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(54) STERILIZATION DEVICE

(57) A sterilization apparatus characterized in that
the sterilization apparatus comprises a reactive oxygen
irradiation unit for irradiating a reactive oxygen and an
irradiation platform on which an object to be sterilized is
placed, wherein the irradiation platform satisfies one or
more selected from: (A): having a reactive oxygen shield-
ing structure in at least one direction of an upper side, a
lower side, or a horizontal direction of the object to be
sterilized; (B): being made of a resin and/or made of a
non-metal; and (C): being set within a closed space. The
sterilization apparatus of the present invention shows ex-
cellent sterilization activity, so that it can be suitably used
in, for example, sterilization of containers for foodstuff,
bottle caps for sealing the openings of containers, med-
ical devices, foodstuffs such as vegetables and meat,
and the like.
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Description

TECHNICAL FIELD

[0001] The present invention relates to sterilization apparatus. More particularly, the present invention relates to ster-
ilization apparatus in which sterilization treatment is carried out by irradiating reactive oxygen, and a sterilization method
using the apparatus.

BACKGROUND ART

[0002] In general, many apparatuses usable in the sterilization of foods, medicaments or the like are constituted by a
metal such as stainless steel or aluminum, from the viewpoint of corrosion resistance and durability.
[0003] For example, in food sterilization apparatus described in Patent Publication 1 the sterilization is carried out by
allowing high-temperature, high-pressure steam jetted from a nozzle to enter through previously opened holes, and the
nozzle for the steam jetting is constituted of stainless steel.
[0004] In Patent Publication 2, when a wrapped food in which a food is filled and tightly sealed in a container such as
a cup container or a bag-shaped container is thermally sterilized by microwaves, heated and pressurised air is blown
from a pipe into an outer box made of stainless steel at 130° to 150°C and about 3,000 hPa to carry out microwave
irradiation of an interior of the wrapped food.
[0005] On the other hand, containers for foods or beverages (foodstuffs) or the like are required to be sterilized on
internal and external sides thereof. As a conventional sterilization method, methods using aqueous hydrogen peroxide
or a chemical have been known. However, there are some disadvantages in that the aqueous hydrogen peroxide or
chemical is likely to remain, so that the development of substitute techniques has been studied.
[0006] For example, Patent Publication 3 discloses a method including generating a plasma jet using discharge in a
fluid, contacting a surface to be treated with the plasma jet and carrying out sterilization (disinfection) by way of energy
transfer from the plasma jet to the surfaces. The plasma jet used in this publication is generated by atmospheric electric
discharge in a process gas containing oxygen, preferably air, and the nozzle for irradiating this plasma jet is also made
of metal.

RELATED ART REFERENCES

PATENT PUBLICATIONS

[0007]

Patent Publication 1: Japanese Patent Laid-Open No. 2014-97004
Patent Publication 2: Japanese Patent Laid-Open No. 2010-189034
Patent Publication 3: Japanese Unexamined Patent Publication No. 2009-519799

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0008] In general, reactive oxygen species (ROS) such as superoxide radical (•O2
-), hydrogen peroxide (H2O2), or

hydroxy radical (HO•) are produced mainly from oxygen molecules or water in the air. For example, it has been known
that hydroxy radicals are obtained by a reaction of water molecules with plasma. Also, these reactive oxygens exhibit
an excellent sterilization action due to their strong oxidizing action, and it is considered that the mechanisms thereof are
such that sterilization effects are exhibited by the reaction of bacteria existing on the surface based on electron reactivity.
[0009] However, in the sterilization method of Patent Publication 3, the patent publication merely discloses a method
of mixing a disinfectant substance in the process gas of the source at which the plasma jet is generated in order to
enhance the effects (see [0025] of Patent Publication 3), and further techniques have been demanded.
[0010] An object of the present invention is to provide a sterilization apparatus having excellent sterilization effects
and a sterilization method using the apparatus.

MEANS TO SOLVE THE PROBLEMS

[0011] The present invention relates to the following [1] to [4]:



EP 3 363 471 A1

3

5

10

15

20

25

30

35

40

45

50

55

[1] A sterilization apparatus characterized in that the sterilization apparatus comprises a reactive oxygen irradiation
unit for irradiating reactive oxygen and an irradiation platform on which an object to be sterilized is placed, wherein
the irradiation platform satisfies one or more selected from the following (A), (B), and (C):

(A): having a reactive oxygen shielding structure in at least one direction of an upper side, a lower side, or a
horizontal direction of the object to be sterilized;
(B): being made of a resin and/or made of a non-metal; and
(C): being set within a closed space.

[2] A sterilization method including generating plasma using alternating current, and irradiating reactive oxygen
generated from plasma obtained, the method including the step of carrying out sterilization with arranging a reactive
oxygen shielding structure in at least one direction of an upper side, a lower side, or a horizontal direction of an
object to be sterilized.
[3] A sterilization method including irradiating reactive oxygen, including the steps of:

carrying out environmental sterilization including irradiating reactive oxygen within a chamber, and
carrying out a main sterilization including irradiating reactive oxygen to an object to be sterilized placed on an
irradiation platform made of a resin and/or made of a non-metal located within the chamber to which the envi-
ronmental sterilization was previously carried out.

[4] A sterilization method including the steps of

irradiating a reactive oxygen including irradiating a reactive oxygen to an object to be sterilized, and
aging an irradiated object to be sterilized after the step of irradiating a reactive oxygen.

EFFECTS OF THE INVENTION

[0012] The sterilization apparatus of the present invention exhibits some excellent effects in that the sterilization effects
are excellent. Also, a chemical or the like which has been used in conventional sterilization does not remain because
the sterilization is carried out with a fluid, which leads to simplifications of processing steps, whereby productivity can
be remarkably improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

[FIG. 1] FIG. 1 is a schematic view showing one embodiment of an overview of a sterilization apparatus of the
present invention.
[FIG. 2] FIG. 2 is schematic views showing a sterilization apparatus of an embodiment A-1 of the present invention,
which are a left side view (upper left view), a plan view (lower left view), and a front view (right view) of the irradiation
platform. The arrow in the figure shows the direction of progress of an object to be sterilized.
[FIG. 3] FIG. 3 is schematic views showing a sterilization apparatus of an embodiment A-2 of the present invention,
which are a left side view (upper left view), a plan view (lower left view), and a front view (right view) of the irradiation
platform. The arrow in the figure shows the direction of progress of an object to be sterilized.
[FIG. 4] FIG. 4 is schematic views showing a sterilization apparatus of an embodiment A-3 of the present invention,
which are a left side view (upper left view), a planar view (lower left view), and a front view (right view) of the irradiation
platform. The arrow in the figure shows the direction of progress of an object to be sterilized.
[FIG. 5] FIG. 5 is schematic views showing a sterilization apparatus of an embodiment A-4 of the present invention,
which are a left side view (upper left view), a plan view (lower left view), and a front view (right view) of the irradiation
platform. The arrow in the figure shows the direction of progress of an object to be sterilized.
[FIG. 6] FIG. 6 is schematic views showing a sterilization apparatus of an embodiment A-5 of the present invention,
which are a left side view (upper left view), a plan view (lower left view), and a front view (right view) of the irradiation
platform. The arrow in the figure shows the direction of progress of an object to be sterilized.
[FIG. 7] FIG. 7 is schematic views showing a sterilization apparatus of an embodiment A-6 of the present invention,
which are a left side view (upper left view), a plan view (lower left view), and a front view (right view) of the irradiation
platform. The arrow in the figure shows the direction of progress of an object to be sterilized.
[FIG. 8] FIG. 8 is a schematic view showing an embodiment of sterilization apparatus of the present invention.
[FIG. 9] FIG. 9 is a schematic view showing an embodiment of sterilization apparatus of the present invention.
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[FIG. 10] FIG. 10 is a schematic view showing an embodiment of a unit used in the aging step.
[FIG. 11] FIG. 11 is a schematic view showing an embodiment of a unit used in the aging step.
[FIG. 12] FIG. 12 is a schematic view showing bacteria-inoculated sites internal and external of a resin bottle cap
used in Test Example A-1.
[FIG. 13] FIG. 13 is a schematic view showing bacteria-inoculated sites in a resin bottle cap used in Test Example A-1.
[FIG. 14] FIG. 14 is a schematic view showing the state of an internal side of a resin bottle cap used in Test Example
B-1.
[FIG. 15] FIG. 15 is a schematic view showing bacteria-inoculated sites in a resin bottle cap used in Test Example
B-1 and Test Example C-1.
[FIG. 16] FIG. 16 is a graph showing the relationship between the aging time and the sterilization value while allowing
to stand in Test Example C-1.

MODES FOR CARRYING OUT THE INVENTION

[0014] The sterilization apparatus of the present invention is a sterilization apparatus comprising a reactive oxygen
irradiation unit for irradiating a reactive oxygen and an irradiation platform on which an object to be sterilized is placed,
characterized in that the irradiation platform satisfies one or more selected from:

(A): having a reactive oxygen shielding structure in at least one direction of an upper side, a lower side, or a horizontal
direction of the object to be sterilized;
(B): being made of a resin and/or made of a non-metal; and
(C): being set within a closed space.

Hereinafter, sterilization apparatus satisfying (A) will be explained as embodiment A, sterilization apparatus satisfying
(B) will be explained as embodiment B, and sterilization apparatus satisfying (C) will be explained as embodiment C.
Here, in the present invention, the term "sterile" or "sterilization" means breaking of live bodies of microbes or removal
thereof from surfaces to be sterilized, which, for example, includes disinfection, sterilization or sterile filtration.

Embodiment A

[0015] It has been known that the electronic reaction of reactive oxygen species is transient, instantaneously disap-
pearing on the surface of an object to be sterilized. In view of the above, as a result of various studies on sustenance
of reactive oxygen in order to further increase sterilization effects, the present inventors have surprisingly found that
sterilization actions by reactive oxygen are remarkably increased by arranging a particular shielding structure in an
irradiation platform so that the reactive oxygen irradiated to the object to be sterilized is controlled to be naturally diffused
while having the same amount of reactive oxygen irradiated, whereby perfecting the present invention of the embodiment
A.
[0016] Sterilization apparatus of embodiment A is characterized in that a particular shielding structure is arranged on
an irradiation platform on which an object to be sterilized is placed. The reasons why the sterilization effects are increased
by setting a shielding structure cannot be unconditionally explained, but they are assumed to be as follows. While the
oxidizing actions of reactive oxygen disappear instantly, the diffusion of reactive oxygen is controlled by the shielding
structure in the present invention, so that steam that remains unreacted during the generation of reactive oxygen from
plasma can be simultaneously controlled from being diffused, whereby the steam or condensation formed from the steam
would contain even larger amounts of reactive oxygen per unit volume, which in turn increases the amount of reactive
oxygen retained per unit volume, thereby remarkably increasing the sterilization effects. However, these assumptions
do not limit the present invention thereto.
[0017] Sterilization apparatus of embodiment A includes, for example, apparatuses of the embodiments A-1 to A-6,
depending upon the positions at which the reactive oxygen shielding structure is arranged:

Embodiment A-1: A sterilization apparatus comprising a reactive oxygen shielding structure which is arranged in
an upper side of an object to be sterilized;
Embodiment A-2: A sterilization apparatus comprising a reactive oxygen shielding structure which is arranged in a
horizontal direction of an object to be sterilized;
Embodiment A-3: A sterilization apparatus comprising a reactive oxygen shielding structure which is arranged in a
lower side of an object to be sterilized;
Embodiment A-4: A sterilization apparatus comprising a reactive oxygen shielding structure which is arranged in a
lower side and in a horizontal direction of an object to be sterilized;
Embodiment A-5: A sterilization apparatus comprising a reactive oxygen shielding structure which is arranged in
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an upper side and in a horizontal direction of an object to be sterilized; and
Embodiment A-6: A sterilization apparatus comprising a reactive oxygen shielding structure which is arranged in all
of an upper side, a lower side and a horizontal direction of an object to be sterilized.

[0018] The sterilization apparatuses of the embodiments A-1 to A-6 mentioned above are the same in other constituting
elements except for a difference in structures of irradiation platforms, which will be explained more specifically based
on FIGs. 1 to 7. Here, FIG. 1 is one example of an overview of the sterilization apparatus of the embodiment A; the
present invention is not limited to this embodiment and may take various embodiments. FIGS. 2 to 7 show detailed
structures of the irradiation platforms of the embodiments A-1 to A-6. In addition, the above illustrated sterilization
apparatuses are merely one embodiment of the present invention, without intending to limit the present invention thereto.
[0019] As shown in FIG. 1, a sterilization apparatus of embodiment A comprises each of the units of an inlet unit A-1
for alternating current, a high-voltage unit A-2, an inlet unit A-3 for gas flow, a nozzle A-4, a chilling unit A-5 of the nozzle,
an inlet unit A-6 for steam flow to the nozzle, an inlet unit A-7 for water flow to the inlet unit for steam flow, and an
irradiation platform A-8, and a shielding structure A-9 is arranged in the irradiation platform A-8.
[0020] The inlet unit A-1 for alternating current is a source of generating electric charges of plasma discharge. The
alternating current to be supplied is not particularly limited, and the alternating current includes, for example, ones
generated at a frequency of from 10 to 15 kHz, and a voltage of from 200 to 500 V or so, which can be properly set in
accordance with known techniques. The level of amperes of the alternating current is not particularly limited, and the
level can be properly adjusted depending upon the specifications of the inlet device; for example, an alternating current
of 11 A may be used. In embodiment A a direct current can be used in place of alternating current, but alternating current
is preferred, from the viewpoint of adjusting voltage.
[0021] The high-voltage unit A-2 is a device which is connected with the inlet unit A-1 for alternating current, and
increases voltage of the alternating current supplied from the unit A-1, and any devices that are capable of increasing
voltage can be used without particular problems. In addition, the high-voltage unit may be integrated with the unit A-1.
The increased voltage is not particularly limited, and may be, for example, from 10 to 30 kV or so.
[0022] The inlet unit A-3 for gas flow is an device for inlet of gas flows of various gases to each of a nozzle A-4 and
an inlet unit A-6 for steam flow, and a known inlet device for gas flow can be used.
[0023] Specifically, a carrier gas for generating plasma is allowed to flow to a nozzle A-4. As the carrier gas, the air,
oxygen, nitrogen, argon, helium, and mixtures thereof can be used, among which it is preferable to use two kinds of the
air and oxygen. The flow rate of the carrier gas is not unconditionally set, depending upon the size, shape, or the like of
the nozzle A-4. For example, an embodiment includes allowing the air to flow at a rate of 6 L/min, and oxygen to flow
at a rate of 3 L/min.
[0024] The air for mixing with the steam needed when producing reactive oxygen from plasma is allowed to flow to
the inlet unit A-6 for steam flow. By using a water-containing gas in which the steam is mixed with the air, the mixing of
the plasma and steam is accelerated, whereby hydroxy radicals can be efficiently produced from the steam. The flow
rate of the air to the inlet unit A-6 for steam flow is the same as the flow rate of the water-containing gas to the nozzle
A-4. For example, an embodiment of allowing the air to flow at a rate of 3 L/min is exemplified. Here, the air as used
herein refers to a gas of which relative humidity is from 0 to 10% by volume or so at 20°C.
[0025] The nozzle A-4 is a device for irradiating reactive oxygen obtained by generating plasma, also referred to as
a reactive oxygen irradiation unit. The device comprises an internal electrode and an external electrode, and an elevated
voltage is applied between the two electrodes from the high-voltage unit A-2, thereby making it possible to generate an
electric field. In addition, the internal electrode may be connected with a coil, so that an even larger electric field can be
formed. The shape, size or the like of the coil can be adjusted in accordance with the technical common knowledge of
one of ordinary skill in the art.
[0026] In addition, the device comprises a gas inlet port and a reactive oxygen irradiation port, wherein the gas inlet
port exists at an end of an opposite side to an end part at which the reactive oxygen irradiation inlet exists. Moreover,
the gas inlet port is connected with a pipe from the inlet unit A-3 for gas flow, wherein plasma is produced by passing a
carrier gas through the electric field generated as mentioned above. Since the plasma produced as described above is
also a fluid, the plasma may also be referred to as a plasma jet. On the other hand, the reactive oxygen irradiation port
has a tubular structure or a conical structure that is tapered toward a discharge opening, and connected with a pipe for
allowing a water-containing gas to flow from the inlet unit A-6 for steam flow at any of the parts before reaching the
discharge opening, at which a reactive oxygen would be produced by a reaction with the plasma produced above, and
irradiated from the discharge opening of the reactive oxygen irradiation port.
[0027] The nozzle A-4 is not particularly limited in shape or size so long as the nozzle has the above constitution. For
example, a structure comprising a gas inlet port arranged at an upper end of a cylindrical structure, and a reactive oxygen
irradiation port having a tubular structure having a diameter smaller than the diameter of the apparatus at a lower end
thereof is exemplified. The cylindrical structure may form a layered structure, and, for example, a structure in which a
coil is formed in the surroundings of the tube through which a carrier gas passes, and optionally a layer of an insulation
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material is further formed in the surroundings of the coil is exemplified. The tube is not particularly limited so long as the
tube is an electroconductive material, and known materials in the art can be used. In addition, the insulation material is
not particularly limited, and a known insulation material in the art can be used.
[0028] The chilling unit A-5 of the nozzle is a device for allowing chilling water to flow to the nozzle A-4, and a known
device for chilling water flow can be used. Since the nozzle A-4 generates heat by applying a high voltage, it is preferable
to chill the nozzle. As the chilling water, water at temperature of, for example, 5°C or so are preferably used, and the
chilling water may be circulated between the nozzle A-4 and the chilling unit A-5. The flow rate of the chilling water can
be properly adjusted so that the surface temperature of the nozzle A-4 is controlled to 25°C or lower. Here, the surface
temperature of the nozzle A-4 can be measured with a contact-type thermometer.
[0029] The inlet unit A-6 for steam flow to the nozzle is a device of allowing a water-containing gas to flow to the nozzle
A-4, and the inlet unit is connected to a reactive oxygen irradiation port of the nozzle A-4 as mentioned above. When
the water-containing gas is allowed to flow, first, water from an inlet unit A-7 for water flow is heated with electric heating
wires installed therein to produce steam, and a mixture of the steam with the air allowed to flow from the inlet unit A-3
for gas flow is allowed to flow to the nozzle A-4 as a water-containing gas. Here, the inlet unit A-7 for water flow may be
integrated with the inlet unit A-6 for steam flow. The heating temperature of the electric heating wires can be properly
adjusted depending upon the flow rate of water, which is exemplified by, for example, 300°C. Also, the flow rate of water
from the inlet unit A-7 for water flow can be adjusted depending upon the amount of steam needed to produce reactive
oxygen. In the present invention, the flow rate of water is preferably 0.5 mL/min or more, and more preferably 1.0 mL/min
or more, from the viewpoint of containing a water content in the reactive oxygen-containing gas in an amount equal to
or greater than the saturated steam. In addition, although the upper limit is not particularly set, the flow rate of water is
preferably 6 mL/min or less, and more preferably 5 mL/min or less. The steam thus obtained is mixed with the air allowed
to flow from the inlet unit A-3 for gas flow in a volume ratio (steam/the air) of from 0.2 to 2.5 or so, and the water-containing
air is allowed to flow to a reactive oxygen irradiation port of the nozzle A-4. The mixing volume ratio of steam to the air
can be modified by fluctuating the flow rate of water, and the amount of steam contained in the water-containing air can
be increased by increasing the flow rate of water. Examples of the mixing volume ratio of the plasma jet produced in the
nozzle A-4 to the water-containing gas allowed to flow from the inlet unit A-6 for steam flow [plasma jet / water-containing
gas] include from 0.8 to 2.6.
[0030] The irradiation platform A-8 on which an object to be sterilized is placed is not particularly limited so long as
the object to be sterilized can be placed, and varies only in the locations at which a reactive oxygen shielding structure
A-9 is arranged. For example, the irradiation platform may be arranged on a conveying rail. In addition, it is preferable
that the object can be placed at a temperature equal to or lower than an ordinary temperature (40°C), from the viewpoint
of allowing hydroxy radicals not to decompose due to high temperatures.
[0031] The reactive oxygen shielding structure A-9 (simply referred to as a shielding structure) is arranged in at least
one direction of an upper side, a lower side, or a horizontal direction of the irradiation platform A-8, and the shielding
structure may be in a shape that can inhibit natural diffusion of the reactive oxygen. The shielding structure in each
embodiment will be explained using FIGs. 2 to 7.
[0032] In the embodiment of FIG. 2 (embodiment A-1), a shielding structure is placed at an upper side of objects to
be sterilized. Specifically, for example, a shielding structure is placed or connected near a discharge opening of a reactive
oxygen irradiation port of the nozzle A-4, in which a plate-like shielding plate can be arranged having a cut-through hole
that makes a passageway for the reactive oxygen. The size of the shielding plate can be properly adjusted depending
upon the size of an object to be sterilized. It is preferable that the size is such that, for example, when an object to be
sterilized is placed on an irradiation platform, the shielding plate has an area which is the same as or greater than a
projected area thereof from an upper side, from the viewpoint of confining the sterilization gas in as small a space as
possible and increasing an existing amount of the sterilization gas per unit volume. In addition, the size would differ
depending upon whether the sterilization is carried out according to a batch process or a continuous process, and, for
example, in an apparatus for sterilization according to a continuous process while conveying in one direction, it can be
appropriately set according to a known technique so as to cover an upper surface of an object to be sterilized along the
direction of progress. Here, the thickness is not particularly limited. Also, it is preferable that the size of the hole is the
same as a discharge opening of a reactive oxygen irradiation port, from the viewpoint of confining a sterilization gas in
a small space as possible and increasing an existing amount of the sterilization gas per unit volume.
[0033] In the embodiment of FIG. 3 (embodiment A-2), a shielding structure is placed in a horizontal direction, i.e. a
side surface direction, relative to an object to be sterilized. Here, the horizontal direction would differ depending upon
whether the sterilization is carried out in a batch process or a continuous process, and in a case of a batch process, the
horizontal direction means a direction so as to surround a part or all of the surroundings which are side surfaces of an
object to be sterilized, and in a case of a continuous process, the horizontal direction means a wall surface continuously
shielding side surfaces extending in the direction of progress. Specifically, for example, when an object to be sterilized
is sterilized continuously, a plate-like shielding wall is placed or connected at one side of the irradiation platform, preferably
both sides, along the direction of progress. The size of the shielding wall cannot be unconditionally determined depending
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upon the size of the object to be sterilized, and it is preferable that the size is such that when an object to be sterilized
is placed on an irradiation platform, the shielding wall has an area which is equal to or greater than a projected area
thereof from a side surface, from the viewpoint of confining the sterilization gas in as small a space as possible and
increasing an existing amount of the sterilization gas per unit volume, and the wall has a height which is higher than the
height of an object to be sterilized, and preferably having a height 1 to 2 times the height of an object to be sterilized.
Here, the thickness is not particularly limited.
[0034] In the embodiment of FIG. 4 (embodiment A-3), a shielding structure is placed at a lower side of the objects to
be sterilized. Specifically, for example, a plate-like shielding plate is placed or connected at a lower side of the irradiation
platform on which an object to be sterilized is placed. The size of the shielding plate cannot be unconditionally determined
depending upon the size of the object to be sterilized, and it is preferable that the size may be such that the shielding
plate has a size on which an object to be sterilized can be placed, from the viewpoint of confining a sterilization gas in
a small space as possible and increasing an existing amount of the sterilization gas per unit volume. For example, the
shielding plate can be appropriately set in accordance with a known method so that a bottom side of a conveyor belt on
which an object to be sterilized is placed can be covered. Here, the thickness is not particularly limited.
[0035] In the embodiment of FIG. 5 (embodiment A-4) a shielding structure is placed at a lower side and in a horizontal
direction relative to an object to be sterilized. Specifically, the shielding structure is a structure in which shielding structures
of embodiment A-2 and embodiment A-3 are combined, and those structures may be connected. For example, as is
clear from a front view of FIG. 5, the shielding structure may take a structure that surrounds the object except that an
opening is located at an upper side, and which may be an indented structure or groove-like structure. In the above
structure, the sterilization effects are more remarkably improved because the sustaining of reactive oxygen is even
greater.
[0036] In the embodiment of FIG. 6 (embodiment A-5) a shielding structure is placed at an upper side and in a horizontal
direction relative to an object to be sterilized. Specifically, the shielding structure is a structure in which the shielding
structures of embodiment A-1 and embodiment A-2 are combined, and those structures may be connected. For example,
as is clear from a front view of FIG. 6, the shielding structure may take a structure that surrounds the object except that
an opening is located at a lower side, and which may be a cover-like structure or a dome-shaped structure. In the above
structure, the sterilization effects are more remarkably improved because the diffusion of reactive oxygen to the exterior
is inhibited.
[0037] In the embodiment of FIG. 7 (embodiment A-6) a shielding structure is placed at each one of an upper side, a
lower side and a horizontal direction of an object to be sterilized. Specifically, the shielding structure is a structure in
which the shielding structures of embodiment A-1, embodiment A-2 and embodiment A-3 are combined, and those
structures may be connected. For example, as is clear from a front view of FIG. 7, the shielding structure may take a
structure that surrounds all the environment of the object with the shielding structure, and which includes structures like
a box with a cover. In this structure sterilization effects are more remarkably improved because the diffusion of reactive
oxygen to the exterior is inhibited.
[0038] The shielding structure is set as described above, and in embodiment A it is preferable that the shielding
structure be made of a resin and/or made of a non-metal, from the viewpoint of even more improving sterilization effects.
Here, the matter that the shielding structure is made of a resin and/or made of a non-metal intends to embrace not only
a case where an entire shielding structure is constituted by a resin or a non-metal, or a resin and a non-metal, but also
a case where a part of the shielding structure is constituted by a resin or a non-metal, or a resin and a non-metal, and
a case where the surface of the shielding structure is covered with a resin or a non-metal, or a resin and a non-metal.
The resin is not particularly limited so long as the resin is a known resin, and the resin is, for example, preferably olefinic
resins such as polyethylene (PE), polypropylene (PP), and ethylene-propylene copolymers; copolymers having ethylene
as a monomeric component, such as ethylene-vinyl acetate copolymers (EVA), ionomer resins, ethylene-(meth)acrylic
acid copolymers, ethylene-(meth)acrylate ester (random, alternating) copolymers; polyesters such as polyethylene
terephthalate (PET), polyethylene naphthalate (PEN), and polybutylene terephthalate (PBT); acrylic resins; polyvinyl
chloride (PVC); polyurethanes; polycarbonates; polyphenylene sulfide (PPS); amide-based resins such as polyamides
(nylon) and wholly aromatic polyamides (aramid); polyether ether ketone (PEEK); polyimides; polyetherimides; polyvi-
nylidene chloride; ABS (acrylonitrile-butadiene-styrene copolymers); cellulose-based resins; silicone resins; fluororesins,
and the like. In addition, the non-metal includes ceramics and the like.
[0039] Here, the sterilization apparatus of embodiment A may further comprise other known units besides the units
mentioned above. In addition, it may be combined with a known chamber.
[0040] Thus, reactive oxygen is irradiated to a platform comprising a particular reactive oxygen shielding structure,
and thereby hydroxy radicals are more held, which in turn makes it possible to show excellent sterilization activity. Also,
since reactive oxygen is a fluid, even a three-dimensional structured object can be sterilized, exhibiting some excellent
effects in that residues do not remain on edges or corners.
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Embodiment B

[0041] As a result of various studies in order to further increase the sterilization effects of reactive oxygen, the present
inventors have found for the first time that the sterilization effects vary depending upon a surface material on which
bacteria are present, and the present invention of embodiment B has been perfected thereby.
[0042] In general, metals such as stainless steel and aluminium have high corrosion resistance and durability so that
they are widely used as constituting materials for a sterilization apparatus. On the other hand, the sterilization effects of
reactive oxygen are based on its oxidizing strength, so that the present inventors have intensively studied in order to
allow the sterilization effects to be exhibited to the fullest. As a result, they have found that the reduction in the sterilization
effects is inhibited due to allowing not to lose oxidizing strength of reactive oxygen by the surrounding environment.
Specifically, in a sterilization apparatus of embodiment B of the present invention, an oxidation reaction of an irradiation
platform itself can be inhibited by at least providing a platform made of a resin and/or a non-metal, on which at least an
object to be sterilized is placed, so that it is assumed that much of irradiated reactive oxygen are reacted while retaining
the oxidizing strength. However, the present invention is not limited by these assumptions.
[0043] The reactive oxygen in embodiment B is not particularly limited, and, for example, reactive oxygen obtained
by generating plasma using alternating current, and generating reactive oxygen from the plasma obtained, is usable.
[0044] The sterilization apparatus of embodiment B will be explained in detail hereinbelow on the basis of FIG. 8.
Here, the sterilization apparatus shown in FIG. 8 is a chamber sterilization apparatus comprising a chamber, which is
merely one embodiment of the present invention, without intending to limit the present invention thereto.
[0045] As shown in FIG. 8, the chamber sterilization apparatus of the embodiment B comprises each of the units of
an inlet unit B-1 for alternating current, a high-voltage unit B-2, an inlet unit B-3 for gas flow, a nozzle B-4, a chilling unit
B-5 of the nozzle, an inlet unit B-6 for steam flow to the nozzle, an inlet unit B-7 for water flow to the inlet unit for steam
flow, and an irradiation platform B-8 on which an object to be sterilized is placed, and a chamber B-9.
[0046] The inlet unit B-1 for alternating current is a source of generating electric charges of plasma discharge. The
alternating current to be supplied is not particularly limited, and the alternating current includes, for example, ones
generated at a frequency of from 10 to 15 kHz, and a voltage of from 200 to 500 V or so, which can be properly set in
accordance with known techniques. The level of amperes of the alternating current is not particularly limited, and the
level can be properly adjusted depending upon the specifications of the inlet device; for example, an alternating current
of 11 A may be used. Here, in the embodiment B, direct current can be used in place of the alternating current, but
alternating current is preferred from the viewpoint of adjusting voltage.
[0047] The high-voltage unit B-2 is a device which is connected with the inlet unit B-1 for alternating current, and
increases voltage of the alternating current supplied from the unit B-1, and any of devices that are capable of increasing
voltages can be used without particular problems. In addition, the high-voltage unit may be integrated with the unit B-1.
The increased voltage is not particularly limited, and may be, for example, from 10 to 30 kV or so.
[0048] The inlet unit B-3 for gas flow is an device for inlet of gas flows of various gases to each of a nozzle B-4 and
an inlet unit B-6 for steam flow, and a known inlet device for gas flow can be used.
[0049] Specifically, a carrier gas for generating plasma is allowed to flow to a nozzle B-4. As the carrier gas, the air,
oxygen, nitrogen, argon, helium, and mixtures thereof can be used, among which it is preferable to use two kinds of the
air and oxygen. The flow rate of the carrier gas is not unconditionally set, depending upon the size, shape, or the like of
the nozzle B-4. For example, an embodiment includes allowing the air to flow at a rate of 6 L/min, and oxygen to flow
at a rate of 3 L/min.
[0050] The air for mixing with the steam needed when producing reactive oxygen from plasma is allowed to flow to
the inlet unit B-6 for steam flow. By using a water-containing gas in which the steam is mixed with the air, the mixing of
the plasma and steam is accelerated, whereby hydroxy radicals can be efficiently produced from the steam. The flow
rate of the air to the inlet unit B-6 for steam flow is the same as the flow rate of the water-containing gas to the nozzle
B-4. For example, an embodiment of allowing the air to flow at a rate of 3 L/min is exemplified. Here, the air as used
herein refers to a gas of which relative humidity is from 0 to 10% by volume or so at 20°C.
[0051] The nozzle B-4 is a device for irradiating reactive oxygen obtained by generating plasma, and is also referred
to as a reactive oxygen irradiation unit. The device comprises an internal electrode and an external electrode, and an
elevated voltage is applied between both the electrodes from the high-voltage unit B-2, whereby making it possible to
generate. In addition, the internal electrode may be connected with a coil, so that an even larger electric field can be
formed. The shape, size or the like of the coil can be adjusted in accordance with the technical common knowledge of
one of ordinary skill in the art.
[0052] In addition, the device comprises a gas inlet port and a reactive oxygen irradiation port, wherein the gas inlet
port exists at an end of an opposite side to an end part at which the reactive oxygen irradiation inlet exists. Moreover,
the gas inlet port is connected with a pipe from the inlet unit B-3 for gas flow, wherein plasma is produced by passing a
carrier gas through the electric field generated as mentioned above. Since the plasma produced as described above is
also a fluid, the plasma may also be referred to as a plasma jet. On the other hand, the reactive oxygen irradiation port
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has a tubular structure or a conical structure that is tapered toward a discharge opening, and connected with a pipe for
allowing a water-containing gas to flow from the inlet unit B-6 for steam flow at any of the parts before reaching the
discharge opening, at which a reactive oxygen would be produced by a reaction with the plasma produced above, and
irradiated from the discharge opening of the reactive oxygen irradiation port.
[0053] The nozzle B-4 is not particularly limited in the shape or size so long as the nozzle comprises the above parts.
For example, a structure comprising a gas inlet port arranged at an upper end of a cylindrical structure, and a reactive
oxygen irradiation port having a tubular structure having a diameter smaller than the diameter of the apparatus at a lower
end thereof is exemplified. The cylindrical structure may form a layered structure, and, for example, a structure in which
a coil is formed in the surroundings of the tube through which a carrier gas passes, and optionally a layer of an insulation
material is further formed in the surroundings of the coil is exemplified. The tube is not particularly limited so long as the
tube is an electroconductive material, and known materials in the art can be used. In addition, the insulation material is
not particularly limited, and a known insulation material in the art can be used.
[0054] The chilling unit B-5 of the nozzle is a device for allowing a chilling water to flow to the nozzle B-4, and a known
device for chilling water flow can be used. Since the nozzle B-4 generates heat by applying a high voltage, it is preferable
to chill the nozzle. As the chilling water, waters at temperatures of, for example, 5°C or so are preferably used, and the
chilling water may be circulated between the nozzle B-4 and the chilling unit B-5. The flow rate of the chilling water can
be properly adjusted so that the surface temperature of the nozzle B-4 is controlled to 25°C or lower. Here, the surface
temperature of the nozzle B-4 can be measured with a contact-type thermometer.
[0055] The inlet unit B-6 for steam flow to the nozzle is a device of allowing a water-containing gas to flow to the nozzle
B-4, and the inlet unit is connected to a reactive oxygen irradiation port of the nozzle B-4 as mentioned above. When
the water-containing gas is allowed to flow, first, water from an inlet unit B-7 for water flow is heated with electric heating
wires installed therein to produce steam, and a mixture of the steam with the air from the inlet unit B-3 for gas flow is
allowed to flow to the nozzle B-4 as a water-containing gas. Here, the inlet unit B-7 for water flow may be integrated
with the inlet unit B-6 for steam flow. The heating temperature of the electric heating wires can be properly adjusted
depending upon the flow rate of water, which is exemplified by, for example, 300°C. Also, the flow rate of water from
the inlet unit B-7 for water flow can be adjusted depending upon the amount of steam needed to produce reactive oxygen.
In the embodiment B, the flow rate of water is preferably 0.5 mL/min or more, and more preferably 1.0 mL/min or more,
from the viewpoint of containing a water content in the reactive oxygen-containing gas in an amount equal to or greater
than the saturated steam. In addition, although the upper limit is not particularly set, the flow rate of water is preferably
6 mL/min or less, and more preferably 5 mL/min or less. The steam thus obtained is mixed with the air allowed to flow
from the inlet unit B-3 for gas flow in a volume ratio (steam/the air) of from 0.2 to 2.5 or so, and the water-containing air
is allowed to flow to a reactive oxygen irradiation port of the nozzle B-4. The mixing volume ratio of steam to the air can
be modified by fluctuating the flow rate of water mentioned above, and the amount of steam contained in the water-
containing air can be increased by increasing the flow rate of water. Examples of the mixing volume ratio of the plasma
jet produced in the nozzle B-4 to the water-containing gas from the inlet unit B-6 for steam flow [plasma jet / water-
containing gas] include from 0.8 to 2.6.
[0056] The embodiment B has a feature that an irradiation platform B-8 on which an object to be sterilized is placed
is made of a resin and/or made of a non-metal. Here, the matter that the irradiation platform is made of a resin and/or
made of a non-metal intends to embrace not only a case where an entire irradiation platform is constituted by a resin or
a non-metal, or a resin and a non-metal, but also a case where a part of the irradiation platform is constituted by a resin
or a non-metal, or by a resin and a non-metal, and a case where the surface of the irradiation platform is covered with
a resin or a non-metal, or with a resin and a non-metal. The resin is not particularly limited so long as the resin is a
known resin, and the resin is, for example, preferably a resin having ozone resistance. Specific examples include olefinic
resins such as polyethylene (PE), polypropylene (PP), and ethylene-propylene copolymers; copolymers having ethylene
as a monomeric component, such as ethylene-vinyl acetate copolymers (EVA), ionomer resins, ethylene-(meth)acrylic
acid copolymers, ethylene-(meth)acrylate ester (random, alternating) copolymers; polyesters such as polyethylene
terephthalate (PET), polyethylene naphthalate (PEN), and polybutylene terephthalate (PBT); acrylic resins; polyvinyl
chloride (PVC); polyurethanes; polycarbonates; polyphenylene sulfide (PPS); amide-based resins such as polyamides
(nylon) and wholly aromatic polyamides (aramid); polyether ether ketone (PEEK); polyimides; polyetherimides; polyvi-
nylidene chloride; ABS (acrylonitrile-butadiene-styrene copolymers); cellulose-based resins; silicone resins; fluororesins,
and the like. In addition, the non-metal includes ceramics and the like. In the present invention, the above resin and the
non-metal may be used in other units, among which a nozzle B-4 having a part made of a resin and/or made of a non-
metal is preferred.
[0057] The temperature of the irradiation platform is not particularly limited, so long as the object to be sterilized can
be placed, and it is preferable that the object can be placed at a temperature of equal to or lower than an ordinary
temperature (40°C), from the viewpoint of allowing hydroxy radicals not to decompose due to high temperatures.
[0058] The chamber B-9 may take an embodiment comprising in its internal at least a nozzle B-4 and an irradiation
platform B-8 out of the above units, and the size and the structure thereof can be appropriately set depending upon an
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object to be sterilized. In addition, it is preferable that the constituting member of the chamber is entirely or partly made
of a resin and/or made of a non-metal, in the same manner as in the irradiation platform, from the viewpoint of loss of
oxidizing strength due to reaction with hydroxy radicals. The temperature inside the chamber is not particularly set, and
the temperature is, for example, from 2° to 40°C.
[0059] Here, the chamber sterilization apparatus of the embodiment B may further comprise other units besides the
units mentioned above. Examples of other units include shielding walls for preventing diffusion of reactive oxygen, and
the like.
[0060] Thus, reactive oxygen is irradiated from the chamber sterilization apparatus of embodiment B towards an
irradiation platform made of a resin and/or made of a non-metal, so that a loss of oxidizing strength is reduced, which
in turn makes it possible to show excellent sterilization activity. Also, since reactive oxygen is a fluid, even a three-
dimensional structured object can be sterilized, exhibiting some excellent effects that residues do not remain on edges
or corners.

Embodiment C

[0061] The sterilization apparatus of embodiment C has a feature that the irradiation platform is set within a closed
space. While reactive oxygen exhibits sterilization actions for the first time by contacting the reactive oxygen with a
surface of an object to be sterilized, the inventors of the present application have surprisingly found that when an irradiated
object is allowed to stand in the absence of irradiation with reactive oxygen, the sterilization actions are remarkably
increased as compared to a time point immediately after the irradiation. Although the detailed mechanisms therefor are
unknown, they are assumed as follows. There are some bacteria that undergo instantaneous death and other bacteria
remain undead but are only damaged, and when those damaged bacteria are allowed to stand for a certain period of
time, the bacteria become fragile and eventually lead to death, thereby making them even more perfectly sterile. In the
present invention, as described above, the matter of irradiating reactive oxygen and allowing to stand, thereby increasing
the sterilization effects is described as "aging." However, the present invention is not limited by these assumptions.
[0062] The sterilization apparatus of embodiment C will be explained in detail hereinbelow on the basis of FIG. 9.
Here, the sterilization apparatus shown in FIG. 9 is merely one embodiment of the embodiment C, without intending to
limit the present invention thereto.
[0063] As shown in FIG. 9, the sterilization apparatus of embodiment C comprises each of the units of an inlet unit C-
1 for alternating current, a high-voltage unit C-2, an inlet unit C-3 for gas flow, a nozzle C-4, a chilling unit C-5 of the
nozzle, an inlet unit C-6 for steam flow to the nozzle, an inlet unit C-7 for water flow to the inlet unit for steam flow, and
an irradiation platform C-8.
[0064] The reactive oxygen in embodiment C is not particularly limited, and, for example, reactive oxygen obtained
by generating plasma using an alternating current, and generating reactive oxygen from the plasma obtained is usable.
[0065] The inlet unit C-1 for alternating current is a source of generating electric charges of plasma discharge. The
alternating current to be supplied is not particularly limited, and the alternating current includes, for example, ones
generated at a frequency of from 10 to 15 kHz, and a voltage of from 200 to 500 V or so, which can be properly adjusted
in accordance with known techniques. The level of amperes of the alternating current is not particularly limited, and the
level can be properly adjusted depending upon the specifications of the inlet device; for example, an alternating current
of 11 A may be used. In the embodiment C, direct current can be used in place of alternating current, but alternating
current is preferred from the viewpoint of adjusting voltage.
[0066] The high-voltage unit C-2 is a device which is connected with the inlet unit C-1 for alternating current, and
increases voltage of the alternating current supplied from the unit C-1, and any devices that are capable of increasing
voltages can be used without particular problems. In addition, the high-voltage unit may be integrated with the unit C-
1. The increased voltage is not particularly limited, and may be, for example, from 10 to 30 kV or so.
[0067] The inlet unit C-3 for gas flow is an device for inlet of gas flows of various gases to each of a nozzle C-4 and
an inlet unit C-6 for steam flow, and a known inlet device for gas flow can be used.
[0068] Specifically, a carrier gas for generating plasma is allowed to flow to a nozzle C-4. As the carrier gas, the air,
oxygen, nitrogen, argon, helium, and mixtures thereof can be used, among which it is preferable to use two kinds of the
air and oxygen. The flow rate of the carrier gas is not unconditionally set, depending upon the size, shape, or the like of
the nozzle C-4. For example, an embodiment includes allowing the air to flow at a rate of 6 L/min, and oxygen to flow
at a rate of 3 L/min.
[0069] The air for mixing with the steam needed when producing reactive oxygen from plasma is allowed to flow to
the inlet unit C-6 for steam flow. By using a water-containing gas in which the steam is mixed with the air, the mixing of
the plasma and steam is accelerated, whereby hydroxy radicals can be efficiently produced from the steam. The flow
rate of the air to the inlet unit C-6 for steam flow is the same as the flow rate of the water-containing gas to the nozzle
C-4. For example, an embodiment of allowing the air to flow at a rate of 3 L/min is exemplified. Here, the air as used
herein refers to a gas of which relative humidity is from 0 to 10% by volume or so at 20°C.
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[0070] The nozzle C-4 is a device of irradiating reactive oxygen obtained by generating plasma, which is also referred
to as a reactive oxygen irradiation unit. The device comprises an internal electrode and an external electrode, and an
elevated voltage is applied between both the electrodes from the high-voltage unit C-2, whereby making it possible to
generate. In addition, the internal electrode may be connected with a coil, so that an even larger electric field can be
formed. The shape, size or the like of the coil can be adjusted in accordance with the technical common knowledge of
one of ordinary skill in the art.
[0071] In addition, the device comprises a gas inlet port and a reactive oxygen irradiation port, wherein the gas inlet
port exists at an end of an opposite side to an end part at which the reactive oxygen irradiation inlet exists. Moreover,
the gas inlet port is connected with a pipe from the inlet unit C-3 for gas flow, wherein plasma is produced by passing
a carrier gas through the electric field generated as mentioned above. Since the plasma produced as described above
is also a fluid, the plasma may also be referred to as a plasma jet. On the other hand, the reactive oxygen irradiation
port has a tubular structure or a conical structure that is tapered toward a discharge opening, and connected with a pipe
for allowing a water-containing gas to flow from the inlet unit C-6 for steam flow at any of the parts before reaching the
discharge opening, at which a reactive oxygen would be produced by a reaction with the plasma produced above, and
irradiated from the discharge opening of the reactive oxygen irradiation port.
[0072] The nozzle C-4 is not particularly limited in the shape or size so long as the nozzle comprises the above parts.
For example, a structure comprising a gas inlet port arranged at an upper end of a cylindrical structure, and a reactive
oxygen irradiation port having a tubular structure having a diameter smaller than the diameter of the apparatus at a lower
end thereof is exemplified. The cylindrical structure may form a layered structure, and, for example, a structure in which
a coil is formed in the surroundings of the tube through which a carrier gas passes, and optionally a layer of an insulation
material is further formed in the surroundings of the coil is exemplified. The tube is not particularly limited so long as the
tube is an electroconductive material, and known materials in the art can be used. In addition, the insulation material is
not particularly limited, and a known insulation material in the art can be used.
[0073] The chilling unit C-5 of the nozzle is a device for allowing a chilling water to flow to the nozzle C-4, and a known
device for chilling water flow can be used. Since the nozzle C-4 generates heat by applying a high voltage, it is preferable
to chill the nozzle. As the chilling water, waters at temperatures of, for example, 5°C or so are preferably used, and the
chilling water may be circulated between the nozzle C-4 and the chilling unit C-5. The flow rate of the chilling water can
be properly adjusted so that the surface temperature of the nozzle C-4 is controlled to 25°C or lower. Here, the surface
temperature of the nozzle C-4 can be measured with a contact-type thermometer.
[0074] The inlet unit C-6 for steam flow to the nozzle is a device of allowing a water-containing gas to flow to the nozzle
C-4, and the inlet unit is connected to a reactive oxygen irradiation port of the nozzle C-4 as mentioned above. When
the water-containing gas is allowed to flow, first, water from an inlet unit C-7 for water flow is heated with electric heating
wires installed therein to produce steam, and a mixture of the steam with the air from the inlet unit C-3 for gas flow is
allowed to flow to the nozzle C-4 as a water-containing gas. Here, the inlet unit C-7 for water flow may be integrated
with the inlet unit C-6 for steam flow. The heating temperature of the electric heating wires can be properly adjusted
depending upon the flow rate of water, which is exemplified by, for example, 180°C. Also, the flow rate of water from
the inlet unit C-7 for water flow can be adjusted depending upon the amount of steam needed to produce reactive oxygen.
In the embodiment C, the flow rate of water is preferably 0.5 mL/min or more, and more preferably 1.0 mL/min or more,
from the viewpoint of containing a water content in the reactive oxygen-containing gas in an amount equal to or greater
than the saturated steam. In addition, although the upper limit is not particularly set, the flow rate of water is preferably
6 mL/min or less, and more preferably 5 mL/min or less. The steam thus obtained is mixed with the air allowed to flow
from the inlet unit C-3 for gas flow in a volume ratio (steam/the air) of from 0.2 to 2.5 or so, and the water-containing air
is allowed to flow to a reactive oxygen irradiation port of the nozzle C-4. The mixing volume ratio of steam to the air can
be modified by fluctuating the flow rate of water, and the amount of steam contained in the water-containing air can be
increased by increasing the flow rate of water. Examples of the mixing volume ratio of the plasma jet produced in the
nozzle C-4 to the water-containing gas from the inlet unit C-6 for steam flow [plasma jet / water-containing gas] include
from 0.8 to 2.6.
[0075] It is preferable that as to the irradiation platform C-8 on which an object to be sterilized is placed, it is preferable
that the object can be placed at a temperature of equal to or lower than an ordinary temperature (40°C), from the viewpoint
of allowing hydroxy radicals to be irradiated without decomposing. In addition, the materials thereof are not particularly
limited so long they are known ones, and it is preferable that the irradiation platform is entirely or partly constituted by
a resin and/or a non-metal.
[0076] Also in embodiment C the irradiation platform C-8 is arranged within a closed space, whereby aging can be
carried out. The closed space includes, for example, one in which an irradiation platform is formed by covering an
irradiation platform with a shielding wall or the like, and a chamber or the like can be preferably used.
[0077] As described above, in the sterilization apparatus of embodiment C, since the reactive oxygen is irradiated to
an irradiation platform arranged within a closed space, the action of reactive oxygen is fully exhibited on the surface of
an object to be sterilized to make it completely sterile, whereby exhibiting excellent sterilization activity.
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[0078] Here, a method for sterilization in which excellent sterilization activity is obtained by using a sterilization appa-
ratus of the embodiment C will be explained. Specifically, for example, a method includes a method including irradiating
reactive oxygen generated from plasma, and thereafter allowing an irradiated objected to be sterilized to stand for a
certain period of time (aging) within a closed space.
[0079] The step of irradiating reactive oxygen (an irradiating step of reactive oxygen) is not particularly limited, so long
as the reactive oxygen is directly irradiated onto an object to be sterilized in a sterilization apparatus of embodiment C
mentioned above. The detailed manner of irradiation can be referred to the section about the sterilization apparatus.
[0080] The aging step specifically includes an embodiment including irradiating reactive oxygen, and immediately
thereafter carrying out aging while allowing the object to be sterilized to stand within a closed space, and an embodiment
including carrying out aging while conveying within a closed space. Accordingly, in the present invention, it is preferable
to carry out with a unit comprising an irradiation platform shown in FIG. 10 (an embodiment of allowing to stand) or FIG.
11 (an embodiment of conveying), from the viewpoint of handling the object in a sterile state. The details of the aging
step will be explained hereinbelow on the basis of FIGS. 10 and 11.
[0081] In FIG. 10, reactive oxygen is irradiated within a closed space, and thereafter allowed to stand for a certain
period of time. By irradiating reactive oxygen with a unit as described above, reactive oxygen would be present within
a closed space. In this embodiment, it is preferably to use a conveying apparatus in such a manner that the irradiation
platform is capable of intermittently conveying an object to be sterilized. Specifically, for example, an irradiation platform
having a conveyor or the like is paused within a closed space in order to allow an irradiated object to be sterilized to
stand beneath a reactive oxygen irradiation port, and after passage for a certain period of time, the conveying is restarted
and a fresh object to be sterilized may be conveyed to beneath the reactive oxygen irradiation port. Plural objects to be
sterilized may be handled as a single group, and the reactive oxygen may be irradiated while conveying the group. After
the termination of irradiation of reactive oxygen to the group, the conveying is halted, and the aging is carried out. The
halting time, i.e. the aging time, is at least 4 seconds or longer, preferably 30 seconds or longer, and more preferably
300 seconds or longer. The upper limit is not particularly limited, and it is, for example, 1,800 seconds or so, from the
viewpoint of sterilization efficiency.
[0082] In FIG. 11, reactive oxygen is irradiated within a closed space, and thereafter aging is carried out while conveying.
By irradiating reactive oxygen with a unit as described above, reactive oxygen would be present within a closed space.
In this embodiment, it is preferable to use an irradiation platform in which a conveying device so as to be able to
continuously convey an object to be sterilized is used. Specifically, for example, after an irradiation platform having a
conveyor or the like which passes through underneath a reactive oxygen irradiation port is irradiated with reactive oxygen,
the irradiation platform may be conveyed at a rate so that reactive oxygen would be present within a closed space until
a passage of a certain period of time. The time during which the object to be sterilized is detained within the closed
space after the reactive oxygen irradiation, i.e. the aging time, is at least 4 seconds or longer, preferably 30 seconds or
longer, and more preferably 300 seconds or longer. The upper limit is not particularly limited, and it is, for example, 1,800
seconds or so, from the viewpoint of sterilization efficiency. The rate of the conveying device is properly set in accordance
with a known technique so as to give such time.
[0083] Here, in embodiment C, it is preferable that aging is carried out while allowing an irradiated object to be sterilized
with the reactive oxygen to stand within a closed space or while conveying an irradiated object, but it would also not
hamper aging for the object previously discharged from the closed space to be returned into the closed space. In that
case, it is preferable that a total of the aging time is within the range mentioned above.
[0084] Here, the sterilization apparatus of embodiment C may further comprise other units besides the units mentioned
above. Also, in the embodiment C, an apparatus having plural nozzles may be used, and, for example, as shown in FIG.
10 or 11, an apparatus with a constitution in such a manner that nozzles are aligned with the direction of progress of
the irradiation platform. In this case, each of the units and tubes is properly arranged so that electric discharging and
inlets for gas and steam can be provided to each of the nozzles.
[0085] Thus, by using the sterilization apparatus of embodiment C, reactive oxygen within a closed space is irradiated,
and aging of an object to be sterilized is carried out, so that bacteria could be sufficiently deadened, thereby making it
possible to show excellent sterilization activity. Also, since reactive oxygen is a fluid, even a three-dimensional structured
object can be sterilized, thereby exhibiting some excellent effects that residues do not remain on edges or corners.
[0086] The present invention is not particularly limited so long as sterilization apparatus of embodiment A, embodiment
B or embodiment C mentioned above is used, and the sterilization can be carried out with these apparatuses alone or
in a combination of two or more kinds. Specific examples of the combination include, for example, in a case of embodiment
A and embodiment B, an apparatus in which an irradiation platform comprises a reactive oxygen shielding structure,
and is made of a resin and/or made of a non-metal. In addition, in a case of embodiment B and embodiment C, examples
include an apparatus in which an irradiation platform is arranged within a closed space, and is made of a resin and/or
made of a non-metal.
[0087] The reactive oxygen to be irradiated in the present invention is warm due to electric discharge within the nozzle
or the water-contained gas from the inlet unit for steam flow, the temperature of which is from about 50° to about 80°C.
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Because of this warmth, the heated load of the irradiated object is considered to be small. Here, the temperature of the
reactive oxygen refers to a temperature of reactive oxygen at a discharge opening of the reactive oxygen irradiation port
that is measured with a thermocouple thermometer.
[0088] In addition, a temperature difference between the reactive oxygen and the surface of the object to be sterilized
is, for example, 10°C or more, and more preferably from 25° to 40°C, from the viewpoint of increasing a reactivity of
radicals. The temperature of the surface of the object to be sterilized as used herein refers to a temperature of an object
to be sterilized that is measured with a contact-type thermometer.
[0089] The irradiation speed can be adjusted according to the flow rate of the gas and the shape of the reactive oxygen
irradiation port, and, for example, the irradiation speed includes 50,000 mm/sec. The irradiation time is not unconditionally
set depending upon the object, and an irradiation time is exemplified by, for example, from 0.05 to 1 second. In the
embodiment C, in a case of irradiation from plural nozzles, it is preferable that a total irradiation time is within the above
range.
[0090] In addition, it is preferable that the distance between the reactive oxygen irradiation port and the surface of the
object to be sterilized is, for example, from 5 to 50 mm.
[0091] The sterilization apparatus of the present invention is used for irradiating reactive oxygen to an object in need
of sterilization. The object is exemplified by, for example, containers for foodstuffs, bottle caps for sealing the opening
parts of containers, medical devices, foodstuffs such as vegetables and meat, and the like.
[0092] The present invention also provides a sterilization method including carrying out sterilization including irradiating
reactive oxygen. Here, a method using a sterilization apparatus of the present invention is included, as an apparatus
for irradiating the reactive oxygen.
[0093] With respect to the sterilization apparatus of embodiment A, there is provided a sterilization method including
generating plasma using an alternating current, and irradiating a reactive oxygen generated from plasma obtained,
characterized in that the sterilization method includes arranging a reactive oxygen shielding structure in at least one
direction of an upper side, a lower side, or a horizontal direction of an object to be sterilized. The above sterilization
method may be a method of sterilization including providing objects to be sterilized in a batch process, and irradiating
reactive oxygen thereto to sterilize, or may be a method of sterilization including providing objects in a continuous
process, and irradiating reactive oxygen thereto to sterilize. The conditions for generating reactive oxygen and the
specifications and set-up methods of the reactive oxygen shielding structure are in accordance with the section about
the sterilization apparatus of embodiment A.
[0094] When the above sterilization method is carried out, an embodiment in which a sterilization apparatus is of
embodiment A of the present invention is preferred.
[0095] The sterilization method concerning the sterilization apparatus of the embodiment B includes a sterilization
method including the following steps (A) and (B):

(A): carrying out environmental sterilization including irradiating reactive oxygen within a chamber, and
(B): carrying out a main sterilization including irradiating reactive oxygen onto the object to be sterilized placed on
an irradiation platform made of a resin and/or made of a non-metal located within the chamber to which the sterilization
of step (A) was previously carried out.

Here, the reactive oxygen is not particularly limited, and, for example, a reactive oxygen obtained by generating plasma
using an alternating current, and generating a reactive oxygen from the plasma obtained is usable.
[0096] In the step (A), prior to the sterilization of an intended object by irradiation of reactive oxygen within a chamber,
an environmental sterilization within the chamber is carried out. The environmental sterilization refers to cleaning of the
environment, and rinsing-off is not needed because of the use of reactive oxygen in the present invention, thereby
leading to simplifications in the steps, whereby productivity can be improved.
[0097] In step (B) the sterilization is carried out by placing an object to be sterilized on an irradiation platform within a
chamber in which the environmental sterilization was previously carried out in the step (A). The specifications and the
method of use and the like of the sterilization apparatus are as described in the section of the chamber sterilization
apparatus of the embodiment B.
[0098] In addition, in the above method, prior to step (A), an embodiment further including a step (A’):

(A’): cleaning an interior of the chamber with an alkali is preferred, from the viewpoint of even more enhancing the
effects of the environmental sterilization.

[0099] In step (A’), organic substances are removed by cleaning an internal of the chamber with an alkali. As the alkali,
NaOH can be preferably used. By carrying out steps (A’) and (A) the environmental sterilization would be more effective.
[0100] When the above sterilization method is carried out, an embodiment using a chamber sterilization apparatus of
embodiment B of the present invention is preferred.
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[0101] The sterilization method concerning a sterilization apparatus of embodiment C includes, for example, a steri-
lization method including the steps of:

irradiating a reactive oxygen including irradiating a reactive oxygen generated from plasma to an object to be
sterilized; and
aging an irradiated object to be sterilized, thereby carrying out sterilization.

The conditions for generating reactive oxygen and the specifications and the methods of aging are in accordance with
the section about the sterilization apparatus of embodiment C.
[0102] When the above sterilization method is carried out, an embodiment using sterilization apparatus of embodiment
C of the present invention is preferred.
[0103] The sterilization method of the present invention is used for irradiating reactive oxygen to an object in need of
sterilization. The object is exemplified by, for example, containers for foodstuff, bottle caps for sealing the opening parts
of containers, medical devices, foodstuffs such as vegetables and meat, and the like.

EXAMPLES

[0104] The present invention will be described more specifically by means of Examples given hereinbelow, without
intending to limit the present invention thereto.

TEST EXAMPLE A-1

[0105] The influences of the presence or absence of the shielding structure of the irradiation platform in the sterilization
apparatus were studied. Specifically, a case where an internal side of a resin bottle cap (material: polyethylene) was
inoculated was referred to as an irradiation platform shown in FIG. 5 in which shielding structures are arranged in a
lower side and a horizontal side of the object to be sterilized, a case where an external side of the bottle cap was
inoculated was referred to as an irradiation platform without a shielding structure, and comparative studies were made
therebetween.

Preparation of Bacterial Solution and Preparation of Bacteria-Inoculated Bottle Cap

[0106] Using a bacterial solution of fibroblast bacterium Bacillus atrophaeus, bacterial solutions of various concentra-
tions (3 standards within the concentration range of from 2 3 103 to 2 3 108 CFU/mL) were prepared. The obtained
bacterial solution was inoculated in an internal side or external side of a resin bottle cap as shown in FIG. 12 in an
amount of 1 mL 3 3 spots for each bottle cap (each concentration n = 5) as shown in FIG. 13. Here, the inoculated resin
bottle cap which was allowed to stand in a sterile petri dish for 24 hours to dryness was used.

Irradiation of Reactive Oxygen

[0107] Using sterilization apparatus of the present invention as shown in FIG. 1, a resin bottle cap that was inoculated
was irradiated with reactive oxygen for 0.2 seconds per bottle cap from a distance 30 mm upstream side irrespective of
the locations of the inoculation on the resin bottle cap, and the irradiated bottle cap was collected on a sterile petri dish.
Here, the operating conditions of the sterilization apparatus were as follows. The surface temperature of the bottle cap
(a surface temperature of the irradiation platform) was 25°C.

Operating Conditions of Sterilization Apparatus

[0108]

Inlet unit A-1 for alternating current: frequency: 14 kHz, voltage: 300 V, electric current: 11A
High-voltage unit A-2: The raised voltage: 20 kV
Inlet unit A-3 for gas flow: flow rate of air: 6 L/min, flow rate of oxygen: 3 L/min (hereinabove, go to nozzle A-4), flow
rate of air: 3 L/min (go to inlet unit A-6 for steam flow)
Nozzle A-4: temperature of reactive oxygen irradiation: 51°C, irradiation speed: 50,000 mm/sec
Chilling unit A-5: chilling water: 5°C
Inlet unit A-6 for steam flow: electric heating wires: 300°C, flow rate of water-containing gas: 4.5 L/min (flow rates
of plasma jet/water-containing gas flow (volume ratio) = 9/4.5)
Inlet unit A-7 for water flow: flow rate of water: 1.2 mL/min
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Measurement of Sterilization Activity Values

[0109] A resin bottle cap subjected to irradiation of reactive oxygen or a resin bottle cap without subjection to irradiation
and allowed to stand in a sterilization apparatus filled with an oxidizing gas was taken out of the sterile petri dish, and
5 mL of TSA liquid medium (manufactured by BD Falcon) was injected to the petri dish, and cultured at 35°C, a temperature
suitable for proliferation of microbes for 3 days. After the cultivation, the number of bottle caps in which media became
turbid due to microbial proliferation that was judged as positive was counted, and the sterilization activity value LRV
(Log Reduction Value) was calculated according to the most probable number method (MPN method). The results are
shown in Table 1. Here, the "D" value showing the sterilization activity is expressed by common logarithm (LOG value)
of the number of bacteria per bottle cap, which is a value obtained by subtracting the number of bacteria after the
treatment (LOG value) from the number of bacteria before the treatment (LOG value). It is shown that the larger the
number, the higher the sterilization activity.

Table 1

[0110]

[0111] It can be seen from Table 1 that the sterilization actions are improved in a case where the shielding structure
is present. In view of the above, it is suggested that the sterilization actions are improved if the shielding structure or
structures arranged to the irradiation platform.

TEST EXAMPLE B-1

[0112] The influences of the materials of the irradiation platform in the sterilization apparatus were studied. Specifically,
a case where an internal side of a resin bottle cap (material: polyethylene) was inoculated was referred to as an irradiation
platform made of a resin, a case where an internal side of the bottle cap coated with an aluminum foil was inoculated
was referred to as an irradiation platform made of a metal, and comparative studies were made therebetween.

Preparation of Bacterial Solution and Preparation of Bacteria-Inoculated Bottle Cap

[0113] Using a bacterial solution of fibroblast bacterium Bacillus atrophaeus, bacterial solutions of various concentra-
tions (3 standards within the concentration range of from 2 3 103 to 2 3 108 CFU/mL) were prepared. The obtained
bacterial solution was inoculated in an internal side of a resin bottle cap as shown in FIG. 14 in an upper side of the
aluminum foil or directly in an amount of 1 mL 3 9 spots for each bottle cap (each concentration n = 5) as shown in FIG.
15. Here, the inoculated resin bottle cap which was allowed to stand in a sterile petri dish for 24 hours to dryness was used.

Irradiation of Reactive Oxygen

[0114] Using the sterilization apparatus of the present invention shown in FIG. 8, a resin bottle cap was irradiated with
reactive oxygen for 0.2 seconds per bottle cap from a distance 30 mm upstream side, and the irradiated bottle cap was
collected on a sterile petri dish. Here, the operating conditions of the sterilization apparatus of the present invention were
as follows. A surface temperature of the bottle cap (surface temperature of the irradiation platform) was 25°C, and a
temperature inside the chamber B-9 was 28°C.

Operating Conditions of Sterilization Apparatus

[0115]

Inlet unit B-1 for alternating current: frequency: 14 kHz, voltage: 300 V, electric current: 11A
High-voltage unit B-2: The raised voltage: 20 kV
Inlet unit B-3 for gas flow: flow rate of air: 6 L/min, flow rate of oxygen: 3 L/min (hereinabove, go to nozzle B-4), flow

Table 1

Shielding Structure LRV, D Value

Comp. Ex. A-1 Absent 2.5 D or less

Ex. A-1 Present 5.4 D or more
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rate of air: 3 L/min (go to inlet unit B-6 for steam flow)
Nozzle B-4: temperature of reactive oxygen irradiation: 51°C, irradiation speed: 50,000 mm/sec
Chilling unit B-5: chilling water: 5°C
Inlet unit B-6 for steam flow: electric heating wires: 300°C, flow rate of water-containing gas: 4.5 L/min (flow rates
of plasma jet/water-containing gas flow (volume ratio) = 9/4.5)
Inlet unit B-7 for water flow: flow rate of water: 1.2 mL/min

Measurement of Sterilization Activity Values

[0116] A resin bottle cap subjected to irradiation of reactive oxygen was taken out of the sterile petri dish, and 5 mL
of TSA liquid medium (manufactured by BD Falcon) was injected to the petri dish, and cultured at 35°C, a temperature
suitable for proliferation of microbes for 3 days. After the cultivation, the number of the bottle caps in which media became
turbid due to microbial proliferation that was judged as positive was counted, and the sterilization activity value LRV
(Log Reduction Value) was calculated according to the most probable number method (MPN method). The results are
shown in Table 2. Here, the "D" value showing the sterilization activity is expressed by common logarithm (LOG value)
of the number of bacteria per bottle cap, which is a value obtained by subtracting the number of bacteria after the
treatment (LOG value) from the number of bacteria before the treatment (LOG value). It is shown that the larger the
number, the higher the sterilization activity.

Table 2

[0117]

[0118] It can be seen from Table 2 that the sterilization actions are improved in a case where the material of the internal
side of the bottle cap is made of a resin. In view of the above, it is suggested that the sterilization actions are improved
if the irradiation platform is made of a resin or made of a non-metal.

TEST EXAMPLE C-1

[0119] The influences of the environment (aging by allowing to stand) of the irradiation platform in the sterilization
apparatus were studied.

Preparation of Bacterial Solution and Preparation of Bacteria-Inoculated Bottle Cap

[0120] Using a bacterial solution of fibroblast bacterium Bacillus atrophaeus, bacterial solutions of various concentra-
tions (3 standards within the concentration range of from 2 3 103 to 2 3 108 CFU/mL) were prepared. The obtained
bacterial solution was inoculated in a resin bottle cap (material: polyethylene) as shown in FIG. 15 in an amount of 1 mL
3 9 spots for each bottle cap (each concentration n = 5). Here, the inoculated resin bottle cap which was allowed to
stand in a sterile petri dish for 24 hours to dryness was used.

Irradiation of Reactive Oxygen

[0121] Using the sterilization apparatus shown in FIG. 9 (a conveying portion is shown in FIG. 11), an inoculated resin
bottle cap was irradiated with reactive oxygen for 0.5 seconds per bottle cap from a distance 30 mm in an upper side,
the irradiated bottle cap was allowed to stand so that the irradiated cap would be present within a closed space for a
time as listed in Table 3, and the irradiated bottle cap was then collected on a sterile petri dish. Here, the operating
conditions of the sterilization apparatus used were as follows. The surface temperature of the bottle cap (a surface
temperature of the irradiation platform) was 25°C.

Table 2

Material of Internal Side of Bottle Cap LRV, D Value

Comp. Ex. B-1 Aluminum Foil 5.1 D

Ex. B-1 Polyethylene 5.4 D or more
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Operating Conditions of Sterilization Apparatus

[0122]

Inlet unit C-1 for alternating current: frequency: 13 kHz, voltage: 350 V, electric current: 11A
High-voltage unit C-2: The raised voltage: 20 kV
Inlet unit C-3 for gas flow: flow rate of air: 6 L/min, flow rate of oxygen: 3 L/min (hereinabove, go to nozzle C-4), flow
rate of air: 3 L/min (go to inlet unit C-6 for steam flow)
Nozzle C-4: temperature of reactive oxygen irradiation: 51°C, irradiation speed: 50,000 mm/sec
Chilling unit C-5: chilling water: 5°C
Inlet unit C-6 for steam flow: electric heating wires: 180°C, flow rate of water-containing gas: 4.5 L/min (flow rates
of plasma jet/water-containing gas flow (volume ratio) = 9/4.5)
Inlet unit C-7 for water flow: flow rate of water: 1.2 mL/min
Irradiation platform C-8: conveying speed 50 cm/sec

Measurement of Sterilization Activity Values

[0123] A resin bottle cap after a passage of a time allowed to stand listed in Table 3 was taken out of the sterile petri
dish, and 5 mL of TSA liquid medium (manufactured by BD Falcon) was injected to the petri dish, and cultured at 35°C,
a temperature suitable for proliferation of microbes for 3 days. After the cultivation, the number of bottle caps in which
media became turbid due to microbial proliferation that was judged as positive was counted, and the sterilization activity
value LRV (Log Reduction Value) was calculated according to the most probable number method (MPN method). The
results are shown in Table 3 and FIG. 16. Here, the "D" value showing the sterilization activity is expressed by common
logarithm (LOG value) of the number of bacteria per bottle cap, which is a value obtained by subtracting the number of
bacteria after the treatment (LOG value) from the number of bacteria before the treatment (LOG value). The larger the
number, the higher the sterilization activity, and the number of 4.5 D or more would show no problem as the sterilization
treatment of food containers. In addition, since the results for Comparative Example C-1 and Examples C-2, C-3, and
C-4 are estimate values, the values are shown with outlined symbols and broken lines in the graph.

Table 3

[0124]

[0125] It is suggested that excellent sterilization effects are obtained if the time allowed to stand exceeds 300 seconds.

INDUSTRIAL APPLICABILITY

[0126] The sterilization apparatus of the present invention shows excellent sterilization activity, so that it can be suitably
used in, for example, sterilization of containers for foodstuff, bottle caps sealing the openings of the containers, medical
devices, foodstuff such as vegetables and meat, and the like.

EXPLANATION OF NUMERALS

[0127]

Table 3

Time Allowed to Stand, sec LRV, D Value

Comp. Ex. C-1 10 1.1 D or less

Comp. Ex. C-2 60 1.1 D

Comp. Ex. C-3 180 2.0 D

Ex. C-1 300 6.0 D

Ex. C-2 600 6.0 D or more

Ex. C-3 900 6.0 D or more

Ex. C-4 1,800 6.0 D or more
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A-1 inlet unit for alternating current
A-2 high-voltage unit
A-3 inlet unit for gas flow
A-4 nozzle
A-5 chilling unit
A-6 inlet unit for steam flow
A-7 inlet unit for water flow
A-8 irradiation platform
A-9 shielding structure
B-1 inlet unit for alternating current
B-2 high-voltage unit
B-3 inlet unit for gas flow
B-4 nozzle
B-5 chilling unit
B-6 inlet unit for steam flow
B-7 inlet unit for water flow
B-8 irradiation platform
B-9 chamber
C-1 inlet unit for alternating current
C-2 high-voltage unit
C-3 inlet unit for gas flow
C-4 nozzle
C-5 chilling unit
C-6 inlet unit for steam flow
C-7 inlet unit for water flow
C-8 irradiation platform

Claims

1. Sterilization apparatus characterized in that the sterilization apparatus comprises a reactive oxygen irradiation unit
for irradiating reactive oxygen and an irradiation platform on which an object to be sterilized is placed, wherein the
irradiation platform satisfies one or more selected from the following (A), (B), and (C):

(A): having a reactive oxygen shielding structure in at least one direction of an upper side, a lower side, or a
horizontal direction of the object to be sterilized;
(B): being made of resin and/or made of non-metal; and
(C): being set within a closed space.

2. Sterilization apparatus according to claim 1 wherein the reactive oxygen is obtained by generating plasma using an
alternating current and generating a reactive oxygen from the plasma obtained.

3. Sterilization apparatus according to claim 1 or 2 wherein the reactive oxygen shielding structure is arranged at an
upper side of an object to be sterilized.

4. Sterilization apparatus according to claim 1 or 2 wherein the reactive oxygen shielding structure is arranged in a
horizontal direction of an object to be sterilized.

5. Sterilization apparatus according to claim 1 or 2 wherein the reactive oxygen shielding structure is arranged at a
lower side of an object to be sterilized.

6. Sterilization apparatus according to claim 1 or 2 wherein the reactive oxygen shielding structure is arranged at a
lower side and in a horizontal direction of an object to be sterilized.

7. Sterilization apparatus according to claim 1 or 2 wherein the reactive oxygen shielding structure is arranged at an
upper side and in a horizontal direction of the object to be sterilized.

8. Sterilization apparatus according to claim 1 or 2 wherein the reactive oxygen shielding structure is arranged at all
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of an upper side, a lower side, and in a horizontal direction of the object to be sterilized.

9. Sterilization apparatus according to any one of claims 1 to 8 further comprising a chamber, wherein the chamber
comprises the reactive oxygen irradiation unit and the irradiation platform.

10. Sterilization apparatus according to any one of claims 1 to 9 wherein the resin is an ozone-resistant resin.

11. Sterilization apparatus according to any one of claims 1 to 10 wherein the reactive oxygen is obtained by generating
plasma using an alternating current, and generating a reactive oxygen from plasma obtained.

12. A sterilization method comprising generating plasma using alternating current and carrying out sterilization com-
prising irradiating reactive oxygen generated from the plasma obtained, the method comprising the step of carrying
out sterilization while a reactive oxygen shielding structure is arranged in at least one direction of an upper side, a
lower side, or a horizontal direction of an object to be sterilized.

13. A sterilization method comprising irradiating reactive oxygen, comprising the steps of:

carrying out environmental sterilization comprising irradiating reactive oxygen within a chamber, and
carrying out a main sterilization comprising irradiating reactive oxygen onto an object to be sterilized placed on
an irradiation platform made of a resin and/or made of a non-metal, and located within the chamber in which
the environmental sterilization was previously carried out.

14. A sterilization method according to claim 13 further comprising, prior to the step of environmental sterilization,
cleaning an interior of the chamber with alkali.

15. A sterilization method according to claim 13 or 14 wherein the reactive oxygen is obtained by generating plasma
using alternating current and generating reactive oxygen from the plasma obtained.

16. A sterilization method comprising the steps of:

irradiating reactive oxygen comprising irradiating reactive oxygen onto an object to be sterilized; and
aging the irradiated object to be sterilized after the step of irradiating the reactive oxygen.

17. A sterilization method according to claim 15 wherein the aging step comprises either one of the step of allowing to
stand within a closed space, or the step of conveying within a closed space.

18. A sterilization method according to claim 15 or 16 wherein the aging step is 4 seconds or longer.

19. A sterilization method according to any one of claims 15 to 17 characterized in that the reactive oxygen is present
within the closed space.
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