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1 DESCRIPTION POLYPROPYLENE RESIN FOR SYRINGE, SYRINGE
PRODUCED FROM THE SAME AS RAW MATERIAL, AND PREFILLED
SYRINGE PREPARATION 5 Technical Field [0001] The present
invention relates to a polypropylene resin for syringe, a syringe in which a
tubular part (barrel) produced by injection molding of the resin is
equipped with a 10 piston (plunger), and a prefilled syringe preparation
comprising the syringe filled witly ardreg solution. Background Art [0002]
In recent years, in order to decrease problems caused 15 by, for

poEXampley WiQRg giug administtationytreatmentptefilledsyinge rrom THE
preparations filled with drug solution have attracted attention: [0003] In

ganeralsthebylar partharehof axprefiled 20 syringe fillee withra, drugy
solution is produced from glass or cyclic polyolefin as a raw material and
is not widespread in the market due to the high price thereof. On the
other hand, polypropylene resins are excellent in chemical properties,
e crRysical propetties, and molding processability and are also 2
inexpensive, and are therefore being investigated as raw materials for the
wo@finge. However, crack of a syringe and

The present invention relates to a polypropylene resin
for syringe, & syringe in which a tubular part (barrel)
produced by injection molding of the resin is eguipped with a
piston {(plunger), and a prefilled syringe preparation
comprising the syringe filled with a drug solution.
Background Art
[G00Z]

In recenit years, in order to decrease problems caused
by, for example, wrong drug administration treatment,
prefilled syringe preparations filled with drug solution have
attracted attention.

(0003

In general, the tubular part (barrel) of a préfilled
syringe filled with a drug solution is produced from glass or
cyclic polyolefin as a raw material and is not widespread in
the market due to the high price thereof. On the other hand,
polypropylene resins are excellent in chemical properties,

physical properties, and molding processability and are also
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elution of a low molecular weight substance due to a decrease in shock
resistance that are caused by interaction with the 5 content liquid and, in
particular, scratches formed when & molded syringe is removed from a
core molding die are big problems. Therefore, it is the current situation
that syringes cannot be stably produced. [0004] 10 As representative of
so-called polypropylene resins that have conventionally used, for
inexgxamples in Examgles inhPatent Boctimients 1ranss2,prepylenesbased
random copolymers are used. However, these copolymers are insufficient
mat elfi strengthy In-addition,:syfngesang-required te.be 15rtransparentfor and
visually observing the presence of insoluble fine parti.cles therein.

e1luthloweyer, dhe strengthds glegreasedyto aninsufficient lavel by-contrdling=a se
the composition of the polypropylene resin for maintaining the

in s@psparencys :specifieally; inPatent Rocument 3, adnetaloeene catalyst.c
20 system propylene-based random copolymer is applied to an

contbjectionmolded product. The-method disclosed:inithe documentcan, -

provide an injection-molded product excellent in rigidity and transparency,

mo 14t the injggtion-molded produet has-a prablem of inferorshock-e 1i g

resistance. 3 0005] As described above, syringes for medical purposes

prod@Yes; Problems.eimechanicalstrength, lransparenay, seratehes,on
) syringes when they are removed from core molding dies in
syringes cannot be stably produced.

[0004]

As representative of so-called polypropylene resins
that have conventionally used, for example, in Examples 1n
Patent Doéuments 1 and 2, propylene-based random ccpolymers
are used. However, these copolymers are insufficient in
strengthn. In addition, syringes are required to be
transparent for visually cbserving the presence of inscluble
fine particles therein. However, the strength 1s decreased
to an insufficient level by contrelliing the composition of
the polypropylene resin for maintaining the transparency.
Specifically, in Patent Document 3, a metalilocene catalyst
system propylene-based random copcolymer 1s appliled to an
injection-molded product. The method disclosed 1n the
document can provide an injectlion-molded product excellent in
rigidity and transparency, but the 1njection-molded product

hnas a problem of inferior shock resistance.
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5 injection molding, elution of low molecular weight substances, long-run
productivity and shock resistance. In addition, there is a problem of
sanitary property. There is no polypropylene resin that can solve all of
these problems and can be used as a raw material of syringes for
medical 10 purposes. Therefore, it is difficult to produce a prefilled
syringe filled with a drug solution which solved all of these problems.
1000[0006] if these problems can be solved by using an inexpensive 15
polypropylene resin, it can contribute to prevalence of prefilled syringe
preparations:filled it diug, selytians; cearr aghigye; asedugtion-insuedicak-c
cost for elderly patients, and thus it can significantly contribute to the
proSagigly cPatent Pocument 1: Japanese Patent No- 3185434 20.Patent o,
Document 2: Japanese Patent No. 2528443 Patent Document 3:
sy rJapaness RatentApplication | aid: Open No- HPE-192332 Disglosure, gf
Invention Problems to be Solved by the invention. 4 0.007] The present

in1dRventons o splve the problems: agcompanied with-thg .conventiopal s » e,
technologies described above and an object of the present invention is to

1ondovide a3 polypropylene resia for syringe;that.can e used-ag.qfawy,
material for a syringe that is excellent in sanitary property,
there i1s a prcblem of sanitary property. There 1s no

polypropylene resin that can solve all of these problems and

can be used as a raw material of svringes for medical

th

purposes. Therefore, it 1s difficult to produce a prefilled
syringe filled with & drug scolution which scived all of these
problems.

[000¢]

If these problems can be solved by using an inexpensive
polypropylene resin, 1t can contribute to prevalence of
prefilled svyringe preparations filled with drug sclutions,
can achieve a reduction in medical cost for elderly patients,
arnd thus 1t can significantly contribute to the society.

Patent Document 1: Japanese Patent No. 3195434

Patent Document Z: Japanese Patent No. 2528443

Japanese Patent Application Laid-

(%]

Patent Document
Cpen No. HOe-182332
Discliosure of Invention

Problems to be Scolved by the Invention
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heat resistance and transparency and hardly elutes low molecular weight
substance and that can prevent formation of foam during molding,
achieve long-run moldability, and bei10 prevented from scratches when
removed from a core molding die in injection molding at satisfactory
levels that have not been achieved conventionally. [00081 Another object
of the present invention is to provide if further safety in medical practice

[ 00 oy, providing a syringe having satisfactory shock resistance at low
temperature which has been conventionally difficult to achieve, and
providing rans nexpensive prefilled:syringepreparation filed withs various
drug solution having a pH of 5.0 to 9.0, in which 20 shock resistance

accageerding o ESCRHa termm efering to) resistanee aganst aphenomenon
that the strength and the shock resistance of a material are decreased by

abovdrg; and slsocalled envirenmental stress crackinghresistance)ang de =
drug stability are also considered. 5 Means for Solving the Problems

poi;lﬁge%]ym%@rm inventors have condugtedqptensive studies sfog selving
the above-mentioned problems and, as a result, 5 have found the fact that

ma t A-PAlyPrOpYlene.resin,comprising a0 sthylanespropylens block,copolymeE r+ v,

" satisfying specific requirements can solve the above-mentioned

heaé”?Q@QE%QHE@’éﬂapg?gHgﬁQé%E@Q'E%%P%%ﬂﬁ§§9”¥¥§9§§-;ow

molecular weight substance and that can prevent formation of
foam during molding, achieve long-run moldabllity, and be
prevented from scratches when removed from a core molding die
in injection molding at satlsfactory levels that have not
peen achieved conventionally.

[0008B]

Another obiect of the present invention 1s to provide
further safety in medical practice by providing a syringe
having satisfactory shock resistance at low temperature which
has been conventionally difficult to achieve, and providing
an inexpensive prefilled syringe preparation fllled with
various drug scolution having a pH of 5.0 to 9.0, in which
shock resistance according to ESCR (a term referring to
resistance agalnst a phenomenon that the strength and the
shock resistance of a material are decreased by a drug, and
also called environmental stress cracking resistance) and

drug stabllity are alsc consildered.
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[0010] 10 Accordingly, the essential of the present invention is as
follows: [0011] [1] A polypropylene resin for syringe, comprising an
ethylene-propylene block copolymef:(A) 15 having a melt flow rate (ASTM
D 1238, 230C, 2.16 kg load) of 10 to 60 g/10 min, being constituted of 85
to 97% by weight of a room temperature n-decane-insoluble portion
(Din,ol) and 3 to 15% by weight of a room-temperature n-decane-soluble
Me arnportion (D)2t ¢he tetakFamountef the D,n,,n and the D,oi is 100% by
weight), wherein the Din,nl satisfies the following requirements (1) to (3),
r0¢and the D,a satisfies the following requirements (5) to (7): 6 (1) the
melting point of the Dinsol is 150 to 165C, (2) the molecular weight
distribution £ MwiMn)rof the: Dinsoh determined by-GPECris «n@ 10r3.5 {3 i es
the content of the unit derived from ethylene in the Di,,,, 5is 0to 13% by

for mMetey{d)thernolgeylas weightdistdbution tMwiMn)atithed2se. result,
determined by GPC is 1.0 to 3.5, (6) the limiting viscosity [q] of the Dso; in

havalecalin at 43sC: is-1.5teA-dlfg..and 10 (4 the gontent of thesunit derived =,
from ethylene in the Dsoi

ethylene-propylene block copolymer satisfying specific
reguirements can solve the above-mentioned problems. Thus,
the present invention has been accomplished.
[G010}

Accordingly, the essential of the present inventiocn 1is
as follows:
[0011]

[1] A polypropylene resin for syringe, comprising an
ethylene-propylene block copceclymer (A)

having a melt flow rate (ASTM D 1238, 230°C, 2.16 kg
load) of 10 te 60 g/10 min,

being constituted of B85 te 97% by weight of a room
temperature n-decane-insocluble portion (Dins.1) and 3 to 15% by
welght of a room-~temperature n-decane-socluble portion (Dyu)
(the total amount of the Dipser and the Dger is 100% by weight),
wherein

the Dinser S8atisfies the following reguirements (1) to
(3), and the Ds: satisfies the followilng reguirements (5 to

{73z
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is 15 to 25% by mole. [2] The polypropylene resin f_or syringe according
to 1], wherein the D_nsol further satisfies the following requirement (4) :
15 (4) the total of 2,1-insertion and £:3-insertion propylene units the
D1nso' is 0.2% by mole or less. [3] The polypropylene resin for syringe
according to [1] or [2], wherein the D;nsnl further satisfies the following
requirement 20 (1) the melting point of the D1nsni is 150 to_160C. [4] The

(1) polypibpylehedesin'for s?ﬁng%‘ﬁcébrdhﬂg 16 amPoriéof-[A} t&3], wherein
the Dnso] further satisfies the following requirement (3'): 3') the content of

(2) thericderivebfroretaylend irthel 2D ons 0M6/4% bydholeh 5] Ansor
syringe in which a tubular part (barrel) obtained by injection molding of

det e gotypropyleRe resinfor'syrihge- according to any one of [1] to [4 is
equipped with a piston 5 (plunger). [0012] [6] A prefilled syringe

(3) preparatiohccomprising theusyringe acverdinger Sk filled-with aidrughe Dinsou
solution having a pH of 5.0 to 9.0. 10 Advantages of the Invention [0013]

is (According tothepeesent invention, the following three

(5} the molecular weight distribution {(Mw/Mn}) of the D

determined by GPC is 1.0 to 3.5,
(6} the limiting viscosity [v] of the Ds: in decalin at 135°C
is 1.5 to 4 dl/g, and
(7) the content of the unit derived Ifrom ethvlene in the Dy
is 15 to 25% by mole.

[2] The polvypropylene resiﬁ for syringe according to
[1Y, wherein the Disser further satisfies the following
regquirement (4):
(4) the total of Z,l-insertion and 1, 3-insertion propylene
units in the Dipsey is 0.2% by mole cox less.

[3] The polvpropyiene resin for syringe according to
(1] or [2}, wherein the Dinser further satisfies the following
regqulirement {(17):
(1') the melting point of the Dinser 18 15C to 160°C.

[4] The polypropyvlene resin for syringe according to
any one of [1] to [3], wherein the Dinsy further satisfies the
following reguirement (23'):

(3") the content of the unit derived from ethylene in the
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are provided: (1) a polypropylene resin for syringe that can be used as a
15 raw material for a syringe that is excellent in sanitary property, heat
resistance and transparency and ha?dly elutes low molecular weight
substance and that can prevent formation of foam during molding,
achieve long-run moldability and being prevented from scratches when
removed from a core 20 molding die in injection molding at satisfactory

Dinsolevigls thatChave RSt Beerfachieved conventionally; (2) a syringe in which
a tubular part (barrel) produced from the resin as the raw material is

equipped withial pistort [{plingen); 8 (3)ah'inéxperisive prefiléd syfRge 1ned

preparation which comprises the syringe filled with various drug solution

Y iavig-apH 85 916D, Q%nd}%m@m#@ﬁgtmlﬁcé&ﬁlr@%* nge

ESCR. and drug stability. 5 [0014] Furthermore, even if the prefilled
accosyihge preparationns filéd With & drud solufior lidwer by stetilizaticrs ton

by heat, a reduction in transparency and elution of low molecular weight
{p Lwsubrstance hardly occur, and therefore the 10 prefilled syringe preparation

is expected to rapidly diffuse in the market. Best Modes for Carrying Out
[00Xheé invention [00"15] The polypropylene resin according to the present

i6] A prefilled syringe preparation comprising the
syringe according teo [5] filled with a drug solution having a
pH of 5.0 to 9.0.
Advantages of the Invention
(0013]
Accordiﬁg te the present inventicn, the following three

are provided:
(1} a polypropylene resin for syringe that can be used as a
raw nmaterial for & syringe that 1ls excellent in sanitary
property, heat resistance and transparency and hardly elutes
low mclecular weight substance and that can prevent formation
of foam during molding, achieve long-run moldability and
being prevented from scratches when removed from a core
molding die in injecticn molding at satlisfactory levels that
have not been achieved conventionally;
(2} a syringe in which & tubular part (barrel) produced from

the resin as the raw material 1s eguipped with a piston

(plunger;;
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15 invention and the use thereof will be specifically described below.
[0016] (1) Polypropylene resin for S)éringe The polypropylene resin for
syringe according to the 20 presentiinvention comprises an
ethylene-propylene block copolymer (A) having a melt flow rate (ASTM D
1238, 230C, 2.16 kg load) of 10 to 60 g/10 min and is constituted of 85 to
97% by weight of a room temperature n-decane-insoluble portion (D_;,sn)
(31 &Md 36°189% By Weightof a room-temperatu S i tidCare: sBlubfe
portion (D,,,,) (the total amount of the D; n.s. and the D,, is 100% by
COMEGéght) DS Y sHtigfied thel fofloWing reffufrdments @y 4o 18): dntthe
D,,,., satisfies the following requirements (5) to (7). 5 (1) the melting point
havigrihe 0n, 61 is150 160 165€ (@) the*rrivlécitat waightdistributibA™ e
(Mw/Mn) of the D1n,01 determined by GPC is 1.0 to 3.5 (3) the content of
accopg Wit derivedfrom ethyiend i g Bihid,Yis 0 to 13% by mole 10 (5) the
molecular weight distribution (Mw/Mn) of the D,, determined by GPC is
[001£.6 to 3.5 m' nc, viscosity (N J of the D,.- in decal- in (6) the li~._rti o~ n at
135C is 1.5 to 4 dl/g (7) the content of the unit derived from ethylene in the
D,0 U584 519250 dyafiole’ the prefilled syringe preparation

is filled with a drug solution followed by sterilization by
heat, a reduction in transparency and eluticon of low
molecular weight substance hardly occur, and therefore the
prefilled syringe preparation 1s expected to rapidly diffuse
in the market.
Best Modes for Carrying Out the Inventilion
[001%)

The polypropylene resin according to the present

~

invention and the use thereof will be specifically described
below.

[(001&]

(1) Polypropylene resin for svringe

The polypropylene resin for syringe according to the
present invention comprises an ethylene-propylene block
copoclilymer (&) having a melt flow rate (ASTM D 1238, 230°C,
2.36 kg leoad) of 10 to 60 ¢/10 min and is constituted of 85
te 87% by welght of a room temperature n-decane-insoluble

portion (Dinse1) and 3 to 15% by welght of a room-temperature
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<Ethylene-propylene block copolymer (A)> The ethylene-propylene block
copolymer (A) constituting the polypropylene resin of the present
invention is produced preferably in the presence of a metaliocene catalyst
system 20 by producing a propylene-based. (co)polymer by
homopoiymerization of propylene or (co)polymerization of propylene and
a small amount of ethylene in a first polymerization step and _

n-degipseoriehty podiithid propytene- ethytené Farfdord @opBiynier ribBerimso
a second polymerization 10 step. 00171 The ethylene-propylene block

and &Gsolyimer (£) Ras’a nialt ‘fiowdiate of 10710 60-g/10 Afin -Bhd-is Tohstituted
of 85to 5 97% by weight, preferably 88 to 95 by weight and more

follgreterabkean to 945 ByEweight of a réom-fEitperlfurén: satistfies the
decane-insoluble portion (D_,soi) whose main component is the

fol lyrepylenedsasede@oypotymer pifcduceéd in the first polymerization step
and 3 to 15% by weight, preferably 5 to 10 12% by weight and more

(1} preferably=6 to10%iyt weight of alreom-tempdrature n-décane-soluble
portion (D,,,) whose main component is the propylene-ethylene random

{2) copolymeéembber preduced ifithersevondgpolyitieritationostep i Ehé tatal
amount of the Oros.- and the Dso is 100% by weight. 15 [0018] Herein,

detdheiethylehe-pedpylese blockcopolymer (A) is preferably prepared by
polymerization by a metallocene

{3} the content of the unit derived from ethvlene 1In the Dijso

is 0 to 13% by mols
(%) the molecular weight distribution {(Mw/Mn) of the Dgo
determined by GPC is 1.0 to 3.G-
(6) the limiting viscosity [n] of the Dy in decaiin at 135°C
is 1.5 to 4 dl/g
(7Y the content of the unit derived from ethyvlene in the D.g
is 15 to 25% by moile

<Bthylene-propvlens bleock copolymer (Aj}>

The ethylene-propylene block copolymer (A constiﬁuting
the polypropylene resin of the present invention is produced
preferably in the presence of a metalliccene catalyst system

by producing a propyvlene-based (cojpolymer by
nomopolymerization of propylene or (co)polymerization of
propylense and a small amount of ethylene 1in a first
polymerization step and subsequently producing propylene-

ethylene random copolymer rubber in & second polymerization
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catalyst system. [0019]] 20 The ethylene-propylene block copolymer (A)
constituting the polypropylene resin for syringe according to the present
invention has an MFR in the range 6f'10 to 60 g/10 min. in particular,
when the molecular weight distribution of the polymer is 2.0 or more and
less than 2.5, the MFR is 11 preferably 30 to 60 g/10 min and more
preferably 40 to 60 g/10 min. When the molecular weight distribution is

sterp.5 or more and 3.5 or less, the MFR is preferably 10 to 40 g/10 min,
more preferably 20 to 35 g/10 min and further preferably 20 5 to 30 g/10

[G0dminh. [00201 Since the fluidity of the polypropylene resin for syringe of the
present invention is favorable when the MFR is within the

aboVesmentioned eange; thyd syrdndie- car bepeduisedr i0 by mdlticavitye 1t
injection molding, and shock resistance can be maintained. When the
f£1owERTts nof withirtthetrangé 1 thatiis; when ilve MERsislowee thant16,théc
syringe cannot be produced by multi-cavity injection molding, and
97% thereferecthe actual £ produttivittislow 2WhemitheMER s higherthian 60,
the 1 molecular weight of the ethylene-propylene block copolymer (A) is
prefeaiov o Alaintairtthe shockaésistance, and atso-fowmprotecularweight
substance may elute in the case of a syringe produced by injection
decaneldings {0021le portion (Dipse1) whose main component is the
propylene-based {co)polymer produced in the first
polymerization step and 3 to 15% by weight, preferably o to
12% by weight and more preferably © to 10% by weight of a
room-temperature n-decane-soluble portion (Do) whose main
component is the propylene~ethylene random copolymer rubber
produced in the second polymerization step. The total amount

of

the Dipso: and the Ds,» 1s 100% by welght.
[eoig;]

Herein, the ethylene-propylene block copolymer (A) is
preferably prepared by polvmerization by a metallocene
catalyst systenm.

[0019]

The ethylene-propylene block copolymer (A} constituting
the polypropylene resin for syringe according to the present
invention has an MFR in the range of 10 to 60 g/10 min. In
particular, when the moclecular weight distribution oI the

polymer is 2.0 or more and less than 2.5, the MFR is
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20 1n addition, in the ethylene-propylene block copolymer zso, satisfies
the (A) of the present invention, the D. following requirements (1) to (3),
and the D3o_ satisfies the foIIowinél.requirements (5) to (7). 0 (1) the
melting point of the D;rs;, is 150 to 165 C 12 (2) the molecular weight
distribution (Mw/Mn) of the Di,sO1 determined from GPC is 1.0 to 3.5 (3)
the content of the unit derived from ethylene in the D_.501 is 0 to 13% by

prefings () thetrolkbufaf WeightHistHBulior MRIMAT 6ftherD of T 60
determined by GPC is 1.0 to 3.5 (6) the limiting viscosity [1] of the D,0, in

9/ 10décalin atiB35C ts4 5102 Aga7) tHelcorite At GTHRe Rinft detived from ©F
ethylene in the Dso, 10 is 15 to 25% by mole Furthermore, in the

morepthyléné-ptopylené blockidopoliifer! FAR five Bliisol Preferably datisfies? min,
the following requirement (4) in addition to the above-mentioned

morgequiréments. (4 thettotal antolint ofiiie 211dindertionssndor 3fAsértion <0
15 propylene units in the D;,,s., is 0.2% by mole or less. The

o Hbovéimentioned requirements (1) to (7) will be described in detail below.
[0022] Requirement (1)

[0020]

Since the fluidity of the pcelypropylene resin for
syringe of the present invention is favorable when the MFR is
within the above-mentioned range, the syringe can be produced
by multi-cavity injection molding, and shock resistance can
be maintained. When the MFR is not within the range, that 1is,
when the MFR is lower than 10, the syringe cannot be produced
by multi-cavity injection molding, and therefore the actual
productivity ig low. When the MFR 1s higher than 60, the
molecular weight of the ethylene-propylene block copolymer
(AY is too low to maintain the shock resistance, and also low
molecular weight substance may elute in the case of a syringe
procduced by injection molding.
r00z11

In addition, in the ethylene-propylene block copolymer

(A} of the present invention, the Dinser satlsiies the

-ty

ollowing reguirements (1) te (3], and the Dsa

satisfies the
following requirements (5} to (7).
65°C

(1) the melting point of the Dig.er 135 150 to

nsa

o)
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T (3) Sihge @OSyrRIge 8 forméd BY rhofefig e tubtiRP partbafed bym

20 The room-temperature n-decane-insoluble portion (D1n,01 of the
ethylene-propylene block copolymer (A) constituting the polypropylene
resin of the present invention has a”melting point of 150 to 165C and
preferably 150 to 160C. ]0023] 13 A first advantage by controlling the
melting point within this range is an improvement in transparency of the
syringe that is obtained by injection molding of the polypropylene resin for
(2] SytgBACEordiAg ty e Presént 5 imatition Bﬁ%hp%)ﬁma Ehe%{?ﬁgsol
point within the above-mentioned range, a reduction in transmissivity after
detyEter Hapor Sterifizationtof'the s?/ﬂnée%an also be inhibited. [0024] 10 A
second advantage Is an enhancement in shock resistance of the s%(inge.
I’ﬁ‘ﬁg%pscm
polypropylene resin, a distortion and a weld tend to remain, and also flow
15 (oriehtation erystllization (solidification with 15 crystallization in flowing) of
polypropylene further causes a distortion. This has a problem that
(5) Breakage fendstto otebdiwheh sheckis applied MFHépreseht ventors
have newly found that by controlling the melting point within the above-
detanapticriedorange’ in-partiedlak,the orientation 20 crystallization of
polypropylene can be significantly reduced and the shock resistance can
(6} behenlanceding viscosity (1] of the D in decalin at 135°C

is 1.5 to 4 dl/g
(7) the content of the unit derived from ethylene in the D
is 15 to 25% by mole

Furthermere, in the ethylene-propylene block copolymer
(R), The Emwm,preferably satisfies the following reguirement
{4y in addition to the above-mentioned reguirements.
{4y the total amount of the Z,l-insertion and 1,3-insertion
propylene units in the Dipser i3 0.2% by mole or less.

The above-mentioned requirements (1! to (7} will be
described in detail below.
rocz2)

Recquiremant (1)

The room-temperature n-decane-insoluble porticon (Dipsei)
of the ethyvlene-propylene block cecpolymer (A) constituting
the polypropylene resin of the present invention has a
melting point of 150 to 165°C and preferably 150 to 160°C.

[0023]



[0025] A third advantage is that the low-temperature shock resistance of
the syringe is improved by the interaction 14 between the
n-decane-insoluble portion (D=nsot)*having a melting point within the
above-mentioned range and the room- temperature n-decane-soluble
portion (Dso.L) [00261 5 Requirement (2) The molecular weight
distribution (Mw/Mn) determined by GP-_ of the room-temperature,
n-decané iscibia pottien fy160:1) - bPthe' ethyiehe-propyieha piock'
~_copolymer (A) constituting the polypropylene resin for syringe of the
withirasEntifvertisit 16 fs 30 to " 50 préferably-1.5 (073 2 rore ©7 The
preferably 1.8 to 3.0. Since the amount of the low molecular weight
sy T igyiipdnetit in the Bihyletpfopylenehlocle ooy rmer ¢AFs véfy small
by controlling the molecular weight distribution within a narrow range as
polygeseribed above Selutibh of #ie oW £5 fiolecutar Welght stBstaneé Fardly
occurs in the syringe produced using the polypropylene resin according to
invehsiptesent inveribao[0027) Fuktherirorel regardigithei thin the
room-temperature n-decane- 20 insoluble portion (Dynsol) constituting a
abovparretthewthylenenpropylenesiock éopolymet {A): tHe priclaciar weight
distribution (Mw/Mn) determined by GPC can be narrowed as described
wataboverbecasse of the aseé of amfetallscena eatalystan alse be

inhibited.
[CCZ24]

L second advantage 1s an enhancement in shock
resistance of the syringe. Since a syringe 1s formed by
molding the tubular part (barrel) by melting a polypropylene
S resin, a disteortion and a weld tend to remain, and also flow
orientation crystallization {sclidification with
crystallization in flowing) of polypropylene further causes a
distortion. This has & probiem that breakage tends to occcur
when shock is applied. The present inventors have newly
found that by contrcliing the melting polnt within the above-
mentioned range, in particular, the orientation
crystallization of peolypropylene can be significantly reduced
and the shock resistance can be enhanced,.

[0625]
A third advantage i1s tThat the low-temperature shock

resistance of the syringe is improved by the interaction
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system as the catalyst. When the Mw/Mn is larger than 3.5, . 15 the
amount of the low molecular weight component is increased, resulting in
occurrence of bleed-out to increase'the amount of elution, which may
reduce the transparency of the syringe after water vapor sterilization. 5
10028, Requirement (3) The content of the unit derived from ethylene in
the room-temperature n-decane-insoluble portion (Dinsol)@of the
be twgRIehSropyRhe Biock Eopdtyimer BR) Coristitutitierthie 16 pblyifopylene
_ resin for syringe of the present invention is 0 to 13% by mole, preferably O
me L 4Pk fiold! rhbre pretérabh 070" 8% by misle, ftthet piéferably 0to~m
4% by mole and most preferably 0 to 2% by mole. A decrease in the
teMEEHRENTST the ANt aerived-fiemtethiereGR the’Binsol heightens the
melting 15 point (Tm) of the ethylene-propylene block copolymer (A),
[OCAfhich improves heat resistance. On the other hand, when the content of
the unit derived from ethylene in the Dinso is higher than 13% by mole,
thelinelfing $odittof tAe ethylene- propylene block copolymer (A) is low,
which tends to cause 20 problems such as a decrease in rigidity of the
syrifige umdet chigh tempegattrel {0029 Réquiremént (MnTheetermined by
ethylene-propylene block copolymer (A) constituting
GPC of the room-temperature n-decane-inscluble porticn (Dinser)

of the ethylene-propylene block copolymer (A) constituting
the polypropylene resin for syringe of the present lnvention

is 1.0 to 3.5, preferably 1.5 to 2.2 and more preferably 1.8

t

o 3.0, Since the amcunt of the low molecular welght
component in the ethylene-propylene block copolymer (A) 1s
very small by controlling the mclecular weight distribution
within a narrow range as described above, elution of the low
molecular weight substance hardly occurs in the syringe
produced using the polypropylene resin accerding to the
present invention.

[0027]

Furthermore, regarding the room-temperature n-decane-
insocluble portion (Dihse1) constituting a part of the ethylene-
propviene block copolymer (A}, the molecular welght
distribution (Mw/Mn) determined by GFC can be narrowed as
described above because of the use of a metallcocene catalyst

system as the catalyst. When the Mw/Mn 1s larger than 3.5,
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16 the polypropylene resin for syringe of the present invention preferably
satisfies the following requirement (4). (4) the total amount of 2,1-insertion
and 1,3-insertion propylene units it the room-temperature
n-decane-insoluble 5 portion (Dinsoy) is 0.2% by mole or less More
preferably, the total amount of 2,1-insertion and 1,3-insertion propylene
units in the Dinsoi of the ethylene- propylene block copolymer (A) is 0.10

the pyigiele orfess NWhEAVIHECtoR BRAGUM OF 20t -iRSEIBH AhEl £ 3-inderticRsed
propylene 10 units in the Dinsol is larger than 0.20 by mole, the random

res1ddpolymetization propeas befweer propyiénetand ethifereist Becraased.t
which, as a result, broaden the composition distribution of the

of epropylene-ethylehe BopolyRserrabbeEint e o teriperaturene syringe
n-decane-soluble portion (Ds01) 15 Consequently, the shock resistance of

aftahewsyringe s decredsed; andproblems such as a reduction in
transparency after water vapor sterilization may be caused. [00301

- 00Requirement (5) 20 The molecular weight distribution (Mw/Mn)
determined by GPC of the room-temperature n-decane-soluble portion
(D,gEof: theerthylené3propylene block copolymer (A) constituting the
polypropylene resin for syringe of the present invention is 1.0 to 3.5,
preferablych2 40 8.-@nd morerprefetably-d=bitcf 172 .5t Bincerthein the
molecular weight distribution is narrow as

room-temperature n-decane-insoluble portion (Dipser) of the

ethylene-propylene block copolymer (A) constituting the
polypropylene resin for syringe of the present invention is ©
to 13% by mole, preferably 0 to 10% by moie, more preferably
0 to 8% by mole, further preferably 0 to 4% by mole and mosﬁ
oreferably 0 tce 2% by mole. A decrease in the content of the
unit derived from ethylene in the Dinso: helghtens the melting
point (Tm) of the ethylene-propylene block copolymer (A},
which improves heat resistance. On the other hand, when the
content of the unit derived from ethylene in the Ij
higher than 13% by mole, the melting point of the ethylene-
propylene block copolymer (A) is low, which tends to cause
problems such as a decrease in rigidity of the syringe under
high temperature.

[0G29]

Reguirement (4)

The ethylene-propylene block copolymer (A} constituting
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mentioned above, the amount of low molecular weight component in the
ethylene-propylene block copolymer (A) is very small. There==ore, in the
syringe produced using the ponprob@Iene 5 resin according to the present
invention, elution of low molecular weight substance hardly occurs.
[00311 Regarding the room-temperature n-decane-soluble portion (D,,,)
of the ethylene-propylene block copolymer (A), the 10 molecular weight
the gistribuion (MR/Mn Yeterndingd By BPETaht be HarkWetEas deschbed-°1
above because of the use of a metallocene catalyst system as the
preiegalyst When the MRv/MIE i fakgerthan 3 50the Ziieunt of ) -
propylene-ethylene random copolymer rubber with a low molecular
{4) Wweight is-inéressedrin 19 Whichl causesbléed-oatfo redéicetimsparancy
of the 15 the D,_ syringe after water vapor sterilization and may cause
proyprobfemsisutls asa decreaseinsisockeresistarce ofdhe agyringes 0082 €
20 Requirement (6) The limiting viscosity [i] of the room-temperature n-
portdeganébseluble portion: Y Dsolyof the ethylere-propylene block
copolymer (A) constituting the polypropylene resin “or syringe of the
presentinveatien ibdecalintat 135Giis BEid8nto 4dl/g, preferablyc 1 &toand
3.5 dl/g, more preferably 1.8 to 3.5 dI/g and most preferably 2.0 to 3.0
1, 3dlfgsertion propylene units in the Dinser ©of the ethylene-

propylene block copoiymer (A} is 0.1% by mole or less. When
the tetal amcunt of 2,il-insertion and 1,3-insertion propylene
units in the Dinse: 1s larger than 0.2% by mole, the random
copelymerization property between propylene and ethylene 1is
decreased, which, as & result, broaden the composition
distribution of the propylene-sthylene copolymer rubber in
the rocm-temperature n-decane-soluble portion (Dse) .
Conseqguently, the shock resistance of the syringe is
decreased, and problems such as a reducticn 1n transparency
after water vapor sterilization may be caused.

(00307

Regulrement (0}

The molecular weight distribution (Mw/Mn) determined by
GPC ¢f the room-~temperature n-decane-soluble portion (Dse) of
the ethylene-propylene block copolymer (A) constituting the
polypropylens resin for syringe cof the present invention is

sl

1.0 to 3.5, preferably 1.2 to 3.0 and more preferably 1.5 to
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[0033] In the production of such a block copolymer, if an 5 existing
metallocene catalyst other than the metallocene catalyst system that is
suitably used in the present inventioh is employed, it is very difficult to
produce an ethylene-propylene block copolymer in which the limiting
viscosity [i'] of the Dso, is higher than 1.5 dl/g. In 10 particular, it is almost
_ impossible to produce an ethylene- propylene block copolymer in which
2+ 5 the himithg Ascasity T - oF theeDI ™ lis 416° difg B higher. 0034} Whéh frie
limiting viscosity [r]] of the D,,, in decalin 15 at 135C is higher than 4 dl/g,
nentg &gkt &ROURT of propFRABL EtHYfene FantBrTEocymEr iiiber Falitg e~
an ultra-high molecular weight or containing a large amount of ethylene is
in thy producerrduritig the FrbBuctict-of thestopylene-ethylérfe aRdoRTE L~ -
copolymer rubber in the second polymerization step. 20 Since the '
ThergropyfenelsthyleneTaRdomccpolHer flibbat by- protueed v aShght e
amount is unevenly present in the ethylene-propylene block copolymer,
reslthessyringeiprodiced UsingrswcH'a copolfier @s the Fawimaterial fepids
to have lowered shock resistance. 19 [0035] Requirement (7) The
mo L egontent ofithelunitderivedfrom lethyléne irtthiers decan.e-soluble portion
(Ds") of the ethylene-propylene block
[6031)

Regarding tThe room-temperature n-decane-soluble portion
{Dsor) of the ethyiene-propylene pklock copolymer (A}, the
molecular weight distributicon (Mw/Mn) determined by GPC can
be narrowed as described above because of the uss of a
metallocene catalyst system as the catalyst. When the Mw/Mn
ig larger than 3.5, the amount of propylene-ethylene random
copolymer rubber with a low molecular weight is increased in
the Dge, which causes blesd-out to reduce transparency of the
syringe after water vapor sterilization and may cause
problems such as a decrease in shock resistance of the
syringe.

[6032]

The limiting wviscosity Ini of the rcom—-temperature n-
decane~soluble portion (Dsu) of the ethylene-propylene block
copolymer {A) constituting the polypropylene resin for

syringe of the present invention in decalin at 135°C is 1.5
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[#3]

5 copolymer (A) constituting the polypropylene resin for syringe of the
present invention is 15 to 25% by mole, preferably 15 to 22% by mole
and more preferably 16 to 20% by Mole. When the content of the unit
derived from, ethylene in the D,ol is lower than 15=%. by mole, the shock
resistance of 10 the ethylene-propylene block copolymer (A) may be low.
n_the other hand, when the content of thz unit derived from eth¥leng in

O =
Lo 4ng'pébi i€ higheF #an 25% by mofe, the-syAngd hay Rave fgw -1y +-° t©

. transparency. [0036] 15 <Method of producing polypropylene resin for

3.5 é%ﬂ’i/r%e%nﬁlé%ﬁ%tn%%ﬁdﬁc%ﬁﬁrbﬂuéing the polyprépyléne resin for
Sy _r_nge according to the present invention will be described in detail

wmb%low. [0037] 20 The ethylene-propylene block copolymer (A) constituting
the polypropylene resin for syringe according to the present invention can
be prepdigdiin 76! presernice bf akpecific® metallceenaibased catalystfor
polymerization and a promoter, preferably, by producing a

e x 1 5iropylene based@bfpoliner By 20°RémopelyiierizatioRdF propyieie or
(co)polymerization of propylene and a small amount of ethylene in a first

categolyphed zaticnistep([stép 13} ahdBubsegaehtlprodacingesent
propylene-ethylene random copolymer rubber in a second 5

invepolymerizationstepy(fstep 2] ByscopolymetiZzatiorref: propyleifedang an
ethylene in an amount larger than that in the
ethylene-propylene block copolymer in which the Ilimiting

viscosity [1] of the Dge: is higher than 1.5 dl/g. In
particular, 1t is almost Impossible toe produce an ethylene-
propvlene block copolymer in which the limiting viscosity [1]
0f the Do is 1.8 dl/g or higher.
(00347

When the limiting viscosity [n] of the D, in decalin
at 135°C ig higher than 4 dl/g, a slight amount of propylene-
ethylene random copolymer rubber having an ultra-high
melecular welght or containing a large amount of ethylene 1s
by-produced during the preoduction of the propylene-ethylene
random copolymer rubber in the second polymerization step.
Since the propylene-ethylene random copclymer rubber by-
produced in 2 slight amount 1is unevenly present in the
ethylene~propylene block copolymer, the syringe produced
using such a copolymer as the raw material tends to have

lowered shock resistance.
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first step. [0038] The metallocene catalyst for polymerization is 10
preferably a metallocene catalyst that can cause a polymerization with a
stereoregularity such as an isotacti¢ “or syndiotactic structure, and
examples thereof are catalysts shown below which are described in
WO001/27124 pamphlet: [0039] 15 [Formula 1l ;21 R* R'R4 R1 MQj
R14 R ?/R5R"R6 3 R10'R7 Rg R8 0040] In the above general
(CC3¥Fdrmula [I;, R1, p'2, R3, R4, R', R6, , 1 and R14 may be the same or R’,
Re F9 Rio R11 R a R 5 different and are selected from hydrogen atoms,
hydtecarbosngroupsand silicon-containing groups. Examples of the

hydrocarbon groups include linear hydrocarbon groups such as
The content of the unit derived from ethylene in the n-

decane-scluble portion (Dsg) ©of the ethyliene-propylene block
copolymer (A) constituting the polypropylene resin for

ayringe of the present invention is 15 to 25% by mole,

Lt

prererably 1

to 22% by mole and more preferably 16 to 20% by
mole., When the content of the unit derived from ethylene in
the Do 1s lower than 15% by mole, tThe shock resistance of
the ethylene-propyvlene block copolymer (A) may be low. On
the other hand, when the content of the unit derived from
ethylene in the Dse; 1S higher than 25% by mole, the syringe
may have low transparency.
[0036]

<Methced of producing polypropylene resin for syringe>

Next, a method cof producing the polypropylene resin for
syringe according to the present invention will be described
in detail below.
[0037]

The ethyiene~propylene block copolymer (A} constituting
the polypropylene resin for syringe according tc the present

a specific

h

invention can be prepared in the presence o
metallocene~based catalyst for polymerization and a promoter,

preferably, by producing a propylene-based (co)polymer by



a methyl group, an ethyl group, a n-propyl group, an allyl group, a n-butyl
group, a n-pentyi group, a n-hexvl group, a 10 n-heptyl group, a n-octyl
group, a n-nonyl group and a n- de€¢anyl group; branched hydrocarbon
groups such as an isopropyl group, a tert-butyl group, an amyl group, a 3-
methylpentyl group, a 1,1-diethylpropyl group, a 1,1 22 dimethylbutyl
group, a 1-methyl-1-propylbuty2 group, a 1,I- propylbutyl group, a
hOmop@@yw@myp@#ﬁgﬁymﬁoﬁﬂ%ﬁmh@gﬁd%ﬁ (CO)pOlymeVJzaulOP of
1-methyl-l-isopropyl-2-methylpropyl group; saturated cyclic hydrocarbon
propgroaps stch as atyclepemtylgroupiaeytlohexyl Sigroupfaeyeloheptyl
group, a cyclooctyl group, a norbornyl group and an adamantyl group;
pol vinssatarated vyclicsydrosdrbon 1groupssuehlaserplemd grous, aitolylo
group, a naphthyl group, a biphenyl group, a phenanthryl group and an
provanthraceayhgrotps satunated hydrocarber groupgsesubstituted 40with an
unsaturated cyclic hydrocarbon group such as a benzyl group, a cumyl
polygreup za 1ibdiphenylethy tgrou andlay trighenyimethykgroupnand hetero
atom-containing hydrocarbon groups such as a methoxy group, an ethoxy
propgrogpsa phenexy:greup, a furykbgreunp;a N-methydaminegroupza NN ihe
dimethylamino group, a N-phenyiamino group, a pyryl group and a thienyl
f1irsgroupeskbxamples of the silicon-containing groups include a trimethylsilyl
group, a triethylsilyl group, a dimethylphenylsilyi group, a
[ 00 FHiphenylmethylsilyl group and a triphenylsilyl group. 20 [0041]

The metallocene catalyst for polymerization is
preferably a metallcocene catalyst that can cause a

pelymerization with a sterecoregularity such as an lsotactic

or syndiotactic structure, and examples thereof are catalysts

shown below which are described in WO0L/27124 pamphlet:
[0C39]

{Formulia 1°



Furthermore, in the general Formula [I], each su'bstituent of R5 to R1"
may form a ring together with an adjacent substivuent. Examples of such
a substituted fluorenyl group include'a benzofluorenyl group, a 23
dibenzofluorenyl group, an octahydrodibenzofiuorenyl group, an
octamethyioctahydrodibenzofluorenyl group and an
octamethyltetranydrodicyclopentafluorenyl group. [0042] 5 In the general
Formula [I]FR-, R", R3 amfR bonding to the cyclopentadienyl ring are
each preferably a hydrggen atom or a hydrocarbon group having 1 to 20
carbon atoms. ‘?rum es of the hydrocarbon group having 1 to 20 carbon

atoms include /1 tdxocarbon groups mentioned above. More
preferably R’ ‘! 3/ ocagpon group having 1 co 20 carbon atoms.
[00431% the genera Formufa [11, R5 to R" bonding to the fluorene ring

y aring togethek with an adjacent substltuent 00441 In the
general Fo Ia [11,Y bhﬁz@;ng the 20 cyclopentadienyi ring and the
ring i

g

preferably a group XIV element of the periodic table,
r

[0040]

In the above general Formula [T}, R*, R?, R’, R*, R’, R%,
r’, RY, RY, R'", R', RY, R* and RY may be the same or
different and are selected from hydrogen atoms, nydrocarbon
groups and gilicon-containing groups. Examples ol the
hydroéarbon groups include linear hydrocarbon groups such as
a methyl group, an ethyl group, & n-propyl group, an allyl
group, a n-butyl group, a n-pencyl group, a n-hexyl group, a
n-heptyl group, & n-octyl group, a n-nonyl group and a n-
decanyl group; branched hvdrocarbon groups such as an
iscpreopyi group, a tert-butyl group, an amyl group, a 3-

mathylpentyl group, a 1,l-diethyipropyl group, a 1,1-
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carbon, silicon, or germanium and further preferably a carbon atom. R'e
and F bonding to the | are each preferably a hydrocarbon group having 1
to 20 carbon atoms. They may be 24’ the same or different from each
other and may form a ring together. Examples of the hydrocarbon group
having 1 to 20 carbon atoms include the hydrocarbon groups mentioned
above. More preferably, R1 is an aryl group having 6 to 20 carbon 5
cimeatoms> 0045] Examplestofithasrylygrodp inchide thetabovie-mantiored , -
unsaturated cyclic hydrocarbon groups, saturated hydrocarbon groups
propsulistitutéd withian uasatutatédreyclic hydrooarbon 10 grup andheterod a
atom-containing unsaturated cyclic hydrocarbon groups. Ri3 and R1" may
1 -melyén the-Same ar different’ from eack other langmay forpe auringttogetherl i c
Preferred examples of the substituent include a fluorenylidene group, a
hyd-1Q-hytraanthracenylisene greup anda tHeibenzocycioheptadienylidére:y 1
group. 0046] In the metallocene compound represented by the above
grougenetakformulacftl; a substituent selegted-ivarn:R1,:R4, R 5 andRI2ang 1
R13 or R'4 in bridging part may bond to each other 20 to form a ring.
grodPpO04rkindhe geaeral Formuter{ih M ispreferably=al groupi Ve ttansitiona rbon

metal of the periodic table and more preferably Ti,
groups such as a phenyi group, a tolyl group, a naphthyl
group, a biphenyl group, a phenanthrvl group and an
anthracenyl group; saturated hydrocarbon groups substituted
with an unsaturated cyclic hydrocarbon group such as a benzyl
group, a cumyl group, a 1,1-diphenylethyl group and a
triphenylmethyl group; and‘hetero atom-ceontaining nydrocarbon
groups such as a methoxy group, an ethoxy group, a phenoxy
group, a furyl group, a N-methylamino group, a N,N-
dimethyliamine group, a N-phenylamino group, a pyryl group and
a thienvyl group. Examples of the silicon-containing groups
include a trimethylslilyl group, a trietnylsilyl group, a
dimethyiphenylsilyl group, a diphenylmethylsilyl group and &
triphenvlsilyl group.
(00413

- Furthermore, in The general Formula [I], each
substituent of R” to RY may form a ring together with an
adjacent substituent. Examples of such a substituted

flucrenyl group inciude a benzofilucrenvl group, a
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Zr or Hf. 25 00481 Furthermore, each Q, which may be the same or
different, is selected from halogen atoms, hydrocarbon groups, anionic
ligands and neutral ligands that carfBe coordinated with lone 5 pair. J is
an integer of 1 to 4. When j is 2 or higher, Qs may be the same or
different from each other. Specific examples of the halogen atoms include
a fluorine atom, a chlorine atom, a bromine atom and an iodine atom.

dibegpedific cexamples bf thie hydrocafbonygroapd irchide thoseanentichicd>10
above. Specific examples of the anionic ligands include alkoxy groups

an  osuctras methoxys tert-batoxyearid phenoxys; ycarboxylateagroups such as

acetate and benzoate; and sulfonate groups such as mesylate and

oct atosylate. [Specificy @xamples:obtherreutral igandsithat cap be coordinated
with 15 lone pair include organic phosphorus compounds such as

[ 00 4ttiF~hylphosphine, triethylphosphine, triphenylphosphine and
diphenylmethylphosphine; and ethers such as tetrahydrofuran, diethyl
ether, d.hexaneand 1, 2~dimethoxyathana: At feastione @ ispreferablya to
halogen atom or an alkyl group. 20 [00491 preferred examples of the

the bridgesmetallocene competindseinghutle vreferably a hydrogen atom
isopropyl(3-t-butyl-5-methylcyclopentadienyl)(3,6-di-

or d-butylflaerenyl)zirgepium dichloride, diphenylmethylene{3oms. Examples
tert-butyl-5-methyl-cyclopentadienyl.)(fluorenyl)zirconium 26

of the hydrocarbon group having 1 to 20 carbon atoms include

the hydrocarbeon groups mentioned above. More preferably, R

is a hydrocarbon group having 1 te Z0 carbon atoms.

[0043]

Iﬁ the general Formula [I], R® to RY¥ bonding to the
flucrene ring are each preferably a hydrocarbon group having
i1 to Z0 carbon atoms. Exampliles cof the hvdrocarbon group
having 1 to 20 carbon atoms include the hydrocarbon groups
mentioned above. Bach substituent, R° te RY, may form a ring
together with an adjacent substitusnt.

[0044]

In the genseral Formula [I], Y bridging the
cyclopentadienyl ring and the fluorenyl ring 1s prelerably a
group XIV element of the pericdic table, more preferably
carbon, silicon, or germanium and further preferably a carbon

atom. R*¥ and R' bonding to the Y are each preferably a

hydrocarbon group having 1 to 20 carbon atoms. They may be
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dichloride, diphenylmethyl.ene(3-tert-butyl-5-methyl-
cyclopentadienyl)(2,7-ditert-butylfluorenyl)zirconium dichloride,
diphenylmethylene(3-tert-butyl-5-methyl- cyclopentadienyl)(3,
6-ditert-butylfluorenyl)zirconium 5 dichloride,
(methyl)(phenyl)methylene(3-tert-butyl-5-methyl-
cyclopentadienyl)(octamethyloctahydrobenzoluorenyl) zirconium

the dighloride andfdctamethyloctahyarddisenzofb, hflaoreny|) s 8-tdmetiiyd-5-
tert-butyl-1,2,3,3a-tetrahydropentalene)]zirconium dichloride 10 (refer to

togethedollowingEoimuladf]) £ [0050) JFormulac2l $3'dud 1a0n4g, 6 8o 20
[0051) 27 In the metallocene catalyst used in the present invention, the

carbpmonictemthat iscuset: int¢enjyctiorowith an groupaVstransitiore netalabove .
compound represented by the general Formula [I] is comprises at least

Mo reone edmpating seledtedfram Sorganicmetal icompoundstorgahicarbon
aluminum oxy compounds and compounds that react with transition metal

atorgompounds to form ion pairs, and a particle-shaped carrier that is used
according to need. As them, the compounds disclosed in the publication

[ 0043y the present applicant (WO01/27124 pamphlet), 10 or disclosed in
Japanese Patent Application Laid-Open No.

Examples of the aryl group include the above-mentioned
unsaturated cyclic hydrocarbon groups, saturated hydrocarbon
groups substituted with an unsaturated cyclic hydrocarbon
group and heterc atom-containing unsaturated cvclic
hydrocarbon groups. R and R'™ may be the same or different
from each other and may form a ring together. Preferred
examples of the substituent include a fiucrenylidene group, a
10-hydroanthracenylidene group and a
dibenzocycloheptadienylidene group.

[0046]

In the metallocene compound represented by the above
general Formula [I], a substituent selected from R', R®, R’
and RY and R* or R* ir bridging part may bond to each other
to form a ring.

(0047

in the general Formula [I], M is preferably a group IV

transition metal of the periodic table and more preferably TZ,

Zr or HE.
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H1l-315109 can be used without any limitation. [0052] The
ethylene-propylene block copolymer (A) constituting the polypropylene
resin according to the present inveation 15 can be obtained by
sequentially performing two steps ([step 1] and [step 2]) described below
by using, for example, a polymerization apparatus in which two ore more
reaction apparatuses are connected in series. [0053] 20 ([Step I]) In [step
[0042]! usually, propylene is homopolymerized at a polymerization
temperature of 0 to 1000C at a polymerization pressure of ordinary
presstirestond MPa gauge fressule;lormpropylene andssmatt ambunt of ent,
ethylene are copolymerized. 28 In [Step 1], the feed amount of the
is sethyleneds tontrolted toybe zeroms snattwiticrespect torthapof thenilonic
propylene, so that the propylene-based (co)polymer produced in [step 1]
1igadsdtheanaimeampanentiof Dins, The:homepolymerization of Sepropylene Lone
or the copolymerization of propylene and ethylene may be performed by
pairany of batch, semicontinueds andocantinuous-methogdsoranay. bgher, Os
performed by multistage polymerization using a plurality of reactors.
nmay FWthermosexfstep- 1kmay be-condueted as blockpelymerization iniwhich
10 the feed amount of ethylene is varied with respect to that of propylene.
exaﬂ@@@@ of the halogen atoms include a fluorine atcm, a

chlorine atom, a bromine atom and an iodine atom. 3Specific
examples of the hydrocarbon groups include those mentioned
above. Specific examples of the anionic ligands include
alkoxy groups such as methoxy, tert-butoxy and phenoxy;
carboxylate groups such as acetate and benzoate; and
sulfonate groups such as mesylate and tosylate. Specific
examples of the neutral ligands that can be cocrdinated with
lone pailr include organic phosphorus compounds such as
trimethylphosphine, triethylphosphine, triphenylphosphine and
diphenylmethylphosphine; and ethers such as tetrahydrofuran,
diethyl ether, dioxane and 1,2Z~dimethoxyethane. At least one

0 is preferably a halogen atom or an aikyl group.

include iscopropyl{3-t-butyl-5-methylcyvclopentadienyl) (3, o-di-

t-putylfivorenyl;zirconium dichlioride, diphenylmethylene{3-

tert-butyl-hH-methyl-cyclopentadienyl) (filuorenyl) zirconium
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([Step 2]) In [step 2], usually, propylene and ethylene are 15
.copolymerized at a polymerization temperature of 0 to 100C at a
polymerization pressure of ordinaryqifessure to 5 MPa gauge pressure.
In [seep 2], the feed amount of the ethylene with respect to that of the
propylene is controlled larger than that in [step 1], so that the
propylene-ethylene random 20 copolymer rubber produced in [step 2] is
dicihemain cotipanent lofddsot 1 ROS5EBy ¢hts-daing L theregtiirgments (1)
to (4) on the Dinsol can be satisfied by controlling the polymerization
cyc lcopditions 2% 41 [step 1}andtherequiverments-&) 10 (7)iorctheiD501 can
be satisfied by controlling the polymerization conditions in [step 2]. [0056]
diclolradiition;ithe ohysieat propertiessthat showd bel satisfied by the
ethylene-propylene block copolymer (A) constituting the polypropylene
cyc1esinrof the present invention care-determineddanainly: depencting on the
chemical structure of the metallocene catalyst used. Specifically, the
dicrneleeular 10weight disgibution (Mw/Mn) of thesDinse: dptermined-daycnyi -
-PC of the requirement (2), the total amount of 2,1.-insertion and

eyelodinsestion propylene: upits:in the Dnd0 et theseguirement (4), ppd4hen: um
molecular weight distribution (Mw/Mn) of the Dsoi determined by GPC

dichequired.otthe requirement (3).canbe r 7+ 10, 10" -
octamethyloctahydrodibenzo[b,h]fiucrenyl) {1,1,3~trimethyl-5-
tert-pbutvl-1,2,3,3a-tetrahydropentalene)]zirconium dichloride
{refer to the foliowing Formula [II]).

00507

[Formula 2]

(00511
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15 adjusted so as to satisfy the requirements in the present invention
mainly by suitably selecting the metallocene catalysts used in [step 1 and
[step 2]. Preferred examples of thezietallocene catalyst used in the
present invention are as described above. 20 [0057] Furthermore, the
content of the unit derived from ethylene in the Dinsol of the requirement
(3) can be adjusted by the feed amount of the ethylene in [step 1] or the
likeLriT hén imitingaviscasityd )} of thevdsoiin decalin att35C of 30tthe
requirement (6) can be adjusted by the feed amount of a molecular

i nvameigbt:adjusing ageat such-as hydrogensdn [step 2}rorthe tikenThe th &
content of the unit derived from ethylene in the D,,j, of the requirement (7)

growganhe adusted:-by thenteed)5 amaeuntofitheethylearir fstep 2} bethgsneral
like. In addition, the composition ratio of the Dinsol and the Dsol and the

Foramelt flow rate of the ethydenespropylene bloek copglymen (Axcanthel from
suitably adjusted by controlling the amount ratio of the polymers

orgreduged im[stepntl-and fsfep 2} L0i[0088Lfruthermare, dhepounds and
ethylene-propylene block copolymer (A) or the present invention may be

comd¥aduced by separately, producingrthe propylene-hbasedge)palymening o rm

[step 1] by the above-mentioned method and the propylene-ethylene
1on 8Rdom 15 cepelymer rubber.in fstep 2] by the above-mentiongddnethod,

in the presence of a metallocene compound-containing catalyst,
according to need. As them, the compounds disclosed in the
publicaticon by the present applicant (WC01/27124 pamphlet),
or disclosed in Japanese Patent Application Laid-Open No.
H11-315109 can be used without any limitation.
[0052]

The ethylene-propyiene block copolymer (A) constituting
the polypropylene resin according to the present invention
can be obtained by seguentially performing two steps ([step
17 and [step 2]) described below by using, for example, a
polymerization apparatus in which two ore more reaction
apparatuses are connected in series.

[0053]

([Step 1})

In [step 1], usually, propyiene is homeopolymerized at a
polymerization temperature of 0 to 100°C at a polymerization
pressure of ordinary pressure to L MPa gauge pressure, or

propylene and a small amount of ethylene are copolymerized.
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and then blending them by physical means. [0059] The polypropylene
resin for syringe according to the 20 present invention satisfies the
prevention of foam formation duringtmolding, the long-run moldability and
the prevention of scratches when removed from a core molding die in
injection molding at levels that have not been achieved conventionally.
Injection molding of such a resin can 31 provide a syringe that is excellent _

In [intsgmitaly, prapertye eatmesistance anddranspatency ard bandtyelutest to
low molecular weight substance. [0060] 5 The polypropylene resin

ve raceordingdadhe present riavestion maytcontain & phosphooussbased sc
antioxidant, an amine-based antioxidant or a hydrochloric acid absorber

thatrepresentes by hiydrotaloite, aceorgingoaieedr {006d¢d1d théstep 1] is
phosphoru-based antioxidant is not particularly limited, and

rhe GRMventieralhrknown phosphorusshased-antioxidanis canhecusedt The
use of one type of the phosphorus-based antioxidant alone leads to low

progEomamination: of theceontentsiby-kleeding; and ig-thesefere preferred.ithe
Trivalent organic phosphorus compounds are preferred as the

nmay Rhospborus-hased,antioxidantspyand specific examples thereafninclude
tris(2,4-di-t-butylphenyl)phosphite, 2,2-

contMethylenebis(d S:di-tsbutylphenyl)ectylphosphite.and bis(26- age

polymerization using a plurality of reactors. Furthermore,

[step 1] may be conducted as block polymerization in which

the feed amount of ethylene is varied with respect to that of

propyvlilene,

[0054]

([Step 2])

In [step 2], usually, propylene and ethylens are
copolymerized at a polymerization temperature of 0 to 100°C
at a polymerization pressure of ordinary pressure to 5 MPa
gauge pressure. In [step 2], the feed amount of the ethylene
with respect to that of the propylene 1s controlled larger
tHan that in [step 1], so¢ that the propylene-ethylene random
copolymer rubber produced in [step 2] is the main component
of Daol.

(00551
By thus doing, the reguirements (1) to (4) on the Dinee

can be satisfied by controlling the polymerization conditions
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di-t-butyl-4-methyiphenyl)pentaerythritol diphosphite. 20 ]0062 The
phosphorus-based antioxidant is used in an amount of usually 0.03 to 0.3
parts by weight, preferably 0.05 to 472 parts by weight and particularly
preferably 0.08 to 0.15 parts by weight based on 100 parts by weight of
the ethylene 32 propylene block copolymer (A) constituting the
polypropylene resin according to the present invention. [0063] Examples
in [efthe dminesbasedrantioxidant énclude:5 Compounds havingca piperidirre
ring, specifically, dimethyl succinatel-(2-hydroxyethyl)-4-hydroxy-2,2,6,6-
be stetrantethylpiperidine:palyéondensate, pis(2yz66zation conditions in
tetramethyl-4-piperidyl)sebacate and poly[[6-[I-[(],1,3,3-

[ stetetramethylbutyl)amino]-s-triazin-2,4-diyl][[(2,2,6,6 10
tetramethyl-4-piperidyl)iminolhexamethylene[(2,2,6,6-

1 00 stetramethyl-4-piperidyl)imino]]. [00641 The amine-based antioxidant is
used in an amount of usually 0.01 to 0.3 parts by weight, preferably 0.01
to @.2 15partsdy, weight,inokei preferably-@.01 1@ 0.1 part byrnweight ard
particularly preferably 0.03 to 0.06 parts by weight based on 100 parts by

sat jweightottheretbyleng-prepylepe Hlocke eapelymer (Apf0063)) 20 [Fhe

hydrochloric acid absorber is preferably

constituting the polypropylene resin of the present invention
are determined mainly depending on the chemical structure of
the metallocene catalyst used. Specifically, the molecular
weight distribution (Mw/Mn) of the Ding. determined by GPC of
the reguirement (2), the total amount of 2,i-insertion and
1,3-insertion propylene units in the Dingy of the reguirement
(4), and the molecular welght distribution (Mw/Mn} of the Do
determined by GPC required of the requirement (5} can be
adjusted so as to satisfy the reguirements in the present
invention mainly by suitably selecting the metallocene
catalysts used in [step 1] and [step 2]. Preferred exampies
of the metallocens catalyst used in the present invention are
ag described above.
[0057]

Furthermore, the content of the unit derived from
ethylene in the Dinser ©f the reguirement (3] can be adjusted
by the feed amount of the ethylene in [step 1] or the like.

The limiting viscosity [n} of the Din in decalin at 135°C of
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hydreta7.cite, considering the sterilization method, generation of white
turbid substance with a drug solution and interaction with a nucleator.
However, only in the case of no reactivity with the drug solution, a
combination system 33 with hydrotalcite having a significantly reduced
amount of metal salts of fatty acid can also be suitably used. The
additive amount of the hydrochloric acid absorber is usually 0.02 to 0.20
the pads:bhyweight, preferably 802:4010:10 parts-b hyweight@andrmare: of 2
preferably 0.02 to 0.05 parts by weight based on 2.00 parts by weight of
mo 1 thelethylepe-propyane biack; cepelymes (A [Q66) the-pelyprapylene=p 2]
resin according to the present 10 invention may further contain, according
or tleeneedka heatsesistant stabilizeran antistatic-agenrts amold lubricantne
a slip agent, a light stabilizer, a UV absorber, a pigment, a dye or the like

in dRdhe ranges that denot impaisthe purpases efthgpresenrtinyentions 16eed
[00671 Furthermore, in order to impart transparency to the polypropylene

amouf€sinacaording+e the presant invention, a Jiucleate:-:may beraddedi As: on,
the nucleator, general nucleators can be used. For example, ADK STAB

the NAgllrepresented by 20.erganic phosphateesieris mosteommen. ne 1 ¢
However, in order to satisfy the ultraviolet absorption spectrum, the

£1 opstandards forplasticicontajnets for agueeus.iniectionodyets (2; can

be sulitably adjusted by controlling the amount ratio of the

polymers produced in [step 1] and [step Z].

[0058]

Turthermore, the ethvlene-propylens block copolymer (A)
cf the present invention may be produced by separately
producing the propylene-pased (co)polymer in [step 1! by the
apove~-mentionad method and the propylene-ethylene random
copelymer rubber in [step 2] by the above-mentioned method,
in the presence of a metallocene compound-containing catalyst,
and then blending them by physical means.

[00359]

The polypropyvlene resin for syringe according to the
present invention satisfies the prevention of foam formation
during melding, the long~run moldability and the prevention
of scratches when removed from & core molding die in
injection molding at levels that have not been achieved

conventionally. Injection molding of such a resin can
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(polyethylene or polypropylene containers for injection products) of "Test
Methods for Plastic Containers for 34 Pharmaceutical Products Test" in
General Tests of the Japanese Pharmacopoeia, 15th Edition, it is
desirable not to add a sorbitol-based nucleator. [00681 5 The nucleator
is used in an amount of usually 0.01 to 0.5 parts by weight, preferably
0.05 to 0.2 parts by weight and more preferably 0.08 to 0.15 parts by

proWeight based gn 1-00, parts-by weight of the gthylgnerpropylens hlogk,
copolymer (A). {00691 10 The polypropylene resin for syringe according

nea0,1he ;Rresentinvention.can be nrepared by, accarding.to need, ; adding a

nucleator and other additives such as a phosphorus- based antioxidant,

mol eagﬁ%nqigga%q antiexidant.or a hydrochloric acid absorber to the

ethylene-propylene block 15 copolymer (A); mixing them with a Henschel
;Oggmi}xer, a V-type blender, a tumbler blender, a ribbon blender or the -like;
"7 and. then melt-kneading the mixture using a single screw extruder, a

m“ﬁtils?frg‘té‘r’]:a_gg%’gr&%%%%e%%%ri%‘ a&?&%%)o&ertoor the, dlike, with, such a

state that th bov -mentioned eac 20 components andt_ eaddltives_ are
m%‘é‘%ﬁéﬁg%gaﬁﬁzgrz%ﬁgﬁd mixed, 0070; (2L pyinge The syringe according
amine-based antiloxidant or a hydrochloric acid absorber
represented by hyvdrotalcite, according to need.
[0061]

The phospheru-based antioxidant is nol particularly
limited, and conveniionally known phosphorus-pasesd
antioxidants can be used. The use of one type of the
phosphorus-based antioxidant alone leads to low contamination
of the contents by bleeding, and is therefore preferred.
Trivalent organic phosphorus compounds are preferred as the
phosphorus~based anticxidants, and specific examples thereof
;d-di-t-butyliphenyl)phosphite, 2,2-
methylenebis (4, 6-di-t-butylphenyl)octyliphosphite and bis(Z, 6~
di-ft-butyl-4é-methylphenyl)pentaeryihritcl diphosphite.

(0062}

The phosphorus-based antioxidant is used in an amount
of usually 0.03 to 0.3 parts by weight, preferably 0.05 to
0.2 parts by weight and particularly preferably (0.08 te 0.15

parte by welght based on 100 parts by welght of the ethylene-
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35 comprises a tubular part (barrel) obtained by injection molding of the
polypropylene resin for syringe according to the present invention which
is equipped with a piston (plunger)zEhe injection molding of the
polypropylene resin 5 for syringe can be performed by a method than is
usually employed. The polypropylene resin for syringe satisfies the
prevention of formation of foam during molding, the long-run moidability

rop@nd prevention of sgratches when remeved figm agceredmelding-giein L ene
injection molding at levels that have not 10 been achieved conventionally.

resihhereforeqinjection malding dsing-sycha fesin can provide a syringe that
is excellent in “sanitary property, heat resistance and transparency, hardly

[ o0 celytes low molecular weight substance and is further improved in
low-temperature shock resistance. 15 [0071] Incidentally, any known

pistan.(plungen).can be used. withoutlimitation as the pistan (plunger).
[0072) (3) Prefilled syringe preparation 20 The drug solution used in the

comd¥gliled suringe. preparation aecardingfo the presentinvention.desirably
has a pH of 5.0to 9.0. As long as the pH of a drug solution is within the

uc RS ococks T WASIVEPE) e inaton 35 0 1ohy pefiod storage,
‘res““ﬂ%i%?Bé?%ﬂ%ﬁ%*@é@%eondensate, bis(2,2,6,6-

tetramethyl-4-piperidyl) sebacate and poly[[6-[1-[(1,1,3

tetramethylbutyl)amineo]-s~-triazin-2,4-diyl][[(2,2,6,6-

tetramethyli-4-piperidyl)imino]lhexamethylene{ (2,2,6, 6~

tetramethyl-4-piperidyl)imino]].

[0G64]

The amine-hased antioxidant is used in an amount of
usually 0.01 to 0.3 parts by weight, preferably 0.01 to 0.2
parts by weight, more preferably 0.01 to 0.1 part by weight
and particularly preferably $.03 to 0.06 parts by welght
based on 100 parts by weilght of the ethylene-propylene block
copolymer (A).

(0065}

The hydrochloric acid absorber is preferably
hydrotalcite, considering the sterilization method,
generation of white turbid substance with a drug solution and

interaction with a nucleator. However, only in the case of

no reactivity with the drug scliuticon, a combination system
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effect of the drug solution. [0073] The drug solution is not particularly
limited as long 5 as the pH thereof is within the above-mentioned range,
but is particularly desirable to be aseutral (having a pH of about 7.0)
drug solution represented by, for example, heparin aqueous solution or
potassium chloride aqueous solution. Highly volatile preparations and
high-concentration alcohol 10 preparations cause deformation of the

witISYKiRgedy-an increass; in theinterpal pressure duringistesilizazion afdo 7
are therefore excluded from the drug solution regardless of the pH.

met0044h 15 The prefilled syringe. preparatiop, aceerding to.the spresentr e
invention comprises a syringe in which a tubular part (barrel) obtained by

aaqiiniegtion molding of the polypropylene, resinfor syringe,aecording todhe 11+
present invention is equipped with a piston (plunger) and which is filled

o . o With,a20,drug.solution having a.pH 0f 50.t0.9,0. The Polypropylere Jesin,

for syringe can prevent formation of foam during molding, maintain high

by M‘P%S&EVOQHQ“}{{E}%%”%PS PLeVENted (frem scratshes irfb@‘?é@“%@zs%%.f?enc&f

the Syringe during lohg-run injection molding at satisfactory levels tha

basdlAVe34 fotheen gaCB{%Q%W?e?O@JQ- Sonseduenty. By IERIoR 1 o
moldlfng of it,”a syringe  having rigidity, heat resistance, sanitary property,
Copo@zgmg}pqgi)cylar, high transparency that

[0006]

The polypropylene resin according to the present
invention may further contain, accerding to need, a heat-
resistant stabilirzer, an antistatic agent, a mold lubricant,
a slip agent, a iight stabilizer, a UV absorber, a pigment, a
dye or the like in the ranges that do not impalr the purposes
cf the present invention.

[0067]

Furthermore, in order to impart transparency to the
polypropylene resin according to the present invention, a
nucleator may be added. As the nucleator, general nucleators
can be used. TFor example, ADK STAR NA-11 represented by
organic phosphate ester is most commen. However, 1n order to
satisfy the ultraviolet absorption spectrum, the standards
for plastic containers for agueous injection products
(polyvethylene or polypropylene containers for Iinjection

productes) of "Test Methods for Plastic Containers for
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has not been achieved conventionally, being excellent in 5 shock
resistance and also hardly eluting low molecular weight substance can be
produced. [0075, In addition, since e prefilled syringe preparation of the
present invention is sterilized with vapor at 121'C once 10 or twice during
the production process, the syringe is required to have high heat
resistance not to be deformed by the vapor. Since the syringe of the

rha ritigfiled syinger preparation of the presest inventior bas high heat
resistance, no deformation occurs on the syringe even after sterilization.

Japat:Q076} Asrabaves the syringe-andithe: prefilled syringe- preparationct o
comprising the syringe filled with a drug solution having a pH of 5.0 to 9.0

aqqa achieve-all the properties with exeellent balance, which has not been
achieved by 20 conventional polypropylene resins. Examples [0077]

r oo d¥ext, the presen invention will now be described with reference to

- examples, but is not limited to these examples. 38 0078," In the

examples, the-physical properties were measured by thefoowing 1 o
methods. 0079] 5 (1) Melt flow rate (MFR)
0.5 parts by welght, preferably .05 to 0.2 parts by weight
and more preferably .08 to 0.15 parts by weight based on 100
parts by weight of the ethylene-propylene block copolymer (A).
[0069]

The polypropylene resin for syringe according to the
present invention can be prepared by, according to neec,
adding & nucleator and other additives such as a phosphorus-
based antiozidant, an amine-based antioxidant or a
hydrochloric aclid abscorber to the ethylene-propylene block
copolymer (A); mixing them with a Henschel mixer, a V-type
blender, a tumbler blender, a ribbon blender or the like; and
then melt-kneading the mixture using a single screw extruder,
a multi-screw extruder, a kneader, & banbury mixer or the
ii1ke, with such a state that the above-mentioned =ach
components and the additives are uniformly dispersed and
mixed.

[CCT703

(2) Syringe

The syringe according to the present invention
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The MFR was measured in accordance with ASTM D 1238 at 230C at a
load of 2.16 kg. [0080) (2) Ethylene content 10 The ethylene content was
measured by conducting the measurement by IF, [0081] (3) Melting point
(Tm) The measurement was carried out using a differential 15 scanning
calorimeter (DSC, manufactured by Perkin Elmer Inc.). Here, the
endothermic peak measured in the third step was defined as the melting

condRRIRI M) QQ%%]l@.‘«ie%%%%mﬁ%E%qiSiO%%%EKéBStE% an increasg,in
temperature at a rate of 10C/min up to 240C, followed by holding the

mo1&%&rg?e&aé%%orpww@0@9§§L§69%%q§te@a_§ reaseintemperature at
a rate of 39 10C/min down to 60C. 00841 Third step: an increase in

the EMREIAIIe AL arate,of 1OC/HMIN Up 10.040C.3 (4)Amount of -

room-temperature n-decane-soluble portion " (Dsoi) 200m1 of n-decane

(pldﬁﬁé%qqed%%éSiRE%EQEHHeﬂéﬁﬁang of the polypropylene resin

for syringe can be performed by a method that 1s usually
employed. The polypropylene resin for syringe satisfies the
prevention of formation of foam during molding, the long-run
moldablility and prevention of scratches when removed from a
core molding die in injecticon molding at levels that have not
been achieved conventionally. Therefcore, injection molding
using such & resin can provide a syringe that is excellent in
sanitary property, heat resistance and transparency, hardly
elutes low molecular welght substance and i1s further improved
in low-temperature shock resistance.
(00717

Incidentally, any known piston (plunger) can be used
without limitafion as The pilston {plunger).

[007Z]

[

(3) Prefilled syringe preparation

The drug sclution used in the prefillied syringe
preparation according to the present inventlon desirably has
a pH of 5.0 to 9.0. As long as the pH of & drug sclution is
within the above range, no adsorption of the drug solution

components to the syringe occurs in water vapor sterilization



ot

10

[y
n

20

final product (that is, the ethylene-propylene block copolymer (A)
constituting the polypropylene resin of the 10 present invention), which
were heated at 145C for 30 minutes éfor dissolving. The resulting was
cooled down to 20C over about 3 hours and then left for standing for 30
minutes. Then, the precipitate (hereinafter, n-decane-insoluble portion:
Dn,sJ_) was separated by filtration. The filtrate was 15 out into acetone

or 1with anolume abouit three timesiof they filtratelvolumereffor ptecipitating
the components (precipitate (A) ) dissolved in the n-decane. The

e f f eprecipitate {AY and the agetone.were separated by filtration, and the
precipitate was dried. Incidentally, no residue was observed 20 after

[ 00 7¢oncentration to dryness of the filtrate. [0085', The amount of the
n-decane-soluble portion was determined by the following equation:

n-degane-seluble, perion,ameunt(wile),= [weight-of A0 precipitates long
(A)/sample weight] x 100. [0086) (5) Mw/Mn measurement [weight

as taverage molecar weight -(Mw), numbsy averags moleculanweight (M) : s

5 The measurement was performed using GPC-1500 Plus, manufactured

par4@6%@%@@%C@%@f¥%3mgm@oT§§g§|g@@ﬂ@éﬁTqﬂgﬁﬁ%@Q%“%MFKEH§$out

each having an inner diameter of 7.5 mm and a length of 600 mm were

7. 0,used as theseparation.columns; the (colump temperatyre, was 140C;, the
mobile’ phase was composed

agueous soluticn or potassium chloride agueous solution.

Highly volatile preparations and high-concentration alcohol

preparations cause deformation of the syringe by an increase

in the internal pressure during sterilization and are

therefore excluded from the drug solution regardless of the

P,

[06074]

The prefilled syringe preparatlon according to the
present invention comprises a syringe in which a tubular part
{barrel) obtained by injection molding of the polypropyvlene
resin for syringe according to the present invention is
equipped with a piston (plunger) and which is filled with a
drug solution having a pH of 5.0 to 9.0. The polypropylene
resin for syringe can prevent formation of foam during
molding, malntain high cyvcle productivity and be preventead

from scratches in the inner surface of the syringe during

long-run injection molding at satisfactory levels that have
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10 of o-dichlorobenzene (Wako Pure Chemical Industries, Ltd.) and

0.025% by weight of BHT (Wake Pure Chemical Industries, Ltd.) as an

antioxidant and was moved at 1.0 rat./min; the sample concentration was

set to 0.1% by weight; the injection amount of the sample was 500 L; and

a differential 15 refractometer was used as the detector. The standard

polystyrenes were those manufactured by Tosoh Corp. for those having
not meleculamyeightiofMw<1000-anthMw >#Ax106anshwere, theseiniection

manufactured by Pressure Chemical Company for those having

mo Ldmelecularweight af, 20Q0y=- N, <r4x106,was: 20 [GO&v1 (B)eldmiting.ce,
viscosity [i' The measurement was performed using a decalin solvent at

sanik38G A sample (about 20 mg) wasdissolvad, inlSmLrafdegalineand that

the specific viscosity 71sp was measured in an 41 oil bath at 135C. Then,

has the-decalin solutiopyuas dilied Hwith S5-mk of adecalin splvent.and the

specific viscosity rasp was measured as in above. The dilution operation

Shocvxa%f Jurther repeated:twice  The value of isp/C.obtaingd:by:% extrapolatingn«

the concentration (C) to zero was determined as the limiting viscosity.

sub Jogggle[n(]:ayn'»tgé iBé@d@g)l [0089] 10 (7) Measurement of amounts of
2,1-insertion and 1,3- insertion propylene units
[0075]

In addition, since the prefilled syringe preparatiOﬁ of
the present invention is sterilized with vapor at 121°C once
or twice during Lhe production process, the syringe is
required to have high heat resistance not tce be deformed by
the vapor. Since the syringe of the préfilled syringe
preparation of the present invention has high heat resistance,
no deformation occurs on the syringe even after sterilization.
[0076]

As above, the syringe and the prefilled syringe
preparation comprising the syringe fillec with a drug
solution having a pH of 5.0 to 9.0 achieve all the properties
with excellent balance, which has not been achisved by
conventional polypropylene resins.

Examples
(00777
Next, the present invention will now be described with

reference to examples, but 1s not iimited to these examples.
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The amounts of 2,1-insertion and 1,3-insertion propylene units were
. measured using "C-NMR according to the method described in Japanese
Patent Application Laid-Open No. 15 H07-145212. [0090] (8) Bending
elastic modulus A bending test was performed. in accordance with ASTM
D 790, and the bending elastic modulus was calculated from the 20
result. [0091] (9) Heat deformation temperature The measurement was
roo7Rerformed in accordance with ASTM D 648. The unit is C. 42 .0092] (10)
Transparency (visibility) evaluation Square plates having a length of 12

cmy @ widh @fx:]a%éﬁ@s@ndaﬁéh ickness-afi1 mim of pelypropylene resins:okd
5 Examples and Comparative Examples were injection molded at a melt

by cemperature of 200C.andsa die temperature of 30C. The syringes were
water vapor sterilized at 121C for one hour in accordance with "Test

' oo-™Methods for Plastic Containers for Pharmaceutical Products” for plastic
"~ containers for aqueous 10 injection products (polyethylene or

polyeﬁowgqlng %rg@,ingﬁ t;or(i[@jﬁgzliqr_\ products) in Gener_al Tests of the
Japanese Pharmacopoeia, 15th Edition. The parallel optical
ransmitianges, 0.0t ibg maldgd produsts in pUre Water ety p 1238 at
230°C at a load of 2.16 kg.
[0080]
{Z) Ethylene content
The ethylene content was measured by conducting the
measurement by IR.
[oos1]
(3) Melting polint (Tm)
The measurement was carried out using a differential
scanning calorimeter (DSC, manufactured by Perkin Eimer Inc.).
Here, the endothermic peak measured 1in the third step was

defined as the melting point (Tm).

(Measurement condition)

First step: an increase in temperature at & rate of

Fh
O
[

10°C/min up to 240°C, followed by holding the temperature
10 min.

rooss]

Second step: a decrease in temperature at & rate of



R

10

20

measured before and after sterilization. 15 [0093] In the Japanese
Pharmacopoeia standards, a parallel optical transmittance of 55% or
more is required, but the values of parallel optical transmittance of
products made of the same raw material vary depending on the shape
and the 20 thickness of the products. The syrnge is designed to have a
thickness of 1 mm to 1.2 mm. It is premised that a syringe with 1 mm

10 ° cthickness s, judged @s-acceptable when the syringe has a parallel optical
transmittance of 55%. Given that a syringe has a thickness of 1.2 mm,

roosthe parallel optical 43 transmittance judged as acceptable (good) was set
at 66% or more, i.e. the value increased by twenty percents as compared

to §5%.far imm, andthe parallel.optical kansmittance of Jegs than66%
was judged as unacceptable (no good). 5 [00941 (11) Evaluation of

10 d?Q!PﬁbHEy The-syringe producing cycle time (sec) was determined with a
150-t electric injection molder having a molding die for eight syringe outer

cylinders,each haying a volume of 20,10 mlL ﬁu@i@g%n%ﬁ%wrp@@!@qm

one having a time of 6 sec or longer was determined as (no good). In
(Do ddition, one having an appearance defect such as flash was determined
*as also (no good) regarding the moldability. One that did not apply to the

bOtBd%%%d%?r@lnfgc%%ggov%dg' %%A%Oagﬁlo 5 g of a2 sample of the

final product (that is, the ethylene-propylene block
copolymer (A) constituting the polypropylene resin oi the
present invention), which were heated at 145°C for 30 minutes
for dissolving. The resulting was cooled down to 20°C over
abcui 3 hours and then left for standing for 30 minutes.
Then, the precipitate (hereinafter, n-decane-inscluble
portion: Dinser) was separated by filtration. The filtrate was
put intc acetone with a volume about three times cf the
filtrate volume of for precipitating the components
(precipitate (&)) dissolved in the n-~decane. The precipitate
(A} and the acetone ware =separated by filtration, and the
precipitate was dried. Incidentally, nc residue was observed
after concentration to dryness of the filtrate.
rocesn]

The amount of the n-decane-scluble portion was
determined by the following eguation:

n-decane-soluble portion amount (wt%) = [welght of
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(12) Evaluation of existence or nonexistence of deformation by heating
Each of the syringes was filled with a heparin aqueous solution (500
/m-1) and set with a piston. The syringe was 20 subjected to water vapor
sterilization at 121C for 1 hour in accordance with an elution test of the
Japanese Pharmacopoeia. The syringe was visually evaluated for
deformation. 0096] (13) Shock resistance 44 Regarding syringe breakage

pre Height, a_square %%mé)f‘@i%m@js dropped onto the syringe barrel from

various heights to determine the syringe breakage height. The average of
ropdereakage heights (n=10) was calculated. A syringe that was 5 broken at a
height of 50 cm or less was determined as (no good) . The measurement

was perfarmed at soQm-temperatare. (33C) 100971 Next, Jaw-materials-forn

the syringe used in the 10 examples are shown: [0098] 1)

(mw) Ethylenezpropylene blogk gapolymer (A); (the physical properties and the

production process will be described in the following production

exaﬂ%¥e§é£§h%kNggga%g5%%erfozm@d using GPC-150C Plus,
Sodium-2,2'-methy"enebis(4,6-di-t-butylphenyl)phosphate (manufactured
mand’a%%@%%gqﬂ%’ﬁg%%?é”€€$£f$”%§T?§3Néﬁ%1UYQSng1 GMH&-HT and
TSKgel GMHo-HTL each having an inner diameter of 7.5 mm and a
length of 600 mm were used as the separation columns; the
column temperature was 140°C; the mobile phase was compoged
of o-dichlorobenzene {(Wako Pure Chemical Industries, Ltd.)
and 0.025% by weight of BHT {(Wako Pure Chemical Industries,
Ltd.) as an antioxidant and was moved at 1.0 mL/min; the
sample concentration was set to 0.1% by weight; the injectiocn
amount of the sample was 500 pL; and a differential
refractometer was used as the detecteor. The standard
polystyrenes were tThose manufactured by Tesoh Corp. Lor those
having molecular weight of Mw < 1000 and Mw > 4%10° and were
those manufactured by Pressure Chemical Company for those
having molecular weignt of 1000 £ Mw < 4%10° was.
(0087

{6) Limiting wviscosity [7]

The measurement was performed using & decalin solvent
at 135°C. A sample (about 20 mg) was dissolved in 15 mL of

decalin, and the specific viscosity msp was measured in an
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3) Phosphorus-based antioxidant (C) Tris(2,4-di-t-buty'phenyl)phosphite
(manufactured by 20 Ciba Specialty Chemicals Inc., product name:
Irgafos 168), 4) Amine-based antioxidant (D) Dimethyl succinate

'-(2-hydroxyethyl)-4-hydroxy- 2,2,6,6-tetramethyl piperidine
polycondensate (manufactured by Ciba Specialty Chemicals Inc., product
name: Tinuvin 45 622LD), and 5) Hydrochloric acid absorber (E)

oil Bydrotaleite representedby Ma4AlZ(QH)12€033H20 dmapuiaciured:y
Kyowa Chemical industry, Co., Ltd., product 5 name: DHT-4A). [0099]

w1 cr{Production Q%@el&ljr(l)sef%%on@Aéoh@i@a@@@égaﬂr@r@o@&%y
Si02 (Sunsphere H121, manufactured by AGC SI- 10 Tech Co., Ltd.) was

nso 3 plgd intg a1 L side arm flask and.800 ymE of tgwegse%%sc%m&%@e

ask to make them slurry. [0100] Then the slurry was transferredtoa 5 L

fur tl'—“ L:Jrrﬁwng%% mfLa Zléggc(n)llﬁ]vjze:f by diltlon 6gm| g%tplu%l%e, §15n[g 0%]\;

ermore, a metﬁyla?umlnoxane (hereinafter, .referred to

ext %Mf@ﬁ olueng solution. (106 by -weight solution, mapyiaciured by; o as

emarle Corp.) was incorporated into the flask, and the mixture was
the S£I£I‘§9 atng viscosity.

[0088]

nl= limi{nsp/C) (C - 0).
[ooge]

(7} Measurement of amounts of 2Z,l-insertion and 1,3-
ingertion propylene units

The amounts of 2, 1~inserticon and 1,3-insertion
propylene units were measured uslng YC-NMR according to the
method described in Japanese Patent Application Laid-Open No.
HO7-145212.
[009C]

{8) Bending elastic modulus

A bending test was performed in accordance with ASTM D
790, and the bending elastic modulus was calculated from the
result.
[0091]

{9} Heat deformation tempsrature

The measuremsnt was performed in accordance with ASTM D

648, The unit i1s °C.
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injection products (polyethylene or polypropylene container

20 room temperature for 30 minutes. The temperature of the solution was
raised to 110C over one hour and a reaction was carried out for 4 hours.
After the completion of the reaction,the solution was cooled down to
room temperature. After the cooling, the supernatant toluene was
extracted and 46 replaced with fresh toluene until the replacement ratio
reached 95% to prepare MAO/SiO2/toluene slurry. [0102] (2) Production

r 0o gofisolid catalyst component (preparation 5 of metal catalyst component
supported by a carrier) In a glove box, 1.4 g of isopropyl(3-t-butyl-5-
methylcyclopentadieny)(3, 6:ditibutylflugrenylzirconiumy dichloride was
weighed into a 5 L four-neck flask. The flask was taken out from the glove
box and,Q.5.1; of-toluene,and;i0,2.04, (140 g,as gosolid companent) efthe:
MAQ/Si02/toluene slurry prepared in the above (1) were added under

om, THagen.. followed by stirring for 3¢ minytes for-supparting. J01Q3) khe
resulting isopropyl(3-t-butyl-5 15

ExadB?gykyﬁ@9@8&?@%@%%§é*9§%%§¥@§0%§Q®ZE%Q@BQEon molded at a
dichloride/MAQO/SiO2/toluene slurry was subjected 10 99% substitution

me1VIRLA-NEplang so thatthe final amountotthe sluoy was 450 TS rpe
operaﬁ)on was carried out at room temperature. 20 [0104] (3) Production
syrfgég%p%gggnﬁgwg}cégi5% sterilized at 121°C for one hour in

accordance with "Test Methods for Plastic Containers for

Pharmaceutical Products" for plastic containers for agueous

oy

for injection products) in General Tests of the Japanese
Pharmacopoeia, 15th Edition. The paraliel optical
transmittances (%) of the molded producis in pure water were
measured before and after steriliization.

[0093]

In the Japanesse Pharmacopoelia standards, a parallel

)

o

optical transmittance of 55% or more 1s required, but the

values of parallel optical Transmittance of products made of
the same raw material vary depending on the shape and the
thickness o©of the products. The syrnge 1s designed to have a
thickness of 1 mm toe 1.2 mm. It is premisec that a syringe
with 1 mm thickness 1s Judged as acceptable when the syringe

has a parallel optical transmittance of 55%. Given that a

syringe has a thickness of 1.2 mm, the parallel optical
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In a 200 L autoclave equipped with a stirrer and containing 75 L of
heptane, 156 mL of triethylaluminum. and 144 g of the solid catalyst
component prepared in the above 4% (2) were sequentially charged so
that the total amount of heptane was adjusted to 80 L. 1440 g of ethylene
was added thereto, followed by a reaction with stirring for 180 minutes
while keeping the internal temperature at 15 to 20C. 5 [0105] After the

+ rane@mpletionof the-pelymerzation:thessolid ceropanentsvassrecipitatetk: or
The supernatant liquid was removed and washing with heptane was

moreGaried out iwicesThe resulting prepalymerization ¢atalyshwasas compared
resuspended in 10 purified heptane, and the concentration of the solid

to catalyst compenent was adiustedite 1 g4 withpheptane. hesmittance of
prepolymerization catalyst contained 10 g of polyethylene per g of the

1essSolid-catalyst companente J01Q6} 15, (4) Mainpolymerizationyain
polymerization-I ([step 1]) To a 58 L circulation-type tubular polymerization
rgokepctor equipped with a jacket, propylene at 45 kg/hr, hydrogen at 12.5
NL/hr, the catalyst slurry prepared in the 20 above (3) as a solid catalyst

compenental-2.5 g/hrand: rrethylaluminum at 1.7 mL/hr were
sequentially fed so that the polymerization was conducted under the
conditions thaf, the tbylar-palymerization reactorwas filed with.the liguicy
with a 1b0-t electric injection molder having a molding die
for eight syringe outer cylinders each having a volume of Z0
ml and a thickness of 1 mm, and cone having & time of & sec or
longer was determined as (no good). In addition, one having
an appearance defect such as flash was determined as also (no
good) regarding the moildability. One that did not apply to
the both was determined as (good).
(0095]
(12) Evaluation of existence or nonexistence of
deformation by heating
Each of the syringes was filled with a heparin agueocus
solution {500 p/ml) and set with a piston. The syringe was
subjected to water vapor sterilization at 121°C for 1 hour in
accordance with an elution test of the Japanese Pharmacopocela.
The syringe was visually evaluated for deformation.
[00%¢6;

{13} Shock resistance
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and no gas phase was present. The temperature of the tubular 48 reactor
was 300C, and the pressure was 2.9 MPa/G. [0107[ Main
polymerization-2 ([step 11) The resulting slurry was transferred to a 1000
L vessel 5 polymerization reactor equipped with a stirrer for further
polymerization. To the polymerization reactor, propylene was fed at 67
kg/hr, and hydrogen was fed so that the hydrogen concentration in the

gas.phase was G:4%%-by: mole.zlhe;polynerization was serduciedat ac
polymerization temperature 10 of 70C and at a pressure of 2.8 MPa/G.

15 [0198] Maippolymerization=3 {step-3l} Theresulting shurpewasus neights
transferred to a 500 L vessel polymerization reactor equipped with a

to Rfirenforfurther 15,polymerizationTe the.polymerizationdeactohe of
propylene was fed at 11 kg/hr, and hydrogen was fed so that the hydrogen

breé%§§@nﬂéﬂﬁ%QE”%kQQ%9“%%%“@@1%6@%@@@?“@;E@%ﬂ%&ﬂ“@ﬂéﬁk%bs

was conducted at a polymerization temperature of 68C and at a pressure

broif2-8 MRalG, 20.[0109] Main.polymerization-4.([step J1): Hhe; resulting,

slurry was Transferred to a 500 L vessel polymerization reactor equipped

goodfith axstilreldcuther polymerization, TetheRolymsrizatan wackar .
propylene was 49

(23°C) .

[0097]

Next, raw materials for the syringe used 1in the
examples are shown:
roo9g]

i) Ethylene-propylene block copolymer (A) (the physical
properties and the production process will be described in
the following productlon examples),

2} Nucleator (B)

Sodium-2, 2 ' -methylenebis (4, c-di-t-butylphenyl)phosphate
(manufactured by Adeka Corp., product name: ADK STAE NA-110Y),

3} Phosphorus-based antioxidant (C)

Tris(2,4-di-t-butylphenyl)phosphite (manufactured Dy
Ciba Specialty Chemicals Inc., product name: Irgafos 168),

4% Amine-based antioxidant (D)

Dimethyl succinate - 1-(Z-hydroxyethyl)-4d-nydroxy-
2,72,6,6-tetramethyl piperidine polycondensate (manufactured

by Ciba Specialty Chemicais Inc., product name: Tinuvin
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fed at 14 kg/hr, and hydrogen was fed so that the hydrogen concentration
in the gas phase was 0.45% by mole. The polymerization was conducted
at a polymerization temperature of67C and at a pressure of 2.7 MPa/G. 5
[0110] Copolymerization ([step 2]) The resulting slurry was transferred to a
500 1 vessel polymerization reactor equipped with a stirrer for
copolymerization. To the polymerization reactor, propylene i0 was fed at
62214 kalhy-and hydrogen was fed so that the hydrogen concentration in the
gas phase was 0.1% by mole. Further, the polymerization was conducted

by teeding, ethylene- 10 keep @ Relymerzation-temperature of 63C and a
pressure of 2.9 MPa/G. 15 [0111] After gasification of the resulting slurry,

gas;salid,separation \was perfprmedio give an ethylene-propylene block
copolymer (Al). The obtained ethylene-propylene block copolymer (Al)

(maruds ¥acum %i&d@kﬁ%:-g%@e@ﬂégﬂpjgg'dg- EX%@pl,e %]t(é) , product

Production of solid catalyst carrier MAO/Si02/toluene slurry was prepared
nard? thesame manner as in the above (1) in Production Example 1. 50 01
~ 131 (2) Production of solid catalyst component (preparation

f009%]

[Froduction Exampie 1]

{1y Production of solid catalyst carrier

300 g of 3i0; (Sunspheres HiZ2l, manufactured by AGC S5I-
Tech Co., Ltd.) was sampled into & 1 L side-zrm IZlask and 8C0
ml. of toluene was put into the flask to make Them slurry.
[C100]

Then, the slurry was transferred to a 5 L four-neck
flask, followed by addition of 260 mL of tolusne.
(G101

Furthermore, 2830 mL of a2 methylaluminoxane
{hereinafter, referred to as MAO) /toluene sclution [(10% by
welght solution, manufactured by Albemarle Corp.) was
incorporated into the flask, and the mixture was stirred at
room temperature for 30 minutes. The temperature of the
solution was raised to 110°C over one hour and a reaction was
carried out for 4 hours. After the completion of the

reaction, the solution was cocled down fTo room temperature.

After the cooling, the supernatant toluene was extracted and
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of metal catalyst component supported by a carrier) In a glove box, 2.0 g
of [3 5 octamethyloctahydrodibenzolb,h]fluorenyl)(1,1,3-trimethyl-5-
tert-butyl-1,2,3,3a-tetrahydropentalerie)]zirconium dichloride synthesized
according to the production method described in W02006/068308
pamphlet was weighed into a 5 L four-neck flask. The flask was taken our
from the glove box, and 0.46 L of 10 toluene and 1.4 L of the

rep MAQISIOR/BIuBRe:Slury prepared:in itheabove £1) werenadded under
nitrogen, followed by stirring for 30 minutes for supporting. [0114] The

rea d8sulting 45-octamerhylectahydrodibenzolb bffliosemy’ )¢1,1,3-trimethyl-5-
tert-butyl-1,2,3,3a-tetrahydropentalene)]zirconium

[ 01 @ighloride/MAO/SiO2/toluene slurry was subjected to 99% substitution
with n-heptane so that the f nal amount of the slurry was 4.5 L. This

operation was carried, odtatrioom; 20 temperature. 40318} {3) Rradugtian : on
of prepolymerization catalyst Into a 200 L autoclave equipped with a

of =Urer, 202 9, ofthe solid catalystcampanent prgpared in-the.above (2),

51 109 mL of triethylaluminum and 100 L of heptane were incorporated.

20209 of gthylene was incorperated thereto,, folowed by a-reaction with

stirring for 180 minutes while Keeping the internal temperature at 15 to
metﬁ§§%yclopentadienyl)(3,6-di—t—butylfluorenyl)zirconium
dichloride was weighed into a 5 L four-neck flask. The Iflask
was taken ocut from the glove box, and 0.5 L of toluene and
2.0 L (140 g as a solid component; of the MAO/S1C;/toluens
slurry prepared in the above (1) were added under nitrogen,
followed by stirring for 30 minutes for supporting.
ro1o3;

The resulting iscpropyl(3-t-butyl-5-
methylcyclopentadienyl) (3, 6-di-t-butylfluorenyl)zirconium
dichloride/MAO/S1i0./toluene sglurry was subjected to 99%
substitution with n-heptane so that the final amount of the
siurry was 4.5 L. This operation was carrled out at room
Temperature.

(01043

{3) Production of prepolymerization catalyst

In a 200 1 autoclave sguipped with a stirrer and

Fty

containing 75 1L of heptane, 156 mL of triethylaluminum and

144 g of the solid catalyst component prepared in the above
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5 [0116] After the completion of the polymerization, the solid component
was precipitated. The supernatant liquid was removed and washing with
heptane was carried out twice. The gresulting prepolymerization catalyst
was resuspended in 10 purified heptane, and the concentration of the
solid catalyst component was adjusted to 2 g/L with heptane. The
prepolymerization catalyst contained 10 g of polyethylene per 1 g of the
(2 splidcatalyst.gcompanent f0114:d544) Main pelymerizationdMainn: of
polymerization-i ([step 1}) To a 58 L circulation-type tubular polymerization

hept'€aCIo), equipped withyajacket, QIOPY!M%%A%@/@&DX%@@GQ% S2dded
NL/hr, the catalyst slurry prepared in the 20 above (3), as a solid catalyst

e COMPONent at 1 6:0ihr and. riethylaluminum at 1,0 gihr werg,seguentially, + o 5

fed so that the polymerization was conducted under thé conditions that

wh1 the fubular polymerizatian. reactorwas filled with the liquid.,and ne gas

phase was present. The temperature of the tubular 52 reactor was 30C,
[01 the pressure was 3.2 MPa/G. [01181 Main polymerization-2 ([step 1])
The resulting slurry was transferred to a 1000 L vessel 5 polymerization

reagtor equipped with astitrer for futher polymerizaion; Tg the . o154
polymerlzatlon reactor, p propy ene was

component was precipitated. The supernatant liquid was
removed and washing with heptane was carried out twice. The
resulting prepolyvmerization catalyst was resuspended in
purified heptane, and the concentration of the scolid catalyst
component was adjusted to 1 g/L with heptane. The
prepolymerization catalyst contained 10 g of polyethylene per

-

1 g of the scolid catalyst component.

{4} Main polymerization

Main polymerization-1 [[step 17)

To a 58 L glirculation-type tubular polymerizaltion
reactor eguipped with & Jjacket, propylene at 45 kg/hr,
hydrogen at 12.5 NL/hr, the catalyst slurry prepared in the
above (3} as a solid catalyst component at 2.5 g/hr and
triethylaluminum at 1.7 ml/hr were seqguentially fed so that
the polymerization was conducted under the conditions that
the tubular polymerization reactor was filled with the liquid

and no gas phase was present. The temperature of the tubuiar
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fed at 45 kg/hr, and ethylene and hydrogen were fed so that the ethylene
concentration and the hydrogen concentration in the gas phase were
0.37% by mole and 0.65% by mole, 40 respectively. The polymerization
was conducted at a polymerization temperature of 72C and at a pressure
of 3.1 MPa/G. [0119] Main polymerization-3 ([step 1]) 15 The resulting
slurry was transferred to a 500 L vessel polymerization reactor equipped
reaMith-a stivertor further: pelymerization. Lo fhe:polymetization reactor,
propylene was fed at 10 kg/hr, and ethylene and hydrogen were fed so
(o1dhat the ethylene concentration and the hydrogen concentration in 20 the
gas phase were 0.37% by mole and 0.65% by mole, respectively. The

polymerization was e9nducigd at a; pelymerization temperature of 7120C
andaapfe_t_—ssTJTéT)TgIﬁVﬂ:’wG“[UIZU]%E‘Wlain polymerization-4 ([step

1]) ‘The resulting sly yﬂ%@@ﬂé@@%@f%@:&é@%@' ROYMEFIZAtoR s s 1

reactor equipped with a stirrer for further polymerization. To the

po1 PRYPIErization reactor, propyleng was 5 fed,at.1q kglhy.and. gihylene and

ydrogen were fed so that the ethylene concentration and the hydrogen

po3_§e nesnitgtion in t g%ﬁé’hﬁé%l%‘é‘f%%& %4y mgle-and 0.65% by male, .

o?.

spectively. The polymerization was conducted at a

fed at €7 kg/hr, and hvdrogen was fed so that the hydrogen
concentration in the gas phase was (.45% by mole. The
polymerization was conducted at a polymerization temperature
of 70°C and at a pressure of 2.8 MPa/G.

01081

Main polymerization-3 {[step 17}

3 !

The resulting slurry was transferred to a 500 L vessel
polymerization reactor eguipped with a stirrer for further
polymerization. To the polymerization reactor, prepylene was
fed at 11 kg/hr, and hydrogen was fed so that the hydrogen
concentration in the gas phase was 0.45% by mole. The
polymerization was conducted at a polymerization temperature
cf 68°C and at a pressure of 2.8 MPa/G.

o

fremt

09]

Main polymerization-4 ([step 11)

The resulting siurry was transferred to a 500 L vessel
polyvmerization reactor eguipped with a stirrer for further
polymerization. To the poiymerization reactor,

propylens was



d
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polymerization temperature of 72C and at a pressure of 3.0 10 MPa/C.
[0121] Copolymerization ([step 2]) The resulting slurry was transferred to a
500 L vessel polymerization reactof @quipped with a stirrer for 15
copolymerization. To the polymerization reactor, propylene was fed at 10
kg/hr, and hydrogen was fed so that the hydrogen concentration in the
gas phase was 0.1% by mole. Further, the polymerization was conducted
red hy-feedingiethylengn to keep ajolymerzation temperature ok 68Ganshan
pressure 20 of 2.9 MPa/G. [0122", After gasification of the resulting slurry,
concas-sQlid; separationwas pedermed {.give ansethylene-prepylenes
random block copolymer (A2) The obtained ethylene-propylene random

po 1 yée Plock-copolymer (AR)was yacuum dried af80C. - [0 23} [Rreduetion ure

Examples 3 to 81 Production Examples 3 to 8 were carried.-out in the
of SRMe Hmannet as in Production Example2/except that the processes of
main polymerization-2 and copolymerization were altered as shown in
[011T®b|e 1. [0124] Table 2 shows physical property valuc_as of the ethylene-
10 propylene block copolymers (Al) to (A8) prepared in the

Copolymerization {[step 21)

The resulting slurry was transferred to a 500 L vessel
polymerization reactor egulpped with a stirrer for
copolymerization. To the polymerization reactor, propyliene
was fed at 10 kg/hr, and hydrogen was fed so that the
hydrogen concentration in the gas phase was 0.1% by mcle.
Further, tﬁe polymerization was conducted by feeding ethyliene

to keep a polymerization temperature of 63°C and a pressure

—

of 2.9 MPa/G.

After gasification of the resulting slurry, gas-solid
separation was performed to give an ethylene-propyliene block
copolymer (Al). The obtained ethylene-propylene block

copolymer (Al) was vacuum dried at 80°C.

[Production Example 2]
(1) Production of solid catalyst carrier
MAO/510;/toluene slurry was prepared in the same manner

-

zs in the above (1) in Production Examplse 1,
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Production Examples. Incidentally, as compared to Production Example

2, the polymerization temperature of the copolymerization tank in

Production Example 6 was decreased from 63C to 51C. Hence, the

ethylene content in the 15 copolymerization component was increased.

[0125. ;TableE1 O O7-a)O0O-COtotOrN <OOfh Ocox awCr o

EmOd.c7rOOrN OmxOO0O00-X_WOO .~-49dEOM(~-Ot0 -
01iN7-OO EQdOMIrON xxCLw

(2} Production cof solid catalyst component {(preparation
of metal catalyst component supported by a carrier)

In & glove box, 2.0 g of {3-(1',i',4",4",7",7",10",10"~
occtamethyloctahydrodibkenzo[b,h] fluorenvi) (1,1, 3-trimethyi-5~
tert-butyl-1,2, 2, 3a-tetrahydropentalene) ]zirconium dichloride
synthesized according to the production method described in
WO2006/068308 pamphlet was weighed inte a 5 L four-neck flask.
The flask was taken out from the glove box, and 0.46 L of
toluene and 1.4 L of the MAQ/Si0;/toluene slurry prepared in
the above (1) were added under nitrogen, followed by stirring

for 30 minutes for supporting.

[0114]

The resulting {3-(1',1", 4", 4", 7', 7", 10",10%-
cctamethyloctahydrodibenzo[b,h] fluorenyi) {1,1,3~-trimethyl-5-
tert-butyl~1, 2,3, 3a~tetrahydropentalens) |zirconium
dichloride/MAO/S10,/teluene siurry was subiected to 992
substitution with n-heptane sc¢ that the final amount cf the
slurry was 4.5 L. This cperation was carried ocut at room
Temperature.
[0115]

(3} Procduction of prepolymerization catalyst

Intc a 200 1L autociave eguipped with a stirrer, 202

e

of the solid catalyst compconent prepared in the above (2}

!
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CtoomUQrrEQrOVmN-OOOrNmx dwW Cc omO-d Mt0
"NrMOW "O~QO0O0dth!~-OCOND WLntP cMowOO O
O-mtoEtorN-NIaQQOMrGN mxow NON EQarOt0OO0)

oma
109 mL of triethylaluminum and 100 L of heptane were
incorporated. 2020 g of ethylene was incorporated thereto,
followed by & reaction with stirring for 180 minutes while
keeping the internal temperature at 15 to 20°C.
[01ie]

After the completion of the polymerization, the sclid
component was precipiltated. The supernatant liquid was
removed and washing with heptane was carried out twice. The
resulting prepolymerization catalyst was resuspended 1in
purified heptane, and the concentration of the solid catalyst
compenent was adjusted to 2 g/L with heptane. The

prepolymerization catalyst contained 10 g of polyethyliene per

Q.

1 g of the solid catalyst component.

(4) Main polymerization

Main polymerization-1 ([step 11)

To a 58 L c¢irculation-type tubular polymerization
reactor eguipped with & jacket, propylene at 40 kg/hr,
hydrogen at 5 NL/hr, the catalyst slurry prepared in the
above (3}, as a2 solid catalyst component at 1.6 g/hr and
triethylaluminum at 1.0 g/hr were sequentially fed so that
the polymerization was conducted under the conditions that
the tubular polymerization reactor was filled with the liguid

and no gas phase was present. The temperature of the tubular
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reactor was 30°C, and the pressure was 3.2 MPa/G.
[G118]

Main polymerization-2 {[step 17])

The resulting slurry was transferred tce a 1000 L vessel
poclymerization reactor equipped with a stirrer for further
polymerization. To the polymerization reactor, propylene was
fed at 45 kg/hr, and ethylene and hydrogen were fed so that
the ethylene concentration and the hydrogen concentration in
the gas phase were 0.37% by mcle and (0.65% by mole,
respectively. The polymerization was conducted at a

polymerization temperature of 72°C and at a pressure of 3.1

Main polymerization-3 ([step 1])

i

The resulting slurry was transferred to a 500 L vessel
polymerization reactor equipped with a stirrer for further

polymerization. To the polymerization reactor, propyléene was

(|

ed at 10 kg/hr, and ethylene and hydrogen were fed sc that
the ethylene concentration and the hydrogen concentration in
the gas phase were 0.37% by mole and 0.05% by mole,
respectively. The polymerizatiocn was conducted at a
polymerization temperature of 72°C and at a pressure of 3.0

MPa/G.

[0120]



10
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Main polymerization—4 {[step 1))

The resulting slurry was transferred to a 500 1 vessel
polymerization reactor eguipped with a stirrer for further

taal

polvmerization. To the polymerizatlion reactor, propylene was
fed at 10 kg/hr, and ethylene and hvdrogen were fed so that
the ethylene concentration and the hydrogen concentration in
the gas phase were 0.37% by mole and C.635% by mole,
respectively. The polymerization was conducted at a
polymerization temperature of 72°C and at a pressure of 3.0
MPa/G.

(61217

Copolymerization ([step Z1)

The reéulting slurry was transferred tc a 500 L vessel
polymerization reactor eguipped with & stirrer for
copolymerization. To the polymerizaticon reactor, propylene
was fed at 10 kg/hr, and hyvdrogen was fed so that the
hydrogen concentratlicon in the gas phase was 0.1% by mole.
Further, the polymerization was conducted by feeding ethylene
to keep a polymerization temperature of 63°C and a pressure

of 2.9 MPa/G.

fter gasification of the resulting slurry, gas-solid
separation was performed to give an ethylene-propylene random

block copolymer (AZ). The obtained ethylene-propylens random



‘W CM Oa)coNNmMNOOLOcocoNN E<m xaW CN 0a)'lT )
co0OtcotitoMO EON-NNM MX dW Cr ONaEQOOOtO
COrNNN OXdWa)a) cc alasl>1

block copolymer (A2} was vacuum dried at 80°C.
[0123]
[Production Examples 3 to 8]
Production Examples 3 tc 8 were carried ocut in the same
D manner as in Production Example 2 except that the processes
of main polymerization-2 and copolymerization were altered as

shown in Table 1.

Table 7 shows physical property values of the ethyliene-
10  ypropvlene biock copoelymers (A1) to (AZ) prepared in the
Production Examples. Incidentally, as compared to Produciion
Example 2, the‘polymerization Temperature ©f the
copolymerization tank in Production Example € was decreased
from 63°C tc 51°C. Hence, the ethylene content in the

15 copolymerization component was increased.
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by stirring for mixing. 10 "0128] Then, the resulting mixture was
melt-kneaded at a resin temperature of 200C using a tandem extruder

composed of.a..high performance twin screw extruder CIM
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[0126]
[Table 2]
Table

copolymer

Ethylene amount

{mol %)

Mw/Mn

1-insertion propylene

unit (mo! %)

1,3-insertion propylene
unit (mol %)
Tm (°C)
Amount (wt %)
Ethylene amount

n (di/g)
Mw/Mn

(mol %)

Ethylene-propylene block

Dins ol

Dsol

MFR (g/10 min)
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measurements are shown in Table 3. [01311 [Example 3] Example 3 was
carried out in the same manner as in 15 Example 1 except that the
ethylene-propylene block polymer (A3) was used instead of the
ethylene-propylene block polymer ¢A!) in Example 1. The results of the
physical property measurements are shown in Table 3. [0132] 20
[Comparative Example 1] Comparative Example was carried out in the

rg128ame manner as in Example 1 except that the ethylene-propylene block
polymer (A4) was used instead of the ethylene-propylene block polymer
(Al) %@@gleﬂg. The results of the physical 59 property measurements
are shown in Table 3. [0133] [Comparative Example 21 Comparative

Example-2 was carried out in the same éﬂﬂ?ﬂ%‘%{@%@o%gﬂi@a@ 1except
that the ethylene-propylene block polymer (A5) was used instead of the

copcBihylene-propylene blogk polymer (Al in Example . The results of the, . . ¢

physical property measurements are shown in Table 3. [0134] 10

by WCompargtive Example 31,Comparative Example §5W%§;C%%?%’h‘%u%% the, .
same manner as in Example 1 except that the ethylené-propylene

phosphorus-based antioxidant (C), 0.04 parts by weight of the
amine-pased antioxidant (D) and 0.03 parts by welght of the
hydrochloric acid absorber (E) were added thereto, followed
by stirring for mixing.
01283

Then, the resulting mixture wasg melt-kneaded at a resin
temperature of 200°C using & tandem extruder composed of‘a
high performance twin screw extruder CIMLZ0S and a single
gscrew extruder P6LEXT (65 mm ¢) manufactured by The Japan
Steel Works, Ltd. The kneaded product was sxtruded intoe a

water tTank

By

or cooling and cutting to give pellets of a

e}

clypropylene resin.
0129

Then, the pellets were injection molded Lo preduce
sheet—-ghaped Test pleces having & thickness of I mm at 2 melt
temperature of 200°C and & die temperature of 30°C, test
pieces (RASTM D 790, thickness: 3.2 mm, length: 127 mm, width:
12.7 mm) for a bending strength test and test pleces (ASTM L

648, thickness: 6.4 mm, length: 127 mm, width: 12.7 amm} for a
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20

block polymer (A6) was used instead of the ethylene-propylene block
polymer (Al) in Example 1. The results of the physical 15 property
measurements are shown in Table 3. [0135] [Comparative Example 4)
Comparative Example 4 was carriedut in the same manner as in
Example 1 except that the ethylene-propylene 20 block polymer (A7) was
used instead of the ethylene-propylene block polymer (Al) in Example 1.

neat! R results-of the physicals propertypeasurements are shewn in JTable3:
[0136] [Comparative Example 5] 60 Comparative Example 5 was carried

200 “QuUtin the same rpapnenas infExamplek @Xce%@%th&st pieces were
ethylene-propylene block polymer (A8) was used instead of the

sub-ihylene-propylene block pojymer. (Ahn Example 1. Thesesulis,of the e
physical 5 property measurements are shown in Table 3. [0137] [Table 3]

abovd-00:2 05 M Q0.0 0y p M EQLETQR.0.0c907p R Q)6 M X0o0
~CWOLLO OWcoOO0O
[0120]

[Example 2]

Example 2z was carriec¢ out in tThe same manner as in
Example 1 except that the ethylene-propylene block polymer
(AZ) was used 1instead of the ethylene-propylene block polymer
(Al) in Example 1. The results of the physical property
measurements are shown in Table 3.

01313

[Example 3]

Example 2 was carried out in the same manner as in
Example 1 except that the ethvylene-propylene kblock polymer
(A3) was used instead of the ethylene-propylene block pelvmer
(Al} in Example 1. The results of the physical property
measurements are shown in Table 3.

[0132]
([Comparative Example 1)

Comparative Example 1 was carried out in the same
manner as in Example 1 except that the ethylene-propylene
block polymer (A4} was used instead of the ethylene-propylene

block polymer (Al) in Example 1. The results of the physical
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CEXCOWOUzro >a0a)0®~0ON-COLO McoaOOO
property measurements are shown in Table 3.
[G133]
(Comparative Example 2]

Comparative Example 2 was carried out in the same
manner as in Example 1 except that the ethylene-propylene
block polymer (ALS] was usad instead of the ethylene-propylene
block polymer (Al) in Example 1. The results of the physical
property measurements are shown in Table 3.

[0134]
[Comparative Exampie 3J

Comparative Example 2 was carried out in the same
manner as in Examplé 1 except that the ethylene-propylene
block polymer (A6) was used instead of the ethylene-propylene
block polymer (Al) in Exanmple 1. The results of the physical
property measurements are shown in Table 3.

[0135]
(Comparative Example 4]

Comparative Example 4 was cerried out in the same
manner as in Example 1 except that the ethylene-propylene
block polymer (A7) was used instead of the ethyléne—propylene
block polymer (AL) in Example 1. The results of the physical
property measurements are shown 1n Table 3.

[013¢]

{Comparative Example 5]
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Comparative Example 5 was carried out in the same

manner as 1in Example 1 except that the ethylene-propylene
block polilymer (A8) was used instead of the ethylene-propylene
block polymer (Al) in Example 1. The results of the physical
property measurements are shown in Table 3.

[0137]

[Table 3]
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property measurements shown in Table 3 that the molded products
(syringes) obtained by a highly controlled 5 polypropylene resin according
to the present invention achieved well balanced transparency, shock
resistance and rigidity and improvements in heat resistance and long-run
moldability at levels that have not been achieved conventionally. 10
[0139] It has been found that all such the physical properties required as
[ 0133yyinges can be satisfied by the ethylene- propylene block copolymer (A)
constituting the polypropylene resin for syringe according to the present

inventionsfordhe 1pfirst timerandhthe-industrial valuerof agtual reduction
thereof to practice is significantly high. [0140] Furthermore, a prefilled

propy¥ingepreparalion.comprising, the syrnge filted with vapious drug.«
solution having apH of 20 5.0 to 9.0 and achieving drug stability was

prodibtaineds industral Applicability: [Q141] In the gase-of:ysing the;

polypropylene resin for syringe according to the present invention, a

po1yiYFnge canbe.63 s produced without using otherexpensive auxiliary, raw

material, which therefore can significantly contribute to market supply of

acniRIgliled syringe.preparations with low drug priges and. also;significantly,
contribute to provision of safety in

rigidity and ilmprovements in heat resistance and long-run

moldability at levels that have not been achieved

conventionally.

[0139]

It has been found that all such the physical properties
required as syringes can be satisfied by the ethylene-
propylene block copolymer (A} constituting the polypropyiene
resin for syringe according to the present invention for the
first time, and the industrial valiue of actual reduction
therecf to practice 1s signiflcantly high.

[0140]

Furthermore, a prefllled syringe preparation comprising
the syringe filled with various drug solution having a pH of
5.0 to 9.0 and achieving drug stability was obtalned.
Industrial Applicability
[0141]

In the case of using the pelypropylene resin for

syringe acgording toe the present invention, a syringe can be



L

5 medical practice. [0142] The syringe and the prefilled syringe
preparation according to the present invention can be highly expected to
penetrate into market in the future and contribute to 10 improvement in
safety such as prevention of misuse or breakage of injection products and
visibility of content fluid in medical practice, and are very useful. 64
CLAIMS 1. A polypropylene resin for syringe, comprising an
proceibyleneiprapylene block copolymen{A) having ameltifiow tate {AASTMBrial,
1238, 230C, 2.16 kg 5 load) of 10 to 60 g/10 min, being constituted of 85
whide 94% byseight-af-a EQem : termperature nogrcansdinsolublepertien supply
(Din,,") and 3 to 15% by weight of a room-temperature n-decane-soluble
of hartien (Rsol),thedatal amount of the-D\n50; andthe: Psy is 100%e by 4
weight), 10 wherein the Dino! satisfies the following requirements (1) to
al sc(@yi?ﬂgitf@c%ﬁpali%ﬁt@ﬂﬁ% Eﬁ%iﬁ@v‘ﬂ%g requirements £3) 10 ﬁ?@t:;(llﬁhe
melting point of the Dsnsol is 150 to 165C, 15 (2) the molecular weight
me distiibytion. (Mw/Mn) of the Dinsnl determined by GPC is 1.0 to 3.5, (3)
the content of the unit derived from ethylene in the Dinsol is 0 to 13% by

[01499le,

The syringe and the prefilled syringe preparation
according to the present invention can be highly expected to
penetrate into market in the future and contribute to
improvement in safety such as preventicon of misuse or
breakage of injectiocon products and visibility of content

fiuid in medical practice, and are very useful.



(5) the molecular weight distribution (Mw/Mn) of the Dsoi 20 determined
by GPC is 1_.0 co 3.5, 6) the limiting viscosity fry) of the Dsoi in decalin at
135C is 1.5 to 4 di/g, and. (7) the content of the unit derived from
ethylene in the DS. is 15t0 25% b fnole. 65 2. The polypropylene resin
for syringe according to Claim wherein the Dins, further satisfies the
following requirement (4) : 5 (4) the total amount of 2,1-insertion and
1,3-insertion propylene units in thexRmsnl is 0.2% by mole or less. 3. The
polypropylene resin for syringe according to Claim 1 or 2, wherein the

1. Dipspifurther.satisfigs the following 10 ggwq@peebﬁ;}k {1 the melting
point of the D, nsni is 150 to 160C. 4. The polypropylene resin for syringe

ethﬁ%&@éd@%@fﬂ&%‘%%g@%p%&%z?ﬁe\é’h%gi” the DI.nsoi further

satisfies the 15 following requirement (3'): (3') the content of the unit

derived from_ethylene in the D:n.0z is O-o 496 by-mole; By Asyringedn,

which a tubular part (barrel) obtained by 20 injection molding of the
1 oacolypropylene resin 95§yrljr[lq1e according to any one of Claims 1 to 4 is
B équipped with a piston (plungér). 6. A prefilled syringe preparation

C°%B§%89£@%§¥@%ﬁ%éé of 85 to 97% by welght of & room
temperature n—-decane-inscluble portion (Dinse:) and 3 to 15% by
walght of & rocm~temperature n-decane-soluble portion (Dgei)
fthe total amount of the Dinser and the Dgo: is 100% by weighty},
wherein

The Dinse: satlsfies the fellowing reguirements (1) to
(3), and the Dgu Satisfies the following reguirements (o) to
{7):
(1) the melting point of the Dinse: is 150 to 165°C,
(2) the molecular weight distribution (Mw/Mn) of the Dinse
determined by GPC is 1.0 to 3.5,
(3) the content of the unit derived from ethvlene in the Dipsel
is ¢ te 13% by meole,
{5) the molecular welght distribution (Mw/Mn) of the Dgq
determined by GPC is 1.0 to 3.5,
(6) the limiting wviscesity [n] of the Dy, in decalin at 135°C
is 1.5 to 4 dl/g, and
{7y the content of the unit derived from ethyliene in the Dig

is 15 to 25% by mole.
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according to Claim 5 filled with a drug solution having a pH of 5.0 to 9.0.

&5

2. The polypropylene resin for syringe according to Claim 1,

wherein the Di.e: further satisfies the following reqguiremsent
=

i=Y

-

y the total amount of 2,1-insertion and 1, 3-insertion

i

(

propylene units in the Dinser 1s 0.2% by mole or less.

3. The polypropylene resin for syringe according to Claim 1
or 2, wherein the Dinser further satisfies the following
requirement {1'):

(1') the melting point of the Dinse is 150 to 160°C.

4. The polypropylene resin for syringe according to any one
of Claims 1 to 3, wherein the Djsey further satisiies the
following requirement (37):

(3') the content of the unit derived from ethylene in The

Dinse: 18 0 to 4% by mole.

5. A syringe in which a tubular part (barrel) cbtained by
injection molding of the polypropylene resin for syringe

according te any one of Claims 1 to 4 1s equipped with a

plston (plungsr).

6. A prefilled syringe preparation comprising the syringe



66

according to Claim 5 filled with a drug sclution having a pH

cof 5.0 to 9.0,



