| MPROVED HYDROGEN MANAGEMENT FOR HYDROPROCESSI NG UNI TS
FI ELD OF THE | NVENTI ON [ 0001] This invention rel ates
w0 eoosopaoes/ed hydr opr ocessi ng processes for upgremUsazy06/002291
refinery streans via the use of rapid cycle pressure
swi ng adsorption having a cycle tine of |ess than one
m nute for increasing the concentration of hydrogen
for use in hydroprocessing inits. BACKGROUND OF THE
| NVENTI ON [ 0002] Hydr oprocessi ng processes are used by
petroleumrefiners to i nprove the properties and hence
val ue of many refinery streans. Such hydroprocessing
uni ts i ncl INPROVED HMDROGENIVANACKEMENT
hydr oi somer i zEORHYDROFROCGESSING UNITSSS units.
Hydr oprocessing is generally acconplished by
contacting a hydrocarbon feedstock in a

ydr.oprocessi eaction vessel, or zone, with a
Mﬁ'ﬁ& f@@ SN ng catal yst under
hydr opr ocessi ng conditions of el evated tenperature and
pressure in the presence of a hydrogen-containing
[0001 2t THRSInY éntidtelatas to/aprased hydespictesinyg lﬁﬁcééses for
desired product properties, such as sulfur
upgnading geﬁmetrg\serleams byad thenl@emﬁ rapid chlmplteswre swmg adsorptlon
concentration poi nt , and VISC |Iy ndex.
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hydr opr ocessi ng operations are practiced comercially

in refining operations. For exanple, hydrotreating is
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propert1es and hence value of many refinery streams. Such hydroprocessing units
include hydrotreating, hydroéracking, hydroisomerization and hydrogenation
process units. Hydroprocessing is generally accomplished by contacting a
hydrocarbon feedstock in a hydroprocessing reaction vessel, or zone, with a
suitable hydroprocessing catalyst under hydroprocessing conditions of elevated
temperature and pressure in the presence of a hydrogen-containing treat gas to yield
an upgraded product having the desired product properties, such as sulfur and
nitrogen levels, boiling point, aromatic concentration, pour point and viscosity
index. The operating conditions and the hydroprocessing catalysts used will

influence the quality of the resulting hydroprocessing products.

[0003]  Several types of hydroprocessing operations are practiced commercially
in refining operations. For example, hydrotreating is typically used to remove
heteroatoms, such as sulfur and nitrogen, from hydrocarbon feedstreams such as

naphtha, kerosene, diesel, gas oil, vacuum gas oil (VGO), and residua, by



hydrotreating conditions of tenperature, pressure and
flowrates to result in the heteroatons being

w@orvsmrdoesl to hydrogen sul fide. Hydrotreaters BCPUSI0896002291
enpl oyed to i nprove other properties of hydrocarbon
streans in the refinery. Hydrocracking is typically
used to renove sul fur and nitrogen, and to reduce the
boi i ng point of heavier nmohecules by converting them
into lighter nolecules, by Ccontacting the feedstream
wi th hydrogen and a suitabl e hydrocracking catal yst,

cor%a%ygdtilg ‘%éf&@%?x?lo\?s{tlﬁﬁéfé%% RS ible HToRRanAG CRrs ot

i fi t . d .
hydRfgr i comBudR G Ebileadbie Pl fEPoRsAE B inthe
hetﬁygtbrﬁé’ BEAgRBNIMEEd B Btirb@sh Sulkled Nyidrotr@hters are also employed

rodewaxi-ng and hydroi sonmeri zati on process

to inprdié otires profediiepodiceirecarhoh aireas fin tharefinery nHiydeocracking
. saturation reduces the concentration of_ aromati cs and
is typisaily gsed toctsmayersuligr end nitsegan, aad ie fducerhe pedig pomt of

S A b O S BB B
feegé"’cﬁ{]a% Rﬂqﬂlsll}y(rﬁ'g géﬁ gnd BSultsble ?&d%@ﬁ&&ﬁg cafilht! ﬁ%ﬁﬁ’@éﬁ%king

roge uired to operate these~hydroprocéssing

proysdst condagor Gydrvdewskiagsmd Hyalroseurtiahtioeas dissillate and
Regul atory pressure in the United States, Europe,
lubrisating ails meidiBohibeanolgsulae stimetvre amd hengegthd powr point of these

ey B eSS eD RBPA RS e o
o Rl ) O I SPGB K oy i o

( _ | I mproved ‘poul
olefifthndi 6 RBtiE ¥atufetton redliCed e ohBeEARBSSE d10@Mities atd wlefins by
oils and the reduced narket for fuel oil is increasin

conthetingethe feedstiegor withdykdrogen exgxiarsuiitehlsi cagalyst at andmpatic/olefin
hydr ogen demand. As the qualities of lubricating oils
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[0004]  All of these hydroprocessing operations require the use of hydrogen, and
the amount of hydrogen required to operate these hydroprocessing units has greatly
increased for several reasons. Regulatory pressure in the United States, Europe,
Asia, and elsewhere has resulted in a trend to increasingly severe and/or selective
hydroprocessing processes to form hydrocarbon products having very low levels of
sulfur and other tailored properties, such as reduced aromatics levels, and improved
pour point and viscosity index. The move to process heavier crude oils and the
reduced market‘ for fuel oil is increasing the need for hydrocracking, again leading
to a higher hydrogen demand. As the qualities of lubricating oils improve, the need
to remove even more sulfur, reduce aromatics levels, and improve pour point and
viscosity index have increased the need for hydroprocessing. Further, many
refineries receive large amounts of hydrogen as a by-product of catalytic reforming

on their site. However, current treads to reduce aromatics in gasoline are



viscosity index have increased the need for
hydr opr ocessi ng. Further, many refineries receive
wo aroge7@edunt s of hydrogen as a by-product of Per/ab3oné/e02291
reformng on their site. However, current treads to
reduce aromatics in gasoline areconstraining the use
of catalytic reformng and thus renoving a source of
hydrogen. Thus, there is angever grow ng need for
i nproved hydrogen nanagenent associated with the
vari ous process units. [0005] Hydroprocessing units
use relatively large quantities qQf hydrogen that ar%
constraiting shensref sateliyilp refosming and ﬁlwsrlrsmoggraea gewrce of hydrogen.
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ydrogen that 1s recycled to the hydroprocessing

reacti on zone. Since hydrogen is an inportant reactant

i n hydroprocessing, econom c neans to purify hydrogen
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and the amount of conversion for a specific catalyst cycle life determines the

hydrogen partial pressure required for the operation of a hydroprocessing unit. The
unit's operating pressure and the recycle gas purity determine the hydrogen partial
pressure of the hydroprocessing unit. Since there is limited control over the
composition of the flashed gas from the downstream hydroprocessor separator or
flash drum, the hydrogen composition of the recycle flash gas limits the hydrogen
partial pressure ultimately delivered to the hydroprocessor reactor. A relatively
lower hydrogen partial pressure in the recycle gas stream effectively lowers the
partial pressure of the hydrogen gas input component to the reactor and thereby
adversely affects the operating performance with respect to product quantity and
quality, catalyst cycle life, etc. To offset this lower performance, the operating
pressure of the hydroprocéssor reactor has to be increased, which can be

undesirable from an operational point of view. Conversely, by increasing the



partial pressure of the hydrogen gas input conponent

to the reactor and thereby adversely affects the
wop@carionyy performance with respect to productPCUEfL006/§02291

and quality, catalyst cycle life, etc. To offset this

| ower performance, the operating pressure of the

hydr opr ocessor reactor has to be increased, which can

be undesirable froman opergtional point of view.

Conversely, by increasing theeffciency of hydrogen gas

recovery and hydrogen concentration, the hydrogen

partial _pressure of the recycle gas streamis
efficigpey wé ftydmges gasgesQvery nnd\gyémealqonpm@m the hydrogen
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in the recycle gas stream Such processes typically
result in significant additional equipnment costs
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hydr oprocessing unit is conventional pressure sw ng
resulti sosighifmant @ktitipnalSemiphent costsnguidéor tdqBireRignifibimt changes in
4,457,384 .i ssued Jul. 3, 1984@40 Lummus Crest, I|nc. .
opergfiig enditions, syeh a3 PpRIBERH ALY BrassarepwAichbipicallygresults in
. r I tor. effluent gas stream nust be
IHCI%S%@%@???%‘H%&Q@S{?@%F@%- psig (175.8 kg/cnR) to about
350 psig (24.6 kg/cnR) . Although the purity of the
recycl e hydrogen stream can be increased to about 99
[0068) Onehrocessithhtdthsdesr adsptet te ampnesst theéchyslnbgencieity of the
tqQ conpression to return it to 2,500 psig (175.8 kg/cm _
recycle strega i g lpstiopiocessing vt iheonvpatioprluessire gwingedsorption

(CPEALRL, P& REHIE X! bal Kot D257 484 &304 Alr: 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 kg/cm?). Although the purity of the recycle hydrogen
stream can be increased to about 99 mol %, the recycled gaseous stream must be
subjected to compression to return it to 2,500 psig (175.8 kg/cm?) before
introduction into the hydroprocessing feed stream. The net result is that the capital,
operating and maintenance costs are substantially increased by the addition of a

large compressor that is required when using a conventional PSA unit.

[0009] Another method is described in U.S. Pat. No. 4,362,613 to MacLean
which is incorporated herein by reference. MacLean uses membranes with pressure
drops up to 150 atmospheres and which also incurs substantial capital investment

and operating costs.



operating and mai ntenance costs are substantially

i ncreased by the addition of a | arge conpressor that
w0 200607023 ed when using a conventional PSA uni PCT/PSD0Q902291

Anot her nethod is described in U S. Pat. No. 4,362,613

to MacLean which is incorporated herein by reference.

MacLean uses nenbranes with pressure drops up to 150

at nospheres and whi ch also6§ncurs substanti al capital

i nvest nent and operating coSts.[0010] There is

therefore a need for an inproved process for enhancing

the efficiency of hydrogen utilization by neans that

are conpatible with existing hydroprocessing units. |

js desired that.such a _process would not adversel,
(0014 ocTherpas thebrlort baged B anmagReRPrasess fr ehangig th

o SR Rirdker I EUEHERY riAEk B IR, OBbARc i, piging
hydfd;ﬁbé&isiﬁg URHsN T RANGERed MEht Q06K 8 ro6QRs Wil 20t alRGedl affect
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the hydropewessaartieromghpti aethe overat edomohyies ofthessyistens,tintluding
need in_the art for jnproved hydroprocessing. processes
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reactor thr put by conbi ning inprovements to
andﬁ%x}gggcgﬁls?lggg@gry and purification with
hydr oprocessing units. SUVMARY OF THE | NVENTI ON [ 0012]
In a preferred enbodi ment, there is provided a process
[001r umgrtheli words, hitHowgiaviriousflgehtoprocesdiygl popessmssse practiced
process unit, conprising:. a) contacting said ,
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SUMMARY OF THE INVENTION

[0012] In apreferred embodiment, there is provided a process for upgrading a
hydrocarbon feed in a hydroprocessing process unit, comprising:

a) contacting said hydrocarbon feed in a hydroprocessing zone with
hydrogen, a portion of which is obtained from a hydrogen-containing make-up gas,
and a catalytically effective amount of a hydroprocessing catalyst at
hydroprocessing conditions thereby resulting in a liquid phase and a vapor phase
product;

b) separating said liquid phase and said vapor phase, which vapor phase
contains hydrogen and light hydrocarbons;

c) removing at least a portion of the light hydrocarbons from the
hydrogen-containing make-up treat gas, the vapor phase product, or both, in a rapid

cycle pressure swing adsorption unit containing a plurality of adsorbent beds and



product; b) separating said |liquid phase and said
vapor phase, which vapor phase contains hydrogen and

wO e@hat79e93ir ocar bons; c) renoving at | east a poPCT/082006/002291
the 1ight hydrocarbons fromthe hydrogen-contai ning
make-up treat gas, the vapor phase product, or both,
in a rapid cycle pressure swi ng adsorption unit
containing a plurality of adsorbent beds andhaving 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 water per foot of bed | engt
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crudes. [0014] In yet another preferred enbodi nent,
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LtOO } It has been_recogni zed that by increasing the
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advantage to the nore efficient utilization of
hydrogen is the reduction in the anmount of make-up

[0018jdr oestill edtheripteféreedpembodiatetyhe fotal @pcdartihie isdess than
hydrogen plant, cryo-unit or refornmer.
about 10 seconds and the pressure drop is greater than about 10 inches of water per

foot of bed length for the rapid cycle pressure swing adsorption step.

DETAILED DESCRIPTION OF THE INVENTION

[0016] It has 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, cryo-unit or reformer.

[0017] The instant invention is applicable to any unit in a petroleum refinery
that uses hydrogen as a treat-gas stream, or as a recycle stream, or produces
hydrogen as a primary product or as a side product stream. It is particularly

applicable to those process units that use hydrogen as a reactant to upgrade or to



[0017] The instant invention is applicable to any unit
in a petroleumrefinery that uses hydrogen as a

WO e@an7®as stream or as a recycle stream or PCDUSNE&002291
hydrogen as a primary product or as a side product
stream It is particularly applicable to those process
units that use hydrogen as a reactant to upgrade or
toconvert a hydrocarbon streamto |ower boiling
products. Such process units are typically referred to
as hydroprocessing units. The art has | ong recognized
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orporated wthin thi's inventron Inc cat

hydieiwmidtratibh GVheréindpaeaffaliy tompbitidoaeavhveged t® teparaffins,
that uses nol ecul ar sieve catalysts to selectively

hydrpfinishing; kwhiek ésa prikbbydrotieating presvused particniaglytterreplace or
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hydrocrack waxes present in a feedstock into lighter hydrocarbon fractions; wax

hydroisomerization wherein wax molecules are converted to branched molecules in

a catalytic reaction and converted into high VI lubricants.

[0018]  Also, lubricating and/or specialty oil stocks such as deasphalted oil
stocks, lube oil distillates, and solvent extracted lube oil raffinates can have their
viscosity indexes increased by hydrotreating, employing specific bulk metal sulfide
hydrotreating catalysts selected from the group consisting of bulk Cr/Ni/Mo sulfide
catalyst, bulk Ni/Mo/Mn sulfide catalyst and mixtures thereof wherein the catalysts
are prepared from specific metal complexes and wherein the Ni/Mn/Mo sulfide
catalyst is prepared from the oxide precursor decomposed in an inert atmosphere

such as N, and subsequently sulfided using H,S/H, and the Cr/Ni/Mo sulfide



stocks, lube oil distillates, and sol vent extracted
| ube oil raffinates can have their viscosity indexes
w0 p@mspz®esl by hydrotreating, enploying specifiPkChub1006/002291
nmetal sulfide hydrotreating catal ysts selected from
the group consisting of bulk C/N /M sulfide
catal yst, bulk N /M/ M sulfide catal yst and m xtures
thereof wherein the catal ysts are prepared from
speci fic metal conpl exes and wherein the N/ M/ M
sul fide catalyst is prepared fromthe oxide precursor
deconposed in an_ inert atnosphere such as N2 and .
catadyside grapared from the gulfidespreguiseszne deepmpesedan/agongxidizing,
ul fidecatal yst .is prepared fromthe sul fide precursor
sulfgp QORfaEHAB ALBOSHNSTS: non- oxi di zi ng, sul fur contai ni ng
at nosphere. [0019] Herein, the term "hydrocarbon feed"
is defined as a refinery, chenmical or other industrial
[00Pdjant Heksifathettbiah "hpdrooambonsfeed'ois deyiled agnlrefisery, chemical or
i ncl udi ng such streans wherein snall |evels (less than
oth&ndustriabplany stresra thasis eompaised ahhydrogarboas ingludingstuch
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VAL FOSREShAg: Non-limting exanples of such
re éf%egstrearrs I nclude |ight hydrocarbon boiling range

f eedstreans, naphtha boiling range feedstreans,

kerosene and jet boiling range feedstreang, diesel and
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hydroprocessing. Non-limiting examples of such feedstreams include light

hydrocarbon boiling range feedstreams, naphtha boiling range feedstreams,
kerosene and jet boiling range feedstreams, diesel and distillate boiling range
feedstreams, cycle oils produced from the Fluid Catalytic Cracker (FCC),
atmospheric and vacuum gas oils, atmospheric and vacuum residua, pyrolysis
gasoline, Fischer-Tropsch liquids, raffinates, waxes, lube oils, and crudes, as well

as heavier gas oil and resid boiling range feedstreams.

[0021] For example, in the case of hydrotreating, heteroatoms such as sulfﬁr and
nitrogen are typically removed from the aforementioned feed streams, whereas in
the case of hydrocracking heavier boiling range gas oil and reside type streams are
converted to lower boiling product streams. Non-limiting examples of naphtha

feedstreams that can be treated in accordance with the present invention are those



at nospheric and vacuum gas oils, atnospheric and
vacuum r esi dua, pyrolysis gasoline, Fischer-Tropsch
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wel |l as heavier gas oil and resid boiling range
feedstreans. [0021] For exanple, in the case of
hydrotreating, heteroatons such as sul fur and nitrogen
are typically renoved from he af orenenti oned feed
streans, whereas in the casé of hydrocracking heavi er
boi ling range gas oil and reside type streans are
converted to | ower boiling product stre
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present invention.

[0022] Illustrative hydrocarbon feedstreams that are upgraded by hydrocracking
include those containing components boiling above about 260°C (500°F), 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 feedstream is a gas oil or other hydrocarbon fraction
having at least 50% by weight, and most usually at least 75% by weight, of its
components boiling at temperatures above the end point of the desired product. One
of the most preferred gas oil feedstreams will contain hydrocarbon components that

boil above 260°C (500°F), with best results being achieved with feeds containing at



[0022] Illustrative hydrocarbon feedstreans that are

upgr aded by hydrocracki ng i ncl ude those contai ni ng
w@orpor®es s boi |l i ng above about 2600C (5000F) , PET/UR2086/002291

Fi scher-Tropsch |iquids, atnospheric gas oils, vacuum

gas oils, deasphalted, vacuum and atnospheric

residua, hydrotreated or mldly hydrocracked residua

oils, coker distillates, straight run distillates,

sol vent - deasphal ted oil s, ﬂ@?olysisderived oils, high

boiling synthetic oils, cycle oils and cat cracker

distillates. A preferred hydrocracking feedstreamis a
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w th best results being achieved with feeds containing

paraffineast 25 percent by volume of the conponents boiling
bet ween about 3150C (6000F) and 5380C (10000F). A
preferred heavy feedstreamboils in the range from
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er-1Iro and |ight paraffins. [002 The

prith&IRp achiyve ot theateintuy/al e hetsrdtdras, aiuchrasfsatfar tod nitrogen and for
processes wherein a hydrogen-containing tr [

someshirpgenaiiwnmicarematicoprSuitableahydrotseing §%T§f}(al§;5ﬁ %%S“é% Zn the
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thoﬁv&ﬁ?cth' 4r8 contPrisdh!of ab Yéi%@&r{ee@}dlﬂﬂ\l thrﬁétﬁﬁtp‘icife?aEblly%ni, Bobalt

present I'nvention are any known conventi ona

andhielel idaé preferdlpbylsdlsamtior nickeluatel atHoss oneiGrouprél metal,
conprised of at |east one Gioup VII| netal, preferably
preferably molybrenemdind torgsten, either ps @ bubaeatplysbwaistraerdeden a

e ot o e o Py L B
hydsr’&@gaq{l{gegatgﬂrsﬁ include zeolitic catalysts, as well as noble metal catalysts
where the noble metal is selected from palladium and platinum. It is within the
scope of the present invention that more than one type of hydrotreating catalyst be
used in the same reaction vessel. The Group VIII metal is typically present in an
amount ranging from about 2 to about 20 wt. %, preferably frpm about 4 to about
12 wt. %. The Group VI metal will typically be present in an amount ranging from
about 1 to about 25 wt-%, preferably from about 2 to about 25 wt. %. As
previously mentioned, typical hydrotreating temperatures range from about 204°C
(400°F) to about 482°C (900°F) with pressures from about 3.5 MPa (500 psig) to
about 17.3 MPa (2500 psig), preferably from about 3.5 MPa (500 psig) to about
13.8 MPa (2000 psig) and a liquid hourly space velocity of the feedstream from
about 0.1 hr” to about 10 hr".



hi gh surface area support material, preferably
al um na. O her suitable hydrotreating catal ysts
WO p@bot®2zeol itic catal ysts, as well as nobl e P&T/ab2006/002291
catal ysts where the noble netal is selected from
pal | adium and platinum It is within the scope of the
present invention that nore than one type of
hydrotreating catalyst be uggd in the same reaction
vessel . The Goup VIIl netal is typically present in
an anmount ranging fromabout 2 to about 20 wt. %

referably fromapout 4 to about 12 w. % The, G oup
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rangi ng fromabout, 1 to..about 25 - % ..pr ef bl v +f
thelzg ekt Sryeg it A Moy tnogRetls ark sk o Gonbay P S the
. 1 t i . e r . a .
g e S R e i e

palladdumabgauiund, ividiiia andqflathmirg) Ohe oabatt ptdmdtdyRactakbdih also
psi g),llgreferably fromabout 3.5 MPa (500 psig) to
be nresent. Pyefermdopropovor metaly argrihose frogutisoup ¥iBy egpace
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mabéHia prefersBly avasolitelith theMatifasita oe Bota BEslad!syructure, with an

speaki ng, any anount between about 0.05 percent ~and 30
aquEens solutioy ofei giitableagorhpourskaf thendesired owtal whereirethe metal is
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lubricants, binders or the like if desired, and calcined in air at temperatures of, e.g.,
371° -648°C. (700°-1200°F.) in order to activate the catalyst and decompose
ammonium ions. Alternatively, the zeolite component may first be pelleted,
followed by the addition of the hydrogenating component and activation by
calcining. The foregoing catalysts may be employed in undiluted form, or the
powdered zeolite catalyst may be mixed and copelleted with other relatively less
active catalysts, diluents or binders such as alumina, silica gel, silica-alumina
cogels, activated clays and the like in proportions ranging between 5 and 90 weight
percent. These diluents may be employed as such or they may contain a minor
proportion of an added hydrogenating metal such as a Group VIB and/or Group
VIII metal. Additional metal promoted hydrocracking catalysts may also be
utilized in the process of the present invention which comprises, for example,

aluminophosphate molecular sieves, crystalline chromosilicates and other



material, preferably a zeolite with the Faujasite or

Beta zeolite structure, with an aqueous solution of a
wa niobattoes conpound of the desired nmetal wherei PCT/H82006/002291

metal is present in a cationic form Foll ow ng

addi tion of the selected hydrogenation netal or

nmetals, the resulting catal yst powder is then

filtered, dried, pelleted m¢%h added | ubricants,

bi nders or the like if desired, and calcined in air at

tenperatures of, e.g., 371 -6480C. (700-1200F.) in

order to activate the catal yst and deconpose ampni um
crystaHine silicates a€ivetdlline chronessli¢ates aierm lyrdppctibedin U.S.

be pelleted, followed by the addition of the

Patpigy gééggtli%n@{le onent and activation by cal ci ning.
The foregoing catalysts may be enpl oyed in undil uted
form or the powdered zeolite catal yst nay be m xed
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stamda2d enbid fewiepdribanrelini Infaccordance edth therpresemtryeention, the term

al um nophosphat e nol ecul ar sieves, crystalline
"substpatiplstonversiastodees beding pradycts; aenisant togannote the
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MPa (3000 psig), at a_liquid hourly space velocity
convieH$Y) i indhe zanget fromaboyt 38%uto a@wuhﬂo%- and at a

hydrogen circul ation rate from about 337 normal n8/nB

(2000 standard cubic feet per barrel) to about 4200

[0028] m%h@q{yﬁ?oig&ﬁeﬁgﬁion of the hydrocarbon feedstock is performed in a
hydroisomerization zone which includes a hydroisomerization catalyst, the
presence of hydrogen, and which is operated under hydroisomerization conditions
sufficient to hydrogenate diolefins to mono-olefins and to isomerize mono-olefins.
Preferably, the hydroisomerization conditions include a temperature in the range of
from about 0° F to about 500°F, more preferably from about 75°F to about 400°F,
and most preferably from 100°F to 200°F; a pressure in the range of from about
100 psig to about 1500 psig, more preferably from about 150 psig to about 1000
psig, and most preferably from 200 psig to 600 psig; and a liquid hourly space
velocity (LHSV) in the range of from about 0.01 hr! to about 100 hr™', more
preferably from 1 hr! to about 50 hr’’, and most preferably from 5 hr'! to 15 hr'!,
Hydroisomerization of paraffinic hydrocarbons typically employs a catalyst

composed of a noble metal, alumina and chlorine, said catalyst prepared by treating



standard cubic feet per barrel). In accordance with
the present invention, the term"substantia

w@omepr®edn to | ower boiling products” is meanPCT/0S2006/002291
connote the conversion of at |east 5 volune percent of
the fresh feedstock to |ower boiling products. In a
preferred enbodi nent, the per pass conversion in the
hydr ocracki ng zone is in th?%range from about 15%to
about 45% More preferably e per pass conversion is
in the range from about 20%to about 40% [0026] The
hydr0|soner|zat|on of _the hydrocarbon feedstock is
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[0028] In Conventional Pressure Swing Adsorption ("conventional PSA") a
gaseous mixture is conducted under pressure for a period of time over a first bed of
a solid sorbent that is selective or relatively selective for one or more components,
usually regarded as a contaminant that is to be removed from the gas stream. It is
possible to remove two or more contaminants simultaneously but for convenience,
the component or components that are to be removed will be referred to in the
singular and referred to as a contaminant. The gaseous mixture is passed over a
first adsorption bed in a first vessel and emerges from the bed depleted in the
contaminant that remains sorbed in the bed. After a predetermined time or,
alternatively when a break-through of the contaminant is observed, the flow of the

gaseous mixture is switched to a second adsorption bed in a second vessel for the



| ube products have acceptabl e pour points with a high

viscosity index. Waxes are typically hydroi sonerized
waginag7@zat al yst contai ni ng a hydrogenati ng neCHEUS2006/002291

conmponent-typically one fromGoup IV, or Goup VIII

of the Periodic Table, or m xtures thereof. The

reaction i s conducted under conditions of tenperature

bet ween about 5000F to 75Q0f, preferably between about

5700F to 68Q0F, and pressures of from about 500 to

3000 psi H2 preferably from about 500-1500 psi H2, at

hydrogen gas rates from 1000 to_ 10, 000 SCF/ bbl, and at
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is progressipely degorfed: intacthetail gas system thatitypicallysemntises a large
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br eak-t hrough of the contam nant is observed, the flow
of the gaseous mxture is switched to a second
[0028% or ptfitem elpedbrieakthraughdndhe semald Heok, andefter tiei first bedihas

to continue. Wiile the second hed js in adsorptio
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sasgopEmPER R Al a8 s R 8 PSR e s pgepn
bed {3&eSOHAEIN AHe tofs cYER time is the length of time from when the

gaseous mixture is first conducted to the first bed in a first cycle to the time when

ot

the gaseous mixture is first conducted to the first bed in the immediately
succeeding cycle, i.e., after a single regeneration of the first bed. The use of third,
fourth, fifth, etc. vessels in addition to the second vessel, as might be needed when
adsorption time is short but desorption time is long, will serve to increase cycle

time.

[0030] Thus, in one configuration, a pressure swing cycle will include a feed
step, at least one depressurization step, a purge step, and finally a repressurization
step to prepare the adsorbent material for reintroduction of the feed step. The
sorption of the contaminants usually takes place by physical sorption onto the

sorbent that is normally a porous solid such as alumina, silica or silica-alumina that



pressure in the vessels is reduced, the contam nant

previ ously adsorbed on the bed is progressively
walemowads i nto the tail gas system that typi caPCHUS2006/002291

conprises a large tail gas drum together with a

control system designed to mnimze pressure

fluctuations to downstream systens. The contam nant

can be collected fromthe tg%l gas systemin any

sui tabl e manner and processed further or disposed of

as appropriate. \Wen desorption is conplete, the

sorbent bed may be purged with an inert gas stream
haseargaffinddytfioo encantaminant Zeelites areafiewiisedin waoy epplications
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sorption of the contam nants usually takes place by
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all W WP dSE S ik @&ﬂiﬁoﬁ'@rﬁé 'tlﬁéﬁél?ﬁr% larger beds utilized in conventional

PSA and the equipment configuration and valving involved. Instead, rapid cycle

pressure swing adsorption‘is utilized which has cycle times of less than one minute.
The total cycle times may be less than 30 seconds, preferably less than 15 seconds,
more preferably less than 10 seconds, even more preferably less than 5 seconds,
and even more preferably less 2 seconds. Further, the rapid cycle pressure swing
adsorption units used can make use of substantially different sorbents, such as, but

not limited to, structured materials such as monoliths.

[0032] 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 (t;). A

material's mass transfer rates of a material are dependent upon the adsorbent, the



since they may exhibit a significant degree of
selectivity for certain contam nants by reason of

wo b@cn7®ent rol | ed and predictabl e pore sizes. NOT/DEL00§002291
chem cal reaction with the sorbent is not favored in
view of the increased difficulty of achieving
desorption of species which have becone chem cally
bound to the sorbent but chgm sorption is ny no neans
to be excluded if the sorbéd”materials nmay be
effectively desorbed during the desorption portion of
the cycle, e.g., by the use of higher tenperatures

adsorhed! cethpeiund, theepressime aind the tenyreeaturs. eThé AGR4 fransfer rate
Conventi onal . PSA i ot. suitable for use in the

congsfagt B theigas Phesols dedined a5ari ety of reasons. For
exanpl e, conventional PSA units are costly to build
and operate and are nmuch large in size for the anmount
ofr. bygr ppeh t hat 2 e recovered from such
st?eanépaé conpargg??%hggagA. Al so, a conventi onal @)
pressure swi ng adsorption unit wll generally have
cycle tinmes_in excess,of one mnute, cally in

typl
whetd s thy difasipnrconthigicns inithe g2 phaspand Eﬁgtlatheocﬂzsaractenstic
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rapid cycle pressure swng adsorption Fs utilize
as théchimreh widthddetweemeso dhydre o thewruconed adsodbent Material.
total cycle tines may be | ess than 30 seconds,
preferably | ess than 15 seconds, nore preferably |ess
n seconds, .even nore preferaply. less.than 5 ..
1003480, Je FRa Badsset W&oaﬁt@pﬁma%wgﬁ@@a%e afe grerial is defined
ag: FUrther, the rapid cycle pressure sw ng adsorption
"units used can nake use of substantially different
saf bapt/sR2such as (ibeit’Red) |imited to, structured 2)
materials such as nonoliths. [0032] The overall
adsorption rate of the adsorption processes, whether

whq(i:g velg %@@?ﬁp%c&%@%ﬁ gmhieissﬁﬁg% ggg gl‘[ | egls t?l% cthra]l?acteristic

dimension of the solid medium. Here the gas diffusion coefficient in the solid

phase, D, is well known in the art and the characteristic dimension of the solid

medium, R;is defined as the width of the adsorbent layer.

[0034] 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 standard stream composition for

conventional PSA. Calculation of these mass transfer rate constants is well known



the gas phase (tg) and the mass transfer rate constant
in the solid phase (ts) . A material's nmass transfer
WO 210687923 a materi al are dependent upon the adBRCGI/DS2006/002291
t headsor bed conmpound, 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 diffusi,gn coefficient in the gas
phase and Rg is the char actlgfi stic dinmension of the
gas nmedium Here the gas diffusion in the gas phase,
Dg, is well known in the art and the characteristic
to ofle wE nsdinaryodkill lie thgeart ardimay alRy be dedeéd bgdnaoftdrdinary skill in
channel wi dth between two |ayers of the structured
the aid Seom standaget tepting datro033] The nmass transfer rate
constant in the solid phase of a material is defined
as: ts =Ds/ R2 (in cnk/sec) (2) where Ds is the
T e . , | c
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ads@dentdi fAdditiomalbgelukiteicenstrudtionhenstrhintk, gbasentidhal PISA is
well known in the art and the characteristic di nension
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gi ve standard stream conposition for

[0036] RCPSA utilizes a rotary valving system to conduct the gas flow through
a rotary sorber module that contains a number of separate compartments each of
which is successively cycled through the sorption and desorption steps as the rotary
module completes the cycle of operations. The rotary sorber module is normally
comprised of tubes held between two seal plates on either end of the rotary sorber
module wherein the seal plates are in contact with a stator comprised of separate
manifolds wherein the inlet 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 may be passing 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
sorption/desorption cycle may be changed 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,



conventional PSA. Cal cul ati on of these mass transfer
rate constants is well knownto one of ordinary skill

WO poobloz9023t and may al so be derived by one of PCTHUSZNNg002291
skill in the art fromstandard testing data. [0035]
Conventional PSA relies on the use of adsorbent beds
of particul ate adsorbents. Additionally, due to
construction constraints, _clr%rjventi onal PSA is usually
conprised of 2 or nore separate beds that cycle so
that at |east one or nore beds is fully or at |east
partially in the feed portion of the cycle at any one
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sui tabl e arrangenent of the seal plates and manifol ds,
[0037hunibe an @inboddinent) R P SA ied demgth umitrprgsdnee despsi reguired
through the characteristic steps of the con Ie{e C)(cle
adsarptiomyacsivities, aad mechaieal eenstigints (@tﬂw@éﬁﬁﬁga%ﬂ pesgleration of

the trcr)]t%ti;!g Peds r1]r(1JI RUPS; lﬁ)?evve%[c h%t U5 OF than u'ccr)r(lexgenfti%haf p§A adsorbent

am

bed materials, in particular adsorbents that are in a loose pelletized, particulate,
beaded, or extrudate form. In a preferred embodiment, adsorbent materials are
secured to a supporting understructure material for use in an RCPSA rotating
apparatus. For example, one embodiment of the rotary RCPSA apparatus can be in
the form of 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, such as nonwoven fiber glass scrims,



sorption/desorption cycle may be changed in a nunber

of separate increnents on the order of seconds per
WEe y@b®7902hi ch snoot hes out the pressure and f | POT/D81086/002291

pul sati ons encountered by the conpression and val vi ng

machi nery. In this formthe RCPSA nodul e incl udes

val ving el enents angul arly spaced around the circul ar

path taken by the rotating forption nodul e so t hat

each conpartnent is succesésbely passed to a gas fl ow

path in the appropriate direction and pressure to

achi eve one of the increnental pressure/flow direction
wowdtremstal fabrties, andpkpaelcdd@haaimym feils. Alike paritviateangeodifment,

the RCPSA technology is a nuch nore efficient use of
adsprhenp shestpenmaperiad erafoated Aplo & prraglie AePRGLt.of

adsorbent required with RCPSA technol ogy can be only a

fraction of that required for conventional PSA

hnal [ : i jatd .

OO RS g RS iE B AR YRR &4 b tonf Solid

phas¢rfetmiedofroacone/ er mdsoadsdnbernt eaaterigld ahdra fehRBAblesgas phase
significantly lower than that for a conventional PSA
thmng?nwlmcadb@, ghsay tarbesgparatadeeow remrhe sflegtosthe [omtistpf the

s B R A UGS P s
PSSR g ) ARl ot s

inclodey & nkivemdl offffoes die hvantsideast wikichris aksally Between
particul ar adsorbents that are in a | oose pelletized,

apppexitiately £ @2 poeanda0 por. Thereuay be aaretworkofeyanesmaliergores,
ea‘tgodi nent , "a&égébent nmat e%al f are s?cur ed. to a
callegh p BUCTOPREFSUnthat BetRg cnaPwtRRsdle Forfxapyle, jBdnicroRgyopg-pagRon
i at 0 ' .
adshillois SPRRGY, St e FBbIT AR roay i RSB Bipufs Affosied
on $h6RIaAsGORRE siffpoet, MISAMREDH oFHIEEN & toGRBRIRINEEhARIcal strength
structured reinforcenent material. A suitable binder
or suppotheorusleelta plagta thetmalhmnddstooberle ordo storaheato Thee
reinforcenent material, Non-limting exanpl es of
phepamengn ©f gdperption comprises two main steps, namely passage of the
adsorbate from the circulating gas phase onto the surface of the solid phase,
followed by passage of the adsorbate from the surface to the volume of the solid

phase into the adsorption sites.

[0039] In an embodiment, RCPSA utilizes a structured adsorbent which is
incorporated into tubes utilized in the RSPCA apparatus. These structured
adsorbents have an unexpectedly high mass transfer rate since the gas flow is
through the channels formed by the structured sheets 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



material include nonoliths, a mneral fiber nmatrix,

(such as a glass fiber matrix), a netal wire matrix
w@swel7@s3 a wi re nesh screen), or a netal foilPCHUSINOEB02291

alum num foil), which can be anodi zed. Exanpl es of

glass fiber matrices include woven and non-woven gl ass

fiber scrinms. The adsorbent sheets can be nade by

coating a slurry of suitabl e adsorbent conponent, such

as zeolite crystals with bi2flder constituents onto the

rei nforcenent material, such as nonwoven fiber gl ass

scrinms, wven netal fabrics, and expanded al um num
to pfatlucs: h1%lnpﬂr1t}elli3tdrogb1@ at @higdldierj@mry raidsoitbenly sHeetionof the

material are coated onto a ceram c support. [0038] An
equipbaant Size, adsoabertrobume and ¢gst ehcogvensional Bed

adsor bent solid phase forned from one or rmre

adsorbent materi aI s and a perneabl e gas phase through

iC I 0

10094],° oThy Sy AERER, Aot ERBoR R A e I fepliciha

gredi@mesirddidis thi becathieveditbraiphi tle piswbentithian cgmaemthm PSA
is called "circul ati ng gas phase" or nore sinply "

withshv g detrineendal| dffeophasseciatrgl with patiowdatadicd tgelnpﬂogx “The

adsqgﬁmg%bgﬁagm %ﬁ cgs uh Ch S usgal ll}'eﬁlﬁg{lg qq%h pressure drops of
grez{fﬁlf t\PB{%g ]B[:h&vgpw L:lef‘o %&’%d lér‘}%tﬁ exﬂoré%ﬂx%‘f%ﬁ{f cater than

I ng encoun OI‘ ex Cropar

10 ia& , aAg evBeRicte %eiéﬁiﬂly bffiterARa 20 \th OMs0/¥t. This is in
menti oned, the solid phase may be deposited on a

contrast-veidls omkmaﬂwmabBSAt ynitswhéneribe adsorbénttbadeimit ength pressure
provi de anij c trength or,.el se t
dropy arp g&ﬁ@@ﬂ&ﬁﬂl‘t@@ﬁ@ﬁ@ MoRDQU PeitoHYAL é?n%h%ﬁleon e
W L e
drofy 6ffa dlemo P1,0/1t BE1e3y 4 ﬁﬁﬁm@&e hep ﬁ%hérﬁs BhRaSsed that are
passage of the adsor bat e fromthe surface
assdogated evmmhermrga:ir belds leng cyclphimse andtpartidvd atecsbsppiendmnot

sites. &)0039 In_an enbodi nent, RCPSA utilizes a
conzetinnal PSA witiss r bheadsgsbe heds of conventional PSA cannot

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

conventional PSA.

[0041] The achievement and accommodation of the high unit length pressure
drops of the current embodiment 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 (1) and improved hydrogen recovery. With these significantly shorter bed



i ncorporated into tubes utilized in the RSPCA

apparatus. These structured adsorbents have an
wan@speoeedl y hi gh mass transfer rate since theChES2006/002291

flowis through the channels formed by the structured

sheets of the adsorbent which offers a significant

i nprovenent in nmass transfer as conpared to a

traditional packed fixed b;ﬂ arrangenent as utilized

in conventional PSA. The r&tio of the transfer rate of

the gas phase ( g) ‘and the mass transfer rate of the

solid phase (ts) in the current invention is greater
lengthginothD pragsweatraps yf thredRSEP AL dpplication wbtlee presémeiriabéntion can

greater than 50. These extraordinarily high nmass

be maigtained atrtgtad bedpressuen disloreatrdndering thnibedicygle eliatouy 10 to

50 RS FRELeeY AfpethAl 0 BSien Sl Biimieing 48 edhifh ediibipfBecs to

less‘%ﬁ%}Y §HE49R %réﬁ%ﬁﬁ)reké}gﬁ@] leddfhaf fé?f g l%ﬂf;ﬁﬁdasﬁ 2EMort as less
enbo S

di nents results 1Tn signiticantfy greater
tharP1 €ssiindeiithps to be achi eved through the adsorbent
t han conventional PSA without the detrinental effects
associated with particul ate bed technol ogy. The

o0, BEDLBE2 MR SEN RGP hAER RET Rt b
. . f eat
o R 5o B Lo OR el

desdripion 2&pshis sifidrt to ERise 4 ShdnpedAilid addorbatk raction loading on
conventional PSA units where the adsorbent bed unit

the adsegbéntghersbypeoddingsa dela lpadingatiifgetivienfor separating tvstream

COmQOBRIISPCSH B (o Rl SR 0PG50 PR W TR AER i the
d . ' f . .

oS0, i 0 g Ot AL S i e

adsdfiptidntsbp. | BbERVe adhoul PP@n6kaltRatl theRchAD Prdidiites Gl 2t @
absorbents of conventional PSA units. The adsorbent

duringdhbe &éed; atepesssination; Pirgammbiepaessonvatiat stagegisdrighly
pressure drops_because of the risk of fluidizing the,

depprdpnt pRpe Manysigrioss ielediagskytnot dimited fop thespiual operating

preslié{lreerraargc{J {e?np%?:itttures Ic;f" ﬁmdeoo%%alfj $eaid t5BE L aef'anl‘}éid,n Stream composition,
and desired recovery percentage and purity of the RCPSA product stream. 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.

[0043] In an embodiment, the rapid cycle pressure swing adsorption system has
a total cycle time, tro, 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 F%, where F is the
percentage of the feed gas which is the weakly-adsorbable (hydrogen) component,
into an adsorbent bed that selectively adsorbs the tail gas and passes the hydrogen
product gas out of the bed, for time, ts, wherein the hydrogen product gas has a



equi pnent probl ens and/or a need to add or repl ace

| ost adsorbent nmaterials. These markedly higher
wa@dmenmeas bed unit | ength pressure drops al | oRCROPSA6/002291

adsorbent beds to be significantly nore conpact,

shorter, and efficient than conventional PSA. [0041]

The achi evenent and accomodati on of the high unit

| ength pressure drops of t current enbodi nent all ow

hi gh vapor velocities to bé&“dchi eved across the

structured adsorbent beds. This results in a greater

mass contact rate between the process fluids and the
puritsy 696 and ratater oftesovary filRfrot RécowverseRt%ds thearatioeof amount of

chi eved by.cqnventional PSA. Thig results in _shorter
hydsagen) whengd in fegredueide the amount ati@y@pgfsla@&%llf(ﬁa}n thegfeed.

r r se s |

Thof ety SYRARRANY RpRIGzed Yot & dE G oIk lter
curRRitlyl depréRrieingtthe bed Fsed tinld) Y& WHtheitialesOba@{thil 38 o

at total bed pressure differentrals during the feed
exhoyst gaspis mwhameed fiont theSedutiagprepsuré grasvénthhe os ehalrto 3D psig.

psi g, while _mnim zing the_ active adsorbent beds to
Thq bed1siuged forgptimentn, dyijcally prilly @ paniop oldhs hydsggen product
feet in Ieng&h and as short as less than 1 foot jn

gas| ewgseduandlyAhe bed és ropeessutized FaSsiime, treaiapicallypyvigh eortion

dug.i i tical i ded
of b B8t b ELeR usRT BAS o PR et e, P brsiabfp the
sunRBEHAERATRELA ve lcShBed éoﬁfsﬁgirfg tﬁ@ttottapcf(‘]tgé' fitnd 2%2 ange

In the adsorbafe fraction | oading on t

thereby providing a delta | oading effective for
separating the stream conponents processed by the
RCPSA unit. Typi cdropresduice 1t tewet & *trrge of the f{dm
about 50 to 2000 psia, nore preferably from about 80
to 500 psia during the adsorption step. However, it

| : th
[oog{i;f |u o g“htl&ﬁ%rﬁP&&?neHﬂ @hc&ﬂgas%ﬁé Yl 1Pﬁ§t;131‘rﬂgt§§ g?'], c}uj’g?xdprocesses

eed, depressuri Zati on,

such ehatedther tlraitatoof ficagay, R M 80% Yo e pesdien putippto feedpurity
factors including, but not [imted to, the actual
ratippRYelt g 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 below. Other embodiments
will include applications of RCPSA in processes where recovery rates are much
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 economically justifiable for a particular application.

[0045] It should also be noted that it is within the scope of this invention that
steps tco, ton, OF tp of equation (3) above can be omitted together or in any
individual combination. However it is preferred that all steps in the above equation

(3) be performed or that only one of steps tco or tey be omitted from the total cycle.



pressure and tenperature of the overall streamto be

separ ated, stream conposition, and desired recovery
w@edsprmoaye and purity of the RCPSA product stPERDS2006/002291

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

technol ogy. [0043] In an eggodinent, the rapid cycle

pressure sw ng adsorption ¥ystem has a total cycle

time, tTQ, to separate a feed gas into product gas

(in this case, a hydrogen-enriched strean) and a tai
[00463x halmsdn) epbedinddie, thre thib dagysreds@piefeiabty relessed lata pressare

of conducting the feed gas_having _a hydrogen purjty

higm?aouahag;mt ; tmé@;l@maa fegdoamothes dexicg absentipil@asi s

the wea - ads hydr ogen) conpagnent,, into a
compiEsH e OB S TP R Qe el 98 PO RS Beei e o Sgael to 60
pic? 1 RS PEE P PUADRARRR RS LUyt of i o

to 8@puig. t Xt BigheYpescures, e @aib%ag eapbecyndifctéo Rasdheaderror
%is the ratio of anpunt of hydrogen retained in the

direptly ttugnother prasessnihin afefinety o eairackémissl,surh as e
feed. Then t.he bed i.s co:currently depressurized.for a

hydfqRReess gL, el RUBE Hited W e FRIBHHIG STacker tnit or a

methaty #ééi%{.lﬂﬁ 1§ aRRAwiR tﬁe%bﬁe Y inVRGfiGh 301% this
esorbat e ai'l "gas or exhaust SS) I'S rel ease rom

partidi@arRgfibédinfen? Heh $he 6nl9Tseey BY dépragsulingaiie dbd ivcadQurrent flow.
psig. The bed is purged for atine, tp, typically with
Thahisp thet ¢amterd-curnenthiggrassianizipg sthpcis ogaistedSubsequent |y
the bed is repressurized for atine, t p, typically
- with a portion of hydrogen product gas or feed gas ,

er . , .
10041]2" PhfebiS oEEl el invenlidhcahafREl oy 38 TUAEHE:
tinme, i.e. tTGc =t +tco CN+tp +t p (3) [0044]
Thi s enbodi nent enconpasses, but is not limted to,
RCPSA princreasiag theiptrityhathyeiro per-comtaining stredm(s) avedable as
R% > 80% for a product purity to feed purity,
makeup 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 reactor to allow

for higher hydrotreating severity or additional product treating.

(©) Use for H, recovery from hydroprocessing purge gases, either where
significant concentrations of H,S are present (before gas scrubbing) or after gas

scrubbing (typically <100 vppm H,S).

[0048] In hydroprocessing, increased H, purity translates to higher Hj partial
pressures in the hydroprocessing reactor(s). This both increases the reaction

kinetics and decreases the rate of catalyst deactivation. The benefits of higher H,



ratio, P%¥F% > 1.1, and/or the rate of recovery, R%>
90% for a product purity to feed purity ratio, 0 <
wWEP20eAr9023. 1. Resul ts supporting these high rerCI/E83008002291
purity ranges can be found in Exanples 4 through 10
bel ow. O her enbodi ments will include applications of
RCPSA i n processes where recovery rates are nuch | ower
than 80% Enbodi nents of RCPSA are not limted to
exceedi ng any specific rec@\%ry rate or purity
threshol ds and can be as applied at recovery rates
and/or purities as |ow as desired or economcally
partidl prédsueds| canfter explpised incavaiets b wayst swoh ad: 0Péfatingtat lower
shoul d al so be noted that it is within the scope of
reaqtey; temnevastts, ovhich seduses gergy costs, dme@sesmataéystélﬁagtwaéwn

and e lppRR GH byt Tiginobsirg B EE: BioceRiR dacdSpith (iBher
sulﬂl#)qe@@sqé{ﬁ(s%gi‘@éésﬁﬁ (I%%hé?%oﬁ@é tRd erddi@t f@éﬂs‘toék%e

steps t fromthetota
impeywddeprio@Qéitdolbn partiiiirddhemrind éthent alebottbemetkinglexdsting
preferably rel eased at a pressure high enough so that
conmpiressped ﬂtméaﬁtrﬁ&tyg@e:llfcétts {inceaasedeef Ideot wsm éotal flaw, or
sam%%%&%%ﬁ@%ﬁ@?plﬁ’b a%glgerrggcle Bgt \}Va{l ﬂ)arrgrft 0'one
enbodi nent , the tail gas pr essure is greater
Skﬂgﬁﬁ{rﬁgé?@qual to 80 psig. At higher pressures, the

tail gas can be conducted to a fuel header or directly
to another process unit in a refinery or
[00484t r ohmaeaseélﬂz receterpglse difets signoitesd ipoteniial benefits, some of
ref or fluidized catal ytic cracker unit or
Whlﬁhﬁ’éft é‘ § ﬁﬁtf@@‘?@s'unit It is also within the scope

of | | r
© K gl hE YRk R Rk RS b BT QMR e of
withihQHe iRyl s, the counter-current depressurizing step
is omtted: [0047] Practice of the present invention
c4ii) irvensitghyddopovdesging deret fates at(canstant (exasting) maleup gas
purity of hydrqogen-contai ning strean(s) avail able as
demmrdéap) agasl1¥ of ﬂ@fmgltqamc{rﬁg%rhrmﬁ%e upgr aded t o

h'(ﬂl im rg{lfntgyth %fygroge%h %tar ehydroplrocessmg for increased
heteroatom removal efficiencies;
(iv) removing a portion of the H, from refinery fuel gas which is detrimental
t6 the fuel gas due to hydrogen's low BTU value which can present combustion
capacity limitations and difficulties for some furnace burners;

(v) Other benefits that would be apparent to one knowledgeable in the art.

[0050] Depending on the specific RCPSA design, other contaminants, such as,
but not limited to CO,, water, and ammonia may also be removed from a feed. A

portion of the scrubbed vapor stream may bypass the RCPSA unit.

[0051] The following examples are presented for illustrative purposes only and

should not be cited as being limiting in any way.



suitabl e as make-up gas. (b) Increasing the purity of

hydr ogen-contai ning recycle gas streans resulting in
wa@eoosiozaoense i n overall hydrogen treat gas purPCHUSI906/002291

the reactor to allow for higher hydrotreating severity

or additional product treating. (c) Use for H2

recovery from hydroprocessi ng purge gases, either

wher e significant concentrg%ions O H2S are present

(before gas scrubbing) or &Pter gas scrubbing

(typically <100 vppm H2S). [0048] In hydroprocessing,

increased H2 purity translates to higher H2 parti al

pressures in the hydroprocessing reactor(s). This both
EXANMDPIESes the reaction kinetics and decreases the rate

of catal yst deactivation. The benefits of higher

rgial pressures can be exploited in a variety of

Exigﬂggisuch as: operating at |ower reactor tenperature,

whi ch reduces energy costs, decreases catalyst

deactivation, and extends catalyst | ife; increasing
[0032]i t Incthis ¢mlepﬂ1@cr§ﬁ§emfgstmnb18§é 6180(9@*1@%@1 tgdlgaala; 65 psig

o R GO 0 LS PO L B Bl e
T e T
hydF&iréitin g@p@h@ﬁlﬁoﬁwlﬂkhlﬁ |eﬂa‘tnplitrtyﬁﬂm§h§fd1focbﬂ)cﬂis dredescribed by

total tflow; and other nmeans that woul d be %ﬁparent to
theip nerb@nmwmerum {he methang0§497 ethane etes ebhe-R eﬂfoiﬁeckegpable of

BCEOEEE T P
ratege'TE@ﬂ:sfl%r n uf;lﬁe ) eﬂae f@ﬂﬂg ?P&;‘r\?\ﬁﬁi‘cer Qfmﬂtaﬂﬁﬁ oT P REPSA and

mnth I'n I nery, ncr eas

- the iﬁrﬁiﬁ QR QG ipRfeeneRts 0THRS dﬁ‘fer@ﬂflﬁﬁmiﬁneh@@(f(ﬁtthis @kample.
makeup gas denmands as a result of the increased

Tabibgsdtaogehlb elsosboyw, how the hydrogen purity decreases as recovery is

increased from 89.7 % t0 91.7 % for a 6 MMSCEFD stream at 480 psig and tail gas

at 65 psig.



(iii1) inproving the hydrogen purity in hydroprocessing
for increased heteroatomrenoval efficiencies; (iv)

WO eoowigs a portion of the H2 fromrefinery furCT/gam06/002291
which is detrinmental to the fuel gas due to hydrogen's
| ow BTU val ue whi ch can present conbustion capacity
limtations and difficulties for sonme furnace burners;
(v) Oher benefits that wou| d be apparent to one
know edgeable in the art. [9050] Dependi ng on the
speci fic RCPSA design, other contam nants, such as,
but not limted to CO2, water, and ammonia may al so be
renoved froma feed. Aablded lmandflk he scrubbed vapor
stream may bypass the RCPSA unit. 5{)051] The fal | owi ng

Compasitions(mek7grafdaput and gutppt from RCVEALGTH6 948 B2 y

purdficatiéw Fedristat 80 qisiggd 22 ¢geF amd Tail gasigt 6 pevig:

Fee@natEXWhsHS MMSCED] [0052] In this exanple, the
refinery streamis at 480 psig with tail gas at 65

psi g whereby the pr I [ . 18. The feed
conposi tion and prﬁmm of refinery
processi ng units such as those found in

hydep driotes du isegpnsts aredir st ¥, dao 0l 63 plaini ¢ Bt e 5T&333, rire 17105

exanpl e typi cal hydrocarbons are described by their
c aHaan 98 6Wmirity,. 89.7%irecovamt hane , C2 = ethane etc. The

RCPSA i s capabl e DrEEER! N NYPREFFNCRT > IPAMO-GAS

purity nd >8 1 |y gctﬁfﬁ)

rates. “Fables la gnd | w t he rgégfts of conéil?er
riepk

0
si mul aGlon of the |RCPSA®-4nd the in and out pu
per cenf@ges of t he di f f @ent conmpo s for thid?0
exanpl €3 Tables 1d and 28 al so showW-bbw t he hydidgen
purityCdécreases ds recdPery is indrehsed from 8887 %
to 91. H2® for a 6 jMVBGHDvigim eam abS48mpsi g d9bStvapn
IRFOATAORVMREICED)T €S §.182and T D 4934 1.228

480 psig 470 psig 65 psig

Table 1b - Higher purity

Step Times in seconds are tg=1, tco = 0.333, tcy = 0, tp = 0.167, tgp = 0.5

H2 at 97.8% purity, 91.7% recovery

FEED PRODUCT TAIL-GAS
H2 88.0 97.8 459
Cl1 6.3 2.14 25.0
C2 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
TOTAL (MMSCFD) 6.160 5.085 1.074
480 psig 470 psig 65 psig

[0053] 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



Conposi tion (nol

% of input and output from RCPSA (67

ft3) in H2 purification. Feed is at 480 psig, 122 deg
wo2@aa79ba3 | gas at 65 psig. Feed rate i s aboutP@I/US2006/002291

MVSCFD. Table | a - Higher purity Step Tinmes in

seconds are tF =1, tCo = 0.167, tCN =, tP = 0.333, t

p=05MH2 at 98.6%purity, 89.7%recovery FEED

PRODUCT TAIL-GAS H2 88.0 98,69 45.8 A 6.3 1.28 25.1

C2 0.2001 1.0 C3 2.6 0.0212.3 C4+ 2.9 0.00 14.8 H20

2000 vppm 65 vppm 9965 vppm | TOTAL ( MVBCFD) 6.162

4.934 1.228 480 psig 470 psig 65 psig Table Ib --
purgé,gisenllpeoimter-Stuapnf)iamd stepnS seepoessudzatidoFwith, prodiact=In the

0.333, tCN =0, tP =.0.167, tup = 0.5 FEED _PRODUCT
RCRAAs dgseribpd beteptanydnstantchatf the totat numbes of beds atexon the feed

step(.)' I%Zth%s' gxample, tror = 2 sec in which the feed time, tg, is one-half of the total

cycle.

Example 2

[0054]

shows conditions utilizing both a co-current and counter-current steps to achieve

In this example, the conditions are the same as in Example 1. Table 2a

hydrogen purity > 99 %. Table 2b shows that the counter-current depressurization
step may be eliminated, and a hydrogen purity of 99% can still be maintained. In
fact, this shows that by increasing the time of the pﬁrge cycle, tp, by the duration
removed from the counter-current depressurization step, tcy, that hydrogen

recovery can be increased to a level of 88%.

Tables 2a and 2b

Effect of step durations on H2 purity and recovery from an RCPSA (67 ft’).
Same conditions as Table 1. Feed is at 480 psig , 122 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 tr tco ten tp trp
% % 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




C3 2.6 0.02 12.3 ¢4+ 2.9 0.00 14.9 H20 2000 vppm 131
vppm 10016 vpm | TOTAL (MVBCFD) 6.160 5.085 1.074 480
W@200g/0290@3 psi g 65 psig [0053] The RCPSA' s descPChes20061002291
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
i spurge, usually counter-cc@q[’)ent)_ and step 5 is
repressurization with product. In the RCPSA s
descri bed here at any instant half the total nunber of
beds are on the feed stepTable2lhis exanple, tTOt = 2
sec in which the feed tine, tF, is one-half of the

total cycle. aﬁﬁhﬁn& chgﬁ@&.]_c@aekghépﬁ&gnpl e, the

condltl ons are t he sanme as Tabl e 2a

OWS Yeh—t+-ehs—u—=+h beth—a—co-—cur+ent—an
cg\’}H erﬁéfﬂvreéﬂt st ¥ps tlo §€ﬂ| eve hig¥rogen parity >tsp
00 ofabl e 2 shows ghat [thegcounter-gurrent S S
dapfeSEUryZati on syep iay, §gs efjim nared "1‘)@573 05
b I R T
upge A'ﬂlg, 1P by th dujui mr%v-e fOr 'Z\f %

counter-current depressurization step, tCN, that
Exh df ogen recovery can be increased to a | evel of 88%
—%-Bieg 2a and 2b Effect of step durations on H2 purity
and recovery froman RCPSA (67 ft3). Same conditions
as Table 1. Feed is at 480 psig , 122 deg F and Taill
[0083)s aThLexasnle shews arldt MM SCaDorefinervbirédr), once again

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

example.



Tabl e 2a Wth counter-current depress, Internediate
pressure = 105 psig. Table 2b Wthout counter-current
waoelepses®2Exanpl e 3 [ 0055] This exanpl e shows aPdDUS2006/002291
MVSCFD refinery stream once again containing typica
conponents, as shown in feed colum of Table 3 (e.g.
the feed conposition contains 74 %12) . The streamis
at 480 psig with RCPSA tail_gas at 65 psig whereby the
absol ute pressure sw ng i s%-18. Once agai n the RCPSA
of the present invention is capable of producing
hydrogen at > 99 %urity and > 85 % recovery from
these feed conpositi orabldsdd aad3b and 3b show t he
results of this exanple. Tables 3a and 3b Cbnposition

Cob gﬁfﬂ E‘éiz@ﬁ‘f‘ggfg“ Z) Lk ?\S %égt PSig, se%laate s

abomlllpd\@il Aty Step Times in seconds are tF= 0.583,
tCo = 0.083, tCN=0, tP =10.25, t = 0.25 H2 at 99.98

%purlty and 86 %m&gay%@r%fl TAI L- GAS H2
74.0 99.98 29.8 C 2 0.00 13.8 C3

step it dn Sedoids afe &L 08831 0L 0.083, toy = 0, tp = 0.25, tgp = 0.25

H2 at 99.98 % purity and 86 % recovery

FEED PRODUCT TAIL-GAS
H2 74.0 99.98 29.8
C1 14.3 0.02 37.6
C2 5.2 0.00 13.8
C3 2.6 0.00 7.4
C4+ 3.9 0.00 11.0
H20 2000 vppm 0.3 vppm 5387 vppm
TOTAL (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, tcy = 0, tp = 0.083, tgp = 0.25

H2 at 93 % purity and 89 % recovery

FEED PRODUCT TAIL-GAS
H2 74.0 93.12 29.3
C1 14.3 6.34 31.0
C2 5.2 0.50 16.6
C3 2.6 0.02 8.9
C4+ 3.9 0.00 134
H20 2000 vppm 142 vppm 6501 vppm
TOTAL (MMSCFD) 10.220 7.240 2977
480 psig 470 psig 65 psig

[0056] Inboth cases shown in Tables 3a and 3b above, although tail gas
pressure is high at 65 psig, the present invention shows that high purity (99 %) may

be obtained if the purge step, tp, is sufficiently increased.



H20O 2000 vppm 0.3 vppm 5387 vppm | TOTAL ( MVSCFD)
10. 220 6.514 3.705 480 psig 470 psig 65 psig Table 3b
WO 2006meg02purity Step Tinmes in seconds are tF= PCBHUS1006/002291

= 0.167, tCN =0, tP =0.083, tpp = 0.25 H2 at 93
%urity and 89 % ecovery FEED PRODUCT TAIL-GAS H2 74.0
93.12 29.3 A 14.3 6.34 31.0 C2 5.2 0.50 16.6 C3 2.6
0.02 8.9 C4+ 3.9 0.00 13.4 H20 2000 vppm 142 vppm 6501
vppm | TOTAL ( MVSCFD) 10. 229-7. 240 2. 977 480 psig 470
psig 65 psig [0056] In both cases shown in Tables 3a
and 3b above, although tail gas pressure is high at 65
psig, the present invention shows that high purity (99

O/%kma be obtained if the purge step, tP, is
[0057k { | Krloles Pg, Zinandas shopGbapor bath GHMSCER anddl MSCFD

o R PR LSS i
achBvabfe R MR RIOP%A@CIBI BofRBh&s\thd il %ﬁéﬁ?ﬁﬂ)giﬁ] RRhhigh

cases the tall gas Is at 65 psig. rities
puritied andeenmreries ofbradund gas agidsvaliNiny de REPSA With KCRA

with all the exhaust produced at high pressure have
exhawst predurediat higlepragswethave nghbieeyr diseovesgd betararadgre a key

t he esent invent. on.
featiire of the present invention.

[0058]
delivers high purity (> 99%) H, at high recovery for the same refinery stream
discussed in Tables 3a and 3b. As compared to Table 3a, Table 3¢ shows that

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

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

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

Table 3¢
Effect of step durations on H2 purity and recovery from an RCPSA (49 ft%).
Feed is at 480 psig , 101 deg F and Tail gas at 65 psig. Feed rate is about 10
MMSCEFD.

Without counter-current depress.

Purity | Recovery ty tco ten tp trp
% % S S S s S
95.6 87.7 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




[0058] Table 3c shows the results for an RCPSA (vol une
= 49 cubic ft) that delivers high purity (> 99% H2 at
woe@k/oreedvery for the same refinery stream di BEC/ES®A6/002291
in Tabl es 3a and 3b. As conpared to Table 3a, Table 3c
shows that simlar purity and recovery rates can be
achi eved by sinul taneously decreasing the duration of
the feed cycle, tF, and the purge cycle, tP. Table 3c
Ef fect of step durations oR L2 purity and recovery
froman RCPSA (49 ft3). Feed is at 480 psig , 101 deg
F and Tail gas at 65 psig. Feed rate is about 10
Exal . Wthout counter-current depress. Exanple 4
In this exanple, Table 4 further illustrates
t he performance of RCPSA' s operated in accordance with
e ipvention hei described, here. Jn this ex '
003sle. (BB emplsFebie 3 ErRENSERRs 47 piforn B B Repsas

opeﬁfgg\;d; ﬁfﬁc%o?cian%g %Yigf‘tlﬂr iny 1§F€§§g geséﬁlf‘ehﬂ&é?ﬁlt this exané}t)le,

ron 1S a 0 produce %pur e hydrogen produ

the fled8$ aBypfchleeevmerystyden aad lis dthepiesiure 98300 psexh@hs REPSA of
at 40 psig. In this case the tail 1?as can be sent to a

the preasit idvemtian isableto progaceadd i’ purohydiogao producs aid3.6 %

recqveg b Atk hc Kb ERG1 SxRgBtted at A0 Bpige nghigaeg te tail gas can
! o t | .

be 45 Gk OEb i SRR of i B ERafOskReR Sy

witlfdiﬁtﬁlaﬂﬁ«% 66%%)1@5&% ?écpﬁb@i’ﬁéiﬁ.e M fsthérGiRgsbreint agsact o e

evel s of ensure that the catalysts in the
inveniunsis tesrthe RIGRS A plsoatmonies KEdito §ét epproy whidnisiextremely

desigablador TRECTY Hids B3 GBI D4R G APEFIL PO aaH yLower
tevd 3P Frgre i PREkip B UEWBbtrplp it BBt
detd i F3RHA B 2&tivilPovirtended lengths. Conventional PSA cannot meet this
CO 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 tail
gas is available at 40 psig or greater, no additional compression is required for

integrating the RCPSA with refinery equipment.



pressure of other equi pnment that processes such RCPSA
exhaust. Since all the tail gas is available at 40
w@giog/ommo2yr eat er, no additi onal conpressi on i SPCEYSI0€MW2291
for integrating the RCPSA with refinery
equi pnent . Tabl e 4 Conposition (nmol 9% of input and
output from RCPSA (4 ft3) in carbon nonoxi de and
hydr ocar bon renoval from hédrogen. Feed is at 300
psig, 101 deg F, and Feed dte is about 0.97 MVBCFD.
Step Tinmes in seconds are tF= 0.5, tCo = 0.1, tCN = 0O,
tP = 0.033, tRp= 0.066 H2 at 99.99 % purity and 88 %
recovery FEED PRODUCT TAITabls H2 89.2 99.98 48.8 C

3.3 0.01 13.9 C 2.8 0.01 13.9 C3 2.0 0.00 10.2 C4+

Cortpiiofndilymp iy wh Aok (P HROERG TP arha
. a
mongidégn JHHEIP%WE‘%H‘ Bl AL i s b e St 00 Pty 101
deg ¥ anddBersbrafietis abput 0. 97MMBERR ng descri bed here.
The stream being purified has lower H2 in the feed
Stég- Titties Jin 38€onids dretty i 0:8) tdoef OFL, X/ pet0, @p Fe0T083Y trp = 0.066
stream In both cases (corresponding to Tables 5a and

%%ﬁ%?f%ﬁ%ﬁ%ﬁgm%ﬂ% essurization step is

the invention, Ta IL-GA

H2 89.2 99.98 48.8

Cl 3.3 0.01 13.9

C2 2.8 0.01 13.9

C3 2.0 0.00 10.2

Cd+ 2.6 0.00 13.2

CO 50 1.1 198.4

TOTAL 0.971 0.760 0.211
300 psig 290 psig 40 psig

Example 5

[0060] Tables 5a and 5b compare the performance of RCPSA's operated in
accordance with the invention being described here. The stream being purified has
lower Hj in the feed (51% mol) and is a typical refinery/petrochemical 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 H, 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 compression is required.



shows that high H2 recovery (81% is possible even
when all the tail gas is released at 65 psig or
w@e@anz23 | n contrast, the RCPSA where sone taPCFysam06/602291
avai l able as low as 5 psig, |oses hydrogen in the
counter-current depressurization such that H2 recovery
drops to 56% In addition, the higher pressure of the
streamin Table 5a indicates that no tail gas
conpression is required.Taﬁ§ES 5a and Sb Effect of
Tail Gas Pressure on recovery. Exanple of RCPSA
applied to a feed wwth H2 concentration (51.3 nol %.
Conposition (nmol % oTablesBa sndiSbut put from RCPSA (31
ft3) in H purification. Feed is at 273 psig, 122 deg

Effe.F a{flﬁé gg%%gsdri oAby y1 Wﬁ)e gg‘ lfeﬂ to a feed
@@nc@p at 12 1imp 14%- ?saqnpﬁaﬁro v@r? Pé“ﬁ“&'nﬂ“tp“t
fromax@gs Bs(3, ft nal’rnw 23 puigy 32 deg-Epnd
Feeﬂ’MbthSB&\&NI—ﬂIE]D.S 99. 71 20. 1 CI 38.0 0. 29 61.0

C2 4.8 0.00 8.0 C3 2.2 0.00 3.8 4+ 3.7 0.00 6.4 H20

4000 vppm 0.7 vppm 6643 yppije §JOTAL (MVBCED) 5. 142

2.141 3.001 273 psig 263 5-83 psig Table 5b

Step Times in seconds are tg= 0.5, tco = 0.083,
ten = 0.033, tp = 0.25, tgp =0.133

[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
Cl1 38.0 0.29 61.0
C2 4.8 0.00 8.0
C3 2.2 0.00 3.8
C4+ 3.7 0.00 6.4
H20 4000 vppm 0.7 vppm 6643 vppm
TOTAL (MMSCFD) 5.142 2.141 3.001
273 psig 263 psig 65-83 psig
Table Sb

Step Times in sec. are tp=0.667, tco = 0.167, tcn = 0.083, tp = 0.083, trp =0.33

[B] Tail gas available from 5-65 psig, H2 at 99.9 % purity and 56 % recovery

FEED PRODUCT TAIL-GAS
H2 51.3 99.99 34.2
Cl1 38.0 0.01 48.8
C2 4.8 0.00 6.9
C3 22 0.00 3.4
C4+ 3.7 0.00 6.2
H20 4000 vppm 0.0 vppm 5630 vppm
TOTAL (MMSCFD) 5.142 1.490 3.651

273 psig 263 psig 5-65 psig



Step Times in sec. are tF = 0.667, tc o = 0.167, tCN =
0.083, tP =0.083, t . =0.33 [B] Tail gas avail able

WO e@ai0®08d psig, H2 at 99.9 %purity and 56 % PEDOSENg002291
FEED PRODUCT TAIL-GAS H2 51.3 99.99 34.2 d 38.0 0.01
48.8 C2 4.8 0.00 6.9 C3 2.2 0.00 3.4 4+ 3.7 0.00 6.2
H20 4000 vppm 0.0 vppm 5630 vppm | TOTAL (MVBCFD) 5. 142
1.490 3.651 273 psig 263 psig 5-65 psigExanple 6
[0061] In this exanple, TaBffes 6a and 6b conpare the
performance of RCPSA's operated in accordance with the
i nvention being described here. In these cases, the

ExaMQ@ressure is 800 psig and tail gas is exhausted at
elther 65 psig or at 100 psig. The conposition

reflects typical inpurities such H2S, which can be
resent .in such refinery a i cationg. As.can be '
001h Tabinpre §ebs of aRBbspBinsts ol o2hads JRPsAs
opetai&d i &!&o{&g ok Yyith B ifverdifbrPB4ie dBEG R : IPiheYe ases, the
co-curren epressurization is %sed and the eftluent
feedepifeEMe 860 ptigmndstal @k id exiniubred dveither 65 phig aryat!100 psig.
ail gas onlfégl ssues during the countercurrent purge,
Theswomppositis refetstyoice] impuritiesssuchH2p, Woehcaphe presgnt in such
where sone of the tail gas.is also e ted in a ,.
refiRcgy PR NGOt A% G 66 serth ish T5HOLE Tl oo AServed in both
- e S\ bz at, ]
cos S AR BIEREnJERNESSYS V7o e 108 GLLL BN 0 Blte,
deprRRSurPZaRRUS Bsé®ahd tRDEfElubAt dBing thid Stepiesait tbloehaatheds in the

beds in the RCPSA vessel configuration that is part
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.

[0062] 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
purity gas at high recoveries. In accordance with the broad claims of this invention,
these cases are only to be considered as illustrative examples and not limiting either
to the refinery, petrochemical or processing location or even to the nature of the

particular molecules being separated.



of this invention.

Tail gas i.e., exhaust gas, issues

during the counter-current depressurization and the

W@ ouaEg2x ur r ent purge steps.
entire anpunt of tail
pressure which allows for

pressure refinery
any form of

requi red conpr
purity gas at high recoveri
broad clainms of this invention,

[0062] In all carerUS1966/002291
gas is available at el evated
integration with other high
This renoves the need for
éilon whi | e produci ng high

In accordance with the
t hese cases are only

process.

to be considered as illustrative exanples and not

limting either to tTablesfGanébyangétr ocheni cal

or

processing | ocation or even to the nature of the

o@ﬁwtﬁ ol %) of

,"r }fat%wr 575 85500 psie,
D.Feed is at 800

Exaﬂﬁgi %@PS@ 555{1%%% ﬁ:ti‘?:gd Taé
mpflaaa bl % n
acbyaterds pbopt 104 MMS
pSI g, 122 deg F and Feed rate is about 10. 1 MVSCFD.

Table 6a Step Tinmes in seconds are tF =
0. 33, T4dble & 33 Table 6b Step Tines
0.91,"tCO = 0-25,

T

gas at 65-100 psig ,

0.25, tCN = 0O,

: 331,. t = 0.33
&391, ImMesJn_sego
[C Tail

tP =
in seconds are tF =
Tabl e

Sarg

SeC

0. 91,
tCN = 0,

T 58, be0.33

tc o =

tP =

H2 at 99. 8%pur|ty and
BYPAaikgre w6y pHEHLR PRITRICPUTiLY And@NSo FZovery0 99. 95 28. 9

C 14.3 0.05 39.0 |C2 5FBED. 00 13.pPROGBULCTH 0. O0TAIEZ-GAS
H2 74.0 99.99 29.5
C1 14.3 0.01 37.6
C2 5.2 0.00 14.0
C3 2.6 0.00 7.4
C4+ 39 0.00 10.9
H20 20 vppm 0 55 vppm
TOTAL (MMSCFD) 10.187 6.524 3.663
800 psig 790 psig 65 psig
Table 6b

Step Times in seconds are tg=0.91, tco = 0.25, tcy = 0, tp = 0.33, tgp = 0.33

[B] Tail gas at 100 psig, H2 at 99.93% purity and 80.3% recovery

FEED PRODUCT TAIL-GAS
H2 74.0 99.93 38.1
Cl 14.3 0.07 32.8
C2 52 0.00 12.5
C3 2.6 0.00 6.5
C4+ 3.9 0.00 9.6
H2S 20 vppm 0 vppm 49 vppm
TOTAL (MMSCFD) 10.187 6.062 4.125
800 psig 790 psig 100 psig



C4+ 3.9 0.00 10.6 H2S 20 vppm 0. 01 vppm 53 vppm |
TOTAL (MVBCFD) 10.187 6.373 3.814 800 psig 790 psig
WG 200600psi g Exanple 7 [0063] Tables 7a, 7b, aPdI/¥s2006/002291
conpare the performance of RCPSA s operated in
accordance with the invention being described here.
The stream being purified has higher H2 in the feed
(85 % nol) and is a typical refinery/petrochem cal
stream In these exanples e purity increase in
product is below 10 % (i.e. P/F < 1.1). Under this
constraint, the nethod of the present invention is
abl e to produce hydrogen Eible680% recovery w thout the
need for tail gas conpression.Tables 7a, 7b. and 7c

SRS 18 pe SR 631, o f SRR LN Do 5167, e = 01
ic3Mgh e ol Mibsig AR O phio i gl S o 10l

7a Step Tines in deconBBERre t F= RRGDUCHy = o BAIL-GAY
= 0.467, tP = 0.1d7, = 74.B3 recoverop.9s 85 % FEED28.9

PROQUET TAI L- GAS H2 85.10.92. 40 57. 9005 8.0 4.56 3309
C2 4¢9 1.79 13.1 @3 3.0s5%. 16 10.4 Cdpp0.0 0.00 0187

C3 2.6 0.00 7.2
C4+ 3.9 0.00 10.6
H2S 20 vppm 0.01 vppm 53 vppm
TOTAL (MMSCED) 10.187 6.373 3.814
800 psig 790 psig 65-100 psig
Example 7

[0063] Tables 7a, 7b, and 7c compare the performance of RCPSA's operated in
accordance with the invention being described here. The stream being purified has
higher H, in the feed (85 % mol) and is a typical refinery/petrochemical stream. In
these examples the purity increase in product is below 10 % (i.e. P/F < 1.1). Under
this constraint, the method of the present invention is able to produce hydrogen at >

90% recovery without the need for tail gas compression.



H2O 2000 866.5 6915 | TOTAL (MVSCFD) 6.100 4.780 1.320

480 psig 470 psig 65 psig Table 7b Step Tines in sec.
wae@ene23, tc o = 0.333, tC = 0-167, tP = 0. 0BGI/UsHRP6/002291

0.417 recovery = 90 % FEED PRODUCT TAI L-GAS H2 85.0

90.90 58.2 A 8.0 5.47 18.1 C2 4.0 2.23 12.9 C3 3.0

1.29 10.1 ¢4+ 0.0 0.00 0.0 H20 2000 1070.5 6823 |

TOTAL (MVBCFD) 6.120 5. 150 3 969 480 psig 470 psig 65

psi gTable 7c Step Ti nes in3dec. are tF =2, tc o

=0.667, tC =0.333, tP =0.167, tRP =0.833 recovery

% FEED PRODUCT TAIL-GAS H2 85.0 90.19 55.2 d 8.0

18.8 C2 4.0 2.32 13.Balklés 3al7l,.amdl 7d. 3 C4+ 0.0 0.0
0.0

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.

6.
0

Table 7a

Step Times in seconds are tg= 0.5, tco = 0.33, tcy = 0.167, tp = 0.167, tgp = 1.83
recovery = 85 %

FEED PRODUCT TAIL-GAS

H2 85.0 92.40 57.9

Cl1 8.0 4.56 17.9

C2 4.0 1.79 13.1

C3 3.0 1.16 104

C4+ 0.0 0.00 0.0

H20 2000 866.5 6915
TOTAL (MMSCFD) 6.100 4.780 1.320

480 psig 470 psig 65 psig
Table 7b

Step Times in sec. are tg=1, tco = 0.333, tey = 0.167, tp = 0.083, trp = 0.417
recovery =90 %

FEED PRODUCT TAIL-GAS

H2 85.0 90.90 58.2

Cl1 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



H20 2000 1103.5 7447 | TOTAL (MVSCFD) 6.138 5.208 0.93

480 psig 470 psig 65 psigCLAIMS : 1. A process for
wapgsationyy a hydrocarbon feed in a hydropr ocesBCTYS2006/002291

process unit, conprising: a) contacting said

hydr ocarbon feed in a hydroprocessing zone wth

hydr ogen, a portion of which is obtained froma

hydr ogen- cont ai ni ng nake-ug gas, and a catalytically

effective anmount of a hydr'é?ocessing cat al yst at

hydr opr ocessi ng conditions thereby resulting in a

i quid phase and a vapor phase; b separating said

l'i qui d phase product andTablel7vapor phase, which vapor

phase product contai ns hydrogen and |i ght

KR TR IR e P y;?%?fy?;if“zﬁ%%’%’#%%ﬁ?ﬁ?‘ﬁé%gzsaz
rodu

treat gas, the vapor p e Ct, or both, in a
rapid cycle pressure swing adsorption unit containing

a plurality of adsnLhenL_hedsammd_hauh%g,a i Aa) Y IV - V-
time of |ess than |abouFEBD secondROBHCH pressTAEL-BAS) |
W t hjgm each adsorlent Izg@® of great &p.than about 55.2

inches of water pqr fooggof bed |engph; d) recych8gg
at |gast a portior of thg vapor phaggpof step c)jgbove

havi a hi gher ccncentg%tion of hygregen to theqq 3
hydrgg ocessi ng zgne. Zd The process af claim1 0.0
whergr'h the hydrodar bo ed is sel?‘ d fronlth%M7
ar ouH2090nsi sting df n il do

ROTALMMSEGFD) et f’uel bdBBi ng_range2@%ds. distiP%te
ol 1 ng range feeds, qg@bﬁgs and c470dssg 3. The65 psig
process of claim2 wherein the hydrocarbon feed is a

napht ha boiling range feed selected fromthe group
consi sting of straight run naphtha, cat cracked



napht ha, coker naphtha, hydrocracker naphtha, resid

hydr otreat er naphtha. 4. The process of claim2 wherein
w0 b@shymedcar bon feed is a distillate and hi ghrCT/US2006/002291

boiling range feed selected fromthe group consisting

of cycle oils produced fromthe Fluid Catalytic

Cracker (FCC), atnospheric and vacuum gas oils,

at nospheric and vacuum resijdua, pyrolysis gasoline,

Fi scher-Tropsch liquids, raffmtes, waxes, |ube oils,

and crudes. 5. The process of claim1l wherein the

hydr opr ocessi ng processing is a hydrotreating process

for the renoval of heteroatons fromthe hydrocarbon
dieggmend wherein hydrogen sulfide is also a conponent
~0f the vapor phase and wherein at |east a portion of

the hydrogen sulfide is renoved in an acid gas
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uhfiCcopipeiass of claim S wherein the total cycle tinme or

rapid cycle pressure sw ng adsorgti on is less tha
aboud) ¢ontaesingrigisl hydrocplonyiesd Bz hyfroprogessing W‘?@r"%‘ﬁh
t he total c ' ' -
vy @epP adlopfiF b uhlcls btalrd ok FRy@BRML cORaBRRORR: 89 s,
ahd aRaRbeidhllyl OffédciizResnovht vdd Rydrpprocéssinly catalystdt | engt h.
8. The process of claim7 wherein_the Lb(%t al 8yc| e tine
hydropeassssingepnslifaans thergby rading on a Hqwdypse aud grvapprplise;
8 whergj . ! ’
nenBe oBptefl s BB hatt BRaR: SR b AR hch Eabor
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10 seconds and the pressure drop is, greate n about
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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;

d) recycling at least a portion of the vapor phase of step c) above having a

higher concentration of hydrogen to the hydroprocessing zone.

2. The process of claim 1 wherein the hydrocarbon feed is selected from the
group consisting of naphtha boiling range feeds, kerosene and jet fuel boiling range

feeds, distillate boiling range feeds, resides and crudes.

3. The process of claim 2 wherein the hydrocarbon feed is a naphtha boiling
range feed selected from the group consisting of straight run naphtha, cat cracked

naphtha, coker naphtha, hydrocracker naphtha, resid hydrotreater naphtha.



and the pressure drop is greater than about 20 inches
of water per foot of bed length. 12. The process of
wa@b@smrd2zwher ei n t he hydroprocessi ng process iBCT/US2006/002291
hydr ocr acki ng wherein a hydrocarbon feed is converted
to |l ower boiling products. 13. The process of claim12
wherein the total cycle tinme or rapid cycle pressure
swi ng adsorption is |l ess than about 15 seconds. 14.
The process of claim13 whetlsi n the total cycle tine
is less than about 10 seconds and the pressure drop of
each adsorbent bed is greater than about 10 inches of
4. watHte pretedsasficlaiim Rewhdreinghb hydfocafion feeddeaslistillate andn
. 14 wherein the total cycle tinme is |ess than about 5
higherdwildeg rarge fepd splested Somthe geaup comsigtiagaifieycheoils produced
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raffineies) oaxbeiubeoilsparel trmde®r i zed. 18. The process of
claim 17 wherein the total cycle tinme or rapid
pressure swi ng adsorption is |less than about 15
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is less than about 5 seconds. 21. The process of claim
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adsorption.

6. The process of claim 5 wherein the total cycle time or rapid cycle pressure

swing adsorption is less than about 15 seconds.

7. The process of claim 6 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 7 wherein the total cycle time is less than about 5
seconds.
9. The process of claim 8 wherein the pressure drop of greater than about 20

inches of water per foot of bed length.



22. The process of claim1 wherein the hydroprocessing
process i s hydrogenati on wherei n unsaturates and
wae@aarioes are hydrogenated. 23. The process oPCT/US2006/002291
22 wherein the total cycle tinme or rapid pressure
swi ng adsorption is |l ess than about 15 seconds. 24.
The process of claim 23 wherein the total cycle tine
is less than about 10 seconds and the pressure drop of
each adsorbent bed is great"ér t han about 10 i nches of
wat er per foot of bed length. 25. The process of claim
24 wherein the total cycle tine is |less than about 5
10. seckhrdsroc@6. of dlainp i oxleszsindhe cieliertiad isless tian dboat 10 seconds
ressure drop of greater than about 20 inch f r
andgbqa pf@guredirogéa gr%aﬂ@tthan about 10 inches of Wate?r p%? fc())ot o\%%e?l

length.

11.  The process of claim 10 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.

12.  The process of claim 1 wherein the hydroprocessing process is

hydrocracking wherein a hydrocarbon feed is converted to lower boiling products.

13.  The process of claim 12 wherein the total cycle time or rapid cycle pressure

swing adsorption is less than about 15 seconds.

14.  The process of claim 13 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.

15.  The process of claim 14 wherein the total cycle time is less than about 5

seconds.

16.  The process of claim 15 wherein the pressure drop of greater than about 20

inches of water per foot of bed length.

17.  The process of claim 1 wherein the hydroprocessing process is

hydroisomerization wherein molecules of the hydrocarbon feed are isomerized.
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18.  The process of claim 17 wherein the total cycle time or rapid pressure swing

adsorption is less than about 15 seconds.

19.  The process of claim 18 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.

20.  The process of claim 19 wherein the total cycle time is less than about 5

seconds.

21.  The process of claim 20 wherein the pressure drop of greater than about 20
inches of water per foot of bed length.

22.  The process of claim 1 wherein the hydroprocessing process is

hydrogenation wherein unsaturates and aromatics are hydrogenated.

23.  The process of claim 22 wherein the total cycle time or rapid pressure swing

adsorption is less than about 15 seconds.

24.  The process of claim 23 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.

25.  The process of claim 24 wherein the total cycle time is less than about 5

seconds.

26.  The process of claim 24 wherein the pressure drop of greater than about 20
inches of water per foot of bed length.



