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THE | NVENTI ON [ 0001] The present invention is a nethod
for operating a rapid pressure swng adsorption unit.
In particular, the nmethod operates the rapid pressure
swi ng adsorption unit so that the tail gas (exhaust
gas) is reI eased at a pressure greater than 30 psig.
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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 emitted 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



pressure sw ng adsorption (RCPSA) system having a
total cycle tine, t oT'" t O separate a feed gas into
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i ncludes the steps of passing the feed gas having a
purity F% where F is the percentage of the feed gas

whi ch i s the non-adsorbabl e conponent, into a sorbent

bed whi chsel ectively adsorbs the tail gas and passes

the product gas out of the bed, for tinme, tp, wherein
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The present invention is carried out such that 3 specific ratios are adhered to
defined as

O0<tco/tp<1/3,and
tCN/tp< 1/4, and

1/5<tco/ 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,



recovery, R¥%> 90% for a product purity to feed purity
ratio, 0 < PUUF%< 1.1 [0005] The tail gas is rel eased
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fed to another device absent tail gas conpression.

[0006] In a nore preferred enbodi nent, the tail gas
pressure is greater than or equal to 60 psig. In a

nost preferred enbodi ment, the tail gas pressure is
greater than or equal to 80 psig. The product gas
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[0009] Pressure Swing Adsorption (PSA) 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



preferred conponent, which passes out valve 18. The
second step is a co-current depressurization in which
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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

cl eaned by the depressurizing to a | ower pressure

foll owed by step 4 of purging at this |ower pressure
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performance at different condition.

[0011] Example 1: In one embodiment of the improved integrations of PSA
with a refinery claimed here, an RCPSA to produce an olefin product was
compared to CPSA. For example, a computer simulation shows that for the
separation of a 65 vol% ethylene - 35% ethane stream, 0.16 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] = Example 2: In this example, 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-



performance at different condition. [0011] Exanple 1:
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ol efin product was conpared to CPSA. For exanple, a
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Table la,b Conposition (nmol % of input and out put

Cdsedn. AdRBer(gudifyt 3) in H2 purification.
Step Times in seconds are ty=1, tco =0.167, tey =0, tp =0.333, tgp =0.5

H2 at 98.6 % purity, 89.7 % recovery

feed product Tail-Gas
H2 88.0 98.69 45.8.
C1 6.3 1.28 35.1
c2 0.2 0.01 1.0
C3 2.6 0.01 12.3
Cé4+ 2.9 0.00 14.8
H20 2000 vppm 65 vppm 9965 vppm
ftotal (MMSCFD) 6.162 4.934 1.228
480 psig 470 psig 65 psig

Case 1b. Higher purity
Step Times in seconds are tp=1, tog =0.333, tcy =0, tp =0.167, tgp =0.5

H2 at 97.8 % purity, 91.7 % recovery

feed product Tail-Gas
H2 8.0 "07.80 ' 45.9
C1 6.3 2.14 25.0
c2 0.2 0.02 1.0
(0F:] 2.6 0.02 12.3
Ca+ 2.9 0.00 " 14.9
H20 2000 vppm 131 vppm 10016 vpm
Jiotal (MMSCFD) 6.160 5.085 1.074
: 480 psig 470 psig 65 psig



Feed is at 480 psig, 122F and Tail gas at 65 psig.
Feed rate is about 6 MVMBCFD. Case la. Hi gher purity
WEL@p/0T898es i n seconds are tF =1, tCo =0.167, PCT/B82006/602141

=0.333, tup =0.5 H2 at 98.6 % purity, 89.7 %recovery
feed product Tail-Gas H2 88.0 98.69 45.8. Cl 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 Mai (MVBCFD) 6.1

62 4.934 1.228 480 psig 470 psig 65 psig Case Ib.
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cycle can be 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 £t>). 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 tr tco ten tp tre
% % S S S S S
98.2 84.3 1 0.283 0.05 0.167 0.5
98.3 85 1 0.166 0.167 0.167 0.5
99.9 80 1 0.083 0.25 0.167 0.5

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

purity § recovery te tco ton tp trp
%o %o S S S S S

97.8 91.7 1 0.333 0 0.167 0.5

98.7 90 1 0.166 0 0.334 0.5
99 88 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 time to maintain high purity > 99%.

[0014]
the total depressurization time should be preferably less than 1/3 rd of feed step

Similarly Table 2b shows that with counter-current depressurization,
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feed conpositions. Tables 3a,b shows the results of
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Case 3a. Higher purity
Step Times in seconds are ty =0.583, tco =0.083, tcx =0, tp =0.25, tgp =0.25

H2 at 99.98 % purity and 86 % recovery

feed product Tail-Gas
H2 74.0 99.98 29.8
C1 14.3 0.02 37.6
c2 5.2 0.00 13.8
Cc3 2.6 0.00 : 7.4
C4+ 3.9 0.00 11.0
H20 2000 vppm 0.3 vpopm 5387 vppm
ftotal (MMSCFD) 10.220 6.514 3.705
480 psig 470 psig 65 psig

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

H2 at 93 % purity and 89 % recovery

feed product Tail-Gas
H2 74.0 93.12 29.3
C1 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 vppm 142 vppm 6501 vpm
jtotal (MM SCFD) 10.220 7.240 2.977
480 psig 470 psig 65 psig



Case 3a. Higher purity Step Tines in seconds are tF
=0.583, tc o =0.083, tCN =0, tP =0.25, tup =0.25 H2 at
wO0098786purity and 86 % recovery feed product PQEUS20GH602141

H2 74.0 99.98 29.8 C1 14.3 0.02 37.6 C2 5.2 0.00 13.8

C3 2.6 0.00 7.4 C4+ 3.9 0.00 11.0 H20O 2000 vppm 0.3
vppm 5387 vppmltotal (MVSCFD) 10.220 6.514 3.705 480
psig 470 psig 65 psig Case 3b. Lower purity Step Tines
in seconds are tF =0.5, tc o =0.167, tCN =0, tP

In pQRes 150905 PP ER (A G iRETR 7 RAEE phesent
invenB6n 3hdwA that }ﬁgﬁ gﬂmﬁ B9B) & Shlarhed dhly Whed th8 dufidtich 8f the
0 .00 13.4 H20 2000 vppm 142 vppm 6501 vpm

co-current depressurization step (5/60 s) is less than 1/3 of the feed step duration
(35/60 s).

[0016] Tables 2 and 3a show that for both 6 MMSCFD and 10 MMSCFD
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
exhaust produced at high pressure have not been discovered before and are a key

feature of the present invention.

[0017]
delivers high purity (> 99%) 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

Table 3¢ shows the results for an RCPSA (volume = 49 cubic ft) that

produced when the duration of the co-current depressurization step is less than
1/3 rd of the feed step time, for the case where there is no counter-current

depressurization step.

Table 3c Effect of step durations on H2 purity and recovery from an RCPSA
(49 ft’). Feed is at 480 psig, 101°F and Tail gas at 65 psig. Feed rate is about
10 MMSCFD. Without counter-current depress.

purity | recovery i tco ten tp trp
% Y% S S s S s
95.6 87.1 0.5 0.167 0 0.083 0.25
g97.6 86 0.5 0.117 0 0.133 0.25
99.7 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
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65 psigln both cases 3a, 3b, although tail gas
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shows that high purity (99% is obtained only when the
duration of the co-current depressurization step (5/60

s) is less than 1/3 of the feed step duration (35/60

s). [0016] Tables 2 and 3a show that for both 6 MVSCFD
and 10 MVBCFD fl ow rate conditi ons, very high purity
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RCPSA' s operated in accordance with the invention

exlhmlsngSmce all the tail gas is avallable 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 ty=0.5, tco =0.1, tey =0, tp =0.033, trp =0.066

H2 at 99.99 % purity and 88 % recovery
feed product Tail-Gas
H2 89.2 99.98 ' 488
C1 33 0.01 139
c2 28 0.01 139
c3 20 0.00 10.2
Ca+ 2.6 0.00 132
!_ — 20 1.1 1984
total 0.971 0.760 0211

300 psig 290 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
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pure hydrogen product at 83.6%recovery when all the
tail gas is exhausted at 40 psig. In this case the
tail gas can be sent to a flash drum or ot her

separator or other downstreamrefinery equi pment
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cwrefg
Cozmnes

“Pé’i“é ﬁ“9 |°3tl§‘trf

4%&‘ g %le;fg);rgfaﬁ;(fgiPregg%l%q}q{ IEeh

183AmW|l t';])

q%ﬁaéﬁeﬁaﬁ

COnpoEieqdléat@ psig 134
ft3)

2 5
about 0.97 MVSCFD.
tCo =0.1, tCN =0,
[a]Tail gIs’imaiebléamtbsea

operated in

g Keed Tateismbapt p

aﬁ%&wﬁcatlon

Step TH@S3
t P =0. 033,
RES 9. he

ccordaeee W th t

th 59983,

i n_carbon nonoxi de and hydr ocar bon renpval
e Finyes dg seeongs arptnsd:

from

ton QY te 5025; e

in seconds are tF =0. 5,

t p=0.066 [0019] Exan'pl e
raﬁd:mmara@ee f

S

hei Ng__Tai-Gas

descrH2bed hefe. Thesist r eam bei ng Pari fied has | oweg?-;Hz
i 0 0 i . .
in tlgéé feed [51% mﬂ‘f_)B and is a typg%gal A
c3 2.2 0.00 3.8
Ca+ 37 0.00 6.4
_H20 4000 vppm 0.7 vopm __ 6643 vppm
kota! MMSCFD) 5142 2.141 3.001
273 psig 263 psig 65-83 psig

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

[b] Tail gas available from 5-85 psig. H2 at 999 % purity and 56 % recovery

feed product Tail-Gas
H2 61.3 99.99 34.2
C1 38.0 0.01 48.8
c2 4.8 0.00 6.9
C3 22 0.00 3.4
Ca+ 3.7 0.00 6.2
H20 4000 vppm_ 0.0 vppm ___ 5630 vppm_
fotal (MMSCED) 5.142 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 tai

10

il gas is exhausted at either 65



refinery/ petrochem cal stream In both cases, 5a, b, a
counter current depressurization step is applied after
WO b@eoTsosur rent step. I n accordance with thei NRENUSNG/002141

Tabl e 5a shows that high H2 recovery (81% is possible
even when all the tail gas is released at 65 psig or
greater. In contrast, the RCPSA where sone tail-gas is
avai l able as low as 5 psig, |oses hydrogen in the

count er-current depressurization such that H2 recovery

503,19 POEL TR i A ARMRFo o

caf WEressit @ shch fefliery ﬁﬁpha'zﬁhinﬁ Ag.chn b@fsﬁeéﬁthlgﬁ ré@bvery
Gas Pressure on recovery Exanple of RCPSA appl i ed to a

(>F¥¥) isi aliserzdaorbodn casessiwith (fElhighrmirityg> 99%p dsi idththese
i nput and output from RCPSA (31 ft3)
Pflfyc%fspﬂﬁrerﬁégar98§ma%atmswp animeﬂhwnté@amgath@ step

RGN e e

puf[%é stefaTaBWA6¢ SIVes THeWRsE FoBan RTFSA eﬁéte@%h%re/ %ome of the
ritv and 8 1 % recovery feed Droduct Tail -

tail 3a9H. aldo 2ghans@dlin3BcduredrEht dé)pl@@sﬂ‘lz&tlﬁn&ﬁe;ﬁfdllcﬁxﬁng a

2.2 0.00 3.8 ¢4+ 3.7 0.00 6.4 H20 4000 VDDm 0. 7 VDDm
cogurenydepiesswizationySdrryitkent abthe corqurzeniglepressurization is of

sufficient purity and pressure to be able to return it one of the other beds in the
RCPSA vessel configuration that is part of this invention. Tail gas, i.e., exhaust
gas, issues during the counter-current depressurization and 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 tp=0.91, tco =0.25, tcy =0, tp =0.33, tgp =0.33
[a] Tail gas at 65 psig, H2 at 99.89 % purity and 87 % recovery

feed product Tail-Gas
H2 74.0 99.99 29.5
(03] 14.3 0.01 37.6
(072] 5.2 0.00 14.0
Cc3 2.6 0.00 7.4
Ca+ 3.9 0.00 10.9
H2S 20 vppm 0 55 vppm
kotal (MMSCFD) 10.187 6.524 3.663

800 psig 790 psig 65 psig

11



273 psig 263 psig 65-83 psig 5b. Step Tinmes in sec.

are tF =0.667, tc o =0.167, tCN =0.083, tP =0.083, t
we0887995 Tail gas avail able from 5-65 DSi a. P2I/ES$2006/002141

99.9 % Duritv and 56 % recsverv feed oroduct Tail-Gas

H2 51.3 99.99 34.2 C1 38.0 0.01 48.8 C2 4.8 0.00 6.9

C3 2.2 0.00 3.4 C4+ 3.7 0.00 6.2 H20 4000 VDDm 0.0

VDDm 5630 VDDm hotal (MMSCFD) 5.142 1.490 3.651 273

psig 263 psig 5-65 psig [0020] Exanple 6: In this

exanpl e, Table 6a,b conpares the performance of

RCPSA' s operated in accordance with the invention

8Bi Ste Jﬂ?%@é RS ddRHs ark Ay L0 etC%aS(ﬁﬁs tgﬁeof Z—d)%st, trp =0.33

pressdre iIs 800405|g andta gas is ‘ex
[b]T%'lgf‘sr?éTOOG‘B}SsH et LEESLS - e
typ'ﬁ' i mp S T e BSOS
such tefine 3at| ons. As carb' , hi 208
recoyery (>180% i g.0bserved in bQ)tob cases With thes
hi ghcpurity > 99% 2ln both these amases, only a 6.5

cocm4f ent dqpressuri®zation is used%nd the effl ueris
2 p 0 PRM

7 i ~B8082% or ~rr ant 125

step Tabl e 6¢c sh#fl€5¢ he case for*%ifYRCPSA operal“?—f?d’s'g
where sone of the tail gas is also exhausted in a
countercurrent depressurization step following a
co-current depressurization. The effluent of the

6¢cc Step tinees indseponds are tai0.9h tipg =0083, tcy =0.25, tp =0.167, tgp =0.41

[c] Tail gas from 65-100 psig, H2 at 99.8 % purity and 84 % recovery

feed product Tail-Gas
H2 74.0 99.95 28.9
C1 14.3 0.05 39.0
c2 5.2 0.00 13.7
C3 2.6 0.00 7.2
Ca+ 3.9 0.00 10.6
H2S 20 vppm 0.01 vppm 53 vppm
fotal (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 product
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.
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sufficient purity and pressure to be able to return it
one of the other beds in the RCPSA vesse

w@omvbiogaesat i on that is part of this invention.PdEUK2006/002141
gas, i.e., exhaust gas, issues during the
counter-current depressurization and the
counter-current purge steps. [0021] In all cases the
entire amount of tail gas is available at el evated
pressure which allows for integration with other high
pressure refinery process. This renoves the need for
aMabloTabei Exainpld sfREPSAtappliedito aBeed wittDHRcoRcamtration
W85 16l P80 AsthPpesition ndlU%) lof HgAR said Jﬂtgﬁt freBOREPBAS(S.1 1),
accor dpgudss W 480 p é]g 15904 na FRkdTaftf is bBost 6 MBUFD,
these cases are only to be considered as illustrative

ﬁf@hﬁﬁa@qﬂ s@Péndd A ¢ eli% §'tt heb §3°t S0, 167, wemm% tpp =1.83

6n or evén to

chem cal or procgssiig rs}
nature of the part| cular m)?'ec es bei ng separ at ed.
Tabl e 6a,b, c. rExanp Toed N ”on-. o—a—iai-gh T|- as
pressure feedpm e A et

RCPSAO(218 ft3p in 85)ur| Feed is af 4800 pSI 9, 122K,
and Feed ratefjis abouyp 10.1 MVSCFD. 1€9a Step Ti nes B
seconds® are tf =0.9130tco =0.25, tchie= P =0.33, tupos4

—O 336’%)* Step Ti mes 991 seconds are a‘ 0. 91, tc o 00
o __ =20 D —( R0 ava e ¥ 615

@B.(MMQEEM =0 10 e 09 4 5'. e 1320

.... e —a

=0.167, tup =0.41 [ 0PSB0 1 gas frofh B 100 sig, HF 8FY

99.8 % puritv and 84 % recovery feed product Tail-Gas

H2 74.0 99.95 28.9 C1 14.3 0.05 39.0 C 5.2 0.00 13.7

15 Step Bindés ifr sec. are tp=1, tco =0.333, toy =0.167, tp =0.083, tgp =0.417
recovery = 90 %

feed "~ product Tail-Gas
H2 85.0 90.90 58.2
Ci 8.0 5.47 18.1
Cc2 4.0 2.23 12.9
C3 3.0 1.29 10.1
Ca+ 0.0 0.00 0.0
H20 2000 1070.5 6823
{total (MMSCFD) 6.120 5.150 0.969
480 psig 470 psig 65 psig

7c. Step Times in sec. are ty =2, tco =0.667, ten =0.333, tp =0.167, tgp =0.833
recovery = 90 %

feed product Tail-Gas
H2 85.0 90.19 55.2
ct 8.0 6.21 : 18.8
c2 40 2.32 13.9
c3 3.0 1.17 11.3
Cé+ 0.0 0.00 0.0
H20 2000 11035 7447
ftotal (MMSCFD) 6.138 5.208 0.93
480 psig 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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% of

t he net hod
Feed is at 480 psig,

invention is able to produce hydrogen
Step Tines

In these
is below 10%

The stream bei ng
gas conpression. Tabl e

stream

% . Conposition (nol

H2 in the feed (85%nol) and is a

Under this constraint,
is about 6 MVBCFD. 7a.

refinery/ petrochem ca
PIF < 1.1).
Exanpl e of RCPSA applied to a Feed with H2

performance of RCPSA s operated in accordance with the
. €.

i nvention being described here.

purified has higher

(MVBCFD) 10.1 87 6.373 3.81 4 800 psig 790 psig 65-100
typi cal

wWE200g/0f0R8PL2] Exanple 7: Table 7 conpares the PCT/US2006/002141

135F and Feed rate

(i

C4+ 3.9 0.00 10.6 H2S 20 vppm 0. 01 vppm 53 vppm |t ot al
of the present

exanpl es the purity increase in product
and output fromRCPSA (6.1 ft3).

at > 90% recovery wthout tai
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concentration (85 nol
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ltotal (MVBCFD) 6.100 4.780 1.320 480 psig 470 psig 65
psig 7b. Step Tines in sec. are tF =1, tc o =0. 333,

wo BN6o™®I3%67, tP =0.083, t =0.417 recovery = 90rCH/1smd6/002141
product Tail-Gas H2 85.0 90.90 58.2 C1 8.0 5.47 18.1
C2 4.0 2.23 12.9 C3 3.0 1.29 10.1 C4+ 0.0 0.00 0.0 H20
2000 1070.5 6823 Itotal (MVSCFD) 6.120 5.150 0.969 480
psig 470 psig 65 psig 7c. Step Tines in sec. are tF
=2, tCo =0.667, tC =0.333, tP =0.167, tup =0.833

(055" Bt 57 Qg S S DA 5P e s Bhemorea
at &Hn%er%ﬁi&epelgvgéd%rgsm 2 A -e@er%ﬁﬂ&tance, the PSA is
operated such that some exhaust is produced at low (5 psig = 20 psia) pressure.
Such low pressure exhaust can also contribute to lower recovery since this
exhausted gas which, contains larger and larger fractions of the heavy, undesir-
able components also contains valuable light product, such as hydrogen. This is
a consequence of the deeper levels of cleaning offered by the larger pressure
swing. However it is not 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] Another 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 turboexpander. 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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[total (MVBCFD) 6.138 5.208 0.93 480 psig 470 psig 65
psig [0023] Tables 8a,b sumarize cases fromthe
wex@nprseso used to illustrate the invention, inPCEUS®IE602141
the specific ratios of step durations described
earlier. Table 8a Purity ratio (P/F) >1.1 Table 8b
Purity ratio (P/F) < 1.1[0024] Prior art exists where
some portion of the PSA exhaust gas is renobved at an
i nternedi ate, el evated pressure. However, in every
[ ' . t
ol (88 cB rent B Rhni? P EEbE o BHE e N AR SR e
RCPSARTYRES OThes Rodhdes tor&Aly edriereeRilight Prddudct anlaMereases
recovery since this exhausted gas which, contains
re¢ayregy of fight prodget. fracti ons of the heavy, undesir able
conponents al so contains val uable |ight product, such
as hydrogen. This is a consequence of the deeper
| evel s of cleaning offered by the |arger pressure
Swi ng. However it is not fully understood in the art
that it is this additional enrichnent of heavies that
can also lead to |l ower recovery due to the unavoid
able | oss of the light conponent along with vented
heavy inpurity. This heavy inpurity nust be vented
since it cannot be returned to the RCPSA system and
re-used, for exanple as pressurization gas to
pressuri ze anot her vessel in the RCPSA undergoing a
pressurization step. Figure 2 shows a conparison of
the tail gas pressure of the present invention with
the prior art. [0025] Another feature disclosed here
is that an RCPSA can operated at high purity and
recovery of light product while using only co-current
depressuri zati on/ bl owdown steps, i.e., wthout
resorting to a counter-current blow down step. Such a
counter-current bl owdown steps is cited in the prior
art
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as a nmeans to generate energy recovery by using a
portion of the counter-current exhaust to drive a

W@ epanzew i t em of machi nery call ed a turboexpaPdBUS2006/002141
Such turboexpanders then can sinmultaneously drive a
conpressor operating on the sane shaft. In this manner
the prior art clains to reduce the conpression
requi renents. As is evident no such device is required
in the present invention since all the exhaust gas is

C12ﬁ§h$able at the elevated pressure thereby elimnating

otational conpressor device such as rotating
shaft. In addition, by controlling the duration of the

- co- &urAemeth@d(f@nopwragnﬁ@ rgpbiwcyqiapre@@m@mmegtadﬁmmm

i.SSu fromt he odu
RGBS BoUBE RO U BRS R T §erpit 8o Bk fftp atiScuct
|caI |y the feed conposition, thenall the
gascf(‘)“‘i:J @Ff%l’ Q)&ﬂ%&ﬁﬂl Y2 &an be used to pressurize
ot her beds in the RCPSA cycle. This features greatly

congpr (Rssihp ghid fleed @us haging purty &6 éstor esmbenybat which
l'i ght product. CLAIMS: 1. A nethod for operati

selectprady eylsorbs pméged izas gufl myssasseidpiaghcy g«mn)otgsﬁyi bedl, for
. having, a ¢ t >t.0 rate a
tien{lp Whgaitaig stodiiy eeafns o axkist of PUGast  aBimstetisy of
a) passing said feed gas having purity F% nto a
R%or bent bed which sel ecti vel y adsorbs said tail gas
and passes said product gas out of said bed, for tine,
t p, (Mhayeturranlyddgproshucizignsaiti ded dopa tinhey tgb,P%and a
rate of recovery of R/% (b) co-currently
depressurizing said bed for a tine

) C
couf®e mu@%meptlaéﬁpé@ﬂnmg@%hﬁg eadt(HmZ?s @Ne i e,
t eN,

(d) purging said bed for a time, tp, 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, trp, wherein

the cycle time, tTOTS, is equal to the sum of the individual cycle times

comprising the total cycle time,

fTTOT =tF +{CO +ICN + tp + IRP
and, wherein

O<tco/tp<1/3, and
tCN / tp < 1/4, and
US<tco/tp,

such that
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(d) purging said bed for a tine, tp, wherein desorbate
(tail gas or exhaust gas) is released fromsaid bed at
wWQ@2@epey e greater than 30 psig, and (e) PCT/US2006/002141
repressurizing the bed for a tine, tjyp, wherein the
cycle tinme, t ot i equal to the sumof the individua
cycle tines conprising the total cycle tine, tcot =1t
+tCO+tCN + P + RP and, wherein O<tco/tp< 1/3, and
/5 <t(c > P, such thatthe rate of recovery, R¥% 80%

e TR, RAL Lt RN bl 1 AL B

> pU bh/ol @ rheedf 1eUoVéry, RS >®0R for _E‘[i%&%!c‘f %ﬂirily 2 fecisurity
met hod of claim1 wherein said tail gas has a pressure

ralgR.dhxdt %< 80.psi g. 3. The method of claim 1 wherein
sai d product gas includes hydrogen. 4. The nethod of
claim 1l wherein said product gas includes nethane. 5.
The Zretliigdnethod|odichaim hwdheedin seid thilgaschasta prassure greater

thi ng@udes an olefin. 6. The nethod of claim21 wherein
Y pfﬁ]rgoduct gas includes oxygen. 7. The nethod of
claim1 wherein said product gas includes nitrogen. 8.

Th d | ai m.1 i j d duct.

e PuadBeafthofiof i L VRetiiB a3k broPlapheds indBies hodoarn.
product includes a saturate. 10. The nethod qf claim1l
whegel fys 3hdnBl ¢ Ufim f‘%vll-lléfjeeusl sa%%zproduct gas includes methane.

5. The method of claim 1 wherein said product gas includes an olefin.
6. The method of claim 1 wherein said product gas includes oxygen.
7. The method of claim 1 wherein said product gas includes nitrogen.
8. The method of claim 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%.
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11. The nmethod of claim 1l wherein said purity of said

product gas is greater than 90% 12. The net hod of
w@b@snrsbsaherein said purity of said product gesI/US2006/002141

greater than 95% 13. The nmethod of claim 1l wherein

said purity of said product gas is greater than

99% 14. The nethod of claiml1l wherein the tail gas

(exhaust gas) pressure is greater than 80 psig. 15.

The nmethod of claim 1l wherein the rate of recovery,

poi Fbo e el Pt Tophénkin the B30 Chigbsb B ppssyre i
gregf?Q%{S%E#.y to feed purity ratio, 0 < PF%< 1.1,
6 e met 1o

d of claim1l wherein the rate of
recovery, R¥% 90% for a product purity to feed purity

raty9, Fid méodloflclafd/ Wherdid HeGalf of REBVelY RBESI%%or a
for a product purity to feed purity ratio, < P% F% <

profludt purity toHeedputiogiratio, P& & ¥.1y atdor a eaterofseogverfieR % >
step of feeding said tail gas into a refinery or

95%dor eqneduetguriiite feaskpurityFatia) ¢ <B@/E@npreksi on. 18.
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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 3 wherein said refinery unit is a hydro-

processing unit, a reforming unit or a fluidized catalytic cracker unit.

19. The method of claim 3 wherein said petrochemical unit is a methanol

synthesis unit.

20. The method of claim 1 wherein said step of depressuring said bed is

only cocurrent flow (i.e., teny = 0).
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