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DESCRIPTION

OZONE SUPPLY DEVICE AND OZONE SUPPLY METHOD

TECHNICAL FIELD
[0001] The present invention relates to an ozone su pply
device and an ozone supply method for concentrating and

storing ozone using an adsorption phenomenon.

BACKGROUND ART

[0002] Ozone is used as a strong oxidizing agent in a wide
variety of fields such as water environment purific ation and
semiconductor cleaning. With increase in environme ntal
awareness in recent years, technology for efficient ly
generating concentrated ozone is increasingly requi red. The
upper limit value of the purity of ozone generated by an
ozone generator alone is about 20% in volume fracti on. Since
ozone has a property of self-decomposition, it is d ifficult

to store ozone in a gas phase at ordinary temperatu re. In
order to perform ozone processing intermittently, i tis
necessary to generate ozone each time. Methods of storing
and concentrating ozone using an adsorption phenome non and
intermittently supplying high-purity ozonized gas a re
disclosed (for example, Patent Documents 1, 2). In addition,
in order to desorb stored ozone, a method of reduci ng the

pressure of an adsorption tower (for example, Paten t Document
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3), and a method of raising the temperature of an a
tower (for example, Patent Document 2), are disclos
the inventions disclosed in Patent Documents 1 to 3
desorption of ozone is performed after requested.
there is a problem that it is impossible to supply

immediately in response to the request for ozone.

2/60

dsorption
ed. In
Therefore,

ozone

In this regard, the following method is disclosed:

a standby step of performing preliminary heating be
desorption is provided, thereby starting desorption
immediately in response to the request and supplyin

(for example, Patent Document 4).
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[0003] Patent Document 1: Japanese Laid-Open Patent

Publication No. 11-43307 (paragraphs [0018] to [002
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Patent Document 2: Japanese Examined Patent

Publication No. 61-011881 (page 2, right column, pa

right column to page 4, right column, and FIGS. 3,

ge 3,

5)

Patent Document 3: Japanese Patent No. 3837280

(paragraph [0017] and FIG. 1)

Patent Document 4: Japanese Examined Patent

Publication No. 63-013928 (page 2, right column to

left column, and FIG. 2)

page 3,
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SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION
[0004] However, in the invention disclosed in Paten
Document 4, there is a problem that ozone usage eff
decreases due to ozone self-decomposition in the st
[0005] The present invention has been made to solve
above problem, and an object of the present inventi
provide an ozone supply device and an ozone supply
that enable improvement in responsiveness of supply
concentrated ozone upon an ozone request and enable

in ozone usage efficiency.

SOLUTION TO THE PROBLEMS

[0006] An ozone supply device according to the pres
invention includes: an ozone generator for generati
ozonized gas; an adsorption tower for causing the g
0zonized gas to be adsorbed to an adsorbent inside
adsorption tower; a standby unit for causing the oz
desorbed from the adsorbent in the adsorption tower
by; a pressure reducing device for reducing pressur
adsorption tower and the standby unit; an ozone sup
for supplying the desorbed ozonized gas to a supply
low-temperature coolant circulator for cooling the

and a control unit which controls a gas flow in a g

t
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path connecting the ozone generator, the adsorption
the standby unit, and the pressure reducing device,
cause the generated ozonized gas to be adsorbed to
adsorbent, and to desorb the ozonized gas adsorbed
adsorbent, thereby concentrating ozone, wherein the
unit performs control so that a pressure in the ads
tower in a standby state where the desorbed ozonize
caused to stand by in the standby unit becomes lowe
pressure in the adsorption tower in the adsorption.
[0007] An ozone supply method according to the pres
invention uses an ozone supply device including an
generator, an adsorption tower the inside of which
with an adsorbent, a standby unit for causing an oz
to stand by, a pressure reducing device, an ozone s
for supplying the ozonized gas, and a low-temperatu
circulator for cooling the adsorbent, the ozone sup
including: an adsorption step of introducing an 0zo
generated by the ozone generator into the adsorptio
and causing the ozonized gas to be adsorbed to the
adsorbent; a concentration step of reducing a press
adsorption tower by the pressure reducing device, t
ozone purity of a gas in the adsorption tower; a st

of sealing a concentrated high-purity ozonized gas
adsorption tower and the standby unit having reduce

pressures, and standing by; and a supply step of su
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the high-purity ozonized gas.

EFFECT OF THE INVENTION

[0008] The ozone supply device according to the pre
invention includes the standby unit for causing the

gas desorbed from the adsorbent in the adsorption t
stand by, and therefore it is possible to immediate

a high-purity ozonized gas at an optional timing, s
self-decomposition of ozone during the standby stat
increase the ozone usage efficiency.

[0009] The ozone supply method according to the pre
invention includes the standby step of sealing the
concentrated high-purity ozonized gas inside the ad
tower and the standby unit and standing by, and the

is possible to immediately supply a high-purity ozo

at an optional timing, suppress self-decomposition
during the standby state, and increase the ozone us

efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] [FIG. 1] FIG. 1 is a system schematic diagr
showing the configuration of an ozone supply device

to embodiment 1 of the present invention.

5/60
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[FIG. 2] FIG. 2 is a flowchart of an ozone supply

method according to embodiment 1 of the present inv

ention.
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[FIG. 3] FIG. 3 illustrates a comparative example
for the ozone supply device according to embodiment
present invention.

[FIG. 4] FIG. 4 is a process schematic diagram of
the ozone supply device according to embodiment 1 o
present invention.

[FIG. 5] FIG. 5 is a process schematic diagram of
the comparative example for the ozone supply device
to embodiment 1 of the present invention.

[FIG. 6] FIG. 6 is a system schematic diagram
showing another configuration of the ozone supply d
according to embodiment 1 of the present invention.

[FIG. 7] FIG. 7 is a system schematic diagram
showing another configuration of the ozone supply d
according to embodiment 1 of the present invention.

[FIG. 8] FIG. 8 is a system schematic diagram
showing another configuration of the ozone supply d
according to embodiment 1 of the present invention.

[FIG. 9] FIG. 9 is a system schematic diagram
showing another configuration of the ozone supply d
according to embodiment 1 of the present invention.

[FIG. 10] FIG. 10 is a system schematic diagram
showing the configuration of an ozone supply device
to embodiment 2 of the present invention.

[FIG. 11] FIG. 11 is a characteristics diagram

1 of the
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showing a relationship between the pressure in an a
tower and ozone purity, in the ozone supply device
to embodiment 2 of the present invention.

[FIG. 12] FIG. 12 is a system schematic diagram
showing the configuration of an ozone supply device
to embodiment 3 of the present invention.

[FIG. 13] FIG. 13 is a system schematic diagram
showing the configuration of an ozone supply device
to embodiment 4 of the present invention.

[FIG. 14] FIG. 14 is a system schematic diagram
showing the configuration of an ozone supply device
to embodiment 5 of the present invention.

[FIG. 15] FIG. 15 is a system schematic diagram
showing the configuration of an ozone supply device
to embodiment 6 of the present invention.

[FIG. 16] FIG. 16 is a system schematic diagram
showing the configuration of an ozone supply device
to embodiment 7 of the present invention.

[FIG. 17] FIG. 17 is a system schematic diagram
showing the configuration of an ozone supply device

to embodiment 9 of the present invention.

DESCRIPTION OF EMBODIMENTS
[0011] Embodiment 1

Embodiment 1 relates to an ozone supply device

dsorption

according

according

according

according

according

according
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including: an ozone generator; an adsorption tower
of which is filled with an adsorbent; a standby uni
causing an ozonized gas to stand by; a pressure red
device; an ozone supply unit for supplying an ozoni
low-temperature coolant circulator for cooling an a
and a control unit which causes an ozonized gas to
adsorbed to an adsorbent, and desorbs the ozonized
adsorbed to the adsorbent, to concentrate the ozoni
Embodiment 1 also relates to an ozone supply metho
including an adsorption step, a concentration step,
step, and a supply step.
[0012] Hereinafter, the configuration of the ozone
device and the ozone supply method according to emb
will be described with reference to FIG. 1 which is
schematic diagram showing the configuration of the
supply device, FIG. 2 which is a flowchart of the o
supply method, FIG. 3 which illustrates a comparati
FIG. 4 which is a process schematic diagram of the
supply device, FIG. 5 which is a process schematic
the comparative example, and FIG. 6 to FIG. 9 which
system schematic diagrams showing other configurati
ozone supply device.
In the system schematic diagrams, the same or
corresponding parts are denoted by the same referen

character.
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[0013] In explanation of embodiment 1, the configur
and the process summary of an ozone supply device i
comparative example will also be described for the
clarifying the features of the ozone supply device
ozone supply method of embodiment 1.

In the description, ozone purity is a term
indicating the ratio of the number of ozone particl
total number of particles in a subject gas, and the
pressure of ozone is a term indicating the absolute
ozone particles contained in unit volume, and thus
discriminated.
[0014]

First, the configuration of the ozone supply

of embodiment 1 will be described with reference to

FIG. 1 is a system schematic diagram showing the

configuration of the ozone supply device. The ozon
device 100 includes a raw material gas source 1, an
generator 2, an adsorption tower 3, a low-temperatu
circulator 5, a standby unit 7, a pressure reducing
an ozone supply unit 9, and a control unit 10.

[0015] A raw material gas containing oxygen is intr
from the raw material gas source 1 into the ozone g
and the raw material gas is ozonized. The ozonized
introduced into the adsorption tower 3 the inside o

filled with an adsorbent 4, and ozone in the ozoniz

adsorbed to the surface of the adsorbent 4.
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The adsorption tower 3 is surrounded by a low-

temperature coolant 6, and the low-temperature cool
circulator 5 circulates the low-temperature coolant
the adsorption tower 3, thereby keeping the tempera

the adsorbent 4 at a low temperature.

The outer wall of the standby unit 7 is thermally

insulated from the outside air by being coated with
insulating material or by means of vacuum insulatio
example, thereby preventing temperature increase of
ozonized gas sealed in the standby unit 7.

It is desirable that the inner wall surfaces of th
adsorption tower 3 and the standby unit 7 are passi
being exposed to an ozonized gas having a partial p
ozone higher than the partial pressure of ozone to
before the ozone supply device 100 is actually used
Passivating the inner wall surfaces of the adsorpti
and the standby unit 7 can suppress ozone decomposi
caused by contact between the inner wall surface an
[0016] At an adsorption tower inlet of a gas flow p
connecting the ozone generator 2 and the adsorption
a valve V1 is provided. At a standby unit inlet of
flow path connecting the adsorption tower 3 and the
unit 7, a valve V2 is provided, and this gas flow p
provided with a valve V3 for extracting gas and dis

the gas to outside of the system. At a pressure re

ant
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device inlet of a gas flow path connecting the stan
and the pressure reducing device 8, a valve V4 is p
The valves V1 to V4 are control valves and are cont
be opened/closed by the control unit 10. That is,
control unit 10 controls the valves V1 to V4 which
control valves, thereby controlling the gas flow in
flow paths.

The ozonized gas generated by the ozone supply
device 100 is supplied from the ozone supply unit 9
supply target 11.

[0017] Next, operation of the ozone supply device 1
be described.

Operation of the ozone supply device 100 includes:
an adsorption step of causing ozone to be adsorbed
cooled adsorbent 4; a concentration step of reducin
pressure of the adsorption tower 3 filled with the
4, to increase the ozone purity of the gas in the a
tower 3; a standby step of sealing the concentrated
purity ozonized gas in the adsorption tower 3 and t
unit 7 and standing by for an optional time period;
supply step of supplying the high-purity ozonized g
supply target 11.

[0018] Next, operation in each of the adsorption st
concentration step, the standby step, and the suppl

will be specifically described.
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In the adsorption step, the raw material gas
containing oxygen is introduced from the raw materi
source 1 into the ozone generator 2, and the ozone
2 ozonizes the raw material gas. The control unit
the valve V1 and the valve V3 and closes the valve
valve V4, the ozonized gas is introduced into the a

tower 3, and ozone is adsorbed to the cooled adsorb

As the adsorbent 4, a material that adsorbs ozone

in priority to gas components, such as oxygen, nitr
nitrogen oxide, (hereinafter, referred to as raw ma
components) other than ozone contained in the ozoni
is selected. As the adsorbent 4, silica gel is use
example. Owing to the adsorption property of the a
the ozone purity at the surface of the adsorbent 4
higher than the ozone purity in the ozonized gas.

The lower the temperature of the adsorbent 4 is,
the greater the amount of ozone adsorbed to the ads
is. Therefore, the low-temperature coolant circula
circulates the low-temperature coolant 6 around the
adsorption tower 3, to keep the temperature of the
4 at a low temperature. Ozone and the raw material
components that have failed to be adsorbed are disc
through the valve V3 to outside of the system.

When a predetermined condition is satisfied, e.g.,

the amount of ozone adsorbed to the adsorbent 4 rea

al gas
generator
10 opens
V2 and the
dsorption

ent 4.
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certain amount, a certain time period elapses, or a
shift signal is inputted from outside, the process
the concentration step.
[0019] In the concentration step, the raw material
components adsorbed to the adsorbent 4 is preferent
desorbed and discharged, whereby the ozone purity i
increased. In the concentration step, the valve V1
valve V3 are closed and the valve V2 and the valve
opened, and the pressure in the adsorption tower 3
using the pressure reducing device 8.
As the pressure reducing device 8, a vacuum pump o

an ejector is used, for example. In the case of us
vacuum pump as the pressure reducing device 8, sinc
secondary side of the vacuum pump has a positive pr
is not necessary to make the pressure of the supply
lower than the pressure of the adsorption tower 3,
the degree of freedom of the supply target 11 is in

Owing to the adsorption property of the adsorbent
the desorption rate of ozone from the adsorbent 4 i
than the desorption rate of the raw material gas co
from the adsorbent 4. Therefore, when the pressure
adsorption tower 3 is reduced, the raw material gas
components other than ozone in the adsorption tower
preferentially discharged, so that the ozone purity

adsorption tower 3 increases.

step

shifts to

gas
ially

S

and the
V4 are

is reduced

ing a

e the
essure, it
target 11
and thus

creased.

s lower
mponents

of the

3 are

in the



10

15

20

25

14/60

Thus, if the pressure reducing device 8 such as a
vacuum pump that has a positive pressure on the sec
side is provided at a stage preceding to the supply
it is possible to supply the ozonized gas to the su
target 11 in a state in which the pressure in the a
tower 3 is lower than the gas-phase pressure of the
target 11.
[0020] In the standby step, the control unit 10 clo
valve V1, the valve V3, and the valve V4, and the o
gas in the adsorption tower 3 having ozone purity i
through the concentration step is sealed in the ads
tower 3 and the standby unit 7.
The control unit 10 keeps the valve V1, the valve
V3, and the valve V4 closed during an optional time
to stand by for an ozone request signal.
[0021] Next, the supply step will be described.
When a set condition is satisfied, e.g., a
predetermined optional time period elapses or an 0z
request signal is inputted from outside, the ozone
device 100 shifts to the supply step to supply the
purity ozonized gas to the supply target 11 by the
supply unit 9 while keeping the adsorption tower 3
negative pressure using the pressure reducing devic
In the case where the supply target 11 requests a

gas-phase ozone, the ozone supply unit 9 is, for ex

ondary
target 11,
pply

dsorption
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ses the
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ncreased
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gas pipe or an ejector, and in the case where the s
target 11 requests liquid-phase ozone, the ozone su

9 is, for example, a diffuser pipe or an ejector.

case of using an ejector, one ejector may serve the

of the pressure reducing device 8 and the ozone sup
[0022] A process for generating and supplying a hig
purity ozonized gas by applying the ozone supply me
including the adsorption step, the concentration st
standby step, and the supply step as described abov
described with reference to the flowchart in FIG. 2
[0023] The ozone supply method of the present embod
includes the following steps 1 (S01) to 4 (S04), wh
performed using the ozone supply device 100 includi
ozone generator 2, the adsorption tower 3 the insid

is filled with the adsorbent 4, the standby unit 7
causing an ozonized gas to stand by, the pressure r
device 8, and the ozone supply unit 9 for supplying
ozonized gas to the supply target.

It is noted that the flowchart in FIG. 3 has
operation continuation determination processing add
5 (S05), thereby allowing continuation of operation
[0024] In the adsorption step of step 1 (S01), an o
gas generated in the ozone generator 2 is introduce
adsorption tower 3, and the ozonized gas is adsorbe

cooled adsorbent 4.

upply
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[0025] In the concentration step of step 2 (S02), t
pressure of the adsorption tower 3 is reduced by th
reducing device 8, to increase the ozone purity of
the adsorption tower 3.

[0026] In the standby step of step 3 (S03), the
concentrated high-purity ozonized gas is sealed in
adsorption tower 3 and the standby unit 7, to stand
an optional time period.

[0027] In the supply step of step 4 (S04), the high
ozonized gas is supplied from the ozone supply unit
[0028] In step 5 (S05), whether or not to continue
operation is determined. If the operation is conti
process returns to the adsorption step of step 1 (S
the operation is not continued, the operation of th
supply device 100 is finished.

[0029] Here, a general configuration of the ozone s
device in the comparative example will be described

reference to FIG. 3.
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introduced into the adsorption tower 3 filled with
adsorbent 4, and ozone in the ozonized gas is adsor
surface of the adsorbent 4. The low-temperature co
circulator 5 circulates the low-temperature coolant

the adsorption tower 3, thereby keeping the tempera
the adsorbent 4 at a low temperature. In the adsor
the valve V1 and the valve V3 are opened and the va
closed, and when a predetermined amount of ozone is
to the adsorbent, generation of ozone is stopped.

time of supplying ozone to the supply target 11, th

and the valve V3 are closed and the valve V2 is ope
ozone is desorbed from the adsorbent 4 in the adsor
tower 3, thereby intermittently supplying the high-
ozonized gas.

[0030]
are a method of reducing the pressure of the adsorp
3 and a method of increasing the temperature of the

adsorption tower 3.

Here, as typical methods for desorbing ozone
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In the ozone supply device of the comparative

example, since it is not necessary to continuously

the ozone generator 2, power consumption and raw ma
consumption can be suppressed, and it is possible t
high-purity (purity of 50% or higher) ozonized gas
cannot be generated by the ozone generator alone.

However, in the ozone supply device of the
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comparative example, desorption of ozone is started
ozone is requested. Therefore, there is a problem
impossible to supply ozone immediately in response
ozone request from the supply target 11.
[0031] In the ozone supply device 100 of the presen
embodiment 1, what is important is not merely havin
standby unit 7 and the standby step but also provid
standby step between the ozone supply step and the
concentration step in which the pressure of the ads
tower 3 is reduced. In a conventional concentrated
gas supply device, ozone self-decomposition reactio
standby state has not been focused on, and therefor
order of the standby step has not been set appropri
addition, the pressure reducing device 8 needs to o
both the concentration step and the supply step, an
therefore it is general to perform the concentratio
the supply step continuously.

In contrast, in the present invention, the standby
unit 7 is provided just before the pressure reducin
and the high-purity ozonized gas after the concentr
is caused to stand by in the standby unit 7. Thus,
possible to reduce a time lag after receiving an oz
request from the supply target 11 to supply of the
purity ozone, and greatly suppress self-decompositi

ozone in the standby step.

after
that it is

to an

t
g the

ing the

orption
ozonized
n during a
e the
ately. In
perate in
d

n step and

g device 8,
ation step
it is

one

high-

on of



10

15

20

25

[0032] The effect obtained by providing the standby

and providing the standby step after the concentrat
in the ozone supply device 100 of embodiment 1 will
described with reference to the process schematic d

FIGS. 4 and 5.

FIG. 4 shows an example of temporal changes in the

pressure, the ozone purity, and the partial pressur
in the adsorption tower 3 in each of the adsorption
concentration step, the standby step, and the suppl
the ozone supply device 100 of embodiment 1.

In FIG. 4, A indicates the pressure in the
adsorption tower 3, and B indicates an ozone reques
C indicates the ozone purity in the adsorption towe
indicates the partial pressure of ozone in the adso
tower 3, and E indicates the ozone decomposition am
during the standby state. It is noted that the ozo
decomposition amount (E) during the standby state c
to difference in the partial pressure of ozone in t
adsorption tower 3 between the start and the end of

standby step.

FIG. 5 shows an example of temporal change in the

pressure, the ozone purity, and the partial pressur
in the adsorption tower 3, in the ozone supply devi
comparative example in which the standby step is pr

before the concentration step.
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In FIG. 5, A indicates the pressure in the
adsorption tower 3, and B indicates an ozone reques
C indicates the ozone purity in the adsorption towe
indicates the partial pressure of ozone in the adso
tower 3, and E indicates the ozone decomposition am
during the standby state. Also in FIG. 5, the ozon
decomposition amount (E) during the standby state ¢
to difference in the partial pressure of ozone in t
adsorption tower 3 between the start and the end of
standby step.

[0033] In the ozone supply device 100 of embodiment
shown in FIG. 4, the ozonized gas in the adsorption
after the concentration step has high ozone purity,
therefore, by keeping the high ozone purity in the
step, it is possible to supply the high-purity ozon
immediately at the time of shifting to the supply s
addition, in the standby step, the pressure of the
tower 3 has been reduced, so that the ozone purity
but the partial pressure of ozone is low as compare
adsorption step. It is noted that, in the standby
pressure of the standby unit 7 as well as the adsor

tower 3 has been reduced.

On the other hand, in the ozone supply device of

the comparative example, as shown in FIG. 5, in the

step, the ozone purity in the adsorption tower 3 is

t signal.
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the partial pressure of ozone is high. Therefore, when
supply of ozone is requested, the concentration ste pis
performed, and thus a time lag occurs. In addition , from the
difference in the ozone decomposition amount (E) du ring the
standby state between FIG. 4 and FIG. 5, it is obvi ous that
ineffective consumption due to ozone self-decomposi tion
during the standby state is great.
[0034] As described above, in the ozone supply devi ce 100
of embodiment 1, ozone self-decomposition reaction is
suppressed and the generated ozone can be effective ly used.
Hereinafter, the effect of suppressing ozone self-
decomposition reaction will be described.
[0035] First, ozone self-decomposition reaction and the
ozone self-decomposition reaction rate will be desc ribed.
The ozone self-decomposition reaction is a
phenomenon in which ozone particles react with each other
before reacting with a processing target, and thus return to
oxygen molecules. If ozone self-decomposition reac tion
occurs, the usage efficiency of the generated ozone decreases.
[0036] The ozone self-decomposition reaction in a g as
phase is constituted of a plurality of elementary r eactions
of ozone (O  3), oxygen molecule (O 2), oxygen atom (O), and the

like, but generally, is represented by Equation 1.
0O3+0 3 -30, (Equation1)

While there have been a few report examples of a
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reaction rate coefficient k
Kinetics Database, Standard Reference Database 17,
7.0 (Web Version) Release 1.6.8

http://kinetics.nist.gov/kinetics/” has reported th

following value:

k r=7.47%x10 2 x exp(-9310/T) [cm
2),

where T [K] is the temperature.

An ozone self-decomposition reaction rate v
represented by the following equation:

vr=k rxCoz ?[/s] (Equation 3),

where Coz [/cm

That is, even under the same ozone purity, the
self-decomposition reaction becomes faster as the t
increases and as the partial pressure of ozone incr
[0037] For example, in the case where the ozone pur
10%, the partial pressure of ozone at 2 atm is twic
as the partial pressure of ozone at the atmospheric
and therefore the ozone self-decomposition reaction
atm is four times as high as the ozone self-decompo
reaction rate at the atmospheric pressure. Here, i
caused to stand by with the temperature of the adso
tower increased, the temperature in the adsorption

the standby step becomes higher than that in the ad

step, and ozone self-decomposition progresses faste

%] is the partial pressure of ozone.
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the usage efficiency of the generated ozone is redu
[0038] Next, effects as compared to the ozone suppl
device of the comparative example will be specifica
described through calculation of the ozone self-dec

reaction rate in the ozone supply device 100 of emb

23/60

First, regarding the ozone supply device of the

comparative example, the ozone self-decomposition r
the standby state will be calculated. In the compa
example, the standby step is entered without starti
desorption, and in the standby step, the temperatur
degrees Celsius, and the ozone purity is equal to o
than 35 wt% = 26 vol% at the atmospheric pressure.
time, the partial pressure of ozone is Coz = 7.09 x
[lcm 3]. Therefore, from Equation 3, the ozone self-

1 /s].

decomposition rate is v r=3.57 x 10

[0039] On the other hand, in the ozone supply devic
of embodiment 1, for example, in the case where ads
performed with ozone purity of 9.3 vol% at -15 degr
Celsius, ozone purity of 47 vol% is obtained by red

pressure in the adsorption tower 3 to an absolute p

20 kPa.

The ozone supply device 100 shifts to the standby

step in a state in which the pressure of the adsorp
3 is reduced and ozone is desorbed, and therefore,

partial pressure of ozone in the standby step is Co

omposition
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10%8 [/em 3]. In addition, in the concentration step and the
standby step, the temperatures of the adsorption to

the standby unit 7 are not increased, and therefore
temperatures of the adsorption tower 3 and the stan

are -15 degrees Celsius or lower, and the ozone sel
decomposition rate v RIS 7.26 x 10 % [/s] or lower. That is,
as compared to the ozone self-decomposition rate in

of shifting to the standby step at a high temperatu

with a high partial pressure of ozone as in the o0zo

device of the comparative example, in the ozone sup

100 of embodiment 1, the ozone self-decomposition r
standby step becomes about 1/50, and thus ozone con

in the standby step is greatly reduced.

[0040] As described above, in embodiment 1, the 0zo
supply device 100 is provided with the standby unit
causing an ozonized gas to stand by in a high ozone
state, and the ozone supply method is provided with
standby step for causing an ozonized gas to stand b

high ozone purity state. Therefore, it is possible

a high-purity ozonized gas immediately when an ozon
occurs from the supply target 11. Further, in the

step, the adsorption tower 3 and the standby unit 7

in a pressure-reduced state and the self-decomposit

of ozone is decreased, whereby ozone consumption du

standby state is reduced and the ozone usage effici

wer 3 and
the
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f-

the case

re and

ne supply
ply device
ate in the

sumption

ne
7 for
purity
the
yina
to supply
e request
standby
are kept
ion rate
ring the

ency is



10

15

20

25

25/60

increased.
[0041] Next, ozone supply devices having different
configurations from the ozone supply device 100 of
1 will be sequentially described.
First, an ozone supply device 101 shown in the

system schematic diagram in FIG. 6 will be describe

The difference from the ozone supply device 100 is

that the standby unit 7 is cooled by the low-temper
coolant 6. Thus, by cooling the standby unit 7 by
temperature coolant 6, the temperature of the stand
in the standby step becomes a low temperature equiv
the temperature of the adsorption tower 3, so that
self-decomposition rate in the standby unit 7 is de
Therefore, the usage efficiency of the stored ozone
increased.

In the ozone supply device 101 in FIG. 6, the low-
temperature coolant 6 flows through the standby uni
then the adsorption tower 3. However, the flow dir
be reversed, or the adsorption tower 3 and the stan
may be cooled in parallel.

[0042] Next, an ozone supply device 102 shown in th

system schematic diagram in FIG. 7 will be describe

The difference from the ozone supply device 100 is

that the adsorption tower 3 also has a function as

standby unit 7.

embodiment

ature

the low-
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In the concentration step, the pressure of the
adsorption tower 3 is reduced, and then when the pr
the adsorption tower 3 becomes lower than a predete
value, the control unit 10 closes the valve V2 to s
adsorption tower 3, and then shifts to the standby
the standby step, since the inside of the adsorptio
is in a pressure-reduced state, the ozone self-deco
rate can be kept small.

In the case where the adsorption tower 3 also has
function as the standby unit 7 as described above,
responsiveness of supply of high-purity ozone upon
request from the supply target 11 is slightly decre
compared to the ozone supply device 100. However,
standby unit 7 and the valve V4 are not provided, t
of members needed for the ozone supply device is de
and valve control by the control unit 10 is simplif
[0043] Next, an ozone supply device 103 shown in th

system schematic diagram in FIG. 8 will be describe

The difference from the ozone supply device 100 is

that a path through which a gas discharged from the
adsorption tower 3 in the adsorption step is circul
introduced into the ozone generator 2 again is prov

The ozonized gas (hereinafter, referred to as a
discharged gas) discharged from the adsorption towe

adsorption step is introduced into an ozone decompo

essure in
rmined
eal the
step. In
n tower 3

mposition
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he number
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tower 21 through the valve V3. Ozone in the ozoniz
that has failed to be adsorbed to the adsorbent 4 i
decomposed in the ozone decomposition tower 21, to
oxygen.

Since the discharged gas contains oxygen, the
discharged gas can be reused as a raw material gas.
Therefore, the discharged gas that has passed throu
ozone decomposition tower 21 is, after the pressure
is increased by a gas compressor 22, introduced as
material gas into the ozone generator 2 again.

In this way, if the discharged gas discharged from
the adsorption tower 3 is circulated and introduced
ozone generator 2 again, the raw material gas is re
whereby ozone manufacturing cost is reduced.

In the case where, in the adsorption step, ozone i
the ozonized gas is entirely adsorbed to the adsorb
that ozone is not contained in the gas discharged f
adsorption tower, the ozone decomposition tower 21
omitted.

[0044] Next, an ozone supply device 104 shown in th
system schematic diagram in FIG. 9 will be describe

The difference from the ozone supply device 100 is
that the ozone supply device 104 has a branch path
supplying the raw material gas from the raw materia

source 1 to the adsorption tower 3 not via the ozon

ed gas
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generator 2, and a flow rate controller 23 for cont
the flow rate of the raw material gas in the branch

The ozone purity of the ozonized gas outputted fro
the ozone supply device corresponds to the pressure
adsorption tower 3 in the supply step on a one-to-0
However, unless the pressure reducing device 8 or t
supply unit 9 has a pressure adjustment function, t
ozonized gas having the maximum ozone purity is alw
outputted in the supply step.

In the ozone supply device 104, in the ozone suppl
step, the raw material gas is introduced into the a
tower 3 and the flow rate of the raw material gas i
to adjust the pressure in the adsorption tower 3, w
purity of ozone in the ozonized gas to be desorbed
adsorbent 4 can be controlled.

Employing the configuration of the ozone supply
device 104 makes it possible to supply an ozonized
supply target 11 at desired purity equal to or lowe
maximum generated ozone purity even if the pressure
device 8 and the ozone supply unit 9 do not have a
adjustment function.
[0045] As described above, the ozone supply device
embodiment 1 includes: the ozone generator; the ads
tower the inside of which is filled with an adsorbe

standby unit for causing an ozonized gas to stand b

rolling

path.

in the
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he ozone
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reducing
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y; the



10

15

20

25

pressure reducing device; the ozone supply unit for
the ozonized gas; the low-temperature coolant circu
which cools the adsorbent; and the control unit whi
the ozonized gas to be adsorbed to the adsorbent, a
the ozonized gas adsorbed to the adsorbent, to conc
the ozonized gas, wherein the standby unit causes t
ozonized gas to stand by in a high ozone purity sta
addition, the ozone supply method includes the adso
step, the concentration step, the standby step, and
supply step, wherein, in the standby step, the ozon

is caused to stand by in a high ozone purity state.

29/60

Therefore, the ozone supply device and the ozone

supply method of embodiment 1 make it possible to s
high-purity ozonized gas immediately when an ozone
occurs from the supply target. Further, in the sta

the adsorption tower and the standby unit are kept

pressure-reduced state, and the self-decomposition

ozone is reduced, whereby ozone consumption during

standby state is reduced and the ozone usage effici
increased.

[0046] Embodiment 2

An ozone supply device of embodiment 2 is

configured by adding a pressure gauge to the ozone
device 100 of embodiment 1, thereby controlling the

in the adsorption tower 3 and the standby unit 7.
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[0047] Hereinafter, the ozone supply device of embo

2 will be described focusing on the difference from
embodiment 1, with reference to FIG. 10 which is a
schematic diagram showing the configuration thereof
11 which is a characteristics diagram showing the
relationship between the pressure in the adsorption
the ozone purity. In FIG. 10, parts that are the s
correspond to those in FIG. 1 in embodiment 1 are d
the same reference characters.

[0048] The basic configuration of the ozone supply
in embodiment 2 is the same as that of the ozone su
device 100 in embodiment 1, but in the ozone supply
200, a pressure gauge 204 is provided at the stage
to the adsorption tower 3. The pressure gauge 204
the pressure at the stage subsequent to the adsorpt
3 in the concentration step, and transmits the meas

result to the control unit 10.

On the condition that the measurement value of the

pressure gauge 204 has become smaller than a predet
pressure value in the concentration step, the contr
outputs a command for shifting to the standby step.
[0049] Here, the inventors have found that, in the
concentration step and the supply step, the ozone p
the ozonized gas outputted from the adsorption towe

uniquely depends on the pressure in the adsorption

diment

system

and FIG.

tower and
ame as or

enoted by

device
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measures
ion tower

urement
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without depending on the temperature in the adsorpt
3.

FIG. 11 shows the dependency of the ozone purity o
the supplied ozonized gas on the pressure in the ad
tower 3 when the temperature in the adsorption towe
changed, and it is clearly shown that the dependenc
change by the temperature in the adsorption tower 3
noted that, in FIG. 11, the horizontal axis indicat
pressure (arbitrary unit) in the adsorption tower,
vertical axis indicates the ozone density (arbitrar
the outlet of the adsorption tower.

[0050] From the above result, it is found that, by
pressure values corresponding to desired ozone puri
advance, it is possible to shift to the standby ste
desired ozone purity even if the temperature of the
adsorption tower 3 changes. Thus, it becomes possi
perform high-speed control by controlling the ozone
the adsorption tower 3 by referring to the pressure

In the present embodiment 2, as in the ozone suppl
device 101 (FIG. 6), the standby unit 7 may be cool
low-temperature coolant 6. As in the ozone supply
(FIG. 7), the adsorption tower 3 may also have a fu
the standby unit 7. As in the ozone supply device
8), an oxygen recycling mechanism may be provided.

ozone supply device 104 (FIG. 9), a raw material ga

ion tower

sorption
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introduction line for ozone purity adjustment may b
[0051] As described above, the ozone supply device
embodiment 2 is configured by adding the pressure g
the ozone supply device of embodiment 1, thereby co
the pressure in the adsorption tower and the standb
Therefore, as in the ozone supply device of embodim
high-purity ozonized gas can be supplied immediatel
ozone request occurs from the supply target, ozone
consumption during the standby state is reduced, an
ozone usage efficiency can be increased. Further,
performing process control by referring to the pres
high-speed control responsiveness can be obtained.
[0052] Embodiment 3

An ozone supply device of embodiment 3 is
configured by adding an ozone meter to the ozone su
device 100 of embodiment 1, thereby controlling the
purity and the partial pressure of ozone in the ads
tower 3 and the standby unit 7.
[0053] Hereinafter, the ozone supply device of embo
3 will be described focusing on the difference from
embodiment 1, with reference to FIG. 12 which is a
schematic diagram showing the configuration thereof
12, parts that are the same as or correspond to tho

1 in embodiment 1 are denoted by the same reference

characters.
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[0054] The basic configuration of the ozone supply
300 in embodiment 3 is the same as that of the ozon
device 100 in embodiment 1, but in the ozone supply
300, an ozone meter 24 is provided at the stage sub

the adsorption tower 3.

The ozone meter 24 measures the ozone purity and

the partial pressure of ozone in the adsorption tow

the concentration step, and transmits the measureme

to the control unit 10.

[0055] The control unit 10 allows shifting to the s

step when the following two conditions are both sat
(Condition 1) The ozone purity in the adsorption

tower 3 in the concentration step has reached purit

or greater than predetermined target ozone purity.
(Condition 2) The partial pressure of ozone in th

adsorption tower 3 in the concentration step is low

the partial pressure of ozone in the adsorption tow

the adsorption step.
If (Condition 1) is satisfied, it is possible to

supply a high-purity ozonized gas immediately at th

shifting from the standby step to the supply step.

addition, if (Condition 2) is satisfied, ozone self

decomposition in the standby step is suppressed.

[0056] In the control unit 10, it is possible to se

respective values of the ozone purity and the parti
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pressure of ozone as conditions for allowing shifti
the concentration step to the standby step. By set
shift-allowed conditions of the ozone purity and th
pressure of ozone, it becomes possible to control t
pressure of ozone at the time of shifting from the
concentration step to the standby step, thereby obt
effect of suppressing ozone self-decomposition to a

degree.

34/60
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In the ozone supply device 300 of embodiment 3,

shifting to the standby step is allowed when two co

of the ozone purity and the partial pressure of 0zo
satisfied. However, shifting to the standby step m
allowed when one of the conditions is satisfied.

[0057] In the present embodiment 3, as in the ozone
device 101 (FIG. 6), the standby unit 7 may be cool
low-temperature coolant 6. As in the ozone supply

(FIG. 7), the adsorption tower 3 may also have a fu

the standby unit 7. As in the ozone supply device

8), an oxygen recycling mechanism may be provided.
ozone supply device 104 (FIG. 9), a raw material ga
introduction line for ozone purity adjustment may b
[0058] As described above, the ozone supply device
embodiment 3 is configured by adding the ozone mete
ozone supply device of embodiment 1, thereby contro

ozone purity and the partial pressure of ozone in t
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adsorption tower and the standby unit. Therefore,
ozone supply device of embodiment 1, a high-purity
gas can be supplied immediately when an ozone reque
from the supply target, ozone consumption during th
state is reduced, and the ozone usage efficiency ca
increased. Further, the ozone self-decomposition r
optionally controlled, thereby obtaining an effect
increasing the ozone usage efficiency to a desired
[0059] Embodiment 4

An ozone supply device of embodiment 4 is
configured by adding a thermometer and a coolant te
control unit for controlling the temperature of a |
temperature coolant, to the ozone supply device 100
embodiment 1.
[0060] Hereinafter, the ozone supply device of embo
4 will be described focusing on the difference from
embodiment 1, with reference to FIG. 13 which is a
schematic diagram showing the configuration thereof
13, parts that are the same as or correspond to tho
1 in embodiment 1 are denoted by the same reference
characters.
[0061] The basic configuration of the ozone supply
400 in embodiment 4 is the same as that of the ozon

device 100 in embodiment 1, but the ozone supply de

is provided with a thermometer 25 for measuring the

35/60
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temperature in the adsorption tower 3, and a coolan
temperature control unit 26 for controlling the tem

of the low-temperature coolant 6. The control unit
controls the temperature in the adsorption tower 3,
thermometer 25 and the coolant temperature control
[0062] In the present embodiment 4, the temperature
adsorption tower 3 in the standby step is set to a
temperature equal to or lower than the temperature
adsorption tower 3 in the adsorption step. Thus, t
decomposition rate coefficient of ozone represented
Equation 2 in the standby step is decreased, and 0z
decomposition is suppressed. Actually, when ozone
material gas components are desorbed from the adsor
heat of vaporization is taken from the adsorbent 4
ambient gas, so that the inside of the adsorption t
naturally cooled in the concentration step. Theref
considered that the amount of cold heat needed for
temperature coolant 6 is extremely small.

[0063] It is preferable that difference in the ozon
decomposition amount between the case of performing
of the adsorption tower 3 in the standby step and t

not performing the cooling is calculated, the power
needed for the cooling is compared with the ozone g
cost corresponding to the difference in the ozone

decomposition amount, and the temperature of the ad

t
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tower 3 in the standby step is set so that the powe
the cooling becomes smaller than the ozone generati
[0064] In the present embodiment 4, as in the ozone
device 101 (FIG. 6), the standby unit 7 may be cool
low-temperature coolant 6. As in the ozone supply

(FIG. 7), the adsorption tower 3 may also have a fu

the standby unit 7. As in the ozone supply device

8), an oxygen recycling mechanism may be provided.
ozone supply device 104 (FIG. 9), a raw material ga
introduction line for ozone purity adjustment may b
[0065] As described above, the ozone supply device
embodiment 4 is configured by adding the thermomete
coolant temperature control unit for controlling th
temperature of the low-temperature coolant, to the
supply device of embodiment 1. Therefore, as in th
supply device of embodiment 1, a high-purity ozoniz

be supplied immediately when an ozone request occur
supply target, ozone consumption during the standby
reduced, and the ozone usage efficiency can be incr
Further, the self-decomposition rate coefficient of

during the standby state is decreased, whereby ozon
decomposition can be suppressed.

[0066] Embodiment 5

An ozone supply device of embodiment 5 is

configured by adding a communication unit for perfo
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signal transmission/reception between the supply ta
the control unit, to the ozone supply device 100 of
embodiment 1.

[0067] Hereinafter, the ozone supply device of embo
5 will be described focusing on the difference from
embodiment 1, with reference to FIG. 14 which is a
schematic diagram showing the configuration thereof
14, parts that are the same as or correspond to tho

1 in embodiment 1 are denoted by the same reference
characters.

[0068] The basic configuration of the ozone supply
500 in embodiment 5 is the same as that of the ozon
device 100 in embodiment 1, but the ozone supply de
is provided with a communication unit 27 for perfor
signal transmission/reception between the supply ta
and the control unit 10. Further, a valve V5 is pr

a gas flow path connecting the pressure reducing de
the ozone supply unit 9.

[0069] In a state in which the adsorption step and
concentration step have been completed in advance a
process has shifted to the standby step, the contro
stands by for an ozone request signal. When ozone
the supply target 11 outputs an ozone request signa
ozone request signal is inputted to the control uni

through the communication unit 27.
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When having received the ozone request signal, the

control unit 10 starts operation of the pressure re
device 8 and at the same time, opens the valves V4
supply the high-purity ozone to the supply target 1
[0070] In addition, an ozone discharge valve may be
provided at the stage subsequent to the valve V5, a
ozonized gas discharged from the pressure reducing
the concentration step may be discharged from the o
discharge valve. In this case, it is possible to d

from the ozone discharge valve, an ozonized gas hav
equal to or lower than set purity in the concentrat

Thus, an ozonized gas having purity equal to or low

set purity is prevented from being supplied to the

target 11, whereby an ozonized gas having stable pu

be supplied to the supply target 11.

[0071] In the present embodiment 5, as in the ozone
device 101 (FIG. 6), the standby unit 7 may be cool
low-temperature coolant 6. As in the ozone supply

(FIG. 7), the adsorption tower 3 may also have a fu

the standby unit 7. As in the ozone supply device

8), an oxygen recycling mechanism may be provided.
ozone supply device 104 (FIG. 9), a raw material ga
introduction line for ozone purity adjustment may b
[0072]

As described above, the ozone supply device

embodiment 5 is configured by adding the communicat

39/60
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for performing signal transmission/reception betwee
supply target and the control unit, to the ozone su
device of embodiment 1. Therefore, as in the ozone
device of embodiment 1, a high-purity ozonized gas
supplied immediately when an ozone request occurs f
supply target, ozone consumption during the standby
reduced, and the ozone usage efficiency can be incr
Further, the following effect is obtained: even if
o0zone processing sharply varies in the supply targe
need of ozone suddenly arises, it is possible to su
purity ozone immediately.
[0073] Embodiment 6

An ozone supply device of embodiment 6 includes a
plurality of standby units 7 in parallel, under the
assumption of supplying ozonized gases to a plurali
supply targets.

Hereinafter, the ozone supply device of embodiment
7 will be described focusing on the difference from
embodiment 1, with reference to FIG. 15 which is a
schematic diagram showing the configuration thereof
15, parts that are the same as or correspond to tho
1 in embodiment 1 are denoted by the same reference
characters.
[0074] The basic configuration of the ozone supply

600 of embodiment 6 is the same as that of the ozon
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device 100 of embodiment 1, but the ozone supply de
is provided with two standby units (first standby u
second standby unit 7B) and two pressure reducing d
(first pressure reducing device 8A, second pressure
device 8B) in parallel.

In the ozone supply device 600, a valve V6 is
provided on a gas flow path connecting the adsorpti
and the second standby unit 7B, a valve V7 is provi
gas flow path connecting the second standby unit 7B
second pressure reducing device 8B, a valve V8 is p
a gas flow path connecting the first pressure reduc
8A and the ozone supply unit 9, and a valve V9 is p
a gas flow path connecting the second pressure redu
device 8B and the ozone supply unit 9. Further, a
for discharging a gas to outside of the system is p
the outlet of the first pressure reducing device 8A
valve V11 for discharging a gas to outside of the s
provided at the outlet of the second pressure reduc
8B.

In the ozone supply device 600, the control unit 1
controls the valves V1 to V4 and V6 to V11, thereby
a high-purity ozonized gas to the supply target 11.
[0075] The ozone supply device 600 including the tw
standby units (first standby unit 7A, second standb

and the two pressure reducing devices (first pressu

vice 600
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evices

reducing

on tower 3
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reducing device 8A, second pressure reducing device
causes ozone stored in the adsorption step to stand
first standby unit 7A, using the first pressure red
device 8A. Thereafter, at a desired timing, the va

the valve V10 are closed and the valve V8 is opened

supply the high-purity ozonized gas to the supply t

While the high-purity ozonized gas is being

supplied from the standby unit 7A, ozone is stored
adsorption tower 3 and thereafter the high-purity o
gas is caused to stand by in the second standby uni
using the second pressure reducing device 8B. Afte
of the high-purity ozonized gas from the first stan

7A is completed, the valves V6, V8, V10, V11 are cl
the valve V9 is opened, to supply the high-purity o
gas from the standby unit 7B to the supply target 1
this way, it becomes possible to continuously suppl
high-purity ozonized gas to the supply target 11.
[0076] In FIG. 15, the first standby unit 7A and th
second standby unit 7B supply the gas to the same s
target 11. However, the standby units (first stand
second standby unit 7B) may respectively supply the
individual supply targets. In addition, also in th
where three or more standby units are provided, the
operation is performed in which, while an ozonized

being supplied from one standby unit, ozone is stor

8B)

by in the
ucing
Ive V3 and
, to

arget 11.
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adsorption tower 3 and thereafter the ozonized gas

to stand by in another standby unit.

Also regarding the adsorption tower 3, a plurality

of adsorption towers corresponding to the respectiv
units may be provided. In this case, while an ozon

is being supplied from one adsorption tower, ozone
stored in another adsorption tower. Therefore, the
waste of time.

[0077] In embodiment 6, the ozone supply device hav
standby units (first standby unit 7A, second standb
and two pressure reducing devices (first pressure r
device 8A, second pressure reducing device 8B) in p
has been described. However, a configuration of ha
standby units and one pressure reducing device may
employed, and in this case, by providing a bypass g
path and performing switching by a valve, it is pos
continuously supply the high-purity ozonized gas to
supply target 11.

[0078] In the present embodiment 6, as in the ozone
device 101 (FIG. 6), the standby unit 7 may be cool
low-temperature coolant 6. As in the ozone supply
(FIG. 7), the adsorption tower 3 may also have a fu
the standby unit 7. As in the ozone supply device

8), an oxygen recycling mechanism may be provided.
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introduction line for ozone purity adjustment may b
[0079] As described above, the ozone supply device
embodiment 6 is configured by providing a plurality
standby units and a plurality of pressure reducing
the ozone supply device of embodiment 1. Therefore
the ozone supply device of embodiment 1, a high-pur
ozonized gas can be supplied immediately when an oz
request occurs from the supply target, ozone consum
during the standby state is reduced, and the ozone
efficiency can be increased. Further, in the case
supply target issues an ozone request for a long ti
possible to continuously supply the high-purity ozo
In addition, also in the case where there are a plu
supply targets, it is possible to supply high-purit
gases to the respective supply targets at optional
[0080] Embodiment 7

An ozone supply device of embodiment 7 is
configured by adding a storage unit for storing at
of an ozone supply interval and an ozone supply tim
ozone supply device 100 of embodiment 1.
[0081] Hereinafter, the ozone supply device of embo
7 will be described focusing on the difference from
embodiment 1, with reference to FIG. 16 which is a

schematic diagram showing the configuration thereof

16, parts that are the same as or correspond to tho
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1 in embodiment 1 are denoted by the same reference
characters.

[0082] The basic configuration of the ozone supply
700 in embodiment 7 is the same as that of the ozon
device 100 in embodiment 1, but the ozone supply de
is provided with a storage unit 28 for storing at |

of an ozone supply interval and an ozone supply tim
[0083] The storage unit 28 estimates a time interva
the next ozone supply, using data of ozone supply i

or ozone supply times accumulated therein, and tran
estimated time interval to the control unit 10.
Alternatively, the storage unit 28 may transmit dat
supply intervals or ozone supply times to the contr
and the control unit 10 may estimate a time interva

the next ozone supply.

45/60

After having obtained the time interval until the

next ozone supply, the control unit 10 controls the
generator 2, the adsorption tower 3, and the valves

so that, just before a predicted time when the next
supply is started, the adsorption step and the conc
step are finished to shift to the standby step.

[0084] In the ozone supply device 700 (FIG. 16), th
storage unit 28 is provided outside the control uni
However, the control unit 10 may also have a functi

storage unit 28.
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In addition, if the storage unit 28 stores not onl

ozone supply intervals but also the purity of suppl
the flow rate of supplied ozonized gas, the ozonize
purity in the adsorption step, the pressure in the
tower 3 in the adsorption step, and the like, it be

to output the ozonized gas with the same condition
the next ozone supply, and thus a time required for
adjustment of these parameters can be shortened.
[0085] In the present embodiment 7, as in the ozone
device 101 (FIG. 6), the standby unit 7 may be cool
low-temperature coolant 6. As in the ozone supply

(FIG. 7), the adsorption tower 3 may also have a fu

the standby unit 7. As in the ozone supply device

8), an oxygen recycling mechanism may be provided.
ozone supply device 104 (FIG. 9), a raw material ga
introduction line for ozone purity adjustment may b
[0086] As described above, the ozone supply device
embodiment 7 is configured by adding the storage un
storing at least one of an ozone supply interval an
supply time, to the ozone supply device of embodime
Therefore, as in the ozone supply device of embodim
high-purity ozonized gas can be supplied immediatel
ozone request occurs from the supply target, ozone

consumption during the standby state is reduced, an

ozone usage efficiency can be increased. Further,

ied ozone,
d gas
adsorption
comes easy

also in
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nction as
103 (FIG.
As in the
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standby period in the standby step can be shortened
ozone self-decomposition amount is reduced, whereby
usage efficiency can be increased.

[0087] Embodiment 8

In an ozone supply device of embodiment 8, the

inner wall surfaces of the adsorption tower 3 and t

unit 7 are subjected to a surface process in order
suppress ozone decomposition inside the adsorption
and the standby unit 7.

[0088] The ozone supply device of embodiment 8 will
described focusing on the difference from embodimen
reference to FIG. 1 which is the system schematic d
showing the basic configuration of the ozone supply
[0089] In the ozone supply device 1 of embodiment 1
partial pressure of ozone is low in the standby ste
therefore, as compared to a state in which the part
pressure of ozone is high, ozone self-decomposition
phase is suppressed, and an influence of ozone deco
reaction at the wall surfaces of the adsorption tow

the standby unit 7 relatively increases.

The ozone supply device of embodiment 8 has the

adsorption tower 3 and the standby unit 7 having in
surfaces subjected to a surface process for suppres
decomposition.

As the surface process for suppressing ozone

, the

the ozone
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decomposition, a process of reducing surface irregu
mechanical polishing, electropolishing, or the like
process of reducing chemical reactivity at the surf
fluororesin coating, metal oxide coating, or the li
applied, for example.

It is noted that the inner wall surface of only on
of the adsorption tower 3 and the standby unit 7 ma
subjected to the surface process.

[0090] In the present embodiment 8, as in the ozone
device 101 (FIG. 6), the standby unit 7 may be cool
low-temperature coolant 6. As in the ozone supply

(FIG. 7), the adsorption tower 3 may also have a fu

the standby unit 7. As in the ozone supply device

8), an oxygen recycling mechanism may be provided.
ozone supply device 104 (FIG. 9), a raw material ga
introduction line for ozone purity adjustment may b
[0091] As described above, the ozone supply device
embodiment 8 is obtained by performing a surface pr
suppressing ozone decomposition on the inner wall s
the adsorption tower 3 and the standby unit 7 of th
supply device 100 of embodiment 1, for the purpose
suppressing ozone decomposition in the standby step
Therefore, as in the ozone supply device of embodim
high-purity ozonized gas can be supplied immediatel

ozone request occurs from the supply target, ozone
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consumption during the standby state is reduced, an
ozone usage efficiency can be increased. Further,
decomposition at the inner surfaces of the adsorpti
and the standby unit in the standby step is suppres
whereby the ozone usage efficiency can be further i
[0092] Embodiment 9

An ozone supply device of embodiment 9 is
configured by providing a liquid supply unit and a
mixing device to the ozone supply device 100 of emb
under the assumption of supplying ozone in a soluti
to the processing target.
[0093] Hereinafter, the ozone supply device of embo
9 will be described focusing on the difference from
embodiment 1, with reference to FIG. 17 which is a
schematic diagram showing the configuration thereof
17, parts that are the same as or correspond to tho
1 in embodiment 1 are denoted by the same reference
characters.
[0094] The basic configuration of the ozone supply
900 in embodiment 9 is the same as that of the ozon
device 100 in embodiment 1, but the ozone supply de
is provided with a liquid supply unit 29 and a gas-
mixing device 30 under the assumption of supplying

solution state to the processing target.

49/60
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but in some cases, a solution to which a pH conditi
as acid or hydroxide is added, or slurry can be use
example.
[0095] An example of a processing device that requi
supply ozone in a solution state to the processing
a cleaning device for a filter or a separation memb
water and sewage treatment.
As the gas-liquid mixing device 30, an ejector or
diffuser pipe is used, for example.
When an ozone request occurs from the supply targe
11, the control unit 10 controls the liquid supply
supply a liquid to the gas-liquid mixing device 30.
point when preparation for gas-liquid mixing has be
the control unit 10 opens the valve V2 and the valv
sucks the ozonized gas from the adsorption tower 3
standby unit 7 using the pressure reducing device 8
supplies the ozonized gas to the gas-liquid mixing
to generate an ozone solution 31.
[0096] Here, in the case of using an ejector ora d
pipe as the gas-liquid mixing device 30, it is desi
the ozonized gas to be supplied to the gas-liquid m
device 30 has a positive pressure, in order to prev
reverse flow of the liquid.
In this case, as the pressure reducing device 8, a

vacuum pump or the like that allows the primary sid

oner such

d, for

res to
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(preceding stage) of the pressure reducing device 8
negative pressure and the secondary side (subsequen
to have a positive pressure, is suitable. However,
secondary side of the pressure reducing device 8 ha
positive pressure, the ozonized gas on the secondar
high ozone purity and a positive pressure, and ther
partial pressure of ozone becomes very high, so tha
self-decomposition reaction becomes active. Theref
desirable that a gas flow path connecting the press
reducing device 8 and the gas-liquid mixing device
short as possible.

[0097] By providing the liquid supply unit 29 and t
liquid mixing device 30, even for the supply target
requires ozone processing in liquid phase, the ozon
31 can be supplied immediately in response to an 0z
request, and in addition, since ozone self-decompos
during the standby state is suppressed, the ozone u
efficiency is increased.

[0098] In the present embodiment 9, as in the ozone
device 101 (FIG. 6), the standby unit 7 may be cool
low-temperature coolant 6. As in the ozone supply

(FIG. 7), the adsorption tower 3 may also have a fu

the standby unit 7. As in the ozone supply device

8), an oxygen recycling mechanism may be provided.
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introduction line for ozone purity adjustment may b
[0099] As described above, the ozone supply device
embodiment 9 is configured by providing the liquid

unit and the gas-liquid mixing device to the ozone
device 100 of embodiment 1, under the assumption of
ozone in a solution state to the processing target.
Therefore, as in the ozone supply device of embodim
high-purity ozonized gas can be supplied immediatel
ozone request occurs from the supply target, ozone
consumption during the standby state is reduced, an
ozone usage efficiency can be increased. Further,

the supply target that requires ozone processing in
phase, the ozone solution can be supplied immediate
response to an ozone request.

[0100] Within the scope of the present invention, t
above embodiments may be freely combined with each
each of the above embodiments may be modified or si

as appropriate.

INDUSTRIAL APPLICABILITY

[0101] The present invention enables improvement in
responsiveness of supply of concentrated ozone upon
request and enables increase in ozone usage efficie
Therefore, the present invention is widely applicab

ozone supply devices and ozone supply methods for
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concentrating and storing ozone.
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CLAIMS

[1] An ozone supply device comprising:

an ozone generator for generating an ozonized gas;

an adsorption tower for causing the generated
0zonized gas to be adsorbed to an adsorbent inside the
adsorption tower;

a standby unit for causing the ozonized gas
desorbed from the adsorbent in the adsorption tower to stand
by;

a pressure reducing device for reducing pressures
of the adsorption tower and the standby unit;

an ozone supply unit for supplying the desorbed
ozonized gas to a supply target;

a low-temperature coolant circulator for cooling
the adsorbent; and

a control unit which controls a gas flow in a gas

flow path connecting the ozone generator, the adsor ption
tower, the standby unit, and the pressure reducing device, so
as to cause the generated ozonized gas to be adsorb ed to the
cooled adsorbent, and to desorb the ozonized gas ad sorbed to

the adsorbent, thereby concentrating ozone, wherein

the control unit performs control so that a
pressure in the adsorption tower in a standby state where the
desorbed ozonized gas is caused to stand by in the standby

unit becomes lower than a pressure in the adsorptio n tower in
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the adsorption.

[2] The ozone supply device according to claim 1,

wherein

the pressure reducing device is provided at a stag

preceding to the supply target, and

at a time of supplying the ozonized gas to the
supply target, the pressure reducing device causes
in the adsorption tower to be lower than a gas-phas

of the supply target.

[3] The ozone supply device according to claim 1 or
further comprising a pressure gauge on the gas flow
between the adsorption tower and the standby unit,

the control unit performs shifting to the standby
state on a condition that a pressure in the adsorpt

has become lower than a predetermined pressure.

[4] The ozone supply device according to any one of
claims 1 to 3, further comprising an ozone meter on
flow path between the adsorption tower and the stan
wherein

the ozone meter measures a partial pressure of
ozone in the gas flow path, and

the control unit sets, as a step shift condition,

a pressure

€ pressure

path

wherein

ion tower

the gas

dby unit,
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an optional partial pressure of ozone lower than a
pressure of ozone in the ozonized gas introduced fr
o0zone generator into the adsorption tower in the ad
and performs shifting to the standby state on a con
that a partial pressure of ozone in the adsorption
become lower than the partial pressure of ozone set

step shift condition.

[5] The ozone supply device according to any one of
claims 1 to 4, further comprising an ozone meter on
flow path between the adsorption tower and the stan
wherein

the ozone meter measures ozone purity in the gas
flow path, and

the control unit performs shifting to the standby
state on a condition that ozone purity in the adsor
tower has reached purity equal to or higher than

predetermined ozone purity.

[6] The ozone supply device according to any one of
claims 1 to 5, further comprising a thermometer for

a temperature in the adsorption tower, and a temper
adjusting device for adjusting a temperature of the

wherein

the control unit controls a temperature of the

partial
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adsorbent in the standby state to be equal to or lo

temperature of the adsorbent in the adsorption.

[7] The ozone supply device according to any one of
claims 1 to 6, further comprising a communication u
performing signal transmission/reception between th
target and the control unit, wherein

when an ozone request occurs from the supply targe
the control unit receives the ozone request, and co
pressure reducing device and the gas flow to supply

ozonized gas to the supply target.

[8] The ozone supply device according to any one of
claims 1 to 7, wherein

the standby unit comprises a plurality of standby
units provided in parallel, and

the concentrated ozonized gas is supplied to one o

a plurality of the supply targets.

[9] The ozone supply device according to any one of
claims 1 to 8, further comprising a storage unit fo
at least one of an ozone supply interval and an 0zo
time, wherein
the control unit estimates a next ozone supply

timing, using ozone supply data accumulated in the
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unit, and controls the ozone generator and the gas
that the adsorption and the concentration are compl

immediately before the ozone supply timing.

[10] The ozone supply device according to any one o

claims 1 to 9, wherein

both or one of the adsorption tower and the standb

unit has an inner wall surface subjected to a proce

suppressing ozone decomposition.

[11] The ozone supply device according to any one o
claims 1 to 10, wherein

the ozone supply unit includes a liquid supply uni
and a gas-liquid mixing device, wherein

the concentrated ozonized gas is dissolved in a
liquid using the gas-liquid mixing device, to gener
ozone solution, and the ozone solution is supplied

supply target.

[12] An ozone supply method using an ozone supply d
including an ozone generator, an adsorption tower t

of which is filled with an adsorbent, a standby uni

causing an ozonized gas to stand by, a pressure red

device, an ozone supply unit for supplying the ozon

and a low-temperature coolant circulator for coolin

flow so

eted

ss for

ate an

to the

evice
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adsorbent, the ozone supply method comprising:

an adsorption step of introducing an ozonized gas
generated by the ozone generator into the adsorptio
and causing the ozonized gas to be adsorbed to the
adsorbent;

a concentration step of reducing a pressure of the
adsorption tower by the pressure reducing device, t
ozone purity of a gas in the adsorption tower;

a standby step of sealing a concentrated high-
purity ozonized gas inside the adsorption tower and
standby unit having reduced pressures, and standing

a supply step of supplying the high-purity ozonize

gas.

n tower,

cooled

0 increase
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