1 4 JUL 2005 VERY LARGE- SCALE PRESSURE SW NG ADSORPTI ON PROCESSES
BACKGROUND OF THE | NVENTI ON The present invention relates to processes for

t he separation of gases using pressure sw ng adsorption (PSA) that
significantly expands the capacity of the separation process. 5 PBA Jpiqyisdes
an efficient and econom cal neans for separating a multi-conponent gas
stream containing at |east two gases having different adsorption
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15 In PSA, a multi-component gas is typically fed to at least one of a plurality of

adsorption zones at an elevated pressure effective to adsorb at least one component, while at
least one other component passes through. At a defined time, the feedstream to the adsorber is
terminated and the adsorption zone is depressurized by one or more cocurrent
depressurization steps wherein pressure is reduced to a defined level which permits the
S0 separated, less strongly adsorbed component or components remaining in the adsorption zone
to be drawn off without significant concentration of the more strongly adsorbed components.
Then., the adsorption zone is depressurized by a countercurrent depressurizatioh step wherein
the pressure on the adsorption zone is further reduced by withdrawing desorbed gas
countercurrently to the direction of the feedstream. Finally, the adsorption zone is purged with
25 the effluent from an adsorbent bed undergoing a cocurrent depressurization step and
repressurized. The final stage of repressurization is typically with product gas and is often

referred to as product repressurization. In multi-zone systems, there are typically additional



1 4 JUL 2005 steps and those noted above may be done in stages.

US- A- 3, 176, 444, US- A- 3,986,849 and US-A-3, 430,418 and 3, 703, 068, anobng

ot hers, describe multi-zone, adiabatic PSA systenms enploying both cocurrent
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cycle times that are short -- on the order of seconds to minutes -- to maintain reasonably sized
adsorbent beds.

One of the problems of building modern gas processing facilities is that the size of the
20 facility or the amount of gas to be treated in any one facility is continuing to increase,
Capacities of modemn gas processing complexes are generally greater than about 110 thousand
normal cubic meters per hour (100 million standard cubic feet per day). Most PSA vessels are
limited to a diameter which can be transported to a construction site which generally limits the
vessels to a diameter of about 4 meters (about 13 feet) and the height of the vessel is limited
25 by the crush strength of the adsorbent particle. For capacities greater than about 110 thousand
normal cubic meters per hour (100 million standard cubic feet per day), PSA processes are

provided in multiple trains of duplicate equipment such as pumps, heaters, lines, valves,

vessels, and compressors.



2 SUWARY OF THE I NVENTION 9 4 JUL 2005 According to the present invention,
a process is provided which overcones historical limtations to the capacity
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. about 110 thousand normal cubic neters per hour (100 mllion standard cubic
“feet 5 per day) can now he achieyed in.a si e _integrated procdss bk Mh.
The single integrated prog&esiaddh Loy RANE: =from 10 to 20 adsor bent
beds. This equi pnent reduction is enabled by a departure fromthe accepted
principle i l.e qual
Fo or | eas TRRRTPR N BRpnt A6, sCRRLR T pLEURULAE, o Rl Rhuchitaf
di scovgfiediohhiad th1e4RaRy RO ASReumyy @e at Wi vRieal bivgast @phideodd Hpptilienist ep
can provide for 10 significant increases in capacity with a minimumloss in
r ecovexgespof peefiol ifhthossandt narmal grbed eetassl pethiaturt( 0 mallion sehdatdecubisrfget st ep
time to the adsorption Bteg tinme be greater than 1.0, a[nd l.ess than 2.0. The
benef iRET SpYX AT g s%ﬁ\ﬁé {FVEL 1} Hafingler \plagstemh PEocshte rpiga ThA| $RSIE JRCERIF e
constr, Lonl fi I t he: : .
par al 1oy ool ofn SaBterRERh) (PR 1 Ailent BER. 190 O pBn e BERRE on 10
provi dealeSAapicpaese ftan tivedcrepied gendpie in i PEQQAS HantheUdigdts of thepusgagl e
train of equipnent. It is an objective of the present invention to provide a
pr oces¥ePs Bk cecqiil ct obJess clbaeghe Hengihyefi el adsomtioat stehsApPliganss BRVE| ze
and adsorbent strength.to,permt the rocessi ng,of | arge ampunts . of. feed
i t hout TG Rt BV I8 TS arHEs IR B i Ssaricladh SaR g Tor
18YSt eBoniRint Nn&8Es8TROHHABAL withh® RhERGRAT [0sNYE Moy §r BerfireRes fIorist he
separation of a non- adsorbable gas froma gas m xture conprising the
‘non- adselctrath ltent gbs ratimdofathe guisger figh limegashe adscaptainngt e time diergrP8Ar themd..0 The
process ,Gonplis ssing.th as mxture to the single train PSA zone and
Wi t hdr%ﬁ?ﬁﬁ té\%?@d&@}f’s‘ﬁ fl%‘f’f%g%@%fﬁﬁﬁfryi i§ {thag VERK a%ﬁggﬁ(}gﬁb‘é{m%‘:a@é@"’a 8 a

wast e &aﬁré&é@wa%mgﬁhgr tlé'n?wgfej@gﬁ 2 oSt &aésecg:&gpdazmm trgintéf@eg@ gﬁ%tzone

has a plurality of 25 ads rein eac or bent be 1rrpl oys an
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overcomes the physical limitations of vessel size and adsorbent strength to permit the

processing of large amounts of feed without giving up overall performance of large-scale gas
separation systems.

20 In one embodiment, the present invention is a process for the separation of a non-
adsorbable gas from a gas mixture comprising the non-adsorbable gas and an adsorbable gas

Q in a single train PSA zone. The process comprises passing the gas mixture to the single train
PSA zone and withdrawing a product gas stream comprising the non-adsorbable gas and a
waste gas stream comprising the adsorbable gas. The single train PSA zone has a plurality of

25 adsorbent beds wherein each adsorbent bed employs an adsorption step, at leastthreetwo
cocurrent equalization steps including a final cocurrent equalization step, a provide-purge
step, a countercurrent blow down step, a purge step, at least three countercurrent equalization
steps including a final countercurrent equalization step and a repressurization step. Each of the

process steps occurs in a sequential manner and are offset in time such that the adsorption step
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. process steps occurs in a sequential manner and are offset in tinme such that

the adsorption step -3 14 JUL 2005 occurs over an adsorption step tine,

* the provide-purge step occurs over a provide-purge step tine and1a piir §i85

" step occurs over a purge step tinme. The purge step tine is greater than the
adsorption step tinme, wherein the purge step conprises a step, wherein the
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gpep tidmBxia8dna@mir@@aor ption effluent streamis recovered therefrom The
first adsorption zone is cocurrently depressurizing in equalization steps
wi th ot her adsostieirthbeesbadimest, thequesenbivemiénois eprocess fmrthe fepirdiodoflkave a
Sequenti al | Ibog‘er egrg,al i zati on pressure. ghe coaurg t 20 de r%Fs%r' fati on
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wher ei nadsofptiour ffluGit eprefimne recoveredaherefiohamhehrsaddnpidnofont 8 cocurrently
depressurizing in equalization steps with other adsorbent beds wherein each of the other
adsorption beds have a sequentially lower equalization pressure. The cocurrent
20 depressurization step is repeated at least two times to reach a last equalization step. The first
adsorbent bed is further cocurrently depressurized to provide a desorption effluent stream in a
provide-purge step over a provide-purge time and simultaneously the desorption effluent
stream is passed to at least two other adsorbent beds which are undergoing the purge step. The
first adsorbent bed is countercurrently depressurized to a blow down pressure and a waste
25 stream is recovered at a desorption pressure. The first adsorbent bed is purged with a purge
stream for a purge step time wherein the purge step time is greater than the adsorption step
time. The purge stream is passed from one or more adsorbent beds undergoing a cocurrent
provide-purge step or undergoing a cocurrent equalization step. The first adsorbent bed is

countercurrently repressurized by equalizing the pressure in the first adsorbent bed with other

30 adsorbent beds wherein each of the other adsorbent beds have a sequentially higher
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time. The purge streamis passed fromone or nore adsorbent beds undergoing
a cocurrent provide-purge step or undergoing a cocurrent equalization step.
The first adsorbent bed is countercurrently repressurized by equallilzijiio t he
pressure in the first adsorbent bed with other 30 adsorbent beds mherein
each of the other adsorbent beds have a sequentially higher -4 14 JUL
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DESCRI PTI OF THE DRAWNGS FIG 1 is a sinplified cycle chart illustrating

a convegrcEsnal 16- bed PSA separation systemof the prior art. FIG 2 is a
sinmplified cycle chart illustrating the novel PSA cycle for a 16-bed system

§f t he present inventi | e chart illustrating
vari ation of the nove of the present
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as carbon X car.hon dIOX ni trog t he
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i ncl udi sul fur oxi des, hydrogen sul fide, heaV|er
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;alkanes al kenes, cycl oal kenes, and aromatic hydrocarbons such as benzene.
By the @é?eﬁsyﬁc@lorﬁ&!eeprﬁﬁeai WVeRtionequi pnent”, it is meant a succession of

process equi pnent i ncludi ng punps, heaters vessel s, valves, lines, and

conpressor's whi ch argp3g3eRPSASERIPPIOR'OR FHAPRRVENGIDASK Such as gas

The feed to the process of the current invention can include hydrogen, carbon

monoxide, carbon dioxide, nitrogen, inert gases, and hydrocarbons, The process of the current

15 invention can be used to separate hydrogen from adsorbable compounds such as carbon
monoxide, carbon dioxide, nitrogen, and hydrocarbons or the process can be used to separate

methane from less adsorbable compounds including carbon dioxide, sulfur oxides, hydrogen

sulfide, heavier hydrocarbons, and mixtures thereof. By the term “hydrocarbons™, it is meant

hydrocarbons having from 1 to 8 carbon atoms per molecule including, alkanes, alkenes,

(0 cycloalkenes, and aromatic hydrocarbons such as benzene. By the term “a single train of

equipment”, it is meant a succession of process equipment including pumps, heaters, vessels,
valves, lines, and compressors which are assembled to perform a specific task such as gas
separation which does not contain a complete duplication of equipment. A single train is
contrasted with a multiple train process which comprises a series of parallel, identical

25 successions of such process equipment assembled to perform a single task.
In accordance with the present invention, the adsorption pressure is generally from

about 350 kPa to about 7 MPa (50 to 1000 psia) and preferably from about 70¢ kPa to about



separation which does not contain a conplete duplication of equipnent. A
single trainis contrasted with a nultiple train process which conprises a
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I nventory peﬁS-A—3,986,849 describes various cycles using for example an adsorption time of 240
seconds in a 10-adsorbent bed configuration with a total cycle time of 13 minutes, 20 seconds.
By increasing the number of beds, the total adsorption time can be reduced. For example, for
20 the same adsorption time of 240 seconds in a 12-adsorbent bed configuration, the total cycle
time may be reduced to 12 minutes. When the same adsorbent volume is used for the 10- and
the 12-adsorbent bed configurations and provided the same relative adsorbent inventory per
unit volume of feed is required, the 12 bed configuration increases product capacity about 33
percent. Similarly, for the same adsorption time of 240 seconds in a l4-adsorbent bed
25 configuration, the total cycle time would be reduced to 11 minutes, 12 seconds and an
increase in product capacity relative to the 10-adsorbent bed configuration of 66 percent. The
same analysis can be applied to configurations with any number of adsorbers, odd or even. In
general, holding the adsorption time constant reduces the total cycle time and increases the
capacity. As more adsorbent beds are operating on the adsorption step which corresponds to

30 higher feed rates, the sub-cycle time, defined as the total cycle time divided by the number of
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unit volume of feed is required, the 12 bed configuration increases product
capacity about 33 percent. Simlarly, for the sane adsorption tinme of 240
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adsor bent beds receivi n% pur ge gas ergoi ng the E e step, are the

sane. Mse indifectispppidad arqrh@lrrélswap@ bed. arrﬁwéher aumpeieo pgsgrbenitheds or
providing purge and the number of adsorbent beds receiving purge gas, or undergoing the
purge step, are the same. For any adsorbent bed in the cycle, the time for the purge step, or
20 purge step time, is equal to the time for the provide-purge step, or provide-purge time. In
addition, the time over which the adsorption step occurs, or the adsorption step time, is longer
than either the provide-purge step or the purge step.
Referring to FIG. 2, a process cycle representative of the present invention is
illustrated for 16 adsorbent beds operating in a single train. The cycle depicted in FIG. 2
25 contains the same steps as shown in FIG. 1 but differs in that there are only four beds in the
adsorption step, five beds in the purge step and purge gas is supplied from a single adsorbent
bed to more than one adsorbent bed at any time in the cycle. Furthermore, the purge time is
significantly longer than the adsorption time for any bed in the cycle. Referring to FIG. 2,
following the adsorption step, adsorption bed 1 undergoes four cocurrent depressurization or

30 equalization steps. During the first equalization step, adsorbent bed | is cocurrently linked
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20 purge step tine, is equal to the tine for the provide-purge step, or

provide-purge time. In addition, the tinme over which the adsorpt{ or|pt68
occurs, or the adsorption step tinme, is longer than either the

" provide-purge step or the purge step. Referring to FIG 2, a process cycle

representative of the present invention is illustrated for 16 adsorbent

beds opéteadseigentbed 6s Dvgng thengxhequphaatiopestep, adssrkantbed hisdinked o adsgrieght ai ns

t he sa t eps. sho I N ELG b dj r§g{4nt e, al our
e B oSt DO el D heohr B 10, R LRGN RE tpd
suppl i efrihg AMB fasb bR Fb@tlndgaIBENdn stepdadsartERf Bed oy BRI da@SAIsbRzht bar oat  any
time in the cycle. Furthernore, the purge tine is significantly |onger than

t he adduispttieohbed dethtorundesgotred pravidp@uegecstep verein rthegdsapEiGbed is co-

foll ow ng the adsorption step, adsarption bed 1 undergoes. four, cocurrent
opr oe SO ASRESPREss Bl b Phizs: 5510 StLpEVHih JRraat ted B GRS es on

st ep, [ 0 1 = 7 ; ;

2dsor baospAT Bear B 13,13, RGHT LER o e PR o dorpitathe Ssin Bty Lt (0se

| i nked Heds aldaing kefiist bediod. oDthel p@videgukdd stdp efiudlis zaimple, at €, satsdrdegnt bed

1is linked to adsorbent bed 8 and during the |ast or fourth equalization
step, &dsobpirheddéds alspdindengriag cogutRry sep@pturigaipoand pyishingenPuEs®aY tPhen

under ga navi gde-pu ste erein the adserption. hed is.co 5 currently
depr s duy Dl BB G 3 83 REP 1L G ek e P S ARV ks S el ¥l
1® adsgpReideddsdfsdkBent bbds 12,12133, PNGnd4 5tad Rk ovd ﬂﬁal%glﬁ&tgﬁ&hé Provie-gi ng
essentially all of those beds during a first portion of the provide-purge

step. |purgdhsétep,epasgepdas is supplib@ teherds tli, d2, 13,ddsonb éht Abidhd saBe itisnea ladsorbent
‘under gqi cocurrent depressurization and proyviding a purge gas o

adsor e b EHasa yRergoing socutEnt ARereATZP, HE HEYIb P (UG e Pras same

pr ovi dS:uing SERPI1 P OB, 088 ohd 15 THOMARACh ORI DaRIn BefStolibys 1Re 13,
14, and 15 and I n the final Segment of the provide- purge stép, purge gas is
suppl i egtovidedpacke siep, Il the cb8nteichrreatrisiodSdowat stepahs adserbidnbed addeprdsanizedbed 2

i s al so undergoi ng cocurrent depressurization_and providing. a purge gas to
the sarfPungaIpiepdhto alpaser # wage gps strgam. g fist 2ok eDEBREE it Shee RbeBfow

down st n%gésdgggg%w@ ep&ﬁgés)gé;lﬁ%n%g%.ﬁ%g&{gén@ tels ﬁ%ﬂrﬁd%rﬁiaﬁytfég[s r?’eNIQl gown

step, the epressuri ze count ércurrent ease a
wast e gthsn adlsoelseint bddh4, then adsoet@aobdR g arlies] then ddverbeptibgesl thanadvotbeatsadant | y

M PG g 8%hen Rddorbent Ded 6. ther adsorbent beds & and 7. then adsoroent bed 7. and finally
from adsorbent beds 7 and 8. During the initial phase of the countercurrent purge of adsorbent

20 bed 1, adsorbent bed 2 is undergoing countercurrent blow down to waste pressure. Adsorbent
bed 3 is undergoing a cocurrent provide-purge step, adsorbent bed 4 is undergoing the fourth
co-current equalization step with adsorbent bed 12, adsorbent bed 5 is undergoing the second
cocurrent equalization step with adsorbent bed 11, adsorbent beds 6, 7, 8, and 9 are on the
adsorption step, adsorbent bed 10 is undergoing final repressurization, adsorbent bed 11 is

25 undergoing second countercurrent equalization with adsorbent bed 5, adsorbent bed 12 is
undergoing countercurrent equalization with adsorbent bed 11, and adsorbent beds 13, 14, 15,
and 16 are also undergoing countercurrent purge. In this manner, purge gas is supplied from
one or more adsorbent beds to at least two other beds undergoing a purge step. At the end of

the last equalization step, adsorbent bed 1 is repressurized with the adsorption pressure.

30 Repressurization can be accomplished by reintroducing feed or by countercurrently
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- then adsorbent bed 4, then adsorbent beds 4 and 5, then adsorbent bed 5,
then adsorbent beds 5 and 6, then adsorbent bed 6, then adsorben;4@ggqm§
~and 7, then adsorbent bed 7, and finally from adsorbent beds 7 and 8.
During the initial phase of the countercurrent purge of adsorbent 20 bed 1,
adsorbent pbed 2 is undergoi ng, countercuyrrent bl ow do wast e pressure.
AdsorbéWfOCPuEE’(S & PPRioRfe &wﬁ%@ftasfémr %ﬁtmwmﬂ&é%ﬁn fa@%g f dPeSSHFBHBENt bed
4 is un J] e t n r t bed
12, " acearp BT Rohd B B Ehcor pEl SCR' pERMAL' A LR R e RO o SRR, o
with adgssrben ste aﬁﬂcasta’d&q:rub@wsteﬁse@lﬁ that the plrgeadieh Qmare&c&ﬂs t}lnasaadsa@a@hptl on
step, adsorbent bed 10 is_undergoing final repressurization, adsorbent bed
11 is 2&puimenyct rgosefchAd tissatbeadsarntiontstemieei ZWhro A partion abissrisevidebed 5,

sorbent bed 12 is der unt er,curre i zation,w th adsorbent
na 1 Pubernes S arnided B G 406 ar BT RUEHR T be TP H AR R Tate BRR8h
counter, lsfpt dﬁﬁ} £b £06.1938d 0% SHEPhE 80 € or
nor e adsg%ﬂ; %}gﬁroggggﬁﬁ% Sgé tﬁ%e;cs \[/\Ex%) oeftglgr begs undetrgm ng%arg%usfégetmqs?ep At
the end of Rdferringsto &fUaBi zapramssstps cddthor presdnt hiedertionsinr epr esnativeed

with the adsorptl on pressure. 30 Repres ur| zatio n cconppl i sh
r ei nt r SaRRACHEEH a2 J0-bsg @6leris dprrEIaNERY ryt e bﬁt ESCQ%)T?L ﬁ@ ,.thﬁrﬁ&amgqqu a

por tion,of iBe s%@?%ﬁgtsuﬁzﬁ‘?% ?ﬂsb I 1155 NGh R &éﬁ{gﬁ‘ tHE! (gbkﬁjret%@ Svik pRige; SW ng

adsor ption-zone eds Tt orss preférre e cy i ncl ude
ab | eashkdnofor paadgahPticpRiratleMSousd) withahé 1dst vecuprehgeqllienton @nbifor hak dthe
purge step time exceeds the adsorption step tinme by a ratio of 1.25 tines
t he adsbe pllev @@pagat@lpy Thm@cum@trprawé@m@ﬁg@w tgken frempng pigabant pad ged igpasgesl

(provi ded or bent er going the final concurrent
depr ess tﬁﬁl’g%cff"é?ﬁ“‘ etdéﬁlm"pﬁ’ge%’f’s i de purge step tinme conprises between 0.15

and 0.4 ti mepnd ffloRMiIekaBiphR zIr!: %vxde@%?ﬂfdsﬁ&ﬁeopfrb&es 3nd ﬂrepf'i&fiﬁtéﬁde‘a)’@ e of
the present invention in an alternative enbodi nent” for a 16-bed cycle is

r epr eselmi the scopg dfehd Gaipmsdhatyfollewi n FIG 3, there are four adsor ption steps
and six purge steps. In this configuration, the cocurrent provide purge is

10 taken for part of the step simu y with the | ast cocurrent

égual i zation and for part of the s4—%§$atel y. The cocurrent provide
purge is_taken fromone adsorbent bed and is passed to six adsorbent beds

si mul t The foll ow ng exanples are provided for illustrative
pur poses and are not intended to

Table 1 illustrates a conventional PSA cycle according to US-A-3,986,849 (Fuderer et

T

al.) for a cycle employing 12 adsorbent beds. In the conventional cycle, the adsorption step
time and the depressurization step time are equal and each represents approximately one-third
20 of the total cycle time. Receiving purge gas represents 13 percent of the cycle and
repressurization represents approximately 21 percent of lthe total cycle. Similarly, for a
conventional 16-bed cycle of the prior art as shown in FIG. 1, the distribution of the steps
within the cycle are shown in Table 1 in the 16-bed cycle. Adsorption time now accounts for
approximately 37.5 percent of the cycle, depressurization amounts to about 31.3 percent of the
25 total cycle, receiving purge gas amounts to about 15.6 percent of the cycle, and
repressurization amounts to about 15.6 percent of the cycle. At high feed rates, the volume of
the adsorbent bed reaches the maximum practical size beyond which it is necessary to reduce

the adsorption time and correspondingly the total cycle time. This has the desirable effect of
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limt the scope of the clains that follow 15 EXAMPLES EXAMPLE | Table 1
illustrates a conventional PSA cycle according to US-A-3, 986, 849 @ﬁuﬂﬁrﬁh et
al.) for a cycle enploying 12 adsorbent beds. In the conventional cytcl¥; 5[he
adsorption step tinme and the depressurization step tine are equal and each
represents approximatel y,one-third 20, of .the ot cle.time. ceiving
pur o GaupEEEHIT Fatnencantted Rn® vk BetRile if 8 tnd e B fme
repr esRilée PrdoRBREANCi el Q&SN hg Blirgefind Sfodlficad®y Rodussihbabdoveryf OF @
conventional 16-bed cycle of the prior art as shown in FIG 1, the
di st ri thatunedsooed: predudtegfBuenpiandiiimcredses thyotlatine okl ddsorbanl teqtirédhpethe
16- bed cle. Adsorption tinme now accounts for  approximately, K 37.5 percent
of ¢ hevellie OF ferdn T b 4 Ao oA TR PPTO A 580 T AR DR PRdE 5 ¢ ot a
ycle, b e 3 Gt 80 tecRbed and
SLor s SRR PR LA 867 T T A% SphRgRsltiradin SRt S lediced 2 RIELS cod
rat es, vélnme\vd hdstebart required peiswlantf fzed ivieaehes. t he maxi num practical size
beyond which it is necessary to reduce the adsorption time and
correspondingly the total cycle tine. This has the desirable effect of -9 1
4 JUL 2005 redugihg—the—spectiic—adsorbent—inventery—but has the
undesirabl e ef fect of reduci ng t HRABLEel f or recei ving puyge. Reducing the
recei ving purge [iTme significantl JucCes L he recovery pf the unadsorbed
product effl uent| and ing[slégg’é‘gmﬂ Héé& é?qeé%ét\?Bf” he of adsorbent required per
volunme of feed. [Thusp.d.Bg sepect pdrimed €a3€ || MaBaPagéleCppaci ty is not
reached and in faet—+t+—+s—5—doublypenattzed—Ihe—retove{y of the unadsorbed
_product effluent| pgsdrpdiced and fel at3ave vol une 3f.5 adsof bent required per
‘volunme of feed ispbpet@AsMtbn TABLE 1 43 @tributiompof PSA Process Steps, %

Process Step 12- 6- Bed| Cycl Adsaol pt i 3.0 B7.5
Depressuri zati ontgccg%Ccﬂﬂi& g Rece| ve Pﬁr’%e 13,0 12{?6?

epressurization
Total Cycle 100.0 100.0

C 9 J \CAVAv ) v

Hbl T T Z2CU

EXAMPLE I1

Table 2 illustrates a PSA cycle of the present invention for a 16-bed cycle as shown in

FIG. 2. According to the present invention, the time on the receiving purge step is increased

10 and the provide-purge step is de-coupled from the receive purge step. The adsorption step now
amounts to approximately 25 percent of the total cycle, the depressurization steps amount to
approximately 28.1 percent of the total cycle, the receive purge steps account for
approximately 31.3 percent of the total cycle, and the repressurization steps remain at 15.6

percent of the cycle. Although there is less than about a 0.1 percent reduction in the recovery

15 of the unadsorbed product effluent, there is no increase in the requirement for the relative
volume of adsorbent per volume of feed and the total cycle time is reduced, translating into an

overall increase in the capacity. A further advantage of this type of cycle is that there are more
adsorbers on the countercurrent depressurization step and purge step, these steps are
discharging gas to the low pressure, and the composition leaving the adsorber varies with

20 time. Having more adsorbers on the step provides for much improved mixing of these gases
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Repressurization 21.0 15.6 Total Cycle 100.0 100.0 EXAVPLE Il Table 2
illustrates a PSA cycle of the present invention for a 16-bed cy tg ﬁ ﬁgomn
in FIG 2. According to the present invention, the tinme on the r dbiil

pur ge step is increased 10 and the provide-purge step is de-coupled from
the re e urge step. The ads tion st now amunt s t 0 _approxi ter 25
per cenboSte e POPEICeowES) SHRE H1Bh B StETEAN B ACSIRE JS AoBu Mgt

appr ox trn%g laMd B8nck tﬁ’@éc?s@ﬂf (19 drshieastyliPhs ¥ 6ilifhg %Pﬁtu&ﬁ%@ﬂté&%oﬂt‘r‘él&ﬁ tﬁet 18RS
account for approximately 31.3 percent of the total cycle, and the

r epr esgasstragaon steps remain at 15.6 percent of the cycle. Al though there
is less than about a 0.1 percent reduction in the recovery 15 of the

unadsor bed product effluent, there is no increase in the requirenent for the
relative volune of adsarbeut per—voltre—of—Ffeed—ant—the total cycle tine is
reduced, translating into an overBABLEnkrease in the.capacity. A further
advant age of this type ﬁgtr@ﬁﬁbﬁofge\tvl}g%pﬁﬁéﬁ SR, T e adsorbers on the

countercurrent depregstrtzatt+on—step—antd—purge—step—these steps are
di schargi ng gas to the I&W‘ﬁ?ﬁﬁﬁﬁre and E@r@eécﬁyﬁlﬁsl tipn | eaving the
adsorber varies with é M8 on Havi ng nore adi rbers on the step provides for
much i nproved m xi ng| o W "gases 110 1 4 g L 2005 | before the m xing (or
surge) drum This cap %H{P%SPE%‘I‘PPy reduce t RE-lvol ume Fequired for mxing
and hence the cost of thicsiveRurgeas well as pPdWi ding fr much better control
of the low pressure ga&eprﬂmﬂmﬁtmnu stributidh.bof New PSA Process Steps, %
Process Step 16-Bed EytT AdsorptTomn 250 De ressurl vation 28.1 Receive
Purge 31.3 Repressurlzatlgﬁah@Y%cTot<il cycl B i

=

EXAMPLE Il

5 A pilot plant was used for the evaluation of the effect of changing the purge time
relative to the adsorption time in PSA cycles. The pilot plant consisted of a single adsorbent
chamber containing about 340 cc of adsorbent along with the ancillary vessels, valves, and
connecting piping required to simulate multi-bed PSA cycles. The feed included about 72.5
mole percent hydrogen, 0.67 mole percent nitrogen, 2.04 mole percent carbon monoxide, 5.57

10 mole percent methane, and about 19.2 mole percent carbon dioxide. The adsorbent comprised
activated carbon and a zeolite molecular sieve to produce a product hydrogen which
comprised less than about 1 ppm carbon monoxide and about 1 ppm methane. The chamber
was operated in a cyclic adsorption and desorption sequence over a range of operating
pressures from about 2200 kPa (320 psia) to about 160 kPa (23 psia). The purge pressure was

15 about 160 kPa (23 psia), the last equalization pressure was about 614 kPa (89 psia), and the
provide-purge pressure was about 255 kPa (37 psia). The bed was repressurized with product
gas at a product pressure of about 2140 kPa (310 psia). The feed temperature was maintained
at the ambient temperature which averaged about 21°C (70°F). The temperature of the
adsorbent chamber was essentially the same as the feed temperature or within about 6°C of the

20 feed temperature with surprisingly little variation during the adsorption time in the cycle. The
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EXAMPLE 111 5 A pilot plant was used for the evaluation of the effect of
changing the purge tine relative to the adsorption tinme in PSA ‘%dﬁ The
pil ot plant consisted of a single adsorbent chanber containing Jut o cc
of adsorbent along with the ancillary vessels, valves, and connecting

i.ed mul | ti-bed PSA | The f includ b
DL P10 St T LS e PAGYE! SR hE sheS G shdegoabout
car bon aﬁaﬂ@nlségoncfé +8 Abdf) 1901 secaNRE CRHM edMRENARA  tirAd Sh AR Wlovk Yo e FrigE cent

carbon di oxi de. The adsorbent conprised activated carbon and a Zeolite
mol eculare sibewte 30 osquondiuead ahpr pduide-puygtr sgpntiviei vhs atonpr60s eetands sThhan

about 1 m car hon nonoxi de and about 1 ppm net hane. Th anber ~ was

oper at 8G9 chwrénsaaﬁba/&og% reRuer oM PR Jbericel it Palgway
per at i f bout 2200 kPa (320 psi a) to about 160 kPa (23
§S| lﬁkﬂsur%?%é%ﬁgg&pregﬁas 15 about 160 kPa (23 psia), the |ast

equal | zation pressure was about 614 kPa (89 psia), and the provide-purge

pressure was about 255 kPa (37 psia). The bed was repressurized with product

gas at a product |pressure of aboutygpR KPa (310 psia). The feed tenperature
was nmai nt ai ned at—the-anbiept-tenperatore—whai-ch—averagee) about 21C (70F).

The tenperature ¢f the adsor bePSA Pantrasncaas essentl ally|the sane as the
feed tenperature

of ,wi t hi n..about 6C off t tepqperature with
surprisingly lit %d%’ﬁl?t n}‘lg efitPIHy tlh p@danr}gﬁ f n the cycle. The
-11 14 qUL 2_005 vﬁi:é cI e t| errpl yed fi elvéotests conprised an

adsorption tine \ %é q‘“ m abgu ‘g dg t bput 180 seconds.
The equal i zation YAt bl ow do %7t ti about 30 seconds
‘and the provide- puFgRiciyep tine was a oulOQSO se¥onds. 1%he| performance in
terms of hydrogen—recovery—and-capactty—nmterns—of feed—per cycle was 5
neasured as shown in Table 3. TABLE 3 PSA Performance Adsorption Tine,

g?c‘z’”ds 180 730 PRuif MR HoWPenatREIAR 1R addBrpun stdf RRERY £tdtio &P MHbu285- °

(from 180 seconds to 90 seconds) results in a change in the hydrogen recovery of about 0.2

percent while a change in the purge step time by a similar ratio (from 90 to 45 seconds) results
in a change in hydrogen recovery of about 1.5 percent. Thus, the effect of reducing the purge
10 step time is 8 to 10 times more significant than reducing the adsorption step time. In a PSA
process, the total cycle time has a direct relationship to the cost of the equipment. The shorter
the total cycle time, the lower the cost. As supported by the above results, the total cycle time
can be shortened with minimal effect on the overall recovery by increasing the purge step time

relative to the adsorption step time,

15 EXAMPLE IV

The pilot plant and procedure described in Example III was used to evaluate the effect
on product recovery and cycle time for reducing the adsorption step time relative to the
provide-purge step time. Table 4 summarizes the results for a hydrogen feed containing about
99 mole percent hydrogen and 1 mole percent carbon monoxide. The adsorbent employed for

20 the separation was a molecular sieve of the 5A type ‘and the adsorption took place at about

21°C (70°F). The PSA process comprised three equalization steps.
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Capacity 100 91 100 These results clearly show that reducing the adsorption
step tinme by a ratio of about 2 (from 180 seconds to 90 seconds) results in
a change in the hydrogen recovery of about 0.2 percent while a ﬁﬂ?@m;

the purge step tine by a sinilar ratio (from90 to 45 seconds) in a
change i n hydrogen reecovery-of—about—1-5—percent—Thus, the effect of
reducing the purge 10 step tinme | FABBEE 40 tines nore Isignificant than
reduci ng the adsorptfion step t| process, the total cycle tine
has a direct rel ati onship—to—t g§¢;§ﬂbﬂp§§§ egt-prent! The shorter the
total cycle tine, theAdm\ﬁrontTlmecwbndsAs sm&bortecﬁﬂoy t he above results, the
total cycle tine can be shortenéd with|m nimal| effect| on the overal
recovery by increasi|nigendipesgondsep tijme 90 ellatiS¥e tlo the adsorption step
time. 15 EXAMPLE |V [THeRpédvety, ¢ ant and {pr8édur e88@sci bed in Exanple |1
was used to eval uat el Capaciedfect on productO®ecovedy and cycle time for
reduci ng the adsor pt -en—step—t+rwe—+elativeto—the—proVvi de-purge step tine.
Tabl e 4 sunmarizes the results for a hydrogen feed containing about 99 nole

ercent hydr ercent c n nonoxi de adsor | oyed
Do C50. ¢ o T D R e IR G0 45 e R RCaREY tox & TRORE e tarpion
adsor pts'te?ﬂﬁé’%a%ﬁ%u%almtz cléWith @/ PimtB & AR gﬁm%%ﬁxe?émﬁﬁé 2gd Jihree
equal i zat'i on steps. - d{ 2005 TABLE 4 %SA Pertormance Adsorption

Time, skeopore staP tiG toPiegelsdiiptien sepcidme svB0atAt OHR2 IRaheverond E61@An,4thigd. 2
Capacity 100 96 The first columm_ in Table 4 shows the hydrogen recovery for
a 180- §§%ﬁﬁ of agyee pf rhemreseflepventm arpshevaomesin thpEatio gbdre purae stepiime tg

12 ke st BloT¥eh Gpld MEpURRLA'E b [ 38 BL 1ol (ST S (ERGLLTR kP L e

.adsorptlon st Was ap e Secon s of a

cycl e chinukes. 'Dlﬁ@&@ﬁlfts bmmﬁple MV ahewshawar WeerRirdent Becre@kii tms‘ cycetiByge step
time to
decreasing the adsorption step time relative to the purge step time, the hydrogen recovery is

only reduced slightly.
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s the adsorption step tine is increased to about 1.5 and the total cycle
time is reduced to 10 mnutes. The results of Exanple IV show that for a 20
percent decrease in the cycle time by decreasing the adsorption step tine
relative to the purge step tine, the hydrogen recovery is gn)ay rg@uced
slightg.!ﬂéﬁ 14 .JUL 1AS CLAIMS: 1. A process for the sep Pl A of a
non- a e gas froma gas m xture conprising the non-adsorbabl e gas and
an adsorbable gas in a single train pressure swing adsorption zone, the
process conpri SANGrop@s Sfofdtht h@piagonrioft Al nt@séMeblsi fi@l Bofnl @1 PasPiPaSHH € 5
sw ng adsorption zone and withdraw ng a product gas stream conprising the
non- adewnprating thegeen-sdsgrtableagaseangiaen sdyoskable gapin gisingle heinapressibabvingas,

sai d si(ﬁgl e.train tl;glr essure sw nﬁ adsorpthi on zaone hav'é_]g%. a %I urali tx of

adsor bEHPRIOGLOB G PrARESS FOBRILHNG AASINEERE BAL FUBNTe gUS SHBOHAD RIFSULR | east
510 COGin Ao BAYPLARAONiRERel A1Gloddlings Subdi Ao BASHE iR hon falAlbEAL | ON
step, a provide-purge step, a countercurrent blow down Step, a purge step,
at | eagis dfdl 4 lwvaee Lo WtancompeiRingetie aldsarbible gas tsejaissingle lttaghi pressuré swalg

countercurrent equalization step. and a repressurijzation step, each of said
steps BEOMtANNEPIErhayinge g bielity ofnadsabentahefsormrleying in sagke adsgiberdi hedt are

adsor pLy A RhCRiBCGH a8V R0 W RISE BhlATRECRCH TRelphilg BT ANLIIEAMEGE Step
occurs OVer a provide-purge step ti and a purge Step®occurs over "a purge
step tkdilizhish e, arodiadpuige FRpbLLANIGT MR bldwadwh BRpatpRpOkicp Mt TaBP ti me
and wherein said purge step conprises the 15 adsorbent bed undergoing a
Bur ge Hrepcoupbatwiongcquabaniian geps ineloding adingl conpiescwrané equadigatinrbuent anledls

d ' t he . i de- , St wherein. said oth dsorb ds.
e R By S R S

bur ge ShRRIARE addbipi6h lofbodiloler IR abEpIHEY uftl, AEBRFRRNupEdS, et 0oi ng

the adsorption step is exceeded by the nunb or bent Dbeds under goi ng
t he puoger sprepided@rsk stdihdmprand eguirgd step atamrdovdrarpirge step titneothefpurdessteyur ge
step time to the adsorption step tine conprises greater than 1.0 and Less
t han 2Uge @I“&B@aﬁf&ﬂé&é‘%ﬂs@%{?‘ﬁﬁpm et Wh“ﬁ@”gg%grﬁuiaeuﬁ@ FRmpREsdct o the

t%ihggls: a go%%ér}]rtm tf%'dgﬁrﬁcliéggorirgg“'eaggu&‘ésﬁéﬁ)%&‘i‘viﬁgrhepéltgeag:fseﬁgmr BhE o' BBfeChinkan 110
adsorbent beds undergoing the provide-purge step wherein said other adsorbent beds are
simultaneously providing the purge gas to the adsorbent bed undergoing the purge step and
wherein at any time the number of adsorbent beds undergoing the adsorption step is exceeded
by the number of adsorbent beds undergoing the purge step.

20 2. The process of claim 1 wherein a ratio of the purge step time to the adsorption
step time comprises greater than 1.0 and less than 2.0.

3. The process of claim 1 wherein the gas mixture is passed to the single train
pressure swing adsorption zone at a feed rate greater than 110 thousand normal cubic meters
per hour (100 million standard cubic feet per day).

25 4.  The process of claim 1 wherein the single train pressure swing adsorption zone
comprises from 10 to 20 adsorbent beds.

5. The process of claim 1 wherein the multiple bed pressure swing adsorption zone

comprises a single train of 16 adsorbent beds, wherein the process comprises at least four
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per hour (100 mllion standard cubic feet per day). 25 4. The process of
claim1 wherein the single train pressure swi ng adsorption zone comi ses
from 10 to 20 adsorbent beds. 5. The process of claim] wher eilrt dle ltiple
bed pressure swi ng adsorption zone conprises a single train of 16 adsorbent
beds, WOGE®}iBn £12Bs, I REESS LS5 afdh 1 10 lime ekfechs fne’
adsorp%nﬁs]t%ps,ﬁs’at | easte Tl eég r’Se stegﬁ‘zéic %% 11tnﬁ'e pﬁrae s%%ﬁ@%ﬁnét?xceeds
t he adsmeby amatid €fl.23 tines thy adsarpliowstep tile25 times the adsorption step tine.
6. The process of claim1 wherein a portion of the purge gas is provided by
an adsor berft- bekheupraesg®f wdpimhk whermin acpertipp aitthel Pprgesgairis previdad dvegt 5 7.
The procgess of clai,m 1. rein the praqvide-purge step occurs over a provide-
purge st BI%FP%%MGWH@\QA;E%GFQépﬁmﬁéaf?rﬁ@uﬁéat&’é‘siepf han the purge tine, said
pgovi de- pur ge SURR plbbd® of QPR B e ! b nidege
step tinme. 8. The p{? océeggs? o?g?cl aiwmmi&?mherg{br\{ te#éxr%tgn;gd)égrga I(ratagg?rponent
conpr i smage ftyglringend ardprbhidepusger thadisdesahpothe purgesime | seictpedvilde purderseegr oup
consisting of to hydrocarbons, carbon dioxide, carbon nonoxide, nitrogen,
and ni xti®e eemprgngbetwsen QHa el A4 thsenhiba PHEESHAPABN® conponent conpri ses

of carbon di txi AL RYRFSCAF GOE Wi Petsoh 40 G SRR PEaPLERTsn] CoRtrRes
oxi des, harsgeadand S e iadforbabld EBrpoeRS it NRIGAd fdm the group consisting of
10 hydrocarbons,' carbon dioxide, carbon monoxide, nitrogen, and mixtures thereof or wherein

the non-adsorbable component comprises methane and the adsorbable component is selected

from the group consisting of carbon dioxide, hydrocarbons with more than one carbon atom,

sulfur oxides, hydrogen sulfide, and mixtures thereof,
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