DESCRIPTION POLYPROPYLENE RESIN FOR SYRINGE, SYRINGE PRODUCED FROM THE
SAME AS RAW MATERIAL, AND PREFILLED S\gRINGE PREPARATION 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 with a drug solution. Background Art [0002]
In recent years, in order to decrease problems caused 15 by, for example, wrong drug administration
treatment, prefilled syringe preparations fillggmzcﬁﬁg%lution have attracted attention. [0003]
general, the tubular part (barrel) of a prefilled 20 syringe filled with a drug solution is produced from
glass or cyElitpoioletin asta Faw matérial %ﬁé@wi%@%ﬁﬁ‘%ﬁg%t due'to the high price
thereof. On the other hand, polypropylene resins are _excellent in chemical properties, physical
properties, arfdtfolding Procédsabidtland dre diS5 12 inexpensiVie “ard Afe-thaféforé’being
investigated as raw materials for the syringe. However, crack of a syringe and elution of a low
molecular eight substance due to a decrease in shock resistance that are caused by interaction with
the 5 content liquid and, in particular, scratches formed when a molded syringe is removed from a core
molding dliecdre big: probleds. Therefore, it is the current situation that syringes cannot be stably

produced.
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 eguipped with a

10 piston {plunger), and a prefilled syringe preparation
comprising the gsyringe filled with a drug sclution.
Background Art
[0002]

In recent vyears, in order to decrease problems caused

15 by, for example, wrong drug administration treatment,

prefilled syringe preparations filled with drug sclution have

In general, the tubular part (barrel) of a prefilled
20 syringe filled with a drug solution 1s produced from glass or
cyclic polyolefin as a raw material and 1s not widespread in
the market dus to the high price therecf. On the cother hand,
polypropylene resins are excellent in chemical properties,

physical properties, and molding preocessabpllity and are also



[0004] 10As representative of so-called polypropylene resins that have conventionally used, for
example, in Examples in Patent Documents 1 and, 2, propylene-based random copolymers are used.
However, these copolymers are insufficient in stréngth. In addition, syringes are required to be 15
transparent for visually observing the presence of insoluble fine particles therein. However, the
strength is decreased to an insufficient level by controlling the composition of the polypropylene resin
for maintaining the transparency. Specifically, in Patent Document 3, a metallocene catalyst 20 system

propylenel5adsd rahd6m E3pblymer isArpiied6 ancinjsdtion-isided prédudSTHE thethod disclosed

in the document can provide an injection-molded product excelk?nt rigidity and transparency, but the
injettionfioiGéd Prouc? has arobien BF nferiGH &Gk reSistantce” 13 fo005] 1 9 As*d&scribed above,
syringes for medical purposes have problems of mechanical strength, transparency, scratches on
syringesSvien-theydre FermoveB Fromt ¢ ofs mbTdifg tie& iR Thjsttcn mutding, Elutien bF W molecular
weight substances, long-run. productivity and shock. resistance. In addition, the‘reyi\s a problem of
sanitary propettys TheFSisTic:peIgpropylere fesitihat tah SoletdIF6fthe 88 prottems dhd can be
used as a raw material of syringes for medical 10 purposes. Therefore, it is difficult to produce a
prefilled syringefillediwitt & drlg solutidPARRiER sefed &FGTFthesE probiem3T[00DB] 2 If these
problems can be solved by using an inexpensive polypropylene resin, it can contribute to prevalence
of prefilletbsyrryespreparstionhs filledwwigtdigosoldtichsr tarathieVe Lreduetien in-fedical cost for
elderly patients, and thus it can significantly contribute to the society. Patent Document 1: Japanese
Patent Nor 81295484 20Paterst Documérit 2 Japaness Patarit No. 22528443 that
syringes cannot be stably produced.
00064 ]
10 As representative of so~called polypropylene resins
‘that have conventionally used, for example, 1in Examples in
Patent Documents 1 and Z, propyvlene-based random cecpolymers
are used. However, these copolymers are insufficient in
strength. In additicn, syringes are reguired to be
15 transparent for visually observing the presence of insoluble
fine particles therein. However, the strength 1s decreased
to an insufficient level by contrcelling the composition of
the polypropylene resin for maintaining the transparency.
Specifically, in Patent Document 3, a metallocene catalyst
20 system propylene-based random copolymer s appilled to an
injection-molded product. The method disclosed 1n the
document can provide an injection-molded product excellent in

rigidity and transparency, but the injection-molded product

hasz a problem of inferior shock resistance.



Patent Document 3: Japanese Patent Application Laid-Open No. H06-192332 Disclosure of Invention
Problems to be Solved by the Invention 4 [0007] The present invention is to solve the problems
accompanied with the conventional technologies described above and an object of the present
invention is to provide a 5 polypropylene resin for syringe that can be used as a raw material for a
syringe that is excellent in sanitary property, heat resistance and transparency and hardly elutes low
molecular weight substance and that can prevent formation of foam during molding, achieve long-run
moldabili{)g,oaﬁw?i] be 10 prevented from scratches when removed from a core molding die in injection
molding at satisfactory levels that have not been achieved conventionally. [0008] Another object of the
present inventiod:is toG5TEvidesS AREE safely i medicaPpracfice By-providieSs Syriigéhaving
satisfactory shock resistance at low temperature which has been conventionally difficult to achieve,
and providifg afitisexplerisie prefifed syringe  preparation fMIied Fily VariGus @ty Solutish having a pH
of 5.0 to 9.0, in which 20 shock resistance according to ESCR (a term referring to resistance against a
phenomensh that thevdtréndgth @ndethe shoiek Tesistahed of athatetialiafeddéréasédiby a drug, and

also called environmental stress cracking resistance) and drug stability are also considered.
5 injection molding, eluticn of low molecular weight substances,

long-run preductivity and shock resistance. In addition,
there is a problem of sanitary property. There 1s no
polypropyiene resin that can solve all of these preblems and

can be used as a raw material of syringes for medical

ot
(]

purposes. Therefore, 1t is difficult to produce a prefilled
syringe filied with a drug solution which sclved all of these
probiems.
[00C6E]
If these problems can be sclved by using an inexpensive
15  vpolypropylene resin, it can contribute to prevalence of
prefilled syringe preparations filled with drug sclutions,

can achieve a reduction in medical cost for elderly patients,
and thus it can significantly contribute to the society.

Patent Document 1: Japanese Patent No. 3185434

3]

20 Patent Document Japanese Patent No. 2528443
Patent Document 3: Japanese Patent Application Laid-
Open No. HO06-19233Z2

Disclosure of Invention

Problems to be Solved by tThe Invention



5 Means for Solving the Problems [0009] The present inventors have conducted intensive studies for
solving the above-mentioned problems and, as a result, 5 have found the fact that a polypropylene
resin comprising an ethylene-propylene block copolymer satisfying specific requirements can solve
the above-mentioned problems. Thus, the present invention has been accomplished. [0010]
10Accordingly, the essential of the present invention is as follows: [0011] [1] A polypropylene resin
for syringe, comprising an ethylene-propylene block copolymer (A) 15having a melt flow rate (ASTM D
1238, 23 ,027.’16 kg load) of 10 to 60 g/10 being constituted of 85 to 97% by weight of a room
temperature n-decane-insoluble portion (Dins)d and 3 to 15% by weight of a room-temperatUre

n-decane-solubl& Porfior {3y 20{tR& totaPmotint 6f e DiRsot &hd thaD 3t%is 100% by weight),

wherein : ,
accompanied with the conventional technologles described

above and an object of the present invention is to provide a

5 polypropylene resin for syringe that can be used as a raw
material for a syringe that 1s excellent in sanitary property,
heat resistance and transparency and hardly elutes low
molecular weight substance and that can prevent formation of
foam during molding, achieve long-run mcldabilily, and be

10 prevented from scratches when removed from a core molding die
in indjection molding at satisfactory levels that have not
been achieved conventicnally.
[goosgl

Another object of the present invention 1s to provide

15 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 filled with
various drug solution having a pH of 5.0 to 9.0, in which

20 shock resistance according to ESCR (a term referring to
resistance against a phenomencn that the strength and the
shock resistance of a material are decreased by a drug, and
alsc called envircnmental stress cracking resistance) and

drug stability are also considered.



the Dinsci satisfies the ollo ng requirements (1) to (3), and the Dsol satisfies the following requirements
(5) to (7): 6 (1) the melting point of the D; nsol150 to 165C, (2) the molecular weight distribution
(Mw/Mn) of theD determined by GPO is 1.0to 3.5;  (3) the content of the unit derived from ethylene
in the Dinsol 5is 0 to 13% byie, (5) the molecular weight distribution (Mw/Mn) of the DO1 determined
by GPO is 1.0 to 3.5, (6) the limiting viscosity [ll] of the Dsol in decalin at 135C is 1.5 to 4 dl/g, and
10(7) the content of the unit derived from ethylene in the Dsm is 15 to 25% by mole. 12) The
polyprop¥feiesreitrfor Syfinge aclordingWherain the Dinsol further satisfies the following requirement
(4): 15(4) the total of 2,1-insertion and 1,3 -insertion propylene units in the Dinsol is 0.2% by mole or
less. [@P‘?H@ 1'polypropylene resin for syringe according to [2], wherein the Dinsolfurther satisfies the
following requirement (1'): 20(1") the melting point of the Dinsel is 150 to 160C. 4] The
polypropylene reSitfdr'syfifge atlording toani?die 6P 1Y 16 5 whErem fe’ D501 furtiér satisfies the

following requirement (3'): (3') the content of the unit derived from ethylene in the
for solving the above-menticned problems and,” as a result,

{1

have found the fact that a polypropylene resin comprising an
ethylene-propylene block copolymer satisfying specific
regquirements can solve the above-mentioned problems. Thus,
the pxesen£ invention has been accomplished.
10010]
10 Accordingly, the essential of the present invention is
as follows:
(0011}
[1] B polypropylene resin for syringe, comprising an
ethylene-propylene block copelymer (A)
15 having a melt flow rate (ASTM D 1238, 230°C, 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 (Dinee) and 3 to 15% by
weight of a room-temperature n-decane-soluble portion (Dsgr)
20 {the total amount of the Dinsor and the Dsor is 100% by weight),

wheresin
the Dinree: satizsfies the following regulirements (1) to
(3), and the Dsg: satisfies the following reguirements (3) to

(7



7 Dinsol s 0 to 4% by mole;- [5] A syringe in which a tubular part (barrel) obtained by injection
molding of the polypropylene resin for syringe according to any one of [1] to [4] is equipped with a
piston (plunger). [0012] [6] A prefilled syringe6preparation comprising the syringe according to [5]
filled with a drug solution having a pH of 5.0 to 9.0. 10 Advantages of the Invention [0013]
According to the present invention, the following three are provided: (1) a polypropylene resin for
syringe that can be used as a 15 raw m@terial for a syringe that is excellept in sanitary property, heat
resistancelandfréngsarenty aRd HardIg elHBE IGkemoleculdriWeight stbstance and that can prevent
formation of foam during molding, achieve long-run moldability and b\eingﬁp(me__vent_ed from scratches
when reméved frenna £oie 26 mdldikg die i ectionmeing 4t $atisfattory 18vélsthat have not been
achieved conventionally;  a syringe in which a tubular part (barrel) produced from the resin as the
raw matetdl f5-8guipped witht4 piston (plurigery - B+ (3) an inexpensive prefilled syringe preparation
which comprises the syringe filled with various drug solution having a pH of 5.0 to 9.0 and achieved
shock redistaneesaceording to ESCRand drlig 8tability5[0094] =t hR4fRSrmeret 8FeRif-the prefilled
syringe preparation is filled with a drug solution followed by sterilization by heat, a reduction in
Transparency ahd elutiorbaf lewimolecular weight substance hardly occur, and therefore the
(3) the molecular weight distribution (Mw/Mn) of the Dgu
determined by GPC is 1.0 to 3.5,
(6) the limiting viscosity [n] of the Dg; in decalin at 135°C
is 1.5 to 4 dl/g, and
10 {7y the content of the unit derived from ethvlene in the Dia
is 15 to 25% by mole,
[2] The polypropylene resiﬁ for syringe according to
f1]1, whersain the Dijee: further satisfles the following
requirement {(4):
15 (4) the total of 2,l-insertion and 1i,3-insertion propylene
units in the Disse: 13 0.2% by mole or less.
[3] The polypropylene resin for syringe according to
(11 or [2], wherein the Dins.: further satisfies the following
requirement (1'):
20 (1') the melting point of the Dinee, 15 150 to 160°C.
[4] The polypropylene resin for syringe according to
any one of [1] toe [3], wherein the Dips1 further satisfies the

following requirement (37):

(3") the content of the unit derived from ethylene in the



10 prefilled syringe preparation is expected to rapidly diffuse in the market. Best Modes for Carrying
Out the Invention [0015] The polypropylene resin according to the present invention and the use
thereof will be specifically described below. [0016] (1) Polypropylene resin for syringe The
polypropylene resin for syringe according to the 20 present invention 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 canstituted of 85 to 97% by weight of a room temperature n-decane-insoluble portionand 3 to
15% by waeight ofa room-témpatatlife ¥ n-decane-soluble portion (Dssi) (the total amount of the
Dinsoi and the D501 is 100% by weight). The Dinsol satisfies the foIIo_Wing[ rﬁguireﬁments (1) to (3), and
o]

“ el - Tal ,
the 11501 satisfies thé fGildiRg Fequireflerts (5) toi7)-5(1) i meltifiy] &Dins6l is 150 to
165C (2) the molecular weight distribution (Mw/Mn) of the Dinsé& determined by GPC is 1.0 t0 3.5 (3)
the contént oftHE Gihit deried Fromd efhylénerinitRe BifSa1Ys 816 1395 by m&IE TH{5) thé“molecular
weight distribution (Mw/Mn) of the Dscr dekerm ed b% GPCis 1.0 to 3.5 (6) the limiting viscosity [71]
of the DEITIFCdEEalA atA35CisT5 164 dirg! “7)\the %t@&Lﬁﬁﬁgﬂnﬁﬂ%@iv@dﬁmﬁ 8thylene in the
D5031 15 is 15 to 25% by mole

5 (plunger).
[0012]
(6] A prefilled syringe preparation comprising the
syringe according te [5] filled with a drug solution having a
pH of 5.0 to 9.0.
10 Advantages of the Invention
[0013]
Accordiﬁg to the present invention, the followlng three
are provided:
(1) a polypropylene resin for syringe that can be used as a
15 raw material for a syringe that 1s excellent in sanitary
property, 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
baing prevented from scratches when removed from a core
20 molding die in injection molding at satisfactory levels that
have not been achieved conventionally;
a syringe in which a tubular part (barrel) produced from

the resin as the raw material is eguipped with & piston

(plunger) ;



<Ethylene-propylene block copolymer (A)> The ethylene-propylene block copolymer (A)
constituting the polypropylene resin of the presenéinvention Is produced preferably in the presence of
a metallocene catalyst system 20by producing a propylene-based (co)polymer by homopolymerization
of propylene or (co)polymerization of ProPY ene and a small amount of ethylene in a first
polymerization step and subsequently producing propylene-ethylene random copolymer rubber in a

second polymerization 10 stgg. [00175%{; . The ethylene-pro %Ibege Pl‘ocg c‘/?lpogzrgner (2)0 has a melt
flow rate 'of 10Pto 60"6/50°MiHarid 1 Eonstitdted BY B5't6 S §79% by weight, preferably 88 to 95% by
weight and more preferably 90 to 94% by weight of a room-temperature nd%cane-insoluble portion
(Dinsol) WHBRE hi&iR cohfponent iSthe prop§iens-based (Eo)polymeriSrodtced it the first
polymerization step and 3 to 15% by weight, preferably 5 to 10 12% by weight and more preferably 6
to 10% byAWelght &f EIiioc%-ténﬂ)e?ﬁtu?e%ﬁ-@é&%n@%@@%o?ﬁ&hc&be%ﬁeix%bggﬁain component is
the propylene-ethylene random copolymer rubber produced in the second polymerization step. The
total ameGHOItHE Dirisel BRAThE TS, 112 H06Wh By weight. 15[0018] Herein, the
ethylene-propylene block copolymer (A) is preferably prepared by polymerization by a metallocene
catalyst systérnl [0019] 20The 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 e iotséitarwe it tistribution ot §Re polyferis 2I0'6Fmoré anddessthan 2.5, the
MFR

ig filled with a drug sclution followed by sterilization by
heat, a reduction in fransparency and elution of low
molecular weight substance hardly occur, and therefore the
10 prefilled syringe preparation is expected to rapidly diffuse
in the market.
Best Modes for Carrying Cut the Invention
[GOL5]
The polypropylene resin according to the present
15 invention and the use thereof will be specifically described
belcw.
[CO16]

(1) Polypropylene resin for syvringe

The polypropylene resin for syringe according to the.
20 present invention comprises an ethylene-propyiene block
copolymer (A) having a melt flow rate (ASTM D 1238, 230°C,
2.16 kg iocad) of 10 to 60 ¢g/10 min and is constituted of B0
to 97% by weight of a room temperature n-decane-insoluble

i

portion {(Dinsex) and 3 to 15% by weight of a room-temperature



11 preferably 30 to 60 g/10 min and more preferably 40 to 60 g/10 min. When the molecular weight
distribution is 2.5 or more and 3.5 or less, the MFR is preferably 10 to 40 g/10 min, more preferably 20
to 35 p/10 min and further preferably 20 to 30 g/10 min. [0020] Since the fluidity of the polypropylene
resin for syringe of the present invention is favorable when the MFR is within the above-mentioned
range, the syringe can be produced 10 by multi-cavity injection molding, and shock resistance can be
maintained. When the MFR is not within the range, that is, w the MER is | wer than 10, the syringe

he
cannot B HrOdaREd BY thilt-Tabity injé&tion 1é din(gt,%%dtt% of&the Hetlal productivityis low.
When the MFR is higher than 60, the 15 molecular weight of the ethylene-propylene block copolymer

(A) is tod 6w fo alfidin'tie Shock Fesi&an8e fand also low Fvlecdiar weight subStance may elute in
the case of a syringe produced by injection molding. [0021] 20In addition, in the ethylene-propylene
block copByRdY 10 of T predBit irivention “the ‘I%ihs, &3rL1iES the tellotiry réquirenietitsto (3), and

the Dsol satisfies the following requirements (5) to g).
following requirements (5) to (7).

5 (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 1s 1.0 to 3.5
(3} the content of the unit derived from ethylene in the Digse
is 0 to 13% by mole
1G (5) the molecular weight distribution (Mw/Mn) of the Dau
determined by GPC 18 1.0 to 3.5
(6) the limiting viscosity [n] of the Dg in decalin at 135°C
is 1.5 to 4 dl/g
(7) the content of the unit derived from ethylene in the Diy
15 dig 15 to 25% by mole
<Ethylene-propylene bliock copoclymer (A)>
The ethylene-propylene block copolymer {R) constituting
the polypropylene resin of the present invention is produced
preferably in the presence of a metallocene catalyst system
20 by producing a propylene-based (co)peclymer by
homopolymerization of propylene or (co)polymerization of
propyiene and a small amcount of ethylene in a first
polymerization step and subsequently producing propylene-

etnylene random copolymer rubber in a second polymerization



(1) the melting point of the Dins, is 150 to 165C 12 (2) the molecular weight distribution (Mw/Mn) of
the 7) -insol determined from GPO is 1.0 to 3.5 -(3) the content of the unit derived from ethylene in the
Dinsol is 0 to 13% by mole 5(5) the molecular We(bA‘lt distribution (Mw/Mn) of the D,01 determined by
GPO is 1.0 to 3.5 (6) the limiting viscos|fl] of the Dsoi in decalin at 135C is 1.5 to 4 dl/q (7) the
content of the unit derived from ethylene in the usol 10is 15 to 25% by mole Furthermore, in the
ethylene-propylene block copolymer (A), the D1rs01 preferably satisfies the following requirement (4)
in additioh-f6} the abovementioned requirements. (4) the total amount of the 2,1-insertion and
1,3-insertion 15propylene units in uhe Dinsol is 0.2% by mole or less. The above-mentioned
requirementst (1) to (7) will be described in detail below. 10022] Requirement (1)

The ethylene-propylene block copolymer (A) has a melt
flow rate of 10 to 60 g/10 min and is constituted of 85 to

5 87% by weight, preferably 88 to 95% by weight and more
preferably 90 to 94% by weight of a room-temperature n-
decane-insoluble portion (Dipser) whose maln component 1z the
propylene-based (co)polymer produced in the first
polymerization step anc 3 to 1b% by welght, preferably 5 to

10 12% by weight and more preferably © to 10% by weight of -a
room-temperature n-decane-soluble portion (Dg) whose main
component is the propylene-ethylene random copolymer rubber
produced in the second polymerization step. The total amount
of the Dipssr and the Dgy is 1060% by welght.

15 (0018]

Herein, the ethylene-propylene block copclymer (A) 1s
preferably prepared by polymerization by a metallocene
catalivyst system.

(0019]

20 The ethylene-propylene block copcelymer (A) constituting
the polypropylene resin for syringe according to the present
invention has an MFR in the range of 10 tc 60 ¢/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



20The room-temperature n-decane-insoluble portion (Di nsol 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 syringe according to the present 5 invention. By controlling the melting point
within the above-mentioned ran%e, a reduction in transmissivi?ﬂafter \%ater rmpor st Bilization of the

syringe EdifalR6Be Rhibited (00247 10A s&t6nd RdvAfitageRs anenfianderhent i shock resistance of
the syringe. Since a syringe isJﬁformed by mgl_ding the tubular part (barrel) by melting a polypropylene
resin, a Gistortiéid Bnd &Weld fehdl t8GenfaT Hnd's1s8 %vadd'r%ﬁat%)dﬁéﬁgtﬂﬁaﬂoﬁ (Sdlidification with
15 crystallization in flowing) of polypropylene further causes a distortion. This has a j’)roblem that
breakag&$&rfdsifococtur when k iSappheth The preséntifventorsthave fidwis fotndtHat by
controlling the melting point within the above-mentioned range, in particular, the orientation 20
crystallizatish o peRpreEyiene Bart e Sigrifiddntly rédaeet AHd # shodieresitande ¢an be
enhanced. [0025] A third advantage is that the low-temperature shock resistance of the syringe is
impfoved by the thtefaction -

(00207

Since the fluidity of the polypropylene resin for
syringe of the present invention i1s favorable when the MFR is
within the above-mentioned range, the syringe can be produced
10 by multi-cavity injection molding, and shock resistance can
be maintained. When the MFR is not within the range, that is,
when the MFR is lower than 10, the syringe cannct be produced

by multi-cavity injection molding, and therefore the actual

productivity is low. When the MFR is higher than 60, the

}m.}
n

molecular welight of the ethylene-propylene block copolymer
{A) is too low to maintain the shock resistance, and also low
molecular weight substance may elute in the case of a syringe
produced by injection molding.

[0021]

20 In addition, in the ethylene-propylene bliock copolymer
(A} of the present invention, the Ding satisfies the
following requirements (1) to (3}, and the Dy satisfies the
following reguirements (5) to (7).

(1} the melting point of the Dinser is 150 te 163°C



14 between the n-decane-insoluble portion insol having a melting point within the above-mentioned
range and the room-temperature n-decane-solub (—*ﬁbportion (Dsol). [0026] Requirement (2) The
molecular weight distribution (Mw/Mn) determined™by GPC of the room-temperature
n-decane-insoluble portion (DO) of the ethylene-propylene block copolymer (A) constituting the
polypropylene resin for syringe of the present invention 10is 1.0 to 3.5, preferably 1.5 to 3.2 and more
preferable/ 1.8 to 3.0. Since the amount of the low molecular weight component in the
ethylenepropyleheBlodikc Bafdiyigr gAY is Very Sall by contfoliiny the Mioledilar Weight distribution
within a narrow range as described above, elution of the low 15 molecular weight substance hardly
occurs i e St prodtBe tisingthé polypropylene resin according to the present invention.
[0027] Furthermore, regarding the room-temperature n-decane- 20 insoluble portion (D[nsol )
constituting a Paft 6TRE @lrylérfe-propyehe-bIdek t8E6ly ey W Ethe thEReuld weightdistribution
(Mw/Mn) determined by GPO can be narrowed as described above because of the use of a metal
locene catalystisystent a8 th&eatalyst. When the Mw/Mn is larger than 3.5, 15

5 (%) the molecular weight distribution (Mw/Mn) of the Dga
determined by GPC 1s 1.0 to 3.5
(6) the limiting viscosity [n} of the Dgm in decalin at 135°C
is 1.5 to 4 dl/g
(7} the content of the unit derived from ethylene in the Dsn
10 is 15 to 25% by mole
Furthermore, in the ethylene-propylene biock.copolymer
(R), the Dumd,preferably satisfies the following requirement
(4} in addition to the above-mentioned regulrements.

(4) the total amount of the 2,l-insertion and 1,3-insertion

o

15 propylene units in the Dinser 15 0.2% by mole or legs.
The above-mentioned reguirements (1) to (7) will be
described in detail below.

[1002Z2]

Reguirement {1)

20 The room-temperature n-decane-inscluble portion (Dipsel!
0f the ethylene-propylene block copolymer (A) constituting
the polypropylene resin of the present invention has a
melting point of 150 to 165°C and preferably 150 to 160°C.

[C023]



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[0028] Requirement (3) The coritent of the unit derived from ethylene in the
room-temperature n-decane-insoluble portion (D501) of the ethylene-propylene block copolymer (A)
constituting the 10 polypropylene resin for syringe of the present invention is 0 to 13% by mole,
preferably O to 10% by mole, more preferably O to 8% by mole, further pr,eferabf%O to 4% by mole and

most preferably & t& 286 by #oi8"AtEeréase nthe Ronteit of fife 0t défved fiom ethylene in the
Dinsol heightens the melting point (Tm) of the ethylene-propylene block copolymer (A), which
improved hE&t fesistdrice: OW the thel hafd SWRER THE- coftent 6 tRB U defivet frdm ethylene in the
Dinsolis higher than 13% by mole, the melting point of the ethylene- propylene block copolymer (A) is
low, whigVtehgo tatite 20 SHBblehissudt ad Alfdcreade Migidityofthe Syfinge under high
temperature. [0029] Requirement (4) 16 the polypropylene resin for iyringe of the present invention
preferablycsafizfies tHefsH oWy fequirenient 12 ¢4 thetstal afount of 2, 15heéfion and 1,3-insertion
propylene units in the room-temperature n-decane-insoluble portion (Dwasm) is 0.2% by mole or less
More preferably; ive: totaP anovint 6P 2 Hingeftion difll L Blfsertion propyléné uhits in the Dinsol of the
ethylene-propylene block copolymer (A) is 0.1% by mole or less. When the total amount of
2,1-insertibrandrE8insertion propgyleng reduction in transmissivity after

water vapor sterilization of the syringe can also be

inhibited.

[0024]

10 L second advantage is an enhancement in shock

resistance of the syringe. Since a syringe i1s formed by

molding the tubular part (barrel) by melting a polypropylene

resin, a distortion and a weld tend tc remain, and also flow

orientation crystallization ({sclidification with

15 crystallization in flowing) of polypropylene further causes a
distortion. This has a problem that bresakage tends tc occur

when shock is applied. The present inventors have newly

ound that by controlling the melting point within the above-

h

mentioned range, in particular, the orientation
20 crystallization of polypropylene can be significantly reduced
and the shock resistance can be enhanced.
(00251
& third advantage is that the low-temperature shock

resistance of the syringe is improved by the interaction



10units in the Dinsol is larger Lilian 0.2% by mole, the random copolymerization property between
propylene and ethylene is decreased, which, as a result, broaden the composition distribution of the
propylene-ethylene copolymer rubber in the-rooml-téemperature n-decane-soluble portion (Dsol). 15
Consequently, the shock resistance of the syringe is decreased, and problems such as a reduction in
transparency after water vapor sterilization may be caused. [0030] Requirement (5) 20The molecular
weight distribution (Mw/Mn) determined by GPO of the room-temperature n-decane-soluble portion

(D"i) of thE tHyidhe-propyTetie BIoeK tBpaI Tt TAF Eorstititing trepolypiSpylené resin for syringe of
the present Invention is 1.0 to 3.5, preferably 1.2 to 3.0 and more preferably 1.5 to 17 2.5. Since the
moleculdtwdidRCdisfibltion i Raffow s MBRTGHEFABAVE e Aritift BF ow-Afoléctfdr weight
component in the ethylene-propylene block copolymer (A) is very small. Therefore, in the syringe
produced 885G tHE Yofypropyiene s Tesih accordifg te thke présent invention, elution of low molecular
weight substance hardly occurs. [00313 Regarding the room-temperature n-decane-soluble portion
(Deo)) oflthé4hylene-propylene block copolymer (A), the 10 molecular weight distribution (Mw/Mn)
determined by GPO can be narrowed as described above because of the use of a metallocene
catalyst system dsthelgzalgst: WHen the Mw/Mn is larger than 3.5, the amount of propylene-ethylene
random copolymer rubber with a low molecular weight is increased in 15 the D501, which causes
bleed-out to redutestrarspatericyrofithe Syfinge after Watervap oY stéfiizatisr-andrimcause
problems such as a decrease in shock resistance of the syringe. [0032] 20Requirement (6)
GPC of the room-temperature n-decane-inscluble portion (Dinser)
of the ethylene-propylene block copolymer (A) constituting
the polypropylene resin for syringe of the present invention
10 is 1.0 to 3.5, preferably 1.5 to 3.2 and more preferably 1.8
te 3.0. Since the amount of the low molecular weight
component in the ethylene-propylene block copolymer (A) is
very small by contrclliing the molecular weight distribution
within a narrow range as described above, elution of the low
15 molecular welght substance hardly occurs in the syringe
produced using the polypropylene resin according toe the
present invention.
[0027]
Furthermore, regarding tThe room-temperature n-decane-
20 insoluble portion (Dinser) constituting a part of the ethylene-
propylene block copolymer (A}, the meolecular weight
distribution (Mw/Mn) determined by GPC can be narrowed as

described above because cf the use of a metallocene catalyst

system as the catalyst. When the Mw/Mn is larger than 3.5,



The limiting viscosity [ri] of the room-temperature ndecane-soluble portion (0,1) of the
ethylene-propylene block copolymer (A) constitut'ir})g the polypropylene resin for syringe of the present
invention in decalin at 135C is 1.5 18 to 4 dl/g, preferably 1.5 to 3.5 dl/g, more preferably 1.8 to 3.5
dl/g and most preferably 2.0 to 3.0 di/g. [0033] In the production of such a block copolymer, if an
existing metallocene catalyst other than the metallocene catalyst system that is suitably used in the
present invention is employed, it is very difficult to roduc%an eth Iene-g[opé/len.e block copolymer in
which thé iy VisCosity [h]6f the* DI i€ highar than €5 Wi/G 10 partictifar it is aimost Impossible
to produce an ethylene- propylene block cgpol¥mer in which the limiting viscos of the Dan_ s1.8 dl/g or
higher. [06341\WRER tHE limfingLigsssiydn] oF He9a85t in G8calin-i5 ar fsgggfs ﬁ%%hérﬁ%an 4 dilg, a
slight amount or propylene-ethylene random copolymer rubber having an.ultra-high molecular weight
or contaifinga fer8ametint of elifjierd it produckd HiFing the productionof THe +79°
propylene-ethylene random copolymer rubber in the second polymerization step. 20 Since the
propyleneféthyletie fardomropofnierirtbbbar by produced in a slight amount is unevenly present in
the ethylene-propylene block copolymer, the syringe produced using such a copolymer as the raw
mateérial teidstto have lowered shock resistance.

Regulrement (3]

The content of the unit derived from ethylene in the
room-temperature n-decane-insoluble portion (Dipee:) oL the
ethylene-propylene block copelymer (A) constituting the

10  polypropylene resin for syringe of the present inventicn is 0
to 13% by mole, preferably 0 to 10% by mole, more preferably
0 to 8% by mole, further preferably C to 4% by mole and mosf
preferably 0 to 2% by mole. A decrease in the content of the
unit derived from ethylene in the Dinsey helghtens the meliting

15  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 Dipsey 18
higher than 13% by mole, the melting point of the ethylene-
propylene block copolymer (A) is low, which tends to cause

20 problems such as a decrease in rigidity of the syringe under
high temperature.
(0029}

Reguirement (4)

The ethylene-propylene block copelymer (A) coastituting



[0035] fieghirement (7) The content of the unit derived from ethylene in the ndecane-soluble
portion (Dsol) of the ethylene-propylene block 5 copolymer (A) constituting the polypropylene resin for
syringe of the present invention is 15 to 25% by th le, preferably 15 to 22% by mole and more
preferably 16 to 20% by mole. When the content or the unit derived from ethylene in the D,o0, is lower
than 15% by mole, the shock resistance of 10 the ethylene-propylene block copolymer (A) may be low.
On the other hand, when th- content of the unit derived from ethylene in the Dsol is higher than 25%
by mole,th& sYARYE FTE haVEoRFFafsparendy’ [o636] 1%;M&ﬁ08%?%?@du&ﬁbvﬁ8§?ﬁP5bylene resin
for syringe> Next, a method of producing the polypropylene resin for syringe according to the
present MVEAGSTHAIFDE BBScHberin ‘ditail BelbW: {0637 20Fhe Btilend-propylene block copolymer
(A) constituting the polypropylene resin for syringe according to the present invention can be prepared
in the prédence st & specifiGifed beérie-basad catlyst for FolymerizatidtAd aPromoter, preferably,
by producing a propylene-based (co) polymer by 20 homopolymerization of propylene or
(co)polynefiRaticin6f propylenerand'd shfaf MGt BthyIend iff's fitdt polyiierizatibh step ([step 1])

and subsequently producing propylene-ethylene random copolymer rubber in a second
5  portion (Dipser) 1is 0.2% by mole or less

More preferably, the total amount of Z,l~insertion and
1,3-insertion propylene units in the Dineer ©f the ethylene-
propylene block copolymer (A) is 0.1% by mole or less. When
the total amount of 2,1-insertion and 1,3-insertion propylene

10 units in the Dinge1 18 larger than 0.2% by mole, the random
copolymerization property between propylene and ethylene 1is
decreased, which, as a result, broaden the compesition
distribution of the propylene-ethylene copolymer rubber in
the room-temperature n-decane-soluble portion (Dsei) -

1% Consequently, the shock resistance of the syringe is
decreased, and prcblems such as a reduction in transparency
after water vapor sterilization may be caused.

[GO30]

Feguirement (5)

20 The molecular weight distribution (Mw/Mn) determined by
GPC of the room-temperature n-decane-soluble portion (Dsc) of
the ethylene-propylene block copelymer (A) constituting the
polypropylene resin for syringe of the present inventlon is

1.0 te 3.5, preferably 1.2 to 3.0 and more preferably 1.5 to



5 polymerization step ([step 21) by copolymerization of propylene and ethylene in an amount larger
than that in the first step. [0038] The metallocene catalyst for polymerization is 10 preferably a
metallocene catalyst that can cause a polymeriz&tﬁon with a stereoregularity such as an isotactic or
syndiotact c structure, and examples thereof are catalysts shown below which are described in
WO001/27124 pamphlet: [0039] 15[Formula 1] 21 In the above general Formula [RI, different and
are selected from hydrogen atoms, hydrocarbon groups and silicon-containing groups. Examples of

the hydrécarborCgrotips icude KearfyarEarBon grofpsstth-a$'a méthyF§rotp, & ethyl group, a

n-propyl group, an allyl group, a n-butyl group, a n-pentyl group, a n-hexyl group, a
mentioned above, the amount of low molecular welgnt component

in the ethylene-propvlene block copolymer (A) 1s very small.
Therefore, in the syringe produced using the polypropylene

5 resin according to the present invention, elution of low
melecular weight substance hardly occurs.
[0031]

Regarding the room-temperature n-decane-scluble portion

(Deer) of the ethylene-propylene block copolymer (&), the

10 molecular weight distribution (Mw/Mn) determined by GPC can
be narrowed as described above because of the use of a
metallocene catalvst system as the catalyst. When the Mw/Mn

is larger than 3.5, the amount of propylene-ethylene random

copolymer rubber with a low mclecular weilght is increased in

i5 the Dgu1, which causes bleed-out to reduce transparency of the
syringe after water vapor sterilization and may cause
problems such as & decrease in shock resistance of the
syringe.
[(0032]

20 Requirement (6)

The limiting wviscosity [n] of the room-temperature n-

decane-scluble portion (Dge1) 0f the ethylene-propylene block

ot

copolymer (A) constituting the polypropylene resin for

syringe of the present invention in decalin at 135°C is 1.0



10 n-hep yl group, a n-octyl group, a n-nonyl groUp and a n- decanyl group; branched hydrocarbon
groups such as an isopropyl group, a t x-butyl group, an amyl group, a 3- methylpentyl group, a
1,1-diethylpropyl group, a 1,1- 22 dimethylbutyl g‘r%up, a 1-methyl-l-propyibutyl group, a 1,1-
propylbutyl group, a 1,1-dimethyl1-2-methylpropyl group and a 1-methyl -isopropyl-2-methylpropyl
group; saturated cyclic hydrocarbon groups such as a cyclopentyl group, a cyclohexyl 5 group, a
cycloheptyl group, a cyclooctyl group, a norborrglv)%ro?tiﬁ{and an adamantyl group; unsaturated cyclic

hydrocafbonigretipd subk a§&ptenyl group; & gfou) a RSBty TGro6s <& biphen§l group, a
phenanthryl group and an anthracenyl group; saturated héjjrocar_bon groups substituted 10 with an
unsaturated cyelicy drbEarboR lgrods 586 as A Bertzyt §roug; acurflyl group, a 1,1-diphenylethyl group
and a triphenylmethyl group; and hetero atom-containing hydrocarbon groups such as a -ethoxy
group, an &thoxly group, a phenoxy group, a fury' group, a N-methylamino group, a N,N- 15
dimethylamino group, a N-phenylamino group, a pyryl group and a thienyl group. Examples of the
silicon-containing gréups iRk e tripte Zhy ISy Fgrotp? AtRethy RN greEE, a diméthylphenylsilyi
group, a diphenylmethylsil z group and a triphenylsilyi group. 20[004 Furthermore, in -he general
Formulaeactssubstitoentof RE-tomay-formla fihg t6getheWwith ahhddjacért substitient. Examples of
such a substituted fluorenyl group include a benzofluorenyl group, a 23 dibenzofluorenyl group, an
octahydrodibehzeftucreaykgrobp2an oetamsthyloctahyaestibenZofieorsiig gidup and an
octamethyltetrahydrodicyclopentafluorenyz group.
invention is emploved, it is very difficult to produce an
ethylene-propylene block copolymer in which the limiting
viscosity [n] of the Dgy is higher than 1.5 dl/g. In
10 particular, it is almost impossible to produce an ethylene-
propylene block copolymer in which the limiting viscosity [n]
of fhe Deo1 18-°1.8 dl/g or higher.
[0034]
When the limiting viscosity [n] of the Dg: in decalin
15 at 135°C is higher than 4 di/g, a slight amcunt of propylene-
ethylene random copolymer rubber having an ultra-high
molecular weight or containing a large amount of ethylene 1s
by-produced during the production of the propylene-ethylene
random copolymer rubber in the second polymerization step.
20 Since the propylene-ethylene random copolymer rubber by-
produced in & slight amount is 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.



[0042] 5In the general Formula [1],R2, R3 and IR4 bonding to the cyclopentadienyl ring are each
preferably a hydrogen atom or a hydrocarbon gro having 1 to 20 carbon atoms. Examples of the
hydrocarbon group having 1 to 20 carbon atoms intlude the hydrocarbon groups mentioned above.
More preferably, R3 10 is a hydrocarbon group having 1 to 20 carbon atoms. [0043] the general
Formula [I], R' tobonding to the fluorene ring are each preferably a hydrocarbon group having 1 to 20
carbon atoms. Examples of the hydrocarbon group 15 having 1 to 20 carbon atoms include the
hydrocarb®fgroups mentioned above. Each substituent,to F", mayform a ring together with an
adjacent subst tuent. [0044] In the general FormulaY bridging tho 20 cyclopentadienyl ring and the
fluorenyl ring is prefarakbis: 1p’XIV element of the periodic table, more Preferably carbon, silicon,
or germanium and further preferably a carbon atom.and RI' bonding to the Y are each preferably a
hydrocarbon groliphaving: 16 20 €aftion atoris. Theyindy b4 the samesor différent from each
other and may form, a ring together. Examples of the hydrocarbon group having | to 20 carbon atoms
include the hydrocarbors groupsmentionsekabovel the ethylene-propylene block

5 copolymer (A} constituting the polypropylene resin for
syringe cf 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 Dso1 is lower than 15% by mole, the shock resistance of

10 the ethylene-propylene block copolymer (A) may be low. On
the other hand, when the content of the unit derived from
ethylene in the Dsu is higher than 25% by mole, the syringe
may have low transparency.

(60367
15 <Method of producing polypropvlene resin for syringe>

£

Next, a method of preducing the polypropylilene resin for
syringe according to the present invention will be descriped
in detail below.
r6037]

20 The ethylene-propylene block copolymer (A} constituting
the polypropylene resin for syringe according to the present
invention can be prepared in the presence of a specilfic

metallocene-based catalyst for polymerization and a promoter,

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



More preferably, R14 is an aryl group having 6 to 20 carbon 5 atoms. [0045] Examples of the aryl
group include the above-mentioned unsaturated cyclic hydrocarbon groups, saturated hydrocarbon
groups substituted with an unsaturated cyclic hyd?rdcarbon 10 group and hetero atom-containing
unsaturated cyclic hydrocarbon groups. R3 and F14 may be the same or different from each other and
may form a ring together. Preferrea examples of the substituent include - fluorenylidene group, a
|O-hydroanthracenylidene group and a 15 dildenzocycloneptadienylidene group. [0046] in the
metallocBABLBMPGIRE répresentet by e abGE géieraFEofdIdTfff “a Sdbstittentselected
from12],4, and RI2 and R13 or R14 in bridging part may bond to each other 20 to form a ring. [0047]
In the general FariilE[IF M isSPreterablyCaGrouptiVetransifidiF mistalfof the Periodic table and more
preferably Ti, Zr or Hf. 25[0048]  Furthermore, each Q, which may be the same or different, is
selectedFron haloEentatoinss hjdrocaficiFgrolps 2afioRie T Hanes and feltraf figafds that can be
coordinated with lone pair. J is an integer of 1 to 4. When j is 2 or higher, Qs may be the same or
different fronPeach otier "Specific examples sithé Fafdgeh abfis intlute BfMibHhe atom, a chlorine

atom, a bromine atom and an iodine atom. Specific
5 -polymerization step {[step 2]) by copclymerization of

propylene and ethylene in an amount larger than that in the
first step.
[0038]
The metallocene catalyst for polymerizaticn 1s

10  preferably & metallocene catalyst that can cause a
polymerization with a stereoregularity such as an lsotactic
or syndiotactic structure, and examples thereof are catalysts
shown below which are described in WO01/27124 pamphiet:
500391

ih 'Formulia 1]



examples of the hydrocarbon groups include those mentioned 10 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 gro%bs such as mesylate and tosyla e. Specific
examples of the neutral ligands that can be coordinated with 15 lone pair include organic phosphorus
compounds such as trimethylphosbnine, triethylphosphine, triphenylphosphine and
diphenylmethylphosphine; and ethers such as tetrahydrofuran, diethyl ether, dioxane and
1,2-dimethoxyethane. Atfigast one Q i§preferably a halogen a= or an alkyl group. 20[0049]
Preferred examples of the bridged meétallocene compounds include isopropyl
i (3, 6-dit-butylfluorenyi) zirconium dichloride, ‘pnenylmethylen 3-

\ rt- butyl -5-methylcyclopentadienyl)(2, -dite

gnethylene(S -tert- buLy|

26 dlchlorlde dlphenylmeth
-butylfluorenyl)zirconium die
5- methylcyclopentadf@nyl)(s 6-
(methyl)(phenyl)methylene(3-t

t- t\&} -5-methylcyclope
adienyl)(octamethyloctahydrob

enzof{uorenyl)zirconium dichloride and [3-(1',1',41,4',7',71,10",10'-

octamethyloctahygdrodibenzo h]fluo?\enyl) (1,1,3-e methy1-5-
tert-buty1-1 2,:5,% ranyd opentaleng)]zirconium dichloride 10(refer to the following Formula [I]).
[0050] [Formula 2] [005T}¥27 In the mé‘iéllpcene catalyst used in the present

N\ 1

2
¥
4
1
i
Laed

(00401
Tn the above general Formula [I}, R', B®, R’, R, R®, R%
r’, RY, R®, R, RY, R*¥, RY and R* may be the same or
5 different and are selected from hydrogen atoms, hydrocarbon
groups and silicon~containing groups. Examples of the
hydrocarbon groups include linear hydrocarbon groups such as
a methyl group, an ethyl group, a n-propyl group, an allyl
group, a n-butyl group, a n-pentyl group, a n-—hexyl group, é
10 n-heptyl group, a n-octyl groﬁp, a n-nonyl group and a n-
decanyl group; branched hydrocarbon groups such as an

isopropyl group, a tert-butyl group, an amyl group, & 3-

methylpentyl group, a 1,1l-diethyipropyl group, a 1,1-



invention, the promote that is used in conjunction with a group IV transition metal compound
represented by the general Formula [l] is comprises at least one compound selected from organic
metal compounds, organic aluminum oxy compotirids and compounds that react with transition metal
compounds to form ion pairs, and a particle-shaped carrier that is used according to need. As them,
the compounds disclosed in the publication by the present applicant (W001/27124 pamphlet), 10 or
disclosed in Japanese Patent Application Laid-Open No. H11-315109 can be used without any
limitatioril 10652y L b uthe ethiyfatie-propylehibloek eopsipmar P ConstitttiRg tife polypropylene resin
according to the present invention 15 can be obtained by sequentially performing two steps ([step 1]
and [stet) 2Prdeseribed balow:by using, forexample;-a polymerizaioAappafatisin #hithPtwo ore
more reaction apparatuses are connected in series. [0053] 20([Step 1]) In [step 1], usually,
propylene-ishbmopolymeizetbara palyntdization (e perafhiecof G5 f-FOBC &t aPolymeérization
pressure of ordinary pressure to 5 MPa gauge pressure, or propylene and a small amount of ethylene
are copoiymerized; :28: IrufStep 1], thefeedsarmountcofthe Rithiderie isugontrolled 6 Pezers or small
with respect to that of the propylene, so that the propylene-based (co)polymer produced in [step I] is
the mainccormponent of DMYGL: The komopolymetizatior of 5 prepyletie ok thecedpoyamerization of
propylene and ethylene may be performed by any of batch, semicontinuous and continuous methods
or may herperformed bymaidtistage: polymerizatiom usimguplurality-ofreactory.cRurtherinote, [step 1]
may be conducted as block polymerization in which 10 the feed amount of ethylene is varied with
respect toibatef propylene. [D0b4AE(SIep2Ppur, a tolyl group, a naphthyl

group, a biphenyl group, a phenanthryl group and an
anthracenyl group; saturated hydrocarbon groups substituted

10  with an unsaturated cyclic hydrocarbon group such as a benzyl
group, a cumyl group, a 1,1-diphenylethyl group and a
triphenyimethyl group; andAhetero atom—containing hydrocarbon
groups such as a methoxy group, an ethoxy group, a phenoxy
group, a furyl group, a N-methylamino group, a N,N-

dimethylamino group, a N-phenylamino group, a pyryl group and

I
(&

a thienyl group. Examples cf the silicon-containing groups
include a trimethylsilyl group, a triethylsilyl group, a
dimethylphenylsilyl group, a diphenylmethylsilyl group and a
Triphenylsilyl group.

20 [0041]

Furthermore, in the general Fermula [I1, each

substituent of R® to R* may form a ring together with an
adjacent substituent. Examples of such a substituted

fluorenyl group incliude a benzoflucorenyl group, a



In [step 2], usually, propylene and ethylene are copolymerized at a polymerization temperature of O to
100C 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 thezﬁropylene is controlled larger than that in [step Ib so
that the propylene-ethylene random. 20 copolymer rubber produced in [step 2] is the main component
ODsol. [0055] By thus doing, the requirements (1) to (4) on the Dirisoa 29 in [step 1], and the
requirements (5) to (7) on the Dsol can be satisfied by controlling the polymerization conditions in [step
2]. [0056] BhF Bddifiorn the physital propetties that BHEGIAIbE Satisfied By the ethyiéreipropylene block
copolymer (A) constituting the polypropylene resin of the present invention are determined mainly
dependirig oA Hie BEEMICED Strabiure o tHeemetdibeans ¢atalyst wded 28peéifically, the molecular 10
weight distribution (Mw/Mn) of the Djr5Qi determined by GPO of the requirement (2), the total amount
of 2,1-insertieRandyl.3aisertion propyleite- arits: irfthe DIk G ot therédiirement (4), and the molecular
weight distribution (Mw/Mn) of pie D501 determined by GPO required of the requirement (5) can be 15
sG adjustéd 48 as to satisfy the requirements in the present invention mainly by suitably selecting the
metaliocene catalysts used in [step 1] and step 2]. Preferred examples of he me,-allocene catalyst
used in. the presént imventiemarsas Beseribed aBove. 20[0057] R° aRdrtRerimors! the cbhtent of the
unit derived from ethylene in the D sol of the requirement 3) can be adjusted by the feed amount of the
ethylenetihfstep 4] op the-kikél Shellinmiting viscesity: 01 of the’ Besain. decalinyat: 18561 aton

or a hydrocarbon group having 1 to 20 carbon atoms. FExamples

of the hydrocarbon group having 1 to 20 carbon atoms include

the hydrocarbon groups mentioned above. More preferably, R’
10 is a hydrocarbon group having 1 to 20 carbon atoms.

(60437

iz

Iﬁ the general Formula [I], R° to R bonding to the
fiuvorene ring are each preferably a hyvdrocarbon group having
1 te 20 carbon atoms. Examples of tThe hydrocarbon group

15 having 1 to 20 carbon atoms include the hydrocarbon groups
mentionad above. Each substituent, R® to RH, may form a ring
together with an adjacent substituent.
[0044]

n the general Formule [I], Y bridging the

oy

20 cyclopentadienyl ring and the flucrenyl ring is preferably a
group ¥XIV element of the periodic 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 te 20 carbon atoms. They may be



30 the requirementcan be adjusted by the feed amount of a molecular weight-adjusting agent such as
hydrogen in [step 2] or the like. The content of the unit derived from ethylene in the Dsol of the
requirement (7) can be adjusted by the feed 5amotint of the ethylene in [step 2] or the like. In addition,
the composition ratio of the D1501 and the Ds& and the melt flow rate of the ethylene-propylene block
copolymer (A) can be suitably adjusted by controlling the amount ratio of the polymers produced in
[step 1] and [step 2]. [0058] Furthermore, the ethylene-p2opylene block copolymer (A) of the
present RYENHGH May e protitieed by Searsa Ry protiingthe prepyiénd-baded t&dipolymer in [step
1] by the above-mentioned method and the propylene-ethylene random 15 copolymer rubber in [step
2] by thetasovetmbntioR8d REtREd © n HHEPIELEREE dF B MHetdl 668hd é0mpBund-cBntaining catalyst,
and then blending them by physical means. [0059] The polypropylene resin for syringe according to
the 20 presehpinvehtiors satistiesdhe PrevertidRoTISam fofM Aot difig: rididifg 2theY8ng-run
moidability and the prevention of scratches when removed from a core .moiding die in injection
molding Holevelsthaekave- ot Heen achisvedconventioRallye jeétich rmeldifly 6 &% a resin can 31
provide a syringe that is excellent in sanitary property, heat resistance and transparency and hardly
elutés lowmualecular weight substance. [0060] 5The polypropylene resin according to the present
invention may contain a phosphorus-based antioxidant, an amine-based antioxidant or a hydrochloric
acid absadrbet sepresented by hydrotalcite, according to need.

Fxamples of the aryl group include the zbove-mentioned
unsaturated cyclic hydrocarbon groups, saturated hydrocarbon
croups substituted with an unsaturated cyclic nydrocarbon

10  group and hetero atom=containing unsaturated cyclic

. 14
hydrocarbon groups. R and R

may be the same or aifferent
from each other and may form a ring together. Preferred
examples of the substituent include a fluorenylidene group, a
10-hydroanthracenyiidene group and a
15 dibenzocvycloheptadienylidene group.
[004¢)
In the metallocens compound represented by the above

5 r . - 1 4 5
general Formula [I], a substituent selected from R, R, R

1z 14
and R¥ and R" or R

in bridging part may bond tc each other
20 to form a ring.
[0047]
In the general Formule [I), M is preferably a group IV

transition metal of the periodic table and more preferably Ti,

Zr or Hf.



[0061] 10The phosphoru-based antioxidantnot particularly limited, and conventionally known
phosphorus-based antioxidants can be used. Th(iéjse of one type of the phosphorus-based
antioxidant alone leads to low contamination of the contents by bleeding, and is therefore preferred. 15
Trivalent organic phosphorus compounds are preferred as the phosphorus-based antioxidants, and
specific examples thereof include tris(2,4-di-t-butylphenyl)phosphite, 2,27 methylene
s(4,6-di-t-bu%/%phenyi)oc yip osphite ands(2,6- di-t-buty174-methylphenyl)pentaerythritol diphosphite.
20[0062][ Ui he 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 weigh a]%%particularly eferably 0.08 tg 0.15 parts by weight
based on 100 patis-By Weigit of ﬂ?ecéth%’en‘é? iShyiehe b%cei( ésoaﬁlc))%yrﬁér &J)fc%(?%%ﬁfﬂﬁhg the
polypropylene resin according tb the present invention. L(;OQBLExam les of the amine-based
antioxiddrit iNGIGEE E8Mpotittls MAVNG A piberilie ring spedifi Sﬁ“y,%ﬁ%%@f ansonie
succinate.1-(2-hydroxyethyl)-4-hydroxy-2,2,6,6- tetramethylpiperidine polycoqden§?lte1bis 2,2,6,6-
tetramethy-EA05iBefidyl) dEbAtAteand BEIN[E-[1]eE1 328 08 coordindted with lon
tetramethylbutyl)amino]-s-triazin-2,4-di[[(2,2,6,6- 10 o _
tetrémethyd-A-piperidyl)fiinohexametiiere[(226;6- tetfding y14-pdylimnd A f0b64F>  The
amine-based antioxidant is used in an amount of usually 0.01 to 0.3 parts by weight, preferably 0.01 to
0.2 partsStywefyht Mofe Breferabiy-0.0218'0.1 paffhyPwelghptier. Specific

examples of the halogen atoms include a fluorine atom, a

chlorine atom, a bromine atom and an iodine atom. Specific
examples of the hydrocarbon groups include those mentioned

10 above. Specific examples of the anionic ligands include
alkoxy groups such as methoxy, tert-butoxy and phencoxy;
carboxylate groups such as acetate and benzoate; and
sulfonate groups such as mesylate and tosylate. Specific
examples of the neutral ligands that can be coordinated with

15 lone pair include organic phosphorus compounds such as
trimethylphosphine, triethylphosphine, triphenylphosphine and
diphenylmethylphosphine; and ethers such as tetrahydrofuran,
diethyl ether, dioxane and 1,2-dimethoxyethane. AL least one
O ls preferably a halogen atom or an alkyl group.

20 [CC49]

Preferred examples of the bridged metallocene compouncs

include isopropyl (3-t-butyl-5-methylcyclopentadienyl) (3,0-di-
t-butylfluorenyl)zirconium dichloride, diphenylimethylene {3~

tert-butyl-5-methyl-cyclopentadienyl) (fluorenyl) zirconium



and particularly preferably 0.03 to 0.06 parts by weight based on 100 parts by weight of the
ethylene-propylene block copolymer (A). [0065] 20The hydrochloric acid absorber is preferably
hydrotalcite, considering the sterilization method,2g€éneration 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 2 te- 0 sarts by Weight FieferhBRE0.02 16 0 T parts 5 by Réeight and more preferably
0.02 to 0.05 parts by weight based on 100 parts by weight of the ethylene-propylene block copolymer
(A). [0068Y The polyprepyiane tesin ’étéérﬁﬁ@rdﬁﬂ%yﬁrgé@ﬁ’trﬁﬁhﬁéﬁﬁﬁ”’r?ﬁfa%/‘“ﬁ‘]rther contain,
according to need, a. heat-resistant stabilizer, an antistatic agent, a mold lubricant, a slip agent, a light
stabilizer; aV @bsetberdapigrmentiatdyelcrthé fike 94 theokanges thatds Hétimpair the purposes of
the present invention. 15[0067] Furthermore, in order to impart transparency to the polypropylene resin
according to the present mvehtion, & ndéleator Thay: be added =As the hdleator"general nucleators
can be used. For example, ADK STAB NA-11 represented by 20 organic phosphate ester is most
comimonci Howevet,dr orderstorsatisfyrthe uittavislet sbsorption spettrinn L thie-Staféares for plastic
containers for aqueous injection produces (polyethylene or polypropylene containers for injection
products} pt-TEest MetHods for)Plasti@Gentainers fen ydrcbenzof luorenyl) zirconium

dichloride and [3-(1',1",4"',4*, 7", 7",16",10"~

octamethyloctahydrodibenzo[b,hjflucrenyl) (1,1, 3-trimethyl-5-

tert-butvyl-1,2,3,3a~tetrahydropentalene) jzirconium dichloride
10 (refer to the following Formula [ITI]).

[0G50]

[Formula 2]

&
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t—i
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L.

[0051]



34 Pharmaceutical Products Test" in General Tests of the Japanese Pharmacopoeia, 15th Edition, it is
desirable not to add a sorb tol-based nucleator. [0068] 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 weight based. on 100 parts by weight of the ethylene-propylene block copolymer (A). -
[0069] 10The polypropylene resin for syringe according To the present invention can be prepared by,
according to need, adding a nucleator and other additives such as a phosphorus-based antioxidant, an
amine-based antioxid&it Gt FydroBRIdFic ERIFabSorbERF fthe ethyiEnE b6 5yIéne block 15 copolymer
(A); mixing them with a Henschel mixer, a V-type blender, a tumbler blender, a ribbon blender or the
like; andith&® iielekneddify BHEOmBEERe G3IRG a'singlékerewt exftlider amtRi-eréw éxtruder, a
kneader, a banbury mixer or the like, with such a state that the above-mentioned each 20 components
and the additifeslareturiformiy: @isparsed artPmiBed {0070 (2PESYrifge Phe SYfingEBEESTding to the
present invention 35 comprises a tubular part (barrel) obtained by injection molding of the
polypropylereirésin fér syringeoaecording t the presSentirivertioh WHICh 3§ egdipped witha piston
(plunger). The injection molding of the polypropylene resin for syringe can be performed by a method
thatds uswally eimployed: Thecpolypropyleneresinifor syrimge satisties theprsvartion ¥ formation of
foam during molding, the long-run moldability and prevention of scratches when removed from a core
molding dierindnjectior hotding at fevels:that have hot 20 beehachievedconventiondllyr Therefore,
injeon molding using such a resin can provide a syringe that is excellent in sanitary property, heat

resistancecandbtramsparendy chardlytelutes towanalecular weight substanse ahelds further improved in
low-temperature shock resistance.
according to need. As them, the compounds disclosed in the

publication by the present applicant (WO01/27124 pamphlet),
10 or disclosed in Japanese Patent Appliication Lald-Open No.
H11-315109 can be used without any limitation.
[0052]
The ethylene-~propylene block copolymer (A constituting
the polypropylens resin according to the present invention
15 can be obtained by sequentialliy performing two steps ([step
17 and [step 2]) described below by using, for example, a
polymerization apparatus 1in which two ore mere reaction
apparatuses are connected in series.
(00037
20 ([Step 11)
Iin [step 1], usually, propylene is homopolymerized at a
polymerization temperature of 0 to 100°C at a polymerization
pressure of ordinary pressure to 5> MPa gauge pressure, or

propylene and a small amount of ethylene are copolymerized.



15[0071] Incidentally, any known piston (plunger) can be used without limitation as the piston
(plunger). [0072] (3) Prefilled syringe preparation 20The drug solution used in the prefilled syringe
preparation according to the resent invention degi?ably has a pH of 5.0 to 9.0. As long as the pH of a
drug solution is within the above range, no adsorption of the drug solution componentS to the syringe
occurs in water vapor sterilization 36 or long period storage, resulting in no decrease in the effect of
the drug solution. [0073]  The drug solution is not particularly limited as long as the pH thereof is
within the"abb%é SHenrtioned fange s Butis Paicutarly-d&sifable {5 BE alfelirdl (RAVinG & pHf of about
7.0) drug solution represented by, for example, heparin aqueous solution or potassium chloride
aqueous soldroTe Highl§Voldile préparatensand hightédncehtralitn AFcShot freparsiions cause
deformation of the syringe by an increase in the internal pressure during sterilization and are therefore
excluded-from thesdrag Seltionsedardiess 6RthepH 10074151 THE prefiifed SriRge preparation
according to the present invention comprises a syringe in wh.ich a tubular part (barrel) obtained by
injectiontheldingiof thepoiypropylehe resimfor Syrifgedeesrding t6 the?presentihvention is equippeda
piston (plunger) and which is filled with a 20 drug solution having a pH of 5.0 to 9.0. The polypropylene
resin forsyringe car prevent foravatiohvaffoamedurifiy moldiigriaintdin Figh &Jcl¢ pfédfuctivity and be
prevented from, scratches in the inner surface of the syringe during long-run injection molding at
satisfactorylevels thatfraves87by any of batch, semlcontinuous and

continuous methods or may be performed by multistage
polymerization using a plurality of reactors. Furthermore,
[step 1] may be conducted as block pelymerization in which

10 the feed amount of ethylene is varied with respect to that of
propylene.

[00324]

In [step 2], usually, propylene and ethylene are

fret
(n

copolymerized at a polymerization temperature of O to 100°C
at a polymerization pressure ¢f ordinary pressure te 5 MPa
gauge pressure. In [step 2], the feed amount of the ethylene
with respect to that of the propylene i1s controlled larger
than that in [step 1}, so that the propylene-ethylene random
20 copolymer rubber produced in [step 2] 1s the main component
0f Dapi-
[0055]

By thus doing, the reguirements (1) toc (4} on the Dinse

can be satisfied by controlling the polymerization conditions



not been achieved conventionally. Consequently, by injection molding of it, a syringe having rigidity,
heat resistance, sanitary property, and, in particular, high transparency that has not been achieved
conventionally, being excellent in 5 shock resistahce and also hardly eluting low molecular weight
substance can be produced. [0075] In addition, since the prefilled syringe preparation of the
present invention is sterilized with vapor at 121C 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 brefili€d syiirije &épa?di‘%n%qhé prederftifiention hastigh heatresistandeeho detormation
occurs on the syringe even after sterilization. [0076]  As above, the syringe and the prefil led
syringe préparsiiof ‘chbrising the-syiinge fleBlVFit 8 drig s6666R Having A ph bF 50 t3°9.0 achieve
all the properties with excellent balance, which has not been achieved by 20 conventional
polypropyfererresins. Examples [0077] Next, the present invention will now be described with
reference to examples, but is not limited to these examples. 38 [0078] In- examples, the physical
propertiesilérelmeasured by the following methods. [0079] 5(1) Melt flow rate (MFR)

5 In addition, the physical properties that should be
satisfied by the ethylene-propylene block copolymer (A]
constituting the polypropyvlene resin of the present invention
are determined mainly depending on the chemical structure of
the metallocene catalyst used. Specifically, the molecular

10 welght distribution (Mw/Mn) of the Ding: determined by GPC of
the requirement (2}, the total amount of Z,l-insertion and
1,3-insertion propyiene units in the Dinse of the reguirement
{4y, and the molecular weight distribution (Mw/Mn) of the Dsu

determined by GPC reguired of the requirement (5] can be

-
(@3

adjusted so as to satisfy the reguirements in the present
invention mainly by suiltably selecting the metallocene
catalysts used in [step 1] and [step 2]. Preferred examples
0f the metallocene catalyst used in the present invention are
as described above.
20 100571

. Furthermore, the content of the unit derived from
ethylene in the Dinser 0f the reqguirement (3) can be adijusted
by the feed amount of the ethylene in [step 1] or the like.

u
!

The limiting viscosity [n] of the Dsu in decalin at 135°C o



The MFR was measured in accordance with ASTM D 1238 at 230C at a load of 2.16 kg. [0080] (2)
Ethylene content 10The ethylene content was m%%sured by conducting the measurement by IR. [0081]
(3) Melting point (Tm) The measurement was carried out using a differential scanning calorimeter
(DSC, manufactured by Perkin Eimer Inc.). Here, the endothermic peak measured in the third step
was defined as the melting point (Tm). [0082] (Measurement condition) 20First step: an increase in

temperature at a rate of 10C/min.up to 240C, follow dgy holding the temperature for.10 min. [0083]
Second 51%%: éedje%?égs%eirﬁie%%érmﬁFé atafateo %§ By U R EMRAHE 1R71S

molecular weight-adijusting agent such as hydrogen in [step Z]

!MJ

or the like., The content of the unit derived from ethyliene
in the D.gy of the requirement (7) can be adjusted by the feed

h amount of the ethylene in [step 2] or the like. In addition,
the composition ratioc of the Dinser and the Dsn and the melt

flow rate of the ethylene-propyviene block copolymer (A] can

be suitably adjusted by controlling the amount ratio of the

polymers produced in [step 1] and [step 2i.

A
D

i0 [0058]

Furthermore, the ethylene-propylene plock copolymer (A)
of the present invention may be produced by separately
producing the propylene-based (co)polymer in [step 1] by the
above-menticned method and the propyvlene-ethylene random

5

15 copeolymer rubber in [step 2! by the above-mentlioned method,
in %he presence of a metallocene compound-containing catalyst,
and then blending them by physical means.
[0059]
The polypropylene resin for syringe according te the
20 opresent invention satisfies the prevention of foam formation
during molding, the leng-run moldability and the prevention
of scratches when removed from a core moiding die in
intection molding at levels that have not been achieved

conventionally. Injection molding of such a resin can



10C/min down to 60C. [0084] Third step: an increase in temperature at a rate of 10C/rain up to
240C. 5(4) Amount of room-temperature n-decane-soluble portion (Dsol) 200m1 of n-decane was
added to 5 g of a sample of the final product (tha?'ﬂs, the ethylene-propylene block copolymer (A)
constituting the polypropylene resin of the 10 presentinvention), which were heated at 145C for 30
minutes for 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: Dinsol was
separatgdiBy filtlation SThe fiftrate Was 15°pdrintoracatone Witha volimeé aotthireé times of the
filtrate volume of for precipitating the components (precipitate (A)) dissolved in. the n-decane. The
precipitafee@t) difbtheacetonetiverd sépaiade@ by filtrstionRard the SrechditateWas dried. Incidentally,
no residue was observed 20 after concentration to dryness of the filtrate. [0085] The amount of the
n-decan&@oiibie portion WaES déterminseBy the following equation: n-decane-soluble portion amount -
(wt%) = [weight of 40 precipitate (A)/sample weight] x 100.

[0G60]

5 The polypropylene resin according to the present
invention may contaln a phosphorus-based antioxidant, an
amine-based antloxidant or a hydrochloric acld absorber
represented by hydrotalcite, according to need.

[0061]

10 The phosphoru-based antioxidant 1s not particularly
limited, and conventionally known phosphorus-based
antloxidants 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.

15 Trivalent organic phosphorus compounds are preferred as the
rhosphorus-based antioxidants, and specific examples thereofl
include tris{2,4-di-t-butylphenyl)phosphite, 2Z,Z-
methylenebis (4, 6-di-t-butylphenyl)octylphosphite and bis(Z, 6-
di-t-butyl-4-methylphenyl)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
0.2 parts by weight and particulariy preferably 0.08 to 0.10

parts by weight based on 100 parts by weilght of the ethylene-



[0086] (5) Mw/Mn measurement [weight average molecular weight (Mw), number average
molecular weight (Mn)] 5The measurement was performed using GPC-150C Plus, manufactured by
Waters Corp., as follows. TSKgel GMH6-HT and~FTSKgel GMH6-HTL each having an inner diameter of
7.5 mm and a length of 600 TM were used as the separation columns; the column temperature was
140C; the mobile phase was composed 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 & 1@ Mt Imin; The SAnfite eondstration Was §&t'to ©- 196 hy-waight: the ifeétisi Emount of the
sample was 500 kL; and a differential 15 refractometer was used as the detector. The standard
polystyréifesie i those Thanufactturéd BY S956h Cotrpefor thdse having molecular weight of Mw <
1000 and Mw > 4x10 and were those manufactured by Pressure Chemical Company for those having
moleculdri¥éight of 1000Mw4x106 was. 20[0087] (6) Limiting viscosity [TO  The
measurement was performed using a decalin solvent at 135C. A sample (about 20 mg) was dissolved
in 15 mL of decadlinaafd e Spedifi€ viztasify ishWas masurediiran 41°ditH&th at 135C. Then, the
decalin solution was diluted with 5 mL of a decalin solvent, and the specific viscosity fisp was
medsurediapinialsovel Therdilution epetatibhl\was futther 78 6ated tivicey The Vaflie gf-fisp/C obtained
by 5 extrapolating the concentration (C) to zero was determined as the limiting viscosity. [0088] [fi]=
lim(fisp/G)E&#Qte + 1- (Z-hydroxyethyl}~-4-hydroxy-2,2,6, 6-

tetraﬁethylpiperidine polycondensate, bis(2,2,6,6-
tetramethyl-4-piperidyl)sebacate and poly[[6-{1-[{(1,1,3,3-
tetramethylbutyl)aminol-s-triazin-2,4-diyli{[(2,2,6,0-
10 tetramethyli-4-piperidyl)iminclhexamethylene[(Z,2,6,6-
tetramethyl-4-piperidyl)iminocl].
[0064]
The amine-based antloxidant is used in an amocunt of

usually 0.01 to 0.3 parts by weight, preferably 0.01 to 0.2

15 parts by weight, more preferably 0.0l to 0.1 part by weight
and particularly preferably 0.03 to 0.06 parts by weight
pased on 100 parts by welght of the ethylene-propylene block
copoliymer (A).

[0065]
20 The hydrochloric acid absorber i1s preferably

hydrotalcite, considering the sterilization method,
generation of white turbid substance with a drug solution ana
interaction with a nucleator. However, only in the case of

no reactivity with the drug solution, 2 combination gystem



[0089] (7) Measurement of amounts of 2,1-insertion and 1,3-insertion propylene units
Theamountsof2,1-insertionandl,8- nsertion propylene units were measured using 'C-NMR according
to the method described in Japanese Patent Appﬁéation Laid-Open No. 15H07-145212. [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 result. [0091] (9) Heat deformation
temperature The measurement was performed in accordance with ASTM D 648. The unitis C. 42
[0092] (T0) Traksistreney- (isibility) evatiation + 91 1SgGare ptate5 HAVTRFa f8HYHR bf 22 cm, a width of
11 cm, and a thickness of 1 mm of polypropylene resins of 5 Examples and Comparative Examples
were injéction meéfded at aimék ténipafatdrec6f 200C anl @ &é%éﬁ%éﬁét&l%egf-%@b?he ,syringes
were water vapor sterilized at 121C for one hour ir accordance with "Test Methods for Plastic
Container§4ér-Pharntacauticalcfrodietst forslaste edmaiels! forateons 109njetidn products
polyethylene or polypropylene containers for injection products) in General Tests of the Japanese
Pharmadopbeia, d5th Editionr Theparaiiel Opticaltraismittances (19 of He holdedpiodiicts in pure
water were measured before and after sterilization. 15[0093]
5 by weight and more preferably 0.02 to 0.05 parts by weight

based on 100 parts by weight of the ethylene-propylens block

copolymer {(A].

0060]

The polypropylene resin according to the present
10 invention may further contain, accecrding to need, a heat-
resistant stabilizer, an antistatic agent, a mold lubricant,
a sliip agent, a iight stabilizer, a UV absorber, a ploment, 2

dye or the like in the ranges that do not impair the purposes

of the present invention.

Furthermore, in corder 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. For example, ADK STAB NA-11 represented Dby

20 organic phosphate ester is most common. However, in order to
satisfy the ultraviclet absorption spectrum, the standards
for plastic containers for agueous injectlon products
(polyethylene or polypropyieﬁe containers for injectiocon

products) ¢f "Test Methods for Plastic Containers for



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 thickness is 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 43 transmittance judged as acceptable (good) was set at 66%
or more, &2 IR GATHE Hicteadéd BY fventy/Sscrcents d55Compared®s 5595 foririm, and the parallel
judged as unacceptable (no good 5[0094] (1)

optical transmittance of less than 66% was : D ‘
Evaluatior BERditfabilig L W@ﬁﬁ}geﬁ%uaﬁ@%@%fﬂme (36¢) Vastdéteirined wity a 150-t

electric injection molder having a molding die for eight syringe outer cylinders each having a volume of
20 10 mE3'and athickhbss oP 4 i, BRE bRt Iraving a time of 6 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 #e fmbldability. One that did not apply to the both was determined as (good). 15[0095]

(12) Evaluation of existence or nonexistence of deformation by -eating
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 welght
and more preferably 0.08 to 0.15 parts by weight based on 100
parts by weight of the ethylene-propylene block copolymer (A},
[0069]

16 The polypropylene resin for syringe accordling to the
present invention can be prepared by, according to need,
adding a nucleator and other additives such as a phosphorus-
based antioxidant, an amine-based antioxidant or a
hydrochloric acid absorber to the ethylene-propylene block

15 copelymer (A); mixing them with a Henschel mixer, a V~type
blender, a tumbler blender, ribbon blender or the like; and
then melt-kneading the mixture using & single screw sxtruder,
s multi-screw extruder, & kneader, a banbury mixer or the
like, with such a state that the above-menticned each

20 components and the additives are uniformly dispersed and

mixed.

(2) Syringe

The syringe according to the present invention



Each of the syringes was filled with a heparir aqueous solution (500 t/m.L) and set with a piston. The
syringe was 20 subjected to water vapor sterilization at 12100 for 1 hour in accordance with an elution
test of the Japanese Pharmacopoeia. The syringé was visually evaluated for deformation. [0096]

(13) Shock resistance 44 Regarding syringe breakage height, a square weight of 45 g was
dropped onto the syringe barrel from various heights to determine the syringe breakage height. The
average of breakage heights (n=10) was calculated. A syringe that was broken at a height of 50 cm or
less wasHStErmined a3 (RBYobEy. FhRg medtirerient WAS BefGrmEd at Folit temperature (23C)

[0097]

Next, raw materials for the syringe used in the 10 examples are shown: [0098] 1)

EthyleneTsropyetiebiodk CoptiyiiaE PRV Bhysicalproerties anddfe prodictionPprotess will be
described in the following production examples),  2) Nucleator (B) o

Sodium-2 2= methylerehis(4V6Tdi--hltyipheny ) phosphate RffanttadturedysA8EKa Corp., product
name: ADP STAB NA-110Y), 3) Phosphorus-based antioxidant (C) ‘
Tris(2,4-dictlbutgtphenyl)phesphites@iariufadtoted-by 20 'Ciba Speeialty Chemitals H2S Product name:

Irgafos 168),

4) Amine-based antioxidant (D) Dimethyl succinate 1-(2-hydroxyethyl)-4-hydroxy- 2,

2, 6 56-teframethyligige dinepdiycorrdehsate(manufactited by Ciba Spegiafty Chemicals Inc., product

name: Tinuvin

employed. The polypropylene resin for syringe satisfies the

prevention of formation of feoam during molding, the long-run

moldability and prevention of scratches when removed from a

core molding die 1n injection meolding at levels that have not
been achieved conventionally. Therefore, injection moiding
using such a resin can provide a syringe that is excellent 1n
sanitary property, heat resistance and transparency, hardly
elutes low molecular weight substance and i1s further improved

in low-temperature shock resistance.

Incidentally, any known piston (plungsr) can be used

without limitation as the piston (plunger).

(2) Prefilled syringe preparation

10

15 [0071)
100721

20

The drug solution used in the prefilled syringe
preparation according te the present invention deslirably has
a pH of 5.0 to %.0. As long as the pH of a drug solution ls
within the above range, no adscrpticn of the drug solution

components te the syringe occurs in water vapor sterilization



45 6221,D), and 5) Hydrochloric acid absorber (E) Hydrotaicite represented by
Mg4AI2(OH)12C03.3H20 (manufactured by Kyowa Chemical Industry, Co., Ltd., product 5Sname:
DHT-4A). [0099] [Production Example 1] (1) Prodiittion of solid catalyst carrier 300 g of 3i02
(Sunsphere H121, manufactured by AGC S7- 10Tech Co., Ltd.) was sampled into a 1 L side-arm flask
and 800 mL of toluene was put into the flask to make them slurry. [0100] Then, the slurry was
transferred to a , L four-neck flask, followed by addition of 260 mTL of toluene. [0101] Furthermore,
2830 mLoat d AEhASalbRTHnGee Prerelifafter reféred ta'as MEOFASIEiend sbltition (10% by weight
solution, manufactured by Albemarle Corp.) was incorporated into the flask, and the mixture was
stirred a&Z0 fFo6m¥Emperatdiefor 30 ihutes. 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 tobled down to room, temperature. After the cooling, the supernatant toluene was

extracted and 46 )
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 a neutral (having a pH of about
7.0} drug solution represented by, for example, heparin
agueolus solution or potassium chloride agueous solution.

Highly volatile preparations and high-concentration alcohol

foud
<

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
pH.

[0074]

[
[

The prefilled syringe preparation according to the
present inventicon comprises a syringe in which a tubular part
‘harrel) obtained by injection molding of the polypropylene
resin for syringe according to the present invention is
equipped with & piston (plunger) and which is filled with a
20 drug solution having a pH of 5.0 to 9.0. The polypropylene
resin for syringe can prevent formation of foam during
molding, maintain high cycle productivity and be prevented
from scratches in the inner surface of the syringe during

long-run injection molding at satisfactory levels that have



replaced with fresh toluene until the replacement ratio reached 95% to prepare MAO/5i02/toluene
slurry. [0102] (2) Production of solid catalyst component (preparation 5 of metal catalyst component
supported by a carrier) In a glove box, 1.4 g of is 6ropy1(3-t-b ty1-5- methylcyclopentadienyl)
(3,6-di-t-butylfluorenyl)zirconium dichloride was weighed into a 5 L four-neck flask. The flask was
taken out from the glove box, and 0.5 L of toluene and 102.0 L (140 g as a solid component) of the
MAO/3i02/toluene slurry prepared in the above ﬁ, were added under nitrogen, followed by stirring for
30 minutés forPaispatting. JOE03]CTRE FastltiTerisopropy i T3t Bt 5 5 n%e%hftl@@ﬁfiéﬁﬁd
enyl)(3,6-di-t-butylfluorenyl)zirconLum dichloride/MAO/Si02/toluene slurry was subjected to 99%
substitutionwiis d-liepLane so that tHedfindl Airicunt of tHe'sloiry wWes4. 51 STHis ®péfation was carried
out at room temperature. 20[0104] (3) Production of prepolymerization catalyst Ina 200 L
autoclave @guipped Wit asstitrer and€ontdining 75-C'eof heptahe 156 ATl ePRietFalurimim and 144
g of the solid catalyst component prepared in the above 47 (2) were sequentially charged so that the
total amourt of heptarerwasadistat] ©o80 £ 1440 ¢ lof ethylené wasededahérets, followed by a

reaction with stirring for 180 minutes while keeping the internal temperature at 15 to 20C.
5 shock resistance and also hardly eluting low molecular weight

substance can be produced.
[0075]
In addition, since the 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

reguired to have high heat resistance not to be deformed by

the vapcr. Since the syringe of the préfilled syringe

reparation of the present inventicn has high heat resistance,

no deformation occurs on the syringe even after sterilization.

93]

[CO76]

()

As above, the syringe and the prefilled syzringe
preparation comprising the syringe filled with a drug
solution having a pH of 5.0 to 9.0 achieve all the properties
with excellent balance, which has not been achieved by

20 conventional polypropylene resins.

Examples

Next, the present invention will now be described with

reference to examples, but is not limited to these examples.



5[0105] After the completion of the polymerization, the solid component was precipitated. The
supernatant liquid was removed and washing with hpptane was carried out twice. The resulting
prepolymerization catalyst was resuspended in 1%8purified heptane, and the concentration of the solid
catalyst component was adjusted to 1 g/L with heptane. The prepolymerization catalyst contained 10 g
of polyethylene per 1 g of the solid catalyst component. [0106] 15(4) Main polymerization Main
polymerization-1 ([step 1]) To a 58 L circulation-type tubular polymerization reactor equipped
with aja&l@@t? Bﬁopylene at 45 kg/ hydrogen at 12.5 14L/hr, the catalyst slurry prepared in the 20 above
(3) as a solid catalyst component at 2.5 g/hr and trieth¥laiuminum at 1.7 mL/hr were sequentially fed

so that the polyrériZationsiagediductéd BinBe e Condifoisthatthe tibafar PoRiierZation reactor
was filled with the liquid and no gas phase was present. The temperature of the tubular 48 reactor

was 30G; antithe préssiite Was® 9'MPa/G. [0107] Main polymerization-2 ([step 1]) The resulting
slurry was transferred to a 1000 L vessel polymerization reaotor equipped with a stirrer for further
polymeriz&@#icr¥. JTo the polymerization reactor, propylene was fed at 67 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 polyméizatiohitemperdtare BF 70C and at a pressure of 2.8 MPa/G. [0108]
Mainpolymerization-3 ([step 1]) The resulting slurry was transferred to a 500 L vessel
polymerization réactoMEGuipped Withsaistderfor furtver polyrmerizdtionT64h& pblymeriZation reactor,
propylene was fed at 11 kg/hr, and hydrogen was fed so that the hydrogen concentration in the gas
phase was 0:45%tbyamotea T helpolymérization was conducted at a polymerization temperature of 68C
and at a pressure of 2.8 MPa/G. 20[0109]
roogc!
-{2) Ethylene content
10 The ethylene content was measured by conducting the
measuremsnt by IR.
[0081]
(3} Melting point (Tm)
The measurement was carried out using a differential
ib scanning calorimeter (DSC, manufactured by Perkin Eimer ITnc.).
Here, the endothermic peak measured in the third step was
defined as the melting point (Tmj.
[00BZ]
(Measurement condition)
20 First step: an increase in temperature at a rate of
10°C/min up to 240°C, followed by holding the temperature Ifor
10 min.

[00831

Second step: a decrease 1n temperature at a rate of



Main polymerization-4 ([step 1]) The resulting slurry was transferred to a 500 L vessel
polymerization reactor equipped with a stirrer for further polymerization. To the polymerization reactor,
propylene was 49 fed at 14 ]cg/hr, and hydroger?’ as fed so that the hydrogen concentration in the
gas phase was 0.45% by mole. The polymerization was conducted at a polymerization temperature of
67C and at a pressure of 2.7 MPa/G. 5[0110] Copolymerization ([step 2]) The resulting slurry was
transferred 20 a 500 L vessel polymerization reactor equipped with a stirrer for copolymerization. To
the polyrherizdfior reXetsr, EPop@%gh%' 10 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
conductéd B§ féeding ethylene to keep a polymerization temperature of 63C and a. pressure of 2.9
MPa/G. 15[0111] After gasification of the resulting slurry, gas-solid separation was performed to
give an ethylene brop§lehe®BlockEopdlyhes EA1). Fne-SBRfeH-eth§lehe-propdieRe Block copolymer
(Al) was vacuum dried at 80C. 20[0112] [Production Example 2] (1) Production of solid catalyst
carrier MEO/Si02fodiienessldrty was prepared in the same manner as in the abovein Production

Example 1. 50 [0113] .
5 (4 Amount cof room-temperature n-~decane-soluble portion

(Dsci>
200ml of n-decane was added to 5 g of a sample of the
final product {that is, the ethylene-propylene block
copolymer {A) constituting the polypropylene resin of the
10  present invention), which were heated at 145°C for 30 minutes
for dissolving. The resulting was cooled down to 20°C over
about 3 hours and then left for standing for 30 minutes.
Then, the precipitate (hereinafter, n-decane-inscliuble
portion: Dinse1) was separated by filtration. The filtrate was
15 put intc acetone with a volume about three times of the
filtrate volume of for precipitating the components
(precipitate (R)) dissolived in the n-decane. The precipitate
(A) and the acetone were separated by filtration, and the
precipitate was dried. Incidentally, no residue was observed
20 after concentration to dryness of the filtrate.
[0085]
The amount of the n-decane-soluble porticn was
determined by the following eguatlion:

n-decane-soluble portion amount (wt%) = [welight of



(2) Production of solid catalyst component (preparation of metal catalyst component supported by a
carrier) In a glove box, 2.0 g of 5 octamethyloctahydrodibenzol[b,h]fluorenyl)(1,1,3-trimethyl-5-
tert-butyl-1,2,3,3a-tetrahydropentalene) ]zirconiur%odichloride synthesized according to the production
method described in W02006/068308 pamphlet was weighed into a 5 L four-neck flask. The flask was
taken out from the glove box, and 0.46 2 of 10 toluene and 1.4 L of the MAO/Si0O2/toluene slurry
prepared in the above (1) were added under nitrogen, followed by stirring for 30 minutes for
supporting §OEH4]t 2 T eTHE resiafityg- [(B-(15 19144477 71%101,101- octamethyloctahydzodibenzo[
h]fluoren}ég&1,§-trimethy1-5- tert-buty 1,2,3,3a-tetrahydropentalene)]zirconium dichlor
de/MAO/Si0/foluene slurry was subjected to 99% substitution with n-heptane so that the final amount
of the slurry was 4.5 L. This operation was carried out at room 20 temperature. [0115] 3)
Production of prepolyMeriyBtidiéatar/simid a DooHT At IEE EGuipped With & stitferd262 g of the
solid catalyst component prepared in the above (2), 51 109 ml of triethylaiuminum and 100 L of
heptane Wére incorpérated: 202055 offethylenediad ncorporatéd thereto, followed by a reaction with

stirring for 180 minutes while keeping the internal temperature at 15 to 2000.
5 The measurement was performed using GPC-150C Plus,

manufactured by Waters Corp., as follows. TSKgel GMHG-HT and
TSKgel GMHG~HTIL each having an inner diameter of 7.5 mm and a
length of 600 mm were used as the separatlion columns; tThe
column temperature was 140°C; the mobile phase was composed
10 of o-dichlorobenzene (Wake Pure Chemical Industries, Ltd.]
and 0.025% by weilght of BHT (Wako Pure Chemical Industries,
Ltd.) as an antioxidant and was moved at 1.0 mi/min; the
sample concentration was set to 0.1% by weight; the injection
amount of the sample was 500 pL; and a differential
15 refractometer was used as the detector. The standard
polystyrenes were those manufactured by Tosoh Corp. for those
having molecular weight of Mw < 1000 anda Mw > 4x10° and were
those manufactured by Pressure Chemical Company for those
having molecular weight of 1000 £ Mw = 4x10° was.
20 [00871
(¢) Limiting viscosity [n]
The measurement was performed using a decalin soclvent
at 135°C. A sample {about 20 mg) was dissolved in 15 mi of

decalin, and the specific viscosity msp was measured in an



[0116] After the completion of the polymerization, the solid component was precipitated. The
supernatant liquid was removed and washing with Peptane was carried out twice. The resulting
prepolymerization catalyst was resuspended in 16 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 solid catalyst component [0117] 15(4) Main polymerization Main

polymerization-lf( step 1£ .. 10 @58 L circulation-type tubular polymerizattion reactor equipped
with aja&%elt, Blaop%ﬂe‘?‘né 40 Igg/hrfﬁlﬁilrbgé"%%t gﬁ%ﬁﬁ%g %?Fa%s%%luwy“pr%jpéf%d F*r?t 20 above (3),

as a solid _patal)gt component at 1.6,%/hr and triethylaiu&ninum at 1.0u.g£hr were se(%uletntially fed so that
the polyfiefiZatiodWwas tofdG&tEd thder the’ EohditiGHY that the Ribtitar polymérization reactor was
filled with the liquid and no gas phase was present. The temperature of the tubular 52 reactor was
30C, andifife pragsitAwas 32 MPalG. fRIT8T Main'folymetzatin-2 (&t 10" ¥#The resulting
slurry was transferred to a 1000 L vessel polymerization reactor equipped with a stirrer for further
polymeriz&tiaiii o theFalyMerizaticitreadiBe propyléné walTed at 45 kgt and éthylene and
hydrogen were fed so that the ethylene concentration and the hydrogen concentration in the gas
phaSe wWeFE-0.3796 By Hivle &hel G-659%°BY frivte: b reéspettively frhe'Bolyfierizalion fastonducted at

a polymerization temperature of 72C and at a pressure of 3.1 MPa/G. [0119] Main polymerization-3
([step 1]F15Thetesdltifg Sluff Wwas transferred to a 500 L vessel

[0088]
(ni= lim(nsp/C) (T = 0).
[0089]
10 (7 Measurement of amounts of 2,l-insertion and 1,3-
insertion propylene units
The amounts of 2, 1l~insertion and 1,3-insertion
propylene units were measured using Br-NMR according to the

method described in Japanese Patent Application Laid-Open No.

15 HO7-145212.

(8) Bending elastic modulus
I bending test was performed in accordance with ASTM D
790, and the bending slastic modulus was calculated from the
20 result.
[0091]
{9y Heat deformation temperature
The measurement was performed in accordance with ASTM D

648, The unit is °C,



polymerization reactor equipped with a stirrer for further polymerization. To the polymerization reactor,
propylene was fed at 10 kg/ hr, and ethylene and hydrogen were fed so that 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 conducted at a polymerization temperature of 72C and at a
pressure of 3.0 MPa/G. [0120] 53 Main polymerization-4 ( step 1]) The resulting slurry was transferred
to a 500 L vessel polymerization reactor equipped with a stirrer for further polymerization. To the
polymeri’z%&r‘? |1eactor, propylene was 5 fed at 10 kg/hr, and ethylene and hydrogen were fed so that
the ethylene concentration and the hydrogen concentration in the g@.sgohase were 0.37% by mole and
0.65% by mole,réspectiveRf: Thasoierizatiorn was condictéd &t a’gdlymerization temperature of
72C and at a pressure of 3.0 MPa/G. [0121] Copolymerization ([step 2]) . The resulting slurry was
transferred to a SO0'E VesBeliioymanzatith feactor Eqtipped it & stitref 16115 Edpolymerization. To
the polymerization reactor, propylene was fed at 10 kg/hr, and hydrogen was fed so that the hydrogen
concentr@fion iri theigad prasewas 0t 1% Byrnmiole. Bt YBIT the’ p6iynerization wis conducted by
feeding ethylene to keep a polymerization temperature of 63C and a pressure 200f 2.9 MPa/G. [0122]
Afte? gasHicatioh<oT thé FeSubiit: SitiF Y §as-68lit $65aratio R was Ferforedtolgivé ant @

ethylene-propylene random, block copolymer (A2). The obtained ethylene-progylgne random
melt temperature of 200°C and a die temperature of 30°C. The

‘syringes were water vapor sterilized at 121°C for one hour in
accordance with "Test Methods for Plastic Containers for
Pharmaceutical Producte”™ for plastic containers for agusous

10 indjection products (polyethylene or polypropylene containers
for injection products) in General Tests of the Japanese

Pharmacopoeia, 1bth Edition. The parallel cptical

the molded products in pure water were

th

transmittances (%) o
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 c©f the products. The syrnge is designed to have a
thickness of 1 mm to 1.2 mm. It is premised that & syringe
with 1 mm thickness 1is Jjudged as acceptable when the syringe
has a paraliel optical transmittance of 55%. Given that a

syringe has & thickness of 1.2 mm, the parallel optical



54 block copolymer (A2) was vacuum dried at 80C. [0123] [Production Examples 3 to 8] Production
Examples 3 to 8 were carr edout in the same 5 manner as in Production Example 2 except that the
processes of main polymerization-2 and copolymﬁle%ization were altered as shown in Table 1. [01241
Table 2 shows physical property values of the ethylene- 10 propylene block copolymers (Al) to (A8)
prepared in the Production Examples. Incidentally, as compared to Production Example 2, the
polymerization temperature of the copolymerization tank in Production Example 6 wgg decreased from

63C to 51EHBHce  fe-EthylBAe eonteht inthE 1B oboly & Zatiorn 8Smpient was ficréased. [0125]
[Table 1] 55 Production Production Example 7 Example 8 8VLV

more, i.e. the value increased by twenty percents as compared
to 55% for lmm, and the parallel optical transmittance of

less than 66% was ‘judged as unacceptable {(no good).

N

[0094]
(11 Evaluation of molidability
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 having a volume of 20
10 mlL and a2 thickness of 1 mm, and one having a time cof & sec or
longer was determined as (nc geoed). In addition, one having
an appearance defect such as flash was determined as also [(no
good) regarding the moldability. One that did neot apply to
the both was determined as (good).
15 rg0ss]
(12 Evaluation of existence or nonexistence of
deformation by heating
Fach of the syringes was filled with & heparin agueous
sclution (500 w/mL) and set with & piston. The syringe was
20 subijected to water vapor sterilization at 121°C for 1 hour in
accordance with an eluticn test of the Japanese Pharmacopoelia.
The syringe was visually evaluated for deformation.
[005¢6]

(13) Shock resistance
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Regarding syringe breakage height, a square weight of
45 g was dropped onto the syringe barrel from various heights
te determine the syringe breakage height. The average of

breakage heights (n=10) was calculated. A syringe that was

€3}

broken at a height of 50 cm or less was determined as (no

good). The measurement was performed at room temperature
[=]

(23°Cy .

[0097]

Next, raw materials for the syringe used in the
10 examples are shown:
roogs]
i) Ethylene-propylene bleck copolymer (A) (the physical

properties and the production process will be described iIn

the following producticn examples),

[
n

2) Nucleator (B)
Sodium-2,2"'~methylensbis (4, 6-di-t-butylphenyl)phocsphate
(manufactured by Adeka Corp., product name: ADK STAB NA-11UY),
3) Phosphorus-based antioxidant (C)
Tris(2,4-di-t-butylphenyl)phosphite (manufactured by
20  Ciba Specialty Chemicals Inc., preduct name: Irgafos 168},
4) Amine-based antioxidant (D)
Dimethyl succinate * 1-(Z-hydroxyethyl)}~4~hydroxy-
2,2,6,6-tetramethyl piperidine polycondensate (manufactured

by Ciba Specialty Chemicals Inc., product name: Tinuvin
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cZz2LD), and
5) Hydrochloric acid absorber (E)
Hydrotalcite represented by MgaAlz (COH)12C0Os+ 3HO
(manufactured by Kyowa Chemical Industry, Co., Ltd., product
5 name: DHT-4A).
[0059]
[Production Example 11
(1) Production of solid catalyst carrier
360 g of Si0, (Sunsphere H1Z1l, manufactured by AGC S5I-
10 Tech Co., Ltd.) was sampled into a 1 1 side-arm fliask and 800
mL of toluens was put into the flask to make them slurry.
(01003
Then, the slurry was transferred to a2 5 L four-neck

flask, followed by addition of 260 mL of toluene.

[
L

[0101]

Furthermore, 2830 mL of a methylaluminoxane
(hereinafter, referred Lo as MAQ)/toluene scoliution (10% by
weight solution, manufactured by Albemarle Corp.} was
incorporated into the flask, and the mixture was stirred at
20 room temperature for 30 minutes. The temperature ol 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 =zolution was cooled down Lo room temperature.

After the cooling, the supernatant toluene was extracted and
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replaced with fresh toluene until the replacement ratio
reached 95% to prepare MAQ/Si0O,/toluene slurry.
[olaoz]

(2} Production of solid catalyst component (preparation
of metal catalyst component supported by a carriern)

In a glove box, 1.4 g of isopropyl (3-t-butyl-5-
methylcyclopentadienyl) {3, 6~di-t-butylfluorenyl)zirconium
dichloride was weighed intc & 5 L four-neck flask. The flask
was taken out from the glove box, and 0.5 L of toluene and
2.0 L (140 g as & solid component) of the MAO/51i0;/toluene
slurry prepared in the above (1} were added under nitrogen,
followed by stirring for 30 minutes for supperting.

01031

The resulting isopropyl{3-Tt-butyl-5-
methylcvcliopentadienyl) (3, 6~di-t-butylflucrenyl)zirconium
dichloride/MAO/S1iC,;/toluene slurry was subjected to 99%
substitution with n-heptane sc that the final amount of the
slurry was 4.5 L. This operation was carried out at room
temperature.
r6104]

(3) Production of prepolymerization catalyst

In a 200 L autoclave eguipped with a stirrer and
containing 75 L of heptane, 156 mL of triethylaluminum and

144 ¢ of the solid catalyst component prepared in the above
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(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 20°C.

(0105

Lk

S

After the completion of the polymerization, the solid
component was precipitated. The supernatant liquid was
removed and washing with heptane was carried cut twice. The
resulting prepolymerization catalyst was resuspended 1n
purified heptane, and the concentration of the solid catalyst
component was adjusted to 1 g/L with heptane. The
prepolymerization catalyst contained 10 g of pozyethyiene per
1 g of the sclid catalyst component.
010¢e]

(4) Main polymerizatlon

Main polymerization-1 ([step 11)

m

To a 58 1L circulation-type tubular polymerization
reactor equipped with a jacket, propylene at 45 kg/hr,
hyvdrogen at 12.5 NL/hr, the catalyst slurry prepared in the
above (3} as & solid catalyst component at 2.5 g/hr and
triethylaluminum at 1.7 mi/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



19 1ill' OL 1;0 E9 IEthylene-propylene block | ennolvmar Ethylene conc. | (mhl %I Hydrogen conc.
(mol 70) Propylene feeding rate (ka/hr) rel8dt40 eéI%Ssald h.---"-1Polymedzatlon | temp. (t)

reactor was 30°C, and the pressure was 2.9 MPa/G.
(01077

Main vpolymerization-2 ({step 1])

The resulting slurry was transferred tco 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 0.45% by mole. The

polymerization was conducted at a polymerization temperature

10 of 70°C and at a pressure of 2.8 MPa/G.
[0108]
Main polvmerization-3 (tstep 17)
The resulting slurry was transferred to a 500 L vessel
polymerization reactor eguipped with a stirrer for further
15 polymerization. To the polymerization reactor, propylens was
fed at 11 kg/hr, and hydrogen was fed so that the hydrogen
concentration in the gas phase was 0.453% by mole. The
polymerization was conducted at a polymerization temperature
of 68°C and at a pressure of 2.8 MPa/G.
20 [0109]

Main polymerization-4 ([step 1})

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

polymerization. To the polymerization reactor, propylense was



Hydrogen cone. (mol %) Polymerization temp. 1C) . . Propylene feeding rate (wthr) _ . Pressure
(MPafG) z-uopezwatuAlod uonezpatuModoo %g [0127]

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
of 67°C and at a pressure of 2.7 MPa/G.

5 [0110]

Copolymerization {([step Z]]

The resulting slurry was transferred to a 500 L vessel
polymerization reactor equipped with a stirrer for
copolymerization. To the polymerization reactor, propylene

10 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, tﬁe polymerization was conducted by feeding ethylene

S

to keep a polymerization temperature of 62°C and a pressure
of 2.9 MPa/G.
15 [01%11]

After gasification of the resulting slurry, gas-solid
separation was performed to give an ethylene-propylene block
copolymer (Al). The obtained ethylene-propylene block
copolymer (Al) was vacuum dried at 80°C.

20 (0112}

[Production Example 2]

{1y Production of scolid catalyst carrier

MAO/S10:/toluene slurry was prepared in the same manner

as 1in the above (1} in Production Example 1.



[Example 100 Parts by weight of the ethylene-propylene block copolymer (Al) was fed into a
Henschel mixer, and 0.10 parts 5 by weight of th%\?ucleator (B), 0.10 parts by weight of the
phosphorus-based antioxidant (C), 0.04 parts by weight of the amine-based antioxidant (0) and 0.03
parts by weight of the hydrochloric acid absorber (E) were added thereto, followed by stirring for
mixing. [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 CIM505 and a single screw
extruder PESEXT (65 mm 9) manufactured by The Japan 15 Steel Works, Ltd. The kneaded product
was extruded into a water tank for cooling and cutting to give pellets of a polypropylene resin [0129]

Then, the pellets \Werd nfsiioh FRGIdEd t6 Praduce? s sHEet-SHIPRIE S pieBES Raving Hothickness of
1 mm at a melt temperature of 200C and-a die temperature of 30C, test pieces (ASTM D 790,
thicknes§:13 DSt it 27 mp iR 112, 7 Wi for &b énding Stréndth'test and test pieces
(ASTM n 648, thickness: 6.4 mm, length: 127 mm, width: '127' mn]) f(_)[ a 58 hreag dgformgtion
temperature test’dt e&meitt8mperature’of’200C and H die tempefatufe of 40C. TRéSe te'st pieces were
subjected to physical property measurements according to the above-described methods. Table 3
shows thecresfts. D30T [EXEMpRs 2Pen 2 Exaniplé duiaseartied out i’ thesdifie anmer as in
Example 1 except that the ethylene-propylene block copolymer (A2) was used instead of the
ethylenefpropylené hiock- €opolyiaet: ¢RIy rrELamprT.The tésulisioithe physicarproperye
measurements are shown in Table 3. [0131]
synthesized according to the production method described in
WOZ006/068308 pamphlet was weighed inteo & 5 1 four-neck flask.
The flask was taken out from the glove box, and 0.46 L of
10  toluene and 1.4 L of the MAO/SiG;/toluene sliurry prepared in
the above (1) were added under nitrogen, followed by stirring
for 30 minutes for supporting.
[01i4]
The resulting [3-(1',1°%, 4", 4", 7', 7",10",10"~
ib occtamerhvioctahvdrodibenzolp, nlfluorenyl) (1,1,3-trimethyl-5-
tert-butyi-1,2,3,3a-tetrahydropentalene) jzirconium
dichloride/MRO/310,/tolusne slurry was subjected to 29%
substitution with n-heptane so that the final amount of the
slurry was 4.5 L. This operation was carried out at room
20 temperature.
[0115]
(2) Production of prepolymerization catalyst

Into a 200 L autoclave equipped with a stirrer, 202 g

of the solid catalyst component prepared in the above (2},



[Example 3] Example 3 was carried out in the same manner as in Example 1 except that the
ethylene-propylene block copolymer (A3) was UE d instead of the ethylene-propylene block
copolymer (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 copolymer (A4) was used instead of the
ethylene-propylene block copolymer (Al) in Example 1. The results of the physical 59 property
measurérﬂ@nt@%r@*shﬁ%%ﬁy%%ﬁ. 33] féjmé)gr%atée%x;?ﬁgﬁg o \B%éamparative Example 2
was carried out in the same manner as in Example 1 except that the eth%/Ie e-ﬁrg&/ ene block
copolymeF ER5AAS bEEd insfead of tive efyibheSpioptfthe BIGER BopGlymer (A i Example 1. The
results of the physical property measurements are shown in Table 3. 0134]C%Com arative Example 3]
Comparativel EXampler3 fvassciriied dutihthe Sahte mHhnkr as i ExAmple T extept that the

ethylene-propylene block copolymer (A6) was used instead of the ethylene-propylene block copolymer

[+

(Al) in EX&@fpieo The testtsoF the phySicaF fropeftyiheasurbments are shown in Table 3. [0135]
[Comparative Example 4] Comparative Example 4 was carried out in the same manner as in
Examplelf €kéept that the ethylene-propylene block copolymer (A7) was used instead of the

ethylene-propylene block copolymer (Al) in Example 1. The results of the physical property
measurements dié ShHWRA Tahl@l3etlon of the polymerization, the solld

component was precipitated. The supernatant liquid was
removed and washing with heptane was carried out twice. The
resulting prepolymerization catalyst was resuspended 1in

10 purified heptane, and the concentration of the solid catalyst
component was adjusted to Z g/L with heptane. The
prepolymerization catalyst contained 10 g of polyethylene per
1 g of the scolid catalyst component.
[0117]

15 {4) Main polymerization

Main polymerization-1 ([step 1])

To & 58 L circulation-type tubular polymerization

o]

reactor eguipped with a jacket, propylene at 40 kg/hr,
hydrogen at 5 NL/hr, the catalyst slurry prepared in the

20 above (3), as a solid catalyst component at 1.6 g/hr and
triethvlaluminum 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



[0136] [Comparative Example 5] 60 Comparative Example 5 was carried out in the same manner as
in Example 1 except that the ethylene-propylene block copolymer (A8) was used instead of the
ethylene-propylene block copolymer (Al) in Exampte 1. The results of the physical property
measurements are shown in Table 3. [0137] [Table 3] 61 Comparative Example5 I-I  OCR t0

reactor was 30°C, and the pressure was 3.2 MPa/G.
[0118]

Main polymerization-2 {[step 1])

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 45 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 0.65% by mole,

10 respectively. The polymerization was conducted at a
polymerization temperature of 72°C 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 with a stirrer for further
polymerization. To the polymerizaticn reactor, propylene was
fed at 10 kg/hr, and ethylene and hydrogen were fed sc that
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 cenducted at a
polymerization temperature of 72°C and at a pressure of 3.0
MPa/G.

[0120]
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Main polvmerization-4 ([{step 1])

The resulting slurry was transferred to a 500 L vessel
polymerization reactor equipped with a stirrer for further
polymerization. To the polymerization reactor, propylene was
fed at 10 kg/hr, and ethylene and hydrogen were fed so that
the ethylene concentration and the hydrogen concentratilon in
the gas phase were 0.37% by mole and (.65% by mole,
respectively. The polymerization was conducted at a
polymerization temperature of 72°C and at a pressure of 3.0

MPa/G.

Copolymerization ([step 27)

The reéulting slurry was transferred to a 500 L vessel
polymerization reactor equipped with a stirrer for
copolymerization. To the polymerization reactor, propylene
was fed at 10 kg/hr, and hydrogen was fed so that the
nydrogen concentration in the gas phase was 0.1% by mole.
Further, the polymerization was conducted by Ifeeding ethyvlene
to keep & polymerization temperature of 63°C and a pressure
of 2.9 MPa/G.

[(0122]

After gasification of the resuiting siurry, gas-solid

separation was performed to give an ethylene-propylene random

block copolymer (A2Z). The obtailned ethylene-propyléne random
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block copolymer (AZ) was vacuum dried at B80°C.

[Production Examples 3 to 8]
Production Examples 3 to 8 were carried-out in the same
5  manner as in Production Example 2 except that the processes
of main polymerization-2Z and copclymerization were altered as
shown in Table 1.
[01l24]
Takle ? shows physical property values of the ethyliene-
10 propylene block copolymers (Al) to (A8) prepared in the
Broduction Examples. Incidentally, as compared to Production
Example 2, the.polymerization ftemperature cf the
copolymerization tank in Production Example 6 was decreased
from €3°C to 51°C. Hence, the ethylene content in the
15 copolymerization component was increased.
[0125]

[Table 1]
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[0127)

[Example 1]

100 Parts by weight of the ethvlene-propylene block
copolymer (Al) was fed into & Henschel mixer, and 0.10 parts
by weight of the nucleator (B), 0.10 parts by weight of the
phosphorus-based antioxidant (C), ©.04 parts by weight of the
amine-based antloxidant (D) and 0.03 parts by weight of the
hydrochloric acid absorber (E) were added theretc, followed
by stirring for mixing.

[0128]

Then, the resulting mixture was melt-kneaded at a resin
temperature of 200°C using a tandem extruder composed of‘a
high performance twin screw extruder CIMLE03 and a single
screw extruder PELEXT (65 mm o) manufactured by The Japan
Steel Works, Ltd. The kneaded product was extruded into a
water tank for cooling and cutting to glve pellets of a
polypropylens resin.

[0129]

Then, the pellets were injection molded to produce
sheet~shaped tTest pieces having a thickness of 1 mm at a melt
temperature of 200°C and & die temperature of 30°C, test
pleces [ASTM D 790, thickness: 3.2 mm, length: 127 mm, width:
12.7 mm} for a bending strength test and test pieces (ASTM D

648, thickness: ¢.4 mm, length: 127 mm, width: 12.7 mm) for a
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heat deformation temperature test at a melt temperature of
200°C and a die temperature of 40°C. These test pleces were
subjected to physical property measurements according to the

above-described methods. Table 3 shows the results.

[0130]
[Example 2]

Example 2 was carried out in the same manner as in
Example 1 except that the ethylene-propylene block copolymer
(A2) was used instead of the =ethylene-propylene Dblock
copolymer (Al) in Exemple 1. The results of the physical

property measurements are shown in Table 3.
[0131]
[Example 3]

Example 3 was carried out in the same manner as in
Example 1 except that the ethylene-propylene block copclymer
(R3] was used instead of the ethylene-propylene block
copolymer (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
copolymer (B4} was used instead of the ethylene-propylene
block copolymer (Al) in Example 1. The results of the

physical
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property measurements are shown in Table 3.
[0132]
(Comparative Example 2]

Comparative Example 2 was carried out in the same manner
as in Example 1 except that the ethylene-propylene block
copolymer (A5) was used instead of the sthylene-propylene
block copolymer (Al) in Example 1. The results of the

physical property measurements are shown in Table 3.
[0134]
(Comparative Example 3]

Comparative Example 3 was carried out in the same manner
as in Example I except that the ethylene-propylene block
copolymer (A6) was used instead of the ethylene-prepylens
block copolymer (Al) in Example 1. The results of the

physical property measurements are shown in Table 3.
[0135]
(Comparative Example 4]

Comparative Example 4 was carriesd out in the same manner
as in Example 1 except that the ethylene-propylene block
copolymer (A7) was used instead of the ethylene-propyiens
block copolymer {Al) in Example 1. The results of the

physical property measurements are shown in Table 3.
[01306]

(Comparative Example 5]
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Comparative Example 5 was carried cut in the same manner as
in Example 1 except that the ethylene-propylene block
copolymer (A8) was used instead of the ethylene-propylene
block copolymer {Al) in Example 1. The results of the

physical property measurements are shown in Table 3.
[0137]

[Table 3]
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Amine-based antioxidant (D) Hydrotalcite (E) Bending elastic modulus (MPa) Heat deformation temp.
(C) Parallel optical transmittance (%) Syringe breakage height (cm) Syringe deformation after water
vapor sterilization in elution test of the Japanese £harmacopoeia Syringe production cycle time (sec)
62 [0138] It is confirmed from the results of the physical property measurements shown in 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
improvermentstih heat resistance and long-run moldability at levels that have not been achieved
conventionally. 10[01391 It has been found that all such the physical properties required as
syringes can be Satisfled sy theréthijlehBPropyens bivck-copolyrhe (&) constiftiting the polypropylene
. resin for syringe according to the present invention for the 1; first time, and the industrial value of
actual reduetier thersefe prastcesis sigriificantly fighle 3 that the molided

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
conventionalliy.

(0139

10
It has been found that all such the physical properties
reguired as syringes can be satisfied by the ethylene-
propylene block copelymer (A) constituting the polypropylene
resin for syringe according to the present invention for the
15 first time, and the industrial value of actual reduction

thereof to practice 1s significantly high.

Furthermcre, a prefilled syringe preparation comprising
the syringe filled with varilous drug scluticn having a pH of
20 5.0 to 9.0 and achieving drug stabllity was obtained.
Industrial Applicability
(01417
In the case of using the polypropylene resin for

syringe according to the present invention, a syringe can be



[01401 Furthermore, a prefilled syringe preparation comprising the syringe filled with various drug
solution having a pH of 20 5.0 to 9.0 and achieving drug stability was obtained. Industrial Applicability
[0141] In the case of using the polypropylene resigifor 63 produced without using other expensive
auxiliary raw material, which therefore can significantly contribute to market supply of prefilled syringe
preparations with low drug prices and also significantly contribute to provision of safety in 5 medical
practice. [0142] The syringe and the prefilled syringe preparation according to the present

inventiorPE&T BEdHighly Bxpetted 36 penetrelinfomanket TiF tig fiture3nd GtriBlite s bt/
improvement in safety such as prevention of misuse or breakage of injection products and visibility of
content filid i mideicat practiceaand hré veR GseTuly 6ELAIMSTS FOARPANGS inrWhichya tubular
part (barrel) obtained 5 by injection molding of a polypropylene resin for syringe is equipped with a
piston (piunge¥y; Whekein the polfiropylene redintcsyfinge 1ow drug prices and
alsc significantly contribute to provision of safety in
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.



comprises an ethylene-propylene block copolymer (A) having a melt flow rate (ASTM D 1238,
230C, 2.16 10kg load) of 10 to 60 g/10 min, heing constituted of 90 to 97% by weight of a room
temperature n-decane-insoluble portion (D4) and 3 nsol to 10% by weight of a room-temperature
n-decane-soluble portion (D,11) (the total amount of the Dins01 and the D,q) is 15100% by weight),
wherein the IAL,01 satisfies the" following requdgMemntsS(1) to 65 (3), and the Osatisfies the following
requirements (5) to (7) : (1) the melting point of the Dinsol is 150 to 165C, (2) the molecular
weight distribution (Mw/Mn) of 5the Dhisol determined by GPO is 1.0 to 3.5, (3) the content of the
unit derived from ethylene in the Dinsoiis 0 to 13% by mole, (5) the molecular weight distribution/Mn)
of the 0501 determined by GPO is 1.0 to 3.5, 10(6) the limiting viscosity [fi] of the Dsol in decalin at
135C is 1.5 to 4'dl/g, and? ¥ 119 ¢7) tHe EBnteht Bf ﬁ%ébﬁ]ﬁif‘&eﬁ?eﬁtfr&rgaelfﬁﬁiﬁe e DSS is 15 to

22% by molgsy injection molding of a polypropylene resin for syringe
. 1s equipped with a piston (plunger),
wherein the polypropylene resin for syringe
comprises an ethylene-propylene block copolymer (A)
having a melt flow rate (ASTM D 1238, 230°C, 2.16
10 kg lecad) of 10 to 60 g/10 min,
being constituted of 90 to 97% by weight of a
room temperature n-decane-insoluble porticn (Dinse:) and 3
to 10% by weight of a room-temperature n-decane-soluble
portion {Dss)} (the total amount of the Dinser and the Dgo1 1s
15  100% by weight), wherein

the Dinser Satisfies the following reguiremants (1) to



152. The syringe according to Claim 1, wherein the 010801rther satisfies the following requirement (4):
(4) the total amount of 2,1-insertion and 1,3- insertign propylene units in the Di nsol is 0.2% by mole or
less. 20 - 3. The syringe according to Claim 1 or 2, wherein the Dingo" further satisfies the following
requirement (1'): [1") the melting point of the DIi301 is 150 to 160C. 25 4. The syringe according to
any one of Claims 1:te:3,wherein.the Dinsal furthersatisfies: thefalowisgrequiremest (3%); (3" the
content of the unit derived from ethylene in the 30Dinscl is O to 4% by mole. 5. A prefilled syringe
preparation cib?np(r?s}mgj'the syringe 66 according to any one of Claims 1 to 4 filled with a drug solution
having a pH of 5.0 t0 9.0.) 6¥he melting point of the Dinser 18 150 to 165°C,

(2) the molecular weight distribution (Mw/Mn) of
the Dinser determined by GPC is 1.0 to 3.3,

N

(3) the content of the unit derived from
ethylene in the Dipser 18 0 to 13% by mcle,
(5) the molecular weight distribution (Mw/Mn} of
the Dyo1 determined by GPC is 1.0 te 3.5,
10 (6) the limiting wviscosity [n] of the Dgon in
decalin at 135°C is 1.5 to 4 dl/g, and
(7} the content of the unit derived from ethylene

in the DKQ ig 15 to Z22% by mole.

135 2. The syringe according to Claim 1, wherein the
Dinso: further satisfies the following regulirement {4):
(4) the total amount of 2,l-insertion and 1,3~

insertion propylene units in the Dinser 15 0.2% by mole

or less.
20
3. The syringe according to Claim 1 or Z, wherein
the Di.ee further satisfies the following requirement
(1'):
[1') the melting point of the Dinser 1s 150 to 160°C.
25

4, The syringe according tco any one of Claiﬁs 1 to 3,
wherein the Dij..; fTurther satisfies the following reguirement
(3'): |

(3"} the content of the unit derived from ethyl@ne in the

30 Dinsey 15 0 to 4% by mole.

5. A prefilled syringe preparation comprising the

syringe



ABSTRACT It is an object of the present invention to provide a polypropylene resin for syringe that can
be used as a raw material for syringe that is excelle@é In sanitary property, 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 being prevented from scratches when removed
from a core mojdingidieyin-injeeionmrolding at satisfacterydeyels that havenat 10-heen achieved
conventionally. The polypropylene resin for syringe of the present invention comprises an
ethylenepropyFé Block topdiméer @) Havitg & meltffowe fASTM D 1238, 230C, 2.16 kg load) of 10 to
60 9/10 mm and being constituted of 85 to 97% by weight of a room-temperature ndecane-insoluble
portion (Diasofl and 3 to 15% by weight of a room-temperature n-decane-soluble po Lon (Dw-i) (the
total amount of the Di, 01 and the Dsed is 100% by weight), wherein the D 0, and the Dw satisfy
specific requirements.



