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WO 2007/ 091135 PCT/ 1 B2007/ 000101 1 5 COWPRESSED Al R
PRODUCI NG METHOD AND PRODUCI NG PLANT Techni cal Field
wdher7pwesent invention is related to a conpreseew1B2007/000101
produci ng nmet hod and produting plant. Especially, the
present invention is useful for a 10 conpressed air
produci ng net hod and producing plant utilized for
supplying 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 wide idea inclusive of
air, fromwhich nethane or carbon di oxi de and besides
MG BB RESS B NIR FRODUING METHODAAND BRODUCINGPLANT
renoved or 15 treated. Background |In sem conductor
manuf acturing factories or liquid crystal
manuf acturing factorie ogen obt ai ned by
vapori zing |iquefied nliggﬁﬁﬁﬁhﬁkﬂ een 20 hitherto

ut i | TEE Présend invesheien aTralateditora edrapressgd air grodycing rethod
in respective steps. |In recent years, hovveVﬁFéot he

ang @rceﬁucmgaa\antD/Esp@CiaHMrf@&sqrﬁgentdnw&@é' I8USg
oQbESER AL PyEIT el 6 PRS0 i o

cadiprgsedalty wir (COA)thahis fledhieqTy mpemasarmccmiu@g)r manufactunng
Adsorptio S ti.n ener uni. nd
foplniaEhiclsals €S APTMEHpRs 50855 Braditigtc B thed nere
r p‘?gé’éﬁtF %r\Nird%QSé@ U Bait) frontitfieh Afth@ie bhearbon dioxide
two-colunm swtching system using nol ecular sieve or
alsd besidegehoisBye onpaoeusindsof &y diagahris bave been removed or
erability or attenpting inprovenents in cost,
r@ ‘e@her nore, there has been 30 proposed various
conpressed air produci ng nethods and producing plants.

As shown in Fig. 6, for exanple, there is disclosed a
met hod and pl ant for suﬁﬂc)kgﬁguﬂ ghly pure CDA and

S\,,r %/h?fb%%@@%lppgt?)en E hﬁﬁ‘é tf tgﬁf‘@?ﬁﬁqq\g%}%@éﬁnaﬁuﬁ%’tunng

femm&semr@ Ritigen db‘taM@j mﬁmin@am@red Bﬁmg‘dron@a bgen
conpressing feed air

nGh e PHAeSHN B ge SN OB ABANTG GRLEO BB diSen M EPellg Steps.
Ir@{%:gm’yéar%f RBWELE! B 493 of Bn&RY 8DA isGnBidakirigGRtpIae 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 plants.

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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of converting hydrogen and carbon nonoxide in the feed
air to noisture and carbon dioxide by a catalytic
wouoi7fwerss 105 and an adsorptive purification spepiBf005000101
renmovi ng noi sture and carboh di oxi de by an adsorptive
ur|f|er ,S_order

it et A Byt ik FoRbrests 1l de S urnieson Sta,at

r@%vﬁ@%ﬁ@i@tdr@rﬁ’ e fee Slr By @prephiifieit109) asééialyﬁérpuhﬁcahon step
| eCted as a product at™ any tine (sée: for exanpl e

oPaoemrtm@@udmgemand carbas repR@Ade in thegfeed air to moisture and

cptis EPRBednd PRIl BB R Cr B P PE PuRlElon e o

ré@bvingtheieafE ey carbBA Wideda! b aﬁtad@oqstm@eémm 10@areon

nonoxi de, hydrogen, carbon dioxide g and noi sture.

pREfREMG I} HuslOFdaY, WheTeby ipbeRER N i capdippiad aud dry air
ﬂgegt% SSI%%HGE I@'ﬁp ﬁ@rﬁ%i@&ﬁs@ r%a‘?ﬁﬁ& QSL d as g product at

ang tinek ésego nfor exam@ldﬁEat@m Daicum®Rph). net hane car bon
nmonoxi de and hydrogen contained in the feed air are
reacted with oxygen in air in a catalyst colum 204

to majee r?‘h“lflﬁ A?{Pf?ﬂrﬁ]%h% ,harsl |Q%lsﬂz‘i’o°9edtéf'ﬁaetho?1 and plant for

conpress air er the reaction is
peaducity Gsafree firoon nrapummmtheaaw msw’tabehe fmswmcmducéor

BT RSHDBCp FBaR bR Harer el PRl shrddn figiide gas
aPAHhisturd N?arﬁé‘lyafé%@lré??ﬂR i¥cemprsserfi® BRIdnYressor 201,

purification facility 2 to renove through adsorpti on
commuessadeair Akphwaesed iy th@ goueseending somsessian bgabisifurther

5 7 RN L Ate S HEAa L ne, caror

ni@Hdxide shdkiydgenscoradiledtn ﬁ*telife@dcahﬂé@ reedtddwith loxhgarein air in
been renoved to |l ess than 1 ppm can be 25 obtai ned

a(%ﬁt@lysﬁ‘@u@ﬁa??ﬁﬂ ®© mak@mmgﬁﬁ@ﬁ@@pamon diexideyas, ithe F:P@Pressed
aﬁ ARII leftSarflr $6& 9@%10%1”%&&%?%?{1 ldlgglzl dt‘a RS S5 Efa‘?l'}?egrbr a

separation uni as regene P2t on
t@aserfawreaesamm teofiperallinds bpaccbadingdagiligr205, Byd the

CBr RSSOt AMEUTATA el Byt N80 At Bh
as&‘g{WétpﬁlflfI@?ﬂW%IIWQOtho ?é}néilé thré@%ﬁ%@%b%loﬁﬂhfpuﬁﬂés such

fective Yy used,” not 1 nfluenced he conposli tion
asitbe eonyertachthaisteraiged sathont dioxide glas- qmtaineédh@r@m t hlags, clean

iy gt P AT Ba Tl SPr AT SpeRgHS. pTPreRyE7 bon furide gas
add nn@igtLN@c%ﬂ%Méw il 3ip hB¢d bbBrR PErho08d 18 less3hanh Aypie tah be
CDA produm ng nethod that is cheaﬁ)) and easy in

obiriaee(aaer ferse@mple Patent Document

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 system using convention PSA units, exhaust gas of an air
separation unit can be effectively used, not influenced by the composition thereof,
and the use amount of self-produced gas that is used as regeneration gas for the
CDA producing plant can be reduced or dispensed. Furthermore, there can be
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for exanple patent Docunment 3). (Patent Docunent 1)

O ficial gazette of Japanese Patent Application 5
woaoa/epes No. 24, 445/2000; (Patent Document 2PCT/1B2007/000101

Official gazette of Japanesd® patent Application Laid-

~r346, 330/.2002° at Do . I Ci .
of58R 8 A DA R e o8 A5 b 1 MrBlBlgent (see:
forexahilé $RGht Ddtuleitl3gsure of the Invention Problemns

Sought for Solution by the Invention In the

af orenmenti oned CDA produci ng net hod and produci ng

I : i f.i i I
per 1 SratePRERY EhenE L oeP e Gl KRB #fin{ Appication

| ong peri pdidedpdn Ne. 24,44BE208f0pr e t aken as the
regeneration tine

wi | | (BateptBgeweent ?§ 5@3i£§£@%@ﬁ %%%%@%agérﬂg‘%"cation Laid-

sufficien S e ot her hand, the dropping
of the pu?’i"?ry‘.'ﬁgu%‘g%%%?@b% Il be caused and the

det e(Pateat Documient B Qfficidugazetta 9f dapamese Rstegt Application Laid-
efficiency in r i.on wll be caused. 20

Mol ecul ar OQP@ﬁ%owg@%r bi ng capacity and

regenerating capacity are higher and which is

suitable for the CDA purification, has a feature of
sel ectively adsor Risglaswergfithedaveatieonent in air

C osition. n our s f jecting an adsorption
P&@?"Emﬁ%@?é%%@&ﬁ%‘ﬁﬁ%ﬁ I@?eiﬁ'joﬁas been finished, to
pressyfie dordrheRtiGil 0DAaSIOAULINGThEthodhdprodagig plant,
fraction in pressure rise ets adsorbed jn

as t he

hawewehdart efriuriied gasds ysed %@w efinited sroeneratignyehan adsorbent.
: . . . ¢ ;
e, O Y e B R e BoASBEA Y the amount o
Ch/A&ps alpwiduef Wilirbe teeluadd olfithesagendraiion fiee isewt sufficiently
switched to the purification step, sonetines, th
SB9Y§6h o8 e U ABPGnine DlEpRNGAIBE LFRTY PABECIHM beyggused
i terRat r WAy h§ BERe9ds GA product

ol dBtoritpheh SRR RARANAY lor RO S TR DA producton
wilbbe watisééen nentioned in any cases. CDA that is high
in oxygen concentration gives any influence on the
yield of sem conductor manufacturing step such as

st eppsdlec@afsiBE RN SEEEsAIBIMJOERIACHS BRACteHeReraingWapacity are

whi ch can supply CDA stable in oxygen concentrati gn. ]
higher and which is suitable 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 before 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.
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WO 2007/ 091135 PCT/ | B2007/ 000101 4 The anount of
ni trogen adsorbed on an adsorbent will increase with
woOher7/0p18ssure rise in the system In a substi PariBm07/000101
operation of making the internal pressure up and down
011 RHehamBaRY SMAA8h ABSOHRUPEh AURGIEHP LR inhSase with the
e a r

i nfl uence o Ion of nitrogen ac I On” Cou

pressire riseripltiee sy steal.i m mauwltﬁnramdpéﬂwomqf@ﬁkmg the internal
concentratlci)gP ust &f‘ler t he svm chi ng rose sever al

RIEPRURUP an s Guhecengantional présexftemnihatefcsn. the
iRl @Hc@eoﬁhé %@Eb?p‘i@ﬁndof%t? il ngé‘thnn@odlﬁ%BEBe %Pngp etely eliminated
owi ng to

produci ng pl ant ose |C|ency 'S
mmqje@xygen@onoastram jist afterdhe ssuitching mBA ssivahd| peircent.
oxygen concentration. In 10 particular, it is ained at
provi ding a conpressed air produci ng nethod and

pr odygisih ebjabt of tW@'rﬁ@séHthn\rérﬂIBﬁrto'dﬂoMéSfaUédiﬁﬁl%sﬁaé air
reliabilit for sup Is frequently used
Aradycing amtégdta@d nradumagtpdantn\gho%@e‘éfmiamyos higrqowmg to simple

I 15 Me
RS A Pich 3 S GBSl Dok RBacpRlation. n
pRiroutae fttis amedd Bt pRdvédiRg at dtBnprevsad alrproavéing invsthed and
hard. The inventors have found, as a result, that the

PEPEHGING RIaNGRIChre ighearin usefulnassanstraliabilitomstpplyeaf CDA
G R0 o B ALY oDl CBfflia vt
mamdacturigg factblies.pr esent i nventi on, a conpressed air
produci ng nethod, in which two or nore adsorption

colums, in all or part of which a zeolite-series
I\ﬁé’ér%ﬁ*é?@*oldt%n‘%ﬁhgﬁob@h% switched to purify feed air

and the adsorbent charge in at |east one adsorption

col udmots:ferga|s@I\@dtherqforeamemtm|nem’moblem$glaménmw&ofsihavé&tudned

eratj o gas is characterize
T I RS e ap st WRoIER SreRtndibper piect can
becddniavedRy & @omﬁrégﬁétﬁéi@brédhcﬂgfﬁ}e‘tﬁ@dléﬁﬁrp$o&l§blﬁg plant
purification ste t he Eﬁdg sai d adsorbent wth
mgntioned belew ; anﬂﬁwvmra@l@ thedresentiaventign. i nt er nal
pressures of an adsorption colum (R) in the
regeneration step and together in the purge step is
cont Aotbrding tethd prassent idvéhtiors Bt éarhpieiseed wirgprobaciagfmethod, in
3 el omthe internal pressure of an adsorption col um

WO PIE0Ke AdEPERIONSPIWRRS iR #l108 Pafl @Hvhich aszralite-sedes
a¥8bient WRHEREEH ORbISmtdRed/tb BLPRRAAH0And the adsorbent charged

in at least one adsorption column of said adsorption columns is regenerated in

turn with regeneration gas, is characterized by comprising a step of performing,
when an adsorption column (R) in a regeneration step transfers to a purification
step, the purge of said adsorbent with purified air, and characterized in that the
internal pressures of an adsorption column (R) in the regeneration step and
together in the purge step is controlled such that a differential pressure thereof
from the internal pressure of an adsorption column (P) in the purification step falls
within a specified value.



10

15

20

25

30

5 1n a conpressed air producing nethod, it is

preferred to use a zeolite- series adsorbent because
wohoe7imw1135 gher purifying capacity. On the ot hepciaBsz)7/000101

it is very difficult, partscularly in PSA system to

t t { ' i
Pt anbt e compr et PR S BRhad: RIS ARARNEM sl 4 Poolte-
serigd ﬁ(ﬂ’sdrﬁeﬁﬂ%d%%bfdf F8tigherSieBying aepacityhyOdithé etisardemd, it is
in the adsor mgy eatures of adsorbed substances.

vm(yabiflduih,gbarbcula i BSAraystemeio predent a tragsienhphepomgnon

a é@ﬁg%]rtuﬁ V\Q tbpg r@?%toffﬁ?lda@{}%ﬁ&h ?(%Iu rans%t@%%ggeneratlon

sRPSBtRE pORficaioAatep ey @ifferencatiinthesaegorbing features of
purification step, separately providi n% 8ur| fied tﬂ
adsorber SUbgARes o Acadiparip fhe aesant inyentonel isenatled to

oy P A T b R i

irctharteedfémsrasl adsdretion edlomrcionh the segeneratioastemts the

L S s A Al
bP%iﬁ@@ |rfL§ n%?fpuﬂléatﬁﬁg@férgﬁ ﬁlbeéén%lblééor‘pﬂoh %‘urﬁﬁ and

nat1on of a producing pl ant ,
peﬁomngmghhs purgqoofemeeaﬁsmrrbemrtxblacgﬂdq@\ermnhod and an air
separation unit (ASU), for instance, it is enabled to
secure higher material or energy efficiency in the

t ot aReBIraitk cBNdiHEhS Suds ab Mife EEFPBERBH icP fﬂe%ﬁer@tidm yas can be
nitrogen-rich or oxygen-rich byproduct that has been

ehminateddnd ¢antbs eptismally selenird by mpking theecQpRasiipn 9§ purge
ops JERETALS sQ hbarth o HEMRAGH S bdfbination g2 producing

pRMMEudiny thi€ eompesssed g produchduneti@draridaa ahramﬂaratmn unit
one of the TSA system or PSA system  Therefo

(ASf\j Joginstaneg) it is gn@blpgd@ |S9Clér\¢d1|gh matgyigl Qﬁpnergy eFf|C|ency in
t@%‘?ﬁ@%\ﬁ%@ﬁsﬁ&%s?%? i@ﬂ%ﬁ}aﬁ% ?é entr¥feR-richr oxygen-rich

comnposi gases I'n contac the dsor bent
bapedubtthas hae beBy noadss redyndaeat s‘aﬁSUal r to flow through
the adsorption colum (R) in the purge step and the

adsorption colum (P) in the purification step under

an alrgeSbmpBFitale BHRABIHLoLHREs Gt ofaadsorbent in the
di fferential pressure between both the colums falls

re'g&nﬂratm slepaind pufification sfen viaryrvédplyeyvent iniancempressedaair

I T e

Tﬁ@Péfoé (tRS oFReuIP® dhddnynaiorila skt ghéﬁ@rlﬂllehon(ab@he switching
stabl e in oxygen concentration can be su [

tiafer @\varewbon tisy corpagitione O gasdih ertae! with Pr;elt ggsgybéﬂt are the
same. By causing the same air to flow through the adsorption column (R) in the
purge step and the adsorption column (P) in the purification step under an almost
equal pressure condition (where a differential pressure between both the columns
falls within a specified value), in the present invention, a difference in the
pressure condition that mainly causes a transient phenomenon in the adsorption
column (R) can be eliminated and as a result, CDA stable in oxygen
concentration can be supplied with efficiency. By using such method actually, it
is possible to restrain the rise of the oxygen concentration after the switching
below 0.5% and it is enabled to provide a compressed air producing method
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IS possible to restrain the rise of the oxygen
concentration after the switching below 0.5%and it

wO0@abi3ed to provide a conpressed air producPa®mIB2007/000101
met hod WO 2007/ 091135 PCT/ 182007/ 000101 6 which can

supply CDA stable in oxygen concenfratiop. "Spegcified
wiighyean siRRly Ghan stabie i %’W&OWPHEt'Q%a{bW%C%PeOC value™ used
hQ%t iéfdwﬂﬁol YRR %edeﬁefrﬁméﬂf&irgq’é sbt‘grés%ﬁféjﬁ)r@ﬁe fside of an
adsorption colum in the purification step as a
adsdretien celunhm irtheaswifichor stapeas ameterende. pines sagsewhere the

G B eseur BLaH pRSaPYER Galusk oo dhe Taf BXArdidiBd witnin a
sPEcifiEd VARBES 52610 the E&prbSsirREEmedtiondEBbloe foniabizmce, a

I's represented by a ratio to a reference value. In a
spaciiedwalue is répresentedriaysa matio fosa sferencevalre Knad cése where

i nt I troll.ed .
e tees e TS 36k At | RS A Bedfif il rrds e B palfilpc et
NOBMPA for iatate! BRHBERIBHIVRMLACARDE feprESeAttianda mynterical
the present invention, the aforenentioned conpressed

value repras¢néna @ ieeRod i s characterized in that said
adsorption colums are continuously switched in turn

at least to (1) a purification step for feed air under

a hipgbomplims suthe gebent inesntemathe efccementioned compressed air
regeneration warmng step, 1 sing regeneration gas
o o 5o Pl SR P Sl s 2

. g i :

oSBT B0 AR08 17 parnesnss Bl mrvcear yncer
high) prespumreg® (e égmpeiatgreprongiifiqras(2) adegeaetatigh warming step

ressure & low te rature conditd on,as _one I )
BB anSeigen drscblradonesaling BRrdingitats Bl 2
réEhPhtiREbbING Step UsigegBnaefivhRidsinde 2 IBAspré8sam8dow

sal d adsorption colums i's in the regeneration step or
tqroperatyecgondition; ez (4) aneureerstemusivgl ige iggsiundera high

oot &bk APoetRupe Bt O RS R . ranfY 4| §bSGrmtion columns
aks eyewRdlicenswh HaeWwhan tohensfipziingbeg@upiradsorption colueths
above and the 25 continuous sug&lﬁyr of CDA has be

agiangngAly adeqintioaoluspne pdEe igdeneTAiRR _S%%rrwsseﬁ?ep, at least
aﬁsihlémeaéb%mxtiggmh%qourmeswefe colum is in the

regeneration ste or purge steg[ the other colum to
be in the purification step, in the present

I LSS BTSSR et FEH s BUSTBIBRRY rgpuirec
tREpREENIIBH of SLATE tRIMRIcH pPERbhfRRohAsifBni8ned above and the
continuous supply of CDA has been strongly required. By composing pairing
adsorption columns and by making, when one column is in the regeneration step
or purge step, the other column to be in the purification step, in the present
invention, the prevention of a transient phenomenon can be attempted and the
continuous supply of CDA can be secured. Since one adsorption column P1,
which has been purged by purified air, is then switched to a purification step, at
the same time, the compatibility with the features of purified air from a pairing
adsorption column P2 in the purification step and the same purifying function can
be secured and the purified air currents fed out of both the adsorption columns

can have the same composition. In a case where three or more adsorption
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30 which has been purged by purified air, is then
swtched to a purification step, at the sane tine,

woOher7monpati bility with the features of purifiedTaB207/000101
froma pairing adsorption tolum P2 in the

f : .
Bt e Gioib; s Bimb AR i Silel SRy Enese
aB8SMtibM eoRMEY HldPthat Whesne estdmhaterddids Batie regeneration
conposition. In a case where three or nore adsqrption

stap rqurge sters 5t teant eRetiey coespiamn 15 tfbﬂh@rﬁwlfncatlﬁm step.
AT T R PR, £ B SR EthcRcig mehod, whose

efficfency lisiNight dwingdb sirmplenfunbitorrsegrethehidhi can sspEp GDA stable in
purge step, at least another one colum is in the
o;smerfq:@meinim I8fep. Accordingly, it is enabled to
provi de a conpressed air produci ng nethod, whose 5
efficiency is high owwng to sinple functions and which
can Shepényn @Dg\hspre;tﬂwe’i usedhgrganeans tenaliyaa ipoessurastate within

aspags o 0t M nc 10 brehyte Tog s U8l efessure siglp
withfsg %r?ge HIE‘-@”’F“' L(WﬂF‘a\G Qn@[@‘?élebf 8 ddlsatehdr@ apidysirétreduced

range of MPaG, Inclusive of a case where a
state ssmader éral adérmonstrm ’@rms:‘hmd@mnaﬁafamdu means uskallyt ar m

cboF TR+ BFRRZSR S anh ARG it

ugeé!gsa terﬁp@*altufre%té@rmmmﬁtamaﬁgét@w~v@0°m n a range of 5
- 60C. 15 According to the present invention, the

af orenenti oned conpressed air producing met hod i s

char ﬁ é?rrd'ir@:feé) fg% S;{J)Hrég%ntqﬁ{/ént %&r%eﬁii{)n&?%m&eged air

Ion co

pmducfng:mtetm Btaharasterized lramappalg of gasfie@girfedwud ohgt least
purge step after the co % of, a reg@aeratlon st ep

Oaﬁ@dSQ@t'@ﬁLﬁﬂ"ﬂantﬁ in péﬁ“ G pIY $6R 1 HEEH SSRUTOS 98S:

pressure condition that a differential pressure
bet ween an adsorption colum (P) in the purification
st epBarmowdlngaaipurgﬁ step after thevcompldationtafe mgegeratianpstep and

|
cafiing %, pae A FhGeH ehBfr S 7 ar S S CRhO DR Ce threrenta
pFeydid b@ﬂv?eénhé\ﬁ ad@@%ﬁ@na;owrﬁmppmtth@ fmm&gmstep dritean

adsor ption col um can [Tm nated 25 and

adeerption columi (Rpiret BrWEQ? gtap Bla vaihin atsp@ﬁlfl@gn/aﬂée as

niqurﬁi%bpg %b}gké g iy gﬁ%fdrgé g%\geprfl%o hﬁ fg%%r%s(llﬁfang% 'cBh@ﬁiions that

cga§e Bfrdndient pheaorteton inthd bdsorptiom colliin (;thdama berellmmated

ygen concentration can. be effici entIB/ Su&ﬁl Cle
aﬁﬂtﬂ#"d@ﬁu%r%@ﬁoﬁtﬁ@'%@;9&(?/9%CBU‘FQJB”@'QQ cansbe gupplied with

eff?c‘?éf@y. HY using part of purified air from the pairing adsorption column (P) as
purge gas in the purge step, at that time, CDA stable in oxygen concentration can .
be efficiently supplied, without providing separate purge gas. As to the reduction
of the production of purified air as a product caused by using its part as purge

gas, it will be surely acceptable, judging from the importance of maintaining the
quality of product, because the major of the regenerating function of an adsorbent
can be performed in a regeneration step and the amount of gas required for the

purge is consequently smaller. It can be said that this amount of gas required for
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of the production of purified air as a product caused

by using its part as purge 30 gas, it wll be surely
weaceeEmbaidse, judging fromthe inportance of naPaTABWOTIEN0101

the quality of product, begause the major of the

R ) e A

| bhénerBlb8@akS consequently smaller. It
h%ﬁﬁé%'gﬁggéggtrhgt ethi S gr?ount of gas required for WO

2007/ 091135 PCT/ 1 B2007/ 000101 8 the purge is very
sl #\p%%%gﬁ)tmﬁéig%% i %\Zeé'ﬁﬁﬁ\s/ﬁ}%é%ﬁ%eﬁmd“%ﬁressed air

puri Tt eneration gas.
pARIERIY MetHdd it BisarBeRsigat byrssmprising atstep of sulsigeiing whed the
conpressed air 5 produci ng met hod i f cha.%gkterl zed b3é
adenrptios catynn i sgid prrarisiepdransdersiedne REMTCRIGR $iepofeed are to

SGBHHT LB AR 503008 S Moo ot )i
thenpurificatibelstépy at | east anot her one adsorption col um

(P) in the purification step. 10 In a conpressed air
produci ng nmethod, it is required to continuously

Supp|¥a W%ﬁégeaii IR RS i ?édgﬁl:jéd t%yc_c?ﬂrn@bbglly

operatl adsor ption Cco UﬁT]jUSt EOTEI_ .
stppip OA stalie irmexygeni dincaniration.t By panallel wpesating ihei agsorption

colum in th Lfi [ .
GBI EebeToretgaetars 6 11 bydiciot ML At 512 B05eimian cotumn
irASe HiELicP stePeuriic? 198 bamVesHditim, in hddifornalhed to

15 elimnate any influence of the transient phenonenon
afprementioredmathec eccading (2 fhenpreseahinvention flbisenablad to

he purge.ste RN ' re

ofmieR T b r LRl Bhl T e ToRBL S b ARtk
aBSEPEBH colien iransferafroambleqaigd stdp tothedurrificgtiph step arsd to

20 characterized by conBri sig%&tv\o or nore adsorption
seeirgriig coptinuty ofsitallgrGDHISUPRH-ch a zeol ite-seri es

adsorbent is charged, a passage for introducing feed

air into each of the adsorption colunns, a passage

f or PAeeoidiy wuthegiresémfinverition; a quumpressed aisproddcing pant is

f the, tion.col , f introduci
PR Comese Sva st e R s R, o gart of
iP5 SBMRelRrics HdsB KTt Mg cRargeu! 8 ?g@ é firang®esticing feed air

the adsorption colums, passages r di scharging gas
intefeach aff thee adserplieyenkimng, vgoassegefenicedngoouigir er

each .of the adsorpti . co \ :
oA SRR Bl . S8 hasBh froguing
régeneralidr §hs M eathef aReaasarption tokmirt, eqsdgsalgevial itoducing

and the_ internal pressure of each of the , .
purge gas into each of the adsorption columns, passages for discharging gas left
after the regenerating treatment or purge from each of the adsorption columns, a
control valve provided in each of said passages, and a controller for controlling
the operation of said control valves and the internal pressure of each of the

adsorption columns.

In a compressed air producing plant, it is important, in a transferring
course from the regeneration step to the purification step, to prevent a transient
phenomenon caused by differences in pressure or the likes between both the
steps, and it is demanded to obtain a plant, whose efficiency is high owing to
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adsorption colums. 30 In a conpressed air producing

plant, it is inportant, in a transferring course from
woOheo7roegeher ati on step to the purification stepCTaB2007/000101

prevent a transient phenongnon caused by differences

siibl SRR i VEEpiel oS R sl oio el cPBRegRton. i

deimaRdedl 1Y inakie 2PRiAt ARG SUBRH ¢FBRICLER it la pdrge step can
sinple functions and which can supply CDA stable in

beyegstedciorasisiionato e, puriiicatipmatepsand Bgenaration stepeadta

RN R RN e IR B S P By ) n e
plugEsNRhaite Baf tRPcstitbliad, idithé @uegd swp, Boesstarfell fvitam a
t he internal &éessure of an adsorption col um

- . : : (P) in .
sperifiert yalues inctiei rseRtdpveniony £ tablg Ineexygen chf?&en{}atlon can
» , ¢ | i i
0B tofifnddidly saPo Ry Pty i ool SR RS dEerkaet the use
amuneof patifiethaic for regene@tion wf thus bylserbppt.i ed.
Furthernore, it is enabled to nake small er the use
anmount of purified air for regeneration of the

adsorbent. 10 Effect prabtd BEtHOURHLRYR BY applying the
conpressed air producing nethod and produci ng pl ant

accoBgiapplyiog thecpmesessediaiveroducing methedrandpragiucing plant
above, it is possible to realize a onpressed ajr .
A todh R AR AR OB g AR Ty T B DA L BP3sihiedRepalize a
chpfedied AMbREUCThEIMBARI Anth piddui@meniidsecstiiciency is high
supply CDA stable 1n oxygen 15 concentration. Mst
omings tor sigpleEftions @nd wideh pan supplyt GleAIsigkigtin &%YeeR o

' Now referring to the acconpanyi ng draw ngs,
Cgﬁfgejghi@ﬂts of the present invention will be

descri bed below. There will be nmainly described here a

20 construction_exanpl e essentially copposed of .t ]
adddept Praferiad Fmbasiments for FHt%ﬁ/ the lon BBQV% ice

wi || ' t ' e ' rd3-

2t NS PAERIE0 6 cREabafq R Ry s B Moh dtthe bresent
irsfeatioe Xilt be dalseelysd belowe vENeretvnié benmatndy descritgsidnereian
colums is not limted thereto., If at |east on
caa%i&&%nﬁan&r&ﬁﬁﬁe@@'yi PRIl R o Rt Sk mps L & P2.
irWBRNRKSSsepBahat WHIR mireln@®el nitittiofbd e réiSeated in turn. If at
adsorption colums (P), the present invention can be

legist ona @sispetionccalumad B) inva pueficatiprostepsndsta abvays; hewever, the
nﬁ%lblérrrrc])? agj&rp%ll%eczoﬂnﬁﬁ‘é fs rilcﬂ it tWePé}opnﬁ 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
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 all or
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adsorption colum (R), not limted to a case where

specified adsorption colums nmake a pair with each
wobRher91138 Basi c Constructi on Exanpl e of Conpr e6saB2047/000101

Produci ng Pl ant according mwo the Pr esent I nvention In

Fig.. | is n one co st uct.i o

PBE IR 8 TRPTE- ST AU AP S R EhaiGegh Bi s SPge diador introducing
fégoe%?mto 'tﬁ@/ﬁ&&érﬁﬂon CONERES PhYpat 5%@@&@6 EBISEfecdiry out air left
produci ng plant 'conprises two of dsor pt i on

attet purification fiem theradsorption woluratyPoo PR3 = passage Lc for

B2007/ 000101 10 whi ch
B HEOP RO BAN itk b Theingioal ik Lab2r hgEsage Lo
fcﬁrqﬁﬁoém'fmg plRye §8s mﬂém@hd@cﬂpﬁ@h eonenriRlP 1 PR2; parss§asee,
for feeding out air left after purlflcatlonfrom

Leﬁear@ds‘d)r b2 fqlf Ch%ﬁhaﬁg@gpgps |sft afigr fheskaggaeratingltreatment or

t i
phfid R be Ao Rl ¥T, B2 St IR PR e gy, V2
pERGdéd inosdid @a@é@g&@[& erLfecahd ansonftblleP@iot BhowAY €5 doﬁfitr,ollmg the
Le2 and Lfl, Lf2 for dischargin as left after the
ope BRI CAHE VAbIGS VAT, A 5/ 1 B ene ta@wemal Pressure

I I , Vf2
aﬁaow cﬁl npgétu'%%itég aéj\éatﬁ{%% Y@?mgﬁlgﬁé cont roller
(not shovvn) for control ling the operatl on of said

t I V Vf V2 I
oo Edpe St e sl rechsorsicn e LB Fihuapone
pégé%tﬁﬁa Fand E’fsusu"_tﬁé&eﬁ'tb the réF]Ir b\V/éIQ#Q%tﬂn@hPoF Rdisture, carbon

tion co ough the passage La,
damﬁe tmethase oy satieds kmdsmé hydromashons by aeofiteaserigs adsorbent
. di oxi,de hang .or .vari o j f
cfigisrohBisif B BPacdiodsipEl BT e Ba Sy pEinrBdEet A g uon the
pb§§é Nb.( aTHICDIA ik has beletded du€ wilhisd ubed a8lle s air for the
product CDA through the passage Lb. The CDA that has
sa@wprfc@@tqmnawfactunaegﬁ@@e%orch%% cryistal raanyfaeturing process.

A%ecﬂb%%@ﬂ éo%rdltm?'lné}ff f%&&‘éfﬂ Qﬂ}/lﬁérﬂﬁgﬁéf fim %%rglﬂgrg i§ h%ﬁéﬁs} used

r ng process Ion

ahdddealr, wumbwsug@prr@@hala flognzte af abeul 'EOOG val 0,900gNeh*/h]. In
and feed air will be supé)rlled at a flowrate

addtion. thejpreseiye[g@ndifiony 'qsrﬂ%%rm on ghe Up@ @ ﬁld@&%(ﬂ% but in
O paial é)%?(?]ﬁﬁ a@gﬁ%lﬁ%ﬂ%&' rbVIR ﬂ?@a&éoﬁwodr ErgnRlras it is

but 1n system ee alr Ts used
pregsucized @o abdigidss b n@ MPaG] by eycomymessorn (ot shown) or the
I.@ressurized to as high as 0.5 - 2 [MPaG by a
%rrpressor (not shown) or the like. 25 At that tine,
is preferred that an adsorbent used in the

pur|f| cation step
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 controlled by use of the output powers of thermometers and
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removes not only noisture, but also carbon dioxide and
hydr ocar bons, and hence a zeolite-series adsorbent or

woaonrreilssy one consi sting mainly of nol ecul ar PCEilB200%000101
3A and 5A is preferably usead. Silica gel or alum na

ot oot VATBobwafEs FBRwRR ARG HERERH. e, AgbEf:, prossure

ahé&é@np@fréthréo@f irfifedrsbloybs Bbniafdad eeiddap dkinds rfd tbecentration
of feed air. Use condition of adsorbents is

roper t
oEmpwﬂlash&aaege :(ccmte@fowdumeami aggerptign calyrgRs and the amount of

"l ow tenperature” as an internal
a{@@%ﬁ‘gw §e§§gt has been preV| ously given or "high
pressure” and "l ow pressure” as an internal pressure

ggx%&%ggdér%égmré%g%gk@?% isp%%ral%m&u several days)

Egﬁ_ IO ﬂ%g %)%ae& IhBRRBHIRNAHIIRR thHaferS 'i@\fﬁ@ réfeneration

aroneters. o the 'anpbunt, pressure and
steprpEnen, regendratian gbswllmmduted hrdodberadderqbtlandzdman P1 or P2
ki nds . and concent g?él on

Y BUSR U7 PISTABRE It Ossitb raeishiE 20 b Skt Ads dbe8 anthe
a@§orb@ﬂ§ RSBy e hdSsbRRY actﬁntﬁftlﬁ%oﬁls%géﬁé?’téﬂ nB@séﬁcﬁad

(tor exan‘pl e, several tinmes - several S)
campadeotsbﬁmdlmrge@ sagethemwith dsorggeneration gamto the outSlde

BRI Brbac e BPERE Bl bBBuoR 8 4 niongeusp tme vares
depémding Bh e d¥anlinbss vBteddhdir. prsgagsral, ©utdoatesasfta factory is
noi sture and the |ikes adsorbed on the 10 adsorbent

frapeeriyextrrctad asfeet giraand Henge theeu%fmesofra@@@fk@rgﬂ% affected
PSRBT AR PR SR O 8RaNET BRL b cer o
ldsstn auch étfludnceaditietdusib rembealafrqaremtlng) oédxinsetet |a1remay be
g et b R Sbo Sretion rprodr b b
d d h th t f

B et ed’ 15 by ‘season. ol [mate or a

| ocating situation for the air-extracting point. In

or e GO B e Ao LB Ly neftods, that

tHairei$ paaictiRitly ndlir aerthé heg@ardens gag, @ﬁmeahe@é% nerating
thereof will "be previously carrie out. 20 At

capagity for anadspehen vadidess nalicentarainate/theragigorbent. Judglng from
tqce?%\éfmdt%{ﬁ el Jgatd}qﬁg 13rad aurt e ;?relh?rr%@m%ﬁgé&{er&tlgﬁ gas is

cleageparifiéd)rar ggmgggeh;llr? grcase vﬂderertblernlaratnsl udeédsn aot
cgr%%ln%q?orr]lavtw?h Ag% ?r? %glrh%ﬁ[}ﬂ itis ggssq%e to 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 intended to relieve a transient phenomenon
resulting from the adsorbing characteristics of a zeolite-series adsorbent, which
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the fact that an object of this plant is air, it is
preferred that regeneration gas is clean (purified)

wai20070m1135t r ogen. In a case where this plant i BCUSBZHOT/600101
a 25 conmbination with ASU, 12n particular, it is

"85 BRBf cBrbfa A RO s Paked I S5 b BURPHeS

réycaRestiastehbabage putificatidnr steer abtte porgesstep hésnagetely, purge
t hough a condition for the regeneration gas varies
gae reindiogyced inta dhe gdsenptipn cotunar) P4 or B¢ fropkits crlimmiap

: - il .
tbufih e BaESER O3 ARES purek oas f ARPhRLEE Am the Jo it porton
obthendldin@cthrlgH thel prssbes LpliRgef1 oitleg® &tLfa. Mhegpurheyas has

an adsorption column transfers fromthe regeneratio )
peafefpbibthe $rRME GONitioAtasRHTEied Air fqesin%ftﬂf Ay adsorpYiRn ARlUEN in
tiolifidoB8R sfed EANIARY RHERAREE Bir J2PHO i@ df 8Lk B8O ~
adgor I'ng characteristics a zeolite-series
2:0050jNmetih] is\vshipplied\Bs 2100 PUREIJEEURET 4 B30 shhpeatoe & bigh
has been ¢ use?l at ? ti when an adsorptiqn col uma
PIFS5HET EPRdiPBrmin RAATiPRBRSURPNOR SsPUs tTegtds Secured by a
cgﬁfﬁééeéébggh@ﬂkrﬁi\/@rﬂ orltAe 1iRE MR tBHRE pufifBSEEH Slep.and it is

s 1s introduced into the adsorption colum P1
poasshAzéd amhighs as61.9nR3 [MRaGlt Hi dhigleonpuglicnsexpmple, tere is

B R L B SHchR RMIE S MR A48 o purge
gbb 3s sUpislicaUur @R thesuliide. Ploakoeal ig gdaeitiateusensd thequrge
as purified air fed out of an adsorption colum in

geRepgrtipf thecRurnifiad ait sl awfiberadgorptina gellmnpiinghexpyrifigation
f . : .
o 3 1 S 3 ol ATPA Wi b2 RrORbEESrboo.

condition. In addition, the supply pressure thereof is

secured by a 10 conpressor ( shown) or the like

si ni P&Pepding %Hﬂ_epﬁgAfﬁy@Eﬁmﬁgétsaﬁt%oOﬁ ] CP_@%'na’ﬂon of them, a
, ) .

s%ﬁ?%@?ﬁ)ﬁnﬂ&j}?%%?g?&}tﬁg?grﬁEf@:éescr}/iﬂgggpgggf ghﬁéRAm in

meéapankbmsa boinddualaEses withbe eleparilhéd beloai in dafaill as t he

purge, gas is supplied fromthe outside. However, it

is possible to use, as the purge gas, part of the

Puriin gt SA g}@gbrﬁut of the adsorption colum in the
purification 15 step, as in the second construction

examp? the WBAGysiem| a regangraliomstiesr(ingduding Bgggeneration warming

L U A T Ty ——
|dv@ terhpérapuregsoridlitin) \anidya pedfivssiencaitepp bader a tme ternperature

I ndi vi dual cases w Il be described below in detail.
condition are repeated in each of the 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
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20 (1) In the TSA systemIn the TSA system a
regeneration step (including a regeneration warm ng

webtep/oanider a hi gh tenperature condition and aPCT/IB2007/000101

regeneration cooling step uader a |ow tenperature

SHAT 4 LA iy et

sorption colums. In a case where the nitrogen
concentratlon in regeneration gas is |ower than the
nitrogen concentration in air, in particular, partia

ggﬁjh% O\I;ys@érrnrogen rises at a time when the

h™col'um transfers to the purification step

and Inetm;ePSAI syetdriea regsmratior stepfunler radgwpnessummdimon
Accordi ngly, the oxygen concentration 30 sonetine

and@@urﬁgx@@pmstﬁpe%@@ﬁ%a@@ Rrefpdiegqndition FecTitghadeat a given

plbﬁbb %Yﬁrr%uiﬁ réatcmfﬁhg %HSBHJ?BH %ﬂﬂﬂns 'hfhvé Eﬁsté’ m%g@tan adsorbent

hae nmlsfdrremfrm a I'm;erxefamm stbpedrharer thesampumvmftm:t*sorbed
{ bot h th {
SHEE et s s Slseaaser b lsBmmmom. oo

fatd thd1gha!
rkh RS0 o) P SRR 610 gne R rosure o

trwsdsmbed |snbsﬂaecosxs Bight ah’qhaatm@g gheenifrogen O@népninamn in

oGS 1 G2l B0 U5 BbE D to i o

oﬂthéelﬁitrogéhia@@oﬂfné bﬁg ity tﬁ@fébf%fmﬂélﬁ/ tadRherdask®f the TSA
colums. I n a case ere an adsorbent has transferred

system. aSinegdhe pattiabpresseipe ohndiogenta regrnaiation gagdovasity lower

PG 08 RBLiIR Hifasg, Aint iR RESRIPSRb UOREmarba Wit
TStAeWMenfces thergobsernetimetdtegotiestlatdee. Pard nadaspr@d;salue the

of the adsor.bed substances igh, at that tine
oY bR SORATERSY diSaa B0k, 8 hab Hbes nasliondis
adsorption colum drops tenporarily owng to the

hei ght of the nitrogen-adsorbing capacity thereof
si m Byrgrgvidingt bedweandaii thenstepsa pwstséep usingcgas having the

sBRed e 48 Fratar PS4l B PaRER B ARinharpssure
Pphoftdteadddrpliortedluath Hithe pudge @@mdﬁcthm b @lffé'?@ﬁfnal pressure
I nfluences thereof sonetinmes becones |arger.

thaseelirem thalinternal et pwspyenPe tribemurificatbon §tﬁpeffailmthm a
sggélﬁeggal'ue?gt fHat ffhe ,gacﬁﬁ%ﬂsféﬁ%hgﬁcﬁﬂenon 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 = 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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By providing between both the steps a purge step using
gas having the 20 sane conposition as that of

wouoi7imwedsai r and by controlling the internal pPCESB20B000101
Pp of an adsorption colunm 1n the purge step such that

tpraRilEond (he IiATEh S pRPPieet Briherip Pat S TRIR i o

s é(j g@ val ue, at that tinme, such transient
ﬁﬁ nonmenon can be relieved. By concretely

controlllng, in the pressure rise course, the sane

i nt er nal, essure Pp.. 25 so that t

Pl 5T SRR ¢ SRR U ARD, B e
wr?ﬁan cORIMEEH Opmge @ié;ﬁfrah&f@@w fhefpuriBication btep, feed air to
restrai ned bel ow g I n Conbi nation System of TSA

adsorgtive freatmenipnparalled te gpasiserntiongalemnt(Ra in the purification

f t
B0 IRy A5 et CEheligl M o Ao fiimn s kGt i
tr@ﬁﬁf@rs &Y Hegpurifieatym etepi gdts vahy ylosats ek sﬂdtefveﬁ/am adsorddent
transi ent phenonenon can be relieved b

chaioRddh apRdsorpionseiRNgN fhe @éﬂ&@%%ﬁﬁg fa Ovlyh 5\}%9 Fpuired, for
n{:%ﬁ}gr gﬁ"c?onrgﬁlt@ﬁéﬁ bél‘n%rb ithhat t&fak@%ﬁéo%@erﬁhﬁe@ﬁ@n@d of time.

|nter press an adsorption
By @larattel iopetditmgoam géscnp&pn soh;tmm fust befade fitf tearesfierisdb the
Er, sure V\D 2007/ 0&9%35 PCT/IBZO E/ OOOﬁ 14 therqe h
PHFGAtORSIPR @BA 7Y 2 ptme%ur@ B RUFHEAYAT P Hdes ghe same

céﬁ(ﬁﬁoﬁ aééc%r%?hgﬂl'f thete cBR%E élln@iﬂatéi‘i é’f@y infllehbdSoih @ahsient

I'S possi 0 provide a step of subjecting, when
phereomeadscait attinos whenwamadsorptien palugn aegfers liprrtBepurge step

o s iBR Sl ShERy e bt 4b oo BB onst ey GRA rom

tHehad$vtptibn ealuntiin theaiansfrting ¢alrsamd DA o mbaadmlpnon
in an adsorption colum just before it transfers t

colwgpirtheirsaitfications siep ajemselpsalyie seb optienpliyhdatpls Ehezsfaof will

bé‘%e%gﬁé’&?%mw charged in an adsorption colum in the
purtticatiron ‘step, nanely, it is required, for 10

maki ng the conpletely sane conditions, to take a

predetermn eriod of tj ar al | rat|

Phodigrg Mt %&ugwgﬁmrqrn%mﬂqs@doﬁi@%p?eﬁwr& Brady@ng Flant

puri &h%@dr@}e%@cpaﬁﬁ%(ﬁ]blﬁ’&ﬁ@tﬁéd QBC&r@ln‘Q’f@ th8 préSent invention
purification step under the sane condi ti on,

isaciaradieniged in tHed rthreeaahemfeofaa potification step, ﬁagfeham’c@@setep, and
a transi ent no at . a tine n_a dsarption

it D oo BPGORTE AR R i Bs S TR, ARG i Stption
cOlaig &t dsiraiibaBuCHRR Wh&iTBRE $ pairing] ddsoRstidrac@ilingls P1, P2
operation, CDA from the adsorption colum in the

istindhe farificaipr sleps hepiieOsAn e reganeraiirnsispi gsrourge 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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colum in the purification step are preferable set
optionally. Details thereof will be descried bel ow

wa@aQodEroedizsi ng Met hod usi ng Af orenenti oned ConpPesSBIZIN7/000101
Air Producing Plant The comsressed air produci ng

qﬁara rﬁﬂ:‘éﬂéﬁo’ﬁ@e@ﬁ Pﬁ%ﬁbgégﬂl n'é‘c‘/lﬁﬂﬂ =5

errzed int teps 0 apurlflcatlon

st ep,Fig eydhshawsenstatewhermnithe adsog;@nc&t epluareP1 is in the
din turn as one, cycl e and the

tinuously tch .
E‘S? R glep Q,"HHJ Rt eRlEIN BY isindhetrageneialian Sikp.  As
s‘PfomfPﬁN HRYidHRe' H'F'lgfgg‘?"fﬁéﬂ‘élr '?élrntx%% é&d firtto'the %Bgowtion

purification st ere ener
ciwpn 611 fpomgts letwp poNam thredgr ﬁherrgastsagénga 2A|rurﬁmcmced in the

i1l .be d SCri 0 n det.ai l n exanple of a
AHEIRICRPIHEA i PeICHsHE? RLDL FeRE s L hycauadsppant
dhiar @Me"%ﬁ!rﬁnﬁﬁ‘ﬁde p!”u'nﬁé@ alritRat AP tHiReFeAtel is fed out as
under a high pressure & | ow tenperature condition,

aroeuctdgaAdrann ithve cokumm top tbr@;gm‘@er@asegerh@r a‘t\h tbat tgme the

SRS Vel S e itprtileg o S8R BB Aokt gBorpton

donsan Pa, higMeP RIS HIIRg &abavity &IN0eE awzea l§)ﬁ66hﬂrblﬂﬁ‘g it8Msternal
t he purge step using purge gas under a ressure

tempelatuenied mvm@ﬂ@@rraauneuqmd joa gt K iviewsn sreasnée to a high

71 I 7

o SARYT BRI PRI Bhy s
tﬂ%eahmn&ieaadeﬁmnWQerededfmjesdmmJbal@ Ibeqmrfdn‘nealaltlsough it

t he grl fi cwn step.and, the adsorption c¢colum P2
Vagleﬁﬁepﬁg NGRAhEISRTOBRIMY O [PEdAair O5 MSPraspnae 9bits @retrepiment.
in Fig.2(1), feed air is introduced into the
adsorption 5 colum P1 fromits |ower portion through
(Bhe Regemgeation oﬁAAdsmrbenblmyJAddonpnhom(eoluam\slaz ption
colu Plls subj ect r|f |n t r eat nent

oS oMo i T linedn 9 @ sGatY Bps Figtagkced into
thé @Hs&@ﬁoh%mmnw Frér@neﬁse&)lur%nftéﬁ u%hgﬁ%he Bb@éé{{é LEDA

fromthe colum top through the passage
Ipfreductionef regeneration gegds aviawigg dbecfmreray@me to thed oﬁthe

ARk e PSRRI O D on os

n¢t0c5t1u0@hllln tige etiSorfp‘nbﬁrdmjmn (R is23 BT Shtis@am:és%ch as mOIsture
tenperature condition and its internal pressure t

anddrerben dinxite-despraedifiom hﬁwfqﬁ@rwmeﬁdserb@}t@barg,ed in the
ey LI A R0k SR (Y Ren iR TRGHmieh pf fEF i Rproent.
T\mmegenelmencgaeghehhash beem oped fqr tbe régederation dreatrnent is

dD sc‘:F‘Fél(F}gneCde from theslowreFE)(r)ﬁlonm? the column through the passage Le2. At
that time, the control valves Vc, Vc2 & Ve2 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
controlling 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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15 (2) Regeneration of Adsorbent by Adsorption Col umm

P2 As shown by a dashed line in Fig.2(1), regeneration
wgaeo7im1i3ft roduced into the adsorption col unmpeRI1B200M00101

its colum top through the lpassage Lc. Introduction

ofanas ForTormec sy iline e sivetirag <Dl e byl BiasEn of
ré SficH gagtceéﬂ&memfi@@ﬂn@@dncmrbrgas i ntroduced in
e adsorption colum P2 transfers substances such as

rml sture and carbon di oxi de desorbed fromthe surface

Cher aBjs EBNBANon 18R B Pl s Sfet SO 8L freptment for
dedagsdaitiutes Feeveegldinesatam be gasforiatl, itsolgteit vardesidepending
for the regeneration treatnent is 25 rg#nghg\ Bed from

opHae |p<5m@ert>p@fr fepdRirgdr thadeaiyrephan RESY thayghfeere is
gﬁéh ed 5 I?ﬁétgb& i Caﬁ%\ﬁg 98§éﬁé’r5t|¥ﬁlgﬁ§ $it X?reggérﬁlﬁ@& flow rate

roII SO0 as sor ption

te obmllmud%%ly rasghteroughgam adad)npmgnfommrnm dhiscalso !pessmle for
exercised b trag9ﬂerr|n jts |ntternal te

erat ure
reduning feups ameER EgeDEIRION GA% KFgse ¢ aling gas to
”ﬁgﬁﬁmehpyzgggs Wefdmi ng step, transferring the same

I nt erna enperature 30 froma high tenperature state
toalowterrperature state in the cooling step, and

ontr ing .ts internal ssure to a | ow pressure
(:g)ondlé)lfrgﬁ ogﬁq%; F@tﬁ’é‘né?@{‘?'gﬁﬁ warmng step i s perforned
by t yigiong) sHowd 8 tE afidre thé abSaiplbn RoRmed Faft istihehe

]generatl on gas inlet of an adsorption colum to

catianhate @ppl the edapetionuedumn P2 isge e avrqmsf@as Asgshpwn by

cdo%ﬁ'“. oK S e 6 1184 bR (bmbaTsHG e Si8kistin cotumn P2

fn@&li fto corehrbtopt thraughothef fagshge hieiat latrotactim 6t pur’ge gasina
pply. tenperature of eneration gas to a

ﬂpw.lﬁge@a@que reyiEeLpdhat afHfte AUGH RS8R Fad r@eupg effectively a
ti4RER—IN ¥n8REmER0N IRk AFBF i HA plid P BO IR .sfscz,p@e@%qﬁss

- several tines can e per ormsd ough 1t
pudficatondstppn dlunge gas inthedynedpe the adsorptied calumin P2 pigrges

Ao by RSB o BB BB e ano
nnrcﬁ;é@i £445rHed sfdt@Wn tAE Burfae PTHd AdUIBEN mﬁlany 6 EvDBurface
an a sorPtlon colum, it is also possible,

state dlaeregt inHbepseiligaibanstopr Fheyewaeaasdhahhas be@n@as@géor the

tn{g%?rggﬁggtd'&%%g?ﬁq éﬁt %Tgtpé néﬁégb&ﬁlgﬂtéﬁheogaéon%%ﬁ coluthn 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 Lf1 & Lf2
that are different from the discharge passage for the regeneration gas. At that
time, the control valves Vd, Vc2 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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Fig 2(2) shows a state where the adsorption colum Pl
isinthe purification step and the adsorption colum

w82007991135t he purge step. As shown by 15 a dasbeaBioonenoiol

in Fig. 2(2), purge gas is Wntroduced into the

d ti I P2 I t

passdits BUOR TP Ju iSvalys el o fpbebrHiopR s e g gy S8Feral
niihURS! 4 BBca@deRMtUtES chhde ;sérfdrhfédparthéug}an IvQﬂe§U@Peﬁ@|ng on
reduce effectively a transient phenomenon just a

the, érmtyr pitfeed aodruha feaiuenpt am édS@r@enheAltlangh these ipusually
%%8 B e otg@eﬁﬁlrg{ f)&ﬁ% g(ga% eX| e?&fl%?{i] 1B S8 ¥ Tordthuously

urges egener I'nst de

pabe timoligarth a@ﬂraﬁmwlhmmWs@B@p@ssmmfoogeaducmt;sﬂ'rdaasb
state gn the surface of the adsorbent. siml arl

SGUT O8 PUEIS DB AGPESE PUFDS HaS bcemtwnasﬁem!)\hp@,%%erer v

RIS OBl o e LIS opbt SRR Iow hessure stte
irc tHevimsid@2of drhadsarptioi eolpassinghe régené‘tahbﬁ step tmcmahgrage
Aesaised Y pha i totisng Boroegacats sarey o ie pass, it
pBR8Bld Hrhdrfdm ReRER Rt pRirdd Beataéf, of purge gas is

I|mted by providing passages Lfl1l & Lf2 that are
different fromthe di scharge passage for the

5" VA A OoBign r aiBlnion cBup P T 88 cpened

When Eije2@) sabRisi Pastovhsie £petib@ds tabjectivg fdwr air to adsorptive
purification step, its smooth 30 transfer to the

tisaimentigtarevidse ép baealieblo therasearrtiprusolemit? bin thegurifisation
s’te%%ﬁﬁ'the %8 8k Wofurh? P2, ih ‘%M‘é hﬁ%&é@ﬁn%%s‘?@r@% & Burification
pressure‘to

stapdAs IsboanZ@ 2@6[70! [Dr%.m%gPQ‘(G)] %&@Qa?h‘ iBaAt6duce/intdtree
pur ous reat ment

RepTGiepadimns & 62 rom haawan partioss Tialge e Pasate La.
PReFEQ TN géﬂtg Z@Hﬁﬂwe’ éolUr‘ﬁh'éS?s depRNSIIpAoh CBIU ns P1&P2,

property o alr or t eature of an adsor
whichhbayh beae treated iheoz|dre mieddnd fadtdmdadsqn‘rodmtﬁlh/g through

OB A B RIS LA LR85 95 BRIV, v
cBRESIIEY So ab2b betsPefiedd F@ad&ﬁ?tlmélﬂhr@( PP P2 cgﬁfhtlllze
t o cause purge gas to intermttentl ass here.

higher @@i@@rm@g §aB@@Wemé@@ﬁtﬁéldﬁgamfnﬂt%lﬂalﬁgﬂ’g@r@fg@ tSha dow
anag aéﬁtl : Oc‘,’l’)n%tﬁ%sé'ﬁ(? tlﬁetn""hf‘ernél rEE%HeQB'adﬁ‘ngqrgQ%E eCOQd't'O“- In

on CcCo inthe regener I'on ‘st

the adsm‘ptlmd:oﬁjrm e2, amdmtahéof alaltts bBGrawﬂsdﬁs made ad flaw reverse
eto pas ossi ble to perform

smal | fl w ra
aﬁg%@ RINgALYRIENg %eﬁ ﬁléllﬁ fed ou.?t of the column top in succession
to purge gas equal to 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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(4) Parallel Operation of Adsorption Colums Pl & P2

Fig. 2(3) shows a case where a period of subjecting
woeert/oai3st o adsorptive treatnent i s provi dedPCWIB2007/000101

paral lel to the adsorptioni8olum P1 in the

B k5 B s 0S5 35t 4010 58 o st
1§)hé> Hé!d f ARIKir <E2rkec'1ﬂnﬁhe9be§|hﬁml transredin t<§02> C1

|ntro uce Intot adsorpti o ums P1 from
stepaiise boderansterting e thennexigtiep;er (pha saefbod of conduclﬂg dlae

@bFse b B eatny e Sruliaplei i PSRRI SR e ratio

oftHEESu ga n%Eu@ﬁawr@%@baQaAthrough 20 the
passage Lb. Al at time, the control valves Val & Va2

and Vbl & Vb2 are controlled so as to be opened. The

& or BTG SLHE ey 1T AR BRSO LER P60 e
t enperigl 249 shows d stute WheReihatadsorstisrdcdlumm Rhds inheer
internal pressure to a high pressure co diti In the

regriTBtIoR AteppAnchineradsosPlal sARMNGT2 & in 18 %'é'?'??té% gtgp and
F p‘% rﬂ?g:sarﬁé\ﬁ? bld gW;W@r%%ﬁe g%gatﬁﬂ %ﬁéﬁ@tﬁhlﬁﬁﬁtﬂd purge step and
thaelhadmtlon cotummgQgs irgte puyifiation sgdrpe o pénrled%ssed ain
t t t that tine, to.

144 BiacsSrinbev: B aapRIaBROBENEI! PadiFh St ished after
tr‘\é Ep s§$1a'sttrar%?éfféc?{o\’th@r§1§;5§1Sfflslg( Qgﬁ) ~n(32) @'F@Sﬂm) ~ (3), and

| etely undergo) any influence o
ﬂpﬂfetimmme stapsaag iheeafwwnemﬁmweabl(éc)rdﬁu Oh ‘t)o+ (Afbrﬁrez)erformed

B SEer RoeB aR ToRCARET, prc
aff carf mbmmwwmﬂéd by teinatBly @mﬂrdllmg tfh@nﬁilﬁng adsorption

anount fromthe adsorption col'um P2 during

cplunang Brl BRsodhabhem oaecd themde mneml{rﬁy:ab\omt%dh@pther

g@@"?%ﬁg‘(}?? 6%@8@%9%3\&? réﬁ'ﬁg/sg?qpl Jt?f% other column s in the

r@%@mratmmﬁtegodn}mgt Stepui lmhedcsé noierd t‘meelmr g:eoretajsorptlon

a netho ma |n <Clin .

chlLhnies 814 UShsh P MoTeyhiess eRNbeEdanied  aneH 4 gmkining an
t

a{ijrggwg%rcoﬂ)rﬁ@? gfte(fcrégénéﬁ%ﬁaﬁ%t oFBtﬁ\gr%géé al\/\{lﬂﬁean adsorptlon

nti1 nuously and
cplupire (P eid the puritieatidmesteptin turs aa‘thehmlmgapdsorahon m:plumns or a

o it G5B Pl B S8ls aAF So
beheESh bl m@wsewt% é‘cﬂuMﬁQ ﬁ’rlahg nhéthbaepuﬁfré@jeéiebah iben
step and the adsorption colum is in the

cpntindousdy pepplisddyy hedpairing 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 pressure 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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10 Fig. 2(5) shows a state where the adsorption colum

Pl is in the purge step and the adsorption colum P2
wO02007091138 purification step. In a conpressed RCT/1B2007/000101

produci ng process, nanely, ®he adsorption colums Pl

ttﬁg‘?e %@?E&)@Wéﬁlﬂﬁgst@y riﬁhe ﬁll(%%qg J%‘f ﬁ?@tr%%ff&r‘i@(?@.ff@é ¢4 and
rageneratien titdading ahaﬁesrﬂeami taﬁfotﬂnmgaﬂ@rregenélramaactobmg step in the
g S e rabiher@liGh Beatidd Sede s anddmns apboourse 13, Bt that
P, ithé @ege@érénsﬁ@te]tbecém% Egh‘\gﬁ’éte& suppl i ed by

al ternately controlling 1 TIng adsorptlon
colums P1, P2 so that when one of themls in the

{ { th ' th o '
P egerl iRt oeds Bmsd BamiiSe s oRch Bowse o arginiaining the
HM%WGP%SUF@QGFW@%”@W téﬁ\@@réwré’vg%%a% fPa tidhsferf gourse r5 to

hree of nore adsorption col utms are us

the highepriespiere P tidy andiow t@mpﬂyamrea' (k) safehasl pufge gas in
(EIRIBLhE o P PEBR0 SR B ot Bid 2 o it

poskibienta(iRtrdasetthe pruging ictfati oy raééﬂnﬂ thé Péger%ifaﬁé‘r?gas in the
pai ri ng adsorption colums or a mnet previ ously

aﬂﬁsa;m'@n;féalwmﬁg)r&@saﬂemtheﬁtoedpfmener@@onmargi befee the

dsorption columms. |In any method,
"gﬁc? ai rréé]ﬁa%e 25 continuously supplied by the

pai ri ng adsorptl on columms. (6) Pressure Change in

Adsorption Colums Pressure change in an adsorption
col ulie- ?fqaksﬁeshgwﬁ@ﬁéﬁwrﬁ&h@ager'egmtep@lyn 3 £aye where the

p@?‘eﬁ!élp bbéifa@%n' perfddy’ |§ prd:\,“ }_%Bﬁatn'gﬁe gl’ﬁ\hélbﬁ kg Pélt@?g’pérﬁtlon

hi gh pressure w tenperatu
p@tlad@ Ist b@edegletm fﬂllowmgslteapons B‘ydmmmiamhmhgmlgh pressure

i th
PRGN PR ral T stdle 28T ¥ oBcRErstuRtar edfmmgP) when
tt58 alisorpBofh @bl@nrﬁ’i@@lﬁ’kﬁfé@ tdaRe PerifiesticH stbb%oab‘)ﬂ pérformlng the
transferring course r3 fromthat state to th

ppradles gperation)of (rixediaing feer gin intahath ibw adsepeticn mlgmns fora

oo LosEB YIS RbAS), BBl e Bl o

puaMerrdtommex\/aﬂmnpgomcetmmm(ﬁ)‘wd thes$arhalpurigfing hjmtlon can
eneration treatin

transferrin cour.s

D8 (<AL R i GO Al 86 SHE AP EGHISoRghan gglumns

céﬁ‘htabéthé%ﬁ? ég‘)s'%nthe regeneration treating state
sterri

and tran course r3, at that tine, the
regeneration step can be corrpl eted. 5 Then, there is
f 4. of
t ggnﬁ"ﬂroug t?]ur&rge step or aa%oFe%Jer?tleonred p?ara e Ionpteanl’:\’(n (I)nngeriod 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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hi gh pressure P(H) and | ow tenperature T(L) sate to a
transferring course r5 to the high pressure P(H and

woawTenper at ure T(L) sate, as purge gas in PCT/IB2007/000101

i ntroduced. As shown in a I@0oken [ine portion Q of

PltPand, e HREGYSh b8P dcioh ey nlE; 2D in 6, 42t Rémle is
coReretélf sonptrictad GakcH thatos paseddeel g issroviden & a bypass in a
regeneration gas and before the |ntroduct|on of purge

pgggag@gfor@m the rRarsRgedixios sHBPlYIRE (dA OR PERBagGe ésior
lﬁt%&cglaaeof%r%rép@n g; p@?@{dﬁﬁlorpﬁl%rcl?ﬁtrrﬂﬂ t85s b?ﬁleoadéo?ptlon

Fovi s ral oper at'|

cpmmmle Pstbamwl part afftlee buhﬁedvamged eaisohtheB;olumn top of one
mai nt ai ni n

A0 huRRca (B) 1P BUGR “remee&agraﬁﬁgrpﬁee&p&mw through

(B n e
A 1 T A A e
oupgetat:omerdfatnont witdaci prgpbeeg aaseparaﬁedablb’tytfor parge gas Since

adsorﬁ) colums. for a,20 det er i od , of

R TROR S B P B Bl By G DRGSR Bproblem is
nd¥ Ehfidearithait the praiuttiatyaeissuiriieddir réqbwamo( Re ﬁnﬁhet (e of part of
sane ipurlf ying function can be secured and t

theipurifiediaigias r:wu@qa 6a6s In addidign, @mebﬁonsttth@nfa%lgmem‘p d@ntrol

SRS pc RO B AT AR By R B

period p', thereafter, the purlflcatlon steppls
formed again as, the high pressure P(H)

Fradana Mathod painodsmer 55 e Pasdvsing R Repording to Second
C%@%Eﬁk% 595%1 npl e [ Second Construction Exanple] of

npresse Air Producing Plant according to the
Pr es€umpnessed aivprédutihg method ticoardingntoethergdcendfconkruction

SHARRIRES Frriuiestit e Synthubedth air Brodicngielipd dfarding to the
pReHMR irfrenion HBaaASE R MHas&hskRtiAlAheRainte @I)néth?cﬂé‘r'lréé !h%ohrst

alr fed out of the pairing adsorption colum (P)
cqe@md@npﬁne@aolgasb/l@rﬁaveﬁ $he apmipressetirainproae cingt meﬂmd

h, t 7(.091135 PCT/1,B2007/ 000101 2
Rl 8 skopfd SPnPeecitn B ey Wil ere eyt fpatures
ab mn&htq)ne@ alidVehesarn ot differeﬁ@&gsmws}fu@mfrbmtrﬁdﬁrst
such that a passa Lg is provided as a bypass
cgagté%@noefxamlwm%lbwq)ﬁsr@a@éep@o Now refgsring t@Flgc@Ad@talls

uction of regeneration gas,
provﬁgﬁé}%ﬂéﬁlgegyeﬂﬁg tops of the adsorption 5
colums P1l, P2, wherein part of the purified air fed
(‘BUt 9’ r|¥| tlon ofE ec} RPr byAc?sorptlon 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 dashed 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) exempiified in Fig. 2.
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adsorption colum (P) is introduced into the other
adsorption colum (R) through the control valve Vg.

wohuw/09i1351 s enabled to efficiently supply CDAPCIAB200%000101
st able in oxygen concentra&iti on, wthout preparing a

Bk BEAISRIORERIABAT™ o The ofner hand, -
such %5 Sticwh eNd GasHbd e |ﬁ6Fi§ %Kzg fﬁurgbfg%sné ‘ilﬂktfddctédtm{to the

of purified air is |owered use of part of
adserpiion ¢qleang?? fram \@fzgén@a@p thmb@dmthe.msage har At that time,

I A e
cexstrptiton, |ﬂ:ieqxdjssibl‘(gtd\lﬁ\lmmﬁﬁe@mr€§mmdt€tﬁé eWirgihg function can be

Produm accordin ? Second 15 Construction
%Hiﬁ)hls seideatity girutiier iy ean he geauiesk dPhgr ogerations

Beﬂﬁﬁ:%ﬂg 8 %ﬁﬁﬁé%gé Iske @f’%ﬁﬁ?r&dtﬂ@ﬁ fﬁé&@ %) %teerﬁﬁ'lﬁied in

conpressed alr produci ng acco

Hig.€sent invention because it has essentially the sane
construction as the first construction exanpl e.

Mor eover, the conpressed air produci ng nmethod 20

( ):cor;da.%met@ pERRichEGFREL Pt CHRINRN PSPPI e has such

sever al dlfferent features as nentioned above because
of diAsfshrawe by a soliddimstin frdg.ix8),fsusha peint thad it is pOSSIble to

TN B Rl ek S A A B e o
adesptionasbliah ey m&ﬁe(plbnﬂE’éltidrf stept wpenahe B@8Erphioh ddYumn P2 in

Adsorption Colum Pl As shown by a solid |ine in Fig.
”ﬁ myrget $iep tiansfers dathe puiificadiopistep, it similaato #te finskconstruction.

S5, AR IR s o s et
aﬁsssﬂntmﬂo thyose dhlﬂbem‘odjmcmg method (4 péxemplifiegiendTigt 2.0n

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

jnc t 1! f the
(B oapuenind]of he Sibhy ™ ALSomhiph GHlukREPER2 0
2007F@ﬂ4‘53m$ bBtae Avioge 1ba adsmrp(t(@h delurge Rf is in the

4SBT erat e Sodcretibedui 22 i e auisfigeliansteb: And,
F |545)WSI4R3{N§ b%ﬂet\ﬁhéﬁ@' tHE‘éd&@ant'bhrdHHﬂhnchielsHﬁEEﬁélﬁﬁrgléJstep and

hat tinme, the control valve is controll

thﬁsa‘ﬂ@f a@ow@h@m PByis n thetmlrtffcabolnp Slrbtbﬁaompnessed air
k&dd fnggﬁr?b%egg enérﬂep AMfe St t?ptflcﬁ?wlhﬁ% IB? nh*]ﬁz B 3/\/ {tched and

unc can be
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 are 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 secured 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 to the
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secured and the higher identity of purified air can be
secured. O her operations and functions are simlar

woaod7mesisof the produci ng nethod (3) exenplifPewIBw07/000101
Fig. 2. 10 (4) Parallel Opexation of Adsor ption

TRUHEES gistPo (RLeaTOREREF . chter eoliths at affcllns are

gihilstie) these thrfee@@d&brngtrﬂeﬁ*@ﬂQGPbké’rﬂptﬂf&ﬂrﬂﬁ@t 2in
parallel to the adsorption colum Pl in th

purification step, when the adsorption col urm P2 in
é)fé%u ﬁié)transferstothe purification step, it
Si m %% first construction 15 exanpl e.

Qper a?esmltsodeDAfpmdltm:twﬁﬁperfdrﬂ@dSbw es@bf tHeeafepstheptioned
valves af that tine, are simlar_to those o

eI [l W'Q&Pr%@éﬁrﬁ givead Gancretgly, g)D,Q\gpfcI;ductlon was
UL Ak L) D EP IR AR EA RRig vpo

hasnngnsudinea eonstegioarad exemplifizl iafdg.t4)evisids avgy inetalled in a
ol.um, P2 is i cation step. And, Fig. 5(5)

S?I%ﬁ%n%c ?fdP@”%?&FLE'r&% &’&}éor ption colum Pl is in the

purge step and the adsorption colum P2 is in the

rification step. In the conpressed air producing
ESQ%U&@%COMMy t he adsorption colums P1 and P2 are

(D UFC et gl AlsBroRi ettty 25 the
3p hast

?rz ;)cgr)s 3 etﬁa’:llméﬁ;l%é@n%%ﬁgl?@r%%??@ttﬁfgndsﬂrglﬁaﬁ&rl)step

functions a&&;\SI Bak1 to those of the produci ng net hod

5

pur &7 TR th 1fs relénBRtohebT B ANIPECE) e

Vg sz(m)s aFlavneatefaffestairi abedt §AD0NMAH; t 0 be opened,

possi bl e tq have sych features that the purging
L T5 B bl el G ohe Sbost 2haphrle, P )

puri {ged weggﬁ@ram (gL EBOut 200 nffgs)/r e Change 1 n

Adsorpti on ums Pressure change 1 n an adsorption
col uﬁ).nFtdveratemfemgmgeaeabopwmslse% (ad - (5) is
of t tent.exe fied in Fig. 3, this is simlar
to tK@ EE)QF/ 6@1%”\5&?‘??32007/ 000101 22 produci ng
nmet hod (6) exenplified in Fig. 2. OQther operations and
functl ons are simlar to those of the producing
kemplified in Fig. 2. Execution Exanple 5

Qf su Undgf th@ﬁfg%rﬂ%%ﬁ@d“e;?&ﬂt%ﬁ 'E%ﬂdﬁ%nu 3R 8 Wdintroduced into

or enmen
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 V{1 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 valve Vf1 or Vf2 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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conpressed air producing process is given. Concretely,
CDA production was executed in a nitrogen producing

woheortoooif3st he si mul t aneous CDA produci ng type POBABIWG7/000101
such a construction as exem@lified in Fig. 4, which

el Sl o BgPanc o AP RIGHY g Y (R pressiype in the
phaiifioation efept akedhere Feftesémy d sty REH’) pr Eigs 81 Aavording to the
erature int i fication step:

t enp, N _ 0. 88MPaG_17C;
KGO BYeNATEEHE. Tk SCSBHECi(hak HE PGB cloACKBNIPE BRED X 1.06 >
Fﬁ;@/l?]w?%( Op?gl’)isggfpgﬁerdate of feed air: about 8,400

ow rate of regeneration gas: about
2, 000Nn8/ h; (6) Regeneration tinme: about 200 m nutes;

(28) Ryvgar FomaRe 180 P elddsordliah solimip RErb. B9t hasepen

U 5T RPN DO Dorlf i ror

steps At adiser phieorihe pressise WeHg of plee busiste theregfhad been raised to

PR GhnE! D aefnie STERSr T SR HEb Bob tvsn
pLeifisatiore iepn trxediitad valve AV F1 AR Wwaemiageeipeiatlifidn the column
step, the control valve Vf1 or Vf2 on the bottom of

boten yérreby eHraoVasRerermed for akept idainkites adthkeeping the
' far i nut:es,y W th keeping a

rhE e e SrdSsBlamBlte 1R 51D PLSIEEN 1! cvpacy i

the purification step. Then, the control valve Vf1 or

Vf2 was nmade fully closed, whereby a differential

ResSure fromthe internal pressure (1.0OWPaG in the

Pur | ieduyeRn iR ReNPRIITROED G RiddCaif el St ifle WabBIgtioA column
specifie alue, after the pressure rise step S
Riaersied afigaithadTeanesitahed tolibe purifichiiorgstepevad measted, and as

B A0 SRS ARR S 5B TAED 02%

pressure in the purification step" used here
represents a state P(H) in Fig. 3. According to the
I_dyséiialivailabilifesul ts, it is preferred that the

rel a%iltﬂ%ugﬁ?ﬁer%%' b%e%(é_gsc?fib%d%%o?/e the actions and fuhctions of

the CDA producing method and producing plant according to 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 (compressor), 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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P(H) > P(H x 0.95, is satisfied. 5 (3) Dry air from
the top of the adsorption colum P1 or P2, that had

woeenrr/ooimseat ed, was concretely introduced as pRCUEBIATF000101

to performthe pressure rid step. At a tine when the

1 oot IS e d ' :
i i L L S
the siiffgrences indheradsorbing@nd@esorbifig capacities bato ahdiérom the
control valve Vil or Vf2 was H'ade opened fromthe
(et aRANGMRINAEMER)E S Yeh AssMBEIaNe: pERNeser RIgeane. By
A ER0IBAS PRS0 1 S EREISEgddlrki i cgarong to
tire eresend nvendino @vendn iagprooéspwhefd suchavaridtiosh inuwdongosition

SoRFoEHR R L kR s i gt rbalSSF e sty

ahd refiabifity. t he rise of the oxygen concentration could
be restrained to about 0.2% Industrial Availability
20 Al though there have been descri bed above the

actions and functy of .the oduci ng net hod and

produci ng pl ant ?Jg%f%??ﬁf'%% ﬁgﬁﬁ@g_@m"ggnventi on

al on@rig.thigyarnexplahgtory erwestidwing 368! bakie corisgaktioh 8Rample of
art of the aforenentioned ASU. I n such a case, |

as 1 J J C .
the compEsIHes qippipskicingsplantacaarding 4p dhe gresesv invention;

co d r . . . .
| oul i 2 ¥an RSIBSHIP viaAH O RPRBIABD: Auging Slap, jn which the
afdoremenBoned cdmprassed bie pevduayy plaht is esely can be
i nprved, . Alth0l1 h there has beﬁn descri bed in detail,
|t RO ot SRR HRAE VieuLerarRRITYRg Chapags e tarRal

t@hBERMIre! sNMEPLsQlrd &F the sioﬂ)ﬂd?leccﬁaﬁnﬂﬁ?ﬁésafor@%en%gp%d

the basis of its preferable ‘execution exanples, Tt
ppediiding stepp vari ously apply the present invention

conc g SHIPG«dandofl My’ TR affiher toaStbeismeamBle of the
corippesded@mpprodueing plRHE hEdR8ingtoahe pAEBER ivAdbhsi Ny a

pl ural_itiéy_ of mai n conponents such as natural gas, for
i nst &it @ isan exManaiary wew exampligng e produning sigpo irewhich the

TP RS LA PRI RPRNER, e 1, v
syst €ig. Gris Bdexplatatory wew dxenfslifying titvcogstrectionhsr the dry air
differences in the adsorbjng and desorbing capacities
p Ltg;l%@lapf Beeardng 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 to the prior arts.

Description of Reference Signs
P1, P2 — adsorption columns, La, Lb, Lc, Ld, Le1, Le2, Lf1, Lf2 —
passages, Va1, Vaz, Vb1, Vb2, Vc, Vc1, Ve2, vd, Ve1, Ve2, V1, Vi2, Vg —
control valves, Tp — Internal temperature of the adsorption column, Tr — Internal



adsor bent anong mai n conponents such as net hane,

et hane or propane. By wutilizing a nethod and pl ant
woavi7ngiishe constructi on and functi ons accor di RGTAB2067/000101

the present invention even 25n a process where such

L . L naot . it _
P D D ORfC B oG S B 1R el 8t thE agsorption
b Pt y Intenchiset pedsisire in thBrowefiicBéscsiept i on of the
Drawings 10 Fig. | is an explanatory view show ng the
basi c construction exanple of the conpressed air
produci ng plant according to the present invention;
Fig. 2 is an explanatory view exenplifying the
produci ng step, in which the aforenentioned
conpressed air producing plant is used; Fig. 3 is an
expl anatory view exenplifying changes in the interna
15 tenperature and pressure of the adsorption colum
in the aforenenti oned producing step; Fig. 4 is an
expl anatory vi ew showi ng anot her constructi on exanpl e
of the conpressed air producing plant according to
the present invention; Fig. 5 is an explanatory view
exenplifying the producing step, in which the 20

af orenenti oned conpressed air producing plant is used,
Fig. 6 is an explanatory view exenplifying the
construction of the dry air producing plant according
to the prior arts; Fig. 7 is an explanatory view
exenplifying the construction of the CDA producing

pl ant according to the prior arts; and 25 Fig. 8 is.
an explanatory view exenplifying the construction of
the CDA producing plant according to the prior arts.
Description of Reference Signs P1, P2 - adsorption
colums, La, Lb, Lc, Ld, Lel, Le2, Lfl, Lf2 30
passages, Val, Vat, Vbl, Vb2, Vc, Vcl, Vc2, vd, Vel,
Ve2, Vfl, Vf2, Vg - control valves, Tp - Interna
tenperature of the adsorption colum, Tr - Internal WO
2007/ 091135 PCT/1B2007/ 000101 25 set tenperature in
the purification step, Pp - Internal pressure of the
adsorption colum, Pr - Internal set pressure in the
purification step. WO 2007/091135 PCT/1B2007/ 000101
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26 Cainms: 1. A conpressed air producing nmethod, in
which two or nore adsorption colums, in all or part
wohoodwcizsa zeol ite-series adsorbent is char gedCTaB®07/000101
switched to purify feed air26and the adsorbent charged
C'% . least one 5 adsorption colum of said adsorption
é s is regenerated in turn wwth regeneration gas,
1char Acdanpzeded wirgroputing neethod! inAvigith pR6 fop Midretadsehstion
an adsorption colum (R) in a regeneration ste

t r an§P&ING, i all ori part Cg,fé(%hi@ha Zeplife-senps @ﬂﬁnge@ﬁs%aeged, are

adso ' Fei £ 1 o [ [

Ehat SHRGhedtd Bultyibed St dhid the MicofIA BhbRiAd it Bast ane

in tla_dsmmgene:olwltrhgmf ﬂ;@idgoﬁprmmd@?lfgembds _rég?"ertdnatalengern with

step is controlled such that, a differenti ressur.e

t hor ERSTCTIT BT 685 GRBERaIalZos Bl SAMPTGnah StaRsehRATGSHIng, when
col u . 5 . _ e o

S pecrh Adgbrpion SAIgmRR) i & 3608ralish st tréndteldidla Burfication
accostipnthe purgeadfreald adsorbentwitk piudfied Biradadcharanterized in .

03) R BB Py e othgbitnd B 5 FE%abSeration
pr esstghearfd {dg‘@tﬁ(ﬁmeIﬁ@FUfg% $epHK EbMRolIddPduchithat a differential
regener ation warm ng step using regener at1 on as under

a | orgssess theseolfromdhe irdainal areasaire ehan @dsarptiop)caumn (P) in

D SRR GRS E A SRS RRTRL  33° U

(4) a purge step using purge gas under a high pressure

& low tenperature condition as one cycle, and said )
2ads offianoiressed fPraducing metbed agearigdig ta daim dnshwhish said

of th%é@ﬂchoﬂhﬁH&bF&%&ﬂ@%bB%l Wil TR R85 M) a feed

adsorption colums I's I'n € regeneration step or

pur geir pueficatidn stepaindeaadiigle presserre 8l lommtenpearaturéeondition; (2)

purification.step. 25 3 A conpressed. air groauci ?(%N

met hBdCSIAHPR J'ABING Slepusio teaenergiangas yader afow pressure

puri Ri i

(p) ' Tarrgn sl o R, (R g et Sl e AT

30 4regenepalinregaeunder a vopassore fdowddmpesaiuick ngnditon; and

any e of clains | to whi ch ¢ ises a st of
b B0 Ryo&sfe teing Snds aaP UuibP IBH el & B Bpperature
st epcoridifieh 86rieccyidis dpidrddid Qééérgﬂoﬁtc@mmlﬁ§9fé éoritrdiRd such
adsor bi ng WO 2007/091135 PCT/ 1 B2007/ 000101 )
that when one of pairing or grouping adsorption columns among said
adsorption columns is in the regeneration step or purge step, at least

another one column is in the purification step.

3. A compressed air producing method according co claim1 or 2, in which
part of purified air fed out of at least one adsorption column (P) in said
purification step is used as purge gas.

4, A compressed air producing method according to any one of claims 1 to 3,
which comprises a step of subjecting, when the adsorption column in said
purge step transfers to the purification step, feed air to adsorbing
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27 treatnent in parallel to at |east another one
adsorption colum (P) in the purification step. 5. A

woanpreesised ai r produci ng plant conprising twoPOT/IBINE000101

adsorption 5 columms, in &7 or part of which a

zeol 'trb@trﬁéﬁt'|ﬁ?pa¥‘§|ﬁ§l"t@9f‘!fea's§aﬁ6lﬂéﬂéﬁe aﬁsoﬂﬁ%ﬁa&ﬁuﬁ\ﬁr in the

i ntroducing f air into each of the adsorptio

col upugflcailonpﬁiesage for feeding out air |eft after t he
purification fromeach of the adsorption colums, a
passage for introducing regeneration gas into each of

5t he adsamresesd af! pmaﬁcmg phat TRefHrisiig twd 6PH16% B@sorption

purge gas into each 10 of the adsor ptl on col unms,
pass&okiEsein il o Rar G wdigns Zeelite-sariesradsesbent is charged, a

rege C

L GooPAS e By IRALIERDS redly RS 2B Bt SR Rgliolh camps. o
of Spaglsag@mamln@odt air sfotfted therpurificatio fronpeacmerf the

t he operation of said control val ves, and the internal

pr es@dwpafm cehimnsfa paesageder itiogHCRg| reafigeration gas into each
of the adsorption columns, a passage for introducing purge gas into each

of the adsorption columns, passages for discharging gas left after the
regenerating treatment or purge from each of the adsorption columns, a
control valve provided in each of said passages, and a controller for
controlling the operation of said control valves and the internal pressure of
each of the adsorption columns.



