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(57) ABSTRACT

The method for producing dinitrogen tetraoxide comprising
the steps of operating a decompressor (3) to reduce a
pressure within the space area (2) maintained in the her-
metically sealed condition to the decompressed or vacuum
condition below the saturated vapor pressure curve of dini-
trogen tetraoxide, supplying the dinitrogen tetraoxide liquid
as a sterilant feedstock from a vessel (4) to a spray device
(25) while preventing gasification of the dinitrogen tetraox-
ide liquid on the way between the vessel (4) and spray
device (25), and spraying the dinitrogen tetraoxide liquid
through the spray device (25) into the space area (2) under
the decompressed or vacuum condition to, at the time of the
spraying, gasify at least some of the dinitrogen tetraoxide
liquid within the space area (2) decompressed below the
saturated vapor pressure curve.
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METHOD AND APPARATUS FOR
PRODUCING NITROGEN OXIDE GAS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is the continuation application of
U.S. Ser. No. 14/375,046 filed Jul. 28, 2014 which claims
priority based on International Application No. PCT/
JP2013/002662 filed Apr. 19, 2013.

TECHNICAL FIELD

[0002] This invention relates to a method and an apparatus
for producing nitrogen oxide gas.

BACKGROUND OF THE INVENTION

[0003] Medical and health-care fields, research and devel-
opment sectors typically use autoclaves or steam sterilizers
to sterilize microbially-contaminated medical instruments or
test devices for their reuse. The autoclave is used for a
sterilization technology that comprises for example, putting
dirty medical instruments in a compression chamber, keep-
ing for several tens of minutes the instruments within the
chamber of a pressurized, heated and humid atmosphere,
and hydrolyzing and decomposing microorganism biopoly-
mer into their extinction at a high temperature to annihilate
all bacteria and viruses. One such sterilizing process with
autoclave, however, is defective because it disadvanta-
geously requires heating an inside of autoclave vessel up to
a temperature of 130 degrees C. that is not applicable to
sterilization of low heat-resistant instruments for example
made of rubber. This process also raises a further problem
with sterilization of plastic instruments because they are
subject to heating cycles that cause plastic instruments to
repetitively, physically and thermally expand and contract.
This allows pressurized water vapor to penetrate into inter-
stices inherently formed on plastics under pressure of
approximately 2 atmospheres while facilitating deterioration
of plastics.

[0004] An alternative sterilizing technology with gas of
ethylene oxide (C,H,O) (EOG) can be applied to disinfec-
tion of lower heat- and moisture-resistant rubbers and plas-
tics because the technology can work at a lower temperature,
at a lower pressure and at a lower humidity than those in
autoclave. However, it must utilize highly reactive ethylene
oxide gas that disadvantageously brings dangers for people
because of its ignitability and explodability under pressure.
Also, it is very troublesome to handle and has high toxicity
to human body. Human inhalation of ethylene oxide gas may
cause a variety of symptoms for example membrane irrita-
tion of upper airway, vomiting and headache, and it may be
a carcinogen damaging zoetic deoxyribonucleic acid. The
United States Pharmacopeia (USP) has strengthened the
regulation for usage of ethylene oxide gas that thereby
increases needs of better alternative.

[0005] Now, one of high-profile sterilants is nitrogen
oxide that is relatively easy to handle for sterilization with
neither application of heat and pressure to the sterilant.
Nitrogen oxide is a generic or collective name of nitrogen-
oxygen compound groups consisting of nitric monoxide
(NO), nitrogen dioxide (NO,), nitrous oxide (dinitrogen
oxide) (N,O), dinitrogen trioxide (N,O;), dinitrogen tet-
raoxide (N,O,) and dinitrogen pentoxide (N,Os). Patent
Document 1 below listed discloses a system for sterilizing
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and decontamianting a contaminated object, i.e. a dirty
medical device by exposing it to one or more nitrogen oxide
sterilizing gases selected from groups of NO, NO,, NO;,
N,O;, N,O,, N,Os, N,O and their mixture. The system
stores sterilant feedstock that is turned into nitrogen oxide
gas to thereby sterilize the object within a hermetically
sealed chamber.

[0006] Patent Document 2 mentioned below discloses a
sterilization apparatus that comprises: a sterile chamber to
define a hermetically closed space, contaminated objects
arranged within the sterile chamber, the objects including
medical instruments such as scalpel, forceps, catheter and
food packaging materials such as packaging sheets, trays,
bottles and a plasma generator for producing nitrogen oxide
gas at an atmospheric pressure to introduce the gas from
plasma generator through catalysts into the sterile chamber
and to expose the dirty objects to nitrogen oxide gas for their
sterilization. The plasma generator comprises a microwave
generator and a plasma activation nozzle for receiving
microwave energy from the microwave generator to convert
feedstock gas into plasma. Thus, Patent Document 2 shows
production of nitrogen oxide plasma derived from nitrogen
and oxygen in feedstock gas.

[0007] Patent document 1 shows usage of a reaction
chamber to generate nitrogen oxide gas by reaction of oxalic
acid and diazeniumdiolate compound [R;—C(R)),
(N,O,R,),] as a feedstock coming into sterilant gas or by
reaction of acid and another type of sterilant-gas occurring
feedstock. However, these reactions are disadvantageous
because they require proper and strict controls of the reac-
tion conditions in reaction chamber when mixing a plurality
of materials within reaction chamber to turn them into
nitrogen oxide gas to be sent to a sterilization chamber, and
failure of proper controls for the reactive conditions would
lead to unstable concentration in generated nitrogen oxide
that would result in insufficient disinfection of an object in
sterilization chamber. In another aspect, with excessive
amount of nitrogen oxide fed into sterilization chamber, that
would cause unfavorable adherence of nitrogen oxide on
sterilized medical instruments at a high concentration
against their subsequent safe usage. Also, in fact, actual
medical practices would find difficulty in applying steriliza-
tion to medical instruments if each sterilization requires
mixing of solid feedstock and acid. In addition, acids are
dangerous when handling for transportation and storage.

[0008] Patent Document 2 discloses a sterilization appa-
ratus for generating nitrogen oxide gas through plasma
gasification that utilizes nitrogen and oxygen in the air as
raw materials, however, it has a very low efficiency in
generation of nitrogen oxide gas although not involving any
risk in conveying and storing the raw materials. For that
reason, the sterilization apparatus of Patent Document 2 is
defective because it must spend so much time and high
energy cost not only in preparation for generating and filling
nitrogen oxide gas inside of sterilization chamber prior to
the start of sterilization but also in completed sterilization of
the object while keeping a predetermined concentration of
nitrogen oxide within sterilization chamber. In addition, the
apparatus in Patent Document 2 must generate nitrogen
oxide in a plasma gasifier and further undesirably convert it
into highly sterilizing nitrogen dioxide by means of expen-
sive catalyst such as platinum or palladium that may raise
the production cost.
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[0009] Moreover, previous studies and researches includ-
ing Patent Documents 1 and 2 have never proposed any
recovery method for efficiently and completely collecting a
sterilant from a sterilization chamber after sterilization.
Therefore, prior art sterilizations are dangerous because they
cannot completely remove poisonous sterilant at a specific
density range particularly around specific configurations of
medical instruments to be safely reused or recycled after
sterilization.

[0010] Sterilization chambers such as clean rooms, clean
booths or isolators are kept in an almost aseptic condition,
preventing intrusion of bacteria, microorganism and dust
into the chamber for pharmaceutical research, manufacture
and inspection. Concentration of airborne particles is con-
trolled within clean rooms with their inner volume of
approximately 20 to 300 m® wherein inflow, generation and
stagnation of microparticles are controlled to their minimum
while also controlling temperature, humidity and pressure of
clean rooms as necessary. Clean booths have been developed
to clean and sterilize a small working space to define a
simplified clean room of its inner volume approximately 2 to
30 m®. Isolators form a large chamber of its inner volume of
approximately 2 to 20 m> isolated from the atmosphere to
conduct inner operations within the chamber through exter-
nal manual manipulations with rubber gloves provided
before a transparent front wall of each isolator.

[0011] Air within each clean room is vacuumed up or
circulated by an air blower to remove airborne micropar-
ticles through filters and thereby keep clean rooms in the
almost sterile condition. In this way, removal of airborne
microparticles basically allows for exclusion of microorgan-
isms and bacteria to thereby prevent microbial contamina-
tion in clean room. However, in fact, such filtering micropar-
ticles alone fails to fully eliminate bacteria because it cannot
completely remove bacteria in the stagnant air around cor-
ners of clean rooms. Taking in air and blowing air through
filters cannot fully remove contaminants such as microor-
ganisms adhering or attaching onto wall and floor surfaces
in clean room. Thus, such air filtering methods require
periodical sterilization of inside in clean rooms.

[0012] A gas sterilization is known for disinfecting treat-
ment of unsterilized objects such as inside of clean rooms
utilizing a formaldehyde, hydrogen peroxide (H,O,) or
ozone (O,) gas sterilizer. One such gas sterilizer is used to
first feed a sterilizing gas from a gas generator or gas tank
into a sterilization chamber to repletion, and then to keep the
chamber in the gas repletion condition for a certain period of
time to annihilate microorganisms and bacteria floating in
the air or adhering on sterilization chamber walls.

[0013] The gas sterilization can also be applied to steril-
ization of microbially contaminated medical devices for
their recycle. Sterilization of medical instruments typically
utilizes autoclaves (or high-pressure steam sterilizers), how-
ever, they are defective because they disadvantageously
require heating inside of an autoclave vessel up to a tem-
perature of 130 degrees C., and so autoclaves cannot be
applied to low heat-resistant instruments for example made
of rubber because they must use pressurized water vapor that
penetrates into interstices inherently formed on plastics
under the pressure of approximately 2 atmospheres while
facilitating deterioration of plastics. Accordingly, rather gas
sterilization is advantageous to disinfection of heat- and
pressure-irresistible medical instruments.
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[0014] Gas sterilization of medical instruments often uses
ethylene oxide gas (EOG). Ethylene oxide is a transparent,
colorless and ether-smelling substance of the evaporation
temperature at approximately 20 degrees C. Ethylene oxide
gas for sterilization is diluted with carbon dioxide gas to
prepare a mixed gas filled in a high-pressure vessel that
consists of approximately 20% ethylene oxide and approxi-
mately 80% carbon dioxide gas. The mixed gas with ethyl-
ene oxide is supplied from high-pressure vessel into a clean
room or into a spatial area of a sterilization chamber kept at
a predetermined ethylene oxide gas concentration where
medical instruments are disposed for a certain period of time
for their sterilization.

[0015] Patent Document 3 discloses a sterilization system
for disinfecting an isolator with hydrogen peroxide for
asepsis of a spatial area. The system comprises a sterilizing
gas source, an isolator and gas conduits for connecting the
gas source and isolator, wherein the gas source has an
evaporator to vaporize hydrogen peroxide, an ejector for
dropping hydrogen peroxide liquid in the evaporator, and a
heater for heating air sent to the evaporator to sterilize inside
of the isolator with hydrogen peroxide gas.

[0016] Patent Document 2 below discloses an apparatus
for antisepticizing unsterilized objects (such as medical
instruments or containers in use for medical purpose) by an
ozone sterilizer in a sterile area. In this case, the objects in
sterile area are exposed to ozone gas for a certain period of
time, and then, air is introduced into sterile area through an
aeration line connected thereto to discharge ozone gas.
[0017] Ethylene oxide gas has the high toxicity to human
body that may cause irritation on upper airway membranes,
vomiting and headache, and that may be a carcinogen
damaging deoxyribonucleic acid (DNA). Thus, it would be
too dangerous for human health to inhale remaining ethylene
oxide gas after sterilization.

[0018] Patent Document 3 shows an isolator system that
requires a lot of energy for a heater to heat and vaporize
hydrogen peroxide of the boiling point 141 degrees C., and
the isolator is further defective because hydrogen peroxide
steam of a very high temperature may denature and dete-
riorate heat-labile materials (rubber or resin) in the isolator.
Also, the isolator system in Patent Document 3 fails to
precisely control a supply amount of hydrogen peroxide, and
the excessive supply amount may lead to a corrosion to
metallic components in isolator and a residue of hydrogen
peroxide after sterilization, and the insufficient supply
amount may fail to completely destroy microorganisms and
bacteria in isolator. In general, hydrogen peroxide is highly
reactive and intensely degradable at a room temperature and
may ignite and explode with self-decomposition particularly
at a high concentration. Attachment of hydrogen peroxide to
a human skin will develop painful vitiligo on the skin, and
therefore, it is very troublesome to handle the substance for
transportation and storage. Hydrogen peroxide is also highly
corrosive to metallic materials.

[0019] Patent Document 4 teaches an ozone sterilizer that
controls interior pressure in a sterile area to a negative level
below normal pressure to then supply ozone into the sterile
area. This ozone sterilizer is disadvantageous because it
generates ozone from air source with its too low efficiency
and takes a long time to replete ozone of a predetermined
concentration in the sterile area of large volume, and it fails
to precisely control the generated amount of ozone for exact
adjustment of ozone concentration in the sterile area. The
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ozone sterilizer requires an ozone generator that generates
ozone at the site of sterilization immediately before its usage
because ozone is so chemically-unstable as to inherently and
gradually proceed with the decomposition at a room tem-
perature. For that reason, the ozone sterilizer must be made
into a larger size of the whole sterilizing system that
increases equipment installation and running costs inclusive
of operating electricity costs. Also, ozone is too dangerous
because of its strong oxidizability to deadly poison at high
concentration, and human inhalation of ozone causes his or
her viscera to be oxidized to erosion.

[0020] When nitrogen oxide is used as a sterilant in Patent
Document 1, it must mix different kinds of materials within
a reaction chamber to generate and supply a nitrogen oxide
gas into spatial area while it is impossible to detect and
control a precise yield of nitrogen oxide gas and also to be
unable to feed nitrogen oxide gas at a predetermined precise
concentration into the spatial area against full sterilization of
medical devices therein. Adversely, excessive amount of
nitrogen oxide into the chamber, would cause nitrogen oxide
at the elevated concentration to unfavorably remain around
and adhere on the sterilized objects to commit a safety
violation. Also, if every sterilization requires the mixing
procedure of solid sterile feedstock and acid, in fact it would
be very difficult to be adopted in medical practice for
sterilization of clean rooms and medical instruments. In
addition, acids involve much danger in its usage and han-
dling for transportation and storage.

[0021] [Patent Document 1] Japanese Patent Disclosure
No. 2009-542333

[0022] [Patent Document 2] Japanese Patent Disclosure
No. 2011-4802
[0023] [Patent Document 3] Japanese Patent Disclosure

No. 2006-68122

[0024] [Patent Document 4] Japanese Patent Disclosure
No. 2001-340432

Problem to be Solved by the Invention

[0025] Accordingly, a first object of the present invention
is to provide a method and an apparatus for readily produc-
ing nitrogen oxide gas from nitrogen oxide liquid.

SUMMARY OF THE INVENTION

[0026] The method for producing a dinitrogen tetraoxide
gas according to the present invention, comprises the steps
of: maintaining a space area (2) in the hermetically sealed
condition, space area (2) being connected to a dinitrogen
tetraoxide liquid in a vessel (4) as a feedstock of dinitrogen
tetraoxide gas, reducing an inner pressure of space area (2)
to a decompressed or vacuum condition below the saturated
vapor pressure curve of dinitrogen tetraoxide by operating a
decompressor (3) communicated to the space area (2),
supplying dinitrogen tetraoxide liquid from the vessel (4) to
spray device (25) while retaining the liquid condition of
dinitrogen tetraoxide on the way between vessel (4) and
spray device (25), and spraying dinitrogen tetraoxide liquid
through spray device (25) into space area (2) under the
decompressed or vacuum condition to gasify at least some of
sprayed dinitrogen tetraoxide liquid across the saturated
vapor pressure curve in space area (2). The present invention
can provide a method and an apparatus for readily producing
nitrogen oxide gas from nitrogen oxide liquid.
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[0027] The apparatus for producing dinitrogen tetraoxide
gas according to the present invention comprises: a vessel
(4) for storing dinitrogen tetraoxide liquid as a feedstock of
dinitrogen tetraoxide gas, a space area (2) that may be
maintained in a hermetically sealed condition, a spray
device (25) provided at the space area (2) for connection to
the vessel (4), a decompressor (3) for reducing an inner
pressure of the space area (2) to a decompressed or vacuum
condition below the saturated vapor pressure curve of dini-
trogen tetraoxide, a feed pipe (12) for connecting the vessel
(4) and spray device (25), and a control valve (5) provided
in the feed pipe (12) to supply the dinitrogen tetraoxide
liquid from the vessel (4) to the spray device (25) while
retaining the liquid condition of the dinitrogen tetraoxide in
the feed pipe (12) when the control valve (5) is opened, and
to spray the dinitrogen tetraoxide liquid through the spray
device (25) into the space area (2) while gasifying at least
some of the dinitrogen tetraoxide liquid in the space area (2)
retained at the decompressed condition below the saturated
vapor pressure curve of dinitrogen tetraoxide.

BRIEF DESCRIPTION OF DRAWINGS

[0028] FIG. 1 A schematic diagram showing a first
embodiment of the apparatus for producing nitrogen oxide
according to the present invention;

[0029] FIG. 2 A graph showing a saturated vapor pressure
curve of dinitrogen tetraoxide (nitrogen dioxide) with vapor
pressure variation over temperature variation;

[0030] FIG. 3 A schematic diagram showing a second
embodiment of the apparatus for producing nitrogen oxide
according to the present invention;

[0031] FIG. 4 A schematic diagram showing a third
embodiment of the apparatus for producing nitrogen oxide
according to the present invention;

[0032] FIG. 5 A schematic diagram showing the forth
embodiment of the apparatus for producing nitrogen oxide
according to the present invention;

[0033] FIG. 6 A schematic diagram showing a fifth
embodiment of the apparatus for producing nitrogen oxide
according to the present invention;

[0034] FIG. 7 A graph showing a saturated vapor pressure
curve of dinitrogen tetraoxide (nitrogen dioxide) with tem-
perature and vapor pressure variations;

[0035] FIG. 8 A schematic diagram showing a sixth
embodiment of the apparatus for producing nitrogen oxide
according to the present invention;

[0036] FIG. 9 A schematic diagram showing a seventh
embodiment of the apparatus for producing nitrogen oxide
according to the present invention provided with a two-way
valve;

[0037] FIG. 10 A schematic diagram showing an eight
embodiment of the apparatus for producing nitrogen oxide
according to the present invention provided with a tube
pump in place of the two-way valve in FIG. 9;

[0038] FIG. 11 A schematic diagram showing a ninth
embodiment of the apparatus for producing nitrogen oxide
according to the present invention provided with a control
valve and a pressure gauge;

[0039] FIG. 12 A schematic diagram showing a tenth
embodiment of the apparatus for producing nitrogen oxide
according to the present invention provided with a control
valve without a pressure gauge;
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EXPLANATION OF SYMBOLS

[0040] (1) . . . an object (an object to be sterilized, a
medical instrument), (2, 2', 2") . . . a space area (a cavity, an
unsterilized space), (3) . . . a decompressor (a vacuum
pump), (4) . . . avessel, (6) . ..an outlet, (7). .. a pressure
controller (a recovery pressure valve), (25, 32) . . . a spray
device (an ejector), (32a) . . . a jet orifice, (34, 34") .. . a
metering pump, (344a) . . . a variable volume, (35) .. . avalve
device (a three-way valve), (36) . . . a heater, (36a) . . .
conduits, (37) . . . an outlet port, (47q) . . . a valve device (a
suction valve), (47b) . . . a valve device (a delivery valve),

BEST MODE FOR CARRYING OUT THE
INVENTION

[0041] In connection with FIGS. 1 to 5 of the drawings,
embodiments of the present invention will be described
hereinafter about the method and apparatus for producing
nitrogen oxide gas.

[0042] As shown in FIG. 1, a medical instrument 1 as an
unsterilized object is arranged in a space area or a cavity 2
defined in a sterilization chamber 10. The present invention
is applicable to medical instruments 1 made of any metallic,
plastic and rubber materials resistible against deterioration
by nitrogen oxide. Such medical instruments 1 may include
surgical instruments such as scalpels, forceps, scissors and
tweezers; diagnostic instruments such as flexible or rigid
endoscopes, clinical thermometers, stethoscopes, fundus-
copes and aural speculums; therapeutic instruments such as
catheters, injection syringes and medical tubing; and
implantable medical instruments such as pacemakers,
implantable aggregate and surgical pins. Objects 1 subject to
sterilization may include medical containers such as plastic
and glass containers, vials, spray cans, aluminum tubes,
rubber plugs, elastomeric products and injection needles.
The present invention is also applicable to preliminary,
last-minute or emergent sterilization before use of medical
instruments 1. A cavity 2 containing medical instruments 1
is covered with a door not shown, and is hermetically closed
to keep a sealing condition of cavity 2.

[0043] A sterilization chamber 10 comprises a cavity 2 for
accommodating medical instruments 1, an outlet 6 formed at
the bottom of sterilization chamber 10, a suction pipe 11
connected to outlet 6, a vacuum pump (a decompressor) 3
connected to sterilization chamber 10 through outlet 6 and
suction pipe 11, and a depressure valve 24 provided in
suction pipe 11 wherein pressure within cavity 2 is reduced
by exhausting gas with operation of vacuum pump 3 through
opened valve 24. Vacuum pump 3 is connected to a removal
filter 19 that may preferably remove bacteria from tainted
gas discharged to the atmosphere through filter 19. Vessel 4
stores dinitrogen tetraoxide N,O, and has an outlet at the
bottom connected to a feed pipe 12 through a control valve
5 toward cavity 2 in sterilization chamber 10. Dinitrogen
tetraoxide liquid of strongly oxidizing ability can be safely
preserved in vessel 4 when it is filled with the liquid at a
temperature less than 21 degrees C. (the boiling point) or at
an absolute pressure of 200 kPa (approximately 2 atm). FIG.
2 shows a saturated vapor pressure curve of dinitrogen
tetraoxide (nitrogen dioxide) indicating the chemical equi-
librium profile between temperature variation [© C.] along
the horizontal axis and vapor pressure variation [kPa] along
the vertical axis wherein upper and lower sides of the curve
respectively represent liquid and gas phases or states of
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dinitrogen tetraoxide. In this case, a point 01 indicates
dinitrogen tetraoxide liquid at a temperature of 15 degrees C.
and at an absolute pressure of 100 kPa, that is then moved
to a point O, by applying pressure to an absolute pressure of
200 kPa (approximately 2 atm) to fill the liquid in vessel 4.
To this end, a compressor 16 is operated to allow nitrogen
gas in compressor 16 to apply pressure on dinitrogen tet-
raoxide filled in vessel 4. The following chemical equilib-
rium equation is given between dinitrogen tetraoxide and
nitrogen dioxide NO,.

N,0,=2N0,.57.2 kI

[0044] The chemical equilibrium equation indicates that
the elevation of the pressure level at an unchanged tempera-
ture increases in existing proportion of dinitrogen tetraoxide
so that the reaction goes to the left side in the equation.
Adversely, the reduction in pressure level at a constant
temperature leads to the increase in existing proportion of
nitrogen dioxide so that the reaction goes to the right side in
the equation. Colorless dinitrogen tetraoxide turns into red-
dish brown or yellow derived from gas or liquid of nitrogen
dioxide through the chemical equilibrium state. Other than
dinitrogen tetraoxide, the present invention contemplates
nitrogen oxide liquid that may include dinitrogen trioxide
and pentoxide, and combination of two or more of dinitro-
gen tetraoxide, trioxide and pentoxide.

[0045] To sterilize inside of cavity 2, vacuum pump 3 is
operated to discharge air in cavity 2 outside with control
valve 5 released so that dinitrogen tetraoxide under pressure
in vessel 4 is fed through feed pipe 12 into cavity 2 kept in
decompressed or vacuum condition. The apparatus of the
invention is advantageous because it can deliver an exact
amount of dinitrogen tetraoxide liquid toward cavity 2 while
preventing dinitrogen tetraoxide liquid from gasifying on the
way between vessel 4 and inlet of cavity 2 so that cavity 2
can always have a desirable and predetermined concentra-
tion of dinitrogen tetraoxide for reliable sterilization. A
spray device or an ejector 25 is provided at an inlet of cavity
2 to atomize dinitrogen tetraoxide into gas. Spray device 25
may be a nozzle or valve. It is also possible to use spray
device 25 with adjustable or fixed ejection area. A flowmeter
13 in feed pipe 12 measures flow rate of dinitrogen tetraox-
ide supplied toward cavity 2. Alternatively, flow rate of
dinitrogen tetraoxide through control valve 5 may also be
worked out based on a pressure difference between vessel 4
and cavity 2. In addition, a pressure gauge 14 and a
thermometer 15 are connected to cavity 2 to detect pressure
and temperature inside cavity 2. Cavity 2 is preferably kept
at a vacuum degree of 0.5 kPa to 80 kPa in a low vacuum
range (between 100 Pa of absolute pressure and atmospheric
pressure).

[0046] Vessel 4 preserves dinitrogen tetraoxide liquid in
the condition of point O, of temperature: 15 degrees C. and
pressure: 200 kPa; after dinitrogen tetraoxide liquid in vessel
4 has been supplied into cavity 2 at reduced or negative
pressure, the condition changes from O, in the downward
decompressed direction A in FIG. 2 across the saturated
vapor pressure curve; and at least some amount of dinitrogen
tetraoxide may be turned into gas in cavity 2, resulting in the
increase in percentage of nitrogen dioxide according to the
equilibrium equation. In other words, dinitrogen tetraoxide
liquid instantly evaporates in cavity 2 at negative pressure
into nitrogen dioxide gas that instantaneously spreads
throughout whole cavity 2, and moreover, nitrogen dioxide
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gas promptly gets into touch with and touches the whole
intricately formed surfaces of medical instruments 1 to
oxidize or nitrate extraneous matters or microorganisms on
surfaces of medical instruments 1 for their instantaneous and
reliable sterilization. When nitrogen dioxide is used to
sterilize a content of cavity 2 maintained at a given pressure
and at a given temperature, sterilization time may preferably
be selected in a range between tens of seconds and tens of
minutes as the sterilization time is basically subject to
volume of cavity 2 and size, number and shape of internal
medical instruments 1. In this case, feed pipe 12 may
provide a heater 21 arranged adjacent to or within feed pipe
12 to heat the sterilant flowing through feed pipe 12 to assist
it to evaporate while controlling the increment percentage of
generated nitrogen dioxide in cavity 2. Heater 21 can be
used to heat dinitrogen tetraoxide to a preferable tempera-
ture in a range of 30 to 50 degrees C. or 50 to 80 degrees C.
Heater 21 may comprise a housing for defining a medium
space through which heating medium passes around feed
pipe 12 to perform heat exchange between sterilant in feed
pipe 12 and heating medium such as steam or heating fluid
in medium space. To this end, feed pipe 12 may have a large
outer surface into a spiral, coiled, finned or corrugated
shape. Other type of heating elements may be used such as
Nichrome wires or a film or membrane heater provided on
a part of outer surfaces of feed pipe 12. Otherwise, feed pipe
12 may have an electrical insulator as a part thereof to be a
heating element that can emit heat when electric current
flows between opposite ends of the insulator. Also, a pair of
electrodes are disposed in feed pipe 12 to apply electric
voltage between different points in sterilant liquid to induce
Joule heat.

[0047] The present invention should not be viewed to
cover the embodiment that only introduces dinitrogen tet-
raoxide alone into cavity 2, and the invention also contem-
plates the addition of one or more attenuants from a gas
source 17 to sterilant through feed pipe 12 before, after or at
the same time of introduction or supply of sterilant into
cavity 2. Addition of diluent or attenuant gas or gases to
sterilant through feed pipe 12 can provide a variety of
advantages, and in detail, firstly, attenuant gas serves to
dilute in cavity 2 nitrogen dioxide derived from dinitrogen
tetraoxide, this means that necessary sterilization may be
attained with lesser amount of dinitrogen tetraoxide while
saving substantially used amount of dinitrogen tetraoxide for
inexpensive sterilization. Secondly, operators can easily and
optionally adjust nitrogen dioxide to an appropriate concen-
tration with added attenuant gas in terms of size, quantity,
configuration and material of the objects or medical instru-
ments 1 contained in cavity 2, and an appropriate attenuant
gas may be selected from one or more groups consisting of
water vapor, oxygen, nitrogen, air and inert gas. The thinner
gas serves to thin nitrogen dioxide-base nitrogen oxide in
cavity 2; a water vapor component in thinner gas works to
adjust moisture content in cavity 2; and an oxygen compo-
nent becomes an oxidizer of a bactericidal action. The
sterilizer may preferably contain nitrogen dioxide of the
concentration for example between 0.01 and 80 volume %
of the total sterilant gas inclusive of thinner gas.

[0048] To collect used nitrogen oxide gas in cavity 2 after
sterilization, depressure valve 24 is closed to operate
vacuum pump 3 and thereby gas in cavity 2 is discharged
from outlet 6 through a cooler 22 in suction pipe 11 from
cavity 2. Cooler 22 cools down or condenses gases from
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cavity 2 to a temperature equal to or less than well-liquefied
or devolatilized temperature of nitrogen oxide gas (in the
cooling direction shown by Arrow B in FIG. 2) so that
dinitrogen tetraoxide-base nitrogen oxide liquid may be
withdrawn through a drain 23 of cooler 22. To efficiently
recover dinitrogen tetraoxide liquid, nitrogen oxide is
required to be cooled at a temperature of 4 to 10 degrees C.
In this case, while operating vacuum pump 3 to discharge
gas in cavity 2 from outlet 6 toward cooler 22, nitrogen gas
may be introduced from gas supply 17 into cavity 2 or air
may be introduced into cavity 2 through a restoration filter
18 and a pressure-recovery valve 7 as a pressure controller
to clean inside of cavity 2. This cleaning operation is
repeated as necessary to completely remove nitrogen oxide
remaining in cavity 2 and adhering on medical instruments
1. Restoration filter 18 is used to collect all airborne bacteria
to provide sterile air into cavity 2.

[0049] After restoring dinitrogen tetraoxide liquid from
drain 23, full amount of air is brought through pressure-
recovery valve 7 into cavity 2 to return it to atmospheric
pressure to open a door of sterilization chamber 10 and to
remove medical instruments 1 from cavity 2. In this case, it
is noted that medical instruments 1 removed from cavity 2
can immediately be reused because all bacteria and viruses
airborne and adhering to medical instruments 1 have been
completely annihilated and destroyed with nitrogen oxide
gas during sterilization, while all sterilant components are
fully removed by discharging gas in cavity 2 for ensurement
of high atoxic safety to human body.

[0050] Whereas the foregoing embodiment demonstrates
an example of an recovery by suction and cooling of
nitrogen oxide gas from cavity 2, a second embodiment will
be described hereinafter in connection with FIG. 3 on
recovery of nitrogen oxide liquid by condensation under
pressure in cavity 2.

[0051] After sterilization, air or inert gas is taken into
cavity 2 under negative pressure through pressure-recovery
valve 7 of pressure controller and restoration filter 18 to
increase and restore inner pressure in cavity 2 to atmo-
spheric pressure going up across the saturated vapor pres-
sure curve (in the pressurizing direction shown by Arrow C
in FIG. 2) to condense nitrogen oxide gas into liquid. Here,
it comes to a next condition that nitrogen oxide gas attaching
and adhering to whole surfaces of medical instruments 1 is
condensed under an atmospheric pressure into nitrogen
oxide liquid that drops on a bottom of cavity 2. As air in
cavity 2 still remains gaseous while condensing nitrogen
oxide, the apparatus can efficiently extract nitrogen oxide
liquid from air in cavity 2 for a short recovery time. When
nitrogen oxide is condensed into liquid at a temperature: 20
degrees C. at an atmospheric pressure (101.3 kPa), it com-
prises about 25% nitrogen dioxide and about 75% dinitrogen
tetraoxide of the total nitrogen oxide under the above-
mentioned chemical equilibrium equation.

[0052] Next, drainage valve 20 is opened to withdraw
dinitrogen tetraoxide-base nitrogen oxide liquid through
outlet 6 at the bottom of sterilization chamber 10 outside
cavity 2. Thus, dinitrogen tetraoxide can be recovered with
high efficiency from outlet 6 without need of any additional
device such as a ventilator for removing or exhausting
nitrogen oxide gas. Other than air, nitrogen gas may be
introduced to pressurize inside of cavity 2. Sterilization
chamber 10 may provide a centrifugal separator for
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mechanically and compulsorily separating and completely
removing nitrogen oxide liquid remaining around medical
instruments 1 in cavity 2.

[0053] The second embodiment illustrates the condensa-
tion of nitrogen oxide in cavity 2 under pressure, but
alternatively, a temperature controller not shown may be
used to condense nitrogen oxide by reduction in temperature
in cavity 2.

[0054] Unlike the first and second embodiments, a third
embodiment shown in FIG. 4 may comprise a pressure
gauge 56 at the upstream of control valve 5 without flow-
meter 13. Pressure gauge 56 indicates a pressure value in
vessel 4 to determine flow rate per unit time of nitrogen
oxide liquid together with an inner diameter value of feed
pipe 12, and therefore, release time of control valve 5 may
be controlled depending on pressure value on pressure gauge
56 to simply and precisely adjust feed rate of nitrogen oxide
liquid to cavity 2.

[0055] A fourth embodiment shown in FIG. 5 illustrates a
sterilization apparatus that comprises a vessel 4 filled under
pressure with a predetermined necessary amount of nitrogen
oxide liquid. To sterilize objects 1 in cavity 2 according to
this embodiment, a full amount of nitrogen oxide liquid is
supplied through opened control valve 5 from vessel 4
connected via feed pipe 12 into cavity 2. Thus, a specific
amount of nitrogen oxide liquid can be constantly supplied
into cavity 2 for assured sterilization of objects 1 without
any flow rate control. Vessel 4 may include a small bomb or
tank. This embodiment may dispense with any flowmeter
13, compressor 16 and pressure gauge 56 provided upstream
of control valve 5 in FIGS. 1, 3 and 4.

[0056] In lieu of control valve 5 provided between vessel
4 and heater 21 in the first to fourth embodiments, control
valve 5 may be connected between heater 21 and cavity 2.
Also, with or without control valve 5, it is possible to use
spray device 25 provided at the inlet of cavity 2 as a valve.
[0057] With reference to FIGS. 6 to 12, further embodi-
ments of the present invention will be described hereinafter
relevant to the sterilization apparatus and method that are
applied to sterilizing operations for clean rooms 50 and
medical instruments 1 as unsterilized objects in chamber 50.
[0058] Applied to sterilizing operations of clean rooms 50
is the sterilization apparatus 40 of the present invention that
comprises: a vessel 4 for storing nitrogen oxide liquid, a
spray device or an ejector 32 for spraying nitrogen oxide
liquid with its gasification or evaporation into a space area
(space to be sterilized) 2' in clean room 50 at a substantially
atmospheric pressure, and a metering pump 34, 34' for
suctioning a predetermined amount of nitrogen oxide liquid
from an outlet port 37 of vessel 4 to metering pump 34, 34'
and supplying the liquid toward spray device 32. Spray
device 32 may be a nozzle or a valve.

[0059] The term “at a substantially atmospheric pressure”
herein means a pressure value in range of 90 kPa to 110 kPa.
Nitrogen oxide liquid in vessel 4 is one or more kinds
selected from the groups of dinitrogen trioxide, dinitrogen
pentaoxide and more preferable dinitrogen tetraoxide. Dini-
trogen tetraoxide liquid alone can advantageously turn into
a highly-dispersible sterilant gas by a simple pressure con-
trol operation without admixing other substances thereto.
[0060] Dinitrogen tetraoxide having its boiling point 21
degrees C. is easy to handle for preservation and conveyance
at a temperature below the boiling point free from any
high-pressure filling and any pressure-resistant vessel. The
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above-mentioned chemical equilibrium equation is given
between dinitrogen tetraoxide and nitrogen dioxide (NO,).
[0061] Metering pump 34, 34' is selected from diaphragm,
plunger and tube pumps, more preferably, piston pumps.
Metering pump (piston pump 34) is used to evacuate a
predetermined amount of nitrogen oxide liquid from vessel
4 through an outlet port 37 for precise measurement and
deliver it under pressure toward spray device 32. Nitrogen
oxide liquid is conveyed through tubing 38 toward cavity 2,
and the absolute pressure value in tubing 38 just before
space area or cavity 2', 2" is of 110 kPa to 50000 kPa. The
pressure value of less than 110 kPa weakens a pumping
force for conveying nitrogen oxide liquid and reduces a
spraying force of nitrogen oxide liquid within an asepsis-
targeted space area 2', resulting in insufficient evaporation
and dispersion, delayed diffusion and inconsistent concen-
tration distribution of nitrogen oxide liquid within space area
2'. Adversely, the pressure value of more than 50000 kPa
would require expensive high-pressure spray device 32 and
a larger sized metering pump 34, 34'.

[0062] Spray device 32 may comprise a jet orifice 32a
with its adjustable aperture (spray area) for injecting, spray-
ing or atomizing nitrogen oxide liquid into clean room 50 at
a substantially atmospheric pressure. This embodiment may
also utilize a commercially available spray device 32 with
fixed or unadjustable jet orifice 32a. Spray device 32 can
advantageously inject, spray or atomize nitrogen oxide
liquid of the uniform concentration within a whole of clean
room 50 to certainly sterilize airborne microorganisms and
bacteria in clean room 50 and also similar microbes attach-
ing and adhering to walls and floors of the room 50.
[0063] The embodiment shown in FIG. 6 incorporates a
three-way valve 35 that comprises a first input port 35«
connected to vessel 4, a second I/O port 355 connected to
metering pump 34, 34', and a third output port 35¢ connected
to spray device 32. Three-way valve 35 of its antimicrobial
simple inner structure includes, but not particularly limited
to, a ball or spherical valve element 45 and a right-angled
flow path 46 formed in valve element 45. Three-way valve
(ball valve) 35 may be shifted as required between a charge
position for connecting metering pump 34, 34' to vessel 4
and simultaneously disconnecting metering pump 34, 34'
from spray device 32 and a discharge position for discon-
necting metering pump 34, 34' from vessel 4 and simulta-
neously connecting metering pump 34, 34' to spray device
32. Metering pump 34, 34' may be selected from for
example, plunger, diaphragm and rotary tube pumps.
[0064] A tubing heater 36 is provided between metering
pump 34, 34" and spray device 32 to heat nitrogen oxide
liquid before splashing from spray device 32. Referring to
FIG. 7, nitrogen oxide liquid preserved in vessel 4 (at a point
02) is pressure-applied by metering pump 34, 34' in the
pressurized direction (Arrow A), and then heated by heater
36 in the heated direction (Arrow B) to release nitrogen
oxide liquid into clean room 50 at an approximately atmo-
spheric pressure in the depressurized direction (Arrow C),
and thereby, nitrogen oxide liquid goes down across the
saturated steam pressure curve of dinitrogen tetroxide (nitro-
gen dioxide) in FIG. 7 that rapidly turns into nitrogen oxide
gas in clean room 50 for efficient filling with nitrogen oxide
gas.

[0065] Heater 36 comprises an outer cell 365 for defining
a medium room and conduits 36a arranged within medium
room for feeding nitrogen oxide liquid wherein conduits 36a
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are formed into a spiral, finned, coiled or corrugated shape
to have their expanded outer surfaces in thermally exchange-
able contact to heating medium such as water steam or
heating fluid in medium room to heat nitrogen oxide liquid
through conduits 36a. Spiral conduits 36a has their larger
outer surfaces for thermal contact of nitrogen oxide liquid to
heating medium for improved efficiency in heat exchange.
Other type of heaters 36 may be used as a heating element
such as Nichrome wires or film heaters attached to outer
surfaces of conduits 36a. Otherwise, conduits 36a may have
an electrical insulator as a part thereof to be a heating
element that can emit heat when electric current flows
between opposite ends of the insulator. Also, a pair of
electrodes may be disposed in conduits 36 to apply electric
voltage and generate electric current between different
points in sterilant liquid to induce Joule heat. Heater 36 is
used to heat nitrogen oxide liquid before spray device 32 at
a temperature in a range of 25 to 150 degrees C.

[0066] With reference to FIGS. 6 and 7, embodiments of
the present invention will be described hereinafter as to
usage of nitrogen oxide (dinitrogen tetraoxide) for steriliza-
tion of a clean room.

[0067] Initially, dinitrogen tetroxide liquid is stored in
vessel 4. Although dinitrogen tetraoxide liquid has strongly
oxidizing ability, it can be safely preserved in vessel 4 at a
temperature less than 21 degrees C. (of the boiling point) at
an increased absolute pressure in the order of 200 kPa
(approximately 2 atm) (from point O1 to O2 in FIG. 7).
Here, asepsis-targeted clean room 50 is hermetically kept for
prevention of nitrogen oxide from leaking outside.

[0068] Now, three-way valve 35 is in the charge position
that connects metering pump 34, 34' to vessel 4 through first
and second ports 354, 356 while simultaneously disconnect-
ing metering pump 34, 34' from spray device 32. Then,
metering pump 34 is operated to take a predetermined
amount of nitrogen oxide liquid from vessel 4 through
bottom port 37 in a variable volume (a cylinder) 34a of
metering pump 34 for temporary storage while exactly and
rapidly measuring the suction quantity of the liquid.
[0069] Then, three-way valve 35 is shifted to turn valve
element 45 around to the discharge position that connects
second and third ports 35h, 35¢ to communicate variable
volume 34a of metering pump 34, 34' with spray device 32
while simultaneously disconnecting variable volume 34a
from vessel 4, and subsequently, metering pump 34, 34' is
further operated to eject dinitrogen tetroxide liquid from
variable volume 34a of metering pump 34, 34' toward spray
device 32 in the pressurized direction (Arrow A in FIG. 7)
through heater 36 to heat the liquid to an elevated tempera-
ture (Arrow B in FIG. 7).

[0070] Thus, metering pump 34, 34' works to forward a
predetermined amount of nitrogen oxide liquid to spray
device 32 and further to allow the liquid to spout through a
jet orifice 324 of spray device 32 by injecting and spraying
the liquid into gas in depressurized space area 2' of clean
room 50 (Arrow C in FIG. 7). At the moment, pressurized
and heated dinitrogen tetroxide liquid immediately evapo-
rates into gas dispersing into whole area of clean room 50
kept at the substantially atmospheric pressure. Dispersed
nitrogen oxide indicates a mixed gas of dinitrogen tetroxide
and nitrogen dioxide.

[0071] In this embodiment, space area 2' is constantly
filled with nitrogen oxide gas of the predetermined concen-
tration since metering pump 34, 34' serves to supply an
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exactly given amount of nitrogen oxide to space area 2' of
clean room 50. Dispersed nitrogen oxide gas remains in
space area 2' during sterilization to completely deaden
microorganisms and bacteria adhering or attaching onto
walls and floor surfaces in clean room 50 so sterilization
time is decided depending on volume and content of clean
room 50 between several minutes and several hours.

[0072] The embodiment shown in FIG. 6 contemplates to
return residual nitrogen oxide liquid in conduit 38 between
three-way valve 35 and spray device 32 to vessel 4 after
sterilization. To this end, three-way valve 35 is shifted to
turn valve element 45 around to the discharge position that
connects metering pump 34, 34' and spray device 32, and
metering pump 34, 34' is operated to return nitrogen oxide
in conduit 38 to variable volume 34a of metering pump 34,
34'. Then, three-way valve 35 is shifted to rotate valve
element 45 to the charge position that connects metering
pump 34, 34' to vessel 4 through first and second ports 35a,
35b to return nitrogen oxide in variable volume 34a to vessel
4. Meanwhile, introduced into clean room 50 is washing gas
(nitrogen gas or air) from an intake not shown of clean room
to ventilate and remove nitrogen oxide from clean room 50.
Nitrogen oxide can be completely removed by a removal
filter 41 connected to clean room 50 through an exhaust pipe
39 while continuously supplying washing gas into clean
room 50. This embodiment illustrates a sterilization of clean
room 50, however, it would be apparent to those skilled in
the art that the embodiment may also apply to the steriliza-
tion for clean booths, isolators, sickrooms and operating
rooms.

[0073] FIG. 8 illustrates a sixth embodiment of the present
invention referred to a sterilization apparatus and method for
medical instruments 1 in a sterilization chamber 60. Same
reference symbols as those shown in the fifth embodiment
are applied to similar portions in FIG. 8, without explanation
thereon. Only differences from the fifth embodiment will be
described hereinafter.

[0074] Asepsis-targeted medical instruments 1 or contain-
ers are placed in a cavity 2" of sterilization chamber 60. The
present invention is applicable to sterilization of medical
instruments 1 made of any and all metallic, plastic and
rubber materials resistible against deterioration by nitrogen
oxide. Medical instruments 1 may include surgical instru-
ments such as scalpels, forceps, scissors and tweezers;
diagnostic instruments such as flexible or rigid endoscopes,
clinical thermometers, stethoscopes, funduscopes and aural
speculums; therapeutic instruments such as catheters, injec-
tion syringes and medical tubing; and implantable medical
instruments such as pacemakers, implantable aggregate and
surgical pins. Medical containers may include such as plastic
and glass containers, vials, spray cans, aluminum tubes,
rubber plugs, elastomeric products and injection needles.
The present invention is also applicable to preliminary,
last-minute or emergent sterilization before use of medical
instruments 1. A door not shown is attached to hermetically-
closed cavity 2" into the sealed condition covering inner
medical instruments 1.

[0075] Cavity 2" of sterilization chamber 60 is kept at an
approximately atmospheric pressure. In a similar manner as
in the fifth embodiment, a sterilization apparatus 40 supplies
nitrogen oxide liquid to inject it via a spray device 32 into
cavity 2" of sterilization chamber 60. Injected nitrogen oxide
liquid immediately gasifies and spreads in cavity 2" for
sterilization of medical instruments 1. As nitrogen oxide gas
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immediately spreads and diffuses in cavity 2" approaching
whole surfaces of medical instruments 1 to rapidly and
completely sterilize all surfaces of intricate details of medi-
cal instruments 1. According to the embodiment, metering
pump 34, 34' can be used to exactly control an amount of
nitrogen oxide liquid to sterilization chamber 60 so that
operators can decide an appropriate amount of nitrogen
oxide liquid depending on quantity, size, material and con-
taminated level of medical instruments 1.

[0076] In lieu of three-way valve 35 that switches between
vessel 4 and metering pump 34, 34' and between metering
pump 34, 34' and spray device 32 in the fifth and sixth
embodiments, a pair of two-way valve 47a, 475 may be used
in a seventh embodiment in FIG. 9. Two-way valve com-
prises a suction valve 47a between vessel 4 and metering
pump 34, 34' and a delivery valve 475 between metering
pump 34, 34' and spray device 32. A charge position is
established by opening suction valve 47a and at the same
time closing delivery valve 475 to take nitrogen oxide liquid
from vessel 4 in metering pump 34, 34'. Whereas a discharge
position is established by closing suction valve 47a and at
the same time opening delivery valve 475 to supply nitrogen
oxide liquid from metering pump 34, 34' to spray device 32.
This embodiment may utilize diaphragm valves with gating
diaphragms 49 for both suction and delivery valves 474,
475, but not limited thereto. Alternate opening and closing
operations of valves 47a, 47b allows for gating between the
charge and discharge positions.

[0077] Whereas the fifth to seventh embodiments use
piston pump 34 as metering pomp for temporarily storing
and measuring nitrogen oxide liquid, an eighth embodiment
shown in FIG. 10 utilizes a tube pump 34' to directly forward
nitrogen oxide liquid from vessel 4 to spray device 32. Tube
pump 34' has a rotator 344’ that rotates to generate discharge
flow rate in proportion to its rotation speed to achieve a
given conveyance amount of nitrogen oxide liquid.

[0078] A ninth embodiment shown in FIG. 11 comprises a
control valve 55 on the way through conduit 38 between
vessel 4 and space area 2', and a pressure gauge 56 con-
nected to an upstream of control valve 55 with piston pump
34, tube pump 34', three-way valve 35, suction valve 47a
and delivery valve 47b all removed. As a pressure value
indicated by pressure gauge 56 provides flow rate per unit
time of nitrogen oxide liquid with an inner diameter size of
conduit 38, feed rate of nitrogen oxide liquid to space area
2' can simply and precisely be adjusted under control of
switching time of control valve 55 depending on pressure
value on pressure gauge 56.

[0079] A tenth embodiment shown in FIG. 12 comprises a
sterilization apparatus provided with a vessel 4 previously
filled under pressure with only a required amount of nitrogen
oxide liquid. To sterilize space area 2' in the tenth embodi-
ment, pressure in vessel 4 allows for a full amount supply of
nitrogen oxide liquid to space area 2' through opened control
valve 55 from vessel 4 connected via conduit 38. Thus, in
the absence of any flow control, the sterilization apparatus
can constantly provide a specific amount of nitrogen oxide
liquid for complete sterilization of space area 2'. Vessel 4
may be a small bomb or tank. Also, this embodiment may
need none of piston pump 34, tube pump 34', three-way
valve 35, suction valve 47a and delivery valve 476b.

[0080] Provided between vessel 4 and heater 36 in the fifth
to tenth embodiments, is control valve 55 that may instead
be connected between heater 36 and space area 2'. Also, with
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or without control valve 55, a valve of any type may be used
in exchange for spray device 32 mounted at the inlet of space
area 2'.

EXAMPLE 1

[0081] A few qualification tests were carried out to find a
performance and effects of annihilating microorganisms
according to the sterilization method and apparatus of the
present invention. The following indicates the test results:

Sterilization Test 1

[0082] An SCBI (Self-Contained Biological Indicator)
was put in cavity 2 of approximately 8 liters (20 cmx20
cmx20 cm) in vacuum chamber 10. SCBI was a sterilization
test kit that comprised a filter paper on which microorganism
spores were attached, a glass capsule into which culture
solution was put, a small test tube into which the filter paper
and glass capsule were put, and an air-permeable filter for
sealing the small test tube. SCBI was put in cavity 2 that was
pressure-reduced up to 5 kPa to introduce into cavity 2
dinitrogen tetroxide (N,O,) liquid at a higher pressure than
atmospheric pressure through spray device 25 that vaporized
the liquid in cavity 2. Immediately after gasification of
dinitrogen tetroxide, pressure-recovery valve 7 was opened
to take clean air into cavity 2 keeping dinitrogen tetroxide at
a concentration of 8,500 ppm (16.54 mg/L) for 20 minutes
sterilization.

[0083] After the sterilization, pressure was reduced from
inside of small SCBI test tube to remove dinitrogen tetrox-
ide, and vacuum chamber 10 was opened to take out SCBI
from cavity 2. Glass capsule was broken within a small
SCBI test tube to remove the filter paper that was then
dipped in a culture solution to culture sterilized SCBI in an
incubator at a temperature of 58 degrees C. for approxi-
mately 24 hours (sterilized SCBI). Meanwhile, another
unsterilized SCBI was left in an atmosphere for 20 minutes,
and in a similar manner, the SCBI was cultured in an
incubator at a temperature of 58 degrees C. for approxi-
mately 24 hours (unsterilized SCBI).

Test Result 1

[0084] No change was found in cultivation of sterilized
SCBI according to the present invention that indicated no
multiplication of microorganisms that could sufficiently and
completely be sterilized and annihilated. In contrast, unster-
ilized SCBI indicated a color change that evidenced the
multiplication of unsterilized microorganisms.

EXAMPLE 2

[0085] A further example is described hereinafter about
sterilization tests according to the method and apparatus of
the present invention.

Sterilization Test 2

[0086] Another SCBI was put in unsterilized space area or
cavity 2', 2" of approximately 8 liters (20 cmx20 cmx20 cm)
in vacuum chamber 10. A similar SCBI was used as that in
Example 1. Metering pump 34, 34' was operated to supply
dinitrogen tetroxide (N204) liquid to unsterilized space area
2', 2" under a pressure higher than an atomospheric pressure,
and spray device 32 was provided to vaporize the liquid into
cavity 2', 2" in which SCBI was put. Space area 2' 2" was
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kept at a dinitrogen tetroxide concentration: 18,500 ppm
(36.28 mg/L) for 20 minutes sterilization.

[0087] After sterilization, SCBI was taken out of space
area 2' 2" and then dinitrogen tetroxide was removed under
a reduced pressure from inside of small test tube of SCBI.
Then, glass capsule was broken within a small SCBI test
tube to remove the filter paper that was then dipped in a
culture solution to culture sterilized SCBI in an incubator at
a temperature of 58 degrees C. for approximately 24 hours
(sterilized SCBI). Meanwhile, another unsterilized SCBI
was left at an atmosphere for 20 minutes, and in a similar
manner, the SCBI was cultured in an incubator at a tem-
perature of 58 degrees C. for approximately 24 hours
(unsterilized SCBI).

Test Result 2

[0088] No change was found in cultivation of sterilized
SCBI according to the present invention that indicated no
multiplication of microorganisms that could sufficiently and
completely be sterilized and annihilated. In contrast, unster-
ilized SCBI indicated a color change that evidenced the
multiplication of unsterilized microorganisms.

INDUSTRIAL APPLICABILITY

[0089] The present invention is applicable to the steriliza-
tion of any objects such as medical instruments, appliances
or accessories; precision apparatus, instruments or accesso-
ries; electric or electronic elements; raw materials for medi-
cines or drugs; containers for medical purpose; food prod-
ucts and materials; containers for foods; and other
microbially-contaminated objects. The present invention can
also be applied to the sterilizations in the food and drink
fields for recycling bottles and containers and in the phar-
maceutical sectors. The sterilization apparatus and method
according to the present invention can be further applied to
the sterilizations in the precision machinery industries and
electronics industries mainly semiconductors in addition to
the medicine manufacture, medical care and food fields.

What is claimed is:

1. A method for producing a dinitrogen tetraoxide gas,
comprising the steps of

maintaining a space area in the hermetically sealed con-

dition, the space area being connected to a dinitrogen
tetraoxide liquid in a vessel as a feedstock of dinitrogen
tetraoxide gas,
reducing an inner pressure of the space area to a decom-
pressed or vacuum condition below the saturated vapor
pressure curve of dinitrogen tetraoxide by operating a
decompressor communicated to the space area,

supplying the dinitrogen tetraoxide liquid from the vessel
to the spray device while retaining the liquid condition
of the dinitrogen tetraoxide on the way between the
vessel and spray device, and

spraying the dinitrogen tetraoxide liquid through the spray

device into the space area under the decompressed or
vacuum condition to gasify at least some of the sprayed
dinitrogen tetraoxide liquid across the saturated vapor
pressure curve in the space area.

2. The method of claim 1, wherein the dinitrogen tetraox-
ide liquid is supplied from the vessel through the spray
device into the space area while preventing the gasification
of the supplied dinitrogen tetraoxide liquid.
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3. The method of claim 1, further comprising allowing the
sprayed dinitrogen tetraoxide to come into contact to an
object in the space area to oxidize or nitrate the object.

4. The method of claim 1, further comprising heating with
a heater the dinitrogen tetraoxide liquid between the vessel
and spray device before spraying the dinitrogen tetraoxide
liquid.

5. The method of claim 1, further comprising introducing
a diluent gas into the space area before, after or at the same
time of spraying the dinitrogen tetraoxide liquid into the
space area.

6. The method of claim 5, wherein the diluent gas is
selected from one or more groups consisting of water vapor,
oxygen, nitrogen, air and inert gas.

7. The method of claim 1, further comprising atomizing
the nitrogen oxide liquid into nitrogen oxide gas in the space
area at the time of spraying the dinitrogen tetraoxide liquid.

8. The method of claim 1, further comprising:

opening a control valve provided at a feed pipe for
connecting the vessel and spray device, the vessel
being made up of a bomb or tank that contains a
necessary amount of the dinitrogen tetraoxide liquid,
and

supplying a full amount of the dinitrogen tetraoxide liquid
from the bomb or tank through the feed pipe to the
spray device.

9. The method of claim 3, further comprising sucking and
collecting the dinitrogen tetraoxide gas through an outlet of
the space area after oxidization or nitration of the object, and

cooling and condensing the collected dinitrogen tetraox-
ide gas into liquid.

10. The method of claim 3, further comprising:

applying the inner pressure on or cooling the inner
temperature of the space area across the saturated vapor
pressure curve of dinitrogen tetraoxide to condense the
dinitrogen tetraoxide gas into liquid in the space area,

collecting the condensed dinitrogen tetraoxide liquid
through an outlet of the space area, and

removing the object out of the space area.

11. An apparatus for producing dinitrogen tetraoxide,
comprising:

a vessel for storing dinitrogen tetraoxide liquid as a

feedstock of dinitrogen tetraoxide gas,

a space area that may be maintained in a hermetically
sealed condition,

a spray device provided at the space area for connection
to the vessel,

a decompressor for reducing an inner pressure of the
space area to a decompressed or vacuum condition
below the saturated vapor pressure curve of dinitrogen
tetraoxide,

a feed pipe for connecting the vessel and spray device,
and

a control valve provided in the feed pipe to supply the
dinitrogen tetraoxide liquid from the vessel to the spray
device while retaining the liquid condition of the dini-
trogen tetraoxide in the feed pipe when the control
valve is opened, and to spray the dinitrogen tetraoxide
liquid through the spray device into the space area
while gasifying at least some of the dinitrogen tetraox-
ide liquid in the space area retained at the decom-
pressed condition below the saturated vapor pressure
curve of dinitrogen tetraoxide.
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12. The apparatus of claim 11, wherein the dinitrogen
tetraoxide liquid is prevented from the gasification on the
way from the vessel to the spray device.

13. The apparatus of claim 11, wherein the dinitrogen
tetraoxide gas comes into contact to an object arranged in the
space area for oxidization or nitration of the object.

14. The apparatus of claim 11, further comprising a heater
for heating the dinitrogen tetraoxide liquid in the feed pipe
before spraying the heated dinitrogen tetraoxide through the
spray device into the space area.

15. The apparatus of claim 11, wherein the spray device
atomizes at least some of the sprayed nitrogen oxide liquid
into gas in the space area.

16. The apparatus of claim 11, wherein the vessel com-
prises a bomb or tank for storing a necessary amount of the
dinitrogen tetraoxide liquid to supply the full amount of the
dinitrogen tetraoxide liquid from the bomb or tank through
the feed pipe to the spray device when the control valve is
opened.

17. The apparatus of claim 11, wherein the space area has
an outlet connected to the decompressor through a cooler for
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cooling and condensing into liquid the dinitrogen tetraoxide
gas to remove the condensed liquid by operation of the
decompressor.

18. The apparatus of claim 13, further comprising:

a pressure controller for increasing the inner pressure of
the space area to condense the dinitrogen tetraoxide gas
into liquid after the oxidization or nitration of the
object, and

an outlet provided at the bottom of the space area to
remove the condensed dinitrogen tetraoxide liquid out-
side the space area.

19. The apparatus of claim 13, further comprising:

a thermal controller for lowering the inner temperature of
the space area to condense the dinitrogen tetraoxide
into liquid within the space area after the oxidization or
nitration of the object, and

an outlet provided at the bottom of the space area to
remove the condensed dinitrogen tetraoxide liquid
through the thermal controller.
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