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PRODUCI NG METHOD AND PRODUCI NG PLANT Techni cal Field
The present invention is related to a conpressed air -
roduci ng net hod and producing plant. Especially, the
P 2413 hvention is useful for a 10 conpr esBEkIB3P¢7/000101
produci ng met hod and producing plant utilized for
suppl ying conpressed dry air (CDA) that is frequently
use in sem conductor manufacturing factories or
liquid crystal manufacturing factories. In addition,
"CDA" used here represents a wi de idea inclusive of
air, fromwhich nethane or carbon di oxi de and besi des
noi sture or various kinds of hydrocarbons have been
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manuf acturing factories, pure nitrogen obtained by
vapori zing |liquefied nitrogen has been 20hitherto
utilized in a large anolpfea! Keldani ng or -purging
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the use o eap I's increasing in place of pure
amict progeding plank  FHspacialinthe peased! inverdon is prefahiohar t o

h d t he Ve :
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cbddsrepsaddy sy tidida frequentygsadn aeiniondudiny mandfacturing
i pEHA oRth B HREP B ST hCusoa e
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silica gel. - i mprovin e efficiency an _
aﬁ}ﬁ’eb%ﬂ@gﬁ myisty%e Q?{B@‘}ﬁg{si I%r@ds Qfd}ygm@mr@thyegggp’removed or
ifddlpernore, there has been

Background
In semiconductor manufactUring factories or liquid crystal manufacturing
factories, pure nitrogen obtained by vaporizing liquefied nitrogen has been
hitherto utilized in a large amount for cleaning or purging use in respective steps.
[n recent years, however, the use of cheap CDA is increasing in place of pure

nitrogen.

In a plant for producing CDA, in answer to such demand, there have been
usually adopted adsorption units of the TSA {Temperature Swing Adsorption) _
system (Heating regeneration unit) and PSA (Pressure Swing Adsorption) system
(Pressure reduction regeneration unit), which are of the two-column switching
system using molecular sieve or silica gel. By improving the efficiency and
operability or attempting improvements in cost, furthermore, there has been
proposed various compressed air producing methods and producing piants.

As shown in Fig. 6, for example, there is disclosed a method and plant for
supplying highly pure CDA and dry air that has been hitherto used at the same

time, with good efficiency and in stability. Namely, a compression step of
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30 proposed various conpressed air produci ng nethods
and produci ng pl ants. As shown in Fig. 6, for
exanple, there is disclosed a nethod and plant for
supplying highly pure CDA and dry air that has been
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dry air Ao, in which methane, carbon mornoxide, hydrogen, carbon dioxide gas
and moisture contained in air have been removed to less than 1ppm, can be

obtained (see: for example Patent Document 2).

As shown in Fig. 8, it is disclosed that exhaust gas discharged from an air
separation unit 301 is utilized as regeneration gas for an adsorbent of a CDA
producing plant. By utilizing as regeneration gas in a CDA producing plant of the
two-~column switching systemn using convention PSA units, exhaust gas of an air
separation unit éan be effectively used, not influenced by the composition thereof,
and the use amount of self-produced gas thatis used as regeneration gas for the
CDA producing plant can be reduced or dispensed. Furthermore, there can be
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25 obtained (see: for exanple Patent Docunent 2). As

shown in Fig. 8, it is disclosed that exhaust gas

di scharged froman air separation unit 301 is

utilized as regeneration gas for an adsorbent .of a
WRAGHOYdRTI ng plant. By utilizing as regenerBE1T/BRj&.0161

in.a CDA producing plant of¥the 30 two-col um
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as of an alr separation unit can be effectively

edampis patant ReFRANSY: t he conposi tion thereof, and
the use anount of self-produced gas that is used as
regeneration gas for the CDA producing plant can be
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2007/ 0911 B3200 3 provided a CDA
pr oduci ngg"r?é‘?r @ﬁ lﬁggg%ﬁé%p and easy i n managenent
( see: (Fsnt®oainicat p)amm[alrgazstr@ of J&)anese patent Application Laid-

(Patent Docunent 1 gazette of Japanese
Pat ent Appﬂﬂeéa‘(\lpo?’fzaé /38%7;% No. 24, 445/ 2000;

(Pat 1P BFRHene3) gﬁlél&l'g@zeﬁééﬁy f%m@fse Paesan ¢pplication Laid-
pat ent Application Lai d-open 6, 330/ 2002;

(Pat ent Dowefdin- 329, 1@7f30é7l3al gazette of Japanese
Pat ent Application Laid-open No. 326, 127/2003. 10
Di scl osure of the Invention Problens Sought for
Sol ution by the | niis¢losare of the Invention

Problems Sought for Solution by the Invention

In the aforementioned CDA préducing method and producing plant,
however, part of purified gas is used to perform the regeneration of an adsorbent.
if a long period of time is therefore taken as the regenerat-ion tifne, the amount of
CDA as a product will be reduced. If the regeneration time is not sufficiently
secured, on the other hand, the dropping of :the purifying capacity will be caused
and the deterioration of the productivity or producing efficiency in CDA production

will be caused.

Molecular sieve, whose adsorbing capagity and regenerating capacity are (
higher and which is suitablre for the CDA purification, has a feature of selectively
adsorbing the nitrogen component in air composition. In a course of subjecting
an adsorption column, whose regeneration step has been finished, to pressure
rise again, accordingly, the nitrogen fraction in pressure rise gas gets adsorbed in
the adsorbent and as a result, gas enriched in oxygen remains in a system
inclusive of the adsorption column just befare it is switched to the purification
step. Just after the adsorption column has been switched to the purification step,
sometimes, the oxygen concentration in CDA temporarily rises 30 ~ 50% quickly.
In compressed air producing methods and producing plants of the prior arts, such
a phenomenon has not been mentioned in any cases. CDA that is high in
oxygen concentration gives any influence on the yield of semiconductor
manufacturing step such as stepper, and hence there has been demanded a

plant which can supply CDA stable in oxygen concentration.



In the aforenenti oned CDA produci ng net hod and

produci ng plant, however, part of purified gas is

used to performthe regeneration of an adsorbent.
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coﬂ%rncg% either the regeneration step by means of the regenerating gas or the
purging step by means of the purge gas, and the adsorption column or columns
in the regeneration step transitions to the purification step, (c) there is a step in
which purging of said adsorbent is performed by the purified air, and (d) the
internal pressures of the adsorption columns in the purging step are controlled so
that they are almost equal to the internal pressures of the adsorption columns in
the purification step, that is, the difference between the pressures is within a
specified value, and when they have ftransitioned to the purification step, the
momentary oxygen concentration is prevented from rising by a seléctive
-adsorption of nitrogen caused by the rise in the nitrogen pressure due to the
difference in the nitrogen concentrations in the raw material air and the
regenerating gas or the level of the nitrogen adsorption capability of the
adsorbent.



Enbodi nents of the present invention seek to provide
a conpressed air producing nmethod and producing
pl ant, whose efficiency is high owing to sinple
functions and which can supply CDA stable in oxygen
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7 colums forma group, the sane functions can be
secured by controlling these adsorption colums such
t hat when one colum thereof is in the regeneratlon
step or purge step, at |east another one colum is in
the purification step. Accordingly, it is enabled to
provide a conpressed air preduci ng nethod, whose
efficiency is _high owing to sinple functions and
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In a conpressed air producing plant, it is inportant,
in atransferring course fromthe regeneration step
to the purification step, to prevent a transient
phenonenon caused by differences in pressure or the
i kes between both the steps, and it is demanded to
obtain a plant, whose efficisency is high owwng to 9
sinple functions and which can supply CDA stable in
cahxyaR fored A aYP athcosame Juntions e, begenwiedryy eopralling these

adé@vmm 81GMNg s:.fahsm@pwe@noﬁ@%bmrpwasoﬂseﬁ #RNrB@neration
erted in addition to purification step and

an
St?%g% nBY'9E; BFPs & pegstyage Pf foé‘wee REIMEIN b dx dlie eOLffP‘ISﬁ%'OH step.
Actd@edmgiyent ibnglsles 30/ peovide arcoaqaegsad &N peslusiny ;MElhdd) whose

I tion,s n h ont,ral.led, in t rqge,, .
eri{End G G B 1 e RihetEng B Hieh o) bl B Hoble in
(D@gbméonuﬂmghoﬂ the present invention, CDA stable in

oxygen concentration can be continuously suppl i ed.
Furthernore, it is enabled to nmake smaller the use
arpUhe 18 phigh Mressue r usest heregapans sy oF pressure state within

BEOIS ~QMG’@(§ adtl e dr@é{sﬁﬂé’i fizans usuaIIWa pressure state

T L TR, BRI L e e

stgieesemadenv dnt additioas th@ﬂérmnﬁﬂgiattemeramre”smas| hally a
[ idn Pr [ »
te%?enga\‘ﬁﬂ]e éﬁtq%ﬁﬁw\%me%@gg eO?fE)lrom eiﬁia;&l %r?’c?1 M%?\P%g{uge means
usyakhspa éemwature@iatawwtmmadangﬁamwup@@36 CDA stable in
oxygen concentration. Most Pref erred Enmbodi ment s for
Putting the Inventjon into Pract

r ef SCEPIHNG &0 AP odipeRts ofyth ﬁgpr&%w wggntl%ﬂb@.aﬂf@r@nzentloned

coﬁ'fprésib‘édrmﬁ§&ﬁiuclng\/?ﬁthdwmuHakad?@nz%smfthbﬁﬁarb%'f @anled air fed
in ere. a construc

w I Cri
oul 351 bt pRPRBR DR AP M e BuEBPRlansfiep 8 used as
pugd gams Pl & P2, in which three steps that will be
her ei nafter rrentioned are repeated in turn. If at

| east one adsorption colum (P) in a purification
st eBYe¥PYHisgA pHIge stepadieethe coaplelianaf acfeganemtipnistap and-

cagﬁgg ?ﬁ?lsgﬁaeg%ﬁ tb I/t Qﬁ’dér@kﬂé@ prééé;sgt?% g?ﬁgﬁgn & a differential
Pt Mekdeer FhAsHIRtAn e BR (Flofe i RUBCAIL SRR aRd an
adsariptiomscd|dfhn (Rie iprtheeptirgenstept falls ofthirb@ ‘8pecified value, as
mé?'ﬁ’lﬁhé(? gb%\?ﬁ ‘ri"nn%a’ft?od\fmgﬁtg Otfmﬁ)? ﬁFeﬁ ?Hggi ?Hteé??ﬁsdﬂ various
cogditionmthaRcausma ﬂranalerﬁdahe@omemsen\Amﬁdsermonfaownn (R) can
be%‘ﬁ?rﬁ’r'ia%cﬂ %ﬂd%%' 4g0R, @"B}&estéctg@% bxg@eééh &%@at@gaﬁﬁan%@%@pned

Constructi on
withy Qiﬁ@!eﬁ%oﬁulwg battr SR T Fomche: RAING adsorpfian column

(P)Fiag. pllrgleS gk Vien tied Li‘rgésétéFCtdtOihantﬁ‘tﬁ@' €A §thBle in oxygen

cof BT ] (R EaPLA kP S e sa

Asfio tikzicechugtiph afthes prouiuicers of mnnfind apas aaoedupt ¢aused by using
its ggb%{% @ngzr}t 1\/@@ ?%L#}'f%g@fg?p%le judging from the importance of
maintaining the quality of product, because the major 6f the regenerating function
of an adsorbent can be performed in a regeneration step and the amount of gas
required for the purge is consequently smalEer] it can be said that this amount of
gas required for



part of which a zeolite-series adsorbent is charged;
a passage La for introducing feed air into the
adsorption colums Pl, P2, a passage Lb for feeding
out air left after purification fromthe adsorption
colums PlI, P2, a passage Lc for introducing
regeneration gas into the agsorption colums P1, PZ;
a passage Ld 5 for introducing purge gas into the
thgdybg s W@maﬂnﬁ§ cpmpared with Ssegjwentienal case whede prified air
had Bediiscli s hyeBbriclafas! eft after the regener ati ng
treatnment or purge fromthe adsorption colums P31,
P2; control valves Val, Va2 -Vfl , Vf2 provided in
sai dAgastingds dnabodifnentsaodtte pmetantoinlventudmcthe&atfomﬁr)entioned

oSO8 4] POGEE R PhaPla s GOTLR ) St o

Suhjﬁczilmawhemﬂaeradwetl@f qomladsowdupmgeomapntram%fers to the
pirdication step',:?&éiii Qier td §d%&%L\F@H@§%éH¥tIR gta?ﬁie@@é Gt I’R%ds?%nother

colum P1 passage , and ]t
ong gfsarptian (f%“rf‘ﬂép} mﬁ‘ﬁu"ﬂ?attoﬁ‘e“é?ﬁfent of noi sture,

car bon di oxi de, nethane or vari ous ki nds of

Cher8ia eaarad ol PruiBp e ah TRl aorntously
SmeQdOBt\ dfakle timorygen tdreepiatage By pardilet of@¥atinh dhe hdsorption
ccﬁ’tﬁﬁﬁ e?(#g IWr‘Jmlns $1% tBStﬁQ r??ﬁ’f %tﬁ)‘?lnsté'ﬁ P%e aglgorrptlop golumn

ess OI‘

'”rT&h*fo a@mﬁﬁatm@ ptapcelwerAéhQ héargappppdl@ondumu mdddfon to the
afél%'ﬁ%rﬁllbhed ABhEP rHB%BFcﬁhg i&gm%aﬁwrﬁs bB tHESHraLLNt |H§€ﬁhon it is

e plied at a flow rate of
E@bgtséfo e ![W"é@oa%wg'}lﬁ bh theptraRsient dHieneRenonealsa tige when
the @agoitption m&rmr&ﬁradgmﬂbﬁgtt@rpdrb@ steetotheppuirifidagien step and

o Bebprin oM SR R bl ey, asitis

pressuri zed to as hi gh as 0.5 - 2 [MPaGl by a
corrq),q ea%EBIrdaﬁBé’t %WQ céHd %Qﬁ%ét &%hezéé%eﬁ?ﬂ'fvehhgﬁ there is

preferre an adso
Pfﬁ‘ﬂ@?‘# iaﬂaﬁﬂpél’ﬁtg?t éfkf H"@ﬂW@Q CﬁESlPrQﬁﬁeS‘ pichapcterizedtindhatdt has

twBabP O ofH %s@ﬁ)t@ﬁd cONARIRS AFfeREE eﬁﬂ'l'@lyh@?‘CSaﬁlally with zeolite
one consi sti

t
adzﬁﬁﬁ%’ﬁnif 5’{?"? hlﬁﬁ S '8 |g§r@@rt§%or§ﬁ/&%§%r@ af Ro=fag) §d$ogrpt|on ,
colsenl. flcB¥ Ipatta whichcexpel the aar aftdr it&npdifi e@(koml ¢ddreddsarption

cofﬂ?‘nr?d bp?arfltus &ﬂ}ﬁguﬁﬂ@%@né—q@g &%ﬁn%‘ hﬁﬁg each adsorption

adsdr ent's "an
cosrart, dffah Ipgthsewhich iatroducaaceurgetgast ino pacbads;armfon column,
lolAfing Which BipePRRds dbrthe %ﬁ?%%mﬂg?%ﬁér {8 guing from
cach RsPtR (CR{URB copiroh Malvas @H&& Ip @ﬁ‘ggroitséldeﬂ‘?‘ﬁﬂath‘f‘a@nd a

-cohﬁ@lndéﬁe&hﬁm&h YedhitroRn tI@é opirgibner 66 sHice coafdl valQ¥ws and. the
sure" as_a ssure., . These gondl

ntBigT BiscEpsRin 396h HSEREn ReERTY i haRECERgor the Adw patns
bytthe rapenattoas fdhel control valves is controlled by said control device; and

(@) in at least two adsorption columns among said adsorption columns, the
switching is performed in a single cycle of three continuous and successive
steps: a purification step in which the raw material air is purified, a regeneration
step by means of the regenerating gas, and a purging step by means of the
purge gas; (b) when at least one adsorption column is in the purification step and



WO 2007/ 091135PCT/ 182007/ 000101 pressure gauges (not

shown) as baroneters. Depending-o the anount,

pressure and tenperature of purified air to be

demanded and the kinds and concentration of

inmpurities, the size (content volune() of adsorption

colums and the anmount of agdsorbent will be set. 5

After a predeterm ned use tine (for exanple, several
atilpasi one agspetion eRlyEN inin eithesdle reganeralion sae S¥dnearscof the

re dﬁéréﬂhg QfbsCoF URB pliditef &t b9 Hid@ns e&eﬂ% Purg gakehnd the

g{g ner at i onb%?s is introduced into the
("Bt |° MUy AmFoBine: B2 t'?%rﬁ?&@ﬂe'iaﬁen pé‘é’?aé’é“ﬁ'&'orﬂ oto the
puﬂfﬁsaﬁdn mharst (¢) ethered t:t hee dtékas wbighr pedinen of f’@landsorbent is

peRUAREREY e DEERDY ol oo i et bt SEGRL skorpton
coluges iethenptgindhstepearereaminoiled sgatbat theyrare@lmostiequal to the
mﬁeﬁ’fé?‘ﬂﬁ@séd?‘@s BPﬁ%aQ&’sdeﬂorPEollu%s lh"thégﬁinhbé’ﬁbn %@B that is, the

forenmenti oned use tine varies depen n
d'f&%féa?ﬁ PRiveendhe peespuses Is WiEhig é‘rﬁﬁf‘élfled go @A Ayhenghey have
tranarioney tloStrfer @@uﬁmtioyn gtetpr atﬁéemomni dox’ayg@n abtentration is

Pt ) H5io Byor s8lerBicBhinPlis o PltgSh GRuERADY the rise in
thauinitrogenr @essurg dum 1ot thel differethee in thd aimgenstonbentrations in the
rawr}fnéﬂéﬁ?Fgl? 'anHr{ﬁe %@éné'rﬁﬁl?%ggs g)rr thd fev%f)?llr etgétg%fs}égerb adsorption
ca@abliiiy@fdhmadﬁ@bagt separation ther eof will be

previously carrl ed out. 20At that tinme, it is
chaf acterized, differe from conventi onal nethods

t hat" tahé’PE‘W%SSf%r ?EFCWPQPF'VgnB'aP'i i S dBPpHant, in a transferring
wum&ﬁn@m&he&ﬁg@@a‘mﬁ step ﬂmalﬁetﬁlﬁlfbémﬁﬂ%@t td prevanes ittansient

dsorb Qes .not _cont ai

one b Bfiofl 28R B, ARPIiRER A HraSeue i PR sl Ketwegp both the

stapsi sngitds demanded fo bbtairsa plarftevhest efficience perigh awvingnto
gas is clean (purified) air or nitrogen. In a case
where this plant is used in a 25 conbination with
ASU, in particular, it is possible to use purified
gas fromASU that is surplus or rejected, whose _
oxygen and nitrogen purity is higher and hence it is
preferable to use this gas. Although a condition for -
the regenerati on gas vari es dependi ng on the use of
purified air or the like, air at a flow rate of about
500 - 2,000 [Nrns/h] will be used. 30 ~ As one of
the features of this-plant, it can be pointed out to
‘insert a purge step at a tine when an adsorption
colum transfers fromthe regeneration step to




the purification step. Nanely, it is intended to

relieve a transient phenonenon resulting fromthe

adsorbing characteristics of a zeolite-series

adsor bent, which WD 2007/091135PCT/ 1B2007/ 000101 12

has been caused at a tine when an adsorption col umm

transfers fromthe regeneragion step to the

purification step. In the e ste concretely,
simgleghingtiens ang mm@dgaedsupnﬁroc rﬁ\esfab@omp@menc@mmﬂtratlon is

dePharded rl@;ﬂh‘latk%gc&" \HHR htaOi?a tshdcﬁlwl?oﬁs*ﬁr%cﬁé‘ﬁﬂﬁﬂ% Mgé@e can
fromthe | ower portion

this S d| schar
beof"ﬁeﬁégc% &%*'?'P]rteu@ﬁ PH ed %% g r@edfeig n step gnd a
dlilféréntléﬂtﬁewr@ ﬁog?&ghﬂl%rrml ]gfr@mbé wf &h adsarmon @atlinhih ¢P) in the
ir_fe a 0
PPt bleP ofh he EPafilieds in el §HSPhE Ry, B pidB fll within 2
spaci‘flt—:-dwahw, m emb@uummscm the pree0t jrineslits), CPAsstpblieiiedxygen
coﬂﬁeﬁtlfﬁ:o‘ﬁuéé}feb@%nﬁmﬁﬁfsl cfl eHe @FrHBI% ‘?t i Hibled to make

pressure condi t1 on. I on e sup y pressure
smaleF Hr U$9sa'§lééihfr@°d>%5ﬁe‘é alfd%'iﬂgﬁ@@'@é@n (qﬁaie athgntor

the like simlarly to the purification step and it is

pressurized as high.as 0.5.-2 [MPag. In this

construction exanpl tﬁé&éh?é'["ﬁeéa&’] bed, as shown in -

Fig Bylappiymgrteercmm;ureasadwrrepmduclhgerdemod arse resudiniye plant

pld t ide r

~ acBifdify 1o %ﬁgbotdgméh'@ éf t‘ﬂ@ [;){reggﬁt iﬁ%e&%sn? _épéame'ﬂg}éﬁ%@gbobé, it is

pogsibles feedealize ae@r@pmsaed tatrepw@@mgt methasb laoemprioducing plant,
[ S ret

W@i‘sn%ff GERCE R R0 g (B le ARG BRARAAEh (4 sdtbly CDA

%Hhm”&?”f:ﬁ@raﬁ@ﬂ system PSA system or. a -
conbi nation of them a setting condition or the |ikes

| bl Bt B SRR YRR Bl d BB R B B e
20 (\Nbw referneg TGihs gstampanying drawings, embodiments of the present
invention will be described below. There will be mainly described here a
construction example essentially composed of two adsorption columns P1 & P2,
in which three steps that will be hereinafter mentioned are repeated in turn. If at
least one adsorption column (P) in a purification step ex'ig;ts always, however, the
number of adsorption columns is not limited thereto. If at least one adsorption
column (R) in a regeneration step or purge step makes a pair with at least one of
“the adsorption columns'(P), the present invention can be also applied to a case
where two or more adsorption columns (P) make a pair in turn with- one
adsorption column (R), not limited to a case where specified adsorption columns

make a pair with each other.

Basic Construction Example of Compressed Air Producing Plant according
to the Present Invention o |
In Fig. 1 is given one construction example of the compressed air
producing plant according to the present invention. Concretely, the compressed
air producing plant comprises two or more adsorption columns P1, P2, in ail or
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In the TSA system a regeneration step (including a
regeneration warm ng step under a high tenperature
condition and a regeneration cooling step under a | ow
tenperature condition) and a purification step under
W28 Edper at ure 25 condition are repeated PRI/ERHK/000101
of the adsorption colums. ¥n a case where the

rﬂﬁl Qﬁﬂ:hcé’E&&%-&@Fzé&%édﬂbérﬁ%%rﬁé&'%”p%g'éialt@i’\f?xfroducing

nitr ogen concentration |
pﬁ@ad aic intathe arksotption gofwsruPé, B2, mpassege hbrfosiesding aut air left

ST PR FoPARC ARG IR BolHs 2052 HidanBeb % foy
Iimtom;gmg regertmaﬂx&dgae%tmifﬁl anigbsption k;eluoxwg%h P2; a passage Ld
R Erdie ttos 6as TR b Bsop By tier du bl PRavERe e

rnez RABRADNL f2ifHr anb@mgmgeﬁs &Y the neg@emtrr@q;-éettment or
usi ng gas having_the sane co\r%gswl on as that

PUFISHiTem the rdsaspliproealeaps b ek reasiehvalyrs ‘é@bp\éa?aﬁw Vi2

DT Ak tpafh 69 0ubaAT RECIET (1t st fo gontroling the

pRetatios vépaid coatolngivss \é sl ~evtial ViR end e indérmahpressure
%H& Ht%ﬁ%% iR ?i(taé Iag?@?ﬁar? §8ﬁ1ﬁms$1n poe PSA

generati o a | ow pressure
condltl on and a purification step under a high
pressur e, condi n t ched .at v i,od of
Pl e Frea SRR ookt fiodtb eisnotat afdin i oBPR 480udh te
passRedy, aHg ‘it@@ﬂlﬁe&éa té tRNehaivaeet ttd=@Medt of moisture, carbon
regeneration step, whe t he amount of adsorbed

Q@B@ﬁaﬁ@é‘sﬁﬂ@rﬂrt\fﬁéogﬁ kings @f Bydresarbaes BY Bagplitgriesies gdsorbent
ur RalfBl BRHnTa gﬁnﬁ&mifdn’sté  FhatHBh %ﬂ SRESPIESct CDA through the

I cation gﬂsﬁg& state
pa&saagal Lbpr @aemm\ tfat hag baes vdllbe vaed es cle:anrﬁirgfnr the
Sl g LA SR AR i e
Asthppsapply goraidorgoftfeed hie, éreiighmental temperature is usually used
and feed air will be supplied at a flow rate of about 1,000 ~ 10,000 [Nm%¥h]. In
addition, the pressure condition varies depending on the use of purified air, but in
the PSA system, feed air is used, for improving the adsorbing efficiency, as it is
pressurized to as high as 0.5 ~ 2 [MPaG] by a compressor (not shown) or the

like.

At that time, it is preferred that an adsorbent used in the purification step
removes not only moisture, but also carbon dioxide and hydrocarbons, and hence
a zeolite-series adsorbent or concretely one consisting mainly of molecular
sieves 3A and 5A is preferably used. Silica gel or alumina gel can be exemplified
as an adsorbent to be mixed. The kinds of these adsorbents and their mixing
ratio will be preferably set in accordance with the property of feed air. Use
condition of adsorbents is set on the basis of conditions such as “high
temperature” and “low temperature” as an internal temperature that has been
previously given or “high pressure” and “low pressure” as an internal pressure.
These conditions are controlied by use of the oufput powers of thermometers and
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of the nitrogen-adsorbing capacity thereof simlarly
to the case of the TSA system Since the partia
pressure of nitrogen in regeneration gas is vastly

| ower 15 than the partial pressure of nitrogen in the

YOPPY{0/EET on step, as compared with TSA, i nf PUEHEREE/000101
t hereof sonetines beconmes IYArger. As a neasur ed

pedsdare Gdee@Xyaeshond) e Hardhb s SDaRsridireso get smadbnt; pressure
50 % as has been nentioned. By provi

o g
BBt fFroperatire o8 parifiag e toshe gemanee g%&%%@ﬁg@@mﬁm
SFFoUTIRER, gé:s!iz‘ér{c&?teﬁf‘\ﬁilurﬂéo oy éaédrgfgorg‘;cnmﬁngaﬁa the amount of

controllin e internal pressure an adsorption
edsarbent willbleessgbur ge step such that a differential

pressure thereof fromthe internal set pressure Pr in

the purification step falls within a specified val ue,

at t hafieta pedetarmindd westiraa {(fop braropie nsavecal rtintes ~ several days)

TR T A e
tiep. aheal iRpeftior ghs ¥iNBoliced Bidheddeopiibh sbiueth P1 or P2

the rise o oxygen concentration after the switchin

tEerdtheassags bel e sarp O?Q’;ﬁ%ﬂ(%?”q Weéﬁ%ﬁﬂ%ﬂrp% on ﬂ_‘g
RIS EROWhdredydné %drﬂing@é:ﬁv' fMBteof & @géﬁ%ﬁtad. D¥drE8d
A and P onni n 'S

the aforenmentioned TS °SA are 30 €« ed, ]
efrnpeneids preedischarged lagethr withcibe regenerationi gastto the outside

ARRMIPRYC LA 00 omh AR BRI d 3 g e
gemmnddionon thet deanrinbsd of febd aiit dpgeaernl mg&jc?r ajp qﬁ?!fagory is
h t.h t t hat urifie
B8l <Bebd o3P Ab TReMARrA et Bl peBSpnb R focted
dssdasphi oimgiel ot @otdtingheiuptioy for e gir-eN@actingaoirt. n order to
ifferential pressure WO

lopgery StrhinEyRIEes ohe trsbsineyal eupre-cooling of extracted air may be

performed by pre-treatment units or the condensing separation thereof will be

previously carried out.

At that time, it is characte_rized, differently from conventional methods, fhat
there is particularly ho limit as the regeneration gas, if it has the regenerating
capacity for an adsorbent and does not contaminate the adsorbent. Judging from
the fact that an object of this plant is air, it is preferred that’regeneration gas is
clean (purified) air or nitrogen. In a case where this plant is used in a

" combination with ASU, in particular, it is possible fo use purified gas from ASU

that is surplus or rejected, whose oxygen and nitrogen purity is higher and hence
it is preferable to use this gas. Although a condition for the regeneration gas
varies depending on the use of purified air or the like, air at a flow rate of about
500 ~ 2,000 [Nm°/h] will be used.

As one of the features of this plant, it can be pointed out to insert a purge
step at a time when an adsorption column transfers from the regeneration step to
the purification step. Namely, it is infended to relieve a transient phenomenon

resulting from the adsorbing characteristics of a zeolite-series adsorbent, which
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thereof fromthe internal set pressure Pr in the
purification step falls within a specified value. In
this plant, it is possible to provide a step of

subj ecting, when the 5 adsorption colum in t
WOWIPHASfers to the purification step, feeBCHF'ﬁ‘)‘F 00101
adsorptive treatnent in pall%ll el to an adsorption

@es besn CAlsddattieme wehimaads@rptﬁahej@mr% transfels fasm the
adsor bent charged in_an asiec{{ptl on columm just bhefore

reoaneraionstap Fbtht@tﬁ’é‘”ﬁ‘éﬁ’f!oﬂl larihe perpeydeR, QP@PWQ%'%%‘EQB
gaf IRrsd @R iRk A8 aagéf?ﬁ&eeéluﬁmﬁgsﬂpz rﬁoﬁ?nt@é’@ﬁﬁlﬁttbﬁn

um In the purification ste namel y,
tequgh e, pefseaga._ bd saritiig ptirge Qﬁﬁiﬁld@(}é!aggegiefmm the lower portion

ﬁ{l]]gl Ip!ﬂ?ﬁg hrBLg%r Q& Iepr%saé]&q_:és‘lg% g:;ffgﬂ!_%? chﬁi %e ﬁ)brﬁ% gas has

besfferablyithe samesforditioh @stueifipd air féd et mfrarmctsprmm cfumn in

dorton ol h rification_.ste der t
SSrRGhh siek 270 e e B A Cndy BRel R aPhul 2B -
aMPOI[NAPAE REQUPpIEd as tHiepeye tfas RINEBOARNE Ferdberaiuie BEhigh
when “an adsorption colum transfers fromthe purge

prespurezrong mpﬁe Iy @ediipa,dhe SHORY ESsamieieH iptrAuEct Py a

_ b&PE:té%s&a{nﬁt}:éﬁévg@Rﬁrﬂ% i simiEy {J @ ﬁdﬁﬁcﬁtﬁ)ﬂoét@é be@ it is

m Int nsf erring course and CDA fromt
peésourreiders igh asd.9 n2 {MEapilr Infthiseranstiuglicapexanple, there is

c&ﬁé@ Oéso%lfogfsvg H\%b %F gald%%lls‘hrm \hﬁ@%ﬂﬁfrﬁ% at leed %% the purge ,

Qésalsesmppned)fnem tfe mptsﬁdfs edowiever Fit schossitde tal g, as the purge

eco resse ro thod accordin t.he.
G oa 0Tk Brieat iy BoCHipE R ATDRAION AR RN I Heusfihiliion
stepPss wfthe sBednd taristtuetiorb&emplé e\sﬁ]ﬁﬁmﬂ b@ hefditifier dadcribed.
purge step are continuously switched in turn as one

cycle and the adsorption columms are controlled such

t hat dEoRfhePPSA 'sg&eﬁ‘ld PaARLYsBn C&‘ #&ﬁb{ﬁéhoﬁ 8f them, a

25is in the urlflcatl n ste the other is in
$@’Q@ﬂ1@¢luiﬂiicﬂh0@h§[ﬂk@$ qumag@urge@@ep YW bessese @fribefr 0 F| g

Iil]pcltlﬁl'ﬁérﬁs M v{#m&t%lﬂ%§%kﬁl% d&’%gﬂﬁ’e& BefdGli g ideta exanple

a case DI e systems is
used; this is a case where the purification step of

ed ai.r er hi gh pressure & | ow tenperature
@ ndllf'lt%%%?ﬁéfsfeé@eneratl on warm ng step using

r egerlﬂ tied TOA gaten, @ﬁgeﬁeﬂaﬁm tepsiinohelidy 80ederghation warming
nper at uge condi ti on, Hgié?;'e enerati on

coolin
‘?I%P Had?re% WQrtﬁmPSFﬁtﬁ%f“sC%‘ 93 R9pPealign Qoé"%o%ep under a

beregbafatne &mﬁlcho 8Rd adisficAtRNIES BndéraPlowsticRhePAtUEE
gas under a high pressure & |l ow tenperature condition

eanditisarare repepted inerchcgidne adsorption columns. In a case where the
nitrogen concentration in regeneration gas is lower than the nitrogen

concentration in air, in particular, partial pressure of nitrogen rises at a time when
the adsorption column transfers to the purification step and hence selective
adsorption of nitrogen is caused. Accordingly, the oxygen concentration

sometimes rises several percentages temporarily.

In order to relieve such transient phenomenon, in the present invention, a_
purge step using gas having the same composition as that of purified air is
provided between both the steps and the pressure of an adsorption column is



10

15

20

25

30

WO 2007/ 091135PCT11B2007/ 000101 15 (1) Purification

of Feed Air by Adsorption Colum Pl Fig. 2(1) shows a
state where the adsorption colum Pl is in the
purification step and the adsorption colum P2 is in
Wheregser ati on step. As shown by a solid | PEBIF2H07/000101
Fig.2(1), feed air is intrdduced into the adsorption
2ofPbIN e ;f)tﬁrﬁg‘s'tépssd 8983 bP kbR Bl Ueh of B purification
passage La. Air introduced in the adsorption colum
PP s subjected to purifying treatment by an

adsor bent charged in the colum inside. Purified air
that has been thus treated is fed out as product CDA
{2)om eSAslsiem t op t hrough the passage Lb. At that

tinme, Ives V & . VDbl ed _so..
st oyl SRR el e b s Pl e RS Cofdiion
Bhd hqmnﬁdaﬁihmtém usdgrachigy pressube corditiorzee éwtched at a given
control [in t enper at ur

[ i nt ernal to a |l
PRIRFEPLHIT? %Zi‘?i‘d? fithe Adseration gollmng, Tﬂaﬁ CHPR ¥ GF%E"B gdgorbent
Hésgﬁaﬁéf@ﬁéé‘ frenCH %Bénb?é”tron@?éé viiEré teCahbom otla@Roibed

usually set so that continuous treatnent for decades
stibiances-ondbe gydace phibe aggarhsat p@fﬂﬁffé\rlﬁE’dDI’e%ﬁLtrﬂ dugalltio a

N sl A 11 RS i k1 B o g o
fhesaﬂsbebetd supsiagses s liigh, aldhaktimé2he nitrogen concentration in
purified air fed out of the adéorption column drops temporarily owing to the height
of the nitrogen-adsorbing capacity thereof similarly to the case of the TSA
system. Since the partial pressure of nitrogen in regenerétion gas is vastly lower
than the partial pressure of nitrogen in the purification step, as compared with
TSA, influences thereof sometimes becomes largér. As a measured value, the

oxygen concenfration sometimes gets 25 ~ 50 %, as has been mentioned.

By providing between both the steps a purge step using gas having the

| same composition as that of purified air and by controlling the intemal pressure

Pp of an adsorption column in the purge step such that a differential pressure
thereof from the iniernal set pressure Prin the purification step falls within a
specified value, at that time, such transient phenomenon can be relieved. By
concretely controlling, in the pressure rise course, the same internal pressure Pp
so that the equations Pr X 1.05 = Pp 2 Pr X 0.95 are satisfied, the rise of oxygen

concentration after the switching can be restrained below 0.5%

(3)  In Combination System of TSA & PSA

In this plant, a system, in which the aforementioned TSA and PSA are
combined, is often adopted. Also in this case, a transient phenomenon in each
system is synergistically caused. However, such transient phenomenon can be
relieved by providing between both the steps a purge step using gas having the
same composition as that of purified air and by controlling the internal pressure

Pp of an adsorption column in the purge step such that a differential pressure
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As shown by a dashed line in Fig.2(1), regeneration

gas is introduced into the adsorption colum P2 from
its colum top through the passage Lc. Introduction

of regeneration gas in a flowng direction reverse to
WVaae7@p1ighe 20 purification step can enhancePCHEB2007/006101
regenerating effect. Regendfation gas introduced in

H@z?ec? ik fd ﬂ{érﬁ@ eeéurgeﬁgﬁftﬁé u@&gﬁéﬁ SaBUGIhiIAS

re and car I OXI esor romt € Surrtace

sifediffe] wadsar bent charged in the col umm inside,
thereby perform ng the regeneration treatnent of the
adsorbent. The regeneration gas that has been used

for tihehisggamei & padsibld ©asrawde o §eﬁ bf @tutgezhmggwderﬁ tham

BTG G F: YT SISO ATSTETS 4 YESOHHECARrbRDed ai to
les‘%)rﬁﬁ%fét ﬁé&th}%ﬂt ﬁfbaﬁ@llél R B¢ a888P86h cHlmhh®) #ﬁmgrminr 8dkion

col utm P2 her regenerating function can

eirpr é\ltgggglbyn edaprbRar ¢hanged inan adsarpiian Qfélﬁ’ﬁ@iliﬁt betore it
{sf%’g%‘%e ith?%é&(ﬁb%‘héﬁ ufe g?e‘té{n?ryanse% ieh tﬁé‘sﬁa?eﬂ@@é@éa’é&bent

warm ng stwep, erring t
d:ha:rgeuhm an admreruc(ﬂumﬁ in thenpuificatdn steppraraelyr idissequised, for

rature stat.e | cool j e n .
akPoofs chEPRIST sing Rhffufpe do it 7 BRdedmiicthaa fibr tme.
%sa ﬂ{drdllebcbperé'hq; ?;e gempﬁﬁn quNV&Hmtﬁ@f@”é@mrar?ferte mf ttrfeTEd

ur.ni n or a he ced ,a
R e P AN RS OB cO AL Bl U BRALEE) Siah ubger the same
&dhiditont B@cc%lslfh@lyy tﬁe%fEﬁﬁ Béléhﬁurﬂfted Qﬁﬁﬂﬁﬁéﬁéé%fbf%ﬁéibrﬁ
hi gh tenperature condition. d, the re%enerau on

m@on\ﬂbmﬂmgnﬂaaﬂ@wmﬁ@emr@b@n grsTigo hgypiige step
B8hL F}[Jﬂﬁ(%til% sﬁ%ﬁ.%&%ﬂéfnehﬂ@ SteRhs phRnsddratdi CDA from
supply tenperature Bstoa?ow

ener at |1 on
the mdeortion eotomdintthe trané’farrmgr@yﬁmam CoOR sormphé adsorption

S h L e Eet I el 3R YR S Ry Poilisgnereot wi
kg ddwauigd below.ar i es dependi ng on the property of feed

air or the feature of an adsorbent. Although there is
usual |y used a nmethod of causing regeneration gas at

I?\'ﬁrﬂgﬁﬁﬁti\@étﬁb@ a8ing | ARYehRingohed Q@ﬂiﬂr@s&u%VPmétnP Plant

for TRREWoRE s BroSHEDRMENOS ageEaP O giesentigvention
i€ BHSRCISREA% Bt Bfed8Rpk ¥f a purification step, regeneration step, and
purge step are continuously switched in turn as one cycle and the adsorption
columns are condrolled such that when one of pairing adsorption columns P1, P2
is in the purification step, the other is in the regeneration step or purge step. Now
referring to Fig 2, there will be described below in detail an example of a case
where the TSA and PSA combined systems is used; this is a case where the
purification step of feed air under a high pressure & low temperature condition,
the regeneration warming step using regeneration gas under a low pressure &
high temperature condition, the regeneration cooling step using regeneration gas
under a low pressure & low temperature condition, and the purge step using
purge gas under a high pressure & low temperature condition are performed as

one cycle.
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l0intermttently pass here. (3)Purge of Adsorption
Col um P2 Fig 2(2) shows a state where the
adsorption colum Pus in the purification step and
t he adsorption colum P2 is in the purge step. As
WHEN/ B335 a dashed line in Fig. 2(2), purgBCHER0§7800101
i ntroduced into the adsorptfon colum P2 fromits

qal Umﬂ’uhﬂ@atkfawﬂfgiedtﬁiwbﬁﬁﬁmﬁoﬁ@oldnﬁﬂ peducti on of

purgngas in a direction reverse to that of
t he pdig: fa(lﬁa?hoaw %ﬁ@be wherertha gdeopfipe solugm §1 s in the

gRREk Rl Bh SR ws&sdrp@n afileh Bhe [@ﬁlggrgegtgh%ggmfégn As

_ SW t ch to the cation ste
i aﬁ:pwa dweesblidiinehs l%@igﬁlr)pfeaﬁiraluel infinodUeRd nip diess a@gorption

inside thereof d, .
IR L Ry bt B g patElsiia 5F ERipafiet in e
tdtﬂeo@tmlg aolemtnf Pt h@flmjecte@ enpurifiing It@altmemt_cli_a# dreagsorberte
te t e n t rifi on e purge, ga
Chatoean Tis Bt e Phiied At idfods BBen I Scfsiglis el outas
prdduet COPefrbVRE o@Mn‘iri @g tﬁﬁough %@ﬁéﬁa@b'ﬂbﬂ A2hatind)4he
through the passages L Si nce purge gas is

&g0io! Vﬁb/eﬁﬁ@1p% M1 arg cenirollassos fo hesopangd. rladne adsasation
o b1 %@Wa&s‘b |ﬁ§t:a|ﬁ£d‘|t?%%h‘b%l L}fﬂlzém?b%ebﬁtrolhngslts internal

const r uct n exarrp [ ow rate
lt¢mperatlrgyo priow iteinpgrapurs sagdition Aihd &s irftermphpitesaure to a high

S A A SIS0 Ao s
watmm femdkcdtias aninuice A deghbesltimes @antbe pkmfoﬂmeﬁ,eallthough it
YA dekanobi o s Propéri Abiset At (e Birspare ot prtreatment

purlflcatlon step can be attenpted by controlling the
i nt er nal n{i)erature to a | ow tenperature condition
a8

A t lﬁ@gwﬁr PPt M%@@@m@yt&ﬂsarw@r{?@wwﬁﬁ e
condi A @Rown g@%e@?ﬁé%?@i@fn’é@%ﬂr%@s i% fntroduced into

This purge stép 1s usuall at conti nuous
theeadsemfionfeplurse\Rey mmntsmm topdbeswgbsherpassage Lean

RRBEASH SFdoeRbbloh 88 if o HAUHE RN VAR it the

property of _ ture o an a ent.
plitfivatig stepecan ershancadhé };egesex:htlag rw’et:b d?egerreeaimnr@s

ﬁ\fﬁﬁﬁ%&%@ﬁs’rﬁé a%sglrp%gﬁ tcg umn ﬁg trfangfw ers substances such as moisture
and carbon dioxide desorbed from the surface of the adsorbent charged in the
column inside, thereby performing the regeneration freatment of the adsorbent.
The regeneration gas that has been used for the regeneration freatment is
discharged from the lower portion of the column through the passage Le2. At
that time, the control valves Vé, Vc2 & VeZ are controlled so as to be opened. In
the adsorption column P2, higher regenerating function can be exercised by
transferring its internal temperature from a low temperature state to a high
temperature state in the warming step, transferring the same internal temperature
from a high temperature state to a low temperature state in the cooling step, and
confrolling its internal pressure to a low pressure condition. The regeneration
warming step is performed by turning on, for example, a heater placed at the
regeneration gas inlet of an adsorption column to shift the supply temperature of

regeneration gas to a high temperature condition. And, the regeneration cooling
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5 pass through an adsorption colum, it is also
possi bl e, for reducing the use anount of purge gas,

to cause purge gas to intermttently pass here. By

i ntroduci ng a predeterm ned anount of purge gas once

WO amrayw pressure state in the inside of aRCIIB2007/000161
adsorption colum in the rd@eneration step to make a
BB B e fing B8 thO RaET T SR Pt of
regepetftiohgasie agow Jempersdurewonditioa) Par al | el Qper ati on

of Adsorption Colums P1 & P2 Fig. 2(3) shows

" a case where a period of subjecting feed air to

adsor Piis vegdneestiomestép issuguatly sefiesb that qoantialibes treatntere for
adsor ption col um inth urific t| n
feeadegdpppies sreevsTl s pd RETSTE e? %t P %ﬁiﬁ%ﬁﬁ@%d'“g
bR tﬁélgrogerty bf @éb'éi&fbrsche Feath® cﬁfa@vmsbmem sAltheugh therd 18

air is introduced into the adsorption

uwaﬂm@ew fBlB’fPQdﬂf gAvsiRGregengiation sgs @t 6r¥§eii¢reﬁu@ﬁdtﬂﬁw rate
cﬁik% hOMst &y fi
tops g? ‘{'ﬂép s%?%@o% éccjﬁ‘d)lém 0:ﬁlurﬁ& P2S whi Eﬂéé%eor
msloningrika uee amosntof regenerafion gando Ladseirgeasraiing @astio
he passage Lb. At that tinme, the
(g\g rgen?@%a\egg & Va2 and Vbl & Vb2 are controll ed
so as to be opened The adsorption colums P1 & P2
n u iIiz hj gher or bi capacity by controlling
?ﬁei Msgfﬁmﬁ‘if‘up o a | ow tenperature
condi Figo2’(2}i§]ﬁ)vrd1§ sfaté Whef@ﬂhle eﬁfs@ﬁﬁ;uh eotmmphugrm the

pressure condltlon In the ad sorgﬁuon col um
elarrﬂcemn slepand the agsorpiien calymnsPisda ﬂﬂ%plﬁﬂ%ﬁtﬂévéﬁ §hown by

23a805h (A @S (DR DuRYe B KT8 Bl B adorbith Gl P2

um tO I'n SuCcession to purge as equa to
from aﬁsmltfm@wpathroughl the papsagpel ¢t bpoduetionRitpurgergas in a

| r‘&&‘iﬁg ?Qé dnS reU&%% t%) ‘If]léélﬁ)\f %éﬁlﬂmcﬁt]cﬁ{ %gg:cgagﬁéducfe é’ﬁ‘é&%‘ly a

conc |on an kes _ under goe
t(raimen‘lcpiheabnmead)n fmtrpftet teleyadenmhog cg)luemyls ismﬁﬂche@ trethef

t { d j '
etaaosteBy ERSREPeS intorfats Fin® Biferels BRRRkPps Blroes
Ridehéiatian gas eRbEINg in the insidié th@ecﬁf@rﬁWbbi@cé@tlﬁﬁmaalalnu

set the feed, anpunt fromthe adsoypt.ion
ROt EITN SBIBR e e THRPGTh e SOSEBH ST g1 i gurtace

SBteMbid9 il e p@ﬁf@éﬂo@ﬂ st%;p TR ngfge' gasetﬁaﬂﬁm MWddfor the

(a) a nmethod of rraln}c[; fromthe

tremepbis Kishangerspg @f Im:‘atgm@l pepgion of the adsorptlon column P2
through the passages Le2 & Lf2. Since purge gas is equal to the purified air and

it is required to use a small amount thereof effectively, in this construction
example, the flow rate of purge gas is limited by providing passages |.f1 & Lf2
that are different from the discharge passage for the regeneraﬁon gas. Atthat
time, the control valves Vd, Yc2 and V2 are controlled so as to be opened.
When the adsorption column P2 transfers to the purification step, its smooth

transfer to the purification step can be attempted by controlling the internal

temperature to a low temperature condition and the internal pressure to a high

pressure condition.
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beginning at a tinme when the adsorption colum is
swtched fromthe purge step; (b) a nethod of making

C2 < d in the beginning, transferring to C2> C

stepwi se and transferring to the next step; or (c) a
WeeH3d9d8S conducing the transfer to C2 > Cl PCT/IB2007/000101
continuously and gradual ly1?It is preferred to nake

the rghishirg®kidpig u%bl'éll?' 96t §§‘ﬂ’rkﬂtcoﬁﬁﬂdd€|§4rléa¥ment for several

changeabl'e. “(5) Switchi'ng e Steps in Adsorption

@’““"ﬁ"ﬁs" Ma&epﬂ”'ﬁﬂ@s cap by nemowsed alihaugh iivaries ghpending on
{ h 2 oglsegt? b UG5 ﬂwe'f%éhfé 61‘{5% ﬁﬂa%'i a%xitf?&gqﬂ tﬂ@rﬁaﬂq.lsualiy

{ion cof pur’ on's
ardd amﬁhgd o2 C8lisind pu@eag%tataq)muaeﬂn ihke flavdrsretqdnl amntmuously

colu PlL is i,n the rge step, and t. dso

E8ps ot b3 anfotnlién BRAF: B3 Risf Posule. fR Feiind e use

@Qmmhesﬁlﬁﬂgélg@spfme PArddy W@Snteﬁﬂm@htgy pad¥chere. By
IEIg)(rggtlon columms P1 and P2 are switched after the

§Q9RredpieRRne AROUNS Of REroSaASONGE T3 |y pressure state
fr?ﬂ‘ne‘?ﬁs:&é 8f af bddo tl%@):@luﬁ?\qgnttﬁ@i‘bg%?&aﬁ?ﬁ%teﬁ BR8aldSa

t he aforenentione
peassyrizashstales and taerceausinghrirge vae aha soritliovhratotapass, itis

BESSIIETS pBi¥of Hida ﬂ%@@g}gﬁe@éﬁﬂn@ hgd air can be

ont.i nuous y supp ernately controlling the
pai ri ng adsorption colums P1, P2 so that when one of

em i.s_i he purifi.catian t other colum is
HI°T BB bBBrftion)or apaeipn SefBina BT a2 Sohor
col unwig. 2(3)rshblm d Wéi’ela);ﬁerﬁidﬁﬁ szJe@titﬁggﬁeeateﬁpto dd%orptlve
where, three or nore sorﬁalbon 20 colu

6%@8’6'?‘ if Pro¥ideg iR pasalighte “&%ﬁd%%f p wlg@ﬂfwttgg @uaﬁcatlon

%Wﬁéﬁlﬁe%‘ﬂs&‘iﬁi@h Rbiupth Poliine ;:(Jr@e bféptt%sfers to the pun’r‘ ication
regeneration step or purge step W an adsor pt

gtgPurys Soyvni by @ seligling inifdat4(8h f%Qde@r |snntrmucedsnbﬁée
B ih Ed150h8 F108 P2SldMTReiObwr BEHBAC AU BY RlEhdo La.
I XI ums an or m ng cycte

g palring adsorption co
Bmﬁﬁ@l@r barénts fromatiiemopitnio topsalf dimnadsdrptiemgolmans 84, & P2,

Bifh e wieh Rt el af ey oL BE bl Kot frouh

fAdspalspag@hb Calt thatgime, the cdites salves YhagoEad andb1 & Vb2 are

SR s eyt T 20eSTE LR o B985 e
lE§iesT dMisofbihd) Gabh@ly By @REVIAG their internal temperature to a low
temperature condition and their internal pressure to a high pressure coriditibn. In
the adsorption column P2, a current of air te be treated is made to flow reverse
and CDA obtained by purifying feed air is fed out of the column fop in succession
to purge gas equal fo the purified air in the purge step. At that time, mixed CDA
is made to have stable properties in oxygen concentration and the likes, as it
scarcely undergoes (doe not almost completely undergo) any influence of
transient phenomenon at a time when the adsorption column P2 transfers from

the purge step to the purification step.

It is possible to optionally set the feed amount C1 from the adsorption
column P1 and the supply amount C2 from the adsorption column P2 during the
parallel operation in accordance with (a) a method of making C1 = C2 from the
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30 P(H and | ow tenperature T(L) state, the
regeneration step is forned through a transferring
course rl to the | ow pressure P(L) and high
tenperature T(H) state, a regeneration treating state

wa 2600/091a39r edet er mi ned period of tinme and a PCI/AB2007/000101

transferring course T3 frod¥that state to the high

P d |
Bediniia i MRER Tt Aoy ' BB Highourge step
{iraninethodWPradking 02 KICH mﬁ/el tﬁgﬂm‘mg@@r@m%rrm ﬂor@z > C1
regenerati on warm ng st e the@S h& E h
EleRmiTasA e siolTing & e n sieoger, ARG P 8‘?“%'"9 e
ﬁbﬁ&ﬁr fozcﬁgq}'pﬁorftﬁhﬂh;ﬂ? ahh%ré&%ﬂ?eﬁ% bRferf&Pld MEks tiRPratio
Int latter he regeneration treating state
pbthersdipplyamsduwnt pphenally ehesgeale.at that tinme, the
regeneration step can be corrpl et ed. Then, there

is formed the purge step froma course T4 of
(B)i nt Switchigg tofi henSigps o AdsorptiorPCelumred! &diie

therh ﬁ%‘ﬁé&ﬂ%@ Fo Bord & ARRIREA QR RRER I O
r’#‘ge?éf@@g @g@a ay 1h@terdg|d$]m§ddclofbmrﬁ PQ:Mtlm: the @uhﬁcﬂ«t@n eltepn end

rti on
P le) shawa ata%@t%mneg%ea Sabioolinan &4 iy i Rirge Step and

fh%@eﬁ:fé%hﬁioh%lm PR Intfie 3AlfREtIoh Aers: 0|intmﬂsbrﬁﬁa@%sécﬁ BRY
he stop of regeneration gas and before the

prmdu@fag Proasssofarpely glbeaisortiog Cols.mzanSs%1 3R Feesvdighed after
35?’8? ésrhésrf?aréf]&% to'tRe @te‘b K@ {220}5@@"(‘)10)# t(ﬂ and

ion perio provi VI si-on
tlnanahda ehmemmmasomepémmmnfbbmed;mb as(@d Obh’l yt-hé) are performed.

b5 e 575 el TP 85l St ilicPE SPAIF, pyprc

&iflaan pb Ic@ﬁt[rﬂﬁiusmubﬁlied/\bfé alt¢inateddsatllingrthe phiring adsorption
n st e and erf.or

SalumsaFds Pisodiabiisnaapt P saLL AR EalPTLs P tebther

- aﬂmnt@m m€$@g&iéré1fbmély@sn§ufg@rst@p 2Re prRé eblkfH ﬁﬁﬁi the

peri od nanely, the co at|b|I|ty Wi th
mssﬂ@na@@n @fepmfrnur@%atear dn ﬁr%ﬁﬁﬂﬂﬁ@*’%ﬁg@@ Bt MeFe adperption

éd?%{nf}ﬁ drd G@ecg "ﬂffgle?h‘\bl"é Yhér8 M ARIpt&Ra n%hé@BPé@rﬁbmmg an

e purl air currents fed out of bot
adiooption eoluroo Buimike cegenesationt siep QéWQ@@tﬁIb‘e'ﬂh naaradsorption

ST RETR By HREn S0 it A6 PR A cotrns o

matl“iof:llcﬁ@t‘e\ﬂxﬁuw Mngp palsmg adsegtiag aclmas ar'lde‘ohmglg a cycle
4 ess u $1e adsorptlon co um serlﬁta%gf%e% Lc] pun‘?eg alr can be

continuously supplied by the pairing adsorption columns.

(6) Pressure Change in Adsorption Columns

Pressure change in an adsorption column in the aforementioned process
(1) ~(5) is exemplified in Fig. 3. From the purification step p in the high pressure
P(H) and low temperature T(L) state, the regeneration step is formed through a
transferring course r1 to the low preésure P(L) and high temperature T(H) state, a
regeneration treating state r2 for a predetermined period of time and a
transferring course r3 from that state to the high pressure P(H) (exactly P(H"))
and low temperature T(L) state, as regeneration gas is introduced. By forming
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Anot her Construction Exanpl e [ Second Construction
Exanpl e] of Conpressed 30 Air Produci ng Pl ant
according to the Present Invention Another
construction exanple of the conpressed air producing

Ybamreausdrding to the present invention is BCVERNIT00101

Fig. 4. Nanely, this exanpl®® is characterized in that
ﬁﬂéﬁ"egéneﬁ'élﬁ)rﬂuéﬂrﬁlh @te@l i tﬁeeﬁ*sPHélfQIf thé%n%i‘ﬁdd‘&)urse r1 and

adsorption colum (P) is use gas that

dl 89%"@"@303 F@ﬁ&ﬂ%@atﬁf?sar@émfﬁframgﬁﬁ r@enwatfon coollng step in the

| 3&@&/ F%%H%ﬁ@% MRLAHiGh Ql%gﬁlqg- %ge gzﬁ%ﬁv\cﬁﬂlg#f%n\gna c&[]l%e r3, at that

first constr I on exa thi's
dimgnihe régeneationete memsomntataﬂ such that a passage

Lg is provided as a bypass in a passage of form ng

t he passage Lb for supply of CDA or passage Lc for

i nt r odtieh] tisreois fﬂﬁmeqmlrgmsmsron@awu@@dwﬁ ntahﬁammg the

ol,lum to sorpti on col ums P1,
et B R e IR e fash T rebreriitg course 5 to
¢ed HigA prossupé PR Bad B ﬂémpféf’atgﬁé W[‘E{sét@?]aé §u+gétq1ééOched
iinto the other adsorption colum rou

dHrdueed.y ABpRowR. in why@ken ling porHem @a‘t@ 3, #1 addjtl@mm i9
%HQQE% D T th'espu?él g ﬁe&trbﬂ’é}’e%l%mlggtﬁg ?%Hr{e?étloﬂg%as in the

W t hout preparing 'a arate-fac
siswptigasolusyuoncedafies thepsiop ef reganeratiosrgss|andrimiore, then

ch a problemis 10 not caused that
iﬂ@dggﬁ%mg?fﬁgf purified air is |owered due to

the use of part of the purified air as purge gas. In

addi t | ? constit ueFIt el entﬁ cont r ol
condi T8oR&I%Y RIPEFILE SPands |B 1hgstens. i@ sasewhendhe

bhrafiél spaRsticriisarict e grided. W@V.Qi@n"eﬁﬁ@ﬁbr@ﬁélwemon

Conpressed Air Produ0| ng Plant according to Second

oot P u% based en dhpfadowing reasapnBy Bintainkiorthe hmmea@ure

P e T Bt B B e e oo R R ) when
heasisarmtipntasiurne lsm\ﬁmnd to mﬂewmnfmau@festapmdwiy geaforming the

t first
EAREO bt tor’ nf BB Bl e i hecolbR poppns for a
predetecmingdnprivddbf time, namely, the compatibility with the features of
purified air from the adsorption column (P) and the same purifying function can
be secured and the purified air currents fed out of both the adsorption columns

can have the same composatlon

Through the purge step or the aforementioned paraliel operation period p’,
thereafter, the purification step p is formed again as the high pressure P(H) and
low temperature T(L) state is maintained.

Another Construction Example [Second Construction Example] of Compressed
Air Producing Plant according to the Present Invention

Another construction example of the compressed air producing plant
according to the present invention is given in Fig. 4. Namely, this example is
characterized in that part of the purified air fed out of the pairing adsorption
column (P) is used as purge gas that is supplied from the outside through the
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20 according to the second constructi on exanpl e has.
such several different features as nentioned above
because of differences in construction fromthe first
construction exanple in follow ng three steps. Now
weRreToing to Fig. 5, details thereof w |l bePCT/IB2007/000101
descri bed below. 25 (1)Puri?fication of Feed Air by

"b@§§ég@ LcP?‘u tﬁ@ﬂ&%oﬁé’cruc’a?n ex 8§ah OMSIWN@WFEP 4 thisrkﬁ(ample is

urifrcation is simlar

Bhécrﬁtabsdmaﬂ” Clesh that)a paesapeiluiiegravided ap a bypass in a

' P2
%i% ﬁ{\)hg? Ehe"éa%%gtg [LIBﬁ'QF %W%%r%ﬁs@é&@for |
irggpeiaetiart obnggaaatlsn gas, rookided 02 m@cmlmaﬂadmobmemdforptmn
It { t,hr.o age
SRR o e ot e ety SR PEBTRATER ttorone
bh@@pt;@f chlmnPY uiairdgudsetihodhé Siher xespiptibh @dlumm (‘TEQ)Qhrough

2. WD 2007/ 091135PCT/ 1132007/ 000101 21 %B) ré\g
s vedurkiuspit s enabledstoafagipntlysupblzSRadhat lﬁétabie in

gydﬂngconéé@t)ratlo?lu W&ﬁo&a&eb&[dd‘é EQ%%%#atﬁiﬁﬁoF Bérge e ggs. Since
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producing method (3) exenplified in Fig. 2 10
Ig4 )Paral | el Operation of Adsorption Colums Pl & P2

roducing Method using Compressed Air Producing Plant according to Second .
Construction Example

Compressed air producing method according to the second construction

example has features of the compressed air producing method according to the
present invention because it has essentially the same construction as the first
construction example. Moreover, the compressed air producing method
according to the second construction example has such several different features
as mentioned above because of differences in construction from the first
construction example in following three steps. Now referring to Fig. 5, details

thereof will be described below.

(1)  Purification of Feed Air by Adsorption Column P1
As shown by a solid line in Fig. 5(1), this purification is similar to that of the

producing method (1) exemplified in Fig. 2.

(2)  Regeneration of Adsorbent by Adsorption Column P2

As shown by a déshed line in Fig. 5(1), regeneration gas is introduced into
the adsorption column P2 from its column top through the passage Lc. .
Operations and functions at that time are similar to those of the producing

method (2) exemplified in Fig. 2.
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As shown by a solid line in Fig. 5(3), such a point
that it is possible to provide a period of subjecting
feed air to adsorptive treatnent in parallel to the

“adsorption columm Pl in the purification step, when

WVaeo|asdspt i on colum P2 in the purge step tPENBR2e17800101
to the purification step, it simlar to the first

qeNSt rGheRA AlSoftBRRumePer ati ons and functi ons,

i nclusive of the control valves at that tine, are
si ni | &8 shewnHyysa deshachinegn &l d&(&)g pm@etgas i ifroduced into the

of the Ste
RISTPbh cBital o @y ol b syl ngseSe LG R Rt tme,
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CRASHGHBn; £ fseed hevah ??E&Bre@(tﬁat 16 GHEIR Eingfign can be
wheured e 1A BRjhRY rmn%ﬂpﬁﬂﬂ&ﬂaw gan Be tsBBuRH! IRhét &Rrations
and he adsorption col um is in the ﬁurlflcatlon

UHFWWG@W@%W%W%P@QU@Mgnqsi o E¥exemplified in
t he adsorption colums P1 and P2 are sw tched
and the steps simlar to the aforenentioned (1) - (3)
or (1) - (4) are perforned after 25 the process has

f S ig.
LT P Rt TP dion G R & BRS are | °
SI m | As showh bgsesaii linkdn Elgod(&}j mhrmptbinﬁthéﬁu is possible to
lified, i ntro g[Flnt

BT b s dictnnd e ot Sy testheh e Agg o to the

sesrpich &cbl&mafFDT m@tﬂuﬂﬂ@ﬂroﬁ Blers Whah the aQ@or@ﬁ&‘i‘ %iu mntP2 in
h‘i‘ ossible to _have such features that the

99 Alepdrpnsiersde dieep 5'ﬁat'qm%teeahslgrnl@r tq teres Opn@ﬁructlon
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Adsor ption Col ums Pressure c an adsor
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of the content exenplified in Fig. 3, this is simlar

to the WD 2007/091135PCT/ D32007/ 000101

(5)  Switching of the Steps in Adsorption Columns P1 & P2

Fig. 5(4) shows a state where the adsorption column P1 is in the
regeneration step and the adsorption column P2 is in thé purification step. And,
Fig. 5(5) shows a state where the adsorption column P1 is in the purge step and
the adsorption column P2 is in the purification step. In the compressed air -
producing process, namely, the adsorption columns P4 and P2 are switched and

- the steps similar to the aforementioned (1) ~ (3) or (1) ~ (4) are performed after

the process has transferred to the steps of Fig. 5(1) ~ (2) or Fig. 5(1) ~ (3). Other
operations and functions ére similar to those of the producing method (5)
exemplified in Fig. 2. By controlling, in the purge of the adsorption column P1,
the control valve Vg same as the aforementioned (3) so as to be opened, it is |
possible to have such features that the purging function can be sécured and the

higher identity of purified air can be secured.

(6)  Pressure Change in Adsorption Columns
Pressure change in an adsorption column in the aforementioned
processes (1) ~ (5) is of the content exemplified in Fig. 3, this is similar o the
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22 producing nethod (6) exenplified in Fig. 2. Oher
operations and functions are simlar to those of the
produci ng nmethod (6) exenplified in Fig. 2. Execution
Exanpl e 5Result of CDA production perforned by use of
waaeaosriénent i oned conpressed air produci ngPOT/BREEA00101
is given. Concretely, CDA pfoduction was executed in :

Prbddi @%tl‘ﬁfd‘{@ﬁ Eké‘lﬂpﬁﬁéi‘ﬂ F. 2 Smat rﬁﬂaﬁé’gﬁd fddRtions are

producing t avi ng suc a constructlion
éikféﬂﬁﬂ’fpﬁh@@ qffmer:pgndunzmg\metbnd Waexemplitied arangnza
sem conduct or manufacturing factory. 10 Execution
condition (1) Content volunme of Adsorption col unms:
Fverulid) Examglenal pressure and tenperature in the

88 3 t |
P bss RERU oA Wag e Grmes by 26 Ob Ysteremantionedy,
rc@h@rés‘seﬁ%ﬂfbr@ducm@ ﬂiﬂes&sé%@eﬁ\'n@bﬁbre{e@ dﬂ).@#réﬁkﬁor?fmas

re enerat| on gas: out 2

ONnB/ h eration
ited Kl Ditregen rﬂf@ﬂ’}!(‘é@ plent ofﬁh%wmtafﬁée@ﬁs %&Pgemgasmg type
fhEQiHI_:; 00 aNERStPuctRNGs exemplified in Fig. 4, which was installed in a
semiconductor manufacturing factory,

Execution condition
| (1)  Content volume of Adsorption columns: 5m?;
(2) Internal pressﬁre and temperature in the purification step:
0.88MPaG/17°C;
(3) Internal pressure in the regeneration step: 0.01MPaG;
(4)  Flow rate of feed air: about 8,400 Nm®h;
(5) Flow rate of regeneration gas. about 2,000Nm*h:
(6) Regeneration time: about 200 rhinutes;
(7)  Flow rate of purge gas: about 400 Nm?h; and
(8) Purge time: 10 minutes.

Operating Method .

(1)  Under the aforementicned execution cohdiﬁon, dry air was introduced into
adsorption columns as feed air and these adsorption columns were operated in
accordance with (the producing method using the compressed air producing plant
according to the second construction example).

(2)  After the regeneration step, the control valve Vi1 or Vf2 on the bottom of
the adsorption column P1 or P2 was made opened and purge was continued for
10 minutes, with keeping a pressure near to the internal pressure (1.0MPaG) in
the purification step. Then, the control vaive Vf1 or V2 was made fully closed,
whereby a differential pressure from the internal pressure (1.0MPaG) in the
purification step was made to be a pressure within a specified value, after the
pressure rise step was passed again. Thereafter, the switching operation to the
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20(8) Purge tine: 10 m nutes. Operating Method (1)

Under the aforenentioned execution condition, dry air
was i ntroduced into adsorption colums as feed
air and these adsorption colums were operated in 25
Weewrhase with (the produci ng nethod usi ng PEEIB2007/000101
conpressed air producing pPant according to the

seeiftstionosnsd wWas tadeshesanpl (fissuré Adartblies 1rﬂé}ﬂal pressure in the
regeneration step, the control valve I V2

tFﬁ‘é' iﬁaitW@fuaeﬁéﬂeéﬁjwmr%a@w@mﬁ bin . 312 Aﬁﬁ@rdm@ the
%Qﬁéﬁﬂeﬁ%‘i‘ rddWItEI Gt MRBerERBY keNk FéP%ﬂo%oﬁoQ emg (eH)vsq {65 >

[ pressure near to the interhal
8"3‘38@’))1@}95“@ splisfietli cati on step. Then, the control
val_ve Vil or Vf2 was made fully cl osed, vvhereby a
differential pressure fromthe int ernal pressure
(3). OMReyGhirifnont the tomof miecmtsbmi;oatoeanmm nsaﬁe that hed &een

re re withi SCI ed val ue, aft 534 essure
PeSR, s bl RO S ¥ Biss ppriomn e Rrssiae
8RS At Dfimk QvHehethe WAS%QWPW)’L&&EE%&&E@% ﬂg%%n %§|sed to

urlflcatlon step was advanced pressure near

ﬁh@wi $ft% oh e 'pt%@%l Bressure Pl gidhe adwpmwcé@@ﬂ"m J@d
BFiffcatiBR<ESE ‘ﬂﬁesc&m%i @%I@e '%‘!’ro? vidWwhd giadé ogéﬁg@frghﬁﬁet&[umn

he experlnenta resu IS prererre
beitemni wherebymuegeawas perfpryeckfor abeut 18(minutes, Mithikeeping the

BredRurd Enig ¥ &otdsh8ndiRg to the step r4 in Fig. 3).

Results _

The oxygen concentration of purified air fed out of the adsorption column
P1 or P2 after it had been switched to the purification step was measured, and as
a result, the rise of the oxygen concentration could be restrained to about 0.2%.

Industrial Availability

Although there have been described above the actions and functions of
the CDA producing method and producing plant according fo the present
invention alone, they will be frequently used, in a real plant, as part of the
aforementioned ASU. In such a case, it is possible to use the pressure raising
means (compreséor) pressure regulation means or flow regulation means
provided in this plant together with ASU, and hence the energy efficiency can be
improved.

Although there has been described in detail, in the aforementioned
description, a case where the present invention is used in the CDA process on
the basis of its preferable execution examples, it is possible to variously apply the
present invention within a range of claims thereof and their fundamental concépt.
In a case where an adsorbent is used as a removal means for impurities in a
sample comprising a plurality of main components such as natural gas, for
instance, a transient state different in the component ratio, accompanied with a
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(3)Dry air fromthe top of the adsorption colum Pl

or P2, that had been treated, was concretely

i ntroduced as purge gas to performthe pressure rise
step. At a tinme when the pressure P(H) of the inside
waasinor1ipad been rai sed to about 98% of the PAT@RARH000101
pressure P(H) of the adsorpgt#i on colum in the 10

[presdure aiffepdncet @B in TBA syerh of PSAlYSieH, Indf b/ftmbaSwing to
nade, pened fromthe colum bottom whereby purge was
gee ¢ e thepedrorhing wnd desarbing ¢apaciiesiontp amdfrom the
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Fi ﬁ 3 Res e oxygen concen t1on o
piinzing adnethod faed pdant hakinghiiee adswdrystion and dlinotionPacaording to

R il wi tched to the purification ..

T BBl o 0B In3 bE S e o8 Rt spfhpstion
@rygetrbecignoma it enabledtd sty & eatified predutichabistigh in stability
0. %I' | QE”St rial Availability 20Although there have
FIECURIEY hed above the actions and functions of the

CDA produci ng net hod and produci ng plant according to

the present invention alone, they will be frequently

used, in a real (HraefDesarintian obihe(rawings enent i oned

ASU. Epy §4€8nax %ﬁStor%Lifléésnh%m@:re%éS% é&%arpgﬁon example of

pressure ral sing nmean ), press
Hegenrapressedeinpsodicing pantrangording rthepaesen? hiverton;ded

in this pl with ASU. . h .t he, ener qy. '
o 11 ot G2y B8 S BRRHEY iy PR e BR GRS eBeBich the
disemehixhadcotetrebsed ain ptduecabpiattentsaned

a case where the esent invention is

d ipt]j
used FH- 3 AawexolgRaloRL deR exemalyin changes fn fhednternal

Rnelerh@ibd An@ PRBEUTOF 1K AABbDHoN ichiulih NGRS bRIr8mERtioned
variously apply the present invention wthin a range

BiOdHFEO $eR her eof and their fundanental concept.
Fig. 4 is an explanatory view showing another construction example of the

compressed air producing plant according to the present invention;

Fig. 5 is an explanatory view exemplifying the producing step, in which the
aforementioned compressed air producing plant is used;

Fig. 6 is an explanatory view exemplifying the construction of the dry air
producing plant according to the prior arts; .

Fig. 7 Is an explanatory view exemplifying the construction of the CDA
producing plant according to the prior arts; and

Fig. 8 is.an explanatory view exemplifying the construction of the CDA
producing plant according fo the prior arts.

Description of Reference Signs
- P1, P2 - adsorption columns, La, Lb, Lc, Ld, Le1, Le2, L1, Lf2 -
passages, Va1, Va2, Vb1, Vb2, V¢, Vei1, Ve2, vd, Vet, Ve2, Vft, Vi2, Vg —
control valves, Tp — Internal temperature of the adsorption column, Tr - Internal .



In a case where an adsorbent is used as a renoval

means for inpurities in a sanple conprising a

plurality of main conponents such as natural gas, for
instance, a transient state different in the

wonmonEnts rati o, acconpanied wwth a W) PCT/IB2007/000101
2007/ 091135PCT/ 132007/ 0001@3L 24 pressure difference, ,
P B S ) PR e TS Ry A Aborotion
capaan, tRresintaing sehpraspan in e paiisabemsieinong nai n
conponents such as nethane, ethane or propane. By
utilizing a method and plant having the construction
and functions according to 5 the present invention

even in a process where such variation in conposition
cannot be ignored, it is enabled to supply a purified
product that is high in stability and reliability.

Brief Description of the Drawings 10Fig. 1 is an

expl anatory vi.ew showi ng the basic construction

exanpl e of the conpressed air producing plant

according to the present invention; Fig. 2is

an explanatory view exenplifying the producing step,

in which the aforenentioned conpressed air producing

pl ant i s used; Fig. 3 is an explanatory view
exenplifying changes in the internal 15 tenperature

and pressure of the adsorption colum in the

af orementi oned producing step; Fig. 4 is an

expl anatory vi ew show ng anot her construction exanpl e
of the conpressed air producing plant according to

the present invention; Fig. 5 is an explanatory view
exenpl i fying the producing step, in which the



20 aforementioned conpressed air producing plant is
used;. Fig. 6 is an explanatory view
exenpllfylng the construction of the dry air
produci ng pl ant accordlngvéé the prior arts;
Fig. 7 is an explanatory w exenplifying the
cn%ﬁg;tryction of the CDA producing plant according to
prlor arts; and 25Fig. 8 is an explanatory view
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the purification step, Pp - Internal pressure of the
(a)@ﬁé@?dﬂ&h:ﬁ? |§BéHHI‘i‘nec§’ fn a siifieep@k of Hre@cOhfiMlicud and he
purificatfon step

successive steps: a punf‘ catlon step in which the raw material air is punﬂed a
regeneration step by means of the regenerating gas, and a purging step by

- means of a purge gas;

(b) when at least one adsorption column is in the purification step and at least
one adsorption column is in either the regeneration Step by means of the

regenerating gas or the purging step by means of the purge gas, and

the adsorption column or columns in the regeneration step transitions to the

purification step,

{c) there is a step in which purging of said adsorbent is performed by the
purified air, and |

(d) the internal pressures of the adsorption columns in the purging step are

~ controlled so that they are almost equal to the internal pressures df th'e
adsorption columns in the purification step, that is, the difference between the
pfessures is within a specified value, and when they have transitioned to the
purification step, the momehtary oxygen concentration is preventéd from
rising by a selective adsorption of nitfogen caused by the rise in the nitrogen
pressure dueto the difference in the nitrogen concentrations in the raw
material air and the régenerating gas or the level of the nitrogen adsorption

capability of the adsorbent.

2. A method of producing compressed air in accordance with Claim 1,
characterized in that said adsorption towers are contin uously switched in
succession between at ieast (1) a purification step of the raw material under

high-pressure, low-temperature conditions, (2) a regeneration and heating
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4. A method of producing conpressed air in accordance
with any of Clains 1-3, characterized in that there
is a step in which, when the adsorption colum in
said purging step transitions to the purification
step, the raw material air28s treated by adsorption
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purification step, that is, the difference between
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rising by a selective adsorption of nitrogen caused
by the rise in the nitrogen pressure due to the
difference in the nitrogen concentrations in the raw
material air and the regenerating gas or the |evel of
the nitrogen adsorption capability of the adsorbent.



