T PSA~PROCESS W TH DYNAM C PURGE CONTROL Fl ELD OF THE INVENEICN*ThisE
invention relates to a nultiple bed pressure swing adsorptidn (P jocess
whi ch_includes a purge period as part of its cycle, and nmore part &rlygS
to & nmet hod of controlling the cycle carried out in each bedkgf a nultlp
bed PSA systemto m nimze variation of the nonadsorbed gas conposition °
produced by the process. BACKGROUND OF THE | NVENTI ON PSA processes have
been enpl oyed for nany years to separate the 10 conponents of a gas

m xture. PSA processes are carried out inl an elongate vessel which has a
feed gas inlet end and a nonadsorbed gas outlet end and which is packed

w th an adsorbent which preferentially adsorbs one or nore of the
conponents of the gas mXtg§§m&€s§%rmﬂ¢nﬁmc'mm&§@¢rmcurrent|y (from
feed gas inlet to nonadsor gas outlet) through the vessel, thereby
renoving the 15 preferentially adsorbed conponent fromthe gas stream
A product gas enriched in the conponent or conponents that are not
preferentially adsorbed passes thr .& éymvg bed and exits the bed
t hrough t he nonadsorbed gas outl et* aoasuor ved cohponent initially
accunul ates at the inlet end of the bed, and as the adsorption step
proceeds, the adsorb Qr noves
Covard the nonadsor bglgns i Wﬂ{&ﬁ%l tgr% rﬂulg Q%EWSQ!H%%QIIH s%drsg;ﬁg”gﬁée‘or oot
reaches a cert ai arqsessnwhich mewebemum@eaa%e# pArt efitssqvsls: prd merepastiewailyand

the adsorbegt i s 8aRNRIdHF2EntRAirdARE EfiId arkidioud fH5dch Bed 6T TMOKIBRIbed PSA

system to minimize variation of the nonadsorbed gas composition produced by the

process.

BACKGROUND OF THE INVENTION

PSA processes have been employed for many years to separate the

10 components of a gas mixture. PSA processes are carried out in an elongate vessel
which has a feed gas inlet end and a nonadsorbed gas outlet end and which is

packed with an adsorbent which preferentially adsorbs: one or more of the
components of the gas mixture. The gas mixture is passed cocurrently (from feed

gas inlet to nonadsorbed gas outlet) through the vessel, thereby removing the

15 preferentially adsorbed component from the gas stream. A product gas enriched
in the component or components that are not preferentially adsorbed passes

through the adsorbent' bed and exits the bed through the nonadsorbed gas outlet.

The adsorbed component initially accumulates at the inlet end of the bed, and as

the adsorption step proceeds, the adsorbed component forms a front which

20 gradually moves toward the nonadsorbed outlet end of the bed. When the
adsorbed gas front reaches a certain point in the bed the adsorption step is'

terminated and the adsorbent is regenerated by desorbing the adsorbed component



2 fromthe bed. This is generally acconplished by countercurrently
depressurizing the bed, and/or by countercurrently purging the bed with
nonadsor bed conmponent gas. Wen the bed is regenerated to the desired
extent, the cycle is repeated. A typical PSA cycle includes a
pressurization step, in which the pressurg in 5 t he adsorption vessel
is raised to the gressure at .which iLY S de's'b%fgg tol_ﬁonduc | tdhe adsar pti on
"step of the proce¥¥m thgbedy thigii§gengaly Fp5ampIFaehPY oMU CYLROtKIGRIEFLHRY ng
separ at ed) i nto tine be€Endlor bptountdladreptly purgiog therbed wndth ronadsodied camgoreenbed
regeneration step. The cle qmay in Lple
pressuri zation an%asdX‘B\ﬁggps{%%?dz'gt'iy%ﬂers{eggg t t?etl%bgfreégﬁg& "f"%!?ﬁ%éﬁé%%ﬂal PSA
processes, the adsorption step is generally conducted at noderate to high

pressures, €.g. press rt?@cél PG cib HefifePs prRbsUkLationstep? ROWhicK thepRéssure in
absol ute(bara), and the

ped regeneration step is frequently carried out at
or bel ow at rbsphethe @dgaration yegsel ispaised tﬂf'??c‘lé%?ﬁ'? %M@’%@H&paﬁ"@%‘mﬂtﬁ%ﬁ% and
resglt inSt hﬁ pr ogdeiption s@p ocﬂ%i&bwﬁw introieing dstiysualythe gas tixeurg Being
product. Such 15 rocesses are, however..en b nt.ensi.ye, . sjnc
consi der abl e enerwawgﬁgg ipte &55, ¥8Ersl ¥ agﬁor{%tr'%s?t “é&%égﬁ ééé?é ?'gd tahged
adsorpti on step oegérmratiog stepss The.cytlowmay eivclude qUsa steps; esushsasiinuitipleow

adsorption pr essuﬁrgsstuﬂth%g%HErd@ﬁrL?s'ﬁrif%’tiﬁﬁ§%§. rati os have recently been
devel oped. These processes are generally operated with adsorption pressures

up to one to three bara and bed regeneration 20 pressures of about

r ossir 65 b Teans. of M1 e A . o oot e
bed i s regenerat & '@Rdeéﬂt?r%'ﬂjﬂ'ég’?‘;ﬁs‘g’rseg'§u?'8§§“ﬁ°e°’r'3ﬂfes'aﬂ%e %@8‘“&%&@ "ﬂfgh
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cycle to purge thléel%a adsor gas conp in order to enhance
process per for nanhe. production of consistently high purity nonadsorbed gas product. Such

15 processes are, however, energy intensive, since considerable energy must be
expended to compress the feed gas to the adsorption step operating pressure.

Low pressure PSA processes with low adsorption pressure to 'regeneration
pressure ratios have recently been developed. These processes are generally
6perated with adsorption pressures up to one to three bara and bed regeneration

20 pressures of about atmospheric pressure. The feed gas can be easily pressurized
to these pressures by means of low energy equipment, such as blowers, and since
the bed is regenerated at atmospheric pressure there is no need to use high energy
vacuum generating equipment. In such low pressure processes, it is common to
use a portion of the nonadsorbed gas product produced in each cycle to purge the

25 bed of adsorbed gas component in order to enhance process performance.

It is highly desirable that the variation of quality of product gas produced in

the various beds of a multiple bed adsorption system processes be very low.



It s *highly desirable that the variation of quality of product gas
produced in the various beds of a nultiple bed adsorption system processes
be very | ow 3 However, when nultiple bed adsorption systens are used
for*adsorption processes that are carried out at |ow adsorption pressure to
vent pressure ratio operating conditions, £.9. 3 bara/atnospheric pressure,
significant variations in product quality are experienced. This does not

present a probl em Hgveayst mbea myltipladied agsoragion systemagre p3pd fpgrdapratien ppcessem
g_r'e_ss!”ﬁ adS_OI Et ' %aﬂr@%@ﬁﬁ@?ut &1 B_Gﬁadsbﬁ;ti&ﬁbi’e@ﬁdr@& Oéntm’réxtiutb';raﬂgabd’:{hgngz -
i M ni shes wi i ncreasi ng adsorption pressures. U. .S Pate : :

di scl oses a vacuurﬁ°§§h"ﬂ'@s' %oﬂsof8?’5@??{“3?”8‘8%%BFEF%We'p?'%’H@@PEQ"’%%?&?a%ﬁ" Rreguct
nitrogen from an ajualitytarecexperighzed Thisgoésndt ipeesentsiraldemaviehn thdequipoadnt it
nitrogen is 3asorRRgdy i Milidie Phigh prébsith daEbudH RbGibed? SHES tevdftidot
produce oxygen as nonhadsorbed product.  Arter conpl etion of the adsorption
step of the proceswgoduct fAealibndiminighes st Ipﬂpwdﬁmt-%@rgswsﬂ nse oxygen -
fromthe void spaces in the beds. The rinse step is term nated when | ow
oxygen is detected in the Fpurge ggs _ef1fl ud(gzniﬂ.5 Ooeendi r;%lu ad'Ss. P,a}‘ent
Application Serial No.UOB/Petestfiggd 47211dd dissinges um swingzadspepdign PEACERS oses
a plrocess Iﬁr prewemrbmér@megﬁatna nitfogen ﬁﬁmpaﬁ'getrms Aatromir@%ﬂmmmmyd
anal yzi ng the pur waste gas streamfr . QG I an
termnating the p?ﬂ?S’@s e?‘sﬁt'ﬁﬁ'@ﬁe? ﬁea%é%'%%ée)ﬁﬁ'a? ivg"ﬁlcq‘olg gﬁ’&r"gémg*aéég? ) east e
stream reachi® a [prediet exyged as oénadeorbéd productaditer cgmpletion etthe adsprption step

oy overent s that o SRS Sl s PisAARDUGF AR o Ar3B oY R TRTFfhe yoid
systens are spaces in the beds. The rinse step is terminated when low oxygen is detected in

the purge gas effluent.

Copending U. S. Patent Application Serial No. 08/189,008, filed January

15 28, 1994, discloses a process for preventing excessive loss of purge gas in a PSA
process by analyzing the purged waste gas stream from the process for purge gas,

and terminating the purge step when the concentration of purge gas in the waste

stream reaches a preselected volume of the waste gas stream.

20 Because of the attractiveness of low pressure adsorption processes,
improvements that reduce product quality variation in multiple vessel systems are
constantly sought. This invention presents an efficient and cost effective method

of accomplishing this goal.

S_LLMMABX_QE_IHE_MLENILQN
25 The invention comprises a cyclic PSA process for recovering a first gas

component from a gas mixture containing the first gas component and a second



constantly sought. This invention presents an efficient and cost effective
nmet hod of acconplishing this goal. SUVWWARY OF THE | NVENTI ON 25

The invention conprises a cyclic PSA process for recovering a first gas
conponent froma gas m xture containing the first gas conponent and a
second 4 gas conponent in a PSA system conprised of two or nore beds of
adsorbent which nore strongly adsorbs the %second gas conponent than the

first gas CO”pone%Hs-cpoSnQﬂdﬁ alisA Bt TomplisddCofatweabiansre i bad$ 8f adsoflenfind
. operated out of phase such that at | east oneq‘ged s in adsorp |ofr3 service
while at |east on¥high fqre ftrongly pegorbs %@i"ﬁff 85, 5Pmpangnt Magathe; it 83%) ¢ of

the process of thenponeit! iTha beds i the egsterh arecarsdngedhin gavdilelcand ngerated it of a)

flow ng the gas m,xture,into 0r.€. . ' ed bed
regeneration, t he‘?héﬁﬁ/s"ﬁrhégastuart ?le'lgtng'{et %’g’ 'g'e"tc;%gzrp %'gﬁgerts@f'( gvgilg%tlg%g grr? 4p?t}-hg"n
pressure, ushial | ybedrs heing regangeated. Awpastial cuelerobiha pracessnfshedoveptioncomnsiges 20
bara, and 10 A&t HeBIAviRYBRPsor bed product enriched in the first gas
conponent. At the same tine, one or nore of the other beds of the system
undergo regeneration by causing a gas enriched in the second gas conponent

to be desorbed fr@m t#igeging BRdas Aixtareifodat 6EmuRHed PtHatKdVe Rist ¥dmpidted Bed OVEr
than the adsorption pressure. rltla?&enerat I on

period the beds H@9%‘3’*‘8@eﬁ8§°§‘%g€s§$’i§%}f§kg ga‘ﬁﬁ%%aa%ﬁ‘%% g‘!ﬁt‘)@%ﬁa 8P bed
product. Step (a)ususly inpthat mtgevicf haboht atrodspberid ptdssurbetdsabiont 20 stwargt angin

beds of tneSyst dchedEheuRaniP HRAGE AN PRPR P IRIZIEEmHphG b tne 1®

same time, one or more of the other beds of the system undergo regeneration by

causing a gas enriched in the second gas component to be desorbed from these

beds at a selected vent pressure, which is lower than the adsorption pressure.

During at least part of the bed regeneration period the beds being regenerated are

15 purged with the nonadsorbed product. Step (a) is repeated with the roles of the

beds in adsorption service and the beds undergoing regeneration being changed

until all the beds of the system have undergone the partial cycle of steps (a) to (c),

thus completing a full cycle. The full cycle described above is repeatedly carried

out so that the process is a substantially continuous cycle.

20 (b)  periodically determining the absolute difference between the concentration
of first gas component in the waste gas stream from the bed(s} being regenerated
at the time of occurrence of a specific event during bed regeneration of one or
more beds and the concentration of first gas component in the gas stream exiting
these beds at the time of occurrence of the specific event during an earlier

25 regeneration of one or more other beds, and

{c} periodically adjusting the duration of the purge period of one or both of the
one or more beds and the one or more other beds in a manner that will reduce the

absolute difference between the concentration of first gas component in the beds.



t'hus conpleting a full cycle. The full cycle described above is repeatedly
carried out so that the process is a substantially continuous cycle. 20
(b) periodically determ ning the absolute difference between the
coneentration of first gas conponent in the waste gas streamfromthe
bed(s) being regenerated at the tine of ogcurrence of a specific event
‘during bed regeneration of one or nore beds and the concentration of first
gas conmponent in the W®oeprefersad embodimant thafirat gompenent isiryaen and thg second

occurrence of the.GRAGEIEHRYGIM, afiiini dhaiP pReded @mbsdiment thé AL BEHAdHeAn Of
one or nore other beds, and (c)  periodi arl ad_usttj ng, the duration of the
purge period of ofgreffrabpRiifogen anfdhesego C‘HB‘% Mo i §ngyt°ﬁ§9°t5hé" P Most e

ot her beds in a npefrfAkd bMBsdimeht the gds erixtulecbeiriggndasteedds bif.er ence bet ween t he
concentration of first gas conponent in the beds. 5 1n one preferred
enbodi ment the first conponent is oxygen and the second conponent is
nitrogen, angl i n anot Tier specificeaveatdofcthie quiocass maythe the pseurtepempohamextreme

preferably nitrO%@ai@r{aﬁgﬁw%ﬁﬁw&%wﬁn@n\emﬁ bS5 RrhPERlhy tRXBeRE): bdify t Ne

nost preferred e nt the gas m xture being processed is air. 5

The specific evenregesteratertorshepassageriyp spacifi reriod of fing Atter ipffiatign of the Rurge
concentration of {fdibg! 1£QIEREIBREd emBodif@ngaRe ShdcHiRravent ik ithg oédifreeléfsan bei ng
regenerated or the passage of .a specific period of tine a.ft.te initLation of
e bur ge.per | od SHma SPTERPIE TR GaT R e S48 e PTG et b,
occurrence f§ an r@yéreeatd. cdncihatmadti prefepfedf émisadimamipthecspecific evest dgmshest r eam
exiting the beds baei g 1Qs 5 mfm{iﬁgﬁ{]ﬁ&ﬂgﬁpaﬁonl& fgrﬁeﬁco@ﬁermiﬁftﬁer §&stream

enbodi nent, the specifi ¢ even ) € occurrence o maxi mum concentrati on
of first componenexiting thédedish being ragenerated.

The determination of absolute difference between the concentration of

honadsorbed gas componeht in the vent stream may be made during each bed

15 regeneration step or during selected bed regeneration steps. Similarly,  the
adjustment of the duration of the purge period may be made in every bed
regeneration period or in selected bed regeneration periods. Furthermore, the
absolute difference determination may be made more frequently than the
adjustment of the purge period. The periods of regeneration in which adjustment

20 step (c) is put into effect can be separated by a fixed or variable number of periods
of regeneration in which no adjustment of purge period is made. In a preferred
embodiment, the purge period is adjusted only when the absolute difference

determined in step (b) exceeds a selected value.

The determination of absolute difference in nonadsorbed gas in the vent

25 stream is based on a comparison of measurements made when one bed is being
regenerated and at an earlier time when another bed is being regenerated. The
comparison may be based on measurements made during consecutive bed

regeneration periods or on measurements made during nonconsecutive bed



eéxi ti ng the bed(s) being regenerated. The determ nation of absolute

di f f'erence between the concentration of nonadsorbed gas conponent in the
vent stream may be made during each bed 15 regeneration step or during
selected bed regeneration steps. Simlarly, the adjustnent of the duration
of the purge period may be made in every bed regeneration period or in

sel ected bed regeneration periods. Furtherfrore, the absolute difference

determnati on may (QnRiéh fBiols. (iRl e Yuigl PBridd Wjudthhehs i Bé p@fintb BffedtUr g€
peri od. The periods of regener a_'[lon,tléJl, Wh!gﬁah a‘%{:}lﬁstm% 20 . Sstep (c) is
put into effect cihthecdeddpagnsrationpgriod immediately Tollowing i 'ﬁ%ﬁ?ﬁ@l"%ﬁ?eg iNods
of regeneration i Ryhidh siolute difjershcarietermination Bemady, ioddt issmawdbseqéntabed
preferred enbodi nent tﬁe gur ge period is adjusted only when the absol ute
di fference det er nf$R8RePHOLPIY b) exceeds a sel ected val ue. The

determ nation of absolute difference in nonadsorbed gas in the vent 25

streamis baged on a GaEmatbeihe 8f nEBa pEREI Sy HEAHEIDER, BRfor tidlystanel N0

regenerated and at an earlter tine ‘anot her el ng regener ated.
The conparison napr lilemaykedmsde e 2@ enBeres bedide I3 PRtprred pshodiment thed

regeneration peri qdgstHenf s MERSHY VG Déds, GRdifh cHies RMeRONGRNAST Wb bedd6d

regeneration periods. Simlarly, the purge perio dj ust nent may, be put
neo ef fect i bt hestieanaIl poniared igh Prearenro et ine i meed AR et o
regenerati on peri @sbsein whichhtha hitftdrerice idicbhaantatian ofenanadsonkedi gas in sShermerd, or

at sone subgequent, bed.regeneration period. 5 The adj ust nent of
t he purge ngi od ﬁgg,angg rgaggﬁto one bed of the system

The process may have as an additional step prior to step (a), the step of
partially depressurizing the bed(s) entering the regeneration period and partially
pressurizing the bed(s) entering the adsorption step by flowing gas from the former
beds to the latter beds (bed equalization). The process may also have as a

15 additional step prior to stép (a), the step of partially pressurizing the bed(s)
entering the adsorption step by flowing first component-enriched gas into the
bed(s) (product backfill), while at the same time, partially depressurizing the bed(s)
entering the regenerating period by venting gas from these beds. Further, the
process may have both of these steps, with the bed equalization step preceding

20 the product backfill step, and the product backfill step preceding step (a).

The process of the invention is preferably carried out in a pair of twin beds,

or in multiple pairs of twin beds.

When the gas being treated is air, the adsorbent is preferably a synthetic or

natural zeolite. Preferred adsorbents for the separation of air are synthetic zeolites

25 selected from type X and type A zeolites. The zeolite may have as exchangeable
cations, ions selected Group 1A, Group 2A, Group 3A, Group 3B, the lanthanide

series of the Periodic Table. Preferred zeolites are type X zeolites selected from



or i't may be nade to two or nore beds. In a preferred enbodi nent, the
adjustnent is nade to two beds, and in cases where nore than two beds are
sequentially operated, it is preferred to adjust the two nost divergent
beds, i.e. those in which the difference in concentration of nonadsorbed
gas in the vent 10 streamis greatest.; The process nmay have as an
additional step prior to step (a), the step of partially depressurizing the
bed(s) entering -tlmum@gefw@sa@ tvpR Wl"@dcﬂﬁﬂnﬁéﬂmaﬂ Sypb&e@glﬁﬂ lithigg- ante
bed(s) entering thRiAdSRERinged tyeSr z&ite drvdorbira@ons’ bptRekdle former beds to
the latter beds (bed equalization). The process may also have as a 1 5
additional step prior to step (a), the step of partially pressurizing the
bed(s) entering the adsthephosdipreferegal dmbddirenit of tHel ingdntiomnthe peresscinmiRSAed gas
Hapreseur 1oy o) ¢ (bR et ohoanilhlibAodiles Hilfs aﬁws,tsumc%@ﬁrskagu%

depressuri zing t rat g gas
fromthese Ifeds. Heds Dhedsorhem whiahcroare aﬁmg'M@d@fb@ttf?%'h thancaxygen. ¢pe beds t h

the bed equali Zatdeﬁa éFaﬁBe@fr?B@rdlléananeratedt&ﬁ cﬁrﬂﬂb@Eu@ﬁﬁﬁf oht b8l §Pin and
t he product backfi step precedi ng f the invention

ocess

is preferably carqu@Et'%ferY'ﬁe é{""ﬂ&i"f‘e B'Ihe{)wdrnsﬁ’élﬂ‘g 'e%"e'iaﬁaqmﬁﬁ fiees phihiss of
twin beds. Wien tihest @rsterks procds@mludd: i s air, the adsorbent is preferably a
synthetic or natural zeolite. Preferred adsorbents for the separation of
air are synthetic zeolites 25 selected fromtype X and type A zeolites.
The zeolite may Halve pessieg ainalwgagtvthe firstitiedras an adsesption| reessurd iGthauande ¢f,
Group 2A, - (pup %out%%gah%ﬁ plddgrb 8108120 bfi,%r, WA, tﬂaresgsroee&h&wgelab' e.
Preferred zeolites ar 3( tes selected

enriched gas as a nonadsorbed product, while regeneratlng the second bed by

desorbing nitrogen therefrom at a pressure lower than said adsorption pressure,

the second bed being purged with oxygen-enriched gas during at least part of the

regenerating period, and the concentration of oxygen in the stream exiting the

156 second bed being monitored during at least part of the regenerating period;.

{b)  repeating steps (a) to {c) with the roles of the first and second beds being

reversed.

(b) periodically determining the absolute difference between the maximum
concentration of oxygen in the gas stream exiting the second bed during a given
20 regenerating period with the maximum concentration of oxygen in the gas stream

exiting the first bed during a preceding regenerating period, and

{c) adjusting the duration of the purge in one or both beds during a subsequent
bed regeneration period-in a manner that will reduce the absolute difference
between the maximum concentration of oxygen in the gas stream exiting the

25 second bed during the current regenerating period and the maximum concentration



l'i t hium exchanged type X zeolite, cal ciumexchanged type X zeolite,
lithium and cal cium exchanged type X zeolite and conbi nati ons of these.
In the nost preferred enbodi nent of the invention, the process is a PSA
procéss for recovering oxygen-enriched gas fromair in a system conprised
of two 5 -beds of adsorbent which nore strongly adsorb nitrogen than
oxygen, the beds being arranged in parall e} and operated out of phase such
that one bed is iéf afRhPhi Ma §&F ¥irédn Wiiting thBefired Bed i aRe inexDRLckBeding
regenerated. The steps of this nost preferred process -include: (a) passing
air through the ffePeteryg p&fm‘i{n adsorption pressure in the range of 10
about at nospheric pressure to about 3 bar, absolute, thereby producing
oxygen- enriched gas as a nonadsorbed product, while regenerating the
second bed by desorbing nitrogen therefromat a | ower than said
adsorption pressure, the secorRbigeide Db Kiway gen- enri ched gas
during at |least part of the regenerating period, and the concentration of
oxygen in the streamegxiting the 15 second bed. bei ng nonitored during
at least part of the F%@M@’gﬁf‘ivﬂ‘bb?)@ﬂed‘tﬁe,af'(ﬂ?de'?té%%ﬁ'Pf?ée"‘é’ﬁé‘bg‘e(faﬂwi'eg(c)
with the rolges ofddsbéptionr of éxshpidy oasibidisientd etheeeof emecosjOnctioR) with the
periodically determ ning.the absol.ute.difference between the maxi num
concentration of ?f)?%g?f%i"}? 'ﬂ‘g'."ggfs'" %\’c am exiting the second bed during a
gi ven 20 regenerating period with the nmaxi mum concentrati on of oxygen
in the gas stream exi g, nNg;.t j ; i 1 g
period, and (c) adj ug' |g'gs t %Jr%?g??ggvg#Bt‘ﬂ%’%&%@??ﬂé gﬂggggg'gg'g’ '?iédggds
during a subsequdft resevering 398 feem & gap@ixtyrg by thepraekes of theraventipni andeduce

t he absolute difference between the maxi mum concentration of oxygen in the
s T A el L g 2o s Gaph phawing” 4 bBpadash 1" e Vareddh Sy Hha "¢

10 concentration of oxygen in the vent stream over one cycle of the PSA process of

ilia¥a Oy £2 iy bird

the invention and the variation of the concentration of oxygen in the vent stream

over one cycle of a conventional PSA process.

Only equipment, valves and lines necessary for an understanding of the

invention have been included in the drawing figures.

15 DETAILED DESCRIPTION OF THE INVENTION

The invention may be practiced using any pressure swing adsorption system
comprising two or more adsorbent-containing vessels arranged in parallel and
operated out of phase. For example, the system may consist of a single pair of
adsorption beds, muitiple pairs of beds that alternate through various phases of an

20 adsorption cycle, or three or more beds that are operated in sequence as a set.
The system is operated in repeating cycles, a cycle being completed when each

bed of the series passes once through each step of the adsorption cycle sequence.



8 of oxygen in the gas streamexiting the first bed in the next succeeding
regenerating period. BRI EF DESCRI PTI ON OF THE DRAW NGS The i nvention w |
be nmore clearly understood by reference to the follow ng 5 description
of exenpl ary enbodi ments thereof in conjunction with the acconpanying
drawings, in which: Fig. 1 is a diagrammtic view of one enbodi ment of a
PSA system suitable for recovering a gas frema gas mxture by the process

of the invention; afg ED&artial bycid |Qﬂ§9me§Wd@9crﬁerf§ gclgfn WiilEh one

variation of the 10 concentration of gen_in the vent Stream over one
cycle of the PSA prajéggtionped has seanaaned B‘I'P“& G"Pﬁﬂ"e\ﬁéqﬂsé’tf ﬂ??rP'@*‘f%? hWhen the

concentration of oxygses isn:atriae dae A twh ammmegafedgrwpw& 'c?cl@fs FhafiQY¥R Nirigonal
PSA process. Only equip val ves .and ] i nes necessar

inder st andt ng of ¢ HEMPHATEER egh Sie.(Rac BLesrer AL PLGFoRR & MESRI UG FiP eneghics
15 5 cyclBE ThkleE®obiEBécRiegdnetitiobiperiodEinl \Mrtisl IcgBle.The | nvent i on
may be practiced using any pressure sw ng-adsorption system conprising two

or nore adsorbent-containing vessels arranged in parallel and operated out
of phase. For exanple, Theestepst efimtitadeerntionsicyele wmckieigbe paninimyfn, a bed

adsorption beds, mﬂrés'smz@tlmétéﬁ a‘?afadbcﬁgﬁorlté?aﬁro&]ch@ﬁ&@ﬁ@ncf“éaq n¥rafibrPdtsp.
phases of an 20 tion % hree, or nore that are

operated in s equenczrtg‘e &?s ’5@?” mé’{/ Q? %?H ‘?‘émﬁHb?’?ft%&“"i’?}“?%ﬁ?eﬁf'f“i’fgg BRRYes,
a cycl e bei ng conplnsiredf a/\lsw*eqealizbtidnﬁdemfin tvhieh BEGUNSAt PHARLGH 28 SO 4 Bed ikt

each step. of 1t0he a(,i’sag jr E&qp!g%ﬁ ltes asaequte n step is countercurrently introduced into a bed
that has just completed its bed regeneration step; as a second stage, a product

backfill step, in which nonadsorbed product gas is countercurrently introduced into

the bed being pressurized and a feed pressurization step, in which the gas mixture

being processed is cocurrently introduced into the bed. Preferred cycles include,

15 as a first pressurization stage, a bed equalization step, and as a final pressurization
stage, a feed pressurization step. A product backfill pressurization step may be
substituted for either the equalization step or the feed pressurization step, or it

may be sandwiched between the bed equalization step and the feed pressurization

step. In a similar manner, bed regeneration may be carried out using muitiple

20  depressurization steps, including the counterpart of the above-described bed

equalization pressurization step, and a countercurrent depressurization or vent

step.

A key step of the adsorption cycle, insofar as this invention is concerned,

is the purge or rinse step. During this step nonadsorbed product gas obtained from

25 the nonadsorbed product gas storage vessel, or from another bed that is in its
pressurization or production step, is passed through the bed being regenerated at

low pressure. This step may begin upon or after initiation of the feed

pressurization step and may continue for part or ail of the remainder of the bed

regeneration step.



9 The term"partial cycle" is used herein to describe the part of a cycle

I n which one adsorption bed has sequenced through all of the steps of the
process. Wien the process is carried out in tw alternating beds, a partial
cycle is a half-cycle, and when three bed 0dre used in series in the
process, a partial cycle is a one third- cycle. There is one bed
regeneration period in a partial cycle. The steps of the adsorption cycle

i nclude, as a mninmum.,a bed pressurjzation step, an adsorption or
production step and a.g?fdp'r"&@gﬁgfaﬁ ‘(S‘He%‘t'%’bf"a%‘ﬁg"p9°é§'gf?r§°z%ﬁ"ﬁst§FP"!§lYe¥H°ﬁﬂ9e Be
carried out in ONGoridsBMYed ghaTSBdutt Gt GhaNes @onsTBleRt Qh é’orhﬁ&kmoni oWhile

equal i zati on step, in which cocurrent expansion %%i_f roma bed that
has just conpl et e#2iNtaInNRGIBE BMWAL 8t eenadsohed P thatis ot dufingthe putgeaeriodito

"a bed that has jﬁst-n;,qmml,,_ehe& blrprided tﬁi%ﬁ%ﬁhé?%é&n@ﬁiio@ﬁf RordRfeBRL 4298

a product backfi step, in V\AE]:I ch nona d product gas I's
count er cur r &nt | y hatRuge stEamewting dhe adsowiting vosesd sgrthe dimeantioecdresde of a

pressuri zation step.,. I i . ' s IS

cocurrently intr ué%“ggri %Jtﬁég?? HFe' aeg_@& Eﬁ%ﬁﬁ‘@&tb@b@‘?e& &%@ﬁﬁ% abpye, the eygnh

first pressurizatmanbstthgaccarrbeek efjamlexratmecsonstrpstionnsf mmadsdrbddiigas in the
| zation ste A product backfi

pressurization stage f ee ressu . '
pressuri zation stpé"gg% lugat gﬂpﬂégc?%f{'@@ef’ﬁﬁat'g’l’ PR, i-Rethe QGSYITENGEI0 A mPmUsT
the feed pressuricsatémpatidredt nbfiadsbrovdygdicinsthatpurgh efiiuent vEER bé®uriedde of a
equal i zati?Q step and the feeda?ressuri zation stegé In a simlar manner,

t

t
bed regenef3ti on WAPHE CAFENERIBLE! QPaflsOrHFAigasH beothe occurrras eka Madimumon
steps, incl udi ng cbRgertRitidned ifisbrial gala,eim@\fﬁngbeémuérhednﬁe&aaﬂ%bials%tisé){heA

pressurization step, and a countercurrent depressurization or vent step.
key step of the RASTR98tPlon sppeific pariedRiatimasaftes the|ruyem steproGesrs Rifcavencthe

occurrence of a point of inflection of the curve representing the concentration of

nonadsorbed gas in the purge effluent from a bed, plotted against time.

15 The preferred event is the occurrence of a maximum concentration of
nonadsorbed gas in the purge effluent. Using this event produces the most rapid
correction of disparity of nonadsorbed product purity occurring between or among

the partial cycles of a PSA process.

The process of the invention can be used to separate any gas that is wea‘kly

20 adsorbed by an adsorbent from any other gas that is more strongly adsorbed by
the adsorbent. Typical of the separations that can be effected by the process of

the invention include oxygen-nitrogen separations, carbon dioxide-methane or

carbon dioxide-nitrogen separations, hydrogen-argon separations and olefin-paraffin
separations. The process is particularly suitable for the separation of nitrogen or

25 oxygen from a nitrogen- and oxygen-containing gas, such as air, espscially

separations in which the adsorbent adsorbs nitrogen more strongly than oxygen.

'A!though the invention can be used in PSA processes in which the

adsorption step is carried out at higher pressures, for example separations



I's the 'purge or rinse step. During this step nonadsorbed product gas

obt ai ned from 25 t he nonadsor bed product gas storage vessel, or from
another bed that is in its pressurization or production step, is passed

t hrgugh the bed being regenerated at |ow pressure. This step nmay begin
upon or after initiation of the feed pressyyization step and may continue
for part or all of the remainder of the bed regeneration step. 10 The
process of the i nveanduated Atikressuras Yrooabpyic2Q bare eghardhis| possadantagegusly

nonadsor bed gas praduGh p%ceeﬁmmahca %&&@%uﬁ emngl ﬂﬂe%g&ﬁﬁéﬂ 5B, dotbinbe
mai nt ai ni ng the amount. of n

nads t hat
period to a nini mﬁﬁce?d(ahgﬁﬁgﬁ‘b'la g‘h%eé’effy E%Wg?ﬂﬁ'gntwp@e&rwgh"??%f' 'Brfe%'ll‘ltsgJo
nonadsor bed gas i nP$A proces‘sbempmngetmtadeam:mds'carrigd biteat pekseurps incthe vegs of  at

the L of Qeeur enchesd ek HAUeSY b B0 rd PR RGBS LIS

period. As e dccurrence of an ex
concentration of rmocessesibedichthe aq!sorm@nmsgge@fmmmmqug Ta2H tajabout

regeneration peri Oflpach. ‘?.owt&&&F&%E&@E@a&fpréermm%é‘P%@&Jré‘%i‘EH% fald
nonadsor bed gas in t?] fluent or the occurrence o m ni num

concentration of rﬂ?ﬁé%'@ﬁ’ $stery 53n be easily inpseaged th thefanget whichyitiisdesired to

Cﬁncent rati Onf of beﬁ@uc?% élﬁSrptlblﬁlsﬂebby ﬁuag@feﬁéw umgy-cahemmgmmcmcmhéso be
t he passage a SpecClitTlC ne after t st e 0OCC

e el 0e B | anabbiger, Ths hed fretherb it otph i bt et HasS o RESHER et e
concentrati on of rxisargtarfressugnand althidugh s cambe cariiddipun ot fressures alp boly ap20it t ed

against time. 15 millibar, bsolJtaCo rplreEJ a{ fL gre?e\fﬁﬂi té %vé.ﬁ'ean Prfgs%'%fjg;"ﬂa to

maxi mum concentrati on 6 nonadsor
event produces t hecondust thisigtep at about atmosphenc pressure or a ove, to avoud the use of hlgh

energy-consuming vacuum generating equipment. The adsorption to regeneration
15 pressure ratio of the process of the invention is generally in the range of about 1.1
to about 3 and is preferably in the range of about 1.2 to about 2.5, on an absolute

pressure basis.

The temperature at which the adsorption step is carried out is not critical,

and, in general, can vary from a temperature of about -50°C to a temperature of

20 about 100°C, or higher. The optimum adsorption temperature of the process will
depend, inter alia, upon the particular adsorbent being used, the pressure at which

the process is carried out and the specific gases being separated.

For convenience, the invention will be described in detail as it is applied to

the separation of oxygen-enriched product gas using an adsorbent that

25 preferentially adsorbs nitrogen relative to oxygen, in a two bed system, with the
beds being operated 180° out of phase in alternating half-cycles, such that one

bed is in adsorption service while the other bed is undergoing bed regeneration.

It is to be understood, however, that such a system is only exemplary of systems

suitable for practicing the process of the invention. A system suitable for practice



correction of disparity of nonadsorbed product purity occurring between or
anong the partial cycles of a PSA process. The process of the invention can
be used to separate any gas that is weakly 20 adsor bed by an adsorbent
fromany other gas that is nore strongly adsorbed by the adsorbent. Typical
of the separations that can be effected by2the process of the invention

el ude oxygen- ni 4f AYSHeABRAUsAR0 i HPPN GRS RS, B8 shiln

di oxi de-ni t rogen separ at1ons rogen-ar gon separ. at.1 ons and
ol efi n-paraf fin stheeaimen Mrptwnévﬁpra@@w"ﬂ@s paellsl ddsospYap units AandBiregeh t he

separation of nitsOERaRKYPontems an aﬂéﬁfﬁlﬁﬁ vflﬁlé}msaeétivbfyoﬁﬁarbs&ﬁﬂogen from alr,
oxygen- cont ai ni ng gas, such. as

51 especi al IX separations in é &’l
adsor bent adsor bs®HeeR-ggishedopradugt - g3%, Siorege, f Meﬁ %vpﬁ'bﬁﬂs?'h an
i nvention cas be mgdmmb@%:acmeﬁsre(ﬂcrﬁ WFeed hairtiprovidedtoddsarberstAognd B

carried out at hi herh %f%é%\greﬁ.’in f{)w@f@ém[n%s 5%@%‘3‘% ASin turn%@%ﬁ&& g at

pressures up to a ara’ or nost " a van ageous?dv) used in
processes in whicte thhéegir inied of edshuptiongunitscA 40d 8y prspestivaly e Hirpseh anb b asxceed

about 5 bara. |In gengkigd fi’&&@ w&weem@@ hrid 20Pkd mz%édwaib%aefuecauﬁbnaw@ul ts
to PSA processes | n whic e adsor ess res, I n the

: tio t
range of 5 . j udifectaddnta aﬁimﬁ@f‘? F’@ssqwge'f B°"§8§ﬂ5{’ dg’ Loutieh#ndss npst
suitabl e fofguse a&somueﬁeﬁ&esmde %i@‘ibdttbexmiaehmmdprqduet:mudschai;ge lines he

range of about 1.?8%&1%{ Fﬁ?p? ala@/ga]sm? 3{\% ;‘gsﬁu & fﬁ{egqﬁgig%‘é%lrfs%gf grred

because the press em can ] I'ncréased
to the range at V\hspﬂttwaly,lwhudesnovnddfarcthccsshmm rmabafwvmmcmdemomt means

of a |ow energy- CSJL%H:WI Qigneﬂjgﬂ gfeads§ g'n @ncits]ﬂ)and B. ﬁn@é P2Bd 141 BhinB&do line

regeneration step®l's carri e ressure | ower than the adsorption
pressure, and al t 2@atgpaint betyyeepyalves 16 and lﬁJtL'%ﬁ2$F%§'§hFé§"%P§t?%°éE9°200

15 enriched product gas reservoir C. Flow of oxygen-enriched gas through line 20 is
controlled by valve 21. Oxygen-enriched product gas can be discharged from
-reservoir C to product storage or to an end use application, as desired, through line

22,

Oxygen-enriched product purge gas can be provided to adsorbers A and B

20 via line 24, which can be placed in fluid communication with lines 12 and 14
through valves 28 and 30, respectively. Line 24 is provided with pressure
reducing means 26 to reduce the pressure of the nonadsorbed product gas to the

pressure at which the purge step is to be carried out.

The nonadsorbed product end of adsorbers A and B can be placed in fluid
25 communication through adsorber pressure equalization line 32. Flow of gas
through line 32 can be effected by opening valve 34.

The illustrated system is provided with adsorption unit vent line 36 so that

"desorbed nitrogen-enriched waste gas can be removed from adsorption units A



mllibar, absolute or less, it is preferable to avoid vacuum pressures, and
to conduct this step at about atnospheric pressure or above, to avoid the
use of high energy-consum ng vacuum generating equi pnment. The adsorption to
regeneration 15 pressure ratio of the process of the invention is
generally in the range of about 1.1 to abd¥t 3 and is preferably in the

range of about 1.Z2,d@ vhRYke 36 SomMlnicdleARRIPINGS 2 alld €584peBtiveRs kifoughhRIves
tenperature at which the adsorption step is carried out is not critical,

and, in general, 38A"94Py froma tenperature of about -50[err] to a
t enper ature of 20 about 100[err] or hi gher. The optimum adsor ption

temperature of the P gassh dokd #5880Mke thOLRopBLLRer AR i RsB b fihe"

adsor bent bei ng used, K pressure a and
the specific gaseea thesit ige H@peithat emtmnwslmrmxmleeWéeanSh@ 3 freauentywaf wigk | be

descri bed ing det aj,,2§ éiﬂm aso@o%éc%ndst @nd daera.ss%ma,rta& harec@t: a%lwﬁﬁdrﬁﬂhbﬁ hed
product gas using an adsorb 25 preferenti al adé?a dsorbs nitrogen

relative to oxyget?, PichE e('at'm ’b‘deE?é‘?'@ﬁf‘"WTH"ﬂﬁEe BR instasiansgup prlve pen
180[err] out of phRFRe uoalaétﬂﬁeraﬁﬂﬁngg #aadutnwhmnmhofcdaatpn@%&.sb@mhs ln

adsorption service while. the oth s.under erati.on.
is to be underst o®f ’amféﬁve?ﬁﬁfalgﬁgﬁsﬁd)safs? °se"gt8n‘1p?/"mé3?%r?& %ﬁnﬁ't'&'fy
systens suitabl e draraqauecyicfithe coliestqur anegraration irfiermationntALOIE arelyzgs tthen

suitable f Ofq PT ac.b*oﬁ}lgation ,%ﬁeuPJd fu?#o%&?&tnhe'b é'n% SEAJS%EI@H@H\& inJﬂsgaﬂres

Referring now to rein an tion
conpri si ng paral I@Ithamrplthrethme? gongeeting ABC Eewéhthewamm é'FP’%Q)’rf’PaF’ﬁ'ﬂ"Qan

adsorbent whi ch sgl epbhiNgbid aré&ag las tHl Valvage s.gfnale Rt | through Y6518 QB#trdl rsl
pr oduct gas storage reser voir C, (}/%en sen SC}] E?.

operation of valves 8 and 1 ignals sent t rough ne 50 control the operation of

valves 38 and 40; a sugnal sent through line 52 controls the operation of valve 34;

15  signals sent through line 54 control the operation of valves 28 and 30; signals sent

through line 56 control the operation of valves 16 and 18; and a signal sent

through line 58 controls the operation of valve 21.

In the process of the irivention, PLC E makes a determination of the

absolute difference in the concentration of nonadsorbed gas in the purge effluent

20 by comparing the nonadsorbed gas concentration in the purge effluent from one
bed of the system in a selected partial cycle with the nonadsorbed gas
concentration in the purge effluent from another bed of the system in a partial

cycle earlier than the selected partial cycle. The earlier partial cycle may be the

partial cycle immediately preceding the selected partial cycle, or it may be a partial

25 cycle prior to the partial cycle immediately preceding the selected partial cycle. In
preferred embodiments of the invention, the determination is based on a
comparison of the nonadsorbed gas concentration in the purge effluent in

consecutive partial cycles. This method provides the most up-to-date information

and is thus most reliable.



5 " programmuabl e logic controller (PLC) E. Feed air is provided to
adsorbers A and B through feed line 2. Line 2 joins feed lines 4 and 6,
which,-in turn are connected to the feed inlet of adsorption units A and B,
respectively. "Lines 4 and 6 are respectlvely fitted wwth valves 8 and 10,
so that feed air can be alternately dlrecteé Into adsorption units A and B.
On their nonadsorbed prbBFTakR seiito BrIlS adjggiments to,apiRsiqstvalngs inmanysef Aevanal B

are joined to OXyggsnéhs.i s&eéiampwu%a,gs&mdtr@&mogﬁa:&elaaﬁﬁtﬂ%:aWoﬁiépurge

respecti vel Lines 12 4 are

resgect i vel z whi cHalfﬁsoﬁ] ﬂ@l:?%r”t“ﬁ@ &%E%’\?Bﬂ%ﬁﬁ%ﬁ?'%f‘%%@ﬁ e AT it B d
product gas from ehiaheadjos“tmeﬁfs cﬁdﬁﬂrprl d|0 mm 18; 28 aadi 30 Bo altériath the dareliod 4
_Connect to lipe 2Oof’jl{he pr {]on Ptgﬁ anChe pr 0 UC%Q s@% ggsve:g"x\f)nmagﬁyclﬁ ur n

I s connected To oxygen-
oxygen-enri ched gasimulaneggh aHjustned@s aee toobe matid &tdmlgse thah \ope Ded of a system
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storage or to an e use |cat|on as desi red roug
Oxygen-enri ched pr @cﬂﬁfﬁrrmﬁcgedngﬁhwrpqs‘é "ﬂwaw‘msa"tﬁs'°aﬂsbm\@¢%°rhecbw e 20

via line 24, whi chmgatdilgdt ehfitheravbiage dommmhwhbﬁasmwgés inQRe B&g@nd
14 through valves 28 and % i ne 24 1S _provi

t |
pressure redlRing REYHE f2%‘“t H‘eegg‘ffcglu%{’?% é%gﬁﬂ?'ét"’d‘f sie g‘ﬁdgﬁl‘beethe’

product gas to theaqmmsmr®nﬂﬁnaMn£hayheemproged i tegired s to be carried out.
The nonadsor bed product end of adsorbers A and B can be placed in fluid 25
communi cation through adsorber pressure equalization |line 32. Flow of gas
through line 32 can beTkd sdiestedntsymaypkmninady i alpagicdar sefience of pertiplatysls sy/st em

|'s provided W th ag$eHdak. ¥ar sdiple GBibe La,nﬁméﬁts ﬁ'ﬁybbﬁatadéiﬁ%%ﬂ%:al cycle that
ni trogen-enriched waste gas can be _renoved from adsqrption units

follows a concentration difference determination, or in every second partlal cycle,

15 or in every third partial cycle, etc after a concentration difference determination

is made. The adjustments may be made in evenly spaced partial cycles, i.e.

adjustments may be made in partial cycles that are separated by a fixed number

of partial cycles in which no adjustment is made; or in variably spaced partial

cycles, i.e., adjustments are made in partial cycles that are separated by ' a

20 variable number of cycles in which no adjustment is made. In either case there are

preferably O to about 5 partial cycles in which no adjustment is made separating

those partial cycles in which an adjustment is made.

The PLC E may be set to make an adjustment of the purge duration of a bed

or adjustments of various steps of the PSA process only when the disparity

25 between the nonadsorbed gas concentratipn in the purge gas effluent from
different beds of the system exceeds a selected value. This method of correcting
nonadsorbed gas purity inconsistency is often preferable to other methods since

it may result in fewer corrections and less chance of overcorrection.



13 and B. Vent line 36 conmunicates with lines 4 and 6, respectively,

t hrough val ves 38 and 40. Oxygen sensor D neasures the oxygen concentration
in waste gas line 36 via test line 42 eithefscontinuously or at selected
tines at a frequency of_e.g. 5 about 0.01 to about 5 seconds, and it
transnits the col | ect edhgrfaliening tabis shemsneof theyroany agserplidnmyclds in Which the
concentration may Rfredflor EniRHeABRAA used.UBacAlstep/df eyR8 Rle¥@HbYE in Jifl as
sanpling frequency. and t he nunber of s |Inﬁ; uﬁe(g in the averaging (I f an
aver age val ue | o ULctPPiSs I &iF BIRGUENPn 6 BPRPYIShELOR® LOMeE Ivihe epamtus
accuracy of the coillluegitedirciigcentrati on i nformation. PLC E anal yzes the 10
i nformation received from oxygen sensor D and sends signals to the various
val ves of the systemthrough |lines connecting PLC E with the val ves,

t hereby contrblling the opening and cl osi ngABLE{1 he val ves. Signals sent
through line 48 control the operation of valves 8 and 10; signals sent

t hrough line 50 control St8fe oper #dseebp val ves 38 anédsptherB signal sent
through line 52 controls the operation of valve 34, 15  signals sent
through Iine 54 control flthe oper &av¥RRatAN val ves 28 anEAualtizatien gnal s sent
through line 56 control the operation-of valves 16 and 18; and a signal
sent through line 58 confrols t hEeYhBEsIuigaofs val ve Yant Deprepswdzatiopcess of
the invention, PLC E nakegs a det«;rgﬂsgatiqn pf the abs lg*’;[ﬁ difference in
the concentration of non#dsor bed' 8 e YRR Bur ge ef fTHi@8YeN0 by
conparing thg,nonadsorbeg gas co ntration in the p e effluent fromone
bed of the s{;%tem in a sgl ected Bgo‘r%f"%téqn cycle with tﬁ%&%%ﬁeé'asorbed gas
concentration in the purge efflu m anot her bed the systemin a
partial cycle earlier thgn t he sg{ygg%ﬁeog partial cycl e\?Jnﬁ'he earlier parti al

cycle may be the partial gcycle i ga{?aq;aqfoﬁl y preceding gqhgiz&ggnect ed parti al
cycle, or it nmay be a parti al

7 Vent Depressurization Feed Pressurization

8 Purge/Vent Feed Pressurization
15 9 Purge/Vent . Production

10 Vent Production

At the beginning of step 1, adsorber A in Fig. 1 has just completed the
regeneration phase and adsorber B has just completed the production phase of the
cycle; thus, the pressure in adsorber A is at the lowest point and the pressure in

20 adsorber B is at the highest point of the pressure cycle. During step 1, valve 34
is open and- all other valves of the system are closed. Depressurization gas flows
cocurrently out of adsorber B, through line 32 and countercurrently into adsorber
A, thereby partially pressurizing adsorber A. The purpose of this step is to

conserve some of the pressure energy that is stored in the adsorber that has just



25 * “cycle prior to the partial cycle i mediately preceding the selected
partial cycle. In preferred enbodi nents of the invention, the determ nation
is based on a conparison of the nonadsorbed gas concentration in the purge
ef fl-uent in consecutive partial cycles. This nethod provides the nost
up-to-date informatiaon,an

i,s th nost re na e set to
make adj ust ment sCOPIEd 8’89%‘3”93F€€°§e??¥e5?1%7’eo°f?g‘seée/'gtﬂ‘ﬁfllylégﬁ? P?E’E
exgngloe ittga%/ ¢ contained bt sidorber Bmﬁmtzapersta’mgttms adsother. yAlmnuabthrsa#tgpas 28
an so that on r ; Urge may
make adjustnents 6#¥ 95%238§$ %gmﬂ%@k %g& £§gQQEE$%ﬁLP%£? %o?ﬁ’%i
duration 5 ocfontlmdp-rrwﬂmmlem egvéﬁawet“ﬂa‘t" afsorbpes AHand)B iselfsstedy a gi ven
partial cycle. Wen sinultaneous adjustnents are to be nmade to nore than
one bed of a system conprising three or nore heds segggnced throu h parti al
cycles in serial ordépon F?mP'Qt'%‘r%ff%PP dd veiue éﬂlj'ﬁglf’setdn vahees 8 Aph 4l are
concentrations-of eﬁ&ﬂa@ﬂf hed‘\egﬂ:%d Qﬁ'&s{lmtlordvetﬁl’pmsﬁnzfaf eriretepe bégil@é’ alil:ﬁ
duri ng. t he ?292?@2%??9 nepapeeigpes Hea A FRpitreien Y abr R ot el one
may be enpl oyed frdshdesi theatigh Mec2, arelive Stamd lices4 andﬁ@t’ue’ AnSimyltanedusiyl ar
sequence of par Ll flaeh %ng@s Y coBhtel AR dds8ioed WRPE ediitbott iiYaBN S MY

be made in each par concentration erence
det er m natin, cnﬂowmgethegys treveph thrpreghling 6, ¥giue 40 and line 369 i n every third
“partial cycle, etc after a concentration difference determ nation is nade.
2d; ustent & ey be rHERS FREIRTPhF SR Y DS iR 4t B e | 40T e
nunber are opened and pressure controller 26 adjusts the pressure of oxygen-enriched gas
flowing through line 24 to the desired purge pressure, and step 3 begins. All other
valves remain closed during step 3. During this step, pressurization of adsorber
15 A continues with fresh feed until the pressure in adsorber A reaches the desired
adsorption pressure. Meanwhile, countercurrent purging of adsorber B begins with
the flow of oxygen-enriched gas through line 12, valve 16, lines 20 and 24, valve
30, line 14 and into adsorber B at purge pressure. The purge gas passes through 3
vessel B and exits the system through line 8, valve 40 and line 36, carrying with
20 it nitrogen-enriched gas that has been desorbed from the adsorbent contained in

adsorber B.

Upon pressurization of adsorber A to the desired adsorption bressure, step 3
ends and step 4 begins. During step 4, valves 8, 16, 30 and 40 remain open and
valve 21 is opened. All other valves remain closed. Oxygen-enriched product gas

25 is now produced in adsorber A and transferred to vessel C through line 12, valve
16, line 20 and valve 21. Meanwhile, vessel B continues to be purged by the

passage of low pressure oxygen-enriched product gas into vessel B via line 24,



of partial cycles in which no adjustnent is nade; or in variably spaced
partial cycles, i.e., adjustnents are made in partial cycles that are
separated by -a 20 vari abl e nunber of cycles in which no adjustnent is
~made. In either case there are preferably ‘0 to about 5 partial cycles in

whi ch no adj ust rremame%mdm;@@,amt&uw&é%ea@ &Eﬁﬂth@ﬂe ol fird mrayghtﬁ &n

adjustnent is nmade. The PLC E may be set to nmake an adj ust nent e ‘purge
duration of a bed ‘8ivef9aret'Re#Ps of various steps of the PSA process only
when the disparity 25 bet ween t he nonadsorbed gas concentration in the

purge gas effluent fr different be of the stem exceeds a sel ected

val ue. This nethod of r"rpgf,gﬂrf%g Vﬁ%ﬁ?ﬁ%&"o‘}'ﬁgﬁs"ﬁig’“ it ?tFEISi'srfE'ES?fE?tg?'eﬁE‘?'si s
often preferabl e tpointviles 30rstclnsdd asd valeesi&, 16n91 anek40 terriain dpene FloaOdfipafdel ONS
and | ess chagce of r | | 0 one of

t he many adsgr pti@ﬁg*ch% egaﬁ{)%ﬁ}gﬁt? ﬁé(la??Pg\-{\}?ﬁ{f@yné)_gcwgﬁg‘ﬁ%qg(ka'%g?lprg\l(’grf?V"used.
Each step of the oplvpd0;janddiag36. hMeanwhilee fegd| airseontinuestol énter adsorbheA and

production of oxyggpyeanhistaPralRet fdsUbh@hdes tdidvd BurdiRASRHH A i'g'\)eys%‘i gakgd in
Fig. 1. 5 ) TABLE | Adsorber A
Adsorber B 1: the fegd iz |Ppgses ithyqugh adsorber A, the adsprbgd piteogen gas fyont moves

Feed Pressurizati @rward in vesselearid dpppiaehesithé Adtatsotbed product outlet 6RAR vessel.
EL?;Z;J{/Ieﬁ?t Ian Whenﬁ?%ﬁé@?é%ﬁ% a :cL:Qrtain point in adsorbeir/ &\ tstep 5is term%ra(t)ed Cyt tlhg :

closing of valves 8, 16, 21 and 40. The termination point is optimally near the

nonadsorbed product gas outlet of the adsorber, so that the adsorption system can

be operated with maximum efficiency. Substantial breakthrough of nitrogen from

adsorber A is avoided to prevent reduction of the purity of the oxygen-enriched

15 product gas to below the acceptable minimum level. At the conclusion of step 5,

the first half of the cycle of the process of the invention is completed.

The second half of the cycle is carried out by reversing the functions
conducted in adsorbers A and B during steps 1-5, by manipulation of valves
corresponding to the valves operated during the respective preceding steps. Thus,

20 during step 6, only valve 32 is open and equalization gas flows from adsorber A
to adsorber B; during step 7, only valves 10 and 38 are open, and fresh feed flows

_into adsorber B through lines 2 and 6 while adsorber A undergoes countercurrent

vent depressurization; during step 8, only valves 10, 18, 28 and 38 are open, and
adsorber B is pressurized to operating pressure with fresh feed gas while adsorber

25 A undergoes purge and veﬁting; during step 9, only valves 10, 18, 21, 28, and 38
are open and adsorber B continues to produce oxygen-enriched gas and adsorber

A continues to undergo purging and venting; and during step 10 only valves 10,

18, 21 and 38 are open, and adsorber B continues to produce oxygen-enriched gas

while under adsorber A undergoes final venting. At the conclusion of step 1Q the



6 ° * Equal i zati on Equal i zation 7 Vent

Depressuri zation Feed Pressurization 8 Pur ge/ Vent
Feed Pressurization 15 9 Pur ge/ Vent
Production 10 Vent Production At the

begi nning of .step 1, adsorber Ain Fig. 1 has just conpleted the
regenerati on phase and adsorber B has justl8conpl eted the production phase

of the cycle; t hU%urrérﬁ%y«Bé E%%@b%tdd%né‘%‘ﬂe?ﬁd’ycébb%iné%tﬁ Bésokif g?siﬁ ﬁ&’é& pﬂfonand

the pressure in dsor I's at est pol nt ressure
cycle. During stesew'ce@aﬂ@esq'sbsnBsustr@ﬁmameamatm her val ves of the system
are cl osed. Depressurization gas flows cocurrently out of adsorber B,

th h 1i 32 d t tI t d b tiall
oo ri e ear Doy A S iyl 44 VA SPERE (el ntHates basatintbe o

t he pressure ener gsodudtitn ofsa sdlatively high pirityaelgoad bigh tak 83% &y olisie pure 1
conpl eted prgduct |4 hgnera&q, f- ehﬁ&:@%ﬁodﬁ&@reﬁn W3S Vafidtith ovﬁ{%?@égsgg&eg gh void

space gas contai ne to regenera |ng
Al t hough this stepanbe d@diﬂgﬁ&v @&n@stlwtwcﬁgaﬂizzm epssisteps 1jand; &) andior bv

necessary that thedcﬁﬁgegro@ectceam.muﬁgsunﬁ Itheswmhﬁar@ tﬁ&llb?éésél‘?"ztah%‘ f&ﬁie\wen
adsorbers A and B is_eifected etion of StePste’ val ve

34 is closed and B2Vided by t%ﬁq”&k?aﬁ?’ésﬁﬁﬁﬁﬁwep@f’%‘ge‘gpy theeProductbackfill steps
pressurization/ ve&td/&r &&s wgdzp:bs@ﬁzabapsteﬁxegl Rusthédntbré) dehar pdre Aya8Ofir the

under goes f ther Ssur rrent fJlow of esh
feed throu gﬁél in e kgq é)o E??gﬁsdol laof s eps aéJ‘ ? cgﬁ) gg &[ Qrét%,ed Arom vesse{ . |§_
Si mul t aneousl y, ndesreg.en rich gas i s count ercurrent | y desorbed fromthe

adsorbent in vessel B by

The key feature of the invention is the measurement of the oxygen
concentration in the waste gas passing through line 36 during the purge/vent and
final vent steps of each partial cycle. This measurement is preferably made

15 continuously during these steps, although this is not strictly necessary, the
important thing being the measurement of the oxygen concentration in the waste
gas during the happening of a specific event. This event may be the occurrence
of an extreme oxygen concentration in the gas-stream, which, for purposes of this
invention, is defined as the maximum oxygen concentration or a minimum oxygeﬁ

20 concentration occurring during the period that includes both the purge/vent and the
‘final vent steps of a partial cycle. The event may also be the passage of a specific
period of time after initiation of the purge step of the partial cycle. For purposes
of this invention the term "event" is used to denote the occurrence of a maximum
oxygen concentration in the waste gas stream during a partial cycle, the

25 occurrence of a minimum oxygen concentration in the waste gas stream during a
partial cycle or the passage of a specific period of time after initiation of the purge

sequence of a partial cycle.



10 - " allowing the gas to vent through line 6, valve 40 and |ine 36. Upon
conpl etion of step 2, valves 8 and 40 renmin open, valves 16 and 30 are
opened and pressure controller 26 adjusts the pressure of oxygen-enriched
gas “fl owi ng through line 24 to the desired purge pressure, and step 3
begins. Al other valves remain closed dunpng step 3. During this step,
pressuri zation of adsorber 15 A continues with fresh feed until the
pressure in adsorber Aheeuyaen congentatinng measyeaenpniade ap thesexact timsbefnthii | e,

countercurrent pupgdup@ndd oﬁéﬁoé\)aﬁ{ d@m%eabmalvuyw i$ andrhit¥t ®f PLC E. PLC E
oxygen-enriched gas thr , valve 16, lines 20 and 24, valve 30,

line 14 and into SYBRABR Ba'&F°§5‘FQEafH'%‘§§’E}P? eW@gﬁﬂ?ﬁ‘é’eQ'ﬁa&a%%@%Mthrough
vessel B and e>2< i t ghet Muésmttﬁmdohémbmbl meastrement vitadd Murng! thda fiﬁrt%g,cdclfe
carrying wt ric n_de ed from

t he adsorben? con "émehdéﬁewﬁreafag btg? °'I§'e"8f%)ﬂe ;S)Pll‘gg@h?" E‘gﬁqﬁ edptalieimeat A to
the desired adsor fieiporgestapss tiheepartidl eyclSinenaiiiately shcseaiingthbegrenspartitlicyelg st ep
4 valves 8 16, @OuRndredflod SRR HiICRAE traomgd.yc%' 8 diffprbios®Biiagn (Al 'cr.géJ?ef

val ves remai n cl osed ggen enri che g uced in
adsorber A and t rBAIUEATR of ghe euuzest p@ﬂflmvs!sgaﬁ [thatof the mr@sdwéelwrecpd:ne 20

and val ve 21. I\/EaﬁaoohalIceclevqﬁsea,uan@aﬂhwu&sn S@ah@n@wﬁﬁ%ﬁythbf&?e e of
| ow pressurﬁooxygen enél chgI pr o ?L/lfc as into ves {1 via | 17
val ve 30 anlP i nednf/or thegnding tige g Urge sequenCRod oy rartiplfiys Hmdt%"’bugh
line 6, valve 40 fafiewing tiee Afirent jptialpycigi Ms pfocessds epedied for bhich phetdl &pdle

SXt igt Zit :ﬁ d4 463?{2}% o%ggse%usé%s&n'l& in %%yﬂh‘é?ﬂy cebnﬁ'glled adgcl)r(l:gtS gndpr%cr:]éjssyal ves

The preferred event is the occurrence of an extreme value of oxygen

concentration, and the most preferred event is the occurrence of the maximum

156 oxygen concentration during the purge and vent steps of a partial cycle. Use of
the maximum value provides the most rapid reduction of oxygen concentration

differences between successive partial cycles.

It can be appreciated that modification of the duration of the purge
sequence of a partial cycle entails modification of one or more of the other steps
20 of a partial cycle and/or the duration of the partial cycle. For example, increasing
the duration of the purge sequence of a partial cycle will require shortening the
extent of the vent step preceding the purge sequence and/or the vent step
following the purge sequence and/or increasing the duration of the entire partial
cycle. In preferred embodiments it is preferred to adjust the duration of the vent
25 steps and keep the total partial cycle time constant.

The adsorption cycle may contain steps other than the fundamental steps
of adsorption and regeneration. For example, it may be advantageous to
depressurize the adsorption bed in multiple steps, with the first depressurization



5 . gas through adsorber B is stopped, but adsorber B continues to vent
t hrough open valve 40 and |ine 36. Meanwhile, feed air continues to enter
adsorber A and oxygen-enriched product gas continues to flow out of
adsorber A to-vessel C. As the feed air passes through adsorber A, the
adsorbed nitrogen gas front noves forward il vessel A and approaches the
nonadsor bed pr OdUC%room&t lbeihg Ofsedﬂ&ip‘égléﬂ\s prabsuriddlone bed !tl)m:&ﬁ?] Edfiﬁln& Bﬁi&ssﬁ?ﬂiiﬁlﬂs a
certain point in adsqQrher. A s As term.nated by the clpsing of valves
5" 16 "h na 40, “WRRS BEindnsEd Shesun i et naler Ve B e pdharin R eq
product gas outlet of the adsorber, so that the adsorption system can be
operated w th maxi num gf f:i ¢l : b 1 from
adsorber A is avoided j[i gf’ '%rsg\g}g%%c'ﬁégﬁﬁ%?{(}%@m? ﬁg%&?%ﬁ@%};&h@h%&ﬂﬁ%
oxygen-enri ched 15-tilize conpvgaticnal aauirmentsie moiterasd Autogstieglly segulate thamflow wé| .
At the concl usi on gse$WRRinTthe biisteii solhatBdn B fulAUteNabE tdfunldoRtiRIRERSS Of
the invention is con%h,e,t ed. The second half of the cycle is carried out by
reversing the funct® YHECRIARNMEed i n adsorbers A and B during steps 1-5, by
mani pul ati on of val ves corresponding to the valves operated during the
respective preceding s 3 . j . val.ye 32 is
open and equali zation Ergésllﬁﬁny\%/}sﬁsff?é%rg%'g%r gée!r’ﬂﬁe?Jc')'gglcﬁ'gg’r‘%géigQ;vwc'iﬁ'?'iuﬁés%t ep
7, only val ves 10 «theiwh® indicatehapartsapeicéntageh andeatio$ pre\on 4 yalumetasis.ber B
through lines 2 and 6 whil e adsorber A undergoes countercurrent vent
depressurization; during step 8, only valves 10, 18, 28 and 38 are open,
and adsorber B is pressurized to operati ure-wth fresh feed gas
whi | e adsorber 25 A under goes purge and venting; during step 9, only
val ves 10, 21, 28,.and 38 are open.and_ adsorber continues t o produce
oxygen- enti Hed gas antBRBIBER WoEeRir e BV iRadPs B R S S pystem
venting; and duri rsimikr ap the system ilhmtrated it Fig. 18 usiid atmespB&icaaie ag fed, Timal :
adsorber B contin 2 [ j s r A
YQSorb&htRl; tQ&’%Jﬁgue %Mgﬁgs Bop P%qu,t P?;?%)S’E’écjthﬂeé UHE By JS OrRe

under goes final venting. conclusion o . .
entire PSA system was enclosed in a controlled environment chamber maintained

at a constant temperature of 20°C (the feed gas temperature). The operating cycle
15 "was the similar to the cycle set forth in Table I. The duration of the cycle was
120 seconds, distributed as follows: steps 1 and 6 - 5 secs; steps 2 and 7 - 6
secs; steps 3 and 8 - 24 secs; steps 4 and 9, 25 secs, and steps 5 and 10-0
secs {i.e. steps 5 and 10 were eliminated). The production steps were carried out
at adsorption pressure of 0.5 bar, gauge (barg) and the vent pressure was

20 atmospheric pressure (O barg).

During the course of the experiment, the duration of steps 2, 3, 7 and 8
were adjusted automatically in response to readings made by a PLC. An oxygen
sensor measured the oxygen concentration in the vent gas during the purge/vent
steps. Comparisons of the maximum oxygen concentrations in the vent stream

25 in consecutive half-cycles were made, and the durations of the above-mentioned

steps were adjusted in the direction that would reduce the difference oxygen



18 (':___ur*r ent cycle is conpleted and the next cycle begins with adsorber A in
adser ption service and adsorber B undergoi ng regeneration. The above cycle
is a typical operating cycle which makes pagsi bl e the production of a
reldti'vely high purity, e.g. as high as 93%by vol ume pure or 5 hi gher,
oxygen-enriched prochmentrgtioremaximém i thapuaie/vent siépst dfithe pexadaisyclehesteysl e
can be nodified by | M I | el St nd

and/ or by addi ng p?%(ltfugatrﬂg%hggfewsgﬁg%g.fh%%%aﬁvess%{e\e/rgsﬁﬁ"é fegﬁém%'ﬁg in Ta@'e i
pressuri zation for Agtreile of H1s axydemgondentretipndn theaenostrestnahsing arsinate eyctevéfded
by the product bacifeldest hePARRHeRn Fl3€ 218 tGvEAESSUri Zation steps.
Furthernore, the purge gas for the 10 purge/ vent operations of all of
steps 3 and 8 can be provided fromvessel C, .if desired. The key feature of
the inventionsis the nmeasurenent of the oxgggejyconcentration in the waste
gas passing through Iine 36 during the purge/vent and final vent steps of
each partial cycle. This neasurenent is preferably nmade 15 conti nuously
during these steps, althoygh thjs.is, not. strictly necessar t he i nportant
t hi ng bei ng the neasureme %%Pquﬁg’kygen concentration ing%'ﬂe wast e gas
during -t he happeni ng of aseEe%ﬁu%iﬁrwuc?,‘-’ﬁ ?{maThi s event nay be4.5he occurrence
of an extrene oxygen concentration In e gas stream which;""for purposes
of this invention, is defg n®Geld N NMBXi num oxygen concen4 gti on or a

m ni nrum oxygen 20 concentration occurring during the pérrod that

i ncl udes both the purge/vent and the final vent steps of a partial cycle.
The event may al so be the passage of a specific period of tinme after

initiation of the purge step of the partial cycle. For purposes of this-
invention the term"event” is used to deﬁm occurrence of a maxi num

10 The Procedure of Example | was repeated except that no attempt was made
to adjust differences in the maximum oxygen concentration occurring during
purge/vent steps. Steady state conditions could not be established, and the purity
of the oxygen product gas fluctuated between 60% and 90% during the test
period. A profile of the oxygen concentration in the vent stream during a single

15 cycle is illustrated in Fig. 2 as curve B.

Fig.2 illustrates the benefit attained by use of the invention in a low
pressure PSA process. As shown in Fig. 2, the variation of oxygen concentration
in the vent stream from the system was much less when the procedure of the
inven'tion was used (curve A) compared with the oxygen concentration variation

20 in the vent stream when the procedure of the invention was not used.

Although the invention has been described with particular reference to
specific adsorption cycles, and to specific experiments, these features are merely

exemplary of the invention and variations are contemplated. For example, the



oxygen concentration in the waste gas streamduring a partial cycle, the 25
occurrence of a m ni num oxygen concentration in the waste gas stream during
a partial cycle or the passage of a specific period of time after
initiation of the purge sequence of a parijal cycle. 19 The oxygen
concentration nmeasurenment nade at the exact tine of the occurrence of the
event during a Rakdipdbn ‘E\{lEieemW ihd1GdES Foré @Flard Swb LthEenghﬁtﬁnC&@PQrﬁ-ﬁi

val ue of the neasurenent made during the current partial cycle

val ue of the coifvesHenarmbe useddn PEARecasserusedits Aeparaie gIses other thae pevmen

i medi at el y pr egRdinfttodel® Fukthéfitire Cthe dRiratidhof End i?\@mcﬁfil ysaf@aﬁmet ;@éx.n
duration of the purge step of the ‘partial cycle i nediate succee

current partial cepditiens mayhlee ypriecht iThe saepe ofi the invsmdionds r"@@itﬁ@eomlhebv the

di f f er encegbet Wweedy 4t 6f g{eu gd gﬁae@ggﬂg enent of the current partial cycle
and that of the 1 mredi ately preceding partial cycle. The adjustnent may
entail advancing or retarding the starting tinme 10 ~and/ or the ending
time of the purge sequence of the partial cycle imediately follow ng the
current partial cycle. This process is repeated for each partial cycle of
the process, thus resulting in a dynam cally controll ed adsorption process.
The preferred event is the occurrence of an extrene val ue of oxygen
concentration, and the nost preferred event is the occurrence of the

maxi num 15 oxygen concentration during the purge and vent steps of a
partial cycle. Use of the maxi num val ue provides the nost rapid reduction
of oxygen concentration differences between successive partial cycles. It
can be appreciated that nodification of the duration of the purge



s'eqL'[en“ce of a partial cycle entails nodification of one or nore of the
ot her. steps 20 of a partial cycle and/or the duration of the parti al
cycle. For exanple, increasing the duratiog of the purge segquence—ofa

part?al cycle will require shortening the extent of the vent st i ng
t he purge sequence and/or the vent step follow ng the pu§ Eﬂt@ Hﬂmﬁ / or
I ncreasing the jon.of .the entire partial cycle. In s . *x

enbodi nents it iq}gﬂggr#esfcéar'wgﬁ'ﬁ'o adj ust the duration of the ventL 25 st eps

and keep the total partial cycle time constant. The adsorption cycle may
contain steps other than.the,.fundanental steps.of adsorption an
regeneration. For ex&npicic ?’lgf‘ RIRG°e °5W§HF%€%8[§§ P Wpa'é%ftée?gﬁ%‘ggaﬁ frgm a
adsgr pti gn_ bed ig%;nﬁib(tdrﬁlcenﬁltrﬁ@l firsviahd sbéehdf gafsScfoonmd bg&sﬁrai ﬁ,&térﬁgdmpriaéh
product being us 0 partia ressurize one bed and the secon
depressuri zat i or??;?ré%fﬂ%’ éY"ﬁgR/' dg%’ﬁst?eéisdératd'rs‘&'ﬁﬂe?t Bhisb mpre s Adsorpdle i n
the adsorption sgeésdyas dompdnenDanRivg At ghsdorhpértent saidSbetdsttiting drfungeg ade

of the pre lon to utjlize conventjona noni t or _and

ent inven | equi pment tq
aut omat | capl y ré’@(ﬂei'ét anq qeerpteg P ofsphase guch tha { hast Pﬂ%gg%i dhedeerptie it
can be fully autsgpBdedfhitelatlIétit 6RbIHREBAEIS being ré@brﬁfd‘té&i&ﬁ{prigﬁaﬁﬁé foIIEWR\g

invention is further illustrated by the follow ng exanple in which, unless
ot herwi se indi c&t%R$: parts, percentages and ratios are on a vol ume basis.
EXAMPLE 1 10 This experinment was carried out in a two-bed

| abor atory-scal.e PSA systemsimlar to the systemillustrated in Fig. 1,
usi ng at nospher (@ ai fowisgsaid@as mietugaiaty spichat least ane bed. pherplyirresgisizingmsajsa

[err] HP 13X zegjdatr o led 1BY% defdteddorption pressure and producing first component-
10 enriched gas as a nonadsorbed product, while regenerating said at least one other

bed by desorbing second component-enriched gas therefrom at a selected vent

pressure, said at least one other bed being purged with first component-enriched

gas during at least part of the period of regeneration;

(b}  repeating step {a) with the roles of said at least one bed and said at least

156 one other bed being changed until all beds of said system have undergone step (a);

{c) periodically determining the absolute difference between the concentration
of first component in the gas stream exiting said at least one other bed at the time
of occurrence of a specific event during a selected period of regeneration of said
at least one other bed and the concentration of first component in the gas stream
20 exiting said at least one bed at the time of occurrence of the specific event during
a period of regeneration of said at least one bed which precedes said selected

period of regeneration of said at least one other bed, and



entire PSA systemwas enclosed in a controlled envir

mai ntai ned at a constant tenperature of 20[err](the i)lmmmmm la"lure)
The operating cycle 15 was the simlzar to the cycle settforth im Tab

| . The duration of the cycle was 120 seconds, distributed as foll ows: steps
1-and 6 - 5 &Hcs; peﬁaﬂmllg aachnistmgtm digetion gfepegeanmemoﬂﬂoéeals! atdeagts 4
and 9, 25 secs S ' t nd 10

ol i hat oS E80 A0 B 5 leERiart oibpEb @Sy fienGen Paf Wit ceslse ot fbeelits, o
of 0.5 bar, g#egéenddarg) and the vent pr essure was 20 at nospheri c
pressure (0 barg). During the course of the experinent, the duration of
steps 2, 3, 7 and 8 were adjusted automatically in response to readings
made by a PLE: AR pRRAsS SRLRimEARHER LA IRNBPRoRARSENbAG LF Abrkbaide
vent gas dur| ng t e purge/vent steps. Conparisons of e maxl mum oxygen
concent r at i opkalternately vpatated bedsrofadsorbenty consecutive hal f-cycles were
made, and the durations of the above-nentioned steps were adjusted in the
direction that would reduce the difference oxygen 21 concentration
maxi mumin t8e puTlgeproesss of elaimdf ot Dewherdin Baidfspeyificeevehit Bathe séairence
condi tions V\ge attained. The steady, state results are tabulated in Table

1. A profil® & extremMesRsentigtion At i f 8t 6AMPANeRn thA e Steeam gxitingge Red
single cycl eurQ:feré) ﬁg%@éénérb'ﬁoﬁ &r tHe pisishgéd 8fla ispeditie peﬂo@éf fiteVaT et iniRiating

TABLE Il Oxygen Purity, % .1 Specific Product,
[err] purge of abed. 4.9 Oxygen Yield, %
22. 6

4. The process of claim 3, wherein said specific event is the occurrence of an
extreme concentration of first component in the gas stream exiting a bed

undergoing regeneration.

5. The process of claim 4, wherein said specific event is the occurrence of a
maximum concentration of first component in. the gas stream exiting a bed

undergoing regeneration.

6. The process of claim 1 or claim 2, wherein the periods of regeneration in
which step (c) is conducted are separated by a fixed number of periods of

regeneration in which step (c) is not conducted.

7. The process of claim 6, wherein said fixed number of periods is in the range

of O to about 5.

8. The process of claim 1 or claim 2, wherein step {c) is conducted more

frequently than step (d).



EXAMPLE 11 10 The Procedure of Exanple I ept that
no attenpt was made to adjust differences in the m&g mm‘“
concentration occurring during purge/vent steps. € conditions
could not be established, and the puri tyz%f t he oxygen product gas
fluctuated betwe 60%and9%dr|n the test er| profile of the
oxygen concent rat roResf ql i uvhergi t§Pz€)I |§c9ngucted@9[y| when

i | Tustrated {3 fHs8lutd mereuéaaeﬁmmas i stepyef éﬁé&%s%lﬁ&@&fv'aiueat tained by
use of the invention in a | ow pressure PSA process in Fig. 2, the

vari ation of oxygen concentration in the vent streamfromthe system was

much | ess Wheg. ¢ ihebREEIEP cfllm 18r LRAIRTS| e 11> B8lidda 4 Bathera R o

with the oxygen concentration vari Vent S TPRRHWREA" ¢ he
procedur e ofwhivh stepelel isonomdisctadtare segarated rbyughranlablel murebérn of pbesdeén

described. w th Lcul ar,.r.ef ere t 0 spegi adsorption cycles, and to
specific expﬁ?pF'ﬁgﬁ{'g" n W&@ F@Et@féss"%‘é 'Tf&c ‘i exenpl ary of -the invention

and variations are contenpl ated. For exanple, the 22 adsorption cycle
may include npre _than two bed equalization steps, and the invention can be
used in PSA bt oc&@éyoag%oft@a%aar whergjpsaid veme pHaben el pesipdsig in the

ni trogen. i on of the individual steps and the
h?é’ of3bbut § *1 b5l

operating con tions may e vari ed. The scope of the |nvent|on is limted
only by the 5 breadth of the appended -cl ai ns.

12. The process of claim 1 or claim 2, wherein said period of regeneration of
said at least one bed which precedes said selected period of regeneration of said
one other bed and said selected period of regeneration of said one other bed are

consecutive bed regeneration periods.

13. The process of claim 1 or claim 2, wherein said selected period of
regeneration of said at least one other bed and the period of regeneration in which
the adjustment of step (d) is implemented are consecutive bed regeneration

periods.

14. The process of claim 12, wherein said selected period of regeneration of
said at least one other bed and the period of regeneration in which the adjustment

of step (d) is implemented are consecutive bed regeneration periods.

15. The process of claim 1 or claim 2, wherein said selected adsorption pressure

is in the range of about atmospheric pressure to about 20 bara.

16. The process of claim 1 or claim 2, wherein said first component is oxygen

and said second component is nitrogen.



23 vWhat is clainmed is: 1. A cyclic PSA process for recovering first
conponent -enriched gas froma gas nixture containing first and second gas
conponents in a system conprised of a bapgery of two or nore beds of

adsor bent which nore strongly adsorb the_ second gas conponent than the
first gas cohponethe Progess Béglaime] hgwheieihsrid gas mixture isairg| | el and
operated out of phase such that at |east one bed is in adsorption service
whi'le at | east one other bed is being regenerated, . conprising the follow ng
steps: (a) 18owiThe pracdsgekclainx i 6y wherdimsaidisdleated adsorptinrepreesyretihizy thby

pressurizing said.at |east one bed to a.selec adsorption pressure and

pr oduci ng firlagpe(%r%(%gﬁfmoi eric prgﬁwrgﬁéc?bggggg%arg. nonadsor bed product,
whil e regenerating said at | east one other bed by desorbing second
conponent -enriched gas therefromat a sel eched,vent‘ pressure, said at |east
one ot her belPbei Mg RargetiotFlpim fli erFlaidodpRenicin 3a{F ifEHSPBRANMG IS Aigrogen

| east part } redJqa@R; (b) repeating step (a) wth the
rol es of sa?é&éa%]ﬁ?%gg?ﬁgﬁgﬁbdgﬁggﬁﬁ %Eaviggnét |l east 1 5 one ot her bed being
changed until all beds of said system have undergone step (a); (c)

peri odi cal |y, det ermi ni ng_t solute.diff nce n concentration
of first corf%(g'neﬁ[{hel'?{of%%s %hﬁcs!gigl ﬁ)eoél%%é i{'i ge%g@ipd%gitx\?ge&(:argﬁé aé?‘?‘?é& °B8d at
the tine of wnspaaiEly préssurizpdand ssiday fakt dive o1h@r Bed & paetigity depressliriabd
regeneration of said at | east, onei ot her bﬁd gnéi t he, cogc‘entrat%o of first
conponent i rP% Hewipgsoas fregnsaid at leastane qthgr bed to 5pid| atjeastpne at the
time of occurrence of the specific event during a period of regeneration of
said at | east one bed which precedes said sel ected period of regeneration

. of said at |&hst Thweeroeersrofidaim 4 9¢claim 2, wherein prior to step (a) said at least one

bed is partially pressurized by flowing first component-enriched gas thereinto while

said at least one other bed is partially depressurized by venting gas therefrom.

22. The process of claim 20, wherein between the additional step of claim 20
and step (a) said at least one bed is further pressurized by flowing first component-
enriched gas thereinto while said at least one other bed is further depressurized by

venting gas therefrom.

23. The process of claim 17, wherein said adsorbent is selected from synthetic

and natural zeolites.

24. The process of claim 23, wherein said adsorbent is a synthetic zeolite

selected from type X zeolite and type A zeolite.

25. The process of claim 24, wherein said zeolite has exchangeable cations
selected from ions of Group 1A, Group 2A, Group 3A, Group 3B, the lanthanide

series and mixtures of thess.

QT



24 -d) periodically adjusting the duration of purge ne or nore—ef-.
said at |east one bed and said at |east one other bed”!@’é{/mm w | |
reduce said absolute difference. 2. Theyprocess of chka Mﬁﬁiilsai d
bat t"ery conprises one or nore pairs of alternately operated ‘veds Of s

adsorbent. 326. Trise proeesssf clhintR4] whirdin said zebleed typeX gedlitgsilbbtesyEnt 1S
t he occurrenﬁg. of an, extrene ﬁgncentratipn of first corrgonent in the ga

» - - S
stream exiti "H“’r?é&h_?ﬂﬂféi_r'@/@f zeQlfenesisinbpxiangpe tyre Xzsolits: lighiypeandi c
period of tigRcrin-SdxchBh§ddtydeIxX Yeblie Md BoRBhatibns of [thes@r 0Ccess of claim
.3, wherein said specific event is the occurrence of an extrene
concentration of first conponent in the gas streamexiting a bed undergoing
regenerati ong5. T 0 ima,.. rel ai ific eyent is
the occurrenze of ¥ gr}gﬁggr?uér\fn%z%rr??e‘tdﬁlr' @ rlg]@nsab#,\g}fslor s{)‘tisoﬁg%‘%gﬁfr%zeﬁ%e %&
stream exi t i zeplice DOX, uredlitey d BXOaridgixtered ofothesé. The process of claiml
or claim2, wherein the periods of regeneration in which step (c) is
conducted are separated by a fixed nunber of periods of regeneration in

which step (g8, isr eesulvEEIBin 170r claifl2, WHRFA Saldl batte a¢iidhst i d
fi xed nunber of ggﬁrfw%rgs is in the ?ra%a'e of 0 to agout SQVEORW}%E agr'éc}acszss

of claim1 dihres beds of adspehent thatiase operptedseaneatiavia agycle, fandteps lcy anthan
step (d). {d) are conducted recurrently with each bed periodically playing the role of said

one bed and periodically playing the role of said one other bed.

29. The process of claim 1 or claim 2, wherein the production portion of step

(a) is carried out at a temperature in the range of about O to about 100°C.



9. " "The process of claiml or claim2, wherein step (d) is conducted only
when. t he absolute difference determined in step (c) exceeds a sel ected

val ue.- 10. The process of claim1 or claim?2, wherein the periods of
regeneration in which step (c) is conduc&d are separated by a variable
nunber of periods of regeneration in which step %&% i S not conducted. 11.
The process of clai m 1ESAMPROSERSWIAH \RYNAHIC BYRGECONTROLri ods is in the
range of about 1 to about 5. 12. The process of claim1l or claim2,
wherein said period of regeneration of said at | east one bed which precedes
said selected period of regeneration of said one other bed and said

sel ected period of regeneration of said one other bed are consecutive bed
regeneration periods. 13. ThRRYTRACTIOPTHH RISCLASWRECI ai m 2, wherein said
sel ected period of regeneration of said at | east one other bed and the
period of regeneration in which the adjustnent of step (d) is inplenented
are consecutive r n i Berd : 3 i

wherein said sel g’é&é‘&%&"ﬁﬁﬁ%% rng’ggn‘se}rgg?f%ﬁmo? {Qgibgﬁgﬁﬁgaﬁyggh?rg%s#ge} bed
and the per iswdngfadseptiospatéess in whith the beds ardjopstatedoubef phass. (Ihe steps

i npl enented gre consecutive hed r nerati on.neri roce of
claim1 or c,qe#a 2ASQEPLPB; AYLY; 'Bc@ggegt @{?sg‘% z(%?'ﬁb ﬁ’gﬁd%égdsnsgg%eiag‘di % ?%de
range of abqugermdratiow B, With gesbeceundergbingtregéheratien bdifig pufded withcelosy of

claiml1 or claim?2, wherein said first conponent is Oi-(\ en gnd sc?i d second
conponent i Pressuregpam of the oxygen-enriched gas produced as t onadsorbed product

of the process. The oxygen concentration in the purged gas effluent is

continuously periodically monitored, and the maximum oxygen concentrationin the
effluent during selected purge steps is compared with the maximum oxygen
concentration in the effluent during a previous purge step, and the difference is
used to adjust the timing and duration of a purge step following the selected purge
step in a manner that reduces the difference between the oxygen concentration

in the sequential purge steps.

Fig. 1



26'<47. . The process of .claim 14, wherein said gas mxture is air. 18. The
protess of claim 16, wherein said sel ected adsorption pressure is in the
range of about atnospheric pressure to about 3. bara. 1 9. The process of
claiml or claim2, wherein said first conponent is nitrogen and said
second conponent is oxygen. 20. The process of claiml1l or claim2, wherein
prior to step (a) said at |east one bed,i,g partially pressurized and said
at | east one other bed is partially depressurized by flowing gas fromsaid
at |l east one other bed to said at |east one bed. 21. The process of claim
1 or claim2, wherein prior to step (a) said at |east one bed is partially
pressurized by flow ng first conponent-enriched gas thereinto while said at
| east one other bed is partially depressurized by venting gas therefrom
22. The process of claim 20, wherein between the additional step of claim
20 and step (a) said at |least one bed is further pressurized by flow ng
first conponent- enriched gas thereinto while said at |east one other bed
is further depressurized by ventlr-zmas therefronl 23. The process of
claim117, wherein said heti ¢ and nat ur al
zeolites. 24. The pr01es;-QL_QLaLana,mmhgreln said adsjorbent is a

- synthetic zeoI é] type X zeoliite and type JA zeolite. 25. The
process of clai i i i ' | e cations sel ected
fromions of G 7 Ak /G4y ) | . the | anthani de series

and m xt ur es of
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'??HQGW The process of claim 24, wherein said zeolite is type X zeolite

sel écted
zeolite,
t hese. 27.
fromzeolite 5A

[err]

process of claim1 or claim?2, wherein
three beds of adsorbent that are operated sequentially in a cycle,

| ithi umexchanged type X zeolite,

zeolite 1 OX,

cal ci um exchanged type X

lithium and cal cium exchanged type X zeolite and conbi nations of
The process of claim 24, wherein said adsorbent
zeolite 1 3X and m xtures of these.
bd battery conprises at |east

is selected

28. The

and

steps (c) and (d) are conducted recurrently with each bed periodically
playing the role of said one bed and periodically playing the role of said

one ot her

bed. 29.

The process of claiml1 or claim2, wherein the

production portion of step (a) is carried out at a tenperature in the range
of about O to about 100[err].

Fig. 2
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