WD 2006/ 078959 PCT/ U52006/ 002141 | MPROVED | NTEGRATI ON OF RAPI D CYCLE
PRESSURE SW NG ADSORPTI ON W TH REFI NERY PROCESS UNI TS ( HYDROPROCESSI NG
HYDROCRACKI NG ETC.) BACKGROUND OF THE | NVENTI ON [ 0001] The present
invention is a method for operating a rapid pressure sw ng adsorption unit.
I n particul ar ,\We Mg6/pag¥od operates the rapid pressure swTUsS2a@@angati on unit
so that the tail gas (exhaust gas) is released at a pressure (greater than
30 prig. [0002] Pressure sw ng adsorption (PSA) is widely practiced
commercially to separate and purify gases, including air separation. Rapid
pressure swing adsorption (RCPSA), which operates on shorter cycle tines
than PSA, can also be used for air separation. The tail gas (adsorbed gas)
is emtted from eac MPROME BNEEGRATIOMOWRAFIDSCVCRE RRESIIIREY 5- 15 psi g.
[0003] In the oil r &SWING yDSORPTION WITHREBFINER Y PROGEBSUNITSepar ate a feed

gas into a tail gas_(g¥¢¥DROFPROEEISENG HYDROCRKISOKD¢G, BEsyand send the tail
gas to a fuel header or other refinery waste streamthat Is typically at

pressures of 60-80 . Therefore, it is desirable that the tail gas be
emitted at thdbACROGRGAINDI) MU HANWi se, a tail gas conpressor nust be

i nserted between the separti on unit and the fuel header. Puri ty and/ or
recovery of t{80¢i]oduckhegasentinsentmnioa bhethuddbr opfsivigRYafid présdsuleNVENTI ON

[ 0004) The present jnvention (s a.methqd fo erating a.rapid cycle
pressure swi ngvas Bm%ﬂ“mcb%mg %&ﬁ‘ﬂ"a‘_{ﬁ"ﬁ&%ﬁ?s{) FaRid PressWe e, tTOT, to
separate a fe%%hgg'ﬂ‘édsbz?ki@n Bﬁﬁ@b‘ﬁiatﬂx%&aﬁ*gﬁ?s eRhdus( S%)RYSIkAsed2Pa E&B&r@‘?t hod

i ncludes the steps of passing the feed gas having a purity F% where F is

t he per cent agegreaddr thane3Gpségl gas which is the non-adsorbabl e conponent, into
a sorbent bed which 1 WD 2006/ 078959 PCT/ US2006/ 002141 selectively adsorbs

thé tail gas ass t he product gas of the bed, for time, tF,
wherein t e pAOOR: - gdese ik peorin (AL Boutris aetkcioed FTBRERTA; and a
rate of recovepYemtasid FRREY L4, Bthudmgldsepabilich. RaRdPRbure Ewihgn-

adsorption (RCPSA), which operates on shorter cycle times than PSA, can also

be used for air separation. The tail gas (adsorbed gas) is emitted from each

process at a blowdown pressure, typically 5-15 psig.

[0003] In the oil refinery setting, it is often desirable to separate a feed gas
into a tail gas (adsorbed gas) and a non-adsorbed gas and send the tail gas to a
fuel header or other refinery waste stream that is typically at pressures of 60-80
psig. Therefore, it is desirable that the tail gas be exitted at these higher
pressures. Otherwise, a tail gas compressor must be inserted between the

{ separation unit and the fuel header. Purity and/or recovery of the product gas
must also be high.

SUMMARY OF THE INVENTION

[0004]) The present invention is a method for operating a rapid cycle
pressure swing adsorption (RCPSA) system having a total cycle time, tTQT, to
separate a feed gas into product gas and tail (exhaust) gas. The method includes
the steps of passing the feed gas having a purity F%, where F is the percentage

of the feed gas which is the non-adsorbable component, into a sorbent bed which



adsor babl e conponent in the product to the anount of adsorbed conmponent in
the feed. Then the bed is co-currently depressurized for a tinme, tCO

foll owed by counter-currently depressurizing the bed for a tinme, tCN
wherein desorbate (tail gas or exhaust gas) is released fromthe bed at a
pressure greatwp:zodsarsmr equal to 30 psig. The bed is pweggdrobdord ti Me,
tp, typically with a portion of the product gas. Subsequently the bed is
repressurized for a tine, tRp, typically wth a portion of product gas or
feed gas, wherein the cycle tine, tTOl, is equal to the sumof the

i ndi vidual cycle tinmes conprising the total cycle tine, i.e.,

t TOT=t F+t COtt CN+t P+t RP  The present invention is carried out such that 3
speci fic rat i aeleatieelgadlsurboihe il ghe andipaksesth® produ€i@as oufofthd bad, fand tCN / tF
< 1/4, and 115 < tCO/ tP, and wth conditjions resulting such that either
(1) the rate JimédEoYhersin theprodusiens has a puriy gfinen-agserhaple qomposent Bear i t y
rati o, P% F% > covery, RW% > 90% for a product
purity to feeo“étfr‘rlaf r}%ﬁchv %@PS&FS&)’C’&Y {f%lls eOT@BBPfW@“‘Eteﬂ M%%as is

rel eased at a d&@&%ﬁw@eoﬂipeﬁeueﬂpmg?p ot 103he M@uﬁt%fhd&ﬁ?ed oRént Ed to

anot her devi ce absent tail gas cofnpression. In a nore pre erred
enbodi ment , t ibe fexdl Thas ﬂm‘mﬂswmcwn@wd&pmssmhalrfor@mmd@o fadlog@dpsig. In a
nost preferred enbodi nent, the tail gas pressure is greater than or equal
to 80 psig. Trrermtpa@prrgw(iemqsmm g, 91 2 tirpe, kgNavhereipdeswbee 078959

PCT/ US2006/ 002141 an ol efin, ox itr helium or a saturate. The
tail gas may @éc’r"ﬁfdg‘“sﬁgﬁiﬁ ﬁ?i?r%&g%re@ﬁ HhRgessug: SHACE BRAGRI cal unit
such as a hydréﬁﬂﬁ%%%&sfgg THeiYed 1sapur§€cffbi~ﬁ‘t1 Btg ﬁpmﬁlyf&rﬂlhg 6&%11%%@ ytic

cracker unit or a nmethane synthesis unit. I n"anot her preferred

enbodi ment, t hgo®mdt gast Sybsédueddpthe bed is nagre*shmze@aﬂ a tin€,ap pLtypRaly f | ow. That
is, the counter-current depressurizing step is omtted. BRI EF DESCRI PTI ON
OF THE DRAW NGvitid 8 @sitionfeif grodactlgas lop feed gas,ovteneit ite dickdimentphHTt Iseqagpar at us
for a typical

yP to the sum of the individual cycle times comprising the total cycle time, i.e.,

tTOT =tF +1CO + ICN + 1P + IRP
The present invention is carried out such that 3 specific ratios are adhered to
defined as

0<tco/tp<1/3, and

toN/ tF < 1/4, and

1/52tCO/ P, and

with conditions resulting such that either (1) the rate of recovery, R% > 80% for
a product purity to feed purity ratio, P%/F% > 1.1, and/or (2} the rate of
recovery, R% > 90% for a product purity to feed purity ratio, 0 < P%/F% < 1.1

[0005] The tail gas is released at a pressure high enough so that the tail gas

may be fed to another device absent tail gas compression.

[0006] In a more preferred embodiment, the tail gas pressure is greater than
or equal to 60 psig. In a most preferred embodiment, the tail gas pressure is

greater than or equal to 80 psig. The product gas includes hydrogen, methane,



rapid pressure swi ng adsorption (RCPSA) process. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENT [0009] Pressure Swi ng Adsorption (PSA) is a nethod
that is widely practiced conmercially to separate and purify gases. The
met hod consists of five steps perforned as a cycle. Figure 1 shows a
schemati c dr aw"¥R208F078932 systemto carry out the method.rcines:fbn@iastep is
a feed step wherein m xtures of feed gases at high pressure are passed

t hrough val ve 4 over adsorbent materials 12 with valve 6 closed and val ve
18 open. The material 12 selectively renoves conponents of the m xture,

t her eby producing a product gas enriched in a preferred conponent, which
passes out valve 18. The second step is a co-current depressurization in
whi ch val ve 4 Bsohﬁns%@ndﬁtrbgnphﬁﬁmuroea@ﬁdt&ﬁsnﬂaﬂtéss)ﬁﬁ?ﬂé fedmierial 12.
Step 3 is a countercutr.ent tgepressuri zing step in which valve 4 is closed,
valve 6 is opeﬁ'é‘?iﬁerlul’i“ttlﬁiasre REEP Of PrOChemisalyEnt sugh @k A hydropmocessingnwdt, by t he

over - pr easur S panng Q%2 AUBREE R B SAPRH yif o Bl PGS PR, e

| ower pressure in reéverse directio roduced
during these steps (3 and 4) is called the tail gas. After these four
steps, the ads{i6Zht imasotherpréferred @Ebodimasy terondy &8p b dptis@inghre the feed
or product gas,to prepare it for the next feed step. For continuous
production, t h83£55 Cpednspitlow o fhatds dhe equatpr-cyrron deprrssuwizagIED is

PCT/ US2006/ 0023@3{&3 several vessels that undergo different steps of the

rudi mentary cycle géscri bed. In the present invention these five steps are
operated in such a manner that the tail gas pressure is high enough to send
it to another BRIEFWESCRIPTIONGOPTHE DRAWDNGGRS conpressor. [0010] Rapid

pr e{ssure swi ng adsorption (RCPSA) is distinguished from conventional
pressure sw ng rpt £ERA : j L. anpl oys.
For exanpl e, R@gggpcycl e t‘ig nes asrié%%]g%?%%@% Ie%fgtﬁghgnﬁ'%hgn??lﬂt lcE@\/ni | e CPSA

cycl e tines arepidpessard swigg edsceptian(RCP3A) progess.es. Hardware (val vi ng,
pi pi ng, configuration of vessels) to performthese cycles also differs

consi derably apd. v, r equi | REERREDEME RCPSA exist. Wile
CPSA is curren ! o ERFEERRIDEMBORIMENT s such as

hydrogen, RCPSA is currently commercially w despread oI y for air
separ ati on. ThE009] Pressure Swing Adsorption (>E/’SA) is a method that is widely

practiced commercially to separate and purify gases. The method consists of
five steps performed as a cycle. Figure 1 shows a schematic drawing of the
system to carry out the method. The first step is a feed step wherein mixtures of
feed gases at high pressure are passed through valve 4 over adsorbent materials
12 with valve 6 closed and valve 18 open. The material 12 selectively removes
components of the mixture, thereby producing a product gas enriched in a
preferred component, which passes out valve 18. The second step is a co-current
depressurization in which valve 4 is closed and the pressure reduces in adsorbent
material 12. Step 3 is a countercurrent depressurizing step in which valve 4 is
closed, valve 6 is opened. In this step, the adsorbent material is cleaned by the
depressurizing to a lower pressure followed by step 4 of purging at this lower
pressure in reverse direction to feed flow. The effluent produced during these
steps (3 and 4) is called the tail gas. After these four steps, the adsorbent
material is pressurized in step 5 with either the feed or product gas to prepare it

for the next feed step. For continuous production, the cycles are practiced using



foll ow ng exanples illustrate the subject matter of the present invention. A
conputer sinulation nodel of the PSA process is used to determ ne process
per f or mance at ‘%1‘2‘;0%%9; condition. [0011] Exanple 1. In one enbodi nent of
the i nproved inteéegra 0fs of PSA with a refi nery cl ai medPEEEE2006a021RCPSA t 0
produce an ol efin product was conpared to CPSA. For exanple, a conputer
sinmul ati on shows that for the separation of a 65 vol % ethyl ene - 35% et hane
stream 0.16 MVSCFD (mllion standard cubic feet per day), on 4A zeolite,
RCPSA with 20 sec feed step is able to produce ethylene at greater than 90%
purity with 1/ 6thﬂione-si th) the adsorbent quantity needed by a CPSA with
a one mnute f&J8" f’%%?lsﬂfﬂtémdiigﬁ?@lf&ﬂ“ﬁﬁmﬁiaf@F andimentary cycld deseritedi ve of t he

S oo o oror IEHE Bfesh ifthoifion oflsE D BAY AL L, BRRR LAK! LhBune: fiptfie TX2TP! &

In this exa e refinery streéa P31 ®gas at 65

psi g wher eby t kil gas peessure isshighgnagzhGo $éhd iTtoeanbietlusio Went iced of@ghil Pr essur es
are typical of refiner rocessing units such as those found in hydro 4 WO
20061078959 263“19‘0@?5’6%% 2141 processing or hydrotreating applications. In
this exanpl e typical hydrocarbons are described by their carbon nunber,

i.e., O = net Cpzp; A . LS:.C bl e, o roduci ng
hydr ogen at > g@‘?/?]puri B§p lgh%@sgﬁqgf%ﬁ%%%%}l 9%‘?@&‘2%@%5“&#4 frg’\ﬂ rates.
Tables 1 a, b stomwsntidnel pressulré swinl; adssrplsrE(CPSAYByahé Shvrted tydlberideRBA and t he
i nput and out put percent ages, o e different conpognents or this exanple.
i np d put p gwafhd'ff np for thi nmpl
Table |a, b al sSTRRBW Fs~ 1%M5’§MCW%W€!B’@P@E¥&SS&§% FBEWEry s
i ncreased from,gH B Qv otb- thiBsl RE tdi W r at, .4 ' and tail
gas at 65 prig. T%ggg Igg% Cor?p%sf@f‘%ﬂ noépc%%hofj:mﬂ%tfs'gﬁaﬂyu put from
RCPSA (67 f) i tvahing giping, canfiguratiorrefodssels) s petBfinpthesy, y2RE abodiffas| gas at
65 psig. Feed rate is,abaut CED. e la. H.ghe ity Step.Tines in
seconds are th@fﬁe‘Ea@B’ @@.ers?f%m“_la{ﬂe’? OT:B?@QE‘A{ %JgggEAl-%“S&t €6 % pud
. 89.7 % r eCOVEPYA is currently practiced in refineries for recovery of gases such as hydrogen,

RCPSA is currently commercially widespread only for air separation. The

following examples illustrate the subject matter of the present invention. A

computer simulation mode] of the PSA process is used to determine process

performance at different condition.

[0011] Example 1: In one embodiment of the mmproved integrations of PSA
with a refinery claimed here, an RCPSA to produce an olefin product was
compared to CPSA. For example, a2 computer simulation shows that for the
separation of a 65 vol% ethylene - 35% ethane stream, (.16 MMSCFD (million

{ standard cubic feet per day), on 4A zeolite, RCPSA with 20 sec feed step is able
to produce ethylene at greater than 90% purity with 1/6th (one-sixth) the
adsorbent quantity needed by a CPSA with a one minute feed step. This
particular example is only illustrative of the application of RCPSA to other

olefin-paraffin separations.

[0012) - Example2: In this exarople, the refinery stream is at 480 psig with
tail gas at 65 psig whereby the pressure swing is 6.18. The feed composition and

pressures are typical of refinery processing units such as those found in hydro-



feed product Tail-Gas H2 88.0 98.69 46.8. O 6.3 1.28 25.1 C2 0.2 0.01
1.0 C3 2.6 0.01 12.3 4+ 2.9 0.00 14.8 H20 2000 vppm 65 vppm 9965 vppm
tal MMSCFD 6.162 4.934 1228 480 psig 470 psig 65 pslg Case 1b. Hi gher
purity Step Tines in seconds are tF =1, tco =0.333, tp =0, tp =0.167, t jtp
=0.S H2 at 9%wEYeib7s95991. 7% recove feed product Tail-Ga 97. 80
45.9 Cd 6.3 2.14 25.0 C2 0.2 0.021..0 C3 2.6 0.02 12.§5T/b%ﬂ'%%5£§1 0. 00
14.9 H20 2000v m 131 VPPM 10016v m otal (MVSCFD) 6.160 5.085 1,074 480 pslg
470 psig 65 psig 5 WD 2006/ 078959 PCT/ US2006/ 002141 [0013] The RCPSA's
described in the present invention operate a cycle consisting of different
steps. Step 1 is feed during which product is produced, step 2 is
co-current deppresting R hy@dtreRirR applitficns YRGS e%ﬂl@%i&?ﬂ%&ﬁéﬂﬁé&at on,
step 4 is purge, usually counter-current) and step 5°'s repressurization
with product .arpﬁle&cnéetkgpmrgadwmum iear( amethaye,iGR+ atiandiatd THee t ot al

nb f b .on. the feed, step. Furth t i f the st
e ough 51 sSRCBSR P CarkBf o oot 3 6 b riwiched  8lasgCavensry pi cal
step tines forovene rimgedf flodhsates. TRBlDa B sRows ﬂle?esﬁltﬁﬂficcﬁﬂlﬂﬁeﬂs%‘inigxg eps 2-5

are fractions of this tinme. Table 2 Effect of step durations on purity
and recovery f9idhs B&PRAmDA the input and output percentages of the different components

for this example. Table 1a,b also show how the hydrogen purity decreases as

recovery is increased from 89.7% to 91.7% for a 6 MMSCFD stream at 480 psig

and tail gas at 65 psig. |

Table 1a,b
Composition (mol %) of input and output from RCPSA (67 16%) in H2 purification.
' Feed is at 480 psig, 122°F and Tail gas at 65 psig.
Feed rate is about 6 MMSCFD.

Case 1a. Higher purity
Step Times in seconds are tg=1, teg =0.167, toy =0, tp =0.333, tgp =0.5

H2 ai 98.6 % purity, 89.7 % recovery

feed product Tail-Gas
H2 88.0 98.69 45.8.
ct 6.3 1.28 75,1
cz 0.2 0.01 1.0
c3 26 0.01 12,3
C44+ 2.9 0.00 14.8
H20 2000 vppm 65 vppm 9965 vppm
Rotal (MMSCFD) " B.162 4,934 1.228
480 psig 470 psig 65 pslg

i Case 1b. Higher purity
Step Times in seconds are ty=1, tco =0.333, tcy =0, tp =0.167, izp =0.5

H2 at 97.8 % purity, 81.7 % recovery

feed Emduct Tail-Gas
H2 88.0 g7.80 ’ 459
C1 6.3 2.14 25.0
c2 0.2 0.02 10
c3 2.6 0.02 12.3
Ca+ 2.9 0.00 148
H20 2000 vppm 131 vppm 10016 vpm
[lgia! {MMSCFD) 6.160 5.085 1.074
: 480 psig 470 psig 65 psig



(67 ft3). Sanme conditions as Table 1. Feed is at 480 psig ,122F and Tail gas
at 65 psig. Feed rate is about 6 MVBCFD. 2a. W thout counter-current
depress purity recovery tF too 1ONtPtRP % %S 8 a S S 98.2 84.3 1 0.288
0.05 0.167 0.5 98.3 85 1 0.166 0.167 0.167 0.5 99.9 8 1 0.083 0.25 0. 167
0.5 2b. Wth ceadoegorswss rent depress, Internediate pressugar I g
purity recovery tF too ION1PtRP R %s s s s S 97.8 91&1}]31&%&%%3 0 0.167
0.5 98.7 90 1 0.166 0 0.334 0.5 99 Be 1 0.083 0 0.417 0.5 Conditions for
Table 2 are the same as in Table 1. Table 2a shows that when there is no
counter -current depressurization step, the co-current depress duration
should be less than 1 /3 rd of feed step tinme to maintain high purity > 99%
[0014] Sim | ar kyp1sfbl e 13h peaSs ddvabindd fhhe ElvERE denegsuri zation,
t he total deprgssu?i zation ti nesshoulgiﬂlgle p@géygrgngly tll;rg sert arc1§1§3 rd of
feed step 6 V\ComiBEeTaifeverRCEPLSI®PA/i0 024 diring imichaprddudtés produtedy - current
depress tine shoul.d be less 1/4 th of the feed step ti to mai ntain high
recovery (> 808P 2[‘66‘1‘@]’“@5%‘3%3“?.1&%’§teB§dW“§E&§T?BW§mQEWS Prrefinery
stream once_a@giqis perkAlsthilgcdudC@irehQ TROREHS I represSifon Ritheed col um
of Table 3. Th%ﬁstrgg% Is at” 480 psig vmgth R%SA tegi IS gas at 6135 psi g

wher eby the abgoiduce InpheREBSA'ssigseripedde®. at 8ny Bstanthalf thehetal movber ofiposi ti on

tains 74 % H2, On in th f the. t i tian,i bl
o et no noRTERT e B! Beb BT e SGu0H SERE by LT i T oos ©
conposi tions. FaRi1es thddink: durdtiéiVor iticentiedsity 5. Pipibdliste oethekalal € 3a, b.

Conposition (nmol" 99 of input and output from SA (53 ft) in H2
cyclecanbe 0.5 s - 2 s and even lower. Steps 2-5 are fractions of this time.

Table 2 Effect of step durations on H2 purity and recovery from an RCPSA
(67 ft’). Same conditions as Table 1. Feed is at 480 psig , 122°F and Tail gas at
65 psig. Feed rate is about 6 MMSCFD.

2a. Without counter-current depress

purity § recovery L3 co
Yo %o 5 8
98.2 84.3 1 0.283
98.3 85 1 0.166
99.9 80 1 0.083

2b. With counter-current depress, Intermediate pressure = 105 psig

purity { recovery te teo ton ip tap
Yo % ] 8 8 8 8

97.8 1.7 1 0.333 0 0.167 0.6

08.7 90 1 0.166 0 0.334 0.5
09 88 1 0.083 ¢} 0.417 0.5

Conditions for Table 2 are the same as in Table 1. Table 2a shows that when
there is no counter -current depressurization step, the co-current depress duration

should be less than 1/3 rd of feed step time to maintain high purity > 99%.

[0014] Similarly Table 2b shows that with counter-current depressurization,
the total depressurization time should be preferably less than 1/3 rd of feed step



purification. Feed is at 480 psig, 101F and Tail gas at 65 prig. Feed rate

I s about 10 MVBCFD. Case 3a. Higher purity Step Tines in seconds are tF
=0.583, tco =0.083, try =0, tp =0.25, tRp =0.25 H2 at 99.96 % purity and
116 % recovery feed product Tall-Gas H2 74.0 99.96 29.8 C 14.3 0.02 37.6
C2 5.2 0.00 13w®20w878¥5% 0.00 7.4 04+ 3.9 0.00 11.0 H2@ECZO80E®M40. 3 VPPM
5387 vPPm Di al MVBCFD 10.220 6.514 3.705 480 psig 470 psig 65 psig Case
3b. Lower purity Step Times in seconds are tF =0.5, tco =0.167, tcN =0, tp
=0.083,.tRp =0.25 H2 at 93 % purity and 89 % recovery feed product Tail-Gas
H2 74.0 93.12 29.3 O 14.3 6.34 31.0 C2 5.2 0.50 16.6 C3 2.6 0.02 8.9
C4+ 3.9 0.00 13.4 H20 2000 VOPM 142 v m 6$01 V DM tal (MVBCFD) 10.220 7.240
2.977 480 psi timézhdplss cpubifer pairgnt depréss ZidhouIdPedesPCH HSTAREIe0QBEAL | n
bot h cases 3a, .3b, al though tail ga sure is high at 65 psig, the
present inven%ﬁomqﬁ%timﬁ%?%yﬁgéﬁi (99% is obtained only when the
duration of the <co-current depressurization step (5/60 s) is less than 1/3
of the feed st ﬁﬂ)l@ﬁ" at 'E“}Qmp(es.ils./ Bls éj}ample shows a 10 MMSCFD refinery stream,

once again containing typical components, as shown in feed column of Table 3.
The stream is at 480 psig with RCPSA tail gas at 65 psig whereby the absolute
pressure swing is 6.18. For e.g. the feed composition contains 74 % H2. Once
again the RCPSA of the present invention is capable of producing hydrogen at
> 99% purity and > 85% recovery from these feed compositions. Tables 3a,b
shows the results of this example.

Table 3a,b. Composition (mol %) of input and output from RCPSA (53 ft%) in H2

purification. Feed is at 480 psig, 101°F and Tail gas at 65 psig.
Feed rate is about 10 MMSCFD.

Case 3a. Higher purity
Step Times in seconds are ty=0.583, tco =0.083, tcn =0, tp =0.25, tgp =0.25

H2 at 99,98 % purity and 86 % recovary

feed product TallGas
H2 74.0 90.98 208
1 143 0.02 378
cz2 5.2 0.00 13.8
c3 2.6 0.00 74
G4+ 3.9 0.00 1.0
H20 2000 vppm 0.3 vppm 5387 vppm
Eotal (MMSCFD) 10.220 8.514 3.705
480 psig 470 psig 65 psig

Case 3b. Lower purity
Step Times in seconds are tg=0.5, tco =0.167, tey =0, tp =0.083, tgp =0.25

H2Z at 93 % puiity and 89 % recovery

fead product TailGas
H2 74.0 93.12 20.8
1 14.3 6.34 31.0
c2 5.2 0.50 16.6
c3 28 0.02 8.9
C4+ 3.9 0.00 13.4
H20 2000 vppm 142 vppm 8301 vpm
ﬁtal {MMSCFD) 10.220 7.240 2.877
480 psig 470 psig 85 psig




[ 0016] Tables 2 and 3a show that for both 6 MMSCFD and 10 MVSCFD flow rate
conditions, very high purity hydrogen at -99% and > 85% recovery is
achievable with the RCPSA. In both cases the tail gas is at 65 psig. Such
high purities and recoveries of product gas achieved using the RCPSA with
all the exhauwo:2psodsseed at hi gh pressure have not been pdiragtdesoed bef ore
and are a key feature of the present invention. [0017] Table 3c shows the
results for an RCPSA (volune = 49 cubic ft) that delivers high purity (>
9999 H2 at high recovery for the same refinery stream discussed in Tables
3a,b. Table 3c. Part a. shows that that high purity H2 is produced when the
duration of the co-current depressurization step is less than 1/3 rd of the
feed step ti neln Hoth cashe3da Sbealthivegie taillpas prassura ds Iigh at 65 psig) thepresent

depressuri zation step, Tahle 3c Effe f step duratioons on H2 purity and
recovery fromlaﬁe‘é?@ﬁ§ OWE tp’cgg)l’.““ﬁ’eéé%gés %‘%WES‘go‘blﬂi“&eEG}iq:d‘gﬁ'éPnT%ﬁqwgas at
65 psig. Feed ' ; Al - ess.
purity recover@ﬁ%@éﬁgéﬁg%h?éﬁ&mgﬁog% lgﬁgh %&Hgg&fg{egg&g&gpgurg6%7 0
0.083 025 97.@5&®s).5 0.117 0 0.133 0.25 99.7 85.9 0.5 0.083 0 0.167 0.25

[0018) Exanple 4: In this exanple, Table 4 further illustrates the
performance o SA' s g@erﬁtﬁf 3i n accordance with the invention being

f
descri bed her d001§] ¢ hj Tatlgsy a §how thatdgr bath $ MMRGER apd @ ¥MVMSCED eam and
is at a pres Bk ,;nggﬁy ts } | 4.s able to
produce 8 WO 2%%@} %‘%gg’%ﬂ@& ?Jré% /0 14‘%&%@&%25%@?%3%&&9@ act at
83. 6% r ecover yachieeablalwith the RCGRSA. dadotiscasedthe sdibghs inat 650psigsi Spchlhigh hi s case
the tail gas can.be sent to.a flash drum.aqr other se tor.. of other
downst r eam r ef FHERS 2 ‘ifﬁcﬁ?’@?ﬁs D\’;\/P{Qﬁéﬁftgﬂf aFHe '@Bﬂﬁp@%ggpgﬁ‘ W’éﬁﬁ{lﬂbeﬁent . In
absol ut e ter Meexhhes: protfusd & 1M gxﬁséuﬂa hdVe hoe¥@mti® ovéred beidre and dbhikapeous!y
the RCPSA also renpves COto < 2 vppm which is extrenely desirable for

refinery unit sfeatyeg ofiibe presentnvegtion. hydr ogen enriched stream

[0017] Table 3¢ shows the results for an RCPSA (volume = 49 cubic ft) that
delivers high purity (> 99%) H2 at high recovéry for the same refinery stream
discussed in Tables 3a,b. Table 3c. Part a. shows that that high purity H2 is
produced when the duration of the co-current depressurization step is less than
1/3 1d of the feed step time, for the case where there is no counter-current
depressurization step.

Table 3¢ Effect of step durations on H2 purity and recovery from an RCPSA

(49 {1%). Feed is at 480 psig, 101°F and Thail gas at 65 psig. Feed rate is about
10 MMSCFD. Without counter-current depress.

purity  § recovery i tco ton te tap
% % S 5 s 5 s
95.6 87.1 0.5 0.167 0 0.083 0.25
97.8 86 0.5 0.117 0 0.133 0.25
099.7 85.9 0.5 0.083 0 0.167 0.25

[0018] Example 4: In this example, Table 4 further illustrates the
performance of RCPSA's operated in accordance with the invention being
described here. In this example, the feed is a typical refinery stream and is at a
pressure of 300 psig. The RCPSA of the present invention is able to produce



Lower levels of CO ensure that the catalysts in the downstream units operate
W thout deterioration in activity over extended |engths. Conventional PSA
cannot neet this CO specification and sinultaneously al so neet the condition
of exhausting all the tail gas at the higher pressure, such as at typical
fuel header pwEWurEswLY the high pressure of other equi pp@Enitsadebadzfr 0Cesses
such RCPSA exhaust. Since all the tail gas is available at 40 psig or
greater, no additional conpression is required for integrating the RCPSA
with refinery equipnment. Prior art typically uses conpressi on/ expansi on via
a rotating shaft. Table 4. Conposition (mol 9% of input and output from
RCPSA (4 ft) in carbon nonoxide and hydrocarbon renoval from hydrogen. Feed
is at 300 psi gQQ—@%ﬁmﬁsﬂﬂo odiith 6t 8367 heidhel) WienMINRE Bil pahieekhhbsBg i N
seconds are t F =0.5, tco =0.1, t -0, tp =0.033, tar :0.&%6 H2 at 99.99
Ypurity and 88atciimsitevindhip cpsectdie fpilgg can asentiosa flash Bom WOtes sepgrgor C1 3. 3

0.01 13.9 2 2.6 0.00 132 total 0.971
0760 0.211 3o§r ﬁlé%’fg%%ﬁ‘ﬁﬂ?%&sw%%%‘gﬁ%ﬁé%ﬁukﬁiﬁsﬁ QBT ¢ 5a, b conpares
t he perfor WanCﬁaqﬁireMS&hSbs&ﬂét@hﬁ%dﬁgﬁﬁﬁ@“dﬂ?ﬁﬁhﬂ&hmbiﬁs 5rseenti on bei ng
descri bed here. The stream being purified has lower H2 in the feed (51%

nmol) and is a Sipiliepeoushicthe RGRYA S0 sannygs €41 toss 2 xapm. Whichét extezmeds, 5a, b,
a counter curr ' ' | ' : t o- current
step. In accorg%grfg%lg\?\ng{‘%ﬁ?%é’l@WE%&@?B%&@WS&%&%&%%F&%&@I i nventi on,
Tabl e 5a showsLowertleirlgbf €0 engeme\katthe Gidfsts B thodowhdteammarits wpenateal | t he
tail gas is rel eased, at, 65 psig or. greater. In contrast, the RﬁSA wher e
some tail-gas™ OWFWB‘}@%E AP erextended lengihse PRiRnal PR he
count er - curt gn%%ﬁgpea%ﬁﬁ GG 8pdcBiibaBYE nd fihithieoh8§ A4S el IRRSnlRoARFS | N

, exhausting all the tail gas at the higher pressure, such as at typical fuel header

pressure or the high pressure of other equipment that processes such RCPSA
exhaust. Since all the tail gas is available at 40 psig or greater, no additional
compression is required for integrating the RCPSA with refinery equipment.

Prior art typically uses compression/expansion via a rotating shaft.

Table 4. Composition (mol %) of input and output from RCPSA (4 ft’) in carbon
monoxide and hydrocarbon removal from hydrogen.
Feed is at 300 psig, 101°F, and Feed rate is about 0.97 MMSCFD.
Step Times in seconds are tg=0.5, tcg =0.1, tey =0, tp =0.033, trp =0.066

H2 at 99.99 % purity and 88 % recovery

foed __product Tail-Gas
H2 852 99.98 ’ 488
{ 1#1] 33 001 138
c2 28 oo 139
() 20 0.00 0.2
Ca+ 28 0.00 3.2
CO m: Ll “ |
Jiotal 0971 0,760 _0.211
300 peig 200 psig 40 psig

[0019] Example 5: Table 5a,b compares the performance of RCPSA's
operated in accordance with the invention being described here. The stream
being purified has lower H2 in the feed (51% mol) and is a typical
refinery/petrochemical stream. In both cases, 5a, b, a counter current

depressurization step is applied after the co-current step. In accordance with the



pressure of the streamin Table 5a indicates that no tail gas conpression is
required. Table 5a,b. Effect of Tail Gas Pressure on recovery Exanple of
RCPSA applied to a Feed with 132 concentration (51.3 nol % Conposition
(rmol 9% of input and output from RCPSA (31 ft3) in H2 purification. Feed is
at 273 psig, 1MPoeandsdeed rate i s about 5.1 MMSCFD. 5a. sgtrags2ebk/0@f1i N
seconds are tF =0.5, tco =0.083, tcN =0.033, ty =0.25, tRp =0.133 (a] Tail
gas available from65-83 vala. 42 at 7 and 81 % ne ve feed rodu Tail-Gas H2
51.3 99.71 20.1 d 38.0 0.29 61.0 C2 4.8 0.00 8.0 C3 2.2 0.00 3.8 04+ a7
0.00 6.4 120 40 0.7 vDbm 6843 v Itatal MF 5,142 2-141 3.001 273 prig 263

psig 65-83 psig 5b. Step Tinmes in see. are tF =0.667, too =0.167, tqg x.083,
tp =0.083, t Rpinventibd, Thilk SIadeQﬂiﬁt SHHZQ-Béc&e @15)8Spisible EnYhelal and 68
% over feed uct Tall-Gas H2 51, 9 34.2 1 38.0 0.01 48.8 02 4.8 0.00

6.9 C3 2.2 0.thetdl gas lwleas»?drafcﬁﬁa@l&ommln@m%mmtbe BCPSYrwhere somk at al
MVBCFDI 5. 142, 3. 51. i 6: In thi
(exarrpl e, Tabl etagégsa% 150%%%5@%%9 cﬁgg}s 5)?’ 1%,9%3&:%%;&0%19%%%8%11%@5@&% ed in " o

accordance W tbeﬁrés@umzaﬁeﬁtsumbeﬂngwé@aqrdt@ﬁdo 6% Inladditiohethe hiphees, the

feed pressure is 800 fp5|g and_ tail gas | s exhausted at either 65
pressure o stream in Table 3a indicates that no tail gas compression is

required.

Table 5a,b. Effect of Tail Gas Pressure on recovery
Example of RCPSA applied to a Feed with H2 concentration (51.3 mol %)
Composition (mol %) of input and output from RCPSA (31 f*) in H2 purification.
( Feed is at 273 psig, 122°F and Feed rate is about 5.1 MMSCFD.

5a, Step Times in seconds are ty=0.5, t¢o =0.083, ton =0.033, tp =0.25, tgp

=0.133
[a] Tait gas available from 3 psi 7 nd 81 % fecovery-
jeed proeduct ——lii:Gas
H2 51.3 9971 20.1
C1 38.0 0.29 81.0
c2 4.8 0.00 B.O
G3 22 0.00 38
Cd+ 3.7 0.00 64
H20 4000 vppm 0.7 vppm 5643 vopm
Eéal (MMSCFD} Bb142 2.141 3.001
273 psig 263 psig 85-83 psig

5b. Step Times in sec. are ty =0.667, tco =0.167, oy =0.083, tp =0.083, trp =0.33

[b] Tall gas avalable from 565 H2 a109.9 % puiity and 56 % recover

{ feod uct Tail-Gas
H2 51.3 0899 2
(93] 38.0 0.01 48.8
cz2 48 0.00 6.8
c3 22 0.00 34
Cé+ az 0.00 6.2
_H20 AD00 vppm_ 0.0 vpom 5630 vppm ‘
lia!al (MMSCFD) 5142 1.490 3,651
273 psig 263 psig 5-65 psig

[0020]

Example 6: In this example, Table 6a,b compares the performance

of RCPSA's operated in accordance with the invention being described here. In

these cases, the feed pressure is 800 psig and tail gas is exhausted at either 65

10



10 WD 20061078959 PCT/ US20061002141 psig or at 100 psig. The conposition
reflects typical inpurities such H2S, which can be present in such refinery
applications. As can be seen, high recovery (> 80% is observed in both
cases with the high purity > 99% In both these cases, only a cocurrent
depressuri zat i W 2006/0§8%d and the effluent during this st@pT/Usmog®ealto ot her
beds in the cycle. Tail gas only issues during the countercurrent purge
step. Table 6¢ shows the case for an RCPSA operated where sonme of the tai
gas is al so exhausted in a countercurrent depressurization step followng a
co-current depressurization. The effluent of the co-current depressurization
is of sufficient purity and pressure to be able to return it one of the

ot her beds in PHS or fidOfpsige sBhe compepitign reflactstypinalimpyritiesrsuchH,8 hwkich

i nvention. Tail | .3 .1 SS uring.the counter-current
depressuri zati (c:)anngtgﬁS e%ar?gmcsggfrl(l?@%ﬁ&?ﬁ?\mﬂﬁu‘ggg‘m&e@ﬁg.’hf E?vqry' al | cases
the entire anogn80®} istabstrvehin tioth easas wahlie: gh phetyal %, i BSHUE&eWhi Ch

allows for integration with other high pressure refinery process. This
renpves the ne&#es.onbahyoquEenh deprasyirizationjisdised andhthe sfflnent duingdbispsteps sor

uhi | & pr oduct ng JBha Aok 835 Bl B LESAKALAES nobi ABSELABRGEY (1 Lhe

broad cl ai ns ©Of S 1 hventl on, ese es -ar e on}] be Cco %red as

illustrative pxmqopleps Tabld 60@hows thetchstofoe i ROPSAehfted hereabine of the
petrochem cal or, processing |ocation or even to the nature of the

particul ar nol BeLEE S AN Fhaugphing eyntergsreat depressurization stspdogwingrsa appl i ed
to a high pres (RRPASIH | R 2 fnl 1 RL r @m RCPSA
(18 f9) in Ii té%gﬁ%rﬁ?g?rieon. &@él'e |se at nég%m[%g?é:ﬁ%étlﬁg%a eec&l}%tog S
about 10.1 MvE&HTciefopurity emd fiesmse torbessbiotodstuar # ohéofMe bther bodsHi RS,

tCtf, 1=0, tp =0 o b =0. 3 al] Tai.l gas.at .65 psi H2 a199. 9 % puay and
87 % recovgry ng’g%%%e?msﬁ%@anf_@ gf %159‘9‘.‘@8‘0‘28.,%’1 B35, 164 eXhagsh | %7. 6
G2 52 0.00 14. Qas, fe3ued-diridg & couftter-ethitent-d8psWizdtbnand the counter-current

purge steps.

[0021] In all cases the entire amount of tail gas is available at elevated
pressure which allows for integration with other high pressure refinery process.
This removes the need for any form of rotating shaft machinery or compressor
while producing high purity gas at high recoveries. In accordance with the broad
claims of this invention, these cases are only to be considered as illustrative
examples and not limiting either to the refinery, petrochemical or processing
location or even to the nature of the particular molecules being separated.

Table 6a,b,c. Example of RCPSA applied to a high pressure feed

Composition (mol %) of input and output from RCPSA (18 ft%) in H2 purification.
Feed is at 800 psig, 122°F and Feed rate is about 10.1 MMSCFD.

6a. Step Times in seconds are ty=0.91, tco =0.25, tey =0, tp =0.33, tzp =0.33
[a) Tail gas at 65 psig, H2 at ©8.8 % purity and 87 % recovery

fead product Taill-Gas

H2 74.0 99.99 29.5

¢t 14.3 0.01 37.6

c2 52 0.00 14,0

c3 2.8 0.00 7.4

Cd+ 39 0.00 10.8

H28 20 vppm 0 55 vppm
kotal (MMSCFD). 10.187 6.524 ' 3,663

800 psig 790 psig 65 psig

11



H28 20 v mO0O 55 v oral MVSCFD 10. 187 6.524 3.663 800 peig 790 psl9 65 psi9
11 WO 2006/ 078959 PCTI US2006/ 002141 6b. Step Tines in seconds are tF =0.91,
tco 0.25, tcN =0, tp =0.33, tRF =0.33 [b] Tailgas at 100 pslg, H at 99.93 %
uN and 60.3 % ecova feed prody'd T 8-Gas H2 74.0 99.93 38.1 d 14.3 0.07
32.8 (C2 6.2 0.VWO2009078959C3 2.6 0.00 6.5 C4+ 3.9 0.00 9. 6pciArBo@@Dongapm O
vppm 49 vppm O al MMSCFD 10. 187 6.062 4.126 800 psig 790 paid 100 pslg 6c.
Step tines in seconds are ty =0.91, tco =0.083, t(c).1=0.25, tp =0.167, tRF
=0.41 |[cj Tail gas from65-100 St. H2 at 99.8 % ud and 84 % recove feed
onduct Tail-Gas H2 74.0 99.95 28.9 O 14.3 0.05 39.0 C2 5.2 0.00 13.7 C3
2.6 0.00 7.2 C4+ 3.9 0.00 10.6 H2S 20 vown 0.01 m53 mtotal (MVSCFDI
10.187 6.373 3.814 800 paig 790 psig 65-100 psig [0022] Exanple 7: Table 7

conpares the perfpr&an S 0 cordance. W th the
i nventi on bei ng g@'sgﬁgpgleéﬂwﬂé“r%w"%?@rg @#ﬁeg@"gz;&.ﬁ’r"f e‘d’q:fa@l’l‘ﬁ(’&ﬁer H2 in
t he feed (85% Mot pasariep psip, 12arsg 8 t hese

exanpl es the purity increas = : i 78381 ) .

Under this constraing, thejnmet hoc{&f t he preser‘?;fo_, 28
G2 5 0.00 126
c3 26 0.00 8.5
Cé+ 3.9 0.00 8.6

H25 20 vppmn 0 vppm 43 vppm

lotal (MMSCED) 10.187 6.062 4.125

800 psig 780 psig 100 psig

6c¢. Step times in seconds are ty=0.91, tco ~0.083, toy =0.25, tp =0.167, tgp =0.41

[c] Tail gas from 65-100 psiy, H2 at 99.8 % purity and B4 % recovery
feed product Tafl-Gas
H2 74.0 99.95 28.9
Cc1 143 0.05 39.0
c2 5.2 0.00 13.7
Cc3 28 0.00 7.2
Ca+ 3.9 0.00 106
H23 20 vppm 0.01 vppm 53 vppm
hotal {MMSCFD) 10,187 6.373 3.814
800 psig 790 psig 65-100 psig

[0022]

Example 7: Table 7 compares the performance of RCPSA's operated

in accordance with the invention being described here. The stream being

purified has higher H; in the feed (85% mol) and is a typical

refinery/petrochemical stream. In these examples the purity increase in produact
is below 10% (i.e., P/F < 1.1). Under this constraint, the method of the present

invention is able to produce hydrogen at > 90% recovery without tail gas

compression.

12



i nvention is able to produce hydrogen at > 90% recovery w thout tail gas
conpression. 12 WD 2006/ 078959 PCTTUS2006/ 002141 Table 7a,b,c. Exanpl e of
RCPSA applied to a Feed with |i2 concentration (85 nol % . Conposition (nol
% of input and output fromRCPSA (6.1 ft3). Feed is at 480 psig, 135F and
Feed rate i s alwuto&RIgBCFD. 7a. Step Tines in seconds argcifs2e0d082141t CO
=0.33, tCN =0.167, tp =0.167, tpy =1.83 recovery = 85 % feed product
Tail-Gas H2 85.0 9240 57.9 Cd 8.0 4.56 17.9 C2 4.0 1.79 13.1 C3 3.0 1.16
10.4 C4+ 0.0 0.00 0.0 H20 2000 868.5 6915 total MVSCFD 6.100 4.780 1.320
480 psig 470 psig 65 psig 7b. Step Tines in see. are tF =1, tco =0.333, tcN
=0. 167, tp 0 083 tRP =0.417 recovery = 90 % feed Product Tag-Gas H2 65.0
90.90 58.2 7181 23129 0330129101 C4+ 0.0
0.00 0.0 H20 20 g“% @@8‘2@%8@8"% with fl2congey @Q ps(g 470
psig 65 psig 7c. n@%‘“?‘ﬁ’tg’éém"'a%éof'Pl’“‘zﬂ“dt%'@'“@%ﬂcpﬁél(ﬁ L§)333, tp
=0.167, tRP =0.833 r &eeisal480 nsig, B35PE apd Beedcratas sbgut 6 8MSCFD

7a. Step Times in seconds are ty=0.5, tco =0.33, toy =0.167, tp =0.167, tgp =1.83
recovery =385 %

feed product Tail-Gas
H2 85.0 92.40 57.9
c1 8.0 4.56 179
c2 40 1.79 13.1
ca 3.0 1.16 10.4
Cé+ 0.0 0.00 0.0
H20 2000 866.5 8915
[ioia (MMSGED) 8.100 2.780 1.320
480 psig 470 psig 65 psig

7b. Step Times in sec. are tp=1, tcp =0.333, ten =0.167, tp =0.083, tgp =0.417
recovery = 90 %

feed " product Tall-Gas
H2 85.0 90.90 58,2
ct 80 5.47 18.1
c2 40 2.23 12.9
c3 30 1.29 10.1
Ca+ 0.0 0.00 0.0
H20 2000 1070.5 6823
[foial (MMSCFD) 6.120 5.160 0.968
480 psig 470 psig 65 psig

7c. Step Times in sec. are ty =2, top =0.667, ton =0.333, tp =0.167, tgp =0.833

recovery = 90 %
fead product Tail-Gas
H2 85.0 90.19 85,2
cl 8.0 8.21 18.8
ce 4.0 2,32 13.9
c3 3.0 1147 11.3
Ca+ 0.0 0.00 a.0
H20 2000 1103.5 7447
ftotal (MMSCFD) 5,138 5.208 0.93
480 pslg 470 psig 65 psig

[0023] Tables 8a,b summarize cases from the examples used to illustrate the

invention, in terms of the specific ratios of step durations described earlier.
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mmNgmmrmY ~$ffimm8 8~$ Gamima $sR8 a~ g p 6CC 6 LL <YOYYO
alY--YInb mnfl FIBrang LL O-p A h AAr ALLLL LL Y npmmamaaato aana
$a S5ammaaa2 Hi R * W<X~ g(pgggq NggNN Nggq bg gNgN Ar WAr ~NgO mrm
o gYL[1 mA nRKOR00SAREYIN 14 WO 2006/ 078959 PCTIUS2006/ 00R¢Ads208eRfhdd Pri or
art exists where sone portion of the PSA exhaust gas is renoved- at an

I nternmedi ate, el evated pressure. However, in every instance, the PSA is
operat ed such that sone exhaust is produced at |ow (5 psig = 20 psia)
pressure. Such | ow pressure exhaust can also contribute to | ower recovery
since this exhausted gas which, contains |larger and |arger fractions of the

heavy, undesir {0024} e Prdopaveriss v&ieﬁ@sdﬁﬁl?]@ﬁdﬁﬁoﬂftﬂb PsM@chh{h@?ﬁs Rr&fdyeda such
as hydrogen. This js a consequence of the deeper |evels of cleaning offered
by the |arger pBt¥sEtF@edialy plgvatedpresaire.i Hoveverdn evenylipstancgethetPSddisi n t he art

that it is thi l3ted ' : [ s .t hat n also lead to
I O\F;\l/erI rel:overly%gﬁfgg%1 tgh?ﬁ@hﬁ%\%«%@%@ﬁ% %Igfl%f%g%g*oﬁfﬁgs?gaﬁﬂ PRSABGRRNE al ong
with vented he&8ugh lowpieisuye exFats chealsy contibiteitd Jowdr sécolery\seile@Ris Si nce i t

cannot be returned tqQ the RCPSA system and re-used, for exanple as
pressuri zati onehsﬁgﬁﬁgﬂr?wmgﬁ@@@%m%mshﬁﬂlﬁi@%lmdd@r—goi ng a

pressuri zati on,5j@BmpEhdhiid Js| i f |l 08s.pressure
of the present |6 nvenpﬁon Wﬂgﬁc@ﬂﬁ%xﬁg@ﬂ%ﬁ@t p?%fg]su%%t éi?ééﬁgaﬁ‘&s $
di scl osed her eaicensehadncaof tRERIBApar develyefrcidaathgaifferdd igphthe Udrpén/praqidrey ecovery of
| i ght product V\/nileﬁjsin .onlﬁ/ ¢9cur ent . s s "
swing. However it 1s 1ot fully understood in the art that it is this additional
enrichment of heavies that can also lead to lower recovery due to the unavoid-
{ able loss of the light component along with vented heavy impurity. This heavy
impurity must be vented since it cannot be returned to the RCPSA system and
re-used, for example as pressurization gas to pressurize another vessel in the
RCPSA undergoing a pressurization step. Figure 2 shows a comparison of the

tail gas pressure of the present invention with the prior art.

[0025] Arcther feature disclosed here is that an RCPSA can operated at
high purity and recovery of light product while using only co-current
depressurization/blowdown steps, i.e., without resorting to a counter-current
blow down step. Such a counter-current blowdown steps is cited in the prior art
as a means to generate energy recovery by using a portion of the counter-current
exhaust to drive a separate item of machinery called a tarboexpander. Such
turboexpanders then can simultaneously drive a compressor operating on the
same shaft. In this manner the prior art claims to reduce the compression
requirements. As is evident no such device is required in the present invention
since all the exhaust gas is available at the elevated pressure thereby eliminating
any rotational compressor device such as rotating shaft. In addition, by
controlling the duration of the co-current blowdown step such that co-current
blowdown gas issuing from the product end (i.e., co-current to feed step) does

not drop in purity below a specified amount, typically the feed composition, then
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depressuri zati on/ bl odown steps, i.e., without resorting to a
counter-current bl ow down step. Such a counter-current bl owdown steps is
cited in the prior art as a nmeans to generate energy recovery by using a
portion of the counter-current exhaust to drive a separate item of

machi nery cal | %@ 280600eA%0expander. Such turboexpanders t PEMUSHN6/002141

simul taneously drive a conpressor operating on the sanme shaft. In this
manner the prior art clainms to reduce the conpression requirenents. As is
evi dent no such device is required in the present invention since all the
exhaust gas is available at the elevated pressure thereby elimnating any
rotational conpressor device such as rotating shaft. In addition, by
control |ing t hall thereereusienbblowrdovaogasinan da tses towimrserrizstasher Sadhintthet

co-current bl S ' fromth [ -current to
feed step) doegwﬁg{h%?eog#’fﬁ%@%ﬁ@eaggfgl%eg e§§§§€3r5%‘§%§ﬁ¥?a§%ypi cally the
feed conpositi egtovérfen lipht phuRR061078959 PCT1US20061002141 all the
co-current bl owdown gas can be used to pressurize other beds in the RCPSA
cycle. This features greatly conserves |ight product and increases recovery
of light product. 16 CLAIMS 1. A nethod for operating a rapid cycle
pressure swi ng adsorption (RCPSA) system having a cycle tine, tTQZ, to
separate a feed gas into product gas and tail (exhaust) gas with a high
rate of recovery, conprising: (a) passing said feed gas having purity F %
into a sorbent bed for time, tF, which selectively adsorbs said tail gas
and passes said product gas out of said bed, wherein said product gas has a
purity of P %and a rate of recovery of R¥% (b) co-currently depressuri zing
said bed for a tinme, tco, (c) counter-currently depressurizing said bed for
a tiinm, tcN, (d) purging said bed for a tine, ti,, wherein desorbate (tai
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gas or exhaust gas) is released fromsaid bed at a pressure greater than 30
psig, and (e) repressurizing the bed for atinme, tm, wherein the cycle
time, tTo'T, is equal to the sumof the individual cycle tinmes conprising
the total cycle time, t ro7-tF+tCOttczsr+tp+tR& and, wherein 0<tcOLltF<1/3,
and tCtpLl/4, and 1/5 _tco/tp, such that the rate of recovery, R %80%
for a product purity to feed purity ratio, P %F %1.1, and/or a rate of
recovery, R %9Q%for a product purity to feed purity ratio, O<P U F
%1.1. 2. The nethod of claim1l wherein said tail gas has a pres- sure
greater thanCEAIMS g. 3. The nethod of claim1 wherein said product gas

I ncl udes hydrogen. 17 4. The nethod of claim 1 wherein said product gas

i ncludes nmethane. 5. The net hodofclaim1l wherein saidproduct gas includes

an glhefi . hgéidi%@; rmetl@ddof@ ap @rémggeaai 1dagyp reagmessxg%ssmﬁgudes oxygen.

e me rfft g?éléq lé qs nlt rogen. e
nmet hod of cl al m er sa | he met hod of
claim | wher3SRAtEL ?@f%fea(ﬁfb? ?&‘iiﬁaé xhaust gas Wlt

a high rate of recovery, comprlsmg
(a) passing said feed gas having purity F % into a sorbent
bed for time, t,, which selectively adsorbs said tail gas
and passes said product gas out of said bed, wherein said
product gas has a purity of P % and a rate of recovery of
R %,
(b) co-currently depressurizing said bed for a time, t,,
(c) counter-currently depressurizing said bed for a time,
tC‘J\/’s
(d) purging said bed for a time, t,, wherein desorbate (tail
gas or exhaust gas) is released from said bed at a pressure
greater than 30 psig, and
(e) repressurizing the bed for a time, t; -, wherein
the cycle time, t ., is equal to the sum of the individual cycle
times comprising the total cycle time,

lror~lptticottontlptipp
and, wherein
O<teop/tr=1/3, and

teate=1/4, and

15 =teo/te,

such that
the rate of recovery, R %>80% for a product purity to feed
purity ratio, P %/F %=z=1.1, and/or a rate of recovery, R
%>90% for a product purity to feed purity ratio, O<P %/F
%<1.1.

2. The method of claim 1 wherein said tail gas has a pres-
sure greater than 60 psig.

3. The method of claim 1 wherein said product gas includes
hydrogen.
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10. The nmethod of claim 1l wherein said product includes COZ 11. The net hod
of claim1 wherein said purity of said product gas is greater than 90% 12.
The nethod of claim1 wherein said purity of said product gas is greater

than 95% 13. The nmethod of claim 1l wherein said purity of said product gas
I's greater than 99% 14. The nethod of claim1 wherein the tail gas (exhaust
gas) pressure is greater than 80 psig. 15. The nethod of claim 1l wherein the
rate of recovery, R %®-t85%for a product purity to feed purity ratio, P

%F 9%1.1, and/or a rate of recovery, R %95% for a product purity to feed

purity rati040HEéﬁﬂdih%dbﬂclaﬂxﬁlmraﬁiMd dulctighs invheriedi n the rate of
recovery, %liﬁ o for a product purlty to eed purity ratio P %F

%:111.1, an a_rate of ecov %?9 purity to feed
purity ratio, 8&5 fclayh % %Hcig%singe &¥er conpri si ng
the step ofan plafn ng said ta|I gas |nto a refinery or petrochem cal unit

absent a tail6.0Hse nethoessiiclaimiBwhbreimedidqstodfuct kak ihdladier ei n sai d

rezlre{y ury ﬁy a hy?roproc$ﬁ5|ng unht fa {eforn1ng uni t or adeU|d|zed
i r [ i m r i
ggt ?the(r:n cgl 5 ur}b q]ﬁ:tlﬁ‘htﬁg‘ %8%% gcm‘?pdtu Clggs? Pemﬁl Sﬁod of claim1
wher ei n saild tEgen. of depressur- ing said bed is only cocurrent flow such
that tcly O 8.8hemethodofclaim 1 wherein said product gas includes

helium.

9. The method of claim 1 wherein said product includes a
saturate.

10. The method of claim 1 wherein said product includes
CO,.

11. The method of claim 1 wherein said purity of said
product gas is greater than 90%.

12. The method of claim 1 wherein said purity of said
product gas is greater than 95%.

13. The method of claim 1 wherein said purity of said
product gas is greater than 99%.

14. The method of claim 1 wherein the tail gas (exhaust
gas) pressure is greater than 80 psig.

15. The method of claim 1 wherein the rate of recovery, R
%=85% for a product purity to feed purity ratio, P %/F
%=1.1, and/or a rate of recovery, R %=95% for a product
purity to feed purity ratio, 0<P %/F %<1.1.

16. The method of claim 1 wherein the rate of recovery, R
%=90% for a product purity to feed purity ratio, P %/F
%=1.1, and/or a rate of recovery, R %=98% for a product
purity to feed purity ratio, 0<P %/F %<1.1.

17. The method of claim 1 further comprising the step of
feeding said tail gas into a refinery or petrochemical unit
absent a tail gas compression.

18. The method of claim 17 wherein said refinery unit is a
hydroprocessing unit, a reforming unit or a fluidized catalytic
cracker unit.

19. The method of claim 17 wherein said petrochemical
unit is a methanol synthesis unit.

20. The method of claim 1 wherein said step of depressur-
ing said bed is only cocurrent flow such that t,=0.
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