- 1 - HYDROCRACKI NG OF HEAVY FEEDSTOCKS W TH | MPROVED HYDROGEN MANAGEMENT

FI ELD OF THE | NVENTI ON [ 0001] An i nproved process for hydrocracki ng heavy
petrol eum f eedst ocks wherei n hydrogen-contai ni ng steans associated with a
hydr ocracker are subjected to rapid cycle pressure sw ng adsorption having a
cycle time oWORMEET0Ran one minute unit. BACKGROUND OF PRAFUSPOW/POSROF ON

[ 0002] The hydrocracki ng of heavy petroleumfractions is a very inportant
refining process that nakes it possible to increase the refinery yield of

| ower boiling higher value liquid products. For exanple, heavy feedstocks
that cannot be readily upgraded are hydrocracked to |lighter fractions such
as gasolines, jet fuels and |ight gas oils. Certain hydrocracking processes
make it possible to also obtain a stronglyy purified residue that can provide
good bases for lube oils. Relative to fluid catalytic cracking, an advantage
of catalytic hydrocracicing is to provide mddle distillates, jet fuels and
gas oils of very good qUANDROCRACKINGEOY HEARYFERDSTOCKBat is produced by

hydrocraci cing has a | owgITIPRURROVED BYDROGENIANAGEMENYE | S produced from
fluid catalytic cracking. I00031ITTydrocracicing 1s a process that draws its

flexibility fromseveral variables, such as the operating conditions used,
the type of catgkypioR f@Nf act that the hydrocracicing of
hydr ocar bon- cofita an be carried out in one or nore stages.

ne type of cohl@ili orel inpyayedproacsk kay bydroeragigng hegvhpeitirunrieedsieksat el y aci di ¢
anor phous subs Iy I 2 - used
to produce quaH %@@d@ﬂﬁt%kaﬁggg %%tﬁlv%ﬁl% %E%qgﬁel ﬁ@g%%dstocks
These cat al yst %o mpi ayslegresfuoe swaxambbmpon haviingr sycledanefdesetdwrene [ 0004] I n
processes such asuthé%l{ocr acking, the step of recycling a hydrogen- rich
vapbr phase seB‘ﬁ &t 8d"from the reaction zone effiuent is comon. Practical
reasons for utilizing this step reside in maintaining both the activity and
oper at i onal Stm&é—q in the process. The recycled
hydrogen is ty Q the total reaction product
effluent to a {opoppr atmeﬁydr&:rﬁdl@groaﬁg@«r;%traaﬁyﬁa&{%nﬁs(a%qﬁn@nm about 140 F
(60 ©, and introducing the cgol ed effluent into a vapor-|jquid separation

zone. The recotrdiPULE RFAE5SY t s it pprsiole te rreRsside trieR oteddoHg¥Fogen, s
recycl ed and C%lihh ﬁ%héﬂ‘ Jathema@;dﬁ}ydaﬁa@ aF&QRmBﬁ@%EﬁCﬂéedé%Htﬁﬁ%ﬁfot tdhe

reaction zone. [0005] The art | ong recogni zed nportance of inproving

the purity (cofreat m&rac}ﬁﬁ)aredwdmwlﬁgé%hshwfwénw@w a8 Mle@mebfuels

hydr opr ocessi n %ﬂﬂnﬁ’d‘bﬁ% . DEen the
goal of the ar f.gn &tjlg%hfto 3E‘)Sv(%m enha gﬁég&gﬁ%& edg'ﬁ!g °S%ﬂgg"ea# 0uﬂtbl zatl on
with little admm&mmtkﬁmslj}le Betrso ppividsgoahbased fohbibe Odmﬁabtmbetbéltueirl ous

effects on the i f e h o ui pment. It
has al so been re{e@ggm zﬁ{(gl1 ﬁ&){}d‘%&g ncfrcgtféll1 %BH} cemé{cﬁgl fogkx ?‘g{ijsrg]do hydr ogen,
exi sting equi pamstillatespjet ﬂ:ehandagaxlodiyeﬁvdry)gwala;uelagemﬂversélnnbu@sphmthﬁt t he
feedstock resultin uct |eI A further adyantage to the
nore efficient? l?f?cﬂ‘ic‘icglﬁh@ﬁk% ac%&}‘ﬁg F'socgar‘l‘éﬁf“é‘aﬁtaﬁ%??lf’ﬁ%mé gm)unt of
makeup hydrogeﬁoaﬁ@tlﬂmsﬂmbeatay@ymd@ﬂ,gby, for exanple, a hydrogen plant or
cryo-unit. [0006] The type of feedstock to be processed, product quality
requi rements, and the anobunt of conversion for a specific catalyst cycle
life determ nepobie hxﬁh wfshwceﬁrmmlﬁmﬁbn@dﬁéﬁ@ew@m operation of
e u

a hydrocracklng un|t nit's -
variables, such as the operating condmons used, the type of catalyst used, and the

fact that the hydrocracking of hydrocarbon-containing feedstocks can be carried out
in one or more stages. One type of conventional hydrocracking catalyst is based on

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



operating pressure and the recycle gas purity determ ne the hydrogen parti al
pressure of the hydrotreating unit. Since there is limted control over the
conposition of the flashed gas fromthe downstream hydrocracker separator,

t he hydrogen conposition of the recycle flash gas limts the hydrogen
partial presswrmodaatvazgrat el y delivered to the hydrocrackpgguseapbss A
relatively | ower hydrogen partial pressure in the recycle gas stream
effectively lowers the partial pressure of the hydrogen gas input conponent
to the reactor and thereby, adversely affects the operating performance with
respect to product quantity and quality, catalyst cycle life, etc. To offset
this | ower perfornmance, the operating pressure of the hydrocracking reactor
has to be increased. Conversely, by incr§?§ing the efficiency of hydrogen
gas recovery and hydrogen concentration, the hydrogen partial pressure of
the recycle gas streamis inproved. This results in an overall inproved

per f ormance of r agki r it - h
par amet ers. [Od’%gﬁ(} r?@ggq‘?fa@ﬁ%&g %\%@g een ogﬁlg%ggg%’,%%ggﬁ%e&%?ﬁshﬁ% have
been conmer ci aldatalyptsacd used,dpr ¢xdamplegintteomptiage proces@sove t he hydr ogen _

utilization efficiency of the hydrocracking unit by increasing the
concentration of the hydrogen in the recycle gas stream Such processes

typically resul{doodp silgmidcessagduchactiyidrcersaking,qhs pepstlrecyoliigsa lpMsebged- require
si gni ficant char‘liges in operati ncig COH]diti Qns, su as tenperature and
pressure, whi cHIEYPPERPRSP SPRASHPE RO HojrFroheng SRS PO ‘&F'%ﬁ%ﬁ“ﬁﬁli ng costs.
[ 0008] One pr 0C@gfos¥8E uthlfinghifiR Rtcp R GPmbiBtalniiY KVLtht Reivky AhP&RArBRA1 Ty Of

the recycle streamis conventional pressure sw ngi adsorption (PSA). See, for
exanpl e, -U.S. siahlity afghe gataiyst uslin theprpegss Jhe regycladinuirqgsn [simmierdly Cr est, | nc.

However, in or Qgfidef by REAIHRAEAE Fl&ioR PROAURY ekflucht¥® aRERSEAS iPfhe FdREe I €aCT OF
ef fl uent gas stream nust be reduced from about 2,500 psig (175.8 kKg/cnR) to

about 350 psi g of 2bpug60°F ¢15.6° (Rdg ehepy 140AF (HB ¢ghrndhvetrgsluping thegpoledhe recycl e
hydr ogen strea e 4 £R ?g %4 155y gaseous
stream nust be su ?telgt edvq’?é S gﬁf%%ggt%%%%?%ﬁp%?ﬁdonﬁt%ﬁret’&#’%git to 2,500
psig (175.8 kgkemains hikanted livdragen uctesystediand comahizednyith &p hpdrosgwn f eed stream
The net resul t.fcj:eﬁstsaéﬁ 5&%&§ E}e?aﬂon%%ati ng and nai ntenance costs are
substantial ly iNCT BAS 6L y e addition of a large conpressor that is

requi red when using a conventional PSA unit. [0009] Another method is
described in U. at . 4,362,613 to cLean which uses nbranes with
pressure drops I@B’sfo %%@%@%EPMH%MPW&? dnﬁpFPéTﬂgst{‘%?}W anti al

capi tal invest (@ntenkiato)REbAlrbgd if 08 rétycld Ok dithyi®piddest ahies, an obj ect of

the present inventjion to provide an_inproved process. for enhancing the
efficiency of WWH&QWWF@F‘?&W% Thys, dtdias beep jthe 0a} of ROHHRIFHIE wi t h

exi sting hydr oghiakddn@risiBidies-of BpbociRBismias Wah Sitleadakibes tndrfde hydrocracker
t hroughput or the overall econom es of the system including capital

expendi t ur es afepsuRtien sdgvitheyeindie deleterious pectsar the MpinkanARFE 9E ORPRtSR enance
and ener gy CongpfRhi@Bcrat dE W hRURL beiHeBfbizkd 0¥ aLLsBRAY AL NG
efficiency of tﬁe_%%r%rgrac I proces% un;‘(’% can ]ezuli]ngr asedAs}nggﬁle parti al
pressure of hyédffisipahusgad hydrogdnecidiog equipmént cowddibe employad thinciensribased. It s
t her ef ore anot hj I AV I+ O | AR erating
per formance of &ﬁéﬁ?%t%gﬁe%%&g&gr{ gé(’:s‘g“;ﬁ"?sé1 ’l&}r]f;l #’ glel%a‘fcgzl%@%m ng |e? g ‘{Aﬁtra éaghput
capacity. - 5tothShivhddicieRt uliiEatiohvERTIrdgh [:0Bd 2Hitiios in the embirdf inakd-udes a

process for hydrocracki a hydrocarhon.feed, .conprising: (a
Pontacting a hyPeirass e sl GBI for B 3 Wikt i onorvobil

hydr ogen-contai ning gas and a catalytically effective anount of a

hyd i ci | der. h ki diti t her.eb Iting i
o over oot ¢ AR o3 o R 4 B o AN 0
hydrogen and | ighinolichreemfeidsistor a specific bitaly@Raclatifo tBteriicd MBRYdrbn! i g

hydr ocarbon |iquid phase and the vapor phase; ) ,
partial pressure required for the operation of a hydrocracking unit. The unit's




(c) renoving at least a portion of the light hydrocarbons fromat |east a
portion of the vapor phase, thereby increasing its hydrogen concentration,
in arapid cycle pressure swing adsorption unit containing a plurality of
adsorbent b ing a total cycle tinme of less tha conds
and a pr essﬁ%%%ﬂgwt hi n each adsorbent bed of greater nli’(g]gﬁé@%%’?ﬁﬁg i nches
of water per foot of bed | ength; and (d) recycling at |least a portion
of the vapor phase of step c) above having an increased concentration of
hydrogen to the hydrocracki ng zone. [0013]In another enbodi nent, the

hydr ogen-contai ning gas to the hydrotreating zone is conprised of a purified
make-up gas produced from a hydrogen-congai ning make-up gas in a rapid cycle
pressure swi ng adsorption unit containing a plurality of adsorbent beds and
having a total cycle tinme of |ess than about 30 seconds and a pressure drop

wi thin each adsorbent bed r !aaﬂ Tl ? { f er per foot
of bed | engt h?PGWﬁggé’feﬁS‘ﬁﬁggé)H%r?%?ﬁ%Egﬂ p gas r%%ﬁ?(ﬁég%a%l lcycl e
pressure sw ngeRdfeuiphd BRirotdating Sinki e themw ihditebeontobovgiiie at i on than the
hydr ogen- cont ai ni n%_ gas 0014] 1 n, anot her_ enbodi nent, is tg process

€

6 -
for hydr ocr acioFInegt lan%ﬁ%etf&ﬂé’i‘%gf‘[sff@@ﬂ, & dgwpstregHidrocrackey separaipgs et i ng a

hydr ocar bon f J . LCl i = i.Al-Ag gas and
2 Cat al yt | cal o cBp P g OB O TR el o A BT D bR

hydr ocr acki nguitmattyt dediveret he thelhydroesackinig meactar. A réletiwaly lowdr hpdropgrdr ocar bon

l'i quid phase and_a vapor phase conprised gf hydrogen and |ight hydfocarbons;
wherein the pﬁ?ﬁlffl PEFSHEKEY }5‘“@8@ égg 5'5‘?36‘21.?1@%’6“[&%‘????? H}ftﬁ%‘b"égreéﬂ“ & ni ng

make- up gas e RydrBRlnthas HiEtue cHaBGRAE © BUtdABRARRONBELP Adveicly eREsGhd Ng @

plurality of adsorbent” beds and having a total cycle tine of |ess than about
30 seconds ammpertipg pedonmende wpthwespactio preinctapenhityend qhdily.cfatalsbeptcdr  t han
about 5 inch of, te r. foot of. bed |ength, wherein t purified make-up
Gas T rom & he ety By ST e LS eSorrgos B AT0A e e L B, gher | n
hydrogen congggtdeaickig rtdbidt Hab € ByBERERMA: CORYEsdl, Y idaRasing the effichey
separating the |ower boiling hydrocarbon Iiquid phase and the vapor phase;
and (c) of bydrogemhgasgecqvernsindhydeneen eancsnirating, hepoogmpartisf step to the
hydr ocr acki n ) I Iy -quﬁ I; | cycle
time for rapiq)égsg@glogk%%é&h?%ﬁs@%%gma sp§§‘§etdu gﬁﬂsi S gss h‘éeﬁalgﬁno%r&e%o seconds
and the presguetfermiamp obthedgdivcadkmplpesdesndt dsangusmatl &y thdsapameiets. 10 i nches
of water per foot of bed Iength [0016]In yet another preferred enbodi nent,
the total cycle time for rapid cycle pressure swing adsorption is |less than
about 5 seconggognd YigoRESRAshatt BRn &) 555 Of WEith Hagelnden greater than
about 20 incﬂes @f wat er per fc(fotal of b}gol’lﬁ%ng’jtsh. - 7 - BRI EF DESCRI PTI ON OF
THE Fl GURES cpodieTdisihQureticed hthatatenips toaimgironsl thé hpdtogahwitization efficiandyl ow

di agram of a hydr,ocracking unit of the prior art.th does not. enpl oy rapid
Cyole press P BRSSP Pristsian Breorersutinara i BErEgingie 1| ad
schemati ¢ i | lbtSicleaiak Bfle M €S RIRGREE RBRR ypi &R rEGHNA sfpficaniCAd@ltRnRr €ssure sw ng

absorption in the hydrogen-containing nmakéup gas streamto a hydrocracicing
r ee}ct or. equipment costs and/or require significant changes in operating conditions, such as

temperature and pressure, which typically results in increased capital and operating

CcOsts.

[0008] . One process that has been adopted to improve the hydrogen purity of the
recycle stream is conventional pressure swing adsorption (PSA). See, for example,
U.S. Pat. No. 4,457,384 issued Jul. 3, 1984 to Lummus Crest, Inc. However, in
order to incorporate the PSA unit, the pressure of the reactor effluent gas stream
must be reduced from about 2,500 psig (175.8 kg/em’) to about 350 psig (24.6



[ 0016] FI GURE 3 hereof is a sinplified schematic illustrating one enbodi nent
enpl oying rapid cycle pressure swing absorption in the hydrogen-containing
recycle gas streamto a hydrocracki ng reactor. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON [ ocess of the present invention is L Sul usef ul
for hydrocr ag%%dg?yg%ﬁ%r ocar bonaceous oil contai ning hydrg’?arhggﬁ)ggg%ﬁl or
other organic materials to produce a product containing hydrocarbons and/ or
ot her organic nmaterials of | ower average boiling point and | ower average
nol ecul ar wei ght. The hydrocarbonaceous feedstocks that may be subjected to
hydr ocraci ci ng by the nethod of the present invention includes all mneral
oils and synthetic oils (e.g., shale oil_g4tar sand products, etc ) and
fractions thereof. Illustrative hydrocarbonaceous feedstocks include those
cont ai ni ng conponents boiling above about 500 F (260 C), such as

Fi scher - Trops PO UL stm fﬂ{%ﬂ + [ YAGHIM 0390} LS ceflgasphal t ed,
vacuum and ag mlg hej}l [o F@m uaﬁeé}y%?ot g%th(ﬁ!og?n?ﬁ 0 %ﬁhfg?orcﬁsgcﬁgd

resi dual oi | sabouoR® mod ¥ tthd teayddel gaseowmi sgodm mmrst be sibjdctedite significant

sol vent deasphal ted oils rolysis-derjv i 1s, high bailjng synthetic

o1 5 oyol o olPUTRGFIERLo B K 2000 FPIE 0 b8 ke REr et SPGB ng
feedstock is Rydigsroliskordbeddthi@i. The Retredtiidl RAMRQIIl ATk @Rg haYi Ny at | east
50% by wei ght,” and nost usually at |east 75% by welght,” of T'ts conponents
boi l i ng at t empintenause®stboyabsiantidlydngreaset byfthe addittbesifiadergp comprsssor One  of
the nost prefgrred gas,oil feedstocks,w |l cont.ain hydrocarbon conponents
that boi l abo@‘g{gﬁ Efl%nﬁl,ng\ﬁCPHV%lgg{lalng&lfl}lé bei ng achi eved with feeds
containing at |east 25 percent by volunme of the conponents boiling between

about 600F (315 ©) and 1000F (538 C). A preferred heavy feedstock boils in
the range frol®08%out Agwther methed it desgrbedinhBokat N7, 362%6d 3de dlacLses C) .

100181Heavi er 4.4 L NS; i Xes,
waxes from so bfecﬁtﬁg ¢ g&g&%ﬁé&q&ﬂg}?’%ﬁg@ﬁgﬁg @x@%&@%& -gﬁn%g&gc?sa\(‘)@’be

upgr aded to |ingd enbsunieliciitalMnveshyeitaad apdeatigp gusscesses. Hydrocraci ci ng
catal ysts and process conditions as utilized for distillates and heavy gas
oils may be utilized in for hydrocraciciiag of heavy |inear paraffins and
waxes. (0019] act i %yggelc i r . i€ing
catal ysts of fﬁpﬁoe] prgtslgg{.é?%fﬁ{?zdﬁti npg@ﬂﬁ%%rs%%?}l‘gﬁ%ﬁ{ocpggn‘ﬁgﬁgé\?éﬁrg?éedct hose of
G oup VI ofprodass Rerenbahcingithb efficédney bEhreganitiizationchy, mearsihateobal t |

ni ckel , rutheni um. yhodi um. pall.adi u Qsm u iridiuman ati.num One or
nore pronot ercoﬁﬁ%lz' %@he’g@t’égq’ggmﬁfaé:?&%mtﬁ’r g']fc@r’?)%aﬂls ﬁ%ﬁ?ﬁ%%&éf@l s are
those from Gigideocyadker Birdhighpifir RGP dddotied 95 R Rystel! BcRtifie@apilly

mol ybdenum The anount of hydrogenation netal conponent in the catalyst can
vary within vixgenditineseand opergting gxpepeien dhe latgr ingluding nsénionaspe atsout 0. 05
percent and 30 t wei ght may be used. In the case of the noble
netals, it isenslr.é{c(ebg&g@gﬁg' use about 0.05 to about 2 weight percent of such
nmetals. The preferred nethod for incorporating the hydrogenation netal
conponent is to contact a_zeolite base material w_th an agueous sol ution of
a suitable cdMbind 4 Previovglyotedy theenvarall apemnting gHiciqach of meta/ is present
in a cationi ' addid . : Lan netal
or netals, tf\h r‘{é:g%ﬁkfl gg%gggg?lgg%%o%ggefigﬂtﬁﬁgﬁjuﬁﬁr?%?%y, h&rglﬁ%gl,gb%el | et ed
wi t h added | uhthecfead & thbirsudtor sarobe inbeatadk B is therbfise pmstherasbjectafthened in air
at tenperatures of, e.qg., 700-1200F (371-648 C) in arder to.activate the
catal yst and IE%S@BWH%E’A‘WPWH? &&P@.@m g@?‘% a?)“é??/ﬁ“ %f‘r‘}"g(bqgﬁ'@‘“@%rrponent
may first be pekbotiffeasinyitsai@delidt Eigaceldi tion of the hydrogenating
conponent and activation by cal cining. e foregoing catal ysts nay be
enployed in undiluted form or the powdered zeolite catal yst may be m xed
and copelleted with other relatively less active catal ysts, diluents or

bi nders such as alumna, silica gel, silica-alum na cogels, activated cl ays
and the like in proportions ranging between 5 and 90 wei ght percent. These
di luents may be enpl oyed as such or they may contain a mnor proportion of
an added hydrogenating netal such as a G oup VD3 and/or G oup V111l netal.

[ 0020] Addi ti onal metal pronoted hydrocracicing catal ysts may al so be
utilized in the process of the present invention which conprises, for

exanpl e, al um nophosphat e nol ecul ar sieves, crystalline chronosilicates and
other crystalline silicates. Oten at |east two catal ysts are utilized for
hydrotreating the feed to renove sulfir and nitrogen and to hydrocrack the
feed into lighter products. . Optionally a catalyst is enployed to
hydrotreat the product fromthe hydrocracking reaction (i.e., a post
hydrotreati ng catal yst bed). Crystalline chronosilicates are nore fully
described in U S. Pat. No. 4,363,718 to Klotz. [0021] Hydrocracking is

~ N N P —

—




M RO s O

standard cubic feet per barrel (337 normal nB /nB) to about 25,000 standard
cubic feet per barrel (4200 normal nB /nB). In accordance with the present
invention, the term"substantial conversion to |ower boiling products” is
meant to connote the conversion of at |east 5 volume percent of the fresh
feedst ock t oMb i ng products. In a preferred enbodPHAP2%ME2Ber pass
conversion in the hydrocracking zone is in the range from about 15%to about
45% More preferably the per pass conversion is in the range from about 20%
to about 40% Herein, the term "hydrocarbon feed" is defined as a refinery,
chem cal or other industrial plant streamthat is conprised of hydrocarbons
i ncl udi ng such streans wherein small Iev_?_s (less than 5 wt 9% of

non- hydr ocar bon contam nants such as, but" not |limted to, sulfur, water,
ammoni a, and netals may be present in the hydrocarbon feed. [002210ne

speci alized fgormo drocracking. i ape sel ective hydrocracking. In
addition to n2VSLAARY QI LE INVENIION and het eroat om renoval , shape

sel ective hydrocracicing nay al so be utilized to reduce the pour point of a
distillate or a lubricating oil basestock. Distillate and |ubricating oil
basest ock shal@12k| e Bhis/iavéntion dialudek apgodess foy piydratiagkinge hydsocashan fegd,
utilizing a nedium.pore sized, shape selective zeolite such as ZSM5. In
this process,cqni’%"és &and sli ghtly branched paraffins in the feed are
hydrocracked to |apédiictiap amgiRbirbon 2 i a hi@obREENS baohiala Badiagdnins in the
feed are not converted. In addition, a hydrodesul furization catalyst is

i ncl uded in téreidpiaeses srbaedtalptiqally effeetivegmaunt plafapdsecrackingseatalyst ~ and

nitrogen cont . . I RSP gg%(@xi ng via
shape sel ecti%ﬁ@%&%ﬁ%ﬁ?gﬁn‘%&%ﬁ@ﬁ?@ plaglgl ﬁéclg]l#é?}ec%o out at 260 to
455¢, 20 to Skyqiidphase ahy divagephasrdontilinipg Bpdrogen antl light Bydpodatiiohs; and 250 to
425 NnB/ nB8 hydrogen circul ation rate. |In shape selective djstillate

dewaxi ng, a Iome&g)swg f Wermmwdﬁqcagtf(gyl}qm&ct@se B¥PTand a | ow
sul fur not or Igﬁggl ine are obtained. Typically, the distillate yield is over
85% wth 5-12% notor gasoline yield, the remainder being |ight gases. In
shape sel ective |(gbendsimpadt iegst apdrivaeef the lightrhydtakbonphom apleasita | ube

b t ock d [ "W th [ d vi ity. index. Lub
devexi ng vi o BFAPLOLEr Sebin Aoty BeiLy e T doeeso Eopuraiph: oA P50car | od
out at 500 t O?/Zﬁq:ﬁessﬂ%v&iﬁg 2008 nit LoRQinkity ﬁ?l%'ﬁ’_\?%erbaﬂ@e@s #ndt 0 2 LHSV.

[ 0024] Fi gure hereof is a sinplified representation of a flow diagramof a

convent i onal Wﬂ?m&?!cadgﬁp}e?fé?_sthmiagﬂmmsgmm? amga gmﬁqurﬁ)ujmaﬁri’é:m d cyﬁl S
TRt T oducedaeh 2P AP st b el SFRREOT R At perfoch BB 1Eth C" Acke

hydr ogen- contaidni ng recycle treat gas 15 and hydrogen-contai ni ng nmake-up gas

11. The feed and hydrogen-containing gas streanms flow concurrently through
t he hydrocracker (Fgeydingrt least apgrion cgﬁthﬁ ¥apior phase op e c)abeve Bavingd e

hydr ocr acki n Gaha ] I { e hydrocracki ng
reactor R ang‘nl S sg)rét%‘\'sﬁngw&ng@g%%nggéhgléi?}é)fga)raqégZ IE(ger'e a liquid product
fragtion having a lower initial boiling point than the feed is recovered via
line 22. Thi 40013 ui dipamther embodivtent the hydnegenmiohipingemgastiotheddi t i onal

processi ng equi ni. or pr.ocessin nits.for further refinenment. A
hydrogen-con&ﬁ'fiﬁqr{%éb{}% ‘“FF%Pﬁlsgﬁoiﬁpm?‘gmﬁkﬁuggwgﬁfﬁ °%H i s conduct ed
to recycle cofarfesQonBinil)RhRe-a) ﬁiseiﬁ%traﬁdié%& pRRsRE sm% a0 BRI Wt
reconpressed and returned to the hydrocracking reactor R Afpur e stream 16
may be taken confainipg ppluplityiohadserhynphads iaod hevinga fqtel aypletimeral levy drasicar bons or
ot her stream 1 S i 14 d- in the
system The taggﬁm%ﬁ?&hayg(ra&g%gﬁgrqgm}wdlsdé'g %%{sgfbﬁ%@bﬁeg %g y%r?g{:agr bon

m xt ure conprdbsert hichéysivnerges foot ofipsil Ofherbia the pirified pmale-up gagr bon at ons
in weight (i.e., Cl to Cs, weight hydrocarhon compqounds). .- 12 -

[ 0025] Ret ur nifryn the repigayelepresiurs sMingadserption anit iighes #HAyd98Fogen- cont ai ni ng
vapor fraction. ] t . ydr ogen- cont ai ni ng recycl e gas
15 and a portﬁgl(%}%\%ursﬁg%@ﬁ%%%#@ﬁﬁ%ﬁ@éﬁ%@%&cI dng reactor R as quench gas
14. Since the reaction in a hydrocracking reactor is exothermc, the quench
gas 14 is typically introduced in nultiple | ocations between the

hydr ocracki ng reactor's catal yst beds to prevent reactor run away
(overheating). Although various types of quench gases can be used, it is
preferred that the quench gas be a hydrogen-containing streamfromthe
separator S. [0026] Figure 2 hereof represents a preferred enbodi nent of the
process of the present invention wherein a rapid cycle pressure sw ng
adsorption (RCPSA) unit is used to increase the concentration of hydrogen in
t he hydrogen-contai ni ng make-up gas 11 to hydrocracking reactor R All




N —

- 14 - hydrocracicing reactor, or the hydrogen-containing recycle gas to the
second stage hydrocracking reactor. In other enbodi nents, any conbi nati on of
t hese four streans nay be subjected to the RCPSA process dependi ng upon the
stream puri t% a@g @&rsogen concentrati on needs and econom c¢s. 100291l n
Convent i onal “oH4%¢ Swi ng Adsorption ("conventional PSAPSTHSYA«03206

m xture i s conducted under pressure for a period of tine over a first bed of
a solid sorbent that is selective or relatively selective for one or nore
conponents, usually regarded as a contam nant that is to be renoved fromthe
gas stream It is possible to renobve two or nore contam nants simultaneously
but for conveni ence, the conponent or cogponents that are to be renoved will
be referred to in the singular and referred to as a contam nant. The gaseous
m xture is passed over a first adsorption bed in a first vessel and energes

fromthe bed et eq, | 855%? ) ) a}PIE }ggﬁi r ' e bed.
After a pred 2?441 neglﬁbr%i%&g?ntg a gir’na r\?e%gtf% n acp%}{%gk- hrdgl%)hﬂof t he
cont am nant ifsed)os@pweidg: t he fl ow of the gaseous mixture is switched to a

second adsorption bed in a second vessel for the purificatiaon to continue.
Wi | e the second (®Degniagtinga Bydresasbqroigeda/hdsocrackangsomg agthadwidsgehant i s
renoved from - i ﬁlgt'tﬁ'tai i usual |y
acconpani ed béyﬁgu{]%%g%s%qﬁo%w %@@%gﬁﬁ%%& ro t hel&?:{)dr?t?a ac%fnﬁz:ﬁt}[zlfy@tAs t he
pressure in tundenissisairacking conditivas thetdby resnitignn ndowerfrodtirighydtogabds or bed on

the bed is progressively desorped intq the. tagil gas stemthat typically
conprises a Il%ﬂg’t?epl'taé?im A5°R B eFB@BFWQrO?W&?gQQE%ﬁg}B&W@?% Mdesi gned to
mnimze pr e%ﬁn%éﬁﬁﬁﬁh'ﬂ&%—@%ﬁj%%&&dc%&ﬁ!oﬁi@h?dﬁgenﬂﬁta‘iﬂi} ARkdapt can be

collected fromthe tail gas systemin any suitable nmanner an rocessed
furt her or digsposerpif RIpISLTEAWing 2dsonition vt Sontpininge pluralibngd] et e, t he

bent bed it h ' t,. t Qo N
ouri1ied ot r carpeat BREFER Ao el IR RS RS BRT e B sedll AR Do oo of
a hi gher tempedsainddeoPwithia qgatsadsbiRaiBed of gldater thAQBOIYS inBhes of witer per

breakt hrough in the second_bed, and after the first bed has been regenerated
so that it i doeipibad pmepardereinthe pudBedynplnup ses/drers the ngpidioyelg pesssurne gaseous

ixture i i § - err i th d
bed 15 r egensr it aolpE bR FEGARE N AEedbob il By BihyaRlind 10 SEEONC e

gaseous m xt womtaingngfgasgt conducted to the first bed in a first cycle to the
ti me when the gaseous mxture is fjrs onducted to the first bed in the

i mredi ately succéﬁd?%at&ﬁég%f(’wqr??{lm& V‘%Pcaég‘%l? ﬁ@‘l“é phas§ SR MetYaBY of the first
bed. The usegistidgd, fourth, fifth, etc. vessels in addition to the second
vessel, as m'pg t  be needed when adsorption tine is short but desorption tinme
is long, will sefcyescydingutiemtepayiot ef the wepor[phe81dfEhpde therhydneracking
configuration, a pressure swing cycle will include a feed step, at |east one
depressuri zatzf”beh step, a purge step, and finally a repressurization step to
prepare the adsorbent material for reintroduction of the feed step. The
sorption of (GUASFONtiamhoME Sreferiea bmbodintens i ook cile iy Shraapid sgelpt i on ont o
the sorbent that is normall.y a porous solid such as activated carbon,

al uni na, si| PEsSEe sg'mguqéaomfiwﬂ@ssﬁhaatabﬁwsl%ﬁmﬁdﬁiandﬂya Feswe et ani nant .
Zeolites are_oht ' ' j | jhit a
significant 8%%1ra?g°rg?ﬁg)gpg%% gtlx{ glg'?éé&lgyr) E}gﬁﬁ ?éﬁ%ﬁ%ﬁ%@?‘%@ﬁ?ﬁ son of

their controlled and predictable pore sizes. Normally, chem cal reaction
with the sor hiH6] i s Inget fnwiter preférredimbadinhent Hbe tatdroyels dnediof fapislidyele of

achi eving desorption. of species whi,ch have beco em cal ly, bound to the
2o bent bt PR BB SRPRYTR R AN Fe Rl MR R o1 bed

mat eri al s mayadpeadedrbesitbed 64 %reﬁteﬁmhxbﬁdmﬂm iled bfowstesmr BédtoNbglehgtan of the
cycle, e.g., by the use of higher tenperatures coupled with the reduction in

pressure. Pressure swing adsorption processing is described nore fully in
the book entitled Pressure Sw ng Adsorption, by DD M Ruthven, S. Faroug &
K. S. Knaebel (VCH Publishers, 1994). - 16 - [0032] Conventional PSA
possesses significant inherent disadvantages for a variety of reasons. For
exanpl e, conventional PSA units are costly to build and operate and are
significantly larger in size for the sanme anount of hydrogen that needs to
be recovered from hydrogen-containing gas streans as conpared to RCPSA.

Al so, a conventional pressure swi ng adsorption unit will generally have
cycle tinmes in excess of one mnute, typically in excess of 2 to 4 mnutes
due totine limtations required to allow diffusion of the conponents
through the larger beds utilized in conventional PSA and the equi pnent
configuration and valving involved. In contrast, rapid cycle pressure sw ng
adsorption is utilized which has total cycle tinmes of |ess than one m nute.

N N A B




as: =D, / 1ts2(in cra2/sec)(2) where D, is the diffusion coefficient in the
solid phase and R, is the characteristic dinension of the solid nedium Here
the gas diffusion coefficient in the solid phase, Ds, is well known in the
art (i.e., t ﬁﬁQM?&%ional val ue can be used) and the charpgksoéGitsw

di mension of the solid medium R, is defnmed as the width of the adsorbent

| ayer. [0035]D. M Ruthven & C. Thaeron, Performance of a Parall el Passage
Absor bent Contactor, Separation and Purification Technology 12 (1997) 43-60,
which is incorporated by reference, clarifies that for flow through a
nmonolith or a structured adsorbent that channel width is a good =~
characteristic dinension for the gas nedizm R5. U S. patent 6,607,584 to
Moreau et al., which is inconorated by reference, also describes the details
for calculating these transfer rates and associ ated coefficients for a given

adsor bent and FRYER BESCRIPTIGNIOF AR ¥GUHES used for conventional PSA
Cal cul ation of these nmass transier rate constants is well known to one of

ordi nary ski | [[0017] t h&FIGUIRE hiereal/isal sivpliediehematis Ky fovediggraorafiznary ski | |
inthe art fr standard_: i_ng. data. . [,0036 nventi.onal, PSA reli.es on the
use of adsor ng ogrgglgn%pmégfﬁeﬁﬁoaggﬁlaaégg?sglg}]gigxploi&%ﬁlgFgﬂqu%ﬁm%mmgO
construction gpdegftioal Nts, conventional PSAis - 18 - usually conprised of 2

or nore separate beds that cycle so that at | east one or nore beds is fully
or at least partially in the feed portion of the cycle at any one tine in

order to |im oS URL) 10 t | . wever,
due to the reﬁ%dti?tel ylp%eﬂsl?rz%gf%g%@oﬁb%aﬁ%%ngﬁcgéﬁ%qﬁ%ﬁree%?l?%erﬁgﬁparti cle
si ze of the aem@loyaiptirapiticesle presbire gairey dbkorbiioh inatle hpdrbbea-consdiziag noke-about 1
nm and above. O herw se, excessiye pressure drop, increased cycle tines,
limited desor BPEgrsteamdo apyaArnsrackipedract¥ed naterials will result. [0037]In
an enbodi nent, RCPSA utilizes a rotary valving systemto conduct the gas
flow through a rotary sorber nodul e that contains a nunber of separate

adsor bent bed[@dfpar FIEHRE Dhereoviib asimpleied sclofmatdo iilhistiating omcastsidimént cycl ed

t hrough the sorpiion andg desorption steps as the rotary nodul.e conpletes the
cycl e of oper&'?“t?ﬁgl.g“’fm CY@?QF SEESBES B%B%V@Péhﬁgl“ﬁﬁgq‘vwgsed of

mul tiple tube&ﬁggga%%%ath%&%MIm. on either end of the rotary

sor ber nodul e erein the seal plates are in contact with a stator conprised
of separate mani folds wherein the inlet gas is conducted to the RCPSA tubes
and processedpur ik S i s exiting the RCPSA tubes
i s conduct ed T¥Ey—Frorotaty—SotpeT - i tabl e arrangenent of the
seal plates a[g17pni At Peocess dTuRbEresdit invesbion if particelaflpasdfiefoi S or tubes may
pass through the characteristic steps of the conplete cycle at_ any one tine.
I n contrast whydoeraskingt hykesarbenacequs @ilicopiainapgihysirecashons andler ethétons requi red

for the RCPSA Nt | e i cha hn_a, nunb Qf, separat e

i ncrenents onoré%gtg&ragéé]iﬁso%%é‘g&&{(%gg??%@rc F%%}lgq'%},gg\?\% gﬁaﬂs)?fbsoatnﬁ}eoé 0%\5’{ t he
pressure and bigaiic hitk@iali dfIakboder8 Gollgeond aly 10kie a¢angy mslet@ar and val vi ng
machinery. In this form_ the RCPSA nodul e includes val vi ng el enment s

angyl arly spabe@harBirdeydrorarbonaceapafeepaecks that ey by subjectedoduidmyraskiogt i on
modul e o thaby SRGhk WAL BRE: iif AHGF ARRLNCHYmARA 8fls L) AndRfc bhow path in
the appropriate direction and pressure to achieve one of the I ncrénental
pressur e/ f | owed.yshaleiodlntas saygiproducdtd) etc. Jandilaetions RiPSA. dihdtrativéiOne key

advant age of th SA t echnql oqy .i ignificantly nore efficient use of
e adeor bent hifEpercaRosop Peduiaris gl Rafiesptagnns pUaRiTIes Aol AeISA
technol ogy ¢ a&on?S@U"“FV(tZEO 5(5}?‘@&:!110&3 P@JchE@'P}opE&Qﬁuicﬁgaﬁr%%]fe%‘g%@&ﬂs._? nal PSA

technol ogy to achi eve e sane separation quantities and qualities. As a
resul t, the fvstpmigas pils, deasphaliad vacuno, anbateesphetic ofsiduat hydeotaeitagrdsent
required for A i.s significantl.y | gwer. than that, for ,a_.caonventi gnal PSA
unit processi ﬁﬁwéa‘l?ﬁfgﬁeﬁl gﬂjitﬂ}%t ccgﬁ‘er Sﬁgl?ﬁi%%gtmﬂlsgﬁﬁssd is?:i&?ﬁ', RCPSA
bed | engt h unidaspia@ed bilg p?fo%%is—dér%ﬂioﬁl%%i%lﬁﬂﬁﬁtﬁ%oéﬂnﬂﬁtiaféﬂh,\dybkQﬁls agnd

mechani cal constraints (due to centrifugal acceleration of the rotating beds
in RCPSA), preayerickeridistifleiss.oft nrafeyred bydrosratlona feefmipckaid smep e or pdier mat eri al s,
in particular adsorbents that are in a | oose pelletized, particul ate,

beaded, or extrudate form In a preferred enbodi nent, adsorbent naterials
are secured to a supporting understructure material for use in an RCPSA
rotating apparatus. For exanple, one enbodi ment of the rotary RCPSA
apparatus can be in the form of adsorbent sheets conprising adsorbent
material coupled to a structured reinforcenent material. A suitable binder
may be used to attach the adsorbent material to the reinforcenent nmaterial.
Non-limting exanples of reinforcenment material include nonoliths, a mneral
fiber matrix, (such as a glass fiber matrix), a netal wire matrix (such as a




- 21 - to produce high purity hydrogen streans at high recovery rates with
only a fraction of the equi pnent size, adsorbent volune, and cost of
conventional PSA. [0041] The structured adsorbent enbodi ments also results in
signi ficantl g sh&dlefis Pressure drops to be achi eved thropgiishmesgisar bent
t han conventional PSA wi thout the detrimental effects associated with
particul ate bed technol ogy. The adsorbent beds can be designed with
adsorbent bed unit length pressure drops of greater than 5 inches of water
per foot of bed |length, nore preferably greater than 10 in. 1120/1t, and
even nore preferably greater than 20th. H20/ft. This is in contrast with
conventional PSA units where the adsorbeng.bed unit |ength pressure drops
are generally limted to bel ow about 5 in. H20/ft dependi ng upon the

adsor bent used, with nost conventional PSA units being designed with a
pressure drop y9fircRR®eh frhetidh ha¥ingQt Idas0s0% 6§ svei%at,%a iBsZ@subiNe atle 07 5955

di scussed that "are associated with the |arger beds, |long cycle tinme, and
particul at e afbsovdight ef itsfcooypanenis bejling abgmpenatures. ebvrethg endpoivhel theds of

conventional RSA cannot (o) d 1.ah r u [ because of the
risk of flui didg?‘ﬁeéaﬂr Blop SHRUFIRERLE pARES o TR BLORP el oo ot
premat ure uni thySlodiroraempdtentsahaGoilbany S00PFEQ60 MYERith pe bésRtB beingl/ or a
need to add or replace | ost adsorbent materials. These parkedly higher

adsor ]?_e nt bled aghpYed ety fasdprantaning atleap<s gercsit lombme ke sempomsals 8 be
comvent | onal * BEATEPERBARbou TO1 Eits TEnE 10ERTHS (IR hcHERE bk 700 L0

al | ow hi gh vapaxdsteck beild indlse tangdoracbbet/350 taebag 050 (@boutdfir€do adsor bent
beds. This result% LRn.a greater mass contact rate between the process fluids
and{the adsor BR¥HtS8at&rials in a unit of time than can be achi eved by
conventional PSA. This results in shorter bed | engths, higher gas phase
transfer rates (rg) and inproved hydrogen recovery. -22 - Wth these

si gni fi cant |y [@H8Ft erHéaitkr linerytphafiinscina| waxee sushrae Foclgy Srofsch maxBSCPA

application of the.present jnventiqgn,can be ﬁai_nt ai ned_at otbal beg ressure
G Tt er ant 1 al s "aF RORERESHE SEE So ~ dismaova Epten =y el PrRparabl \ | ess
than 30 psig, t¥iter prbic vih Rgdrobaciing gideefdbs. tRdrashd gy eslgsts gndror mal |y

less than 5 feet in'length, preferably less than 2 feet in Tength and as
short as | essprasess condigions asmtilisedyfon digtifletes andrirava igetilstmaybewtdized if evel s

enpl oyed duri SA cess e nat critical. In practice, provided
that the presgclgjllrhéfgle|c¥$$g'rl1 r???lgﬁv%aeeme%aﬁa@ﬁséa%%g%egti on and desorption steps
is sufficient to cause a change in the adsorbate fraction |oading on the
adsorbent thereby providing a delta_|oading effective for separating the

st r eam conmpon8i8] pr Jdesstive metalsismpieyedan the rreferrgdbrdsporagidng eatelyspel at i ng

pressure | eve @é@gﬁn{, Ridh . i j d be

not ed t hat th{eh%e{;ét ua p%ess%?gg&ag%a?lgggé‘@g?#ﬁgsaaﬁ@% eeg, B%tB[rIggZd%rﬁ zati on,
purge and r epPesadic Tzt obthe Blamgess, aeg idongdubylt,degket) dethénimporhodamy, f act or s

i ncl udi ng, but t limted t.Q, the Igct ual operati nggopressure and tenperature

of the overal pal R AT e L fnd pigtinugg., T OOATR Bt metals agyals? ¢ ed
recovery per Cﬁé‘éﬁ%t.alaﬂefﬁﬂa'éréfm_@fer Bﬁ?alﬁgg%sé”ﬁgﬁf’@}ou tRagy The RCPSA

process is not specifically limted to any absolute pressure and due to its

conpact size imetybdemm aud amesierginiore praferablyonadybdeatmt Fhn amonntarft i onal PSA
processes at ihe higher operatin ressures.. U. S. Pahent . Nos. 6,406, 523;

B 451 0o5; 6, hEoRr oL neaSt SheltyBhaRE Ky con Yiry RS Tidinged 1 Cor por at ed
herein by refBfRdBespesltifg 285 ameant RuSecadbost G0Ppert¥cPDN sEpdoaitegy. [ 0044] In
an enbodi nent and an exanpl e, the ratpi d cycle pressure sw ng adsorption

system has a Weight mgy bp usad; A therqagge ,thﬁﬁoééﬁmtﬁ%étlapteéf‘éﬁdd%‘s? #hayt pr oduct
gas (in this P i a t.al haust) gas. The
nmet hod gener a‘?‘?i?ﬁ) hc uggg‘éé?%?ge@?%ﬁggg&%’%‘%ﬁughfﬁg&?ﬁeg %dé%&gdgs havi ng a

hydr ogen pur i ingorpora?idg thd pdrodRasitonrmétal édiepanerntde il gmcod zdoliee feed gas whi ch
i s the weal dy-adsorbabl e (hydrogen) conponent, intg an adsorbent bed that
sel ectivel y a@atrikwithan egycpugselutignpirasistable corpeipdiod theflssiredimetel gas out of
the bed, for tine, tp, wherein the hydrogen product gas has a purity of P%
and a rate of recovery of R% Recovery R %is the ratio of anmount of
hydrogen retained in the product to the amount of hydrogen available in the
feed Then the bed is co-currently depressurized for a time, too, followed by
counter-currently depressurizing the bed for a tinme, tog, wherein desorbate
(tail gas or exhaust gas) is released fromthe bed at a pressure greater
than or equal to 1 psig. The bed is purged for a tinme, tp, typically with a
portion of the hydrogen product gas. Subsequently the bed is repressurized
for atinme, tRp, typically with a portion of hydrogen product gas or feed




- 24 - [0046]1t should also be noted that it is within the scope of this
invention that steps tee, tcN, or tp of equation (3) above can be omtted
together or in any individual conbination. However it is preferred that al
steps in the above equation (3) be perfornmed or that only one of steps tco
or tog be oMQ210e&07Pe2®m t he total cycle. However, addit PEFES2085083386 can al so
be added within a RCPSA cycle to aid in enhancing purity and recovery of
hydr ogen. Thus enhancenent coul d be practically achieved i n RCPSA because. of
the small portion of absorbent needed and due to the elimnation of a |arge
nunber of stationary valves utilized in conventional PSA applications.
[0047] I n an enbodinent, the tail gas is also preferably released at a
pressure high enough so that the tail gag.may be fed to another device
absent tail gas conpression. Mire preferably the tail gas pressure is
greater than or equal to 60 psig In a nost preferred embodi nent, the tai
gas pressure '%h%ﬁﬁh@&e&hﬁ@r&éntﬁﬂ&'@iﬂom 38, RRdEwin éfadchh&ﬂ WthdeReRMN €S, the

tail gas can be conducted a fuel header. [0048]Practice of the present

i nvention can heiregephtéon rotthlomintetplsh ieetsulting catﬂystp@&')iﬂfllﬁ&lpleﬁ%ﬁ% deiede purity of

hydr ogen- cont [ g@! ot gams which
must be upgra(?l%&gi tovﬁi eg&%ﬁ?l@%‘ l%) E{ﬁ%ﬁ&lﬁg‘?ééggﬁl%t?d%aﬁﬂ as %}a e-up gas.
(b) Increasi ngterdperapmca agfye.gf 7001200 JE(37¢-6A8 %ﬁ‘)rm nglcrte@ymmta tga@atéyatm

resulting in ap |ncrease n.overa dr ntr url n the

hydr ocr acki ng reggmf’ arm’%oné'f%mgﬁdhgergén/tgﬁg’g 1ree%t %}/St Br i mproved
Pydr |(3|§:/r acki ng pe&l:eﬂj Io%llloﬁéd Bydlitie hdditiva oflﬂiedij’dfﬁgeﬂaltlﬁ@.bcmn?nentant?ﬁctwathn (?) Us;a
or recover rom I OCESSi ases,, .ei ere significan
concentrati ons" o ‘Pal"ﬁ?‘%ga% %Ff@g’é‘ﬁf t?]ggF ‘g%@gfgplgxqﬂdgﬂ? b‘cd mhf”féie gas
scrubbi ng (typpsalered 3910 ciRIPENnidy Be nnf;&l%&]cbﬁellbﬁédtv@ﬁb&%t Riafigelpleacesses,

increased Hy purity translates to hi gher partjal pressures in the

hydr ocr aci ci ng?iiEaeatalyyis diluents or bpdery SP??&SéQ‘gH%a!FW@a gbsdicram®et i cs and
decreases the {(@LR Rtivaidd Ahyshd dRaKE hi’;%ﬁd}ﬂons'l: ﬁxféeﬁgaﬁﬁ9d1$r&§ﬁtr

partial pressures can be exploited in vari ety of ways, such as’ operating
at | ower reactmceﬁlbr@msaﬂmtsrmmbeﬁmp@mt@@émﬁ@eywwstwmses cat al yst
deacti vati on, ) G 00! Rlebbndshl fruch RS S22 GMR T bnd BECrh! ©

processi ng nDre our I gher ur eedst ocks; 8ceSS|ng I gher

concent r at i onsVBI mhhvi er feedst ocks; inproved pr oduct color, particularly
near end of run; debottl enecicing existing conpressors and/or treat gas
circuits (increased scf H2 at constant total flow, or sane scfl1l12 at | ower
total flow); aBoRet heAddlIﬁMni:faB;ﬁromﬂﬂydrecraqﬂq&@rtﬁfﬂysfsma@mhofbkhidlﬁd in the
art. [0050] I ncreased I-g/ {)tscover also o grs m%nl fi cant potential benefits,
some of whi ch BM¥F RIBEE? PYEGPEET IBT’TDB‘\RBW 1ch comPriSEs {0 A8Plie dermand f or

pur chased, rrammxaﬁbpﬂc@ﬂaamﬁmmmrm@w&@gmmé cHrigmu¥ilidaied add@heref i nery;
(ii1) increasing hydr oc;r acki n feed rates at constant (existing) nekeup gas

demands as a r knesiiliqaes. O 1?@é%"éﬁ‘“?fﬂ‘iab@‘éﬁfer‘E‘é‘S‘?ﬂé"PS/hydm“ea‘Hgifp‘) i mprovi ng
the hydrogen pugd wemavémﬁ{uoﬁmﬁfo%w&d&w}&b&ﬂ& thefeed RS 1538 PrdaBligr 0at om

renpval efficiencies; -
K¢ Optlonally a catalyst is employed to hydrotreat the product from the hydrocracking

reaction (i.e., a post hydrotreating catalyst bed). Crystalline chromosilicates are
more fully described in U.S. Pat. No. 4,363,718 1o Kiotz.

[6021]  Hydrocracking is typically performed at a temperature from about 450
°F (232 °C) to about 875 °F (468 °C), at a pressure from about 500 psig (3.6 MPa)
to about 3000 psig (20.8 MPa), at a liquid hourly space velocity (LHSV) from
about 0.1 to about 30 hr™, and at a hydrogen circulation rate from about 2000



(iv) renoving a portion of the 112 fromrefinery fuel gas which is
detrinental to the fuel gas due to hydrogen's | ow BTU val ue whi ch can
present conbustion capacity limtations and difficulties for sonme furnace

bur ners; r’g)v%, ﬁ.,ﬁ'% benefits that woul d be apparent topronesloopweBdgeabl e
in the art. 0 ﬂ e follow ng exanples are presented for illustrative

pur poses only and should not be cited as being limting in any way. EXAMPLES
Exanple 1 [0052] This exanple illustrates the conventional or prior art. A

hydr ocracker unit is fed with hydrogen streans fromdifferent sources i.e.
16. 2 MSCFD @7% hydrogen purity froma nenbrane unit, 11.4 MSCFD @ 95% H2
purity from hydrogen plant and 7.2 MSCFD195% H2 purity from a cryogenic
unit. Based on the capacity of the hydrocracker a purge stream of 1.2 MSCFD
is renoved to avoid build up of hydrocarbons in the | oop before the conbi ned
feed (total 33tAdaBCEBc@&pelbatrdHZ3yTutoirinyl)m Ao shouels, 000 stivelatdahbiecr acker .

In the hyd ker, 28. CFD | d d ) I t f 4.2
B Sy e o et s gl Barme e D Sopergby O P SRR 25 one
embodi ment  of &I&?rf“s'uﬂéfﬁﬂ.fa'l e&weéi&lycgﬁ@&&%hﬁ{g ﬁma&ctg-ﬁ%fn%t% LéhnBiedpo9en

streans from erent sources. e sourcei's a nenbrane unit supplying 14.5
MBCFD (r) 97%chyvirageof gledst § volumetpeeceatndfahie fresit feedstdckeao fuves doilingnvent i on,

t he hydrogen fromthe cryagenjc and hydrogen plant streans cited in Exanple
1 are suppl i e ARGy %epﬁgrpéﬁabaﬂw% éﬁgﬂpﬁaﬁﬂmveﬁwwm@@& it
comr 19119 19 7And B Mo GRS HhmAi 1924 8 sbouB, MLEAELh e pifally Or 00N

fromthe nmenbrane unit and supplied . .1 H2 purity) . This
hi gher puri ty chydroomeis is thexangefiomlaboutidp% toaboutet03h. Heeinr@rIAmupst r eam of

t he hydrocrackgr, perm t nhanged, operation,of.the dr.ocr ac consuni ng
31.3 MSCFD (vs.ﬁydégcf'aéb ??Fﬁ?%eésﬁa{g%le%ec}%%c&ﬂ?{ %ilg&ﬁﬁ'@ig%gt[ ed enhanced
operation of Rirehn®tHailedmpiiesdibt 1sydrdtaiboféliteiidthg RER sBdaadUeticSeif Small ,
gasoline) fromthe heavier feedstocks. Exanple 3 [0054]hi this exanple, the

ref mery streamsviels (less thgo S afinop-hydioparben; ceptargmarys sechgsebwpot kimdedr essur e
swing is 6.18 f con Lt an .S ical of .refinery
processi ng unf‘?’-sgmglﬁrtﬁgag’ h gﬁzla’fagur%e%@%“ﬁggg%prsgrgté@éh%r?é'&gorc %(rgegfl'r eating
applications. In this exanple typical hydrocarbons are described by their
carbon nunmber . e. ClL = nmethane, C2 ethane etc. The RCPSA is capabl e of
produci ng hydr[wgh atOne W%%F@rfpff?Oéwgcfﬁ“%ﬁs&@?éﬂ?%@yd@cﬂﬁm- of flow
rates. Tabl esmgd?zm b nSIBOAWAL R & oGS Hick d LUl 8labO5ki&hivt he RCPSA
and the input and out putélpercent %%tgsdugpé%ﬁﬁe %#%?gﬁg{ﬁeﬂggﬁb%% n%bs&?lg% this
exanpl e. Tabl &gdrocrackingimaly aldosw wihieed togeditch ¢hepohr pgiahofaidistiatclerca eases as

recovery is increased.from89. 7 %. 91, 7%.for a.q Mvl D stream at 480
psi gvané !tai : ?@ggﬁg{g "ngﬁﬁ?tﬁa(' D‘%ﬁ!ﬁ? anﬁalﬂ.}])gga%pg °.§q1a5‘?s\éﬁ %etSFIS?FV(ermI % of
i nput and out pydrolaAEh EfRPRIchIB/ cdrfidd dift bd LR1iPHE b ih&Ridh PBre sized, shape

selective zeolite such as ZSM-5. In this process, linear and slightly branched

O

o

paraffins in the feed are hydrocracked to lighter components, while the more
branched paraffins in the feed are not converted. In addition, a
hydrodesulfurization catalyst is included in the hydroprocessing reactor, which

reduces the sulfur and nitrogen content of the feed.

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

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



Feed is at 480 psig, 122 deg F and Tail gas at 65 psig. Feed rate is about
| VIMSCFD. Table la. Hi gher purity Step Times in seconds are tp =1, to,
=0. 167, tog =0, tp =0.333, tRp =0.5 142 at 98.6% purity, 89.7%recovery

feed product Jall-cas 1-12 88.0 98.69 45.8. O 6.3 1.28 25chuSnberss
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product, and a low sulfur motor gasoline are obtained. Typically, the distillate
yield is over 85%, with 5-12% muotor gasoline yield, the remainder being light
gases, In shape selective lube dewaxing, a lower sulfur, lower pour point lube
basestock or product is produced with an improved viscosity index. Lube dewaxing
via shape selective hydrocracking processes are typically carried out at 500 to
750F, 400 to 2000 psi, 1500 to 4000 scf/bbl, and 0.2 to 2 LHSV.

[0024]  Figure 1 hereofis a simplified representation of a flow diagram of a
conventional hydrocracking process unit that does not employ a rapid cycle
pressure swing adsorption unit. The hydrocarbon feed 10 to be hydrocracked is
introduced to the hydrocracking reactor R along with a hydrogen-containing
recycle treat gas 15 and hydrogen-containing make-up gas 11. The feed and
hydrogen-containing gas streams flow concurrently through the hydrocracker
reactor R through a plurality of beds C of suitable hydrocracking catalysts. The
product effluent exits the hydrocracking reactor R and is sent via line 20 to a
separator S where a liquid product fraction having a lower initial boiling point than
the feed is recovered via line 22, This liquid product fraction is normally sent to
additional processing equipment or processing units for further refinement. A
hydrogen-containing vapor fraction 12 exits the separator S and is conducted to
recycle compressor RC where at least a portion of the stream is recompressed and
returned to the hydrocracking reactor R. A purge stream 16 may be taken off if to
eliminate a portion of built up light hydrocarbons or other stream contaminants to
avoid a build-up of these components in the system. The term "light hydrocarbons”
used herein means a hydrocarbon mixture comprised of hydrocarbon compounds of

about 1 to about 5 carbon atoms in weight (i.e., C, to Cs weight hydrocarbon

compounds).

6
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[0025]  Returning to Figure 1, a portion of the compressed hydrogen-containing
vapor fraction is recycled to reactor R as hydrogen-containing recycle gas 15 and a
portion is conducted to the hydrocracking reactor R as quench gas 14. Since the
reaction in a hydrocracking reactor is exothermic, the quench gas 14 is typically
introduced in multiple locations between the hydrocracking reactor's catalyst beds
to prevent reactor run away (overheating). Although various types of quench gases
can be used, it is preferred that the quench gas be a hydrogen-containing stream

{ from the separator S.

[0026]  Figure 2 hereof represents a preferred embodiment of the process of the
present invention wherein a rapid cycle pressure swing adsorption (RCPSA) unit is
used to increase the concentration of hydrogen in the hydrogen-containing make-up
gas 11 to hydrocracking reactor R. All numbered items are identical to that of
Figure 1 hereof except in the current embodiment as shown in Figure 2, the
hydrogen-containing make-up gas 11 is sent to a rapid cycle pressure swing
adsorption unit RCPSA wherein light hydrocarbons and other gaseous impurities
are removed as a tail gas 24. Depending on the specific RCPSA design, other
contaminants, such as, but not limited to CO,, water, ammonia, and H,S may also
be removed from the hydrogen-containing make-up gas. The purified make-up gas
stream 17 leaves the RCPSA unit having a higher concentration of hydrogen than
the hydrogen-containing make-up gas stream 11 entering the RCPSA unit. The
purified make-up gas stream 17 is conducted to the reactor and flows concurrent
with the hydrocarbon feed 10 and hydrogen-containing recycle gas 15. A portion
of the hydrogen-containing make-up gas 11 may bypass the RCPSA unit via line 18

if desired.
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[0027]  Figure 3 hereof represents 2 preferred embodiment of the process of the
present invention wherein a rapid cycle pressure swing adsorption (RCPSA) unit is
used to increase the concentration of hydrogen in the hydrogen-containing recycle
gas 15 to hydrocracking reactor R. All numbered items are identical to that of
Figure 1 hereof except in the current embodiment as shown in Figure 3, the
hydrogen-containing recycle gas 15 is sent to a rapid cycle pressuré swing
adsorption unit RCPSA wherein light hydrocarbons and other gaseous impurities
are removed as a tail gas 24. Depending on the specific RCPSA. design, other

contaminants, such as, but not limited to CQO,, water, and ammonia may also be
removed from the hydrogen-containing make-up gas. The purified recycle gas
stream 16 leaves the RCPSA unit having a higher concentration of hydrogen than
the hydrogen-containing recycle gas stream 15 entering the RCPSA unit. The
purified recycle gas stream 16 is conducted to the reactor and flows concurrent with
the hydrocarbon feed 10 and hydrogen-containing make-up gas 11. A portion of
the hydrogen-containing recycle gas stream 15 may bypass the RCPSA unit via line
19 if desired.

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

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



C3 2.6 0.02 12.3 C4+ 2.9 0.00 14.9 H20 2000 vppm 131 vppm 10016 vpm !t ot al
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described in the present invention operate a cycle consisting of different
steps. Step kwd fef/fRehgduri ng which product is produced, stpgpR2dos0@scurrent
depressurization, step 3 is counter-current depressurization, step 4 is
purge, usually counter-current) and step 5 is repressurization with product.
In the RCPSA's described here at any instant half the total nunber of beds

are on the feed
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hydrocracking reactor, or the hydrogen-containing recycle gas to the second stage
hydrocracking reactor. In other embodiments, any combination of these four
streams may be subjected to the RCPSA process depending upon the stream purity

and hydrogen concentration needs and economics.

[0029] In Conventional Pressure Swing Adsorption ("conventional PSA") a

gaseous mixture is conducted under pressure for a period of time over a first bed of
{ a solid sorbent that is selective or relatively selective for one or more components,
usually regarded as a contaminant that is to be removed from the gas stream. Itis
possible to remove two or more contaminants simultaneously but for convenience,
the component or components that are to be removed will be referred to in the
singular and referred to as a contaminant. The gaseous mixture is passed over a
first adsorption bed in a first vessel and emerges from the bed depleted in the
contaminant that remains sorbed in the bed. Afier a predetermined time or,
alternatively when a break-through of the contaminant is observed, the flow of the
gaseous mixture is switched to a second adsorption bed in a second vessel for the
purification to continue. Wh_ile the second bed is in adsorption service, the sorbed
contaminant is removed from the first adsorption bed by a reduction in pressure,
usually accompanied by a reverse flow of gas to desorb the contaminant. As the
pressure in the vessels is reduced, the contaminant previously adsorbed on the bed
is progressively desorbed into the tail gas system that typically comprises a large
tail gas drum, together with a control system designed to minimize pressure
fluctuations to downstream systems. The contaminant can be collected from the
tatl 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.



- 29 - step. Inthis exanple, frar = 2 sec in which the feed tine, tF, is
one-half of the total cycle. Exanple 4 10056]In this exanple, the
conditions are the sane as in Exanple 3. Table 2a shows conditions utilizing
bot h a co- cuiigShbe@dstgcount er-current steps to achi eve hygcngsmopamissy >99
% Table 2b shows that the counter-current depressurization step may be
elimnated, and a hydrogen purity of 99% can still be maintained. In fact,
this shows that by increasing the tinme of the purge cycle, tp, by the™ ™
duration renoved fromthe counter-current depressurization step, tcN, that
hydr ogen recovery can be increased to a | evel of 88% Tables 2a & 2b Effect
of step durations on 112 purity and recouvéry from an RCPSA (67 fo. Sane
conditions as Table 1. Feed is at 480 psig , 122 deg F and Tail gas at 65
psig. Feed rate is about 6 MElVISCFD. Table 2a. Wth counter-current

depress, | nterf0@30] at eAperes.gybecaktht@ighrig ity sepotid ey, arelcdiee the firttheti@as t CN t p
tRe 53 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
succeeding cycle, i.e., after a single regeneration of the first bed. The use of third,
fourth, fifth, etc. vessels in addition to the second vessel, as might be needed when
adsorption time is short but desorption time is long, will serve to increase cycle

time.

[0031]  Thus, in one configuration, a pressure swing cycle will include a feed
step, at least one depressurization step, a purge step, and finally a repressurization
step to prepare the adsorbent material for reintroduction of the feed step. The
sorption of the contaminants usually takes place by physical sorption onto the
sorbent that is normally a porous solid such as activated carbon, alumina, silica or
silica~alumina that has an affinity for the contaminant. Zeolites are often used in
many applications since they may exhibit a significant degree of selectivity for
certain contaminants by reason of their controlled and predictable pore sizes.
Normally, chemical reaction with the sorbent is not favored in view of the
increased difficulty of achieving desorption of species which have become
chemically bound to the sorbent, but chemisorption is my no means to be excluded
if the sorbed materials may be effectively desorbed during the desorption portion of
the cycle, e.g., by the use of higher temperatures coupled with the reduction in
pressure. Pressure swing adsorption processing is described more fully in the book
entitled Pressure Swing Adsorption, by D. M. Ruthven, S. Faroug & K. S. Knaebel
(VCH Publishers, 1994).
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[0032] Conventional PSA possesses significant inherent disadvantages fora
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
cycle times in excess of one minute, typically in excess of 2 to 4 miputes due to
time limitations required to allow diffusion of the components through the larger

{ beds utilized in conventional PSA and the equipment configuration and valving
involved. In contrast, rapid cycle pressure swing adsorption is utilized which has
total cycle times of less than one minute, The fotal cycle times of RCPSA may be
less than 30 seconds, preferably less than 15 seconds, more preferably less than 10
seconds, even more preferably less than 5 seconds, and even more preferably less 2
seconds. Further, the rapid cycle pressure swing adsorption units used can make
use of substantially different sorbents, such as, but not limited to, structured

materials such as menoliths.

[0033]  The overall adsorption rate of the adsorption processes, whether
conventional PSA or RCPSA, is characterized by the mass transfer rate constant in
the gas phase (tg) and the mass transfer rate constant in the solid phase (15). 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

counstant in the gas phase is defined as:
1, =D, /R, (in cra*/sec) 6))

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

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

[0034]  The mass transfer rate constant in the solid phase of a material is defined
as:
7 =D; / R’ (in cm*/sec) (2)

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

adsorbent layer.

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

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

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



97.8 91.7 1 0.333 0 0.167 0.5 98.7 90 1 0.166 0 .0.334 0.6 99 66 1 0.083 O
.0.417 0.5

WO 2006/079028 PCT/US2006/002296

-18 -

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
adsorbent material is general limited particle sizes of about 1 mm and above.
Otherwise, excessive pressure drop, increased cycle times, limited desorption, and

channeling of feed materials will result.

[0037]  In an embodiment, RCPSA utilizes a rotary valving system to conduct
the gas flow through a rotary sorber module that contains a number of separate
adsorbent bed compartments or "tubes”, each of which is successively cycled
through the sorption and desorption steps as the rotary module completes the cycle
of operations. The rotary sorber module is normally comprised of multiple tubes
held between two seal plates on either end of the rotary sorber module wherein the
seal plates are in contact with a stator comprised of separate manifolds wherein the
inlet gas is conducted to the RCPSA tubes and processed purified product gas and
the tail gas exiting the RCPSA tubes is conducted away from rotary sorber module,
By suitable arrangement of the seal plates and manifolds, a number of individual
compartments or tubes may pass through the characteristic steps of the completé
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 corupression 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
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agai n containing typical conponents, as shown in feed colum of Table 3
(e.g. the feed conposition contains 74 % H2). The streamis at 480 psig
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adsorbent required with RCPSA technology can be only a fraction of that required
for conventional PSA technology to achieve the same separation quantities and
qualities. As a result, the footprint, investment, and the amount of active adsorbent
required for RCPSA is significantly lower than that for a conventional PSA unit

processing an equivalent amount of gas.

[0038]  In an embodiment, RCPSA bed length umit pressure drops, required
adsorption activities, and mechanical constraints (due to centrifugal acceleration of
the rotating beds in RCPSA), prevent the use of many conventional PSA adsorbent
bed materials, in particular adsorbents that are in a loose pelletized, particulate,
beaded, or extrudate form. In a preferred embodiment, adsorbent materiais are
secured to a supporting understructure material for use in an RCPSA rotating
apparatus. For example, one embodiment of the rotary RCPSA apparatus can be in
the form of adsorbent sheets comprising adsorbent material coupled to a structured
reinforcement material. A suitable binder may be used to attach the adsorbent
material to the reinforcement material. Non-limiting examples of reinforcement
material include monoliths, a mineral fiber matrix, (such as a glass fiber matrix), a
metal wire matrix {such as a wire mesh screen), or a metal foil (such as aluminum
foil), which can be anodized. Examples of glass fiber matrices include woven and
non-woven glass fiber scrims. The adsorbent sheets can be made by coating a
slurry of suitable adsorbent component, such as zeolite crystals with binder
constituents onto the reinforcement material, 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.

gas at 65 psig. Feed rate is about 10 I VI MSCFD.
purity Step Tinmes in secddnids are tp =0.583, tco =4.083,

tcN
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[0039]  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
the stream adsorbing onto the solid phase of the adsorbent. This gas phase may be
called "circulating gas phase", but more simply "gas phase"”. The solid phase
includes a network of pores, the mean size of which is usually between

approximately 0.02 um and 20 ym. There may be a network of even smaller pores,

o

called "micropores”, this being encountered, for example, in microporous carbon
adsorbents or zeolites. The solid phase may be deposited on a non-adsorbent
support, the primary function' of which is to provide mechanical strength for the
active adsorbent materials and/or provide a thermal conduction function or to store
heat. The phenomenon of adsorption comprises two main steps, namely passage of
the adsorbate from the circulating gas phase onto the surface of the solid phase,
followed by passage of the adsorbate from the surface to the volume of the solid

phase into the adsorption sites.

[0040] In an embodiment, RCPSA utilizes a structured adsorbent which is
incorporated into the tubes utilized in the RSPCA apparatus. These structured
adsorbents have an unexpectedly high mass transfer rate since the gas flows
through the chanmels 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 (1,) 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



3.9 0.00 1 3.4 H20 2000 vppm 142 vppm 6501 vpmItotal (MVSCFD) 1 0.220 7.240
2.977 480 psig 470 psig 65 psig - 31 - In both cases shown in Tables 3a and
3b above, although tail gas pressure is high at 65 psig, the present

i nventi on shwo=odsteaso2di gh purity (99 % may be obtai ned iRCHURE0§(9PEES st ep,
tp, is sufficiently increased. [0058] Tabl es 2a, 2b and 3a show that for both
6 MNI SCED and 10 /VIMSCED 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
achi eved using the RCPSA with all the exhaust produced at high pressure have
not been di scovered before and are a keyzﬂéature of the present invention.

[ 0059] Tabl e 3c shows the results for an RCPSA (volunme = 49 cubic fit) that
delivers high purity (> 99% H2 at high recovery for the sane refinery

st r eam di scus $eprodrcerizigh puritghiydrpgespireans a bighaecayeryoratpa pith oply a fragios 3c

Si ot ¢ ancous J RrBEdhY s SaTEa Fokeist hitfes PR ARBIUAIAY 4 he purge
cycle, tp Table 3c. Effect of step durations on 112 purity and recovery from
an RCPSA [0041]  The structured adsorbent embodiments also results in significantly
greater pressure drops to be achieved through the adsorbent than conventional PSA
without the detrimental effects associated with particulate bed technology. The
adsorbent beds can be designed with adsorbent bed unit Iength pressure drops of
t_ greater than 5 inches of water per foot of bed length, more preferably greater than
10 in. H,O/ft, and even more preferably greater than 20 in. H,O/ft. This is in
contrast with conventional PSA units where the adsorbent bed unit length pressure
drops are generally limited to below about 5 in. H,O/ft depending upon the
adsorbent used, with most conventional PSA units being designed with a pressure
drop of about 1 in, H,O/ft or less to minimize the problems discussed that are
associated with the larger beds, long cycle time, and particulate absorbents of
conventional PSA units. The adsorbent beds of conventional PSA cannot
accommodate higher pressure drops because of the risk of fluidizing the beds which
results in excessive attrition and premature unit shutdowns due to accompanying
equipment problems and/or a need to add or replace lost adsorbent materials.
These markedly higher adsorbent bed unit length pressure drops allow RCPSA
adsorbent beds to be significantly more compact, shorter, and efficient than those

utilized in conventional PSA.

[0042] 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.
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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.

[0043]  The absolute pressure levels employed during the RCPSA process are
not critical. In practice, provided that the pressure differential between the
adsorption and desorption steps is sufficient to cause a change in the adsorbate
fraction loading on the adsorbent thereby providing a delta loading effective for
separating the stream components processed by the RCPSA unit. Typical absolute
operating pressure levels range from about 50 to 2500 psia. However, it should be
noted that the actual pressures utilized during the feed, depressurization, purge and
repressurization stages are highly dependent upon many factors including, but not
limited to, the actual operating pressure and temperature of the overall stream to be
separated, stream composition, and desired recovery percentage and purity of the
RCPSA product stream. The RCPSA process 1s not specifically limited to any
absolute pressure and due to its compact size becomes incrementally more
economical than conventional PSA processes at the higher operating pressures.
U.S. Patent Nos. 6,406,523; 6,451,095; 6,488,747, 6,533,846 and 6,565,635, all of
which are incorporated herein by reference, disclose various aspects of RCPSA

technology.

[0044] In an embodiment and an example, the rapid cycle pressure swing
adsorption system has a total cycle time, 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
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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, t;, 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
hydrogen available in the feed. Then the bed is co-currently depressurized for a
time, tco, followed by counter-currently depressurizing the bed for a time, tey,

( wherein desorbate (tail gas or exhaust gas) is released from the bed at a pressure

greater than or equal to 1 psig. The bed is purged for a time, tp, typically with a

portion of the hydrogen product gas. Subsequently the bed is repressurized for a
tiae, trp, typically with a portion of hydrogen product gas or feed gas , wherein the
cycle time, troT, i1s equal to the sum of the individual cycle times comprising the

total cycle time, ie.:
tror =tF+tCO+tCN+tP+tRP (3)

[0045]  This embodiment encompasses, but is not limited to, RCPSA processes
such that either the rate of recovery, R% > 80% for a product purity to feed purity
ratio, P%/F% > 1.1, and/or the rate of recovery, R% > 90% for a product purity to
feed purity ratio, 0 < P%/F% < 1.1. Results supporting these high recovery &
purity ranges can be found in Examples 4 through 10 herein. Other embodiments
will include applications of RCPSA in processes where hydrogen recovery rates are
significanily 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 econofrﬁcally justifiable for a

particular application.



0.25 - 32 - Exanple 6 (0060]In. this exanple, Table 4 further illustrates
the performance of RCPSA' s operated in accordance with the invention being
described here. In this exanple, the feed is a typical refinery stream and
is at a presfgifeiood00 psig. The RCPSA of the present i PCEMUISR@HI2Z%6abl e 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 downstreamrefinery equi pnent wthout
further conpression requirenment. Another inportant aspect of this invention
is that the RCPSA also renoves COto <2 vppm which is extrenely desirable
for refinery units that use the product-2drogen enriched stream Lower

| evel s of CO ensure that the catalysts in the downstream units operate

wi t hout deterioration in activity over extended | engths. Conventional PSA
cannot meet t{g046]CO Fndouldiatatbcandtatatii Iwithinteusipe ofitise investiod thet condi tion
of exhausting all the tail gas at the higher pressure, such as at typical
fuel header p$teREdondore P triod cavasiondPlahoye sarge oypited tagstiepPA™Y hat processes

such RCPSA exglglﬂf?&ual %rﬂﬁﬁa@dn{ Hedeitlis grgﬁalnireg él‘?a¥ gfrl Isf{%ﬁé fn 1A a&%e%ﬁh%io r SA

greater, no a 1 onal conpreéssion 1S r tegrating t
wi th refinery(33gepat@nied of ddt enly dderifespd icgr bt offfjttedf from ghet toh clyadeut put

fromRCPSA (4,.ft3) in _carbon nonoxjde a hydr.ocar repoval,, from hydrogen.
Feed is at 30@%’%%&'@’, adgighiongltiens can °§éé§g@a‘¥&m§%§ﬁc E%t? HROSCFD. ~ St ep

Ti mes in secoggdananLpdi aRd réeBvay-oFhyliDeal THR effrR3RentioshR =0, 066 112 at
99.99 % purity and g/gég?a ar..ya\?\/e y féed proc?uct Ta?l -Gas H2 89.2

practically achieved in RCPSA because of the small portion of absorbent needed

and due to the elimination of a large number of stationary valves utilized in

e

conventional PSA applications.

[0047] In an embodiment, the tail gas is also preferably released at a pressure
high enough so that the tail gas may be fed to another device absent tail gas
compression. More preferably the tail gas pressure is greater than or equal to 60
psig. In a most preferred embodiment, the tail gas pressure is grcétcr than or equal

to 80 psig. At higher pressures, the tail gas can be conducted to a fuel header.
[0048]  Practice of the present invention can have the following benefiis:

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

suitable as make-up gas.

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

severity or additional product treating.
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(¢) 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).

[0049] In hydrocracking processes, increased H; purity translates to higher H,
partial pressures in the hydrocracking reactor(s). This both increases the reaction
kinetics and decreases the rate of catalyst deactivation. The benefits of higher H,

, partial pressures can be exploited in a variety of ways, such as:
operating at lower reactor temperature, which reduces energy costs, decreases
catalyst deactivation, and extends catalyst life; increasing unit feed rate; processing
more sour (higher sulfur) feedstocks; processing higher concentrations of heavier
feedstocks; improved product color, particularly near end of run; debottlenecking
existing compressors and/or treat gas circuits (increased scf H; at constant total
flow, or same scf H, at lower total flow); and other means that would be apparent

to one skilled in the art.

[0050]  Increased H;recovery also offers significant potential benefits, some of

which are described as follows:

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

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

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

heteroatom removal efficiencies;



COrln 11 198 4 "total 0.971 0.760 0.211 300 psig 290 psig 40 pslg - 33 -
Exanple 7 10061) Tabl es 5a and 5b conpare the performance of RCPSA' s
operated in accordance with the invention being described here. The stream
bei ng purifi ead feagodomser H2 in the feed (51% nol) and i s RCTAPLOEH02296
refinery/petrochem cal stream In both cases (corresponding to Tables 5a and
5b), a counter current depressurization step is applied after the co-current
step. In accordance with the invention, Table 5a shows that high 112
recovery (81% is possible even when all the tail gas is released at 65 psig
or greater. In contrast, the RCPSA where sone tail-gas is available as | ow
as 5 psig, loses hydrogen in the counter-26urrent depressurization such that
H2 recovery drops to 56% In addition, the higher pressure of the streamin
Tabl e 5a indicates that no tail gas conpression is required. Tables 5a & 5b
Ef fect of Tail GaGivPrmm@a port:moﬁthe@ frevamfineryofuc (AR S/Aicpip deteichehial a Feed
wth 112 Concen raﬁtaéaloé]as due to h%ogenslow 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.

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

should not be cited as being limiting in any way.

EXAMPLES

Example 1
[0052])  This example illustrates the conventional or prior art, A hydrocracker

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

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

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



Conmposition (mol 9% of input and output from RCPSA (31 ft3) in 112
purification. Feed is at 273 psig, 122 deg F and Feed rate is about 5.1

M VI SCFD. Table 5a. Step Tinmes in seconds are tie =0.5, tee =0.083, tcH

=0. 033, ty —Qo%ea;d*rbdz@ =0. 133 feed product Tail-Gas 1p@dRuUSIbo00d8671 20. 1
Cl 38.0 0.29 61.0 4.8
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blended with the hydrogen from the membrane unit and supplied (33.6 MSCFD @
98.1 H, purity) . This higher purity hydrogen stream enabled by the use of the
RCPSA upstream of the hydrocracker permits enhanced operation of the
hydrocracker, consuming 31.3 MSCFD (vs. 28.9 MSCFD for the base operation).
This unexpected enhanced operation of hydrocracker results in producing more

products (e.g., gasoline) from the heavier feedstocks.

{ Example 3
[0054]  In this example, the refinery stream is at 480 psig with tail gas at 65 psig

whereby the pressure swing is 6.18. The feed composition and pressures are
typical of refinery processing units such as those found in hydroprocessing or
hydrotreating applications. In this example typical hydrocarbons are described by
their carbon number i.e. C; = methane , C; = ethane etc. The RCPSA is capable of
producing hydrogen at > 99 % purity and > 81 % recovery over a range of flow
rates. Tables 1a and 1b show the results of computer simulation of the RCPSA and
the input and output percentages of the different components for this example.
Tables 1a and 1b also show how the hydrogen purity decreases as recovery is
increased from 89.7 % to 91.7 % for a 6 MMSCFD stream at 480 psig and tail gas
at 65 psig.

i,
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Tables 1a & 1b

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

Table 1a. Higher purity
Step Times in seconds are ty=1, teg =0.167, {cx =0, tp =0.333, tgp =0.5

H2 at §8.6 % purity, 85.7 % recovery

. feed product ‘F:H-Ga-
{ H2 88.0 98.60 458,
ci 6.3 1.28 35.1
c2 0.2 0.01 1.0
c3 26 0.01 12.3
Ca+ 2.8 0.00 14.8
20 2000 vppm 65 vppm 9965 vppm
ftotal (MMSCED) 6,162 _4.834 1.228
430 psig 470 psig 65 psig

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

H2 at §7.8 % purity, 91.7 % recavery

feed product " Tai-Gas
H2 o6.0 “57.80 45,9
c1 8.3 2.14 25.0
c2 0.2 0.02 10
c3 2.6 0.02 123
C4+ 2,9 0.00 14.9

{ H20 2000 vppm 131 vppm 10016 vpm

ot (MMSC D) B.160 5.085 7.074

480 psig 470 psig 85 psig

[0055] The RCPSA's described in the present invention operate a cycle

consisting of different steps. Step 1 is feed during which product is produced, step 2

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

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

RCPSA's described here at any instant half the total number of beds are on the feed
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step. In this example, tyor = 2 sec in which the feed time, t5, is one-half of the total

cycle.

Example 4
[0056] In this example, the conditions are the same as in Example 3. 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, tey, that hydrogen

recovery can be increased to a level of 88%.

Tables 2a & 2b
Effect of step durations on H2 purity and recovery from an RCPSA (67 ft').
Same conditions as Table 1. Feed is at 480 psig , 122 deg F and Tail gas at 65
psig. Feed rate is abont 6 MMSCFD,

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

purlty | recovery I teo ten te tre
% % S s § s 5 S
98.2 B84.3 1 0283 ]| 005 | 04167 1 05
( 98.3 85 1 0.166 § 0.167 | 0.167 0.5
99.9 80 1 0.083 § 025 R 0.167 0.5

Table 2b. Without counter-current depress

purity | recovery i teo ten te trp
% % $ s s s s

87.8 91.7 1 0.333 0 0.167 0.5

98.7 80 1 0,166 0 0.334 0.5
g9 88 1 0.083 0 0.417 0.5
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Example 5
[0057] This example shows a 10 MMSCFD refinery stream, once again

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

] example.

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

Table 3a. Higher purity
Step Times in seconds are t;=0.583, tog =0.083, tey =0, tp =0.25, tge =0.25

B2 at 99.98 % purity and 86 % recovery

feed product Tall-Gas
H2 740 69.08 298
C1 14.3 0.02 376
cz 5.2 0.00 138
C3 2.6 0.00 74
Ca+ 3.9 0.00 11.0
H20 2000 vppm 0.3 vppm 5387 vppm
{ |total {MMSCFD) 10.220 6.514 3.705
480 psig 470 pslg 65 psig

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

H2 at 93 % purity and 89 % recovery

e
feed product Tail-Gas
H2 " 74.0 8312 20.3
C1 14.3 6.34 31.0
c2 5.2 0.50 16.8
C3 286 0.02 8.9
Ca+ 3.9 0.00 13.4
H20 2000 vppm 142 vppm 8501 vpm
Eotal {MMSCFD) 10,220 7.240 2.977

480 pslg 470 psig 65 psig



[0062] I n this exanpl e, Tables 6a and 6b conpare 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 1WO pmi0g2The conposition reflects typical inpRETVFRWGNREH (ps
whi ch 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
i ssues during the countercurrent purge step. Table 6¢c shows the case for an
RCPSA oper ated where sone of the tail gasilis al so exhausted in a
countercurrent depressurization step follow ng a co-current

depressuri zation. 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 Viadw#l casenstioguriarTables Baand Fabsaetalhpughial ganprseaureis highat | gas

i.e., exhaust S, issue ing the ¢ - to r Jq ixon and
the count er - oLy Bt RS hysBor SuS HHRh AL R v FRL E FHEbERARY O
tail gas is avairgadibs talis alffvieh@inpfegsgur e which allows for integration with
ot her high pressure refinery process. This renoves the need for any form of

requi red conpression while producing high -35- purity gas at high
recoveries. | or dapg j aq{ ey fldfq'(ﬁ:ﬁ M?ﬁi ese
cases are onl ;}O?S(;Sjlbe cong?s &r 2%%@{343{hﬁu5 rat?fll\g/%hgxarrp es %agﬂ)tno (l:ﬁmti ng
ei ther to the fiefraeconditaisy vearh dighqakityoltydpsgen ass$hép drdcags tirecovesyvien to t he
nature of the partiqgul a | es bej ng separ.ated. Tables 6a,..6pb, & 6¢C
ma e O e RS b3 BOERCT: Bk e SRR b ol o O
i nptt and out H&xh&itiH A RERRMS Jag?lfoﬁﬁct'fﬂs %&H&hﬁ&%ﬂ{émsf%ﬁa'ﬂ%@t 800 psi g,
122 deg F and 'Feed rate is about 10.I MVISCFD. ba. Step Tines in seconds
are 1r--0.91, exbastprodBeed ajighopresspretavaaot bekn disCodsed(forgand aigakent 65 psi g
142 at 99.9 %puyri t(%. and 87%recovery feedproductTall-t3as 112 74.0 99. 99
590 5 d 14 3 Of_g%&re the present invéntion.

[0059] Table 3¢ shows the results for an RCPSA (volume = 49 cubic fi) 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.

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

purity [ recovery t tco ten tp trp
% % 4 5 8 s [ s
95.6 87.1 ] 05 0.167 O AT 0.25
97.6 86 ] 05 0.117 0 0.133 0.25
9.7 859 F 05 0.083 01 0.167 0.25
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Example 6
[0060] In this example, Table 4 further illustrates the performance of RCPSA's

operated in accordance with the invention being described here. In this example,
the feed is a typical refinery stream and is at a pressure of 300 psig. The RCPSA of
the present invention is able to produce 99 % pure hydrogen product at 83.6 %
recovery when all the tail gas is exhausted at 40 psig. In this case the tail gas can
be sent to a flash drum or other separator or other downstream refinery equipment

( without further compression requirement. Another important aspect of this
invention is that the RCPSA also removes CO to < 2 vppm, which is extremely
desirable for refinery units that use the product hydrogen enriched stream. Lower
levels of CO ensure that the catalysts in the downstream units operate without
deterioration in activity over extended lengths. Conventional PSA cannot meet this
CO specification and simultaneously also meet the condition of exhausting all the
tail gas at the higher pressure, such as at typical fuel header pressure or the high
pressure of other equipment that processes such RCPSA exhaust. Since all the tail
gas is available at 40 psig or greater, no additional compression is required for

integrating the RCPSA with refinery equipment.

Table 4
f Composition (mol %) of input and output from RCPSA (4 ft*)
in carbon monoxide and hydrocarbon removal from hydrogen,
Feed is at 300 psig, 101 deg F, and Feed rate is about 0.97 MMSCEFD.,
Step Times in seconds are t=0.5, tco =0.1, tcy =0, tp =0.033, tgp =0.066

H2 at 89.98 % purity and 88 % recovery

fﬁd: product Tail-Gas
H2 89.2 99,08 488
C1 33 0.01 13.9
c2 2.8 0.01 13.¢
c3 2.0 0.00 i0.2
Ca+ 26 Q.00 13.2
total 0.971 0.760 0211

300 psig 230 psig 40 pslg



790 psig 65 pslg 6b. Step Tines [b) Tall gas at 100psig , 112 in seconds
are 4=0.91, tc03.25, tcpi =0, tr =0.33, tin, 0.33 at 9993% purity and 80. 3%
recovery feedproduct Tail-Gas 1-12 74.0 99.93 38.1 d 14.3 0.07 32.8 02 5.2
0.00 12.5  wo 2006/079028 PCT/US2006/002296
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Example 7
[0061] 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 Sa and 5b), a counter current depressurization
step is applied after the co-current step. In accordance with the invention, Table 5a
shows that high H; recovery (81%) is possible even when all the tail gas is released
( at 65 psig or greater. In contrast, the RCPSA where some tail-gas is available as

low as 5 psig, loses hydrogen in the counter-current depressurization such that H,
recovery drops to 56%. In addition, the higher pressure of the stream in Table 5a

indicates that no tail gas 6ompression is required.

Tables Sa & Sb
Effect of Tail Gas Pressure on recovery
Example of RCPSA applied to a Feed with H2 concentration (51.3 mol %)
Composition (mol %) of imput and output from RCPSA (31 ft’) in H2
purification.
Feed is at 273 psig, 122 deg F and Feed rate is about 5.1 MMSCFD.

Table 5a. Step Times in seconds are tz=0.5, tco =0.083, tony =0.033, tp =0.25,

trp =0.133
{ {&] Tail gas avallable form 65-83 psig, H2 at 59.7 % purity and 81.% recovery
feed product Tail-Gas
H2 51,3 99.71 20,1
c1 3B.0 0.29 61.0
cz 48 0.00 8.0
c3 22 0.00 3.8
Ca+ 37 0.00 6.4
H20 4000 yppm 0.7 vppm, 5643 ypom
[otal ﬁmsc@ 5,142 _2.441 3.001

273 psig 263 psig B5-83 psig



C3 2.6 0.00 6.5 041- 3.9 0.00 9.6 112% 20 vppm O \ Wn 49 vppmtotal (MAASCFD)
10. 187 6.062 4.125 600 psig 790 risk] 100 pslg - 36 - 6¢c. Step tines in
seconds are tp-4.91, tco ,---0.083, to =0.25, tp 4.167, tRp 4.41
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Table Sb. Step Times in sec, are tp=0.667, too =0.167, tey =0.083, tp =0.083,

tgy =0.33
[b] Tl gas available from 5-65 psi at9g il d 56 % ecov
iﬁi product Taﬂﬁgs
H2 51.3 9998 3.2
c1 38.0 0.01 48.8
c2 48 0.00 6.9
c3 22 0.00 34
Cd+ 3.7 ¢.00 6.2
H20 4000 vppm 0.0 vopm_ 5630 voom
E?ﬁl (MMSCF DY 542 1.480 3.651
273 psig 263 psig 5-65 psig

Example 8
{0062] 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.

[0063] In all cases the entire amount of tail gas is available at elevated
pressure which allows for integration with other high pressure refinery process.

This removes the need for any form of required compression while producing high



[c] Tall gas from 65-100 ig, 112 at 99.8 % purity and 84 %recovery

t eedproduct Tail-Gas H2 74.0 99.95 28.9 C 14.3 0.05 39.0 C2 5.2 0.00 13.7
03 2.6 0.00 7.2
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purity gas at high recoveries. In accordance with the broad claims of this invention,
these cases are only to be considered as illustrative examples and not limiting either

to the refinery, petrochemical or processing location or even to the nature of the
particular molecules being separated.

Tables 6a, 6b, & 6¢
Example of RCPSA applied to a high pressure feed
Composition (nel %) of input and output from RCPSA (18 ft%) in H2
{ purification.
Feed is at 800 psig, 122 deg ¥ and Feed rate is about 10.1 MMSCFD.

6a. Step Times in seconds are tp=0.91, tco =0.25, tey =0, tp =0.33, typ =0.33

fa] Tait gas at 65 psig, H2 atr_gi.s % purity and 87 % recovery

r—
feed product Tall-Gas

H2 74.0 99.99 29.5

C1 143 0.09 376

c2 52 0.00 14.0

c3 28 0.00 7.4

C4+ 3.9 0.00 10.9

H2s 20 vppm —— D K B

E;tai (MMSCFD) 10.187 6.524 3.663
800 psig 790 psig 65 pslg

6b. Step Times in seconds are tp=0.91, {0 =0.25, ten =0, tp =0.33, tgp =0.33
[b} Tall gas at 100 psig, M2 at 93,93 % purty and 80.3 % recove!
r ToBg rodugt - _—

H2 74.0 00,93 381
ct 14.3 0.07 32.8
cz 5.2 0.00 12.5
C3 26 0.00 6.5
C4+ 3.8 0.00 9.6
H28 20 vppm 0 vppm 49 vppm
Jotal (MMSCFD) 10.187 8.062 4.126

800 psig 790 psig 100 psig



4+ 3.9 0.00 10.5 H25 20 vppm 0. 01 vppm 53 vppmtotal (MVSCFD) 10.187 6.373
3.814 800 psig 790 psig 65-100 psig Exanple 9 10064] Tables 7a, 7b, and 7c
conpare the performance of RCPSA s operated in accordance with the invention
bei ng descrihe The stream being purified has high ' e feed
(85 % nol) gﬁﬁﬂ?g@é&?ypical refinery/ petrochem cal strea%?Téﬁﬁ?ﬂ@ggﬁexanples
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 produce hydrogen
at > 90% recovery without the need for tail gas conpression. Tables 7a; 7b,
& 7c. Exanple of RCPSA applied to a Feed with 112 concentration (85 nmol %
Conposition (nmol % of input and output.4dgr.om RCPSA (6.1 ft3) . Feed is at
480 psig, 135 deg F and Feed rate is about 6 1VIIVISCFD. 7a. Step Tinmes in
seconds are 4=0.5, tco =0.33, to =--0.167, tp =0.167, tRp =1.83

6¢. Step times in seconds are ty=0.91, tco =0.083, tcy =0.25, tp =0.167, tgp =0.41

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

feed product TaillGas

H2 74.0 9p.85 288
C1 14.3 D.05 39.0

c2 5.2 0.00 13.7

c3 2.6 0.00 7.2

C4+ 3.9 0.00 106
H2S 20 vppm 0.01_ VRPN 53 vppm
Eota! (MMSCFD) 10.187 8.373 3.814

800 psig 790 psig 65-100 psig
f
Example 9

[0064] 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, & 7¢.
‘ Example of RCPSA applied to a Feed with H2 concentration (85 mol %) .
{ Composition (mol %) of input and output from RCPSA (6.1 ft’) .
Feed is at 480 psig, 135 deg F and Feed rate is about 6 MMSCFD.

7a. Step Times in seconds are t=0.5, too =0.33, tcy =0.167, tp =0.167, tgp =1.83
recovery =85 %

feed product Jiai!-(‘:‘es
H2 B5.0 82,40 57.9
c1 8.0 4,56 17.9
c2 4.0 1.79 13.1
C3 3.0 1.16 104
Cda+ 0.0 0.00 0.0
H20 2000 8(?‘-6:‘5 6915
lt-otaﬂMMSCFD) 6.100 4.780 1.320

480 psig 470 psig 65 psig



recovery = 85 % feed product Tail-Gas H2 85.0 9240 57.9 Cl1 6.0 4.56 17.9
C24.01.79 13.1 C3 3.0 1.16 10.4
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7b. Step Times in sec. are ty=1, tcg =0.333, tcy =0.167, tp =0.083, tgp =0.417
recovery = 90 %

feed proguct Tail-Gas
H2 25.0 80.90 582
1 8.0 5.47 18.1
c2 4.0 2.23 129
C3 3.0 1.29 10.1
C4+ 0.0 0.60 0.0
H20 2000 1070.5 6623
ltotal (MMSCFD) 8.120 5.150 0.960
480 psig 470 psiy 65 pslg

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

feed ~ product Tail-Gas

H2 85.0 90.19 55.2

C1 3.0 6.21 18.8

[ ] 4.0 232 13.9

C3 3.0 117 11.3

CA+ 0.0 0.00 0.0

H20 2000 1103.5 7447
Eota! {(MMSCFD) 6,138 5.208 0.083

480 psig 470 psig 85 psig



C4+ 0.0 0.00 0.0 1-420 2000 866.5 6915 !total (t11MSCED) 6.100 4.780
1.320 480 psig470 psig65 pslg - 37 - 7b. Step Tines in sec. are
tptco =0.333, to =0.167, tp =0.083, tapg=0.417 recovery =90 % feed
product Tail - Gas

CLAIMS
1. A process for hydrocracking a hydrocarbon feed, comprising:

a) contacting a hydrocarbon feed in a hydrocracking zone with a
hydrogen-containing gas and a catalytically effective amount of a hydrocracking catalyst
under hydrocracking conditions thereby resulting in a lower boiling hydrocarbon liquid
phase and a vapor phase containing hydrogen and light hydrocarbons;

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

c) removing at least a portion of the light hydrocarbons from at least a portien
of the 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; and

d) recycling at least a portion of the vapor phase of step ¢) above having an
increased concentration of hydrogen to the hydrocracking zone,

wherein the vapor phase comprises (1) at least 6.3 mol% C1 hydrocarbons and at
least 2.6 mol% C4+ hydrocarbons, (ii) at least 2000 vppm water, or (jii) both (i) and (i),
and

wherein removing step ¢) results in a recovery of a purified hydrogen-containing
gas stream, relative to the hydrogen-containing make-up treat gas, the vapor phase
product, or both, so as to exhibit (iv) a rate of recovery (R%) greater than 80% for a
product purity to feed ratio (P%/F%) greater than 1.1, (v) a rate of recovery (R%) greater
than 90% for a product purity to feed ratio (P%/F%) less than 1.1 but greater than 0, or
(vi) both (iv) and (v).

2. The process of claim 1, wherein the hydrocarbon feed is selected from those
boiling above about 350°F(177°C).

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

boiling range feeds.

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

consisting of Fischer-Tropsch liquids, lube stocks, raffinates, heavy naphthas,



H2 85.0 90.90 58.2 C 8.0 5.47 18.1 C2 4.0 2.23 12.9 C3 3.0 1.29 10.1
C4+ 0.0 0.00 0.0 H20 2000

39
atmospheric gas oils, vacuum gas oils, deasphalted, vacuum, and atmospheric residua,
hydrotreated or mildly hydrocracked residual oils, coker distillates, straight run distillates,
solvent-deasphalted oils, pyrolysis-derived oils, high boiling synthetic oils, cycle oils and

cat cracker distillates,

5. The process of claim 2, wherein the hydrocracking catalyst contains one or more
components selected from the group consisting of cobalt, nickel, tungster, alumina, a

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

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

adsorption is less than about 15 seconds,

7. The process of claim 5, wherein the total cycle time is less than about 10 seconds

and the pressure drop of each adsorbent bed is greater than about 10 inches of water per

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

of water per foot of bed length.

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

the pressure drop is greater than about 10 inches of water per foot of bed length.



1070.5 6823 "total (MVBCFD) 6.120 5.150 0.969 480 pig470 psi 65 psig
7c. Step Tinmes in sec, are tp =2, tco -4).667, to =0.333, tp -0.167,
tap 11.833 recovery = 90 % feed product Tall-Gas H2 85.0 90.19 55.2
C 8.0 6.21 18.8

490

11. The process of claim 9, wherein the cycle time is less than about 5
seconds and the pressure drop is greater than about 20 inches of water
per foot of bed length.

12. The process of claim 1, wherein said hydrogen-containing gas is
comprised of a purified make-up gas produced from a hydrogen-
confaining make-up gas in a rapid cycle pressure swing adsorption
unit containing a plurality of adsorbent beds and having a total cycle
time of less than about 30 seconds and a pressure drop within each
adsorbent bed of greater than about 5 inches of water per foot of bed
length, wherein the purified make-up gas from the rapid cycle
pressure swing adsorption unit is higher in hydrogen concentration

than the hydrogen-containing gas.

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

boiling range feeds, and distillate boiling range feeds.

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

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

per foot of bed length.

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

treated in the rapid cycle pressure swing adsorption unit to remove



C24.02.3213.9 C33.01.17 11.3 C4+ 0.0 0.00 0.0 H20 2000 1103.5
7447 'total (MVBCFD) 6.138 5.208 0.93 480 09470 psig65 psig

41

light hydrocarbons and which portion is also recycled to the hydrocracking zone.

17. The process of claim 11, wherein a portion of the vapour phase is not treated in the
rapid cycle pressure swing adsorption unit to remove light hydrocarbons and which

portion is also recycled to the hydrocracking zone.

18. A process for hydrocracking a hydrocarbon feed, comprising;

a) contacting a hydrocarbon feed in a hydrocracking zone with a
hydrogen-containing gas and a catalytically effective amount of a hydrocracking catalyst
under hydrocracking conditions thereby resulting in a lower boiling hydrocarbon liquid
phase and a vapor phase containing hydrogen and light hydrocarbons, wherein the a
purified make-up gas is produced from a hydrogen-containing make-up gas in a rapid
cycle pressure swing adsorption unit containing a plurality of adsorbent beds and having a
total cycle time of less than about 30 seconds and a pressure drop within each adsorbent
bed of greater than about 5 inches of water per foot of bed length, wherein the purified
make-up gas from the rapid cycle pressure swing adsorption unit is higher in hydrogen
concentration than the hydrogen-containing gas;

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

) recycling at least a portion of the vapor phase of step a) above to the
hydrocracking zone,

wherein the vapor phase comprises (i) at least 6.3 mol% C1 hydrocarbons and at
least 2.6 mol% C4+ hydrocarbons, (ii) at least 2000 vppm water, or (iii) both (i) and (i),
and

wherein the purified hydrogen-containing gas, refative to the hydrogen-containing
make-up gas, exhibits (iv) a rate of recovery (R%) greater than 80% for a product purity
to feed ratio (P%/F%) greater than 1.1, (v) a rate of recovery (R%) greater than 90% for a
product purity to feed ratio (P%/F%) less than 1.1 but greater than 0, or {vi) both (iv) and
(v).



38 CLAIMS 1. A process for hydrocracki ng a hydrocarbon feed,

conpri si ng: a) contacting a hydrocarbon feed in a hydrocracking
zone wWith a hydrogen-containing gas and a catalytically effective
anount of a hydrocracki ng catal yst under hydrocracki ng conditions
thereby resulting in a | ower boiling hydrocarbon |iquid phase and a

vapor phase contai ni ng hydrogen and |ight hydrocarbons; b)
separating the |Iower boiling hydrocarbon |iquid phase and the vapor
phase; c) renoving at |least a portion of the Iight hydrocarbons

fromat least a portion of the vapor phagse, thereby increasing its
hydr ogen concentration, in a rapid cycle pressure swi ng adsorption
unit containing a plurality of adsorbent beds and having a total
cycle time of |esg thafe R 080 ERRARIAN e Ry RLER: 6{{1%8@{5%916%% hi n
each adsorbent bed of greater than about 5 inches of wat er per T oot
of bed length; and  from thysefedipsiapers abputl 3B4SF (W7P6).ti on of the vapor
phase of step c¢) above having an increased concentration of hydrogen
to the hydrocracki ng zone, wherein the vapor phase conpri ses
(i) at least 6. 300l % piegpess of elribohd; vdwrckias pdréiasbf e Gapmhf’/as@i’s'not
hydr ocar bons, (ii) at 000. vppm water, or (iii) both (i) and
(ii), and wher efr%ﬁfaiﬁnlg%? rr?BIds glﬁ pﬁejsmi“ég‘f’ﬂngééﬁoﬁ’t%?nrué‘g&/@n?vﬁf a
purified hydrogen- contighthiydgcgbenssihd eaith gotiolib Mo t0yd18ELo the

hydr ogen- cont ai ni ng rrgk -up.treat gas, the vapor phase product, or
both, so as to exhi bi yc?????"kéngrz&?% of recovery (R% greater than 80%
for a product purity to feed ratio (P¥% F% greater than 1.1, (v) a
rate of recovery (RA ﬁereater than 90% for a product purity to feed
rati o (P% F% |é§s t hahe Aroqesy o clgpel shereficthe bydregartion ediosdledqtéds) and

(v). 2.The process of fighahdRrup %@ﬁﬂé‘oﬁﬁ%%&%ﬁ{yg%?ﬁﬂgﬂga%%gs 'h%%cs s of

sel ected fromthose boiling above about . The pro
claim2, wherein the $pdilBcarbungisedl, degsphelel vadudy an dihesph et p

consi sting of naptha Qi i I kerosene boj ling range
feeds, and distillate %OH’ ?‘2%”?5%%%&%@“3%@ T egmﬁ%gfs"ﬂgf C@F’gi m 3,
wher ei n the hydr ocar bdstilfasmdstiaghs Rinetitritidtet, [solveiithiRagheid GRNSirsliing of

Fi scher-Tropsch |i qui ube, stocks, raffinates, heavy naphthas, 39
at rospheric gas oil 51&\%%58%&5, 8@%815*”3,83'%&?50&2@C@’@G,"ﬂ?/é%‘ii’ﬁffa‘é}f?é

at nospheri c residua, diytiaaisreated or m | dly hydrocracked residual
oils, coker distillates, straight run distillates,

sol vent - deasphal ted oils, pyrolysis-derived oils, high boiling
synthetic oils, 2gycl eTid drSceddisk r i S . Th
process of claim 2, wherﬂei n t_he%&%b%gég%g?éngia&%%@?szrgﬁltdé:?%g one
or nore conponents sé&leEHEFVINERAF ROy dspthenabius 5 seponds. cobal t

ni ckel, tungsten, alumna, a zeolite, silica, silica-alumna, and

nol ecul ar sieve. 6. The process of claim2, wherein the total cycle
time or rapid cydl e prhepsencss ofwlang 24 dwherpinitientoiaboilchsiimé Rags apaut 15
seconds. 7. The pro f claim wherein the total cycle tinme is
| ess than about 10 sg@gﬁt S SS%&Q%F.%“S”‘B?B%@W%‘Q%PS ¢ ]Fa‘gﬁﬁh‘?nhléf‘éd? bent

bed is greater than aheoudr i dboei@sndiks bk &t e fook 8P6edbndagd | engt h.
8. The process of claim6, wherein the total cycle tine is |less than
about 5 seconds.

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

about 5 seconds.



9. The process of claim?7, wherein the pressure drop is greater than
about 20 inches of water per foot of bed length. 10. The process of
claim1, wherein the cycle tine is |less than about 10 seconds and the
pressure drop is greater than about 10 inches of water per foot of
bed I ength. 40 11. The process of claim9, wherein the cycle tine is
| ess than about 5 seconds and the pressure drop is greater than about
20 inches of water per foot of bed length. 12. The process of claim
1, wherein said hydrogen-containing gas is conprised of a purified
make- up gas produced from a hydrogen-ca@ntai ni ng nake-up gas in a
rapid cycle pressure swing adsorption unit containing a plurality of
adsor bent beds and having a total cycle tinme of |ess than about 30

seconds and a prZisssurE‘hélptmeéé/iofbliaﬂnEﬁ%e%&é?&@ﬁm@%p%?v&ﬁﬁ@ﬁ% t han
about 5 inches of water 9:36 foot of bed |ength, wherein the purified

meke-up gas fromthe P2§5Ed0 &rbeseolprales peffaoiseiibad lesgor ption unit is

hi gher in hydrogen concentration than the hydrogen-containing gas 13.
]'cl'he p{ (ﬁcess of %ai m ﬁ%@ggsggiéglhémhg%?‘;‘pggrhgon felgg ;j; Sdil’ eg!:aed
romthe group nSi S 1 dirgackieg gocesk éy shapmne
boi | ng range feeds, —and«h Shiddiale Bl LG LARGS  (GRAIS, Af, The
process of claim 12, erein the cycle tine is Iess Eh ¥ 4bdut 10
seconds and t he pr essinbecadmgpilitssgioeh st tht baun pebo of tht @eddrichdscedfand
wat er per foot of bed Ieen ht' 15. Thg Ero%)gi%s of claim 14, wherein
the cycle time is | esS RGN LESPPEcd 8EBA®i%nd the pressure drop is
greater than about 20 inches of water per foot of bed length. 16. The
process of claim,l, V\@_grei naportio f the vapor phase is not
treated in the Egpi d %P@C?}F.QEQWQ 148 g Pis BASHPt to renove
41 |ight hydrocarbons and which portion is also recycled to the

hydr ocraci ci ng zone. _17. The gro_cess of claim1l, wherein a portion
of the vapour pHése i $htmiocess ehelein 1% whrwsin thphytregrediéngpressuisehapsi ng
adsorption unit to regmyel] t&@%@f&ﬁ%&?&@edﬁ&% X\,a{sﬁﬁ'atggl{cfé on 1s

al so recycled to the géQroprag Ing zone. 18. process for

hydr ocr acki ng a hydr okaripsmgfodddsestookprd the pour point of tha feed dtcdadet Agd a
hydr ocarbon feed in ack] ope_wi.t h a hydrogen-cont ai ni ng
gas and a catal yti caﬁhgxégﬁag’g%??é\}heg%ﬁ%ﬁﬁ ‘7‘%’?1 ea hydr ocr acl dng cat al yst
under hydrocracking conditions thereby resulting in a |ower boiling

hydr ocarbon |iqupd p e and a,vapo ase cont ai ni ng_hydrogen and
| i ght hydrocar bgh‘s, \rfl\ﬁ'ger%lf)ﬁesfﬁ%‘}ig%g’ﬂﬁéﬂnﬁﬁ%’é’-@p‘s %’I"g-s produced
from a hydrogen-containing make-up gas in a rapid cycle pressure
SwWi ng adsorption unit containing a plurality of adsorbent beds and
having a total cycle tinme of | ess than about 30 seconds and a
pressure drop wisbhi n eachosdd . : t
inches of water per foot of _%g%éiﬁgltrlld?ﬁl?w%%rgg?‘%%%g&%@}f’?élgggar?‘gﬁjee-up
gas fromthe rapid cy¥lestipe distlintedesaiing, cordaqut aiomaatin toriditidns gh260 i n

hydr ogen concentrati N, -contai.nin as; )
separating the | omerotg(;llgﬁléh@d ﬁ?g%ﬁgr& %g%ﬁ%gﬁﬁﬁ&ﬁﬁ%g‘%e;%@ Zr%%}@gpor
phase; and c) rach2dPitmd2eNmBaeshydaogen cirbnticdfrateRehesapolowrhas e

of step a) above to the. hydrocracki.ng. zane, . erein the vapor
phase conprises (i) aﬁu?%é‘%?eré’fagl %ﬁ%&%ﬁatﬁ%‘?‘i&ﬁféf B‘gﬂgccgnd at | east
2.6 nol % C4+ hydrocarbons, (ii) at |east 2000 vppmwater, or (iii)
both (i) and (iil, an rein the purified hydrogen-containing
gas, relative t8lthe 'ﬁ\Vd?IB‘"g"é%Q PaiSnPRgedhebidogensaxetepiise (iv) a
rate of recovery (Rsgheaidlivé BRI aRhe Rl REL @&&gi@ o&gdgh-ofn ed

ratio (P F% greater than 1.1, (v) a rate of recovery eat er
than 90% for a producaf2§0ie #56G 30 tefbky/em? bydresthAtial pessuteham 151 but
greater than 0, or (vi) both (iv) and (v).



19. The process of claim 17, wherein the hydrocarbon feed is sel ected
fromthose boiling above about 350F (177 C). 20. The process of claim
18, wherein a portion of the vapor phase is not treated in the rapid
cycle pressure swing adsorption unit to renmove |ight hydrocarbons and
whi ch portion is also recycled to the hydroeracking zone. 21. The
process of claim 18, wherein the hydrocarbon feed is selected from
the group consisting of Fischer-Tropsch Iiquids, atnospheric gas

oil's, vacuum gas oils, deasphalted, vacuum and atnospheric residua,
hydrotreated or mldly hydrocracked resigual oils, coker distillates,
straight run distillates, solvent-deasphalted oils, pyrolysis-derived
oils, high boiling synthetic oils, cycle oils and cat cracker
distillates. 22. The IHE®MAQS0 e MSNAYmIUYRFRER j&aﬁantoﬁggg wgl cle
time of rapid cycle pressure sggng adsorptj on is ess than ABSGE 45
seconds. 23. The proce®¥erGPlip lawer paur nap distifiate produaitinprodyeetie tine is
| ess than about 10 seconds and the pressure drop of each adsorbent
bed is greater than about 10 inches of water per foot of bed | ength.
24. The process ot cl difPpressgielean i, vheein dediydoypedckinkipitehsSs Lgss

t han about 5 seconds. i T o of, claim 23, wherein the
pressure drop of greatS %Iggt%vﬁgﬁbea%gﬁgh gocgﬁ%gﬁggat(ﬁac ggndgons b0 tef
bed | ength. 26. The pre@Bd0es 2¢0gisini 100 tok60@icTbbHand iy dkOS § ARk 9T
process i s shape sel eqt] erei.n the feed i,s sel ected froma
distillate and a Iubr?%:dg%&?en%%ef S‘B@&é&?%fdﬁ?u‘él?ﬂimﬂl%@ hraestodsds produskd t he
feed is reduced and t Wéthcatimpystd viscosypabsed of a zeolite. 27. The
process of claim 26, wherein the zeolite is ZSM5. 28. The process of
claim 18, wherein the hydroeracking process is shape sel ective,
wherein the feed3is sEhepioeehsbhr olna1 Hivtid Adbricating oil
basest ock and the pour . poj n%@of t he feed_i’eihﬂsﬁmrsg%%g%(%ékzilll TR @zf?‘%?eyst
is conprised of a zeofql‘lt%é‘.ve ¢ deyiaxipg, 6araied owfat pdaaion @Aditiahesasion i he
zeolite is ZSM 5. 30.750F 4006 RCR f i . rei he

hydr ocracl dng process is a shapeég%1g§$?%gb fgpgﬁ1ﬂFQL%§V%§ﬂﬁﬁf0
carried out at reactiFASHdPWEDIE G LovRBPotrgpodfi hibe bakstodk B0y L&dT2
hydrogen partial pre . SV, .and 250 to 425 NnB/ nB

hydr ogen circulationsfg%gnﬁﬁéﬁg%wﬁgbggv%?@%ulfur, | ower pour poi nt
distillate product is produced. 31. The process of claim 18, wherein

t he hydrocr acki r SS IS . )
y RY Profk process & claim 1, wherein the hydrocracking process is shape

selective lube dewaxing, carried out at reaction conditions of 500 to
750F, 400 to 2000 psi, 1500 to 4000 scf/bbl, and 0.2 to 2 LHSV to

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

with an improved viscosity index.

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

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

with an improved viscosity index.



shape selective distillate dewaxing, carried out at reaction
conditions of 260 to 455C, 20 to 50 kg/cnR hydrogen partial pressure,
Ito 2.5 44 LHSV, and 250 to 425 Nrn3/nf hydrogen circulation rate
wherein a | ower sul fur, |ower pour point distillate product is
produced. 332. | a].m. i e i
process iggéhagg%@%gfﬁ%ﬁ uﬁﬁ ggé\kg%eng,%lgg%% gdsoﬂﬁ)ﬂ é{gﬁ;‘trﬁég) 1|%on
condi t i onscrubbingGolutior bEpridkd®ftan afdprixgito béing Qosductaqe ﬂﬁﬁﬁ'ﬁﬁtﬂycican d
0.2 to 2 LHSV to produce a | ower sulfur, |ower pour point |ube

basest ock FFSSHE SHMEAHSMPERD BAiti nproved viscosity index. 33. The
process ‘of claim 18, wherein the hydrocracking process is shape

sel ective | ube dewaxing, carried out at reaction conditions of 500 to
750F, 40030 20he ppwiess dfsbdimt 28, 40@feirs thie/Mapbr, phassisGc@bbal Rith WEYsit 0
produce a | ower sul f.ur, | ower pour point |ube basestock is produced
with an iﬁﬁ?ﬁ@‘@a Sé“iuge%g?wwreﬂdﬂgfn amune BT 10 PejRg sendrctedta thn repidreleei n
the hydr ogrsskt B&ifY RASEPToh anghape sel ective | ube dewaxing, carried
out at reaction conditions of 500 to 750F, 400 to 2000 psi, 1500 to
4000 scf/bbl, and 0.2 to 2 LHSV to produce a | ower sulfur, |ower pour
poi nt | ubggprodsct is produc ith an inproved viscosity jndex. 35.
Bhe pr ocedd of THE grEsip et et Ao By HErorg sosteds Pt ape
sel ect i ve réhiba:s deM@ifisits ' ki Iyrd 0.4 0
TSOF, 400 4 B0 g e B o f oD g tnd
produce aH28wer sul fur, |ower pour point |ube product is produced
with an inproved viscosity index. 45 36. The process of claim?7,
wherein the vapor phase is scrubbed with a basic scrubbing solution
conpri sed3of amhapidt@ssuflcMimta3, Rakreh GRS oe bRsOIE s AR MsEPEoLunit
pressure swi ng adsorption unit. 37. The process of claim 23, wherein
t he vapor TPRAEE cpatasenagisretectd o thsagoup emsisting afCEOalwatérommomny, andd
of an am @pspri or to being conducted to the rapid cycle pressure

SW ng adsorzpti on unit. 38. The process of claim?7, wherein the rapid
cycle pressure swing adsorption unit renoves contam nants sel ected
fromthe group _consisting of CO2, water, ammonia, and H2S. 39. The
process oft0c| aille prpcesinicainm % mderaim pdeesy enereseion santainsahydrotreating bed.
adsorption unit renoves contam nants selected fromthe group
consisting of CO, water, amonia, and H2S. 40. The process of claim
7, wherei dlat ThaptocessoficbAMII3| wheRirbitasBoky@aabl @atdifnoa PRFotreafihig bed.
The process of claim23, wherein at | east one reactor contains a
hydrotreating bed. 42. The process of claim1, wherein the vapor

phase furiher qq 'ggsﬁ jido) p%? 0 ocarbons
and no nore thanggl.tdé: m%’%&}%&f@%ﬁ?ﬁh@ﬁ% §/| Il ;L’ﬁ%’%rpoﬁr%g{vﬂgﬁoi%f)
vppm wat ethand8.((inzl% BdtHydfochibonamet fo/inote than 43. mdlPECAF GYEBSarBbns (AN
18, wherein the vapgr hase furt her COFTFF.J ses (vii) no nore than 38.0
mol % O hAreEshss 4800 Keom 648 & ERdiets(vil) apd 6604+ hydr ocar bons,
(viii) no nore than 4000 vppmwater, or (ix) both (vii) and (viii).
43.  The process of claim 18, wherein the vapor phase further comprises (vii) no more
than 38.0 mol% C1 hydrocarbons and no more than 3.9 mol% C4+ hydrocarbons, (viii)

no more than 4000 vppm water, or {ix) both (vii) and (viii).





