; €3eS} NNO<QLQS6BSTS[g@) METHOD AND APPARATUS FOR 26 June 02 SEPARATI NG Sr.-
REMOVI NG, AND RECOVERI NG GAS COMPONENTS BACKGROUND OF THE | NVENTI ON 1. )
Field of the Invention The present invention relates to a nethod and an
apparatug for separating a desired gas conponent froma gas m X June 02
contaihing a plurality of gas conponents. 2. Description of Related Art

Di scharge into the atnobsphere of hazardous gases including radioactive

gases such as tritium (T), hMEREED tAND ARRARATEJPRs dioxin, a volatile

gases such as hydrogen (H), or gasses which accelerate gl obal warm ng such
as carbon dioxﬁé@ﬁéiﬁ Rﬁﬂpv%ﬁér(ﬁgpfFESPBEBBN§oﬁﬁﬁ)g@%%@ﬂﬁﬁﬁ%t be

prevented. Therefore, gaseous m xtures containing these gases are processed
in order to separate hazardous and beni gn gases. Conventional techniques
for gas separation will be described. Two plates which are cooled at a
liquid heliumtenperature (-269C) under super high vacuumof 10''-10'a Torr

are prepared, and an adsorggngkBUﬁprhsgﬁéOIEVEﬁgiéﬁe of one of the two

pl ates. When a gas m xture arning rogen 1sotopes including tritium

and heliym i s4fdyiss gt veRk9ofONt act with the plate having no adsorbent
applied,qthe ﬁf rogggEﬁgl bgbgogg.* 26 June 02 isotopes, which has a

hi gher .boi | i nghROKMeskhtN ihGehdTbnare1 4088 efsesl Mathdd S @l appRlradls
passes through thi's plate to reach the other plate bearing the adsorbent
and i s adoef egavating addechesl. gas component from a gas mixture
containing a plurality of gas components.
2. Description of Related Art
Discharge into the atmosphere of hazardous gases including
radioactive gases such as tritium (T), highly toxic gases such
as dioxin, a volatile gases such as hydrogen (H), or gasses
which accelerate global warming such as carbon dioxide,
methane, or PFC (perfluoro compound) gases must be prevented.
Therefore, gaseous mixtures containing these gases are
processed in order to separate hazardous and benign gases.
Conventional techniques for gas separation will be
described.
Compound Cryopump Method
Two plates which are cooled at a liquid helium temperature
(~269°C) under super high vacuum of 1077~10"® Torr are prepared,
and an adsorbent is applied to a surface of one of the two
plates. When a gas mixture containing hydrogen isotopes

including tritium, and helium is first brought into contact

with the plate having no adsorbent applied, the hydrogen
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Because this nethod is foll owed under high vacuum the volune of gases to
be processed is enornous conpared to a case where a gas is processed at
around 1 atnosphere. This requires a significant increase in the surface
area of, a cooling plate on which a gases) is adsorbed, to ther2@june 02

di sadvant ageously increase the size of a whol e adsorption appar at us.
Pressure SMAQQ tion Method (hereinafter referred to as , "PSA ) The

Ad
PSA net FEREPRER d'zlf | hqap iphighes boiddngaprént fhanihelivn, pxes.
A di t hi t.hod, .f j fi,cati f d | e,
ol urm Tehdehdsd ot pnfiuntate ho Hed it paPass RNFeRIR toif Rl o °
d b t.ai ni ! f d d i
ot ecurbat (Y PR E Mt i Bl ¥’ RaforbURE 488 P a8 Red B oe

and mtm?@gpé&fed to an adsorption columm while the raw gas is

pressuri ze proxi mately 10-20 atnosphere, so as to have hydrogen

adsorbed_on g WHI sVlidthioldN S s" $BRALBIEA GRAIES Righ Wradliat 9&heut of the

colum. Thereafter, the colum is depressuri zed tC)f%e at nospheri c pressure
or a | cxiElumy & Wases R BRY pitesesbiat s hyfls Basls teoritBdd tY ghlcagauri fi ed
hydrogen. This nmethod utilizes a change in the anmount of a conponent to 2
26 Junewigreraa agsoriseprowesbedadsoabenhd ar catmbshére & harlpias tnedjuiptedssur e
of the component. Wth this nmethod, however, the adsorbing process should
be per fomignifidganta imcgeageednuthei auvfaee axearsd i z@aliagmpdate of a
particul ar gas conponent that is adsorbed. For this reason, considerable

ef fort Qusthigh & gasd@s)oienadrerbad: bBotherehibclisasivantageougdvt he col um

and therefore this nethod _is not_suitable for treating any gas which
beconesNFFERSFo Hdey fd&e Rifgh HP%%%@%@%‘%J—R}H AR Separ ati on-
[ and hel

Mebr ang o en.; haohaRes, 80y LN NAYE SHILAIE! - g hetaegni ity to
hi gh poty 2 s Ke and' cah be separzfte rom oxygen,

ni t r ogempgplydr ocarbons or the Iike according to a perneability difference

t her ebet ween. However, this nmethod cannot separate gas conponents having
subst anti al IThet p8ASABEhPAr IBaRidély . usSed NEaxs supareddng yarapag and hel i um
SUWWARY OF THE | NVENTI ON According to the present invention, at |east three
adsor pmiigtusresunfs gpaeked Aetdrdimqdsoriteis methodsedorApuanifdaatdont ai ni ng
a gas conponent A with lowaffinity Wth said adsorbent and a gas conponent

C wi t hofi §rdxPoeRiFt FoRi exanple ads PORHIN |15 fdggdnragked waghta t he

adsorptign cglums in turn, while, an desorption gas contai ning a gas
conpoﬁ@ﬁgeﬁ FcﬁiﬂnyEﬁ§°$rﬁﬁﬁ?$&Pﬁﬁﬁ?%dﬂg geﬂtandACrPg g@ﬁ ?o each of
3

26c$H@§iggn¥ a mixture of hydrogen and gases having a molecular
structure larger than that of hydrogen, such as carbon dioxide
and methane gas, is fed to an adsorption column while the raw
gas is pressurized to approximately 10~20 atmosphere, so as to
have hydrogen adsorbed on the column while the remaining gases
are discharged out of the column. Thereafter, the column is
depressurized to the atmospheric pressure or a lower pressure,
thereby desorbintg hydrogen to obtain highly purified hydrogen.

This method utilizes a change in the amount of a component to



1

t he adsorption colums-other than the one to which the raw gas is being
supplied. Wien the raw gas is supplied to one of the adsorption colums,
the gas conponent A in the raw gas having lower affinity with the adsorbent
exits the adsorption colum earlier than the gas conmponent C in26dena@ly gas
havi ng hi gher affinity. In this manner, the gas conponents A and C can be
separated from each other. According to another aspect of the present
i nvent i oe AERrRedasnethec pdgorbentt agcgrdingnpen parkiall puessyse from
the outlet of each adsorption columm, all of the gas is extracted fromthe
system Wethe GWPEALNALthed with the gas conponent Cis discharged fromthe
outl et of each_adsorption |ym, the ful] ampynt is extracted fromthe
Z_yst ﬁm Vge][l tWé‘?§a§p’ﬁ'ff<f“?f2‘8?gonP%'l”ﬁYﬁﬁ’ t#ée g%‘gs%%ﬂb%e?ﬁ%cfiaﬁdwg 'dsh |
i scharg r oy of . e sorption colu of . i schar ge
gas m xt BFe PELEPEHeACURaEE Ehnff RPESTLRE L A b R AT 1Rs o ¢ he
raw gas i k.ng esuppli i hg?u 1l figl a
sequenti lgﬁ’logl%lgbtggi }ﬁ{ ?hgggggiégng%%en sgﬁé%ltg%%&?t% aé&sdlofr{pqéea/f'st ?%gt ure and
ef fici entnik0e8asbAY- chis §88F4DPE de AROME mudY |15 IR FtM 435 nSutePRhhed tO
t he adsorption columm, the gas conponents A and C can be coll ected
separ at ehyyf gag 8besafeer peaRNf£6th UEie Jdllumi Sarkb i fidie eRTROMEhod
having lower affinity with the adsorbent noves fast through the adsorption
col um whsl aothsutbabbeefibr Gheat ivgg any 2fas) wheidl? Hegginess afakzamdbuswi t h t he
adsor bent noves sl ow through the adsorption colum, which causes a
di f f er enunden higk phessube. conponents A and C are rel eased fromthe
adsor ption colum. The nmethod according to the present invention can be
appl i ed HAE88RLERLBYSHBE N ERDFELUEARRRISE dependi ng on specific gases to
r . n ratin | eak from m i
B(raors]ieB?t Zé?daﬂ%/%ﬁﬁ?gﬁ?gﬁsﬁ%ﬁg%a@ﬂ? C@{eilﬁ%(aei sex&%ref’{?rrigfeg‘%?h aspr essur e
withint [ tﬂPﬁQDﬁr a : | S, case,
gas discﬁgfgé§%g$1 6ﬁgf€g¥?ion can 359%3%§%%E§§%§Qgevggggn?ggn%gh u%ther,
an oper aj&paAr8BENOfir ¥ Sy JAM I iU MR dotalrbRnel beUkaki Pfkéi ne can be
adopted by controlling the flow anount and pressure of the gas when
suppl yi ngctbedimg to xd sermedb dciitad differeneecadhergbetweeal unlovevenpt her

adsor pti on col um.
this method cannot separate gas components having substantially

the same permeability, such as hydrogen isotopes and helium.

SUMMARY OF THE INVENTION
According to the present invention, at least three
adsorption columns packed with an adsorbent are used. A raw
gas containing a gas component A'with low affinity with said
adsorbent and a gas component C with high affinity with the
adsorbent is sequentially fed to the adsorption columns in
turn, while an desorption gas containing a gas component D

which differs from the gas components A and C is fed to each of



Al so, as a feature of the present invention, a concentration operation
process can be performed. According to the concentration operation process,
t he conponent A or Cis not extracted, but is accunulated within the system
for sone,time. After the gas conposition within the systemis nafidune 02
significantly different fromthat of the raw gas, the gas is extracted out
of the system BRI EF DESCRI PTI ON OF THE DRAW NGS s 26 June 02 These and

ot her objtde fdfonptdomeedupes etherpthappthenene kot Weighksehe prawgase| ow,

in connectigon with the acconpanying drawi ngs, in which: FIG 1 is a diagram
showi ng aS8uRFINE SUWPPLIEE -0f an apparat us according to one exanple of the

present inventjon: FlG 2 is a,tininglch8r£ expl ai pi operation timng of
th e SRBAR therra® gRsripstunn1edcta dis of i Fdidhedihn,
opgrS??gE eo?lditi h in_proce eps., l- --n -4 ? aig(fi ofn?he
exanpl e Sﬁ'nog\qurf I%Il% gf;s_ E?&pggelﬁg g tfa lr“?;trﬁ‘;s‘?go al""'ngﬁ}ga‘p%P vién é|Ironal

ST UGt Ur /e fileeyB itn? oHle0naBLBORY DG theRY Mt 1M AE funll] Hb1ger
appar atus ‘accordi ng to another exanple of the present 1nvention; Fl 9is

"ol SHPE I oy SO tooBA ehbomd ORGSR ey
In this manner, the gas components A and C can be separated
from each other.

According to another aspect of the present inventibn, when
a gas enriched with the gas component A is discharged from the
outlet of each adsorption column, all of the gas is extracted
from the system. When a gas enriched with the gas component C
is discharged from the outlet of each adsorption column, the
full amount is extracted from the system. When the gas mixture
containing the gas components A and C is discharged from the
outlet of each adsorpgion column, all of the discharged gas
mixture is fed back to the inlet of the adsorption column to
which the raw gas is being supplied.

It is thus possible to efficiently and sequentially obtain
the gas components A and C with a simple structure and
efficient processing.

As described above, while the raw gas is supplied to the
adsorption column, the gas components A and C can be collected
separately from the adsorption column. This is because the

component A having lower affinity with the adsorbent moves fast

through the adsorption column while the component C having



conditions in process steps 1-1 - 1-3, respectively, of the exanple shown
in FIG 1. EXAMPLES The present invention will be described in further
detail according to the foll ow ng exanples. It should be understood that
the present, invention is not linmted to the foll owi ng exanpl es 28dune 02
nodi fications and variations may be nmade w thout departing fromthe scope
of the present invention. 6 Jyne 02 Fig. 1 schenmat.i call epi cts one
exanpl e §’r‘19$‘&rura £ lgys?”ljrgpaf:sﬁ §PﬁBeBEdﬂ?W)% r%’l"ﬁ’f?%&ﬂ’f? atus for

i mpl ementi.ng the nmethod according to_the_pr [nhvention. Referring to
Flo. 1 AeSrBiish cotimie eriolPetfackca dETEEteAdk S Bhe ARt

i nclude r I u t n i | ; t
extractiSﬁﬁggﬁ%géglg-%bafgrggaggéiﬁgi%gr%?Q#ﬁ@“%%gg%¥%§¥?§pgﬁggmﬁbupIed to
a raw gas pl p%é%etﬁbh“%%r&gﬁgp{-.&etﬂ@':—’ptésé’ﬁ@virﬂf’éh_ tidn canV euum punp
14B, this vacuum punp 14B can be elim nated by contriving the operation
condi ti oRpp1IRE GAWeHITaPLBEs 188di€i6RAD! €shd Deidifs id¥RINAily bhe adsorption
colums 1-4 via raw gas inlet valves |f~4f, respectively. A desorption gas
(carrier spagifitpgaied t6 Besseparaeed ed Witen epaasidcig \ae gads @hpsieon
colums 1-4 via respective supply valves 1D-4D. The adsorption colums 1-4
at their leakl éromi the aystemnhecprchilited exd rediddop ghat3sufbr t he
conponent gas A.via respective extraction valves |la-4a for fraction A and
al so to &epaxetaeni s pepeounal fwith e REsFYHEhWighdnCthea syesprchping
extraction val ves 1c-4c for fraction C _The extraction pipes 13A and 13C
are provPBe8tRPERNGEE 1o PEFPsCarPerfidests respectively, for gas
extraction. Sensgrs_20A. 20B, 20C and 20D are disposed.at the corresponding
outlets of re Beg{‘f'ﬁecﬁﬁgbr%ﬁ ocg"% ?ﬁﬁ%%ﬁ segh %%ta g’t"loﬂgc?ﬂege

concent r gt e onents in the discharged gas. Appropriate
Sbho8:f8 bh vSyl 00p

sensors are se ensors 20A-20D according to the gases to be

detected. 7 rpdbtHePg A% Spéideion s t@lizh’PequizBs Rép@nss digposed on
t he pi pe 13A, 13B, 13C before the vacuum punps 142, 14B, 14C, respectively.
A si gnal thedciatuYat bén t hine crwrerie adaptadbtbycicedtiovplihieg the flow

amount and pressure of the gas when supplying the gas mixture

extracted from one adsorption column to another adsorption

column.

Also, as a feature of the present invention, a

concentration operation process can be performed. According to

the concentration operation process, the component A or C is

not extracted, but is accumulated within the system for some

time. After the gas composition within the system is made

significantly different from that of the raw gas, the gas is

extracted out of the system.

BRIEF DESCRIPTION OF THE DRAWINGS



sensor 20A, 20B, 20C or 20D is transmitted to a controller 24, which
controls opening' and closing of the valves |f--4f, 1D--4D, la-lc, 2a-2c,
3a-3c, and 4a-4c so as to control the flow path of the gas and al so

control s.the vacuum punps 14A-14C so as to control the flow rat o unef2the
anount of the A or C conponent contained in the raw gas does not change
significantly, the' sensors 20A '20B, 20C, 20D may be elimnated and the
operation nay Pheseiandesktlierx abjprotspoddttdeminyention pdililobesekpbyined
tamer. The operation of the apparatus will be described on the basis of the
ti me schedil thedescriptriqp belawy tin sosxestien mithothehaceampasyingD are
opened so that the desorprion gas is continuously fed to all the adsorption
col ums 19Tawings i nkp tfhlaheps 1-1-1-4, the valve if is opened such that

the raw gas is_supplied to, the ads&lr tion colugm 1, duri ng t he steps
2-1-24, the vt 2 18§ HAgFaaS BhEhple §EEUFEULENBEi ] to the

hat. { he TRRFEEELT Sasihil 1B o5 oPc S0BB3 5t PontEDI BRACSICalbv o0 the
t 4-1-4-4, I fe s t A i iedt
f hgp:tdsor pti onFf(:éc])'leuér/niisz.ea ﬁr‘f‘*&?‘f%@‘%@ e%§5??§5i§949§?%9§%§§f%i@%@’pc% 1ee e

subst ant i@ld et 5 EcinE RS WId. §6 subsequently repeated while shifting
the supply 8 26 June 02 port to the next colum. Therefore, only the

steps 1-1-1-4 midd. kg dgsor ianad share. dRaheaks NGhéWiky ISpeatfon t he i nes
t hrough which a gas is flow ng, the valves that are opened, and the vacuum
punps t hadommtit fvmsndinopaoaiesd atepsndi-tatell-dy, boéspédctibselyTheoflatwe pti on
gas, which is always flowing, will not be described. (Step 1-1: 30 seconds)
As shown exanile shownl |inofIGhe lyacuum punps 14A, 14B, 14C are operational .
The valve if is opened so that the raw gas is supplied to the adsorption
col um 1. The BEd~ds isc aaAdageap shopéngd@ seervieRtionaly Ateusigdivnt C i s

extracted fro e adsorpti.on colums.1l and 2. Furiher, the valve 4a is
opened so tha[pIH‘]le 8348 BofpBHEARR ﬁgg‘é”"é‘it%%t YEFH o §HAGS 85 87 col umn
4. Furth I .l e t : ] j scharged from
t he adso‘r%lr[g |at(§}r%\etg\§?l?\ré1§°gg%gaf gg gggﬁﬁ%é %m%ggoﬁﬁ%%%sﬁe# 1. (Step 1-2:
30 secondsiveiti®mewn in Fig. 4, the vacuum punps 14B and 14C are being
operated. The valve if is opened and the raw gas is supplied to the
adsorption colRren 9. isha tahing thaatdfédr expElaireiry = ®pgdmit iohe tdaing
conponent Cis extracted fromthe adsorption columms 1 and 2. Since the
val ve 4aafs thepexampdret showhoanoFI€he8 paandonponent A is interrupted. The
val ves 3b and 4b are opened sq that the gas m xture di scharged fromthe
adsor ption cofd@fs 30andl4 padfly dEeKAiFPXINS HIQKWINT PR 1. (Step

1-3: 30 Toh g.%%.)ons in process steps 1-1 ~ 1-3, respectively, of the

example shown in FIG. 1.

EXAMPLES
The present invention will be described in further detail
according to the following examples. It should be understood
that the present invention is not limited to the following
examples and modifications and variations may be made without

departing from the scope of the present invention.



9 26 June 02 As showr'in Fig. 5, the vacuum punps 14B and 14C are being
operated. The valve if is opened and the raw gas is supplied to the
adsorption colum 1. The valves |Ic, 2c and 3c are opened so that the gas
conpgnent, C is extracted fromthe adsorption colums 1, 2 and 3.265lune@2t he
valve 4b is opened, the gas m xture di scharged fromthe adsorption colum 4
is fed back to_the ads tion colum t e 0 seconds%_EAs shown in

Fig. 6, all of Ft%e Jva‘i:?%ﬁ)’iﬁﬁﬁuﬂﬂeéﬁgsfﬁg éﬁ‘g‘:“ﬂz?nﬁtﬁﬂﬁf‘g dof The
corum 1. SRetOERT s Siahed: K sitasioh BRun FeneS heF Shfibretlhg .
opencd sotPhatethE HRALE, (T DradBie dorblELOR: . dsorpt fon col umn
adsor pt i on col SR TS (oS RRE o MRS By hor D Suag ThoL ogFe fatked

speci fic pfeRraié WardlddBbrbdnt ARLINdudeNrbbfeotiee d@efetathil e the raw
gas is being introduced through the inlet in the step 1-1, the gas
conponentcéniglsesdah i gipe adworfilal gespebiife leftifadOidhevarwss Oustab
supplied raw gas as well as the adsorption gas D are di scharged fromthe
outl et. Tfoms stgde mhortureues Thier pugle 1B i5epdsd-dedpled e gxasawagygwonent C
t hus discharged is collected as fraction C by the vacuum punp 14C. The
amount ofpipe k. cddpdengh Che pipe 4BE issprovided coltime Vvambme ey wit h
time and at the end of the 10 26 June 02_step 1-3 only the desorption gas
D is di scHgddrisavagyamspagp) 14B cAB Besetifbaied by eptdy ing e | et
and is then discharged .al.ong w t he adsorptio s, Dfromt oyt | et

it |t hPRRAEIRH, St ieRhn hBe Ry URR BN L i AL F o et f on
A by the qz_H[LH‘n 1 L t 0fS, 1. Ss . i t he
adsor pti o]}r%ﬁco unoﬁEu ?ﬂgt %téﬁg 'l[g ggnzgﬁl{éﬁgs a?t%ré%agﬁal%%{a lon%;é f[v‘;agvte%

desor pti o-gfS, RdspetiReiigd fromthe inlet of the adsorption colum 1, the
gas conponent .adsorbed within the adsorption columm 1 and the desorption
gas D is di schargedrbtiont Gasoytheridft das | heipd GBDt-i4 allzen conhected
conponent C al so reaches the outlet, and therefore the gas m xture

cont ai ni rip tte gespectpyreatisotpthdn Calumns el de supitiespegddve supply

di scharged during the steps 2-2-32. The 11(gas m xture thus discharged is
suppl i ed Viedvafe 1Xa48rpt THE agrarRtien vFrtHhel ThRtmihedrarutdeteplges

suppl i ed._. \Wen the s _conponent Ls_coml ly. di scharged, th as
conponent®*€ 5:?&“‘&?&% 581 B i8ﬁ@§3§\“ﬁ)?sp$%§é? §F §oE sghekee eggs A
3-3-1-3. Js j r C . ' fiyNi ' t he
adsor be nt‘)ll%s tljfé:s?)s? t@E g igs C ﬁgﬁzggﬁ,g%téﬁeggg‘gg%r%& ﬁlrag aJ'E\éiornn ?E %a%}@% ng gt hhgaéﬁ'w
conponenty Anddtractibliepifesehear 68, td&dnporiddt gagpenedh C having high
affinity is discharged thereafter. In this exanple, extraction of gas from
t he adsonpispertdiveusrtiraculionhvalees ale-onrs foxr Mraegisnppgli edthes al ways
performed by the vacuum punp 14C or 14A. Therefore, by 11 26 June 02
contr ol | iexgralesioac papepulPA 1am 0l 3¢ 4are proy idedadjight vaggumaptwpsel dden
the raw gas and the gas mxture used for circulation in addition to
appropri 80d| y48dj yespagtinel¥xt fQEt 9 $RIAGION-hat punp 14C or 14A the
vacuum punp 14B maésbe elimnated. In this case, i referable to

provi de a fl oRCREPESadPhst #PB V2P 2R Y2 ORjAFG idrﬁlpg’ﬁléaf ngtPﬁte of the raw

gas and/ %Bryé%pghai%aéh%fegé‘ of respective adsorption columns 1-~4 for

detecting the concentration of the A and C components in the
discharged gas. Appropriate sensors are selected for these

sensors 20A~20D according to the gases to be detected.



As descri bed above, along with the operation for each of the four
adsorption colums, a noving operation is also perforned for sequentially
noving the supply ports for the raw gas and the desorption gas as well as
the extraction ports for the A and C conponents and the gas ni xt26rJane 3 the
foll owi ng adsorption colums one by one in accordance, with the novenent of
the accunul ating zones for the A and C conponents. The desorption gas may
be supplied mertker) r elowsnebens 20xp 22Bys2Qea azenddepssey. oandhaeed not
be supplied Wien not required. Further, the return of the gas m xture
ext r actpeipd risa gak3B pf 130 ebafispe pthenvactummpunpy héApeldB; nkdcwhil e the
supply of the raw gas is being interrupted. In this exanple, particularly,
t he fuldespastivellxcharged from one adsorption colum is extracted as the
gas conponent A or C or is circulated as a gas mxture. It is thus
possi bl e t o parkgnad ekndicahive et dthercopcansrapleni dategtednby Frlge 7
depicts, for the pur(Pose of corgqapri_son with the present inventjion, one

t

exanpl &eqSAUctdffer AYBy 2% i el tted teparsertiel®aratus for

i | t.i t he i tion 12 6 02 di | i Pat ent
Loy o RSB i GRERing and RPN RE, PR Ebes o £ 7425 FEb2tiRor pt § on
col ummg ,14% Pagked V"'Btélftfh,e a%aa-%scogﬁe Us S %ﬁ‘@x\?&# et%é(“siflgmg}eatﬁpm her

vi a reSpecti‘vé pi‘pes havihg Tresp ive cut al ves as' to

perm t olel @YenG AN At Ao %de&ldsl ty@_%:@%lﬁgs e -AAROTERY 10 (&Pl um 4

di sposed at the last stage is coupled via a pipe 12 having a cutoff valve 8
t 0 t hecbherolerheOlfiiche rAdnr Pihh adld Mncurt stk af & Idonfdondntge.
The cutoff valves 5-8 provided at the connecting pipes between adjacent
adsor ptontadaedmin ahe cant gals ekbeso nok aisarere ariglidSiehnblyg cdvet rol | er
(not shown). To th$ pipes 12 and 9-11 coupled to the inlet side of the
adsor pEEBACES| 2fhs 208, 28€peODyaiay, be @ldminaligsk angt ther operatigas
cont'ai ni ng, a gas conponent A having low affinjty, with the adsorbent and a
gas coMPBnBRt Seikghedy IRFgRVErYi RrEgekermingd 21D BEFLORS 5e8nk¥cfed vi a
corresggggi ng supply valves If-4f and a supply -pi pe 13D for a desorption
gas is C Ahécted via correspondi ng supply valves 1D-4D. To the pipes 9-12
coupl ed-to §he ege&a_&iahd8f0Ehtehap§Q§%msl ¥1190lpéMestrdbednof €RBPONENT
extraction pipe 13A is connected via correspondi ng extraction valves | a-4a
for A bagfLsi 6, theCtimapsonatiudst BR6WNOANPIFHE.12C | Incohdecerdnple,
correspondi ng extraction valves |Ic-4c for C fraction, and a circul ation

pi pe 18BlLfof thgavakivesldie-4donazenppgnedesa thafordet deadrphdold gaaponent
is conpected via correspondi ng_extraction valves |b-4b. The pipes, 13 26
June 036 18pptinugualy, Sedqte Alinthecadarpation £Rimas LadpecPRELRG for

gas extractjpon. i | e from copparison w t.h t r s.of Fig. 7,

t he ap?)té? a‘f’tﬁp S h@é\/\h"iﬁg Fi ggelvﬂglgeafg r éfﬁt P? e?f%ﬁﬂ?ﬁegﬁggrg%%u¥%WM?gh

elim ; ed f t i - on [Wals) e roti o

col urmngé, eéa‘rl\%g ?%ggtﬂg g&foggsggpggggé?é&%?ogi'dggg\%lh? ht%ﬁesglgggs? %?\Q

parti c4l) aghe L PRLO¥SEEM i §p6AEQUstBh JBRATCEAPRRANGabald- SWsp1 fedl teat i on
No. Hei 9-239227 basically couples a plurality of adsorption colums

endl esdly adsdbptidld gadums Pxtdaringd bhedstepgi Agladpdftthé vdkveli 3Lhar ged
gas. In such a system the cutoff valves are required for extracting a full
anountisfopenedssudhuthat htheysaengas sis osuppl hedhto abbe cadaonpoien ‘
publication, which may psychically simlar to the apparatus of the present

i nventGokme; 3 § eard f d@hingecthppatepsisévl~¢hé  ptheekt Yﬁv‘bﬁt#%rpwmcﬁe

operation and control nethods. Fig. epicts one exanple structure of a
sgpar &Y<y, that the raw gas JS.S sugpl:i.Leéj go tlsie agsorngon column l{ .

After the éteps 1-1~1-4 are completed, substantially the same

steps will be subsequently repeated while shifting the supply



apparatus provided for-inplenmenting the present invention and therefore it
is possible to change the nunber of the adsorption colums and the supply
and extraction val ves accordingly, as shown in Fig. 8, depending on purity
or recovery ratio for intended separation. The operation of the us
of the present invention shown in Fig. 8 will be described ‘when perform ng
the steps 11--1-3 of the tine schedule shown in Fig. 9, for exanple. 14
26 June @Prtsteptheinezt selvmis) PRerebfei rPIRY. the steps d-kHe4acuum
punps 14A,, .14B, 14C are i.n operation. The valve if is opened so that the
raw gas Mdlduhs degcrdbedehggeor pREERCEHIUNP IF19fe Irfinvddhe din€SHpened so

that the_gas c nepnt Cis extracted fraomthe adsqrption columm 1.
Further,tgﬁguﬁgrg'lgg Fsgﬁﬁeﬁ§d£€%w%ﬂ%i %hﬁav Vo fE A OPERE + A0k
fromthe_adsorption | t,her, t V. i t, the
gas m xt E?’g %laggﬁg‘r Béﬁpgrg‘ﬁg%h@% s% Ib?i e%agt}etf?rm ilzlcﬁ%%rl%%c%gt ctt)’r2> e
adsor pti | u . =2 ) ‘ﬁﬁps (Al = e 8 ) vacuum
punps 14%13% '12%hér gég&elf g%%%e?%?'e . %ﬂgs%/saﬁs/le |fwi&sloglpl§ edw(:l'ifr}{'('il t%e raw
gas i s sypPhkedyiBeljhe adsorption colum 1. The valve Ic is opened so that
the gas conponent Cis extracted fromthe adsorption colum 1. Since the
val ve 3a(gaeglqsgd,3ex§é@@ﬁa@p of the gas conponent A is interrupted. The
val ves 2b and 3b are opened so that the gas m xture discharged fromthe
adsor pti on cohsmahoiénain Bigs 3 echlacke ttthd hvecahso poinpen 1dal, udiBl. 146t ep
1-3: 120 seconds) As shown in Fig. 12, the vacuum punps 14B and 14C are
bei ng operet edpeFationale iThe svaendd difd apeaedawogibaits thgpphwwedaso t he
adsorption colum 1. The valves |c and 2c axe OBFned so that the gas

conponeniSCSPBPELEH atP cb® rafF ATRE IS P IcoMBn¥31VERAI12. aBANEE t he
ACIRLRC LI IR e AT A o PR N N T
1-3, a'”RéLoPBtﬂéﬁ SSEGEHE”¥ éﬁd‘ﬁ?ﬂlyﬁf@ﬂéy,nthe valve 4a is opened so
that the gas component A is extracted from.the adsorption
column 4. Further, the valve 3b is opened so that the gas
mixture discharged from the adsorption column 3 is fed back to
the adsorption column 1.
(Step 1-2: 30 seconds)
As shown in Fig. 4, the vacuum pumps 14B and 14C are being
operated. The valve 1f is opened and the raw gas is supplied
to the adsorption column 1. The valves lc¢ and 2c are opened so
that the gas component C is extracted from the adsorption
columns 1 and 2. Since the valve 4a is closed, extraction of
the gas component A is interrupted. The valves 3b and 4b are
opened so that the gas mixture discharged from the adsorption
columns 3 and 4 is fed back to the adsorption column 1.

(Step 1-3: 30 seconds)



the adsorption columm %, and the gas conponent A separated fromthe raw gas
is discharged fromthe adsorption colum 1 during the subsequent step 2 -
1, Accordingly, when the process proceeds to the step 2-1, the supply port
and extraction port are shifted by one, such that operation swi t26hung02n
accordance wth the status of the adsorption zones can be achieved. In this
exanpl e, extraction of gas fromthe adsorption colum to which the raw gas
i s being suppl Aedshewml imyBigerd ortieal Yacuure prapsuiipuapd124 Fherkéime, by
controlling the vacuum pu 14C so as to adjust the ratio between the raw
gas and topepatedi xtThe ‘(Jg&?fkﬁ i rapengd @nd ¥hgddrwi gast és supplied
appropriatel y~adjusting, the extraction rate for that punp,_the vacuum punp
14B nay bEOegli‘?n' AFPPtion (gplumyde The valyess dfappRe 2B piSRER 2PN

rate adjusting valve for adjusting the flow rat f the raw,gas and/or the
circul ati 8 GIEE THE (3% SRERAIETG G WA AEGopEPT FARSAEITREIP of ¢ ho
three adsorption coljms Vil ratl i S or 0

sequent i a??@u%ﬁli)ri@ #haendsu%plrr%l&g’r%t or%%ﬁ'g%r 3\% 35388§§é{1he€%§t4%§é“ on port
for the Eggr cmm&lq{ ' ~fo |

adsor pti érrlhco Lu%rms one 63:1 ?r}fg)# nr{%aeg%?rsggﬁggb\?‘w %ﬁll? g ém#é?rfé\%\c?%cﬁc’% r}:é)
accunul atgon s0ford R&14m@Ng .C conponents. 16 26 June 02 (First

Exanpl e) Separation of the raw gas indicated in Table 1 was perforned using
t he appar gdtisp Shaw 90 sechndb )t hrough repetition of the steps defined in
the tinme schedule of Fig. 2, and separated gases indicated in Table 2 were
obtai ned. In tAwe stppar dinuFighown iallFod. the wateom! pumpss eA 5A4Bs 14sed as
an adsorbent and argon (Ar) was used as desorption gas. In this exanple,
hel i um ( Hje kesintheprradesoneMhenxailNg LEwhe apenediso \khat thhe F@soaBent

and hydrogen (HZ), was the C conponent haying higher affinity wth the
adsor bents E’&&P]z)‘feq e 6 ag&QGP&‘-PBnCEEJP’t‘.}ﬂné' hatfanv3 Ve 26 anct 8F of

20mm and a packed bped l.enagt h.of 3000 nd, t he. ad ti.on | ums wer e
packed witiF SRR 5 %ﬁ&*%pﬂgﬁ%gﬁ??ﬂﬁ %I\%i %’g{"gaeé&aerdatcf'%gﬁl 5 Scess was

repeat Edléldé%ﬁ:rﬂiﬂfd}'{a@olumns 2 and 3. Further, the valve la is opened so

that the gas component A is extractéd from the adsorption
column 1. Since the valve 4b is opened, the gas mixture
discharged from the adsorption column 4 is fed back to the
adsorption column 1.

When the specific adsorption column 1 is observed, on the
other hand, while the raw gas is being introduced through the
inlet in the step 1~1, the gas component C adsorbed in the
adsorption column 1 due to the previously supplied raw gas as
well as the adsorption gas D are discharged from the outlet.
This state continues through the steps 1-1~1-3. The gas
component C thus discharged is collected as fraction C by the
vacuum pump 14C. The amount of the gas component C within the

adsorption column 1 decreases with time and at the end of the

10



As a result, the nethod of the present invention achieved separation of
hydr ogen and heliumin an extrenely easier manner and w th higher
per formance conpared to the conventional nethod. [Table 1] Conposition of
Raw Gas ( Vol unme 9% HZHe5050 17 26 June 02 [Table 2j Conpositiogb
% HZHeHel i um Extt acti on0. 0100. OHydr ogen Extracti onl100.00.0 (NOTE) The
desorption gas is not contained in the conposition (volume % (Second
Exanpl e) s3@parlatd omlyf thiee desarpsdonngrgaPbedisi dhsgharged. wakt fehe crten
usi ng the apparatus shown in Fi%é 8 through repetition of the steps defined
in the tilmd sdhaigas eompogeny Ajrgashpar bhedogblet ardi Eatdenn Table 4
were obtained. In the apparatus shown in Fig. 8 nolecular sieve 5A was
used as &Sisshagaschlong ¥igbnther RAGREPHLRY @S oD ERJR pthePHEALt In this
exanpl e, hel.ium H%) I S tgg A conponent haying lower affinity with the
adsor bent" &é\%‘t P2 Bz) Fgefﬁé&‘@ﬁ%ﬂﬁ nERE SRR dhet® affinity to
the adso%%ﬁﬂ%bted as fraction A by the vacuum pump 14A. Since the raw
gas is no longer supplied to the adsorption column 1 at the
step 2-1 and after that while only the desorption gas D is
supplied from the inlet of the adsorption column 1, the gas
component adsorbed within the adsorption column 1 and the
desorption gas D is discharged from the outlet until the step
4-4. Then, the gas component C also reaches the outlet, and
therefore the gas mixture containing the gas components A and C
and the desorption gas D is discharged during the steps 2-2-~3-
2. The gas mixture thus discharged is supplied to the
adsorption column to which the raw material is being supplied.
When the gas component A is completely discharged, the gas
component C and the desorption gas D is discharged during the
steps 3-3~1-~3.
In this manner, the gas component A having low affinity
with the adsorbent is first discharged, the gas mixture
containing both gas components A and C is then discharged, and
.the gas component C having high affinity is discharged
thereafter.
In this example, extraction of gas from the adsorption

column to which the raw gas is being supplied is always

performed by the vacuum pump 14C or 14A. Therefore, by

11



Each of the three adsorption colums had an inner dianeter of 20nmm and a
packed bed |l ength of 3000nm and the adsorption crolums~were packed with a
total of~2826nml of adsorbent, in which separation process was repeatedly
performed. As a result, the method of the present invention achi 02
separation of deuteriumand heliumin an extrenely easier 18 26 June 02
manner and w th hi gher performance conpared to the conventional nethod.
j Tabl e 3)cémabdkl g G oicuuen painpRAACGas (Y8l aoeas) E2Hed 9940 hepositi on
(Volunme % D=~ HeHel i um Extraction' 0.0100. ODeuterium Extractionl 00.00.0
(NOTE] Theatia drgtivesn e irawhgescandathedgns mhstesapesed $er (vol unme %
According to the present invention, since desired separation of gases can
be conti rekRHIAtLRRE dedddition %q) aPeEOREARELBeyATYPRIRGE pBRL | on
apparatus_ whi ch has high efficiency for adsor? nt utilization, a spall-sizo
separ at i o‘??‘%‘iﬂfa‘?’aﬁ%faé%n for &g‘é& ?i/}mf’hééct RE ﬁ%t aFRe YRR WR RuURRy 1480
appar at us_can be r.educed eve R the_appapatus_iS_.us for |large, guantity
;p~chssi%%¥ r}:l%ee]ﬂf'g'&?%te 'nvgﬁt\l\ggﬂrsp‘é‘fﬁﬁs_lgxf’?e%?fleﬂ? es%opaﬁﬁ Jo‘ﬂe ghd
thus can pe,piselld YaieRTAnG! 6a3602E8E Q8546E IRy the flow rate of the
raw gas and/or the circulation gas.
As described above, along with the operation for each of
the four adsorption columns, a moving operation is also
performed for sequentially moving the supply ports for the raw
gas and the desorption gas as well as the extraction ports for
the A and C components and the gas mixture to the following
adsorption columns one by one in accordance with the movement
of the accumulating zones for the A and C components.
The desorption gas may be supplied as required, such as
when dilusion is necessary, and need not be supplied when not
required. Further, the return of the gas mixture extracted
from each of the adsorption columns may be performed while the
supply of the raw gas is being interrupted.
In this example, particularly, the full amount discharged
from one adsorption column is extracted as the gas component A
or C, or is circulated as a gas mixture. It is thus possible
to perform efficient operation by a simplified system.
Fig. 7 depicts, for the purpose of comparison with the

present invention, one example structure of a simulated moving

bed type separation apparatus for implementing the invention

12



i ncreasi ng-a-pressure during the adsorption process. Accordingly, even when
treating an extrenely hazardous gas(esj, 19 26 June 02 the present

i nvention can provide a separation nmethod with high safety because
separation can be performed while maintaining the pressure withi2 Juhe02
system under the atnosphere. The present invention is further advantageous
in that the anount of desorption gas can be reduced due to the feature of

t he si mul ai 861 6®&d Nin bgeke t R Ritént Thlig-opens Pablficadibhy ndechaase
the degree of dilution for the conponent to be separated by the desorption
gas. Wi le-2se2p7eferred exanpl es of the present invention have been

descri bed using specific terns, such descriptionis for illustrative

pur poses only,Refelrring scd Figp Uhdahst addotrpatiochendesinand~¢apaakedns nay
be made wi thout departing fromthe spirit or scope of the appended cl ai ns.
20 26 Juith obhe samss.adsorkendt ioe consepiedt wahr gnegasothes wial urality
of fractions using at, | east three adsorption colums packed w th_ an

absor bentTeERAHF €8 RiRafe Sstldphayings EgseRELAVPYCULBEEyVALVEEWS yhssO as
cont ai ning a gas, conponent A having |ow affinity with said adsorbent and a
gas corrpoﬁ%rﬂg@h% Oy Mgy gk Fi“l’ff’%)’; \?Aft% Béad aﬁé\%rgﬁﬁ? FBgs‘ét?dt%%isor ption
colums in,turn whil e .supplying desarpti g o] iLning a onponent D
which is %‘H?I@%e]h ol ro&%"@gi‘!ddd'ggofgapg%egpg igséﬁdgtfg 5 éacﬁo'g?af?cﬁev aa
adsor pti qu. I[wn]% di e rptign I 0, i id raw gas is
bei ng sugd;}fﬁ%; ; ex ‘}rla?t iléné:?&\ﬁggnvggggi gcf:gd}:ﬁg gﬁg%%rlee({:@ecgpgg@é conponent A

i's di schayRe-gt iR b1l 8t d95pBBK¥dCAE She SAiFs8USEAHE | ONri®| disss all the
gas di scharged from said adsorp& on colum out of the system extracting,

when gas vdlateslisi@ providedhad @he eofhedeiihg pipeslibebwe@ethdyauamn out | et
of any one of said adsorption columms, all the gas di scharged from said
adsor pt i adssptphienogolafnshareysophrohhed tasben cpened conteladery Hyha gas
conponents A and Cis discharged froman outlet of any one of said

adsor pt i PRGN, (F‘é@dﬁh@"&gi t he gas di scharged from sai d adsorption

col um back ! e 1he?01058" 13788 D1 ' Qo 6 {0 %A SE% ' AR W ee
adsorption columns 1~4, respectively, a supply pipe 13f for a
raw gas containing a gas component A having low affinity with
the adsorbent and a gas component C having high affinity with
the adsorbent is connected via corresponding supply valves
1f-4f and a supply pipe 13D for a desorption gas is connected
via corresponding supply valves 1D~4D. To the pipes 9~12
coupled to the outlet side of the adsorption columns 1~4, an A
component extraction pipe 13A is connected via corresponding
extraction valves la~4a for A fraction, a C component
extraction pipe 13C is connected via corresponding extraction
valves lc~4c for C fraction, and a circulation pipe 13B for a

gas mixture containing the A component and the C component is

connected via corresponding extraction valves lb~4b. The pipes

13



26 June 02 (a) when said raw gas is supplied to an inlet of one of said
adsorption colums, extracting a fraction including an enriched gas
conmponent A or a fraction including an enriched gas conponent C fromthe
outlet of said adsorption colum; (b) in parallel with the abov@0dueg02 a),
suppl ying said desorption gas to an inlet of at |east one of other
adsorption colums, extracting gas m xture containing said gas conponents A
and C fr ongx-+esouidetpreiviided widnovacuan paipsmnl 48~140 | hegspedtiiadlgs sai d
gas m xture into the adsorption colum to which the raw gas is being

suppl i ed; fandgs)extiraerimn.el with the above steps (a) and (b), supplying
said desorption gas to an inlet of still another adsorption colum, and
extracting a fAsacis @ldarc|fxdingoaparispoheitathe ApparatusA off Fidh.r d6tion
including an enriched gas conponent C fromthe outlet, of this adsorption
col uim. Zhen apnaredusc sdowngnt §iglailnhas ahgFedthly Helmplsihied on col utms to

whi ch said process steps (a), (b), and %%) are taken are shifted one by one
in accorcﬁﬁﬁﬂ?ﬁﬂqﬂ1Wﬂ%?inﬁﬁéﬁéﬁFtSF sheuhapdt fon s &iRas (hd 29&8 conponent s

A and C. 22 6 J 02 3. A hod di | ai , ' id

Gecor 1SRG BTl AGBOEPY BOpRPE BT o VAL D W Bty AL ol ums.

4. A ”EtQQQSgﬁﬁﬂﬁﬁkﬂgwﬁghckﬁgngépe erein the pressure wthin each of said
alrned-a

adsorpti on col'ums 1s i nt ‘the atnospheric pressure or |ess during

operation. 5. g gﬁtr*&g@uassz?rdhags%_etéﬂnaaﬂsélomrﬂ apencael paRept gas from

the outlet of each of said adsorption colums is perfornmed using a vacuum

punp. 6. 1A ikeidpes 2ae2hiehBlohoNEl alal 19-3WeIE] bad iCalay doupleki Ae for
feeding the gas fromthe outlet of each of said adsorption columms back to
a raw gaplured ity odt afisorpdednwedhumanpuepdlessly met ehdtaticogals nbst o cl aim
2, further conprising a step of not perform ng extraction of either the gas
conponentextracted by diverging a part of the discharged gas. In such a
system, the cutoff valves are required for extracting a full
amount of He gas.
Thus, the system disclosed in the above-mentioned
publication, which may psychically similar to the apparatus of
the present invention, differs from the apparatus of the
present invention in the operation and control methods.
Fig. 1 depicts one example structure of a separation
apparatus provided for implementing the present invention and
therefore it is possible to change the number of the adsorption
columns and the supply and extraction valves accordingly, as
shown in Fig. 8, depending on purity or recovery ratio for
intended separation.
The operation of the apparatus of the present invention

shown in Fig. 8 will be described when performing the steps 1-

1~1-3 of the time schedule shown in Fig. 9, for example.
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8. A gas separation apparatus conprising at |east three adsorption col umms
packed with an adsorbent for obtaining, for separating fromraw gas

contai ning a gas conponent A and a gas conponent C, gas including an

enri ched gas conmponent A and gas including an enriched gas conp e
conprising: 23 26 June 02 a raw gas supply line for supplying raw gas to
each of said adsorption colums, said raw gas |ine being connected to raw
gas inl et (gakpes~peogodedcandeprrespondi ng inlets of the respective
adsorption colums for controlling supply of the raw gas to each of the
adsor pti on col aenshowndésoF pgi o0 gaslkphithe iveecdus pumps \liddg ddBer ptCon
gas to each of said adsorption colums, said desorption gas |ine being
connect edare dasepprabihonas The eralng s i epanad &o ddatedpendrWggnal et s
of the respective, adsorption colums for controlling supply of the

desor pt i oA8g&4PPYiedcho ofhe AR RN GPlWiuds The Vvadyes d6npst spened
conponent, connected to A conponent extraction | ves %rovi e

d at,
corresponfiPnf8hbt FREsI2F ¢ 0%, & d&s&’%we\éﬁlﬁfﬁ% heyp ﬁpggﬁé?ﬁi ng gas
i ncl udi i ch . A tr.acted f i
wsor pt | CFOLBRnhe oheEERes el SAI® %, A3 HoRD Beo ERAcC SRS ontn,

ted t { | i di
out et s ofofREnEREPROED eERtd AR Fhokf of® Ao A eol BRSO El Ui g an

enriched gastROFPONREl v FXIIRGLGdnda @aCcknaft Thed gadsAiRELPE cOl umMms out
of the system and a circulation line, connected to circulation valves

provi ded aisERar§SdOnchm oiveitddicrpfionheolampeat iee fedsbapki oo €lod urms, for
suppl ying the gas di scharged fromeach of said adsorption colums to said
raw gas |adsorphbbomicodmn 6 June 02 when the gas including enriched gas
conponent A is discharged fromthe outlet of each of said adsorption

col ums, €$tepflthe YhsseRapdsdr ged from t he adsorption colum is extracted

f th t [ t he v, f A - wh

el udi ng' ent (ARERGHS Lorghort-CHE qreehE; BERDR, AP ABIOMS @751 each of
sai d adfsotgg{éé’ o Cg%é\%@@ He Q)fa]T%e 19.‘a§.sdb§%n§ﬁg§fhf tha }:5\? ?Q%O{spt -.on
colum is eéxttacted Trom the system using the vacuum punp fo conmponent ;

and when &, gap; & XdINeh & YUArPriont R819a% E0MRABCRLIVE 88014 diserlics Gar ged
fromthe outlet of each of said adsorption colums, al of the gas

di schar geghdt othé hpasfidsongdnemt ¢oligmexitgateddbfebmt ehéhadsawptgison | i ne vi a
the circulation line. 9. An apparatus according to claim8, wherein said
desor pt i czomen i k. cahiingridis wadsnepBacdst oleae, oextuadt few @Hitthen gad ums.
10. An apparatus according to claim@8 wherein the pressure wthin each of
sai d adsPRRALRG Ak interruptedneFhe vahEes: ABspREr IR FLLRANED BT ess

during Opt?};a?é '¢he gas mixture discharged from the adsorption columns 2

and 3 is fed back to the adsorption column 1.
(Step 1-3: 120 seconds)

As shown in Fig. 12, the vacuum pumps 14B and 14C are
being operated. The valve 1f is opened and the raw gas is
supplied to the adsorption column 1. The valves lc¢ and 2c are
opened so that the gas component C is extracted from the

adsorption columns 1 and 2. Since the valve 3b is opened, the

15



11. An apparatus according to claim8, the circulation line for feeding the
gas di scharged fromthe outl et of~each of 25 26 June 02 said adsorption

colums back to the raw gas line is not provided with a punp. 26 . A
n.A L. A L.A9. A9 . A9. A9L. Al 9. A. % A" % A% A& AL. A9. AL. A9. Ah% Af U_. 26 Mg R

A& A AU A 9. A9A(\ Xx1QJKRS +f Vs~ysni d] W c"a
Ul c”a] ca] ca] ca] cha] cRa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] cal] caldapaneideddrenddalcthargedR faons the adsorption column 3 is fed back
%&* 46>7p| unga] UO~yU] cal] cal] cal] ca U c”a U] cra

to the adsorption column 1.

At the step 1-3, almost no gas component C remains within
the adsorption column 1, and the gas component A separated from
the raw gas is discharged from the adsorption column 1 during
the subsequent step 2 - 1. Accordingly, when the process
proceeds to the step 2-1, the supply port and extraction port
are shifted by one, such that operation switching in accordance
with the status of the adsorption zones can be achieved.

In this example, extraction of gas from the adsorpﬁion
column to which the raw gas is being supplied is always
performed by the vacuum pump 14C. Therefore, by controlling
the vacuum pump 14C so as to adjust the ratio between the raw
gas and the gas mixture used for circulation in addition to
appropriately adjusting the extraction rate for that pump, the
vacuum pump 14B may be eliminated. In this case, it is
preferable to provide a flowh}ate adjusting valve for adjusting
the flow rate of the raw gas and/or the circulation gas.

In this manner, along with the operations for each of the
three adsorption columns, a moving operation is also perﬁormed
for sequentially moving the supply port for the raw gas and the
extraction port for the A and C components and the gas mixture
to the following adsorption columns one by one in accordance

with the movement of the accumulation zones of the A and C

components.
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U cra Ucna Uc”a]lchalcha

U c”al] caU] calU] cal] ca] c”a] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] c”a] ca] c*aLM ] knb

#HH

?| wgl gb] XSc] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] cal] ca] ca] c2f Bupdd] ca] ¢

aU] ca] c*a] cal] caU] caU] cal] cal] cal] cal] caU] ca ?Z0-8v3PHgn~ X q z

{vql gb] Xca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]calc

a] ca] ca] ¢BLrst] Brampte)ca] calcalcalcal !!!1!1""#7$8$9SLSQBRSSUG &&{" ' ' "
*mx2xwe* | wr mhc] Xl gb] Xca] caU] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] c*a] ca]ca] ca

| o] La] ca] ca] ApREY Lol CAUFES] T4 AR% dRCHGRtert Aa] Sabig 1 vas o oo

FRkkxR I omsS,,)-0g-l-wx---..}.~../001Y12222%3p44{ vql fa);W:a] ca] ca] ca] c”a] ca]

ca] caU] cBFEg?E‘B?‘Ea‘}%hT%aTE%] IP LAY Shewmy 48 @/‘%]'c&] EBreypRa) caj cal cal caj ©

1 44| 66888<] > >@ABDHDSD . , . . .
& 55 R PREEHEEPRTSS o ih SR ARG A Ehea i AFPREARYS) ©F) EAG) 2 cal ca
CESSTT TR Shh e s oy B TACR it ROPRh o AT 5 e OBSFEAPEA cal cal cal ca
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separation of hydrogen and helium in an extremely easier manner

and with higher performance compared to the conventional

method.
{Table 1]
Composition of Raw Gas (Volume %)
H, He
50 50
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10 10F7109%& ()-,"10%& ()-& 10%&' ()-S3"10%& ()-G ?pdEnbC

10( Yy10% & () - &#10% & () - &s#10% & () -

t10% & ()- L10% & ()-"1"10% & ()-p[]1~_"dYNC 10( 10\ 10\

10\ 710% & ()-)"109%&' ()-3 '10% & ()-&F 10% & ()-9"10% & () - * nbaBmne 02

10( 910%0&' () -ss"10%0&' () - @

T10%0&' () - 10%08 () - 3" 10%0& () - ! f nA0%rOn0O&’ () - 36HIEYNC

10(9@" 1mm¢é)2] 10%08' () - L+g10%0& ()-L) 10908 ()-& 10908 ()-L"10%0& ()-tHb

C 10(° 109 ()-STI0OY& () -SI09& ()- 70 TOV&! ()- I00 I0O0 TOOS7SIPY%OR () -
7ZCdEbC 10( 9! 109&' () - &9109%&' () - LFALO%:' Cpmpbtd¥aon) {VolieRs() -{T9910%& () -
H> He
Helium Extraction 0.0 100.0
Hydrogen Extraction 100.0 0.0

(NOTE) The desorption gas is not contained in the composition

(volume %)

(Second Example)

Separation of the raw gas indicated in Table 3 was
performed using the apparatus shown in Fig. 8 through
repetition of the steps defined in the time schedule of Fig. 9,
and- separated gases indicated in Table 4 were obtained.

In the apparatus shown in Fig. 8, molecular sieve 5A was
used as an adsorbent and argon (Ar) was used as a desorption
gas. ; _

In this example, helium (He) is the A component having
lower affinity with the adsorbent and deuterium (D;) is the C
component having higher affinity to the adsorbent.

Each of the three adsorption columns had an inner diameter
of 20mm and a packed bed length of 3000mm, and the adsorption

"aélumns'were packed with a total of 2826ml of adsorbent, in
which separaﬁion process was repeatedly performed.

As a result, the method of the present invention achieved

separation of deuterium and helium in an extremely easier
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107 10% o S@AQH 5 @0 )L (s daDI& 0 il OISR )

'4m@(hécgww&()s'(qovwea—

[Table 3]
Composition of Raw Gas (Volume %)
D: He
90 10
(Table 4]
Composition (Volume %) ‘
D, 'He '
Helium Extraction © 0.0 100.0
Deuterium Extraction 100.0 0.0

(NOTE) The desorption gas is not contained in the composition

(Volume %)

Accordiné to the present invention, since desired
separation of gases can be continuously executed by a simulated
moQing bed type separation apparatus which has high efficiency
for adsorbent utilization, a small-size separation apparatus
can be used so that the installation cost for the apparatus can
be reduced even when the apparatus is used for large quantity
;processing. The present invention permits extremely high
separation and thus can be used for complete separation without

inoreasing a-pressure during the adsorption process.

Accordingly, even when treating an extremely hazardous gas(es),
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1096& ()-"' 1096& ()-  9B109%& ()- 10G ./0012dE:/ 10G.' F'109%%& () -
1096& ()- & 109& ()-s&' 109B& ()-s109B& ()-Lm 109& () - 2222222$3p4~_ @
10G' 10%&L1& - pres@vig’ ¥nventigm e provisiel @5 5ePEratdomemerhod” wba () -

p444| 668888dE:/ 10 10S710%& ()- '!10%& ()-9&GLO%& ()-s"10%& () -
Lz109& (Rhighosgfgyy v 'hepausq separation can be performed while

10, 710%& (é PYFE"10%&' ()-) F"10%& 19" 10%& "9"109%& Q "F% 10%& () -
100>P> g the p essure within the sy tem under th

[ 0, " 0, " 0, ! " 0 ! - 0, ! -
100" 10&@ﬁégpheré¥)/ reég%@nf%v tl%%Aag %Lr%ﬁ%%oé%éag%agégés in

that the amount of desorption gas can be reduced due to the
feature of the simulated moving bed type apparatus. This can
significantly decrease the degree of dilution for the component
to be separated by the desorption gas.

While the preferred examples of the present invention have
been described using specific terms, such description is for
illustrative purposes only, and it is to be understood that
changes and variations may be made without departing from the

spirit or scope of the appended claims.

20



105 105ABCBDEDFDGDHDSD} r g\ = 101 % 109%& ()- 10" 10"

10"7109% & ()-'&' mM'10% " & ()-m &' m'10% " & () - m&"' m' 10% & () - mSDDF
G J$J%I&I' J}ASH= 10 10 10
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e 07
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"109% ()- 109& ()- 109& ()- QQSSSTTTTdE:/
Claims:

1. A method of separating raw gas into a plurality

of

fractions using at least three adsorption columns packed with an

absorbent, comprising the steps of:

sequentially supplying raw gas containing a gas component A

having low affinity with said adsorbent and a gas component C having
high affinity with said adsorbent to said adsorption columns in turn
while supplying desorption gas containing a gas component D which is
different from said gas components A and C to each of the adsorption
columns including the adsorption column to which said raw gas is
being supplied;

extracting, when gas including an enriched gas component A
is discharged from an outlet of any one of said adsorption columns,
all the gas discharged from said adsorption column out of the system;

extracting, when gas including an enriched gas component C
is discharged from an outlet of any one of said adsorption columns,
all the gas discharged from said adsorption column out of the system;

when gas mixture containing the gas components A and C is
discharged from an outlet of any one of said adsorption columns,
feeding all the gas discharged from said adsorpticn column back to
the adsorption column to which the raw gas is being supplied; and
wherein,
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10% & ()-L"10% & ()-L3#10% & ()- % 10% & ()- 10! WKBYoZ{ Z~ZZZZdYNC 10 10t
10t 10t 710% & ()-310% & ()-)#10% & ()--' 10% & ()-#10% & ()-m

ZZZZ[ E[}[ dEYNC 10 &y:10% & ()-9"10% & ()-9 @O0% & ()-10% & () - 186dune02 ¢
10% & ()-}[[[.\I\\\dEYNC 10

ML0% & ()-10% & ()-& ' 10% & ()-:10% & ()-&&"10% & ()-Y10% & ()-\1U1]1";
AJEYNC 10 L$10% & ()-""10% & ()- ml0% & ()-s10% & ()- 10% & ()- 110% & ()-;
ACM AP QM AW PQRC 1 (10% & ()-L (10% & ()- (10% & () -

(a) when said raw gas is supplied to an inlet of one of said
adsorption columns, extracting a fraction including an enriched gas
component A or a fraction including an enriched gas component C from
the outlet of said adsorption column;

(b) in parallel with the above step (a), supplying said
desorption gas to an inlet of at least one of other adsorption
columns, extracting gas mixture containing said gas components A and
C from the outlet of this adsorption column to further introduce said
gas mixture into the adsorption column to which the raw gas is being
supplied; and

{(c) in parallel with the above steps (a) and (b), supplying
said desorption gas to an inlet of still another adsorption column,
and extracting a fraction including an enriched gas component A or a

fraction including an enriched gas component C from the outlet of

this adsorption column.

2. A method according to claim 1, wherein
the adsorption columns to which said process steps (a), (b),
and (c) are taken are shifted one by one in accordance with the

movement of accumulation zones of the gas components A and C.
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10% #° & () - EcFcGcJcMcNcRcUct X84f 1 >10% # & ()- >10% # & ()-& 0

columns.

4, A method according to claim 1, wherein the pressure
within each of said adsorption columns is maintained at the
atmospheric pressure or less during operation.

5. A method according to claim 1, wherein extraction of gas
from the outlet of each of said adsorption columns is performed using
a vacuum pump.

6. A method according to claim 1, wherein a circulation line
for feeding the gas from the outlet of each of said adsorption

columns back to a raw gas line is not provided with a pump.

7. A method according to claim 2, further comprising a

step of not performing extraction of either the gas component A or C.

8. A gas separation apparatus comprising at least three
adsorption columns packed with an adsorbent for obtaining, for
separating from raw gas containing a gas component A and a gas
component C, gas including an enriched gas component A and gas

including an enriched gas component C, comprising:
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gas to each of the adsorption columns;

a desorption gas supply line for supplying desorption gas
to each of said adsorption columns, said desorption gas line
being connected to desorption gas inlet valves provided at
corresponding inlets of the respective adsorption columns for
controlling supply of the desorption gas to each of the
adsorption columns;

a vacuum pump fof A component, connected to A component
extraction &alves provided at corresponding outlets of
respective adsorption columns, for discharging gas including an
enriched gas component A extracted from each of said adsorption
columns out of the system;

a vacuum pump for C component, connected to C component
extraction valves provided at corresponding outlets of
respective adsorption columns, for discharging gas including an
enriched gas component C extracted from each of said adsorption
columns out of the system; and

a circulation line, connected to circulation valves
érovided at corresponding outlets of the respective adsorption
columns, for supplying the gas discharged from each of said

adsorption columns to said raw gas line,

wherein
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discharged from the outlet of each of said adsorption columns,
all of the gas discharged from the adsorption column is
extracted from the system using the vacuum pump for C
component; and
when a gas mixture containing the gas components A and C
is discharged from the outlet of each of said adsorption

columns, al of the gas discharged from the adsorption column is

fed back to the raw gas line via the circulation line.

9. An apparatus accor&ing to claim 8, wherein said
desorption gas is continuously supplied to each of said adsorption

columns.
10. An apparatus according to claim 8, wherein the pressure
within each of said adsorption columns is maintained at the

atmospheric pressure or less during operation.

11. An apparatus according to claim 8, the circulation line

for feeding the gas discharged from the outlet of .each of
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said adsorption columns back to the raw gas line is not

provided with a pump.
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