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z.nvention The present invention relates to a nethod for producing oo?‘f
- super clean air fromatnospheric air. Chenical conponents such as (¥ _
H?drocarbons, organi ¢ hal ogens, acidic ghses, basic gases, al dehydes,
nitrogen oxides, etc. are renoved to | eave super clean air conprising
ni trogen, oxygen, and nobl e gases contained in the atnosphere air. The
.super clean air may be used in the manufacture of sem conductors and in

i ndustrial and nedical {gphss g&pﬁdﬁﬁégﬁ@témﬁf 1SR aFgnation caused by |

chem cal conponents in the atnosphere Is essential. Background of the

| nvention To prevent contam nation of wafers and generation of a
nat ural oxid -fié [ he RIQGess of produci ng sem conductors is generally
carried = pendi ng on the anbient air quality, etc.,
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activated carbon filter. The air is then introduced into the cl ean room by

an air- cosdper oplerp Al oM agmeephenin aishpeChenieal xgomparEmss sachor
exanpl e, and,_a,const.ant_r ' Ldity, 4Q-50% e ) :
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nobl e gas@anGAictiee IR semiconductors and in industrial and medical
fields where preventién of contamination caused by chemical
components in the atmosphere is essential.
Background of the Invention

To prevent contamination of wafers and generation of a
natural oxide £ilm, the process of producing semiconductors is
generally carried out in a clean room. Depending on thg ambient
air quality, etc., some of the chemical components in the ambient
air are removed by an activated carbon filter. The air is then
introdﬁced into the clean room by an air-conditioning system at a

~ constant temperature, 23 - 25%C for example, and a constant
relative humidity, 40-50% for example.

However, advancements in the integration of semiconductors
require that the manufacturing process be carried out in an
atmosphere cleaner.than the air provided by the prior art
filter/air—conditioﬁer system. That is, the chemical components
and moisture content left in the clean room air by the system.
described above still cgnétitute a contamination source hindering
the production of seﬁiconductors.

In addition to nitrogen, oxygen and noble gases (Ar, Ne, KR,



etc. belonging to group O of the periodic.table), the prior art system
| eaves in the clean air diverse chenical conponents such as hydrocarbons,
organi ¢ hal ogens, acidic gases, basic gases, al dehydes, nitrogen oxides,
et'c., and these diverse chem cal conponedts may contam nate sem conduct or
waf ers i ndependently or in the presence of noisture, even if their
concentration is extrenely. small. The degree of humdity secured as
descri bed above is provided to alleviate dryness in the nouths of workers,
etc., but when air having this degree of humdity is present, a natural
oxi de filn1eas%Iﬁ forns on wafer iE contact, wi,th SUfh air. For exanpl e,
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air. For example, when the dew point is around -90°C (moisture
content 0.1 ppm), natural oxide film is scarcely formed even
after a lapse of some 100 hours, but when the dew point is around
50°C (moisture content 1.2 vol%), a natural oxide film will form
in a few minutes.

Therefore, in order to prevent this kind of wafer
contamination and the generation of a natural oxide film, super
cleaq air must be used as the air with which the wafer comes in
contact. This super clean air must have chemical components and
moisture content removed therefrom to the same degree as super
high qgality gases such as the nitrogen gas used in the
semiconductor manufacturing process. Specifically, in order to
prevent wafer contamination, the chemical components in the air
must be removed such that the remaining chemical components do
not exceed a part per billion (ppb) level, equivalent to the
level of chemical components contained in super high quality
gases. Also, in order to érevent the generation of a natural
oxide film on the wafer, the dew point of the air must be lowered

to -40°C to -120°C (preferably -100°C or lower) .



. TRe requirenment for super clean air causes the production costs to be .
"extrenely high as conpared to clean room air. adjusted and controlled by an
ajr-conditioning systemas described above because it-is difficult to
provi de super clean air as the atnnspher% for a large volune such an entire
cl ean room To reduce costs, a region is formed in the clean room where
wafers cone in contact with air (for exanple, the wafer transport region
bet ween processes) whose vol une can be greatly reduced within a range which
does not hinder seniconductor production, the region being originally
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applications. m ni m_ze the vol unme of super clean air required and
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To minimize the volume of super clean air required and at
the same prevent as much as possible the contamination of wafers
and the formation of natural oxide films during wafer transport,
a tunnel type wafer transport system has been proposed. In this
system the wafer transport region is formed in a tunnel with the
minimum required volume for transporting wafers, and super clean
air is supplied to the tunnel rather than to the entire clean-
room. It has also_been proposed to supply super clean air td
places other than the tunnel (for exémple, the inner space of a
storage apparatus) where contact of the wafer with air is likely
to pgrmit contamination or formation of a natural oxide film. To
prevent wafer contamination, etc. it has also been proposed to
supply nitrogen gas to the tunnel, etc. in place of super clean
air, but the use of nitrogen is not practical from the viewpoint
of éosﬁ and safety to humans. .
Thus, while it is possible to effectively prevent wafer

contamination and the formation of natural oxide films by

supplying super clean air in the form of nitrogen to the wafer



te€ansport tunnel, etc., it is preferable that the super clean air to be
produced from at nospheric air so as to reduce costs, inprove safety, etc.
However, the chem cal conponents in the atnosphere are diverse as described
above, and because the types of chem cal4 conponents contained in materi al
~air differ wdely depending on where the air is collected fromthe

at nosphere, it is extrenely difficult to renove all the chem cal conponents
in the material air such that” the remaining chem cal conponents are so
scarce as to stand at no nore than about one ppb. Furthernore, no nethod

has been proposed f odugi.ng e ' L clyent in.lange
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remove chém C onents other than nitrogen, oxygen and no gases from
t he mat er thé materidk speuch ehat athe hssmea ndey pbemical ¢omponsifsraxeC to
-120[err] C A further object of the invention is tqagrovide a net hod
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clean air efficiently and in large quantities by using atmosphere
as the material from which the super clean air is derived. This
has hindered the practical applications of the tunnel method to

the wafer transport system, etc. described above.

Summary of the Invention

An object oflthis invention to provide a methéd for
efficiently producing from the atmosphere super clean air
suitable for use in semiconductor manufacturing plants, etc.

An object of the invention is to provide a method of
producing super clean air from material air collected from the
atmosphere, the method comprising low-tempefature adsorption
treating the material air with an adsorbent at a treatment
temperature in the range of from -40°C to -180°C to adsorb and
remove chemical components other than nitrogen, oxygen and noble
gases. from the material air. The super clean air has a dew point
of from -40°C to -120°C. )

A further object of the invention is to provide a method as

described above wherein, prior to low-temperature adsorption -



dikoxi de and noi sture. Anot her object of the invention is to provide a
nmet hod as descri bed above wherein the | owtenperature adsorption treated
air is expanded and used to cool the material air to a treatnent :
tenperature. Still another object ob the invention is to provide a
met hod as descri bed above wherein the adsorbent selectively and
preferentially adsorbs nitrogen at tenperatures in the range of - 40[err]C
to -180[err] C Yet anot her object of the invention is to provide a
met hod as descri bed above wherein the chem cal conponents are classified
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each ot hedi&eildd adrd ngpiwthidtien a solidification tenperature range for the
group, the low tenperature adsorption treating being divided into a nunber
of adsor pti on Areher fhilectoof heheuiyentépnchente Bravidsoremetyodups, t he
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‘tenperature and carrying out the adsorption steps at successively | ower
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solidification tenperature range, The met hod of produci ng super clean
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removi ng ghemcal_jgyvponents, other than nitrogen, oxygen, and noble gases

frommaterial air collected fromthe atnosphere, the chenical conponents
bei ng Yet another object of the invention is to provide a method

as described above wherein the chemical components are classified
into a plurality of chemical component groups, each group
including chemical components having respective solidification
temperatures close to each other and falling within a -
solidification temperature range for the group, the low-
tempefature adsorption treating being divided into a number of
adsorption steps equal to the number of chemical component
groups, the treatment temperature for each group being close to
or slightly higher than an upper limit of the solidification
temperature range for the group so that, by starting with an
adsorption step having a highest treatment temperature and
carrying out the adsorp;ion steps at successively lower treatment
temperatures until the treatment step having the lowest treatment
temperature has been completed, the chemical components are
adsorbed and removed group by group starting with a group having
a highest solidification temperature range and ending with a
Qroup having a lowest solidification temperature range.

The method of producing super clean air according to this



‘adsorbed by | owt-enperature adsorption treatnent w th an adsorbent at
tenperatures as low as from-40[err]Cto -180[err]C. As used herein, the.
term "chem cal conponents” neans all the conponents (including Herr]O
other than nitrogen, oxygen, and noble g8s contained in material air, and
the types of the chem cal conponents differ in accordance with the state of
the atnosphere at the place where the nmaterial air is collected. In
general, the main chem cal conponents in material air are hydrocarbons,
organi ¢ hal ogens, acidic gases, basic gases, aldehydes, nitrogen oxides,

tc. Th t hod. . | i r.having a d iot _of -40 Ct
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The chem cal conponent anal yzer used in evaluating air produce
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chem cal conponents whose respective . solidification
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for each gaftpchémsesl atompdraamar dhUin&t 61 D8P 41y dne hydrewhabohsgher than,
organic halogens, acidic gases, basic gases, aldehydes, nitrogen
oxides, etc. The method produces super clean air having a dew
point of -40°C to -120°C, préferably lower than -100°C, where
super clean air is defined as air having chemical component
concentrations of 1 ppb or less.

The chemical component analyzer .used in evaluating air
produced by the present method had, to my knowledge, the highést
accuracy of any presently available analyzer. Since the detection
limit of this analyzer was 1 ppb, it was impossible to accurately
detect the chemical component“concentration when it was less than
1 ppb. Consequently, "the chemical component concentration of 1
ppb or less" as used herein means, in short, that the
concentration of the chemical component is below the detection
limit of the analyzer, and the numerical value of 1 ppb itself
has no special meaning.

| In order to produce super clean air with higher quality, the
chemical components are classified into a plurality of groups

each including chemical components whose respective



~avsolidification tenperature range for each chem cal conponent group such -
that the chem cal conponents are adsorbed and renoved group by group,
starting with the group having a highest solidification tenperature range,
next the group with a second hi ghest sol?dification tenperature range and
so forth. Synthetic zeolite (pernutite) or another adsorbent which can
sel ectively adsorb preferentially nitrogen under tenperature conditions
from-40[err]Cto -180[efr]C is used for the | owtenperature adsorption
treat ment. In order to alleviate the |oad on the | owtenperature
adsorption treatnment, and i nprove the treatnent efficieaﬁ%%qthe material air

i s pretre8Pb¥diblFrRR WRHFRHITEE Bon i O §ashaR st Eheordiosint
among e GRBak&els £ PG P Ak Endlld QU0 s LOM begRer el e adsorpt i on

treat nent. e material alr 1s roomtenpérature adsorption eat ed using as
t he adsor h@sbrpt bbnt sitepoitiee tiunbbedofil wiiicka iandgpel nubi tiee Wibeanad vy, the
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highest solidification temperature range and so forth.

Synthetic zeolite (permutite) or another adsorbent which can
selectively adsorb preferentially nitrogen under temperature
conditions from -40°C to -180°C is used for the low-temﬁerature
adsorption treatment. .

In oxrder to alleviate the load on the low-temperature
adsorption treatment and improve the treatment efficiency, the
material air is pretreated to remove at least carbon dioxide gas
and moisture content among the chemical components before '
undertaking low-temperature adsorption treatment. The material
air is room temperature adsorption treated using as the adsorbent
a mixture of activated alumina and pérmutite. Optionally, the
room-temperature adsorption treatment may be carried 6ut after
the material air is subjected to an oxidation treatment by a
noble metal catalyst such as palladium-based catalyst, etc. under
heating conditions (for example, 130°C to 150°C).

Other objects and advantages of the invention will become
evident upon consideration of the following description and the
accompanying drawings.

B De iptdi he Drawi



sttages to obtain super clean air, the super clean air being m xed with heat
exchanged nitrogen to provide cooling for adsorption process heat
exchangers; Fig. 3 shows a nodification of the apparatus of Fig. 2
wherein the adsorption process heat exch%ngers are cooled by |iquefied
nitrogen that has been heat exchanged; and, - Fig. 4 shows an experlnent
"apparatus for verifying that the atnDsphere may be | owtenperature
adsorption treated to obtain super clean air. Description of Preferred
Enbodi ment s The met hod for producrng super clean air according to this
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28 as d| spusseds| heéet ewrheaigears;clean air le as thus obt ai ned has a dew
point of -40[err]C or |ess (nore prefera2g¥ 100[err]C or_Iess). I n
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liquefied nitrogen that has been heat exchanged; and,
Fig. 4 shows an experiment apparatus for verifying that the

atmosphere may be low-temperature adsorption treated to obtain

super clean air.

The method for producing super clean air according to this
invention comprises pretreating the material air 1la collected
from the atmosphere by the pretreatment apparatus 2 as shown in
Fig. 1 primarily to remove the moisture content and carbon
dioxide gas therefrom, and then adsorption treating the
pretreated air by the low-temperature adsorption treatment
apparatus 3 under low-temperature conditions from -40°C to 180°C
to obtain super clean air wherein chemical components contained
in the material air 1la, that is, components (hydrocarbon, organic
halogen, acidic gas, basic gas, aldehydes, nitrogen oxides, etc.)
other than nitrogen, oxygen, and noble gas (Ar, Ne, Kr, etc. that
belong to the 0 group of the periodic table, etc.) are ;emoved

such that the remaining chemical components stand at a ppb level



tenperature: 15-21[err]C, humdity (RH): 60 - 80% is pressurized and

cool ed, and then adsorption-treated at roomtenperature, thereby renopving
primarily the noisture content: and carbon dioxide gas fromthe material air
a. Referring to Fig. 1, material @&r lais fed to a conpressor 4
‘which pressurizes it to about 1 - 9 kg/cnferr]G preferably to about 1 - 3
kg/cnferr] Q. Conpressor 4 may be an oil-free reciprocating conpressor, but
ot her types of conpressors nay be used. The pressurized material air lais
then fed to a suitable cooling nmeans conprising an after-cooler 5 which
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roomtenperature adsorption tower 7 is packed with a suitabl e adsorbent 7a
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gas to beTowH Certain | evel (for exanple, H20: 0.01 ppmor |ess; C02: 0.3

ppm or | ess). rh rihd pretebatnbht rstedsUByNehe SrFditinidrt BRparkels 2,
exanpl e, be used as the adsorbent 7a, and the anount placed in the tower is
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remain ingfhe Qid SdNal hhe pretreated air I'b at the output of tower 7 is
not super cl ean. The pretreatnent apparatus 2 may include neans

| ocat ed upstr cRefedrirgvzo Figo 3l Imatdexdtialt hér| badimnfeded avcdompresadbur e
adsorption tr

eatnment | ater descri bed and i nprove the treatne ef ficiency.
For exanpf e",’h’a"ailta‘PEﬂif’é‘trltzﬁ\ﬁer"‘:29° lWI_{TH ]égf cm'G, pre%eragiy to
about 1 - 3 kg/cm®G). Compressor 4 may be an oil-free
reciprocating compressor, but other types of compressors may be
used. The pressurized material air ia is then fed to a suitable
cooling means comprising an after-cooler 5 which coolé the air to
about 40°C and a refrigerator 6 which further cools the ai; to
about 5°C to condense and separate its moisture content. The air
_is then fed to a room-temperature adsorption tower 7.

The room-temperature adsorption tower 7 is packed with a
suitable adsorbent 7a for adsorption-treating the material air at
room temperature (for example, 5°C), and adsorbs and removes the
moisture content and carbon dioxide éés to below a certain level
(for example, H,0: 0.0l ppm or less; CO,: 0.3 ppm or less). A
mixture of activated alumina and permutite.may, for example,.be
used as the adsorbent 7a, and the amount placed in the tower is
determined according to the air volume to be treated.

The room-temperature adsorption tower 7 is designed



pal | adi um based or ot her noble netal catalyst nay be provided. The
conpressed material air fromconpressor 4 is fed to catalyst tower 27 and
air fromthe catalyst tower is then applied to cooler 5. In the
catal yst tower 27, contact of the materil® air la with the noble netal
catal yst under heatlng conditions (preferably about 130[err]C to 150[err] C
oxi di zes nost of the chem cal conponents such as Herr], CO CHerr]
existing in the air in very small anounts, changing t hese conmponent s
Herr]Oand CJerr]. By introducing the material air |la, oxidized in the
catal yst pewmar2Tyi totddsortnanedr reincte i kleahdom,t atpevatutempdsatpte On
tower 7 through cooler 5 and refrlgerator 6, chem cal conponents such as-
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t he pretrea hat t red w concentration level (1 ppb or |ess)
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-40[err]Cto -120[errL?W%£refera y to -100[err]C or
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exchangers a cool 1 ng source heat exchanger 15 all di sposed
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prescribed amounts of a sorbe ts 9a respectively, the anount ei ng
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shoul d exiy techprebeell ¥htdr 1l air from compressor -4 is fed to catalyst

tower 27 and air from the catalyst tower is then applied to
cooler 5.

In the catalyst tower 27, contact of the material air 1la
with the noble metal catalyst under heating conditions
(preferably about 130°C to 150°C) oxidizes most of the chemical
components such as H,, CO, CH, existing in the air in very small
amounts, changing these components H,0 and CO,. By introducing
-the material air la, oxidized in the catalyst tower 27 in this
manner, into the room-temperature adsorption tower 7 through
cooler 5 and refrigerator 6, chemical components such as H,0,
C0,, H,;, CO, CH,, etc. in the material air are effectively
removed. |

The pretreated material air 1b from the room temperature
adsorption tower 7 is introduced into the low-temperature
adsorption treatment apparatus 3 where it undergoes low-
temperature treatment to remove the chemical components (for

example, CO, CO,, HC, NH,, Cl,, NO,, SO,, P compounds, B compounds,



preference for adsorbing nitrogen, as conpared to oxygen, at 'low
‘tenperatures in the range of -40[err]C to -180[err]C. Pernutite
(preferably, with fine pores about 5A in dianeter) is a preferred :
adsor bent. However, other adsorbents havilng an adsorption capacity for N2
that is greater than that for (Qerr] at tenperatures of -40[err]Cto
-180[err]C may be used. Activated alum na, activated carbon, or a mxture

t hereof can be used in addition to permutite. The pretreated air Ibis
permtted to flow fromthe room tenperature treatnment adsorption tower 7

t hrough t fhr t %(Qngng?r 12 ere. t.he ajr,is cooled to.a primary
Iovv-tenpelrgg'tcdpei%lngggep?ange 0 ?ﬁﬁ[%r‘f@'?}b%—a’g&[ g?rafcgoﬁ%s‘bf%ﬁjg%ﬁ air
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adsorption tower 9 In the first | owtenperature adsorption tower 9,
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| c is availbakke at the output of adsorption tower 9. The primary
treated air |c _passes through the second heat exchanger 13 which |lowers the
t'enper at ure of ThRel@yrtemPeraiakenadroreticn raRatrenpeapParatus 3 he range of
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ppb and a dew point 'in the desired range
' adsorbents 9a,10a, respectively, the amounts being determined by
the amount of air to-be treated.

The adsorbents 9a, 1l0a should exhibit a selectivity or
preference for adsorbing nitrogen, as compared to oxygen, at low-
temperatures in the range of -40°C to -180°C. Permuﬁite
(preferably, with fine pores about 5A in diameter) is a
preferred adsorbent. However, other adsorbents having an
adsorption capacity for N, that is greater than that for 0, at
temperatures of -40°C to -180°C may be used. Activated alumina,
activated carbon, or a mixture thereof can be used in addition to
permutite. ' _ -

The pre;reated air 1b is permitted to flow from the room-
temperature treatment adsorption tower 7 through the first heat
exchanger 12 where the air is cooled to a primary low-temperature
in the range of -40°C to -60°C. The pretreated air 1b, cooled to
the primary low-temperature, is then passed through the first
adsorption tower 9.

In the first low-temperature adsorption tower 9, some of the

chemical components contained in the air 1b are removed and the



of -40[err]Cto -120[err]C. The air Id is passed through heat exchanger 15
where it is further cooled, and is then mxed with nitrogen gas 17b to
obtain the super clean air le which is supplied to an output or user
apparatus 16. In this exanple a source 12 provides liquefied nitrogen 17a
which is applied to heat exchanger 15. The | atent heat of vaporization of
the liquefied nitrogen 17a provides a cooling source that cools the
secondary treated air Id. As heat is exchanged between the secondary
treated air 1d and the liquefied nitrogen 17a in the heat exchanger, the
nitrogen gvapar.ates .t L.d oyt e r e Ny 17b which is
then m xe ww&%athg'ssgggﬁgé%yf?‘?%éa e&’yaiar og"E:HESn ¢ 'geltglg{?pg?&cl ean air |e,
that is, ghaseeedany tbeatethd pribthraftlreachenngtemmdetine tske thael ang
source heat exchanger 15 , ' _ 13 and
m xed w torimey Srekegedini LFoberavEAd able gfefhasouhrit &f iagsoaptirn heat
exchangers 12 qu 13. As shown in Fig. 1, the air |le passes first through
heat excHﬁﬁﬁ%ﬁ 13 to cool the primary treated air Ic to the secondary
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adsorptid%e? wer— -7, actuafl'y conprises a parfr towers. The towers
are desi gredl dsvlnkptitmargpeakated air acspecitheadpasaed cyiutaugtDuthieng each
cycle a first tower of each pair perforns its adsorption function while the
adsor bentS¢qend oW {RIPSEREALEARFRER IR tWerhd Opuiere SRR Y egener at ed
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adsorbents in the roomtenperature adsorption tower 7 nay be a part 1'b of
t he pretreaealement §9mper ‘' e of the super clean air le, or a

The secondary treated air 1d at the output of adgorption
tower 10 is a super clean air having concentrations of chemical
components less than 1 ppb and a dew point in the desired range
of -40°C to -120°C. The air 1d is passed through heat exchanger
15 where it is further cooled, and is then mixed with nitrogen
gas 17b to obtain the super clean air le which is supplied to an
output or user apparatus 16. In this example a source 17
provides liquefied nitrogen 17a which is applied to heat _
exchanger 15. The latent heat of vaporization of the liquefied
nitrogen 17a provides a cooling source that cools the secondary
treated air 1d. As heat is exchanged between the secondary
treated air 14 and the liquefied nitrogen 17a in the heat
exchanger, the nitrogen evaporates to provide a low-temperature
nitrogen gas 17b which is then mixed with the secondary treated
air 1d.

‘The super clean air le, that is, the secondary treated air

1d, after being coocled in the cooling source heat exchanger 15



nkExture of the two. For regeneration, the air or mxture “of- air is ‘heat.ed
by a heater 20 and then continuously supplied, as regenerating gas 23, to
tower 7 where it is applied for a specified time to the one of the
agdsorbents 7a currently being regeneratd®@ Thereafter, and for a specified
time, the air or mxture of air is applied to the sane one of the
adsorbents 7a as a cooling gas 24 which has not passed through the heater
20. During the tine one of the adsorbents 7a is being regenerated and
cool ed as just described, the other adsorbent 7a adsorbs noisture, carbon
di oxi de fr h
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avai | abl eadgdorbent (7a, 9a, 10a) in a second tower of the pair is being

regenerated and cooled, after which the second tower of each pair
performs its adsorption function while the adsorbent in the first
tower of the pair is regenerated and cooled.

The gas for regenerating and cooling the adsorbents in the
room-temperature adsorption tower 7 may be a part 1'b of the
pretreated air 1b, a part 1'e of the super clean air le, or a
mixture of the two. For regeneration, the air or mixture of air
is heaeed by a heater 20 and then continﬁously supplied, as
regenerating gas 23, to tower 7 where it is applied for a
specified time to the one of the adsorbents 7a currently being
regenerated. Thereafter, and for a specified time, the air or
mixture of air is applied to the same one of the adsorbents 7a as
a cooling gas 24 which has not passed through the heater 20.

During the time one of the adsorbents 7a is being
regenerated and cooled as just described, the other adsorbent 7a

adsorbs moisture, carbon dioxide and a part of the chemical



sdurce 17 is used as the cooling gas 26 which cools the | ow tenperature.
adsorption towers 9,10 and the adsorbents 9a, 10a therein to the vicinity
of their respective adsorption tenperature. Because pernutite or other
nat eri al which can adsorb nitrogen prefddentially is used as the adsorbents
9a, 10a, and al so because nitrogen gas is used as the regenerating gas 25

and o 15 the cooling gas 26, it is
possible to prevent with certainty the explosion of self-dissolving gases
and i nfl ammabl e gases adsorbed at | owtenperature. The | ower the

adsorption _process t erature within the range.-40lerr]C to -180[err]C,
the hi ghef® E?Pﬁgéﬁaggg%ftq}ee gn}lr%fa%rﬁelacﬁg’rﬁ caf gi)%b Mt M&isor ption
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kinetic energy as the tenperature Towers in tthe tenperature region 1 n which
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therefore the _physical,_adsorption.capacity Jjncrease. _.This fact i ndi cates
that it i §rﬁ8§F‘e§gsi"?a ?eé_séj._%’dgf}?‘br _%asc%eérﬁogbpn(?oﬁﬁo{h?\t%‘s%ﬁrqws 7a
t enper at UBeN@BL sklPE! coMdrt dNgaPbmididkidlelehst 8sehdELtdy alne iserb and

renmove the chemcal conponents. On the other hand, the types of chemca
conponent 9fctheacheni¢al t¢rmponensphit cadsarhgid, ehddeahbe t dtiier swlgatibfepitng

points are_various. _ nsgquent | [t i ossible tp remprkably | ower
the procc¥8rngetBapEPaetr e TpravEothet 1 at b PORBRBS P L TOCHEN &° 22
conponent §s &odcablt BRe SédodteiR 86RaEs YandWie LR8EBENES! tHe Mt RS ThYi NY
the chem cal conponents into a plurality of chem cal conponent groups each

conponent vgcdnd tynefuthegtenraratyre cofipthre adsorpsienr preTene

ow t emper at ur 87S0EBVRFY o TRbdCnBRE BrOMRan 1R EeRErPE dtidseon

steps equyl. t ghkheeguniéfitg agnesafof orddiRitatdhgUhe adsbaRiddN®al he

treatnment tenperature for each group at a tenperature close to, but

somewhat [@ghdpPa is obtained by feeding a part 17'b. of the heat exchanged
nitrogen gas available at the output of heat exchanger 15 to a
heater 21. The output of heater 21 is the regenerating gas 25
which is fed to adsorption towers 10 and from these towers to
adsorption towers 9 thereby heating the desorbents 9a and 1l0a
alternately and for specified times as described above with
reference to adsorbents 7a. This regenerating treatment desorbs
and releases from the adsorbents 9a, .10a the chemical components
co, Co,, HC, NH,, Cl,, NO,, SO,, P compounds, B compounds, etc.)
adsorbed by the adsorbents 9a, 10a.

A part 17'a of the liquefied nitrogen 17a available at
source 17 is used as the cooling gas 26 which cools the low-
temperature adsorption towers 9,10 and the adsorbents %a, 10a
therein to the vicinity of their respective adsorption |
temperature.

- Because permutite or other material which can adsorb

nitrogen preferentially is used as the adsorbents 9a, 10a, and

also because nitrogen gas is used as the regenerating gas 25 and



than the solidification tenperature range for each chem cal conponent

group. By starting with the adsorption step having the highest treatnent
.tenperature, proceeding to the step with the _

16 second hi ghest tenperature and sd8orth, the chem cal conponents may
be adsorbed and renoved group by group, starting with the group having the
hi ghest solidification tenperature range and ending with the group having
the | owest sol-idification tenperature range. This ef fect becomes nore
evident as the nunber of |ow tenperature adsorption steps.increases, but

enough ©o BscP e SR e Al Forsorenk oAb 1 ¢ HAeat, MLERCESARALAR GF | ow

t enper at uegpadsbopt dHnsé ivetissdlvifgagasd@Whd NdflGmmkbler gabes hs@soMages
by providing ,a third | owtenperature adsorption tower 11 as shown in Fig.
2. Tetpleyr BR™PRF2Y YRR t enper at ure adsorption in three stages, the

secbndary tre | 0] t Q is.further cool ed
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to the adsorbent_ 10a as %?cked, and the adsorbent |1la is cyclically
r egener at E§°BHE2L oBPERPRF S 2EARRFLGR TRRAGIWEG aF®d6 WPt heeawpecthea o
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further | ow tenperature adsorption treainen | OWF
adsor pti onetnpaeatifte showdrd im taet tempéyaturatedyian ikf whichbtréned. The

air 1f is Rassed t hrough the cooling source heat exchanger 1f and then
T xed wi ¢ AOERECRLAEBRUMRRIE 419 FPBGRAL HHE a5t FRSAROdd RBe) @a  Eaper cand o
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order to effectively adsorb and remove the chemical components.

On the other hand, the types of chemical components contained in

the atmosphere are diverse and their solidifying points are

various.

Consequently, it is possible to remarkably lower the _
processing temperature, improve the rate of removal of chemical
components, and at the same time greatly lower the dew point by
classifying the chemical components into a plurality of chemical
component groups each component group including chemical
components whose respective solidification temperatures are close
to each other, dividing the low-température adsorption treatment
process into a number of adsorption steps equal to thé number of
chemical component groups, and setting the treatment temperature
for eaéh group at a temperature close to, but somewhat higher
than the solidification temperature range for each chemical

component group. By starting with the adsorption step having the

highest treatment temperature, proceeding to the step with the



17 treated air Ic and pretreated air Ib. The tenperatures are set such
that the pretreated air Ib is treated at about -40[err]C in adsorption
tower 9, the primary treated air 1c is treated at about -100[err]Cin
adsorption tower 10, and the secondary t¥8ated air 1d is treated at
-150[err]C to -180[err]C in adsorption tower 11. When the air is
adsorbed over three stages in this way, the nmain chem cal conponents
renoved in each adsorption step are, for exanple, HF, SOerr], NHerr],
etc. in the -40[err]C adsorption treatnent by the first | owtenperature

dsorpt! 2 § o , etc. in the i
adeorptof Loue 9ol Skt Eleid oLy 15, MalQ e plnigie 1o
adsor bent ntpveé ddsortiel Grcereheveld grdde byl grelp, e€artind h;q_thlgmeirl_r] C

adsorption treatment by the third | owtenperature adsorption tower
Needl ess gvovpyhayping ©ie tHagbestheed idilf inanione feBperaturm \radigen ande

adsorption_treatng ' f,the stages. For exampl t.he chem ca
conmponent gn‘g}n%ﬁf%%]%ﬁ?\g%aﬁ[ g?nﬁr}g C%% g'toc‘:".esé:r Sopglghgjfcfarvoéﬁsor bed and
renoved atekperhbirsl tawgetenperature adsorption tower 11 but are al so

adsorbed and renoved to sone extent at the first and the second
| owt enper at ur EhbgsoffrRGoPaconessmore myigent as tha mmeer pfadew?, the
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stages tore em-ca S SO no-chem cal* comp nt S

present i fiawpoDaenbf at retn@ntakefidiwityd i eicbnbhig, sipeis drrghaikk | €.
However, dependi ng on the qualité of super clean air required by user 16,
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sufficient to renove . .

tower 11 as shown in Fig. 2.

To provide for low-temperature ;dsorption in three stages,
the secondary treated air 1d from the second stage tower 10 is
further cooled in a tﬁird heat exchanger 14 before paésing to the
third low-temperature.adsorption tower 11. This tower is filled
with an adsorbent 1lla identical to the adsorbent 10a as packed,
and the adsorbent 1lla is cyclically regenerated and cooled in the
manner -as described above with respect to adsorbents 9a and 1l0a.

The secondary treated air 1d undergoes a further low-
temperature adsorption treatment in the low-temperature
adsorption tower 1l so that a tertiarily treated air 1f is
-obtained. The air 1f is passed through the cooling source heat
exchanger 1f and then mixed with the heat-exchanged nitrogen 17b
to produce the low-temperature super clean air le.

The super clean air le is passed serially through heat
exchangers 14, 13 and 12. This warms the air le before it is

supplied to user 16 and also provides a cooling source in the

heat exchangers for cooling the secondary treated air 1d, primary



X8 undesi rabl e chem cal conponents, adsorption treatnent can be

carried out in the first |owtenperature adsorption tower 9 only. In such
case, it is possible to use an electrical or nechanical freezer as the
é¢ool i ng source without using liquefied di‘trogen 17a. Needl ess to say, when
adsorption treatnent is carried out only at adsorption tower 9, it is
possible to lower the treatnent tenperature to around -150[err] C. However,
since the adsorption capacity is lowered in the case of the chem cal o
conponents with a high solidifying point as described above, and dependi ng

on the copgelilallen oL e JrRieuaplyCher 2] GIPRRRRLR: IO LA
conponent ST hay sol1diTy and "¢l og the piplng systemof.-the heat excharrger
etc.. Thegethrehattthe pesiraitled drplivisiecfered atbaBost ages°d Gn t he
treat ment process. In Figs. 1 and 2, liquefied nitrogen 17a is used as
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use the expanded air_as a cooling source for |owtenperature adsorption
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temperature adsorbent tower 10, and CF,, NO, CH,, CO, etc. in the
-150°C adsorption treatment by the third low-temperature
adsorption tower 11. Needless to say, part of these chemical
components is removed in the adsorption treatment in any of the
stages. For example, the chemical components of CF,, NO, CH,,
CO, etc. are primarily adsorbed and removed at the third low-
temperature adsorption tower 11 but are also adsorbed and removed
to some extent at the first and the second low-temperature
adsorption towers 9 and 10.

In Figs. 1 and 2, the low-temperature adsorption treatment
of air takes place in a plurality of stages to remove all
chemical components so that no chemical component is present in a
concenération greater than 1 ppb in the super clean air le.
However, depending on the quality of super clean air required by
user 16, only one stage of low-temperature adsorption treatment
may be required. For example, if the type of chemical components
to be removed is limited, or the chemical component removal rate
is not required to be so high, and adsorption.treatment at a

temperature of from -40°C to -60°C is sufficient to remove



1% exchanger 13 and the first heat exchanger 12. The part of the
secondary treated air 1d that is not expanded passes directly fromthe
second | owtenperature adsorption tower 10 to the cooling source heat
eXchanger 15 and is thus cool ed by heat Hchange with the | owtenperature
air 1'd. This part of the secondary treated air is a super clean air le
which is passed through heat exchangers 13 and 12 to the super clean air
user 16. Consequently, the pretreated air Ib is cooled to the specified
primary treatnment tenperature in the heat exchanger 12 by heat exchange

ith both s he | ir 1'd whil h
ori mary t FEAEERRELe TRAR ALY ColpBREntT AAITEERE S RS COFRR A B ¢ and

primary treated-arr 1 ang

the | ow tarpeedt bue Shrcie dirathesd- Camhangfirel 3d50rE00bn i toek (& n1+ .
secondary treatnment tenperature. In this exanple, the air 1'd,1h39|ng
been used I&sSuRB €88fi nit sbLMOSsahde heatuse cov eledtaicaheoh omclamialger s

1205 and Azl oot osodnd HheLeasialy 18050 29,8004 T codl 119 g2

24 for- thé roonttenperature a Fon

passed thngugh teediessttdenly ewhBang@sodpt idn icyehenthe by ¢he-neptgl 20
and applied to tower 7 as the regenerating gas 23, and is applie totﬁhe
tower as ©OFdYcasl PA§OEREIIY tAWeRol: beii Hnsaibde ThelgwerstiRS mrehtierar e

dint t t _7a therei d | the t
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Hovwever , icapakiigyCaselowetédkean fheCasse SOWhd RhEhdcal, comidnaitd REth a
pretreated air |Ib and none of the super clean air le is used for the
r egener at PdARa8@1484FYHRY Roibnas desaribegd abiewepr andcderending |dn ithe

A0S Or P! OokicRaked:abn! S LEMRNAUAE: A 1| BlipbHEnYPYnd! SR L2
components may solidify and clog the piping system of the heat
exchanger, etc.. Therefore, it is desirable to provide two or
more stages for the treatment process.

In Figs. 1 and 2, liquefied nitrogen 17a is used as the
cooling source for carrying out the low-temperature adsorption
treatment by the low-temperature adsorption towers. However, it
is also possible to expand part of the low-temperature adsorption
treated air from the process pressure to about atmospheric
pressure with an expander, and use the expanded air as a cooling
source for low-temperature adsorption treatment. This method
greatly reduces the éooling energy as compared with the case in
which liquefied nitrogen 17a is used as the cooling energy.

For example, as shown in Fig. 3, a first part 1'd of the
secondary treated air 1d at the_output.of the second low-
temperature adsorption tower 10 is expanded from process pressure
to the vicinity of atmospheric pressure by an expander 18 such as
an expansion turbine. The expansion lowers the temperature of
the air which is then introduced into the cooling source heat

exchanger 15 and allowed to pass through the second heat



exchanger 15 is supplied to the super clean air user 16. The

| owt enperature adsorption towers 9 and 10 are regenerated and cool ed by
ni.t rogen supplied fromliquid nitrogen source 17. The liquid nitrogen 17a

i $ heated by heater 21 to provide the red®nerating gas 25 and the ni.trogen,
‘Wi t hout heating, is used as the cooling gas 26. Since the construction
and processing operations in Fig. 3, other than those described above, are
sanme as those of the enbodi nent shown in Fig. 1, simlar parts are denoted
by li ke reference nunerals and the explanation of their operation will be

repeat ed. exclag?g [ ef3 sg&gq:%earfgrggalg%%i een,gc}#a%(%%q{ a%rout t he adsorption

treatnment under~lowtenperature C ons err]Cto -180[err]C as
descri bed abovehe bpartiepkratiengeeoniiiey rerpivetl ajualdt ynat ssipgst cl ean air,
it may be carried out at 4 or npore stages. The treatnment tenperature at

each st ag8¥REJIEL RPTFLRAITPELY FRORHENS ARFOTG dAW-BOPRPFIEXD - 180[err] C
180 D890 €8l GRMDOIPIS dRAR HEDYElenilder % andrious

i n accordgggs
configurat?ongﬁ% the treatment appar are possi epe e

condi t i ondsothtecathed pherheatr exchihgd witth raeciow- tampetthse i+ ecigd or
the required quality_of the super clean air. For exanple, when the

sol i di fyi AGLBoPAEE off JFhe |SpqendpEyeEredidr (HE ienPePHPEF cChRan tRir le

| owt enpey,at Hhe; 2059594 d Ak Adiueat ' @l IJTE.EEQ%S l.bLet o,om t € -
pretreat rrgn%'egyltggé pretreat ment Hgg%a?% 1'tljas an§'3u§§dt 3 %t%&?aﬁupﬁrr la as
t he pretreaeed air uemhich iConappuerrly o tiHee grewrkeanpér aidr b als ddylean

treat nent 3. #f air d'g%gar ed froma clean roomor air discharged froma
super cl eifl Pf ﬁg?ﬁbék TYppEPATTARG LaMReSFasYrehannElierteAt air it nay

be appliedxehhfi§er! L2 1K heat exchange with both the super clean #ir le
and the low-temperature air 1'd while the primary treated air 1lc
is heat exchanged with the super clean air le and the low-
temperature air 1'd in heat exchanger 13 to cool it to the
secondary treatment temperature.

_ In this example, the air 1'd, having been used as the
cooling source and heat-recovered at the heat exchangers 12, 13
and 15, is used as both the regenerating gas 23 and the cooling
gas 24 for the room-temperature adsorption tower 7. That is,’
after air 1'd has passed through the first heat exchanger 12 it
is heated by the heater 20 and applied to tower 7 as the
regenerating gas 23, and is applied to the tower as the cooling
gas 24 without being heated. The gases 23 and 24 are used in
tower 7 to regenerate the adsorbent 7a therein and cool the tower
in the same manner as previously explained with reference to Fig.
1. However, in this case, unlike the case shown in Fig. 1, none
of the pretreated air 1b and none of the super clean air le is
used for the regeneration and cooling of tower 7. All of the
pretreated air 1lb is adsorption treated at low-temperature, and

all of .the super clean air le obtained at the output of heat



pretreatnent apparatus 2 as the material air la or to the low tenperature
~adsorption apparatus 3 as the pretreated air Ib. For exanple, in a tunnel
type wafer transport systemas nentioned above, when the super clean air
i‘n the tunnel is circulated and used, i 20 s possible to apply the used
super clean air discharged fromthe tunnel to the | owtenperature
adsorption treatnent apparatus 3 as the material air (pretreated air) I|b.
The super clean air may thus be used in the user apparatus 16 and the
recycled through the treatnent apparatus 3 or 2 and 3. As menti oned

above, thexlRUhdSPE AldistpAds08 Ald UheARABER! Ufedn! 21! aiead Jg1si de a

cool i ng box X may be an 1ron cas aving a heat 1nsulating
‘mat eri al ther eTine ciqw+ tenmpesesunb cadsdripe ionr towatdsng atdosplete W I | pl ace a
hi gh thermal | oad 0£ t he apﬁg{i;%s, a vacuum heat-insul atji ng cont ai ner may

be used tEeRRRER"ThA KRS THFEHORET SYPPhESEneF Yy g demisgogen
ni trogen) .., Jhe YACUWRL ARIRLRCR PR LOYSS &th&ggéfoﬂsf%eéﬁ%ﬁa%fe

adsorption apparatus 3, any one of I11s elenents tenperature
adsor pt i oprdoivde , tlze hesgenerahangeyas dsc andothe pitrageny wifthiduk el enent s

(for exanple, one |owte eragure %_d,sorption tower and the heat exchanger
for cooli ﬁa"éﬁ‘gtol%é“sr AFd e8PV 1% I3FséPpt i on t ower) . Sever al

experinents orgigst St &r=RIAUELSH iy 5&%}‘.:%%@%&?&%41% ag gleseri bed

above produced super clean air. Test 1. pretreat ment apparatfus 2

and | owt ebperathar thisw plescmibedabove, appasaneasasd those of they. 1, the
room tenperature adsorption_tower 7 wg acked with 400 k of _an

absor ben?gE%?r%?"F%T?lgss?“% %Fégofl'a_(ﬁﬁq}j'lagd PAFRF Ake a‘?ﬁ_’ 4Ry dekenat eri al
air |a (aLgpapagEds Cndthert s ARAr 8he!' Spftfanh? iondE theT dder{ddn Qfi180pe 80%
and anal yzed for chem cal . 22
conponent sgpeateduppl i ed at the rate of 1000 N8/ h and pressurized to 2.0

kg/cnferr]G us*ﬂgeéa nsé)e;.glésf raE:"c% glelglkféioe%et‘:t it%g carry out the adsorption
treatment under low-temperature conditions from -40°C to -180°C
as described above, but depending on the required quality of
super clean air, it may be carried out at 4 or more stages. The
treatment temperature at each stage may be optionally set in the
range from -40°C to -180°C in accordance with the chemical
components to be removed, etc.

Various configurations of the treatment apparatus are
ﬁossible depending on the conditions of the atmosphere from which
the material air la is collected or the required quality of the
super clean air. For example, when the solidifying point of air
la is lower than the temperature of the low-temperature
adsorption treatment, it is possible to omit the pretreatment by
the pretreatment apparatus 2 and use the material air la as the
pretreated air 1b which is applied to the low-temperature
adsorption treatment 3. If air discharged from a clean room or
air discharged from a super clean air using space or abparatus is

used as the material air it may be applied either to the



conpressor 4. The pressurized air was cooled first to a-tenperature of
40[err]Cwth an-after-cooler 5, then to 5[err]C by a heat ~ exchangi ng type
cooler 6 using-a freezer. After the npoisture content was condensed and
separated, it was fed to the roomtenpedture adsorption tower 7. The
pretreated air Ib at the output of the tower was anal yzed with anal yzers 28
and 29 (discussed later) and found to contain: Herr]J]O[err] 0.d ppm and
CJerr] [err] O 3ppm Analysis also confirnmed that other chem cal
conponents such as NH err], NO HCl, HF, etc. were also renoved to sone

extent. prechitlmeh®oapBBiic itz Qs the APOO-NB/EH PR beak§ULRd r1dud

obt ai ned as descri bed above was introduced to the |owtenperature
adsor pt i orcempextaeme aggaraticn Appadatuw- 8 capcihet precadsbedt bn 1b eatRadk by

cooling it to -60[err]C_in the first Aheat exchanger 12 and adsorption
Creat | ng. [9aTB e L] SPPReL ChYBf AR eF o G RATROH FUSEATURS PRACIGRY r st

| ow t enpergiiyee A RhiOBubOWes1edd @i2bE Al fhéd U@l Y st EeateTa@dd 4y The
primary treated air was cooled to - 150C by the second heat exchanger

and adsor piseah)- titedisegoasibhe td Sqpdiyr FBeseseddmupert cdatneairt éhgpehataad i n
th d | t d ti t 10., P¢ tite havi fi -
por es. SA (TFAR 5 SLARRS EecHM ol IHd SHRSSFLERE S9SPTPEAGPs CEaNte, each

tower bei er%ﬂéxlétﬁgs W bl 8Rekgavdrafdsqrken retreatel@is§CcaBar¥hérogiad air

1d produc by- tower 10 was cooled to -152 in the cooling source heat
exchanger di®ayy asippmiayi shusi bacided] im thegeser Apparaths Réagndxthanger at

;[th hr ? LZ O}%eﬁzy%lNergB/trﬂrough thér ht?resa (%noer}l araﬁpggaet?&se %Irr flsgnga§ e;zﬁgnge)(;ed

nitrogen 17b (-aAbderitibakdadbovde tHeXldive tb@Se it @ dde@rppass Apptitud he
heat exchangers:-13 and 12 where heat was _
3 is placed inside a cooling box 8. The box may be an iron case
having a heat insulating material therein or, in cases where the
surrounding atmosphere will place a high thermal load on the
apparatus, a vacuum heat-insulating container may be used to
.reduce the consumption of the cooling energy (liquefied
nitrogen). The vacuum container may house the whole low-
temperature adsorption apparatus 3, any one of its elements (a
low-temperature adsorption tower, a ﬁeat exchanger, etc.) or a
plurality of its elements (for example, one low-témpefature
adsorption tower and the heat exchanger for cooling air to be
introduced to the adsorption tower).
Several experiments or tests were conducted to confirm that
the method as described above produced super clean air.
Test 1. Using the pretreatment apparatus 2 and low-temperature
adsorption treatment apparatus 3 shown in Fig. 1, the room-
temperature adsorption tower 7 was packed with 400 kg. of an
absorbent comprising a mixture of activated alumina and

permutite. Material air la (at:mospheric at a temperature of 15 -

21°C, humidity (RH) of 60 - 80% and analyzed for chemical



“recovered by cooling the pretreated air Ib and the primary treated air 1c
to the above-nentioned tenperatures. This raised the super clean air le to
roomtenperature. The roomtenperature adsorption towers 7 were cycl ed
every 4 hours. That is, one tower was c@2trolled to performthe adsorption
function for 4 hours while the other tower was cooled and its adsorbent
regenerated, the operations of the towers then being reversed for the next
four hours. O the pretreated air |Ib available at the output of one tower
7, 275 NnB/ h was heated to 130[err]C by the electric heater 20 and applied

to the ot 7 i | S .23 e ating gas was
applied f%§EQ§é?$Eﬁhggé%rPﬁg?%ggpﬁ%q%gggﬁ%gn?%t%oqgng?g]%?BThereafter, t he
pr et r eat efiréssumbsed ant 2n0oks) ymBupptingdah oot hef mdehetrectipweratihgr a peri od
of- 2.0 hours, bringing the other tower and its adsorbent to a tenperature

of 8[err]€OMPTessQr i THP Bresswrizad [3ix) waf fReledafiksterehded nitrogen
t hat had fa [ heat ed t
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portion ofoRteRt|wrsFcaKenseheafdniRRanaAbess éf VRS ERRJFDHEHS XART™ ein were

raised to.l Lgééigé%ﬁ%' @iggsg§p§ptﬁ’regenerated. Thereafter, 5 NnB/h of

|l i quefied nitrogen s supplied continuously for 8 hours as
24 t he coothegprmstrediedoatiheldb caterce aumtpubeot ovies tdwdhatasner e
‘regener at ed. _ Because t he I&guefied nitrogen was passed first through a
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were cool ed to -50 A cherfi ca osition analyzer | madzu
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Next, 725 Nm*/h out of the 1000 Nm’/h pretreated air 1b

obtained as described above was introduced to the low-temperature

- adsorption treatment apparatus 3 and low-temperature adsorption
treated by cooling it to -60°C in the first heat exchanger 12 and
adsorption treating it at the -60°C primary treatment temperature
in the first low-temperature adsorption tower 9 to obtain a
primary treated air lc. The primary treated air was cooled to -
150°C by the second heat exchanger 13 and adsorption-treated at
the -150°C secondary treatment temperature in the second low-
temperature adsorption tower 10. Permutite having fire pores SA
in diameter was used as the adsorbents in towers 9 and 10, each
tower being filled with 30 kg of adsorbent.

The secondary treated air 1d produced by tower 10 was cooled
to -152° in the cooling source heat exchanger 15 by supplying
liquefied nitrogen 17a to the heat exchanger at the rate of 20
Nm*/h.

The secondary treated air 1d was then mixed with the heat



tenperature adsorption apparatus 3 to detect the concentration of chenical
conponents in, and the dew point of, the pretreated air |b and the output
or super clean air le. Since the chem cal conponents in air are extrenely
diverse, and vary and are changeabl e i n28ccordance with the atnospheric
condi tions under which material air is collected, it is difficult to
_speci fy-and analyze all of the conponents. Therefore, with respect to the
‘chem cal conponent concentration of super clean air |le, sone chem cal
conponent s (CH[err] N err] O CO NO, and SQO2 hereinafter called the

" f |
romove. by SenEars SRS TR L I BB ERITREEREE MRCRATehRTR | o

or pretrepigd ehtohdh aflte tHearoskphindgdys 119 \aexaelanvahgzeedxéax @elser m ne the
concentrations of these cherical conponents onl Table 1 shows the

anal ysi s recavesed hs S Chei BFesieadach adr ghea%e‘fé’ﬁ iRed malyai cal
conponent gﬁﬁ%ﬁﬁen? a‘:fj? Ly @ 89859&@&%0%%@%%&8@%&&43 (1Rl 9 Lhe 25

chem cal alyzer

CONCENTRAghENsuper clean air le to rodmwﬁﬂmp@ﬁature Qutput Air
CH err] 1.8 ppm [err] g Nerr]O 0. 07 ppm
[err] 1 ppb The room-tempeggture a soqptponpﬁﬁwers 7 w??ﬁrﬂYQﬂeﬁpﬁverY 4

[err] 1 pgggrg? PP is, OAEEEELe} &gg)controlled to peé%gfﬁréhe 0.2 ppm
adsorption function for 4 hours while the other tower was cooled
and its adsorbent regenerated, the operations of the towers then
being reversed for the next four hours. Of the pretreated air 1b
available at the output of one tower.7, 275 Nm*/h was heated to
130°C by the electric heater 20 and applied to the other tower 7
as the regenerating gas 23. The regenerating gas was'applied for
1.5 hours, bringing the adsorbent to 120°C. Thereafter, the
pretreated air was continuously supplied to the other tower 7.for
a period of 2.0 hours, bringing the other tower and its adsorbent
to a temperature of 8°C.

A part 17'b (5 Nm*/h) of the heat-exchanged nitrogen that
had passed through the'cooling source heat exchanger 15 was
heated to 130°C by an electric heater 21 to obtain the
regenerating gas 25. The heated gas was supplied continuously
for 14 hours to the one of the towers 9 and the one of the towers
10 currently in the regeneration and cooling portion of a cycle
so that the temperatures of the adsorbents therein were raised to

120°C and the adsorbents regenerated. Thereafter, 5 Nm*/h of

liquefied nitrogen 17'a was supplied continuously for 8 hours as



TABLE | Furthernore, the dew point (-100[.err]C) of the input air was

| owered so that the dew point of the output air was [err] -110[err]C As
di.scussed above, the oxidation and contam nation of wafers will not occur
at® a dew point this | ow Since it i24difficult to specify all the

chem cal conponents contained in nmaterial air collected fromthe atnosphere
as nenti oned above, there is no nmeans to accurately confirmthat the

i nventive process will yield super clean air from atnospheric. air.
Therefore, a further test was conducted using artificially produced air and

~an experi e loARRRS ahl4S285tS doel 9 28a cHEStovar !\@;(;%rhig | oxygen 103a

and material nitrogén-104a were obtal ned uSing a Tal yo n¥6TBo., Ltd.
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and 79% ni2 raogkritsTaldiserbent ngh csdres cbbiedopsensgari.i on of inpurity
conponents in the_nitrogen 103a
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[err] 1. pRihemical components in, and the dew point of, the pretreated air
1b and the output or super clean air le. Since the chemical
components in air are extremely diverse, and vary and are
changeable in accordance with the atmospheric conditions under
which material air is collected, it is difficult to specify and
analyze all of the components. Theréfore, with respect to the
chemical component concentration of super clean air le, some
chemical components (CH,, N,0, CO, NO, and 80,;, hereinafter called
the "specified chemical components") which are considered to be
.difficult to remove by generally adapted adsorption treatment
were chosen and the input or pretreated air 1b and the output air
le weré analyzed to determine the concentrations of these
chemical components only.

Table 1 shows the analysis results. The concentration of
each of the specified chemical components was reduced to, or

below, the detection limit (1 ppb) of the chemical component

analyzer 28.



Herr] “[err] 1 ppb [err] 1 ppb [err] 1 ppb

NJ err] [err] 1 ppb [err] 1 ppb [err] 1 ppb

S(Jerr] . [err] 1 ppb [err] 1 ppb [err] 1 ppb

NH[ err] [err] 1 ppb [err] 1 pi2b [err] 1 ppb

Cllerr] . [err] 1 ppb [err] 1 ppb [err] 1 ppb _ THC
(total [err] 1 ppb [err] 1 ppb [err] 1 ppb

hydr ocar bon) TABLE |1 The

conposite gas 10la was then n1xed with an N2 based gas 101b in a mixer 106,
the N2 based gas bei ng suppjredtd—at—a—t+ate—ef—+nfrer+rf/ hr. The N err] based
gas was prepared to have pr deternﬁﬁ@@ﬁﬁ%ﬁﬁ%ﬁmiallons of chemnica
conponents, hereafter refer TO_ds LNE adoed cnemg¢al conponents”, the
concentrations being: 100 t panKﬁ r'10( ppm CH err]; 50 ppm
S err]; 100 ppm NG |1Q4p opn NH & r Lymanf 1OSpEn¢g| erf]. An artificial air
10ic was thus obtai ned af* the Tate bt 100 N &r hr. Jthe artificial air
havi ng ther-ei n added|chggi cpl cavgpant & | n¢ki congentrations.

Prior to begi nni ng agserptipr—i+reatmertl—thesystiemoff Fig. 4 was brought
to operating tenperatur@@ by fd.0w pgmcowposgte ppb 10}a only, that is,

Bkl

W t hout bei ng m xed Wt gas—t0th—seoquent+att+y—throtgh a first heat

\*J

exchanger 112, a firs$t ¥Qw| 0-02 ppm < 1 ppb ' 27
tenperature adsorptiong wey %p% %ecnnd'ne [ chamger 113, a second
| ow-t enper at ure adsoriptidn 1¥8™an sodirce heat exchanger

115. The heat exchanger 115 was supplled mnth Ilquefled nitrogen 1ll17a so
that the conposite air I0le at the TABLE I

Furthermore, the dew point (-100°C) of the input air was
lowered so that the dew point of the ouﬁput air was < -110°C.

As discussed above, the oxidation and contamination of wafers
will not occur at a dew point this low.

Since it is difficult to specify all the chemical components
contained in material air collected from the atmosphere as
mentioned above, there is no means to accurately confirm that the
inventive process will yield super clean air from atmospheric
air. Therefore, a further test was conducted using artificially
produced air and an experimental apparatus as shown in Fig. 4.
Test 2. Material oxygen 103a and material nitrogen 104a were
obtained using a Taiyo Toyo Sanso Co., Ltd. Model TOP-300 high
purity oxygen purifier 103 (30 Nm®/hr capacity) and a Model TIP-
1000 h%gh purity nitrogen purifier 104 (capacity 100 Nm:/hr) made
by the same company. The nitrogen and oxygen were mixed in a
mixer 105 to obtain a composite air 10la at a pressure of
2kg/cm®G and a flow rate of 99 Nm’/hr, this air having the known
composition of 21% oxygen and 79% nitrogen. Table II indicates

the concentration of impurity components in the nitrogen 103a,



aut put of tower

|1 0a was cool ed by heat exchange.

-1 0le was then passed through the second heat exchanger

first heat exchanger

fsenper at ur es.
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113 and then the

respecti ve operating

After the system had B6en brought to its operating

artificial ai

r 101c (m xture of conposite air

| Ol a and

gas 101b) was allowed to flow through the system and was cooled to

-60[err]Cin the first heat exchanger for adsorption treatnent at this
tenperature in tower 109, and cooled to -150[err]C in the second heat
exchanger Bseggaasm@hi endt compde@ite alirt hiodat:enphe adew @dintt hast owerodid.
Adsorbents 1
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again carried out Ye—the—atr—4% agath ucL ected—ity allal yZet 8. This
anal ysi s produced |the s&%% resu t§1a§P§h0Nn i h gelbl d 1191 Ppb
NH, { 1 ppb ( 1 ppb (1 ppb
cl, (1 ppb ( 1 ppb (1 ppb
THC (total | {( 1 ppb { 1 ppb { 1 ppb
hydrocarbon)
TABLE II

The composite gas 10la was then mixed with an N, based gas
101b in a mixer 106, the N, based gas being supplied at a rate of
1 Nm*/hr. The N, based gas was prepared to have predetermined
concentrations of chemical components, hereafter referred to as
the “added chemical components”, the concentrations being% 100
ppm CO; 100 ppm CO,, sd ppm SO,; 100 ppm NO;

100 ppm CH,; 10 ppm

NH,; and 10 ppm Cl,. An artificial air 10lc was thus obtained at
the rate of 100 Nm*/hr, the artificial air having therein added
chemical components in known concentrations.

Prior to beginning adsorption treatment, the system of Fig.
4 was brought to operating temperatures by flowing composite air
10la only, that is, without being mixed with gas 101D,

sequentially through a first heat exchanger 112, a first low-



oy

CENCENTRATI ONS Added ~ Cheni cal Air 101c

Ai r 7Q1e Conponent : _ co - 100 ppm

[err] 1 ppb CJerr] 100 ppm [err] 1 ppb :

CH err] 100 ppm [err] 1 ppb 27 . . : NO _ 100
ppm [err] 1 ppb SO err] .+ 50 ppm [err] 1 ppb
NH[ err] | Oppm ~[err] 1 ppb : Clerr] 10 ppm
[err] 1 ppb ' TABLE 111 From Table Il it is

clear that chemnical conponents in the atnosphere can be reduped to the
order of eafpERAtuberadEdiptibrotoless1ddhan dARek REat | SkéhMigde chery cal
conponent anal yzer being 1 ppb) by |owtenperature adsorptlon.treatnent of
t he at nosprerad Faw-eemprraiiurcoagsntption rtawes adfAospd ez ecawl inglegmnrtieng

h I wh th i ro |l ect but, i ener al hese caonponents
upon the, BaRCetiELEie Al thetRLbeCLEd e WOSOEET Slucr RogS SaTPO"
| nf or mat i 98 AR £CHEMh St Fdgd¥p-1148) soechi©d iy ddipodapana Fefd£al aAsspei ati on.

The artificial air used 1n Test 2 included added chem cal conponents
29 output of tower 11l0a was cooled by heat exchange. The heat

exchanged air 10le was then passed through the second heat
exchanger 113 and then the first heat exchénéer 112 to cool them
to their respective operating temperatures.

After the system had been brought to its operating
temperatures, the artificial air 10lc (mixture of composite air
10la and gas 10lb) was allowed to flow through the system and was
cooled to -60°C in the first heat exchanger for adsorption
treatment at this temperature in tower 109, and cooled to -150°C
in the second heat exchanger for adsorption treatment at this
temperature in the tower 110. Adsorbents 10%9a and 110a each
-comprised 10kg of permutite having fine pores SA in diameter.

The two stage low-temperature adsorption treatment produced
super clean air 10le which was used during the adsorption
treatment to cool heat exchangers 113 and 112.

A Shimadzu GC-MS, QP-300 chemical component analyzer 128
(identical to the analyzer 28) was installed at the exit side of
the heat exchanger 112 to detect the concentrations of the added
chemical components in the air 10le. Detection was made 12 hours
after the start of the low-temperature adsorption treatment and
the results are tabulated in Table III.

| Thereafter, the material nitrogen 104a was heated to 120°C
and supplied continuously for 5 hours to the adsorption towers to
regenerate the adsorbents therein. After regeneration, the

adsorbents were then cooled by applying composite air 10la as



i concentrations of from2 to 10 tines the concentrations set
cotponent s i ncluding in general
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air

occurring atnospheric air.

t hese added chem cal
those nost difficult to renove by adsorption treatnent.
the results obtained by Test 2 it

forth in

Ther ef ore, based on

is rea28nable to assert that super clean
may be obtained by | owtenperature adsorption treatment of naturally
Test 3. Athird test was conducted using the

pretreatment apparatus 2 and | owtenperature adsorption treatnent apparatus
in tower 7 conprised 3,600 kg of a m xture

of pernut jhgcanfeaChb¥dbed RAEdY %eaQQ?éﬁ@rM hedt 80821880 {Qg. 1 n each of

pernutite having fine pores 5A in

shown in Fig. 3.
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The adsor bent
10 conpri sed
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temperatOy©08daipfpr i Ivasohgaht ecamtial outaaftenperatrireole
was collected fromthe _atnposphere and

PpfoBAPANGSE orhe

hedoi

| Thige

ERME 4.

It was thepggoekedst ghdhein]fagie aier cooler 5 and further cooled to

S[err]C by freezer 6 to condense and separate the moi sture content .

The

was adsorbed and renpved in the

N err]/hr of

d to a primry

12 and adsorption
freated air was then
| exchanger 13 and
Secondary treated air

a pressure of 1.9
the secondary treated

and made avai | abl e
[err]/hr) of

as

remai ni ng noi sture, carbon dioxide, etc.
roomtenperature adsorption t r—7-to-obtain 10 000
pretreated air |b. The pa“erearudEHTRAmEGN$oole
treat nent teerer t+te—of -GC[ T < rr—ireet exchanget
treated at this tlenpep@éefe in tower 9. |[The prinmary
cool ed to a secondarShemigadlinent AdE LaXD[[er rAid 0 leea
adsorption treatgd abmpbnsnte erature iln tomer 10.
| d was obt ai ned gt—tie—rTateof +6—660— |_C||]l|||, ot
kg/cnferr] G and 4 tenpé&Cature |of1292BPerr] G 1 PPR OF
air 1d, 7550 Nn{errj/n onas pd
30 t hrough t He coolPhg SQQLE@ﬁhggP dxchany &Pl 5
super clean air lfe. Tbﬁ‘remal NG Rkt |1 d (24 N
NO 100 ppm < 1 ppb
SO, 50 ppm < 1 ppb
NH, 10 ppm < 1 ppb
Cl, 10 ppm < 1 ppb
TABLE III

From Table II it is clear that chemical components in the

atmosphere can be reduced to the order of one part per billion or

less (the detection limit of the chemical component analyzer

being 1 ppb) by low-temperature adsorption treatment of the

atmosphere.

The chemical components in the atmosphere vary

depending upon the place where the air is collected but, in

general, these components conform to what is described in

“"Chemistry of the Atmosphere (General Ihformation on Chemistry

No.

10)” edited by the Japan Chemical Association.

The

artificial air used in Test 2 included added chemical components



the air 1d was. expanded to 0.15 kg/cnferr] G in expansion turbine 18 so that
it was cooled to -168[err]C, before being applied to the cooling source
heat exchanger 15 to cool the super clean air le. The-air |l e was passed -

t Airough heat exchangers 13 and 12 to | ow® the tenperature of the
pretreated air Ib to the primary treatnent tenperature and | ower the
tenperature of the primary treated air 1c to the secondary treatnent

t enper at ur e. The 2450 Nnferr]/hr of air 1'd, after being heat
exchanged in heat exchanger 15, was passed through heat exchangers 13 and

12 and suppl icicentirheione of fdim ROGB LenNPahed Wik adneehtiralibA¥esst 7 not
engaged in adsorption. This part of air 1'd was used to regenerate the

adsor bent farthcd® thRe puhkication, thepguadded ¢heamisgdncempongstased to
regenerate _a .t he_ f . towers 1Q not. .
currently lé’r?grlglddégl i rliht 3R§gas%rtp Q%\gﬁ&%?gcéggﬁgﬁgm ng{eV?SrFsL§8a§ﬁar§5}°n

i denti cal dreddaenznal Yherefoescibdzed ahovRe wesElmRIRGLieddt BySease phecair
| e at the output of the |owtenperature adsorption treatnent apparatus 3.
The anal ysiss saasofeéPles§entFIfTly Hthad suRerrehear Rigs Mgt beopbkainedabye | .
That is, the LO ] nept I Ltrogen,
oxygen an&%ﬁ’ocﬁ%g{bg%gg&#ngg% e%\ﬁgg@%g?@%}??hﬁgd&%ﬁ&# P?%“?%?Ifgppb) of
t he cheni cadmowphearientaianal yzer and the dew point was -110[err]C.

31 - WHAT IS CLAIMED | S: 1. A method of producing super cléan air from
materi al afg§St ol Pe&hdgdf FBFT t1RE sORSYEREdcuSERg Chfe RS YESHFENSi ng | ow

: ol A _ erlcysiag o 5
L1 cat mont IARAARLAo o TR Pemete e Rontt (o et athenc REBRRPST,

adsorb andsHewiDVier Elieni gal Thepalxirbenet HAr téwan 7 doniprdged 39%9YgeRgasd
nobl e gases fromthe material air:
a mixture of permutite and activated alumina and the adsorbents

9a and 10a in each of the towers 9 and 10 comprised 250 kg of
permutite having fine pores SA in diameter.

10,000 Nm*/hr of material air la (temperature 15-21°C;
humidity (RH) 60-80%) was collected from the atmosphere and
pressurized to 2.0 kg/cm!G by the oil-free reciprocating
compressor 4. It was then cooled to 40°C by after cooler 5 and
further cooled to S°C by freezer 6 to condense and separate the
moisture content. The remaining moisture, carbon dioxide, etc.
was adsorbed and removed in the room-temperature adsorption tower
7 to obtain 10,000 Nm'/hr of pretreated air 1b.

‘The pretreated air was cooled to a primary treatment
temperature of -60°C in heat exchanger 12 and adsorption treated
at this temperature in tower 9. The primary treated air was then
cooled to a secondary treatment 6f -150°C by heat exchanger 13
and adsorption treated at this temperature in tower 10.

Secondary treated air 1d was obtained at the rate of 10,000
Nmi/hr, at a pressure of 1.9 kg/cm?G and a temperature of -149°C.

Of the secondary treated air 14, 7550 Nm*/hr was passed



"2, Anethod as clained in claim1 wherein, prior to | ow t enper at ur.e

adsorption treating said nmaterial air, said materi al air is pretreated to
.renove carbon dioxi de and noi sture. 3. Anethod as clained in claim1 .
wherein the |lowtenperature adsorptio®Qreated air is expanded and used
to cool the materi al air to a treatnent tenperature. 4. A nmethod as
clainmed.in claiml1l wherein the adsorbent sel ectively and preferentially
adsorbs nitrogen at tenperatures in the range of -40[err]Cto -180[err]C
5. A nmethod as clained in claim1l wherein the chem cal conponents are

cl assi f i edthreughatbeuredling siougirenheat exrhrngent 15grodpsadeaavaiianle

e g e RS, MO0, enatning pare’ TBSTELYE §R0/)Migation
the air 1d was expanded to 0.15 kg/cm®G in expansion turbine 18
so that it was cooled to -168°C, before being applied to the
cooling source heat exchanger 15 to cool the super clean air 1le.
The air le was passed through heat exchangers 13 and 12 to lower
the temperature of the pretreated air 1b to the primary treatment
temperature and lower the temperature of the primary treated air
lc to the secondary treatment temperature.

The 2450 Nm’/hr of air 1'd, after being heat exchanged in

" heat exchanger 15, was passed through heat exchangers 13 and 12
and supplied to the one of the room-temperature adsorption towers
K noﬁ engaged in adsorption. This part of air 1'd was used to
regenerate the adsorbent and cool the tower 7.

Liquefied nitrogen 17a was used to regenerate and cool the
one of'towers 9 and the one of towers 10 not curreﬁtly engaged in
the adsorption process.

Analyzers 28 and 29, identical to the analyzers described
above, were connected to sense the air le at the output of the
low-temperature adsorption treatment apparatus 3. The analysis
yielded essentially the same results as set forth in Table I.
That is, the concentration of chemical components other than
nitrogen, oxygen and noble gases in air le was below the
detection limit (1 ppb) of the chemical component anaiyzer and

the dew point was -110°C.



falling within a solidification tenperature range for the group, the
| ow-t enperature adsorption treating being divided into a nunber of
adsorption steps equal to the nunber of chemictal conponent groups, the

treatment tenperature for each group bei8§ cl halt |y higher
than an upper limt of the solidification tengmmmﬂuemw@!;"ﬂn‘r t he group
so that, by starting with an adsorption step havimg a i ghests t reat nent
tenperaturé“@ﬁdI%é}@ﬁW¥bI%ht t he adsorption steps at successively |ower
treatment tenperatures until the treatnment step having the | owest

treat nent it.enpemathod bAspreRTiegNBlséedelddte Hhereal macappDens are
adsor bed and renoved group by group starting with a group having a hi ghest

01 10T {1 cachoactedperah ke fRpRRLe, OLLAGINLE 2oAERYE 909 a | ovest

solidification tenperature rang per cl ean
air from L Lr |lected fromthe at mosphere, ,said nethod
conprising%gﬁggsngé a%% %ﬂ% gﬁSaEhgﬁi F Tﬂﬁ#%ﬁ%&nﬁéroWhEF @®an nitrogen

oxygen and _ nobl e gases fromthe nmaterial air by | owtenperature adsorption
treating PREOXREBE F A Freftnentn tauRerdeyne jin she sapgef of stramd-4cerond
sequential | owtenperature adsorption steps at treatnent

to -180°C to adsorb and remove chemical components other than

nitrogen, oxygen and noble gases from the material air.

2. A method as claimed in claim 1 wherein, prior to low-
temperature adsorption treating said material air, said material

air is pretreated to remove carbon dioxide and moisture.

3. A method as claimed in claim 1 wherein the low-temperature
adsorption treated air is expanded and used to cool the material

air to a treatment temperature.

4. A method as claimed in claim 1 wherein the adsorbent

selectively and preferentially adsorbs nitrogen at temperatures

in the range of -40°C to -180°C.

5. A method as claimed in claim 1 wherein the chemical
components are classified into a plurality of chemical component

groups, each group including chemical components having



33 tenperatures in the range of -40[err]C LQ__48Gfe%ff€%rU"6—aln super

clean air having a dew point of from-40[err]Cito -120[er

net hod as clained in claim6 wherein the treathe&“““ﬂ &u n sald

second step is lower than the treatnent 2terrpera *St step.

8. A nethod as clainmed in claim7 wherein the IOMFtenperature adsorption

treated air is expanded and used to cool the material- air to the treatnent

t enper at ur es. 9. Anethod as clainmed in claim?7 wherein the

| ow-tenperature adsorption treated air is cooled by heat exchange with

li quefied nespesyénef somighbgabion temparesureneclefe tetnRach F&e%d4dept i on

treated air then being nmxed with the heat exchanged nitrogen and used to .

cool the nuAniialg sithia thsol iéhfieatidrenpeapatratese randd. fox rtehgloap,

clained in claim6 wherein, prior to the | ow
the low-temperature adsorption treating being divided into a
number of adsorption steps equal to the number of chemicai
component gfoups, the treatment temperature for each group being
close to,but slightly higher than an upper limit of the
solidification temperature range for the group so that, by
starting with an adsorption step having a highest treatment
temperature and carrying out the adsorption steps at successively
lower treatment temperatures until the treatment step having the
lowest treatment temperature has been completed, the chemical
components are adsorbed and removed group by group starting with
a group having a highest solidification temperature range and

ending with a group having a lowest solidification Eemperature

range.

6. A method of producing super clean air from material air
collected from the atmosphere, said method comprising adsorbing
and removing chemical components other than nitrogen, oxygen and
noble gases from the material air by low-temperature adsorption
treating the material air with an adsorbent in at least first and

second sequential low-temperature adsorption steps at treatment



tenperature adsorption treatnment, the material air is pretréated by
adsorption treating it with an adsorbent at roomtenperature.

34 11. A nethod as clainmed in claim10 wherei ' hte is
“the adsorbent used to pretreat the mateddl air anmm rmﬂm Ilre.
'c weal |

12. A nethod as clained in claim1l wherein thei|s e is mxed

with activated al uni na. 13. A nethod as clained in claim210 wherein,
prior to the adsorption treatnment at roomtenperature, the material air is
pressuri zed and then cooled to renpove noisture. 14. A method as cl ai ned

in clai m t@"ReERELFESpLRokhe crange ofdséPPE it t¥&CnbaAt ohtainosuper
tenperature, the material air is subjected to oxidization treatnent by a
nobl e net alleaat aliyshasing atdsweodhur ofi Brdme-4@igecnf-1230ferr] C to
150[err]C to change any Herr], CO

7. A method as claimed in claim 6 wherein the treatment

temperature in said second step is lower than the treatment

temperature in said first step.

8. A method as claimed in claim 7 wherein the low-temperature
adsorption treated air is expanded and used to cool the material

air to. the treatment temperatures.

9. A method as claimed in claim 7 wherein the low-temperature

adsorption treated air is cooled by heat exchange with liquefied
nitrogen from an external source, the low-temperature adsorpﬁion
treated air then being mixed with the heat exchanged nitrogen and

used to cool the material air to the treatment temperatures.

10. A method as claimed in claim 6 wherein, prior to the low-
temperature adsorption treatment, the material air is pretreated

by adsorption treating it with an adsorbent at room temperature.



G
and CH err] present in the material ‘air to Herr]J]Oand CJerr], the
material air then being cooled to roomtenperature prior to the adsorption
treatnment at room tenperature. 15. A nmethod as cligai r '
wherein a portion of the super clean aBA is used an“]mmmmuﬂmmﬁnd
-cooling gas for regenerating and cooling the adsorbent cused ¥ ors r dom

t enperat ure 35 adsor ption. 16. A
nmet hod as clainmed in claim6 wherein the chem cal conponents are

classified into a plurality of chem cal conmponent groups, each group

i ncl udi ng chen GRltARENeNhInEA@Vid¢1aias pocwheee swl sytidhetdici @rolite is
tenperatures close to each other and falling wwthin a solidification

{ enmper at uie, LAN08 dOL8UBrec it AW WEFBSE A1 Ui fr alls eigRhd On treating
bei ng m:%QExfln ékgklnj er o r%déorption steps equal to the nunber of

chemi cal component groups, the treatnent tenperature for each group bein
temégéaturep P P g P g

12. A method as claimed in claim 11 wherein the synthetic

zeolite is mixed with activated alumina.

13. A method as claimed in claim 10 wherein, prior to the
adsorption treatment at room temperature, the material air is

pfessurized'and then cooled to remove moisture.

14. A method as claimed in claim 10 wherein, prior to the
adsorpﬁion treatment at room temperature, the material air is
subjected to oxidization treatment by a noble metal catalyst at a
temperature in the range of 130°C to 150°C to change any H;, CO
and CH, present in the material air to H;0 and CO,, the material
air then_being.cooled to room temperature prior to the adsorption

treatment at room temperature.

15. A method as claimed in claim 10 wherein a portion of the
super clean air is used as a regeneration and cooling gas for

regenerating and cooling the adsorbent used for room temperature



¢l ose to, but slightly higher than an upper limt of the solidification -
tenperature range for the group so that, by starting with an adsorptlon
step having a hi ghest treatnent tenperature and carrying out the

adsorption steps.at successively |ower38reatnent tenperatures until the

treatnent -step having the |owest treatnent tenperature has—been _conpl eted,
the chem cal conponents are adsorbed and renoved gr Eﬂ ou starting
Al

with a group having a highest solidification tenper g ﬂW”""endlng

with a grougghaV| %m@ | owest solidification tenperatufe
36 of producing super clean air frommateria air *

.collected fromthe atnosphere, sai-d nethod conprising adsorbing and

renovi ng chem cal conponents other than nitrogen, oxygen and noble gases

fromthe material air by |owtenperature adsorption treating the materi al

air with adsarbentsetliod i ediaimet i erfeimatsuwderainhthe aclysmindal 40[err] C

to -180[err]C-to obtain super clean air having a dew point of -100[err]C

or lover and.a-6AuaestaAd iMasRfisied into a plurality of chemical component
groups, each group including chemical ccmponents having
respéctive solidification temperatures close to each othéer and
falling within a solidification temperature range for the group,
the low-temperature adsorption treating being divided into a
number of adsorption steps equal to the number of chemical
component groups, the treatment temperature for each group being
close to, but slightly higher than an upper limit of the
solidification temperature range for the group so that, by
starting with an adsorption step having a highest treatment
temperature and carrying out the adsorption steps at successively
lower treatment temperatures until the treatment step having the
lowest treatment temperature'has been completed, the chemical
components are adsorbed and removed group by group starting with
a group having a highest solidification temperature range and

ending with a group having a lowest solidification temperature

range.

i



chemi cal conponents, other than nitrogen, oxygen and nobl e gases, of less
- than one part per billion. 18. A nethod as | wherein

the chem cal conponents are classified into a of chem ca
conmponent  groups, each group incl udi ng3éheni cal miﬁm IH[! ﬂ\i n
respective solidification tenperatures close to alling
within a solidification tenperature range for the group, the

| owt enperature adsorption treating being divided into a nunber of
adsorption steps equal to the nunber of chenmical conponent groups, the
treatment téfper & MEELPGr OLBFOHIHAY S8PRY clearAin, SRCERiRy Righer
than an upper linit of the solidification tenperature range for the group
so that, by coltledtedy fwicmhthe atlesgiteren saéeg hethiaod) conprjisday adeatrbing
tenperature and carrying out the adsorption steps at successively

37 | over drie aemRivinge dRemdtal asomyaﬂehtbhethéﬁa&ﬁa&ﬂtnﬁctz%gehav bﬁggéheand
| onest treatnent tenperature has been conpl eted, the chem cal

noble gases from the material air by low-temperature adsorption

treating the material air with adsorbents at a tfeétment

temperature in the range of -46°C to -180°C to obtain suﬁer clean
air havihg a dew poinﬁ of -100°C or lower and a concentration of
chemical components, other than nitrogen, oxygen and noble gases,

of less than one part per billion.

18. A method as claimed in claim 17 wherein the chemical
components are classified into a plurality of chemical component
groups, each group including chemical components having

- respective solidification temperatﬁres close to each other and
falling within a solidification temperature range for the group,
thé low-temperature adsorption treating being divided into a
number of adsorption steps equal to the number of éhemic;l
component groups, the treatment temperature for each group being
close to, but slightly higher than an upper limit of the
solidification temperature range for the group so that, by
starting with an adsorption step having a highest treatment

temperature and carrying out the adsorption steps at successively



“clonponents are adsorbed and renoved group by group starting with a group
having a highest solidification tenperature range and endirg with a group
having a | owest solidification tenperature range. 19. A nethod as
claimed in claim18 wherein the air tred7d at thaii ﬂ“ i on
treatment tenperature is cool ed by heat exchangeTMImmmsl“E Ellin"itrogen
froman external source, the |owtenperature adsorptFonttrtat’ed*air then
being m xed with the heat exchanged nitrogen and used to cool the nateri al
air tothe |owtenperature adsorption treatnent tenperatures. 20. A

met hod agower neeatmenkakempéraberss rurttid lther teepementurstemdworipgi the
treated air is expanded and used to cool the material ~air to-the treatnent

tenper at WKest treatment temperature has been completed, the chemical

components are adsorbed and removed group by group starting with
a group having a highest solidification temperature range and
ending with a group having a lowest solidification temperature

range.

19. A method as claimed in claim 18 wherein the air treated at
the lowest adsorption treatment temperature is cooled by heat
exchange with liquefied nitrogen from an external source, the
low-teﬁperature adsorption treated air then being mixed with the
heat exchanged nitrogen and used to cool the material air to the

low temperature adsorption treatment temperatures.

20. A method as claimed in claim 19 wherein the low-temperature
adsorption treated air is expanded and used to cool the material

air to the treatment temperatures.



