HYDROGEN MANAGEMENT | N PETROCHEM CAL PROCESS UNI TS
Field of the Invention [0001] This invention relates
woaodshesaranagenent of hydrogen i n hydr ogencont Cmiusgno6/002295
streans associated with petrochem cal process units
wherei n the hydrogencontai ning streamis subjected
rapid cycle pressure swing adsorption to increase the
concentration of hydrogen therein. Background of the
I nvention [0002] Hydrogen is vital for the operation
of many of today's refinery and petrochem cal process
units, including hydroprockssing units in refineries
and isonerization units for petrochem cal plants.
Since hydrogen is an inportant and val uable comodity
in the various process units it would be beneficial if
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i ncreased by renoving at |east a portion of the other

conmponents of the hydrogen-containing stream Summary
.. of the Invention [0003] In a preferred enbodi ment
Field ab¢he Inventiani ded a process for increasing the
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steamto rapid cycle pressure sw ng adsorption unit

contginingaitreanyisaupjeatedirapid cytlequtsssubeswingedsomtionainorgasa the
total cygle tinme of .| ess than about 30 seconds and a
COIlCE?%@&H&%%g%@ﬁY%“-each adsor bent bed of greater
t han about 5 inches of water per foot of bed
| engt h. [ 0004] In another preferred enbodi nent, the
Bactotal C e t{, .of rapid cycle pressure sw ng
i t han about 15 seconds.

[0002] Hydrogen is vital for the operation of many of today’s refinery and

petrochemical process units, including hydroprocessing units in refineries and
1somerization units for petrochemical plants. Since hydrogen is an important and
valuable commodity in the various process units it would be beneficial if the

- concentration of hydrogen in hydrogen-containing streams associated with such
process units can be iﬁcreased by removing at least a portion of the other components

of the hydrogen-containing stream.

Summary of the Invention

[0003] In a preferred embodiment there is provided a process for increasing the
hydrogen concentration in hydrogen-containing streams associated with petrochemical
process units, which process comprises subjecting the hydrogen-containing steam to
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.



[0005] In yet another preferred enbodi nent the total
cycle tine is |less than about 10 seconds and the
wonrewmaase7dr op of each adsorbent bed is great ePCTEZ006/002295
about 10 inches of water per foot of bed | ength.
Det ai | ed Description of the Invention [0006] Purified
para and ortho xylene isoners are used on a |arge
scale as internedi ates for many derivatives, sone of
whi ch include maj or petrochem cals. Demand for
purified neta xylene is believed to be between 100 and
1000 kta, the volune |evel2separating comodity and
specialty chem cal products. The 2005 industria
demand for para- and ortho-xylene is roughly 32,000
kta, split roughly 7:1. Para-xylene demand is so |arge
[0004hat Ini awbther prefaseddensldimpent, freowed egslettime bﬂﬂl}b@&cydle pressure
. from ot her aromatic nol] ecul es. [0007] Routes for
swing dgserRtipR ds bﬁa{@a@bm }5%pconds.common f eedst ocks for
the production of para-xyl ene include equilibrium
processes and para-selective routes. The major routes
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oqutpléggrgﬁo%pgﬁ?cg}?ngﬂmcg+ al kyl aronatics with tol uene
and/ or benzene, and Sel ective Tol uene
Di sproportionation to ara-xylene and benzene.[0008]
Detailed @escyiptionosf thy Iaventiconeri zati on processes, that
differ in the way ethyl benzene is converted, have been
0 rci.ali zed, |ncludi t he hydro-deet hy] ati on_ of
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volume level separating commodity and specialty chemical products. The 2005

industrial demand for para- and ortho-xylene is roughly 32,000 kta, split roughly 7:1.
Para-xylene demand is so large that industry has developed processes to produce it

from other aromatic molecules.

[0007]  Routes for separating and converting the common feedstocks for the
production of para-xylene include equilibrium processes and para-selective routes.
The major routes enjoying current commercial use include: Xylene Isomerization, or
the isomerization of xylenes from a mixture of C8 aromatics, Toluene
disproportionation to make a mixture of equilibrium xylenes and benzene,
Transalkylation of C9+ alkylaromatics with toluene and/or benzene, and Selective

Toluene Disproportionation to para-xylene and benzene.



[0009] In all of these chem stries, a xylene
i sonerization loop is enployed. The C8 and C9+
wobeewarorek is first fractionated to produce thecT®52006/002295
heart cut by renoving C9+ aronmatics in the C9
splitter; optionally an Ortho Tower is enployed if
ortho-xylene is desired. ar-xylene is recovered from
the C8 heart cut in a sorption process; since the
sorption process recovers > 95% of the p-xylene in the
feed, the raffmate has a | ow p-xyl ene content of ca.
1% The/ ?-xyl ene depl eted-gaffmate fromthe sorption
is then treated in the xylene isonerization reactor,
i n which ethyl benzene is hydrodeal kyl at ed, the xyl enes
are isomerized to equilibrium and coboiling paraffins
[0008} e ﬂ“ﬂnma)ttypas:kﬁldylene isogterizefaen processes,ahay differ irsthietveay
eﬂ@ﬂ18tllled in sucggss ve towers; .the stabilizer remves
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ara-xylene is ca. 24% the C8 stream undergoes
approximately three recycles if only para-xylene is
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hght gases, while benzene an toluene are removed as overhead in the splitter, and are
subsequently distilled to produce benzene and toluene. The C8 isomerate is then
combined with fresh feed, and recycled back to the C9+ splitter for further processing.
Since the equilibrium concentration of para-xylene is ca. 24%, the C8 stream

undergoes approximately three recycles if only para-xylene is recovered.

[0010] Because of the high recycle, avoiding undesirable reactions in the xylene
isomerization reactor is critical. Undesirable reactions include methyl and ethyl
aromatic transalkylation of xylenes to yield C9+ aromatics, saturation of aromatics

including both benzene and xylenes to yield cyclohexane and dimethylcyclohexane,



process conditions are 400-470 0C, 14-21 bar, 1-5
nmol ar hydr ogen: hydrocarbon, and 1-20 WHSV C8 aronatic
wobeewarock (see for exanple, US Patent 5,977, 4ROY/US2006/002295

[0011] Tol uene di sproportionation, or selective

tol uene di sproportionation, is also used industrially

for the production of para xylene. Process conditions

are: 400-470 0C, 200-500 psig, 0.5-5 nolar hydrogen to

hydr ocar bon, and 2-5 WHSV C8 aromatic feedstock.

Feedstock toluene is extinction recycled and the

products are benzene, C8 adoematics enriched
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[0012] Commercial processes for methylaromatics transalkylation processing can
be roughly divided into two types, depending on feedstock employed: transalkylation
of toluene with C9/C10 aromatics, and conversion of heavier feedstocks, such as
C9/C10 aromatics, without added toluene or benzene. Both process types employ the
methylaromatic and aromatic de-ethylation/de-propylation chemistry described above.
These processes operate at 400-470°C, 200-400 psig, 1-5 molar

hydrogen:hydrocarbon, and 0.5-5 WHSV based on aromatic feedstock.

[0013]  Toluene can be hydrocracked to benzene and methane in hydrodealkylation
(HDA) processing. HDA, which currently accounts for approximately 15% of



HDA is currently the dom nant route for new process
units using HDA, since they produce high yields of
woems@ien2and avoi d the use of a catal yst whi chPaeads006/002295
be replaced periodically. A nearly quantitative nol ar
yi el d of benzene can be recovered (99%, but the
formation of nmethane is a net aromatic weight yield
| oss, and hence the ultinmate net weight yield is
limted to ca. 84% The relative pricing of benzene
and toluene vary over the course of petrocheni cal
cycles and thus dictate econom cs, but as a rule of
t hunb, HDA is favorable when the spot pricing of
petr&ﬁﬁéﬁﬁ@ﬁ Eg&d@ﬁ&ﬁ%ﬁé piddabtidn, ?c'ént‘ble'@ﬁ idd\Glt epthet ge{ ngﬂ@ally or
can be seen fromthe |n ormati on abov
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drogen is used in several processes,_inclu
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Pressure Swi ng Adsorption (" convent| onal PSA") a

1.25 gumesoibiat of teluene. i s conducted under pressure for a
period of tinme over a first bed of a solid sorbent
that is selective or relatively selective for one or

[0019P" € AXQHAURERER from the information above, hydrogen is critical in the

petrochemical field. Hydrogen is used in several processes, including xylene

isomerization processing, toluene disproportionation to mixed xylenes and benzene,
selective toluene disproportionation to primarily para-xylene, and benzene, and
toluene, benzene, and heavies transalkylation to produce additional mixed xylenes, as
well as hydrodealkylation of toluene to produce benzene. Hydrogen is critical in all of
these processes, to saturate the olefins formed, to participate in the chemistry in the

catalytic processes, and to reduce catalyst aging.

[0015]  Clearly, ways to increase the purity of hydrogen by the removal of

contaminants, such as light hydrocarbons, or impurities in the hydrogen feed such as



usually regarded as a contam nant that is to be
renmoved fromthe gas stream It is possible to renove
wOwemem790IDr € cont am nants si nul taneously but f ®BCT/US2006/002295
conveni ence, the conponent or conponents that are to
be renoved will be referred to in the singular and
referred to as a contam nant. The gaseous m xture is
passed over a first adsorption bed in a first vesse
and energes fromthe bed depleted in the contam nant
that remains sorbed in the bed. After a predeterm ned
time or, alternatively whef-a break-through of the
contami nant is observed, the flow of the gaseous
hydr8edt $tllfdé Sartfoh D 88bbR nford @ RN I RERBLRGIARIL&dn e
sécond vessel fof the purification to conti rue. |Fe
benefibmllyedtact oh pdtrbshdmicaldperasionsn servi ce, the sorbed
contaminant is renmoved fromthe first adsorption bed
by a reduction in pressure, usually acconpani ed by a
ve - Of r . 1 N0 . hhe
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sul t abl e manner and process urther o I sposed

companeappr omnpahents aearede dberpmboed sl e rpfeaied to irththe singular
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bed has been regenerated so that it is again prepared
of the gentatdnanstis ohseseed; itlheflowed thi¢ gaseonis thixtugasemithed to a second
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e S1E 10 LR Gy S IRED T e
adsomtivinebdddoyt deeduction Whpiresdure, @askpuscotpdniédby 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 inert 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.



is first conducted to the first bed in the imedi ately
succeeding cycle, i.e., after a single regeneration of
woOheosforset bed. The use of third, fourth, fiftRCTRIS2006/002295
vessels in addition to the second vessel, as m ght be
needed when adsorption tine is short but desorption

time is long, will serve to increase cycle tine.
[0018] Thus, in one configuration, a pressure sw ng
cycle will include a feed step, at |east one

depressuri zation step, a purge step, and finally a
repressurization step to priepare the adsorbent
material for reintroduction of the feed step. The
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desmtmm@nwys: lang, avil serveyto uﬂmeasse:yo]‘e thmgher tenperatur es
coupled with the reduction in pressure. Pressure sw ng
adsorption processing is described nore fully in the
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a pofgcliggghbl @ﬁgg@d“a@c%i&! d’h‘r&ﬁl gﬁﬁnﬁﬁrﬁﬁ% oPSILELARA DY thel 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).



conventional pressure swing adsorption unit wll
generally have cycle tines in excess of one m nute,
woypictadd2y i n excess of 2 to 4 mnutes due to PCWAIS2006/002295
limtations required to allow diffusion of the
conmponents through the |larger beds utilized in
conventional PSA and the equi pnment configuration and
val ving involved. In contrast, rapid cycle pressure
Swi ng adsorption is utilized which has total cycle
times of less than one mnute. The total cycle tines
of RCPSA may be | ess than-80 seconds, preferably |ess
than 15 seconds, nore preferably |l ess than 10 seconds,
0o19yen
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swingdgdsepéian unis usddatan make use of substantially different sorbents, such as,

but not limited to, structured materials such as monoliths.

[0020] 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 (7,) and the mass transfer rate constant in the solid phase (1;). 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:

a. 1g=Dg/ R, (in cm?/sec)

1)



[0021] The mass transfer rate constant in the solid
phase of a material is defined as: a. T = Ds// RR (in
wondeeaR7(2) where Ds is the diffusion coeffi eCemS2006/002295

the solid phase and Rs is the characteristic dinmension
of the solid nmedium Here the gas diffusion
coefficient in the solid phase, Ds, is well known in
the art (i.e., the conventional value can be used) and
the characteristic dinension of the solid nedium Rs
Is defined as the width of the adsorbent |ayer. [0022]
D M Ruthven & C. Thaeromg- Performance of a Paralle
Passage Absorbent Contactor, Separation and
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Conve'ntf"onasle/ BSA rel i es on%t% e use of adsorbent beds

of particul @ adsorbents. Additionally, due to

construction constraints, conventional PSA is usually

conprised of 2 or nore separate beds that cycle so

t. 2ast on L. re beds, i;s ful or.at,| east. .
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treated process flow. However, due to the relatively
Dq, is well known in the art (i.e., the conventional value can be used) and the
characteristic dimension of the solid medium, R,is defined as the width of the

adsorbent layer.

[0022] 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.



| arge size of conventional PSA equi pnent, the particle
size of the adsorbent material is general limted
weanteioadre7si zes of about 1mm and above. O her WPE®/US2006/002295
excessi ve pressure drop, increased cycle tines,
limted desorption, and channeling of feed materials
Wil result. [0024] In an enbodi nent, RCPSA utilizes a
rotary val ving systemto conduct the gas flow through
a rotary sorber nodule that contains a nunber of
separ at e adsorbent bed conpartnents or "tubes", each
of which is successively.qgpcl ed through the sorption
and desorption steps as the rotary nodul e conpl etes
the cycle of operations. The rotary sorber nodule is
normal Iy conprised of nmultiple tubes held between two
[0023kal Cohmemtsormh PSiAt telies em theafsetdfedsabantybesio o @artivathst e
plates are in contact with _a stator

er ei he seal I
adsofigps | AQSHUGRS L Weds SORICHR BenRRG: ForBto 4 Apusually

confybs AT G110 Grhie PR LAIRES (L M RESRRE LR e
fullyl & o€ m@upérﬁdllﬁmmeffé&g?éﬁbﬁfo\f tBOERRE afBEHb® til¥ in order to

_ .suitable arrangenent t he seal plates "and manifol ds,

limitedisruntiens of surgeh inithe treated ppeessows Iowewdreduamythp asstively
t hrough the .characteri.stic steps.of the npl.ete cycle . .

larg S e THPTAL L et RS 1S OIS GHRACPA 6 Rporpe material s
£ Qi AV AR RI SISV aB oV fri | 1y r -

geneRCP{SA% é;ac,)\? pti on/1 esora g?‘?{tglnh‘% %ﬁgﬁgﬁﬁ g@gh%ﬂﬁfsg’ en%ﬁ‘gsge pipssure

dropsiperaatdcydie tiersnlimitod dedweptio andahasesngdst fbed neysiads will
whi ch snoot hes out the pressure and flowrate

resulty| sati ons encountered by the conpression and val vi ng

machinery. In this form the RCPSAnmpodul e incl udes
val ving el enents angul arly spaced around the circul ar

[002#Rt hId ak embbyirhéi, ROPSA WRfliZe hRbiady vﬁﬂﬁ&% &/s&n td@énduct the
each conpartnent Is successively passed 10 a gas flow

gas faw thrpugh heotapp saper mpduldithamontrinsaa dumbes slisepatate adsorbent
e G bl e TR P eSS P S
sorpﬁ’(‘;n Eﬁlﬁdesorption steps as the rotary module completes the cycle of operations.
The rotary sorber module is normally comprised of multiple 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 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



RCPSA technology is a significantly nore efficient use
of the adsorbent material. The quantity of adsorbent
woeosiored7wi t h RCPSA t echnol ogy can be only a PcamiSemn/002295
of that required for conventional PSA technology to
achi eve the sane separation quantities and qualities.
As a result, the footprint, investnent, and the anount
of active adsorbent required for RCPSA is
‘significantly [ower than that for a conventional PSA
unit processing an equi val ent anmount of gas. [0025] In
an enbodi ment, RCPSA bed_ligngth unit pressure drops,
required adsorption activities, and mechani cal
: rafi
modfiS Aot iol Mo SR Oco BB ELEE SReyfl phiialcen by
the rotativg Bdptioa mddde a6l geit badh chigghribétiis shctesdiely passed to a gas
part]cul ar adsorbents that are in a | oose pel Fet_i zed,
flow path indhe aprroppatsdtirection aad presgutiedo pehieve pae of Precineremeytal

' Lo t ] d, t
pres RSN riof S8R IF s AR SRR BB 1 sl amasg ot the
RCPBAt @ hiddo SPRA A hiSicaidy nOX&8Hlctent 956 o£THOMsHRIRht RhtdrA® The
rotary SA apparatus can be in the form of adsorbent

quansityeef alsorept isungd adsoREPSA wwahmology cambpbealy 4 fraction of that
structured rei rcenent material. sui t abl e bi nder |,
requ%@P%é‘foag%lﬁloe]apﬁ?é&e%@%&a@&&wﬁﬁﬁm@? pepargiépn rantities
: r . - | .
o G AETSORTE o RSO A G BARLFEo s

adsofticherequirtd ifor, RCEBAhis afpnifigindlydowebthan thdtrfox h coAvdiigioahl PSA
. Wre matrix (such as a wire nesh screen), or a netal
unit process{g Ahe@E VHPRirAAMALIOSIZRS., whi ch can be anodi zed.
Exanpl es of glass fiber matrices include woven and
non-woven gl ass fiber scrins. The adsorbent sheets can

[0025F "R &YlbSa’iﬂiélﬂ?ﬁ{@PSA_‘HerdMeﬂéth%&h:iﬂ}ﬁ@és%r@%@%g%?ﬂﬁired

conmponent, such as zeolite crystals wth
adsorpdioatactiviies sansimochamécal eomdtainte (diret toeteatrifapal avoatevatioarof the
tal fabrics, anded

rotatie s g LB, DoYeat Panes o FT@PYQRBB‘?ﬂtWéIﬁf?gé%gP@@HE bed
mate?igﬁ?ﬁlspéf{icmlt £ddoRberRS Frat 2RALES 188§e°péﬂ%'ﬁ%’&,cparticulate, 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



supports. [0026] An absorber in a RCPSA unit typically
conpri ses an adsorbent solid phase forned from one or
waounnws/agror bent nmaterials and a perneabl e gas poagis2006/002295
t hrough which the gases to be separated flow fromthe
inlet to the outlet of the adsorber, with a
substantial portion of the conponents desired to be
renoved fromthe stream adsorbing onto the solid phase
of the adsorbent. This gas phase may be call ed
"circulating gas phase", but nore sinply "gas phase".
The solid phase includes -a2network of pores, the nean
size of which is usually between approximately 0.02 mm
_ T4 a e .
a2 A RSB X o BRI i
foilsf dn ageetiqulla,enibodifnent) pdsc@bentchesoor atis@iddard Soaéd onto ceramic
zeolites. The solid phase may be deposited on a
SUPPRHS- adsor bent support, the primary function of which
Is to provide nechanical strength for the active
adsor bent materials and/or provide a thernal
[0026Ppnduet db88rtet it REUPIAK uhR t9Hi4Iy Aiaprisctha JIBESMRAELAN phase
of adsorption conprises two main steps, nanely passage
formefl frame onel sbmivae adsorbentmhaterials eud atpermealds gphpkasedhtongh
. surface of the i hase,. fol | owed by passage of .
whichy}e Biies e Senarelin Etay oy Beanlen a e Svilet e mandtber, with a
fl . . . [
S e o e L N
adsowtfing bniosthe selid phasetofdhé ndsorbdin. Thibgas phideime@bé Balldie

.. RSPCA appar at us. These st ructur ed"adsor bents have an
circylding &as ehnse NP Anore Ssmplyaiaes @hasedt dheisplid phase igghides a

. ls. d h
nern O o, SRS LA SR Pl BB .02
-and 2070 VB naly TheS@worHa B 5 ERin #8alke PBAIsEEhlled Bnicropores”, this

_traditional packed fixed bed arrangenent as utilized
being ancoomiered,ifonekangs, inTiniEroparovs ofrbomedsarbergs er zealites. dThe

solid s N AepPESEc 7 § HETRGR T BREL SRR Piprpary function of
which is to provide mechanical strength for the active adsorbent materials and/or
provide a thermal conduction function or to store heat. The phenomenon of adsorption
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.

[0027] 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 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



greater than 10, preferably greater than 25, nore
preferably greater than 50. These extraordinarily high
woasw/orvansfer rate ratios all ow RCPSA to prodeCe/us2@h/002295
purity hydrogen streans at high recovery rates with
only a fraction of the equi pnment size, adsorbent
vol unme, and cost of conventional PSA. [0028] The
structured adsorbent enbodi nents also results in
significantly greater pressure drops to be achieved
t hrough the adsorbent than conventional PSA w thout
the detrinmental effects asé$deiated with particul ate
bed t echnol ogy. The adsorbent beds can be desi gned
Phase (rh) @disthe beast thasfetirité of tRENAPHASSUL)Endhe Q&rréﬁt 1nvent10n is
eater than 5 inches of water per fodt of bed engt h,
greargy%r tga% 8 Buekas| Fﬂ?l}’@?f exercthan Banmoee preferebley g‘reatelam:stné@e Whese

bl t th Qft. Thi
NN s R
h
Ydﬁilé%ﬁ{sgﬁﬁhing Qgglggi\'/}vé%oe}g?%t&l Wftﬁﬁgﬁg ? 8&2 ﬂg}rh%g gﬁﬁgﬂt size,
adsgbiemsrisdwime yawliostwf tpvestiomad P82t | onal PSA uni ts bei ng

designed with a pressure drop of about 1 in. H2Oft or
| ess to mnimze the problens discussed that are

[00283 S OCT Y &Lk ol % e%?fodl?rﬁgﬁts a s%ﬁ*gflﬁﬁéheswﬁgdm%%eater

parti cul at e absorben conventi

presami:eai’rbwto l’ﬂﬁﬂfhleifethll’(b‘ﬂgﬁ&h@ﬁ@orﬁ’e%ﬁtﬂa%%%eﬁ?&ﬁmg%ﬁhout
gher pressure drops because of the risk of

the q‘lqtum@nﬁl ﬁ@fe@m asysipsedwitbipartéaite ded neadmobpyi VEhe adsorbent beds

NN T L I —
of water PRPFGRADF |b@§tlen%g§ %&%’Hreﬁ‘@?ﬁ %ﬁ?éa%er L6 (jﬂr"g{ g:, %16 ven

hi gher adsor bent béd uni‘t pressure
morRprSArabtisgrebten thandsint H,Odft. S'[l"hfs;l if i€ ednittagt Witheo@Q8masiial PSA

..shorter, and efficient than those utilized in
umt%gﬁgré:r#lp @a%grbgg&e [L@ngljlgth,prwumggs meneml@ﬂlmned to below
about A P, OV ASMWRifY G AL 28 BEH L8Pl h most conventional PSA
units being designed with a pressure drop of about 1 in. HzO/ft or less to minimize the
problems discussed that are associated with the larger Beds, long cycle time, and
particulate absorbents of conventional PSA units. The adsorbent beds 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

those utilized in conventional PSA.

[0029]  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



velocities to be achieved across the structured
adsor bent beds. This results in a greaternmass contact
woatm/gkneen the process fluids and the adsor bemtus2006/002295
materials in a unit of tinme than can be achi eved by
conventional PSA. This results in shorter bed |engths,
hi gher gas phase transfer rates (tg) and i nproved
hydrogen recovery. Wth these significantly shorter
bed I engths, total pressure drops of the RSCPA
application of the present invention can be maintained
at total bed pressure differentials during the feed
cycle of about 0.5 to 50 psig, preferably I ess than 30
masPEbriact\¥e! lfét\%éﬂ tHeZirB&kst !Pl%ldseéi]ﬂt Pe Qﬁscﬁﬂ&t%étbﬂ?lgk?ﬁg%mt of
to normally less than 5 feet 1n |engt prefera
timel thars carthbaachiéest by conventjotml #8.. Thissbsults 1ﬁ$hbﬂ618bdd|'iaﬂgths
1 foot, in Ien t h. 30], .The absol ute pressure | evels
highgrggsohage trapsigrat fa%(o %@@Arrmrswslsvda@serhwowm iWih thesg

o AL S A S BE PN LS bcnton o

pressmflﬁvmtmtcahqaec:rﬁumalﬂedtitaagebempietgsan@dﬁﬂé@ﬁﬁﬁs fdhﬁﬁg i eed
| oadi ng on the adsorbent thereby providing a de

cycle @ﬁ@lbcngj OcT 129 psig, pl@ferelelydmﬂhmgw pelgswﬂldannmunm@meslength

ot 86T PR DnetBng Fvui Fest il Reeineir ol e grpspfyet in

lengfSAri¥ as'*&‘é@tve%rless thag 1 qYbAnlendint €d that the actual
pressures utilized during the feed, depressurization,

purge and repressurization stages are highly dependent
not limted to,

00337 G sher it msrre bosferaaetapaaiiekCBRABesss are no
criti &\f e f@g}acﬁ% %ﬁm/l{dgd Byt %1%0 gd dlf‘?éréﬁtgﬂqr ange 1ftth ﬁlgS drption and

sired recovery en age an

desoﬁﬁﬁﬁﬁtﬂ’ﬁﬂd yatficiéntaa IEhus'theclﬁﬁfg’@ﬁl HefeR6HateSfradton 1oad1ng on the
specifically limted to any absolute pressure and du

adsoghent ﬂger@luhplamdlsg 2aleba é@a@g eﬁf@crtwént sdfayating the stream

comﬁ(? G nf)r%g!éssg{f %&éﬁ%m @yglca ﬁ,{stg %ggr%%mfg pressure levels
rang@ A0 a Bt 50@0%0% : Clﬁc)\f}gﬁbﬂﬂghmﬁd%%?h g%ﬁthapffle actual

565, 635, all are 1 ncorporate
pressures utilized during the feed, depressurization, purge and repressurization stages

are highly dependent upon many factors including, but not limited to, the actual
operating pressure and temperature of the overall stream to be separated, stream
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.



by reference, disclose various aspects of RCPSA
technol ogy. [ 0031] In an enbodi nent and an exanple, the
woapicth7e02c| e pressure swi ng adsorption system Ra@s/U82006/002295
total cycle time, tTot to separate a feed gas into
product gas (in this case, a hydrogen-enriched stream
and a tail (exhaust) gas. The nethod generally
i ncludes the steps of conducting the feed gas having a
hydrogen purity F% where F is the percentage of the
feed gas which is the weal dy-adsorbabl e (hydrogen)
conponent, into an adsorbeast. bed that sel ectively
adsorbs the tail gas and passes the hydrogen product

[0039RS @Whn @ﬁlbbﬁﬁné}ﬁ Andfaflex h‘]?f’ep g}gé; rr?gi’}g@c’fé gretg%\frF @Wilﬁvggen

product gas has a purity o rat ecovery
adsogftidéysfeat bases jotit Hfclestitbetréattd sepakataadbed gaf inly frodgengas
retained in the product to the amount of hydrogen

(in thi§ sa4ea p hydrogeptrariched stragraland et gxhapspgasu T he pethod

' r TR , b e T20
conc Y BEREL AR o bl 62 1ol PSP gy 7%,
whete@Nisvie peicBnles of ket Red gas whitshsis tie RW¥AIAYHdsdabld (hydrogen)

rel eased fromthe bed at a pressure greater than of

compeneal, info ah glsprhentThed thad s¢lectpialyedsorlos tha tail ges andpasses the
typically with a.porti of the drogen. pr.oduct S.
hydrag et 44 9t e sPadk fordbpede PAeret the hygragepgrodict gas
b | yo 1 i y r \ \ Qr
has o YRYTRY thil 3 R ARrpbt RYET RAGE] RMTS giPBlof amount
of hydregsumetaified imethe peodiict watheayaduat bf hpdrogenmpyaitibdgir the feed.
t&%al cycle tinme, i.e.: #+ a‘%) [00329 Thi s enbodi nment
Thensthe defat se-surrpily deprgsturizediGreaiing, fc eRoyEEer-

P r.at f. recovery, R9% 0% for a
cor Gy 6 bR B3Rl SRS e AR PDr St
gas) W@ Aked HEn] Ak Dedlat hPEOXBFYarei thafl O¥ehR4l 18 15sp8Uhe bed is
purity to feed purity ratio, 0 < PF% < 1.1.” Results

purged ppox tiinagpt bgsealhi withagootien of hiegydregenrandest gas.
Subsequently the bed is repressurized for a time, tgp, typically with a portion of
hydrogen product gas or feed gas , wherein the cycle time, tror, is equal to the sum of

the individual cycle times comprising the total cycle time, i.e.:

a. tyor =tgtico Flon +tp +trp

®)

[0032] 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



can be found in Exanples 4 through 10 herein. O her
enbodi nrents will include applications of RCPSA in
worop@ssres where hydrogen recovery rates are PCT/US2006/002295
significantlylower than 80% Enbodi ments of RCPSA are
not limted 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
economcally justifiable for a particul ar application.
[0033] It should also be noted that it is within the
scope of this invention thagt steps tco, tcN or tp of
equation (3) above can be onitted together or in any

v a [ [ ‘ .
o M ARRRLBA P RPNy 1 PR g et
recovargtrate i pudnetheésholdpmdican berastapplib®atoRtdterd riteso and/oe
.total cycle. However, additional steps can also be
puritigg e dowias kliesired mopspomjedlly justifiatde for epartioelangpplination.
and recovery of hydrogen. Thus enhancenent coul d be
practically achieved in RCPSA because of the snal

[oosp]for t tQRoRld ARSHE A6l tRAGEHRAY AN tHbiSdpe dfiigis hveMtidalthA Steps
of a large nunber of stationary valvées utilized in

tco, tewnurdn of equtioR%3) slppie aaattieonsittefl@e@therlar inmny individual
enbodi ngnt, the.tai s . 1s also preferably rel eased
comGiago, Bousrer Hiselsntidghe Gl it Iy e b Sqiesionns be
t i b t il: i
perfipfitd'® (BRI bncBAGR R39Fh dALh AT AR T B3 e
Howeverpadditional séépsean @lsoltie aldeastithin affeCPSA cgoleadiai@ i |
the tail gas pressure is greater than or equal to 80

enhapeing punty aidrespveryeddividsegen: s gnhanggment aowd be practically
. cond f header . [0035], P i
scri SRS B SRS oohERRT ARl 8l pbdug s e

elimiBEHLBS b Mgk RBmIPEF bf #taBbndty FLRISVEOEY R HnREnBEAL PYAS)
avai | abl e as makeup gas, or of streans which nust be

appliogtgorsded to higher purity before they are suitable as
make- up gas. (b) Increasing the purity of

[003!11]y dr hP& embo i?rilerflit,ncﬂe Eceﬁfggsl S a %Sprg%ega%?}rfr?eleased at a pressure high
enough so that the tail gas may be fed to another device absent tail gas compression.
More preferably the tail gas pressure is greater than or equal to 60 psig. In a most
preferred embodiment, the tail gas pressure is greater than or equal to 80 psig. At

higher pressures, the tail gas can be conducted to a fuel header.
[0035] Practice of the present invention can have the following benefits:
(a) Increasing the purity of hydrogen-containing stream(s) available as

makeup gas, or of streams which must be upgraded to higher purity before they are

suitable as make-up gas.



resulting in an increase in overall hydrogen treat gas
purity in the reactor to allow for higher
woydieprseat i ng severity or additional product PCEASR0G002295
(c) Use for H2 recovery from hydroprocessi ng purge
gases, either where significant concentrations of H2S
are present (before gas scrubbing) or after gas
scrubbing (typically <100 vppm H2S). [0036] In
hydr opr ocessi ng, increased H2 purity translates to
hi gher H2 partial pressures in the hydroprocessing
reactor(s). This both incrigases the reaction kinetics
and decreases the rate of catal yst deactivation. The

ef i t A |
o (RaReRRL WEpID AU RenREEANRETERT: P streams

resultiogen an éaatade ihevpmilldiydregenvihéat lzas patiseis the edagiorao atlsw for
. . decreases, catal yst deactivation, and extends catal yst
hlgh@rﬁ?ygl’roqr%}wﬁ@tym qddfté@@?laﬁld@?t BeBWEssi ng nore sour

(Mi gher ) ; ing higher .
(O onty S o AL e SREE BB Py BRCREIG s S eispogatisre
signifieb@ conaritkd s DT I, Se@preatst (BEforé Bas SeREhh PHesikdr s
existing conpressors and/or treat gas circuits
scrulttiing (tyazetysd00xppat Ho¥nst ant total flow, or sanme scfH
2 at lower total flow); and other neans that woul d be
apparent to one skilled in the art. [0037] Increased

; ‘. Co . )
(0036F & FF RYSoBritesn® ihéiepse Ml G 2ns AR A0 fHor 1 peptia]
pressueehLini theg hiy G presvesidg teactqr(y) c Thsebhth iadredses thy Rdcti@f kinetics
ther squrces of H2 within the refinery; (ii) )
and &ﬁ’é@aéﬁ%m‘?gw??y‘tfrc‘(%ﬂlb% deastiygtippe d he beaefifgof Sfxeﬁm dhtpartial
i sti ! . s as @a.result of the
pressﬁlgégr%aégﬁé%g%lfegdé@nagf‘%ggfgf@gﬁ,islufh Fﬁpr gvi ng the

operaﬂi&%ﬁ é’chfifepicHaic’éo\f téip & HF QRN CE $6d¥Gs bRrgl 16518 afR eases catalyst
eter oat om

deactivation, and extends catalyst life; increasing unit feed rate; processing more sour

(higher sulfur) feedstocks; processing higher concentrations of cracked feedstocks;
improved product color, particularly near end of run; debottlenecking existing
compressors and/or treat gas circuits (increased scf H, at constant total flow, or same
scf H, at lower total flow); and other means that would be apparent to one skilled in

the art.

[0037] 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;

(ii) increasing hydroprocessing feed rates at constant (existing) makeup gas

demands as a result of the increased hydrogen recovery;



renoval efficiencies; (iv) renoving a portion of the
H2 fromrefinery fuel gas which is detrinmental to the
woéueade/ogar7due to hydrogen's | ow BTU val ue whi cRCTAIS2006/002295

present conbustion capacity limtations and

difficulties for sonme furnace burners; (v) O her

benefits that woul d be apparent to one know edgeabl e

in the art. The foll owi ng exanples are presented for

illustrative purposes only and should not be cited as

being limting in any way. EXAMPLES Exanple 1 [0038]

Thi s exanpl e descri bes thegconventi onal operation of

refinery process units without the benefits of the

[ I

SRk ing fhe by BBl BEE5 B Byl der> Ak B ielcased heteroatom
remottlsdfticleatiesf uel from di fferent upstream processing

units such as vacuum pipestills or selective catalytic

(Ve aemaRg apertion oftheHs fropcralinest fuehgas whiokgp detrimental to

the f4e) g3y pE T T ERES REPBTRYS M ot BTty
limit#idnsfan@ @i dultedseol soths firfads RirfeMssi ng units such as
at m)sEherl c pipestills or fluid catalytic crackers, at

a(v) ypheravenciitethaf wo0b! Bdripaling te eno kuowlkidgeatdea it the art.
operated in conjunction with the first in different
conventional nodes , each node designed to nake
o a) r |
The BY5WIE SkinPlep AHirSocotl o st B TRECLIN G g pot be
cited 20 bping Ixultingrin anlpeveas t he second treater can make
ei ther product wth 2000 ppm sul fur. Wen the
conventional unit operation ispracticed by the former
E&Mg_’ﬁ_ﬁ:_&hMydrogen consunption in the second unit is 2400
ith a treat gas rate of 14 NnB h and product
sul fur is 1250 ppm Correspondi ng

Example 1

[0038] This example describes the conventional operation of refinery process units
without the benefits of the invention. A first process distillate treater operating at 35
barg, is fed with a mixture of distillate fuel from different upstream processing units
such as vacuum pipestills or selective catalytic treatments units, at a typical rate of 160
m’/h.

[0039] A second process distillate (e.g., gas oil) treater operating at 20 barg, is fed
with a mixture of oil from different upstream processing units such as atmospheric
pipestills or fluid catalytic crackers, at a typical rate of 200 m*/h.The second unit can
be operated in conjunction with the first in different conventional modes , each mode
designed to make distillate products that meet sulfur specifications. For example the
first treater produces a product with 50 ppm sulfur, whereas the second treater can

make either product with 2000 ppm sulfur. When the conventional unit operation is



values for the first unit are hydrogen consunption of
3500 N8B/ h, treat gas rate of 27 NnWh and product
weoeuabdetnroaf 44 ppm . These val ues represent an BERaMSE@®6/002295
wi t hout the benefits of using RCPSA in the process
configurations. Exanple 2 [0040] This exanple
illustrates a first enbodi nent of the invention as
shown in Figure 2 hereof, where the RCPSA unit is
pl aced on the outlet of the second acid scrubber. In
this node of operation of the invention, hydrogen
consunption in the secondipefinery unit is 3500 NnB/h
with a treat gas rate of 14 N8B/ h and product sul fur

pract@éedjﬁl}p@e B8 herGROEE eﬂ%oﬁﬁhﬂ ﬂ ﬁf thbREcddd Sdit {400 Nm*/h

under thi's node of operation ar y rogen consunption
with caftreae 98s fete b:h14 Nre'dh agdpradatesubfur 25 1 260 phmaQdriesmehdiig

valugon e B greemvfeg@f‘é‘%%ﬁ%ﬁgn%a%%mrghfmmas rate of 27
Nm’ ﬂle%‘ﬁ'f o% B&c VGt 8 Bnpeig %%}aﬁfeg %%%P bn eQ%B?fézxgﬁh&ﬂ the

en consunp |rs secon ers

beneﬁm:bffusnﬁgwRCPsmﬁpme p‘éd;kiefsslboﬂfﬁgtﬂétﬁoﬂsn bot h product from
treaters, when conpared to conventi onal operat| on

descri bed in Exanple 1 above. Therefore, allowing to
E rocess nore feed and have nore |low sul fur distillate
—Xg&‘&dzct Exanpl e 3 [0041] This exanple illustrates

[004§FCO‘TH1S% lé"ﬁﬂfsttﬁfesta sf éﬁ{ &Ilhﬁﬁt oPHIR"ifvéht] o"ﬁpals‘%hoyn in

cycle PSA u I's place in the confirguration o
F1gurehk hemeof svladre EamR@IPSAlumats Iﬂm&”on the lBuget ef thelsecanf acid

g So,. treat as purlty |ncreases in second
Scmbbeéa{% l%mdé&@@a{@%ﬁmo; thp v eipfaon ﬁgqmﬁtqoawmnn@rh@ the

Yircht .

secoicg gﬁ(}’[}% o)?]{lﬁ?illseiﬁ%d f’thgl rea g% Q%gﬂpli ﬁgﬁgﬁ gpa‘hﬁécﬂlct sulfur
of 1100h.| Obtres bh&mtgr\%@&es%ﬁﬂfeﬂr@t it Ond¥FBhi raodk OF Gsbidsion are

sul fur of 1250 ppm Coy r espondi ng val ues for thefirst
hydrgmrt ccmsumptlphu@ 3Qﬂﬁ®ﬁndbme%gas tage PHY'e N ch and groduct sulfur of
27 pp d( gﬁ}npﬁ:rg B %rrg ?enl)OfIt 13s seen from this example that the mode of
operation described by Figure 2 permits significant increases in hydrogen consumption
in both first and second treaters and further reduced sulfur levels in both product from
treaters, when compared to conventional operation described in Example 1 above.

Therefore, allowing to process more feed and have more low sulfur distillate product.

Example 3

[0041] This example illustrates second embodiment of the invention, where a rapid
cycle PSA unit is placed within the configuration of the units of Example 1, as shown
in Figure 1 hereof. In doing so, treat gas purity increases in second treater and
consequently hydrogen consumption in the second treater increases by 1500 Nm3/h to
3900 Nm3/h. Additionally in the second unit in this mode of the invention , the treat
gas rate is 9 Nm3/h and product sulfur of 1250 ppm. Corresponding values for the



N8/ h, treat gas rate of 27 NnB/h and product sul fur
of 35 ppm It will be seen from Exanple 2 that the
waonas/0a%020per at i on descri bed by Figure 1 perm PETAIS2006/002295
i ncrease of hydrogen consunption by al nost 50% and the
reduced sul fur content (35 ppmvs 44 ppm.
Unexpectedly this exanple illustrates that not as nuch
sul fur reduction as in exanple 2 because sone of the
aromati cs are saturated which does not | eave
addi ti onal hydrogen for deep desul furization. Exanple
4 1[0042] In this exanple,-20he refinery streamis at
480 psig with tail gas at 65 psig whereby the pressure
first Gt 'ikﬁdérsthfs ckBbodiRRnf SC%e Qﬂm%%htaké’ﬂy&’agerp ESEhY fonadfessoo
typical of refinery processing units stch as t
Nm¥lpuret gas tayelo HPT doedhiang poodivy snldtr &S pygn. It W111 be seen from
' In this, ex ical hydrocarbons are

I
Exalgﬁ“g '%ﬁ@%@wmﬁ Qpeé%}%’o Sﬁuﬁ?fi:gpﬁ%ﬂe Epermifs pRApgeaseof
ey 908 on oA BETRR S RO Ly RSB pomg ve 4

ppm). aUgex;ﬁb‘cte‘dlly)’vhli at#sple Tthﬁtl%esl thataird ab Pnsdhowylfulf ediRSigh ta§ in
of computer simul at| on of the RCPSA and the input and

exanmlﬁ B&ecwéémeaéébe afomtics @rg sasvstad whiehoslesanet feave additional

hdrthls g{% é}f‘ sla and I b al so show how t he

Y ﬂ%‘?ﬂgﬁ nﬁf}Pﬂl U&% Pkases as recovery is increased

from89.7 %o 91.7 %for a 6 MMUSCFD stream at 480 psig
yail gas at 65 psig.Tables la & Ib Conposition

% of input and output from RCPSA (67 ft3) in H2

[004RLr i fn 6§ exemplEetkid reBnal s&88mAS kot 30l @kﬁﬂl tailatad af 85 Ipsig
gas at 65 psig, Feed rate i s about 6 able Ia.
whengpy ileg pigsgure gwing is 6.18. The feed composition and pressures are typical of

Exa

refinery processing units such as those found in hydroprocessing or hydrotreating
applications. In this example typical hydrocarbons are described by their carbon
number i.e. C; = methane, C, = ethane etc. The RCPSA is capable of producing
hydrogen at > 99 % purity and > 81 % recovery over a range of flow rates. Tables la
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.



Step Times in seconds are tF=l, tCo =0.167, tCN =0, tP
=0.333, t p=0.5 H2 at 98.6 % purity, 89.7 %recovery

wobeew/psaduct Tail -Gas H2 88.0 98.69 45.8. Cl 8CBUS208/002295
25.1 C2 0.2 0.01 1.0 C3 2.6 0.01 12.3 ¢4+ 2.9 0.00
14. 8 H20 2000 vppm 65 vppm 9965 vppm hotal ( MVBSCFD)
6.162 4.934 1.228 480 psig 470 psig 65 psig Table Ib.
H gher purity Step Tinmes in seconds are tF =, tCo
=0.333, tCN =0, tP =0.167, t =0.5 H2 at 97.8 % purity,
9 1.7 %recovery feed product Tail-Gas H2 88.0 97.80
45.9 C1 6.3 2.1 4 25.0€210.2 0.02 1.0 C3 2.6 0.02
12.3 C4+ 2.9 0.00 14.9 H20 2000 vppm 131 vppm 10016
vpmltotal (MVSCFD) 6.1 60 5.085 1.074

Tables 1a & 1b

Composition (mol %) of input and output from
RCPSA (67 ft*) in H2 purification.
Feed is at 480 psig, 122 deg F and Tail gas at 65 psig.
Feed rate is about 6 MMSCFD.

Table 1a. Higher purity
Step Times in seconds are tp=1, tco =0.167, tcy =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 75.1
c2 0.2 0.01 1.0
C3 2.6 0.01 123
C4+ 2.9 0.00 14.8
H20 2000 vppm 65 vppm 9965 vppm
|total (MMSCFD) 6.162 4.934 1.228
480 psig 470 psig 65 psig

Table 1b. Higher purity
Step Times in seconds are tz=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 . 07.80 45.9
C1 6.3 2.14 25.0
c2 ) 0.2 0.02 10
C3 2.6 0.02 12.3
Ca+ 2.9 0.00 14.9
H20 2000 vppm 131 vppm 10016 vpm
}total (MMSCFD) 6.160 5.085 1.074
480 psig 470 psig 65 psig

[0043] 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



480 psig 470 psig 65 psig [0043] The RCPSA's descri bed
in the present invention operate a cycle consisting of
wdizbderrent steps. Step 1 is feed during which pcoased6/002295
is produced, step 2 is co-current depressurization,
step 3 is counter-current depressurization, step 4 is
purge, usuallycounter-current) and step 5 is
repressurization with product. In the RCPSA' s
descri bed here at any instant half the total
beds are on the feed step. In this exanple,
sec in which the feed tioga_.tp, is one-half of the
total cycle. Exanple 5 [0044] In this exanple, the
- g e A4 ' _
counfP Rt IBIN G § WFopRIE AR LT NORRUEe In BRMEPGRS described

here gttt iastafitidl€ tHe Bt pamber aCbhddd\aee b dicOBRA sp. i Th)thiz eR8mple,
% Table 2b shows that the counter-current

tror e pee i whichaihe deedtimg, tmoly ope-half ofithatetal cyelel a
hydrogen purity of 99% can still be maintained. In
fact, this shows that by increasing the tine of the

Exalﬁgfe%? cycle, tp, by the duration renoved fromthe
er-current depressurization step, tCN, that
[0044ly dr bythis exangley the candibiens arerthasade tip imEkawple of T@deRa
Tabl es, 2a & 2b Effect of step durations on H2 purity
showg GendBio8s @Flyzmgiﬂt%ﬁ CREBLANY w{j gquier-aFRNT SEERA T RtHRVe
T E . . “de e
vy ARG 190 Tl 1950080108k corkf Rl B flcpion s

may W¥ Ehnﬁmm,%d@ﬂﬁyﬁﬁ%%rdlﬂnft?WQ%/@éeﬁf siitbahrima@ed ul€faet, this
105 psig Table 2b. Wthout counter-current

showd éhatdrysiBgeaaping the tiog4dtherpurge eyalepire by Hasnduration revvserEdrom
refinery st i i cal
the QUG RwHPY

nunber of
ttot = 2

SR RO 3800 e B Bivftobin 1 BvERbcanbe,noreased
to a 1608 Jregd,.conposi tion

Tables 2a & 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 te 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
Table 2b. Without counter-current depress
purity | recovery t 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




contains 74 % H2). The streamis at 480 psig wth

RCPSA tail gas at 65 psig whereby the absol ute
wonresdIsR7sW ng i s 6.18. Once agai n t he RCPSA 8€TMmIS2006/002295

present invention is capable of producing hydrogen at

> 99 %urity and > 85 % recovery fromthese feed

conpositions. Tables 3a and 3b show the results of

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 rate23s about 10 MMSCFD. Tabl e

3a. Higher purity Step Tines in seconds are tF =0.583,

tc o =0.083, tCN =0, tP =0.25, 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

0.00 7.4 C4+ 3.9 0.00 11.0 H20 2000 vppm 0.3 vppm 5387
Exa |total (MVBCFD) 10.220 6.514 3.705 480 psig 470

008! 155 83Tt 281 URICRNEL B0 R Alypmaning
typidaREom@oiénts, 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.

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

Table 3a. Higher purity
Step Times in seconds are t;=0.583, tco =0.083, tcy =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 ) 26 0.00 74
C4+ 3.9 0.00 11.0
H20 2000 vppm 0.3 vppm 5387 vppm
Jtotal (MMSCFD) 10.220 6.514 3.705

480 psig 470 psig 65 psig



[0046] In both cases shown in Tables 3a and 3b above,
al though tail gas pressure is high at 65 psig, the

wonrema9027 nventi on shows that high purity (99 P&TNS006002295
obtained if the purge step, tP, is sufficiently
I ncreased. [0047] Tables 2a, 2b and 3a show that for
both 6 MMSCFD and 10 MVBCFD fl ow rate conditions, very
hi gh purity hydrogen at ~99 % and > 85 % recovery is
achi evable with the RCPSA. In both cases the tail gas
is at 65 psig. Such high purities and recoveries of
product gas achi eved usi ng4t.he 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. [0048] Tabl e 3c shows the results for an
RCPSA (vol une = 49 that delivers high purity
(> 999 H2 at hi f%ﬁ%ﬁ%¥§AWH¥I¥H%3%ane refiner
SBtepaiaRsB pecons Brerabcs taad8Tatx b tr o8B etr.25
Tabl e 3a, Table 3c shows that simlar purity and

H2 [EROV R ak Pdo8Sre6RBy e achi eved by sinul t aneously
decreasi ng t lf€ OUT atddon 01 LNE | podlcCYCl €, L F, TalGhst e
pur geizcycl e, apl @03 C . EITECiosn21 SLEP aur aeeens o |
n H Z%urityjand reﬁévery froma f3RCPSA (49 f ﬁ13 :
Feed 2 s a t |4 81003 ppssiigg , 11pFPi1 ddeegg F ndd
TTaathI ggagss aatf 6655 ppssiiggs, FFeeeedd ratgg
aboutizd O CFDzaNt )@uUt count @k b I ent depraﬁswm

foritnasmre) 7 | 0 Lhl S exanpl e,7.24abl € 4 T Ul i Nep7y
ITTustrates the pept@igmance of REPS&;S oper at ebsIpig
accordance with the invention being described here. In
this exanple, the feed is a typical refinery stream
and is at a pressure of 300 psig. The RCPSA of the

[004p] es &mbothroased sk 81 Bdbles 3z0arl Sislatosyed QItH/@J,ghetaﬂ)ng pERBure is

product at 83.6 %ecoverg when all the tai
hlgheaf( ﬁé @§1tge thepreagnt payegtion shews tha high purety(Q9 |%)gmgy ba gbigéned if

the purge step, tp, is sufficiently increased.

[0047]  Tables 2a, 2b and 3a show that for both 6 MMSCFD and 10 MMSCFD flow
rate conditions, very high purity hydrogen at ~99 % and > 85 % recovery is achievable
with the RCPSA. In both cases the tail gas is at 65 psig. Such high purities and
recoveries of product gas achieved using the RCPSA with all the exhaust produced at
high pressure have not been discovered before and are a key feature of the present

invention.

[0048] Table 3¢ shows the results for an RCPSA (volume = 49 cubic ft) that
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 similar
purity and recovery rates can be achieved by simultaneously decreasing the duration of

the feed cycle, tp, and the purge cycle, tp,



flash drum or other separator or other downstream
refinery equipnment wi thout further conpression
woeosiorenrent . Anot her i nportant aspect of thi SPCT/US2006/002295

invention is that the RCPSA al so renbves COto < 2

vppm which is extrenely desirable for refinery units

that use the product hydrogen enriched stream Lower

| evel s of CO ensure that the catalysts in the

downstream units operate wi thout deterioration in

activity over extended | engths. Conventional PSA

cannot neet this CO specibgcation 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
Tablﬁ Boc Effas o wodp MUFASdS oMM tpurityiarl ﬁicbvé rofi hn RGPSA (49
ft’)l Fe@V Rl 128093 , 01 Aes ¥ Ad BaBBhSat 65 ‘i)s eEﬂ Paad is about 10

compr essi oINS ERD W flokPlouiteRYh Pt Uepbss TSR W ¢

refinery eqw prmen n’p03|

input _and output from RCPSA (4 £13) | n_car bon ponoxi de
h)iazﬂlroen tr Fedd i a{ 300

i d D.

=0,

and

] : L
accor dalrice Wt tne 1rnventiron perng OESCFI DEO ner e.

The stream being purified has lower Hin the feed (51%

nol) and is a typical refinery/petrochem cal stream

In both cases (corresponding to Tables 5a and 5b), a
E_X@mﬁlﬁﬁ current depressuri zation step is applied after

004955, @%lés“é;{ﬁ@ Féife 4 %ﬁ ﬂ{@?’g\%s:ﬂg‘}(e%e?é nﬁﬁg@%&

oper&¥ETh ¥RRdAlck wiketHeaher#Ra Uetngd @lseABEd hate. RPIRSESmple, the
feed is a typical refinery stream and is at a pressure of 300 psig. The RCPSA of the

present invention is able to produce 99 % pure hydrogen product at 83.6 % recovery
when all the tail gas is exhausted at 40 psig. In this case the tail gas can be sent to a
flash drum or other separator or other downstream refinery equipment without further
compression requirement. Another important aspect of this invention is that the
RCPSA also removes CO to <2 vppm, which is extremely desirable for refinery units
that use the product hydrogen enriched stream. Lower levels of CO ensure that the
catalysts in the downstream units operate without deterioration in activity over
extended 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.



or greater. In contrast, the RCPSA where sone tail-gas
is available as low as 5 psig, |oses hydrogen in the
woaowstogsoecur rent depressuri zati on such that H2PCEMSH®6EH02295
drops to 56% In addition, the higher pressure of the
streamin Table 5a indicates that no tail gas
conpression is required. Tables 5a & 5b Effect of Tail
Gas Pressure on recovery Exanple of RCPSA applied to a
Feed with H2 concentration (51.3 nol % Conposition
(mol 9% of input and output from RCPSA (31 ft3) in H2
purification. Feed is at 272%-psig, 122 deg F and Feed
rate i s about 5.1 MVSCFD. Table 5a. Step Tinmes in’
seconds are tF=0.5, tc o =f t CN 0033 tP 025

fa?pgg, %ﬂgg}ltmmrﬁolg‘? (E%‘k \!ltaanltfoﬁ{ a|I

6‘“2§a rfm Ey g
063%* 09 Pélga 1 @M%Z% r3te i FontHh7 MESCED.

DS#ERO] lﬁnme@engs vbin T4 dttabividetoy =8, tes20.933.44p =0.066
3 001 273 psig 263 psi g 65-83 psig Table 5b. Step

H2at$§§@’z§pdn and¥8-% @!;oeer“: 0.667, tc o =0.167, tCN =0.083,

0. 083, feed product Taijl-Gas

H2 89.2 99.98 48.8

C1 3.3 0.01 13.9

Cc2 2.8 0.01 13.9

C3 2.0 0.00 10.2

C4+ 2.6 0.00 13.2

L___,m 20 L 1084

total 0.971 0.760 O;ZJ 1
300 psig 290 psig 40 psig

Example 8

[0050] 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 H; 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.



[b] Tail gas available fromb5-65 Dsia. H2 at 99.9 %
Duritv and 56 % recovery feed Droduct Tail -Gas H2 51
wW032089792734.2 C 1 38.0 0.01 48.8 C2 4.8 0.00 €C®USH06/002295
2.2 0.00 3.4 C4+ 3.7 0.00 6.2 H20 4000 VvDDGP 0.0 VDDm
5630 VDDm hotal (MVBCFD) 5.142 1.490 3.651 273 psig 26
3 psig 5-65 psig Exanple 9 [0051] In this exanple,
Tabl es 6a and 6b conpare the performance of RCPSA' s
operated in accordance with the invention being
descri bed here. In these cases, the feed pressure is
800 psig and tail gas is .egyhausted at either 65 psig
or at 100 psig. The conposition reflects typical

impurities such H2S, WpLglas %3 BF Present in

suchrefinery &aﬂl s 4 % hi gh
aigig ke T
empOsifion(EH 63 of inputi 2l mstpus &.pnmcrﬁé ffl D ém 2
dur| ng this step is senputificatiéeer beds in the cycle.

TaiReedds ab27Y psigs1ERSd el Fidigl Féel gav i shouwt 3. MMSCED.
step. Table 6¢ shows the case for an RCPSA operat ed
T . t% S
SR s SIS e
co- current depressuri zatﬁRBn e effluent of the
co-current deressur| zatl on |s of sufficient purity

[a]T%{ﬁﬁamlségg Bsigo & $9.7.26 puxity 2 . CV. e, -::

bed§2ln t hg | o '
Cc1 38.0 0.29 61.0
c2 4.8 0.00 8.0
C3 2.2 0.00 3.8
Ca+ 3.7 0.00 6.4
H20 4000 vppm 0.7 vppm 6643 vppm
kctar mmscrD) 5142 2141 3.001
273 psig 263 psig 65-83 psig

Table 5b. Step Times in sec. are ty=0.667, tco =0.167, tcn =0.083, tp =0.083,

tRP =0.33
[b] Tail gas available from 5-85 psig, H2 at99.9 % purity and 56 % recovery
feed product Tail-Gas
H2 51.3 99.99 34.2
C1 38.0 0.01 48.8
Cc2 4.8 0.00 6.9
C3 2.2 0.00 34
C4+ 3.7 0.00 6.2
H20 4000 vppm 0.0 vpopm 5630 vopm
Igotal (MMSCFD) 5.142 1.490 3.651
273 psig 26 3 psig 5-65 psig

Example 9
[0051] In this example, Tables 6a and 6b compare the performance of RCPSA's

operated in accordance with the invention being described here. In these cases, the
feed pressure is 800 psig and tail gas is exhausted at either 65 psig or at 100 psig. The

composition reflects typical impurities such H2S, which can be present in such



this invention. Tail gas i.e., exhaust gas, issues
during the counter-current depressurization and the
woaostogsocur rent purge steps. [0052] In all capes/usSkme6/002295
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this invention. Tail gas i.e., exhaust gas, issues during the counter-current

depressurization and the counter-current purge steps.

[0052] 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.
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Feed wit
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gas conpression.
SA applled to a

thﬂ
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=0Feal lﬁmﬂﬂmﬂgmh@gﬂb and Feed rate Baihont d0c YIMSEFD6
feed product Tail-Gas H2 85.0 92.40 57.9 C 1 8.0 4.56
17.9 C 4.0 1.79 13.1 C3 3.0 1.16 10.4 C4+ 0.0 0.00

6a.®tep Times in seconds are t;=0.91, tco =0.25, tey =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 37.6
c2 5.2 0.00 14.0
C3 2.6 0.00 7.4
C4+ 3.9 0.00 10.9
H2S 20 vppm 0 55 vppm
ftotal (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, tey =0, tp =0.33, tgp =0.33
[b] Tail gas at 100 psig, H2 at 99.93 % Ruritx and 80.3 % recovery

feed product Tail-Gas
H2 74.0 99.93 38.1
c1 14.3 0.07 32.8
Cc2 5.2 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




H2O 2000 866.5 6915 Itotal (MVSCFD) 6.100 4.780 1.320
480 psig 470 psig 65 psigbh. Step Tines in sec. are tF
welgo6toc9m7=0. 333, tCN =0. 167, tP =0.083, t . =0C#182006/002295
recovery = 90 % feed product Tail-Gas H2 85.0 90. 90
58.2 C1 8.0 5.47 18.1 C2 4.0 2.23 12.9 C3 3.0 1.29
10.1 C4+ 0.0 0.00 0.0 H20 2000 1070.5 6823 Itotal
(MVBCFD) 6.120 5.150 0.969 480 psig 470 psig 65 psig
7c. Step Tinmes in sec. are tF =2, tCo =0.667, tCN
=0.333, tP =0.167, t =0.833 recovery = 90 % feed
product Tail-Gas H2 85.0-30.-19 55.2 C1 8.0 6.21 18.8
C2 4.0 2.32 13.9 C33.01.17 11.3 C4+ 0.0 0.00 0.0 H20O

6c 28K tinkE3insetdfids are ty=0.91, tco =0.083, tcy =0.25, tp =0.167, tgp =0.41

[c] Tail gas from 65-100 psig, H2 at 99.8 % purity and 84 % recovery
feed product Tail-Gas
H2 74.0 99.95 28.9
C1 14.3 0.05 39.0
Cc2 5.2 0.00 13.7
C3 26 0.00 7.2
C4+ 3.9 0.00 10.6
H2S 20 vppm 0.01 vppm 53 vppm
ktotal (MMSCFD) 10.187 6.373 3.814
800 psig 790 psig 65-100 psig

Example 10

[0053] 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.

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 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
C1 8.0 4.56 17.9
c2 4.0 1.79 13.1
C3 3.0 1.16 10.4
C4+ 0.0 0.00 0.0
H20 2000 866.5 6915
Jtotal (MMSCFD) 6.100 4.780 1.320

480 psig 470 psig 65 psig



[total (MVBCFD) 6.138 5.208 0.93 480 psig 470 psig 65
psigwWhat is clained is: 1. A process for increasing
woheoslwygirogen purity in hydrogen-contai ni ng st PEaNS2006/002295
associated wth a petrochem cal processes, which
process conprises subjecting the hydrogen-containing
steamto rapid cycle pressure swi ng adsorption unit
containing a plurality of adsorbent beds and having a
total cycle time of |ess than about 30 seconds and a
pressure drop within each adsorbent bed of greater
than about 5 inches of wat®&!-per foot of bed |ength.
2. The process of claim1l wherein the petrochem ca
processes are those selected fromthe group consisting
7b. Step<YhBeein see"®Fd galll 91, = | hen = =
Jxm someri zat | otrzt? tlo@‘gb TER8Y) R AL ), tP 0.083, trp =0.417
dlsproportlonatlon sel ctl e ?olﬂene
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procets of cfaim 3 Wherein the tot'@& cycle tinme i1
| ess zban abgut 10 £§ponds and thﬁ%&ressure dr op yt y

adsorgtlon i$ | ess #han about 15 sesonds. 4. The 129

4 mhereln the totaI cycle tlne |s Iess than about
seconds. 6. The process of claim5 wherein the
pressure drop of greater than about 20 inches of water
ﬁ@rStép diime$ ibset. Iaeetg;t=|=12, tco =0.667, ten =0.333, tp =0.167, trp =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
C3 3.0 1.7 11.3
C4+ 0.0 0.00 0.0
H20 2000 1103.5 7447
Jtotal (MMSCFD) 6.138 5.208 0.93

480 psig 470 psig 65 psig
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What is claimed is:

1. A process for increasing the hydrogen purity in hydrogen-containing streams
associated with a petrochemical processes, which process comprises subjecting the
hydrogen-containing steam to 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.

2. The process of claim 1 wherein the petrochemical processes are those selected
from the group consisting of xylene isomerization, ethylbenzene hydroisomerization to
xylenes, toluene disproportionation, selective toluene disproportionation, and toluene,

benzene and Cy" transalkylation.

3. The process of claim 2 wherein the total cycle time of rapid cycle pressure

swing adsorption is less than about 15 seconds.

4. The process of claim 3 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.
5. The process of claim 4 wherein the total cycle time is less than about 5 seconds.

6. The process of claim 5 wherein the pressure drop of greater than about 20

inches of water per foot of bed length.



