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Description

FIELD OF THE INVENTION

[0001] The invention relates to the field of nitric oxide
generation. More particularly, the invention relates to the
field of nitric oxide generation for therapeutic applica-
tions.

BACKGROUND OF THE INVENTION

[0002] It is widely known to use nitric oxide (NO) in a
variety of applications. Next to technical applications
such as an intermediate in the Ostwald process for the
synthesis of nitric acid from ammonia, especially several
therapeutic applications using nitric oxide are known.
[0003] One of the most famous therapeutic applica-
tions of nitric oxide is the administration for neonates suf-
fering from Persistent Pulmonary Hypertension (PPHN).
However, many comparable or other therapeutic appli-
cations are known and discussed for the use of nitric
oxide. As an example, nitric oxide is used by the endothe-
lium of blood vessels to signal the surrounding smooth
muscle to relax, thus resulting in widening the blood ves-
sels and therefore increasing blood flow. This leads to
nitric oxide being particularly applicable for the therapy
of hypertension. Further exemplary applications for nitric
oxide are directed towards improving lung function and
treating or preventing bronchoconstriction, reversible
pulmonary vasoconstriction, for treating or preventing ar-
terial restenosis resulting from excessive intimal hyper-
plasia, or for treating chronic obstructive pulmonary dis-
ease (COPD). Apart from that, the administration of nitric
oxide is particularly useful for treatment of infected tissue
e.g. to kill bacteria. This application mostly involves top-
ical delivery of a source of nitric oxide containing gas to
a skin surface containing infected tissue.
[0004] The storage of nitric oxide for example in con-
tainers, or gas cylinders, respectively, may however
cause difficulties. Due to the fact that nitric oxide tends
to react with oxygen, even minor impurities of oxygen in
the stored gas may cause the formation of nitrogen ox-
ides in higher oxidation states, in particular the formation
of toxic nitrogen dioxide (NO2). Therefore, nitric oxide
has only limited useful life time and may thus be stored
only in a low concentration and for a limited time. For
many applications, it is therefore preferred to generate
nitric oxide in situ, i.e. directly before use.
The generation of nitric oxide may additionally lead to
problems because of which several attempts to form nitric
oxide are exercised.
[0005] Known from EP 1 903 003 A1 is a method and
an apparatus for generating nitric oxide. According to this
method, nitric oxide is generated by a photolytic cleavage
of nitrite ions being present in a nitrite containing aqueous
solution. In detail, an aqueous nitrite solution further com-
prising antioxidants is guided in a reaction chamber in
which it is subjected to electromagnetic radiation for a

defined period of time. Due to the influence of the radia-
tion, the nitrite ion is cleaved, wherein nitric oxide is gen-
erated. The so generated nitric oxide may then be trans-
ported out of the reaction chamber by means of a carrier
gas.
[0006] One of the major drawbacks of this known meth-
od for generating nitric oxide is the fact that under some
circumstances, the concentration of the formed nitric ox-
ide may not be kept completely constant over a long pe-
riod of time.

SUMMARY OF THE INVENTION

[0007] It is an object of the invention to provide a meth-
od and an arrangement, or apparatus, respectively, for
generating nitric oxide in which the concentration of the
generated nitric oxide may be kept constant in definite
ranges over a long period of time.
[0008] This object is achieved by a method according
to claim 1 and by an apparatus according to claim 10.
Preferred embodiments are defined in the dependent
claims.
[0009] The present invention relates to a method for
generating nitric oxide, which comprises the steps of: pro-
viding a precursor solution comprising a nitric oxide pre-
cursor in a first reservoir, guiding the precursor solution
through a reaction chamber, thereby subjecting the pre-
cursor to radiation to generate nitric oxide, guiding the
generated nitric oxide out of the reaction chamber by a
stream of carrier gas, and guiding the reacted solution
into a second reservoir, wherein the reacted solution is
recirculated to the first reservoir.
[0010] According to the invention, a nitric oxide precur-
sor shall mean a substance which may react under re-
lease of nitric oxide. The precursor is capable of releasing
nitric oxide by subjecting the latter to radiation, especially
to electromagnetic radiation. A nitric oxide precursor may
thus comprise a substance or a mixture of substances
releasing nitric oxide. Additionally, the nitric oxide pre-
cursor may comprise additives which support the release
of nitric oxide from a substance, or a mixture of substanc-
es. Examples for these kinds of additives comprise in a
non limiting manner a catalyst, an enzyme, a photoac-
ceptor, or a photoamplifier. Furthermore, the nitric oxide
precursor may comprise a
[0011] The nitric oxide prescursor is provided in form
of a solution in the first reservoir. It may be filled in that
reservoir directly before use, or it may be stored in that
reservoir for a defined time in order to allow the genera-
tion of nitric oxide to start spontaneously and without any
essential prearrangements. Consequently, the first res-
ervoir may be impermeable for any kind of radiation in
order to prevent the nitric oxide precursor to react, or to
age.
[0012] In order to start the nitric oxide generation, the
precursor solution is guided into a reaction chamber and
through the latter, thereby subjecting the solution, or the
precursor, respectively, to defined radiation, particularly
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to electromagnetic radiation. The radiation then starts a
photolysis process resulting in the nitric oxide precursor
to release nitric oxide.
[0013] The reacted solution is then guided to a second
reservoir, whereas the generated nitric oxide may be re-
moved from the reaction chamber by means of a stream
of carrier gas.
[0014] Due to the fact that the solution is guided from
the first reservoir through the reaction chamber and into
the second reservoir, the solution inside the reaction
chamber is changed constantly. This allows to always
subject fresh precursor solution to radiation. Conse-
quently, the concentration of the nitric oxide precursor
inside the reaction chamber may be kept constant or at
least substantially constant. In case the remaining reac-
tion parameters are kept constant as well, the concen-
tration of the nitric oxide to be generated is kept constant
in the carrier gas throughout the whole reaction time.
Accordingly, the nitric oxide stream which may be formed
has a constant composition from the start of the reaction
until the end of the reaction, i.e. until all of the precursor
solution is guided into the second reservoir.
[0015] In case the first reservoir is completely emptied,
the latter may be exchanged and a new reaction cycle
may follow.
[0016] According to the invention it is thus possible to
generate nitric oxide under constant conditions allowing
a stream of nitric oxide comprising gas to be formed to
have a constant composition. Furthermore, the concen-
tration of the nitric oxide may by tailored in a very exact
way to the desired application, for example by adjusting
the flow of carrier gas, the flow of precursor solution as
well as by adjusting the power of the radiation source.
[0017] Due to this flexibility and the constant generated
nitric oxide flow, the method according to the invention
is particularly suitable for therapeutic applications. In this
case, it
[0018] Due to this flexibility and the constant generated
nitric oxide flow, the method according to the invention
is particularly suitable for therapeutic applications. In this
case, it is especuially important to have a well defined
and constant concentration of nitric oxide in order to get
the desired therapeutic effects without any danger for the
patient.
[0019] It is further provided that the reacted solution is
recirculated to the first reservoir. According to this em-
bodiment, it is utilized that dowmstream the reaction
chamber, still an amount, even a major amount, of the
nitric oxide precursor is present in the reacted solution.
The reacted solution shall thereby particularly mean the
solution leaving the reaction chamber. Consequently, it
is not necessary to discard that solution, but it may be
reused instead. In detail, the reacted solution may be
guided through the reaction chamber again to subject
the remaining precursor to radiation, thereby forming ni-
tric oxide. Due to the fact that the concentration of the
nitric oxide precursor is lower compared to the first run,
but it is again constant during its passage through the

reaction chamber, again, a constant flow of nitric oxide
may be generated. In order to get the desired concen-
tration, one or a plurality of reaction parameters may be
adjusted.
[0020] Consequently, an especially economic way of
generating nitric oxide is allowed, as no valuable precur-
sor solution is discarded, but it maybe reused again.
[0021] According to a preferred embodiment of the
present invention, the precursor solution is guided
through the reaction chamber with a constant flow. This
embodiment enables to have constant reaction condi-
tions at every stage of the reaction. The reacted solution
is directly guided to the second reservoir, wherein fresh
precursor solution comprising fresh nitric oxide precursor
in a defined concentration is guided into the reaction
chamber. Consequently, no adjustments have to be car-
ried out, all parameters may be kept constant.
[0022] In an alternative preferred embodiment, the pre-
cursor solution is guided through the reaction chamber
intermittently. According to the invention, this shall mean
that the reaction chamber is filled with a defined amount
of precursor solution. The latter is subjected to radiation,
wherein the concentration of the nitric oxide precursor is
slowly decreasing. In order to get essentially constant
concentrations of the generated nitric oxide, particularly
in the gas stream downstream the reaction chamber, af-
ter a certain amount of time the reacted solution is guided
into the second reservoir, wherein in turn fresh precursor
solution is guided from the first reservoir into the reaction
chamber. Then, a new reaction may start thereby sub-
jecting the precursor solution, or the precursor, respec-
tively, with radiation. This allows keeping the concentra-
tion within defined ranges.
[0023] According to a further embodiment of the
present invention, further precursor is added to the re-
acted solution. This embodiment allows to provide pre-
cursor solution in the first reservoir at a second run, for
example, having the same concentration of nitric oxide
precursor compared to the first run. Consequently, all
reaction parameters may be kept constant, thereby al-
lowing a constant flow of nitric oxide to be formed. It is
just necessary to add the amount of nitric oxide precursor
which has reacted to release nitric oxide. Consequently,
a constant flow of nitric oxide may be generated for an
essentially unlimited time range, thereby being very cost-
saving.
[0024] According to a still further embodiment of the
present invention, at least one reaction parameter is con-
trolled in response to the nitric oxide concentration down-
stream the reaction chamber. This is an especially secure
way to react in response to a potentially changed con-
centration of the nitric oxide concentration. In detail, if
the concentration of nitric oxide in the generated nitric
oxide comprising gas runs out of a defined, or predefined
range, the reaction parameters may be adjusted in order
to get the desired concentration again. In detail, reaction
parameters which may be adjusted, comprise in a non-
limiting manner: flow of carier gas, flow and/or reaction
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time of the precursor solution, concentration of the pre-
cursor, power of the radiation source, etc. Consequently,
according to this embodiment, a flow having a constant
composition is further ensured during the whole reaction
time.
[0025] It is furthermore preferred that an antioxidant is
added to the precursor solution. According to the inven-
tion, an antioxidant shall mean a compound which is ca-
pable of decomposing or neutralizing reactive nitrogen
oxide species (RON), for example NO2-radicals, or re-
active oxygen species (ROS). Especially preferred ex-
amples comprise in a non-limiting manner ascorbic acid,
ascorbate, vitamine E and its derivatives, thiols, radical
scavengers oder ROS und/oder RNS decomposing en-
zymes.
[0026] By adding antioxidants like described above,
the formation of reactive intermediate products as well
as the formation of nitrogen dioxide is prevented or at
least decreased. Additionally, if these compounds are
anyhow formed, the latter will be decomposed again.
Consequently, especially with respect to the toxic nitro-
gen dioxide, the latter is not present in the reacted solu-
tion, or it is present in such a minor amount, that it will
stay in the solution. In contrast thereto, the presence of
nitrogen dioxide, for example, in the produced flow of
nitric oxide coprising gas is securely prevented. Thereby,
the generation of nitric oxide is not hindered, allowing the
purity if the generated gas to be increased. This embod-
iment is thus especially preferred in case the generated
nitric oxide, or the nitric oxide comprising gas, respec-
tively, is used for therapeutical, or cosmetical applica-
tions.
[0027] With respect to the precursor solution, it is pre-
ferred that an aqueous nitrite solution is used as precur-
sor solution, in particular a sodium nitrite solution. Nitrite
solutions are non toxic and may be disposed without
problems. Additionally, a nitrite solution may be stored
over a substantially unlimited time without side reactions
to occurr. Consequently, this solution may be stored in
the first reservoir and the reaction maybe started when
appropriate.
[0028] In a further preferred embodiment of the present
invention, the precursor is subjected to radiation in the
range of ≥ 320nm to ≤ 440nm. This kind of radiation, lying
in the range of UV-radiation, may be handled without
problems, leading to the method according to the inven-
tion to be performed in a save manner. Additionally, such
radiation is very well suited for releasing nitric oxide from
a plurality of suitable nitric oxide precursors, for example
from a nitrite.
[0029] The present invention further relates to an ap-
paratus for generating nitric oxide, comprising a first res-
ervoir for receiving a precursor solution comprising a ni-
tric oxide precursor, a reaction chamber being in com-
munication with a radiation source for subjecting the pre-
cursor solution with radiation in the reaction chamber and
being in fluid communication with the first reservoir, a
second reservoir for receiving reacted solution being in

fluid communication with the reaction chamber, and
a gas inlet and a gas outlet for guiding a carrier gas
through the reaction chamber wherein
a recirculation loop is provided, for guiding the reacted
solution back to the first reservoir.
[0030] Such an apparatus is designed for carrying out
a method for generating nitric oxide like described above,
leading to the above defined advantages.
[0031] Additionally, the apparatus according to the in-
vention may be designed in a very compact manner. Con-
sequently, the apparatus according to the invention may
be used in a stationary manner, as well as as a portable
device. In detail, the apparatus according to the invention
may be used as a homecare device for therapeutic ap-
plications.
[0032] The service and the handling of a device com-
prising the apparatus according to the invention is fur-
thermore very easy. For example, the first reservoir as
well as the second reservoir may be arranged in a de-
tachable way. This enables these components to be re-
movable articles. With respect to the first reservoir, the
letter may be provided filled with nitric oxide precursor
solution, and may be discarded in case all of the solution
was reacted. In this case, the first reservoir may be di-
connected, removed and exchanged. Accordingly, the
second reservoir may be removed from the remaining
apparatus in case it is full and it may be emtied, or re-
moved afterwards.
[0033] A recirculation loop is provided for guiding the
reacted solution back to the first reservoir. This allows
recirculating the reacted solution back to the first reser-
voir and thus saving nitric oxide precursor. Consequently,
an apparatus according to this embodiment of the
present invention may be utilized in an especially eco-
nomic way. In this case the second reservoir may be
formed solely by the recirculation loop connecting the
first reservoir and the reaction chamber, or an additional
recirculation loop may be provided downstream the sec-
ond reservoir.
[0034] According to a preferred embodiment of the ap-
paratus according to the invention, a gas reservoir is pro-
vided downstream the reaction chamber. This embodi-
ment is especially preferred in case the apparatus is used
with intemittently, i.e. discontinous and with a pulsed flow
of solution. In this case, a discontinuous flow of nitric
oxide, or nitric oxide comprising gas, respectively, will be
generated directly after the reaction chamber. Due to the
provision of a gas reservoir downstream the reaction
chamber, the nitric oxide comprising gas may be stored
allowing a continous flow of nitric oxide comprising gas
to be formed even in case the reaction as such is per-
formed in an intermittent way.
[0035] It is especially preferred that a third reservoir
for receiving precursor solution is provided in fluid com-
munication with the recirculation loop, the first reservoir
and/or the second reservoir. This allows adding fresh ni-
tric oxide precursor to the reacted solution and thus en-
suring that the concentration of the nitric oxide precursor
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in the first reservoir is kept constant during every stage
of the reaction. The third reservoir may thereby be pro-
vided inside the recirculation loop, the first reservoir
and/or the second reservoir. However, it is mostly pre-
ferred that the third reservoir is attached to the outer wall,
or casing, of the recirculation loop, the first
reservoir ,and/or the second reservoir. In this case, the
third reservoir may easily be exchanged in case all of the
precursor was used.
[0036] According to a still further preferred embodi-
ment of the apparatus according to the invention, a nitric
oxide detector is provided downstream the reaction
chamber. This allows to directly react to changed nitric
oxide concentrations, for example, in order to ensure the
nitric oxide concentration as well as the composition of
the generated gas to be kept constant.
[0037] With this regard, it is especially preferred, that
a control unit is provided for adjusting at least one reac-
tion parameter according to the nitric oxide concentration
downstream the reaction chamber. According to this em-
bodiment, a fully, or substantially fully automated method
may be performed. In detail, reaction parameters which
may be controlled by the control unit, may comprise in a
non-limiting manner: flow of carier gas, flow and/or reac-
tion time of the precursor solution, concentration of the
precursor, power of the radiation source, etc.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiments described hereinafter.
[0039] In the drawings:

Fig. 1 shows a schematical view of an embodiment
of an apparatus for generating nitric oxide not being
part of the invention;
Fig. 2 shows a schematical view of an embodiment
of an apparatus for generating nitric oxide according
to the invention;
Fig. 3 shows schematic diagramms vizualizing an
embodiment of the method for generating nitric oxide
according to the invention;
Fig. 4 shows schematic diagramms vizualizing a fur-
ther embodiment of the method for generating nitric
oxide according to the invention;
Fig. 5 shows schematic diagramms vizualizing a fur-
ther embodiment of the method for generating nitric
oxide according to the invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0040] In the following, different embodiments of ap-
paratus for generating nitric oxide are schematically
shown in the respective figures, wherein the same or
comparable components are referred to with the same
reference signs.
[0041] In figure 1, an apparatus 10 for generating nitric

oxide is schematically shown. The apparatus 10 is par-
ticularly suitable for the generation of nitric oxide in ther-
apeutic applications and with this regard, it is particularly
suitable for portable home care devices.
[0042] The apparatus 10 comprises a first reservoir 12
and a second reservoir 14. The first reservoir 12 is de-
signed for receiving a precursor solution comprising a
nitric oxide precursor, whereas the second reservoir 14
is designed for receiving reacted solution. The reservoirs
12, 14 may be formed in any shape appropriate and fur-
thermore maybe formed from every suitable material. For
example, the reservoirs 12, 14 may be formed from glass,
or plastics.
[0043] With respect to the precursor solution, the latter
comprises a nitric oxide precursor, i.e. in particular a sub-
stance or a mixture of substances which is capable of
releasing nitric oxide, especially due to an impact of ra-
diation. Examples for nitric oxide precursors comprise in
a non limiting manner S-, N- or O- nitrosated compounds,
NO-metallic compounds, or NO-chelating compounds.
However, especially preferred are organic or inorganic
nitrites, especially an aqueous nitrite solution.
[0044] It is especially preferred that the nitric oxide pre-
cursors are present in an aqueous solution. This kind of
solution is non toxic and my thus be stored and handled
without problems. Suitable concentrations of the nitric
oxide precursor lie in a range of ≥ 0,1 mM to ≤ 10000mM,
in particular in a range of ≥ 0,5mM to ≤ 1500mM. Addi-
tionally, further additives, such as antioxidants, may be
added to the precursor solution.
[0045] Between the two reservoirs 12, 14, a reaction
chamber 16 is provided, which may be connected to the
first and second reservoir 12, 14 via a conduct 18 and
thus being in fluid communication to the latter. The reac-
tion chamber 16 is designed for subjecting precursor so-
lution located therein to radiation. Consequently, it is
most preferred that the reaction chamber 16 is formed
from glass, for example from quartz glass. However, the
reaction chamber 16 may be formed from any suitable
material as long as it is at least partly permeable for the
desired radiation.
[0046] In order to subject the reaction chamber 16, or
the material located therein, with radiation, the reaction
chamber 16 is in communication with a radiation source
20. This means that the radiation source 20 as well as
the reaction chamber 16 are arranged to allow radiation
to act on the inside of the reaction chamber 16. The ra-
diation source 20 is designed for forming the desired ra-
diation. For example, the radiation source 20 may be a
UV-lamp for generating radiation in a range of ≥ 320nm
to ≤440 nm. Additionally, the radiation source may work
with a power of ≤ 20W, for example. In case a precursor
solution is located in the reaction chamber 16 and the
radiation source 20 is turned on, nitric oxide is formed in
the reaction chamber 16 due to a release of nitric oxide
from the precursor. In order to form a flow of nitric oxide
comprising gas, the apparatus 10 comprises a gas inlet
22 and a gas outlet 24 for guiding a carrier gas through
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the reaction chamber 16. The gas inlet 22 is preferably
located upstream the reaction chamber 16, whereas the
gas outlet 24 is preferably located downstream the reac-
tion chamber 16. Consequently, the generated nitric ox-
ide may be removed from the reaction chamber 16 by
the flow of the carrier gas, in particular an inert gas, like
nitrogen.
[0047] In a preferred embodiment, the apparatus 10
comprises a gas reservoir 26 downstream the gas outlet
24 in order to generate a constant flow of generated gas
in any case, like will be apparent down below.
[0048] An embodiment of the present invention is
shown in figure 2. This embodiment mainly corresponds
to the embodiment according to figure 1, because of
which it is referred to the above with respect to the com-
ponents not described in detail here.
[0049] According to figure 2, the apparatus 10 further
comprises a recirculation loop 28, which may connect
the second reservoir 14 to the first reservoir 12. However,
as the second reservoir 14 may not be strictly necessary
in case a recirculation loop 28 is provided, the second
reservoir 14 as such may be arranged in the form of a
recirculation loop 28, or as a part of it. In the latter case,
the recirculation loop 28 may connect the reaction cham-
ber 16, or the conduct 18, directly to the first reservoir 12.
[0050] The recirculation loop 28 allows to recirculate
the reacted solution back to the first reservoir 12 and thus
to reuse it again. With this regard, a third reservoir 30 for
receiving precursor solution may be provided in fluid
communication to the recirculation loop 28, the first res-
ervoir 12, or the second reservoir 14. Accordingly, the
reacted precursor may be refilled, for example by adding,
or injecting further precursor, or precursor solution, into
the reacted solution, in order to provide a precursor so-
lution in the first reservoir having always the same con-
centration of the nitric oxide precursor.
[0051] Additionally, it is preferred that the apparatus
10 comprises a nitric oxide detector 32 downstream the
reaction chamber 16. The nitric oxide detector 32 may
detect the exact concentration of the nitric oxide in the
generated nitric oxide comprising gas and may thus give
a notice in case the amount of nitric oxide to be formed
decreases or falls out of a defined range. In this case, at
least one reaction parameter may be adjusted in order
to again receive the desired concentration of nitric oxide
in the nitric oxide comprising gas. As an example, the
power of the radiation source may be increased, or the
concentration of the nitric oxide precursor maybe in-
creased.
[0052] With this regard, it is preferred that a control
unit, not shown as such, is provided for controlling and
adjusting the reaction parameters according to and in
response to the nitric oxide concentration downstream
the reaction chamber 16, or the gas outlet 24, respec-
tively. Accordingly, the control unit may preferably be
connected to each of the nitric oxide detector 32, the
radiation source 20, and the third reservoir 30, or an in-
jector of the latter, respectively.

[0053] In the following, different embodiments of the
method for generating nitric oxide which may be per-
formed with an apparatus like described above will be
described. Generally, the method according to the inven-
tion comprises the following steps: providing a precursor
solution comprising a nitric oxide precursor in a first res-
ervoir, guiding the precursor solution through a reaction
chamber, thereby subjecting the precursor solution to ra-
diation to generate nitric oxide, guiding the generated
nitric oxide out of the reaction chamber by a stream of
carrier gas, and guiding the reacted solution into a second
reservoir.
[0054] According to figure 3, the precursor solution is
guided through the reaction chamber 16 in a constant
and continuous flow. This is visualized by the graph a),
in which the amount of precursor solution, or fluid, flowing
through the reaction chamber 16 is plotted against the
time. Accordingly, the power of the radiation acting on
the nitric oxide precursor is kept constant, which is visu-
alized in graph b), in which the power of radiation is plot-
ted against the time. The above chosen parameters re-
sult in the concentration of nitric oxide in the nitric oxide
comprising gas being constant through the whole reac-
tion time. This effect is visualized in graph c), in which
the concentration of nitric oxide is plotted against the
time.
[0055] An alternative embodiment for performing a
method according to the invention is shown in figure 4.
According to figure 4, the precursor solution is guided
through the reaction chamber 16 intermittently, or pulsed.
This is visualized by graph a) of figure 4, in which the
flow of precursor solution is plotted against the time. It
can be seen, that the solution is pumped into the reaction
chamber 16 in which it lasts for a certain reaction time.
During this reaction time, the solution, or the precursor,
is subjected to radiation, which is visualized by graph b)
of figure 4, in which the power of radiation is plotted
against the time. The above method results in the nitric
oxide being generated during the reaction time, i.e. dur-
ing the time in which the solution is subjected to radiation
and no flow of solution is performed. This is shown in
graph c) of figure 4, in which the concentration of nitric
oxide is plotted against the time. It can be seen that the
concentration is high during the radiation step. The con-
centration of nitric oxide starts directly after turning on
the radiation source 20. However, the provision of a car-
rier gas may slightly decelerate the timing of the desired
concentration in the gas phase. After a certain decade
of radiation, the concentration of nitric oxide decreases,
which may be explained by the decrease of precursor
concentration which is due to the ongoing reaction. In
case the nitric oxide concentration falls under a certain
level, the radiation stops and the flow of solution is set
to a certain level, thereby filing fresh solution into the
reaction chamber 16. In this embodiment, it is preferred
to use a gas reservoir 26 downstream the gas 24 outlet
in order to get a constant and continuous flow of nitric
oxide comprising gas.
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[0056] A still further embodiment of the method accord-
ing to the invention is shown in figure 5. According to
figure 5, again, an intermittent, or pulsed flow of precursor
solution is guided into the reaction chamber 16, which is
visualized by graph a) of figure 5, in which in which the
flow of precursor solution is plotted against the time.
Again, it can be seen, that the solution is pumped into
the reaction chamber 16 in which it lasts for a certain
reaction time. During this reaction time, the solution, or
the precursor, is subjected to radiation, which is visual-
ized by graph b) of figure 5, in which the power of radiation
is plotted against the time. However, according to graph
b) of figure 5, the intensity of the radiation source is slowly
increased. This may be performed according to a prede-
fined scheme, or according to the detected concentration
of nitric oxide downstream the gas outlet 24, for example
by the control unit. The increase of the radiation intensity
results in the concentration of the nitric oxide to remain
constant during the whole radiation step. This is shown
in graph c) of figure 5, in which the concentration of nitric
oxide is plotted against the time. In this embodiment, it
is again preferred to use a gas reservoir 26 downstream
the gas outlet 24 in order to get a constant and continuous
flow of nitric oxide comprising gas.

Claims

1. Method for generating nitric oxide, which comprises
the steps of:

providing a precursor solution comprising a nitric
oxide precursor in a first reservoir (12),
guiding the precursor solution through a reaction
chamber (16), thereby subjecting the precursor
solution to radiation to generate nitric oxide,
guiding the generated nitric oxide out of the re-
action chamber (16) by a stream of carrier gas,
and
guiding the reacted solution into a second res-
ervoir (14) wherein
the reacted solution is recirculated to the first
reservoir (12).

2. Method according to claim 1, wherein the precursor
solution is guided through the reaction chamber (16)
with a constant flow.

3. Method according to claim 1, wherein the precursor
solution is guided through the reaction chamber (16)
intermittently.

4. Method according to claim 1, wherein further precur-
sor is added to the reacted solution.

5. Method according to claim 1, wherein at least one
reaction parameter is controlled in response to the
nitric oxide concentration downstream the reaction

chamber (16).

6. Method according to claim 1, wherein an antioxidant
is added to the precursor solution.

7. Method according to claim 1, wherein an aqueous
nitrite solution is used as precursor solution.

8. Method according to claim 1, wherein the precursor
is subjected to radiation in the range of ≥ 320nm to
≤ 440nm.

9. Apparatus for generating nitric oxide, comprising
a first reservoir (12) for receiving a precursor solution
comprising a nitric oxide precursor,
a reaction chamber (16) being in communication with
a radiation source (20) for subjecting the precursor
solution with radiation in the reaction chamber (16)
and being in fluid communication with the first res-
ervoir (12),
a second reservoir (14) for receiving reacted solution
being in fluid communication with the reaction cham-
ber (16), and
a gas inlet (22) and a gas outlet (24) for guiding a
carrier gas through the reaction chamber (16),
wherein
a recirculation loop (28) is provided, for guiding the
reacted solution back to the first reservoir (12).

10. Apparatus according to claim 9, wherein a gas res-
ervoir (26) is provided downstream the reaction
chamber (16).

11. Apparatus according to claim 9, wherein a third res-
ervoir (30) for receiving precursor solution is provid-
ed in fluid communication with the recirculation loop
(28), the first reservoir (12), and/or the second res-
ervoir (14).

12. Apparatus according to claim 9, wherein a nitric ox-
ide detector (32) is provided downstream the reac-
tion chamber (16).

13. Apparatus according to claim 9, wherein a control
unit is provided for adjusting at least one reaction
parameter according to the nitric oxide concentration
downstream the reaction chamber (16).

Patentansprüche

1. Verfahren zur Erzeugung von Stickoxid, wobei das
Verfahren die folgenden Schritte umfasst:

Bereitstellen einer Vorläuferlösung umfassend
einen Stickoxidvorläufer in einem ersten Behäl-
ter (12),
Leiten der Vorläuferlösung durch eine Reakti-
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onskammer (16), wodurch die Vorläuferlösung
Strahlung ausgesetzt wird, um Stickoxid zu er-
zeugen,
Herausleiten des erzeugten Stickoxids aus der
Reaktionskammer (16) durch einen Trägergas-
strom, und
Leiten der reagierten Lösung in einen zweiten
Behälter (14), wobei die reagierte Lösung zu
dem ersten Behälter (12) rezirkuliert wird.

2. Verfahren nach Anspruch 1, wobei die Vorläuferlö-
sung mit einer konstanten Strömung durch die Re-
aktionskammer (16) geleitet wird.

3. Verfahren nach Anspruch 1, wobei die Vorläuferlö-
sung intermittierend durch die Reaktionskammer
(16) geleitet wird.

4. Verfahren nach Anspruch 1, wobei ein weiterer Vor-
läufer zu der reagierten Lösung hinzugefügt wird.

5. Verfahren nach Anspruch 1, wobei mindestens ein
Reaktionsparameter entsprechend der Stickoxid-
konzentration flussabwärts der Reaktionskammer
(16) gesteuert wird.

6. Verfahren nach Anspruch 1, wobei ein Antioxidans
zu der Vorläuferlösung hinzugefügt wird.

7. Verfahren nach Anspruch 1, wobei eine wässrige
Nitritlösung als Vorläuferlösung verwendet wird.

8. Verfahren nach Anspruch 1, wobei der Vorläufer
Strahlung im Bereich von ≥ 320 nm bis ≤ 440 nm
ausgesetzt wird.

9. Anordnung zur Erzeugung von Stickoxid, die Fol-
gendes umfasst:

einen ersten Behälter (12) zum Empfangen ei-
ner Vorläuferlösung umfassend einen Sticko-
xidvorläufer,
eine Reaktionskammer (16) in Kommunikati-
onsverbindung mit einer Strahlungsquelle (20),
um die Vorläuferlösung in der Reaktionskam-
mer (16) Strahlung auszusetzen und die sich in
Fluidkommunikation mit dem ersten Behälter
(12) befindet,
einen zweiten Behälter (14) zum Empfangen
von reagierter Lösung in Fluidkommunikation
mit der Reaktionskammer (16), und
einen Gaseinlass (22) und einen Gasauslass
(24) zum Leiten eines Trägergases durch die
Reaktionskammer (16), wobei
eine Rezirkulationsschleife (28) vorgesehen ist,
um die reagierte Lösung zum ersten Behälter
(12) zurückzuleiten.

10. Anordnung nach Anspruch 9, wobei ein Gasbehälter
(26) stromabwärts der Reaktionskammer (16) vor-
gesehen ist.

11. Anordnung nach Anspruch 9, wobei ein dritter Be-
hälter (30) zum Empfangen der Vorläuferlösung in
Fluidkommunikation mit der Rezirkulationsschleife
(28), dem ersten Behälter (12) und/oder dem zweiten
Behälter (14) vorgesehen ist.

12. Anordnung nach Anspruch 9, wobei ein Stickoxid-
detektor (32) flussabwärts der Reaktionskammer
(16) vorgesehen ist.

13. Anordnung nach Anspruch 9, wobei eine Steuerein-
heit vorgesehen ist, um mindestens einen Reakti-
onsparameter entsprechend der Stickoxidkonzent-
ration flussabwärts der Reaktionskammer (16) ein-
zustellen.

Revendications

1. Procédé de production d’oxyde nitrique, qui com-
prend les étapes consistant à :

fournir une solution de précurseur comprenant
un précurseur d’oxyde nitrique dans un premier
réservoir (12),
guider la solution de précurseur à travers une
chambre réactionnelle (16), en soumettant ainsi
la solution de précurseur à un rayonnement pour
produire de l’oxyde nitrique,
guider l’oxyde nitrique généré hors de la cham-
bre réactionnelle (16) par un courant de gaz vé-
hiculaire et
guider la solution qui a réagi dans un deuxième
réservoir (14), dans lequel :

la solution qui a réagi est remise en circu-
lation vers le premier réservoir (12).

2. Procédé selon la revendication 1, dans lequel la so-
lution de précurseur est guidée à travers la chambre
réactionnelle (16) avec un flux constant.

3. Procédé selon la revendication 1, dans lequel la so-
lution de précurseur est guidée à travers la chambre
réactionnelle (16) par intermittence.

4. Procédé selon la revendication 1, dans lequel du pré-
curseur supplémentaire est ajouté à la solution qui
a réagi.

5. Procédé selon la revendication 1, dans lequel au
moins un paramètre réactionnel est commandé en
réponse à la concentration d’oxyde nitrique en aval
de la chambre réactionnelle (16).
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6. Procédé selon la revendication 1, dans lequel un an-
tioxydant est ajouté à la solution de précurseur.

7. Procédé selon la revendication 1, dans lequel une
solution aqueuse de nitrite est utilisée comme solu-
tion de précurseur.

8. Procédé selon la revendication 1, dans lequel le pré-
curseur est soumis à un rayonnement dans la plage
de ≥ 320 nm à ≤ 440 nm.

9. Appareil de production d’oxyde nitrique,
comprenant :

un premier réservoir (12) pour recevoir une so-
lution de précurseur comprenant un précurseur
d’oxyde nitrique,
une chambre réactionnelle (16) qui est en com-
munication avec une source de rayonnement
(20) pour soumettre la solution de précurseur à
un rayonnement dans la chambre réactionnelle
(16) et qui est en communication fluidique avec
le premier réservoir (12),
un deuxième réservoir (14) pour recevoir la so-
lution qui a réagi et qui est en communication
fluidique avec la chambre réactionnelle (16), et
une entrée de gaz (22) et une sortie de gaz (24)
pour guider un gaz véhiculaire à travers la cham-
bre réactionnelle (16), dans lequel :

une boucle de remise en circulation (28) est
prévue pour renvoyer la solution qui a réagi
au premier réservoir (12).

10. Appareil selon la revendication 9, dans lequel un ré-
servoir de gaz (26) est aménagé en aval de la cham-
bre réactionnelle (16).

11. Appareil selon la revendication 9, dans lequel un troi-
sième réservoir (30) pour recevoir la solution de pré-
curseur est aménagé en communication fluidique
avec la boucle de remise en circulation (28), le pre-
mier réservoir (12) et/ou le deuxième réservoir (14).

12. Appareil selon la revendication 9, dans lequel un dé-
tecteur d’oxyde nitrique (32) est aménagé en aval
de la chambre réactionnelle (16).

13. Appareil selon la revendication 9, dans lequel une
unité de commande est prévue pour ajuster au moins
un paramètre réactionnel selon la concentration
d’oxyde nitrique en aval de la chambre réactionnelle
(16).
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