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ABSTRACT

Rubber plugs, which are to be used withmedical containers
or medical devices, are produced by forming a vulcanizable,
mixed rubber compound, vulcanizing a resultant formed rubber

5 compound, treating the rubber plug with steam of high
temperature and high pressure, treating the rubber plugs in an
aqueous solution which has been adjusted to be acidic, rinsing
the rubber plugs with high-quality water, washing the rubber
plugs with a shower of dust- and germ-free water, and drying
10 the rubber plugs by at least one of far infrared radiation and
high frequency heating. The process makes 1t possible to reduce
the number of insoluble fine particles, which are attracted on
a surface of each rubber plug, to an extremely low level and
moreover, remove (or deactivate) pyrogen substances on and in

15 the vicinity of the surface of the rubber plug.




10

15

20

25

CA 02313490 2000-07-10

PRODUCTION PROCESS OF RUBBER PLUGS

SACKGROUND C ’ \ \ O

a) Field of the invention

This invention relates to a production process of rubber
plugs, and more specifically to a process for producing rubber
plugs to be used with medical containers or medical devices,
each of said rubber plugs being reduced in the number of
insoluble fine particles attracted on a surface of the rubber
plug while pyrogen substances having been removed (or
deactivated) on and in the vicinity of the surface of the rubber
plug. The term "insoluble fine particles" means fine particles
insoluble in liquid medicine and will hereinafter be referred
to simply as "fine particles".
b) Description of the Related Art

Rubber plugs made of butyl rubber, chlorinated butyl

vials and bottles for medicaments and experimental reagents,
and vials and bottles for injections, and also for medical

devices such as combination container-and-syringes.

A variety of rubber plugc for medical containers or
medical devices, such as those described above, are generally
obtained through a kneading step, a forming step (vulcanization

step) and a punching step (pressing step). The kneading step
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comprises adding a vulcanizing agent and other additives to feed
rubber and then kneading the resulting mixture to prepare a
vulcanizable, mixed rubber compound. The forming step
comprises forming the vulcanizable, mixed rubber compound into
a burr-like sheet, which is provided with rubber plugs of a
predetermined shape formed thereon, by compression molding or
injection molding and then vulcanizing the burr-like sheet.
The punching step, on the other hand, comprises individually
cutting the rubber plugs apart from the formed sheet.

The rubber plugs, which have been cut apart, are processed
through a washing step, which make use of chemical reagents
(alkali, acid, and the like) ahd,lhigh—quality water, and a
drying step. The thus-obtained rubber plugs are subjected to
a final inspection step, in which the resultant rubber plugs
are inspected for external appearances and any attracted
materials, and further to a final visual inspection and a
sanitary test to determine whether or not they meet various
official standards specified in "Tests for Rubber Plugs to Be
Used with Infusions" in the first addendum of the thirteenth
edition of the Pharmacopoeia of Japan. Those determined to meet
the official standards are packed and shipped. Concerning
sanitary requirements for rubber plugs, specification values
are set not only in the Pharmacopoeia of Japan but also in the

Pharmacopoeias in various European and American countries.

Rubber plugs, to which the present invention can be
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applied, are produced usiig Jdesiicd one of various rubbery
polymers as a primary material. As a characteristic property
of a high-molecular substance, however, a rubbery polymer tends
to have a static charge by friction. In the course of production
of rubber plugs, formed rubber plugs are successively conveyed
to subsequent steps by belt conveyors or the like. During these
conveyance, rubber plugs are brought into contact with each
other within a transportation container. The rubber plugs are
therefore electrostatically cha'rged, leading to a problem that
1n each step, contaminants such as fine particles, lint and
hairs in an environment are attracted onto surfaces of the
rubber plugs.

Especially when a material attracted on the rubber plugs
1s in the form of fine particles, mixing of such fine particles
into medicaments (powdery or liquid medicines) in medical
devices, such as syringes, making use of the rubber plugs is
unavoildable irrespective of the amount of the fine particles.
Injection of a medicament, such as an injectable preparation,
with such fine particles mixed therein into the human body
involves a potential danger that the fine particles in the
medicament may develop a serious problem detrimental to the
human life such as clotting of a blood vessel in the human body.
In the Pharmacopoeia of each country, specification limits are
hence requlated regarding the size and number of fine particles

ln an injectable preparation per unit volume of the injectable
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preparation. In Japan, atest for insoluble foreign substances
in an injectable preparation and a test for fine particles in
an injectable preparation are specified as general tests in the
first addendum of the thirteenth edition of the Pharmacopoeia.
Likewise, they are also specified as general tests in the
Pharmacopeia of the United States of America. These tests in
the individual countries specify the above-described
specification limits.

Concerning rubber plugs, no specification value is set
for fine particles attracted on the rubber plugs in the
above-described "Tests for Rubber Plugs to Be Used with
Infusions" of the Pharmacopoeia of Japan. In view of the
above-described circumstances, however, the Applicant is
performing at its own volition an inspection for fine particles
attracted on rubber plugs. As a reduction in the number of fine
particles attracted on a rubber plug leads to a decrease in the
number of fine particles in an'injectable preparation, there
1s an ever-increasing demand from drug makers toward rubber
plugs with fewer fine particles attracted thereon.

Attraction of fine particles onto rubber plugs in the
course of their production is attributed to frictional
electrification of the rubber plugs as described above. 1In
attempts to reduce attraction of fine particles, measures have
hence been taken including cleaning of air in a working

environment, lessening of mutual friction of rubber plugs,
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omission of any step in which a worker touches rubber plugs by

hand. No satisfactory results, however, have been obtained

vet.

MMARY O ’ N\ \ O\
An object of the present invention is, therefore, to
provide a production process for rubber plugs to be used with
medical containers or medical devices, which makes it possible

Lo reduce attraction of fine particles (which is generally

called "fine particle contamination").

result, it has been found that improvements in washing and
drying steps for rubber plugs make it possible to reduce

attraction of fine particles onto the rubber plugs, leading to

the completion of the present invention.

To achieve the above-described object, the present
invention provides a process for producing rubber plugs, which
are to be used with medical containers or medical devices, by

forming a vulcanizable, mixed rubber compound and vulcanizing
a resultant formed rubber compound, which comprises the

following additional consecutive steps:

1) treating the rubber plugs with steam of high

temperature and high pressure;

2) treating the rubber plugs in an aqueous solution which
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has been adjusted to be acidic;
3) rinsing the rubber plugs with high-quality water;
4) washing the rubber plugs with a shower of dust- and

germ-free water; and

o) drying the rubber plugs by at least one of far infrared
radiation and high frequency heating.

According to the present invention, rubber plugs reduced
to an extremely low level in the number of fine particles

attracted thereon are provided for use with medical containers

or medical devices.

AND PR RRED EMBODIMEN

No particular limitation is imposed on a material for use
in the process of the present invention for the production of
the rubber plugs, and rubber materials conventionally employed
1n the production of rubber plugs for medical containers or
medical devices and plastic materials used in combination with
such rubber materials are all usable. Examples of the rubber
materials can include butyl-type rubbers such as butyl rubber,
chlorinated butyl rubber, brominated butyl rubber and
divinylbenzene terpolymer butyl rubber; conjugated diene
rubbers such as polyisoprene rubber (high to low contents of
cis-1,4 bonds), polybutadiene rubber (high to low contents of

cis-1,4 bonds) and styrene-butadiene copolymer rubber; and
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ethylene-propylene-diene terpolymer rubbers (EPDM). Examples

of the plastic materials are led by various fluorinated resins

and can 1include polyethylene, polypropylene, polyamides and
polyesters.

In the present invention, the rubber plugs can be produced
by employing a vulcanizable, mixed rubber compound, which can
be obtained by kneading the above-described rubber material
with a vulcanizing agent, a filler and/or additives such as a
reinforcing agent, a colorant and an age resister, and by using
a conventionally-known forming technique for rubber plugs, such
as compressionmolding or injectionmolding. As the additives,
those conventionally used in the production of rubber plugs for
medical containers or medical devices are usable, and no
particular limitation is imposed on the additives.

Illustrative of the rubber plugs are rubber plugs
produced only with a vulcanizable, mixed rubber compound;
rubber plugs laminated with films of plastics such as
fluorinated resin or polyethylene on at least surfaces where
the rubber plugs may be brought into contact with medicine or
the like; and composite molded products of the above-described
rubber plugs and plastic members, said composite molded
products being to be joined by fusion bonding to plastic-made
openings of bags for infusions. No particular limitations are
imposed on the shapes and structures of these rubber plugs.

Specific examples can include rubber plugs for vials (rubber
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plugs for powdery preparations, rubber plugs for detergents,
rubber plugs for lyophilized pharmaceutical preparations, and
the like), rubber plugs for infusions, pistons and caps of
syringes and combination container-and-syringes, and
composite molded products of rubber plugs and plastic members
(for example, pull-top rubber plugs, rubber plugs for the
openings of the above-described bags for infusions).

Rubber plugs such as those described above can be produced
as wilill be described hereinafter. In a forming step, a
vulcanizable, mixed rubber compound which has been prepared by
kneading a rubber material with various additives is formed into
a sheet, which is provided with many rubber plugs of a
predetermined shape formed thereon such that the rubber plugs
are united together via the sheet, by compression molding or
injection molding, and the sheet is vulcanized together with
the rubber plugs formed thereon. Subsequent to a visual
inspection by the eye, a punching step is conducted to
individually cut the rubber plugs apart from the formed sheet.
The rubber plugs are then sent to washing and drying steps. 1In
the case of rubber plugs other than rubber plugs laminated with
plastic films, the above-described formed sheet, depending on
the type of the rubber plugs, may be additionally processed
through a silicone treatment step after the forming step. 1In
the silicone treatment step, the formed sheet is coated with

a crosslinking (curable) silicone composition, and the silicone
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composlition 1s then crosslinked such that the silicone
composition is firmly united to surfaces of the rubber plugs.
Unreacted silicone can be fully temoved from these rubber plugs
by processing them through a washing step to be described
subsequently herein. This makes it possible to avoid an
lncrease in the level of fine particles on the final products
which would otherwise take place due to remaining unreacted
silicone.

Characteristic features of the present invention reside
in the washing and drying steps for rubber plugs subsequent to
their forming.

A description will first be made about the washing step.
The washing step in the preseni invention comprises the

following five consecutive steps:

1) treating the rubber plugs, which have been obtained

as described above, with steam of high temperature and high

pressure;

2) treating the rubber plugs in an aqueous solution which
has been adjusted to be acidic;
3) rinsing the rubber plugs with high-quality water;

4) washing the rubber plugs with a shower of dust- and

germ-free water; and
O) drying the rubber plugs.
In step 1), fine particles attracted on a surface of each

rubber plug, other fouling, substances dissolved from the

Lol T T VLT Pv e
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rubber plug, pyrogen substances (pyrogens) and the like are
removed. This step is conducted 1n an autoclave by using steam
of high temperature and high pressure. Preferably, an aqueous
alkaline solution, for example, an aqueous solution the pH of
which has been adjusted to 8 to 12, preferably 8.5 to 11 with
NaOH (in general, a 0.05 to 0.15 wt.$% aqueous solution of NaOH)
1s used. Deionized water is used as water. The alkalinizing

agent 1s not limited to NaOH, and other alkaline substances are

usable.

In step 1), the rubber plugs are placed preferably in an
alkali-resistant and acid-resistant vessel, for example, a mesh
pasket made of stainless steel, the mesh basket with the rubber
plugs placed therein is dipped in an aqueous alkaline solution

held 1n an autoclave, and the rubber plugs are treated generally

at 100 to 150C (at 101 to 400 kPa in terms of autoclave internal
pressure), preferably 110 to 145C, more preferably 130 to 140C.
The treatment time may generally range from 10 to 90 minutes,
although this varies depending on the type of the rubber plugs
and the treatment temperature. Depending on the material

making up the rubber plugs, the rubber plugs may undergo thermal
deterioration. It is, therefore, necessary to determine the
Lreatment temperature and time by taking into consideration
effects of the treatment and the deterioration of the rubber

plugs. After the treatment, the mesh basket is pulled out of

the autoclave, and the rubber plugs are treated in the
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subsequent neutralization step.
In the present invention, pre-washing (provisional
washing) may be conducted, as needed, before the treatment of

the rubber plugs in step 1) to remove various fouling, which

property.

In step 2), the rubber plugs obtained in step 1) are
treated 1n an aqueous solution which has been adjusted to be
acidic. When the treatment in step 1) 1s conducted using the
above-described aqueous alkaline solution, the alkaline
substance deposited on the rubber plugs is neutralized with the
aqueous acidic solution. The neutralization can be conducted,
for example, by dipping the mesh basket with the rubber plugs
placed therein in an acidic neutralizing solution and then
slowly rotating the mesh basket such that the rubber plugs are
brought into full contact with the neutralizing solution. Weak
acidity is sufficient for the neutralizing solution. No
particular limitation is imposed on an acid as a neutralizing
agent and, for example, a mineral acid such as hydrochloric acid
can be used. 1In general, a 0.05 wt.3% aqueous solution of
hydrochloric acid is used. No particular limitation is imposed

on the temperature of the treatment, and the treatment is

conducted generally at room temperature to 50C or so for about

10 to 20 minutes. Upon completion of the neutralization, the
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mesh basket is pulled out of the neutralizing solution, and the
rubber plugs will then be washed with clean water in the next
step.

In step 3), the rubber plugs treated in step 2) are washed
with deionized water. No particular limitation is imposed on
the manner of the washing. For example, the mesh basket with
the rubber plugs placed therein is dipped in a washing tank
filled with deionized water. The mesh basket is slowly rotated
Lo wash the rubber plugs. To prevent further attraction of fine
particles onto the rubber plugs from the washing water in this
step, 1t 1s preferred to use, as washing water, high-quality
water obtained by removing fine particles, bacteria and the 1ike
from deionized water, for example, through a filter having a
pore size not greater than 0.2 um. Although no particular
limitation is imposed on the temperature of the washing water,
1t 1s effective and preferable to wash the rubber plugs while
poiling the washingwater. The washing time may generally range
from 5 to 60 minutes or so although it varies depending on the
type of the rubber plugs and the washing temperature. After
completion of the washing, the mesh basket is pulled out and
water 1s fully drained. The rubber plugs are then taken out
of the mesh basket and are transferred and spread on a meshed
conveyor belt to permit the next treatment.

In step 4), the rubber plugs which have been washed with

the high-quality water in step 3) are showered with washing
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water of still higher quality to wash the rubber plugs. It is
preferred to conduct this step and the next drying step 5) in
a tunnel through which air of a cleanliness class in a range
of from 100,000 to 1,000 (the number of fine particles having
particle sizes of 0.5 umand greater in1 ft’is 100,000 to 1,000;
U.S. Federal Standard 209E) is flowing. The washing water of
the still higher quality, which is used in this step, can be
prepared by filtering water, the quality of which is equivalen't
to that of the high-quality water used in step 3), through an
ultrafiltration membrane a fractionation molecular weight of
which is not lower than 6,000, and is water free of dust, germs
and pyrogens. To remove fine particles which have not been
removed by the preceding steps, the water of still higher

quality i1s showered over the entire surfaces of the rubber plugs

Jet in the showering direction (for example, an upward or
downward water jet) and an impact produced by the water jet.

From the rubber plugs washed through the washing step

comprising the above-described steps 1) to 4), materials
attracted on the rubber plugs before the washing step, such as
fine particles, have been removed to an extremely high level.

In the next drying step 5), conventional drying with hot air
1s therefore not preferred because hot air often contains fine

particles and results in further attraction of fine particles




10

15

20

20

CA 02313490 2000-07-10

14

onto the rubber plugs. It is a preferred drying method to heat
the rubber plugs by far infrarcd radiation or high frequency
radiation. Far infrared radiation is suited for drying water
on the surfaces of the rubber plugs, but is not considered to
be fully suited for drying water penetrated inside the rubber
plugs. It is a particularly preferred drying method to dry by
high frequency heating.

Water, which has adhered on the surfaces of the rubber
plugs or has been adsorbed in the vicinity of the surfaces in
the above-described washing step, is removed (dried) when
heated by high frequency radiation even if the rubber material
making up the rubber plugs is a ru‘bber material of high polarity.
Water inside the rubber plugs is also removed (dried) at the

same time. Even if a rubber material making up the rubber plugs
1s a non-polar material, the rubber plugs tend to adsorb water

because some substances of high polarity are used as additives.

Use of high frequency heating, however, can pbring about similar
high drying effect as in the case of rubber plugs making use
of a rubber material of high polarity. The heat output of the
high frequency heating may generally range, but is not limited
to, from approximately 1 to 5 KW. From the standpoint of

heightening the drying effect for rubber plugs, it is preferred
Lo arrange plural high frequency heaters at different locations

along the traveling direction of the meshed conveyor belt.

The rubber plugs, the drying of which has been completed,
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are then transferred by the conveyor belt into a clean room the

cleanliness of which is of a class in a range of from 100,000
to 1,000, where the rubber plugs receive a final visual test.
With respect to rubber plugs which have passed the final visual
test, a test for dissolved substances and a test for sanitary
properties are conducted as specified in the Pharmacopoeia of

Japan, and a test for fine particles is also conducted as
designed by the Applicant, K.K. Daikyo Gomu Seiko. Rubber plugs
which have passed all of these tests are placed and sealed in

a dust-free plastic bag and are shipped.

The present invention will hereinafter be described more

specifically by Examples and Comparative Examples.

Example 1

From a mixed compound of butyl rubber, 2,500 rubber plugs
for vials were produced by compression molding. Each rubber
plug had an outer (flange) diameter of 19 mm at a top portion

(2 flange), a flange thickness of 3.2 mm, a leg diameter of 13

mm, a leg height of 5 mm, and an overall height of 8.2 mm. Five
hundreds (500) of the rubber plugs were subjected to washing
which consisted of the following steps.

Step 1)

In an autoclave filled with a 0.10 wt.% agueous solution

of NaOH (in which deionized water was used as water), a mesh

pasket made of stainless steel and containing the 500 rubber

plugs was dipped. While rotating the mesh basket at 5 full turns
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per minute, the rubber plugs were treated at 130C for 60 minutes.
Heating was stopped, pressure was released, and the mesh basket
was then pulled out of the autoclave. After water was drained,
the rubber plugs were sent to the next step 2).
Step 2)

The mesh basket, which contained the rubber plugs treated
in step 1), was dipped in a neutralizing tank filled with a 0.05
wt.3% aqueous solution of hydrochloric acid (in which deionized
water was used) of room temperature, and neutralization was
conducted for 10 minutes while slowing moving the mesh basket
up and down. The mesh basket was then pulled out. After water
was drained, the rubber plugs were sent to the next step 3).
Step 3)

The mesh basket which contained the rubber plugs treated
in step 2) was dipped in a washing tank, from which high-quality
water prepared by filtering deionized water through an

ultrafiltration membrane having an average pore size of about

0.2 um was overflowing, while slowly moving the mesh basket
up and down (dipping time: 10 minutes), whereby the rubber plugs
were thoroughly washed. The mesh basket was then pulled out,

and the rubber plugs were sent to the next steps 4) and 5).
Steps 4) and 5)

The rubber plugs which had been treated in step 3) were
transferred from the mesh basket onto a meshed belt conveyor

such that the rubber plugs did not pile up. While causing the
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rubber plugs to move through a tunnel the cleanliness of which
was of the 1,000 class, each rubber plug was exposed to upward
and downward showers of washing water of still higher quality
for about 15 seconds. Incidentally, the washing water of the
still higher quality was prepared by further filtering water
of similar quality as the high-quality water, which had been
employed in step 3), through an ultrafiltration membrane the

fractionation molecular weight of which was not lower than

6,000.

Lo evaporate by high frequency heating. In the drying zone,
a high frequency heater (heat output: 4.5 KW) was arranged above

the conveyor belt. As a result of passage through the drying

zone, internal and surface water of the rubber plugs evaporated
completely.

Before the treatment in step 1) and after the individual
treatments in the subsequent steps, the rubber plugs were
sampled ten by ten at random by using pairs of tweezers
thoroughly washed with the above-described washing water of the

still higher quality, respectively. Fine particles attracted

had not been dried.
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ounting method of fine particle

Following "General Test 64, Test for Fine Particles in
Injectable Preparation" in the Pharmacopoeia of Japan,
thirteenth edition (first addendum), fine particles were
counted by using a light-shielded, automatic fine particle
counter ("RION I(L—Ol';r,M trade name for an automatic fine particle
counter manufactured by Rion Co. , Ltd.). The ten rubber plugs
sampled each time were placed with a pair of tweezers in a
specially-ordered 500-mL vial made of hard glass, followed by
the addition of 300 mL of washing water of the same quality as
the washing water of the still highei: quality used in steps 4)
and 5). After the vial was sealed with a "SEALON FILM':m(trade
name; product of Fuji Film Co., Ltd.), the vial was manually
shaken for 20 seconds at a speed such that each of the rubber
plugs made about two full turns per sgcond. After the vial was
left standstill for 1 hour, the water in the vial was sampled

by setting the sample quantity at 10 mL per sampling. Fine
particles in 10 mL of the water. This sampling was conducted
three times, and an average of the three counts was calculated.
The results of the above test are presented in Table 1.
Comparative Example 1

Washing of rubber plugs was conducted in a similar manner
as 1n Example 1 except that 500 of the rubber plugs were used
and the alkali washing in step 1) was conducted at room

temperature and atmospheric pressure with a 0.10 wt.% aqueous
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solution of NaOH (in which deionized water was used as water).
Fine particles attracted on the rubber plugs were also counted
ln a similar manner as in Example 1. The results of the counting
are presented 1in Table 2.
Comparative Example 2

Washing of rubber plugs was conducted in a similar manner
as 1n Example 1 except that 500 of the rubber plugs were used
and the washing in step 3) was conducted with deionized water
of quality equivalent to the deionized water before the
ultrafiltration. Fine particles attracted on the rubber plugs
were counted 1in a similar manner as in Example 1. The results

of the counting are presented in Table 3.

Comparative Example 3

Washing of rubber plugs was conducted in a similar manner
as 1n Examplé 1 except that 500 of the rubber plugs were used
and the shower washing in step 4) was conducted with water of
the same quality as the high-quality water employed in step 3).

Fine particles attracted on the rubber plugs were counted in

a similar manner as in Example 1. The results of the counting

are presented in Table 4.

Comparative Example 4
Five hundreds (500) of the rubber plugs produced in
Example 1 were used. From step 1) to step 4) 1in Example 1, the

treatment 1n each step was conducted in a similar manner as in

Example 1. Drying was conducted by drying the rubber plugs at

Tt ettt v .- ey " Rt e R - C e s S e a———- i
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B0 for 20 minutes in a hot air drier the cleanliness of which
was of the 1,000 class. Fine particles attracted on the rubber

plugs were counted in a similar manner as in Example 1. The

results of the counting are presented in Table 5.

Table 1 (Example 1)

Particle size (um) 11

Step —T— —r— ~
>2 >5 L >10 >20 >30

Untreated

After treatment in step 1)

N ki aaa e e o Laaas aamaa o i

After treatment in step 2)

aama o A aaa_as

After treatment in step 3)

A ik o el - -, e — —a ik

After treatment in step 4)

After treatment (drying) in
step 5)

- — _—

Standard set by K.K. Daikyo
Gomu Seiko

E—— PP B — nasaa ant
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Table 2 (Comparaiive Example 1)

Maaaaaa - A -

Particle size (um)

Step —
>2 >5 >20

Untreated >2000 | >300

| After treatment in step 1) | >200 >50 0 0

Lﬁfter treatment in step 2) 128 47 0 0

After treatment in step 3)[ 81 20 0 0

After treatment in step 4) 60 12 L_ 2 | 0 0
- R i I S B SN R R

‘ |

After treatment (drying) in |

| step 5) 42 L L, _J 2 0 0

L. i : i, B I — 1 L

PP e —————— —

Untreated

After treatment in step 1)

Arfter treatment in step 2)

After treatment in step 3)
I__ — — — - S - e et e

After treatment in step 4)

: .
———— ————+ I lﬁLﬁL ]

After treatment (drying) in
Lstep S5)
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Table 4 (Comparative Example 3)

s T ——. s a—y.

Particle size (um)

Step — - T -

- >2 | >5 >10 >20 >30
Untreated I>2OOO >300 >50 | >2 0
After Lréatment ;n.step 1) >200 >50 >10 1 0 0 |
Af£e; g;eatment in“ét;p 2) 70 13 1 ] O 0 |
‘Af;er treatment in step 3) 52 8 0 0 Om—j
- : m ] a -
LA?Fer Freatment }nrste? ?) 54 | 8 I 1 t (l _L__E__4
252§r5§reatment (drying) in 16 6 | 1 0 0 J

Table 5 (Comparative Example 4)

\aaas Al - Tr — aas - - e

Particle size (um)

Step 1
>2 >5 >10 >20 >30
Untreated >2000 | >300 | >50 j >2 0
After treatment in step 1) | >200 | >50 >10 | O l 0
. . . - — + -
After treatment in step 2) 69 11 1 0 0
—— - S + q- - -
After treatment in step 3)[" °6 | 9 0 Lﬂ 0
—_— — —_— | :
After treatment in step 4) 45 2 1 0 0
f— - - . — | — - - | :
L : 1
Afte; Ctreatment in step 5) g5 16 6 0 0
(drying)
- - S S [ L I B
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The embodiments of the invention in which an exclusive

property or privilege 1s claimed are defined as follows:

1. A process for producing rubber plugs, which are to be
used with medical containers or medical devices, by forming
a vulcanizable, mixed rubber compound and vulcanizing a

resultant formed rubber compound, which comprises the

following additional consecutive steps:

1) treating said rubber plugs with steam of high
temperature and high pressure;

2) treating said rubber plugs in an agqueous solution which
has been adjusted to be acidic;

3) rinsing said rubber plugs with high-quality water,
wherein said high-quality water 1s deionized water from
which insoluble fine particles and bacteria have been
removed via a filter having a pore size not greater than 0.2
pm,

4) washing said rubber plugs with a shower of dust- and
germ~-free water; and
5) drying said rubber plugs by at least one of far

infrared radiation and high frequency heating.

2 . The process according to claim 1, wherein i1n step 1),
sald rubber plugs are placed in a mesh basket made of

stalinless steel, said mesh basket with said rubber plugs
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placed therein 1s dipped in an aqueous alkaline solution

held within an autoclave, and said rubber plugs are then

treated there at 100 to 150° C. and at 101 to 400 kPa in

terms of an i1nternal pressure of the autoclave for 10 to 90

minutes.

3. The process according to claim 1 or 2, wherein in step
3), said rubber plugs are rinsed with said high-quality

water while boiling said high-quality water.

4. The process according to claim 1, 2 or 3, wherein in
step 4), salid dust- and germ-free water 1s prepared by
filtering water, having a quality equivalent to that of said
high-quality water used in step 3), through an
ultrafiltration membrane having a fractionation molecular

weight not lower than 6,000.

5. A process for producing rubber plugs, which are to be
used with medical containers or medical devices, by forming

a vulcanizable, mixed rubber compound and vulcanizing a

resultant formed rubber compound, which process comprises

the following additional consecutive steps:

F

1) placing said rubber plugs in a mesh basket made of

stalnless steel, dipping said mesh basket with said rubber

plugs placed therein 1n an aqueous alkaline solution held
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within an autoclave, and then treating said rubber plugs at
100 to 150° C. and at 101 to 400 kPa in terms of an internal
pressure of the autoclave for 10 to 90 minutes;

2) neutralizing alkaline substances, which have been
attracted on said rubber plugs, 1n an aqueous solution which
has been adjusted to be acidic;

3) rinsing salid rubber plugs with high-quality water while
boiling said high-quality water, said high-quality water
having been obtained by causing deionized water to pass

through a filter, a pore size of which 1s not greater than

0.2 um, such that insoluble fine particles and bacteria are
removed;

4) washing said rubber plugs with a shower of dust- and
germ-free water in a tunnel through which air of a
cleanliness in a range of from 100,000 to 1,000 is flowing,
said dust-and germ-free water having been prepared by
filtering water, a quality of which is equivalent to that of
said high-quality water used 1n step 3), through an
ultrafiltration membrane having a fractionation molecular

weight not lower than 6,000; and

5) drying said rubber plugs by at least one of far

infrared radiation and high frequency heating in a tunnel

through which air of a cleanliness class 1n a range of from

100,000 to 1,000 is flowing.
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6. A rubber plug to be used with a medical contailner or a

medical device, which has been obtalned by a process

-

according to any one of claims 1 to 5.
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