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1 : ' PRESSURE SW NG ADSORPTI ON P

FI ELD OF THE | NVENTI ON This invention rel ate ?)v‘apnétqrf())
of separating gases, and nore particularly to the separation of
one or nore gaseous conmponents of a gas 5 . m xture by pressure sw ng
adsorption. BACKGROUND OF THE | NVENTI ON

The process of separating the conponents of a gas m xture by pressure
swi ng adsorption (PSA) conprises, in general, a series of steps including

t he basic steps of adsorption and bed regeneration. The PSA
process is generally carried 10 out in an el ongated vessel  having an
I nlet and an outlet at opposite ends of the vessel, and contai ni ng
a |layer of adsorbent which adsorbs one or mare of the '~ conponents

of the gas m xture nore strongly than it adsorbs one or nore other

PRESSURE SWING ADSORPTION PROCESS

EIELD OF THE INVENTION

This invention relates to a method of separating gases, and more
particularly to the separation of one or more gaseous components of a gas

5 mixture by pressure swing adsorption.

BACKGROUND OF THE INVENTION

The process of separating the components of a gas mixture by pressure
swing adsorption (PSA) comprises, in general, a series of steps including the basic
steps of adsorption and bed regeneration. The PSA process is generally carried

10 out in an elongated vessel having an inlet and an outlet at opposite ends of the
vessel, and containing a layer of adsorbent which adsorbs one or more of the
domponents of the gas mixture more strongly than it adsorbs one or more other
compon'ents of the mixture. During the adsorption step the gas mixture is
introduced into the vessel through the vessel inlet and is passed through the

15 vessel at elevated pressure, whereupon a fraction of the gas mixthre enriched in
the more strongly adsorbed component(s) is adsorbed by the adsorbent, while
another fraction, enriched in the less strongly adsorbed component(s), passes
through the vessel and is discharged from the vessel through the outlet as
nonadsorbed product gas. As the adsorption step proceeds, .ad.sorption-fronts

20 delineating the forward end of each component of the adsorbed fraction form and
advance toward the_butlet end of the vessel. The adsorption step is terminated

before the most advanced adsorption front reaches the outlet end to prevent
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conponents of the m xture. During the adsorption step the gas m xture is
I ntroduced into the vessel through the vessel inlet and is passed through
the 1 5 vessel at el evated pressure, whereupon a fraction of the gas
m xture enriched in - the nore strongly adsorbed conponents is
adsor bed by the adsorbent, while . ~ another fraction, enriched in the
| ess strongly adsor bed conponents passes t hrough the vessel and
i s-di scharged fromthe vessel through the outlet as nonadsor bed
product gas. As the adsorption step proceeds, adsorption fronts 20
delineating the forward end of - each conponent of the adsorbed fraction form
and advance toward the outlet end of the vessel. The adsorption '
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reaches the outlet end t
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substantially continuous. A nunber of |nprovenents have
been made to enhance t escr

two- step process, whi “”'E‘@e' ‘%r'g]pf °Ve"§e”ﬁ§ Bﬁwef?eﬂép?fc Fd1 per?ormance
results in the protithetabove-déscribed tvod-step proaess puhich >byptstaﬂu|sm|ghﬁ1uefflcteh9and
process 10 out, cO

adsor ption vessel essgr & @al erduc lon Iﬁﬂ?vﬁ Vﬁ'éff"“a? r %gﬁld Blrﬁl ‘?%?e ﬁ%%ﬁ%ﬁ%ﬁ%%e'
with one anbt her tsmeap;allmcarrieti@uacommercnally maﬂbatmmu{s agiscoptimsvesisalsarranged
particularly usef li’\' pgrrgﬁqd %tpel(')afteé" Bl'lxa%eb\ei‘v ho Xr%et Shbther to approximate a
continuous process. In a particularly useful embodiment of a multiple bed system,
a pair of adsorption vessels.are arranged in parallel and operated 180 degrees out
of phase with one another, such that one vessel is in adsorption service while the
15 adsorbent in another is undergoing regeneration. The pressure in the vessel
during the adsorption step (adsorption pressure) is usually atmospheric or above,
for example, in the range of about 1 to about 20 bar, absolute, while that in the
vessel undergoing bed regeneration is reduced to a value somewhat below the

adsorption pressure.

20 An in’iprovement which markedly improves the efficiency of a two bed
system is the transfer of void space gas, i.e. the gas contained in the interstices
between the particles of adsorbent, from the vessel which has just completed the
adsorption step td the vessel which has just completed the bea regeneration step.
This step is usually referred to herein as "equalization”, since the pressure in the

25 bed being depressurized and that in the vessel being repressurized tend to
approach-a common value. In practice however, the equalization step is not
carried out to actual pressure equalizétion, since this could cause desorption of
the adsorbed component in the bed being depressurized and transfer of this

component to the vessel undergoing repressurization.



a pair of adsorption vessels are arranged in parallel and operated 1 80
degrees out of phase with one another, such that one vessel is in
adsorption service while the 15 °~ .  adsorbent in another is undergoing
regeneration. The pressure in the vessel during the adsorption
step (adsorption pressure) is usually atnospheric or above, for
exanple, in the range of about 1 to about 20 bar, absolute, while that in
t he : vessel undergoi ng bed regeneration is reduced to a val ue
sonmewhat bel ow t he adsorption pressure. 20 . An

I nprovenent which markedly inproves the efficiency of a two bed

systemis the transfer of void space gas, i.e. the gas contained in the
interstices beaeweqmamza@ozﬂfétmsﬁ £paiPdf ;mlslwl bﬁértated‘a"dampttdaa bé@ss# be
whi ch has j ust conBIetg adsor ption 3 t he vessel which
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carried out B0 act g@laligdtRpR UlParAbé! présddutd), thﬁluﬁléﬁ dfhihe Wbéﬂscﬂﬁ%nnected
desor ption of the ,gdsorbed caonponent:

in the bed bein
depressuri zed and P§THNiNGvoidsPags gas to flow fromdh &hd °§8“F I‘fés%%ég%@le inlet end
gnder goi Ng 1 epr essyf thé dthe?Wessel (inlet-to-inlet equalization). In a third procedure, the outlet of

Bed equal i zati on between g pair of parall el -operated
adsor pti on beds caweb‘?sse'cl’“%ergmngc FeSSUIIZRHEN; 1% conpgAied to 66 \}\ﬁ%° The wensel
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beds is est Ilshed and voi d space S f froql . . outlet end
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equal i zation). In gmalthedousoafieciersutiet Bid iant&bSnl@f edudizétion. DERlS padcedure has
connect ed, the advantag.es of rhinimal disturbance of the beds, rapid gas transfer and
ensuring that the highest purity void space gas in the first bed is transferred to the
outiet end of the second bed, which minimizes adulteration of the nonadsorbed
15 product gas from the seéond bed when it goes into adsorption service. These

procedures are discussed in more detail in U. S. Patent No. 4,925,461.

U. S. Patent No. 5, 436,536 discloses a PSA process for separating
nitrogen from oxygen that is carried out in two or more parallel-arranged
adsorption vessels and whose cycle includes a step in which a portion of the gas

20 being transferred from o.ne ve.ssel to another during bed equalization is vented

from the system.

It is vefy difficult or impossible to attain perfect separation of the °
components of a gas mixture by PSA. However, because even small

_ enhancements of product yield and/or product purity can have a considerable’
25 impact on the overall efficiency of a PSA process, improvements which will
enhance the yield and purity of the product gases from PSA processes are
constantly sought. The present invention provides a novel cycle which enhances

the purity of the nonadsorbed gas stream produced by a PSA system.
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permtting void space gas to flow fromthe inlet end of one vessel to the
inlet end _ of the other vessel (inlet-to-inlet equalization). In a
third procedure, the outlet of . t he vessel undergoi ng
depressurization is connected to the inlet of the vessel _
under goi ng repressurization (outlet-to-inlet equalization). Conbinations of

these 10 procedures are also practiced. A highly efficient bed
equal i zati on procedure is simul t aneous outlet-to-outlet and
inlet-to-inlet equalization. This procedurg has " the advant ages of
m ni mal di sturbance of the beds, rapid gas transfer and ensuring
that the highest purity void space gas in the first bed is transferred to
t he " outlet end of the secotdMady OnHICEWINMEN QN es adul t erati on of

t he nonadsor bed 15 product gas fromthe second bed when it goes into
adsorptlon service. These procedures are di scussed in nore detai
in U S Patent No. 4,TOmopraeess of the invention employsia nayel pegseyre snGng BAsUB¥RG36
di scl oses a PSA p r b
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PSA systemyg . adsorption service while the second bed is undergoing regeneration. In the

broadest aspect of ihis embodiment, the first step of a half-cycle of the process
comprises passing the gas mixture to be separated (feed gas), at a selected
superatmospheric presshre, through a first bed of adsorbent which more strongly
adsorbs at least 'one'of the components of the mixture. The more strongly
15 adsorbed component(s]) is adsorbed while the less strongly adsorbed component(s)
passes through the bed and is discharged therefrom as nonadsorbed product gas.
Meanwhile, the second bed is undergoing bed regeneration by countercurrent
depressurization. Bed regeneration is carried out by countercurrently
depressurizing the bed to atmospheric pressure, or, if desired, to subatmospheric
20 pressure using a vacuum means. The bed undergoing regenleration is preferably
countercurrently purged with nonadsorbed product gas during the regeneration

step.

Upon completion of the first step, the flow of feed gas into the first bed is

terminated and a portion of the gas. contaihed in the first bed is countercurrently

25 vented from the bed, and another portion is transferred from the first bed to the
-second bed through the outlet ends of the beds in a first bed equalization step,

which partially pressurizes the second.bed. The éounter’current vent of the first

bed may precede the first bed equalization step; or it may begin simultaneously



4 ! SUMVARY OF THE | NVENTI ON
The process of the invention enpl oys a novel pressure swi ng adsorption

cycle carried out in a battery of two or nore adsorption beds arranged in

par al | el : and operated out of phase, such that one or nore beds
are in adsorption service 5 whil e one or nore other beds are
under-goi ng ot her stages of the cycle, such as bed regeneration.

According to a first preferred enbodi nent of the invention, the pressure
SW ng adsorption process is carried out inf%epeating hal f-cycles in a pair
of parallel- arranged adsorption “beds operated 180[err] out of
phase, such that one bed is in.10 adsorption service while the second

bed i s under goi ng Wit @AEEAE bOfdre ¢dhpiBEoN of the first e&?faﬁ?éif’o%tsté’él%?ﬁtrné)fcénl?hﬁe
enbodi nent, the flrst step of a half-c process

conpri ses passi ng fehbeduld e%‘ﬁef& of Wis; %ﬂuﬁéaé'éﬁﬂecﬂ e'a“’mge@& fﬁﬁ%ﬁquah%atkg"ﬁ?%&? ed

super at nospheri ¢ [ga@sStiaisferrdd RBBRNE fitdt bl tBeRe 9écodIUARBASUGHthE BedTHIbLs,
strongly adsorbs at |east one of the conponents ofgt he m xt ure.

The nore strongly 15 adsor bed conponent (s) is adsorbed while the |ess

strongly adsorbed conpRfigithé fitst equalization REHIS 8Smplttén'aSedond b@&gq@éﬁgatf oh step
di scharged therefrom as nonadsor bed product gas.

second bed B undé epsiefoetiring ydich wrid sprasdas it Hrersfered érﬁfn ihe frst bed to the

depressuri zation. secdd@tbddeSifMRBAGIUER thicughdtht iRd oullts msps éegfﬂ%édemréty
depressuri zi ng the bed to atnospheric pressure, or, if desire

subat nospheri ¢ 20 {Pottom-tespattam- eDH%‘P%ﬁ“sasa\FQBi!lﬁﬁﬁ‘ﬁE%‘@" SteRdoAY it Mersed diomy
regeneration i s ptef fiseBby. countercurrently purged with

nonadsor bed product gas during the regeneration st ep.

Upon conpl etion of the first step, the flow of feed gas into the first bed

i's t er mi nat edatehd canglosibn Gfbdaifedubﬁ!zaﬁaﬁ hekadribkd i prdieuidetdab tlbé?d
is countercyrrentl

rom-t bed, anot her porti
transferred% rom P%E"W rsg?erﬁ"é'&f’slp%erf%essure Y ﬂ°W§'@JST‘F89?fe‘EP°L”HPB R ﬁ'@ bed,

outl et ends of th# dedsthidn steds ér%tmaedecEﬁUfHd Ralf icQbleSt Bife first half-cycleVbf e
partially pressurizes the se The coclgntercur ent. vent qf the first

bed may precede t RPCPF$IELORR t%&’&ﬁ?ﬁfﬁefz?ﬁf‘ Recigachss gdsorption gaefiang pressure.

si mul t aneousl y The second bed is now ready to begin the adsorption step, and the first bed is

ready for the bed regeneration step.

15 The second phase of the cycle is carried out by repeating the above steps
' with the second bed taking the place of the first bed and the first bed taking the
place of the second bed in the described half-cycle. The cycle is repeated to

effect a substantially continuous process.

. In a second preferred embodiment of the invention, the first half of the
- 20 process cycle is the same as the first half-cycle in the first preferred embodiment
except that the first equalization step comprises transferring void space gas out
of the first bed through the first vessel outlet and into the second bed
simultaneously through both the inlet and the outlet of the second vessel; and
the second half of the cycle is the same as the second half-cycle in the first
25 prefgrred embodiment except that thé first equalization step comprises
transferring void space gas out of the second bed through the second vessel
outlet and into the first bed simultaneously through both the inlet and the outlet



5 wi th, and end before conpletion of, the first equalization
step, or it may continue for the full extent of this equalization
step. During the first equalization step no gas is transferred
fromthe first bed to the second bed through the bed inlets.

After the first equalization step is conpleted a second bed equalization
step 5 Is carried out during which void space gas is transferred
fromthe first bed to the second bed sinmul taneously through the
bed outlets (top-to-top) and bed inlets 6 (bottomto-botton).
During this second equalization step no gas is vented from t he
first bed. At the concl usion of bed equalization, the
second bed is preseofthefiest vbssdi hla thi8 second ensteddéraérebf shpproatssfpheinvention, the

by fl t | t
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process is conpl et eqwdheatlmm:e;second bed reaches adsor ption operating

pressure. The second bed is now ready to begin the adsorption
step, and the first bed is ready for the bed regeneration step.:
15 The second phaseriadont bithey sbeverdeserbed ecbaduémqunmep&abﬁ e

t he above stgps second bhed,ta t he f the,firs
bed and the Prrst Bearton e, Bed Beind SesmBssulgoa 1Kty hisstiham i aoPrusoried
descri bed hal f - Cycbredudtfgaséglbhmg bed epekdatidnito bring its pressaifefl cdader & the selected

erred

substantially cont . . . In _a.secon e
enbodl nent 01}/ t he élﬂ’venﬁ\ oF5 her?ﬁéesrsf"resa[t "Yﬂi‘f'} th(?fadtsﬂ'@m" stepis cameg ol {.h § may
be accomplished by flowing nonadsorbed product gas countercurrently into the

bed until the desired pressure is attained.

10 In the most preferred procedure of the above-described embodiment, bed
pressurization is acCorhplished by including in the half cycle a first equalization
step in which either the outlet ends of the two beds are connected, or the outlet
end of the first bed is connected to both the outlet end and the inlet end of the
second bed; a second equalization step in which the outlet ends of the two beds

18 are connected and the inlet ends of the two beds are connected; a product backfill
stép in which nonadsorbed gas is countercurrently flowed into the bed being
pressurized; and a feed gas pressurization step in which the pressure in the bed
being pressurized is brought up to the above-mentioned selected

superatmospheric pressure by flowing feed gas cocurrently into the bed.

20 - The pres'sure during the adsorption step of the process of the invention is
superatmospheric, and is generally in the range of above about 1 bar, absolute,
to about 20 bar, absolute, and it is preferably in the range of about 4 to about 14
bar, absolute. The adsorption process is typically carried out at a temperat_ure in
the range of about -50 to about 100°C, and is usually carried out at a

25 temperature in the range of about O to about 50 °C.
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20 process cycle is the sane as the first half-cycle in the first

preferred enbodi nent except that the first equalization step
conprises transferring void space gas out of the first bed through
the first vessel outlet and into the second bed si mul t aneousl y

t hrough both the inlet and the outlet of the second vessel; and

the second half of the cycle is the sane as,the second half-cycle in the
first 25 preferred enbodi nent except that the first equalization step
conpri ses transferring void space gas out of the second bed

t hrough the second vessel R HIPP RETHE PR A 5 bed

si mul t aneously through both the inlet and t he outlet

6 of the first vessel. In this second enbodi ment of the
process of the inventi dlig, 1hea schematlc |llus$r%tl8ﬁ VG tWB adsoreBE pRin€gliped for
precede or start S|nultanqusl h the f equal i zation

st ep. practlce of the preﬁeﬁeg empﬁ‘f‘ﬁ“%"f)fhet'mée’ﬁi?ﬁvé”%escr| bed broad
enbodi ments of the’ i nvention, the bed being repressurized is
further pressurized mnt nadsor bed product gas fol |l ow ng bed
equal i zation, to bring |st%6rt83§h'|"35"6qt6§%? SEeasmé first preferged embodiment of the
super at mosphBr i C pineestibreasiéaribl 66t ih evarBed fddofitiont §8tdns. carried out. This
may be acconplished by fl ow ng nonadsorbed product gas
countercurrently into the ' bed until the desired pressure is

att ai ned. 10 Flgs| aaweh MRtratertRé Steps df B s préfefrtbd eRbodiment of the
above-descri bed enbodi ten surjzation is acconplished by

i ncluding in the WAVENYRR zI’s caé”‘fq putiin @ !?%?qSBFPmn System.  step in which

either the outlet ends of the two beds are connected, or the out | et

'DETAILED DESCRIPTION OF THE INVENTION

. ~ The invention is a new and improved pressure swing adsorption cycle for
10 separating two or more components of a gas mixture. The process is carried out
in two or more adsorption vessels operated in parallel, and provides the advantage
over conventional adsorption- cycles of making it possible to produce a
nonadsorbed product gas of higher purity. The cycle is particularly well adapted
for practice in a two bed system operated 180 degrees out of phase. The cycle
15 includes a step in which one bed is in production, i.e. adsorption, while the
second bed is being regenerated; a countercurrent vent step; at least two bed-to-
bed pressure equalization steps; and a bed repressurization step. The novelcycle
of the invention includes a countercurrent vent step following the adsorption step,
which enables practitioners to produce higher purity nonadsorbed product gas
20 than can be obtained with conventional cycles, because a portion of the_ least pure
-gas contained in the adsorption vessel at the end of the adsorption cycle, i.e. gas
whose composition is not very different from that of the feed gas, is removed
from the adsorption system. | _
The countercurrent vent step is preferably carried out at a time when the
25 feed end of the adsorption vessel which has jusi completed its cycle contains the

most impure gas composition (with respect to the nonadsorbed product gas



end of the first bed'is connected to both the outlet end and the inlet end
of the - second bed; a secand equalization step in which the outl et
ends of the two beds 15 - = are connected and the inlet ends of the two
beds are connected; a product backfill step in which nonadsor bed
gas is countercurrently flowed into the bed being pressuri zed,;
and a feed gas pressurization step in which the pressure in the bed

being pressurized is brought up to the abowge-nentioned sel ected
super at nospheric pressure by flow ng feed gas cocurrently into the bed.

20 The pressure during the adsorption step of the process of
the invention is purity). Inthissegardi thesysintsiep,is aanded outybefereathieygasiin thedniet ngd

of above about 1 Pﬂe raa%§8 pﬁpﬁavbess?l UA{'Ide{?OEg &BQ%&tlgloclpﬂge f’i\béﬁjn%sgt &?elét

is preferably in ange’ o
The adsorption prtieesferred mymecaéctoyldcadsormbnouesm aThenptrcanube danied out

the range of abouf,qalitd %aé?&'l’tco]nqa%ﬁ outthg ?déo?r[a)tlrbﬁ'f%@[cgr ?%@ge Uy 8ka @

25 terrperature I'n the range o
7 5 equalization step takes BRICEFODES@Rbeb@NJ@d ‘H-EITBFWWﬂ(GB that it at
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practice of the prefe e’ nven |on
Figs. 2a to 2h il Inyentien: eAdtitionallyptheoduratidn okthepreat stapcia b shprten forgfer bhe

S | nvent i 0ngaga) ¢He diflatiitlofithe first B0a DGshigaRy ). OPhe %3RS dbtained from

each of the alternatives will vary since the bed pressure decreases as the vent
10 step and the bed equalization step proceeds. In the preferred embodiment, the
vent step and the first bed equalization step start simultaneously and the vent .

step is shorter than or equal to the first equalization step.

The process of the invention can be applied to the separation of any gas
mixture. It is particularly useful for the separation of nitrogen from oxygen ina
15 gas mixture such as air, using an adsorbent which more strongly adsorbs nitrogen
than oxygen, or using an adsorbent which more strongly adsorbs oxygen than
nitrogen.
The adsorbent used in the process of the invention may be any adsorbent
which more strongly adsorbs the component that it is desired to adsorb than the
20 one or more other components of the gas mixture that it is desired to not adsorb.
Typical of the adsorbents useful in the invention include silica gel, activated
alumina, activated carbon, molecular sieves, such as carbon molecular sieve
(CMS), and natural and synthetic zeolites. Natural zeolites include mordenite,
faujasite, eribnite, clinoptilolite, chabazite, etc., and synthetic zeolites include type
-25 A zeolites, such as zeolites 3A, 4A, BA, etc., tybe X zeolites such as zeolites
10X, 13X, etc., and tYpe Y zeolites. The particular adsorbent used in the process
of the invention will depend upon the components of the gas mixture that it is
desired to separate, and the selection of the adsorbent forms no part of the
invention. When it is desired to adsorb oxygen from an oxygen-nitrogen gas

30 mixture, such as air, it is.preferred to use CMS or zeolite 4A as the adsorbent,



Figs. 3a to 3h illustrate the steps of a second preferred enbodi nent of the
invention as carried out in a tws-bed adsorption system _
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The invention is a
new and i nproved pressure swi ng adsorption cycle for 10 separating
two or nore conmponents of a gas m xture. The process is carried out _
In two or nore adsorption vessels operated in parallel, and provides the
advant age over conventional adsorption cycles of making it

possi ble to produce a nonadsor bed9pr oduct gas of higher purity.
The cycle is particularly well adapted - for practice in a tw bed
system operated 180 degrees out of phase. The cycle 15 I ncl udes a step
in whi ch one bed i&nd when igéhdrsirehio adserb rittegepiromrthewaimeerataimilar mixture, it is
second bed Ts bel Nefeh98M8" AeClloifls B MEX 6110 bs (7L1a3580nr. A1o' SRRl #3
bed-t o- bed pressure ‘equalizdtion steps; and a be

repressurizati on sdisgussithethainvehtiorywilibe described inafetdites it applissitothe arsbrdies a
countercurrent ve Wi ng t i . . Wh

enabl es practiti onrggroé&pgn E'Sra%)rld%(r: s'ﬂ?éﬂﬁ? %gf}% ?a ?sﬁ@ﬁi{i?(q’lr'sog?jsoﬁ?té%u@wodﬁgc%
t han can be 2bt ai nedenkindticcaisumrivn oovaditianse drabthelaéieatieeneas pbtheippocess depends
|l east pure tained. in the .adsorption.,vessel at the end

t he adsorption cycl‘1p 88%?? gﬁﬁé%{]g & in the ra]ies %a 8@ '8%35??? ?'(a)’ﬁo%sscoﬁﬁﬁor\sf@f]syop&e
di fferent from t hagasbtingheatede Sirgrxypen isadsorddd much more répidiy thamenitrogen by
adsorpti on system . The cquntercurrent, vent st. i s -
preferably carri e(f hg%’tthgtShgrttquﬁ%'°v%°égﬁ? ﬁgs'ﬁggon s{ep TSE%S 'ér?&g%ﬁ%ttﬁes electively
adsor pti on vessel adbdrbloxiigen fromtancaiygkehitcbgeh gas yaikture.ont ai ns t he

nost i npure gas conposition (with respect to the nonadsorbed product gas
8 purity). In this regard, the vent step is carried out before

the gas in %he inlet efinventionis further illustrated in the attached drawings. Various flow
lines have been int_:luded in the figures as an aid to the explanation of the several

aspects of the invention. Associated processing equipment, valves, gages, etc.

that are not directly related to the invention and which are not necessary for an

understanding.of the invention have been omitted from the figures for the sake

15 of simplicity. The same reference numerals have been used to represent the same

or similar parts in the various drawings.

Turning now to the embodiment illustrated in Fig. 1, there is illustrated

therein an adsorption system adapted to handle each of the above-discussed

_ embodiments of the invention. The major vessels illustrated in Fig. 1 are parallel
20 adsorption vessels A and B and nitrogen-enriched gas buffer vessel C. For
- purposes of this description vessels A and B are filled with CMS. The adsorption

system is provided with air feed line 2, which is connected to the inlet end of

adsorber A through line 4 and to the inlet end of adsorber B through line 6. Gas

flow from line 2 to adsorbers A and B is controlled by valves 8 and 10,

25 respectively. On their nonadsorbed product gas outlet ends adsorption vessels
A and B are connected to nitrogen product line 12 through nonadsorbed product

gas discharge lines 14 and 16, respectively. Flow through lines 14 and 16 to line

12 is controlled by valves 18 and 20, respectively. Line 12, on its downstream

end, is joined to vessel C. Line 22 connects buffer vessel C to downstream



of the a&sorption vessel undergoes substantial change in conposition or is
transferred to the second adsorption vessel. Thus, it can be carried out

i mredi ately after conpletion of the adsorpti i on step, i.e. before any bed

5 equal i zation step takes place, or it can be conducted in a manner
such that it at | east partially overlaps the first bed

equal i zation step of the half-cycle of the ~ invention.
Additionally, the duration of the vent step may be shorter, |onger or
equal to the duration of the first bed equajjzation step. The results
obtai ned from each of the alternatives will vary since the bed
pressure decreases as the vent 10 - step and the bed equalization step
proceeds. In the pPEfess eckrestidapiplieation. t utlet end equalizationtcrossegrrmedtiombne 24
first bed equalizatpQh %,]

step is shorter than or&%ﬁ%asﬁ?gﬁq ”}H;Jv@p-ﬁ g ?lneig? i p&tt@% by valves 26 and
The process of - the2Bn\Benlsfllhﬁwrgaqrobecarpplctmdnrte@QJhmssrepaiﬁandﬂSab badym@asge
e ur e L 1S PAThESAben LM, i Rindd 16 FER A REsdld T 9868, Ha0kRa 35
oxygen in a 15° m xt ur e as using an adsor’ben nmor e
strongly adsérbs npomtmf.leﬂpw through hmeha@ Wygssels & andl By respeatiealy. behtletv\bmd:h
nore strongly adso e

adsorbent used in Eﬁ%"gér%%e%gé%‘?g}}nﬁwon Ilnenatsnémrm%lt%mges4an ads oaB’es 30 a-me“
whi ch nore strongl 90%9:94(ﬁlpbsthrdughdmme@utlet-lmh\lettequahzaesn tinel 4d@tadagper efdin
t he 20 one o0 0 e t.

desired to not ads fs c’SRFchtgcti poelﬁnecg’_m Qg{fﬁtsﬁe%ﬁémadsor ég!ra]e[x(% Eéseﬁcr?t |ts' ILY‘)e?end

i nvention include B:i llh@aBSgel a wmm battve@tn valves 40 amdu#i? naf,-‘loacthrvagfecﬁnea4=4)m
mol ecul ar sigves, I ASLEVe s

natural and Synt heﬁl@lﬂbzngg lb?%%&@'h&:%&ﬁlé o‘}é gﬁhﬁec‘%on hnF 4& cor?&%@ Itne@ﬁdand 6 to
fauj asite, erioniteentding 58ptVahedsi G2andhébantral dlovetrom, lingrdltaskne h@tané from line
zeolites include typg;gd ol

etc., type X zeolites lsugﬂ resDezdgl(\)’ ﬁ LHG% 'S%Hﬁﬁc}%@(@%ﬁ%ﬁﬁe#&?%ﬁ% Toned
zeol i tes. The partihednlat tCaMﬂb‘emmm%d MalvetGfecontonie §gw through linedd8.t h@e 62
invention w il depgssh oy él)a% t it is
desired-to separate, a”%m#gggel ect%%‘fﬁ) '?L%&rggsor eﬂﬁ%%g{oﬁgﬁﬂg part of

t he - invention. Wen it is desired to adsorb oxygen from an
oxygen-nitrepgen gas 30 Flg 2 lllugﬂbé(tteyrtﬂe vifiols 3%t fn thd firSt RrALELS %E&Bu‘ﬂﬁﬁt

CMS or zeolite 4A as the adso
descnbed above, i.e. the embodiment in which the bed equalization procedure

comprises a first equalization step in which vessels A and B are equalized outk_at-
to-outlet and a second equalization step in which the two vessels are equalized

inlet-to-inlet and outlet-to-outlet.

20 - The first preferred embodiment will be described beginning with the first
step of the half cycle, in which the adsorption bed in vessel A is in adsorption
service and the bed in vessel B is undergoing regeneration. This step is illustrated
in Fig. 2A. Valves 8, 18, 36 (when a purge step is included in the cycle), and 54 -
-are open during the entire step, valve 58 is open for a first part of this step and

25 all other valves remain closed during the entire step. Air, compressed to the
desired adsorption pressure by means of a compressor (not shown) enters vessel
A through lines 2 and 4, As the air passes through véssel A, oxyéen is adsorbed
by the CMS and nitrogen passes through the bed. A nitrogen-enriched

nonadsorbed product stream exits vessel A thrqugh line 14 and passes through



9 " " and when it is desired to adsorb nitrogen fromthe sane or a

simlar mxture, it is preferred to use zeolites 5A, 10X or 13X
as the adsorbent. To sinplify the - di scussion, the invention wl|l
be described in detail as it applies to the adsorption of oxygen

fromair using CM5 as the adsorbent. This adsorption is conducted 5
under kinetic adsorption conditions, and the effectiveness of the process

depends - upon the difference in the rates of adsorption of the
vari ous conponents of the gas baiing treated. Since oxygen is
adsorbed much nore rapidly than nitrogen by CVB, the short

duration of the adsorgt ion step makes it possible to sel ecti vel y

adsorb oxygen frofn@n23pytier vaseeldgeRugngthis Rariadeoxygen-tih gas that was adsqrhed

invention.is furtporepel l':ééisbfm |hr\/etsQ@l Btnﬁadia'%SFbeGrﬁB\‘nnﬁé CMY bRYISevhtGited

| i nés have been included in the I_ﬁures as an aid to the explanation of the

sever al - cgypferougently threughline & iMsssel Ris preferelely fipst derrgssusiged to about

equi pment, val ves aufgseric BleSsure by permitting Wfb vah€td e a‘i'thB?&FeLé/ tHrBUgH Rtk 56

the invention and which are not necessary for an -under st andi n% of

the inventi & havén®éhen fyrheravacestgaby plosingg(alvesd8 and agiivating wacuym pump £

simplicity. The sgRg. JeS&rSE@BQfgé?W@{ ﬁ 4SS STHENR 1D BRI B78udHPIineRP8, 648 Bhd 150eby

sane ~or simlar parts in the various draw ngs.

Turni ng now to th¥e@4HsdaLma 0. apd Lﬁsﬂlﬁ%haéaeqmbiegﬂtmesph%mwsb line 8t Pat"eej

therein an adsor pihdBvae(atieMotdaRtQdR ! thidasdet |§%¢é¥eﬁé%|yt P@rgé@%pé’és’ﬁ?
are

enbodi nents of the invention. The ngjor vessels | ustra

paral l el 20 p%?&§WPﬂVQﬂ?“YPé§'§B?%9¢? ﬁ}?ﬂetB’%’ﬁB Vl'ﬂ bnes g 3«9rﬁ‘1dch§-d gas
buffer vessel C. For purposes of thIS descri ptlon vessels A and B
are filled vmthCMS The adsor ystemis provided with air

feed line 20 which is AldHvessal '%?YﬁcHéteﬁﬁﬂéfh%ﬁﬂfOEﬁ“mff°”t in vessgl &gepehes the

through line 4 andedidt pind, Qh@tad%a%ti@f't fd5qs hsfmlﬁaﬁehrwg{hel fine \@nt GAY first
flowfromline 2 to adsorbers A and B .is controlled yrval ves 8 and 10, 25

respectively. On eRlizatipniers ilivstaiaddn g 2fa8reobrRaudt é’f?dée“&a?@r'ﬁf?féﬁed to
vessel s s B fifstaVent CARES tHetdb st Bbdl dycRORBIUBES S YEdonkdi dtiodphdrid rv@Hﬂh
nonadsor bed product %as di scharge |ines 14 and 1 6, respectivel

Fl ow t hrough | i ne8teP4ustRiiof tg Vaguym pymp evacuation of the %déHEH"'BPIVéas%if Vel

18 and 20, 1Bespeckiepeiiived BNa8136, @Rd 84S adOMBSSd @dvalves 26, 28, 52 and 58 are
opened. Gas contained near the nonadsorbed product gas outlet of vessel A is
transferred to vessel B through lines 14, 24 and 186, thereby partially pressurizing
vessel B; and gas contained in the inlet section of vessel A is vented to the
atmosphere through lines 4, 48, .50, and 56. As noted above the duration of the

20 vent step may be shorter or longer than, or equal to the duration of the first

equalization step.

Upon cbmpletion of the first equalization step, valves 52 and 58 are closed

and valves 40 and 42 are opened and the second equalization step is carried out.

During this étep, illustrated in Fig 2C, additional gas contained in the nonadsorbed

25 product outlet end of vessel A is transferred to veésel B vialines 14, 24 and 16,
- and gas is transferred from the inlet end of vessel A to the inlet end of vessel B

via'lines 4, 38 and 6, thereby further pressurizing vessel B.



end, is foined to vessel C Line 22 connects buffer vessel C to downstream

10 storage or an end application. CQutlet end equalization
cross-connection line 24 : connects lines 14 and 16. Fl ow t hrough
line 24 i-s controlled by val ves 26 and 28. Backfill/purge

cross-connection line 30 joins lines 14 and 16 to backfill/purge
line 32, which, in turn, is joined to the inlet end of vessel C. Valves 34

and 36 5 control flow through line 30 to vessels A and B,
respectively. Inlet end equal i za4 on cross-connection |ine 38
connects lines 4 and 6. Valves 40 and 42 control flow through

line 38. Qutlet-to-inl %htﬁﬂfﬁéldeé?éd benltlhn@fé]!@ i#trahdferrt@ BB Riddel A to vessel B S
connected to line 24 at a point between valves 26 and 28, and at jts Lovver

end | to | Vaiees3eh.at8.£Qeichi2 e vleesd ansl thegronadsanrdiprodirohpakil SRph
line 44 is 10 - g s@g}{gdr oﬁﬂ;@emceéalbg%péﬁng%n& B%rm%e?ﬁﬁﬂﬁﬁhltfbgehieﬁﬂc%

connects lines 4 and Val ves cont rol
flow fromline 4 tess 10nféo\s(atmﬂum orassuradnto vessel B viadines 32, RO ang 16, thereby

respectivelyg Li neppfq} ﬁﬁcFe%gﬂ@thagg eégur@tlmpbgés'e K?'ﬂtle Lérﬂ@ tlﬁ'@ 8fbes 52 and

the inlet to vacuum punp 6 controls flow through line 56. Line
62 di scha® gessopsaediand wreself A darporanttadntp vept sepstentialy tatHIOSRRETES,
15 Fi | higs t4) e Qiddtia3éd N Feramd
enbodi rent o e i D R B e e

equal i zati on proceeRippietes the first haEGMﬁiPloéé@e arope$53t equal i zation step in
whi ch vessels A and B are equalized outlet- to-outlet and a

second equal i zation steg in which the two vessels are equalized
inlet-to-inlet and out Tee seepndielfsycle of thg process includes all gHideabp¥q stEPBEEFPRd

enbodi ment yh || bendeseridies byt "shsBiddnt 8% Tdebfdssurization and vessel A is
regenerated and repressurized. In the first step of the second half-cycle,

illustrated in Fig. 2E, valves 10, 20, 34 and 52 are open during the entire step,

valve 58 is open for a first part of the step, and all other valves are closed during

the entire' step. Air at superatmospheric pressure flows into vessel B while

15 nitrogen-enriched product gas flows from vessel B to vessel C, and vessel A is

evacuated, preferably with purging, in the manner described above.-

Upon completion of the first step, the first vent/equalization step; illustrated
in Fig. 2F, takes place, during which valves 26, 28, 54 and 58 are open, and all
other valves are closed.. Void spaée gas from the top of vessel B flows to vessel

20 A through lines 16, 24 and 14, while void space gas is vented from the inlet end
of vessel B to the atmosphere through lines 6, 48, 50 and 56.

Next, the second equalization step of the second half-cycle, illustrated in
Fig. 2G, tékes place. During this step; only valves 26, 28, 40 and 42 are open,
and equaliza’f_ion gas flows from the top of vessel B to the top of vessel A through
25 lines 16, 24 and 14; and from the bottom of vessel B to the bottom of vessel A
‘through lines 6, 38 and 4.



" Y
step of the half cycle, in which the adsorption bed in vessel Ais'in

adsor ption : service and the bed in vessel B is undergoing
regeneration. This step is illustrated in Fig. 2A. Valves 8. 18,
36 (when a purge step is included in the cycle), and 54 are open -
during the entire step, valve 58 is open for a first part of this step and
25 all other valves remain closed during the entire step. Ar,
conpressed to the desired adsorptignl pressure by neans of a
conpressor (not shown) enters vessel A through lines 2 and 4. As
the air passes through vessel A, oxygen is adsorbed by the CM5 and

nitrogen passes throughWhea theddesiréd Riubhygedt- &qualigdiish gas flows frognagser Bed
product streamexits v sgel A through |ipe 14 and a,ss‘ea th g}ég{;
Pine 12 to buffer VERSSEIA hersgeond edyaizanon, sip 1515 FaRtER AN, e (PRt tepag the

adsor bed deyohdiRalbepkiok celBdiont, \Yarag Whikh vesdeisn istfarthbr prassurieeCMRh
and evacuated © . . 'counéercurrentl_a/ t hrough line 6. Vessel B is
preferably first ddBVesiu#Nriched e3s apfgpedsorbed product gag,stofRas peessyreaod vesig) &

]E)er m'ht ting itst odvgmerltted ?th&tﬁt{é%%h@s%ﬂﬁi@#éﬁssbﬂeﬂﬂ'lﬁs effected by ogcmﬂwgt\}MS
urt her evacuate 0sl nhg val ve an ctivating vacu punp, . )
The desor bed oxyger\é-lq'ici’@nd’&zi’g‘dﬁ%@é’rﬁﬂeg'“&rvé s 3y gﬁga%‘dl ﬁeimﬁs"%'sa{@&t@ﬁf%ﬂ)

vacuum punp 60, andig 2Hdi scharged to the atnosphere through Iine 62. During
t he evacuation of vessel B, this vessel is preferably purged by passing | ow
pressure nitrogen-enriched gas therethrough via lines 32, 30 and 16. 10

AL ter vessel 5 is evac U'@ﬁ@&c&ﬂdpﬁeﬁ@raﬂ@ﬁﬂf- odinhét desdrediabove RSRIstAtéFIATRBSIA
t he esire 0 t he, adsorption step is terpm pated. a e first
vent and first throgh g&iﬁa’l"‘i‘?'ﬁﬁ"?ﬂ?d&"éﬁs’iheiﬁt REsEhowR N 'Hng'@z ggB,gBa?E/ 6
3egun_. ngi S mlent _ -stalaada'hs afeeiﬁesﬁﬁc%gtd the ste%s show®n Fige. 2, 2%, 2BN2E, 26 AAE 2H)e
escri bed cycle includes second at ympspherj c vent ste st.prior
to vacuum punp evaéiﬁ&ef’wﬁbf e‘tph‘?e°%{¥lsd€r}??5?'i"i?n'“vg‘§s%ﬁ°§.esﬁ—eﬁr°ft mestwg émbodients
appears in the steps illustrated in Figs. 3B and 3F, i.e. the first equalization steps

of the cycle.

During the first equalization of the first half-cycle of this embodiment, void
15 space gas is transferred from the outlet end of vessel A to both the inlet end and
the outlet end of vesse! B. This is accomplished by opening valves 26, 28, 42
and 46. Meanwhile a pért of the void space gas in the lower part of vessel Ais
permitted to vent to the atmosphere by opening valves 52 and 58 for the desired
period of time. All other valves remain closed during this step. During the first
20 equalization of the second half-cycle of this embodiment, void space gas is caused
to flow from the outlet end of vessel B to both the inlet end and the outlet end of
vessel A by opening vélves 26, 28, 40 and 46; and a part of the void space gas
in the lower part of vessel B is permitted to vent to the atmosphere by opening

valves 54 and 58, all other valves remaining closéd.

25 _ " As a variation of the second preferred embodiment, the first equalization
steps may be carried out in two stages, with valve 46 being closed during the
first stage and open during the second stage. During the second stage the valve

connecting the outlet of the vessel being depressurized to the outlet of the vessel



15 ° "step, valves 8, 18, 36, and 54 are closed and val ves 26, 28, 52
and 58 are opened. Gas contai ned near the. nonadsorbed product gas
outl et of vessel Ais transferred to vessel B through lines 14, 24
and 16, thereby partially pressurizing vessel B; and gas contai ned
in the inlet section of vessel Ais vented to the at nosphere

t hrough lines 4, 48, 50, and 56. As noted above the duration of the 20

vent step nay be shorter or |onger than, or equal to the duration of the
first equal i zati on step. 14 . Upon conpl etion of the
first equalization step, valves 52 and 58 are cl osed and val ves 40
and 42 are opened and the second equalization step is carried out.

During this step, heingeprasseiredcap; ifdesredabririopeshal higasraitmithei mest Aure gaacto
nonadsorbed 25 fow Wo%j‘tﬁé v&‘étei S’élnfﬂgprgésu\ﬁ?@@% tHe b@tlettre?aesgf%é%séé? bein
vessel B via lines 14, 24 and gas Is transferred fromt
inlet end of vessé’PPWsﬁ‘UlzﬁﬁeThﬁFéYaf‘ém offthigergeiatiorgs that the puregt gag ilmgtmthess
and 6, thereby f UrtBBfo tﬂé%%gl'b%lr@gre‘ﬁpegﬁﬁize@ and then somewhat less pure flow gas
12 desired quantity of gas Is trans?erre ?ron1-
vessel Ato @esselﬂqxvs % the bottom of thesegeiging vessel. 4o ay gvent. thesegoribeqralizationhe
nonadsor bed producde (F"iﬁ WHidH both ®Rtlet-to-outlet and %ﬁéﬁ@-ﬁﬁl@pequ-gma%oh%c@ws ftﬂlﬁ@sby
openi ng valve 36 and permtting nitrogen-enric fl'ow at
product pressure |th?é"#&&'élllzaB°mSE€P|-| nes 32, 30 and 1 6, t her eby 5
further increasing the pressure in this vessel . At the same time, valves 52

and 58 are opened and vessel Ais permtted to vent substantially
to atnospheric prieydlibe anpresiefrd Ithatel is within the enepesy. thphpresent
step, illustrated jbnfibH to dflize conventional eﬁgmé?ﬁ?éniolﬂﬁorf érfcﬁéut&%%‘t:céiﬁé%@ulé’t@

t he process, The second hal f-cycl e of process

i ncl udes al19 of t ribe dlow ef gpggsswithinctbpgisystem so that it can be fully automated to run
: continuously in an efficient manner.

The invention is further illustrated by the following example in which,

unless otherwise indicated, parts, percentages and ratios are on a volume basis.

- EXAMPLE

18 This example consists of four experimental runs, each having a total half-
cycle time of 120 seconds and each conducted for a period of time sufficient to
ensure steady state conditions. The experimental runs were carried out in a pair
of vertical parallel-arranged cylindriéal adsorption vessels 76 cm in diameter and
approximately 2.1 meters high. Each vessel was packed with approximately 530

20 liters of bémmercial grade carbon molecular sieve pellets having a diameter of

| about 2 mm. The adsorption vessels were equipped with lines and valving
sufficient to conduct experiments in accordance with the preferred embodiments
of the invention. The beds were operated 180° out of phase with one vessel in
adsor_'ption service while the other vessel underwent bed regeneration. All venting

25 of the beds was through the feed gas inlets of the vessels. The feed gas was



10 " t hat vessel B undergoes adsorption and depressurization and vessel

Ais ' regenerated and repressurized. 1In the first step of the
second hal f-cycl e, illustrated in Fig. 2E, valves 10, 20, 34 and
52 are open during the entire step, "valve 58 is open for a first
part of the step, and all other valves are closed during t he

entire step. Air at superatnospheric pressure flows into vessel B while 15
ni trogen-enriched product gas flows fromvebsel B to vessel C, and vessel A

S ' evacuated, preferably with purging, in the manner descri bed
above. ' C f ,
vent / equal i zation asl[[.ggmprﬁl‘é‘r@g@{o ngagﬁre%?agéut@t?bglj ﬁ&nn?f?@g r%é(em%rafqo'ﬁiﬁessure

duri ng which val ves tiéyesz8| urisérguing B&i ragenepgtion wamdadabéd to about 1 bar by hemtmg
valves are closed.y, Ode% ﬁ:oga%eaﬂv?dssﬁhé% A, ‘r%h FQ‘RB%" }S?oscggsest]; OEémLéi’ togg ?

20 A through Tines 1 ce gas 1S venh

the inlet end - temperap@irevofsabolit B8P C. {Fues atamis%hmrecbﬂmmmml aqcetclaﬁg:e 481;h
50 and 56. e he
second hal f - cycl e, the F[oce so{thN?ﬁve’ntangnc? ﬁ&&ﬁryaﬁggger%giméﬂaﬁ%% lgm 'Du rl%the
this step, only va’bgwratﬁan 28ep 40f apacM hadfeayctspethe bed being aadenerated was

Civough 25 - 9 RER AR Wbhyfh B s et Bt BIET o

the bottom of vessel A through lines 6, 38 and 4.
13
fromvessel B to Y86t ﬁ%'/gggcsz&?‘g} ﬂ&’@yﬂ H(':éoe)récfo‘];’qu%é?lz‘gﬁetgrﬁ Q?S%?éat Ion2Ha

term nated and t hedserptiontbeg r%eﬂerﬂ;ion step, a 1 sec sandndumlaatﬁomsf@bemmtlwb&dsed
out, duringyghich b\éﬁ'@seéquélieﬁ fig ?Et- ﬁ.ﬁ@fr b&Gcibh Nand the bed und(eargomg

n|trogen enrlched at’ nonads ct gas storage pressure
vessel B depressunzatlon bemg vented to the atmosphere, a 2 sec. inlet-to-inlet and outlet-

to-outlet equalization step, and a 2 sec. countercurrent nonadsorbed product
backfill step. '

- Each half-cycle of Run-2 comprised a 115 sec. feed pressurization and

15 adsorption/bed regeneration step, a 1 sec. \.lentlequalization step with the beds
being equalized by flowing gas from the outlet end of the bed being depressurized

to both the inlet and the outlet ends of the bed being repressurized, a 2 sec. inlet-

to-inlet and outlet-to-outlet ecjualization step and a 2 sec. countercurrent

‘nonadsorbed product backfill step.

20 Each-half-cycle of Run 3 comprised a 116 sec. feed pressurization and
adsorption/bed regeneration step, a 2 sec. vent/equalization step with the beds
being equalized by inlet-to-inlet equalization, and a 2 sec. countercurrent

nonadsorbed product backfill step.

Each half-cycle of Run 4 comprised a 116 sec. feed pressurization and
adsorption/bed regeneraﬁon step, a 2 sec. vent/equalization step with the beds
being equalized by both inlet-to-inlet and outlet-to-outlet connection, and a 2 sec.

countercurrent nonadsorbed product backfill step.



5 is vented substantially to atnospheric pressure. This is effected

by cl osing val ves - 26, 28, 40 and 42 and openi ng val ves 34, 54 and
58. This step i's illustrated in . Fig 2H The
second preferred enbodi nent described above is illustrated in Figs. 3A
through 3H In this enbodi ment, the steps shown in Figs. 3A, 3C, 3D, 3E, 3G
10 and 3H are identical to the steps shown in Figs. 2A, 2C 2D, 2E,
2G and 2H, respectively. The only difference in the processes of
the two enbodi nents appears in t@g steps illustrated in Figs. 3B
and 3F, i.e. the first equalization steps of the cycle.

During the first equalization of the first half-cycle of this enbodi nent,
void 15 space gahd RstitPihRIdb8de-HEQMbbA SoGtUuhE breefiBuRted/BSRE ITafe! O
both the inlet end and the outlet end of vessel B. This is
acconpl i shed by openi ng val ves 26, 28, 42 and 46. Meanwhile a

part of the void space gas in the |ower pariamfe vessel Alis
permtted to vent to the atnosphere by opening val ves 52 and 58 for the
desired period of time. Al other valves remain closed during

this step. During FFrst—=26 S £
of this enbodi nenf, void $wace gas ijs caudpdield, % t O, frhpuwvitly iewel; ppm
outl et end:-of vesgel—B+to—beth-the-irlet—end-andthe—odtlet—end—of—

vessel A by openifig val ves126, 28, 40 and 488.&nd a part of the6Yoid spacg

gas in
at nosphere by opefi ng 2 val Mes 54 an@.68, all (ther-val ¢8s
remai ni ng cl osed. 25 ——JAs a varjation of tlhe second preferrey

enbodi ment, the f{rst equalization 1752eps may tbe carriged out in
two stages, with jalve 46 being cloded during the first stage aihd
open during the spcond stage. Durind the seqgn stage tlhe val veya -
connecting the oullet of the vessel ibeing depressurized to the outlet of
t he vessel :

Inspection of the results tabulated in the Table show that the runs
"5 ' conducted in accordance with the:preferred embodiments (Runs 1 and 2) produce
better results than those obtained in the comparative runs. Runs 1 and 2 have
better nonadsorbed product yields than either of the comparative runs.
Furthermore, the impurity level of the best comparative run, Run 4, is 7% higher

than that of Run 1 and 14% higher than that of Run 2.

10 Although the invention has been described with particular reference to
specific equipment arrangements, to specific adsorption cycles, and to specific
experiments, these features are merely exemplary of the invention and variations
are contemplated. For example, the adsorption cycle may include more than two
bed equalization steps, and the purge step and/or the nonadsorbed product backfill

15 step may be included or eliminated, as desired. Furthermore, the duration of the
individual steps and the operating conditions may be varied. The scope of the

invention is limited only by the breadth of the appended claims.



14 bei ng repressurized can, if desired, be closed. This permts -
the nost pure gas to ' flow.fromthe vessel being depressurized to
the outlet end of the vessel being - repressurized. The advant age
of this variation is that the purest gas flows to the top of the
vessel being repressurized, and then sonewhat |ess pure flow gas 5

flows to-the bottomof the receiving vessel. In any_event, the second
equal i zation step, in which both gutlet- to outl et and

inlet-to-inlet equalization occurs, follows Jyl ﬂm:lm“ml" IIL
equal i zation step. It will: t it

is within the scop@hat |§d§1&|nmrddsent | nventi on"td utilf

conventional equipnent to nonitor and automatically regul ate 10 t he
flow of gases.within the system'so that it can be fully automated to run
continuously in anleffikicentinusag@scess for separating compondite dfna gasimixturs by
further |IIustratedb the .fo exanpl e.i n L ch . .unl ess

ot her wi se i ndi cat effSSPHYF 3Ving ﬁgfggﬁ%hﬂ'bgn@ﬁrahtrya?wgsszﬂsee%w 5°R‘/‘8l'1'ﬂ?ea§§§i gf
EXAMPLE 15 adsorbent thigh nﬁ:remnglyeadsorbsiasﬂrst oompgonent thap e secmnt cimponest,
each having a total e.tine o eco

conducted for a pe‘?fsc%‘J g9s Tixfige apd f?%\clﬁ’(fngtaé’ inle e"‘?ang 'E}?Zeé’?e%d?‘”ésﬂ'}%%s
conditions. Bhe exmarstmﬁth;bleramdummgetheaterpsed out in a pair

vertical parallel- arra% g Ifnndr‘gcaas ad l%pt on vV Sésu ? h c ramla,;ee
and appr oxi mat WNRe h'?"a( 14 ?}%%S REs '33&58 WEHR
appr oxi mately 530 20 cocurréntWethsouyh g dhstevessal, themby adsotimg fipste component-
sieve pellets having a t The

vessel s were equi pped v?ng %W%lf aecé'géﬁ'ad 9’3?’37’91’"9 ge&nd%ompoﬁf’% %r?}g?f? &ggé @%d Bct
experinments in accor darfoe sait lvesdebthyoadheits entle&rﬂmddwmetdssorbmg first component-

10 enriched fraction from a second vessel by countercurrently depressurlzmg

said second vessel;
(b}  terminating the flow of said gas mixture into said first vessel;
-(c) countercurrently venting gas. mixture from said first vessel;
(d)  partly pressurizing said second 9es'se| by flowing gas from the outlet
156 end of said first vessel into the outlet end of said second vessel;
(e}  further pressurizing said second vessel by flowing gas simultaneously
from the outlet end of said first vessel into the outlet end of said second
vessel and from the inlet end of said first vessel into the inlet end of said
second vessel.
20 ' ()  pressurizing said second vessel to said selected superatmospheric
' pressure by cocurrently flowing said gas mixture thereinto;
and as a second half-cycle repeating steps {a) to {f), but with the roles of said first
and second vessels reversed. |

2. " The process of clai'm 1, further comprising flowing gas from the outlet end

of said first vessel into the inlet end of said second vessel during step {(d).



of tFIe ir;venti on. The beds were operated 180[err] out of phase with one

vessel in adsorption service while the other vessel underwent bed
regeneration. Al venting 25 of the beds was through the feed gas
inlets of the vessels. The feed gas was o

15 air, conpressedto—a-pressure of about 8.4 bar. During bed
regeneration presj:im"”m iy t he vessel undergoi ng bed regeneration
was reduced to ab "ﬂ“ﬂ!#r’m ng the bed to the atnosphere.
The adsorption processestwetle taryied out 48 a t enper at ure of
about 18[err]C. Runs 1 and 2 were. conducted in accordance with 5 t he

process of the inyention and Runs 3 and 4 were conparative runs. During the
regeneration step bf ehhpieasss-afgtaina 1 fusthseaomerisigg fleydnmeas fsemithe outlet end

countercurrently pyssiadirstivelsd 1o g{eeiﬁﬁyéﬁd H8ad 0Ll REQA BN e &RSteps (d) and

Each hal f-cycle of Run 1 conprised a1 15 second feed pressurization and

adsorption/bedfreé@neration step, a 1 sec. vent/equalization step with the
beds 10 bei ng equalized by outlet-to-outlet connection and the bed
under goi ng - depressurization being vented to the atnosphere, a 2
sec. inlet-to-inl& antheRrfesess.of either claim 1tas.claimy Hifuehersampsisingbeswepn siepel a

2 sec. countercur (@¥hdMNRAses Q@&gﬂiiﬂqgﬁa second vessﬂtﬁqﬁvbihb s&ddHd-component-
2 all b fee 15

Each hal f-cycle of Run conpri se sec. f pressuri zation an

adsor ption/ bed r e§Bfichedigaspredusp countercysently, hergietpual i zation step with the
beds o bei ng equalized by flowing gas fromthe outlet end of the bed
bei ng depressurized to both the inlet and the outlet ends of the
bed being repress8rizethe arogesscef clajip i or claim 2, whegein ften (elnat least partially
outlet-to-outl et gguéaaészgﬂ,g,%_step and a 2 sec. countercurrent

nonadsor bed product backfill step.

6. The process of claim 1 or claim 2, wherein step (c) and step (d) at least

partially overlap.

7. A continuous process for separating components of a gas mixture by
pressure ‘swing adsorption in a plurality of vessels each containing a bed of
adsorbent that more strongly adsorbs a first component than a second component
of said gas mixture and each having an inlet end and an outlet end, comprising.as
5 - afirst half-cycle conducting the steps: - ' |
(a)  flowing said gas mixture a'_c' a selécted superatmospheric pressure
cocurrently through a first vessel, thereby adsorbing first component-
enriched fraction and discharging second componeht-enriched gas product
from said vessel through its outlet end, while desorbing first component-
10 enriched fraction from a second vessel by countercurrently depressurizing
said second vessel; _
{b) terr‘ninatiﬁg the flow of said gas mixture into said first vessel;
{¢)  countercurrently venting gas mixture from said first vessel;
(d)  partly pressurizing said second vessel by flowing gas from the
15 outlet end of said first vessel into both the inlet end and the outlet end of

said second vessel:



20 Each hal f-cycle of Run 3 conprised a 116 sec. feed

pressuri zation and adsor ption/bed regeneration step, a 2 sec.
vent/equal i zation step with the beds bei ng equal i zed by
inlet-to-inlet equalization, and a 2 sec. countercurrent

nonadsor bed product backfill step. Each hal f-cycl e of

Run 4 conprised a 116 sec. feed pressurization and ————~—adser—p{—i—en¢bed
regeneration step, a 2 sec. vent/equalization step w
bei ng equalized by both inlet-to-inlet and outlet- tol ﬂll !&‘”"}1 and

a 2 sec. count ercurrent nonadsor bg@ product bac f|

16 The results of the above-described four runs are

tabul ated in the Tabl e. TABLE
Run - Nfedr r |fultheslpdessetizing said sgcend ]/essm ilqumggaeslmuppmous!y
]1-2 g o from ﬁ\é?,outlet end of said first vessel mtg the outlet end of sald second

vessel and from the inlet end of said first vessel into the inlet end of said
20 second vessel;
(f) further pressunzmg said second vessel by ﬂo_wing second
component-enriched gas product countercurrently thereinto.
{g)  pressurizing said second vessel to said selected superatmospheric
pressure by cocurrently flowing said gas mixture thereinto;
25 and as a second half-bycle repeating steps (a) to {g), but with the roles of said

first and second vessels reversed.

8. The process of any one of claims 1', 2 or 7, wherein said selected
superatmospheric pressure is in the range of above 1 bar absolute to about 20 bar -

absolute.

8.  The process of claim 8, wherein the temperature in said vessels is

maintained in the range of about -50 to about 100°C.

10. The process of any one of claims 1, 2 or 7, wherein during step (a) the
pressure in said second vessel is reduced to an absolute pressure in the range of
about 100 to about 5000 torr.

11. The process of any one of claims 1, 2 or 7,.\'~herein said gas is air.

12. The process of clai'm 11, wherein said selected superatmospheric pressure

is in the range of about 4 to about 14 bar.

13. The process of claim 11, wherein the temperature in said vessels is

maintained in the range of about O to about 50°C.



3 " 17.2 - 119

4 18.0 : 72

| nspection of the results tabulated in the Table show t hat the runs
conducted in accordance with the preferred enmbodi neir"'ﬂlﬂﬂ"]"udﬂﬂﬂﬂlﬁ

pr oduce _ better results than those0obtai ned e runs.
Runs 1 and 2 have - better nonadsor bed product yi ‘el 4s thah €l ther of
t he conparative runs. Furthernore, the inpurity level of the best
conparative run, RHe ‘ﬂbro¢§ss7ﬁ’ fvlﬂherﬂ wheremt&@rﬂlghhﬁé p 94) the presédtelisaid
hi gher than that of Run 2. t he i nvention has been
descri bed wi tslecpadivessehis reém@nednts:ean@bsolute preswgumtbee'qugprnafmbout 200 to
arrangemants adsorption cycles, and to specific

experinments, atbﬁélém&éﬁrm are nerely exerrpl ary of the invention and

vari ations . are contenplated. For exanple, the adsorption cycle may

i nclude nore than two bed eﬁual ization steps, and the purge step
and/ or the ndr';'adste@ro&ﬁga@étclajatR y Whersin said firstreamponent issxygen and said

el i m nat ed, [ the duration of the i ndi vi dual
steps and th§%8§§§ (?'g% {%ﬁdgﬁ] égﬂ’ay be varied. The scope of the

invention is limted only by the breadth of the appended cl ai ns.

17 What is clainmed is:
16. The process of cIanm 11, wherein said first component is nitrogen and said

second component is oxygen.



1. ° A ¢tontinuous process for separating conponents of a gas mixture by
pressure swing adsorption in a plurality of vessels each containing a bed
of - adsorbent that nore strongly adsorbs a first conponent than a
second conponent of said gas m xture and each having an-inlet end
and an outlet end, conprising as 5 a first half-cycle conducting the
st eps: (a) flomﬁng said gas m xture at a selected
super at nospheri c pressure cocurrently through a first
vessel, thereby adsorbing first conponent- enri ched
fraction and di schargi ng second conponent&ﬂnriched_gas pr oduct
fromsaid vessel through its outlet end, ile desorbing first conponent-
10 enriched fraction froma second vessel by countercurrently
depressuri zi ng sai d second vessel (b))
termnating the flow of said gas nlxtug qﬁ?ﬁggald first vesse
(c) countercurrently venting gas m xture fromsaid first vesse
(d) partly pressurizing said second vessel by flomnng gas fron1the out | et
end of saPRESSIUR YWIENG A P DYCESS! of said second

vessel ; (e) further pressur{2|ng sald second vessel by
fl ow ng gas sinultaneously fromthe outlet end of said
first vessel into the outlet end of said second vessel and

fromthe inlet end of said first vessel into the inlet end of said )
second vesseThe ganponents of a gas miktuye are sepasated by pregsuseaswing @dsorptioncinseplutaity -

said selected. s eratm) eyl e e cocur rent .
flowi ng sai ddfg%fts 'QP[YF@SDP%@? gl%)nt]ésmthe first step O%trt}g °§°1§@%9{Bu% 3%9@5% n
repeating stg£gsstbad (prhﬁé thesscond béd (B)Qnid@xlg@és &untedduirehi desbrption. At the el
second vessels rever sed The process of claim1, further

o}‘rrpr i sing fofolhe digstodep the dirst bpd @Utis é’Fntéqll gountercurrently and he first and seopad defls
to the inl 6\ E?)%d%;gos% Q fﬁ&c&ﬁd(A‘ﬁ %ﬁﬁﬁlzaﬂ&{ Et@}g o%&lgpto(oqgﬂet equalization or outlet

to both inlet and outlet equalization. The vent step may precede or be concurrent with the
first bed (A) equé.lization step. In a second equalization step ‘the beds (A, B)
simultaneously undergo inlet-to-inlet and outlet-to-outlet equalization. The second bed (B),
is then further pressurized with nonadsorbe.d product gas.- The half cycle is then repeated
but with the first bed (A) being substituted for the second bed (B) and vice versa.

Elg—l..'



3.7« The process of claim1, further conprising flowng gas fromthe outl et
end of said first- vessel into the inlet end of said second vesse
bet ween steps (d) and (e). 4, "The process of either .
claim1 or claim?2, further conprising between steps ' (d) and (f),
further pressurizing said second vessel by flow ng second conponent -
enriched gas product countercurrently thereinto. 5. The
process of claim1l or claim2, wherein step (9)3at | east partially

precedes step (d). . 6. The process of claim1l or claim2,
wherein step (c¢) and step (d) at |east partially overl ap.

7. A continuous process for separating conponents of a gas m xture hy-
pressure swing adsorption in a plurality of vessels each containing a bed
of adsorbent that nore strongly adsorbs a first conponent than a
second conponent : of said gas m xture and each having an inlet end
and an outlet. end, conprising as 5 - a first half-cycle conducting the
steps:. . (a) flowing said gas mxture at a gel ected
super at nospheri c pressure cocurrently throfigh a first
vessel, thereby adsorbing first conponent- enri ched
fracti on and di schargi ng second conponent -enri ched gas profluct

fromsaid vessel through its outlet end; while desorbing fljrst conponent-
10 enriched fraction froma second vessel &Qy cpuntercurrently
depressuri zi ng sal d second VESSeN, N (b)
termnating the flow of safd gas m xture into sai i bssel

(c) countercurren % ing gas nm% ure from s vesse

(d) partly pressurizijng Raid second vessel by ffow ng gas fromthe 1 5
outlet end of said firdgt ve
of shi d [second vessel ;
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19+ "~ (e) further pressurizing said second vessel by flomﬁng'

gas si nmul taneously fromthe outlet end of said first vesse
into the outlet end of said.second vessel and fromthe inlet
end of said first vessel |nto the inlet end of said 20 second
vessel ; (f) "further pressurizing said second vessel by
flowi ng second conponent - enri ched gas product
countercurrently thereinto. 3(g) pressuri zing said second
vessel to said selected superatnnspheric?/ pressure by
cocurrently flowing said gas m xture thereinto; 25 and as a second
hal f-cycl e repeating steps (a) to (g), but with the roles of said
first and second vessel s reversed. 8. The process of any one
of clainms 1, 2 or 7, wherein said sel.ected super at nospheric
pressurée is in the range of above 1 bar absolute to abou‘ 20 bar
absol ute. 9 he process of claif 38, wherjeiy the tenperature
in said vessels} .§ mai ntai pgd in the ran@& off about - to about
100[err] C. q% The procgss of any *eme—of~Tlains 1, or 7
wherein during step (a) t he pressure in said second vEisel is
reduced to an absol ute pressuge in e range of about LI00 t o about
5000 torr. ' rf—b- < -
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117 THe process of any one of clains 1, 2 or 7, wherein said gas is air.
12. The process of claim1l, wherein said sel ected superatnospheric
pressure is in the range of about 4 to about 14 bar

13. The process of claim 11, wherein the tenperature in said vessels is
mai ntai-ned in the range of about 0 to about 50[err]C.

20 14. The process of claim1l, wherein during step (a) the pressure I n
said second vessel is reduced to an absolute pressure in the range of about
200 to about 2000 torr. 15. The pr@&sss of claim1l 1, wherein said first
conponent is oxygen and said second conponent is nitrogen. 16. The
process of claim1l, wherein said first conponent is nitrogen and said
second conponent is oxygen.
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