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(57) ABSTRACT 

An apparatus includes: an electrolytic cell (6) having an elec 
trolytic chamber (3) to which subject raw water (2) to be 
electrolyzed is introduced, at least one membrane (13) that 
partitions inside and outside of the electrolytic chamber, and 
at least a pair of electrode plates (4,5) provided in the inside 
and the outside of the electrolytic chamber so as to sandwich 
the membrane, the electrode plate in the outside of the elec 
trolytic chamber being provided to be in contact with the 
membrane; a direct-current power source (14) that applies a 
direct-current Voltage to the pair of electrode plates; and a 
diluent gas Supply means (10,11) for Supplying a diluent gas 
for diluting hydrogen gas generated from an electrode plate of 
the pair of electrode plates that is to be the cathode, wherein 
at least a part of a gas phase portion (7) formed in the elec 
trolytic chamber is covered with a hydrogen gas permeable 
membrane (8), the apparatus blows diluent gas Supplied using 
the diluent gas Supply means to the cathode or a cathode water 
Surface thereby to constantly maintain a hydrogen gas con 
centration in a position separated by 7 cm from the cathode or 
the cathode water surface at lower than 18.3 vol% during 
electrolysis so that mixed gas comprising the hydrogen gas 
and the diluent gas is Supplied to a living organism, the mixed 
gas having a hydrogen gas concentration of 0.1 vol% or 
higher and lower than 18.3 vol%. 
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APPARATUS FOR SUPPLYING 
HIGH-CONCENTRATION HYDROGEN GAS 

FOR LIVING ORGANISM 

TECHNICAL FIELD 

0001. The present invention relates to an apparatus for 
Supplying high-concentration hydrogen gas for a living 
organism. 

BACKGROUND ART 

0002 There is known an apparatus for supplying hydro 
gen gas for a living organism configured such that an air mixer 
is attached to a part of a conduit pipe from a hydrogen gas 
generator to a nasal cavity cannula and the concentration of 
hydrogen gas for Supply can be arbitrarily set (Patent Docu 
ment 1). 

PRIOR ART DOCUMENT 

Patent Document 

0003 Patent Document 1.JP 2009-5881 A 

SUMMARY OF INVENTION 

Problems to be Solved by Invention 

0004. According to the above apparatus for supplying 
hydrogen gas for a living organism, however, hydrogen gas of 
a high concentration passes through the conduit pipe from the 
hydrogen gas generator to the air mixer because the air mixer 
is attached to a part of the conduit pipe to the nasal cavity 
cannula to mix air with the generated hydrogen gas. There 
fore, the apparatus cannot be used safely in medical practice 
or at home. 

0005 Problems to be solved by the present invention 
include providing an apparatus for Supplying high-concen 
tration hydrogen gas for a living organism by which hydrogen 
gas having health benefits can be used safely in medical 
practice or at home. 

Means for Solving Problems 

0006. The present invention solves the above problems 
through providing an apparatus for Supplying high-concen 
tration hydrogen gas for a living organism. The apparatus is 
configured to dilute hydrogen gas, which is generated in an 
electrolytic chamber or in a side chamber via electrolysis, in 
the vicinity of a cathode or a cathode water Surface using a 
diluent gas Supplier, or to discharge a part of the generated 
hydrogen gas outside the chambers and dilute hydrogen gas in 
the chambers using a diluent gas Supplier or a Suction pump. 
The apparatus can thereby maintain the hydrogen gas con 
centration at lower than 18.3 vol%, which is the lower limit 
of detonation, in all the course from a time when the hydrogen 
gas is generated to a time when the hydrogen gas is Supplied 
to a living organism. 

Effect of Invention 

0007 According to the present invention, hydrogen gas 
having health benefits can be used safely in medical practice 
or at home. 
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BRIEF DESCRIPTION OF DRAWINGS 

0008 FIG. 1 is a diagram illustrating an apparatus for 
Supplying hydrogen gas for a living organism according to an 
embodiment of the present invention. 
0009 FIG. 2 is a diagram illustrating an apparatus for 
Supplying hydrogen gas for a living organism according to 
another embodiment of the present invention. 
0010 FIG. 3 is a diagram illustrating an apparatus for 
Supplying hydrogen gas for a living organism according toyet 
another embodiment of the present invention. 
0011 FIG. 4 is a diagram illustrating an apparatus for 
Supplying hydrogen gas for a living organism according to a 
further embodiment of the present invention. 
0012 FIG. 5 is a diagram illustrating an apparatus for 
Supplying hydrogen gas for a living organism according to a 
still further embodiment of the present invention. 
0013 FIG. 6 is a diagram illustrating an apparatus for 
Supplying hydrogen gas for a living organism according to a 
yet further embodiment of the present invention. 

MODE(S) FORCARRYING OUT THE 
INVENTION 

0014. The apparatus for Supplying hydrogen gas for a 
living organism according to the present invention is an appa 
ratus that Supplies hydrogen gas to a living organism mainly 
for the purpose of health maintenance and/or functional 
maintenance of living organisms (including cells and organs), 
disease improvement and/or functional improvement, or 
health check and/or functional measurement. Examples of 
Supply way for hydrogen gas may include, but are not limited 
to, Supply by way of inhalation from the nasal cavity and/or 
mouth cavity; Supply by way of exposure of and/or blowing to 
the skin or organ; Supply by way of exposure of and/or blow 
ing to a living organism applicable liquid, such as liquid drug 
and organ storage liquid, which is assumed to be applied to a 
living organism; and Supply by way of diffusion from the 
outside of a container or circuit which is provided with a 
living organism. 
0015. In the present invention, by introducing subject raw 
water into an electrolytic chamber or a side chamber provided 
outside the electrolytic chamber and applying a direct-current 
Voltage from a direct-current power source, the Subject raw 
water is electrolyzed to generate hydrogen gas at the cathode 
side. 
0016. The hydrogen gas generated at the cathode side via 
electrolysis transfers to a gas phase portion in the electrolytic 
chamber or the side chamber. Here, when the electrolytic 
chamber or the side chamber is closed such as by a cover to 
avoid diffusion of the hydrogen gas into the air, the hydrogen 
concentration in the gas phase portion increases as time 
passes and will exceed 18.3 vol%, which is the lower limit of 
detonation of hydrogen gas. On the other hand, even when the 
electrolytic chamber or the side chamber is not closed and the 
gas phase portion is opened to the air, a hydrogen gas con 
centration area of a high concentration will be formed, even in 
a local manner, at a spot either in the vicinity of the cathode or 
in the vicinity of the cathode water surface. 
0017. In general, it is said that hydrogen gas reacts with 
oxygen in the air to become detonating gas when the hydro 
gen concentration exceeds 4.7 vol%. According to the appli 
cants’ experiment, however, an event that such detonating gas 
leads to actual ignition (deflagration) may occur in most 
situations at a concentration much higher than 4.7 Vol % 
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which is said to be the explosion limit of hydrogen. Indeed, as 
long as the electrolysis is carried on, hydrogen is generated 
constantly from the cathode or the cathode water surface, but 
even if flame is moved to approach the cathode or the cathode 
water surface in a hydrogen concentration of 4.7 vol%, the 
detonation may not be audible, or may be with a considerably 
small sound if audible. 
0018. According to the applicants’ experiment, when the 
hydrogen concentration exceeds 10 to 15 vol% (lower limit 
of deflagration), the detonation is offensive to the ear to some 
extent and Small deflagration occurs. 
0019. However, even though a high concentration of 
hydrogen is intended to be obtained, it may be inappropriate 
to require a concentration of hydrogen higher than 18.3% 
(lower limit of detonation) that is a concentration at which the 
reaction of hydrogen and oxygen causes a shock wave to 
propagate as detonation around there. 
0020. According to the present invention, therefore, the 
hydrogen gas concentration at the point at which hydrogen of 
the highest concentration is generated, i.e., the hydrogen con 
centration in the vicinity of the cathode or the cathode water 
Surface during electrolysis, may preferably be maintained at 
lower than 18.3 vol%, more preferably lower than 15.0 vol%. 
and further preferably lower than 4.7 vol%. 
0021 Modes for carrying out the present invention may be 
classified mainly into the following two types in view of the 
positional relationship between the electrolytic chamber and 
the electrode plates. That is, the two types are as follows: 
0022. 1. a mode in which (at least) a pair of electrode plates 

is included inside the electrolytic chamber and shares the gas 
phase portion (the above of one electrode plate and the above 
of the other electrode plate are continuous) (represented by 
Embodiments 1, 2 and 3 below); and 
0023 2. a mode in which a membrane partitions the inside 
and the outside of the electrolytic chamber, and one of (at 
least) a pair of electrode plates is provided inside the electro 
lytic chamber while the other electrode plate is provided 
outside to be in contact with the membrane, so that the elec 
trode plates do not share a gas phase portion (the above of one 
electrode plate and the above of the other electrode plate are 
separated) (represented by Embodiments 4 and 5 below). 
0024. From this viewpoint, some possible embodiments 
according to the present invention will be described herein 
after. 

Embodiment 1 

0025. As shown in FIG. 1, an apparatus 1 for supplying 
high-concentration hydrogen gas for a living organism 
according to an embodiment of the present invention includes 
an electrolytic cell 6 that has: an electrolytic chamber 3 to 
which subject raw water 2 is introduced; and at least a pair of 
electrode plates 4 and 5 included inside the electrolytic cham 
ber 3. The electrode plates 4 and 5 are provided to be sepa 
rated from each other via a distance using one or more spacers 
15 or other appropriate structure. The apparatus 1 further 
includes a direct-current power source 14 that applies a 
direct-current voltage to the electrode plates 4 and 5 in the 
electrolytic cell 6. In an embodiment, the apparatus 1 may 
have a feature that a part or whole of a gas phase portion 7 in 
the electrolytic chamber 3 is covered with a hydrogen gas 
permeable membrane 8. In another embodiment, the appara 
tus 1 may have a feature of having an opening part 9. In a 
further embodiment, the apparatus 1 may have both of the 
features. According to the above feature or features, hydrogen 

Oct. 15, 2015 

gas in the gas phase portion 7 in the electrolytic chamber 3 is 
partially discharged outside the electrolytic chamber 3 via the 
hydrogen gas permeable membrane 8 or the opening part 9. 
Through this operation, the present invention is carried out as 
the apparatus 1 in which the hydrogen gas concentration in 
the gas phase portion 7 in the electrolytic chamber 3 can be 
maintained at lower than 18.3 vol% and the hydrogen gas 
concentration in the vicinity of the above of the hydrogen gas 
permeable membrane 8 or the opening part 9 can be main 
tained at lower than 15.0 vol%. 

Embodiment 2 

0026. As shown in FIG. 2, an apparatus 1 for supplying 
high-concentration hydrogen gas for a living organism 
according to an embodiment of the present invention is con 
figured such that the apparatus 1 as described in Embodiment 
1 further includes at least one of a diluent gas supplier 10 or a 
Suction pump 11 for diluting the hydrogen gas generated in 
the gas phase portion 7 in the electrolytic chamber 3 and for 
serving an appropriate flow volume of the hydrogen gas to an 
living organism. According to this configuration, the hydro 
gen gas is mixed with a diluent gas Supplied from the diluent 
gas Supplier 10 or with a diluent gas suctioned by the Suction 
pump 11 from outside the gas phase portion 7 of the electro 
lytic chamber 3 via the hydrogen gas permeable membrane 8 
or the opening part 9. Through this operation, the present 
invention is carried out as the apparatus 1 by which a living 
organism can be supplied with a mixed gas 12 that includes 
the hydrogen gas and the diluent gas and has a hydrogen 
concentration of lower than 15.0 vol%. 

Embodiment 3 

0027. An apparatus 1 for Supplying high-concentration 
hydrogen gas for a living organism according to an embodi 
ment of the present invention includes an electrolytic cell 6 
that has: an electrolytic chamber 3 to which subject raw water 
2 is introduced; and at least a pair of electrode plates 4 and 5 
included inside the electrolytic chamber 3. The electrode 
plates 4 and 5 are provided to be separated from each other via 
a distance. The apparatus 1 further includes a direct-current 
power source 14 that applies a direct-current Voltage to the 
electrode plates 4 and 5 in the electrolytic cell 6. The appa 
ratus 1 is provided with a diluent gas supplier 10 for diluting 
the hydrogen gas generated from the electrode plate 4 or 5that 
is to be a cathode, so that the diluent gas Supplied from the 
diluent gas supplier 10 is blown to the vicinity of the electrode 
plate 4 or 5. Through this operation, the present invention is 
carried out as the apparatus 1 in which the hydrogen gas 
concentration in the vicinity of the electrode plate 4 or 5 can 
be constantly maintained at lower than 18.3 vol% during 
electrolysis thereby to allow a living organism to be supplied 
with a mixed gas 12 that includes the hydrogen gas and the 
diluent gas and has a hydrogen concentration of lower than 
the lower limit of detonation. 

0028. The above is a part of possible embodiments accord 
ing to the present invention, and does not exclude other pos 
sible embodiments. Examples of the electrolytic cell 6 
include an electrolytic cell as described in U.S. Pat. No. 
3.349,710, etc., for example. Again, the electrolytic cell 6 has 
at least one membrane 13 that partitions the inside and the 
outside of the electrolytic chamber 3 and at least a pair of 
electrode plates 4 and 5 provided respectively in the inside 
and the outside of the electrolytic chamber 3 so as to sandwich 
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the membrane 13. The electrode plate 5 located outside the 
electrolytic chamber 3 is provided to be in contact with the 
membrane 13. 
0029 FIG.3 to FIG. 6 each exemplify an apparatus 1 for 
Supplying high-concentration hydrogen gas for a living 
organism as an embodiment according to the present inven 
tion. These embodiments are common in an aspect that the 
membrane 13 partitions the inside of the electrolytic cell 6 to 
form the electrolytic chamber 3 and the side chamber 16 
which is located outside the electrolytic chamber 3 and also in 
an aspect that one of the pair of the electrode plates 4 and 5 is 
provided inside the electrolytic chamber 3 while the other 
electrode plate is provided outside the electrolytic chamber 3 
(i.e., in the side chamber 16) so as to be in contact with the 
membrane 13. 
0030. In the embodiments illustrated in FIG.3 and FIG.4, 
the electrode plate 4 provided in the electrolytic chamber 3 to 
which the subject raw water 2 is introduced is used as the 
cathode while the electrode plate 5 provided in the side cham 
ber 16 adjacent to the electrolytic chamber 3 via the mem 
brane 13 is used as the anode. Therefore, hydrogen gas is 
generated in the electrolytic chamber 3, and the gas phase 
portion 7 in which the hydrogen gas gathers is formed also in 
the electrolytic chamber 3. In contrast, in the embodiments 
illustrated in FIG.5 and FIG. 6, the electrode plate 5 provided 
in the electrolytic chamber 3 to which the subject raw water 2 
is introduced is used as the anode while the electrode plate 4 
provided in the side chamber 16 adjacent to the electrolytic 
chamber 3 via the membrane 13 is used as the cathode. 
Therefore, hydrogen gas is generated in the side chamber 16, 
and the gas phase portion 7 in which the hydrogen gas gathers 
is formed also in the side chamber 16. 

Embodiment 6 

0031. As shown in FIG. 3, an apparatus 1 for supplying 
high-concentration hydrogen gas for a living organism 
according to an embodiment of the present invention com 
prises: an electrolytic cell 6; a direct-current power source 14 
that applies a direct-current Voltage to a pair of electrode 
plates 4 and 5; and a suction pump 11 that constitutes a diluent 
gas Supply means for Supplying a diluent gas for diluting 
hydrogen gas generated from an electrode plate of the pair of 
electrode plates 4 and 5 that is to be the cathode. 
0032. The electrolytic cell 6 has: an electrolytic chamber 3 

to which subject raw water 2 is introduced; a membrane 13 
that partitions inside and outside of the electrolytic chamber 
3; and the pair of electrode plates 4 and 5 provided respec 
tively in the inside and the outside of the electrolytic chamber 
3 so as to sandwich the membrane 13. Both of the electrode 
plate 4 located inside the electrolytic chamber 3 and the 
electrode plate 5 located outside the electrolytic chamber 3 
are provided to be in contact with the membrane 13. In the 
electrolytic cell 6 shown, one membrane 13 and one pair of 
electrode plates 4 and 5 are provided, but a plurality of mem 
branes 13 and/or a plurality of pairs of electrode plates 4 and 
5 may be provided. The electrode plate 4 located inside the 
electrolytic chamber 3 may not necessarily be provided to be 
in contact with the membrane 13 as long as at least the 
electrode plate 5 located outside the electrolytic chamber 3 is 
provided to be in contact with the membrane 13. 
0033. In the embodiment shown, the electrode plate 4 in 
the electrolytic chamber 3 to which the subject raw water is 
introduced is used as the cathode. Therefore, when the elec 
trolysis of the Subject raw water is performed, hydrogen gas is 
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generated in the electrolytic chamber 3, and the generated 
hydrogen gas gathers in a gas phase portion 7 located at the 
upper part of the electrolytic chamber 3. The electrolytic cell 
6 is a cylindrical container-like member having an upper 
opening and a bottom, and a hydrogen gas permeable mem 
brane 8 is provided over the upper opening. That is, the 
hydrogen gas permeable membrane 8 is provided so as to 
cover at least a part of the gas phase portion 7 formed in the 
electrolytic chamber 3. In the embodiment shown, the hydro 
gen gas permeable membrane 8 extends to the outside of the 
electrolytic chamber 3, i.e., to the upper face of the side 
chamber 16, but it may be sufficient if the apparatus 1 for 
Supplying high-concentration hydrogen gas according to the 
present invention covers at least apart of the gas phase portion 
7 formed in the electrolytic chamber 3. 
0034. One or more opening parts 9 are formed in the 
hydrogen gas permeable membrane 8 which covers the gas 
phase portion 7 of the electrolytic chamber 3, so that gas can 
flow in from or flow out to the outside of the electrolytic cell 
6. In view of preventing foreign Substances from mixing into 
the generated hydrogen gas or other purposes, the opening 
part or parts 9 may be omitted. 
0035. A conduit pipe 12 is provided at a wall surface of the 
electrolytic cell 6 that corresponds to the gas phase portion 7 
formed in the electrolytic chamber 3. The conduit pipe 12 
introduces the hydrogen gas gathered in the gas phase portion 
7 to a targeted site (Such as a living organism). The conduit 
pipe 12 is provided with a Suction pump 11. By operating this 
Suction pump 11, gas pressure in the gas phase portion 7 is 
reduced, so that the outer air is introduced into the gas phase 
portion 7 via the hydrogen gas permeable membrane 8 and the 
opening part 9. The outer air dilutes the hydrogen gas in the 
gas phase portion 7, and the diluted hydrogen gas is then 
introduced to the targeted site via the conduit pipe 12. The 
operating condition of the Suction pump 11 and the gas per 
meation property of the hydrogen gas permeable membrane 8 
are set Such that the hydrogen gas concentration in the gas 
phase portion 7 in the electrolytic chamber 3 is maintained at 
lower than 18.3 vol% and the hydrogen gas concentration in 
the vicinity of the above the hydrogen gas permeable mem 
brane 8 or the opening part 9 is maintained at lower than 15.0 
vol%. 

Embodiment 7 

0036 FIG. 4 illustrates an apparatus 1 for supplying high 
concentration hydrogen gas for a living organism according 
to an embodiment of the present invention. This apparatus 1 
has a different configuration of the diluent gas Supply means 
from that in the apparatus 1 according to Embodiment 6 
illustrated in FIG. 3, and other configurations are the same. 
That is, as illustrated in FIG. 4, conduit pipes 12 and 16 are 
provided at a wall surface of the electrolytic cell 6 that cor 
responds to the gas phase portion 7 formed in the electrolytic 
chamber 3. The conduit pipe 12 introduces the hydrogen gas 
gathered in the gas phase portion 7 to a targeted site (Such as 
a living organism). The conduit pipe 16 is to forcibly Supply 
the outer air into the gas phase portion 7. This conduit pipe 16 
is provided with a diluent gas supplier 10. The diluent gas 
Supplier 10 is to Suction the outer air, such as environmental 
air, and introduces the outer air into the gas phase portion 7 via 
the conduit pipe 16. By operating the diluent gas Supplier 10, 
gas pressure in the gas phase portion 7 increases, so that a part 
of the hydrogen gas in the gas phase portion 7 is discharged 
outside via the hydrogen gas permeable membrane 8 and the 
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opening part 9. This allows the hydrogen gas to be diluted by 
the outer air in the gas phase portion 7, and the diluted hydro 
gen gas is then introduced to the targeted site via the conduit 
pipe 12. The operating condition of the diluent gas Supplier 10 
and the gas permeation property of the hydrogen gas perme 
able membrane 8 are set Such that the hydrogen gas concen 
tration in the gas phase portion 7 in the electrolytic chamber 
3 is maintained at lower than 18.3 vol% and the hydrogen gas 
concentration in the vicinity of the above of the hydrogen gas 
permeable membrane 8 or the opening part 9 is maintained at 
lower than 15.0 vol%. 

Embodiment 8 

0037. As shown in FIG. 5, an apparatus 1 for supplying 
high-concentration hydrogen gas for a living organism 
according to an embodiment of the present invention com 
prises: an electrolytic cell 6; a direct-current power source 14 
that applies a direct-current Voltage to a pair of electrode 
plates 4 and 5; and a suction pump 11 that constitutes a diluent 
gas Supply means for Supplying a diluent gas for diluting 
hydrogen gas generated from an electrode plate of the pair of 
electrode plates 4 and 5 that is to be the cathode. 
0038. The electrolytic cell 6 has: an electrolytic chamber 3 
to which subject raw water 2 is introduced; a membrane 13 
that partitions inside and outside of the electrolytic chamber 
3; and the pair of electrode plates 4 and 5 provided respec 
tively in the outside and the inside of the electrolytic chamber 
3 so as to sandwich the membrane 13. Both of the electrode 
plate 5 located inside the electrolytic chamber 3 and the 
electrode plate 4 located outside the electrolytic chamber 3 
are provided to be in contact with the membrane 13. In the 
electrolytic cell 6 shown, one membrane 13 and one pair of 
electrode plates 4 and 5 are provided, but a plurality of mem 
branes 13 and/or a plurality of pairs of electrode plates 4 and 
5 may be provided. The electrode plate (cathode plate) 4, as 
shown in FIGS. 3-6, may not necessarily be provided to be in 
contact with the membrane 13 as long as at least the electrode 
plate (anode plate) 5 is provided to be in contact with the 
membrane 13. 
0039. In the embodiment shown, the electrode plate 4 in 
the side chamber 16 is used as the cathode. Therefore, when 
the electrolysis of the subject raw water introduced in the 
electrolytic chamber 3 is performed, hydrogen gas is gener 
ated in the side chamber 16, and the generated hydrogen gas 
gathers in a gas phase portion 7 in the side chamber 16. The 
electrolytic cell 6 is a cylindrical container-like member hav 
ing an upper opening and a bottom, and a hydrogen gas 
permeable membrane 8 is provided over the upper opening. 
That is, the hydrogen gas permeable membrane 8 is provided 
So as to cover at least a part of the gas phase portion 7 formed 
in the side chamber 16. In the embodiment shown, the hydro 
gen gas permeable membrane 8 extends to the outside of the 
side chamber 16, i.e., to the upper face of the electrolytic 
chamber 3, but it may be sufficient if the apparatus 1 for 
Supplying high-concentration hydrogen gas according to the 
present invention covers at least apart of the gas phase portion 
7 formed in the side chamber 16. 
0040. One or more opening parts 9 are formed in the 
hydrogen gas permeable membrane 8 which covers the gas 
phase portion 7 of the side chamber 16, so that gas can flow in 
from or flow out to the outside of the electrolytic cell 6. In 
view of preventing foreign Substances from mixing into the 
generated hydrogen gas or other purposes, the opening part or 
parts 9 may be omitted. 
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0041. A conduit pipe 12 is provided at a wall surface of the 
electrolytic cell 6 that corresponds to the gas phase portion 7 
formed in the side chamber 16. The conduit pipe 12 intro 
duces the hydrogen gas gathered in the gas phase portion 7 to 
a targeted site (such as a living organism). The conduit pipe 12 
is provided with a Suction pump 11. By operating this suction 
pump 11, gas pressure in the gas phase portion 7 is reduced, 
so that the outer air is introduced into the gas phase portion 7 
via the hydrogen gas permeable membrane 8 and the opening 
part 9. The outer air dilutes the hydrogen gas in the gas phase 
portion 7, and the diluted hydrogen gas is then introduced to 
the targeted site via the conduit pipe 12. The operating con 
dition of the Suction pump 11 and the gas permeation property 
of the hydrogen gas permeable membrane 8 are set Such that 
the hydrogen gas concentration in the gas phase portion 7 in 
the side chamber 16 is maintained at lower than 18.3 vol% 
and the hydrogen gas concentration in the vicinity of the 
above of the hydrogen gas permeable membrane 8 or the 
opening part 9 is maintained at lower than 15.0 vol%. 

Embodiment 9 

0042 FIG. 6 illustrates an apparatus 1 for supplying high 
concentration hydrogen gas for a living organism according 
to an embodiment of the present invention. This apparatus 1 
has a different configuration of the diluent gas Supply means 
from that in the apparatus 1 according to Embodiment 8 
illustrated in FIG. 5, and other configurations are the same. 
That is, as illustrated in FIG. 6, conduit pipes 12 and 16 are 
provided at a wall surface of the electrolytic cell 6 that cor 
responds to the gas phase portion 7 formed in the side cham 
ber 16. The conduit pipe 12 introduces the hydrogen gas 
gathered in the gas phase portion 7 to a targeted site (Such as 
a living organism). The conduit pipe 16 is to forcibly Supply 
the outer air into the gas phase portion 7. This conduit pipe 16 
is provided with a diluent gas supplier 10. The diluent gas 
Supplier 10 is to Suction the outer air, such as environmental 
air, and introduces the outer air into the gas phase portion 7 via 
the conduit pipe 16. By operating the diluent gas Supplier 10, 
gas pressure in the gas phase portion 7 increases, so that a part 
of the hydrogen gas in the gas phase portion 7 is discharged 
outside via the hydrogen gas permeable membrane 8 and the 
opening part 9. This allows the hydrogen gas to be diluted by 
the outer air in the gas phase portion 7, and the diluted hydro 
gen gas is then introduced to the targeted site via the conduit 
pipe 12. The operating condition of the diluent gas Supplier 10 
and the gas permeation property of the hydrogen gas perme 
able membrane 8 are set Such that the hydrogen gas concen 
tration in the gas phase portion 7 in the side chamber 16 is 
maintained at lower than 18.3 vol% and the hydrogen gas 
concentration in the vicinity of the above of the hydrogen gas 
permeable membrane 8 or the opening part 9 is maintained at 
lower than 15.0 vol%. 
0043. The subject raw water as used herein is water that 
can generate hydrogen gas at the cathode through a process of 
electrolysis of the water, and examples thereof include tap 
water, clean water, purified water, ion-exchanged water, RO 
water, distilled water, and the like. The subject raw water may 
appropriately contain electrolytes, such as calcium ion and 
magnesium ion. 
0044. In order that unnecessary gas is not generated during 
electrolysis, it may be preferred to artificially add a water 
soluble compound to pure water, Such as ion-exchanged 
water and purified water, which does not contain solute ion, to 
prepare the Subject raw water. 
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0045. In particular, chlorine gas is known to be basically 
not beneficial for a living organism. It is therefore preferred 
that the subject raw water to be used in the present invention 
is subjected to a removal treatment for chlorine gas. For the 
same reason, in the mixed gas comprising the hydrogen gas 
and the diluent gas, the lower the chlorine gas concentration 
is, the more desirable it is. The chlorine gas concentration in 
the mixed gas comprising the hydrogen gas and the diluent 
gas may preferably 1 ppm or less, more preferably 0.5 ppm or 
less, and further preferably 0.1 ppm or less. Furthermore, 
when electrolysis is performed for water containing a water 
soluble compound that releases anions when dissolved in 
water, such as PO4(3-), SO4(2-) and NO3(-), which have 
higher ionization tendency than that of hydroxide ions (it is 
preferred that the water itself as a solvent is preliminarily 
subjected to removal treatment for ions), the reaction of the 
hydroxide ions generating oxygen (02) while releasing elec 
trons takes place in prior to the gasification of the anions. 
Therefore, unnecessary gas is less likely to be released into 
the gas phase portion. 
0046. The above is particularly preferred when the present 
invention is carried out as the “mode in which at least a pair of 
electrode plates is included inside the electrolytic chamber 
and shares the gas phase portion (the above of one electrode 
plate and the above of the other electrode plate are continu 
ous), which assumes that the hydrogen gas generated at the 
cathode is mixed with the gas generated at the anode. 
0047. Examples of the electrode plates to be used include, 
but are not limited to, those using titanium plates as base 
materials which are coated with a noble metal selected from 
the group of platinum, iridium, palladium and the like. 
0048. It is preferred that a cation exchange membrane is 
employed as the membrane used in the mode in which the 
membrane partitions the inside and the outside of the electro 
lytic chamber, and one of (at least) a pair of electrode plates is 
provided inside the electrolytic chamber while the other elec 
trode plate is provided outside to be in contact with the mem 
brane. In consideration of necessary factors such as the ion 
conductivity, physical strength, gas barrier property, chemi 
cal stability, electrochemical stability and thermal stability, 
there may preferably be used an all fluorine-based sulfonic 
acid membrane that comprises a Sulfonic group as the elec 
trolyte group. Examples of such a membrane include a mem 
brane of Nafion (registered trademark, a DuPont product) 
which is a copolymer membrane of tetrafluoroethylene and 
perfluorovinyl ether having a sulfonic group, a membrane of 
Flemion (registered trademark, available from ASAHI 
GLASS CO.,LTD.) and a membrane of Aciplex (registered 
trademark, available from Asahi Kasei Corporation). 
0049. In the above-described “embodiment in which the 
membrane partitions the inside and the outside of the electro 
lytic chamber, and one of at least a pair of electrode plates is 
provided inside the electrolytic chamber while the other elec 
trode plate is provided outside to be in contact with the mem 
brane, the electrode plate located inside the electrolytic 
chamber may be provided to be in contact with the mem 
brane, or may also be provided to leave a small space from the 
membrane. 

0050. In the present invention, the gas phase portion refers 
to a concept including a space that is not filled with the Subject 
raw water in the electrolytic chamber or in the side chamber. 
That is, the gas phase portion refers to a concept including a 
space that is not filled with the subject raw water at least in the 
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chamber having the electrode plate to be the cathode, i.e., in 
the electrolytic chamber and/or in the side chamber. 
0051. According to the present invention, there is provided 
an apparatus for Supplying high-concentration hydrogen gas 
for a living organism which can be used safely through an 
appropriate method of diluting Such hydrogen gas staying in 
the gas phase portion. As described above, examples of Such 
a method of dilution include the followings: 
0.052 1. a method in which the hydrogen gas is diluted by 
blowing the diluent gas to the vicinity of the cathode or to the 
vicinity of the cathode water Surface using a diluent gas 
Supplier; 
0053 2. a method which has at least one of a feature of 
covering a part or whole of the gas phase portion in the 
electrolytic chamber or in the side chamber with the hydrogen 
gas permeable membrane and a feature of providing the open 
ing part, and in which the hydrogen gas is diluted by Suction 
ing gas (Such as air) as the diluent gas from the outside of the 
electrolytic chamber or the side chamber to the inside of the 
electrolytic chamber or the side chamber using a Suction 
(vacuum) pump; and 
0054 3. a method which has at least one of a feature of 
covering a part or whole of the gas phase portion in the 
electrolytic chamber or in the side chamber with the hydrogen 
gas permeable membrane and a feature of providing the open 
ing part, and in which the hydrogen gas is diluted by discharg 
ing a part of the hydrogen gas in the electrolytic chamber or in 
the side chamber outside the electrolytic chamber and blow 
ing the diluent gas to the hydrogen gas using a diluent gas 
Supplier. 
0055 As will be appreciated, according to an aspect of the 
present invention, the side chamber can be understood as 
being functionally the same as the electrolytic chamber. 
Therefore, unless the both chambers are separately described 
or illustrated, the term “electrolytic chamber” may include 
the meaning of the side chamber. 
0056. Examples of the diluent gas supplier as used herein 
include an apparatus, Such as an air pump, which can blow the 
diluent gas. The Suction (vacuum) pump refers to a concept 
including a so-called vacuum pump, and is an apparatus that 
can dilute the hydrogen gas in the electrolytic chamber while 
Suctioning gas (such as air) as the diluent gas from the outside 
of the electrolytic chamber or the side chamber to the inside of 
the electrolytic chamber or the side chamber. 
0057 The diluent gas refers to a concept that includes 
normal air and artificial air, and examples thereof include 
medical gas of which the oxygen concentration is adjusted 
and other medical gases which contain medical components 
Such as anesthetic component. 
0058. The hydrogen gas permeable membrane may pref 
erably be, but is not limited to, a gas membrane, Such as a 
nonwoven fabric, which is poorly-permeable or non-perme 
able for water but permeable for hydrogen gas. 
0059. The vicinity of the cathode or the vicinity of the 
cathode water Surface refers to a concept that includes a 
position separated by 7 cm, preferably 5 cm, more preferably 
3 cm, and most preferably 1 cm, from the cathode (or the 
cathode water Surface). 
0060. In view of the safety, it can be said that the hydrogen 
gas concentration in the vicinity of the above of the hydrogen 
gas permeable membrane or the opening part of the electro 
lytic chamber may be maintained preferably at lower than 
15.0 vol%, more preferably at lower than 10.0 vol %, and 
further preferably at lower than 3.0 vol%. Here, in a similar 
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manner as the above, the vicinity of the above of the hydrogen 
gas permeable membrane or the opening part of the electro 
lytic chamber or the side chamber refers to a concept that 
includes a position separated by 7 cm and preferably 3 cm 
from the hydrogen gas permeable membrane or the opening 
part, and most preferably a position in contact with the above 
of the hydrogen gas permeable membrane or the opening part. 
0061. In principle, the hydrogen gas concentration can be 
understood to increase as the measurement point comes close 
to the generation source of hydrogen gas. Therefore, if the 
measurement at the above position is difficult due to the size 
of the apparatus for Supplying high-concentration hydrogen 
gas for a living organism or other reason, the measurement 
may be performed at a closer range than the above position 
but at a position as close as possible to the above position. 
0062. In the present invention, the hydrogen gas concen 

tration in the vicinity of the cathode or the cathode water 
Surface is measured at each of a time when 1 minute has 
elapsed after starting the electrolysis, a time when half an 
estimated electrolysis time has passed and a time when the 
electrolysis has been completed, and when the hydrogen gas 
concentration is lower than 18.3 vol% at each of the times, it 
is deemed that “the hydrogen gas concentration in the vicinity 
of the cathode or the cathode water surface is constantly 
maintained at lower than 18.3 vol% during electrolysis.” 
0063. The present invention is an invention that relates 
consistently to an apparatus for Supplying high-concentration 
hydrogen gas for a living organism. Therefore, even though 
the hydrogen gas concentration is to be maintained lower than 
18.3 vol%, the dilution may not have to be needed beyond 
necessity. It is thus preferred that, unlike the handling of 
hydrogen gas in other industrial fields, the present invention is 
associated with management of the electrolytic condition 
and/or management of the flow Volume rather than aiming to 
reduce the hydrogen gas concentration close to Zero without 
limit so that the generated hydrogen gas can be safely dis 
carded outside the system. 
0064 More specifically, in terms of the amount of air or 
high-concentration oxygen gas which human beings or ani 
mals inhale for 1 minute, for example, it is preferred that the 
diluent gas is blown at a flow volume of 1 mL/min or more, 
preferably 1 L/min or more, more preferably 2L/minor more, 
further preferably 4L/min or more, and particularly prefer 
ably 6 L/min or more, for example. In view of the effects to be 
obtained, it is preferred in the present invention that the 
hydrogen gas concentration in the mixed gas comprising the 
hydrogen gas and the diluent gas is 0.01 Vol % or more, 
preferably 0.1 vol% or more, and more preferably 1.0 vol% 
O. O. 

0065. Examples of a form to supply the mixed gas to a 
living organism include a form to inhale the mixed gas by 
moving the face directly to the vicinity of the cathode or 
cathode water surface or to the cathode chamber and a form to 
inhale the mixed gas from a mixed gas outlet provided at the 
electrolytic chamber or at the side chamber. 
0066. Moreover, an attachment such as a nasal cavity can 
nula may be appropriately connected to the mixed gas outlet 
thereby to enhance the convenience at the time of Supply to a 
living organism and/or the stability of Supply of the mixed 
gaS. 

EXAMPLES 

0067 Working examples of the present invention will 
hereinafter be described. Unless otherwise stated in the 
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present application, various meters used to measure various 
physical property values are a hydrogen gas concentration 
meter “XP-3140 (available from New Cosmos Electric Co., 
Ltd.), an ammeter “CLAMP ON AC/DC HiTESTER 3265 
(available from HIOKI E.E. CORPORATION), and a volt 
meter “CDM-2000 (available from CUSTOM corporation).” 

Example 1 

0068 An electrolytic cell has been prepared to be charac 
terized by having: an electrolytic chamber to which subject 
raw water is introduced; the above cation exchange mem 
brane that partitions inside and outside of the electrolytic 
chamber; and a pair of platinum electrodes provided in the 
inside and the outside of the electrolytic chamber so as to 
sandwich the cation exchange membrane, wherein: the elec 
trode plate located outside the electrolytic chamber is pro 
vided to be in contact with the cation exchange membrane; 
the electrode plate located inside the electrolytic chamber is 
also provided to be in contact with the cation exchange mem 
brane; and the electrode plate located outside the electrolytic 
chamber is surrounded by a side chamber. The electrolytic 
chamber was filled with 1.4 L of Fujisawa city tap water, and 
electrolysis was performed with an electrolytic current of 30 
A by applying a direct-current Voltage from a direct-current 
power source to both of the electrodes using the electrode 
plate provided inside the electrolytic chamber as the anode 
while using the electrode plate provided outside the electro 
lytic chamber and inside the side chamber as the cathode. 
0069 Concurrently with the start of electrolysis, a suction 
pump (vacuum pump, DAP-6D, available from ULVAC 
KIKO. Inc.) connected to the side chamber was operated to 
take in normal air with 6 L/min via an opening part of a 
diameter of 3 mm provided at the side chamber so that the 
normal air would be blown into the hydrogen gas generator. 
The hydrogen gas concentration in the side chamber and the 
electrolytic Voltage were measured at a time when 1 minute 
elapsed after the start of electrolysis, at a time when 5 minutes 
elapsed after the start of electrolysis, and at a time when the 
electrolysis was completed (when 10 minutes elapsed after 
the start of electrolysis). Results thereofare listed in Table 1. 

Comparative Example 1 

0070. Without blowing normal air in Example 1, the 
hydrogen gas concentration in the side chamber and the elec 
trolytic Voltage were measured at a time when 10 seconds 
elapsed after the start of electrolysis and a time when 50 
seconds elapsed after the start of electrolysis. Results thereof 
are also listed in Table 1 (the measurement interval was 
changed because the hydrogen concentration increased rap 
idly after the start of measurement). 

TABLE 1 

After 1. After 5. After 10 
minute minutes minutes 

Example 1 Hydrogen gas concentration (%) 3.7 3.8 3.8 
Electrolytic voltage (V) 12.3 11.7 11.1 

After 10 After 50 
Seconds seconds 

Comparative Hydrogen gas concentration (%) 2O.O 50 
Example 1 Electrolytic voltage (V) 10.1 10.1 
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DESCRIPTION OF REFERENCE NUMERALS 

0071. 1 ... Apparatus for Supplying hydrogen gas for a 
living organism 

(0072. 2... Subject raw water 
(0073. 3... Electrolytic chamber 
(0074 4, 5 ... Electrode plate 
(0075 6... Electrolytic cell 
(0076 7... Gas phase portion 
0077 8... Hydrogen gas permeable membrane 
(0078 9... Opening part 
(0079 10... Diluent gas supplier 
0080 11... Suction pump 
I0081 12, 16... Conduit pipe 
0082 13 . . . Membrane 
I0083. 14. . . Direct-current power source 
I0084) 15... Spacer 
0085 16 . . . Side chamber 
1. An apparatus for Supplying hydrogen gas for a living 

organism comprising: 
an electrolytic cell having an electrolytic chamber to which 

subject raw water to be electrolyzed is introduced, at 
least one membrane that partitions inside and outside of 
the electrolytic chamber, and at least a pair of electrode 
plates provided in the inside and the outside of the elec 
trolytic chamber so as to sandwich the membrane, the 
electrode plate in the outside of the electrolytic chamber 
being provided to be in contact with the membrane; 

a direct-current power source that applies a direct-current 
Voltage to the pair of electrode plates; and 

at least one of a diluent gas Supplier or a vacuum pump for 
diluting hydrogen gas generated from the electrode plate 
that is to be a cathode, 

wherein a part or whole of a gas phase portion in the 
electrolytic chamber is covered with a hydrogen gas 
permeable membrane, 

the apparatus blows diluent gas Supplied using the diluent 
gas Supplier or the vacuum pump to the cathode or a 
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cathode water Surface thereby to constantly maintain a 
hydrogen gas concentration in a position separated by 7 
cm from the cathode or the cathode water surface at 
lower than 18.3 vol% during electrolysis so that mixed 
gas comprising the hydrogen gas and the diluent gas is 
Supplied to a living organism, the mixed gas having a 
hydrogen gas concentration of 0.1 vol% or higher and 
lower than 18.3 vol%. 

2. The apparatus for Supplying hydrogen gas for a living 
organism according to claim 1, wherein the electrode plate in 
the inside of the electrolytic chamber is provided to be in 
contact with the membrane. 

3. The apparatus for Supplying hydrogen gas for a living 
organism according to claim 1, wherein a side chamber is 
provided outside the electrolytic chamber, the side chamber 
enclosing one electrode plate of the pair of electrode plates. 

4. The apparatus for Supplying hydrogen gas for a living 
organism according to claim3, wherein the Subject raw water 
is introduced in the inside of the electrolytic chamber and in 
the side chamber. 

5. The apparatus for Supplying hydrogen gas for a living 
organism according to claim 1, wherein, in a state in which 
the subject raw water is introduced in the inside of the elec 
trolytic chamber, the direct-current power source applies the 
direct-current voltage to both of the electrode plates using the 
electrode plate provided inside the electrolytic chamber as the 
cathode and the electrode plate provided outside the electro 
lytic chamber as an anode. 

6. The apparatus for Supplying hydrogen gas for a living 
organism according to claim 1, wherein the diluent gas is 
normal air. 

7. The apparatus for Supplying hydrogen gas for a living 
organism according to claim 1, wherein the diluent gas is 
blown at a flow volume of 0.5 L/min or more. 

8. The apparatus for Supplying hydrogen gas for a living 
organism according to claim 1, wherein a chlorine gas con 
centration in the mixed gas is 1 ppm or less. 

k k k k k 


