3530 to 4@0 nm and mngr %Irarreters
ed o HQPLL g?ecﬁ Qi3g3d 5P PEEHST A 3612 085 03 ire
nore preferably 2. f to 3.16 nm

%gg%erably the nedi cal tubes satisfy the follow ng
5and (b3): (b2) The tubes have hardness

t d di . ted when, o)
t ubed s 28 %@?ifa“r?gﬁt%%@t YA fRRTHALEY R BR 0 ¢

oL obs et i a0 b 0 40 Reree ?%(%%J?g%%r 10e

t b t | ub £ of 4
OWOG B STETRbEY 615 T6 06148 %""é’%/xap"%”??ele%ree? 5 ably .o

to 0.3 W% and, still nnrerprefg{aM£%
cgmp@qﬁglon.contalns the “othe copo e

%h%pﬁa ove amount
it can give formed products well balanced in flexibility,

transparency and low temperature impact resistance.

Additional description of propylene polymer compesition (A)

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

(I)Thecompositionsatisfiesallthefbllowing{A),(B),
{C) and (D). |

(I1) The gomposition satisfies the following (E).

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

By “the propylene polymer composition (A) is free of
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| ubricant content is 0.25 wt % (based on nedi cal tube
(100 % ). 15Exanples of the lubricants include the
wei ght of the but-are not |limted to fatty acid
am de conpounds such as erugcic acid am de, and
nmetallic soaps such as calcium stearate. The above
anount of lubricant is preferable in that the tube
tackiness is | owered while maintaining excell ent

s Py Bpes irestiofl dihie bivbescoROl Riefer,abt yi s thelefrakbodi tigat
relation is satisfied between the outer dianeter of

rhhe-grdigalort Uborang she-tmgidiis vl ckesshONyMRING: She
nodul us; YM (MPa)) of the polymer conposition (A):

£8pvlene Brt REmb AR O ef s diAMebeE Badh romwd:30
ptgp%.SO,rﬁggﬁérabl$§3.30 to 3.60 mm and the tube

p%@ﬁ@faﬁﬁ%% SloreStfE0M 4+ 9D 419 13. gre fAabIM To® @ elBhan
MPa, preferably 8 to 15 MPa 5When the tube outer

2d%§y§ter is from4.30 to 4.80 nm preferably from
4:30°to 4.70 nmand the tube inner diameter is from

2.95 21 mm YM.= 6 to 23 a refera 3
VPa. EOSKARRFIES s BroRkRES iy gnti G T (bl bRafar
aq:ereinafter de%%ribed i n

emperature in the range of —~25 to 25°C according to dynamic
viscoelasticity measurement (10 rad/s) in a torsion mode, and
the peak wvalue is 0.5 or above.

(B} The storage moduli G’ (20°C) and G’ (100°C) from the
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 more than
20% as détermined 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.

() The composition contains the isotactic
polypropylene (i) in an amount of 1 to 40 parts by weight,
preferably 1 to 30 parts by weight, more preferably 1 to 25
parts by weight, and the propylene/ethylene/a—clefin random
copalymer {ii) in an amount of 60 to 99 parts by weight,

preferably 70 to 99 parts by weight, more preferably 75 to 99
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greater detail by Exanples, but it should be
construed that the invention is in no way limted to
t hose Exanpl es. The conditions for
testing properties are as fgollows. 15(1) Eval uation
of polymer [Melting point (Tm and glass transition
tenperature (Tg)1 Tm and Tg were obtained from
a DSC endothermi c curve, and Tm was determ ned by

péﬁt?éjlb?gwé t @PRGEAt A ehal whNentTeXi PR 1RASI b Ditner
Specifically, a sanple was | oaded into an 20 al um num

m aﬁ@t eyt enperad e Sveliadng to 200C at a rate
© Sl an )rrgl nta}%}ed a%lﬁzodL fg? 10 mi nutes, and

I d 0 f T,
tz“m'i;rat hgep%?io S @y akee of AOAChLR: The o 25 <o
250-ahi gl B an qz%t hg&»gfsgrggi em ftﬁlgwﬁatughtfl ]r@].%ngo@. 5,

wer e determne ntrinsic viscosi

The intrij C. co re '
eChLh EERT tﬁﬁi#ﬁ?ﬁ%ﬁéﬁedd@*@%@é?ﬁ tangent

atl on 5c¢

tesd araﬁ k?grhé:eﬁé %eﬁ“aat 0 Faotbe (RIPPRAAFURR T BT
of co and di cal be | uati.aon of Kkink
PR TR e Lol Lrh aa ol i Pa g Y of Sven
|nvent|on was extrude into test tub .1 mm

1t RavARE rﬂnﬁ’%]?étléFYan%e%d%t%ﬁ% Ho%tlé‘r S‘i’éa‘b?e‘hﬁﬁﬁ éFtance

with a margin of error of plus or

eval Udt it8f BRpPOVEY &)/ Fhehapthas Ga h@q &A//@yl |(F1El%r

}%1) having a hole 10 nmin dianeter and 5 nmin
et ghiageampgpel G’ (20°C) and G’ (100°C) is not more than

5, preferably not more than 4, still preferably not mcre 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 to deteriorate
handling properties and tends to fall 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 or the like.

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

20%, preferably not mere than 18%, still preferably not more
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(2) having an inner dianeter of 2.1 mm an outer
di aneter of 3.5 mmand a | ength of 20 cm was | ooped
by inserting both ends 15 thereof into the jig, and
the both ends of the tube %fre slowy pulled down
until a kink occurred in the |oop. The |oop |ength
(H) at the occurrence of kink was obtained as
i ndi cator of the kink resistance. The shorter the
+hh0aB sl £ngthe rhheedhi gher atdienddalk $esdisteaanse mm(iSeeength,
Fig. 1.) 20Further, test tubes 3.2 mmin inner
5 fh afELear ANghA 15 RhOUkEEsEi BTEtiebdWRL€n foauredl anes
their kink resistance were nmeasured as before.

lml}(ea%%%enﬁgé? Qf dyRagi & yi scoel astieidyBoMmPRESIHEN00S

twW St torsion node) at 10 rad/s over 27 an

t I
5, A e D s RS it

Whegsc%et;?e%q{entt %gt @Q%é&&@%@e ﬂ@yu%eﬁel%£§01ty tends

neasure eac tenperature by neans of RheonetTics

sﬁbow’ SAJ%D%Jgomtgg ém%% %EgQQ§Q s%%sbnnﬁpllcétlons

el’l ~speci nen nn1|engt apart
enchmar ks (

n kness was
reﬂFiﬁﬂ“%e%ﬁE%ﬁg%ﬁﬁkﬁg SﬁeSEOrl ?tpmﬁ%egép§0|nen was
then 100% st r ai ned f a _di stance f 60 nn1b{ﬁﬁ§§nn
the BHuEKSPYar g Be ¥ﬂ§f F§F€OSf 38" nify n#ﬁs i ned
for 10 m nutes and_re| eased fo 10 m nut T 5 23
teaRdPANEE I o BRUBRRS betie o filr RS g3 ﬁﬁ?ewa% y > to
nmeasured, and the pernmanent set was determ ned from
MBgp el B¢ rﬁﬂea‘cerla@rlﬁfaﬁet?ﬂ 2detiPpogs deterpipgsy Ee)]a%?f)feiénce
15 2. Modulus in tension (Young' s nodul us)
wiyhSING. 630Hunbbel | speci nen was tested for nDdqus in
tension with a span of 30 mMm at a stress rate of 30
ram fine mneb Y30 poarter dagieeo s tien) |(8) KIgBea L Hé@sS 2

resistance] Penetration tenperature (C)
melt flow rate (ASTM D 1238, 230°C, 2.16 kg load} of 0.0001

to 1000 g/10 min, preferably 0.0001 to 900 g/10 min, more
?referably 0.0001 to 800 ¢/10 min, and an intrinsic viscosity
in} of 0.01 to 10 dl/g, preferably 0.05 to 10 dl/g, more
preferably 0.1 to 10 dl/g as determined at 135°C in
decahydronaphthalene.

The propylene 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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20A test specinmen 1 mmthick was heated at a rate of
5C mn and a plane indenter 1.8 mmin dianeter was
pressed agai nst the specinen at 2 kg/cn2 in
accordance with JIS K 7196.,,The penetration
tenperature (C) was determned froma TMA curve.
[Haze (%] 28 A test specinen 1 mmthick was
tested with digital turbidity nmeter NDH 20D

pdiatyf act uhe dpbyp Nl FPRONcDENSHOK D 0 teter nianeishe30°C or
haze. [Abrasion resistance test] 5A test specinmen 2

abiBd, N phrhirekngss WAs° ¢ ast etbomd, hmd reGakushi 401 wlraasiconr
tester manufactured by Toyo Sei ki Selsaku-Sho, Ltd.,

asyd ol lows. The tip of a 45R SUS abrasi on indenter
(470 g) was covered with-a cotton duck (No. 10), and

was %‘%@SﬁglEot@Il%f&? {Dm %Qecﬁih%eﬂr@fayz% folymer

reci procating 100 10 tinmes at a rate of 3

c&fg;gds%%%gﬁg Mot LORS PEF, M Nute and wi Lh & styoke of

gl 0ss”change (A G oss) bétween before and

prgr%%reerrabtol%e_i%g%ggi ggr]g Sogef qdﬁlﬁ%,bﬁéag‘l%gsﬁ‘o b@i&arﬁ.ent

asi oss aff er abrasio d oss fore

£ 30LA5] on L Tube. hardnessi The L uhgovas »eolLapsed.etniMpe

rection a a-rate o i m N an

the bounce f) was neasured wth . a universal. tester
n R EaGPAER) En A o B oy SR HRAAD ok Pt o S )
tip Jig used in the neasurenent had a plane cir.cul ar
WS 5B S G AN P B ARG LOPECES 08 1 #9heForfcrus on Speed

-20Sterilization was perfornmed with ethyl ene oxj de gas
ohtl80/FeR s Hhigirawn 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%, preférably not more than 20% as determined in accordance
with ASTM D 1003.

(b1l) When a tube being made of the composition (A) and
having an inner diameter of 2.1 mm, an outer diameter of 3.5mm
and a length of 20 cm is looped by inserting both ends thereof
intc 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, preferably not more than 55mm, more preferably not
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[ Vapor sterilization] Sterilization was perfornmed by
showering 121C hot water 29 for 1 hour. [ Tacki ness
test] -A
tacki ness test was perforngQBUSing an infusion system
i ncludi ng i nfusion bags, the nedical tubes of the
invention, 5 and clanps. Specifically, the fluid in
the infusion bag was all owed to flow t hrough the
méedigaln teke, and the nmedi cal tube was pinched with
the clanp to block the flow After 24 hours fromthe
bl ocking of the fluid flow, the clanp was renoved
fromthe nedical tube to count the seconds until the

fluid restarted 10 t§¥£ﬁgﬁﬂ ThgeLacki ness was

eval uat ed based on t econds Tequired. _ Thi s
test Mas Rt Lof Med, £ 07, JO0-d1uRes of ahe | £af&ak f4omdhe
same conposition. The tackiness was eval uated as 0O

e N T

secon in The t acki ness

Cm%s g&g&g@t%g as 0-7 seconds when the fluid restarted
?op??OM/lnﬁe ifately (in O second) in nost of the 100
tubes but i.n u in sone t

t tQ 7 seconds bes. .
[ SyntHE e e et STt RePYIEPT g ongTean S oRBr§ e
havi ng isotgg%ic strgctuxe 20(herei nafter

t.xud ral %%er known

(Ref@ay¥ &F ff8PH52CFebtATT PP PRSP BnEr-) T unaery
2000-m pol ynerizer sufficiently purged %&ih ni trogen
eFBELTHAF GEEFWHLRTE33 FAT SR SheXBRePT RO Y oPoLymer
1-butene and 1.0 mmol of triisobutylal um num at room
CPERAPR} Rt dB) TREY RE drpiElen efpér 8L0FES GICHSe extruder, a
pol yneri zer was raised to 40C, 30 and the pressure
khpatheg pottyweeirzer ThBrefadas orafs9eFefFriatfeto aPFebe
"system pressure") was increased to 0.76 MPa by
ekeediad Propgrere ciThelsysdeem piesisives Was COReEREf t er
adjusted to 0.8 MPa by feeding ethyl ene.
SubseThemsdjicad tubes may have a multi-layer structure as

reqguired, such 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 propylere polymer composition
according to 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.

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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5 tol uene solution of 0.001 mol of
di met hyl net hyl ene(3-tert-butyl-5-nethyl cycl opentadi en
yl) fluorenyl zirconiumdichloride and 0.3 nmol in
terns of alum num of nethylgl um noxane (nmanufactured
by Tosoh Fi nechem Corporation) was added into the
pol yneri zer. Polynerization 10 was then carried out
at an internal tenperature of 40C for 20 m nutes
moMd bee @iy .3Q thes SYEh@N phesisiffea atafleBeMPardnying
feedi ng ethyl ene, and was term nated by addition of
ek 1. ogf toet hanalm, frddrewed1ky 2depr ess3ri atd, 0morEhe
pol ynmeri zation solution was poured into 2 L of
prEihanel, o145 preciidmate the pol ymer, and the
pol ymer “was vacuumdried at 130C for 12 hours.
The pesuliant, polynRia:wehghad 36.t gr pRde e 18R ing (b2)
intrinsic viscosity [n] of 1.81 dl/g,” a gl ass

agg%yy§ition tenperature Tg of-29C, an ethylene (unit)
conte&f of 18 nol % abutene (unit) 20 content of 8

ol %, 80cy . GBIl Gkl 3 WELAD! s i 5L 1 bt o LMALVEY

of 2. respect to't eat of fusion,
A i i
BERGL8 B R0 RS O NS, VD EAVEIRES HES, .15
CE G e SeonPBEr {PERLTATO W Ot 4Pn8a?By Rhoadi ng ¢ he

followwng in a twin screw extruder at 200C. 515 parts
by wePght Tle® RFEmSRBIET pE opyt e REV #Y &h 3795 EcPF -1
structure (hereinafter, also referred to as the
to iGdt 5EE i PIRTEREDLY) OwhP che Viasd ME& i "Per EsEyRBAE 0-2
(manufactured by Mtsui Chemcals, Inc., B101l; MR =
t9.6,3 Tht= ABb@tilandoregsr pearadlyy thei grpebflimié of the
i sotactic PP elastomer (propylenel/ethyl enel/butene
lulznidemtc gpoltygner .5 Thed restl tsismde ophéha vaidhibl«f fLhe
The propyl ene pol ynmer conposition (1) was extruded
méediarla tullee (ASONgté)iube form ng nmachi ne
(manuf actured by PLAG KEN
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 prbperties cf 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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15 CO., LTD.) constituted of a single screw extruder
40 mmin dianeter fitted with a tube die, under the

foll owi ng conditions: . Extruder tenperature
setting: .

Cl/ C2/ C3/ CA/ H/ DL/ D2=190/ 2007°200/ 200/ 200/ 200/ 200 (O
20. Extrusi on speed: 10 mmn . Tube size: 3.2

mn inner dianeter and 4.5 mmin outer dianeter The

I esulihsnatBe Shayd dutekabliemdrelExanptes 2 F00t4] 3.82,
Tubes were fornmed in the sane manner as in Exanple 1,

pEXEERb 1At 34 RS BI OPYIneNE ROy FBbe GANBOSE LdnRite "\Wes & rom
obt ai ned as described in Synthetic Exanple 1 using

1 e conpenrept,s in the anounts given in Table 1. The
results are shown in Table 51. [Conparative Exanple

1y = sALubs ,fqre'f%qabﬂytpetéaf@ wE@nner as in
Exanple 1, except t at” the propyl ene pol yner

ranotBELr R By SR B Borar o) 10 Fhe rastle b &
DA, C2PBr bt 157 THe o BRe MAnRT S ALBArp e
§ eEr R M R 4 PLSP conposi 1ion that i nol uded

ol yPRopy ek 2P AR ond o aRyPerctEaps T )«

obt ai ned as described in WD 2004/ 067627. The results
are shown in Table 1. 33

EXAMPLES -

The present invention will be hereinafter described in
greater detall by Examples, but it should be construed that
the invention is in no way limited to those Exampies.

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 loaded 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 obtain an endothermic curve,

from which Tm and Tg were determined.
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[Intrinsic wviscoesity [n]]

The intrinsic viscosity was measured at 135°C in decalin.
[ Mw /Mn ]

I;flw/Mn was measured by GPC (gel permeation

chromatography) in an orthodichlorobenzene solvent at 140°C.

{II) Evaluation of c:ompbsition and medical tube
[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 ancﬁ a length of 20 cm was looped by inserting both ends
thereof into the jig, and the both ends ofrthe tube were slowly
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.)

Further, test tubes 3.2 mm in inner diameter 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 mode} at 10 rad/s over
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an area 10 mm in width and 38 mm in length and was heated from
~100 to 100°C at a heating rate of 2°C/min; the loss tangent
tand and storage modulus G’ were measured at each temperature
by means of Rheometrics RDS-IT.

[Tensile test]

1. Permanent set

A dumbbell specimen having 50 mm length, 30 mﬁ—apart
bench marks (L0}, 5 mmwidth 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)iat a stress rate of
30 mm/min, maintained for 10 minutes and released for 10 minutes.
The distance between the bench marks {L) {mm) was measured,
and the permanent set was determined from the formula:

Permanent set (%): = [(L-L0)/LO} x 100
2. Modulus in tension (Young's ﬁodulus} |

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/miﬁ
and 23°C in accordance with JIS K 6301.

[Heat resistance] Penetration temperature (°C)

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

[Haze (%)1



10

15

20

def or ned | x2 '"duos 00T ' 1E 03 Z6 6 (N 8) 630

28

A test specimen 1 mm thick was tested with digital
turbidity meter NDH-20D manufactufed by NIPPON DENSHOKU to
determine the haze.

[Abrasion resistance test]

A test specimen 2 mm in thickness was tested with a
“Gakushin” abrasion tester manufactured by Toyo Seiki
Seisaku-Sho, Ltd., as follows. 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 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 before

and after the abrasion was determined by:

(Gless before abrasion — Gloss after abrasion)

AGloss = Gloss before abrasion * 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
¢lrcular shape © mm iﬁ 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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for 1 hour.
[Tackiness test]

‘A tackiness test was performed using an infusion system
including infusion bags, the medical tubes of the invention,
and clamps. Specifically, the fluid irn the infusion bag was
aillowed to flow through the medical tube, and the medical tube
was pinched with the clamp to block the flow. After 24 hours
from the blocking of the fluid flow, the clamp was removed from
thenmdicaltubetocmuntthesecondsuntilthefluidrestarted
to flow. The tackiness was evaluated based on the seconads
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 0 second) in
all the 100 tubes. The tackiness was evaluated as 0-7 seconds
when the fluid restarted to 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 isotactic 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 triisobutylaluminum at room temperature. The

internal temperature of the polymerizer was raised to 40°¢C,
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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 0.8 MPa by feeding ethylene. Subsequently, a
toluene solution of 0.001 mmol of
dimethylmethylene(3—tert—butyl—S—methylcyclopentadienyl)
fluorenyl zirconium dichloride and 0.3 mmol in terms of
aluminum of methylalumincoxane {manufactured by Tosoh Finechem
Corporation) 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 MPa

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 [n] of 1.81 dl1/g, a glass transition temperature Tg
of -29°C, an ethylene (unit) content of 18 mol%, a butene (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. 3c-NMR
prov#ded that the triad tacticity of head-to-tail coupled

propylene unit seguences was 95.0% or above.
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[Example 1]
<Preparatiqn 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 weight of a homopolypropylene having an
isotactic structqre {hereinafter, also referred to as the
“isotactic h-PP(1}”) which was Mitsui Polypropylene
(manufactured by Mitsui Chemicals, Inc., B101l; MFR = 0.5, Tm
= 165°C); and

85 parts by weight of the isotactic PP elastomer
{(propyvlene/ethylene/butene random copolymer). The results
are shown in Table 1.

The propylehe polymer composition (1) 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
conditions:

-Extruder temperature setting:
C1/C2/C3/C4/8/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 outer
diameter

The results are shown in Table 1.

[Examples 2 to 4]
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Tubes were formed in the same manner as in Example 1,
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 Example 1,
except that the propylene polymer composition was replaced
with polybutadiene (R810 manufactured by JSR Corporation):
The results are shown in Table 1.

[Comparative Examplies 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
homepolypropylene and syndiotactic polypropylene elastomer
(propylene copolymer), obtained as described in WO 2004/067627.

The results are shown in Table 1.
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C'3/C'2=82/18 (mol %9 M-R=1.5 Pol ybut adi ene (nm
JadaneTp laquo (m) iaganmeTp aauui (edN) snTnpom
siounox (O) aoueqsTsea geoE Kink resistance (nm
(N) 144buoiis ouTNeasEi - Tuhe hardness (kgf) EOG
sterilization (68C) Vapor sterilization (121C) 34
[ Synt heti c Exanpl e 2]

[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
was charged with 859 ml of dry hexane, 85 g of i~butene and
1.0 mmol of triisobutylaluminum at room temperature. The
internal temperature of the polymerizer was raised to 65°C,
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 feeaing ethylene. Subsequently, a
toluene solution of 0.002 mmol of
diphenylmethylene (3-tert-butyl~5-methylcyclopentadienyl)-2
, 7-di-tert-butylfluorenyl zirconium dichloride and 0.6 mmol
in terms of aluminum of methjlaluminoxane (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 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 67.6 g and had an intrinsic
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<Synt hesi s of propyl ene polynmer having isotactic

structure (hereinafter, also referred to as

"isotactic PP elastoner")> A 2000-m pol ynerizer

sufficiently purged with nLg ogen 5 was charged with

859 m of dry hexane, 85 g of 1-butene and 1.0 mmol

of triisobutylalumnumat roomtenperature. The

internal tenperature of the polynerizer was raised to
vi%siﬁ%@'d%ﬁﬁ%fpi e85 W16/ d,Natdiey ROLYARE] ZBn temperature Tg

(hereinarter, also referred to the "system pressure")
ofhags b ACHBASOH 160 06 tYPac AL by ot @adhdIg: PheReaBE(UN] L)

The system pressure was thereafter adjusted to 0.77

¥Ry ofFeedi fon £t %@PGGF§UQ§§&H§L@II Yoe i@htOHUSHL bution
(0]

solution of 0.002 nmo
[ nyl-met hyl ene(.3- -butyl:b- YI t aggen
(Q%AML %%vgf?fe??s%ﬁfﬁﬁﬁ%ﬁgrEﬁy?ﬁiﬁﬁ%ghfﬁzﬁﬁﬁgﬁﬁéride
n [ f | ymi : 13-_
T i b S T mesn 20t (P By Tosor EP Rdsheme
Cor.por.ati on) s,.added. i nt.o..the po rizer. .
p?ﬂﬂ%ﬁ%@?&?ﬁ?igﬁgmggl?-e?ﬁ%éﬁﬁ% do%ub¥§§ Eﬁ ??ﬁ%ﬂ%ﬂﬁplEd
temerature _of 65C for 30 gj Les while maintaining
Pk SRtbr 8890TR-EE B a By féddfng ethyl ene,
and was Herninated by addition 20 of 20 m of
[RA™470°,! fol | owed by depressurization.. The
éggynerLzation solution was poured into 2 L of
<P oPo Ofr BEPBY { &1 R VIPEPCSahyCEhe pol yner
was vacuumdried at 130C for 12 hours. The resultant
pol yRePTREVHRBE BYLENQL HRIHEd T4RNI AEH i ¥idF cobtned by
viscosity [n] of 1.42 dl/g, a glass transition .
kneaparatilce fPgLlovVingCinan BHY e GHL)debntemObC:
14 nol % a butene (unit) content of 19 nol% and a
GPC Sl pealkar byevghehdi f rd Owmcpe lyMRARK) B¢ Faving an
Wth respect to the heat of fusion, DSC 5 neasurenent
ighichaiotc prrovicteranyhdirsinattefusilow pedkrCefM as the
provided that the triad tacticity of head-to-tai
“ toutd @d PIreiPE €Be “Univhiskquen deistavds PR3 yp¥epy labhove.
[ Exanpl e 5] <Preparation of propylene polyner
(SMPDS ttd re> b Y0 PP ydhend qadlsy nBtic COM2ESI:t MBR = 2).2, Tm
was obt ai ned by kneading the followng in a twin
=ScheYeext ruder at 200C 15 parts by wei ght of
a honopol ypropyl ene having an isotactic structure
(her eimgftr@ls, p3l G01GRECHE ebhd Ol As ddta ¢’ PFokasttomdr PP
(2)") which was Mtsui Pol ypropyl ene

(propylene/ethylene/butene random copolymer); and

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

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

diameter fitted with a tube die, under the following
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15(manuf actured by Mtsui Chem cals, Inc., B205; MR
= 1.2, Tm= 156C); 85 parts by wei ght of the
i sotactic PP el astomer (propyl ene/ethyl ene/ butene
random copol yner); and O. 2%6parts by wei ght of an
erucam de as a lubricant. The 20 results are shown in
Tabl e 2. The propyl ene pol ynmer conposition (2)
was extruded into a tube using a tube form ng nachine
cdrmEndicast ured by PLAG KEN CO., LTD.) constituted of a
single screw extruder 40 mmin dianeter fitted with a

t ube - dikerudageferigiatalrkowkngind6 condi tions:
. Extruder tenperature setting:

CQ d G233 @il bl P32 BP511/20/020002000 2006 2060 2451 2(0‘@ (O

-Extrusion speed: 10 mMmn 5-Tube size: 3.2 mMmmin

i nner. edi-apB{ 6% kA 3 ompyiAnout er di aneter The
results are shown in Table 2. Further, a

tube .3 L.nmin Bnﬁ%{m dhamstsr 4aRfeB8=P 7N hnSQdH €h outer
di aneter was fornmed in the sane manner as before, and

dflaq% & kink resistance was 23. [Exanples 6 to 8]
es were fornmed in the same nanner as in Exanple 5,

chCCih ML 0B BEETAGRC JoRUIEG sormost LI one e
the %%g@%g%pts Id%e 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 toc 8]

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

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

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

21 (Example 8}.



15 the anmounts given in Table 2 and the inner and
outer dianmeters were altered as in Table 2. The
results are shown in Table 2. Further, tubes
2.1 mmin inner dianmeter and 3.5 mmin outer dianeter
were fornmed in the sanme manner as before, and 20
their kink resistance were 21 (Exanple 6), 22
(Example 7) and 21 (Exagmple 8). 37 38 The
tacki ness test of the tubes of Exanples 6 to 8 showed
that all the 100 tubes in each case allowed the fluid
to reflowin O second after the bl ocking was rel eased
(tacki ness: 0 second). The tackiness test of the
tubes of Exanple 5 resulted 5 in 97 tubes permtting
the reflowin O second and 3 tubes permtting the
reflowin 7 seconds after the bl ocking was rel eased
(tacki ness: 0-7 seconds). Accordi ngly, the
tubes of Exanples 6 to 8 were superior in

non-tacki ness to the tubes of Exanple 5. 10

| NDUSTRI AL APPLI CABI LI TY The nedi cal tubes of
the present invention are well balanced in properties.
such as transparency, kink resistance, flexibility,
heat resistance, scratch resistance and rubber 15

el asticity,
andsufficientlysatisfytheperfornmancerequired as

medi cal tubes. ‘ 5
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-39- THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS
FOLLOWS: 1. A nedical tube conprising a
propyl ene pol ynmer conposition (A) that conprises a
pol ymer with propylene 5 unids, at |least part of the
pol ynmer having an isotactic structure and the total
of the propyl ene units .of the polyner being in an
amount O 65 to 82 nolt (the total of the structural
uni t Theftddid npalsyvest iof tihe tobeposi Exanplss H0to Boshowed
that cothprises, based on 100 marts by weight, tO
thderedfthe 100 tubes in cach caPakliSobyd the fluid to reflow
Wei ghtief,isOaCtic: pol ypronyl ene. having. at
ih SOtAGIne srtuet the, bldeiiE hdsheetlbhaddt achteines0f 0
the head-to-tail coupled propylene unit Sequences as

s&&d:1M Nede B e nMVE desstad ¢ h@asturdb Ot mx@ngh1:% rbkhlted
66t 099part sbyWei ght - of a propyl ene/ et hyl ene/ a-ol efi n

14 2 OMHAPBLYREE £ DAY Aig- an-#8Af 3Gl bC BEBHE! HhE @Ndibes
conprising 45 to 89 nolt of propylene units, 10 to 25

p%?rk:??z&félgettﬂgl ??je_lH\Qi 11}57 a'_ﬂgc é %‘%@Ekytggt B_lggk% %Qas

a-olefin units, and that 20 satisfies the

i . a2)_an ! (al) the nodul us
rlé%%%rl]&sin%ﬁ(:?é}l?ﬁgf hé ?a%%%@%cis)S to 25 MPa as

determ ned.in,accqrdance_w 6 X .
Che RPN (el onarar B PEMBAE & abgyipng, sBEtior
.determined in a co[aqang W th JEItS K,71967 and -40-
5™y HePibECbE Rg TR B THREPESnPosition (A)

and having an inner dianeter of 2.1 nmm an outer
dianeter of 3.5 nmand a |length of 20 amis | ooped by
inserting both ends thereof _into a hollow jig having

a hol e 10 nm i n WPEFEREALABEBIFAREH Tei ght and,

then, the both ends of the tube are pulled down unti|

a ki Mibeo@egisalntuhes| obpihe mraficstanb¥eptiere #xe well
upper surface of the jig to the upper and of the
bpbapced Grrgnonastie ashancB @ snhfanIRRIEN N  nkdnE dlestghence.,
according to claim1l, Wuerein the triad? .

flacthid iy, bkatt heshebahto- tHinatecbupeeds priopy | anse rubber
uni t :

elasticity, and sufficiently satisfy the performance required

as medical tubes.



sequencesasdeterm nedby . 'C-NWVR t he
prepyl ene/ et hYl enet a- ol efi n random copol ynmer- kWi s at

leaSt 1S 3. A nedical tube according to claim
1, wherein the isotactic polypropylene (i) satisfies
the followng (i-a) and (i-b): t he

nelt flowrate (MM ASTM D1238, 230'C, 2.16 20 kg

| oad) ranges fromO0.01 to 400 g/lo m-n; and (i-h)the
mel ting point as neasured wi3fh a DSC is 120t or
above. A. A nedical tube according tol, wherein the
-41- intrinSic viscosit n% at_135' C in decalin of

t he THE Op4 ¥ BEERHRYE SHE/ g‘?‘%?‘ TN Had ™ eEpdmer (i)
is in thé range of 0.01 to 10 dl/g. S. A nedi cal
tube according to claim 1, wherein the

- | ene/ et hyl enel a- i ' ;
propyl ene/ e 36;5%‘12: : %E%' f&oéfo%iggg‘ COPRLYHRERE | b1 ARE

a stressl'at B ain (4.1 not nore than 4-

MPa céﬁz‘l? cf?éigf‘t}nef Fynegh i t b @SRECt: Hodyiexdl | §ith0. prdpylene
€l

dunt speci.men, Wth a span of 30 nm At a stress

r at 6n0fs 3Qemizaist gagk ast ' tieD @3@eirn havtny dancleohrTtic |

Cl S. K-6301. : .

'~ structure and the total of the propylene umits of the
poiym'er being _i‘n an athoﬁﬁt- of 65 to 82 xtp_l% (che total of
the structural units of the polymer in the composition is
100 mol%);, that comprises, based onrl 100 rgarts by weight

Vl_lO thareof: - _ . ' . _ ‘

',_'A; - (__-.:_')-' 1 to’ 4l pa_rtsby ;{r‘e;i:ght ,dﬁ,i'sét_a‘{:f::_i—;f;: .‘palyb:c_'qpy}.gné'
having—: an .'J:.SQta.CtiG étm‘crr-,ure, in which the 'tr-riaci tacticity
: c-:f the '::e‘adfto-t':;ai;l coupied propjrlene unit sequences  as
"tiete::-.mined 5y ”é'—mm_ ié_at_ least 97.0%; and
15°° (i) 66 ~ to 99  parts by  weight of a
R p:;o};:»yleﬁe/éthylenéfoc'-_ole'fin ~random  copolymer having an
" isotactic -structure- and comprising 45 to 89. iﬂo_l% of
' pro.pylene units, 10 to 25 mols of ethylene units and
Qp.tio.na.lly 0 Ato 30 ‘mols of C4-20 o-olefin units, and that
20 satisfies the following {all, {a2} and {bl}: |
{a1) 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 abovs as

determined in accordance with JIS K 7188; and



6 A nedi cal -tube according to claim1, wherein the
‘propyl-ene/ et hyl ene/ cHol efi n random copol ymer (ii)
satisfies the following (ii-a) and (ii-b): 15the
crystallinity as nmeasured by X-ray diffractonetrk i's
not nore than 20; (ii-b)the glaSS transition
tenperature (Tg) as neasured with a DSC is -10C or

| ess. 207. A nedical tube according to claim1,
wherei n the propyl ene pol yne¥-conposition (A) _
satisfies the following (A, (5, (© and (D): (A

the | oss tangent -(tan5) pea t £ Lr i%
t he rangélbfwhEQSat'fé’hES E(i‘ngc%‘#mc? tht% E%&E@,E@mﬂ ?M

- viscoel asticity measur enent G101 ad/ S} ek nasd &wrsbpn 5
' nodEavind 28 NemFE K At e fg 2&% oraga ove; (B)-

t he storage .nod I| ( Q) ARdedCoy( 1Q6:r€)nd ot tdvgls
dyndHi ﬁn%g%clggpaptcffgztoyggneasur erg}?snt Yhave aratio (G

5 120, CU:Gin{J00Qh16F fi9t 1awigy Ehasid 10 m in digyeter

the penetration tenperature (C) -determned in -

- agCQRAanGR WhtkeishB 4647166.s thotoble $SSE i tio e are
and (D) the permanent set is not mf_lredl q:an -

. 20%9111\1‘5:1:?&10% pntil a kink occurs irn the loop, the alstance

ffom the upper surface of 'the 3:.g to the upper end of the

loop is not mote tham 60 T

e - 2. A‘- med_:icfal_' t‘l.%bé acgording to claim 1, '-Where#_l_ ther
N -_ priad- ta.éi:tic:iéf:'of_ the heé;d¥ﬁé-tai1 coupled yrﬁdpyi!.e.né' unit -
séqu;_nces | as determined - by_“' .,“'C-.NMR of - ‘the
i::‘-i:ap_’yleha/.eﬁhyierie/cx—-o_le,fin .-:r._'alndom capolymer '(‘ii,’ is af,
least 95.0%.
15 7
3. A medical tube ‘according to claim 1, wherein the
isotactic polypropylene {i} satisfies the fpilowi:ng {i-a}
and (i-b}): _
{i-a} the .melt: flow rate .(MFR; ASTM D1238, 230°C, 2.16
20 kg load} ranges from o.ol t;d 400 g/10 mir}; and

(i-b)  the melting peint as measured with a DSC is

120°C or above.

4 A medical tube according to -glaim 1, wherein the



-determ ned after the conposition fixed between
chucks 30 mm 10 -apart is 100Wstrained at a stress
-rate & 30 MM Mn, maintained for 10 mlitates and
‘rel eased for 10 mnutes. A nedical tube according to
any one of clainms 1 to 7, wherein 15t he botanCe
generated when the tube is collapsed in the radia
direction is in the range of 0.98 to 4.9 N, and
a lubricant is contained i n*an amount of 0.1 to 0.4
W % baned on the weight of the nedical tube (100

wt). 209. A pmedical tu ccarding.Lo 19ne @2f
cl alwhsinsico yisapftrei ff heqi ug’gg g Izzlbrf&%:})aét ed from

tmt;e Cig’g’g‘%/%??g’ ﬁﬁgzllé//r;e‘gl %gypg%édmo&ﬂgﬁ}méﬁ\&hﬂg idean the

sron in the range of. 5 to 15 MPa and -

43 - t.ubg, Quper dianeter is from3.30 to
3. 8f)anr?r% d%he tube 1 nner dianeter is from1l.95 to

2.25 mm . 10. A medical tube according to any
one of clains.1 to 7, whetein the tube_is fabricate
fg om t he. pr apyédirel poibpmapcording to claim 1, wherein the

: prcpylene/ethyiene/a—olef;r__n random copolymer (i) has a
stfréss at 100% strain {M100} of not more than 4 MPa when
determ;med with respect to a J“_l'.s No. 3 dumbbell specimen,

with a span of 30 mm at a stress rate of 30 mmfmln and at,

-1 23°C in accmrdance w:.th J’IS K 5301.

6. & me&if:al':tube dccording to claj.m i, whe;"e.in the
propylane/-éthy-lene/a-:olefin random copolymer (ii) 'satisfies
the following (:LJ. a) and {ii-b):

‘1.5 (11—3} the c:rystall:.n:.ty as measured by X-ray
) diffractometry is not more tha.n 20;
‘ {1i-B} the glags éz:ansitién.__ bgzmpemgur'e V(Tg}_ as

measured with a PSC is ~10°C or less.

20 7 a medical tube acceording to claim 1, wherein the
propylene polymer composition (A} satisfies the following
(), {B), (&) and (D}:

{p)- the loss tangent (tand) peak is at a temperature

in the range ©Of 95 b0 25°C  according to dynamic



conmposition (A) having the noQulus in tension in the
range of 6 to 23 MPa and the tube outer dianeter
being from4.30 to 4.80 mmand 10 the tube inner
diameter being from2.95 to 3.21 nm _ 11. A
medi cal tube according to claim1 substantially as
her ei nbef ore descri bed. MEDI CAL TUBES ABSTRACT -
“Medi cal tubes are well balanged in transparency,
flexibility, heat resistance, scratch resistance and
rubber elasticity. The medical tubes including a

pr opy! en:%a?m ‘Eermca%@&tfeinﬁzi oy ¢A)/sh had aceaisabnsncde and -
pol Wﬁ'@FOQ t gpyerene units, at least part of the
pol yner _having.ansiset & thevest ructure and the total
of tTe %rOpy ene units of-the polyner being in an
{gY the storage moduli @' (20'C) and G' (100°C) from
the .dynamic viscoelasticitCy measurement have a ratic (G
5 {z20°'C)y/G' (100°C)) of not more than 5;.'
{c-) the yenetxation tempetature {'C}_ -determined in
7 accordapes with I8 K 71%6 is not less than 120%C; and
(D} t-:ﬁe perntanen£ set ié not more than 20%, which is
-determined after the compesition fixed between chucks 30 mm
10 apait is 1&0% strained at .a gtress ‘rate of 30 mm‘/inix'x,,

maintained for 10 mifutes and ‘released for 10 mi_nu_tes.

‘8 A medical tube according to any one of claims 1 to
7. lwherein |
iS' the }:abﬁnté generated when the tube is collapsaed in the
radizl directiom is in the range of 0.98 to 4.5 N; and
a lubricant is contained in an amount of 0.1 fo 0.4 wt¥

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

20 9 A medical tube according fo amy. one of e¢laims 1 to
'7,.. wherein
the tu:ba is fabricated from the propylens polymer

ccmp'osiltion (2) having the modulus in tension in the rangs

of 5 to 15 MPa and



amount of 65 to 82 nol % (the total of the structural
units-of the.polymer in the conposition is. 100 nol %
~, and-that satisfies the following (al), (a2) and
(b1): (al) the nodulus in tension is in the
range of 5 to 25 MPa as determned in accordance w.th
JIS K 6301; (a2) the penetration tenperature is 120C
or above as determ ned in acgordance with JIS K 7196;
and (bl) when a tube bei.ng made of the conposition
(A) and having an inner dianmeter of 2.1 mm an outer
di anet erpof BeSimandiaast@ngshiof 200cHris 8P owpedd byhe
inserting both ends thereof into a hollow jig having
a hels iAndmddbasmetrels dnmeh 3. Bftien2 BEight and, then,
the both ends of the tube are pulled down until a
ki nk occurs in the |oop, the distance Hfromthe
upper surface of the jig-to the per end > < POR,
is not fABre? mealcaﬂh&‘r‘i"%&‘??ﬁﬁdmg% YRGS cidifhs! 2
5 7, wherein .
the tube is fabricated from the propylene polymer
c.;ompositioii () having the mo&ulu's in tensicon in the range
of 6 to 23 MPa and | _ )
the tube outer diameter being ) from 4.30 to 4.80 mm and

10 the t-;ube inmer diameter being from 2.95 to 3.2_1 ™n .

11 2 medical tube acéording tH claim 1 substax_xtially

as hereinbefore described.
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MEDICAL TUBES
ABSTRACT

Medical tubes are well balanced in transparency,
flgxibility, heat resistance, scratch resistance and rubber
elasticity.

The medical tubes including a.égopylene polymer
composition (A) that contains a polymer'with.propylene units,
atrleast part of the polymer'having:an isotactic structure and
the 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 satisfj.‘es
the folléwing (al), (a2) and (bl1):

(al) the modulus in tension 1s in‘tﬁe range of.5 to 25
MPa as determined in accordance with JIS K 6301;

(a2) the penetration temperature is 1204C or above as
determined in accordance with JIS K 7196; and

(bl) when a tube being made of the composgition (A} and
having an inner diameter of 2.1 mm, an oﬁter diameter of 3. Dbmm
and a length of 20 cm is looped by inserting both ends thereof
inte 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.

Fig. 1



