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57) ABSTRACT

A method for decontamination of a contaminated region
containing biological species to be destroyed, includes a
decontamination step during which a decontamination gas
containing atomic nitrogen is propagated in the contami-
nated region, and atomic nitrogen contributes to the destruc-
tion of biological species in the contaminated region.

14 Claims, 2 Drawing Sheets
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1
METHOD FOR DECONTAMINATION

FIELD OF THE INVENTION

The present invention is related to a method for decon-
tamination.

BACKGROUND OF THE INVENTION

Decontamination is performed in a wide range of ways,
depending for example of the nature of the object to be
decontaminated. In hospitals, for instance, the validated
method for sterilization uses sealed autoclaves, at tempera-
tures over 373K. Nevertheless, these temperatures can be
harmful to those non-metallic materials which make up at
least part of the objects to be decontaminated.

In another proposed decontamination/sterilization
method, disclosed in FR-A-2 790 962, an active species
having sporicidal effect is obtained from a mixture of H,O,
N, and O, and is transported in a region to be decontami-
nated. In this method, nevertheless, the use of water vapour
in the decontaminating gas can cause the production of acid,
which can be harmful to the materials to be decontaminated.

In the proceedings of club PISE “Stérilisation d” instru-
ments médicaux par plasmas froids” (“Sterilization of medi-
cal apparatus by cold plasmas™), published Oct. 19%, 2001,
it is described, in “Post décharge en écoulement dans des
tubes a la pression atmosphérique” (“Post-discharge in tubes
at atmospheric pressure”) an experiment wherein a dis-
charge is created in a gas containing N, and O, and the
afterglowing activated gas is propagated in a tube and
exhibits UV fluorescence in an optical region that might be
useful for decontamination. Nevertheless, the active species
in this experiment is unknown and, would decontamination
be provided by such a method, it would still be necessary to
assess its potential effect on the materials of the decontami-
nation area.

OBJECTS AND SUMMARY OF THE
INVENTION

It is therefore an object of the present invention to provide
an efficient decontamination method which could be harm-
less to the materials to be decontaminated.
To this end, the present invention provides a method for
decontamination of a contaminated region containing at
least biological species to be destroyed, comprising a decon-
tamination step during which a decontamination gas con-
taining at least atomic nitrogen is propagated in said con-
taminated region, and said atomic nitrogen contributes to the
destruction of at least part of said biological species in said
contaminated region.
Such biological species include for example cells, spores,
bacteria, and others.
Nitrogen being dry, non-corrosive and not contributing to
production of acid, it is therefore benign to most materials.
In various embodiments of the invention, one may use one
and/or other of the following features:
the method further comprises an activation step, during
which said decontamination gas is obtained by disso-
ciation in a generator of a source gas containing
molecular nitrogen at a pressure between 50 and 4,000
Torr:

the method further comprises a generation step wherein
said source gas is generated by a source gas generator
adapted to produce, from atmospheric air, a source gas
containing at least 99% N, in volume;
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said source gas contains over 99% N, in volume, and
preferably over 99.95%;

said decontamination region is inside a decontamination
enclosure comprising an intake end and an exhaust end,
and a vector gas is propagated into said decontamina-
tion enclosure from said intake end to said exhaust end;

said decontamination gas is propagated into said decon-
tamination enclosure in the vicinity of said intake end;

during activation step, source gas is partly dissociated into
at least atomic nitrogen and molecular nitrogen forming
at least part of said vector gas;

said exhaust end is in communication with atmospheric

air,

exhaust gas is collected in said exhaust end and is fed

back to form at least part of vector gas;

vector gas comprises at least a gas taken among O, and

air;

said source gas flows into the generator at a given flow

rate and, during activation step, said source gas is
passed between two electrodes and is dissociated by
discharge voltage applied at a given discharge fre-
quency between said two electrodes, each discharge
following a given discharge path between said two
electrodes, said discharge frequency being adapted to
said flow rate so that subsequent discharge paths are
independent with respect to each other;

said decontamination gas is propagated in said contami-

nated region so that decontamination gas temperature is
comprised between 220 and 400 K in said contami-
nated region;

at the exhaust end, said decontamination gas contains

decontamination products and said decontamination
products are filtered out of decontamination gas to
provide for a cleaned decontamination gas;

the method further comprises an input step wherein said

source gas fed into said generator has at least one of the
following characteristics:

a flow speed comprised between 1 and 100 m/s, and

a temperature comprised between 220 and 400 K and,

during activation step, said discharge frequency is com-
prised between 1 kHz and 200 kHz.

According to another aspect, the invention provides a
method for decontamination of a contaminated sample com-
prising a placing step wherein said contaminated sample is
placed within said decontamination enclosure.

According to still another aspect, the invention provides
a method for decontamination of a duct, said duct compris-
ing contaminated internal walls and at least a first and a
second duct openings, wherein said first duct opening forms
said intake end, said second duct opening forms said exhaust
end, and wherein said internal walls form said decontami-
nation enclosure, said decontamination gas being propa-
gated from at least one duct opening.

In another embodiment, one may use the following fea-
ture:

said duct contains further openings, and said method

comprises a setting step wherein said further openings
are either sealed, connected to a generator, or provided
with a filter.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features of the invention will become apparent with
the following detailed description of several embodiments
thereof, illustrated by the accompanying drawings, in which:

FIG. 1is a schematic view of a decontamination apparatus
according to a 1% embodiment of the invention,
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FIG. 2 is a schematic view of a decontamination apparatus
according to a second embodiment of the invention,

FIG. 3a is a schematic view of an atomic nitrogen
generator according to the invention,

FIG. 3b is a diagrammatic view of voltage pulses used in
the generator, according to the invention, and

FIG. 3¢ is a schematic view of an atomic nitrogen
generator according to the invention.

On the various figures, similar or identical features are
designated by the same numeral references.

MORE DETAILED DESCRIPTION

FIG. 1 represents a first application of the inventive
method to decontamination of contaminated samples. Such
samples can for example be medical apparatus too expensive
to be discarded after a single utilisation, e.g. implants,
endoscopes, catheters and similar small dimensions appara-
tus. The contaminated sample is not necessarily of medical
type, and could for example be material used in food
industry, papers, archaeological materials, or other suitable
materials. Some particularly well-suited samples are those
samples with intricate surface designs for which state of the
art techniques do not prove efficient, like for example
syringes.

By decontamination is understood here a destruction of
biological species, such as cells, spores, bacteria, virus,
micro-organisms, prions, fungus or others, most often
deposited on the surface of the contaminated samples. Such
decontamination can for example be a step in a sterilization
process, or even a sterilization process on its own. Indeed,
the imperative sporicidal effect for a sterilization process of
achieving reduction of the concentration of bacteria by 12
decades can be achieved by the inventive method.

The contaminated sample 1 is placed in an adapted
decontamination enclosure, for example cylindrical or hexa-
hedral and of large enough dimensions to hold sample 1.
Such a decontamination enclosure could for example consist
of a one meter long and 20 cm wide cylindrical wall 2c,
these dimensions being purely illustrative, ending on each
side by respective first and second ends 2a, 2b. The internal
wall of the decontamination enclosure is made of any
suitable material such as glass, plastics, ceramics, metals or
others. On first end 24, the decontamination enclosure is
connected to at least one atomic nitrogen generator 3 via an
entrance duct 8. Such atomic nitrogen generator can for
example be of the kind illustrated hereinafter with respect to
FIG. 3, or any other suitable generator. On second end 25,
hereinafter referred to as exhaust end, the decontamination
enclosure can for example be open to the ambient air 5,
optionally through a filter 4 adapted to filter out the eventual
products of the decontamination. The inside of said decon-
tamination enclosure defines a contaminated space, with a
high concentration of biological species to be destroyed.

Each generator can be connected to a source of gas 6 that
emits a flow of gas containing gaseous molecular nitrogen
towards the generator. The source gas can for example flow
at around 500 cm?/s. In addition to N, the source gas could
for example contain other gas which have no decontamina-
tion effect but could be useful in other stages of an associ-
ated method.

N, of purity over 99% can be used in the scope of the
present invention. Such N, is for example provided by a
nitrogen jar. A molecular nitrogen generator 18 can also be
used to generate a source gas with a controlled volume
amount of N, for example over 99.99%. Such molecular
nitrogen generators 18, for example Pressure Swing Adsorp-
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tion nitrogen generators such as DYF (5-23) commercial-
ized by Rich Air Separation Co. Ltd can be used to separate
nitrogen from other gases contained in the air, using two
beds of Carbon Molecular Sieve (CMS).

N, purity requirements can be decreased at lower opera-
tive temperatures, which might nevertheless require other
operative settings, so that a trade-off appears the best solu-
tion depending on the intended application. Operative tem-
perature can also be raised up to around 400K, if permitted
by the decontaminated sample, so that decontamination
properties of heat are added to the inventive method.

The source gas flows into the generator(s) 3 in which the
gas is dissociated to provide nitrogen atoms such as N(*S),
N(*D) and N(*P). Dissociation can for example occur under
ambient conditions of temperature and pressure. If the
contaminated sample 1 is made of thermo-sensible material,
or for any other appropriate reason, the temperature of the
gas in the generator can be kept under 373K at close-to-
atmospheric pressure. The pressure of the vector gas can be
adapted depending of the operative needs, in the range
504,000 Torr for example.

As a result of the dissociation process in the generator 3,
the flow of gas entering the contaminated region contains
atomic nitrogen, for example in concentrations around 10
cm™ to 10" ¢m™>. This concentration decreases with the
distance z from the generator. At atmospheric pressure,
vector gas temperature of 300K and purity of N, over
99.99%, the concentration [N] of atomic nitrogen as a
function of z could be roughly described by following
equation:

1V/[N]=1/[NoJ+kz,

where 7 is in centimeters, [N,] the concentration of atomic
nitrogen close to the generator, and k is a constant depending
on the flow of gas. Typical k values could be found between
1077 and 107*° cm?. Thus, high atomic nitrogen concentra-
tions are maintained in the whole contaminated region.

The first end 2a of the decontamination enclosure option-
ally contains an intake duct 7 for a vector gas, which could
for example flow at around 20 m/s into the decontamination
enclosure, in a way that the vector gas intake duct 7 is close
enough to the entrance ducts 8 through which decontami-
nation gas enters contaminated region, in order for the vector
gas to carry efficiently the decontamination gas throughout
the contaminated region. Flow speed might range approxi-
mately between 1 m/s, which makes it possible for the active
species to reach intricate parts of the contaminated sample 1,
and 100 m/s, which makes it possible to keep high decon-
tamination efficiency even far away from the intake.

Vector gas can for example be pure N,, optionally the
same gas as provided by the gas sources 6, or air filtered in
intake duct 7 to contain no more than 0.1% O, in volume.

In addition, such gas containing O, can also be introduced
into decontamination enclosure in the vicinity of contami-
nated sample 1. Thus, one can obtain in the decontamination
enclosure species by reaction of atomic nitrogen and oxy-
gen, such as N(*S), NCD), N(*P), N,(B), N,(A), OCP),
0('D), O('S), 0,('Z), 0,(*A), 05, NO, N, 0, NO,, NO; and
N,0Os, and UV photons.

Atomic nitrogen transports chemical energy from the
generator to the contaminated sample, without significant
recombination or losses on the walls of the decontamination
enclosure. This energy is associated with a decontamination
effect, where the nitrogen atoms and nitrogen-atom-induced
species and photons come in contact with biological species
of the contaminated sample 1. In some experiment, it has
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been shown that in some point of the contaminated region
with concentration of atomic nitrogen around 10** cm™>,
concentration of B. stéarothermophilus roughly decreased as
a function of time t according to an exponential function of
the type €7, where t, is of the scale of the minute. High
decontamination activity is therefore obtained in the whole
contaminated region, and not only close to the generators.
Of course, decontamination with the inventive method is not
limited to applications to B. Stéarothermophilus, but covers
all kind of biological species to be destroyed.

Using N, as vector gas at atmospheric (or close to
atmospheric) pressure and temperature enables a decontami-
nation which has no harmful effect on the sample to be
decontaminated, neither due to warmth nor to acid produc-
tion. Exhaust gas arriving at the second end 25 of the
decontamination enclosure can be filtered by an adapted
filter 4, before leaving into the atmosphere, or can be fed
back into the generator 3. Optionally, said exhaust gas is
recycled by an adapted recycling unit 9 and fed back to
intake duct 7, as shown on FIG. 1. The gas may freely exit
into the atmosphere, because the vector and source gas being
nitrogen, it causes no harm to the environment. The eventual
amounts of —N, O, or —Oj; in the exhaust can be controlled
to less than a ppm. Suitable filters are already described in
U.S. Pat. Nos. 6,345,497, 5,547,651, 5,782,085 and 5,640,
845 for pollution control methods using atomic nitrogen, for
the automotive industry.

It is possible to add many parallel generators connected to
different entrance points of the first end of the contaminated
region such as shown on FIG. 1, as well as a main entrance
point through which a non-dissociated vector gas is fed into
the decontamination region, without passing through a gen-
erator.

With reference to FIG. 2, a second embodiment of the
method for decontamination is presented in which the
method is used to decontaminate internal walls 10 of a
contaminated region 2, in particular a room or ducts such as
aeration conducts and the like. FIG. 2 accordingly represents
an aeration conduct of diameter D of a few centimeters and
a length L of some meters. Such ducts commonly have open
sections 11 which are connected to different rooms 12 in a
building. No decontamination enclosure is therefore needed,
as decontamination enclosure is formed by said internal
walls 10 of conducts.

Where it is possible to do so, the open sections are
connected to a generator 3 of the kind used in the method
described in FIG. 1. Open sections which are not connected
to a generator could be left open, optionally through a filter,
or are closed for the duration of the decontamination, so that
a suitable gas flow rate could be maintained throughout duct
2. The vector gas is input through first end 2a of the aeration
duct, and carries the decontamination gases output by the
generators and containing the active species, throughout the
duct. If necessary, decontamination gas and decontamina-
tion products are filtered in second end 24 of the duct,
optionally recycled and fed back to first end 2a.

The working principles of the generator are now
described with respect to the specific embodiment of FIG. 3a
and 3b. Nevertheless, any generator able to produce nitrogen
atoms in operative concentrations at those operative condi-
tions is considered to be encompassed by the present docu-
ment. In particular, generators described in aforementioned
patents U.S. Pat. Nos. 6,345,497, 5,547,651, 5,782,085 and
5,640,845 are suitable.

In the described method, the flow of nitrogen gas in the
contaminated region has the following characteristics:
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a concentration of nitrogen atoms close to generator of

10*° cm™3,

a flow speed of 20 m/s, vector gas pressure close to

atmospheric pressure, and

a temperature of 300 K.

The present generator is adapted to provide with such a
flow. The generator comprises two electrodes, E, and E,
between which source gas flows from gas sources 6 at a
given flow rate, as indicated by arrow 13 on FIG. 3. A
voltage pulse is periodically applied from a voltage source
14 of power between 10 and 100 W, and a fast commuter 15
for providing short pulses between the two electrodes. These
shorts pulse enable an efficient breakdown of the gas with a
high voltage while limiting the transferred charge. The pulse
comprises a voltage increase stage 17a, a steady state stage
175, for example around 20 kV, a voltage decrease stage 17c,
and an off-state stage 174, as shown on FIG. 3b. Discharge
frequency rate is for example around 30 kHz, in this
particular embodiment. Discharge frequency and gas veloci-
ties are adapted to each other so that subsequent discharges
are temporally independent with respect to each other.

If the voltage increase stage 17a occurs during a very
short time, many energetic electrons will be produced in the
gas which will be effective for molecular nitrogen dissocia-
tion and atomic nitrogen production. Nevertheless, if one
increases the frequency rate at which such increase stages
occur, rest species from the precedent discharge would still
be present between the electrodes, the necessary voltage to
be applied for the dissociation will decrease, which in turn
will decrease the discharge efficiency.

A solution is to have an adapted gas flow between the
electrodes, so that rest species are carried away with the
non-activated species. Each pulse creates an ionisation path
between the two electrodes which is subsequently moved
with the gas.

A first discharge will thus follow a straight path 16a
between the electrodes. With the gas flowing in the direction
of arrow 13, the rest species of first discharge will be located
around 165 when second discharge occurs. Path 165 will
therefore be a preferential path for second discharge, as well
as paths 16c and 164 for subsequent discharges. Each time,
the spatial extent of the discharge is longer, and the voltage
necessary for gas breakdown will decrease, therefore having
a negative effect on dissociation efficiency.

This phenomenon will continue until the ionised path
from the precedent discharge is too far away and the
discharge follows a new ionisation path straight between the
two electrodes that maximises the voltage. If the gas flow
rate 1s adapted, the path ionised by the first pulse is already
“too far away” from the electrodes when the second pulse
occurs, so that maximal voltage is obtained for all dis-
charges.

Furthermore, screens can be placed between the elec-
trodes in order to provide for spatial independence of the
discharges, such as shown on FIG. 3¢, where gas flows
normal to the plane of the Figure as indicated by arrow 13
pointing towards us. Isolating screens 19, made from glass
or ceramics, for example, separate many dissociation entities
such as described previously with respect to FIG. 3a, so that
discharges can take place independently.

Such discharge electrodes can readily be set in series or in
parallel in the gas flow in order to provide for efficient
nitrogen dissociation.

Such generators offer the following advantages:

fast pick-up by vector gas, enabled by the small volume

of atomic nitrogen generation region,

generators easily set in series or parallel,
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ability to provide wide operative temperature and pressure

ranges,

ability to cool vector gas by expansion after 4the dis-

charge,

high reliability,

performance comparable to beam electron techniques for

lower costs,

reduced electromagnetic noise.

In the method presented here, the atomic nitrogen high
concentrations are obtained in the post-discharge of a nitro-
gen plasma, but any classical way of obtaining high nitrogen
atom concentrations such as electron beam techniques,
micro-waves or sparks, offering suitable atomic nitrogen
concentrations gas flow rate and speeds at operative tem-
perature and pressure could alternatively be used within the
method.

We claim:

1. Method for decontamination of a contaminated region
containing at least biological species to be destroyed, com-
prising an input step wherein a source gas containing
molecular nitrogen at a pressure between 50 and 4,000 Torr
is flown into a generator at a given flow rate, said method
further comprising an activation step, during which said
source gas is passed between two electrodes of said genera-
tor and is dissociated by a discharge pulse applied at a given
discharge frequency between said two electrodes, each dis-
charge pulse following a given discharge path adapted to
said flow rate so that subsequent discharge paths are inde-
pendent with respect to one another, thereby producing a
decontamination gas, said method further comprising a
decontamination step during which said decontamination
gas containing at least atomic nitrogen is propagated from
said generator into said contaminated region, so that a
decontamination gas temperature is comprised between 220
K and 400 K in said decontamination region, and said
atomic nitrogen contributes to the deconstruction of at least
part of said biological species in said contaminated region.

2. Method according to claim 1 comprising a generation
step, wherein said source gas is generated by a source gas
generator adapted to produce, from atmospheric air, a source
gas containing at least 99% N, in volume.

3. Method according to claim 1, wherein said source gas
contains over 99% N, in volume.

4. Method according to claim 1 wherein said decontami-
nation region is inside a decontamination enclosure com-
prising an intake end and an exhaust end, and wherein a

w

10

15

20

25

30

35

40

45

8

vector gas carrying said decontamination gas into said
contaminated region is propagated into said decontamina-
tion enclosure from said intake end toward said exhaust end.

5. Method according to claim 4, wherein said decontami-
nation gas is propagated into said decontamination enclosure
adjacent said intake end.

6. Method according to claim 4, wherein during said
activation step, source gas is partly dissociated into at least
atomic nitrogen and molecular nitrogen forming at least part
of said vector gas.

7. Method according to claim 4, wherein said exhaust end
is in communication with atmospheric air.

8. Method according to claim 4, wherein said exhaust gas
1s collected in said exhaust end and is fed back to form at
least part of vector gas.

9. Method according to claim 4, wherein said vector gas
comprises at least a gas taken among O, and air.

10. Method according to claim 4 wherein, at the exhaust
end, said decontamination gas contains decontamination
products and wherein said decontamination products are
filtered out of said decontamination gas to provide for a
cleaned decontamination gas.

11. Method according to claim 1 wherein during said
input step, said source gas fed into said generator has at least
one of the following characteristics:

a flow speed comprised between 1 and 100 m/s, and

a temperature comprised between 220K and 400K, and

wherein, during activation step, said discharge fre-
quency is comprised between 1 kHz and 200kHz.

12. Method according to claim 4, further comprising a
placing step wherein a contaminated sample is placed within
said decontamination enclosure.

13. Method of claim 4, further comprising a duct, said
duct comprising contaminated internal walls and at least a
first and a second duct openings, wherein said first duct
opening forms said intake end, said second duct opening
forms said exhaust end, and wherein said internal walls form
said decontamination enclosure, said decontamination gas
being propagated from at lest one duct opening.

14. Method according to claim 13, said duct containing
further openings, said method comprising a setting step
wherein said further openings are either sealed, connected to
a generator, or provided with a filter.
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