TWD STAGE HYDROTREATI NG OF DI STI LLATES W TH | MPROVED
HYDROGEN MANAGEMENT FI ELD OF THE | NVENTI ON [ 0001] Thi s
WO pwetd0en rel ates to an i nproved hydrotreati NECPUSIE&802301
for removing sulfur fromdistillate boiling range
feedstreans. This inproved process utilizes a two
stage hydrotreating process schene, each stage
associated with an acid gas renoval zone wherein one
of the stages utilizes a rapifl cycle pressure sw ng
adsorption zone to increase the concentration of
hydrogen in the process. BACKGROUND OF THE | NVENTI ON
[ 0002] Hydrotreatin ed by petrol eum
ref i ner SCWOrSEhA( AT BAA G OX DISTILEATES d
ni trogen WITHIMPROGYVEMHYDROGEN: AGEMENT
napht ha, kerosene, diesel, gas oil, vacuum gas oi
(V&) , and vacuumresidue. Hydrotreating severity is
FEELE-ORTHE BNVENTION i red product yield against the
desired |l ower | evels of heteratons. |ncreasing
regul atory pressure in the United States and abroad
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utihzdsectwa stage hydrairesating paoesss sclierre staoh Istaige aasociated with an

hydrotreating reaction vessel or zone with a _suifable
atidgas remavalepneavherpin onmeakthestages tiibiges drapid sysledyressure
tenperature and pr.essure.in the presence pof a .
SYYE BRmRHEH e forgoeR e (heouceuras o of Bydipegh,in the process.
havi ng the desired | ower |evel of sulfur. The

operating conditions and thehydrotreating catal ysts

BACKIGROUWND ORTHIEINVENEIQNal i ty of the
hydr otreat ed

[0002] Hydrotreating processes are used by petroleum refiners to remove
heteroatoms, including sulfur and nitrogen from hydrocarbonaceous streams such
as naphtha, kerosene, diesel, gas oil, vacuum gas oil (VGO), and vacuum residue.
Hydrotreating severity is selected to balance desired product yield against the
desired lower levels of heteratoms. Increasing regulatory pressure in the United
States and abroad has resulted in a trend to increasing the severity and/or selectivity
of hydrotreating processes to from hydrocarbon products having very low levels of
sulfur.

[0003] Hydrotreating is generally accomplished by contacting a
hydrocarbonaceous feedstock in a hydrotreating reaction vessel or zone with a
suitable hydrotreating catalyst under conditions of elevated temperature and
pressure in the presence of a hydrogen-containing treat gas to yield a product

having the desired lower level of sulfur. The operating conditions and the



products. [0004] Al though various hydrotreating
processes are practiced commercially, there is still a
wmemd/o793d he art for inproved hydrotreating prRPCEES®S86/002301
that can be practiced nore efficiently with higher
hydrotreating severity or capacity. SUVMARY QF THE
| NVENTI ON [0005] In a preferred enbodi nent there is
provi ded a process for hydrotreating a
het er oat om containing distil]late boiling range feed,
whi ch process conprises: a) contacting said distillate
boiling range feed in a first hydrotreating zone in
the presence of hydro with a _catalyticall
hpdroseiing cawhini vehzel Wy bindtiease feduitao] e Bydrotreated
ﬁﬂ g}reatlng conditions to result in a first liquid
*product having a reduced anount of sulfur, and a
first vapor phase, which vapor phase contains
hydrogen, light hydrocarbons, hydrogen sulfide and
[G00pni aAlthbugkRarists Agdiodueafing prodesspsiatle phasiceaconith@cially,
first vapor phase; c) renoving hydrogen sulfide and
themertndtil 4 noed sufhe a‘rt f(B‘tlmpa@‘(ﬁd streslinghprochstss ¢hat can be
scr.ubbi ng sg}utlﬁ forma scrubbed first
Praghsed proae sttigiently e Pﬁ rOHy%ll’&%qVﬁ OF PR d
scrubbed first vapor phase thereby increasing its
hydrogen concentration, in a rapid cycle pressure
SENTMIARYS O TR INVENTIUN ning a plurality of
adsor ben eds an aving a total cycle time of |ess
t han about 30 seconds and a pressure drop within each

adsor bent bed, of greater th n about inches of
[Qﬂé}ﬂf ooin apreferred empodiment {;‘dl,Srp@O\él@e{l @dgpcgﬁsggrﬁy&qtreatmg
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a second hydrotreating zone

in the presence of hydrogen, with a catalytically effective amount of a

hydrotreating catalyst at hydrotreating conditions to result in a first liquid phase
product having a reduced amount of sulfur, and a first vapor phase, which vapor
phase contains hydrogen, light hydrocarbons, hydrogen sulfide and ammonia;

b) separating the first liquid phase and the first vapor phase;

¢) removing hydrogen sulfide and ammonia from said first vapor phase
with a basic scrubbing solution in order to form a scrubbed first vapor phase;

d) removing light hydrocarbons from said scrubbed first vapor phase
thereby increasing its hydrogen concentration, in a rapid cycle pressure swing
adsorption unit containing a plurality of adsorbent beds and having a total cycle
time of less than about 30 seconds and a pressure drop within each adsorbent bed of
greater than about 5 inches of water per foot of bed length;

e) feeding at least a portion of the scrubbed first vapor phase having an

increased concentration of hydrogen to a second hydrotreating zone;



in the presence of hydrogen at |east a portion of

which is obtained fromthe scrubbed first vapor phase
wo@booshege3d) above, with a catal ytically effectP@BUS2006/002301

anmount of a hydrotreating catal yst at hydrotreating

conditions to result in a second |liquid phase product

havi ng a reduced anount of sulfur, and a second vapor

phase product, which second vapor phase product

contains |ight hydrocarbons, hydrogen sulfide and

hydr ogen; g) separating the sectond Iiquid phase

product fromthe second vapor phase; h) renoving

hydrogen sul fide from said second vapor phase with a

basf sconthttinmgsadfirst loquid phesadgroduet inar sacand diydidesating zone
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the pressure drop of each adsorbent bed is greater
prasaet, apleioh seepndivapes phaseproducirantaigsdight hydrecahegsnhydrogen
]ﬁgslsEF % CRI PTI ON OF THE FI GURES [ 0008] FI GURE 1
5 Sndihydzogenay| i fi ed schematic of a preferred
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firp) stafsviagdiydsssencifidé fonvsdi@syedrel Gpdr phasawitha basi
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seriuhhingfsobaticrineonder to fofrmea gergbbed satondivegpnphase;

i)  feeding at least a portion of the scrubbed second vapor phase product to

said first hydrotreating zone.

[0006] In another preferred embodiment, the total cycle time of rapid cycle

pressure swing adsorption is less than about 15 seconds.

[0007] In yet another preferred embodiment, 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.



when two hydrotreating stages in series is used and
wherein RCPSA application is utilized in the second
W@ e@ge74ey@r ogen- cont ai ni ng recycl e gas stream POI/US2006/002301
i mprove hydrogen purity. DETAILED DESCRI PTI ON OF THE
| NVENTI ON [ 0010] The process of the present invention
is particularly useful for hydrotreating distillate
boi l i ng range hydrocarbon feedstreans. Non-limting
exanpl es of such feedstreans are those contai ni ng
conponents boiling above about™ 25Q0F, preferably above
about 3000F, and nore preferably above about 35Q0F
Most preferably, the distillate feedstocks boil in the
BRI DES GREPTIONOR THIO FIGRRESF (about 121 to about
454 0C). Non-limting exanples of such distillate
boi I i ng range hydrocarbon feedstreans include

ischer s L quwi.ds; . at i ol | 5, . ~
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H H 1e | . o H . . . .
T il R WIS ICP B2 sppication s
utilizakiedthe €xsickiage bydropewcbntaindng redyichd gas stedanatqimprove
di stillates; solventdeasphalted oils;
hydriogey pusityler i ved oi|l's; high boiling synthetic oils,
cycle oils and cat cracker distillates.[0011] The
sel ected feedstock is typically adm xed with a
[G08] C9PIGURE 5 1heAlor 983 sRABIEA &litnidbc! (UHGRTrdM BmBodiment
ITst hydrotreating reaction zone at hydrotreati ng
whea ¢ivodiydecnetitingisgeshii deded Baised @nd evtatreiar RCPRA dppdivation is
will typically include a tenperature from about 400 OF
utilized ma;etsoccabbitagegbmdmgel(wgmampgamme EagysireRn sy ppprove
S@%ce velocity of the feed fromabout 0.1 hr. 1to
hydrogen PYTIRY-. 1 and a hydrotreating catalyst or a
conmbi nation of hydrotreating catalysts. [0012] The
term"hydrotreating” as used herein refers to

DFPAFSEBSDESTRIPTEON OF THE INVENTION

[0010]  The process of the present invention is particularly useful for
hydrotreating distillate boiling range hydrocarbon feedstreams. Non-limiting
examples of such feedstreams are those containing components boiling above about
250°F, preferably above about 300°F, and more preferably above about 350°F.
Most preferably, the distillate feedstocks boil in the range of about 250 to about
850 °F (about 121 to about 454 °C). Non-limiting examples of such distillate
boiling range hydrocarbon feedstreams include Fischer-Tropsch liquids;
atmospheric gas oils; atmospheric pipestill sidestreams such as diesel, light diesel,
and heavy diesel; vacuum gas oils; deasphalted vacuum and atmospheric residua;
mildly cracked residual oils; coker distillates; straight run distillates; solvent-
deasphalted oils; pyrolysis-derived oils; high boiling synthetic oils, cycle oils and

cat cracker distillates.



hydr ogen-containing treat gas is used in the presence

of a suitable catalyst that is primarily active for

wao b@oneaeewal of heteroatons, particul arly sul fRET/US2006/002301
Preferred hydrotreating catalysts for use in the

present invention are those that are conprised of at

| east one Group VIII netal, preferably selected from
iron, cobalt and nickel, nore preferably cobalt and/or

ni ckel and at |east one Goup_VI netal, preferably

nol ybdenum or tungsten, on a‘?n“gh surface area support
material, preferably alum na. Qther suitable
hydrotreating catal ysts include zeolitic catal ysts, as
[0041] asThebtlectedtfatdstedkaistypisalin edmixddewithial leydrogen-rich treat
sel ected from pal | adi u %ﬂgylatinum .1S wth
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fromabout 1 to about 25 w-%_ preferably from about 2
hydrosusating patalyst o5 a sempbiration el Rydrateatyrgeatalyyisi cal
hydrotreating tenperatures range from about 2040C
(4000F) to about 4820C (9000F) with pressures from
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mnlyltdémuae ophuhgkedy ogerdginsaifadenayea support material, farefergbly
alumina. Other suitable hydrotreating catalysts 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
from 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'',



recycl e gas 220 and a hydrogen-contai ni ng nmake-up gas

225. The resulting effluent fromthis first
whywsorsat i ng zone is conprised of a first vapor/usivasen2301

stream 120 cont ai ni ng hydrogen, hydrogen sul fide, and

i ght hydrocarbons; and a first liquid phase stream

200. The term"light hydrocarbons” used herein neans a

hydr ocar bon m xture conpri sed of hydrocarbon conpounds

of about 1 to about 5 carbon gtons in wight (i.e., C1

to C5 wei ght hydrocarbon conpounds). [0014] The first

i quid phase stream 200 will be I ower in sulfur

content since a substantial portion of the sulfur wll
[0043¢ onv Eigueel 1therénftheprpsents wine iptefeamed engbadimentaf the present
.part, of the first vapor phase stream 120. The first, . )
inygpten b edrnlreai i Hese B doies rorised 28 dvhpasin it is desired

scrubbi nge.zone - . ' i
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hy@Rhrbdnaeed 110 ¢6 8L Hedieddk Hhttodied iR Y At hxgrétfémng zone HT-

about 40 vol.%to about 60 vol. % hydrogen. y
1swderleiffectias hgdsttaating conditions, alerg with 4 becoadiltydyagen-

scrubbing zones AS-1 and AS-2 that will adsorb the
corfginiegiré¢cyela gast220cand yhydogenrcontainingymakeaip gen225. The

T
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at® SfirbicliquEd phiake sigeadn00) dheltemn "HghtIOrdroabarbbndlassed herein
adsorbed at | east a portion, substantially all, of the
ntepds o dedrenarbormixiuse eomprisedeal hydracatibogcomnyands of pbeut 1 to
one. REG | where sub ntially.all.qf.the hydrogen
G PR LR o BEIE oot Lol Gy Wit o RhB e Raauds).
stripping agent, preferably steam The first stripping
stream 140 exits regenerator REG | and will typically

[(U4Fent The fistsliddid phesoutsam DRI beUuetver$n Sulflue¢ttent since a
plant. The firs S-1 ean scrubbi ng solution 150, now

stilsgantiah poytthrogethesulfur dall besoawatted tchydrogen sulfgiesand be

scrubpi ng zon -1 . i
removed as gart of ﬁle/_}%st vapor phase stream 120. The first vapor phase stream is

conducted to first acid gas scrubbing zone AS-1 where the hydrogen sulfide is
substantially removed to produce a scrubbed first vapor phase stream 160,
preferably containing from about 40 vol.% to about 60 vol.% hydrogen. Any
suitable basic solution can be used in the acid gas scrubbing zones AS-1 and AS-2
that will adsorb the desired level of acid gases, preferably hydrogen sulfide, from
the vapor phase stream. Preferred examples of such basic solutions are the amines,
preferably diethanol amine, mono-ethanol amine, and the like. Diethanol amine is
more preferred. A first H,S-rich scrubbing solution liquid 130, which has adsorbed
at least a portion, substantially all, of the hydrogen sulfide, is conducted to a first
regeneration zone REG-1 where substantially all of the hydrogen sulfide is stripped
therefrom by use of a conventional stripping agent, preferably steam. The first

stripping stream 140 exits regenerator REG-1 and will typically be sent to a sulfur



[0015] Continuing with Figure 1, a scrubbed first
vapor phase stream 160, substantially saturated with
wW@106/079086 conducted to a rapid cycl e pressur ePGIUSIY06/002301
adsorption zone RCPSA. A purified first recycle gas
170, having at |east about vol.% preferably at |east
about 85 vol.% and nore preferably at |east about 90
vol . % hydrogen, is renoved fromthe rapid cycle
pressure sw ng absorption unit and conducted to the
second hydrotreating zone HT-2" A tail gas stream 180
rich in light hydrocarbons and other contam nants is
renoved fromthe RCPSA zone. Dependi ng on the specific
rmwsxty pﬂeat gmph s hdrlauoplaati Hhae ﬁsst Ez&%awcnmbung] gnlution 150,
ted ni.a and H2S may. al so be
ain hydmash ST, it S5 Brclotoeid eS STnHbREFEgS-1.
stream may bypass the RCPSA unit via line 90 if
desired. [0016] The first liquid phase stream 200 from
[601f5‘-]t hydnghhRd with [ m-sbrub%eaqnﬁm;ﬁﬂ As® @t@éﬁi\ﬂ 160,
hydrotreating zZzone -2 where it is conblned wWth the
sphatarftiadly faturatedrwith ovatery sscandictaddera mpikcydle @ressure swing
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vbP%Sﬁﬁﬂrogé’n,alg gé&b?é@froﬁﬂﬂfeﬁﬁ?ﬂ‘ cyRle gﬂ%’shﬁrefs%ng absorptmn unit

addi t1 on processi ng or col t'ed a final™ product.

afid eosdunted to theasecpidh pdoticating 260 HL-2onkltait gak stceam 180 rich
second acid gas scrubbi ng zone AS-2. A scrubbed_second
gbfrhxdragfer eng aagotzo cpl@taaumm& aSe@qudHTéom thg RCPSA zone.
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p&ftM‘off thektAibbed vapor stream may bypass the RCPSA unit via line 90 if

desired.

[0016] The first liquid phase stream 200 from first hydrotreating zone HT-1 is
conducted to second hydrotreating zone HT-2 where it is combined with the
purified first recycle gas 170 under effective hydrotreating conditions. The
hydrotreating reaction of the second hydrotreating zone HT-2 results in a second
liquid phase stream 210 and a second vapor phase stream 190. The second liquid
phase stream 210 is sent to additional equipment or units for additional processing
or collected as a final product. The second vapor phase stream 190 is conducted to
second acid gas scrubbing zone AS-2. A scrubbed second vapor phase stream 220
is conducted to the first hydrotreating zone HT-1. A hydrogen-containing make-up
gas 225 can be introduced at any suitable location prior to the first hydrotreating
zone HT-1, but it is preferred that it be introduced into line 220, as shown in Figure

1. Like amine scrubbing zone AS-1, the second H,S-rich scrubbing solution 230



1. Like am ne scrubbing zone AS-I, the second H2S-rich
scrubbi ng sol ution 2300f the second acid gas scrubbing
wWQowe/0A83® i s passed to a second regenerati on RONES2006/002301
REG 2 where hydrogen sulfide is stripped fromthe
solution in a second stripping stream 250. The H2S
| ean scrubbing solution 240 is recycled to the second
ami ne scrubbing zone AS-2. The second stripping stream
250 containing stripped hydrogen sulfide is conducted
from am ne scrubbing zone AS-2to a sul fur recovery
pl ant, such as a Claus plant. [0017] In another
enbodi nent, a rapid cycle pressure sw ng adsorption
ofilie seeond aeid: gasi serhbirgzenAlyR ispsred ihe émqndtruegﬂnmtlon zone

ARG eBey e Aultde de BB Do Eratd T 521805 i psioond stripping
st’%é%lélrzgﬂl 'lgfé 5§1léaﬁ%ﬂfbg>%o%§blﬁhgﬂ 30 2s RRYE d to'tﬁe Eécond amine

Ir st en-contal ni ng-nma

sErabbhg 20’ RYLY; EDhédecdRd sEipind keed B0 dlﬁhtalﬁnigf‘ﬁrlpped
process. [0018] Practice of above process schene

hyéeo genenlede is¢oaduecind dgen ahane sdrebbingoent rA$-200 a:)sfulﬁlr
hydrogen in the hydrogen recycle loop, can be
r%cwg%nhanwspyh A%/ BsoRIaBhd sul fur iS5 removed from the
feed without any significant aromatics saturation.
That is, the hydrogen concentration is typically from

[(0X70 66n ¥Rbthep éﬁlbb@ﬁhﬁeﬂt herape @y&% ﬁr@'&%uf@ﬂvﬁlg%bﬁ)tlon may be

pressure swi ng adsorption unit, be increased
ukad totintrease tlﬂekiuydro gerv odmc%ntra‘ponbé thm]hydragem-eenlalmhg mmake-up
10 vol . %, and pore preferably at |east about 15 vol

298 bﬁforfh@ is grqgucgd a@g,tbe @;,Qqeés pjyaelwg gyfhigFigure [ and in line

ABEF ERAS iRt OB is s i 3 b oBericnl i pplee up gas
chif BE BRRMIREA Y arky Qul\eaﬂlé 1&%%%@151&5&%& concentration

80 vol.% or nore versus a hydrogen

concentration of about 40 to 60 vol.%for stream 160
[er?ﬁtS(ﬂe o (ép?l%@ r@%%i)gvg %fclcgsspgc?lsei%rfasstvh\ﬁe rl]lgeggesc% J) etu%h?arr]ltage that the
concentration of hydrogen in the hydrogen recycle loop, can be substantially
increased and sulfur is removed from the feed without any significant aromatics
saturation. That is, the hydrogen concentration is typically from 40 to 60 vol.%
without the used of the rapid cycle pressure swing adsorption unit, but will be
increased by at least about 5 vol.% , preferably at least about 10 vol.%, and more
preferably at least about 15 vol.% with the use of a rapid cycle pressure swing
adsorption unit as shown in this Figure 1. This increase of hydrogen is obtained
because the stream represented by 170 will have a hydrogen concentration of about
80 vol.% or more versus a hydrogen concentration of about 40 to 60 vol.% for
stream 160 entering the rapid cycle pressure swing adsorption unit. Thus, the
overall concentration of hydrogen in the hydrogen recycle loop will be increased by

at least about 5 vol.%, preferably at least about 10 vol.%. Thus, the higher

concentration of hydrogen in the recycle loop allows for higher feed rates without



overal |l concentration of hydrogen in the hydrogen
recycle loop will be increased by at |east about 5

wa 0068q90pr ef er abl y at | east about 10 vol . % TheGT/US1966/002301
hi gher concentration of hydrogen in the recycle | oop
allows for higher feed rates w thoutthe need to expand
the capacity of the hydrotreater reactors thenselves.
That is, nore product can be obtained fromthe sane
hydrotreatlng process unit glyen t he hi gher hydrogen
concentrations in the recycle’ loop. Longer catalyst
run length can also be realized by the practice of
this enbodinent. [0019] Figure 2 hereof represents one

ther redfedrto eatpeind i capacity bl theehsplre@eatﬁr taactars themsebess. t Tt is,
hydr ot atl n nes I es are used and RCPS,
e produtet £3n Pe 9PN 4 ﬂ@ S P ESHHpTOS oS if giyen the
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anfHerréﬁhin% ﬂfeﬁlﬁbbtﬁkﬁb cliotﬁﬁs diibddimenger ef f ect ive
hydrotreating conditions, along wwth a purified second

recycl e gas 310. The resu! ting effluent fromthis
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rtion of the sulfur wll~ be converted
révydleogmsn The iydtecarbdn heed 30toclok trsatpd lls imfodubed intost ﬁrst
vapor ghase stream 320. The first vapor phase stream
A

hy&rogisating vene HoI1; u@deraﬁffwtlgaélydmtm@mggtoz&éﬁwmsnhong with a
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hydrogen sul fide, fromthe vapor phase stream A first
H2S-rich scrubbing solution |iquid

[0020]  The first liquid phase stream 370 will be lower in sulfur content since a
substantial portion of the sulfur will be converted to hydrogen sulfide and be
removed as part of the first vapor phase stream 320. The first vapor phase stream is
conducted to first acid gas scrubbing zone AS-1 where the hydrogen sulfide is
substantially removed to produce a first hydrogen-containing recycle gas stream
360. Any suitable basic solution can be used in the acid gas scrubbing zones AS-1
and AS-2 that will adsorb the desired level of acid gases, preferably hydrogen
sulfide, from the vapor phase stream. A first H,S-rich scrubbing solution liquid
330, which has adsorbed at least a portion, substantially all, of the hydrogen
sulfide, is conducted to a first regeneration zone REG-1 where substantially all of
the hydrogen sulfide is stripped therefrom by use of a conventional stripping agent,
preferably steam. The first stripping stream 340 exits regenerator REG-1 and will
typically be sent to a sulfur recovery plant, such as a Claus plant. The first H,S-



330, which has adsorbed at |east a portion,
substantially all, of the hydrogen sulfide, is
weovdtdedd to a first regenerati on zone REG | MIEUS2006/002301
substantially all of the hydrogen sulfide is stripped
therefrom by use of a conventional stripping agent,
preferably steam The first stripping stream 340 exits
regenerator REG | and will typically be sent to a
sul fur recovery plant, such as a Caus plant. The
first H2Sl ean scrubbi ng sol uti'on 350, now |l ean in
hydrogen sulfide, is sent back to acid gas scrubbing
zone AS-I. [0021] The first hydrogen-containin i
lqaasgrubbing sokutioa 3H0380wilgare pBen sdﬁalesé@@ngback to acid gas
g‘ﬁgéotreat;&g zone HT-2 along with the first liquid
8 WEAMEMYT70, under effective hydrotreating
conditions. A second vapor phase stream 390 and a
second liquid phase stream 380 are renoved fromthe
[eeXQnd  IThe it IB@irbpéh-emainitlg Fecytheofiat@ach 36614 cbnducted to a
phase stream 380, which is now substantially reduced
seqongyiduotreatingszonte HE -2 dbhing voitla theeficst piquit plasewstieam 370, under
for additional processing or collected as a final
e’{fﬁ@a%rchyéwﬁéa%&e 15apbr Apeard ¥aprathase sirpam 580 and a second

HGERONSE S RS G TR YL B ARG afipapgbB -2
ThbRbEGHd ﬁ@uiﬁ?h@%é 6teSaR 88D oW hidhS s v duRtdfialgSeduced in sulfur,
scrubbing zone AS-1. The second H2Srich scrubbing

issseintito additional expuimgemsorattd foy additiduslt progedsing or eollected as a
relgenerat or REG where a second str idopi ng stream 410,

fipal prodpst. nTlmssaendpepenphassistrgamo}d0 iscondreied dramdhe second

t he regener at The second H2S-| ean. scrubbij .

hydicgicriRe 7960 PLT20 rePait 160 gaE selBintp 2y g which is operated

sl a8 iR for fhe fihg aBff %ﬁ%ﬂlb%%% B6n/ ABQY. The&BEond H,S-
430 is conducted to a rapi ycl e pressure sw ng

richsorubbirgnsolatidon ROPTHrepeacatdd ightomdidtingdt twomnsegenerator REG
renoved via the tail gas 440 fromthe RCPSA unit. A

wihetaih seeopdirippingstrsamht), mdugk isehighdn 315, cansenteation, He

concentration of hydrogen . . .
removed trom the regenerXtor. 98¢ second H,S-lean scrubbing solution 420 is

.

recycled to the second acid gas scrubbing zone AS-2. The scrubbed second vapor
stream 430 is conducted to a rapid cycle pressure swing absorption unit RCPSA
where light hydrocarbons are removed via the tail gas 440 from the RCPSA unit.
A resulting purified second recycle gas 310, wherein the concentration of hydrogen
in purified second recycle gas 310 from the RCPSA unit is greater than the
concentration of hydrogen in the scrubbed second vapor stream 430. A hydrogen-
containing make-up gas 450 can be introduced at any suitable location in the
hydrogen recycle loop, but it is preferred that it be introduced into line 360, as
shown in Figure 2.

[0022] In Conventional Pressure Swing Adsorption ("conventional PSA") a

gaseous mixture is conducted under pressure for a period of time over a first bed of



in purified second recycle gas 310 fromthe RCPSA unit
is greater than the concentration of hydrogen in the
W@ eooglomeao second vapor stream 430. A hydr ogencPC/asIu061¢p2301
make-up gas 450 can be introduced at any suitable
| ocation in the hydrogen recycle loop, but it is
preferred that it be introduced into |ine 360, as
shown in Figure 2. [0022] In Cbnventional Pressure
Swi ng Adsorption (" conventloq PSA") a gaseous
m xture i s conducted under ssure for a period of
time over a first bed ofa SO|Id sorbent that is
sel ective or relatively selective for one or nore
asolip sadhens thag susdleotiveegaelitirelyssedeativetianbnent ndracoinponents,

U HBEEREIGH A RSETBENRE Ak oD oA Yo ETadRG SBneireap. It is
é % ?&g)SVe F\PS of ?1%[} 3la naﬁt@ @ﬁﬁe%u%il}ﬁﬁut%? 8Bﬁ’ven1ence,

be re erre singul ar "an

tHeeécﬁﬁIB&fén‘t Or 88mPoRets %l'iﬁt'%@é‘fo bér f@n@@&mm b rfetied th $n the
passed over a first adsorption bed in a first vessel

simgdlae aad geferfeddmas hecontamapt. eThel gaseoub enixtire asrpassad over a

that, remains sorbed in the pbed. After a p et er mi ned
figstpdsepption bed i & fissb v gssahany emevees Eram iclamb%ijéepl@ﬁré in the

R Tab e BREBHEY n 6ty Khiden pEBeRRRTR fmg o
aﬁ&‘hﬁﬁ% 1Y9Rel o bAGK FoUBH of the bhefnibtnGRbLAYEd. WA of the

the secdnd bed is in Sorption service, the sorbed

gawouamirare i3 switelamioc §ecomd talisorbtion bedds arsetowdvésel for the
by a reduction in_pressure, usually acconpanied by a
pufieation to eantisueg While ﬂma%?@pbd foné igradserption serms:et the sorbed

oHETRIG i§ Temated BRR S s a1 gonp‘?f‘ﬁ;wéég%ﬁw in prossure,
usife n%{%&gggiﬂéh lgﬁ %@\}ellrs : amg [f{) ttH@ l:&?th{rﬁnant. As the

pERBireGh tﬁé’%s@@lsﬁ@@écﬁmd the oﬁ’ﬁh’fﬂn@i‘néﬁt Q‘e@ﬁﬁml}ﬂadsorbed on the bed
fI uctuations to downstream systens. The cont am nant

isqamogtessively éesoghed intmihterteil 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.

[0023]  After, e.g., breakthrough in the second bed, and after the first bed has
been regenerated so that it is again prepared for adsorption service, the flow of the
gaseous mixture is switched from the second bed to the first bed, and the second
bed is regenerated. The total cycle 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

the gaseous mixture is first conducted to the first bed in the immediately



tail gas systemin any suitable manner and processed

further or disposed of as appropriate. Wen desorption
w0 20060n9PBet €, the sorbent bed rmay be purged w P¢ET/E82006/002301

inert gas stream e.g., nitrogen or a purified stream

of the process gas. Purging may be facilitated by the

use of a higher tenperature purge gas stream [0023]

After, e.g., breakthrough in the second bed, and after

the first bed has been regenerated so that it is again

prepared for adsorption servi¢e, the flow of the

gaseous m xture is switched fromthe second bed to the

first bed, and the second bed is regenerated. The
suareadingyaycke, i.enafies asingle esggnprasiontalithe firssrhedndrheruss of third,

gaseous m xture is filst conducted . to the fir bed |
i, i, i gsgels iddifiom o erpora st s gk by 5odsd when
f.irst conduct ed t.o.the fi.rst. bed {in. t .
afiirRtio B 8 s Sorplip ol 1bflg (W servefo incgease cycle
# eneration of the first bed. The use of third,

ourth, fifth, etc. vessels in addition to the second
vessel, as m ght be needed when adsorption tine is

short but desorption tine is long, w|l serve_io
[0024] e as & hug.cneone; cpafighpdmm, a pressury swiggeycle will include a feed

SRS By SsBES SpeL BBk o) g5 485yt
BRSPS SR S AR 4 B BRgThe

sSifptien offiRe sontaiviinte ustdlby aked place bytphysieubidrptibaloato the
place by physical sorption onto the sorbent that is

seibentihiay issnqroradlys2 poroud selid Ruelsasastivatadeeprben rdumina, silica or
Jum.na, sjiliga or sil.jca-alum na tha s..an affi.nit )
siisa-agings ek i Hrsbofr Rat Cotamigtit 2330ER ¢ hify Wed in
LSRR SH0C e, ATt MR bRty or
cbRARYoneiminafisbycRALGObT Elirtdtmhtpllediaat Pobdicrblepsiezdses.
Normal |y, chem cal reaction with the sorbent is not
Nonmailgdchemicakbreaotion fdth 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).

[0025]  Conventional PSA possesses significant inherent disadvantages for a
variety of reasons. For example, conventional PSA units are costly to build and
operate and are significantly larger in size for the same amount of hydrogen that
needs to be recovered from hydrogen-containing gas streams as compared to

RCPSA. Also, a conventional pressure swing adsorption unit will generally have



increased difficulty of achieving desorption of
speci es whi ch have becone chemically bound to the
W@ 0004030 but chemi sorption is ny no nmeans to PET/US2006/002301
excluded if the sorbed materials nmay be effectively
desorbed during the desorption portion of the cycle,
e.g., by the use of higher tenperatures coupled wth
the reduction in pressure. Pressure swi ng adsorption
processing is described nore fully in the book
entitled Pressure Swi ng Adsorption, by D.M Ruthven
S. Farouq & K. S. Knaebel (VCH Publishers, 1994).
[ 0025] Conventional PSA possesses significant inherent
cyi¢ls dumesinagesss off ore mimitettypishlly dassesss of Qrtoekmipites due to

conventi.onal PSA units are.costly to build and operat
tigiemHiations fduited e PlIop-AiEsIonpLhs GomponeHs gt the forger
bRl i Bt PR BRFER SRR EEMBRERO il yalvine
if¥oPed. ACAIMERRE, iropial cyRlcasresiife SWinlPaddeptict isaRilifeidiwhich has
wi Il generally havecycle tines in excess of one
tothhestode timegiof dédsytham ora atiasteoThe tatal dyale tintesfREPSA may be

tine limtations required to allow djffusion of thf
less i seconds.Rrgferebly lpsrthan 15sqeonds; more grefgrably less than 10

SSAMIR e A B RRrARE 1B GAR SPTERRAE ARl e Bl B Bfhbly tess 2
W8, AAFAHER! fh‘é'}aj'%ﬁloéygilé nPl%@ﬂlr%’w(iﬁg hdsorpRbRUnRY Gb& can make

times of less tha nute. The total cycle tines
usd oRGRstantiaYl yliffesss sdibents3 Sucheasy bdsnotdimited ad) syrucassd
than 15 seconds, nore preferably |ess than 10 seconds,
majenialprsueh py wosplilisy | ess than 5 seconds, and even
nore preferably | ess 2 seconds. Further, the rapid
cycle pressure swing adsorption units used can nake

of . . |
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coRv@itionAFPS AQGAOCPT A ivMerradtbrigetb by Hid @asy ahsfef raté€onstant in
adsor pti on processes, whether

the gas phase (1:5 and the mass transfer rate constant in the solid phase (t5). 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:
Tg=Dg/ Rg2 (in cm?/sec) 1)

where D, is the diffusion coefficient in the gas phase and Ry is the characteristic
dimension of the gas medium. Here the gas diffusion in the gas phase, D, is well
known in the art (i.e., the conventional value can be used) and the characteristic
dimension of the gas medium, R, is defined as the channel width between two

layers of the structured adsorbent material.



conventional PSA or RCPSA, is characterized by the
mass transfer rate constant in the gas phase ( g) and
wo b@ee®30 t ransfer rate constant in the solid PEEES2006/002301
(ts). A material's mass transfer rates of a nateri al
are dependent upon the adsorbent, the adsorbed
conpound, the pressure and the tenperature. The nass
transfer rate constant in the gas phase is defined as:
=Dg/ Rg 2 (in cnk/sec) ( where Dg is the
di ffusion coefficient in the gas phase and Rg is the
characteristic dinension of the gas nedium Here the
gas diffusion in the gas phase, Dg, is well known in
[@02F]ar t Thie.reass ttamsferaatearonsiantin thelsolid sk ef aseatyrialrid defined
the characteristic dinmension of the gas nedium Rg is
agfef i ned as the channel wi dth between two | ayers of the

struct adsor ben i &l .[0027] The mass transfer
Shdint i n tnGmSTiRe ol @

rat & c inth hase of a material is

defined as: ts = Ds/ Rs 2 (in cnR/sec) (2) where Ds

is the diffusion coefficient in the solid phase and R
wigeré De ictherdiffusionsioetficentinthe solid phiwe awl R disrthe characteristic
Here the gas diffusion coefficient in the solid phase,
dimensien aéfhe solidmediam.nHeeg the(gas diffusipa cesticient laﬁlé@ solid

ol Dot PavaiLan e . 0 6V ERISHR! Gefielioneuied) and the
CRRAPLFRLE iion GR TR Hed Bl RAP B S5 RE R of the

adepbemtlaper. and Purification Technol ogy 12 (1997)

43- 60,
[0028] 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.

[0029] Conventional PSA relies on the use of adsorbent beds of particulate
adsorbents. Additionally, due to construction constraints, conventional PSA is
usually comprised of 2 or more separate beds that cycle so that at least one or more
beds is fully or at least partially in the feed portion of the cycle at any one time in
order to limit disruptions or surges in the treated process flow. However, due to the

relatively large size of conventional PSA equipment, the particle size of the



which is incorporated by reference, clarifies that for
flow through a nonolith or a structured adsorbent that
we@eb@anedoswi dth is a good characteristic di mensPCIUSZING002301

the gas nedium Rg. 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 associ ated coefficients for a given

adsorbent and the test standﬁﬁg conposi tions used for

conventi onal PSA. Cal cul ati om~of these mass transfer

rate constants is well known to one of ordinary skill
in the art and may al so be derived by one of ordinary

ad¢arbenti matehial &srgenerad hingitethpantidle sizes ofgahoat 4 mmoprbibove.
nventional ,PSA relies on the e of .adsof ben eds ,
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Skt uctd ' nventional PSA is usually

c@%rﬁ;gﬁpéeog‘fg?d %%ge?h{rlrgkgﬁzeesﬁl ér?at e 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

[60363 i nIwanembodihent, RCRSA wpilizess ratarysvalyase systérhéo conduct
reat ed proceis flow However, due to the relatively

ﬂ{eag ey Zroyghaginasyispehraimedie dapticortains 2 fHEbSEPT Fenagate
R A L T e
ﬂﬁéﬁgl? E%é/ﬁggﬁ&% 8Hd Gettrphon 'Sgéﬁﬁ %?Wr&?ﬁ Iﬁoghfépéympleﬁeg the cycle

orption, anhd channeling of “feed materia

ofopéeratiensi| The k&@BP$orber mvdalthie diormatly cBpTRed of nnAtplestubes
rotary val ving systemto conduct the gas flow through

heldrhetweon swe seal pletgs os cithar endaf Rierotary sarhssmedule wherein the

B e S B R BB S e
BRI BT BEROPSH oA B TR R sas
throtaiTalak exaiHPihe SAOPOA tiibéd isploadhieted awks! foabye ¢ Rofbé® module.
seal plates on either end of the rotary sorber nodule
Batsmitable arrengement of the seal plates and manifolds, a number of individual
compartments or tubes may pass through the characteristic steps of the complete
cycle at any one time. In contrast with conventional PSA, the flow and pressure
variations required for the RCPSA sorption/desorption cycle changes in a number
of separate increments on the order of seconds per cycle, which smoothes out the
pressure and flow rate pulsations encountered by the compression and valving
machinery. In this form, the RCPSA module includes valving elements angularly
spaced around the circular path taken by the rotating sorption module so that each
compartment is successively passed to a gas flow path in the appropriate direction
and pressure to achieve one of the incremental pressure/flow direction steps in the
complete RCPSA cycle. One key advantage of the RCPSA technology is a
significantly more efficient use of the adsorbent material. The quantity of

adsorbent required with RCPSA technology can be only a fraction of that required

for conventional PSA technology to achieve the same separation quantities and



seal plates are in contact with a stator conprised of
separate mani folds wherein the inlet gas is conducted
W 2006/0890RCPSA t ubes and processed purified proPCDUSHaE002301
and the tail gas exiting the RCPSA tubes is conducted
away fromrotary sorber nodule. By suitable
arrangenent of the seal plates and manifolds, a nunber
of individual conpartnents or tubes nmay pass through
the characteristic steps of tﬁe conpl ete cycle at any
one time. In contrast wth ¢dfventional PSA, the flow
and pressure variations required for the RCPSA
sorption/desorption cycle changes in a nunber of

quafiszasatées & nesudipthe ootprinthmvestawntgindsibe ammnb of actiee adsorbent

whi, c s.out the pressure and flowrate . .
NS PORLTA it iaianty Tonet DaRavader B soanetional P4 unit

[ . ' RCPSA nodul e i ncl udes
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path taken by the rotating sorption nodul e so that

each conpartnent is successively passed to a gas flow
[Q0x1f i nln &e embppdiopentaRERFA bed lengtlandit pressare drops, required

achi eve one of the increnmental pressure/flow_ direction

adgosplion ActiHEes GiRg| raechapgabpopsriets (dne taesntefigsh asepderation of

el e n PR ) ot i B Rl PRl p A sorbent

b&d nﬁt@&’i’eﬂ?,‘%ﬁ?a{*ﬁ&ﬂﬁf SHsoYhdnls PR heclaed genret_%ﬁ, Srticulate,
only a fraction of that required for conventional PSA

be¢atednot egyudate forini.eltea prefesadentbedanatt, adsoxbenttmateeials are
andqualities. As a result, the footprint, investnent,

septged toea svRoting understryetuseigwieseal for vepuin iR €8S ARateiang
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pressure drops, require orption activitl

reieforedthedt material. r Ai snitablechindérane g bt fusédignhttach the adsorbent
acceleration of the rotati nnged_s in RCPSA), prevent
makesial $e thyf reffoycenaeni anateviala| NesAnitisgresemples of reinforcement

material include monoliths, a mineral fiber matrix, (such as a glass fiber matrix), a

metal wire matrix (such as a wire mesh screen), or a metal foil (such as aluminum
foil), which can be anodized. Examples of glass fiber matrices include woven and
non-woven glass fiber scrims. The adsorbent sheets can be made by coating a
slurry of suitable adsorbent component, such as zeolite crystals with binder
constituents onto the reinforcement material, non-woven fiber glass scrims, woven
metal fabrics, and expanded aluminum foils. In a particular embodiment, adsorbent

sheets or material are coated onto ceramic supports.

[0032]  An absorber in a RCPSA unit typically comprises an adsorbent solid
phase formed from one or more adsorbent materials and a permeable gas phase
through which the gases to be separated flow from the inlet to the outlet of the

adsorber, with a substantial portion of the components desired to be removed from



bed materials, in particular adsorbents that are in a

| oose pelletized, particul ate, beaded, or extradate
wo eoori079080 a pref erred enbodi nent, adsorbent naPEr/U81086/002301

are secured to a supporting understructure materi al

for use in an RCPSA rotating apparatus. For exanple,

one enbodi nent of the rotary RCPSA apparatus can be in

the form of adsorbent sheets conprising adsorbent

mat eri al coupled to a structured reinforcenent

material. A suitable binder may be used to attach the

adsorbent material to the reinforcenment material .

Non-limting exanples of reinforcement naterial
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phase forned from one of nore adsorbent materials an
heatp &hegsiieinengasn pifadsorplion wompstses bwo ngaig ateps, hambly passage of
separated flow fromthe inlet to the outlet of the
thecrdsprhate figm thecismainghgasaphage pnicothespriage of tiepwiishphase,
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pﬁgsaegﬁ{bqglgeahsgfpgfghgsqqeg_g gas phase", but nore sinply

ol'rd phase includes a network of
pores, the nean size of which is usually between

approximately 0.02 nmand 20 nm There may be a )
[0033)or kIan embodiment, BRCRSuk 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 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
to produce high purity hydrogen streams at high recovery rates with only a fraction

of the equipment size, adsorbent volume, and cost of conventional PSA.

[0034]  The structured adsorbent embodiments also results in significantly

greater pressure drops to be achieved through the adsorbent than conventional PSA



call ed "m cropores”, this being encountered, for
exanpl e, in mcroporous carbon adsorbents or zeolites.
wab@ednoB@d phase nmay be deposited on a non- adsPCb®Es1006/002301
support, the primary function of which is to provide
mechani cal strength for the active adsorbent materials
and/ or provide a thermal conduction function or to
store heat. The phenonenon of adsorption conprises two
mai n steps, nanely passage of,the adsorbate fromthe
circul ating gas phase onto fﬁg surface of the solid
phase, foll owed by passage of the adsorbate fromthe
surface to the volume of the solid phase into the
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esigned with adsorbent bed unit |ength pressure dro
These markedly higher adsorbent bed unit length pressure drops allow R PSA

adsorbent beds to be significantly more compact, shorter, and efficient than those

utilized in conventional PSA.

[0035] In an embodiment, high unit length pressure drops allow high vapor
velocities to be achieved across the structured adsorbent beds. This results in a
greater mass contact rate between the process fluids and the adsorbent materials in
a unit of time than can be achieved by conventional PSA. This results in shorter
bed lengths, higher gas phase transfer rates (1) and improved hydrogen recovery.
With these significantly shorter bed lengths, 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 less than 30
psig, while minimizing the length of the active beds to normally less than 5 feet in

length, preferably less than 2 feet in length and as short as less than 1 foot in length.



greater than 5 inches of water per foot of bed | ength,
nore preferably greater than 10 in. H2O ft, and even
woreroe/oproad er ably greater than 20 in. H2OQ ft. TPCBHUS®06/602301
contrast with conventional PSA units where the
adsorbent bed unit length pressure drops are generally
l[imted to bel ow about 5 in. H2O ft dependi ng upon the
adsorbent used, with nost conventional PSA units being
designed with a pressure dro 9of about 1 in. H2Oft or
|l ess to mininmize the problens”di scussed that are
associated with the |arger beds, long cycle tine, and
particul at e absorbents of conventional PSA units. The
adsor bent beds of conventional PSA cannot acconmodate
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apsvl@te pRéssues add dud as8s to@apadGize 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.

[0037] In an embodiment and an example, the rapid cycle pressure swing
adsorption system has a total cycle time, tror, 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, ty, wherein the
hydrogen product gas has a purity of P% and a rate of recovery of R%. Recovery R

% is the ratio of amount of hydrogen retained in the product to the amount of



psig, while mnimzing the length of the active beds
to normally less than 5 feet in length, preferably
wo ews/otdean 2 feet in length and as short as | eBGT/URENG/102301
foot in length.[0036] The absol ute pressure |evels
enpl oyed during the RCPSA process are not critical. In
practice, provided that the pressure differentia
between the adsorption and desorption steps is
sufficient to cause a change j,n the adsorbate fraction
| oadi ng on the adsorbent thereby providing a delta
| oadi ng effectlve for separating the stream conponents

processed_by the RCPSA unit. Typical absolute
hydrogan |arvrgﬂ@h19s@ thesfeedy Enen th@rhgé i corpustsatly dspressurizpbior a

tiiet i FOLSES by chuRE Pritgniy A8pESeri iy MiSudf T H g, tox.
Wi dRESHRRATAP B br Altialitt SIS RERIGIEN Hioll o BEPANS Blksure

gﬁﬁtét&ha@@?éq\ial g 1¥ses SThe bad d}ﬁlﬂ@@& et &l titneQ tp ttPically with a
overall streamto be separate st ream conposi t1on,

SRTbndsthe S df AR biudtelat e Subgaueaty ke bed isfe tdgurized for a
pRCPSA product st\rltgam %e RCP%%l progess i's no%3

tisyee tirf typacally withiatpattion ofhydetgeoiprodugigas ou rfeergas ,ukerein the
its conpact size _becones _increnental I
C)é‘géﬁl@i*ﬁ e 15ea0al hthersumy ahthepadiy g&@é@é@ inges peqprising the

rating pressures. U S. Patent Nos.
t@‘%@%@%% §5451 095; 6,488, 747; 6,533, 846 and
6, 565, 635, all of which are |ncorporat ed herein by
reference, disclose various aspects of RCPSA

t echnol ogy. [0037] trarantethedt tent tahdg@an exanpl e, 3)
the rapid cycle pressure swi ng adsorption system has a
t ot al cycle time, tTQX to separate a feed gas into

G TR bbbl ofa8afle Tk RORBRPE AT SR PSR Hboesses
‘%‘*‘}“P%S?ﬁh% e FAE R X R AL LR B Rt ¢ Rebpuity
rdtive PUYES, whi.thandot the rateadd reeants 9y RAOHO0% for a product purity to
feed purity ratio, 0 <P%/F% < 1.1. Results supporting these high recovery &
purity ranges can be found in Examples 4 through 10 herein. Other embodiments
will include applications of RCPSA in processes where hydrogen recovery rates are
significantly lower than 80%. Embodiments of RCPSA are not limited to
exceeding any specific recovery rate or purity thresholds and can be as applied at

recovery rates and/or purities as low as desired or economically justifiable for a

particular application.

[0039] 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 toy be omitted from the total cycle.

However, additional steps can also be added within a RCPSA cycle to aid in



(hydrogen) conponent, into an adsorbent bed that

sel ectively adsorbs the tail gas and passes the
whyasog®so product gas out of the bed, for ti nmepCT/BS2006/002301

wherei n the hydrogen product gas has a purity of P%

and a rate of recovery of R% Recovery R %is the

rati o of anobunt of hydrogen retained in the product to

t he amount of hydrogen available in the feed. Then the

bed is co-currently depressurjzed for a tine, tco,

foll owed by counter-currently “depressurizing the bed

for a tinme, tCN, wherein desorbate (tail gas or

exhaust gas) is released fromthe bed at a pressure
enhanging putigramst resquetly afdiydregsing Thuseenbercemenfinoyédibe or

atine, tp, typi ith a pgrtion.of the hydrqggen
ppchiatly agevedi REsh, brsrlsRal Hleriall Pumiadcat BRHBH ppoded

. _ . | ! | , .

ofid 40T el Mimtobflof B laile o o bl PAVES Bflced iy

cofverfiidahl POAtdpplicatio®. the individual cycle times

conprising thé total cycle tine, i.e.: trOl =t + tco
tcN+tp +t p (3) [0038] This enbodi nent enconpasses,

ut is not Ilimted to, RCPSA progesses. such that
@Hoer {foan smbodimend Bedn soRsAlss BEYsRBIY wGRed at g pressure

ri f o i , 04 E9 : 1
A ol 3! Gl ks bR s S ol abvicBABLEN s
coRprestion. tMof@bfe‘feraﬁgﬂthE’qt’éﬂf%a§pﬂesQure e Sttlatdt thatPBP edhdldo 60
t hese hi gh recovery purity ranges can be found in
pEigariplaemosdt irbferregheribodiareat,the @ihgas peknute iegteatenithan or equal
i nclude applications of RCPSA in processes wher
th$QPsige A gepigssuren dhe fail gawbwmtqdd@éﬁmhhﬁader-
80% Enbodi nents of RCPSA are not limted to exceeding
any specific recovery rate or purity thresholds and

be L] >

(FI5S HEien grise Bestmiayaiior ChemaE FalI P bR s
particul ar application.

(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.

(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.

(¢c) 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).

[0042] In hydroprocessing, increased H, purity translates to higher H, partial

pressures in the hydroprocessing reactor(s). This both increases the reaction



[0039] It should also be noted that it is within the
scope of this invention that steps tco, cN o p of
weowabiwso (3) above can be omtted together orPCHUSIUP6/002301
i ndi vi dual conbi nati on. However it is preferred that

all steps in the above equation (3) be perforned or

that only one of steps tCo or tCN e omtted fromthe

total cycle. However, additional steps can also be

added within a RCPSA cycle to ai d i nenhancing purity

and recovery of hydrogen. Thu$ enhancenent coul d be
practically achieved in RCPSA because of the snal

portion of absorbent needed and due to the elimnination
kuretigs pad decteasasshe sate of gatabysh doactivatien. Jdihe henehity of higher H,
conyentional PSA appl.jcations. [0040] In an .
DAL BTSN cah D caploisaah eV iaiesh Ohinabsrish.ps: cvneraine at lower

. ¢ : .
i GEESBES, VR AIRURCATe) Bt Rl o888 PRkadaion,
aMPEgteROS EoRBRE Ufd; RRcreadihg AR BEERAY FrobSssiHeRoe sdlrqRigher
or equal to 60 psig. In a nost preferred enbodi nent,
sulifier) tfegdstapks; proesssing highey cententratinanoberacked feadstogBs;
.psig. /At higher pressures, the tail gas can be_. ..
inpFated mradyc) calor, pRrtiala rneaf 6od of ¥ adeb ol engckipg existing

resent invention can. have, .t | | | S
BB ERvr AT hS Pira T b Sl el Bt PO ol i, or
s@ndistAn) 8t wﬁsﬁv ﬂoa?,sanc%th@f niah§ AHEE WtilE beMpPhrdd€ to one
upgraded to higher purity before they are suitable as
shitleé inphegas.. (b) Increasing the purity of
hydr ogen- contai ning recycle gas streans resulting in
an increase in overall hydrogen treat gas purity in

1P 4ci Erefoned Hsafiliery sl AT Ry SRl BENSHS, ome of
WHEGPHE desbiiOER BYFBIRRECESSI ng pur ge gases, - ei t her

e significant concentrations O H2S are present
( befiyr erghrirgcthelieinigd for pafdhasedjasanufactured, 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;

(iii) improving the hydrogen purity in hydroprocessing for increased
heteroatom removal efficiencies;

(iv) removing a portion of the H, from refinery fuel gas which is detrimental
to 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.

[0044]  The following examples are presented for illustrative purposes only and

should not be cited as being limiting in any way.



scrubbing (typically <100 vppm H2S). [0042] In
hydr opr ocessi ng, increased H2 purity translates to
whe@haeroB® partial pressures in the hydropr oceBSI/H§006/002301
reactor(s). This both increases the reactionkinetics
and decreases the rate of catal yst deactivation. The
benefits of higher H2 partial pressures can be
exploited in a variety of ways, such as: operating at
| ower reactor tenperature, i.ch reduces energy costs,
decreases catal yst deactivati“on, and extends cat al yst
life; increasing unit feed rate; processing nore sour
(hi gher sulfur) feedstocks; processing higher
EOOAMVERRLESt | ons of cracked feedstocks; inproved product
color, particularly near end of run; debottl enecking
exi sting conpressors and/or treat gas circuits
incHeqsed scf H2 at constant total flow, or sane scf
€lower total flow); and other neans that would be
apparent to one skilled in the art. [0043] Increased
H2 recovery also offers significant potentia
G0e53f i t Thiss@menplé dekiriiesahe coesationaidopgation bOvefinety process
reduci ng the demand for purchased, manufactured, or i
unithwithoutithedenefits-of thietinyentione Ar Brst peaagss distillate treater operating

R GG AT 1 e B SE fh
ph&%ﬁﬁﬂ% qdid m(%}PQse{}ac{%ﬁgPégieﬁlﬂ bt ée)len%tﬂ}%rc%‘fél?ﬂc {d8tments units, at
ydrogen purity |n hydroprocessing for | ncrease

al@ﬁﬁ@ﬂg@t@@ﬁ{@(}fﬁﬁ&i, efficiencies; (iv) renoving a
portion of the H2 fromrefinery fuel gas which is
detrinental to the fuel gas due to hydrogen's | ow BTU

val ue ich can present. conpustion capacit ) .
190 taﬂmoa drefess ﬂbs@ﬂlﬁr‘?g@-g-ogass%ﬁér%%é&éaw At @ 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 practiced by the former mode, hydrogen
consumption in the second unit is 2400 Nm?/h with a treat gas rate of 14 Nm’/h and
product sulfur is 1250 ppm. Corresponding values for the first unit are hydrogen
consumption of 3500 Nm’/h, treat gas rate of 27 Nm*/h and product sulfur of 44
ppm . These values represent an example without the benefits of using RCPSA in

the process configurations.



(v) O her benefits that woul d be apparent to one

know edgeable in the art. [0044] The follow ng
wex@npr®3o are presented for illustrative purpoBEBUSING002301

and should not be cited as being limting in any

way. EXAMPLES Exanple 1 [0045] This exanpl e descri bes

the conventional operation of refinery process units

wi t hout the benefits of the invention. A first process

distillate treater operating at 35 barg, is fed with a

m xture of distillate fuel fromdifferent upstream

processing units such as vacuum pi pestills or

selective catalytic treatnents units, at a typical
Exangplef2 160 nvh. [0046] A second process distillate

(e.g., gas oil) treater operating at 20 barg, is fed

wth a mxture of oil fromdifferent upstream

G A s TiaR® PR SRR R 3G inychugly os shown in

F\lg%ftrﬁ 2 B HAREE il gPSA Wt ﬁgﬁa@éde&a e STk BPeHd Qond acid

the first in different conventional nodes , each

serabberd dai thizardod® ofraferatibs off thedn@entiod Usidsogdiadonyaatption in the
sul fur specifications. ,For exanple the first treater

seponduefisery WHbBAN00NT/ Iowith priventigparate whdAdder Aand product
SR SRR A oA A o

1 3
BRSO P SRR b gy n

protlubidlfurasT P Yo, Auppriin Bxakigfie 1pPI0is Seer RBAPMK &gample

values for the first unit are hydrogen consunption of
thzs e Mode lof operationglescribadby Figure Rimenmats ¢ignifidardtincreases in

sul fur of 44 m .. These val ues represent an exanple
hm#r@g_swovﬂgnaﬁ 1 baf erE@?JnﬁeCR@é%%ams e TiRragluced sulfur
le%gﬁfih%'iﬂ)h?&&t %Wegte?s, 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

[0048] 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 first unit under this embodiment of the invention are
hydrogen consumption of 3500 Nm3/h, treat gas rate of 27 Nm3/h and product
sulfur of 35 ppm. It will be seen from Example 2 that the mode of operation

described by Figure 1 permits an increase of hydrogen consumption by almost 50%



[0047] This exanple illustrates a first enbodi nent of

the invention as shown in Figure 2 hereof, where the
wWOREREA7TMB0t i s placed on the outlet of the sechPomUsNE002301

scrubber. In this node of operation of the invention,

hydrogen consunption in the second refinery unit is

3500 N8B/ h with a treat gas rate of 14 NnB/h and

product sul fur of 1100 ppm Correspondi ng val ues for

the first unit under this no of operation are

hydr ogen consunpti on of 3900 NmB/h, treat gas rate of

27 NnB/h and product sul fur of 27 ppm (vs. 44 ppmin

Exanple 1) . It is seen fromthis exanple that the

and dlee reiduopd selfurcondersd8 H ppih by 44ppur)e naxpedtetly this example

i ncregses i n

.Significant drogen, consunpti.on in both
ilfasteates hat ot aue @Hﬁ@rfggﬁﬁm AR HRIRlAd hegeusn o of the

ok i e pE b ot S R iR TSRS R Fcb ©

déhanaiALen. all ow ng to process nore feed and have nore
| ow sul fur distillate product. Exanple 3 [0048] This
exanpl e illustrates second enbodi nent of the

Ex@t&%;ki‘pn, where a rapid cycle PSA unit is placed
wthin the configuration of the units of Exanple 1, as

shown in Figure 1 hereof. In doing so, treat gas

ity increases jn _secqond treater and consequently )
[%oge %ﬁ%ﬁﬁpie@ﬁhqw?ﬁﬁév%@mﬁ% RIS Wit Walsgas at 65 psig

NnB/.h 00 / i i Ly
e altE et i R S o REY doplRRiigh by pRSgprgg re
Sall GFirBfih¢ M&sﬁ?ﬁkﬂtﬁ&ﬁ%&h@é@ fouhd $h hgaﬁﬂ)rﬁéé@sing or
rrespondi values for the first unit under ‘this
hedinrbiatiag tapplicdtiomsi hvihid exempleaypigdl nghocaboas ard dexoribed by
of 3500 NmB/h, treat gas rate of 27 NnB/h and gr oduct
thair earbopnugbespm Ci & methang o Cs segthanesic e R €P3 At issapable of

ptrgfucﬂ?gdﬁy&%gg G §t§9q% purity and > 81 % recovery over a range of flow
rates. Tables 1a and 1b show the results of computer simulation of the RCPSA and
the input and output percentages of the different components for this example.
Tables 1a and 1b also show how the hydrogen purity decreases as recovery is
increased from 89.7 % to 91.7 % for a 6 MMSCEFD stream at 480 psig and tail gas
at 65 psig.



described by Figure 1 permits an increase of hydrogen
consunption by al nost 50%nd the reduced sul fur

W@ ewbeTH03q( 35 ppm vs 44 ppn). Unexpectedly thi SPERESPDE002301
illustrates that not as much sul fur reduction as in
exanpl e 2 because sone of the aromatics are saturated
whi ch does not | eave additional hydrogen for deep
desul furization. Exanple 4 [0049] In this exanple, the
refinery streamis at 480 psig with tail gas at 65
psi g whereby the pressure swfg is 6.18. The feed
conposition and pressures are typical of refinery
processing units such as those found in
hydroproceSS|ng or hydrﬁﬁhkﬁﬂ@ﬁﬂ!bbblications In this

IR %o B S i S5 R s
5&*&031 Fepd is at 480 priga 122 dgg Kand Jiail gas at GHpsig.
FpgdlrayeumbontQJMMSCdm.ry over a range of flow rates.
Tables la and I b show the results of conputer

sinmul ati on of the Rcfﬁﬁlé"mj Highdin l}iﬁand out put
percent ages of the ditreremt—conporents for this
exag{J eE Tab) es la_and | b al so show how t he hydrogen
pur Ptep EE?%H’S%OHQS pEe e lytcos 0-Heh dased, tr o388, the 0.5
to 91.7 %for a 6 MMSCFD stream at 480 psig and tail
gas T8 at6X8.436 pyritpaB9.8% tecavegnd | b _Conposi tion (mol %
of input and out put from'EBQPSA (6 PROBUCTY HZ TATL-GAS

purificgfson. Feed 'S atgdS0 PST U,
gas at %Zpsi g. Feep ra;% I s about ggéCFD Tabf’r
r

- Hi gherC urity Step Ti in second e tF = 12 tICo
- 0. 167, fCN=O, tp 3 tup =
C 12 3
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 - Hisher purity

Step Times in seconds are ty=1, tco = 0.333, toy = 0, tp = 0.167, tgp = 0.5

H2 at 97.8% purity, 91.7% recovery

FEED PRODUCT TAIL-GAS
H2 88.0 97.8 45.9
C1 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

[0050] 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



H2 at 98.6% purity, 89.7%recovery FEED PRODUCT

TAIL-GAS H2 88.0 98.69 45.8 0 6.3 1.28 25.1 C2 0.2
wWO2@4/019080 C3 2.6 0.01 12.3 C4+ 2.9 0.00 14. 8 HCa/R8D06/002301

vppm 65 vppm 9965 vppm | TOTAL (MVBCFD) 6.162 4.934

1.228 480 psig 470 psig 65 psig Table Ib - Hi gher

purity Step Tinmes in seconds are tF =1, tc o = 0. 333,

tCN =0, tP = 0.167, tRp = 0yp. FEED PRODUCT TAI L- GAS
H2 88.0 97.8 45.9 O 63214250C20200210C3

2.6 0.02 12.3 C4+ 2.9 0.00 14.9 H20 2000 vppm 131
10016 vp 0 o appm

@V(gepgqlﬁﬁ]g !30 TO;'QIC_ CF#LI 05 52 %Ss%?égti‘c%r} ﬁ%g%?&d&ﬁ ' the
RICESE0E dbdViod hae 2R ﬁh’éﬁnﬁheﬁﬁ’&b @otal number of beds are on the feed

step. In this example, tror = 2 sec in which the feed time, tg, is one-half of the total

cycle.

Example 5

[0051] In this example, the conditions are the same as in Example 4. Table 2a
shows conditions utilizing both a co-current and counter-current steps to achieve
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 purge cycle, tp, by the duration
removed from the counter-current depressurization step, tcy, that hydrogen

recovery can be increased to a level of 88%.



consisting of different steps. Step 1 is feed during
whi ch product is produced, step 2 is co-current
wale@ens®Bo i zati on, step 3 is counter-current PCT/US2006/002301
depressuri zation, step 4 ispurge, usually
counter-current) and step 5 is repressurization with
product. In the RCPSA s descri bed here at any instant
hal f the total nunmber of beds are on the feed step. In
this exanple, tTOQ = 2 sec i-28which the feed tine, tF,
is one-half of the total cycle. Exanple 5 [0051] In
this exanple, the conditions are the sane as in
Exanpl e 4. Tabl e 2a showghrendiahd@hs utilizing both a
co-current and counter current steps to achieve

}ﬁéﬁ%i ulehtions &?Hﬁ’ A o fech &ig }; n REPSA (67 16)).

¢ (ondi on%ﬁsd abie ﬁ%dﬁﬁwl&ﬁ And Tajl gag gt 65
risigEiged aate is gb PEE@ Rihows that by increasing the
time of the purge cycle tP, by the duration renoved
fromthe counter-current ddiabd&2arization step, tcN
t hat hydrogen recovery can be increased to a | evel of
88% TalWiE cdanfptukentidepedss,dintéringddishe pressare =A05hidig.
purity and recovery froman RCPSA (67 ft3). Sane
conditions as Table 1. Feed is at 480 psig 122 deg F
and| Maiity |Resoeary 65 psi g. | Fetm rat e fcs about t6 MUSCER:,
Tabfeoga VWIQ COUNteg-CurTery depress, [[nregnediateg
PreSSHIF 1= kg PIT Y. ,l 1” 3,0:4\2‘83“"’”'% coung g7 CUT T &K
dep aé .;\al 8’5c & ;L’ 52 ||O|.1%6cxauﬁlg7brUV\&lgv 05

= nearays ot VV\ N A Ay
9 9

gLy P 0s398 M 0.25 0.167 0.5
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Table 2b

Without counter-current depress

Purity | Recovery tp tco ten tp trp
% % S S S S s
97.8 91.7 1 0.333 0 0.167 0.5
98.7 90 1 0.166 0 0.334 0.5
99 88 1 0.083 0 0.417 0.5
Example 6

[0052] This example shows a 10 MMSCEFD refinery stream, once again
ccrntaining 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.



contai ni ng typi cal conponents, as shown in feed col um
of Table 3 (e.g. the feed conposition contains 74 %
WG12006/0T4080 st ream i s at 480 psig with RCPSA tai PCYES2086/002301

65 psig whereby the absolute pressure swing is 6. 18.
Once again the RCPSA of the present invention is
capabl e of produci ng hydrogen at > 99 % purity and >
85 % recovery fromthese feed conpositions. Tables 3a
and 3b show the results of t-”R9s exanpl e. Tabl es 3a and
3b Conposition (nol 9% of input and out put from RCPSA
(53 ft3) in H2 purification. Feed is at 480 psig, 101
deg F and Tail gas at 6FapkkQa ande¥b rate is about 10
MVSCFD. Table 3a - ngher purity Step Times in seconds

tlgn? Paﬁ)(?ﬁu ggi'o RCBSA 59 HEP =
g{alggﬁ (fé’[’%? g{se {1%6 gx}e%rate is
C32600074C4+39000110H20
2000 vppm 0. 3 vppm 5387 vppm | TOTAL ( MVBCFD) 10.220
6.514 3.705 480 psi gmﬁg@m@mam e 3b - Lower
purity Step Times in seconds are tF = 0.5, tc o =
0. Sﬁi Tiixes In @eCOhBS @r@ﬁ&OS&P tcoe‘m3 tCN—'O tp 025 tRp—025

H2 at 99.98 % purity and 86 % recovery

FEED PRODUCT TAIL-GAS
H2 74.0 99.98 29.8
Cl1 14.3 0.02 37.6
C2 52 0.00 13.8
C3 2.6 0.00 74
C4+ 39 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



H2 at 93 %urity and 89 % recovery FEED PRODUCT
TAIL-GAS H2 74.0 93.12 29.3 d 14.3 6.34 31.0 C 5.2
wW0286/01%936 C3 2.6 0.02 8.9 C4+ 3.9 0.00 13.4 H/RSD06/002301
vppm 142 vppm 6501 vppm | TOTAL ( MVBCFD) 10.220 7. 240
2.977 480 psig 470 psig 65 psig [0053] 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 %30ray be obtained if the
purge step, tP, is sufficiently increased. [0054]
Tabl es 2a, 2b and 3a show that for both 6 MVSCFD and
10 MMBCFD fl ow rate cuapleBbomswer piitityni gh purity
hydrogen at -99 %and > 85 % recovery is achievable

Wi t *Stéﬂrﬁuﬁé‘sp%ec&rum*ems@%eﬁc th@ 168k Ly 985, =0.68, G2 = 0.25

psr g. Suc high purities and recoveries of product gas
th aII t he exhaust produced
hxg ggrgraré@gg%qe ew |
are a keﬁl feature of
Tabl e shows the resul t7§0for an Rdsé/& voI
cubi c f(t3 that deliJers Afgh purity §~499°/() H2 at31+9| gh
recover§? for the sarfe refyhery strea Qi scussed ilf:®
Tabl es and 3b. Ag conﬁ% ed to Tab 9 3a, Table 32
shows t&ht 13.4

H20 2000 vppm 142 vppm 6501 vppm
| TOTAL (MMSCED) 10.220 7.240 2.977
480 psig 470 psig 65 psig

[0053] 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 %) may

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

[0054] 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.

[0055] Table 3c 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, tr, and the purge cycle, tp,



simlar purity and recovery rates can be achi eved by
si mul taneously decreasing the duration of the feed
wWeywb®7908¢-, and the purge cycle, tP.Table 3c BEPEBUTS2006/002301
step durations on H2 purity and recovery from an RCPSA
(49 ft 3). Feed is at 480 psig , 101 deg F and Taill
gas at 65 psig. Feed rate is about 10 MMSCFD. W't hout
counter-current depress. Exanple 7 [0056] In this
exanpl e, Table 4 further ild43lstrates the performance
of RCPSA's operated in accordance with the invention
bei ng descri bed here. In this exanple, the feed is a
typical refinery stream arkthbls3at a pressure of 300
psig. The RCPSA of the present invention is able to
@Mfst glfi‘a‘iﬂﬁl omﬁz gf gﬁ@%&ggw from m&fﬁ%&w i),
s 480 iSie', 01 ST ym THIRIFREES g RedtPidle i dhoutad
or or other downstreamrefinery equi pment
vvlthout further co.nﬁresm on requirenent. Another
i nport ant aspect VERheW; counteraenrivent deprestat t he RCPSA
also renoves COto < 2 vppm which is extrenely
desPueilyl eRémrvenyef i nGry Uni te t hat tse the plroduct trp
hyd JTL%CH Elllo)—(flltﬁl btsream LS)V\A:F "h:‘vsffb §U eT[Sur g
Rt g et it o te e oy pperach s
le g? L coBbentliord .Di‘/\ct:] dnol bt i d-1gh | 025
specitl cht it add Ul dadkiis) | allo ppeP1fhe | 025
condition of exhausting all the tail gas at the higher
PYESDW £, such as at typical fuel header pressure or
r‘%e—ﬁﬂgg pressure of other equi pnent that processes
such RCPSA exhaust. Since al I ‘the tail gas Is avail abl e

losial, DB i Sxaftinie 3ble L R hn RN e PR R iR pr RUPSA'

§06+h B RS ccordance with the invention being descrlbed here. In this example,

the feed is a typical refinery stream and is at a pressure of 300 psig. The RCPSA of
the present invention is able to produce 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



Tabl e 4 Conposition (nol % of input and output from
RCPSA (4 ft3) in carbon nonoxi de and hydrocarbon

w0 espow2do3d r om hydrogen. Feed is at 300 psig, 1PAT/U806002301
and Feed rate is about 0.97 MVBCFD. Step Tinmes in
seconds are tF= 0.5, tCo 0.1, tCN =0, tP = 0.033, t
p= 0.066 H2 at 99.99 %urity and 88 % recovery FEED
PRODUCT TAIL-GAS H2 89.2 99.98 48.8 d 3.3 0.01 13.9
C2 2.8 0.01 13.9 C3 2.0 0.00320.2 C4+ 2.6 0.00 13.2 CO
50 1.1 198.4 I TOTAL 0.971 0.760 0.211 300 psig 290
psig 40 psig Exanple 8 [0057] Tables 5a and 5b conpare
t 4}@ iPRA19618BN4E psib ferSn ORISR cofipResion dargeirad fob
the invention being described here. The stream being
potegfating tieaBCP8hevitipefingry ¢auipraent. (51% nol ) and is a
typi cal refinery/petrochem cal stream In both cases
(corresponding to Tables 5a and 5b), a counter current
depressurization step is appipied after the co-current
step. In accordance with tHe 1Tnvention, Table 5a shows
g (thnpgéiﬁgngg’nolf 960 b Bt Sutplie AV REFS £ (€ Y i Bba
monoxide a %ydrocar on removal from hydrogen. Feed is at 300 psig, 101
deg F, and Feed rate is about 0.97 MMSCFD.

Step Times in seconds are tp= 0.5, tco = 0.1, tcy = 0, tp = 0.033, tgp = 0.066

H2 at 99.99 % purity and 88 % recovery

FEED PRODUCT TAIL-GAS

H2 89.2 99.98 48.8
C1 3.3 0.01 13.9
C2 2.8 0.01 13.9
C3 2.0 0.00 10.2
C4+ 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 8

[0057] 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 Sa
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 Hy



at 65 psig or greater. In contrast, the RCPSA where

sone tail-gas is available as low as 5 psig, |oses
whyasog®so i n the counter-current depressuri zat POTUS20061002301

that H2recovery drops to 56% In addition, the higher

pressure of the streamin Table 5a indicates that no

tail gas conpression is required. Tables 5a and 5b

Ef fect of Tail Gas Pressure on recovery. Exanple of

RCPSA applied to a feed with3H2 concentration (51.3

mol 9% . Conposition (nmol % of input and output from

RCPSA (31 ft3) in H2 purification. Feed is at 273

RedFeryldndpsiRO5 6% andaddgsh, tied ighér ;ﬁb@ﬂfa &f.the M [a Table 5a

Tabl e "5a I%tep Times in seconds are tF = 0.5, tCo =

dndigges thetne-tafl, @8 gompressiop ipwquired = 0. 133 [A] Tai l

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

Cl 38.0 0.29 61.0 C2 4.83K1eH828nl563 2.2 0.00 3.8 C4+

3.7 0.00 6.4 H20 4000 vppm 0. /7 vppm 6643 vpmeTOTAL

Waﬁé‘é Sflze’ssgl\ré 0?1 l%%ve% Eﬁﬁhg)l% mp“ t((;_ z lf(te;ﬁt

from RC (311t ) in H2 purlficatlon Feed s at ps1g, 122 deg F and
Feed rate is about 5.1 MMSCED.

Table 5a

Step Times in seconds are ty= 0.5, tco = 0.083,
tCN = 0.033, tp = 0.25, tRP =(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
C1 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



[B] Tail gas available from5-65 psig, H2 at 99.9
%urity and 56 % recovery FEED PRODUCT TAI L- GAS H2
wW®2008/0989309 34.2 C 38.0 0.01 48.8 C2 4.8 0. 00PGI/851086/002301
2.2 0.00 3.4 4+ 3.7 0.00 6.2 H20 4000 vppm 0.0 vppm
5630 vppm | TOTAL (MVSCFD) 5.142 1.490 3.651 273 psig
263 psig 5-65 psig Exanple 9 [0058] In this exanple,
Tabl es 6a and 6b conpare the performance of RCPSA' s
operated in accordance w th-B#e invention being
descri bed here. In these cases, the feed pressure is
800 psig and tail gas is exhausted at either 65 psig
or at 100 psig. The conposthiprep ef |l ects typi cal
i mpurities such H2S, which can be present in such

P ch H2S. _
(> BB BmRE R ATt 0,087 R L T o PRl AR =33

i 0,

o PELTE P Ve FOnes i B AR aR 0 oo Pl o S ROT )
step is sent to othdt peEED n  he BRJQJPQCTTQH ;5?: "Qﬁlsy
i ssues Mairi ng the cquntebtarrent purf§é@9step. TabPé26c
shows t@®k case for gn RCB®A oper at ed0.fhere sone @B.8t he
tail ga®2is also exljaustedin a coun@.8@current 69
depress@¥i zati on stqp folddwi ng a co9.8Qrrent 34
depr esst4# zati on. THe ef flTent of theldgo-current 6.2
depr essM20 zati on i s jof 4&0fvppmi ent Purvppyn and pHeXsuppm

t o BETAL (MMSCFD) 5.142 1.490 3.651
273 psig 263 psig 5-65 psig
Example 9

[0058] 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
refinery applications. As can be seen, high recovery (> 80% ) is observed in both
cases with the high purity > 99 %. In both these cases, only a co-current
depressurization is used and the effluent during this step is sent to other beds in the
cycle. Tail gas only issues during the countercurrent purge step. Table 6¢ shows
the case for an RCPSA operated where some of the tail gas is also exhausted in a
countercurrent depressurization step following a co-current depressurization. The
effluent of the co-current depressurization is of sufficient purity and pressure to be
able to return it one of the other beds in the RCPSA vessel configuration that is part
of this invention. Tail gas i.e., exhaust gas, issues during the counter-current

depressurization and the counter-current purge steps.



able to return it one of the other beds in the RCPSA

vessel configuration that is part of this invention.
waa00b/0g®@30 i . e., exhaust gas, issues during thePCT/US2006/002301

counter-current depressurization and the

counter-current purge steps.[0059] In all cases the

entire anount of tail gas is available at el evated

pressure which allows for integration with other high

pressure refinery process. TBfs renoves the need for

any form of required conpression while producing high

purity gas at high recoveries. In accordance with the

broad clainms of this invention, these cases are only

to be considered as illustrative exanpl es and not

I[008%]i ndnelltchsas thoentire amefirnefitgil gawisayaitable atlevated pressure

e Bl roh agaen Sbaie Lgiru TepaparoRdt. Ty
?g@a@&s éoﬁé 2881 for Shy %Soﬁfo }?ﬁ’lg]téd%rﬁﬁeﬁldﬂ WhilPpRIBHAE high

nposi tion i nput and out put from _
RGHSAg4s1A highdecoverie? Ipaccdriameivath thedeord daiats @lais invention,
psig, 122 deg F and Feed rate is about 10.1 =D L
Hhashcatsa acg @y 1o B coeCeL britlus i §e apamples fnd Bl miting cither
5 mi &ing 10catih 3P kPerbhd thE BBl EEe
o Bt relitiesy, BetrdclipMich) dprob ing 16eafiofp cferld Ry Rikuld
GadBouldriibleclesSt®iiTgidparaberd. St ep tines in seconds are
tF= 0.91, tCo = 0.083, tCN = 0.25, tP = 0.167, tRP =
0.41 [C] Tail gas at 65-100 psig, H2 at 99.8%purity

and 84% recovery FEEDFgld¥al 6h hkd 68S H2 74.0 99. 95
28.9 C 14.3 0.05 39.0

Example of RCPSA applied to a high pressure feed. Composition (mol %) of
input and output from RCPSA (18 ft*) in H2 purification. Feed is at 800 psig,
122 deg F and Feed rate is about 10.1 MMSCFD.

Table 6a
Step Times in seconds are ty=0.91, tco = 0.25, tcn =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

H20 20 vppm 0 55 vppra
| TOTAL (MMSCFD) 10.187 6.524 3.663

800 psig 790 psig 65 psig



C2 5.2 0.00 13.7 C3 2.6 0.00 7.2 C4+ 3.9 0.00 10.6 H2S
20 vppm 0. 01 vppm 53 vppm | TOTAL (MVBCFD) 10.187 6.373
W@ 28847980 psig 790 psig 65-100 psi gExanpl e 10P¢D0O8DP6/002301

Tables 7a, 7b, and 7c conpare the performance of
RCPSA' s operated in accordance with the invention
bei ng descri bed here. The stream being purified has
higher H2 in the feed (85 % nol) and is a typica
refinery/ petrochemnmical stread6é-1n these exanples the
purity increase in product is below 10 % (i.e. P/F <
1.1). Under this constraint, the nethod of the present
invention is able to produgghlBggrogen at > 90%
recovery w thout the need Tor tail gas conpression.

bl b, d a [ i
FocdteR THupm ssRn ey S P! o0 e “URe st g 0.3

(mol 9 jof 1npyt .a from 6.1 ft3). Feed
ol Taggen i b B Spaviesavenl L3
MVBCFD. Tabl e 7a St ¢p Tile

1 ok I,GL A :TAH-E;GASP
0 =0.32 tCN = 0.1¢7, tR.& 0.167, 1©9983= 1.83 reddlery

0

= 85 %@EED PRODUCT | TAI L14GAS H2 85. 0.@2. 40 57.9 82.88.0
4.56 12 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
Table 6¢

Step times in seconds are ty= 0.91, tco = 0.083, tcy = 0.25, tp = 0.167, trp = 0.41

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

FEED PRODUCT TAIL-GAS

H2 74.0 99.95 28.9

C1 14.3 0.05 39.0

C2 5.2 0.00 13.7

C3 2.6 0.00 7.2

C4+ 3.9 0.00 10.6

H2S 20 vppm 0.01 vppm 53 vppm
| TOTAL (MMSCFD) 10.187 6.373 3.814

800 psig 790 psig 65-100 psig



C24.01.79 13.1 C3 3.0 1.16 10.4 C4+ 0.0 0.00 0.0 H20O
2000 866.5 6915 | TOTAL (MVBCFD) 6.100 4.780 1.320 480
W@200g/029080 psi g 65 psigTable 7b Step Tinmes in SBCT/US20086/002301
tF =1, tCo = 0.333, tCN = 0.167, tP = 0.083, tRP =

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

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

1.29 10.1 ¢G4+ 0.0 0.00 0.0 H20 2000 1070.5 6823 | TOTAL
(MVBCFD) 6.120 5.150 0.969 48D-psig 470 psig 65 psig
Table 7c Step Tinmes in sec. are tF =2, tCo =0.667, tCN
=0. 333, tP =0.167, tRP =0.833 recovery = 90 % FEED

RRQRMSTE 18A! L- GAS H2 85.0 90.19 55.2

[0060] 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, and 7¢

Example of RCPSA applied to a Feed with H2 concentration (85 mol %) .
Composition (mol %) of input and output from RCPSA (6.1 {t’). Feed is at
480 psig, 135 deg F and Feed rate is about 6 MMSCFD.

Table 7a

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

FEED PRODUCT TAIL-GAS

H2 85.0 92.40 579
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




C 8.0 6.21 18.8 C2 4.0 2.32 13.9 C3 3.0 1.17 11.3 4+
0.0 0.00 0.0 H20O 2000 1103.5 7447 | TOTAL ( MVBCFD)

W@ 2088793208 0. 93 480 psig 470 psig 65 psi gCLAPGBUS2006/002301
A process for hydrotreating a heteroatom containing
distillate boiling range feed, which process
conprises: a) contacting said distillate boiling range
feed in a first hydrotreating zone in the presence of
hydrogen, with a catal ytical-Bg-effective anount of a
hydrotreating catal yst at hydrotreating conditions to
result in a first |iquid phase product having a
reduced anount of sulfur, gppledbflirst vapor phase,
whi ch vapor phase containS‘ﬁVﬁTﬁgen Iight

hyd d | f
sgpr ﬁ?%nfkn%léstgrquoi E’ f| rs% 5%1_0417

phase; renovi ng hydrogen S e and annnnla from
said flrst vapor phase with a ba5|c scrubblng solutlon
in order to form a et amfrit-Gim—y-
removing |ight hydr dcar D from EROPYE ||hhedT L@AS
vapor pHase thereby|incré&&a8ing its HPdHogen 58.2
concent€htion, in alrapi B.&ycle press84fe swing 181
adsor pt€dn unit contlai ni g0 a pl ural i 293 of adsor bdA®
beds an@B having a tqtal S&le tine ot2Pess than dBdut
30 secoidhs and a prgssurd.@rop withi®0@ach adsor st
bed of Be@ater than |abou0® i nches ®070nMat er per HHIK

of ' PEUAL FMBISTFD) 6.120 5.150 0.969
480 psig 470 psig 65 psig
Table 7¢

Step Times in sec. are ty =2, tco =0.667, tcny =0.333, tp =0.167, trp =0.833
recovery =90 %

FEED PRODUCT TAIL-GAS
H2 85.0 90.19 55.2
Cl 8.0 6.21 18.8
C2 4.0 2.32 13.9
C3 3.0 1.17 11.3
C4+ 0.0 0.00 0.0
H20 2000 1103.5 7447
| TOTAL (MMSCFD) 6.138 5.208 0.93

480 psig ~ 470 psig 65 psig



e) feeding at least a portion of the scrubbed first
vapor phase having an increased concentration of
whyasoy®so t 0 a second hydrotreati ng zone; f) cCPCI/ES20061¢p2301
said first liquid phase product in a second
hydrotreating zone in the presence of hydrogen at
| east a portion of which is obtained fromthe scrubbed
first vapor phase of step d) above, with a
catalytically effective anpudf-of a hydrotreating
catal yst at hydrotreating conditions to result in a
second |iquid phase product having a reduced anount of
soLAWMS:and a second vapor phase product, which second
vapor phase product contains |ight hydrocarbons,
hydrogen sul fi de and hydrogen; Q) separating t he

ohasdaerT by G RoB CHURoali PO R BBg jooes

\&g&prwm&}a @cwstohng,rigassl c scrubbing solution in order
to forma scrubbed second vapor phase; i) _feeding at

| east) a pontasting soid diptdllase bw&mg gangedi \ﬂafibr@F hﬂhﬁ%@atlng zone

tt d,.f t
hafieBesdspe 37 hitron R TR B A Bun % o1
tRrétfdating @%@'sﬁét'lﬂlﬂr&feaﬁi@ EdiRlitiolsap $eshltlih @ Uirstdiquid phase

atmospherrc gas oils; at rmsi)herl Cc pipestill
girddunt heving agedused atopnioeh syifs énd alfirgfritaper plase, whish vapor

dlese vacu I
AR e R AT PR B RSO g 5t B,
cokerp)di §épakelta1tg&§e figst 'llQh@l");fhaﬁéJm&HhS tirdtlvap&Sphase;
sol vent - deasphalted oi | pyrol ysis-derived oils

b0| | ichg Egmeviag hydrggemssu ﬁ%mﬂ Yhmenig fgora é@ldcﬁrafc\p@@Pp pl?ar;e
31#8 :aé é?«?’mbgﬁng Bﬁl{:}s{l A Sear R)ffoﬁh%' s@tﬁ)b@@ ﬁ{r&' %p ha as

contalns one or nobre co

S eI eged rémmhg lightdydegractivns ifin Sidd edrubledufiitst vapoe Iphhse
tungsten, alumna, a zeolite, silica, silica-alumna,
dherehy nseeaskg its hyideogen concentration, in a rapid cycle pressure swing

adsorption unit containing a plurality of adsorbent beds and having a total cycle

time of less than about 30 seconds and a pressure drop within each adsorbent bed of
greater than about 5 inches of water per foot of bed length;

e) feeding at least a portion of the scrubbed first vapor phase having an
increased concentration of hydrogen to a second hydrotreating zone;

f)  contacting said first liquid phase product in a second hydrotreating zone
in the presence of hydrogen at least a portion of which is obtained from the
scrubbed first vapor phase of step d) above, with a catalytically effective amount of
a hydrotreating catalyst at hydrotreating conditions to result in a second liquid
phase product having a reduced amount of sulfur, and a second vapor phase
product, which second vapor phase product contains light hydrocarbons, hydrogen
sulfide and hydrogen;

g) separating the second liquid phase product from the second vapor phase;



4. The process of claim2 wherein the total cycle tine

of rapid cycle pressure swing adsorption is |ess than
W@bwt7930 seconds. 5. The process of claim4 W&Tr/852006/002301

the total cycle tinme is |ess than about 10 seconds and

the pressure drop of each adsorbent bed is greater

t han about 10 inches of water per foot of bed | ength.

6. The process of claim5 wherein the total cycle tine

is less than about 5 seconds4¢- The process of claim®6

wherein the pressure drop of greater than about 20

i nches of water per foot of bed length. 8. The process

of chyi Melnoiss Bydiogdiesutidd Romisaid setorfdwipdr phiaseavith a basic

pressure swing adsorption is |ess than about 10

senbhing sehuiontip opfes §& fre aiscablied seend VARSLPIASR bed i s

gr eat\er than s t

Pength, bl Btk aborkif 08 fueRbrBlfkeddi via'otlh; it o

tshidEfirsShydestgedtingxoalout 5 seconds and the pressure
drop is greater than about 20 inches of water per foot
of bed length. 10. The process of claim1l wherein a

0 95RO A B L0608 oy

Ry dsiogenoCRiBd R Ty chtiyeidsatgaspleiotgas bils; mymosderic pipebstill
l'i ght hydrocarbons. 11. The process of c¢]aim 10 o
wngqs@cams srdgctndotremdiessly disbbdinscbowddieAvhgiendiceacypmygss oils;
i s jntroduced int id first ; | ils9
aBbliRp U R BByt b o B Babi 28Rk qislbier
RS Bsestealbitgua disaillRes;a0lvent-teas pidled vilsgpyaolysisrderived oils;
of adsorbent beds_and having a total cycle tinme of
|higls beiling synsbetic gits, sxale alsanthent sraskersdidtllatesr op wi t hi n
each adsorbent bed of greater than about 5

3.  The process of claim 2 wherein the hydrotreating catalyst contains one
or more components selected from the group consisting of cobalt, nickel, tungsten,

alumina, a zeolite, silica, silica-alumina, and molecular sieve.

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

pressure swing adsorption is less than about 15 seconds.

5. The process of claim 4 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.

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

seconds.
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about 10 seconds and the pressure drop in each

adsorbent bed is greater than about 10 inches of water

per foot of bed length. 13. The process of claim12

wherein the total cycle tine is | ess than about 5

seconds. 14. The process of chhim 13 wherein the

pressure drop of greater than about 20 inches of water

per foot of bed length. 15. A process for
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phase and the first vapor phase; c) renoving hydrogen
sul fj.de omsaid fjrst vapor phase wth basi c
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scrub%ed fi#gt véborbphaseeto a second %yd?otﬁea F%émtOf
beddesngt). contacting said first liquid phase in a

second hydrotreating zone and contacting it, in the
presence of hydrogen at |east a portion of which is

obt aij)€dThe process of claim 1 wherein a hydrogen-containing make-up gas is
introduced into said first hydrotreating zone, which hydrogen-containing make-up

gas contains hydrogen and light hydrocarbons.

11. The process of claim 10 wherein, before said hydrogen-containing
make-up gas is introduced into said first hydroteating zone, light hydrocarbons are
removed therefrom in a rapid cycle pressure swing adsorption unit containing a
plurality of adsorbent beds and having a total cycle time of less than about 30
seconds and a pressure drop within each adsorbent bed of greater than about 5
inches of water per foot of bed length.

12. The process of claim 11 wherein the total cycle time or rapid cycle
pressure swing adsorption is less than about 10 seconds and the pressure drop in

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

13. The process of claim 12 wherein the total cycle time is less than about 5

seconds.
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scrubbing solution in order to form a scrubbed first vapor phase;

d) feeding at least a portion of the scrubbed first vapor phase to a second
hydrotreating zone;

e) contacting said first liquid phase in a second hydrotreating zone and
contacting it, in the presence of hydrogen at least a portion of which is obtained
from the scrubbed first vapor phase of step d) above, with a catalytically effective
amount of a hydrotreating catalyst at hydrotreating conditions to result in a second
liquid phase having a reduced amount of sulfur, and a second vapor phase product,
which vapor phase product contains light hydrocarbons, hydrogen sulfide and
hydrogen;

f)  separating the second liquid phase from the second vapor phase;

g) removing hydrogen sulfide from said second vapor phase with a basic

scrubbing solution in order to form a scrubbed second vapor phase;
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i nches of water per foot of bed length. 19. The

process of claim 18 wherein the total cycle tine is

| ess than about 5 seconds. 20. The process of claim 19
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oils; high boiling synthetic oils, cycle oils and cat cracker distillates.

17. The process of claim 15 wherein the total cycle time of rapid cycle

pressure swing adsorption is less than about 15 seconds. ‘

18. The process of claim 17 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.

19. The process of claim 18 wherein the total cycle time is less than about 5

seconds.

20. The process of claim 19 wherein the pressure drop of greater than about

20 inches of water per foot of bed length.
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| ength. 26. The process of claim25 wherein the total

cycle tinme is | ess than about 5 seconds.27. The

process of claim 26 wherein the pressure drop of

greater than about inches of water per foot of bed
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21. The process of claim 16 wherein the cycle time of rapid cycle pressure
swing adsorption is less than about 10 seconds and the pressure drop in each

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

22. The process of claim 21 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.

23. The process of claim 15 wherein a hydrogen-containing make-up gas is
introduced into said second hydrotreating zone, which hydrogen-containing make-

up gas contains hydrogen and light hydrocarbons.

24. The process of claim 23 wherein, before said hydrogen-containing
make-up gas is introduced into said first hydroteating zone, light hydrocarbons are
removed therefrom in a rapid cycle pressure swing adsorption unit containing a
plurality of adsorbent beds and having a total cycle time of less than about 30
seconds and a pressure drop within each adsorbent bed of greater than about 5

inches of water per foot of bed length.

25. The process of claim 24 wherein the total cycle time or rapid cycle
pressure swing adsorption is less than about 10 seconds and the pressure drop in

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

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

seconds.
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27. The process of claim 26 wherein the pressure drop of greater than about

20 inches of water per foot of bed length.



