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1 ADSO?PTI ON PROCESS BACKGROUND CF THE | NVENTI ON The present invention
relates Yo am adsorption process in which a feed streamis introduced into
a plurality of adsorbent beds, operated in accordance with an out of 5
phase cycle, to adsorb one or nore preferentially adsorbed conponents
contained within a feed stream and thereby produce a product stream More
particularly, the present invention relatés to such an adsorption process
in which high and | ow pressure feed streans_are in rgguced into the
adsor bent beds to produce high and | BRS ﬂgygl’lﬁ?%@ t streans. 10
There are many industrial processes that require feed streans to be
pretreated by adsorption and thereafter to be delivered to the process at
two or nore pressures. As an exanple, air separation requires treatnent of
incom ng feed air stream by adsogRbkeRdif eripon di oxi de and
nmoi sture from such feed stream
into the process at high and | ow operati onal pressures of

15

thi's can be found 1 n G B3egs vgRioh laleh B Wbl GiRbiEtest il i o R ik
t enper at ure rect i isiiotoduoed prtoe phsalisyrpf adsorbent bedsheperateddinlacouedanps witls an eut of
col umms operative sQc| at i th one anoth ondenser reboilefr.. In
this proc ess?St ai rL %g%?rﬁﬁkoes §§‘&\M§58’ ’B?ffipfe?eéamglif alraé?%?/dgcoc? &y B%% °8P%’>?f’%‘éﬁ%ﬂd
}/vat er t vapori _ ]'cl'_her teﬁddat:egﬁxfmdahfreﬂgprodtadesn pr?dﬂctéstre?m. Mﬁrﬁ?im{aﬁy,etrl:e Lp':letsethl ed

or its rectification.and is.introduc s feed str .Ln e hi r .an
| ower pressure cof‘Uﬁﬂ?" I ﬁ?dﬁ%%?cgg?ﬁ?%preﬁsﬁ%w% atng i%%[?é?sﬁ‘g%?ﬁeﬂe
air into a nitrogstreatisate iitreducedintotheladdobént Yalsks srodude highi gadlonqiressite pRGLA TS .
The crude liquid oxygen is further refined in the |ower pressure columm to

produce a liquid n col umm bottons and a nitrogen rich tower overhead.
In order to feed 25 both the high and | ower pressure columms with the
feed streans, conpressed and . ) .

10 There are many industrial processes that require feed streams to be pre-treated

by adsorption and thereafter to be delivered to the process at two or more pressures,

As an example, air separation requires treatment of incoming feed air stream by

adsorption beds to remove carbon dioxide and moisture from such feed stream. The

treated feed stream can then be fed into the process at high and low operational
15 pressures of distillation columns employed in distilling the treated air.

An example of this can be found in U.S. 4,964,901, in which air is separated by

a low temperature rectification process employing higher and lower pressure columns
operatively associated with one another by a condenser reboiler. In this process, air is
compressed and purified to remove carbon dioxide and water vapor. Thereafter, the air

20 is cooled to a temperature suitable for its rectification and is introduced as feed streams
into the higher and lower pressure columns. The higher pressure column serves to
separate the air into a nitrogen rich fraction and a crude liquid oxygen column bottoms.

The crude liquid oxygen is further refined in the lower pressure column to produce a

liquid oxygen column bottoms and a nitrogen rich tower overhead. In order to feed

25  both the high and lower pressure columns with the feed streams, compressed and



2 purified feed air streans are required at the pressure of the higher
pressure columm and the pressure of the | ower pressure colum. In order to
ef fectuate the production of such feed streans, incomng air is conpressed
to the pressure of the | ower pressure colum and is then divided into two
subsidiary streams. One subsidiary streanfis further 5 conpressed and
then purified in purifled fRd'did ueahi 88 raltirtd 4tQhd PEsTurk BEHRIMEEhePPRSSH Blinfhd
stream The other stream which is at the pressure of the |ower pressure

colum, is purifi®apeseRs of the losisaprssaresobinpe dn prderde eBprtunte the prodyetisarof such
Processes requiri geq §t?e°aﬂxs,3ihéoxﬁih’:‘iﬂ'i§f5 : é&h@hom%résgtﬂ‘eg?ﬁﬁsw\flﬁr%%eﬁuec&hmhhe

air is conpressed to the pr gassu_?e 0 | gher “pressure co
pre-purified and am is themdividéd\ingelavo sDbsidisnbsticansr Onet subsidiarys steam iszurthent

t he hi gher pressu Ep&gﬁp Ldiary. [ V.
expansion to 5tehe ogn@%g%ir%?s@re 0 ?‘25%@%‘%‘%@%‘55%3&%%‘%@%%3
appreci at ed, U. S. sttai64 ThO dthes straame whivhrig gt thé pressuendf thé dowdr hpeessure column, is

af orenenti oned proc because not_all .of .the.air is conpressed to the
hi gher pressure. H‘H@f%l %ﬁ?pélbawff'pf'ﬂ@caf%‘fg‘a ing process is that twe.
separate pre- 15 purification units are required. As will be discussed,

th t i ti i d d I on. ' ' bl f
praduci ng product St dARIEPRRFGT RUAFDID ALCETE PR A AT 225 SRS o

unit is required m_emrsuemwsa@wmegﬂmaw% higter priokéabélédisng Gre-purified and
i s processll at Pendiiedy G sildm, s sRade rtred e diplBs aranes ot Rochiis
into a plurality @bsia@sotRhings eRRESCB VAV ExpahsRh th TRSTowR BresPObHMB o

adsorb at | east one nore preferentially adsorbed conpaonent contained wthin

the high and | ow PrEueselmme AS canbe aprreciated, U.8 ds W40 dh moresngeyctiicient than d
| oW pressure prooyetafsiérhéitiched protss becaus@HSIOAPbS M3 A1 it Béinftbssbd 85 theOligher

adsor bent .

pressure. The disadvantage of the foregoing process is that two separate pre-
15 purification units are required.

As will be discussed, the present invention provides an adsorption process which
is capable of producing product streams at high and low pressures in which only a

single unit is-required for such purpose.
SUMMARY OF THE INVENTION

20 The.present invention provides an adsorption process. In accordance with this
process, at Jeast a high and low pressure feed stream are introduced into a plurality of
adsorption beds containing at least one adsorbent to adsorb at least ome more
preferentially adsc;rbed component contained within the high and low pressure feed
streams. This adsorption produces high and low pressure product streams from

25 adsorption by the at least one adsorbent.



3 The plurality of adsorbent beds are subjected to operational cycles, each
havi ng at | east two adsorption stages conprising high and | ow pressure feed
stages having the high and | ow pressure feed streans introduced into the
adsor bent beds. Additionally, at |east two repressurization stages are
provi ded. These at |east two repressurization 5 stages are situated
just prior to the high and | ow pressure feed stages. The at |east two
repressurization stages conprise a high pBessure repressurization stage
prior to the high pressure feed stage and a | ow pressure repressurization
stage before the | ow prEsgurelityof dissttegcbedReg subjactt t®opepitivgaiTydles; epdhtavidgd

for desorbing the at |east one.nore preferentially. adsorbed,. c onent,. The
operational cycl esatQTaét P afsuptiop srtz;gegﬁom-ﬁsmgﬁng%@nx low pressuge ﬁeﬁ‘fg&eé g\mx%)t};e
with respect to ongghafd ey peSutd@éd itlamb ifldd@ed idt® e HdSsibdt Bedd! Qtidftionally,
streans are conti nuail Ig bei ngqspr,oduced. The present _inventi on enconpasses

bot h pressure-swi g ‘SRR %Fﬁ?t@nﬁ&gﬁﬁaﬁmdﬁg-i Jﬁeﬁr%é&%@@. TepReSEHEANER
type of adsorpgti OnstideoaRSHuattd RSCRIH 8 1HE hgh%m fobprbse Fud St MHeQR lcal 38
bed is first subjected to a | ow pressure feed to produce a low 15 . -
pressure product siCPEsSWigatiensiages @mprisae higk pissspue rensesgurization agedsiontothehigh
pressure product SiL&ar fedd g?esanla w ok r t

t hi ngs bei ng equalsé a1ftef$ ssﬁtb ectfaﬁlg a%%gg%/ptgées%?w%e e%%%#gggg?&eilgﬁtp&éh}%w
pressure, there wifed stags.| Regenetation stagpsnsiet provided: foe daspthing dhet athledst tope anwor b
at high pressure. . ' [N

both | ow and hi gh r%gegﬁ?lys]&rséggq ?%%&ingﬁst's qggg%rq%{éh{ﬁ? %lg%:ﬁ'lgfc B%@Qﬁ H %‘V\%ﬁt of
separ at e bedd0wer ephasaorelatienshipnaith mespeet to @apamitier s that dlechighaereldow presisoprodicon

at | ow and high pressures._ $.nc nl single PSA or TSA unit is required
I n accordance wt hs‘?'t%ﬁés S’rseecé’ 1%?“&\35‘3%?%&“%% such unit optimally utilizes
adsorbent, |ower acquisition costs can be realized. Additionally, since

only a portion of the fged need be.conpressed,to high pressu as. conpar ed
oth the prior art 1 vITEBFRER YRR Eep iR boi pressive- RuE B CoipRBn iR
pressure) power saadstigfiorC procedsesd Ne el ltypeosk ddsorpividpotéss dn acdprd@ies withithe

accordance with the present, i nventi on. .
prefent avenuon, eacﬁ %ec? 1ns first subjected to a low pressure feed to produce a low

15 pressure product stream and then a high pressure feed to produce a high pressure
product stream. It has been found by the inventor when that all things being equal,
after subjecting an adsorbent bed to adsorption at low pressure, there will still be added
capacity in the adsorbent bed to adsorb at high pressure. Hence, the use of a single
adsorbent bed to adsorb at both low and high pressures requires less adsorbent than if

20 two separate beds were provided that were respectively dedicated to adsorﬁign at Jow
and high pressures. Since only a single PSA or TSA unit is required in accordance
witﬁ the present invention and such unit optimally utilizes adsorbent, lower acquisition
costs can be realized. Additionally, since only a portion of the feed need be
compressed to high pressure (as compared with the prior art in which all of the feed is

25 compressed to high pressure) power savings can also be realized in conducting a

process in accordance with the present invention.



4 BRI EF DESCRI PTI ON OF THE DRAW NGS Wi |l e the specification concludes with
clains distinctly pointing out the subject matter that Applicant regards as
his invention, it is believed that the invention will be better understood
when taken in connection wth the acconpanying drawi ngs in which: 5

Fig. 1 is a schematic illustration of a pre-purification unit integrated
with an air separation plant in accordance with the present invention; Fig.
2 is a schematic illustration of the pre-purification unit illustrated in
Fig. 1, Fig. 3 is a cycle chart of an adsorption process in accordance wth
the present invention that invoBREEF DESQRIPIION OFSTHE PRAWINGS i on; and 10
Fig. 4 is a cycle chart of an adsorption process in accordance with the
present invention that involves pressure swi ng adsorption. DETAILED

DESCRI PTI ON Wt h ref er embite tie spedficalion adhclubésaithadlfdls distinctlg painfiag S tHelsab)bet 1
is disclosed in which %gfpi,er havi pg Zee,n filtered |s c‘%arrpr essed . in a

mai n conpressor 10Ma§ftnal Appjigant regardsiag bis ipyepticne &f it Reltsved thal the inventionvéll be 12
and a subsi di ary abéttes UhRRIOKAWNII tBRn IS cndédiBRWitR m&&iﬁﬁgﬁx@ &g inlRARSE: er
conpressor 16. Streams 12 and 14 are thereafter introduced into . a .. °
pre-purification unit 18 in accordance with the present invention.
Pre-purificatin unit iﬁiﬁpllis'Jécﬁ&né'fﬁ!iﬂus?:ﬁ@orﬁdﬂ%&%ﬁtﬁﬁ%a@dnrunﬁtiﬁtgé}%d %vﬁg‘aﬁlﬁkr 14
and produces |ow and hig ressure air streans 20 and 22 (as product) that
have pressures 20 Scpatagr plaetin acagrdance svithdhe presentiyvestib ai r conpressor 10
and booster conpressor 16, respectively. Low and high pressure air streans
20 and 22 are cooled to a tenperature suitable for the rectification in a
mai n heat exchanger 24 Eigd2 israschématicalfustrationrof thepreepautificatioh unitildustratediinFig. 1;
separation unit 26 which separates the air to produce nitrogen, oxygen and

Fig. 3 is a cycle chart of an adsorption process in accordance with the present
invention that involves temperature swing adsorption; and

10 Fig. 4 is a cycle chart of an adsorption process in accordance with the present

invention that involves pressure swing adsorption.

DETAILED DESCRIPTION

With reference to Fig. 1, an integrated air separation plant 1 is disclosed in

which air after having been filtered is compressed in a main compressor 10. The air

15 is then divided into a main air stream 12 and a subsidiary air stream 14 which is further

compressed within a booster compressor 16. Streams 12 and 14 are thereafter
introduced into a pre—pprification unit 18 in accordance with the present invention.

Pre-purification unit 18 purifies main and subsidiary air streams 12 and 14 and

produces low and high pressure air streams 20 and 22 (as product) that have pressures

20 that were imparted to them by main air compressor 10 and booster compressor 16,

respectively. Low and high pressure air streams 20 and 22 are cooled to a temperature

suitable for the rectification in a2 main heat exchanger 24 and are thereafter introduced



perhaps argon rich products. Air separation unit 26 can be a single colum
oxygen.generator, a single colum nitrogen generator (in which case no
argon rich product is produced). Additionally, air 5 separation unit 26
can be a double colum air separation pl &t having colums operating at

hi gher and | ower pressures, operatively associated with one another by a
condenser - r eboi | eintarn aingepaeation uSit @ vduchseparates thenair do pradueg Birogeay exygat avdyon
colum to produce_apn argon kiC duct. In case of the double col um,

| ower pressure aipaﬁﬁpégmyﬁyhé%§M?%nafed directly into higher pressure

col um while the higher pressure 10 air stream 22 m ght be expanded,

t hrough engi ne expansign, to prod refri ti t
i ntroduced into the | o&é’ﬁ"ﬁ%@g&f‘g&gﬁ% .sg%geacggﬁkﬁ%ge%%ggégﬁ’éﬁn51%IWOse
skilled in the ar hitropMegenefatdrinotidcicakenmarpdraithprédiey iygmoduned) niAtditigeatly, air

generators) boosted pressute_streans m ght be necessary. F A It 1S
to be noted that SFREAHPR N 2$r?9‘éﬂ’[ei ?);?"gﬂ&f@ﬁfmi %“ h%?ar%{tlmn% w(’aa;c‘ithﬁ%&%r §°lullnhs
separation plants ,346kins0a 1ipHeAYR bWver pressfeh, dpaiativaly tssoeiated withoms sinotberbyrd ng
hi gh and | ow pressure streans either as remﬁntf or a;‘ treans to be
purified or ot her wpedsnser-sabpter arppgementaurh foudlecglugnpou ,*ﬁi?rlgy % e BT SA,
unit 18 can be pr Q?/' Aadceirt frobh kst prod8&ONd cancbetthé acutae sstualowee fiessaft aiB2
and 34, respective Sk/’ First, secong and third adsorbent 8@&5 0-,34 can be
formed of cani st erstedn 29 mxghkibe fedsdiractly inge highes pressire golpmn yyple thephigher pressure
activated al ypi na,,. | the, ADmARER eta@,ggg.{, | 49 pryd 66 fefripetatibnir €
and car bon d:f@xi dglrésﬁgés&é?? %&’?ﬁ?ena{pﬁg&aﬁ r. K/aigﬁr?%nd subsr? di gry ai rmsgter,eam
12 and 14 are routaed tieraftér be introdened dntethe lewar pepssie solp@pt As<quld g aporegigted
on-of f val ves 36-70..Duri,ng.{h atlLon; of; soltiin frlddd | & iahd bitr in
and subsidiary ai YstP&a klﬁiéz ugn %‘Ef’ tglr!écgl 1rneglrtz)1 (E:tecl vel yﬂilnt rgg‘g%eg.i nto ogR
first, 25 s ec ongnditors) boostid posordstrrampmight Bonegesstsy. Ferbesmere, it isio hagotd gh

pressure inlet manjfal ds 74 .and.76. |aw. 0 %&; I WoRid h
streans 20 and 22 dé?rtg‘ecﬂ“ésgﬁta{f“é%lao? Wrog‘(a)nghsarpgien%%@oo r%I‘S' W£t§>rr]1 | .gdfgl pr essur e
di scharge manif ol dgplitiant 41 prétesgrqujdsg highianhlovopressutsestiams either 85 tgetants
oxygen or oxygen- eorgrag gt?e%gxsftl) "éle %ux(xgeedo &no%er}‘gise treated.

With reference to Fig. 2, pre-purification unit 18 can be provided with first,
second and third adsorbent beds 30, 32 and 34, respectively. First, second and third
adsorbent beds 30-34 can be formed of canisters filled with silica gel activated carbon,

20 activated alumina, zeolite, etc. or combinations thereof to adsorb moisture and carbon

dioxide present within the air.

Main and subsidiary air streams 12 and 14 are routed to first, second and third
adsorbent beds 30-34 by on-off valves 36-70. During the operation of pre-purification
unit Ié, main and subsidiary air streams 12 and 14 are respectively introduced into first,

25 second and third adsorbent beds 30-34 by means of low and high pressure inlet
manifolds 74 and 76. Low and high pressure purified air streams 20 and 22 are
discharged through the use of low and high pressure discharge manifolds 78 and 80.

Purge gas, which could be waste nitrogen, oxygen or oxygen-enriched fluid (depending



6 upori the type of air separation unit 26) is introduced into first, second
and third beds 30-34 through purge manifold 82. Waste is discharged from
first, second and third beds 30-34 through waste manifold 84. The foll ow ng
chart is a val ve sequence for an operation of valves 36-70. In either a
5TSA cycle or a PSA cycle "0" indicate$ the valves are open. Qtherwise the
val ves are cl osegponfthBlype 3f MAbpiratRr QLIEDKY s inédduced itSAikst, F&And N (R beaPUs,

FI GURE 2 VALVE # A 36, 40, , 42 44 46 4 5 52 54 56

58 60 62 6 43(§3%_§roug%gurge n/fxbmfo]géi. \fllawE:s discharged from first, secon% and tgird beds

TI ME 0. 15 030-34 through waste manifold 84) 0

0 0 0-3 15-25 0 0

0 0 0 3-4 25-125 0

0 0 The following) chart is a valve sequence for an @peratiof of valves 36-70. In eitherla 7

32 = 2(2)5 22 SE) 231’1(')SA cy61e ora %SA cyc%e "0" indicatesthe valves a(ri: opgx. Otherwise the valved are closed. .

0 0 7-10 240- 255 0 0 0

0 0 10-13 2SS- 265 TABLEQ 0 ' o

0 0 13-14_265-365 - 0

0 VAL%E SEQUENCE FOR TYPICA}. TSA AND PSA PPUs, FIGURE 2 0

14- 17 365- 465 0 O  VALVE#S 0 0

0 Q 465-48 0 0

0 TSA 36 {02 |40 | 2 | 4l 4s Qs 430} 4955 {56 [ 58 |60 {2 { & |66 {Qs | 70 Prsa

0 TIME ( 2D- A3 495} 505 0 e

0 o) 0 ) 23- 24 5D 0P

0 0 & -0 D

0 24-27 60405 |° 6 |° 0 1 o |° 0 0] 2

0 y 0 1054720 0

0 b 4 S P T VL o] otk ke lo ety
25125 |0 0 o 0 o |o 47
125225 | 0 o ) 0 o |o .
25240 |0 }o ° o |o 710
240255 0 0 0 _ 0 0 10-13
255-265 0 ) 0 0 0 13-14
265-365 0 ¢ ' 0 o |o ) 1417
365465 0 0 ) o |o 0 .
465430 o |o |o 0 0 1720
430495 o fo |o 0 o | 202
495-505 0 0 ) 0 o | 2324
505-60% 0 0 0 0 0 0 | 2427
605-705 0 ) 0, o | o o |
705720 | 0 0 0 0 o | 2730

0= VALVE IS OPEN, OTHERWISE CLOSED



7 Wth additional reférence to Fig. 3 a tenperature swi ng adsorption
process-is i.llustrated. In this process, each of the first, second and
third beds 30-34 are subj-ected to a | ow pressure feed, a repressurization
up to the high feed pressure (RPH) followed by high pressure feed stage.
For instance, first bed 30 is first producing | ow pressure product 5 and
then high pressure product. In order to re@enerate first bed 30, first bed

30 is subjected to a re ur| on st o.nitiate desorption of the
nmore preferentially ag@@m ﬁfﬁfl?fé st°al$‘$re:’t B SPRREUES; SYRG APPOMLiQR Process is
fol | oned by a hotillpuage. 34 agg 0€ks,! 426N ofthe lrel, Rudrdand RGEbedE30 drébulbficted WO
pur ge stages further desorb ée&(g nor e preferentlal ly. gggorbed cor{Bonents.
Thereafter, first Bé‘ﬁ"’ prssyuze fepd)jadeprasrusiztion umto thehigh feed pressirg RPH) dellowed by he
| ow pressure feeg; ux%tf@eﬂ%tagésl-‘éﬁnﬁéﬁcéi TRdt bed/%v i ﬁrs@ﬂx%d@émé locvsgress&e sﬁa&h
and third beds 30- bei ng subjected to a | ow pressure f sta

e
t her eby produdi ngnd Héeni bigh presswra msoduct: - dn oedanipgengmie Hisst h9éd50L §1f33?§9 S8tied
to high pressure g
Stroam 22, Win Saied e izadon Y E o HERAY U Re It L e SR Rty
36, 44, 46, 62 aradsoxl&d cowomnés sthe ﬂqprqsmrwparstaaom follomed iha botapurganstageiand t
bed 30 to be subJ t u u I 36
bei ng opened. The %ogvdc[??&ejgg%? étfgjélé'(o ﬁ[’%?e a?\tgl];ﬁ?oldgﬁ%g ?ér geﬁﬂ%r%nsﬁg)r;l t\r{u{é;lt %e
30 to | ow pressurmpesfeenihligt adseﬂxdérco?ﬂaohyntsu r Thegeafibr, Vst cbe@63Mh db nspbjepted . to a

Yo be subj ectda FErEREAI ok IS dn 8 BenuE Ty BN s R TG Wlione oF
pressure product fizf, secaid aminthdd Hedsaﬁﬂ)—ﬂ#@hb@mgaa&jmedm aduowt préssard efeedSdiage Bhd r d
adsorbent bed 34 _s.being re eslsuri zed ta_hjgh essure.and a ig
valve 46 i s open bP’thf’abcéﬂé){hﬁf °%B‘°Fﬁ“§ha‘brs{§%§h% ﬂ‘ brd gz s ﬁtﬁ??"éﬁf?c g
into third adsor peturdedd 3thge bhd isitlertiyeproducingthighepresatue raiestreath 225- 25

m nut es, second adsorbent bed 32 is subjected to the depressurization stage
while third adsorbent bed 34 is to be subjected to 25 the high pressure

feed stage. In order mthas@eaﬂ@ief&&cm the THBIE,VRNDOL15 TiRRSY) Oflvds 36244, QY 62080 Nd

adsorbent bed 32 to countercurrently %Eessurl ze through waste header 84.
val ve 15 66 are set in the open posmon is allows first bed 30 1o be subjected to the low

pressure feed stage by virtue of valve 36 being opened. The low pressure product stream
is discharged from first bed 30 to low pressure product header 78 by virtue of valve 66
being open. Valves 44 and 62 are both set in the open position to allow second bed 32
to be subjected to the high pressure feed stage and to discharge high pressure product
20 stream 22 from high pressure product header 80. Third adsorbent bed 34 is being
repressurized to high pressure and as a result, valve 46 is open so that part of the high

pressure air can be introduced into third adsorbent bed 34.

During the next time interval of 15-25 minutes, second adsorbent bed 32 is

subjected to the depressurization stage while third adsorbent bed 34 is to be subjected to

25  the high pressure feed stage. In order to accomplish this, valve 50 is opened to allow

second adsorbent bed 32 to countercurrer'xtly depressurize through .waste header 84. Valve

64 opens to allow high pressure product to be introduced into high pressure product
manifold &0.



64 opens to allow high pressure product to be introduced into high pressure
product mani fold 80. 8 During the 25-125 mnute tine interval, second
adsorbent bed 32 is subjected to a hot purge stage by opening val ves 50 and
56. During the cold purge stage (the 125-285 tine interval), valves 50 and
56 remai n open. The he,. R ge. | - VRIS
heating the purge str%&ﬁgﬁﬁga?%ﬁéhfﬁ%eﬁégglge\?yaa?itsp%gggg 0ént Pgééldﬁl ltss%{é JF&?‘O
In the 225-240 niathet purge stegé by epening valves & ahd 1561 Dupingthaceldporgs stagaltbol 256225

bed 32 to be bro . ' i | I ressure te
stage, valve 38 :{gtt%%lgér;:\é%? P’?\ivggr %’6;#&4 %kg%?’%g\s%%’z ggesiééc}oag‘g c@@s@f%e%&%%émgg’t
with main air st rabewhbikitheiohesting 82 pargt shéarh aykeating the relevanehdsorbenttted diself ed
position during this time interval to end the purging of second adsorbent
bed 32. 10 During the next 15 minutes, (the 240-255 mnute tine
interval) first adsor bxegie 226248 nihte fiﬁi&jiﬁ-’tgﬂvﬁgi_nt@ddﬂ}t@brepiregéddﬁ%adsurbgntdbed 32
repressurization stagqge openi ng yal ve ...Sipce first adgorbent | S,
not produci ng at t?h’?%"ﬂ'l%ﬁf’g Fa g‘@é‘“’g@ '?fﬁc?cﬂ?? 1B 3 1y peesyyre %@E‘:éﬁﬂe’a 51 1elit
bed 32 is now actdpaediif ofted € pRisufikd Sebor@bRSITRANbedOWR nidn Ar ffeaMUR. NgalRed.
As such, valve 68 is %%ened to produce | ow pressure air_stream 20 from

second adsor bent 8ed 35 hayo to bgde-gstdn dhecelpser pasitionsguringdthisitimp intervgl tey end thet

adsor bent bed 30 JagiigiofSdsbdRiciREbEA be82.hi gh pressure feed stage by opening
valve 60. At this point, third adsorbent bed 34 is subjected to a
depressuri zation stage by opening valve 52. Since third adsorbent bed is
therefore no jponger sefihpthedidxf1SIMAUME ((RY2RESES A FneAfreAR d
closed. 20 A 2.615Eg11enut es anc t’kgen at .§651 m nutees., t F?sgagsggog? bgnt
bed i s subject t30H®subigrtpdctolhigtppressureseprgtsurizationogiedsi bygoneaing aalve #24 Hincs dirst
First and second ,adsou : St b L bel: ' [ n
pressure feed staages. HBJ%I’Q‘? ﬁg%tgﬁg&gg%c g{jﬁ]ﬁ%@gv@gg%g%taﬁ?r%%éptc@n%f Selol
interval, third adsobdntbed 37id 18w dcting in place of first adsorbent bed 30 as a producing bed. As

such, valve 68 is opened to produce low pressure air stream 20 from second adsorbent bed
15 32 '

The cycle continues at 255 minutes with first adsorbent bed 30 being subjected to
the high pressure feed stage by opening valve 60. At this point, third adsorbent bed 34
is subjected to a depressurization stage by opening valve 52. Since third adsorbent bed

is therefore no longer serving as a producing bed, valves 46 and 64 are clo.sed.

20 At 265 minutes and then at 365 minutes, third adsorbent bed is subject to hot and
cold purge stages by opening valves 52 and 58. First and second adsorbent beds are still

being subjected to high and low pressure feed stages. -

During the succeeding 465 to 480 minute time interval, third adsorbent bed 34 is

subject to a low pressure repre;ssurization stage by opening valve 40 and closing valves

25 52 and 58. At 480 minutes into the cycle, third adsorbent bed 34 is subjéct to the low
pressure feed stage by opening valve 70. Valve 44 is opened and valves 38 and 68 are



subject to a |l ow pressure repressurization stage by opening valve 40 and

cl osi ng val ves 25 52 and 58. At 480 mnutes into the cycle, third
adsorbent bed 34 is subject to the | ow pressure feed stage by openi ng val ve
70. Valve 44 is opened and val ves 38 and 68 are 9 closed to permt
second adsorbent bed 32 to be subject to a high pressure repressurization
stage. During t hecles®d td perinl Seqvnd adsortentrbed B2 tocre\sabjectfto r highauksaurd eaptesdntidatidg
is subject to a dg%ﬁessuri zation stage by opening valve 48 and cl osing

val ves 36 and 60 ereafter, first 5 adsorbent bed 30 is subject to hot
and cold purge stages at 505 and 605 m nutes by opening val ve 54. During
the last time interval ycI f.rom, 705 to 720 'nte, [ [st,,

adsor bent bed 30 is sPdﬁ“@g:'het‘bg 40 PO e H’t%ré&‘{%?r %ﬁti’ﬁ%géfsﬁ@eﬁﬁa
openi ng val ve 36 @pfissutiofiongta gaby@@nﬁg valRel4$shd cWsinp varies 36 MAF0. TREBIMRA ERstt O
Fig. 4, pre-purification unit 18 co be operated in 10 _ accordance W|th

a pressure swishg 388UbH e 04y splyect |t hey,and @%P@'ge &ees HelPSi and K05 minpted by o

a | ow pressure f nifig F819¢ 541 Elﬂﬂé iHeStast Winfe theRAEHIHE b}&é R ?6596972635’113%%
hi gh pressure feed stage, y depressurization, purge and

pressure repr essfirstadsirbant b?‘bifb@ Su‘lk%’f tosa lewi parspire re@wgstg@@pqngatagﬁmgpmqggab(e
| ow pressure fee@%agfosg@q,alvgswgﬁ@g‘gre a produci ng bed, producing |ow
| e

pressure air stream 20 wh anot her bed undergoes a hi gh 15 pressure
feed stage and thus produces high pressure ai r stream 22. For instance,

when 11t adsorbent  bigy el MIELA 1082 ULBESIN Gl AEChM BlBerRTR"C

adsorption bed 32 is undergoing a
adsor bent bedld s aami@gomg agpréssgh swmgs&qumonemleskmmch aydleeachtbedds subjected

Thereafter, seco dsor bent e ressugl z | | e d,adsor bent
bed 34 under goesq?ﬁz,\1 VﬁPregsure fg%cf;%?gg ?ié’é%lgre?sop\reéepr ezg ?\%gea{k%f ahlgq‘press“re
depressuri zation fe&daamdfollomd bﬁﬂ@rﬂa&mthﬁm mng@ml lewpresgere sdpeegmurizntion stages.

purge streamto c | et, esor t | on ec.on dsor bent b d,32 i ted

to a | ow pressur é&rngp?v ‘gé'gr?'? 5‘&8‘“%0" Wa?refs[urecg gr’éégé otp

produci ng bed, prpwhwemgged,mdamgw Pressure air stream 20 while another bed undergoes alugh
15  pressure feed stage and thus produces high pressure air stream 22. For instance, when

first adsorbent bed 30 is undergoing a low pressure feed stage, second adsorption bed 32
is undergoing a high pressure feed stage and third adsorbent bed is undergoing a high
pressure repressurization stage. Thereafter, second adsorbent bed 32 is depressurized
while third adsorbent bed 34 undergoes the high pressure feed stage. Following a
20  depressurization stage to initiate desorption and a purge stage with a purge stream to
complete desorption, second adsorbent bed 32 is subjected to a low pressure
repressurization stage so that it can next serve as a producing bed, producing low pressure

product stream.

With reference to the valve sequence chart, the valve sequences are the same as

25 for the temperature swing adsorption process. For the sake of brevity, the above
discussion relating to each and every valve opening and closing will not be repeated.
However, the pressure swing adsorption process has a total cycle time that is far less than

the temﬁerature swing adsorption process. Moreover, there are no separate hot and cold



product stream Wth reference to the val ve sequence chart, the valve
sequences are the sane as 25 for the tenperature swi ng adsorption process.
For the sake of brevity, the above discussion relating to each and every
val ve opening and closing will not be repeltaaaed. However, the pressure sw ng
adsorption process has a total cycle tine at is far less than the

t egper i'ifj ure SW ngpudgtsstdges. AR sWhQQEﬁerisW;ﬁﬁd@ﬁﬁer mrve:hmulaﬁ,el‘ﬂgm xf&ﬁii)&&,aine 2hoy
and co 10 purge, st ages. sugh, an asterisk, i ac after 4-7

m nutes, 14-17 m'ﬂﬂ‘{‘@&m g‘ﬁ&a*fff}-s‘aﬁ“ WWP@E”E%P?‘EEK'@&?@&W& “such rows are
not part of the PSA cycle. It should be nentioned that the present

invention is not limted tqo the use of high and | ow pressure feed streans
such as main and subsitf SPIQbSime@P?@é{\%ﬂPZP%’T@m‘%’éP@t kmited-tg theuss of highe

feed streams suUChRAJovRPreksthr&fdB HrAbR sREEATHARL arkl SuB Ay aiDStRAMS 2 &Y 14. There
internmedi ate pressure product stream The nodification required for a three
pressure syst dm aosldt bremere &edsstisams isurbaasa s iRssrmadiate cPresswis| sisam dai pigrluse an
adsorbent bed SO shhedidhe pR¥Surd pfRfe: SRk " U Sodd IR koghlrl P ™ BER pressure
continuously being pro ucg ) ang adding I ntermedi ate pressure

repressuri zat i on sgstemftedbe procese outlinadrbeve, wouldlimvalveradding ar adsodhéntsied g thmpthe
and the high pre e i j ! i DV, j ) n
Goscribed w th o op o RpRRRs @R yRRD Ry, cthiBuby Sl R0 3SR
skilled in the arittetnrdiateprossnmurspredsanivgtion andfied stagesdetwreen thetdow presssirecfaet dtage
made W thout departing.fromthe spirit and scope of the present invention.
Cains 1. &n ﬁé&%‘%ﬁmﬁ"%gg sﬁ"ﬁ‘@ﬂ?ﬁﬁﬁé‘?- i ntroducing at |east high and
a low pressure feed streans into a plurality of

‘While the invention has been described with reference to a preferred embodiment,
it will occur to those skilled in the art that numerous changes, omissions and additions can

be made without departihg from the spirit and scope of the present invention.



adsorption beds containing at | east one adsorbent to adsorb at |east one
nmore preferentially adsorbed conponent contained within said high and | ow
pressure feed streans, thereby 5 to produce at |east high and | ow
pressure -product streans from adsorption by said at | east one adsorbent;
subjecting said plurality of adsorption beds to operational cycles, each

havi ng at | east two adsorption stages conmddi sing hig . e feed
stages havi ng s@daimgh and | ow pressure feeds strea g “ @mgwm‘l\o sai d
adsorption beds; at least two 10 repressurization s ituwated j*ust

prior to said high andslawrptigsSpredéas iRRdingt ages, said at |east two
repressurization stages conprising a high pressure repressurization stage

prior to said high pressure feed stage and a | ow pressure repressurization

stage before said IOV\H%M ; - [T e12N g
desorbing said at | east one m%triee%%?g?%?gﬁtailgﬂb;&a ggrgébcgd corsrpqg%eﬁ?}&g%oﬁ
sai d oper ati onal adspeition bpdsi aegtainiegiat deast@neadsorbént tordserbat kepst peeypens prafesentialy
anot her, such th i ' . 1)

onti nual 1y bei nals5Fad bolléhbs? Skl i3 e fich NSk pRSkER AR Fibams, thercty
wher ei n sai d BSegenprodideanlessthighsandiew petssuse paipctetreams fromiadsorptiondy said at least
initiate desorption 81; sati,d at |l east one nore preferentially adsorbed
conponent and hof e RAToEsy purge stages conducted by introducing hot and
cold purge streans into said adsorbent beds to cause further desorption of

said at | east one 5 r referentially adsarhed conponent... 3. The
adsorption process of S@%M ialé \R}Féa@f ﬁ*%dé?lag@étﬁgﬁg’r. %gngtcggl&fg epch hayipg af
depressuri zat i on ]&btage aidrptivnistage gih@high inddbw presshrafeed stagds haviag said kigh

preferentially adsgrbed conpopent and a pujyge stage,condugte '
i ntroducing a pur’-@‘gl%‘t‘rgﬁﬁﬂ“ienfe&d%w mg@“g@s%gﬂfl ‘ﬁgﬂ‘?t‘?‘bg’&‘g%saé least twer

desor ption ofjgsairéhréburlzRlci stafes sivite jnsPhior ©3kid Mghan? lowanke feed QRO 84 -

4, The adsorption process of claim1, further conprisi ngsscorrgr essi ng, an

inlet feed at least two repressurization stages comprising a high pressure repr urization stage prior
to said high pressure feed stage and a low pressure repressurization stage before said low
pressure feed stage; and regeneration stages for desorbing said at least one more

preferentially adsorbed component; and

15 said operational cycles being conducted out-of-phase with respect to one another,

such that said high and low pressure product streams are continually being produced.

2. The adsorptioﬁ process of claim 1, wherein said regeneration stages include a
depressurization stage to initiate desorption of said at least one more preferentially
adsorbed component and hot and cold purge stages conducted by introducing hot and cold
purge streams into said adsorbent beds to cause further desorption of said at !east one

5 more preferentially adsorbed component.

3. The adsorption process of claim 1, wherein said regeneration stages include a
depressurization stage to initiate desorption of said at least one more preferentially

adsorbed component and a purge stage conducted by introducing a purge stream into said



stream dividing said inlet feed streaminto first:and second subsidiary

feed streans, utilizing the first of the subsidiary f I aid
| ow pressure feed stream and reconpressing the secorﬂﬂm”mﬂiﬂﬂﬂﬁ@a‘l@y
feed streans to formsaid high pressure feed stream 5.7 ¢ & tion
process of claim4, wherein said regeneratidn stages include a

depressuri zati on,GhAgH béis @i &dudd %?@%@g (g(f) agaahm@akt Bﬁéiﬁoréjggeﬁégﬁg@%

preferentially adsorbed conmponent purge stages

by i ntroduci né hedsothedicerapaneplur ge streans i nto sai d adsorbent beds to cause
further desorption of said at |east one 5 nore preferentially adsorbed
conponent. 6. The adsorption process of claim4, wherein said
regeneration stafes iTheladderptioniproress oficlainni, furthertcagerisiog compressing andslet feed on

of said at |east A I | &l rhed co -and urge
stage conduct ed ye | n?%%ﬂ% f%g%éﬁggé eg%?'?g@%t?ﬁt%ﬁssg? ‘%’%:%gf}?‘égn%“@ﬁ%‘“{so
cause further destilizitg tha fast cfothed sabsidiap feedstreanin aesald dfve pesssureifdet sheam and
adsor bed conponent. 7: . The adsorptiqn,progess of claiml, erein sai

i gh and | ow pr cESImEesing e preand af tp sobpidihey fred Sireams o Jop seid Beh prepimieed e
nore preferenti agttegmadsor bed conponent incl ude carbon-di oxi de and noi sture.

8. The adsorption process of claiml1l, wherein only high and | ow pressure
feed streans are introduced into said plurality of adsorbent beds to solely

produce hi gh ands| ow TheafsorpioR pRsdesstof B4 Swifin SAH Fegdnbrafidd st¥gedfinclude a
adsor bent beds conprises,three adsqrbent bep'ls. ) .

epressurization stage to initiate desorption of said at least one more preferentially

adsorbed component and hot and cold purge stages conducted by introducing hot and cold

purge streams into said adsorbent beds to cause further desorption of said at least one

5  more preferentially adsorbed component.

6. The adsorption process of claim 4, wherein said regeneration stages include a
depressurization stage to initiate desorption of said at least one more preferentially
adsorbed component and a purge stage conducted by introducing a purge stream into said
adsorbent beds to cause further desorption of said at least one more preferentially

5 adsorbed component.

7. The adsorption process of claim 1, wherein said high and low pressure feed
streams are made-up of air and said at least one more preferentially adsorbed component

include carbon-dioxide and moisture.

8. The adsorption process of claim 1, wherein only high and low pressure feed
streams are introduced into said plurality of adsorbent beds to solely in_'oduce high and
low pressure product streams and said plurality of adsorbent beds comprises three

adsorbent beds.



