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An oZone generator includes one or more electrode pairs each 
containing two electrodes arranged at a distance of a prede 
termined gap length and a power Source for applying an 
alternating-current voltage between the two electrodes. In the 
oZone generator, oZone is produced when a source gas flows 
at least between the two electrodes and a discharge is gener 
ated between the two electrodes. The ozone generator has a 
discharge space formed between the two electrodes, and the 
ozone generator satisfies the condition of 0.5<V/f/L wherein 
V (m/s) represents a flow velocity of the source gas flowing 
through the discharge space, f(HZ) represents a frequency of 
the alternating-current Voltage, and L (m) represents a length 
of the discharge space in the main flow direction of the source 
gaS. 

  



US 2015/0210545 A1 Jul. 30, 2015 Sheet 1 of 9 Patent Application Publication 

  



US 2015/0210545 A1 Jul. 30, 2015 Sheet 2 of 9 Patent Application Publication 

R 

E. 

  



US 2015/0210545 A1 Jul. 30, 2015 Sheet 3 of 9 Patent Application Publication 

  



US 2015/02105.45 A1 Jul. 30, 2015 Sheet 4 of 9 Patent Application Publication 

  

  



Patent Application Publication Jul. 30, 2015 Sheet 5 of 9 US 2015/02105.45 A1 

  



US 2015/0210545 A1 Jul. 30, 2015 Sheet 6 of 9 Patent Application Publication 

  



Patent Application Publication Jul. 30, 2015 Sheet 7 of 9 US 2015/02105.45 A1 

wirAsir (27(f) t 

  

  



US 2015/0210545 A1 Jul. 30, 2015 Sheet 8 of 9 Patent Application Publication 

  



US 2015/0210545 A1 Jul. 30, 2015 Sheet 9 of 9 Patent Application Publication 

  

  



US 2015/02105.45 A1 

OZONE GENERATOR 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is based upon and claims the ben 
efit of priority from Japanese Patent Application No. 2014 
011117 filed on Jan. 24, 2014, the contents of which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to an ozone generator 
for flowing a source gas between electrodes and generating a 
discharge between the electrodes, thereby producing oZone. 
0004 2. Description of the Related Art 
0005. An ozone generator is an apparatus capable of flow 
ing an oxygen-containing gas such as air in a thermal non 
equilibrium plasma to produce oZone. The thermal non-equi 
librium plasma is generated utilizing a discharge provided by 
a discharge generating device. For example, the discharge 
generating device may be of a silent discharge type. In this 
type of device, for example, a high Voltage of several to 
several tens kV is applied by a high-voltage alternating-cur 
rent power source to a discharge gap between a high-voltage 
electrode and a ground electrode, to generate a discharge of an 
aggregate of micro-discharge columns. The oxygen-contain 
ing gas is decomposed in the discharge process to produce 
OZOC, 

0006 Conventional structures of such ozone generators 
are disclosed, for example, in Japanese Laid-Open Patent 
Publication Nos. 10-324504, and 2013-193893. 
0007 Japanese Laid-Open Patent Publication No. 
10-324504 discloses in paragraph 0002 that “A silent dis 
charge-type oZone generator has electrodes facing each other 
and one or two dielectric bodies interposed between the elec 
trodes. A high alternating-current Voltage is applied to the 
electrodes while flowing an oxygen-containing source gas 
(such as a high-concentration oxygen (PSA oxygen) gas or a 
dehumidified air) in a gap between the electrode and the 
dielectric body or between the dielectric bodies, and oxygen 
is dissociated by a silent discharge to produce oZone. The gap 
has a length of about 1 mm, and the dielectric body is com 
posed of a glass or ceramic material having a high dielectric 
strength. 
0008 Further, Japanese Laid-Open Patent Publication No. 
10-324504 discloses in paragraph 0015 that “The ozone 
generator 2 includes a hard glass tube (dielectric body) 9 
having an outer diameter of 18 mm and a thickness of 0.9 mm, 
a film electrode 10 adhered to an outer surface of the glass 
tube 9, and a spiral electrode (made of SUS316 and having a 
diameter of 0.5 mm) 11 adhered to an inner surface thereof. 
The Publication also discloses in paragraph 0015 that “in 
the oZone generator 2, a dehumidified air or a high-concen 
tration oxygen (PSA oxygen, having the oxygen concentra 
tion of 95% or more) is supplied as a source gas from one end 
of the glass tube 9, a high alternating-current Voltage (several 
to Some dozen kV, 40kHz) having the Switching frequency of 
0.1 to 1000 cycles per second and the load factor of 5 to 95% 
is applied, and then oZone air (air containing oZone) is dis 
charged from the other end of the glass tube 9”. Further, the 
Publication discloses in paragraph 0020 that “in a case of 
the flow rate of dehumidified air of 1.0 L/min. Also, the 
Publication discloses in paragraph 0005 that “the gap 
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between the dielectric body and the electrode or the gap 
between the dielectric bodies is further narrowed (to 0.5 to 1 
mm)'. 
0009 Japanese Laid-Open Patent Publication No. 2013 
193893 discloses in paragraph 0011 that “an ozone genera 
tor contains a cylindrical high-voltage electrode, a cylindrical 
low-voltage electrode arranged coaxially with the high-volt 
age electrode, and a dielectric body between the electrodes. A 
dry airis Supplied as a source gas between the electrodes, and 
a predetermined high Voltage is applied through the dielectric 
body between the high-voltage and low-voltage electrodes to 
generate a discharge, whereby oZone is produced by the dis 
charge. The discharge gap length d is 0.3 to 0.5 mm. Further, 
the Publication discloses in paragraph 0018 that “In addi 
tion, a pd product, which is a product of the discharge gap 
length d and a gas pressure p of the raw material gas (air), is 
in a range of 6 to 16 kPacm. Further, in the present embodi 
ment, the discharge gap length d (cm) and the gas pressure p 
of the raw material gas (kPa) are set to satisfy the following 
expression'. 
0010 Japanese Laid-Open Patent Publication No. 
10-324504 discloses that, in the creeping discharge type 
oZone generator, the alternating-current Voltage having the 
discharge frequency of 40 kHz is applied in the cylindrical 
tube having the outer diameter of 18 mm and the thickness of 
0.9 mm, and the dehumidified air is supplied at the flow rate 
of 1.0 L/min. However, the Publication does not disclose what 
the flow velocity of the source gas in the discharge space 
should be in order to reduce the decomposition of ozone. 
(0011 Japanese Laid-Open Patent Publication No. 2013 
1938.93 explains the ozone production efficiency in relation to 
the discharge gap length and the source gas pressure. How 
ever, the gas pressure can be arbitrarily changed depending on 
the tube length and the air amount. 
0012. Further, the technology disclosed in Japanese Laid 
Open Patent Publication No. 2013-1938.93 is effective in a 
case of a coaxial cylindrical oZone generator in which all the 
Supplied source gas flows through the discharge space. How 
ever, the technology is not effective in a case of an OZone 
generator that includes electrodes arranged at a predeter 
mined distance, each electrode having a cylindrical ceramic 
dielectric body and a conductive body disposed in the ceramic 
dielectric body. This is because the source gas also flows 
through spaces other than the discharge space, so that the 
Source gas pressure varies depending on the Volume of the 
spaces other than the discharge space. 

SUMMARY OF THE INVENTION 

0013. In view of the above problems, an object of the 
present invention is to provide an oZone generator in which 
oZone generated by discharge can be prevented from being 
Subjected to discharge again, and the oZone can hardly be 
decomposed by a reaction with Oatom, water molecule, and 
OH group, whereby the ozone production reduction can be 
Suppressed. 
1 An oZone generator according to the present invention 
includes one or more electrode pairs each containing two 
electrodes arranged at a distance of a predetermined gap 
length, and a power source for applying an alternating-current 
Voltage between the two electrodes, oZone being produced in 
the oZone generator when a source gas flows at least between 
the two electrodes and a discharge is generated between the 
two electrodes, wherein the ozone generator has a discharge 
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space formed between the two electrodes, and the ozone 
generator satisfies the condition of 

wherein V (m/s) represents a flow velocity of the source gas 
flowing through the discharge space, f(HZ) represents a fre 
quency of the alternating-current Voltage, and L (m) repre 
sents a length of the discharge space in the main flow direction 
of the Source gas. 
0014. In this case, ozone generated by discharge is hardly 
Subjected to discharge again. Thus, OZone is not decomposed 
through a reaction with O atom, water molecule, and OH 
group, whereby the ozone production reduction can be pre 
vented. 
2 In the present invention, the oZone generator preferably 
satisfies the condition of 1<V/f/L. In this case, a larger 
amount of ozone generated by discharge is hardly subjected 
to discharge again. Thus, oZone is not decomposed through a 
reaction with Oatom, water molecule, and OH group, so that 
the ozone production reduction can be further prevented. 
3. In the present invention, the ozone generator preferably 
satisfies the condition of 50>V/f/L. In this case, the amount of 
the Source gas that flowed through the discharge space with 
out a production reaction is reduced, and thus the oZone 
production reduction can be prevented. 
4. In the present invention, the oZone generator preferably 
satisfies the condition of 20>V/f/L. In this case, the amount of 
the Source gas that flowed through the discharge space with 
out a production reaction is further reduced, and thus the 
ozone production reduction can be further prevented. 
5. In the present invention, the gap length preferably is 0.2 
mm or more and 0.5 mm or less. 
0015. In this ozone generator, even in a high-humidity 
environment, water molecules and OH groups, which can 
negatively affect the oZone production, are mostly adsorbed 
to the surface of the dielectric body. Therefore, the amounts of 
the water molecules and the OH groups remaining around the 
dielectric body and in the center of the discharge space are 
reduced. Consequently, the ozone production inhibition can 
be prevented, and the oZone production amount reduction can 
be prevented. Furthermore, an area in which the water mol 
ecules and the OH groups remain around the dielectric body 
and in the center of the discharge space, can be narrowed. 
Thus, an area in which the ozone production is inhibited, can 
be narrowed, and the oZone production amount reduction can 
be prevented. 
0016 Further, the short circuit of the discharge space due 

to the water molecules and the OH groups can be further 
avoided to thereby Suppress the ozone production amount 
reduction. 
0017. As a result, the ozone production performance is 
changed only slightly even under a high humidity, and thus 
the oZone generator can act to stably produce oZone in a wide 
range of humidity environments (with an absolute humidity 
of 0 to 50 g/m). 
6. In the present invention, the Source gas may be an atmo 
spheric air. In this case, the Source gas may be a non-dehu 
midified air. 
7 In the present invention, each of the two electrodes may 
contain a tubular dielectric body having a hollow portion, and 
a conductive body disposed in the hollow portion. 
8. In the present invention, the ozone generator may include 
a plurality of the electrode pairs arranged in parallel, in series, 
or in parallel and series, and the oZone generator may have a 
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gas passage plane having a normal direction parallel to the 
main flow direction of the Source gas, and a non-discharge 
space formed on the gas passage plane. 
9. In the present invention, the flow rate of the source gas 
flowing through the discharge space is preferably 380 L/min 
or less, more preferably 300 L/min or less, and further more 
preferably 150 L/min or less. 
0018. Owing thereto, the distribution of the source gas can 
be narrowed in the discharge space, the OZone molecules can 
be uniformly produced in the discharge space, and the source 
gas can be used up for the oZone production, Therefore, the 
oZone production reduction due to the decomposition of the 
oZone can be prevented, and the amount of the residual source 
gas that has flowed through the discharge space without the 
production reaction, can be reduced. Consequently, the ozone 
generator can exhibit a high oZone production efficiency. 
0019. In the ozone generator according to the present 
invention, oZone generated by discharge can be prevented 
from being Subjected to discharge again, and the oZone can 
hardly be decomposed by a reaction with O atom, water 
molecule, and OH group, and the ozone production reduction 
can be suppressed. As a result, the concentration of generated 
oZone and the ozone production efficiency can be enhanced. 
0020. The above and other objects features and advantages 
of the present invention will become more apparent from the 
following description when taken in conjunction with the 
accompanying drawings in which a preferred embodiment of 
the present invention is shown by way of illustrative example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 FIG. 1 is a longitudinal cross-sectional view of a 
principal part of an oZone generator according to an embodi 
ment of the present invention; 
0022 FIG. 2 is a cross-sectional view taken along the line 
II-II of FIG. 1; 
0023 FIG. 3 is an explanatory view for specifically illus 
trating the flow velocity V (m/s) of a source gas flowing 
through a discharge space, the frequency f (HZ) of an alter 
nating-current Voltage V, and the length L (in) of the discharge 
space in the main flow direction of the source gas in the 
principal part of the oZone generator of the present embodi 
ment; 
0024 FIG. 4A is an explanatory view for illustrating a 
disadvantage of an oZone generator having an electrode pair 
with a larger gap length; 
0025 FIG. 4B is explanatory view for illustrating an 
advantageous effect of the oZone generator of the present 
embodiment; 
0026 FIG. 5 is a longitudinal cross-sectional view of a 
principal part of an oZone generator according to a first modi 
fication example; 
0027 FIG. 6 is a longitudinal-cross-sectional view of a 
principal part of an OZone generator according to a second 
modification example: 
0028 FIG. 7 is a longitudinal cross-sectional view of a 
principal part of an oZone generator according to a third 
modification example: 
0029 FIG. 8 is a graph showing the ozone concentration 
changes with changing VfL value in Samples 1 to 3 using 
different source gas flow rates; and 
0030 FIG. 9 is a graph showing the ozone production 
efficiency changes with absolute humidity in Samples 11 to 
16. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0031. An embodiment of the ozone generator of the 
present invention will be described below with reference to 
FIGS. 1 to 9. In this description, a numeric range of A to B' 
includes both the numeric values A and B as the lower limit 
and upper limit values. 
0032. As shown in FIGS. 1 and 2, an ozone generator 10 
according to this embodiment has a housing 14 in which a 
Source gas 12 flows, one or more electrode pairs 16 disposed 
in the housing 14, and an alternating-current power Source 18. 
Each of the electrode pairs 16 contains two electrodes 20 (one 
electrode 20a and the other electrode 20b) arranged at a 
distance of a predetermined gap length Dg. The alternating 
current power Source 18 acts to apply an alternating-current 
voltage V (Asin(2tf)t) between the two electrodes 20. 
0033. In the ozone generator 10, ozone is produced when 
the source gas 12 flows at least between the two electrodes 20 
of the electrode pair 16 and a discharge is generated between 
the two electrodes 20. A space formed between the two elec 
trodes 20, in which the discharge is generated, is defined as a 
discharge space 22. 
0034. The ozone generator 10 has non-discharge spaces 
26 on a gas passage plane 24 having a normal direction 
parallel to the main flow direction of the source gas 12. 
Specifically, the non-discharge spaces 26 include a space 
between the one electrode 20a and one inner wall 28a of the 
housing 14 (the inner wall closer to the one electrode 20a) and 
a space between the other electrode 20b and the other inner 
wall 28b of the housing 14 (the inner wall closer to the other 
electrode 20b) on the gas passage plane 24. The term “the 
main flow direction of the source gas 12” means the flow 
direction of the oriented center of the source gas 12. Thus, the 
main flow direction excludes flow directions of non-oriented 
peripheral components of the Source gas 12. 
0035 Each of the electrodes 20 has a rod shape, contains a 
tubular dielectric body 32 having a hollow portion 30, and 
further contains a conductive body 34 disposed in the hollow 
portion 30 of the dielectric body 32. In an example of FIGS. 
1 and 2, the dielectric body 32 has a cylindrical shape, and the 
hollow portion 30 formed therein has a circular cross-section. 
The conductive body 34 has a circular cross-section. Of 
course, the shapes of the components are not limited to the 
example. The dielectric body 32 may have a tubular shape 
with a polygonal cross-section Such as a triangular, quadran 
gular, pentangular, hexangular, or octangular section. The 
conductive body 34 may have a columnar shape with a 
polygonal Section Such as a triangular, quadrangular, pentan 
gular, hexangular, or octangular section corresponding to the 
shape of the dielectric body 32. 
0036. In this embodiment, the source gas 12 is used for the 
purpose of producing oZone, and therefore may be an atmo 
spheric air, an oxygen-containing gas, etc. In this case, the 
Source gas 12 may be a non-dehumidified air. 
0037. The dielectric body 32 may be composed of a 
single-oxide, composite-oxide, or composite-nitride material 
containing one or more Substances selected from the group 
consisting of barium oxide, bismuth oxide, titanium oxide, 
Zinc oxide, neodymium oxide, titanium nitride, aluminum 
nitride, silicon nitride, alumina, silica, and mullite. 
0038. The conductive body 34 is preferably composed of a 
material containing a Substance selected from the group con 
sisting of molybdenum, tungsten, silver, copper, nickel, and 
alloys containing at least one thereof. Examples of Such 
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alloys include invar, kovar, inconel (registered trademark), 
and incoloy (registered trademark). 
0039. The dielectric body 32 is preferably composed of a 
ceramic material such as LTCC (Low Temperature Co-fired 
Ceramics), which can be fired at a temperature lower than the 
melting point of the conductive body 34. Specifically, the 
dielectric body 32 is preferably composed of a single-oxide, 
composite-oxide, or composite-nitride material containing 
one or more substances selected from the group consisting of 
barium oxide, bismuth oxide, titanium oxide, Zinc oxide, 
neodymium oxide, titanium nitride, aluminum nitride, silicon 
nitride, alumina, silica, and mullite. 
0040. As shown in FIG. 3, the ozone generator 10 of the 
above embodiment preferably satisfies the following inequal 
ity (1) where V (m/s) represents the flow velocity of the source 
gas 12 flowing through the discharge space 22, f(HZ) repre 
sents the frequency of the alternating-current Voltage V, and L 
(m) represents the length of the discharge space 22 in the main 
flow direction of the source gas 12. 

0.5<VfL (1) 

0041. The value of V/f/L indicates how many times as long 
the movement distance of the source gas 12 per period of the 
alternating-current Voltage is as the length L. 
0042. When the ozone generator 10 satisfies the inequality 
(1), the oZone molecules produced by the discharge are hardly 
exposed to the discharge again. Therefore, the OZone mol 
ecules are hardly decomposed via a reaction with an O atom, 
a water molecule, or an OH group. Thus, the oZone produc 
tion amount reduction can be prevented. 
0043. When the ozone generator 10 satisfies the following 
inequality (2), a smaller amount of the produced oZone mol 
ecules are exposed to the discharge again, as compared with 
the inequality (1). Therefore, the ozone molecules are hardly 
decomposed via a reaction with the O atom, the water mol 
ecule, or the OH group. Thus, the oZone production amount 
reduction can be further prevented. 

1<VfL (2) 

0044) When the ozone generator 10 satisfies the following 
inequality (3), the amount of the unreacted Source gas 12 can 
be reduced, so that the oZone production amount reduction 
can be prevented. 

50>VfL (3) 

0045. When the ozone generator 10 satisfies the following 
inequality (4), the residual amount of the unreacted source 
gas 12 can be further reduced, so that the ozone production 
amount reduction can be further prevented. 

20> VfL (4) 

0046. In the ozone generator 10 of this embodiment, the 
flow rate of the source gas 12 flowing through the discharge 
space 22 is preferably 380 L/min or less. The flow rate is more 
preferably 300 L/min or less, further preferably 150 L/min or 
less. 
0047. In this case, the distribution of the source gas 12 can 
be narrowed in the discharge space 22, the oZone molecules 
can be uniformly produced in the discharge space 22, and the 
Source gas 12 can be used up for the oZone production. There 
fore, the oZone production amount reduction due to the ozone 
decomposition can be prevented, and the amount of the unre 
acted Source gas 12 flowing through the discharge space 22, 
can be reduced. Consequently, the ozone generator 10 can 
exhibit a high ozone production efficiency. 
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0048. As shown in FIG. 1, the upper limit of the gap length 
Dg between the two electrodes 20 is preferably less than 1.0 
mm. The gap length Dg denotes the shortest distance between 
the dielectric body 32 of the one electrode 20a and the dielec 
tric body 32 of the other electrode 20b. 
0049. In this embodiment, each electrode 20 contains the 
tubular dielectric body 32 having the hollow portion 30 and 
the conductive body 34 disposed in the hollow portion 30. 
Therefore, the distance between the electrodes 20 can be 
easily adjusted. Thus, the gap length Dg between the elec 
trodes 20 can be easily reduced to less than 1.0 mm as com 
pared with the creeping discharge-type structure disclosed in 
Japanese Laid-Open Patent Publication No. 10-324504. 
0050. In a high-humidity environment, water molecules 
and OH groups may negatively affect the oZone production of 
the ozone generator 10. Therefore, it is preferable to adsorb as 
many water molecules and OH groups as possible to the 
dielectric bodies 32 of the electrodes 20. In this case, the 
amounts of the water molecules and the OH groups remaining 
in a central portion 22a of the discharge space 22 can be 
reduced to decrease the negative effect on the oZone produc 
tion. However, when the gap length Dg is 1.0 mm or more as 
shown in FIG. 4A, the distance between the dielectric bodies 
32 is increased, whereby a smaller amount of the water mol 
ecules and the OH groups are adsorbed to the dielectric bodies 
32, and a larger amount of the water molecules and the OH 
groups remain around the dielectric bodies 32 or in the central 
portion 22a of the discharge space 22. Therefore, in the high 
humidity environment, the ozone production is inhibited, the 
oZone production efficiency is reduced, or the oZone produc 
tion is stopped, by the increased water molecules and OH 
groups which are contained in the source gas 12 and remain 
around the dielectric bodies 32 or in the central portion 22a of 
the discharge space 22. 
0051. In contrast, in this embodiment, the upper limit of 
the gap length Dg is less than 1.0 mm. Therefore, as shown in 
FIG. 4B, even in the high-humidity environment, the water 
molecules and the OH groups, which may negatively affect 
the oZone production, are mostly adsorbed to the Surfaces of 
the dielectric bodies 32, and the amounts of the water mol 
ecules and the OH groups remaining around the dielectric 
bodies 32 and in the central portion 22a of the discharge space 
22 are reduced. Consequently, the oZone production inhibi 
tion can be prevented, and the oZone production amount 
reduction can be prevented. Furthermore, an area in which the 
water molecules and the OH groups remain around the dielec 
tric bodies 32 and in the central portion 22a of the discharge 
space 22, can be narrowed. Thus, an area in which the oZone 
production is inhibited, can be narrowed, and the ozone pro 
duction amount reduction can be prevented. 
0052. As a result, the ozone production performance is 
changed only slightly even under a high humidity, and there 
fore the oZone generator 10 can act to stably produce oZone in 
a wide range of humidity environments (with an absolute 
humidity of 0 to 50 g/m). 
0053. The upper limit of the gap length Dg is further 
preferably 0.5 mm or less. In this case, a further larger amount 
of the water molecules and the OH groups, which may inhibit 
the ozone production, can be adsorbed to the dielectric bodies 
32, whereas the water molecules and the OH groups remain 
ing around the dielectric bodies 32 and in the central portion 
22a of the discharge space 22 can be accordingly further 
reduced. Therefore, the ozone production amount reduction 
can be further prevented. 
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0054. On the other hand, when the gap length Dg is exces 
sively reduced, the discharge space 22 may be short-circuited 
by the water molecules and the OH groups adsorbed to the 
dielectric bodies 32. More specifically, the dielectric bodies 
32 may be connected to each other by the water molecules and 
the OH groups. This case is similar to the situation where a 
larger amount of the water molecules and the OH groups 
remain in the central portion 22a of the discharge space 22. 
Thus, by the presence of water molecules and OH groups, the 
ozone production is inhibited, the ozone production effi 
ciency is reduced, or the ozone production is stopped. The 
lower limit of the gap length Dg is preferably 0.1 mm or more, 
further preferably 0.2 mm or more. In this case, the short 
circuit of the discharge space 22 due to the water molecules 
and the OH groups can be prevented to Suppress the ozone 
production amount reduction. 
0055. The electrode 20 may be produced by the following 
method. Thus, for example, a tubular compact (or green body) 
is preliminarily fired to prepare a preliminarily fired body 
having a hollow portion, and thereafter the conductive body 
34 is inserted into the hollow portion of the preliminarily fired 
body. Then, the preliminarily fired body and the conductive 
body 34 are fired at a temperature higher than the preliminary 
firing temperature to produce the electrode 20 containing the 
dielectric body 32 and the conductive body 34 directly inte 
grated with each other, the conductive body 34 being inserted 
into the hollow portion 30 of the dielectric body 32. 
0056 Alternatively, the electrode 20 may be produced by 
a gel casting method. In the gel casting method, the conduc 
tive body 34 is placed in a mold, a slurry containing a ceramic 
powder, a dispersion medium, and a gelling agent is cast into 
the mold, the slurry is gelled under a temperature condition or 
by adding a cross-linker, whereby the slurry is solidified and 
molded, and the resultant is fired to produce the electrode 20. 
0057 Though one electrode pair 16 is described in the 
above example, also structures according to first to third 
modification examples shown in FIGS. 5 to 7 can be prefer 
ably used in the present invention. 
0.058 As shown in FIG. 5, an ozone generator 10a accord 
ing to the first modification example is different from the 
ozone generator 10 (shown in FIGS. 1 and 2) in that a plurality 
of the electrode pairs 16 are arranged in parallel. The alter 
nating-current power source 18 acts to apply the alternating 
current voltage V between the one electrode 20a and the other 
electrode 20b in each of the electrode pairs 16. 
0059 Also the ozone generator 10a has the non-discharge 
spaces 26 on the gas passage plane 24. Specifically, the non 
discharge spaces 26 include spaces between the electrode 
pairs 16, a space between the one electrode 20a (adjacent to 
the one inner wall 28a of the housing 14) and the one inner 
wall 28a, and a space between the other electrode 20b (adja 
cent to the other inner wall 28b of the housing 14) and the 
other inner wall 28b on the gas passage plane 24. 
0060. As shown in FIG. 6, an ozone generator 10b accord 
ing to the second modification example is different from the 
ozone generator 10 (shown in FIGS. 1 and 2) in that a plurality 
of the electrode pairs 16 are arranged in series. The alternat 
ing-current power Source 18 acts to apply the alternating 
current voltage V between the one electrode 20a and the other 
electrode 20b in each of the electrode pairs 16. 
0061 Also the ozone generator 10b has the non-discharge 
spaces 26 on the gas passage planes 24. Specifically, the 
non-discharge spaces 26 include a space between the one 
electrode 20a in each of the electrode pairs 16 and the one 



US 2015/02105.45 A1 

inner wall 28a of the housing 14, and a space between the 
other electrode 20b in each of the electrode pairs 16 and the 
other inner wall 28b of the housing 14. 
0062. As shown in FIG. 7, an ozone generator 10c accord 
ing to the third modification example is different from the 
ozone generator 10 (shown in FIGS. 1 and 2) in that a plurality 
of the electrode pairs 16 are arranged in parallel and series. 
The alternating-current power source 18 acts to apply the 
alternating-current voltage V between the one electrode 20a 
and the other electrode 20b in each of the electrode pairs 16. 
0063 Also the ozone generator 10c has the non-discharge 
spaces 26 on the gas passage planes 24. 

FIRST EXAMPLE 

0064 Ozone concentration changes with changing V/f/L 
value were evaluated in samples 1 to 3 using respective dif 
ferent flow rates of the source gas 12. 
0065. An air was used as the source gas 12. The alternat 
ing-current power source 18 was used as a discharge power 
Source for applying the alternating-current Voltage V with a 
voltage (amplitude A) of +4 kV and a frequency fof 20 kHz. 
0.066 Under the above conditions, the ozone concentra 
tion of the exhaust gas was measured using an oZone concen 
tration meter EG-3000D (available from Ebara Jitsugyo Co., 
Ltd.) As shown in FIG. 3, L represents the length (m) of the 
discharge space 22 in the main flow direction of the source gas 
12, V represents the flow velocity (m/s) of the source gas 12 
flowing through the discharge space 22, and frepresents the 
frequency (HZ) of the alternating-current voltage V from the 
alternating-current power source 18. 
0067. The details of the samples 1 to 3 were as follows. 

(Sample 1) 

0068. The sample 1 had the structure shown in FIGS. 1 to 
3 with the gap length Dg of 0.30 mm in the electrode pair 16, 
and the source gas 12 was Supplied thereto under a flow rate 
of 350 L/min. 

(Sample 2) 

0069. The sample 2 had the same structure as the sample 1 
except that the source gas 12 was Supplied thereto under a 
flow rate of 275 L/min. 

(Sample 3) 

0070 The sample 3 had the same structure as the sample 1 
except that the source gas 12 was Supplied thereto under a 
flow rate of 145 L/min. 

(Evaluation Result) 
0071. The evaluation results of the samples 1 to 3 are 
shown in FIG. 8. In FIG. 8, the horizontal axis of the graph 
representing VfL has a logarithmic scale. 
0072. As is clear from FIG. 8, in the sample 1, the ozone 
concentration of 0.7 ppm or more was maintained within the 
range of 0.5~V/f/Ls 10, and the ozone concentration of about 
0.72 ppm was maintained within the range of 1<V/f/L-10. 
Furthermore, the ozone concentration of 0.6 to 0.7 ppm was 
maintained within the range of 10<V/f/Ls30, and the ozone 
concentration of 0.55 to 0.6 ppm was maintained within the 
range of 30<V/f/L-50. 
0073. In the sample 2, the ozone concentration of 0.7 ppm 
or more was maintained within the range of 0.5~V/f/Ls20. 
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and the oZone concentration of about 0.75 ppm was main 
tained within the range of 1<V/f/L-10. Furthermore, the 
ozone concentration of 0.6 to 0.7 ppm was maintained within 
the range of 20<V/f/L50. 
0074. In the sample 3, the ozone concentration of 0.8 ppm 
or more was maintained within the range of 0.5~V/f/Ls 10, 
and the oZone concentration of about 0.82 ppm was main 
tained within the range of 1<V/f/L-10. Furthermore, the 
ozone concentration of 0.7 to 0.8 ppm was maintained within 
the range of 10<V/f/Ls35, and the ozone concentration of 
0.65 to 0.7 ppm was maintained within the range of 35<V/f/ 
L350. 

0075 Consequently, it is clear that the ozone generator 
preferably satisfies the condition of 0.5~V/f/L, and further 
preferably satisfies the condition of 1<V/f/L. When the ozone 
generator satisfies these conditions, the oZone molecules pro 
duced by the. discharge are hardly exposed to the discharge 
again. Therefore, the oZone molecules are hardly decom 
posed via a reaction with an O atom, a water molecule, or an 
OH group under the re-discharge. Consequently, the ozone 
production amount reduction can be prevented. 
0076. In addition, it is clear that the ozone generator pref 
erably satisfies the condition of 50>V/f/L, and further pref 
erably satisfies the condition of 20>V/f/L. When the ozone 
generator satisfies these conditions, the amount of the unre 
acted source gas 12 can be reduced, so that the oZone produc 
tion amount reduction can be prevented. 
0077. Furthermore, as is clear from the results of the 
samples 1 to 3, the flow rate of the source gas 12 flowing 
through the discharge space 22 is preferably 380 L/min or 
less. The flow rate is more preferably 300 L/min or less, 
further preferably 150 L/min or less. When the ozone genera 
tor satisfies these conditions, the distribution of the Sourcegas 
12 can be narrowed in the discharge space 22, the ozone 
molecules can be uniformly produced in the discharge space 
22, and the source gas 12 can be used up for the ozone 
production. Therefore, the amount of the residual source gas 
12 that has flowed through the discharge space 22 without the 
production reaction, can be reduced. Consequently, the ozone 
generator can exhibit a high oZone production efficiency. 

SECOND EXAMPLE 

0078 Ozone production efficiency changes with absolute 
humidity were evaluated in samples 11 to 16. The ozone 
production efficiency corresponds to the oZone concentration 
of an exhaust gas under a constant applied electric power and 
a constant gas flow rate. 

(Method for Measuring OZone Production Efficiency) 

0079. In the measurement of the ozone production effi 
ciency, an air was used as the Source gas 12 under a gas flow 
rate of 350 L/min and a gas pressure of 0.10 MPa. 
0080. As in the first embodiment, the alternating-current 
power source 18 was used as a discharge power source for 
applying the alternating-current Voltage V with a Voltage (am 
plitude A) of +4 kV and a frequency fof 20 kHz. 
0081. Under the above conditions, the ozone concentra 
tion of the exhaust gas was measured using an oZone concen 
tration meter EG-3000D (available from Ebara Jitsugyo Co., 
Ltd.) 
I0082. The details of electrode structures in ozone genera 
tors of the samples 11 to 16 were as follows. 
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(Sample 11) 

I0083. The sample 11 had the structure shown in FIGS. 1 
and 2 with the gap length Dg of 0.60 mm in the electrode pair 
16. 

(Samples 12 to 15) 

0084. The samples 12, 13, 14, and 15 had the same struc 
ture as the sample 11 except that the gap lengths Dg were 
0.45, 0.30, 0.15, and 0.05 mm in the electrode pairs 16 respec 
tively. 

(Sample 16) 

0085. The sample 16 had the same structure as the sample 
11 except that the gap length Dg was 1.00 mm in the electrode 
pair 16. 

(Evaluation Result) 

I0086. The evaluation results of the samples 11 to 16 are 
shown in FIG. 9. 

0087 As is clear from FIG.9, in the sample 16, ozone was 
produced within the absolute humidity range of 0 to 15 g/m. 
0088. In contrast, in the samples 11 to 15, ozone was 
produced within the absolute humidity range of 0 to 50 g/m. 
In the samples 12 to 14, the ozone production efficiencies of 
15 g/kWh or more were maintained within the absolute 
humidity range of 0 to 50 g and thus the ozone production 
processes were stably performed in a wide range of humidity 
environments. Particularly in the samples 12 and 13, the 
ozone production efficiencies of 25 g/kWh or more were 
maintained within the absolute humidity range of 0 to 50 
g/m. 
0089 Consequently, it is clear that the upper limit of the 
gap length Dg in the electrode pair 16 is preferably less than 
1.0 mm, further preferably 0.5 mm or less. In addition, it is 
clear that the lower limit of the gap length Dg is preferably 0.1 
mm or more, further preferably 0.2 mm or more. 
0090. It is to be understood that the ozone generator of the 
present invention is not limited to the above embodiment, and 
various changes and modifications may be made therein with 
out departing from the scope of the invention. 
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What is claimed is: 
1. An oZone generator comprising: 
one or more electrode pairs each containing two electrodes 

arranged at a distance of a predetermined gap length; and 
a power Source for applying an alternating-current Voltage 

between the two electrodes, 
oZone being produced in the oZone generator when a 

source gas flows at least between the two electrodes and 
a discharge is generated between the two electrodes, 
wherein 

the ozone generator has a discharge space formed between 
the two electrodes, and 

the oZone generator satisfies a condition of 

wherein V (m/s) represents a flow velocity of the source gas 
flowing through the discharge space, f(HZ) represents a 
frequency of the alternating-current Voltage, and L (m) 
represents a length of the discharge space in a main flow 
direction of the Source gas. 

2. The oZone generator according to claim 1, wherein the 
ozone generator satisfies a condition of 1<V/f/L. 

3. The oZone generator according to claim 1, wherein the 
ozone generator satisfies a condition of 50>V/f/L. 

4. The oZone generator according to claim 1, wherein the 
ozone generator satisfies a condition of 20>V/f/L. 

5. The oZone generator according to claim 1, wherein the 
gap length is 0.2 mm or more and 0.5 mm or less. 

6. The oZone generator according to claim 1, wherein the 
Source gas is an atmospheric air. 

7. The ozone generator according to claim 1, wherein each 
of the two electrodes contains a tubular dielectric body having 
a hollow portion and a conductive body disposed in the hol 
low portion. 

8. The ozone generator according to claim 1, wherein 
the oZone generator comprises a plurality of the electrode 

pairs arranged in parallel, in series, or in parallel and 
series, and 

the OZone generator has a gas passage plane having a nor 
mal direction parallel to the main flow direction of the 
Source gas, and a non-discharge space formed on the gas 
passage plane. 

9. The ozone generator according to claim 1, wherein a 
flow rate of the source gas flowing through the discharge 
space is 380 L/min or less. 
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