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MEDICAL: ARTICLES AND PROCESS THEREFOR
ABSTRACT OF THE DISCLOSURE
Syndiotactic polypropylene is blended with isotactic
polypropylene and the blend melt processed into medical
articles. The blends have molding cycle times which are
up to 12 times shorter that for pure syndiotactic
olypropylene.
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MEDICAL ARTICLES AND PROCESS THEREFOR

BACKGROUND OF THE INVENTION
10

1. Field of the Invention. This invention relates
to plastic articles, and more particularly relates to
medical articles of syndiotactic polypropylene

15 compositions and a process for their manufacture.

2. Background of the Invention. Molding is a
process 1n which melted or plasticized polymeric material

is forced into a mold where it is held until removed in a
20 solid state having a shape which duplicates the cavity of
the mold. The process consists of three basic operations:
1) raising the temperature of the plastic to a point where
it will flow under pressure into the mold cavity,
(2) allowing the plastic to solidify in the mold
25 (conventionally referred to as hold time) while
maintaining pressure during removal of heat, and
(3) opening the mold to eject the plastic permanently
frozen in the shape of the mold. The productivity of the
molding operation depends on the speed of melting the
30 plastic, the speed of injection and ejection, and the hold
time required to cool and solidify the product in the
mold. Thus, 1n the molding art, cycle time is defined as
the time required for one complete operation of a molding
press from closing time to closing time. In most molding
35 operations, the largest part of the cycle time is the hold

time, which generally accounts for up to 80% of the cycle
time, and may be as high as 95%.

Prolypropylene has long been used in molding and
40 extruding operations for articles such as containers and
films for the food packaging industry, and is known to

exist 1in three forms. In isotactic polypropylene (IPP),
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the methyl groups are attached to the tertiary carbon
atoms of successive monomeric units on the same side of a
hypothetical plane through the polymer chain.

Syndiotactic polypropylene (SPP) has the methyl groupé
attached on alternating sides of the polymer chain.
Atactic polypropylene (APP) has the methyl groups attached
randomly with respect to the polymer chain. APP is
essentially a waxy product of low melting point whereas
SPP and IPP are crystalline and of higher melting point.

Conventional molding and extruding grades of
polypropylene are substantially isotactic, and, depending
on the polymerization catalyst and conditions, contain
various amounts of monomeric units having other

configurations.

SPP, although known for many years in various degrees
of syndiotactic purity, has been only a laboratdry
curiosity until recently. A new crystalline SPP of
exceptionally high syndiotacticity purity prepared by a
process using syndiospecific metallocene catalysts 1is
disclosed by Ewen et al. in US Patent No. 4,892,851.

European Patent Application 428,972 discloses a
method to improve the transparency of a sheet prepared
with the Ewen et al. SPP.

SUMMARY OF THE INVENTION

A polypropylene composition includes a blend of at
least 85% SPP and up to 15% IPP. (In this disclosure, all

percentages are by weight unless otherwise indicated) .

The composition may be molded into a medical article by a
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3

molding process of exceptionally high productivity
resulting from an unexpected acceleration of the rate of
crystallization of pure SPP achieved by blending the SPP
with the IPP. The process includes the steps of blending
the SPP and IPP, melting the blend, injecting the melted
blend into a mold, holding the blend in the mold until the
blend crystallizes and removing the solidified article
from the mold.

The molded article of the invention has excellent
tensile strength, modulus and impact resistance, is of
exceptional clarity, and may be clear enough to use
without adding a separate clarifying agent to the
composition or including a post-molding processing
operation. The molding operation itself is of high
productivity due to the rapid crystallization of the blend
which greatly reduces the hold time in the mold.

BRIEF DESCRIPTION OF THE DRAWING

The figure is a plot illustrating the relationship of
the ratio of the components of the composition to the
molding cycle time.

DETAILED DESCRIPTION

While this invention is satisfied by embodiments in
many different forms, there will herein be described in
detail preferred embodiments of the invention, with the
understanding that the present disclosure is to be
considered as exemplary of the principles of the invention
and 1s not intended to limit the invention to the
embodiments illustrated and described. The scope of the

invention will be measured by the appended claims and
their equivalents.
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The present invention contemplates any medical
article which can be molded from a polymeric material.
Preferred articles are those requiring a see-through
capacity. The most preferred articles have a wall
thickness of about 2 mm or less, such as blood collection

tubes, centrifuge tubes, culture bottles, syringe stoppers
and barrels and the like.

It has been found that melted SPP having a
syndiotactic index of 80 percent or higher crystallizes
very slowly, requiring a long hold time in the mold before
ejection. Conventional nucleators, such as sorbitos, do
not shorten the mold cycle time. Thus, in order to mold
a plaque about 2 mm thick from the SPP of the afore-
mentioned U.S. Patent No. 4,892,851, a cycle time of about
320 sec. 1s required. Further, molding of the SPP is
difficult and molded plaques, while of satisfactory

clarity, are non-uniform and have wavy surfaces. After

cooling and crystallization, the plagques stick to the mold
making ejection difficult.

Conventional commercially available IPP, in contrast,
has been found to mold easily with a short cycle time of
about 15 sec. for 2 mm molded plaques. These plaques have
poor clarity, as shown by an average haze of 24.7 and 50.6

for 1 and 2 mm thick plaques respectively when tested by
ASTM D1003.

The composition of the invention may be prepared by
blending the SPP of U.S. Patent No. 4,892,851 with a °
sultable commercial IPP. The SPP may have a syndiotactic
index of 80% or higher. A preferred SPP may have an index
of 85%, most preferably 90% or higher. A convenient
indicator of a suitable IPP is the peak melting point of
the IPP wherein a higher melting point indicates higher

1sotactic purity. In accordance with the present
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invention, an IPP having a peak melting point of 163°C or
higher, as determined by conventional differential scanning
colorimity (DSC), may be blended with the SPP in the molding
composition. A preferred IPP has a melting point of 166°C or
higher. The most preferred IPP is a material known in the
art as a super high IPP, and has a DSC peak melting point in
the range of 168-170°C. The IPP may be present in the blend

at a concentration of 0.1 to 15%, preferably 2 to 8%.

The composition may additionally include effective
quantities of any conventional additive as known in the
polyolefin art such as, for example radiation stabilizers,
fillers, coloring agents, antistatic materials, wetting
agents, nucleators and the like, providing the desired
physical properties, clarity, and moldability, are not
adversely affected. Determination of suitable quantities of
these additives is well within the purview of one of

ordinary skill in the polymer and molding arts.

The SPP and IPP may be blended by any conventional melt
compounding technique, preferably by twin screw extruding,
prior to molding. Addition of the IPP greatly improves the
moldability and reduces the high molding cycle time of the
SPP by 2 to 12 fold. This improvement alone is sufficient to
convert an 1nefficient and unprofitable molding operation to

one of high productivity and competitiveness.

Testing of the blends of the invention for physical
properties, clarity and mold cycle times was performed on
molded 1 and 2 mm step plaques. Blending of the IPP into the
SPP was found to have no deleterious effect on the physical
properties of the SPP and in fact was found to result in
about 10-20% improvement in strength. Table I setgs forth the
physical data obtained using ASTM proce-
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5 dures D638.
TABLE T
SPP 5% blend
tensile (kg/cm?) 261 311
10 modulus (kg/cm<) | 1346 1787
impact resistance (kg/cm<) 48 77

Clarity for the plastic articles of the invention may

be given as the conventional percent haze value and may be

15 determined by ASTM procedure D-1003 on 1 and 2 mm step
plaques.
Cycle time may be determined on 2 mm step plagques as
described in Example 5.
20

The following examples are given to further describe

the invention but are not to be considered as- limitative

of the invention. 1In the examples, all melts were at 392°

F (200°C) when injected into the mold, and the mold was at

25 70°F (21°C). All melts contained 0.25% of bis (p-methyl -

benzylidene) sorbitol nucleator, (MILLAD* 3940, Millikin
Research Corp., Spartanburg, N.C.)

EXAMPLE T
30
A sample of SPP of 90% syndiotactic index was
obtailned from Exxon, Houston, TX, melted and injected into
the Arburg ALLROUNDER™ injection molding unit to prepare a
1 and 2 mm step plaque. Because of slow crystallization,
35

a cycle time of 320 sec. was required for molding (since a

step plaque was molded, the cycle time is given for the 2

mm thick section). The plagque was ejected with difficulty

due to sticking and had a wavy surface. Haze values of

2.5 and 11.8 were determined be ASTM D 1003 using a
40 Hunterlab Colorimeter Model D25P-2.

* Trade-mark
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EXAMPLE TT

Various commercial or experimental IPPs were obtéined
and peak melting points were determined by DSC. The
samples were molded into 1 and 2 mm thick step plaques
using the ALLROUNDER™ injection molding unit. Molding and
ejection were easy, and cycle times of between 13 and 18
sec. were obtained. The haze values of these products is

given below in Table II.

TABLE TIT

1PP SAMPLE mp _HAZE (%)

1 mm 2 Imm

(1) Sumitono WF60S5MRB 167.33 16.5 51.8
(2) Amoco 9439 166.33 12.0 46 .6
(3) Exxon (high isotactic) 167.67 14.9 46.9
(4) Chisso IPP (K-5028) 168.0 10.3 34.0
(5) Himont PF-091 163.0 69.8 74 .0

EXAMPLE TTT

Preparation of Blends

Blends containing 95% of SPP of 90% syndiotactic
index and 5% of the commercial IPP samples of Example II
were prepared by melt compounding in a twin screw extruder
(Haake Buchler Instruments, Inc.). The blended melts
were molded into 1 and 2 mm step plaques and the cycle

time and haze values determined. The data are set forth in
Table IIT.
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5 TABLE IIT
BLEND CYCLE TIME HAZE (%)

sec 1 mm 2 mm
1) SPP-Chisso 28 4.0 11.7
10 2) SPP-Amoco 50 8.5 14.7
3) SPP-Sumitomo 46 7.0 ‘ 13.2
4) SPP-Exxon 79 6.7 13.8
5) SPP-Himont 145 5.8 12.6

15

It 1s seen from the table that by blending only 5%

IPP into the SPP, the cycle time is reduced from 320 sec
for pure SPP (Example I) by factors ranging from 2 to 12
fold. Haze values were somewhat higher than SPP for the 1

20 mm plaques, but virtually unchanged for the 2 mm plaques.
Molding was generally very satisfactory with only slight
sticking during ejection in blends 2 and 5. Thus, By
blending small percentages of IPP into the SPP, the
molding problems encountered in Example I with pure SPP

25 were overcome, cycle times were reduced five fold, and

haze was only marginally increased.

EXAMPLE TV

30 Preparation of Blends
Blends of SPP of 90% syndiotactic index and the
Chisso IPP were prepared by melt compounding into
compositions of various weight percent as described in
Example III. The melts were molded into 1 and 2 mm step
35 plaques. Cycle times and haze values are given below in

Table IV and a plot of cycle time against composition is
given in the Figure.
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TABLE IV
SAMPLE HAZE CYCLE TIME (sec
SPP (% IPP (% _1mm 2mm 2mm
100 0 2.5 11.8 320
99 1 39.4
97.5 2.5 7.6 15.2 29
95 5 11.7 28
92.5 7.5 7.4 15 23
90 10 32.1
85 15 6.5 21.1 43
60 40 24 .4
40 60 19.9 .
0 100 10.3 34 13

From the data in Table IV, it is seen that cycle time
reaches a minimum at about 7.5 weight percent of IPP and
then, surprisingly, increases with increasing IPP. Using
this preferred IPP of melting point 168°C, cycle times are
reduced about 12 fold at the 2.5 to 7.5 weight percent
level. The most preferred composition of the invention
when both haze and cycle time are considered is about 5.0
pexrcent IPP.

EXAMPLE V

Determination of Cycle Time

Cycle times were determined by injection molding
2"x3" step-plaques using a single-screw Arburg 20 ton
machine. The thin side of the plaque was 1 mm and the
thick side was 2mm. The melt temperature was adjusted to
an average of 392°F and the mold was cooled to 60°F.
Conditions and cycle time were adjusted to obtain a
uniform plaque that did not stick to the mold cavity when
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ejected. The time corresponding to this condition was
recorded as cycle time.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A medical article formed from a polymer composition
comprising a molded blend of at least 85% by weight of
syndiotactic polypropylene having a syndiotactic index of at
least 80% and about 0.1 to 15% by weight of an isotactic
polypropylene having a peak melting point of 163°C or
higher, said blend having a molding cycle time which 1s two
to twelve fold lower than the molding cycle time of the
syndiotactic polypropylene component of the blend.

2 . The article of Claim 1 which is a tube.
3. The article of Claim 1 which is a syringe barrel.
4 . A medical article formed from a polymer composition

comprising a molded blend of at least 85% by weight of
syndiotactic polypropylene having a syndiotactic index of at
least 85% and about 0.1 to 15% by weight of an isotactilc
polypropylene having a peak melting point of about 166°C or
higher, said blend having a molding cycle time which 1is
lower by a factor of four than the molding cycle time of the
syndiotactic polypropylene component of the blend.

5. A medical article comprising a wall molded of 92.5 to
97.5% by weight of syndiotactic polypropylene having a
syndiotactic index of 80% or higher and about 2.5 to 7.5% by
weight of an isotactic polypropylene having a peak melting
point of about 168°C or higher, said blend having a molding
cycle time which is ten to twelve fold lower than the
molding cycle time of the syndiotactic polypropylene
component of the blend.

6. A method to prepare a medical article comprising:
a) injecting a melted blend of at least 85% by weight

of syndiotactic polypropylene having a syndiotactic index otf
2t least 80% and about 0.1 to 15% by weight of an isotactic
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polypropylene having a peak melting point of 163°C or higher

12

into a mold;

b) holding said blend in said mold until said blend
crystallizes in said mold to give an article having the

shape of said mold; and

C) ejecting said article from said mold, whereln
method steps (a) to (c) are complete in a cycle time two to
rwelve fold less than the cycle time required to complete
steps (a) to (c) with the pure syndiotactic polypropylene

used in step (a).

7 . The method of Claim 6 wherein said article is a tube.
8 . The method of Claim 6 wherein said article is a syringe
barrel.
9. A method to prepare a medical article comprising:
a) injecting a melted blend of 90 to 99% by welight of

syndiotactic polypropylene having a syndiotactic index of
85% or higher and 1 to 10% by weight of an isotactic

b) holding said blend in said mold until said blend
crystallizes in said mold to give an article having the

shape of said mold; and

C) ejecting said article from salid mold, wherein
method steps (a) to (¢) are complete in a cycle time four to
rwelve fold less than the cycle time required to complete '
steps (a) to (c) with the pure syndiotactic polypropylene

used in step (a).
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10. A method to prepare a medical article comprising:
a) injecting a melted blend of 92.5 to 97.5% by

weight syndiotactic polypropylene having a syndiotactic
index of 90% or higher and 2.5 to 7.5 by weight of an
isotactic polypropylene having a peak melting point of at
least 168°C or higher into a mold;

shape of said mold; and

C) ejecting said article from said mold, wherein
method steps (a) to (c) are complete in a cycle time ten to
twelve fold less than the cYcle time required to complete
steps (a) to (c) with the pure syndiotactic polypropylene

used in step (a).
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