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ABSTRACT

A method and apparatus for manufacturing high
concentration ozone gas, characterized by employing a pressure
swing adsorbing apparatus having a plurality of adsorbing
layers filled with ozone adsorbent , inwhich the ozone adsorbent
is one or two or more kinds of adsorbent selected from the group
consisting of high silica pentasyl zeolite, dealuminized
fogersite, and mesoporous silicate. A method and apparatus for
manufacturing high concentration ozone gas, characterized by
employing a TSA adsorbing system, discharging oxygen
éoncentrated gas at a relatively low temperature from the
adsorbing layers, passing purge gas at a relatively high
temperature into the adsorbing layers in the desorbing process
in an opposite direction of the gas £flow in the adsorbing process,
and recovering the concentrated ozone gas continuously, in
which the ozone adsorbent is one or two or more kinds of above
adsorbent, and the gas containing ozone from the ozone
generating apparatus is cooled by the oxygen concentrated gas
at a relatively low temperature £flowing out from the adsorbing

layers in the adsorbing process.
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Method and apparatus for manufacturing

high concentration ozone gas

Background of the Invention

The present invention relates to a manufacturing method
of high concentration ozone gas and an apparatus thereof using
a pressure swing adsorption apparatus (PSA apparatus) having
plural adsorbing layers filled with a specific hiéh silica ozone
adsorbent large in the difference of ozone adsorbing amount
between adsorption pressure and desorption pressure, that is,
the ozone adsorbing capability.

The invention also relates to a manufacturing method of
high concentration ozone gas and an -apparatus thereof for
concentrating ozone by a temperature swing adsorption system -
for changing over an ozone adsorbing process at a relatively
low temperature and ari ozone recovery précess at a relatively’
high temperature, by using a specific ozone adsorbent having
a high ozone adsorbing capability even in the presence of water.

Ozone is produced by using silent discharge apparatus ‘
or water electrolytic apparatus, but the ozone gas obtained from
these apparatuses are low in concentration, and it is usually
used after concentfating by an ozone adsorbing app'aratus or the
like.

| As an ozone concentrating apparatus, an oxygen recycling

ozone generating apparatus using liquid oxygen is proposed

1/1
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(Japanese Patent Application Laid-open No. 53-64690). A
schematic diagram of this apparatus is shown in Fig. 15. It

i1s a feature of this apparatus that liquid oxygen is used as

‘the oxygen material. This liquid oxygen 31 is fed into an ozone

generating apparatus 32, and the gas containing the ozone is
cooled to about -60°C by a heat exchanger 33 and a refrigerating
machine 34, it is further fed into an ozone adsorbing tower 35
filled with silica gel to adsorb ozone, the gas containing
oxygen flowing out from the adsorbing tower 35 is fed into the
heat exchanger 33 to cool the gas containing the ozone, and it
is returned to the material side of the ozone generating
apparatus 32. On the other hand, thev adsorbing tower 35 having
adsorbed the ozone is transferred to the desorbing process, and
the air 37 dried by a dryer 36 is heated by a heat exchanger
38, and is fed into the ozone adsorbing tower 35 to be heated,
purged and desorbed, and a concentrated ozone gas 37 is
recovered, while the desorbed concentrated ozone gas 39 is fed-
into the heat exchanger 38, and the dried air is heated.
Consequently, the regenerated adsorbing tower 35 by desorbing
the ozone is transferred from the desorbing process to f:he
adsorbing process.

Thus, the silica gei is known as ozone adsorbent, but
since it is extremely large in the moisture adsorbing capability
as compared with ozone, if moisture is present in the gas

contacting with the adsorbent (the gas to be treated, purge gas,



10

20

25

and the like), the moisture is preferentially adsorbed by the
silica gel, and it is hard to desorb the once adsorbed moisture,
and the moisture 1s accumulated, and hence it is difficult to
maintain a specific ozone adsorbing capability. As a result,
an extremely large amount of silica gel is needed for

maintaining a specific gas treating capacity, and the adsorbing

apparatus itself is increased in its size. Besides, when

adsorption and desorp.tion of moisture are repeated, the silica
gel is powdered and may be lowered in the adsorbing capability.

In the aforesaid apparatus, using 1iquid 6xygen as oxygen
material, by preliminarily drying the purge gas and feeding into
the adsorbing tower, moisture is prevented from mixing into the
adsqrbing tower filled with silica gel, and the ozone adsorbing
amount 1is increased by utilizing the low temperature of- the
liquid oxygen.

Generally, the ozone adsorbing amount is larger as the
temperature is lower, but it is hard to cool lower than -60°C
unless a particular refrigerating machine is used, and a large
amount of adsorbent is usually required for increasing the
treated gas amount, and the apparatus becomes larger in size,
which causes to increase the manufacturing cost and running cost

of the apparatus. -

Summary' of the Invention

It is hence an object of the invention to solve the above
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problems, and provide a method and apparatus for manufacturing
high concentration ozone gas capable of concentrating ozone
efficiently, by using a specific ‘high silica oAzohé adsorbent

excellent in ozone adsorbing capability even in the presence

"of moisture, and applying this adsorbent in a pressure swing

adsorbing apparatus or a temperatu_re‘ swing adsorbing apparatus.
Moreover, by combining a specific ozone generating apparatus
and the pressure swing adsorbing apparatus or temperature swing

adsorbing apparatus, it is also intended to provide a method

and apparatus for manufacturing high concentration ozone

further excellent in the ozone concentrating efficiency.

.Invention of first group

The invention of a first ‘group‘fsucc.:ee'ded in solw)i_ng the
above problems bj} employing the following constituti&n.u |

(1) A manufacturing method of high concentration ozone
gas, characterized by employing a préssur'e' swing adsorbing
apparatus having a plurality of adsorbing layers filled with
oione .adsorbent, adsorbing ozone by feeding gas containing
ozone at a relatively high pressure into the adsorbing layers
in the adsorbing process, and recovering concentrated ozone gas
by setting the adsorbing layers of the desorbing process to a
relatively low pressure, in which the oéone adsorbent ié an
adsqrbent selected from the grbup consisting of high silica
pentasyl zeolite, dealuminized faujasite , and mesoporous

silicate.
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(2) A manufacturing method of high concentration ozone
gas according to (i), in which the high silica pentasyl zeolite
has thé $io,/Al1,0, ratio of 70 or mofe, preferably 100 or more,
dealuminized faujasiﬁe has the Si0,/Al,0, ratio.of 20 or more,
preferably 50 or more, and mesoporous silicate has the 5i0,/A1,0,
ratio of 20 or more, preferably 50 or more.

(3) A manufacturing method of high.cohcentration ozone
gas according to (1) or (2), in which the adsorbing layers in
the adsorbing process are held at temperature of -60°C to 25°C.

;(4) A.manufacturinginethod.of high concentration ozone
gas according to any one of (1) to (3), in which the adsorbing
pressure in the adsorbing process is gelected in a range of 1.05
to 5 afm, and the desorbing pressure of the desorbing process
is selected iﬁ a range of 0.04 to 0.3 atm 

(5) A.manufacturingfnethod.of high concentration ozone
gas according to any one of (1) to (4), in whiph the changeover
time of the pressure swing adsofbing apparatus is selected in
a range of 1 to 10 minutes.

(6) AArnanufacturingxnethod.of high concentration ozone
gas'according to any oné of (1) to (5), in which part of the
high pressure oxygen concentrated gas flowing_out from the
adsorbing layers in the adsorbing process is decompressed by
a reducing valve, and is fed into the adsorbing iayers in the

desorbing process to be purged.

(7) A manufacturing method of high concentration ozone
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gas according to (6), in which the purge rate in the purge
operation 1is selected in a range of 1 to 2.

(8) A manufacturing method of high concentration ozone
gas according to any one of (1) to (7), in which ozone is
generated by using a water electrolytic ozone generating
apparatus of high pressure, the gas containing ozone is fed into
the adsorbing layers in the adsorbing process of the pressure
swing adsorbing apparatus, and part of the high pressure oxygen
concentrated gés flowing out from the adsorbing layers in the
adsorbing process is returned to the hydrogen electrode chamber
of the water electrolytic ozone generating apparatus to
depolarize the oxygen.

(9) A manufacturing method of high concentration ozone
gas according to any one of (1) to (7), in which ozone'isA
generated by using a silent dischargerzone generating
apparatus of high pressure specification, the gas containing
ozone i1s fed into the adsorbing layers in the adsorbing process
of the pressure swing adsorbing apparatus, and part of the high
pressure oxygén concentrated gas flowing out from the adsorbing
layers in the adsorbing process is returned to the material side
of the silent discharge ozone generating apparatus.

(10) A manufacturing apparatus of high concentration
ozone gas, comprising an ozone generating apparatus, and a
pressure swing adsorbing apparatus having plural adsorbing

layers filled with ozone adsorbent, in which the ozone
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generating apparatus is a water electrolytic ozone generating
apparatus of high pressure, the ozone adsorbent is one or two
or more kinds of adsorbent.selected from the group éonsisting
of high silica pentasyl zeolite, dealuminiéed faujasite, and
mesoporous silicate, a compressor and a changeover valve are
attached to a lead pipe for feeding gas containing ozone for
connectiﬁg the ozone generating apparatus to the adsorbing

layers in an adsorbing process, a lead pipe for circulating.
oxygen concentrated gas flowing out from the adsorbing layers
is connected to a hydrogen electrode chamber of the water

electrolyticozonegeneratingapparatusthrouQnthechangeover
valve so as to depolarize the oxygen, a lead pipe for feeding
purge gas branched off the lead pipe for circulating oxygen

concentratéd gas is connected to the adsorbing layers in a

desorbing process through a reducingvalve and changeover valve,

and a control device is provided for changing over all the
changeover valves to set the adsorbing layers alternately in
the adsorbing process and desorbing process by connecting a lead
pipe for recovering ozone to the adsorbing layers in the
desorbing process through a changeover valve to recover high
concentration ozone gas.

(11) A manufacturing apparatus of high concentration
ozone gas, comprising an ozone generating apparatus, and a
pressure swing adso;bing apparatus having plural adsorbing

layers filled with ozone adsorbent, in which the ozone



10

15

20

generating apparatus is a silent discharge ozone generating
apparatus of high pressure, the ozone adsorbent is one or two
or more kinds of adsorbent selected from the group donsisting

of high silica pentasyl zeolite, dealuminizedfaujasiteh and

-mesoporous silicate, a compressor and a changeover valve are

attached to a lead pipe for feeding gas containing ozone for
connecting the ozone generating apparatus to the adsorbing
layers in an aqéorbing process, a lead pipe for circuléting
oxygen céncentrated gas at a relatively high pressure flowing
out from the adsorbing layers is connected to a lead pipe for
feeding oxygen material of the silent discharge ozone
generating apparatus, a lead pipe for feeding purge gas branched
off the lead pipe  for circulating oxygen concentrated gas is
connectedtx>theadsorbinglayersjjladesérbingprocessthrough
a reducing valve and changeover valve, and a control device is
provided. for chénging over all the changeovérjvalves to set the
adsorbing layers alternately in the adsorbing process and
desorbing process by connecting a lead pipe for recovering ozone
to the adsorbing layers in the desorbing process through a.
changeover valve to recovér high concentration ozone gas.
In this constitution, the invenfion of the first group
can efficiently concentrate the ozone even in the pfesence of
moisture, and thereby the manuéacturing apparatus of high

concentration ozone gas is reduced in size, and the

manufacturing cost and running cost of the apparatus are
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substantially reduced. Moreover, when combined with the
silent discharge ozone generating apparatus of high pressure
or water electrolytic ozoné generating apparatus of high
pressure, matching with the pressure swing adsorbing apparatus
is enhanced, and moreover by feeding the concentrated oxygen
gas in the adsorbing process into the hydrogen electrode of the
water electrolytic ozone generating apparatus, the oxygen
depolarizing action is promoted, and the power to be applied
can be decreased.

Invention of second group

The invention of a second group succeeded in solving the
above problems by employing the foilowing constitution. "

(12) Amanufacturingmethod of high concentration ozone
gas, using two or more adsorbing layers filled with ozolne
adsorbent, employing a temperature swing adsorbing system for
transferring the adsorbing layers from an adsorbing process at
a relatively low temperature to a desorbing process at a
relatively high temperature, and further returning to the
adsorbing process, precooling the gas containing ozone from ari
ozone generating apparatus and feeding into the adsorbing
layers in the adsorbing process, discharging oxygen
concéntrated gas at a Arelatively low temperature from the
adsorbing layers, passing purge gas at a relatiirely high

temperature into the adsorbing layers in the desorbing process

in an opposite direction of the gas flow in the adsorbing process,
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and recovering the concentrated ozone gas continuously, in
which the ozone adsorbent is one or two or more kinds of adsorbent
selected from the group consistiﬁg of high silica pentasYl
zeolite, dealuminized fauj asiﬁe ,-and mesoporous silicate, and
the gas containing ozone from the ozone generating apparatus
is cooled by the oxygen concentrated gas at a relativ_ely low
temperature flowing out from fhe adsorbing layers in the
adsorbing process.

| (13) Amanufacturingmethod of high concentration ozone
gas according to (12), inwhich the high silica pentasyl zeolite
has the Si0,/Al,0, ratio of 70 or more, dealuminized fagjasite
has the SiO,/Al,0, ré.tio of 20 or more., and mesoporous silicate
has the é_iOz/AlZO3 ratio of 20 or more,.

(14) A manufaéturing method of high concentration ozone

gas according to (12) or (13), tlsing three or more adsorbing

layers and employing a temperature swing adsorbing system for

‘transferring the adsorbing layers from an adsorbing process at

a relatively low temperature to a desorbing procesé at a
relatively high temperature, and further returning to the
adsorbing process throu‘gh a cooling process, in which part of
oxyden conéentrated gas at a relatively lo{z temperatui:e flowing
out from the adsorbing process is fed into fhe adsorbing layers '
in the cooli.ng process and is cooled. .

(15) Amanufacturing method of high concentration ozone

gas according to any one of (12) to (14), in which part of oxygen

10
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concentrated gas at a relatively low temperature flowing out
from the adsorbing process is heated to purge temperature, and
1s passed into the adsorbing layers in the desorbing process
in an opposite directioh of the gas £low in the adsorbing process,
and the ozone is heated, purged and desorbed.'

(16) A manufacturingmethod of high concentration ozone
gas according to any one of (12) to (15), in which purge gas
suited to the purpose of use of the high concentration ozone
gas 1s heated to purge temperature, and is passed into the
adsorbing layers in the desorbing process in an opposite
direction of the gas flow in the adsorbing process, and the ozone
is heated, purged and desorbed. |

(17) A manufacturing method of high concentration ozone
gés according to any one of (12) to (16), in which the purge
rate in the purge operation i1s selected in a range of 1 to 2.

(18) A manufacturing method of high concentration ozone’
gas according to any one of (12) to (17), in which the adsorbing
temperature of the adsorbing process is selected in a range of
-100°C to -30°C, preferably in a range of -60°C to -30°C, and
the desorbing temperature of the desorbing process is .selected
in a range of 0°C to 50°C.

(19) A manufacturingmethod of high concentration ozone
gas according to any one of (12) to (18). in which the adsorbing
pressure of the adsorbing process is selected in a range of 1

to 4 atm.

11
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(20) | A manufacturing method of high concentration ozone
gas according to any one of (12) to (19), in which the changeover
time of the temperature swing adsorbing system is selected in
a range of 10 to 60 minutes.

(21) A manufacturin-g method of high concentration ozone
gas according to any one of (12) to (20), using a water
electrolytic ozone generating apparatus as the ozone generating
apparatus, in which part of the oxygen concentrated gas flowing
out from the adsorbing layers in the adsorbing process is
returned to the hydrogen electrode chamber of the water
electrolytic ozone generating apparatus to depolarize the
oxygen. |

(22) Amanufacturingmethod of high concentration ozone
gas according to any one of (12) to (20), usinga silent discharge
ozone generating apparatus as the ozone generating apparatus,
in which part of the oxygen concentrated gas flowing out from
the adsorbing layers in the adsorbing process 1s returned to
the oxygen material side of the silent discharge ozone
generating apparatus.

(23) A manufacturing apparatus of high concentration
ozone gas, comprising an ozone generating apparatus, and a
temperature swing adsorbing apparatus having plural adsorbing
layers filled with ozone adsorbent, in which the ozone
generating apparatus is a water electrolytic ozone generating

apparatus, the ozone adsorbent is one or two or more kinds of

12
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adsorbent selected from fhe group corj.sisting‘ of high silica
pentasyl zeolite, dealuminized fauj':a‘.s‘ite , and mesoporous

silicate, a heat exchanger, a cool_ér and a changeover vélve are
attached fo a lead pipe for feeding gas cont‘aining ozor_ie for
connecting the ozone generating apparatus to the adsorbing
layéfs in an adsorbiné process, a lead pipe for circulafing
oxygen concentrated gas at arelatively low temperature flowing
9ut from the adéorbing layers is connected to the heat exchanéer

through the changeover valve, the gas containing ozone is -

precooled by the oxygen concentrated gas at 'relatively low

temperature‘in the heat ekchanger, the outlet‘ side.of the oxygen
cbncentrated gas at a rélatively low temperature of the heat
exchanlger is connected to a hydrogen electrode chamber of the
water electrollftic ozone éenerating apparatus through a lea@-
pipe, the oxygen coﬂcentrated gas. at a _re‘l'atively low
temperature is supplied into the hydrogen electrode cha.mbef to
encourage ‘the oxygen depolarizatién action, a lead pipe for
feeding pur‘ge gas is branched off from the lead pipe for
circulatihg'the oxygen concentrated gas at a. relatively low
femperature, and is connected to the adsorbing layers in a

desorbing process, a heater and a changeover valve are attached

to the lead pipe for feeding purge gas to supply the oxygen

concentrated gas at a relatively low temperature to the
adsorbing layers as heating purge gas, the other end of the

adsorbing layers in the desorbing process is connected to a lead

13



_pipe for recovering high concentration czone gas through the
changeover valve, and all the changeover vales are changed over
simultaneously to-use the adsorbing layers alternately in the
adsorbing process and desorbing process.

(é4) A manufacturing apparatus of high concentration'
ozone gas, comprising an ozone genereting apparatus, and a
merry-go-round type temperature swing adsorbing apparatus
heving three or more adsorbing layers filled with ozoee
adsorbent, in which the ozone generating apparatus is a water
electrolytic oione generating apparatus, the ozone adsorbent
is one or two or more kindsof’adsorbent selected from the group
consieting of high silica pentasyl.zeolite, deeluminized
f"auj asit’e‘v' ana mesoporous silicate, a lead pipe for feeding gas
containing ozone from the ozone generating apparatus and a lead
pipe for circulatiﬁg oxygen concentrated gas can be connected
before and after the adsorbing layers‘in an adsorbing'process,
a lead pipe for feeding heating purge gas.and a lead pipe for
recovering high cencentration ozone é,as can be cqnnected before
and after the adsorbing layers in a desorbing process, a lead
pipe for feeding cooling gas branched off from the lead pipe
for circulating the oxygen concentrated gas and a lead pipe for
recovery of the cooling gas can be connected before and after
the adsorbing layers in a cooling process, the adsorbing process,
desorbing process and cooling process are transferred

sequentially by rotating the merry-go-round composed of the

14
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adsorbing layers, a heat exchanger and a cooler are attached
to the lead pipe’for feeding gas containing oxygen, the lead
pipe for circulating oxygen concentrated gas is connected to’
the heat exchanger, the gas containing ozone is precooled by
the oxygen concentrated gas at relatively low temperaturé.

fiowing out from the adsorbing layers in the adsofbing process,
the outlet side of the oxygen concentrated gas at a relatively
low temperature of the heat exchanger is connected to a hydrogen'
electrode chamber of the water electrolytic ozone générating
apparatus tﬁrough a lead.pipe, and the ongen concentrated gas

at a relatively low temperature is supplied into the hydrogen

electrode chamber to encourage the oxyéen depolarization

action.

(25) A manufécturing apparatus of high concentration
ozone gas, comprising an.ozone generating apparatus, and a
temperature swing adéorbing apparatﬁs having plural adsorbing
layers filléd with ozone'adéorbedf,'in which the ozone
generating apparatus is a Silent.discharge ozone generating
apparatus, the ozone adsorbent is one or two or more kinds of
adsorbent selected from the group consisting of high silica
pentasyl zeolite, dealuminized faujasite, and mesoporous
silicate, a heat exchanger, a cooler and a changeover valve are

attached to a lead pipe for feeding gas containing oxygen for

connecting the ozone generating apparatus to the adsorbing

layers in an adsorbiﬁg process, a lead pipe for circulating

15
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oxygen concentrated gas at a relatively low temperature flowing
out from the adsorbing layers is connected to the heat exchanger
through a changeover valve, the gas containing ozone is
precooled by the oxygen concentrated gas at a relatively low
temperature in the heat exchanger, the outlet s;Lde of the oxygen
concentrated gas at a relatively low temperature of the heat
exchanger is connected to the oxygen material supply side of
the silent discharge ozone generating epparatus through a lead
pipe so as to recycle the oxygen concentrated gas, a lead pipe
for feeding purge gas is branched off from the lead pipe for
circulating oxygen concentrated gas at a relatively low
temperature and is connected to the adsorbing layers in a
desorbing process, a heater and a changeover valve are attached
to the lead pipe for feeding purge gas so that the oxygen
concentrated gas at arelatively low temperature may be supplied
to the adsorbing layers as heating purge gas, other end of the
adsorbing layers in the desorbing process is connected to a lead
pipe for recovering high concentration ozone gas through the

changeover valve, and all the changeover valves are changed over

simultaneously to use the adsorbing layers alternately in the .

adsorbing process and desorbing process.

(26) A manufacturing apparatus of high concentration
ozone gas, comprising an ozone generating apparatus, and a
merry-go-round type temperature swing adsorbing apparatus

having three or more adsorbing layers filled with ozone

16
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adsorbent, in which. the ozone generating apparatus is a silent
discharge ozone generating apparatus, the ozone adsorbent is
one or two or mor.e Kinds of adsorbent selected from the group
consisting of high silica pentasyl zeolite, dealuminized

faujasite , and mesoporogs silicate ,. a lead pip.e’for feeding gas
cbntaining ozone from fhe .o.zone generating apparatus and a lead
pipe er 'ci‘rculating oxXxygen concentrated gas can be connected

before and after the adsorbing layers in an adsorbing process,

a lead pipe for feeding heating purge gas and a lead pipe for

recovering high concentration ozone gas can be connected before
and after the adsorbing layers in a desorbing process, a lead
pipe for feeding cooling gas branched off from the lead pipe-

for circulating the oxygen concentrated gas and a lead pipe for

"recovery of the cooling gas can be connected before and after:

the adsorbing layers in a cooling process, the adsorbing process,
desorbing pr‘ocesé and cooling proces’é are transferred
sequentially by rotating the merry-go-round composed of the
adsorbing layers, a heat exchanger and a cooler are aftached
to the lead pipe for £f£eeding gas con‘\:aining oxygen, the ).ead
pipe for circulating oxygen concentrated gas is connected to -
the heat exchanger, the gas containing ozone is precooled by
the dxygen concentrated gas at relatively le temperature
flowing out from the adsorbing layers in the adsorbing process,
and is further cooled to the adsorbing temperature by the cooler,

and the outlet side of the oxygen concentrated ‘gas at a

17
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relatively low temperature of the heat exchanger is connected
to oxygen material supply side of thé silent discharge ozone
generating apparatus'through a lead pipé so that the oxygen
concentrated has can be recycled;

In this constitution, the invention of the second group
can efficiently concentrate the o#ygen even in the presence of
moisture, and théreby the manufacturing apparatus of high
concentration ozone gas is reduced in size, and the
manufacturing cost and running cost of the apparatus are
substantially reduced. Moreover, by feeding the concentrated
oxygen gas flowing out from the adsorbing process into the
hydrogen electrode of the water electrolytic ozone generating
apparatus, the oxygen depolarizing action is promoted, and the
power to be applied can be decreased. Besides, by returning
the concentrated oxygen gas flowing out from the adsorbing
process to the oxygen material side of the silent discharge
ozone generating apparatus, the concentrated oxygen can be

utilized effectively.

Brief Description of the Drawings

Fig. 1 is a conceptual diagram of a manufacturing
appératus of high concentration ozone in a first group of the
invention, in which a water electrolytic ozone generating
apparatus and a pressure swing adsorbing apparatus for

concentrating ozone are combined;

18
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Fig. 2 is a conceptual diagram of other manufacturing
apparatus of high concentration ozone in the first group of the.
invention, in which a silent discharge ozone generating
apparatus and a pressure swing adsorbing apparatus for
concentrating bzone are combined;

Fig. 3 isaigraph.combaring'the ozone concentrating fate
by filling the adsorbing tower of the apparatus in Fig. 1 with
mesbporous silicate, dealuminized faujasite, and silica gel;

Fig. 4 is a graph showing the treating amount of gas
containing ozone by changing the cycle time, with the adsorbing -
tower of the apparatus in Fig..l filled with mesoporous
silicate;

Fig. 5 is a graph showing the ozone concentration rate
by changing the desorbing pressure, with the adsorbing towe;
of the apparatus in Fig. 1 filled with mesoporous silicate;

Fig. 6 is a graph showing the ozone concentrétion'rate
by changing the desorbing pressﬁre, with the adsorbing tower
of the apparatus in Fig. 1 filled with mesoporous silicate;

Fig; 7 is a graph showing the ozone concentration réte
by changing the purge rate, with the adsorbing tower of the
apparatué in Fig. 1 filled with mesoporous silicate;

Fig. 8 is a conceptual diagram of a manufacturing
apparatus of high concentration ozone in a second group of the
invention, in which a'water electrolytic ozone generating

apparatus and a temperature swing adsorbing apparatus for

19,
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concentrating ozone are combined;

Fig. 9 is a conceptual diagram of other manufacturing

apparatus of high concentration ozone in the second group of

“the invention, in which a silent discharge ozone generating

apparatus and a temperature swing adsorbing apparatus' for
concentrating ozoné are combined;

Fig. 10 is a cqnceptual diagram of a different
manufacturing apparafus of high concentration ozone in the
second grouﬁ of the invention, in which a water electrolytic
ozone generating apparatus and a merry-go-round type
temberatﬁre swing adsorbing apparatus for concentrating ozone

are combined;

Fig. 11 is a concéptu.al diagram of other different
manufacturing apparatus of high concentration ozone in the
second group of the invention, in which a silent discharge ozone

generating apparatus and a merry-go-round type temperature

. 'swing adsorbing apparatus for concentrating ozone are combined;

'Fig. 12 is a graph comparing the ozone concentrating rate

high silica pentasyl zeolite, dealuminized faujasite;., and
mesoporous silicate, and silica gel; |

Fig. 13 is a gréph showing the treating amount of gas
containing ozone by changing the cycle time, with the adsorbing
tower of the apparatus in Fig. 3 filled with mesoporous

silicate;

20
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Fig. 14 is a graph showing the ozone concentration rate
bychangingthedesorbingtemperature,withtheadsorbingtower
of the apparatus i‘n Fig. 8 filled with mesoporous silicate; and

Frg. 15 ie a cohceptual diegram of a conventional ozone

concentrating apparatus.

Detailed Descriptidn of the Preferred Embodiments

The present inventors discovered that high silica ozdne
adsorbents, in parricular, high silica pentasyl zeolite,
dealuminized faujasite' such as ultra-stable Y type zeolite
(USY), and mesoporous silicate such as MCM-41, FSM-16, low
temperature acidic synthetic mesoporous silicate having tetra
ethoxy silane as silica source and low temperature acidic
syntheticn@soporoussilicatehavinglowmolecularsilicicacid

as silica source, have an excellent ozone adsorbing capability

"even in the presence of moisture, and attempted to apply them

in the pressure swing adsorbing‘apparatus for concentrating

ozone and succeeded in manufacturing high concentration ozone

gas efficiently, thereby enabling to reduce the size of the

manufacturing apperatus of high concentration ozone gas, and

substantially reduce the manufacturing cost and running cost

of the apparatus. -

The high silica pentasyl zeolite used in the invention
has an excellent ozone adsorbing capability, and it can be

obtained by hydrothermal synthesis at 150 to 130°C, by using
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" sodium silicate or fumed silica as silica source, and

tetrapropyl ammonium bromide as organic template. The high
silica pentasyl zeolite of the present invention i_s preferred
to have the S$i0,/Al,0, ratio of 70 or more, preferably 100 or
more. Althoggh the high silica pentasyl zeolite itself has been .
known, it was first discovered by thé present inventors that
it has such ozone adsorbing capability as mentioned above.
Thé dealumini;ed fa.uj as.ite used in the present invention
has an exceilent ézoﬁe adsorbingcapability even in the presence
of moisture, and by treating Na-Y ﬁype zeolite having the
Si0,/Al1,0, ratio of about 5 in ammonia watér, it can be
manufactured by removing the majorj;tf of Al of t.h’e Zzeolite
skeleton. The dealuminized f‘aujasite of the present invention
is preferred to have the SiO,/Al,0, ra;cio of 20 or more,
preferably 50 or more. Although the dealuminized -;faujasiteﬁ

itself has been known, it was first discovered by the present

inventors that it has such ozone adsorbing capability as

mentioned above.

The mesoporous silicate used in the present invention
is a porous substance of silica corﬁpound having meso pores of -
10 to 1000 A, and has an excellent ozone adsorbing capability
even in the presence of moisture. The mesoporous silicate of
the present invention can be manufactured in various methods,
and its Si0,/21,0, ratio is preferred t.o be 20 or more, preferably

50 or more. Although the mesoporous silicate itself has been
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known as mentioned below, it was first discovered by the present
inventors that it has such ozone adsorbing capability as
mentioned above.

For example, MCM-41 was developed by Mobil, which is a
mesoporous silicate with the spécific surface area of about 1600
m’/g and S10,/A1,0, ratio of about 1000, obtained by hydrothermal
synthesis at temperature of 140°C and pH 13.5, by using water
glass or sodium silicate as silica source, and cationic surface
active agent (with 8 6r more carbon atoms) as organic template.

Still more, FSM-16 is a mesoporous silicate with the
SiO,/Al,0, ratio.of about 1000 obtained by intercalation of
cationic surface active agent in Kanémite developed by Kuroda,
Inada, et al., and has a structure similar to that of MCM-41.

Low temperature mesoporous silicate (1) is obtained by
a method proposed by Stucky et al., and 1is synthesized at pH
1 or less at room temperature, using tetraethoxy silaﬁe (TEOS)
as silica source and cationic surface active agent as organic
template. Low temperature mesoporous silicate (2) is obtained
by a method developed by the present inventors, and is
synthesized at pH 1 or less at room temperature, using

condensation-polymerized silica-free silicic acid as silica

‘source and cationic surface active agent as organic template.

These low temperature mesoporous silicates may be manufactured
in a wide range, depending on the manufacturing conditions,

ranging from the SiO,/Al1l,0, ratio of 10 to a substantially SiO2
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only compound.

Invention of first group

The invention of a first group provides a method and
apparatus for manufacturing high concentration ozone gas
characterized by manufacturing gas containing ozone by an ozone
generating apparatus such as silent discharge apparatus or
water electrolytic apparatus, using plural adsorbing layers
filled with specific high silica ozone adsorbent, adsorbing
ozone by feeding the gas containing ozone into the adsorbing
layers in an adsorbing process at a relatively high pressure,
while desorbing ozone by setting the adsorbing layers in a
desorbing process at a relatively law pressure, feeding purge
gas in the desorbing process if necessary, and employing a
pressure swing adsorbing system for alternately changiﬁg over
the adsorbing layers between the adsorbing process at a
relatively high pressure and the desorbing process at é
relatively low pressure in a short time, thereby concentrating
the ozone.

In the invention of the first group, by using a silent
discharge apparatus of high pressure as the ozone generating

apparatus, and returning the high pressure oxygen concentrated

~ gas flowing out from the adsorbing process of the pressure

swing adsorbing apparatus for concentrating ozone to the
material side of the silent discharge ozone generating

apparatus to be used as oxygen material, the gas containing
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ozone flowing out from the silent discharge apparatus can be
recovered at high pressure, and the load of the compressor for
feeding to the pressure swing adsorbing apparatus can be reduced.
As the oxygen material gas to be supplied into the silent
discharge ozone generating apparatus, the high pressure oxygen
concentrated gas manufactured in the pressure swing adsorbing
apparatus for concentrating oxygen can be used, which is
effective for efficiency and performance of the éntire
apparatus.

By using a water electrolytic apparatus of high pressure
as the ozone generating apparatus, and returning part of the
oxygen concentrated gas flowing out from the adsorbing process
of the pressure swing adsorbing apparatus for concentrating
ozone into the hydrogen electrode chamber of the water
electrolytic apparatus to react with hydrogen, it is
advantageous because the electric power to be applied in the
water electrolytic apparatus can be reduced by the oxygen
depolarizing action.

The adsorbing tower transferred to the desorbing process
of the pressure swing adsorbing apparatus for concentrating
ozone recovers ozone concentrated gas by setting toarelatively
low desorbing pressure by using, for example, a decompression
pump, but it is also possible to promote desorption by purging
by feeding part of the high pressure oxygen concentrated gas

flowing out from the desorbing process into the adsorbing layers
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in the desorbing process through a reducing valve. At fhis time,
if necessary, a heat exchanger or a heater may be attached to
the downstream side of the reducing.valve to heat the oxygen
concentrated gas to a temperature suited to purging.

Fig. 1 is a conceptual diagra@ of a manufacturing
apparatus of high concentration ozbné combining a watef
electrolyticozonegeneratingapparatusJ.ofhighpressu;e,and‘
a two-tower type pressure swing adsorbing apparatus for
concentrating ozoneL Adsoibing towers 6 and 7 are filled with
ozoneadsorbentofoneortwocn:morekindsdfadsbrbentselectéd
from the group consisting of high silica pentasyl zeolite,
dealuminizedfaujaéiteﬂ and mesopofous_silicate. fhe water
electrolytic 6zoﬁe generating apparatus 1 consists of an ozone
electrode chamber43.such as Pbo,, ;nd'a hydrogen electrode
chamber 4 such as Pt, with an ion exchange film 2 placed between
them, and by connecting a direct-current power source 5,
electfons are supplied, and ozone is generated in the ozoné
electrode chamber 3 while hydrogen‘is generated in the hydrogen
electrode chamber 4.

Fig. 1 shows the state of holding the adsorbing tower

6 in an adsorbing process and the adsorbing tower 7in a desorbing

process, by opening changeover valves 10, 13, 17, 21, and
closing changeover. valves 11, 14, 16, 20, and by opening and
closing the changeover valves reversely, the process can be

changedoverfromabsorpthnltodesorption,andffomdesorption
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to adsorption. The gas containing ozone from the ozone
generating apparatus 1 is pressurized to an adsorbing pressure
by a compressor 9 provided on a lead pipe 8, and is supplied
into the adsorbing tower 6 in the adsorbing process to adsorb
ozone on the adsorbent, and the oxygen concentrated gas flowing
out from the adsorbing tower 6 is supplied into the hydrogen
electrode chamber 4 of the water electrolytic ozone generating
apparatus 1 through a lead pipe 12, and the power consumption
of the ozone genefating apparatus is saved by the oxygen
depolarizing action. By using the Qater electrolytic ozone
generating apparatus of high pressure, since the load of the
compressor for feeding gas containing ozone to the pressure
swing adsorbing apparatus can be reduced, the efficiency and
performance of the entire apparatus can be enhanced.

On the other hand, the ozone recovering system is held
at a desorbing pressure, and by opening the changeover valve
17 of a lead pipe 15, ozone is recovered by decompressed
desorption from the adsoi:bing tower 7 in the desorbing process.
Part of fhe high pressure oxygen concentrated gas flowing out
from the adsorbing tower 6 in the desorbing process is reduced
to a desorbing pressure by a reducing valve 19 provided in a
lead pipe 18 for feeding purge gas branched off from the lead
pipe 12, and supplied into the adsorbing gower 7 in the desorbing
process to purge by back wash, so that the desorption may be

promoted. When the purge gas is used in a large volume, the
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ozone concentration is lowered by the corresponding portion.
The purge rate is preferably in a range of 1 to 2, more preferably
in a range of 1.2 to 1.5 (see Fig. 7).

Fig. 2 is a conceptual diagram of a manufacturing
apparatus of high concentration ozone using a silent discharge
ozone generating apparatus 22 of high pressure, instead of the
water electrolytic ozone generating apparatus of high pressure
in the manufacturing apparatu; of high concentration ozone in
Fig. 1, and the structure of the pressure swing adsorbing
apparatus is same as in the apparatus inFig. 1, and the reference
numerals of the apparatus are hence xﬁatched. In Fig. 2, a
pressure swing adsorbing apparatus 23 for concentration oxygen
is attached before the silent discharge ozone generating
apparatus 22. This pressure swing adsorbing apparatus 23 for
concentrating oxygen is not essential, but is effective for
enhancing the efficiency and performance of the entire
apparatus.

The adsorption cycle of the pressure swing adsorbing
apparatus for concentrating ozone is same as in the case of Fig.
1, but part of the high pressure oxygen concentrated gas flowing
out from the adsorbing tower 6 in the adsorbing process is, if
necessary, ret;urned to the lead pipe for feeding oxygen material
of the silent discharge ozone generating apparatus 22 through
the lead pipe 12, so that the oxygen concentrated gas can be

used effectively. Furthermore, by using the silent discharge
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ozone generating apparatus of high pressure, the load of the
compressor 9 for feeding gas containing ozone to the pressure
swing adsorbing apparatus can be reduced, and it is effective
for enhancing the efficiency and performance of the entire
apparatus.

Invention of second group

The invention of a second group provides a method and
apparatus for manufacturing high concentration ozone gas,
characterized by using two or more adso;bing layers filled. with
ozone adsorbent, employing a temperature swing adsorbing system
for transferring the adsorbing layers from an adsorbing process
at a relatively low temperature to a desorbing process at a
relatively high temperature, and further returning to the
adsorbing process, precooling gas containing ozone from an
ozone generating apparatus and feeding into the adsorbing
layers in the adsorbing process, discharging oxygen
concentrated gas at a relatively low temperature from the
adsorbing layers, passing purge gas at a relatively high
temperature into the adsorbing layers in the desorbing process
in an opposite direction of the gas flowin the adsorbing process,
and recoverihg the concentratgd ozone gas continuously, in
which the ozone adsorbent is a specific high silica ozone
adsorbent excellent in ozone adsorbing capability even in the

presence of moisture.

In the invention of the second group, it is preferred
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to utilize the cooling energy effectively by cooling the gas

containing ozone from the ozone generating apparatus by oxygen

concentrated gas at a relatively low temperature flowing out
from the adsorption process of the temperature swing adsorbing
apparatus for qoncentrating ozone.

When using a water electrolytic ozone generating
apparatus as the ozone generating apparatus, it is preferred
to reduce the electric power to be applied by the oxygen
depolarizing action of the water electrolytic apparatus by
returning part of the oxygen concentrated gas flowing out from
the adsorbing process of the temperature swing adsdrbing
apparatus for concentrating ozone iﬁto the hydrogen electrode
chamber of the water electrolytic ozone generating apparatus.

Further,'by using a silent discharge apparatus as the
ozone generating apparatus, it is preferred to utilize the
oxygen effectively by returning the oxygen concentrated gas at
a relatively low temperature flowing out from the adsorbing
process of the temperature swing adsorbing apparatus for
concentrating ozone to the oxygen material side of the silent
discharge ozone generating apparatus.

Fig; 8 is a conceptual diagram of a manufacturing
apparatus of high concentration ozone combining a water
electrolytic ozoné generating apparatus 101, and a twb-tower
type temperature swing adsorbing apparatus for concentrating

ozone. Adsorbing towers 108 and 109 are filled with ozone
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adsorbent of one or two or more kinds of adsorbent selected from
the group consisting of high silica pentasyl zeolite,

dealuminized faujasite , and mesoporous silicate. The ozone

. adsorbent may be used also by forming in a honeycomb structure.

The water electrolytic ozone generating apparatus 101 c‘onsisté
of an ozone electrode chamber 103 such as PbO,, and a hydrogen
electrode chamber 104 such as Pt, with an ion exchange film 102
placed between ‘;hem, and by connecting a direct-current power
source 105, electrons are supplied, and ozone is generatéd in
the ozone elgct'rode chambei 103 while hydrogen is generated in
the -hydrogen electrode chamber 104. A

In the apparatus-shown in Fig. 8, by opening changeover
valv_es 113, 116, 122, 125., and closirig changeover valves 114,
117, 121, 124, same as in.Fig-‘ 1, the adsOrbinQ tower 108 is
set in an adsorbing procelss' and the adsorbing tower 109 in a
desoz_‘b'ing'process, and by opening and closing' the changeover
valves reverseiy after the processes, the adsorbing tower 108
is transferred frbm_ absorption process to desorption process,
and the adsorbing tower 109, from desorption process to
ac}sorption proces.'s. A heat exchanger 112 and a cooler 111 are.
attached to a lead pibe 110 for feeding gas containing ozone’
for connecting the ozone electrode chamber 103 and adsorbing
tower 108 of the water electrolytic ozone gene;ating apparatus
101, and the gas containing ozone 1is cooled to an adsorbing

temperature, and is supplied into the adsorbing tower 108 in
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the adsorbing process to adsorb ozone, and the oxygen
concentrated gas. at a relatively low temperature flowing out
from the adsorbing tower 108 is sent into the heat e#changer
112 through a lead pipe 115 to precool the gas containing ozone.
The oxygen concentrated gas at a relatively low temperature
flowing out from the heaf exchanger 112 is fed into the hydrogen
electrode chamber 104 of the water electrolytic ozone
generating apparatus 101 to react with hydrogen, and the
electric power to be applied in the water electrolytic ozone
generating apparatus 101 is decreased by the oxygen
depolarizing action. Reference numeral 106 is a lead pipe for
feeding water, and 107 is a lead pipé for discharging hydrogen
from the hydrogen electrode chamber. - Reference numeral 105 is
a direct-current power source.

On the other hand, part of the oxygen concenti'ated gas
at a relatively low temperature flowing out £from the adsorbing
tower 108 is supplied into the adsorbing tower 109 in the
desorbing process to heat, purge and desorb the ozone through
a lead pipe 118 and, if necessary, a reducing valve 119 and a
heater 120, and high concentration ozone gas is recovered from
a lead pipe 123. At this time, when the purge gas is used in
a large volume, the ozone concentration is lowered by the
corresponding portion. The purge rate is preferably in a range
of 1 to 2. As the purge gas, instead of the oxygen concentrated

gas, nitrogen, dry air, argon , helium or thé like may be used,
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and supplied from outside.

Fig. 9 is a conceptual diagram of a manufacturing
apparatus of high concentration ozone using a silent discharge
ozone generating apparatus 126, instead of the water
electrolytic ozone generating apparatus in the manufacturing
apparatus of high concentration ozone in Fig. 8. The parts
common to the apparatus in Fig. 8 are identified with same
reference numerals. In Fig. 9, a temperature swing adsorbing
apparatus 127 for concentration oxygen is attached before the
silent discharge ozone generating'apparatus 126, but this
adsorbing apparatus is not essential. However, considering
matching of the entire apparatus, it is preferred to employ it.
In the apparatus in Fig. 9, oxygen m,aferial, for example, air
is supplied into the temperature swing adsorbing apparatus 127
for concentrating oxygen through a lead pipe 128, and the
concentrated oxygen gas 1s discharged £rom a lead pipe 129, and

is supplied into the silent discharge ozone generating

apparatus 126. The adsorption cycle of the temperature swing ‘

adsorbing apparatus for concentrating ozone is same as in the
case of Fig. 8, but part of the oxygen concentrated gas £lowing
out from the adsorbing tower in the adsorbing process is

preferred to be returned to thé oxygen material side of the
silent discharge ozone generating apparatus 126 through a lead
pipe 130 by way of the heat exchanger 112 for precooling the

gas containing ozone, so that the oxygen can be utilized
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effectively.

Fig. 10 is a conceptual diagrqm of a manufacturing
apparatus of high concentration ozone combining a water
electrolytic ozone generating apparatus 101 and a merry-go-
round type temperature swing adsorbing apparatus for
concentrating ozone consisting of adsorbing layers 131 to 134.
In the state shown in Fig. 10, the adsorbing layers 131 and 132
are in an adsorbing process, the adsorbing layer 133 in a
desorbing process, and the adsorbing layer 134 in a cooling
process following the desorbing process. The adsorbing layers
may be further divided depending on the necessity, and plural
adsorbing layers may be used according to the cycle time of each
process. The merry-go-round of the adsorbing layers is rot;ated
in the arrow direction, and the processes can be transferred
sequentially without using changeover valve. The gas
containing ozone generated in the ozone electrode chamber 103
of the water electroiytic ozone generating apparatus 101 is
cooled to an adsorbing temperature by the heat exchanger 112
and cooler 111 of the lead pipe 110, and is supplied into the
adsorbing J.ayers 131 and 132 ip the adsorbing process to adsorb
ozone, and the oxygen concentrated gas at a relatively low
temperature flowin.g out from these adsorbing layers is supplied
into the heat exchanger through lead pipes 137, 138, 139, and
140, and further into the hydrogen electrode chamber 104 of the

water electrolytic ozone generating apparatus 101, thereby
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depolarizing the oxygen.

Part of oxygen concentrated gas at a relatively low
temperature flowing out from the adsorbing layers 131 and 132
in the adsorbing process is supplied into the adsorbing layer
134 in the cooling prbcess through a lead pipe 141 branched off
from the lead pipe 139, and cools the adsorbing layer 134 after
finishing the desorbing process. When the oxygen concentrated
gas flowing out from this adsorbing layer 134 is used as purge
gas, a heater 143 is attached to a lead pipe 142, and after
heating to a desorbing temperature, it is supplied into the
adsorbing layer 133 in the desorbing process to heat, purge and
desorb. When a purge gas for desorbing is used separately, the
purge gas is supplied from a lead pipe 144, and after heating
to a desorbing temperature by a heater 145, it is similarly
supplied into the adsorbing layer 133, and the desorbed high
concentration ozone gas is sent into the recovery system through
a lead pipe 146.

Fig. 11 is similar to the manufacturing apparatus of high
concentration ozoneée in Fig. 10, using a silent discharge ozone
generating aéparatus 126, instead of the water electrolytic
ozone generating apparatus, and the parts common to the
apparatus in Fig. 10 are identified with same reference numerals.
In the apparatus in Fig. 11, a temperature swing adsorbing
apparatus 127 for concentrating oxygen is attached before the

silent discharge ozone generating apparatus 126, and oxygen
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material, for example, air is supplied into the temperature
swing adsorbing avpparatus 127 for_concentrating oxygen tl’_lrough
a lead pipe 128 to concentrate the'oxygen, and is supplied into
the silent discharge ozone generating apparatus 126 through a
lead pipe 129, but in the invention, the temperature swing‘_
adsorbing apparatus 127 for concéntfating oxygén is not
essential. The adsorﬁing operation of the merry-go-round type
temperature swing adsorbiqg-apparatus for concentrating ozone
is same as in the apparatus in Fig. 10. The oxygen concentrated
gas at a relatively low temperature flowing out from the
adsorbing.layers 131 and 132 in the adsorbing process precools,
same as in the apparatus shown in Fig. 10, the gas cbntaining
ozoné by the heat exchanger 112, andh is retur'ned to the oxygen
material éide of the silent discharge ozone genérating
apparatus 126' through a lead pipé 130, so that the concentrated
oxygen gas can be utilized effectively.
Examples

» (Exaiﬁple 1)

" The adsorbing . towers of the manufécturing apparatus ot
high concentration ozone in Fié. 1 were f£filled with the ozone

adsorbents according to the present invention, that is, high

' silica pentasyl zeolite, dealuminized faujasite, and

mesoporous silicate, and a conventional ozone adsorbent, silica

gel, and the ozone concentration rate were measured, and the

‘ozone adsorbing capabilities were compared. Herein, the
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adsolrbing towers were filled with S kg each of the high Silica
pentasy_l zeolite with the 510,/A1,0, ratio of 100, dealuminized
faujasite with the S10,/A1,0, ratio of 70, mesoporous silicaté
with the Si0,/Al,0, ratio of 1000, and commercié.l silica gel.

In the water electrolytic ozone generating’ apparatus,
ozone gas (ozone concentration 10%)‘ composed of iO vol.% of O,,
87 vol.% of Oz,l and 3 vol.% of H,0 was generated, and pressurized
tq l 1 atm'by a cor’npresso&:, and supplied into the adsorbing towgr
in the adsorbing process at a gas flow rate of 15 m? N/i)._, .and
ozone was adsorbed. On the other hand,l the adsorbing tower in
the desorbing process was decompressed by 0.1 atm by a
decdmpression pump, and the ozone was desorbed and recovered
without purging. -The adsorbing temperature was set at -60°C,
-30°C and 25°C, and the ozone concentration was"experin_;ented.
Ifz the desorbing process, the temperéture of the adsorbing
tower was not particularly controlled. The changeover time of
the adsorbing process and desorbing process, that is, the cycle
time was set at '3 minutes.

The ozone conc'entration of the cbtained ozone
concentrated gas was measured, and compared with the ozone
concentration of the gas produced in the water electrolytic
ozone generating apparatus, and the ozone conc.entration rate
was determined; and the adsorbing temperature ahd the ozone
concentration réfe are comparativeiy shown in Fig. 3. As clear

from this diagram, as compare.d with the silica gel, it is known
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that the dealuminized fogersite and mesoporous silicate show
a very large ozone adsorbing capability. Incidentally, the
small ozone adsorbing capability of silica gel seems to be due
to the effect of moisture in the gas containing ozone.

Considering the capacity of cooler for general use, the
adsorbing temperature is preferred to be set at -60°C or higher,
and also considering the use of recovered ozone gas, the
adsorbing temperature is preferred to be set at room temperature
of 25°C or 1less.

(Example 2)

Using the mesoporous silicate having the largest ozone
adsorbing capability, and changing fhe cycle'time from 0.5 min
to 3 min, the treating capacity of,gas containing ozone was
investigated (m® N/h/1 ton of adsorbent). In this experiment,
using the same apparatus in Fig. 1 as in Example 1, the adsorbing
femperature was set at -60°C and 25°C, the adsorbing pressure
was changed to0 1.05 atm, and the desorbing pressure to 0.05 atm,
and the ozone concentration was experimented same as in Example
1l in all other conditions. Results are shown in Fig. 4.

The ozone concentration of the gas containing ozone from
the water electrolytic ozone generating apparatus was 10 vol.#%,
but the ozone concentration of the gas recovered in the
desorbing process was 50 vol.% (ozone concentration rate 5),
and the ozone recovery rate was 95%. As clear from the diagram,

the treating capacity is larger as the adsorbing temperature
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is lower and the cycle time is shorter, and a specified treating
capacity is obtained by a relatively small amount of adsorbent,
and hence it is easy to reduce the size of the adsorbing tower,
but a larger cooling energy is required. On the other hand,
as the adsorbing temperature is approaching the room
temperature, the treating capacity is smaller, but less cooling
energy 1s needed. Near the room temperature, moreover; the
effect of cycle time is smaller.

(Example 3)

Using the mesoporous silicate same as in Example 2, and
changing the desorbing pressure from 0.04 atm to 0.3 atom, the
ozone concentration rate was investigated, and the dependence
of desorbing pressure was studied. ~In this experiment, too,
using the same apparatus in Fig. 1 as in Example 1, the ozone
concentration was experimented same as in Example 1 except that
the adsorbing temperature was set at -60°C and 25°C and that
the adsorbing pressure was fixed at 1.05atm. Results are shown
in Fig. 5.

As clear from Fig. 5, at the desorbing pressure of 0.3
atm, there was almost no difference in the ozone concentration
rate between the adsorbing temperature of -60°C and 25°C, but
as the desorbing pressure was lower, the difference in the ozone
concentration rate began to increase, and at 0.04 atm, the
difference in the ozone concentration rate due to difference

in the adsorbing temperature was a difference of 5 times and
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4 times.

(Example 4)

Using the mesoporous silicate same as in Example 3,
fixing the desorbing pressure at 0.1 atom, and changing the
adsorbing pressure from1l to 5 atm, the ozone éoncentration rate
was 1nvestigated, and the dependence of adsorbing pressure was
studied. 1In this experiment, too, using the same apparatus in
Fig. 1 as in Example 1, the ozone concentration was experimented
same as in Example 1, except that the adsorbing temperature was
set at -65°C and 25°C. Results are shown in Fig. 6.

As clear from Fig. 6, the ozone concentration rate
elevated almost. proportionally as fhe adsorbing pressure
climbed up, and between the adsorbing temperature of -60°C and
25°C, the former was higher in the ozone concentration rate by
about 0.5 times. Hence, the preferred adsorbing pressure Qas
set in a range of 1.05 to 5 atm.

(Example 5)

Using the mesoporous silicate same as in Example 3, the
ozone concentration rate was investigated ax}d the dependence
of purge rate was studied, by fixing the adsorbing pressure at
1.05 atm and the desorbing pressure at 0.05 atm, setting the
adéorbing temperature at 25°C, not particularly controliing the
temperature of the adsorbing tower in the desorbing process,
feeding part of oxygen concentrated gas flowing out from the

adsorbing tower in the adsorbing process as purge gas into the
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adsorbing tower in the desorbing pro_ce'ss through a reducing
valve, adjusting the reducing valve and changing the purge rate
in a range of 0.9 to 2. Results are showniin Fig. 7.

As clear from Fig. 7, by feeding the purge gas, the ozone
concentration rate can be heightened, but as the purge gas
volume is increased, the ozone conc':entration' in fhe recovered
gés declines. Hence, in order to :maintain the ozone
concentfation rate at 2 times or more, it is preferred to control
the purge rate in a range of 1 to 2.

(Example 6)

The adsorbing towers of the manufacturing apparatus of
high coﬁCentration ozone in Fig. 8 w.ere filled Qith the ozone
adsorbents of the present invention, that is, high silica
peﬁtasyi zeolite, dealuminized faujasite, and mesoporous
silicate, and a c.on_ventional ozone adsorbent, siiica gel, and

the ozone concentration rate were measured, and the ozone

adsorbing capabilities were compared. Herein, the adsorbing

towers were filled with 5 kg each of the high silica pentasyl
zeolite with the Si0O,/A1,0, ratio of 100, dealuminized. Eéu—j asite
with the SiO,/Al,0, ratio of 70, mesoporous silicate with the
Si0,/A1,0, ratio of 1000, and commercial silica gel.

In the water electrolytic ozone generafing apparatus,
gas containing 10 \lIOi.%:Of O,, 87 vol.% of O0,, and 3 YOl'% of
H,0 (ozone concentration 10%) was generated, and precooled by

heat exchange with the oxygen concentrated gas at a relatively
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low temperature flowing out from the adsorbing tower in the
adsorbing process, and then cooled to an adsorbing temperature
by a cooler, and supplied into the adsorbing tower in the
adsorbing process at a gas flow rate of 15 m’ N/h, and ozone
was adsorbed. On the other hand, in the adsorbing tower in the
desorbing process, part of oxygen concentrated gas flowing out
from the adsorbing tower in the adsorbing process was heated
to a desorbing temperature of 25°C, purge gas was passed in
opposite direction of the gas flow in the adsorbing process,
and the ozone was heated, purged, desorbed, and recovered. The
adsorbing temperature was set at -30°C, -50°C and -100°C, and
the ozone concentration was experimeﬁted. The changeover time
of the adsorbing process and desorbing process, that is, the
cycle time was set at 30 minutes, and the purge rate was set
at about 1.5 by using a regulating valve. The adsorbing
pressure and desorbing pressure were not particularly adjusted,
and were about 1.05 atm.

The ozone concentration of the obtained ozone
concentrated gas was measured, and compared with the ozone

concentration of the gas produced in the water electrolytic

- ozone generating apparatus, and the ozone concentration rate

was determined, and the adsorbing temperature and the ozone
concentration rate are comparatively shown inFig. 12. Asclear
from this diagram, as compared with the silica gel, it is known

that the dealuminized fogersite and mesoporous silicate show
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a very large ozone adsorbing capability. Incidentally, the
small ozone adsorbing capability of silica gel seems to be due
to the effect of moisture in the gas containing ozone.

The adsorbing temperature may be selected in a range of
-100 to -30°C, but considering the capacity of cooler for
general use, the adsorbing temperature is preferred to be set
at -60°C or higher temperature.

(Example 7)

Using the mesopofous silicate having the largest ozone
adsorbing capability, and changing the cycle time from 10 min
to 60 min, the treating amount of gas containing ozone was
investigated (m’ N/h/i ton of adsorbént) . In this experiment,

using the same apparatus in Fig. 8 as in Example 6, the ozone

concentration was experimented same as in Example 6 except that

the adsorbing temperature was set at -60°C and -30°C. Results
are shown in Fig. 13.

The ozone concentration of the gas containing ozone from
the water electrolytic ozone generating apparatus was 10 vol. %,
but the ozone concentration of the gas recovered in the
desorbing process was 50 vol.% (ozone concentration rate 5),
and the ozone recovery rate was 95%. As clear from the diagram,
the treating amount is larger as the adsorbing temperature is
lower and the cycle time is shorter, and a specified treating
amount is obtained by a relatively small amount of adsorbent,

and hence it is easy to reduce the size of the adsorbing tower,
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but a larger cooling energy is required.

(Example 8)

Using the mesoporous silicate same as in Example 7, and
changing the desorbing temperature from 0°C to 75°C, the ozone
concentration rate was investigated, and the dependence of
desorbing temperature was studied. 1In this experiment, too,
using'the same apparatus in Fig. 8 as in Example 6, the ozone
concentration was experimented same as in Example 6, except that
the adsorbing temperature wés set at -60°C and -30°C. Results
are shown in Fig. 14.

As clear from Fig. 14, at the desorbing temperature of
75° C, there was almost no difference in the ozone concentration
rate between the adsorbing temperatu;e of -60°C and -30°C, and
the 6zone concentration reaches its peak at the desorbing
temperature of around 20°C, and at the desorbing temperature
of 0°C, the ozone concentration rate was 3 and 2 at the adsorbing
temperature of -60°C and -30°C, respectively. As the
temperature became lower, the difference in the ozone
concentration rate began to increase, and at the desorbing
temperature of 0°C, the ozone concentration rate was 3 and 2

due to difference in the adsorbing temperature.

Throughout the specification, unless the context requires

otherwise, the word "comprise" or variations such as "comprises"

or "comprising”", will be understood to imply the inclusion of

a stated integer or group of integers but not the exclusion of

any other integer or group of integers.
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The claims defining the invention are as follows:-

1. A manufacturing method of high conCentration ozone
gas, characterized by employing a pressure swing adsorbing
apparatus having a plurality of adsorbing layers filled with
ozone adsorbent, adsorbing ozone by feeding gaé containing
ozone at a relatively high pressure into the adgorbing layers
intheadsorbingprocess,andrecoveringconcentratédozonegas
by setting the adsorbing layers of the desorbing process to a
relatively low pressure, wherein the ozone adsorbent is one or
two or more kinds of  adsorbent selected from the group
gonsisting of high siiica pentasyl zeolite, dealuminizgd
faujasite . and meéoporous silicate.

2. A manufacturing_method.oﬁ high concentration ozone
gas according to claim 1, wherein the adsorbing layers in the
adsorbing process are held at temperature of 560°C to 25°C.

3. A manufacturing method of high concentration ozone
gas according.to claim 1 or 2, wherein theradsofbing pressure

in the adsorbing process is selected in a.range'of 1.05 to 5

“atm, and the desorbing pressure of the descorbing process is

selected in '‘a range of 0.04 to 0.3 atm.

4. A manufacturing method of high concentration ozone
gas according to any one of claims 1 or 2, wherein the changeover
time of the preséure swing adsorbing apparétus is seygcted in
a range of 1 to 10 minutes.

5. A manufacturing method of high concentration ozone
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gas accordihg to any one of claims 1 or 2, wherein part of the
high pressure oxygen concentrated gas flowing out from the
adsorbing layers in the adsorbing process is decompressed by
a reducing valve, and is fed into the adsorbing layers in the
desorbing process to be purged.

| 6. A manufacturing method of high concentration ozone
gas according to claim 5, wherein the purge rate in the purge
operation 1is selected in a range of 1 to 2.

7. A manufacturing method of high concentration ozone
gas according to any one of claims 1 or 2, wherein ozone is
generated by using a water electrolytic ozone generating
apparatus of high pressure, the gas cdntaining ozone is fed into
the adsorbing layers in the adsorbiqg process of the pressure‘
swing adsorbing appératus, and part of the oxygen concentrated
gas flowing out from the adsorbing layers in the adsorbing
process 1s returned to the hydrogen electrode chamber of the
water electrolytic ozone generating apparatus to depolarize the
oxygen.

8. A manufacturing method of high concentration ozone
gas a¢cording to any one of claims 1 or 2, wherein ozone is
generated by using a silent discharge ozone generating
apparatus of high pressure, the gas containing ozone is fed into
the adsorbing layers in the adsorbing process of the pressure
swing adsorbing apparatus, and part of the high pressure oxygen

concentrated gas flowing out from the adsorbing layers in the
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gdsorbing process is returned to thematerial side of the silent
discharge ozone generating'apparatus.

9. A manufacturing apparatus of high concentration
ozone gas, comprising an ozone generating apparatus, and a
pressure swing adsorbing appafatus having plural adsorbing
layers filled with ozone adsorbent, wherein thé ozone |
generating apparatus is a water eleétrolytic ozone.generating
apparatus of high pressure, the ozone adsorbent is one or two
or more kinds of adsorbent selected from the group canisting
of high silica pentasyl zeolite, dealuminized faujasite:, and
mesoporous silicate, a compressor and a changeover valve are
attached to é lead pipe for feedinélgas contéining oxygen for
connecting the ozone generating apparatus to the adsorbing
layers in an adsorbing pfoéess, a lead pipe for circulating
oxygen concentrated gas flowing ouf from the adsorbing layers
is conﬁected to a hydrogen electrode chamber of the water
electrolyticozonegeneratingapparatusthrougnthechangeover
valve so as to depolarize the oxygen, a lead pipe for feeding
purge gas branched off the lead pipe for circulating oxygen.
céncentrated gas 1is connected to the adsorbing iayers in a
desorbingprocessthroughazeducingvalveandchaﬁgeovervalve,
and a confrol device is provided for changing over all the
changeover valves to sef the adsorbing layers altern%tely in
the adsorbing process and desoi'bing process by connecting a lead

pipe for recovering ozone to the adsorbing layers in the

/“"“*\"
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desorbing process through a changeover valve to recover high
concentration'ozone’gas.

10. A manufacturing apparatus of high concentratioﬁ
ozone gas, comprising an ozone generatiné apparatus, anq a
pressure swing adsorbing apparatus having plural adsorbing
layérs filled with ozone adsorbent, wherein thé ozone
generating apparatus is a silent discharge_ozone generating
apparatus of high pressure, the ozone adsorbent is one or two
or more kinds of_adsorbentAselected from the group consisting
of high silica pentasyl zeolite, dealuminizedfaujasiﬁé ., and
mesoporous silicate, a compressor and a changeévet valve are
attached to a lead pipe for feeding'gas containinglozone for
connecting the ozone generating apbaratus to the adsorbing
layérs in an adsorbing process, a lead pipe for circulAting
oxygen concentrated gas at a relatively high preésure fldwing
out from the adsorbing layers is connected to a lead pipe for

feéding oxygen material of the silent discharge ozone

‘generating apparatus through the changeover valve, a lead pipe

 for feeding purge gas branched off the lead pipe for circulating

oxygen conceﬁtrated gas is connected to the adsorbing layers
in a desorbing process through a reducing valve and changeover
valve, and a control device is provided for changing over all
the changeover valves to set the adsorbing layers alternately
in the adsorbing process and desorbing process by connecting

a lead pipe for recovering ozone to the adsorbing.layers in the
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desorbing process through e changeover valve to recover high
coneentration ozone gas.

11. A manufacturing method of high concentration ozone
gas, using two or more adsorbing layers filled with ozone
adsorbent, employing a temperature'swing adsorbing system for
transferring the adsorbing layers from an adsorbing’process‘at
a relativeiy low temperature to a.desorbing process at a
relatively high femperature, and further returning to the
adsorbing process, precooling the gas containing ozone from an
ozone generating apparatus and feeding into the adsorbing
layers in the adsorbing process, discharging oxygen
concentrated_gas at a relatively low temperature from the
adsorbing layers, passing purge gas,et a relatively high
temperature into the adsorbing lavers ih‘the desorbing process
in an opposite direction of the gas flow in the adsorbing process,
and recovering the concentrated ozone gas conrinuously, wherein
the ozone adsorbent.is one or two or more kinds of adsorbent
selected from the group ceneisting of high silica pentasyl

zeolite, dealuminized faujasite., and mesoporous silicate, and

the gas containing ozone from the ozone generating apparatus

is cooled by the oxygen concentrated gas at a relatively low
temperature flowing out from rhe adsorbing layers in the
adsorbiﬁg process. |

12. A manufacturing method of high concentration ozone

gas according to claim 11, using three or more adsorbing léyers
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and employing a temperature swing adsorbing system for
transferring the adsorbing layers from an adsorbing process at
a relatively low temperature to a desorbing process at a
relatively high temperature, and further returning to the
adsorbing process through a cooiing procéss, wherein part of
oxygen coﬁcentrated gés ata relatively low temperature £lowing
out from the adsorbing process is fed into the adsorbing layers
in the cooling process and is cooled.

13. A manufacturing method of high concentration ozone
gas according to claim 11 or 12, wherein part of oxygen
concentrated gas at a relatively low temperaj:ure flowing out
from the adsorbing layers in the adéorbing process is heated
to purge temperature, and is passed ;into the adsorbing layers
in the desorbing process in an opposite diredtion of the gas
flow in the adsorbing process, and fhe ozone is heated, purged
and desorbed.

14. A manufacturing method of high éohcentration ozone
gas according to claim 11 or 12, wherein purge gas suited to
the purpose of use of the high concentration ozone gas is heated
to purge temperature, and is passed into the adsorbing layers
in the desorbing process in an opposité direction of the gas
fiow in the adsorbing process, and the ozone is heated, purged
and desorbed.

15. A manufacturing method of high concentration ozone

gas according to any one of claims 11 or 12, wherein the purge
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rate in the purge operation is selected in a range of 1 to 2.
16. A manufacturing method of high concentration ozone
gas according to any one of claims 11 or 12, wherein the adsorbing

temperature of the adsorbing process is selected in a range of

-100°C to -30° C, and the desorbing temperature of the desorbing

process is ~se1ected in a range of 0°C to 50°C.

17. A manufacturing method of high concentration ozone
gas according to any one of claims 11 or 12, wherein the adsorbing
pressure of the adsorbing process is selected in a range of 1
to 4 atm.

18. A manufacturing method of high concentration ozone
gas according to any one of claims 11 or 12, wherein the
changeover time of the temperature swing adsorbing system is
selected in a range ofAlo to 60 minutés.

19. A manufacturing method of high concentration ozone
gas according to any one. of claims 11 or 12, using a water
electrolytic ozone generating apparatus as the ozone generating
apparatus, wherein part of the oxygen concentrated gas flowing
out from.the adsorbing layers in the adsorbing process is
returned to the hydrogen electrode chamber éf the water
electrolytic ozone generating apparatus to depolarize the
oxygen.

20. A manufacturing method of high concentration ozone
gas according to any one of claims 11 or 12, using a silent

discharge ozone generating apparatus as the ozone generating
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apparatus, wherein part of the oxygen concentrated gas flowing

out from the adsorbing layers in the adsorbiﬁg process is
returned to the oxygen material side of the.sileﬁt discharge
ozone generating épparatus.

21. A ménufacturing aﬁparatus of high concentration
ozone gas, comprising an ozone generating appératus, and a
temperature swing adsorbing apparatus having plural adsorbing
layers filled with ozone'adsorbent, wherein the ozone
generating apparatus is a water electrolytic ozone generating
apparatus, the o?one adsorbent is one or two or more kinds of
adsorbent selected from the gfoqp consisting of high silica
pentasyl zeolite, dealuminized faujasiée . and mesoporous
silicate, a heat exchanger, a cooler and a chahgéover valve are
attached to a lead pipe for féeding gas containing ozone for
connecting the ozone generating aéparatus to the adsorbing
layers in an adsorbing process, a lead pipe for circulafing
oxygén concentrated Qas ;at arelatively lbow temperature flowing
out from the adsorbing layers is connected to the heat exchanger
through the changeover valve, the gas containing ozcne is
precooled by the oxygen concentrated gas at relatively low
temperature in the heat exchanger, the outlet side of the oxygen
concentrated gas at a relatively low temperature of the heat
exchanger is connected togihyd:ogen electrode chamber of the

water electrolytic ozone generating apparatus through a lead

pipe, the oxygen concentrated gas at a relatively low
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temperature is supplied int.o the hydrogen electrode chamber to
encourage the oxygen depolarization action, ‘a lead pipe for
feeding purge gas is branched off from the leadA pipe for
circulating the oxygen concentrated gas at a relatively low
temperature, and is connected to the adsorbing layers in a
desorbing process, a heater and a changeover valvé are attached
to the lead pipe for feeding‘,purge gas to supply the .oxygen
concentrated gas at relatively low temperature to the adsorbing
layers as heating purge gas, the other end of the adsorbing
layers in the desorbing proﬁess is connected to a lead pibe for
recovering high concentration ozohe gas through the changeover
valve, and all the changeover vales: are changed over
simultaneously to use the adsorbing layers alternately in the
adsorbing process and desorbing process.

22. A manufacturing apparatus of.high concentration
ozone gas, comprising an_ ozone generating apparatus, and a
merry-go-round type temperature swing adsorbing apparatus
having three or more adsorbinlg layers filled with ozone
adsorbent, wherein the ozone generating apparatus is a water
electrolytic ozone generating apparatus, the ozone.adsorbent
is one or two or more kinds of adsorbent selected from the group
con_sis.ting of high silica pentasyl zeolite, dealuminized
faujasite , and mesoporous silicate, a lead pipe for feeding éas
containing ozone from the ozone generating apparatus and a lead

pipe for circulating oxygen concentrated gas can be connected
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before and after the adsorbing layers in an adsorbing process,
a lead pipe for feeding heating purge gas and a lead pipe for
recovering high concentration ozone gas can bé connected before
and after the adsorbing layers in a desorbing process, a lead
pipe for feeding cooling gas branched off from the lead pipe
for circulating the oxygen concentrated gas and a lead pipe for |
recovery of the cooling gas can be connected before and.after
the adsorbing layers in a cooling process, the adsorbing process,
desorbing process and cooling process are transferred
sequentially by rotating the merry-go-round composed of the
adsorbing layers, a heat exchanger and a cooler are attached
to the lead pipe for feeding gas containing ozone, the lead pipe
for circulating oxygen concentrated gas is connected to the heat
exchanger, the gas containing ozone is precooled by the oxygen
concentrated gas at relatively low temperature flowing out from
the adsorbing layers in the adsorbing process, and is further
cooled to the adsorbing temperature by the cooler, the outlet
side of the oxygen concentrated gas at a relatively low
temperature of the heat exchanger is connected to a hydrogen
electrode chamber of the water electrolytic ozone generating
apparatus through a lead pipe, and the oxygen concentrated gas
at a relatively low temperature is supplied into the hydrogen
electrode chamber to encourage the oxygen depolarization
action. |

23. A manufacturing apparatus of high concentration
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ozone dgas, comprising an ozone generating apparatus, and a
temperature swing adsorbing apparatus having'plufal adsbrbing
layers filled with ozone adsorbent, whereiﬁ_the ozone |
generating apparatus is a silent discharge ozone generating
apparatus, the ozone adsérbent is one or two or more kinds of
adsorbent selected ffom the group consisting of high silica
pentasyl zeolite, dealuminized faujasite., and mesoporous
silicéte, a heat exchanger, a cooler and a changeover valve are
attached to a lead pipe for feeding gas containing ozone for
connecting the ozone generating apparatus to the adsorbing
layers in an adsorbing process, a lead pipe for circulating
oxygen concentrated gas at a relativeiy low femperature flowing
out from the adsorbing layers is cénngct_ed to the heat excﬁanger
through a changeover valve, the gas containing ozone is
precoo;ed by the oxygen concentrated gas at a relatively low
temperafure in the heat e;{chang'er , the outlet sidé_of the oxygen
concentrated gas at a relatively low temperature of the heat
exchanger is connected to the oxygen material supply'side of
the silent discharge ozone generating;épparatus through a lead
pPipe so as to recycle theloxygen concentrated gas, a lead pipe
for feeding purge gas is branched off from the lead pipe for
circulating oxygen concentrated.gas at a relatively low
temperature and isvconnected to the adsorbing layeff in a
desorbing process, a heater and a changeovér valve are attached

to the lead pipe for feeding purge gas so that the oxygen
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concentrated gas at arelatively low temperature may be supplied
to the adgorbihg layers as heating purge gas, other end of the
adsorbing layers in the desorbing procesé is connected to a lead
pipe for recovering high concentration ozone gas through the
changeover valve, and all the changeover valves are changed over

simultaneously to use the adsorbing layers alterhately in the

. adsorbing process and desorbing process.

24. A manufacturing apparatus of high cbncentration
ozone gas, comprising an ozone generating apparatus, and a
merry-go-round type temperature swing adsorbing apparatus
having three or more‘ a@sorbing layers filled with ozone
adsorbent, wherein the ozone generating apparatus is a silent
discharge ozone generating apparatus, the ozone adsorbent is
one or two or more kinds of adsorbent selected from the gréup
c_onsisting of high silica pentasyl zeolite, dealuminized
faujasite, and mesoporous silicate, a lead pipe for feeding gas
containing ozone from the ozone generating apparatus and a lead
pipe for circulating oxygen concentrated gas can'be connected |
before and after the adéorbing layers in an adsorbing process,
a lead pipe for feeding-heating purge gas and a lead pipe for
recovering high concentration ozone gas can be connected before
and after the adsorbing layers in a desorbing process, a lead
pipé for feeding céo’ling gas branched off fro_m the lead pipe
for circulating the oxygen concentrated gas and a lead ﬁ)ipe for

recovery of the cooling gas can be connected before and‘after
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