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i mproved process for hydrocracki ng heavy petrol eum
f eedst ocks wherei n hydrogen-contai ni ng streans
associated with a hydrocracker are subjected to rapid
cycle pressure swing adsorption having a cycle tine of
| ess than one minute unit. BACKGROUND OF THE | NVENTI ON
[ 0002] The hydrocracki ng of heavy petrol eumfractions
is a very inportant refininglprocess that nmakes it
possible to increase the refinery yield of |ower
boi l'i ng hi gher value liquid products. For exanple,
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jet fuels™and T1ght gas oils. Certain hydrocracking
processes make it possible to also obtain a strongly
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Iﬁlhatéﬁhrﬂg [ 0003] Hydrocr ackl ng is a pr ocess t hat dr aws
its flexibility fromseveral variables, such as the
operating conditions used, the type of catal yst used,
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basest oc hese )
readﬂy upgraded are hydxocracked to lighter fractlons such as gasolines, jet fuels

and light gas oils. Certain hydrocracking processes make it possible to also obtain a
strongly purified residue that can provide good bases for lube oils. Relative to fluid
catalytic cracking, an advantage of catalytic hydrocracking is to provide middle
distillates, jet fuels and gas oils of very good quality. Conversely, the gasoline that
is produced by hydrocracking has a lower octane rating than gasoline that is

produced from fluid catalytic cracking.

[0003] Hydrocracking is a process that draws its flexibility from several
variables, such as the operating conditions used, the type of catalyst used, and the
fact that the hydrocracking of hydrocarbon-containing feedstocks can be carried out
in one or more stages. One type of conventional hydrocracking catalyst is based on

moderately acidic amorphous substrates, such as silica-aluminas. Such systems are



catal ysts are used, for exanple, in two-stage

WO 2060e@3ses. [ 0004] I n processes such as hydrpcraskiosgo2296

the step of recycling a hydrogenrich vapor phase
separated fromthe reaction zone effluent is common.
Practical reasons for utilizing this step reside in

mai nt ai ni ng both the activity and operati onal

stability of the catal yst used in the process. The
recycl ed hydrogen is typically obtained by cooling the
total reaction product effl-dent to a tenperature in

the range of about 60 F (15.6 C) to about 140 F (60

C), and introducing the cooled effluent into a
uvapRprbiwhe ghafinpaiddlé distitaeeandidpsioneldpibead heagdocks. These
phase, which contains, unreacted hgdrogen, is recycled
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of the reaction zone. [0005] The art has | ong

recogni zed the inportance of inproving the purity
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The type of feedstock to be processed, product quality

requi renents, and the anount of conversion for a
i fig,catalyst cycle.]|i.f er - :
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the recycle gas purity determ ne the h¥drogen PartLgl
including hydrocracking units. “Thus, it has been the godl of the art to provide
enhanced efficiencies of hydrogen utilization with little additional energy
consumption and without undue deleterious effects on the maintenance or operation
of the hydrocracking equipment. It has also been recognized that by increasing the
efficient use of hydrogen, existing equipment could be employed to increase the
throughput of the feedstock resulting in higher product yields. A further advantage
to the more efficient utilization of hydrogen is the reduction in the amount of make-

up hydrogen that must be provided by, for example, a hydrogen plant or cryo-unit.

[0006] The type of feedstock to be processed, product quality require_rhents, and
the amount of conversion for a specific catalyst cycle life determines the hydrogen

partial pressure required for the operation of a hydrocracking unit. The unit's



pressure of the hydrotreating unit. Since there is
limted control over the conposition of the flashed
wgasosforenrst he downst ream hydr ocracker separ at oPCTHUS2006/002296
hydr ogen conposition of the recycle flash gas limts
t he hydrogen partial pressure ultimately delivered to
t he hydrocracking reactor. A relatively | ower hydrogen
partial pressure in the recycle gas streameffectively
| oners the partial pressure of the hydrogen gas i nput
conponent to the reactor and3thereby adversely affects
the operating performance with respect to product
quantity and quality, catalyst cycle life, etc. To
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and/ or require significant changes in operating ‘
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conventional "pressure swi ng adsorption (PSA). See, for

e fomphece of. tBe hpdiocrarksingpra®es B8l as measgedby thege parggaters.
to Lurnnmus Crest, Inc. However, in order to
i ncorporate the PSA unit, the pressure of the reactor

phdYuenty giags slctie@have been proposed, some of which have been
commercially practiced, that attempt to improve the hydrogen utilization efficiency
of the hydrocracking unit by increasing the concentration of the hydrogen in the
recycle gas stream. Such processes typically result in significant additional
equipment costs and/or require significant changes in operating conditions, such as
temperature and pressure, which typically results in increased capital and operating

costs.

[0008] = One process that has been adopted to improve the hydrogen purity of the
recycle stream is conventional pressure swing adsorption (PSA). See, for example,
U.S. Pat. No. 4,457,384 issued Jul. 3, 1984 to Lummus Crest, Inc. However, in
order to incorporate the PSA unit, the pressure of the reactor effluent gas stream

must be reduced from about 2,500 psig (175.8 kg/cm®) to about 350 psig (24.6



must be reduced from about 2,500 psig (175.8 kg/cn®)
to about 350 psig (24.6kg/cn2) . Although the purity
wohodelveomecycl e hydrogen stream can be i ncreasedTius2006/002296
about 99 nol % the recycl ed gaseous stream nust be
subjected to significant reconpression to return it to
2,500 psig (175.8 kg/cnR) before introduction into the
hydr oprocessor feed stream The net result is that the
capital, operating and mai nt enance costs are
substantial ly increased by the addition of a |large
conpressor that is required when using a conventiona
PSA unit. [0009] Another method is described in U S
kpatm’) Nalthdugode pratyt of thactayale Wiregenstresmmenbr amesased to
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present invention to provide an inproved process
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operating expenditures, the latter including
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ipqyae suhstantinl dpithlnoy esimest androperatingspeib.or e anot her
obj ect of the present invention to inprove the
operating performance of hydrocracking process units
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hydrocracker throughput or the overall economies of the system, including capital
expenditures and operating expenditures, the latter including maintenance and

energy consumption.

[6011] As previously noted, the overall operating efficiency of the
hydrocracking process unit can be increased if the partial pressure of hydrogen gas
in the feed to the reactor can be increased. It is therefore another object of the
present invention to improve the operating performance of hydrocracking process

units by increasing its throughput capacity.



gas and a catalytically effective anount of a

hydr ocracki ng cat al yst under hydrocracki ng conditions
wohersggo28esul ting in a | ower boiling hydrocar Bomus2006/002296

liquid phase and a vapor phase containi ng hydrogen and

i ght hydrocarbons; (b) separating the | ower boiling

hydr ocarbon |iquid phase and the vapor phase; (c)

renmoving at |least a portion of the |ight hydrocarbons

fromat |east a portion of the vapor phase, thereby

increasing its hydrogen conegntration, in a rapid

cycle pressure swing adsorption unit containing a

plurality of adsorbent beds and having a total cycle
SUMBMARY 5 THEAINUBNTION) seconds and a pressure drop

Wi thin each adsorbent bed of greater than about 5

i nches of water per foot of bed | ength; and (d)
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ste ove having an I'ncrease oncentr

cbydﬂmgem to the hydrocracklng zone. [0013] In another
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wherein t he purlfled make-Up gas fromthe rapid cycle
pbeegsure swing adsorption unit is hi gher in hydrogen
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hydrocarbon feed in a hydrocracking zone with a

CHQriogsHEOTVIAE Ailsgption unit containing a plurality of adsorbent beds and

having a total cycle time of less than about 30 seconds and a pressure drop within

each adsorbent bed of greater than about 5 inches of water per foot of bed length;
and
(d) recycling at least a portion of the vapor phase of step c) above having an

increased concentration of hydrogen to the hydrocracking zone.

[0013]  In another embodiment, the hydrogen-containing gas to the
hydrotreating zone is comprised of a purified make-up gas produced from a
hydrogen-containing make-up gas in a rapid cycle pressure swing adsorption unit
containing a plurality of adsorbent beds and having a total cycle time of less than
about 30 seconds and a pressure drop within each adsorbent bed of greater than
about 5 inches of water per foot of bed length, wherein the purified make-up gas
from the rapid cycle pressure swing adsorption unit is higher in hydrogen

concentration than the hydrogen-containing gas.



gas and a catalytically effective anount of a
hydr ocracki ng cat al yst under hydrocracki ng conditions
wohersggo28esul ting in a | ower boiling hydrocar Bomus2006/002296
liquid phase and a vapor phase conprised of hydrogen
and |ight hydrocarbons; wherein the purified make-up
gas i s produced from a hydrogen-contai ni ng nake-up gas
in arapid cycle pressure swing adsorption unit
containing a plurality of adsorbent beds and having a
total cycle time of |ess thdh about 30 seconds and a
pressure drop within each adsorbent bed of greater
t han about 5 inches of water per foot of bed | ength,
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pressure swing adsorption unit is higher in hydrogen
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containing gas.;

(b) separating the lower boiling hydrocarbon liquid phase and the vapor
phase; and

(c) recycling at least a portion of the vapor phase of step to the hydrocracking

zone.

[0015]  In another preferred embodiment, the total cycle time for rapid cycle
pressure swing adsorption is less than about 10 seconds and the pressure drop of

each adsorbent bed is greater than about 10 inches of water per foot of bed length.

[0016] In yet another preferred embodiment, the total cycle time for rapid cycle
pressure swing adsorption is less than about 5 seconds and the pressure drop of

each adsorbent bed is greater than about 20 inches of water per foot of bed length.



[0018] FIGURE 2 hereof is a sinplified schematic
illustrating one enbodi nent enpl oying rapid cycle
wonresgus®s SWi ng absorption in the hydrogen- conParnisame/002296
make up gas streamto a hydrocracking reactor. [0016]
FIGURE 3 hereof is a sinplified schematic illustrating
one enbodi nent enpl oying rapid cycle pressure sw ng
absorption in the hydrogen-containing recycle gas
streamto a hydrocracking reactor. DETAILED
DESCRI PTI ON OF THE | NVENTI ON7[F0017] The process of the
present invention is particularly useful for
hydr ocracki ng a hydrocar bonaceous oil containing
BRAIED DHESCRIPEDONOFOTHE FXIGUREASC material s to produce
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f'eedst ocks that e subj ect

abiserptiebhod of the present invention includes al

m neral oils and synthetic oils (e.g., shale oil, tar
sand products, etc.) and fractions thereof.

ooligist I atyé . i: .
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2P0y DE)apid gytle psessinecivang Thoopyiohn ihitphytiogat-cosphimgi make-

as oils, vacuum gas.oils, deasphalted, vacuum and
FSyRamt a&%fglf‘)&g%c?‘“}%ﬂif%t?’f'eat ed or midly
hydr ocracked residual oils, coker distillates,
straight run distillates, solventdeasphalted oils,
(901€ ysiFEGHRE 3 bereof iss sitspljfiedeibieimatic ustrating onoethbodiment
le oils.and cat cracker distill.ates. referred
e R S I R S
REVs RyskiReal tohyidiathdlens Raviong at | east 50% by
wel ght, and nost usually at |east 75% by wei ght, of
its conmponents boiling at tenperatures above the end

PR 9 DESCISAFAINRSP G4 IvPRa Flgihe most

Clenmeie v - ai n hydrocarbon
[00nToneMhs ptdvals Gt padseivien®éioffs Ha60u1y usyfut forbest
hry%?cl)'lclrztlciilgjgealx }nlsgdrocarbonaceous oil containing hydrocarbons and/or other
organic materials to produce a product containing hydrocarbons and/or other
organic materials of lower average boiling point and lower average molecular
weight. The hydrocarbonaceous feedstocks that may be subjected to hydrocracking
by the method of the present invention includes all mineral oils and synthetic oils
(e.g., shale oil, tar sand products, etc.) and fractions thereof. Illustrative
hydrocarbonaceous feedstocks include those containing components boiling above
about 500 °F (260 °C), such as Fischer-Tropsch liquids, atmospheric gas oils,
vacuum gas oils, deasphalted, vacuum, and atmospheric residua, hydrotreated or
mildly hydrocracked residual oils, coker distillates, straight run distillates, solvent-
deasphalted oils, pyrolysis-derived oils, high boiling synthetic oils, cycle oils and

cat cracker distillates. A preferred hydrocracking feedstock is a gas oil or other



achieved with feeds containing at | east 25 percent by
vol ume of the conponents boiling between about 600 OF
w02ld/00Mpsand 1000 OF (538 0C). A preferred heagy/us2006/002296
feedstock boils in the range from about 350 to about
1050 OF (about 177 OC to about 565 0C). [0018] Heavier
i near paraffins and waxes such as Fi scher Tropsch
waxes, waxes from sol vent dewaxi ng, slack waxes, and
waxy crudes may al so be upgraded to |ighter products
vi a hydrocracki ng processes-8Hydrocracki ng catal ysts
and process conditions as utilized for distillates and
heavy gas oils may be utilized in for hydrocracking of
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angg roadly speaki ng, any anount between about
%er ent and 30 percent by weight nmay be used. In
the case of the noble netals, it is preferred to use
about 0.05 to about 2 weight percent of such netals.
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[0019]  The active metals employed in the preferred hydrocracking catalysts of
the present invention as hydrogenation components are those of Group VIII of the
Periodic Table of the Elements, i.e., iron, cobalt, nickel, ruthenium, rhodium,
palladium, osmium, iridium and platinum. One or more promoter metals can also
be present. Preferred promoter metals are those from Group VIB, e.g.,
molybdenum and tungsten, more preferably molybdenum. The amount of
hydrogenation metal component in the catalyst can vary within wide ranges.
Broadly speaking, any amount between about 0.05 percent and 30 percent by
weight may be used. In the case of the noble metals, it is preferred to use about
0.05 to about 2 weight percent of such metals. The preferred method for
Incorporating the hydrogenation metal component is to contact a zeolite base

material with an aqueous solution of a suitable compound of the desired metal



tenperatures of, e.g., 700-1200 OF (371-648 0C) in

WO 2006@89028 0 activate the catal yst and deconposSeceuRgING 296
ions. Alternatively, the zeolite conponent may first
be pelleted, followed by the addition of the
hydr ogenat i ng conponent and activation by cal ci ni ng.
The foregoing catalysts may be enpl oyed in undil uted
form or the powdered zeolite catal yst nay be m xed
and copelleted with other relatively |ess active
catal ysts, diluents or binde?s such as alumna, silica
gel, silica-alumna cogels, activated clays and the
like in proportions rangi ng between 5 and 90 wei ght
wiereianhe ftieed és phickant it 8 catiynidfren i dipedn @asddtiahofhe séleyted
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hydrocracki ng catal ysts may also be utilized 1 n the
temperatisedt, ey OO CF i(3Nle648 UL) wntvirddr te actpratesihs catfabist and
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a), at a liquid hourly space velocity (LHSV) from

tah 1 to about 30 hr 1, and at a hydrogen
circulation rate from about 2000st andard cubic feet
per barrel (337 normal nB /nB) to about 25, 000

[60x0)dar dddithina] el pRBiotERhYEbCadRA0 cRAIYIRImAXBalbd'Be utilized
I'n accordance with the present invention, the
m the process of the present invention which comprises, for example,
alominophosphate molecular sieves, crystalline chromosilicates and other
crystalline silicates. Often at least two catalysts are utilized for hydrotreating the
feed to remove sulfur and nitrogen and to hydrocrack the feed into lighter products.
. Optionally a catalyst is employed to hydrotreat the product from the hydrocracking
reaction (i.e., a post hydrotreating catalyst bed). Crystalline chromosilicates are

more fully described in U.S. Pat. No. 4,363,718 to Klotz.

[0021]  Hydrocracking is typically performed at a temperature from about 450
°F (232 °C) to about 875 °F (468 °C), at a pressure from about 500 psig (3.6 MPa)
to about 3000 psig (20.8 MPa), at a liquid hourly space velocity (LHSV) from
about 0.1 to about 30 hr”', and at a hydrogen circulation rate from about 2000



term "substantial conversion to | ower boiling

products” is neant to connote the conversion of at
woeamto790280! unme percent of the fresh feedst ockpPCo/usSewen02296

boi ling products. In a preferred enbodi nent, the per

pass conversion in the hydrocracking zone is in the

range from about 15%to about 45% More preferably the

per pass conversion is in the range from about 20%to

about 40% Herein, the term "hydrocarbon feed" is

defined as a refinery, cheni&&t or other industria

pl ant streamthat is conprised of hydrocarbons

i ncl udi ng such streans wherein small |evels (less than
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distillate dewaxing via shape selective hydr ocr acki ng
1 |1 d t at 260 to 455C, 20
BR28o° k GerpSegtifesk Grmbshi iapragk sdu phape oleohz Ik wEncking
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shape sel ective dis ewaxi ng, a | ower
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hydrocracking is typically carried out by utilizing a medium pore sized, shape
selective zeolite such as ZSM-5. In this process, linear and slightly branched
paraffins in the feed are hydrocracked to lighter components, while the more
branched paraffins in the feed are not converted. In addition, a
hydrodesulfurization catalyst is included in the hydroprocessing reactor, which

reduces the sulfur and nitrogen content of the feed.

[0023] As an example, distillate dewaxing via shape selective hydrocracking
processes are typically carried out at 260 to 455C, 20 to 50 kg/cm2 hydrogen
partial pressure, 1 to 2.5 LHSV, and 250 to 425 Nm3/m3 hydrogen circulation rate.

In shape selective distillate dewaxing, a lower sulfur, lower pour point distillate



yield is over 85% wth 5-12% notor gasoline yield,
the remai nder being |ight gases. In shape selective
woube/deesxi ng, a | ower sul fur, |ower pour poi RCTIUSB®6/002296
basest ock or product is produced with an inproved
vi scosity index. Lube dewaxing via shape selective
hydr ocracki ng processes are typically carried out at
500 to 750F, 400 to 2000 psi, 1500 to 4000 scf/bbl,
and 0.2 to 2 LHSV. [0024] Fi9ure 1 hereof is a
sinmplified representation ofll flow di agram of a
conventi onal hydrocracking process unit that does not
enpl oy a rapid cycle pressure swing adsorption unit.
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o s selsefthe BB PR L Ok feobtBe i Rotn
V30K €00 to/2@00 psiel 520 tb 4000 SEHL,akar0. Brodersgya | iquid
product fraction having a lower initial boiling point

than the feed is recovered via line 22. This liquid

ct ti ' . addi_td onal
o) THRRE 1RRedr3, ARRRIARK 88 enl BioR AL Al Fiperammpt a
caxiventimahhy drAclayking gescesonitiaihat ages\ivp eployatiabacytte
exits the separator S and i s conducted to recycl e

p . y
RSN EEHE angorpiien unik: The hydrogarpen faedd0ge bemedmcrasked is
i : r > hydrocracki ng .
RSARSATRERSR, AN ELULIRR | pd A NASLIR e
®Lyaie trastezas 15 @nt hgdrogbnlevhiainitgpmbakep chy 1. 0TAE RRASNAT
ot her stream cont am nanés to avoid a build-up of these

I = TIAL SRS SESATRSEPW PREBCU Y thrpygh the hydrocracker
USEORTLIGE ey s R SRR 5
1Boduntlstineat exits tha hydioghtcking. reactor@ ahd isGeweiightne 20 to a
s%%gr%%% %rv?&'}e a liquid product fraction having a lower initial boiling point than
the feed is recovered via line 22. This liquid product fraction is normally sent to
additional processing equipment or processing units for further refinement. A
hydrogen-containing vapor fraction 12 exits the separator S and is conducted to
recycle compressor RC where at least a portion of the stream is recompressed and
returned to the hydrocracking reactor R. A purge stream 16 may be taken off if to
eliminate a portion of built up light hydrocarbons or other stream contaminants to
avoid a build-up of these components in the system. The term "light hydrocarbons”
used herein means a hydrocarbon mixture comprised of hydrocarbon compounds of
about 1 to about 5 carbon atoms in weight (i.e., C; to Cs weight hydrocarbon

compounds).



conmpounds) . [ 0025] Returning to Figure 1, a portion of

t he conpressed hydrogen-containing vapor fraction is
woesya7edst o react or R as hydrogen-cont ai ni ng PeTHSk@®6/002296

gas 15 and a portion is conducted to the hydrocracking

reactor R as quench gas 14. Since the reaction in a

hydr ocracki ng reactor is exothermc, the quench gas 14

is typically introduced in nultiple |ocations between

t he hydrocracking reactor's catal yst beds to prevent

reactor run away (overheatint- Although various types

of guench gases can be used, it is preferred that the

guench gas be a hydrogen-containing streamfromthe

[08RA] at RetGnidDBAGFurkilg e pertbrheltko tompEsed diytitogan-containing

preferred enbodi nent of the gr&gess of the preient

Yanpe echon reswied & 1pagioR @ ydrogprreenipimmg gepyple gas 15 and a

BAT0R B} (bR (e tdoraSint® Rob R BRI, Sinco e

reakigoruin Pagdrddratlang yahcoe iaeidtingnmcald quenbh gad 14 is typically

nunhered itens are jdepntical to that of Figure 1
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GOAR usstielt éd prefangdtthdtye geanch gas baa dydioher-coasimongsstream

hn@H§ities argcgennved as a tail gas 24. Dependi ng on

AR OB SERFHET ’RCPSA desi gn, ot her contani nants, such

as, but not limted to CO2, water, ammonia, and H2S

may al so be renoved fromthe hydrogen-containing

[Re] up Kjgsre 2eseqfurepricsants apledergsl gralodimentarfiti7 plosessax the

t he RCPSA .unit having.a higher concentration o

PO VPO HAERES Ay thiD GEHS SEE TP AVLE R0 (BCPSA) it s

84ede8 MhokdasB MhEEIREntMRNRIFRSArdsoh tin thENdRIpehicoBfining mdake—up

make-up gas stream 17 is conducted to'the reactor an
gasolistoduideenrackimg wacter RheAlhpumberedhsmsfaseiflentcad eithat of

B SR ER e R BB A0 )W
RS fen Boitaming thafeud 8as 11 is sent to a rapid cycle pressure swing

adsorption unit RCPSA wherein light hydrocarbons and other gaseous impurities

are removed as a tail gas 24. Depending on the specific RCPSA design, other
contaminants, such as, but not limited to CO,, water, ammonia, and H,S may also
be removed from the hydrogen-containing make-up gas. The purified make-up gas
stream 17 leaves the RCPSA unit having a higher concentration of hydrogen than
the hydrogen-containing make-up gas stream 11 entering the RCPSA unit. The
purified make-up gas stream 17 is conducted to the reactor and flows concurrent
with the hydrocarbon feed 10 and hydrogen-containing recycle gas 15. A portion
of the hydrogen-containing make-up gas 11 may bypass the RCPSA unit via line 18
if desired.



if desired.[0027] Figure 3 hereof represents a
preferred enbodi nent of the process of the present
wonuenrsme wherein a rapid cycle pressure sw ngCT/US2006/002296
adsorption (RCPSA) unit is used to increase the
concentration of hydrogen in the hydrogen-containing
recycle gas 15 to hydrocracking reactor R All
nunbered itens are identical to that of Figure 1
her eof except in the current enbodi nent as shown in
Figure 3, the hydrogen-contaildi-ng recycle gas 15 is
sent to a rapid cycle pressure swing adsorption unit
RCPSA wherein |ight hydrocarbons and ot her gaseous
i[B@H i t | Biguae 8 herobyepeesants a préfietred ambadimdae BEMEipAcke8lof the
the specific SA desjgn, other contam nants, such _
REESCRUPVHYEOn VR ER ltaeld%@?!e R&EsEFe sveing adsarplita(REBSA) unit is
Ab&PtoDiBorBEOME Lof it P%Pﬁéfr 7 L0509, hke- up
g o R o IR B R eyt
RapBAtainydrobavking reactorgheAllamntbendd igdrOare ddenbid e gea of
han e hydrogen-gcont ai ni ng recycl e gas stream 15
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en-cont aj ni recycle gas. stream 15 nmay bypass
AR SR Brecfh i PRGus mestic FoBBa cpi, other
athinefanes0acH 48 Bt ndt WehiRERSEOIN vk ?Rﬂﬁ b @
si ngl e hydrocracki nrzg uni%t' V\,heroeéf n %r,%g u%llﬁlflh?edgl alsd B
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- 0 hydr.gcr acki ng, react or as shown as
REEEE 1925, IR ROPS RN bR Bdher Raorisbian LGy diogen than
therhiytdyo gdh-doaihing réQtlel 228 sRfarh S eﬁbégﬁggﬁ@R@i’@Aa{nﬁ't Phe
recycle gas stream of the hydrocracki ig reactor as
B ®syRemansirernFl g israonguctedhtoytbt reavadrhad Nomsadhe®Adnt with

[ to a two stage drocracki ng .
o SRR R o
theditydtdged-dontaining recycle gas stream 15 may bypass the RCPSA unit via line
19 if desired.

[0028] In another embodiment, two RCPSA units are installed in a single
hydrocracking unit wherein a RCPSA unit is installed to purify the incoming
hydrogen-containing make-up gas to the hydrocracking reactor as shown as
RSPCA in Figure 2 and a RCPSA unit is installed to purify at least a portion of the
hydrogen-containing recycle gas stream of the hydrocracking reactor as shown as
RSPCA in Figure 3. In yet another embodiment, RCPSA may be applied to a two
stage hydrocracking unit. In this embodiment an RCPSA unit may be installed in
the hydrogen-containing make-up gas stream to the first stage hydrocracking
reactor, the hydrogen-containing make-up gas stream to the second stage

hydrocracking reactor, the hydrogen-containing recycle gas to the first stage



t he hydrogen-contai ni ng make-up gas streamto the

first stage hydrocracking reactor, the
woydrepgens cont ai ni ng make-up gas streamto theprPeeasnme/002296

stage hydrocracki ng reactor, the hydrogen-containing

recycle gas to the first stagehydrocracking reactor,

or the hydrogen-containing recycle gas to the second

st age hydrocracking reactor. In other enbodi nents, any

conmbi nation of these four streans may be subjected to

t he RCPSA process dependi ng-lpon the stream purity and

hydr ogen concentration needs and econom cs. [0029] In

Conventional Pressure Swi ng Adsorption ("conventiona

RERograckigasenus, 6 the lyérogsn-comeintie@cile ghs forthe sebold stage

for a period of tinme over a first bed of a solid

hyhpaacking seaciar. dupher prpbodiments, aRy capbingaonet thewe fouy
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duid hglrpgemsidakenttatiohawedearddseonemiver e cont am nant s

si mul taneously but for conveni ence, the conponent or
conmponents that are to be renoved will be referred to
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aseous mxture I's passed ove rst ~adsorption
gaseausf mxgtreve semluctmidindmeprgesird foompehiod o€ dndepleet didstibad of

t he. contam _nant that remgi ns.sorbed in the bed. After
A SERE QA QP e O T Yeby TV EITgr et Tore components,
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e gaseous mxture is swtched to a secon
patsibletol remolve tiwpd 0r mase comrtgmimssaimiltancohey put fo icomtentamce,

A b AR B
dihgifhr AUSREREIIAB BB oRMNANdRITRE bARCHINPHERSH gssed over a

ustual Iy acconpani ed by a reverse flow of gas desorb
fitst adsorptiom bealnin.a fixst vdseelpné sywrgssifiom the bedskpletediis the

B ORI AS0h RO, B AR get e
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together with a control system designed to mnimze
gaseeusynixture is switched to a second adsorption bed in a second vessel for the
purification to continue. While the second bed is in adsorption service, the sorbed
contaminant is removed from the first adsorption bed by a reduction in pressure,
usually accompanied by a reverse flow of gas to desorb the contaminant. As the
pressure in the vessels is reduced, the contaminant previously adsorbed on the bed
is progressively desorbed into the tail gas system that typically comprises a large
tail gas drum, together with a control system designed to minimize pressure
fluctuations to downstream systems. The contaminant can be collected from the
tail gas system in any suitable manner and processed further or disposed of as
appropriate. When desorption is complete, the sorbent bed may be purged with an

nert gas stream, e.g., nitrogen or a purified stream of the process gas. Purging may

be facilitated by the use of a higher temperature purge gas stream.



fluctuations to downstream systens. The cont am nant

can be collected fromthe tail gas systemin any
weuddsades manner and processed further or di speeeased06/002296

as appropriate. When desorption is conplete, the

sorbent bed nmay be purged with an inert gas stream

e.g., nitrogen or a purified streamof the process

gas. Purging may be facilitated by the use of a higher

tenperature purge gas stream[0030] After, e.qg.,

breakt hrough in the second béd; and after the first

bed has been regenerated so that it is again prepared

for adsorption service, the flow of the gaseous

(00300 e Aferswigt, bhexdtiroogh inhhe sewad bebegdtadiet tie first 5dd has

ged, and tqi second bed is re%enerated, The _t ot al
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needed when adsorption tine is s esor ption
suageeding bynle) ,i.ewiafter g singte regerienatiomadeha first bed.i The use of third,
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repressurization step to prepare t adsor bent
waeerial for reintroduction of the feed step. The
sorption of the contam nants usually takes place by
physi cal sorption onto the sorbent that is normally a

QU3RLS Sk OinuielkoRf g@@tiby,af essiA HAfle c?éle Will3ncldd & &Rd
or silica-alumna that has an affinity tor the
glomtad Mapbene depeeshinizsgion stepot paige sepdandhfimedlyya repressurization

IG5 Bt DB S 8. T
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Normal |y, chem cal reaction wth the sorbent is not

sogbent dept fignermaly ¢ parpres solid such as activated carbon, alumina, silica or
silica-alumina that has an affinity for the contaminant. Zeolites are often used in
many applications since they may exhibit a significant degree of selectivity for
certain contaminants by reason of their controlled and predictable pore sizes.
Normally, chemical reaction with the sorbent is not favored in view of the
increased difficulty of achieving desorption of species which have become
chemically bound to the sorbent, but chemisorption is my no means to be excluded
if the sorbed materials may be effectively desorbed during the desorption portion of
the cycle, e.g., by the use of higher temperatures coupled with the reduction in
pressure. Pressure swing adsorption processing is described more fully in the book

entitled Pressure Swing Adsorption, by D. M. Ruthven, S. Farouq & K. S. Knaebel
(VCH Publishers, 1994).



increased difficulty of achieving desorption of

speci es whi ch have becone chemically bound to the
weandsaea28but chem sorption is my no neans to BeT/US2006/002296

excluded if the sorbed materials nmay be effectively

desorbed during the desorption portion of the cycle,

e.g., by the use of higher tenperatures coupled wth

the reduction in pressure. Pressure swi ng adsorption

processing is described nore fully in the book

entitled Pressure Swing Adsolfption, by DM Ruthven

S. Farouq & K. S. Knaebel (VCH Publishers,

1994) .[0032] Conventional PSA possesses significant

j00B2} entCaliveattmahPSgamsiassessigtaficai inhefent ddadvmitagesifor a

exanpl e, conventional PSA units are costly to bujl,
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use of substantially different sorbents, such-as,
yeoends. niwaleert be rapid gyela peesswmtseringibdsogion vadts used can make

monQd ifhs. . [.00 The ,overal |, adsorption rate of th
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constant in

[0033] The overall adsorption rate of the adsorption processes, whether
conventional PSA or RCPSA, is characterized by the mass transfer rate constant in
the gas phase (t,) and the mass transfer rate constant in the solid phase (z;). A
material's mass transfer rates of a material are dependent upon the adsorbent, the
adsorbed compound, the pressure and the temperature. The mass transfer rate

constant in the gas phase is defined as:
T, =Dy /RS (in cm?/sec) ()]

where Dy, is the diffusion coefficient in the gas phase and R, is the characteristic

dimension of the gas medium. Here the gas diffusion in the gas phase, Dy, is well



the gas phase (tg) and the mass transfer rate constant
in the solid phase (ts) . A material's nmass transfer
woatm7aRsa material are dependent upon the adBoThemios/002296
t he adsor bed conpound, the pressure and the
tenperature. The nmass transfer rate constant in the
gas phase is defined as: tg = Dg / Rg 2 (in cnR/sec)
(1) where Dg is the diffusion coefficient in the gas
phase and Rg is the characteristic dinension of the
gas nedium Here the gas diffldsion in the gas phase,
Dg, is wellknown in the art (i.e., the conventiona
val ue can be used) and the characteristic dinmension of
haewg ais theedt (im, tH@ ccer/edtéxBIialh eaiuasatt he usddane thewhdiadteristic

tween t t he_ stryct dsorbent
GhaRrdh o' e Bt Fredindn, Hhicagtineil ar Hie shaniel g bawesmtwo

na@rwthgsﬁﬂéﬁl%d%ﬁis&b&ﬁtrﬁétéx% is defined as: ts = Ds /
2 (in cnk/sec) (2) where Ds is the diffusion

coeff|C|ent in the solid phase and Ris the

BEET T FEAF e ST 2@ oo b et PPaHIg, mpleric i dctined

m@ll known in the art (i.e., the conventional value
can be used), and the characteristic dinmension of the
sol iB=Pdl Bm Rs is(idehifsed) as the width of the 2

adsorbent layer. [0035] D.M Ruthven & C. Thaeron,
Performance of a Parall el Passage Absorbent Contactor,

Sopri 1! isahe aifthsfdardobifeadnl @NthEREHA ﬁhé’é&)én& R, (15':[@1% al?tactensuc

43-60, which is incorporated by reference, clari
flﬁéﬁnsmr()ffth@)\?@hqfﬂi’f@@gﬁl Heretles! gashliffnsion seefficient imdhe solid

gp@en % an el is a ood characteri st
?ar%re 2 o“sh i e N B aﬁl\fl rflhe SonVertional valac oan usedg and the
characteristic dimension of the solid medium, R, is defined as the width of the

adsorbent layer.

[0035] D. M. Ruthven & C. Thaeron, Performance of a Parallel Passage
Absorbent Contactor, Separation and Purification Technology 12 (1997) 43-60,
which is incorporated by reference, clarifies that for flow through a monolith or a
structured adsorbent that channel width is a good characteristic dimension for the
gas medium, R,. U.S. patent 6,607,584 to Moreau et al., which is incorporated by
reference, also describes the details for calculating these transfer rates and
associated coefficients for a given adsorbent and the test standard compositions
used for conventional PSA. Calculation of these mass transfer rate constants is
well known to one of ordinary skill in the art and may also be derived by one of

ordinary skill in the art from standard testing data.

[0036] Conventional PSA relies on the use of adsorbent beds of particulate

adsorbents. Additionally, due to construction constraints, conventional PSA is



gas nedium Rg. U S. patent 6,607,584 to Mreau et
al., which is incorporated by reference, also

wdeswrorees t he details for cal cul ati ng these tpPanafenne/002296
rates and associ ated coefficients for a given
adsorbent and the test standard conpositions used for
conventional PSA. Cal cul ation of these mass transfer
rate constants is well known to one of ordinary skill
in the art and may al so be derived by one of ordinary
skill in the art from standat8-testing data. [0036]
Conventional PSA relies on the use of adsorbent beds
of particul ate adsorbents. Additionally, due to
uondly cootprised obH2 st nmireseparatobadanhiteneale sBHatias emstadrleyor more

oppri.sed of 2 or nore.s rate heds_that cycle so . |
b 1s i %fa%tle%hgal?}ﬁﬁm @%&‘ arion of g cypleg apeqas time in
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ime in order to limt disruptions or surges int
talgtvebdlapgesizs of ¢dnyentidiahBS Arequipneent,dhe¢ partick sitd ofethy
| arge size of .conventianal PSA equi nt, the rticle
g AL PR TR GPTUR® TP BPH | Iy dbove
D ieCered§ e HesRROUtopl [HA AN AR/ Eme G &Borption, and
excessive pressure drop, increased cycle tines,
Phamneleap ofbtced pateripls wiltireshidnnel i ng of feed materials
will result. [0037] In an enbodi ment, RCPSA utilizes a
rotary val ving systemto conduct the gas flow through

FO0BY] ar Vin3ardadfodimet RCPRAtutdnBs ardteryavaMiiR 8Ystéth to conduct
separ ate adsorbent bed conpartnents or "tubes", each

e gapflew theougheciotary vetbgr mpduledhatisontaigts ahenlyof sépmrate

' t h dul |.et
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seal plates on either end of the rotary sorber” nodul e
tipng h dhe sefierspsarbergnedude ismogwallncompiisdd of naultiplsrtubes

' i fol wh [ he inl
SQUBENTEA 8 PAMHAES SR ef BL iRy Serh @Syl bty e
gEabpllits agafh ddnthct Retht Bdthtogesingideti iofl efaifte RERFOIdsWPRSein the

s conducted away fromrotary sorber nodul e.
mlet gas is conducted to the RCPSA tubes and processed purified product gas and

the tail gas exiting the RCPSA tubes is conducted away from rotary sorber module.
By suitable arrangement of the seal plates and manifolds, a number of individual
compartments or tubes may pass through the characteristic steps of the complete
cycle at any one time. In contrast with conventional PSA, the flow and pressure
variations required for the RCPSA sorption/desorption cycle changes in a number
of separate increments on the order of seconds per cycle, which smoothes out the
pressure and flow rate pulsations encountered by the compression and valving
machinery. In this form, the RCPSA module includes valving elements angularly
spaced around the circular path taken by the rotating sorption module so that each
compartment is successively passed to a gas flow path in the appropriate direction

and pressure to achieve one of the incremental pressure/flow direction steps in the



By suitable arrangenent of the seal plates and

mani fol ds, a nunber of individual conpartnents or
wourbms7ymy pass through the characteristic stepeTal210b002296

conplete cycle at any one tine. In contrast with

conventional PSA, the flow and pressure variations

requi red for the RCPSA sorption/desorption cycle

changes in a nunber of separate increnments on the

order of seconds per cycle, which snoothes out the

pressure and flow rate pul sat¥ons encountered by the

conpression and val ving machinery. In this form the

RCPSA nodul e i ncl udes val ving el enents angul arly

spapkett REBSACyLIve @ierloay @ivapagdiof ths RCHJA tdebnslogpis g

s.or |on nodul e so that ach conpar t ment
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that required for conventional PSA technology t

amlqs@m arhes|useatent sppantof gas. quantities and qualities.
As a result, the footprint, investnent, and the anount

of active adsorbent required for RCPSA is
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uni t processing an eqw val ent anbunt of gas.
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conventi onal PSA adsorbent bed materials, in

bradetl.car extrugais derve ninsa predarredrambodimentoadsoryval eteriabschre
N e e
aptfpond.i Pg ataapld bhsl 6inbbeiniBat 61 halrothff REPS Al dbpafiniR BeMde in
trhgtfglt*nlq 09 adsorbent sheets comprising adsorbent material coupled to a structured
reinforcement material. A suitable binder may be used to attach the adsorbent
material to the reinforcement material. Non-limiting examples of reinforcement
material include monoliths, a mineral fiber matrix, (such as a glass fiber matrix), a
metal wire matrix (such as a wire mesh screen), or a metal foil (such as aluminum
foil), which can be anodized. Examples of glass fiber matrices include woven and
non-woven glass fiber scrims. The adsorbent sheets can be made by coating a
slurry of suitable adsorbent component, such as zeolite crystals with binder
constituents onto the reinforcement material, non-woven fiber glass scrims, woven

metal fabrics, and expanded aluminum foils. In a particular embodiment, adsorbent

sheets or material are coated onto ceramic supports.



apparatus. For exanple, one enbodi nent of the rotary
RCPSA apparatus can be in the form of adsorbent sheets
woaopro7sizeag adsor bent material coupled to a stpPaTSe®d002296
rei nforcenent material. A suitable binder nay be used
to attach the adsorbent material to the reinforcenent
material. Non-limting exanples of reinforcenent
material include nmonoliths, a mneral fiber matrix,
(such as a glass fiber matrix), a netal wire matrix
(such as a wire nesh screeny20er a netal foil (such as
alum numfoil), which can be anodi zed. Exanpl es of
gl ass fiber matrices include woven and non-woven gl ass
10039] s cAnnmbsorbtreinadCPhnhitshsiealty canprises amdésddlyent solid

coat i a }srl urry of sui tabLe adsor hent conponent, such
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re coate nto ceram ¢. sypporfs.[Q039] An absorber in
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be called "circul ating gas phase", nore sinp
adpsbtinerzeolifiye Tholsoldd phrss endyried dapesitesl ored mor-kdsaibent

ores, 4t he.nean. si.ze of ich is usually between

B R B AT GuBa R ST & o i PecHiarab Bhapech for the
BeividsodenemeRrisRBhiRE pRAAESa tHeRthh1IRDndMtondRREER or to store
this being encountered, for exanple, in mcroporous

Beath dhe phserpanonoiadsarption cenprisisdwe ahdinl sigha semetyypassage of
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HERBLLER PO AR B3 5 BheRufieie sk She S0t phase,
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t hermal conduction function or to store
phase into the adsorption sites.

[0040] In an embodiment, RCPSA utilizes a structured adsorbent which is
incorporated into the tubes utilized in the RSPCA apparatus. These structured
adsorbents have an unexpectedly high mass transfer rate since the gas flows
through the channels formed by the structured shests of the adsorbent which offers
a significant improvement in mass transfer as compared to a traditional packed
fixed bed arrangement as utilized in conventional PSA. The ratio of the transfer
rate of the gas phase (1) and the mass transfer rate of the solid phase (t,) in the
current invention is greater than 10, preferably greater than 25, more preferably

greater than 50. These extraordinarily high mass transfer rate ratios allow RCPSA



heat. The phenonmenon of adsorption conprises two main
steps, nanely passage of the adsorbate fromthe
woiomwraRs ng gas phase onto the surface of thepreoitisen06/002296
phase, followed by passage of the adsorbate fromthe
surface to the volunme of the solid phase into the
adsorption sites. [0040] In an enbodi nent, RCPSA
utilizes a structured adsorbent which is incorporated
into the tubes utilized in the RSPCA apparatus. These
structured adsorbents have adlunexpectedly high nass
transfer rate since the gas flows through the channels
formed by the structured sheets of the adsorbent which
&f Pmdscaéhi(gh ooiity h:ygi_nd)gdnrqmreal 1105 mﬁh%hi‘r'ecmd bragers angf etlyasraction
C ared to a traditional packe i xe ed, arrangenent
RS erRet Fre AL GHMCrd cothel GoRYionr FH.
transfer rate of the gas phase (tg) and the mass
transfer rate of the solid phase (ts) in the current
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gdlseshens Hedn wsarie designed withredsarbsit tefl undriesth bomsire BSfps of

004 The. d di t
S e b o R S5 PP AT 2t &l eetgethan
26 i, a0t} SHAQHEA nidie Pﬁ%&‘eﬁfb ot atbN@En 007y 8R/0/aNahiFishh

wi t hout the detrinen ( s associated W th
peitrast withcenpragionadififo hoiyy whitedha ddsortizahbedbatis length pressure

s RS Rty RS SR " BPoul v, HERH duoBidae thgn P
hdogidnt usedl &ithredR calntiBhAHIK uﬁi'ﬂ@ﬁbiﬂ%désﬁ‘gneh%lzg&f %Pressure

and even rrorehlgreferably greater than 20 in.
drop<ofiagoninl woHoPHk or Ighs o mvimissttho prebleasAlismisses! thieare

- he I.t. | engt.h pressure drops.ar
AL L ABSE Wb L AR R s o
cepentomg PSROimitsh he dgesbentibets 8fcontehthd¥PPE A cannot
conventjonal PSA units being desi %ned W th a pressure
accommodate higher pressure drops because of the risk of fluidizing the beds which
results in excessive attrition and premature unit shutdowns due to accompanying
equipment problems and/or a need to add or replace lost adsorbent materials.

These markedly higher adsorbent bed unit length pressure drops allow RCPSA
adsorbent beds to be significantly more compact, shorter, and efficient than those

utilized in conventional PSA.

10042] In an embodiment, high unit length pressure drops allow high vapor
velocities to be achieved across the structured adsorbent beds. This results in a
greater mass contact rate between the process fluids and the adsorbent materials in
a unit of time than can be achieved by conventional PSA. This results in shorter

bed lengths, higher gas phase transfer rates (t4) and improved hydrogen recovery.



drop of about 1 in. H2ZOft or less to mnimze the

probl ens di scussed that are associated with the | arger
woedw/079n8g cycle tine, and particul at e absor bearased06/002296

conventional PSA units. The adsorbent beds of

conventional PSA cannot accommobdat e hi gher pressure

drops because of the risk of fluidizing the beds which

results in excessive attrition and premature unit

shut downs due to acconpanyi ng equi pnment probl ens

and/or a need to add or reptace |ost adsorbent

materi als. These markedly hi gher adsorbent bed unit

| ength pressure drops all ow RCPSA adsorbent beds to be

WignihEsecagnifiganthyr shoctenfpaicliengthhdotabpresame defpb bf tlerRSCPA

than those_ utilized in. conventianal PSA, 042] In an
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hi gher gas phase transfer rates (tg) and inproved
hydrogen recovery. Wth these significantly shorter bed
(0843} hs A Thembadluts wressurecledels peipbiyetl lariRsGRAREPPAITatdso are
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han.2 feet in |length and as ar s than .1 foot
oty e r ot e ) e B oy Tbical Bbrute
Spephiyeskeshiid Rgels igh aPEIRFOSE 2306 phia! Hofwelvb & shohld be
practice, provided that the pressure differenti al

peedvihah thermetued sensprrpowilined dysinsiths feedh dempssutisation, purge and
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lméed iy tie hagdlioperatiag perpat ahll fgnpdrgutd 6fBOLEQRR 9RER Fo be
processed by the RCPSA unit. Typical absolute
separated, strear composition, and desired recovery percentage and purity of the

RCPSA product stream. The RCPSA process is not specifically limited to any
absolute pressure and due to its compact size becomes incrementally more
economical than conventional PSA processes at the higher operating pressures.
U.S. Patent Nos. 6,406,523; 6,451,095; 6,488,747; 6,533,846 and 6,565,635, all of
which are incorporated herein by reference, disclose various aspects of RCPSA

technology.

[0044] In an embodiment and an example, the rapid cycle pressure swing
adsorption system has a total cycle time, trgr, to separate a feed gas into product
gas (in this case, a hydrogen-enriched stream) and a tail (exhaust) gas. The method
generally includes the steps of conducting the feed gas having a hydrogen purity



operating pressure |levels range fromabout 50 to 2500
psia. However, it should be noted that the actua

wonewmaasres utilized during the feed, depressurPeamisems/002296
purge and repressurization stages are highly dependent
upon many factors including, but not limted to, the
actual operating pressure and tenperature of the
overall streamto be separated, stream conposition
and desired recovery percentage and purity of the
RCPSA product stream The RERPBA process i s not
specifically limted to any absol ute pressure and due
to its conpact size becones increnentally nore
E&bndnxeﬁhs&hqmn&mnmemﬁﬂﬁﬂhbdgﬁ¢wnmh¢£&@3&mﬁbu&ﬁeﬂmbk

pressures. U Pat ent
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and a tail (exhaust) gas. e meth
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groduct gas has a purity of P%and a rate of recovery
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dmﬂmedsmnmaee“for atime, tco, followed by
counter-currently depressurizing the bed for a tine,

t CN wherei n desorbate (tail gas or exhaust gas) is

rel eased fromthpe hed L g§syre greater than or
equal to 1 psrgi‘?he Ga% u? % Fror atine, tp, O
typically with a

[0045] This embodiment encompasses, but is not limited to, RCPSA processes
such that either the rate of recovery, R% > 80% for a product purity to feed purity
ratio, P%/F% > 1.1, and/or the rate of recovery, R% > 90% for a product purity to
feed purity ratio, 0 < P%/F% < 1.1. Results supporting these high recovery &
purity ranges can be found in Examples 4 through 10 herein. Other embodiments
will include applications of RCPSA in processes where hydrogen recovery rates are
significantly lower than 80%. Embodiments of RCPSA are not limited to
exceeding any specific recovery rate or purity thresholds and can be as applied at
recovery rates and/or purities as low as desired or econoﬁqjcally justifiable for a

particular application.



portion of the hydrogen product gas. Subsequently the

bed is repressurized for atinme, tR, typically with a
weoaodsioasn2ef hydrogen product gas or feed gas , PEHAISEI06/002296

the cycle time, t ot, is equal to the sum of the

i ndi vidual cycle times conprising the total cycle

time, i.e.: tTOT + tco + tcN + tp + tRp (3) [0045]

Thi s enbodi ment enconpasses, but is not limted to,

RCPSA processes such that either the rate of recovery,

RV 80% for a product purity24¢e feed purity ratio,

P¥WF% > 1.1, and/or the rate of recovery, R% > 90% for

a product purity to feed purity ratio, 0 < P% F% < 1.

10048¢ s ul It shauld piso bie mytdd st 1vivgithih @e038py ofichid nivEdtion that

ranges can be found in_Exanples 4 through 10 herein.
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P&V BN m@ﬁtdyreﬁag,&dgggqngg@moﬁhg tail gas pressure is greater than or equal
to 80 psig. At higher pressures, the tail gas can be conducted to a fuel header.

[0048]  Practice of the present invention can have the following benefits:

(a) Increasing the purity of hydrogen-containing stream(s) available as
make-up gas, or of streams which must be upgraded to higher purity before they are

suitable as make-up gas.

(b) Increasing the purity of hydrogen-containing recycle gas streams
resulting in an increase in overall hydrogen treat gas purity in the hydrocracking
reactor recycle and quench gas streams to allow for improved hydrocracking

severity or additional product treating.



[0047] In an enbodinment, the tail gas is also
preferably rel eased at a pressure hi gh enough so that
woOheostoasd2s gas may be fed to anot her devi ce absear/usaiok/002296
gas conpression. Mire preferably the tail gas pressure
is greater than or equal to 60 psig. In a nost
preferred enbodi nent, the tail gas pressure is greater
than or equal to 80 psig. At higher pressures, the
tail gas can be conducted to a fuel header. [0048]
Practice of the present inveBit+on can have the
follow ng benefits: (a) Increasing the purity of
hydr ogen- cont ai ni ng strean(s) avail abl e as make-up
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[0050] Increased H; recovery also offers significant potential benefits, some of

which are described as follows:

(1) reducing the demand for purchased, manufactured, or other sources of H,
within the refinery;

(i) increasing hydrocracking feed rates at constant (existing) makeup gas
demands as a result of the increased hydrogen recovery;

(iii) improving the hydrogen purity in hydrocracking reactions for increased

heteroatom removal efficiencies;



exi sting conpressors and/or treat gas circuits

(increased scf H2 at constant total flow, or sanme scf
wol2omto7dser total flow); and ot her neans that paowiSe00be02296

apparent to one skilled in the art. [0050] Increased H

recovery also offers significant potential benefits,

sone of which are described as follows: (i) reducing

the demand for purchased, nanufactured, or other

sources of H2 within the refinery; (ii) increasing

hydrocracki ng feed rates at-2bnstant (existing) makeup

gas demands as a result of the increased hydrogen

recovery; (H) inproving the hydrogen purity in

hy dr @er@moioving a pertiph ofi thefIdy fromarfoers dudl ene mhathoimdetrimental
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benefits that woul d be apparent to one know edgeabl e
in the art. [0051] The foll ow ng exanples are

$pNt ethd RllohiddiSlabipldsfe PHBRSE PorQiHhHra8ing
Eg? Ee cited as b‘(’gi ngﬁ_;lli m t?ng in any vva)?. Eﬁ%%%ﬁélzsgonlyand
shoahphet be gipd5e beingilanitingip ey Why.ustrat es t he
conventional or prior art. A hydrocracker unit is fed

wi th hydrogen streans fromdifferent sources i.e. 16.2
MRANIPEEY % hydrogen purity froma nenbrane unit, 11.4

VBCFD @ 95% H2 purity from hydrogen plant and 7.2
MSCFD 95% H2 purity froma cryogenic unit. Based on

%Eg gﬁpgcity of the hydrocracker a purge streamof 1.2
removed to avoid

[0052]  This example illustrates the conventional or prior art. A hydrocracker
unit is fed with hydrogen streams from different sources i.e. 16.2 MSCFD @ 97%
hydrogen purity from a membrane unit, 11.4 MSCFD @ 95% H2 purity from
hydrogen plant and 7.2 MSCFD 95% H, purity from a cryogenic unit. Based on the
capacity of the hydrocracker a purge stream of 1.2 MSCFD is removed to avoid
build up of hydrocarbons in the loop before the combined feed (total 33.6 MSCFD
@ 95.9 % H, purity) is directed to the hydrocracker. In the hydrocracker, 28.9
MSCFD is consumed and a recycle stream of 4.2 MSCFD @ 80% H, is created.

Example 2
[0053]  This example illustrates one embodiment of the invention. A

hydrocracker unit is fed with hydrogen streams from different sources. One source
is a membrane unit supplying 14.5 MSCFD @ 97% hydrogen purity. In the
embodiment of the present invention, the hydrogen from the cryogenic and
hydrogen plant streams cited in Example 1 are supplied first to an RCPSA unit. The
product from the RCPSA unit comprising 19.1 MSCFD @ 99% H, purity is



buil d up of hydrocarbons in the | oop before the

conbi ned feed (total 33.6 MSCFD @95.9 % H2 purity) is
wdiomoredst o t he hydrocracker. I n the hydrocr aekEmUs2006/002296

28.9 MSCFD i s consuned and a recycle streamof 4.2

MSCFD @ 80% H2 is created. Exanple 2 [0053] This

exanple illustrates one enbodi nent of the invention. A

hydrocracker unit is fed with hydrogen streans from

different sources. One source is a nmenbrane unit

suppl ying 14.5 MBCFD @ 97% h¢drogen purity. In the

enbodi nent of the present invention, the hydrogen from

the cryogeni c and hydrogen plant streans cited in
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gasoline) fromthe heavier feedstocks. Exanple 3
[0054] In this exanple, the refinery streamis at 480
Bsampl §h tail gas at 65 psig whereby the pressure
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%@fé@y'tﬂe 9@99 "s@ 2i6NG, 01"1‘16"13&3' &ﬁﬁﬁﬁtL&%ﬂd Pressutes are

appl i cati ons i s exanpl e typl ons “ar e
tiset pheadineyy pﬂmeessu@mhts suctuatibpsd foend G:ilhydmprobessmg, orC

etc A S ca able of produci ng
ﬁygfpga%ﬁlgaﬁp ICWWRgfﬂ?WX&WQ fygicql ydsecsrbons asg S desceibed by
fRAgArkYn dureeériat €5 = nlahhRs d, @etﬁ% b THQWGIJS?\ is capable of
resul ts of computer sinulation of the RCPSA
producing hydrogen at > 99 % purity and > 81 % recovery over a range of flow
rates. Tables 1a and 1b show the results of computer simulation of the RCPSA and
the input and output percentages of the different components for this example.
Tables 1a and 1b 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.



the input and out put percentages of the different
conponents for this exanple. Tables la and Ib al so
wehow/eest he hydrogen purity decreases as recBCEMUB2008/002296
increased from89.7 %to 91.7 %for a 6 MVBCFD stream
at 480 psig and tail gas at 65 psig.Tables | a &1Ib
Conposition (nol % of input and output from RCPSA (67
ft3) in H2 purification. Feed is at 480 psig, 122 deg
F and Tail gas at 65 psig. Feed rate is about 6
MVBCFD. Table la. Hi gher pur®y Step Tines in seconds
are tF =, tc o =0.167, tCN =0, tP =0.333, t =0.5 H2
at 98.6 %purity, 89.7 %recovery feed product
Tail-Gas H2 88.0 98.69 ll&baiesl@&lfb 31.28 25,1 C2 0.2

0.01 1.0 CSAE 0.01 12 2.9 0.00 14.8 H20 2000
vppm 65 vpp @QBBSIV (/)a‘?fl RvtRhpuput drom 934
1.228 480 ’éstb%lq ZPablﬁ@atlen Hi gher
purity St edulsmt48 @gcbzq?déegFendIT&ﬂ gastat®548i8 33,

tCN =0, tP =0. 167 Feed pateis abp@O&MMBGFIRCPSA' s
described in the present invention operate a cycle

Table 1a. Higher purity
Step Times in secounds are ty=1, tco =0.167, tcn =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 25.1
C2 0.2 0.01 1.0
Cc3 26 0.01 12.3
C4+ 29 0.00 14.8
H20 2000 vppm 65 vppm 9965 vppm
fiotal (MMSCFD) 5.162 4.934 1.228
480 psig 470 psig 85 psig

Table 1b. Higher purity
Step Times in seconds are ty=1, tco =0.333, toy =0, tp =0.167, tgp =0.5

H2 at 97.8 % purity, 91.7 % recovery

P

feed product Tail-Gas

H2 58.0 97.80 159

C1 6.3 2.14 25.0

Cc2 0.2 0.02 1.0
C3 2.6 0.02 12.3
C4+ 2.9 0.00 14.9
H20 2000 vppm 131 vppm 10016 vpm

fotal (MMSCFD) 6.160 5,085 1.074

480 psig ) psig 65 psig

[0055]

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 depressurization, step 3 is counter-current depressurization, step 4 is

purge, usually counter-current) and step 5 is repressurization with product. In the

RCPSA's described here at any instant half the total number of beds are on the feed



consisting of different steps. Step 1 is feed during

whi ch product is produced, step 2 is co-current
wdemredssnusgi zati on, step 3 is counter-current PCT/US2006/002296

depressurization, step 4 is purge, usually

counter-current) and step 5 is repressurization with

product. In the RCPSA s descri bed here at any instant

hal f the total nunmber of beds are on the feedstep. In

this exanple, tTQ = 2 sec in which the feed tine, tp,

is one-half of the total cyeRe- Exanple 4 [0056] In

this exanple, the conditions are the sane as in

Exanpl e 3. Table 2a shows conditions utilizing both a

stepc Un tenbxamle Cosint @rse€ i whith d 98 tih, S (ﬁl‘éﬁhalf of the total

h%ﬂrogen purity > 99 % Table 2b shows that the

fit er-current depressurization step may be

el i mnated, and a hydrogen purity of 99% can still be

naintained. In fact, this shows that by increasing the

Exampdé 4t he purge cycle, tp, by the duration renoved

t he .count er - cur r ent ep ressuri zati on st ep, tc> |
i@% hy driB&UR SXERRi§eihg Cela%tla’és 16 dhesasnapstis Exampled. Fhble 2a

88%%s dahtRshs 2R0i%in %Q)oﬁ 5 86! tcuﬁﬁggfggﬁggﬁ;tr ?%@r?@nst §Pe|% to achieve

gurlt and recove om an
vieEen pmtngr%(@ 'Eable 2Fekuivs thatithe480ntpst@rent aegresmlzalon
nd_ Tai.l t 65 Feed I at g?l s about 6 CFD.

S5 MY e HRipRed g e osIgRI F 9 $%<can il b mAmEied. In

?ES?EIE SBoA0Bs{ ol MR SOULET s W Bl

reatqvied fiong theemmtwnwemgmpmsmmaom steg, teythettlydrogen

onent as s olum of Table 3 (e.

%% %8#%%%#?&3? kﬁﬁl%ﬁﬁ%%74 % H2) . The stseag1is
at 480 pS|g wth RCPSA tail gas at 65 psig whereby the
absol ute pressure swing is 6. 18. Once again the RCPSA
of the Tables 2a & 2b

Effect of step durations on H2 purity and recovery from an RCPSA (67 £td).

Same conditions as Table 1. Feed is at 480 psig , 122 deg F and Tail gas at 65

psig. Feed rate is about 6 MMSCFD.

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

purity | recovery t 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

Table 2b. Without counter-current depress

purity [ recovery [ tco ton te trp
% % 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




present invention is capable of producing hydrogen at
> 99 %urity and > 85 % recovery fromthese feed
woaenpasdgons. Tabl es 3a and 3b show the resul PeTARS2006/002296
this exanple. Tables 3a & 3b Conposition (nmol % of
i nput and output from RCPSA (53 ft3) in H2
purification. Feed is at 480 psig, 101 deg F and Tai
gas at 65 psig. Feed rate is about 10 MVBCFD. Tabl e
3a. Higher purity Step Tines in seconds are tF =0.583,
tc o =0.083, tCN =0, tP =0.230-t =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 C3 2.6
Bx0tple 8 C4+ 3.9 0.00 11 .0 H20O 2000 vppm 0.3 vppm

vppm,l.total (MVSCFD) 10.220 6.514 3.705 480 psig

BiBTh! o s Bt abing sbo MYSERTHsERey steap: marcizern
= { =Q. . = =0
SRR SRl Colboi & Mo e SR JBs TN e fead
edthonigbn tenthingdd % Hek sThestteanhisgh 480 p6s witi RCPSA4ail gas at
esent. i nvepti on shows that .high rity (99 %9 rmy be

giPaﬁgn Py W@%bﬂll@éﬂgﬁsgrﬁ, SWipg % 6 T8 Prie pestin fhig RCPSA of the
pRE&ERIREtion is capable of producing hydrogen at > 99 % purity and > 85 %
recovery from these feed compositions. Tables 3a and 3b show the results of this

example.

Tables 3a & 3b
Composition (mol %) of input and output from RCPSA (53 {t*) in H2
purification. Feed is at 480 psig, 101 deg F and Tail gas at 65 psig.
Feed rate is about 10 MMSCEFD.

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

H2 at 99.98 % purity and 86 % recovery

feed product o TalGas
H2 74.0 99.98 29.8
C1 14.3 0.02 37.6
C2 52 0.00 13.8
C3 2.6 0.00 74
Ca+ 3.9 0.00 11.0
H2£ 2000 vppm 0.3 vppm 5387 vppm
Jtotal (MMSCFD) 10.220 6.514 3.705
480 psig 470 psig 65 psig

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

H2 at 93 % purity and 89 % recovery

| feed product Tail-Gas
S

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

Cd+ 3.9 0.00 13.4
H20 2000 vppm 142 vppm 5501 vpm

otal (MMSCFD) _l 10.220 7.240 2.977

480 psig 470 psig 65 psig



[ 0058] Tables 2a, 2b and 3a show that for both 6

MVBCFD and 10MMSCFD fl ow rate conditions, very high
wouanictogodrydr ogen at ~99 % and > 85 % ecovery i 8CT/US2006/002296

achi evable 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 hi gh pressure have not been

di scovered before and are a key feature of the present

i nvention. [0059] Table 3c sBBdws the results for an

RCPSA (vol unme = 49 cubic ft) that delivers high purity

(> 999% H2 at high recovery for the sanme refinery

stream di scussed in Tables 3a and 3b. As conpared to

Tabbth Gaes FmiwreinItabddsBammti BatabsidYialthbuditailigss ﬁfla‘gsure is high at

can _be achi eved by simultaneously

te
GBIz 15 SEHE IRRGPHOR gho ey (etiieh BRSCPEI%) meebe ahiginetaf the

t&Y ¢ &s sifBciendP s Ef fect of step durations on
@w%ﬁﬁ§Q&gan% rg?ovgryn%§%%1an RCPSA (49 ft3). Feed is

at 480 psig , 101 deg F and Tail gas at 65 psig. Feed

(Pt 2P ooeor s %%?fgr&%%f@h% e 10 MMSCFD
kot R8I cdrlditisils! 9§ hidifur Rf E&@{] g@ﬁ'QFL § % recovery is

operated in accor dance nventl on
@é@éYqbé‘éWlﬂiéheRQP@A i botcangs| the taihmasfiesidsd 1551@ Stu)tl@ i

AT BHERSRS B0 Rrodtinian deBhetitins Bedt Ry bau 11533
Upleret pyvdneaes }ﬁélpgx‘éﬁstur@ﬁav%%oﬁ beby (ﬁg&\(@fe)ﬂ PR&A o ﬁ ahl?ey

tail gas is exhaus psig. In thi's case
fostyre @4 thecprasans invention.o a flash drum or ot her
separator or other downstream refinery equi pment

s e e U P A NS A (Yalie 1D S that
abls@rd mga\p%tﬁ@ %45 1 avﬂ@mre&!%xy“fug fhe %He J&Jrg stream

desirable for refinery uni'ts tha
Aipenssedin Batrles baands3h. eéanompawseirto Table 3a, Table 3¢ shows that

similar purity and recovery rates can be achieved by simultaneously decreasing the

duration of the feed cycle, tp, and the purge cycle, tp,

Table 3§ Effect of step durations on H2 purity and recovery from an RCPSA
(49 1t°). Feed is at 480 psig , 101 deg F and Tail gas at 65 psig. Feed rate is
about 10 MMSCFD. Without counter-current depress

purity { recovery te tco ton tp trp
% % s s s s S
95.6 87.1 0.5 0.167 0 0.083 0.25
97.6 86 0.5 0.117 0 0.133 0.25
99.7 85.9 0.5 0.083 0 0.167 0.25




| evel s of CO ensure that the catalysts in the
downstream units operate without deterioration in
wacbticreoes over extended | engths. Conventi onal P8RNUS2006/002296
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
pressure or the high pressure of other equi pnent that
processes such RCPSA exhaust. Since all the tail gas
is available at 40 psig or greater, no additiona
conpression is required for integrating the RCPSA with
refinery equi pnent. Table 4 Conposition (nmol % of
iBxamiplaiéd out put from RCPSA (4 ft3) in carbon nonoxide

Q& ydrqgg bon repoval from hydrogen. Feed is at 300
3 " 101 éJé egampley Trbled further illysteten the pefarmavBERDRCPSA's

i ' F =0.5, =0.1, .t =tP
e L ST BN
thmised & 4 typiqabrdfmenpsteanoindREREAPEsARELABEY pEiB. The RCPSA of

ccordance wi.th, the invention being described here.
errsioit HHeBEOh G a&i‘? OIMBENG¢eD Vi hydroEen piodusted3 6 %

&b S [ finger r,ochem cal .
LM L S O P
b pentao edlash druncor othet sepaprtesewither ao@Btrsdne Pefirfery equipment

a @‘Joiuﬁgxgﬁfpt er the.co-current step. I n accordance wt
1RO § GIOPrPSHPRresHIremenis AnpiherimgRrtant aspesswéthis

ioh i I t.Al S S
(B Eiion & thasht RSV 8B W RId0 FPQ 2 \ﬁ){p#nagﬁl’lc}i B expemely

rel eased at 65 psig or greater. In co
esforreefingry unjssthatusevhe pakdhet erdgew easichedtic@m. Lower

I
S rogen.in.the counter-current depressurization
g"'&%ﬁ eSS bt v g@‘e’%ffqaﬁl Wi peEte witheut
Betghieration @b siHveyfvet Bﬁeﬁde_rdQ%ﬁgthQ CHabLRiond] i?g%: céégﬁ@:{negt this

that no tail gaS conpressio S required.

6§ specification and simultaneously also meet the condition of 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 tajl
gas is available at 40 psig or greater, no additional compression is required for

integrating the RCPSA with refinery equipment.

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 deg F, and Feed rate is about 0.97 MMSCFD.
Step Times in seconds are tz=0.5, tco =0.1, tcy =0, tp =0.033, tgp =0.066

H2 at 99.99 % purity and 88 % recovery
feed product Tail-Gas

H2 89.2 99.98 48.8

c1 3.3 0.01 13.9

c2 2.8 0.01 13.9

C3 2.0 0.00 10.2

C4+ 26 0.00 13.2
ﬁ—‘ _ﬂ N— L 1“
total 0.971 0.760 0.211

300 psig 290 psig 40 psig



Effect of Tail Gas Pressure on recovery Exanpl e of
RCPSA applied to a Feed with H2 concentration (51.3
waoubosro@enposi tion (mol % of input and out pupPCTUS2006/002296
RCPSA (31 ft3) in H2 purification. Feed is at 273
psig, 122 deg F and Feed rate is about 5.1 MVSCFD.
Table 5a. Step Tines in seconds are tF=0.5, tc o
=0.083, tCN =0.033, tP =0.25, [a] Tail gas avail able
from65-83 Dsia, H2 at 99 .7 % DUtitv and 81 %
recovery feed product Tail-&3%-H2 5 1 .3 99.71 20.1 C1
38.00.29 6 1 .0 C2 4.8 0.008.0C32.20.00 3.8 cC4+
3.7 0.00 6.4 H20 4000 VDpm 0.7 VDDm 6643 VPDm kot al

Exnympie75. 142 2. 141 3.001 273 psig 263 pSI g 65-83
are tF 667, tc o

REIoTE? " Frapfee 588 sheompatssas ey s of FGPSMS opgaied n
vy %@%@%ﬁﬁ%ﬁ% A% 38y TH i B Byl e
Bevey . inthei®ed (1392 naplBarid Bca t§pRalGefinyhelobiendicdl stream. In
both cases (corresponding to Tables 5a and 5b), a counter current depressurization
step is applied after the co-current step. In accordance with the invention, Table 5a
shows that high Hj recovery (81%) is possible even when all the tail gas is released
at 65 psig or greater. In contrast, the RCPSA where some tail-gas is available as
low as 5 psig, loses hydrogen in the counter-current depressurization such that H,
recovery drops to 56%. In addition, the higher pressure of the stream in Table 5a

indicates that no tail gas éompression is required.

Tables 5a & 5b
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 ft*) in H2
purification.
Feed is at 273 psig, 122 deg F and Feed rate is about 5.1 MMSCFD.

Table Sa. Step Times in seconds are tz=0.5, tco =0.083, toy =0.033, tp =0.25,

tRP =(.133
[a] Tail gas available from 65-83 psig H2 at 99.7 % purity and 81 % recovery
feed product Tail-Gas
H2 51.3 99.71 20.1
C1 38.0 0.29 61.0
c2 48 0.00 8.0
(o) 2.2 0.00 3.8
C4+ 37 0.00 6.4
H20 4000 yppm 0.7 vppm 6643 vopm
Eotal (MMSCFD) 5.142 2.141 3.001

273 psig 263 psig 65-83 psig



C4+ 3.7 0.00 6.2 H20 4000 VDDm 0.0 VDDm 5630 VDDm
kot aWMWBSCFD} 5.142 1.490 3.651 273 psig 263 psig 5-65
wo@/Exespl e 8 [0062] In this exanple, Tabl esréauanme/002296
6b conpare the performance of RCPSA's operated in
accordance with the invention being described here. In
t hese cases, the feed pressure is 800 psig and tai
gas is exhausted at either 65 psig or at 100 psig. The
conposition reflects typical inpurities such H2S,
whi ch can be present in such34efinery applications. As
can be seen, high recovery (> 80%) is observed in
both cases with the high purity > 99 % In both these
dabls5h. @tey Tameoiusecemte td epEEHE TG Fa.267, Dhy +083S §0-02083,
the effluent during this sgepoisg sent to other beds in
the cycle. Tail gas only issues during the

C Qi i GJs Qbbb B P SRLIE:0 81> o8Py nuF 2RI 6 Lo SHOVS the case for

exhausted in a] counterscurrent depressurl zatl on Si
foll ow a cofcurrefft® depressuri z&i on. The eff48@ent
of the gp-currpnt deggessun zat i or})%s of suffi C|§§1t
purity @nd preasure Bo be able to mﬁturn it one @

° MMECE
p

i ssues during the cSufter - cur r ent? ﬁ%ﬁressurlzaflﬂﬁgand

the counter-current purge steps. [0063] In all cases
pgre anount of tail gas is available at el evated

BMFssure which allows for integration with other high

63k ur e In i ﬂ%@fyplgr'fﬁbé@sﬁa andi 6 qoammvethetpeeforreattefodr
R RGhah SR TB TSR Bt ST M, s
o s o
1(?0@5{1g nghe cemppsition reflects typical impurities 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 co-
current depressurization is used and the effluent during this step is sent to other
beds in the cycle. Tail gas only issues during the countercurrent purge step. Table
6¢ shows the case for an RCPSA operated where some of the tail gas is also
exhausted in a countercurrent depressurization step following 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 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.

[0063] 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 required compression while producing high



to the refinery, petrochem cal or processing |ocation

or even to the nature of the particular nol ecul es
woelrsg7srepar at ed. Tabl es 6a, 6b, & 6c Exanpl e 8CTRSRBA002296

applied to a high pressure feed Conposition (nol % of

i nput and output from RCPSA (18 ft3) in H2

purification. Feed is at 800 psig, 122 deg F and Feed

rate is about 10.1 MVSCFD. 6a. Step Tines in seconds

are tF =0.91, tCo =0.25, tCN =0, tP =0.33, =0.33 6b.

Step Tinmes in seconds are tF350.91, tCo =0.25, ten =0,

t P =0.33, tRp =0.336¢c. Step tinmes in seconds are tF

=0.91, tc o =0.083, tCN =0.25, tP =0.167, t . =0.41

fputityTgaslat fih ecovarss-Th 208 r8anve with fhe 19Gadcl MnWwtithiy idRetion,

4 %recovery feed prsg(gluct Tail-Gas H2 74.0 99.95 28.9

esq 5555 Gregenly 80 be eonslepecbpsgbuszniive examplss endgotiimiting either

R BB o R O R 180T b o
peitigulax arph¢al Hedf}bsbparbsdd. es 7a, 7b, and 7c conpare

the performance of RCPSA' s operated in accordance with
the invention being described here. The stream bei ng

purified has higher H2rhpetBg. diEadet85 % mol) and is a
)

typical refgnait e .3 g})ﬁﬁ‘ld &4 i pllegsure feed
Composition (mol %) of input and output from RCPSA (18 ft’) in H2

purification.
Feed is at 800 psig, 122 deg F and Feed rate is about 10.1 MMSCFD.
6a. Step Times in seconds are t=0.91, tco =0.25, tcy =0, tp =0.33, tgp =0.33

[a] Tail gas at 65 psig, H2 at 99.9 % purity and 87 % recovery

feed product Tail-Gas
H2 74.0 99.99 29.5
C1 14.3 0.01 376
Cc2 52 0.00 14.0
c3 26 0.00 7.4
C4+ 3.9 0.00 10.9
H238 20 vppm 0 55 vppm
Jtotal (MMSCFD) 10.187 6.524 3.663
800 psig 790 psig 65 psig

6b. Step Times in seconds are ty=0.91, tco =0.25, tcy =0, tp =0.33, tgp =0.33
[b] Tall gas at 100 psig, H2 at 99.93 % purity and 80.3 % recovery

feed product Tail-Gas
H2 74.0 99,93 38.1
Ct 14.3 0.07 32.8
c2 5.2 0.00 12.5
C3 26 0.00 6.5
Ca+ 3.9 0.00 9.6
H2S 20 vppm 0 vppm 49 vppm
Jtotal (MMSCFD) 10.187 6.062 4.125

800 psig 790 psig 100 psig



these exanples the purity increase in product is bel ow

10 % (i.e. PIF < 1.1). Under this constraint, the
worbtdsmding t he present invention is able to preduas2006/002296

hydrogen at > 90% recovery w thout the need for tail

gas conpression. Tables 7a, 7b, & 7c. Exanple of RCPSA

applied to a Feed wwth H2 concentration (85 nol %

Conposition (nmol % of input and out put from RCPSA

(6.1 ft3) . Feed is at 480 psig, 135 deg F and Feed

rate is about 6 MVBCFD. 7a.-%ep Tines in seconds are

tF =0.5, tc o =0.33, toy =0.167, tP =0.167, tjjp =1.83

recovery = 85 % feed product Tail-Gas H2 85.0 92.40

57.9 Cd 8.0 4.56 17.9 C2 4.0 1.79 13.1 C3 3.0 1.16

16cAStep timesOinGeOnds. £reHz €0.20,00, 8GO8H tEBR24, to+@167, trp =0.41

(MVSCFD) 6.100 4.780 1. 320 480 psig 470 pSI g 65 pSI gb

St il Jes frerss51190 psig ¢i2 atgP. & 2198

tP =0.083, t '
Tai | - Gag H2 84.0 909‘6;58 2C1 89@055 47718 1 ngg.o
2.23 12c9 0.00 137
c3 2.6 0.00 7.2
I34+ 3.9 0o.oo 10.6
2S 20 vppm 0.01 vppm 53 vppm
fotal (MMSCED) 10.187 6.373 3.814
800 psig 790 psig 65-100 psig
Example 9

[0064] Tables 7a, 7b, and 7¢ compare the performance of RCPSA's operated in
accordance with the invention being described here. The stream being purified has
higher Hj 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 the need for tail gas compression.

Tables 7a, 7b, & 7c.
Example of RCPSA applied to a Feed with H2 concentration (85 mol %) .
Composition (mol %) of input and output from RCPSA (6.1 ft°) .
Feed is at 480 psig, 135 deg F and Feed rate is about 6 MMSCFD.

7a. Step Times in seconds are ty=0.5, tco =0.33, tey =0.167, tp =0.167, tgp =1.83
recovery =85 %

feed product Tail-Gas
H2 85.0 92.40 57.9
C1 8.0 4.56 17.9
c2 4.0 1.79 131
C3 3.0 1.16 10.4
C4+ 0.0 0.00 0.0
H20 2000 866.5 6915
e —————— A —
jtotal (MMSCFD) 6.100 4.780 1.320

480 psig 470 psig 65 psig




C3 3.0 1.29 10.1 ¢4+ 0.0 0.00 0.0 H20O 2000 1070.5 6823
[total (MVBCFD) 6.120 5.150 0.969 480 psig 470 psig 65
wo@/07e028Step Tinmes in sec. are tF =2, tCo =0rP6®TS2006hh2296
=0.333, tP =0.167, t =0.833 recovery 90 % feed product
Tail-Gas H2 85.0 90.19 55.2 C1 8.0 6.21 18.8 C2 4.0
2.32 13.9 &G3 3.0 1.17 11.3 C4+ 0.0 0.00 0.0 H20 2000
1103.5 7447 jtotal (MVSCFD) 6.138 5.208 0.93 480 psig
470 psig 65 psigCLAIMS: 1. A process for hydrocracking
a hydrocarbon feed, conprisrAg: a) contacting a
hydr ocarbon feed in a hydrocracking zone with a
hydr ogen-contai ning gas and a catal ytically effective
anmount of a hydrocracki ng catal yst under hydrocracking
ChnSliepiTintes il eéc Aye teaytdq AB33NtR J09we, t, R0I0B3, g =0.417
hydrocarbon |iqui d phasgeanerya- 9ppor phase contai ni ng
hydrogen and |ight hydrocarbons; b) separating the

| ower boi | ing Hydrocar@on T1quid phate and [NE  TaiGas
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

{total (MMSCFD) 6.120 5.150 0.969
480 psig 470 psig 65 psig

7c. Step Times in sec. are tg=2, tco =0.667, tcy =0.333, tp =0.167, trp =0.833
recovery =90 %

feed ~_product Tail-Gas
H2 85.0 90.19 55.2
CA1 8.0 6.21 18.8
Cc2 4.0 2.32 13.9
C3 3.0 1.147 11.3
C4+ 0.0 0.00 0.0
H20 2000 1103.5 7447
ftotal (MMSCFD) 6.138 5.208 0.93

480 psig 470 psig 65 psig




vapor phase; c) renoving at |east a portion of the
I i ght hydrocarbons fromat |east a portion of the
woapwro7phase, thereby increasing its hydrogen PCT/US2006/002296
concentration, in a rapid cycle pressure sw ng
adsorption unit containing a plurality of adsorbent
beds and having a total cycle tinme of |ess than about
30 seconds and a pressure drop within each adsorbent
bed of greater than about 5 inches of water per foot
of bed length; and d) recyctPdg at |least a portion of
t he vapor phase of step c) above having an increased
concentration of hydrogen to the hydrocracki ng zone.
CLAMSprocess of claim 1, wherein the hydrocarbon
feed is selected fromthose boiling above about 350 OF
(177 0C). 3. The process of claim2, wherein the

hydr ogar bog L tRRek fo? h§&lo%%ﬁﬁll fo %6&?0(91rﬁgcglcﬁ?ﬁ>§1'sﬁl l ng

of naphtha boiling range ker osene
f eeds, and)diogtactihga hytthmpdmbng f¢ealnge1 Hyeemtsackihg z'ﬂine w1th a

f cl 3. wh d bon feed
S R e T

|'i qui hdrodrdfl@ng Eﬁﬁfﬁb wirdef H?dl‘éénacf@lﬁg\%n&igglggs tjﬂﬁr%m/ r%sultmg ina

at nospheric_gas oil's, vacuum gas o

vacuueeahedilaghydsisertion liguid pheae ahyd N@pmmaﬁcbomxammg

m | dl [ocr uaI oils, coker distillates,
straﬂéﬁ?gg §ﬂ§§$g¥éP APOU%| vent - deasphal ted oil s,
pyrolysis Iﬁ%épa\t@tﬁh bSowét lﬂﬁlub%’h drB&ar%&Pﬁdﬂﬁ& foidn he

cycle oil s and cat cracker di | ates. 5. e process
of clv@Pey phasgherei n t he hydrotreating cat al yst

R R P R -
a zeqortién obibleivapor pHabé, Gherdb W fAchedsingd hydrogen concentration, in
a rapid cycle pressure swing adsorption unit containing a plurality of
adsorbent beds and having a total cycle time of less than about 30 seconds
and a pressure drop within each adsorbent bed of greater than about 5 inches
of water per foot of bed length; and
d) recycling at least a portion of the vapor phase of step c) above

having an increased concentration of hydrogen to the hydrocracking zone.

2. The process of claim 1, wherein the hydrocarbon feed is selected

from those boiling above about 350 °F (177 °C).

3. The process of claim 2, wherein the hydrocarbon feed is selected
from the group consisting of naphtha boiling range feeds, kerosene

boiling range feeds, and distillate boiling range feeds.

4. The process of claim 3, wherein the hydrocarbon feed is selected

from the group consisting of Fischer-Tropsch liquids, lube stocks,



nol ecul ar sieve. 6. The process of claim2, wherein
the total cycle tine of rapid cycle pressure sw ng
wademrogeazen i s | ess than about 15 seconds. 7. PO®US2006/002296
process of claimb5, wherein the total cycle tine is
| ess than about 10 seconds and the pressure drop of
each adsorbent bed is greater than about 10 inches of
wat er per foot of bed length. 8. The process of claim
6, wherein the total cycle tine is |less than about 5
seconds. 9. The process of eB8rm 7, wherein the
pressure drop of greater than about 20 inches of water
per foot of bed |length. 10. The process of claim1l,
wher ei n t heffiyatés heavyeaphthhe ssmodpderialgadivils] aareo patsoils,

and the pressur rop is greater than about 10 inches
of water p‘g"’rasﬁl@iﬁego‘fﬁﬁ » g‘gﬁtm?akfm?ﬁ@d% b depsregied or
claim9, whanBl Byd-h8ag¥alr&idialBild $

seconds and tﬁgﬁbresgurerdﬁ%sﬂﬁg’gpggﬁgﬁhpﬁghaggg&t 0
i nches of distiléates) eolvemtedeagfhaliedioils pytdlysid-Aerivdieoils, high
process of, cl.aim wher ei n_saj d dr ogen- cont ai ni ng
gas is corRﬂ“{l%% ety od{ﬁr ?Weeﬁllllslﬁi%aﬁﬁraﬁ dstdgtesed
froma hydrogencontai ning nmake-up gas in a rapid cycle

pressure sThaprodets @ Rlairar, Whistei RtFRItRAiA; Bk ddaYains
of adsorbent beds and having a total cycle tine of
| ess t han HBAIMAYG coBwenwEs salerted Hewdbe gougroopsisiinghdofrobalt,

h ad t bout..5 i.nch
vt or por Toot Grendt FERTM 8 AL CHPRiRa®

make- up gasolecwlar $ibee.r api d cycl e pressure sw ng
adsorption unit is higher in hydrogen concentration

6. The process of claim 2, wherein the total cycle time of rapid cycle

pressure swing adsorption is less than about 15 seconds.

7. The process of claim 5, wherein the total cycle time is less than about
10 seconds and the pressure drop of each adsorbent bed is greater

than about 10 inches of water per foot of bed length.

8. The process of claim 6, wherein the total cycle time is less than about
5 seconds.
9. The process of claim 7, wherein the pressure drop of greater than

about 20 inches of water per foot of bed length.

10. The process of claim 1, wherein the cycle time is less than about 10

seconds and the pressure drop is greater than about 10 inches of water

per foot of bed length.



than the hydrogen-containing gas. 13. The process of

claim 12, wherein the hydrocarbon feed is sel ected
wonewordes gr oup consi sting of naphtha boiling Pangs2006/002296

feeds, kerosene boiling range feeds, and distillate

boiling range feeds. 14. The process of claim 12,

wherein the cycle tinme is | ess than about 10 seconds

and the pressure drop is greater than about 10 inches

of water per foot of bed |length. 15. The process of

claim 14, wherein the cycle-4047e is | ess than about 5

seconds and the pressure drop is greater than about 20

i nches of water per foot of bed length. 16. The

pr ockEss ofThelpaddesd of viash 6] whereoht cotle oiflne ib desy @p@rabout 5

phase is not treated in the rapid cycle pressure sw ng

adsor pt i ofe¢asds apd theprstaurs grp Ihgrsrist Biap ghautaiinghesah water

portion i to the hydrocracki ng zone.

17. The p?€§§§§°§?&%ﬁﬁgﬁrll, wherein a portion of the

vapor phase is not treated in the rapid cycle pressure

swi N@. ads digtprogessinf ¢tlaimo 1y wherein daidyhydrpgeir-cudaibingsgas ixd

whi ch tion i : led to the.h Ki
Jone. 18, CRMRFISELELE Punlieh ek n rs WIUH, Hem ddpidetien-
feed, conppbh@idigs n@kea@r%{?wa i@cyRISpREAND R idgeMorphion

a hydrocracking zone wth a hydrogen-contai ning gas
and a cat anittcooinipg efplaelityvd adsnsbent bedls and having a total cycle

hydr ocr acki n at st. u r_hydrocracki ng condjtions
ther eby 1 Sutiel Ry okt 2ootf D et AR AR s P Bo b St
l'i qui d phagsorbat tRd\IRAatdRIRGLABANP inches o Pvatdy PEOBSTOf bed
and |ight hydrocarbons; wherein the
length, wherein the purified make-up gas from the rapid cycle
pressure swing adsorption unit is higher in hydrogen concentration

than the hydrogen-containing gas.

13. The process of claim 12, wherein the hydrocarbon feed is selected
from the group consisting of naphtha boiling range feeds, kerosene

boiling range feeds, and distillate boiling range feeds.

14. The process of claim 12, wherein the cycle time is less than about 10
seconds and the pressure drop is greater than about 10 inches of water

per foot of bed length.

15. The process of claim 14, wherein the cycle time is less than about 5
seconds and the pressure drop is greater than about 20 inches of water

per foot of bed length.

16. The process of claim 1, wherein a portion of the vapor phase is not

treated in the rapid cycle pressure swing adsorption unit to remove



purified nmake-up gas is produced froma

hydr ogen-cont ai ni ng make-up gas in a rapid cycle
wonresgus|s SWi ng adsorption unit containing a pParalsaog/002296

of adsorbent beds and having a total cycle tine of

| ess than about 30 seconds and a pressure drop within

each adsorbent bed of greater than about 5 inches of

wat er per foot of bed | ength, wherein the purified

make-up gas fromthe rapid cycle pressure sw ng

adsorption unit is higher in4hydrogen concentration

than the hydrogen-containing gas.; b) separating the

| ower boiling hydrocarbon Iiquid phase and the vapor

phase; andigh} hyéoyabbngamd whiegh$ortbonaie tlsb eecyefeditbehe

vapor phase of step to the hydrocracking zone. 19. The

process oftyAregr#fkitg ZQf%er ei n” t he hydrocarbon feed is

sel ected fromthose boiling above about 350 OF (177

00 .120. The l a [ j

t he vapor ph ggg%ggﬁ gltah??éé*tvg%r%iﬁlna ‘Wg‘ﬁ‘? ggf@ ‘% 2{ %Mge ot

pressure dwateg indlorapid eyelepriessuroswimgmdeorpiightinit to remove

hydr ocar bqn nd which portjop is.al.so recycled to the

ylr ocr ac ARG R SiaEmto3Hs B iR poficd B Rispre et e

wher ei n t hgdfoedickess Rar. feed is selected fromthe

group consisting of Fischer-Tropsch |iquids,

at nospheric gas oils, vacuumgas oils, deasphalted,
vac ufﬁ[;] arf PERCRESSIon By docresking adydrsegrhony feed. egmprising:

T, U SRS LRI B e SR A B
pyr ol ysi sdelrydregenstdrsainttiggias and hicaglysisally effediveidnount of a
cycle oils I?ydcrioc(::rgct:kigé %gtléleyrst under hydrocracking conditions thereby
resulting in a lower boiling hydrocarbon liquid phase and a vapor
phase comprised of hydrogen and light hydrocarbons; wherein the
purified make-up gas is produced from a hydrogen-containing
make-up gas in a rapid cycle pressure swing adsorption unit
containing a plurality of adsorbent beds and having a total cycle
time of less than about 30 seconds and a pressure drop within each
adsorbent bed of greater than about 5 inches of water per foot of
bed length, wherein the purified make-up gas from the rapid cycle
pressure swing adsorption unit is higher in hydrogen concentration
than the hydrogen-containing gas.;
b) separating the lower boiling hydrocarbon liquid phase and the
vapor phase; and
c) recycling at least a portion of the vapor phase of step to the

hydrocracking zone.



distillates. 22. The process of claim 18, wherein the

total cycle tine of rapid cycle pressure sw ng
wadsemrogeazen i s | ess than about 15 seconds. 23. pTiAIS2006/002296

process of claim2 1, wherein the total cycle tine is

| ess than about 10 seconds and the pressure drop of

each adsorbent bed is greater than about 10 inches of

wat er per foot of bed length. 24. The process of claim

22, wherein the total cycle tinme is |less than about 5

seconds. 25. The process of eKHaim 23, wherein the

pressure drop of greater than about 20 inches of water

per foot of bed |length. 26. The process of claim1l,

wher &9.n t hEhdTyrdress roéclaimg Tpwhee#sthe hydivemd os 6&Cik is¥lected

wherein th fe dis.selected froma distillate and a

| ubri cat i nlgmBl og5 hodlins e Ve Ahout3S0 pBlt7Hént of the

feed is reduced and the catalyst is conprised of a

zeolite. 27. The process of claim26, wherein the

zeol 2Q.e i sTIrSWo&ess 28claifthd 8pwheeiisa pértioh aif thel@pompigdseiisnot

t he hydrocr%geg ggroccf s.i s shape selective, wherein

the feed i & PREFPiY SHRlePEsRYs FViREadsrgtian unit to remove

| ubri cat i nsHehla/deassiom AR BRI EusB%d;ic 110 e

feed is reduced and the catalyst 1s co

zeol ite. 2udrofmeckirpomss of cl ai m 28, V\herel n the
zeolite is ZSM5. 30. The process of claim1l, wherein
t he hydrocracki ng process is a shape sel ective

di st21.1 at erlﬁqM@e@saafclﬁaﬁﬂsth&eﬁl @t h{ &3
condi ti ons of 260 to 455C, to 50 &g géﬁg&ﬁ dls Sele"ted

partial prieass tresgroup p@nszstmgmﬂ@mhamﬁro@&ﬂl hqmds’g 5t1hh?@ﬂ16ﬁc

hydrogen Cgag %Hl ,Q}alcl?ul}n Eggé ce)lls easpimgltgd Vacuum and atmospheric
residua, hydrotreated or mildly hydrocracked residual oils, coker
distillates, straight run distillates, solvent-deasphalted oils, pyrolysis-
derived oils, high boiling synthetic oils, cycle oils and cat cracker

distillates.

22. The process of claim 18, wherein the total cycle time of rapid cycle

pressure swing adsorption is less than about 15 seconds.

23. The process of claim 21, wherein the total cycle time is less than
about 10 seconds and the pressure drop of each adsorbent bed is

greater than about 10 inches of water per foot of bed length.

24. The process of claim 22, wherein the total cycle time is less than

about 5 seconds.



sul fur, |lower pour point distillate product is

produced. 31. The process of claim 18, wherein the
woydremcs|g ki ng process i s a shape sel ective di BCTIUSA106/002296

dewaxi ng, carried out at reaction conditions of 260 to

455C520 to 50 kg/cnR hydrogen partial pressure, 1 to

2.5LHSV, and 250 to 425 NnB/n8 hydrogen circul ation

rate wherein a | ower sul fur, |ower pour point

distillate product is produced. 32. The process of

claim 1, wherein the hydrocrétking process is shape

sel ective | ube dewaxi ng, carried out at reaction

conditions of 500 to 750F, 400 to 2000 psi, 1500 to

40002%cf / bbie praneks Of 2laim 23, WhiSvirt the prascureelrap bbgvester than

sul fur, | ower ur. point | ube basestqck is produced

with an i r?\rl\?ll%%g@l pgs&fgy%t?r R%(f%%.o(?c%’ﬁgieﬂgg"pr ocess of

clai m 18, wherein the hydrocracki ng process is shape

sel ective | ube dewaxing, carried out at reaction

cond#@.i onsThsf proo@s b claBof, whogin the 2900 cpmkingliFO€est is shape

4000 scf/bbl, . ..and ,0.2 to HSV. t o produc | owne

sultur. 1 oneriEEavRsgn He feti wircthelidh & o ik

Wi th an i mobeseiEe\Vilseestdk inBdBE poddoint (R RE& &Sre@ficed and

claim1, wherein the hydrocracking process is shape

sel ect i ve thepealysiiaxpmgriseskelra zaglibut at reacti on

conditions of 500 to 750F, 400 to 2000 psi, 1500 to
4000 scf/bbl, and 0.2 to 2 LHSV to produce a | ower

sul fam, | oV prBedss oPlaith 26 WRBerBmaHY Stolits i dused with
an i nproved viscosity index. 35. The process of claim

18, wherein the hydrocracki ng process is shape

sel ive L0 aryied out at reaction .

conditi onsiﬂé%]?l[;\ar gge%\é‘?}éc].?%% I]—'g’ ‘X%%e?lgﬁﬁéﬁ%oﬁ@ﬁ g PERFepgis shape

4000 scf/ zblecting)Gvieredn tie ed HR¥IdeRd from a distillate and a
lubricating oil basestock and the pour point of the feed is reduced and

the catalyst is comprised of a zeolite.

29. The process of claim 28, wherein the zeolite is ZSM-5.

30. The process of claim 1, wherein the hydrocracking process is a shape
selective distillate dewaxing, carried out at reaction conditions of 260
to 455C, 20 to 50 kg/cm?2 hydrogen partial pressure, 1 to 2.5 LHSV,
and 250 to 425 Nm3/m3 hydrogen circulation rate wherein a lower

sulfur, lower pour point distillate product is produced.

31. The process of claim 18, wherein the hydrocracking process is a
shape selective distillate dewaxing, carried out at reaction conditions

of 260 to 455C, 20 to 50 kg/cm?2 hydrogen partial pressure, 1 to 2.5



produce a |ower sulfur, |ower pour point |ube product
is produced with an inproved viscosity index.36. The
wonowasw2ef claim 7, wherein the vapor stream PET/US2006/002296

scrubbed with a basic scrubbing solution conprised of
an amne prior to being conducted to the rapid cycle
pressure sw ng adsorption unit. 37. The process of
claim 23, wherein the vapor streamis scrubbed with a
basi ¢ scrubbing solution conprised of an ami ne prior
to being conducted to the rapd cycle pressure sw ng
adsorption unit. 38. The process of claim?7, wherein
the rapid cycle pressure swi ng adsorption unit renoves

cont am nani415\é| aadt256 16 HRS Nt mGhydpo geansicaatiBs r26 wherein a
COx2, water The process of claim

ammoni a,, and H2S. 39, | , _
23, wher ei EOW?{esu&Hﬁilﬁwmuépﬂllné%Hp@em%t sdwedyseilon
unit rempves contaninants sel ected fromthe group
consisting of CO2, water, anmonia, and H2S. 40. The

procéss of ThE arapess ofihamel, iwletreih dashy ogaclgag bﬂfcfess is shape
rocess o

tains a otreating.bed. 4 1. The pr N
glogi ?n 23, @ﬁé&é’ie&m&‘i ‘5%*’2%‘%& Gigich o4t elgractioneanditions of 500 to
hydr ot r eat V5&F, 484 -to 2000 psi, 1500 to 4000 scf/bbl, and 0.2 to 2 LHSV to
produce a lower sulfur, lower pour point lube basestock is produced

with an improved viscosity index.

33. The process of claim 18, wherein the hydrocracking process is shape
selective lube dewaxing, carried out at reaction conditions of 500 to
750F, 400 to 2000 psi, 1500 to 4000 scf/bbl, and 0.2 to 2 LHSV to

produce a lower sulfur, lower pour point lube basestock is produced

with an improved viscosity index.

34, The process of claim 1, wherein the hydrocracking process is shape
selective lube dewaxing, carried out at reaction conditions of 500 to
750F, 400 to 2000 psi, 1500 to 4000 scf/bbl, and 0.2 to 2 LHSV to
produce a lower sulfur, lower pour point lube product is produced

with an improved viscosity index.

35. The process of claim 18, wherein the hydrocracking process is shape
selective lube dewaxing, carried out at reaction conditions of 500 to
750F, 400 to 2000 psi, 1500 to 4000 sci/bbl, and 0.2 to 2 LHSV to

produce a lower sulfur, lower pour point lube product is produced

with an improved viscosity index.
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36.

37.

38.

39.

40.

41.
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The process of claim 7, wherein the vapor stream is scrubbed with a
basic scrubbing solution comprised of an amine prior to being

conducted to the rapid cycle pressure swing adsorption unit.

The process of claim 23, wherein the vapor stream is scrubbed with a
basic scrubbing solution comprised of an amine prior to being

conducted to the rapid cycle pressure swing adsorption unit.

The process of claim 7, wherein the rapid cycle pressure swing
adsorption unit removes contaminants selected from the group

consisting of CO,, water, ammonia, and H,S.

The process of claim 23, wherein the rapid cycle pressure swing
adsorption unit removes contaminants selected from the group

consisting of CO,, water, ammonia, and HS,S.
The process of claim 7, wherein at least one reactor contains a

hydrotreating bed.

The process of claim 23, wherein at least one reactor contains a

hydrotreating bed.



