
DESCRIPTION POLYPROPYLENE RESIN FOR SYRINGE, SYRINGE PRODUCED FROM THE
SAME AS RAW MATERIAL, AND PREFILLED SYRINGE 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 filled with drug solution have attracted attention. [0003]
general, the tubular part (barrel) of a prefilled 20 syringe filled with a drug solution is produced from
glass or cyclic polyolefin as a raw material and is not widespread in the market due to the high price
thereof. On the other hand, polypropylene resins are _excellent in chemical properties, physical
properties, and molding processabil4ty and are also  2 inexpensive, and are therefore 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 die are big problems. Therefore, it is the current situation that syringes cannot be stably
produced. 



[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 strength. 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
propylene-based random copolymer is applied to an injection-molded product. The method disclosed
in the document can provide an injection-molded product excellent rigidity and transparency, but the
injettion-moided product has a problem of inferior shock resistance.  3 [0005]        As described above,
syringes for medical purposes have problems of mechanical strength, transparency, scratches on
syringes when they are removed from core molding dies in injection molding, elution of low molecular
weight substances, long-run. productivity and shock. resistance. In addition, there is a problem of
sanitary property. There is no polypropylene resin that can solve all of these problems and can be
used as a raw material of syringes for medical 10 purposes. Therefore, it is difficult to produce a
prefilled syringe filled with a drug solution which solved all of these problems. [0006]        If these
problems can be solved by using an inexpensive polypropylene resin, it can contribute to prevalence
of prefilled syringe preparations filled with drug solutions, 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. 3195434 20Patent Document 2: Japanese Patent No. 2528443 



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
moldability, and 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 invention is 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
phenomenon that the strength and the shock resistance of a material are decreased by a drug, and
also called environmental stress cracking resistance) and drug stability are also considered. 



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, 230C, 2.16 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-soluble portion (D"s) 20(the total amount of the Dinsol and the D,31 is 100% by weight),
wherein 



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 1.0 to 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 D01 determined
by GPO is 1.0 to 3.5,  (6) the limiting viscosity [II] 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
polypropylene resin for syringe according wherein 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.     [3] The 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 resin for syringe according to any one of [1] to [3], wherein the D501 further satisfies the
following requirement (3'): (3') the content of the unit derived from ethylene in the  



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 syringe preparation 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 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 moldability and being 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 equipped with a piston (plunger);  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 resistance according to ESCR and drug stability. 5[0014]        Furthermore, even if the prefilled
syringe preparation is filled with a drug solution followed by sterilization by heat, a reduction in
Transparency 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
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 constituted of 85 to 97% by weight of a room temperature n-decane-insoluble portionand 3 to
15% by weight of a room-temperature  9 n-decane-soluble portion (Dssi) (the total amount of the
Dinsoi and the D501 is 100% by weight). The Dinsol satisfies the following requirements (1) to (3), and
the 11501 satisfies the following requirements (5) to (7). 5(1) the melting point of the Dinsol is 150 to
165C  (2) the molecular weight distribution (Mw/Mn) of the Dins& determined by GPC is 1.0 to 3.5  (3)
the content of the unit derived from ethylene in the Dirisol is 0 to 13% by mole 10(5) the molecular
weight distribution (Mw/Mn) of the Dscr dekerm ed by GPC is 1.0 to 3.5  (6) the limiting viscosity [71]
of the Dpn in decalin at 135C is 1.5 to 4 dl/g       (7) the content of the unit derived from ethylene in the
D5031 15 is 15 to 25% by mole 



<Ethylene-propylene block copolymer (A)>        The ethylene-propylene block copolymer (A)
constituting the polypropylene resin of the present invention is produced preferably in the presence of
a 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 step. [0017]        The ethylene-propylene block copolymer (1)0 has a melt
flow rate of 10 to 60 9/50 min and is constituted of 85 to 5 97% by weight, preferably 88 to 95% by
weight and more preferably 90 to 94% by weight of a room-temperature ndecane-insoluble portion
(Dinsol) whose main component is the propylene-based (co)polymer produced in the first
polymerization step and 3 to 15% by weight, preferably 5 to 10 12% by weight and more preferably 6
to 10% by weight of a room-temperature n-decane-soluble portion (Deo)) whose main component is
the propylene-ethylene random copolymer rubber produced in the second polymerization step. The
total amount of the Dinscl and the Ds.1 is 100% by weight. 15[0018]        Herein, the
ethylene-propylene block copolymer (A) is preferably prepared by polymerization by a metallocene
catalyst system. [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 the molecular weight distribution of the polymer is 2.0 or more and less than 2.5, the
MFR 



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, when the MFR is lower than 10, the syringe
cannot be produced by multi-cavity injection molding, and therefore the actual productivity is low.
When the MFR is higher than 60, the 15 molecular weight 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] 20In addition, in the ethylene-propylene
block copolymer  (A) of the present invention, the Dins, satisfies the following requirementsto (3), and
the Dsol satisfies the following requirements (5) to (7). 



(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 weight 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 addition to, 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
requirements (1) to (7) will be described in detail below. ]0022] Requirement (1)  



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 range, a reduction in transmissivity after water vapor sterilization of the
syringe can also be inhibited. [0024] 10A second advantage is an enhancement in shock resistance of
the syringe. Since a syringe is formed by molding the tubular part (barrel) by melting a polypropylene
resin, a distortion and a weld tend to remain, and also flow orientation crystallization (solidification with
15 crystallization in flowing) of polypropylene further causes a distortion. This has a problem that
breakage tends to occur when shock is applied. The present inventors have newly found that by
controlling the melting point within the above-mentioned range, in particular, the orientation 20
crystallization of polypropylene can be significantly reduced and the shock resistance can be
enhanced. [0025] A third advantage is that the low-temperature shock resistance of the syringe is
improved by the interaction  



14 between the n-decane-insoluble portion insol having a melting point within the above-mentioned
range and the room-temperature n-decane-soluble portion (Dsol). [0026] Requirement (2)         The
molecular weight distribution (Mw/Mn) determined by GPC of the room-temperature
n-decane-insoluble portion (D0) 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
preferably 1.8 to 3.0. Since the amount of the low molecular weight component in the
ethylene-propylene block copolymer (A) is very small by controlling the molecular weight distribution
within a narrow range as described above, elution of the low 15 molecular weight substance hardly
occurs in the syringe produced using the polypropylene resin according to the present invention.
[0027] Furthermore, regarding the room-temperature n-decane- 20 insoluble portion (D[nsol )
constituting a part of the ethylene-propylene block copolymer W, the molecular weight distribution
(Mw/Mn) determined by GPO can be narrowed as described above because of the use of a metal
locene catalyst system as the catalyst. When the Mw/Mn is larger than 3.5,  15 



the amount of the low molecular weight component is increased, resulting in occurrence of bleed-out
to increase the amount of elution, which may reduce the transparency of the syringe after water vapor
sterilization. 5[0028] Requirement (3)         The content 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 0 to 10% by mole, more preferably 0 to 8% by mole, further preferably 0 to 4% by mole and
most preferably 0 to 2% by mole. A decrease in the content of the unit derived from ethylene in the
Dinsol heightens the melting point (Tm) of the ethylene-propylene block copolymer (A), which
improves heat resistance. On the other hand, when the content of the unit derived from ethylene in the
Dinsolis 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] Requirement (4)   16 the polypropylene resin for syringe of the present invention
preferably satisfies the following requirement (4). (4) the total amount of 2,1-insertion and 1,3-insertion
propylene units in the room-temperature n-decane-insoluble portion (Dwasm) is 0.2% by mole or less
More preferably, the total amount of 2,1-insertion and 1,3-insertion propylene units in the Dinsol of 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 



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 room-temperature 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 ethylene-propylene block copolymer (A) constituting the polypropylene 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
molecular weight distribution is narrow as mentioned above, the amount of low molecular weight
component in the ethylene-propylene block copolymer (A) is very small. Therefore, in the syringe
produced using the polypropylene 5 resin according to the present invention, elution of low molecular
weight substance hardly occurs. [00313 Regarding the room-temperature n-decane-soluble portion
(Deo)) of the ethylene-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 as the catalyst. 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 reduce transparency of the syringe after water vapor sterilization and may cause
problems such as a decrease in shock resistance of the syringe. [0032] 20Requirement (6)  



The limiting viscosity  [ri] of the room-temperature ndecane-soluble portion (0,1) of the
ethylene-propylene block copolymer (A) constituting 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 produce an ethylene-propylene block copolymer in
which the limiting viscosity [n] of the Dsci is higher than 1.5 di/g. In 10 particular, it is almost impossible
to produce an ethylene- propylene block copolymer in which the limiting viscos of the Dan_ s1.8 dl/g or
higher. [0034] When the limiting viscosity [n] of the lasol in decalin 15 at 135C is higher than 4 di/g, a
slight amount or propylene-ethylene random copolymer rubber having an ultra-high molecular weight
or containing a large amount of ethylene is 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 a 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.  



[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 mole, 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,o, 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, the syringe may have low transparency. [0036] 15<Method of producing polypropylene resin
for syringe>        Next, a method of producing the polypropylene resin for syringe according to the
present invention will be described in detail below. [0037] 20The ethylene-propylene block copolymer
(A) constituting the polypropylene resin for syringe according to the present invention can be prepared
in the presence of a specific me a ocene-based catalyst for polymerization and a promoter, preferably,
by producing a propylene-based (co) polymer by  20 homopolymerization of propylene or
(co)polymerization of propylene and a small amount of ethylene in a first polymerization step ([step 1])
and subsequently producing propylene-ethylene random copolymer rubber in a second 



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 polymerization with a stereoregularity such as an isotactic or
syndiotact c structure, and examples thereof are catalysts shown below which are described in
W001/27124 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 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, a 



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 group, a 1-methyl-l-propyibuty1 group, a 1,1-
propylbutyl group, a 1,1-dimethy1-2-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 norbornyl group and an adamantyl group; unsaturated cyclic
hydrocarbon groups such as a phenyl group, 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 ydrocarbon group such as a benzyl group, a cumyl group, a 1,1-diphenylethyl group
and a triphenylmethyl group; and hetero atom-containing hydrocarbon groups such as a -ethoxy
group, an ethoxy 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 groups include a trimezhylsilyi group, a triethylsilyl group, a dimethylphenylsilyi
group, a diphenylmethylsil z group and a triphenylsilyi group. 20[004 Furthermore, in -he general
Formulaeach substituent of R5 tomay form a ring together with an adjacent substituent. Examples of
such a substituted fluorenyl group include a benzofluorenyl group, a  23 dibenzofluorenyl group, an
octahydrodibenzofluorenyl group, an octamethyloctahydrodibenzofluorenyi group and an
octamethyltetrahydrodicyclopentafluorenyz group. 



[0042] 5In the general Formula [I],R2, R3 and IR4 bonding to the cyclopentadienyl ring are each
preferably a hydrogen atom or a hydrocarbon group having 1 to 20 carbon atoms. Examples of the
hydrocarbon group having 1 to 20 carbon atoms include 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
hydrocarbon groups 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 preferably a group 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 group having 1 to 20 carbon atoms. They may be  24 the same or different from each
other and may form, a ring together. Examples of the hydrocarbon group having I to 20 carbon atoms
include the hydrocarbon groups mentioned above. 



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 hydrocarbon 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
lO-hydroanthracenylidene group and a 15 dildenzocycloneptadienylidene group. [0046]        in the
metallocene compound represented by the above general Formula [I], a substituent selected
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 Formula [I], M is preferably a group IV transition metal of the periodic table and more
preferably Ti, Zr or Hf.  25 [0048]      Furthermore, each Q, which may be the same or different, is
selected from halogen atoms, hydrocarbon groups, anionic  1 gands and neutral ligands 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 from each other. 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 phenoxy; carboxylate groups
such as acetate and benzoate; and sulfonate groups 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. At least one Q is preferably a halogen a= or an alkyl group. 20[0049]
Preferred examples of the bridged metallocene compounds include isopropyl
(3-t-butyi-5-methylcyclopentadienyl) (3, 6-dit-butylfluorenyi) zirconium dichloride, 'pnenylmethylen 3-
26 dichloride, diphenylmethylene(3-tert-buty1-5-methylcyclopentadienyl)(2, -dite
-butylfluorenyl)zirconium dichloride, diphenylmethylene(3-tert-buLyi
5-methylcyclopentadienyl)(3,6-ditert-butyifluorenyl)zirconium 5 dichloride,
(methyl)(phenyl)methylene(3-tert- ty1-5-methylcyclope
adienyl)(octamethyloctahydrobenzofluorenyl)zirconium dichloride and [3-(1',1',41,4',7',71,10',10'-
octamethyloctahydrodibenzo[b,h]fluorenyl) (1,1,3-e methy1-5-
tert-buty1-1,2,3,3a-tetranydropentalene)]zirconium dichloride 10(refer to the following Formula [II]).
[0050] [Formula 2]  [0051]  27 In the metallocene catalyst used in the present 



invention, the promote that is used in conjunction with a group IV transition metal compound
represented by the general Formula [I] is comprises at least one compound selected from organic
metal compounds, organic aluminum oxy compounds 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
limitation. [0052]        The ethylene-propylene block copolymer (A) .constituting the polypropylene resin
according to the present invention 15 can be obtained by sequentially performing two steps ([step 1]
and [stet) 2]) described below by using, for example, a polymerization apparatus in which two ore
more reaction apparatuses are connected in series. [0053] 20([Step 1])        In [step 1], usually,
propylene is homopolymerized at a polymerization temperature of 0 to 100C at a polymerization
pressure of ordinary  pressure to 5 MPa gauge pressure, or propylene and a small amount of ethylene
are copolymerized.  28 In [Step I], the feed amount of the ethylene is controlled to be zero or small
with respect to that of the propylene, so that the propylene-based (co)polymer produced in [step I] is
the main component of Dm901. The homopolymerization of 5 propylene or the copolymerization of
propylene and ethylene may be performed by any of batch, semicontinuous and continuous methods
or may he performed by multistage polymerization using - plurality of reactors. Furthermore, [step 1]
may be conducted as block polymerization in which 10 the feed amount of ethylene is varied with
respect to that of propylene. [0054] ([Step 2]) 



In [step 2], usually, propylene and ethylene are copolymerized at a polymerization temperature of 0 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 the propylene is controlled larger than that in [step lb 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] 5In addition, the physical properties that should be satisfied by the ethylene-propylene block
copolymer (A) constituting the polypropylene resin of the present invention are determined mainly
depending on the chemical structure of the metallocene catalyst used. Specifically, the molecular 10
weight distribution  (Mw/Mn) of the Djr5Qi determined by GPO of the requirement (2), the total amount
of 2,1-insertion and 1,3-insertion propylene units in the Dir,"Gof the requirement (4), and the molecular
weight distribution (Mw/Mn) of pie D501 determined by GPO required of the requirement (5) can be 15
sG adjusted so 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 present invention are as described above. 20[0057]         Furthermore, the content of the
unit derived from ethylene in the D sol of the requirement 3) can be adjusted by the feed amount of the
ethylene in [step 1] or the like. The limiting viscosity 01 of the Deoin decalin at 135C  



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 5amount 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 invention may be produced by separately producing the propylene-based (co)polymer in [step
1] by the above-mentioned method and the propylene-ethylene random 15 copolymer rubber in [step
2] by the above-mentioned method,  in the presence of a metal ocene compound-containing catalyst,
and then blending them by physical means. [0059] The polypropylene resin for syringe according to
the 20 present invention satisfies the prevention of foam formation during molding, the long-run
moidability and the prevention of scratches when removed from a core .moiding die in injection
molding at levels that have not been achieved conventionally. Injection molding of such a resin can  31
provide a syringe that is excellent in sanitary property, heat resistance and transparency and hardly
elutes low molecular 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 absorber represented by hydrotalcite, according to need. 



[0061] 10The phosphoru-based antioxidantnot particularly limited, and conventionally known
phosphorus-based antioxidants can be used. The use of one type of the phosphorus-based
antioxidant alone leads to low contamination of the contents by bleeding, and is therefore preferred. 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-butylphenyi)oc yip osphite ands(2,6- di-t-buty174-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 particularly preferably 0.08 to 0.15 parts by weight
based on 100 parts by weight of the ethylene-  32 propylene block copolymer (A) constituting the
polypropylene resin according tb the present invention. [0063] Examples of the amine-based
antioxidant include compounds having a piperid'ne ring, specifically, dimethyl
succinate.1-(2-hydroxyethyl)-4-hydroxy-2,2,6,6- tetramethylpiperidine polycondensate, bis(2,2,6,6-
tetramethy1-4-piperidyl)sebacate and poly[[6-[1-[(1,1,3,3-
tetramethylbutyl)amino]-s-triazin-2,4-di[[(2,2,6,6- 10
tetramethy1-4-piperidyl)imino]hexamethylene[(2,2,6,6- tetrame y,-4-pdyl)imino]]. [0064]        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 parts by weight, more preferably 0.01 to 0.1 part by weight 



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, generation of white turbid substance with a drug
solution and interaction with a nucleator. However, only in the case of no reactivity with the drug
solution, a combination system  33 with hydrotalcite having a significantly reduced amount of metal
salts of fatty acid can also be suitably used. The additive amount of the hydrochloric acid absorber is
usually 0.02 to 0.20 parts by weight, preferably 0.02 to 0.10 parts 5 by weight and more preferably
0.02 to 0.05 parts by weight based on 100 parts by weight of the ethylene-propylene block copolymer
(A). [0066] The polypropylene resin according to the present 10 invention may further contain,
according to need, a. heat-resistant stabilizer, an antistatic agent, a mold lubricant, a slip agent, a light
stabilizer, a UV absorber, a pigment, a dye or the like in the ranges that do not impair the purposes of
the present invention. 15[0067] Furthermore, in order to impart transparency to the polypropylene resin
according to the present invention, a nucleator may be added. As the nucleator, general nucleators
can be used. For example, ADK STAB NA-11 represented by 20 organic phosphate ester is most
common. However, in order to satisfy the ultraviolet absorption spectrum, the standards for plastic
containers for aqueous injection produces  (polyethylene or polypropylene containers for injection
products) of "Test Methods for Plastic Containers for  



34 Pharmaceutical Products Test" in General Tests of the Japanese Pharmacopoeia, 15th Edition, it is
desirable not to add a 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 antioxidant or a hydrochloric acid absorber to the ethylene-propylene block 15 copolymer
(A); mixing them with a Henschel mixer, a V-type blender, a tumbler blender, a ribbon blender or the
like; and then melt-kneading the mixture using a single screw extruder, a multi-screw extruder, a
kneader, a banbury mixer or the like, with such a state that the above-mentioned each 20 components
and the additives are uniformly dispersed and mixed. [0070] (2) Syringe The syringe according to the
present invention  35 comprises a tubular part (barrel) obtained by injection molding of the
polypropylene resin for syringe according to the present invention whiCh is equipped with a piston
(plunger). The injection molding of the polypropylene resin for syringe can be performed by a method
that is usually employed. The polypropylene resin for syringe satisfies the prevention of formation of
foam during molding, the long-run moldability and prevention of scratches when removed from a core
molding die in injection molding at levels that have not 10 been achieved conventionally. Therefore,
injeon molding using such a resin can provide a syringe that is excellent in sanitary property, heat
resistance and transparency, hardly elutes low molecular weight substance and is further improved in
low-temperature shock resistance. 



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 desirably 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 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 aqueous solution or potassium chloride
aqueous solution. Highly volatile preparations and high-concentration alcohol preparations cause
deformation of the syringe by an increase in the internal pressure during sterilization and are therefore
excluded from the drug solution regardless of the pH. [0074] J(The prefilled syringe preparation
according to the present invention comprises a syringe in wh.ich a tubular part (barrel) obtained by
injection molding of the polypropylene resin for syringe according to the present invention 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 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  37 



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 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 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 brefilled syringe preparation of the present invention has high heat resistance, no deformation
occurs on the syringe even after sterilization. [0076]        As above, the syringe and the prefil led
syringe 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 [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
properties were measured by the following methods. [0079] 5(1) Melt flow rate (MFR) 



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 measured 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, followed by holding the temperature for 10 min. [0083]
Second step: a decrease in temperature at a rate of  39 



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 (that is, 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
separated by filtration. The filtrate was 15 put into acetone with a volume about three times of the
filtrate volume of for precipitating the components (precipitate (A)) dissolved 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 portion was determined by the following equation: n-decane-soluble portion amount
(wt%) = [weight of  40 precipitate (A)/sample weight] x 100. 



[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 TSKgel 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 at 1.0 mL/min; the sample concentration was set to 0.1% by weight; the injection amount of the
sample was 500 kL; 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 and Mw > 4x10 and were those manufactured by Pressure Chemical Company for those having
molecular weight 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 decalin, and the specific viscosity lisp was measured in an  41 oil bath at 135C. Then, the
decalin solution was diluted with 5 mL of a decalin solvent, and the specific viscosity fisp was
measured as in above. The dilution operation was further repeated twice. The value of fisp/C obtained
by 5 extrapolating the concentration (C) to zero was determined as the limiting viscosity. [0088] [fi]=
lim(fisp/C) (C -* 0). 



[0089]         (7) Measurement of amounts of 2,1-insertion and 1,3-insertion propylene units
Theamountsof2,1-insertionand1,8- nsertion   propylene units were measured using 'C-NMR according
to the method described in Japanese Patent Application 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 unit is C.  42
[0092] (10) Transparency (visibility) evaluation        Square plates having a length of 12 cm, a width of
11 cm, and a thickness of 1 mm of polypropylene resins of 5 Examples and Comparative Examples
were injection molded at a melt temperature of 200C and a die temperature of 30C. The ,syringes
were water vapor sterilized at 121C for one hour ir accordance with "Test Methods for Plastic
Containers for Pharmaceutical Products" for plastic containers for aqueous 10 Injection products
polyethylene or polypropylene containers for injection products) in General Tests of the Japanese
Pharmacopoeia, 15th Edition. The parallel optical transmittances (1) of the molded products in pure
water were measured before and after sterilization. 15[0093] 



In the Japanese Pharmacopoeia standards, a parallel optical transmittance of 55% or more is
required, but the values of parallel optical transmittance of products made of the same raw material
vary depending on the shape and the 20 thickness of the products. The syrnge is designed to have a
thickness of 1 mm to 1.2 mm. It is premised that a syringe with 1 mm 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, 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 5[0094]         (11)
Evaluation of moldability        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 m13 and a thickness of 1 mm, and one having 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 the moldability. One that did not apply to the both was determined as (good). 15[0095]
(12) Evaluation of existence or nonexistence of deformation by -eating 



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 syringe 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 was determined as (no good). The measurement was performed at room temperature (23C)
[0097]              Next, raw materials for the syringe used in the 10 examples are shown: [0098]         1)
Ethylene-propylene block copolymer (A) (the physical procerties and the production process will be
described in the following production examples),     2) Nucleator (B)
Sodium-2,2'-methylenebis(4,6-di-t-hutylphenyl)phosphate (manufactured by AdeKa Corp., product
name: ADP STAB NA-110Y),        3) Phosphorus-based antioxidant (C)
Tris(2,4-di-t-butylphenyl)phosphite (manufactured by 20 Ciba Specialty Chemicals Inc., product name:
Irgafos 168),         4) Amine-based antioxidant (D) Dimethyl succinate  1-(2-hydroxyethyl)-4-hydroxy- 2,
2, 6, 6-tetramethyl pipe dine polycondensate (manufactured by Ciba Specialty Chemicals Inc., product
name: Tinuvin  



45 6221,D), and 5) Hydrochloric acid absorber (E)        Hydrotaicite represented by
Mg4Al2(OH)12CO3.3H20 (manufactured by Kyowa Chemical Industry, Co., Ltd., product 5name:
DHT-4A). [0099] [Production Example 1] (1) Production 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 mL of a methyl. aluminoxane  (hereinafter, referred to as MAO) /toluene solution (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 of the solution was raised to 110C
over one hour and a reaction was carried out for 4 hours. After the completion of the reaction, the
solution was cooled down to room, temperature. After the cooling, the supernatant toluene was
extracted and  46 



replaced with fresh toluene until the replacement ratio reached 95% to prepare MAO/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 isopropy1(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 (1) were added under nitrogen, followed by stirring for
30 minutes for supporting. [0103] The resulting isopropy1(3-t-buty1-5- 15 methylcyclopentad
enyl)(3,6-di-t-butylfluorenyl)zirconLum dichloride/MAO/Si02/toluene slurry was subjected to 99%
substitution with n-hepLane so that the final amount of the slurry was 4.5 L. This operation was carried
out at room temperature. 20[0104] (3) Production of prepolymerization catalyst        In a 200 L
autoclave equipped with a stirrer and containing 75 L of heptane, 156 mL of triethylaluminum and 144
g of the solid catalyst component prepared in the above  47 (2) were sequentially charged so that the
total amount of heptane was adjusted to 80 L. 1440 g of ethylene was added thereto, followed by a
reaction with stirring for 180 minutes while keeping the internal temperature at 15 to 20C. 



5[0105]        After the 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 10 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 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 a jacket, propylene 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 triethylaiuminum at 1.7 mL/hr were sequentially fed
so that the polymerization was conducted under the conditions that the tubular polymerization reactor
was filled with the liquid and no gas phase was present. The temperature of the tubular  48 reactor
was 30C, and the pressure was 2.9 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
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 of 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 reactor equipped with a stirrer for further polymerization. To the polymerization reactor,
propylene was fed at 11 kg/hr, and hydrogen was fed so that the hydrogen concentration in the gas
phase was 0.45% by mole. The polymerization was conducted at a polymerization temperature of 68C
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 equipped with a stirrer for further polymerization. To the polymerization reactor,
propylene was  49 fed at 14 ]cg/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
67C and at a pressure of 2.7 MPa/G. 5[0110] Copolymerization ([step 2])         The resulting slurry was
transferred 2o 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, the polymerization was
conducted by feeding 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-propylene block copolymer (Al). The obtained ethylene-propylene block copolymer
(Al) was vacuum dried at 80C. 20[0112] [Production Example 2]     (1) Production of solid catalyst
carrier MAO/Si02/toduene slurry was prepared in the same manner as in the abovein Production
Example 1.  50 [0113] 



(2) Production of solid catalyst component (preparation of metal catalyst component supported by a
carrier) In a glove box, 2.0 g of 5 octamethyloctahydrodibenzo[b,h]fluorenyl)(1,1,3-trimethyl-5-
tert-butyl-1,2,3,3a-tetrahydropentalene) ]zirconium dichloride synthesized according to the production
method described in W02006/068308 pamphlet was weighed into a 5 L four-neck flask. The flask was
taken out from the glove box, and 0.46 2 of 10 toluene and 1.4 L of the MAO/Si02/toluene slurry
prepared in the above (1) were added under nitrogen, followed by stirring for 30 minutes for
supporting. [0114]        The resulting [3-(1',11,41,4',7',71,101,101- octamethyloctahydzodibenzo[
h]fluorenyl)(1,1,3-trimethy1-5- tert-buty 1,2,3,3a-tetrahydropentalene)]zirconium dichlor
de/MAO/Si02/toluene 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 prepolymerization catalyst Into a 200 L autoclave equipped with a stirrer, 202 g of the
solid catalyst component prepared in the above (2),  51 109 ml of triethylaiuminum and 100 L of
heptane were incorporated. 2020 g of ethylene was incorporated thereto, followed by a reaction with
stirring for 180 minutes while keeping the internal temperature at 15 to 2000. 



[0116]        After the completion of the polymerization, the solid component was precipitated. The
supernatant liquid was removed and washing with heptane was carried out twice. The resulting
prepolymerization catalyst was resuspended in 10 purified heptane, and the concentration of the solid
catalyst component was adjusted to 2 g/L with heptane. The prepolymerization catalyst contained 10 g
of polyethylene per 1 g of the solid catalyst component [0117] 15(4) Main polymerization Main
polymerization-1 ([step 1])         To a 58 L circulation-type tubular polymerizattion reactor equipped
with a jacket, propylene at 40 kg/hr, hydrogen at 5 NL/hr, the catalyst slurry prepared in t 20 above (3),
as a solid catalyst component at 1.6 g/hr and triethylaiuminum 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 liquid and no gas phase was present. The temperature of the tubular  52 reactor was
30C, and the pressure was 3.2 MPa/G. [0118] Main polymerization-2 ([step 11)         The resulting
slurry was transferred to a 1000 L vessel 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 so 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 72C and at a pressure of 3.1 MPa/G. [0119] Main polymerization-3
([step 1])  15The 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 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
polymerization reactor, 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 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. [0121] Copolymerization ([step 2])         The resulting slurry was
transferred to a 500 L vessel polymerization reactor equipped with a stirrer for 15 copolymerization. To
the polymerization reactor, propylene was fed at 10 kg/hr, and hydrogen was fed so that the hydrogen
concentration in the gas phase was 0.1% by mole. Fur, er, the polymerization was conducted by
feeding ethylene to keep a polymerization temperature of 63C and a pressure 20of 2.9 MPa/G. [0122]
After gasification of the resulting slurry, gas-solid separation was performed to give an
ethylene-propylene random, block copolymer (A2). The obtained ethylene-propylene random 



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 copolymerization 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 was decreased from
63C to 51C. Hence, the ethylene content in the 15 copolymerization component was increased. [0125]
[Table 1]  55 Production Production Example 7 Example 8  8VLV 
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[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 the nucleator (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 P65EXT (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 were injection molded to produce 20 sheet-shaped test pieces having a thickness of
1 mm at a melt temperature of 200C and a die temperature of 30C, test pieces (ASTM D 790,
thickness: 3.2 mm, length: 127 mm, width: 12.7 mm) for a bending strength test and test pieces
(ASTM n 648, thickness: 6.4 mm, length: 127 mm, width: 12.7 mm) for a  58 heat deformation
temperature test at a melt temperature of 200C and a die temperature of 40C. These test pieces 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 block copolymer (Al) in Example 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 copolymer  (A3) 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 (A4) was used instead of the
ethylene-propylene block copolymer (Al) in Example 1. The results of the physical  59 property
measurements are shown in Table 3. [0133] [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 ethylene-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 1 except that the
ethylene-propylene block copolymer (A6) was used instead of the ethylene-propylene block copolymer
(Al) in Example I. The results of the physical property measurements are shown in Table 3. [0135]
[Comparative Example 4]       Comparative Example 4 was carried out in the same manner as in
Example 1 except 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 are shown in Table 3. 



[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 Example 1. The results of the physical property
measurements are shown in Table 3. [0137] [Table 3]  61 Comparative Example 5  I-I      OCR  t 0  



L 0  P00  00  0091.  091  CL  40 (no good) I Found (no good) Flash (no good) Comparative Example 4



00 t   1:0  VO   1706  0.0  0021,  g1.1.  60 (no good) 09  Found (no good) 6.7 (no good) Comparative
Example 3    



001   1 1:0  1:0  170.0  0'0  002t t  58 (no good) CL  None (good) 6.4 (no good) Comparative Example
2  



CCL     VU  L 0  p00   900  l000 06  CL  00  None (good) 6.8 (no good) Comparative Example 1 



00      1 0  l'O  p00  00  09  331.  89  50 (no good) Found (no good) 



Flash (no good) Example 3  -  001-       1:0  1:0  1760  0'0  0014  L CL  061-  



(poo5) auON (o) 99 Example 2  001 L.   1    t 0  1-0  170-0  00  1300 1 031- 



89  00  None (good) (0) 99 Example 1 001         1  0  1-0  P00  0.0  



0091- I9Z1.  99  08  None (good) (o) cc  I Ethylene-propylene block copolymer (Al) Ethylene-propylene
block copolymer (A2) Ethylene-propylene block copolymer (A3) I Ethylene propylene block copolymer
(A4) rEthylene-propylene block copolymer (A5) Ethylene-propylene block copolymer (A6) I
Ethylene-propylene block copolymer (A7) Ethylene-propylene block copolymer (A8) Nucleator (B) [
Phosphorus-based antioxidant (C) 



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 Pharmacopoeia  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
improvements in 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 satisfied by the ethylene-propylene block copolymer (A) constituting the polypropylene
. resin for syringe according to the present invention for the 1; first time, and the industrial value of
actual reduction thereof to practice is significantly high. 



[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 resin for  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
invention can be highly expected to penetrate into market in the future and contribute to oo
improvement in safety such as prevention of misuse or breakage of injection products and visibility of
content fluid in medical practice, and are very useful.  64 CLAIMS      1. A syringe in which a tubular
part (barrel) obtained 5 by injection molding of a polypropylene resin for syringe is 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,
230C, 2.16 10kg load) of 10 to 60 g/10 min,           being 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 requ teMents (1) to  65 (3), and the 0satisfies 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/q, and          (7) the content of the unit derived from ethylene in the Dsol is 15 to
22% by mole. 



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- insertion 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 Dli3O1 is 150 to 160C. 25      4. The syringe according to
any one of Claims 1 to 3, wherein the Dinsel further satisfies the following requirement (3!): (3') the
content of the unit derived from ethylene in the 30Dinscl is 0 to 4% by mole.      5. A prefilled syringe
preparation comprising'the syringe  66 according to any one of Claims 1 to 4 filled with a drug solution
having a pH of 5.0 to 9.0.  67 



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 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 being prevented from scratches when removed
from a core molding die in injection molding at satisfactory levels that have not 10 been achieved
conventionally. The polypropylene resin for syringe of the present invention comprises an
ethylenepropyl e block copolymer (A) having a melt flowe (ASTM 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. 


