;e3etp| 6DTmh .. 21 June 2002 WO 991 32582 Pf: T/ US98/ 25598 M DDLE DI STI LLATE
. SELECTI VE HYDROCRACKI NG PROCESS ner~erae Field of the Invention The present-
invention is directed to a hydrocracking process, and pa2tiens 2002/ to a
hydr ocr acki n rocess for producing mddle distillate fuels. 10 Back%r ound
of the In\?’\é‘?\??’gﬁszl-lydrocracki ng is an important process for B2 ni ddl e
distillate fuels from heavi er feedstocks, such as vacuumgas oils. In the

hydr ocr acki ng proce ‘igﬁ‘E ' E,qggqh’ql) ?;g&@gmc,' § LAY

| ar ge anmounts of sumﬁgﬁyﬁm ogen,yﬁ%rge cr actg) I nto Iléﬁittz(tr:!,‘:gfomer
boi i ng hydrocrackate products for use as fuels, petrochem cal feedstocks,
and ot her petroleumrefinery products. Hydrocracking catal ysts are
generally selected for high cracking activity, and for resijpy
poi soning effects of the sulfur and nitrogen-containing m IWWMMWF
feedstock. To this end, Y-type zeolites are often included as coO s of
. the hydrocr&@cking catal yst. These 20 zeolites catal yze cracki n(j“ﬁé*actions
at nmuch hi gher rates than anorphous (i.e. non-zeolitic) catalysts. is
addition, Y-type zeolites can be tailored to provide a range of cracking
activity, depending, for exanple, oa 3hdenamount s of silica and
alumna in the crystalline matrix ofﬁ%'ggfz.ﬁm ‘.%.uggeolites wth a |l ow

Si 021 Ali 03 rati o exWhbptestrt ghveation ks dirpctedito aihydrocrasking pravessyambpartisuladyrov ed
$omthe crystalline matrix by 25 nethads k .t.o the art, the Si Q2/ Al 233

i ncreases, and? H‘é“’?%?lﬁf‘g?’é’cﬁ?s RP‘F?&“%\‘%W&@?\AQHE@?QEE‘&‘. The unit cell size
of the cryggalline zeolite also tends to decrease w th increasing

Si 01/ A1203 ratios. Zeolites with a relatively large unit cell size have

hi gh cracking activity. By reduci nBatkpeoundidf thefnvertione usi ng net hods known
in the art) the cracgking activity, decreases. However) it |

t. 0SSi ble to
expl oi t the decr eas8Yfrpcrckingiis gn impostant process for nra ‘éﬂ“}&{m‘iﬂi"r &W%‘%@e&es a

hi gh | i Wi . d _ .
evol oped o prohavis RLAEI EhAS Rl BRUIE 1M IR Brodsd flkly

devel oped to pro €S having I n gly

*a0000z* 21 faeds, vAGER gdtieraliy| contabivreRitivelyIaigt ambtifits of yuifialand nitraged,ese and
the published literature teach the_use of these smal crystall'ite si ze

I

zeol i tes f&P h§RFkdantadishicsnloes batling hydrocmgkate productp ferdie anfitelss 401, 744
di scl oses a hy DR S CHT%' fedhAl 'silggﬁm:}@e Y and
a conbi nation gét?ﬁl} rogenat |t§&g&h§a sé}q’\ﬁﬁgre tﬁgﬁé%??‘?atygb\( as a crystal
size of from abatalystd afe generallp s¢leéted foribdghoerackidyativityy,andtfor tdsiSting tht poisohing
5,401,704) the small _crystal Y zeolite prqvides hjgh selectiyity for
produci ng CS- 18%@‘?13%? ﬁalﬁnmﬁ@mcn@pngamwea @M‘Mcrﬁb@sﬁ"d'
and/ or hydr ot rqa{g_ ,lp' E G ' | '@'iggw@cg:ﬁ] Y, t
zeol ite conponen gﬂi{r%% a‘g‘g?g?x} @%}%?ﬁﬁ‘k%&gﬁ%fﬁﬁ rati osg %ﬁ%l gﬁs\?el y
smal | uni t2@el zedlitesatalymercrakipgresctiofs kkmuch highdd rites Bahaniorphous (i.e.

non-zeolitic) catalysts. In addition, Y-type zeolites can be tailored to provide a range of

cracking activity, depending, for example, on the relative amounts of silica and alumina
in the crystalline matrix of the zeolite. Zeolites with a low Si02/A1,0; ratio exhibit
high cracking activity. As the alumina is removed from the crystalline matrix by

25 methods known to the art, the SiO2/Al;O; increases, and the relative cracking activity
decreases. The unit cell size of the crystalline zeolite also tends to decrease with
increasing Si0,/Al,0; ratios. Zeolites with a relatively large unit cell size have high
cracking activity. By reducing the unit cell size using methods known in the art, the
cracking activity decreases. However, it is possible to exploit the decrease in activity to

30 tailor a catalyst which provides a higher selectivity of a desired cracked product.
Methods have also been developed to produce zeolites having increasingly smaller
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No. -5, 171, 422 teaches hydrocracking a feedstock with a catal yst conmpri si'ng
.a zeolite of the faujasite structure possessing a framework silica: alumna-
ratio of at |east about 50:1. Partridge, et al., in U 21 dme2i02no,

4,820, 40W0i198323828s a hydrocracking process 9 5 using a cat ZCFAISI®5%8 i-si ng
a hydrogenati on conponent and a zeolite which has pores with a dinension

2t “Teast 6 perBERGAEe, 204 hehuilished Iperairs R0 APn 6 et ot Rl
about 50:1. PagdlittSe hydibcdtbon cdrivelsivif prosidsast that the selectivity for

production of the higher boiling distilled range product is preferentially
i ncreased in the hib¥datent Non§,401 J04¢ discloses pcragkingprocess ysing 8.carlyisbnt

Nos. 5,401, 704 _and .5, b2Q. 5 teaches a. catal yst c risihng.a zeolite ,wth .
2 orysial sl 2 EOBPHRG Al Xoan FEoppingdign o By ShpREE el ke R e X 1%
of 24.5 Angst h%cnggtai A3Sof PEmABIGILT BFAH0RH0.3 nYidfonS! AcOdrdin@R6$).9 FPaterNG.
Patent No. 5, S65,088, issued to Nair, et al., discloses a process for

upgr adi ng m d@l491704; the smak sryistal yzeoliterprakidesphigh felectivity dar profhadihg Ger1 6576 e
350C with a 25 rocracking catal yst conprising a Y zeolite, and
contacting th@afgﬁgfﬂuct streamw th a dewaxi ng catal yst conprising an
internmedi ate pore noA: |t 0g: | &bl S5nhti cabgyt 0.1
to about 0.75 wt %%o?hrgﬁés?lﬂf ??ﬁggqﬁ%ﬁéhgg?@bﬁgfﬁgﬁyg*r(H;}t]dénatilggggaonpoﬁent. A
Y-type zeol it esipgetalite echtainingxiatalyses, thel zeplipeospeses havingir¢lagwdly highz e

bet ween apgut . ngstro and 24.45 Angstro 30 O hers, describ

| ayer ed cgﬁal )§§$2/ég§ﬁé%§’.s Or &¢ até‘!FiYTﬂT‘%‘,‘“WFéfﬂﬁs' Prﬁﬁ“!“,‘PlFfﬁl’}.‘ » 10 eﬁ‘fte‘ﬁlo.
4,990, 243 tea kLot dd ' [ r {3l ; tem
conpri o ng o 1 of o2 dachés IAIARLBIZERAINE o F WS G B SRbIT
-2 21 June #H0Eujd€itcOhidfndBodSeskind3IORAMSEAE silivasghmiraratialofiat legst abdwl yst

or a cobalt- rrghf/bdenum phosphorous/al um na catal yst and conprising a second
| ayer of a ca lyst whi ch conprises a nickel -tungsten/silicaal um na-zeolite

or a nickel - nol ybd gﬂg& | qa- I | J J : i.N
U.S. Patent Nos. 5? 3 ,%68{ %Héﬁ wﬁ%m %’gg%’ggi’gt%ﬁ%%@?%mha%%@ﬁoﬁgf
system f oS5 wmsinpiavatlysycomprisisg a hpdregehatign campaneht agl prentieswhich basporess
using random vy .interm xed hydrodenjtrificatiqn and/ or hydrodesul furi.zation
catalyst and NyBLMEBROR grestar hand Angsioms A OtPoRPOR SETPHOR CARFCI£31 st

of Habit, et ' j ' s 0] i t han
Sbout 24 55 ARG TR 134 fhrotnf B hdsh NV HitRiahyrify gy R3St
Habit, et al. S0iln Rdrtidg&at ehtfutther sug@aBthid thetselactivdty for produetioni afithé Righerocess

usi ng catal ystbgﬁfrrptﬁéﬁi ng an ultra, staple Y zeolite base, wherein the Y

zeolite has a°QHing distilled sange nsodugt ispreferentialbyincresseddn QEHEINERfOCESS-
crystal spge less t u 1 i fq‘ega Jbed in
t he paten?g listed Ag%g’v% 'é%le@’r?isg ggﬁi?#\gmggﬁ é/@fg 3996{5 eYe;ange re%*égs for

a catal yst sysbmprising alzeclite Yrovithtaairystal dizgof froncatioat .4 tto aboutiOf emvdronseand a
pr oduci ng hi gher unt f the desired hydrocracked praqduct.. ring
hydr ocr acki ng “mtfﬁa\rfgiza°§38é|f§qasgomé&&f@%ﬁ{rg‘a crac 8@6’?@&%#@@%‘9&‘& is

i ntroduced into th%.ﬁoﬁﬁetﬁtN&SfﬂdssdssrﬁﬁféH;}QNaiﬁ ! @istibSes #Probdie ereact i ng

oi | passes through the zone, éXotherm ¢ hydroctacking reactions increase

t he tenper at unpgratlinighriddld digtilthtex byt Hydraopdckingd feedstrelimtboélingi dboe®BSLCY with 80
that the &grrp%%%re In the zone 20 increases through the zone in the,

di r ect i on®®f pekigg | catalyst comprisinga ¥ Zealitserns congAcHng the) prodyct strgam with a
zone indicate i?tah@fr&ﬁﬁ : [ 3 t 1 ds of

adj usting the%fgﬁ&piggg ure, e.@ﬂﬁﬂi‘ﬁgg@g@ tcﬁéﬁgﬁhﬁédglﬁgéﬁg%l}y%%ch oi |

at internedi anatérialahd frofm abbut 04 td@abeut (67 ewk¥oofia salfiied monaoble metakct | ced.
However, the 2‘)’ unt of heat generated by reactjon s _such that a second
reaction tenp eratiopcomponent; A ¥ Hupe zaefits preferad Y Nagreetal), Passesseng upihe
zone, IS gener, ' t | r [ Eggg ature. In a
hydr ocr acki ng c?%%%f%%%%ﬁ@h@?ﬁfig&ﬁéé@ 5;@?23-4& ysl'?g'systerr) there is a
gener al | y30ncr easi r@thtsdesdribeUsyerdd @itdlyst sydiers dForteRamplie] Winasiswsétaly insliSh

that a second reactor tenperature, which is the tenperature of the oil
exiting the SWM% &%53@&@%@4%%@%@@% peng 2 laysred cataiyst syism e

hydr ocr acki ng el 1 t i, Felaery nper at ure
profile al ong ?hﬁﬁ%?%ﬁg%&?ﬁbgar%%gr, 01;% v gﬁﬁg?nﬂségkﬁging‘ﬂ??#ggﬁt reducti on
in reaction selectivity) results in poor ptpduct quality, and |leads to
reduced catalyst life) the refiner is often constrained to run the
hydr ocr acker at -3




WD 991 32582 21 June 2002 PCT/ US98I 25598 such conditions for processing,
. econonic, or other reasans. A nore selective catalygt si/stemfor operating
under a steep tenperature pnfile is desired. Summary of 1 une 0%t i on The

‘present iﬁ,\be@kizgkg I's directed to a layered catal yst systempapfs8s/sos .
hydr ocracki ng process using the |ayered catal yst system An obj ect of the

invention is to provide a catalytic systemand process with superior

sel ectivity f oghoBptrbEIdNsniRadialysHbsd édbaRirfollybdinuitpHosphdtoad/alumeml dataBit
having a high unit cell size provide active cracking at |ow cost, but" at

t he expense ofandeampedkiog risecand layer of d gatalyst which comprises @) nickelzamigster/silicayi ng

a lowunit cell, size are rel ativel re | Ve t u .
Faster. but - LCWREYHaUE ok semelsmalytda an AisFeRakfa 2Blte bR HabiRfy, i

ot her fact ors, UlShPatehtae&)5,430)8601ah@5,598,5P@ ta6h @ duslfendiohatabysy systoai for
reaction systemhaving a high unit cell size zeolite nmay be nodified by the

addi ti on o a gomhineddtydrotresting and hydsoqracking-preesss pperatiensaisipgtrandomly oduce a

system havi n ' liect i/ t. ] I L.ty or
catalyst 1110, DiREReEhuiBeSRindcty MO aRRR AL ARV ald by bbby o
whi ch cont ai nscaidlyst.aThe preferartydfdcpizkingEatalyst OOHSbil ¢t Xh eompritestacy bevlittg a

unit cell size of greater than about 24.35 Angstrons and a second cat al yst

| ayer which coravingasunitaelll sjzet greaten than about 4:58 iAnigatsoras and 3 erystalesize less thanyi ng

i Il si | .abouf . f
erbodi ment ¢ HPOB 28 atropk R S B R 1 S RN, STa 010 seRsB Bl eon. ..
contactingiga Pabéeds asify taskSt Retpriif dMlcHReble At zdo)it 06E,aokerela eV dislitons

20 with a first catalyst layer which contains catalyst particles conprising
a Y-type zeol ihas anmiticgl] size gréaterdldn abonty24.55 Agesteams-andia gy size loss tigm about
Angstrons and % nt.gﬁ_ti ng the entire ei~luent fromthe first catal yst |ayer
at hydrocracki g B tions with a second catal yst layer which contains

catal yst particles WhiR tHedabllysts desbNB ia ¢ Mtéhtbﬂétédlﬂ)o%lhﬁi'éhigﬁbhcﬁfhge of
| ess than about 24.30 Angstrons. 25 The |ayered catal yst system has been

found to be paictivitylthe hgedatmains ifors catadyst systera mdvich qananaintginadeaunts eatalpttocess
under condjti o f., a_high temperatur ,of i |l &, ..JJhus. t resent invention
further p?f(?f/i d@tsg ”@“W&‘P‘B@%‘%gﬁﬁ aﬂ}(’&‘%sdg ubeo%’rrfds‘xﬁocégcrﬁgggﬁdﬁlﬁga petrol eum

feedstock with hydrD@@sy Ridrootaciasg MitkinWoatAPid leadtionoe b pedleurn feddudein g a
first reaction tenperature, over a first layer catalyst conprising a Y-type
30 zeolite havinfrgduced into theszaneat a firssreagtiom temperaturs. Asdhe reaoting otl passest r ons,

and contactin t st a portion of, th f '

catal yat i ¢ PoeEbaRsFord, G b ocdia ikt ichiht R bbb itihe |
second react i ogil Al GrRRh@t4talst WER tiR oil bntacts] solthaethe Cdmpeytndqh dibibde

PCT/ US98125598 second Layer cat alé:t conprising a Y-type zeolite having a

uni.t cel | 2Q zeingreases shroughnthezioneiin the dgectiangs flopnef oilnidive fstespdemperaie

reaction tenpe re | t | east.ahout 4 i Wy action
Lenper atur o, FRIBHCRrqugh Bie. R SAdiPETE ribRiemphdfils IndRosd Bfleh e s
conprising a fMetiodsaf &ljistingTht Rxifjeratlire dlg Gddingicasl qurhel ydrogeardriqaerh oil
conprising a Y-type zeolite having a unit cell size of greater than about
24.35 Angstrondt l&ﬁﬂn%dlﬁemowmaﬁyéqneb arg kpowR jand %ﬁpalgmafél&%l Hewever,

part il 5 COMDIEShinPorich? §obi by SalBH PGl Ml e SBldreRUBR clodSis, L 20

about 24.30 Angstrons. ayer may 0 SO contain

anor phous 28t alwiich iPhe téfip&taturdoftht bR eRiting ik £odkdiks yoheralBykiphsrabanatheé fiessal | y
al so contain anorphous 10 catal yst particles. In the Drawings Figure 1

conpares the jsactiondemperapye. Ini 2 hydsecratidngfeactenwhichgentains @davsrapsqatalysst em

with single layer, catalyst svstens. Figur I Llity

and cat al yst f Ul 3“"?’%& g%n\éra{lllxén?gfaésg%# ?&Pgr?g%gl%(@z{%f@igg tl)s(ef/é[ft%%ng&} g}

single | ayer caichlthtia ssddiidaeEctoritemperatiré, avhifleisahé ririperanat of the dilrexdtitig the
system, is higher than the first reaction temperature. While hydrocracking at a high exit

30 temperature, and with a steep temperature profile along the hydrocracking reactor, often
causes significant reduction in reaction selectivity, results in poor product quality, and

leads to reduced catalyst life, the refiner is often constrained to run the hydrocracker at
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Those fam liar with the art related to the present invention will ‘
.appreciate the full scopg of the catal yst system and)t he process summari zed -
‘above_and be able to practice the present invention ovet! J4ne 2002 scope
froma deWP8%¥%escription of the principal features of tHHECTARNIERGIB -
system and process which follows. 20 The | ayered catal yst system conpri ses

t di ff t di i 4 f t.al i t t
catalyst | ayerRnoRlbb e pr@Elte Shoriif o Hind? Hshis. 9% mdsp Scleflivg i
| ayer conpri segtem ﬁﬁb?h&ﬁhg QAdyr ai stéep Jerdpdratuse prdfileyipdesiredl i t e, characteri zed

by a unit cell size of greater than about 24.35 Angstronms. This zeolite is
general ly enpl oyed in hydrocracki f g activity and for

catal yst stability i . S i | yst
containing a secongiﬂegﬁeg%rret%}veeéﬁ?@g,ﬂ%g{alrgéé?gﬁe‘icgg B))'fsg?}%ﬁfl?ﬁ@ﬁe?l si ze of

| ess t han &ibotydraérackindp@essasing tHélagered chtalyst systege i abjeyt ofithe iwestion'is
hydrocracking to provide greater mddle distillate selectivity, but
general |y at FuRgevide pa;etabgvg system\and proggss with seperiey prleptiviyoxproducing middle v st
life. The subjeg ' ecd alil v. Ul 8 t pddl e
i stillate solpnlp AR ErRel GesbcPRiE avird30hibh i gl b bBEcR0, Brpolihg S ¢
C.) as det er maniewizpst, bet At epensticf 16\ Eblettbvity tp miidéld Wistillatefrelse Zeolites ddl e
distillate" is intended to include -5 = WD 991 32582 21 June 2002

PCT/ US98I 25598avinga layy unippell size aregelativaly mose expendive,anditend tofpydaster but ons.

The kerosgne J . b4 | 1AS At f 0 a
{onper atuf r eyt SitEtionRddll 8ol bl @A, Aok R HebR, G phdseh

boi | i ng r angeinveftiddis baskdcon the ARE6Very thaby fhastiat Heenbhaving)g hiphiunitsceltisizabout
250-700F. (121 -371 C. ). Gasoline or naphtha is normally the CS to 5 400F.
(204C.) endporenlit may be medifiedby-the addition pfiz layer ofcrlew unieceblsize zeglifsetalyst
ranges of the various product.fractions recoyer in LGul ar.
refinery will ‘°v‘_§{°§‘/%"t St Faving suppuor. seleg E‘%ﬁgﬁg"gtsg?ﬁ%ggg%l& &'téﬁg{"_(t,yr WUde
oi | source, reithlgstlife! ThélayBRa st gﬂs&m@dm;sﬁsegeﬂ}stea@ysﬂawrmeﬁcmaimde
to ASTM st andards D-975 and D-3699-83 for further details on kerosene and
di esel fudp pryplystinagticlescomprisingta ¥rtypa zeokiterhpvingrcuniscallsizn efseatenthan si on

of a petroleu for _ex I | i L Vi a
or ack g, ol SR 3352 siins pd o SRR oty PlaF Wil L MR 2, |
l'i ke, hydrogeoempfidingh Yolypt zeslite Aaviag 8 MRit icelt siza blesetiian abott24(30t AgB&Oms.
sul fur and ot her heteroatons. The process may be controlled to a certain

cr ag Ki Eg conver si ofn ®prefesres mmd:itamtpﬂmwzntémmmffem@cmwmhysimlqn@vm
~ 15 ersion i e
ouch s, for DREstoRRetids fPRFRNm feddRloRh &e bt B ERGR FIRSARUS

hydr ocr acRer watdsfireCiatalydi¢ayRi viiith cohtativdgilyst patticles adprisifg h etypezesie age

of -feed boiling above the reference tenperature which is converted during
hydr ocr acki ng hayinga uniceld size ki grsatspthan ajow24c34 Angstronrs and gentacting be sutifee.

stage. bo of ¢ EeBEESH the G kAol ot MO QRARTE it e Sl EbecBnd Ll
hydr ocr acki ng 1gy¢6whith centaiifs cﬁagrssp@aae's Borfipridihd & m?ﬁs teiRe hawngs uak sélhg

system In a nul tif)l e stage rocracki ng system e hydrocracker ei~l uent
from one (e. gsizenEless then pbawt4s30 Angsomsat ed i nto at | east one Liquid and

hyd i ch i £ i aui.d, 25
ong wi L B3pur {1 ed T AT SCAERAE Bt it e B Yourl P be BTy cRetib Wbl ©
subsequent) stopgated|if a WylifocRicRing ssWfileP Eorilitions Of 8 higtelepetaie bidfilé. St age

is designed to pronote sulfur and nitrogen renoval, though sone cracking
occurs as wel IThusithe presens inviegtien Busther proxiges p hydresiagking prosepy eamenrising acki ng

reactions, th aturatiqn, Ssulfur.r I [ r al so
bocur “The pr Soe o el Feclock ith HgfopEP A HyaARpcRing AT Rn SR Bhs.

Pet r ol eum f eedrdledilig a figst iredctibA tdnfiferRuRS 6Ver afirBideys: chtalisticmprivigrea Yayponl y
used for gédrocrackl ng. Representative feedstocks include petrol eum crude

oi |'s, toppHd zeolite havingaanpteeh sizeof greatzs dranpbut 34y Angstroms; andeantaching atide
ils, solvent | i | oSt )] ils. ils,
oL ool vem 10 DA 7o el e By b R g 02 ol 1

reacti on zone hydmctadRingirédctioh kynditiynd) firtiding £1§8cand factiorfehpletature] dveaad
fractions thereof. Thus, such feedstocks as straight run gas oils, vacuum
gas oils) denetaliized oils, deasphalted 5-4acuum residue, coker
distillates, cat cracker distillates, shale oil, tar sand oil, coal |iquids
and the |like are contenpl ated. The feedstock may have been processed, e.g.
by hydrotreating, prior to the present hydrocracking process. The preferred
feedstock will have a boiling point range starting at a tenperature above
160C. but woul d not contain appreciable asphaltenes. The feed stream shoul d




10:260-62QC. Preferred first stage feedstocks therefore include gas oils

~having-at |east 60% vol yne of their conponents boil}ng ve C.
(700F.). The hydrocracking feedstock may contain nitroggﬁ‘?“'?fsg(ﬁqy pr esent

-as or ganogplep@gRes conpounds in anmounts greater than 1 ppm pHpaRYSEssod L IS a
feature of the present invention that high nitrogen feeds, e.g. containing
greater than 100 ppm or greater than 200 ppmor up to 15 S000 ppm and

hi gher, of org@asmitajdrea@lyst@mpiiidg £¥Ltepe zedlitdRaviigs aiit cgll sigesflessithan f eed’

will normally also contain sulfur contalning conpounds sufficient to

provi de a sul4bont 263 Angstrgmsawbereirtha second roaction tamapagetireds plleass abewt 40t a
sul fur content. of up.tqg.2 W% and higher. It may al so contai n nono- and/or
pol ynucl ear anl?"gﬁﬁtﬂ?agtb@ tcfﬁﬂcd'émiq“ ’?Fgﬂ'ﬁ

s of up to 50 volune percent and

hi gher. The petr ol Rithef @RHS irreliticiris allgyeddd mweyhtaﬁiwmpﬁﬁnﬁh%maw ng to
reduce or substantially elimnate its heteroatom content. The hydrocracking
process céhpripysvhichrontainsrytalyss pprticles comprisiag a<Y-Sme zgelite havine pawmiticaly

conditions w g 0, Laye . ck
W gener al | SR eRGale MhhbBly 4 Fs MRS SR £ty A el URESRRE 2
cont ai ni ng t heatdlysy particles Sérprisihg & ¥otypoedlite having a uhit 26l siré oflkgethah Sbdube
feed prior to the reaction zone conprises hydrogen, sonetines containing

smal | anmount s2%30 4ngsremss The dinstsatalyist lageramay,eptiangHy alsg gpntaimrasephousuch

hydr ogen stre riginate. &0 fo anpl.e rogen.bl ant . a reformng
reactor, or a%%gp 8133’988&‘5@@80#"tﬂ%ﬁﬂay%g‘%xyggﬁag&a(la fﬁ%t At %““?*BI‘?‘Fy of
the gaseds Sdal Mibles. depend one nunber of factors, 30 but will generally
be greater than 50% hydrogen, and often greater than about 90% hydrogen or

hi gher. 21 June 2002 WD 991 32582 - ngggga%;,%%% Hydr ocr acki ng

conditions include a reaction tenperature 1 n e range of from about 250C

(Vol o ol cat "yt Pute T oltbaled iRt huel ety of the pridefiiefiis aiblitylith *
rates are genwitiabingleilayet Eutalyﬁlsgﬁeﬁxﬁ.omgﬁmltorﬁﬁ&wéaialyétfs&bﬂitﬁiﬁ&@itﬂydt to

1780 std liters HZ/ kg oil. 5 Preferred reaction tenperatures range from
about 340C t ofoulirgatesobthe pressntlayerad casalyst systaey wish sipgledayer eatalystrsystems.om

about 500 pounds per square inch absolute (psia) to about 3,500 psia (about
3.5 MPa -1%about 24.2 MPa), pr ddetaijdd Destriptiombfthe Inveiion psi a t o about 3, 000
psia (about 7.0 MR - abaut 20 VP, fth,the preferred catal yst stem
descri bed above, iﬁ‘oﬁﬁgmﬂg‘%w?%ﬁ}?d’r@?}ﬁm\gtf %P'if]s%}tr"évcfnb?‘bg@&ppé%%ﬂf ons

i ncl ude cont afallisBepedf RS daldl P BYyst@f dad Bfekprdddss sibifaAsRbole biiEbPISONCE Of
the | ayered catal yst system under hydrocracking conditions conprising a

pressure of diyectice e mreseptinyentdmooves itsfull scoge frompa dethiledadeseriptionfof e about
606-908 std liters K i 000 scf/bhl to ab 000 scf/bb)l, a LHSV
of about 1.0 Hffocal Eﬁ%ﬁ“%&é%%ﬂ?%ﬁ%affﬁWﬁ&’?%ﬁg%ﬁigﬁf‘ggﬁﬁ to 427C (68OF. -
800F.). 1@ In the thedapsepadeilpd sPit&ﬁ%&£H§és’lﬂvotdiﬁ‘¢r%ﬁﬁﬂ'ﬁistin@b’ﬁ$'&§ ofat al yst

system the effluent fromthe” hydrocracking reaction zone is enriched in
m ddl e di sti |¢atalyst particles.t EachRyf the tivth eatalysttlayersis distioguishdd byt a/diffcrent ¥rypet he

rati o of hydrocr.acker effluent products boiling in t m ddl.e disti]l.ate
range rel ati v%co[%‘ p‘h,‘m I??"éﬂ °‘W§Hf&8§:? %%@?t "Iﬁ’s‘}bﬂ’&g&?@ﬁ‘f&g@@ﬁ?@ﬁﬁ awptericed ' o
use of the prigsendit belssest graitét thfi atond 2485 ARpstEsindl Y TRIS SEcItKisienérallet 1 Ol eum
feedstock, the nmiddle distillate selectivity of the catal yst systemis

superior to temploysd i bydronracking forhigh Fracking petivitysand fhecatalyst stahility anshlifehe
hydr ocr acjd ng,RLocess. using.the | ayered, catal yst em. of,.th resen
vent oot BPAGA st RunPes § coBlyS] ERniEing mitan g o el ristpRREH o
the petr ol eunpy asibédicsize oF 1L M4V EHoRE AN ARGSRRS: CPisis zddlie RyhaaNypcker
effluent is further 25 decreased in nitrogen and sul fur content) preferably

cont ai ni ng | e2m@ployrsinhydiocragking o proyider greatermiddlesdistilinigselgstivity, Jmt penerally
ni trogen. The ferred hydrocra effluent ;is further..reduced in boilin
poi nt,g such t?}gétggtcrtfczc&g[a}ég% ﬁ‘bcfgﬁé? g:fpgpéco?{/shgacq %aéaél{&&geom 10% by vol urreg
and still nore prefigy subjegt procdss dSéspatialy ust@ibik Yheistbdubtion of iridle aistilteum

f eedst ock boi | i ng above 525F is converted to hydrocracked products which 30
boi | bel o3 abeatiopebeiling incthe agngead about 2AS9ST0QFs (21 37 G passdaterting by the

i ntal ned dupl oo ICR STLARK R0 Bled SOLNEEDSlafoRgl NS tubidia f e
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_g_ . 21 June 2002. WD 99| 32582 PC TNS98125598 t hr oughout. However, the
hydrocracki ng process wit'h the |ayered catal yst systgmis particularly
suited for operation with an increasing tenperature prd@liJune 2008 t he
“per for mar¥@ 9%9B258he | ayered system relative to conventi onaPCEAISA3RE5P8 -
systens, inproves as the tenperature profile increases. Tenperature

profiles of greater,t 10k, or 5 25 or 40F. . or F.ar ui. t abl e
for the pr es_eF‘ne %?Skéggﬁd\ﬂm’ Ikgmfﬂée lfoé ?8%%3’3‘3‘5} f ﬁ{gﬁ?{égenﬁergeft?'é%%% 1ng
t hrough cool i Eeint Rfigt RififefdeT Rirefey & a ENfjctituretinde T aBoEti 280252 57F. CI3RF- _
hydrogen to the | ayered catal yst system and/or by the addition of cool oil
to the | ayer ed74°& dandshe toymt "dinselt boalingrapge"ds intended to teferitahpdrodarbon boiliag

system at the locatjon at whi cp theoreag ing oi|l exits the systemwi||
general |y be Roigiaf WSpﬁﬂof)eﬁrﬁQlatﬂrleédt %fédtfﬁé’f Briommalipthe (s to

reacting o4l r . | 1
br esent i roentOR: 0400 BT icBaf pEbfpiRbletna Byt e icifibd flihhahe
t enper at ur e apfithe Vafioakisredudt Fracticmiratoveted ih @Ay partidulaorfingdyiwill vagmivith secht he

present |ayered catalyst system The reaction zone nmay additjonally include
ot her |ayers &ctarnasihpcharagigristics|of the qruds Qilisosce, refinenidang imarkefs,predust d

| ayers) for 1§1. [ f.oul r k
ot o | ayer s PG BY RERAEAI A A Sty DT TaBuTe s Retitder
ni trogen) et cdetaily @rkérbsensahd diegelfuélgresdries prior to contacting the

present |ayered catal i;st system The petrol eum f eedst ock, whether
pretreatefOor not, Thehydreerscking pracessinyelyes canyersiopf a petraleumfeedstack by, for

over the 11 r bt aRoter Fhigh(Raporan if HRRGRE S el lEACHET "2
the catal yst wikyRton,di§gbpcttibRationna i like, hijdropéfation 8fi6lefifs drddaremaiidyeand C

nature of the reactions occurring on the catalyst, with the effect that the
reaction tenp&maval ef gitragem sulfur androthes hsterontomy Hhe preeqss may e centralledito | ow

renct von t empet it packBY Bhnvertia€ il R EbGeiR AT el dtGen iplor bous

contact Wi§h Cogvdrsibh s getellyTtlatd tb aY&ferendd te rdma,sdaﬁﬁds,tf&fﬂiﬁﬁ?ld,lﬂ& of
the catal yst which fi rs%ﬁconl‘%‘,acts the oil in Eﬂg}g first catalyst [ayer.

Under condi t i SHaimige hoiling point éeraparaturerpfdhehydrecracker feedstork. tThe extant of | ayer

cverage t enpesar St i R B it pEARRT SRR Heelefortd M RuR) |
| ayer. In thewhithadstomertell hﬁriﬁ% H'd&%ﬁclﬁﬁ%[ﬁté hedrbéracitatecBdinhy Bélowaliereference

contacts a second 30 catalyst Tayer of this invention. The first catalyst
| ayer may be &ongrateeed from t he second | ayer by one or nore catal yst

| ayers) osnby nmechanical features of .the r tOrgrQ. .~ . 0 WO
001 32582 £LT] Usos/ 38 Q%seﬂ‘}é’&%ﬁs? 1S &Eﬁbl%§°‘3§?§1°§/a§}““§r’%§‘sﬂ,‘°'él]f‘e“r#g&?%’ g‘% tion
neans, distri bifiera firsOatapedtd sebéhd dtdgR in Wliwe l3tage Bydvetraclin@yyitenfoe s bmat ur es
may al so include support |ayers of catalyst other than the |ayered

catal ysts of sHesin ampulinlestage hydsogracking systenpr Ina muliplerstags hygdiosmeking

Lo T oved 5 STyt R a8l Rt B IrR: (o (B RS Bhge S PR nf PR ©
| ayered cat al ya¢ liguidta8@lonéhydroaé rich @REsisTdnPoned Witk heleast dthy of the ligaid, r €

effluent fromthe f rst catalyst |ayer contacts the second catal yst |ayer.

As Wit IhI tBe fialoggwiﬁymriﬁqdﬂwdmgenp@im swpplied asigpdstack te asenond éon aibsequenthy er
Peact rond occaPBrn PHUPE ekt s PE A Hlt f Qg SEl g

reaction tenpeiifiirand nittbgealtemdvilNougiRRieénéian@bcdubfrasaidll. ERtiet follgwinige
second | ayer or alternatively the nmaxi num nmeasured tenperature of the

second | ayer &eroad ptage isidsignod topresrase Fracking rractionsathoughesama spturation; sulfiy
i ' | | A i ng. - i hop, it h
boen sar pr i si AcS\al ahd BB Ronkdit pi By THE BAICE if feciln G ptGhor, | "2

catal yst 39st dewnflowicpetdioff catal ytic performance and mddle distillate 15
selectivity, inproves relative to conventional catalyst systens as the

tenperature profi| @etrplesm fepdstockswseful inrthe present peasess indudithase rmmerlyng
cre . : .
| ayered cat al it 8 By80bcbiie. Rigkeh B OASOARRURIE bhrILiELEAE B, 1iffRa
-6-




catal yst layers. Each of the two catal yst | ayers contains an active
hydrocracki ng catal yst 20 conprising a cracking conmponent I ncl udi ng a

Y-type zeolite, and a hydrogenati on conponent on an OXi mat eri al .
-The fu~st atal yst conprises a zeolite having a unit | of
greater t‘ﬁg%yg 5ogﬁt 24. 35 Angstrons, preferably in the ranggéﬁ}fdsgﬁi.szzfg! 24. 60
Angstrons, e.g. 24.55 Angstrons. The unit cell size of the Y-type zeolites
present in ther gdbademideilsCsURERS dédsphdltedmyls sdistilibdsy gixcviliaind vatuidtlgdiil g
ASTM D- 3492, the _zeolite being present in its NH4+ form One of the

zeol i tes whi chici Jypisalfeerstacks for passage Hue thedirat stagedydracecking reastion gane

Vs desor bolPTHE ARG ED Hes il §p oyl o SnU DRI GRhe Tt P 1 €
number of nodidedsiadkis@s Striight th §asGils; vaclunhgaseilspdumetsalfiedd 6ith, deasphadied Wwhi ch

is ultrastable Y 30 zeolite as described in U S Patent No. 3,536, 605,
i ssued Oct® 2Yyacunoragsidye, cpkeridigtilates, raherackes dlistdlates shalsroik (a5 sprd ¢ib ceal

zeolite, addi{;j ts ¢ a -

991 32582 PCT/ [‘J@@@%‘%@Wﬁ%@f‘ﬁh}ﬁ@ gg‘ffeiﬁ?ﬁ% mé?@%‘?%ﬁ‘;, fﬁ?g%ﬁ%%%‘ﬁy

Sept. 10, 197Hydrotréiing, pridr t@the préseachydoectackipy/ piooess ATke peeferpddafiesdstock will
A p p : . g

containing at | east one anorphous refractory oxide, a crystalline zeolitic

al uni nosi | i caheveahpiing\painiygagestaning sbrissmermture abave K0 °Er bih woild apingptain

and G oup VII| t.al.s_and, t hei r. sul f.i des d | r i . 10 ferred

first 5 Y-t ypgprgg%‘%flf ?Mﬂ?@‘r &'h%geeg S%ﬁ‘f‘ilg@?‘t‘ﬁﬂi%@&!"ﬁf ﬁ?‘ﬁt 'E"‘ﬁ%p@%‘r‘{g"é‘ of

about 3 t g aboygd-63C. Prefefred Hrdt stage fastoatdBerefor@ iRiide bab BilohAlig ak JoasiTOr €
preferably in the range of about to about 8, wherein the Si02/A1203 is

based on a bub8%siobueaofthein campenentsioilifgeatmive 37 0YC. {0 FI)eThd hydroaracking t he
zeolite. The ?eagfnclwlna%er catal yst conprises a zeolite having a unit cell
size of |ess f974710%HMaNhERRAIREGECA YREESe) A% PLEANNIFogan GOMPONAEIA of

24.20-24.25 A Eﬁﬁn f e |t ' ' | : angood
starting mat er&fik gf’ﬂtg r %e e rrgnpﬁngcgégghgf ﬁ}t %@gfei%‘? ?ﬁggﬁﬁgﬁﬁgﬁnggﬁgﬁgs S
descri bed in bitegedfiicds)ie.ghosntainjrigdiediértham t0bpid Sor@rdatertthan 200spinvetmpe® of
whi ch are #ncgh‘?orat ed, herein_by reference for all iggﬂ‘goses. The

3) t at

zeolite-c G ppre and, higher, gf piganonitograymaybetreated: RIESRRt PGS G nal
met hods. One | ' lakhi ' b | :
07/870,01 i, Jed gﬂﬂglﬁﬂﬁ){"w)&iﬁag‘?'gﬁgtgma . 3%“‘&45% ﬁmﬁf%m, ald‘biggiz‘l, R i5iodie A0
abandoned, t heulflircohteatgreated thainDAlS wt%s, imdudipg featebaving 2 sulfironteftenfapee 2f or
all purposes. The preferred second Y-type zeqlite further has a bullg .

S Cf A1b03 of kel EiEtehof T Ao S0t HOBP LSO AP AR AR 85,
wherein the Shig(AddP3p | khigeP TERE Blird1\Eh Y&dSioOE cdnlie Si i con
and the 20 al um num P ik(f?a(pg%tggllcg)gﬁ??%d, l?{he fi rg‘%ﬂl ayer catoal §/st, whi ch
cont ai ns 20e treatkd peaothta\hydepceackinigtto eetluke of fbstgntialtysalimihatn itabeteroam 35
Angstrons, and the second | ayer catal yst, which contains the zeolite having
a unit cell si®9%¥Rtess than about 24.30 Angstrons, nmay be considered sinmilar
to each other, to ; gtﬁ)?ﬁ | Dk gférgé 'chgp@' st

nmet hod of preparat frgﬁhgélogl?g%lﬁg?léogg gcroel n gép%%&g&%a Iyﬁ.taz) ot h, urlfl%gss
stated ot her whydrociankiag dodditionstwith hydragam aver thedayeedd catplysosystementhe t he fir st

| t al dth | ta) yst. al | ud, h
Cracki g compSranpek Wl Bee b be iR RtNig telthEHap 2pad P OUS
silica-al pgi NRontaiipthet reﬁwhrf?g{ %%étcﬁ@_ h%&mﬁ@r&&ﬁma@@wﬁw&dw Rt fhib

silica, preferably betweén 15 a wei ght percent silica, and nore
pref erabl y betreastion adretontdiseshlydsogencsaptinpesicontainisg sthahamounds ofdituentder

being al UM na., 4 B REkg I OTPENE S Bulk o RSab Bl e ARG - 12

example, a hydrogen plant, a reforming reactor, or as hydrogen recycled from the

hydrocracker effluent. Purity of the gaseous stream will depend on a number of factors,
30  but will generally be greater than 50% hydrogen, and often greater than about 90%
hydrogen or higher.



21 June 2002 WD 9913x582 Pc~rnrs9snss9s 10% t o about 80% by wei ght, of the
Y-type zeolite and from.about 90%to about 20% by vveﬂght of the am)rphous
~cracking conmponent is preferred. Still nore preferred i
corrponentweggf?%ﬁsﬁl ng in the range from about 15% by wei ght PFEF"@B%&”SG% by
vscei ght of the Y-type zeol ite, the remai nder being the anorphous cracking
. 5 conponent. | 1 ed a r phou olites (. .e. .. zeolli
havi ng crystalli teﬁgﬁh'? 5°§'|’|‘ﬁp "%/Waig'g 8 @?‘ég"‘ W'%%F'a? B the rangs

techni ques) Cagupe 6lab&il 300BRL(IO MPa) B
hydr ogenat i on ccl)l %(ﬁgntPig%Nt he ze@glstﬁgesﬁrgq ?t particl es |g selae{:etc%of“?rom

t hose el errenté/okmMml ¢abhpfromi about@.d 46 gbout lﬂ)bd ofpdragérmveircudation rates avdt | east
one netal 10 co ent sel ecte Vil '
el enents and/&® ﬁﬂl}‘?é'a@eo'tﬁ‘b‘“\i‘}m(‘tl%ﬁg ﬁ?fﬁ?@l?ﬂ éé Lﬁgﬁ;@ wg%ahe{gﬁeﬂm ly
chosen. G®u {l‘ﬁlga'%ﬁf %%9 ou
VI el erre5r1)t gp¥ncl u Pr%lrﬁ cobal t C%aﬂg&?ﬁg?%&pﬁgdyﬁ%gfg adi uﬁ]
osmum iridi tmmlamttnm piessunes mi[ge&almbnus}SO@poMpogsqwm ioch absohoe@siagjo i n

t he catal yst itably range fraom u % t0 about 0% i ght, of
Goup VIIi rof 339%8 909}“ éécM? ﬂlg%gg N MPa) preg ‘Ef&é‘é’ ‘%ﬁiyg‘%‘%oﬁwaé‘?
Group Vi rreta g’t@gpggi“%#tg@l Laﬁﬁ&t%mgj oxi des) per 100 parts by

cata e

wei ght of tota re the percentages by weight are based on the
wei ght of the cat awﬁithbpfefeme&ﬂtzﬂysi|sysgemﬁbﬂ:nlbyd1am;,ennhas)heand‘nmmmt s in
the catalyst may be in the oxidic¢ n/orthe sulpt]dlcfor

conbi nat | th oprefgrred pragessconditinns includerontaching  Pepicum feeds n]( Vﬂg‘rﬂi@-ﬁgﬁ{‘ 14 g
present as (mpceds ol 95 1agére%é&13@€sy§m \ﬁﬁegﬂy&trﬁe C%{Mlﬁ&s%& HERE!

prior to proper “use I n hydr st conpr ses one
or nore conpoapressur©df aboukedi OMP4 (2, 3@0)[5@&); a gascto oil aatio atrﬁma about|605908 stdof

pal I adi um’ ?—R&t’e?%ﬁ%x‘ég?%i%§8¢<££pz%3aq°{tpﬁ‘é@§9é§q%8 £t ofatu L5 Sama”
conprise from &’3’%&&’1@%&‘ (ﬁﬂp% ng%&ﬁ% 8?) y@bbﬁz and from about

5% 20% by wei g bden préetera zeol i te-cont ai ni ng

catal yst plrtici esmanyd@eﬁcﬁhggsr esﬁsmg’/msiﬁdwntwegmcaﬁlymymh taeu de and
from about 8% 15% by wei ght nol ybdenum oxi de, cal cul ated as 1 part

wei ght of et efflugs; ydrargadking reaesion geng k ensichqdyinaniddle distillate prwmcts

tal yst t f
30 co mul |1 g SARHE gl ssBEERtY FpEERaES MR FRRE ot LTS ©F
Exanpl es of sumhﬁ@hﬁmb infld&le idtiMatdrdRgSreldtiva to b utal tgrdrédrakey zi rconi a,
titania, magnesia and silica-alunmna. Preference is given to the use of

al uni na as bi hybpcargnaeeous ehfluent ninsthe yse-of the present laypred patalysp exsteniyforgg| 32582

par i o e<2y or PAGRRE e PRt e e ARABE SR MR A Bulif el v

shaped) such a;&tdmyls&&pémlt@matdfcmeaﬂ@kw@aétmw@stmterrper atures up to
1200F. (649C.) tonﬁ_boduce the finished catal yst particies. Al ternative,

equal |y suitable gidlucat fromdhehy WWMP%&E!&E@&RBYV% cafalyst system of

| ud d
cai i ng, 1 otlea et HFemich epi cudel pradib hafihe Rool e it il e
particles) uspéagoleth feedstok fdthe hytirderRRing prévess. THR igdictkacker éfﬂﬁér\t@é ﬁmher

cont ai ni nggt he hydrogenation netals, are then further dried and cal ci ned

prior blt o #3e decreaspd mm@pmmdgsu&@r eontent, profesablienntaining dess than abent 200pa
component - angIR:ahh 38 B8 AbaCR finiiontf FhL peferfiyshdfocRIREH efiflntis

per cent ages bﬁmr edduced 1@ mﬁ%ﬁxﬁﬁt’ bilvh thattad leastd%,| i6re peeforabhbi dtileust about he

anhydrous oxide state. Preferably) the catal yst partlcl es conprises from
about 40% 70%l8%p %ijneemdstﬂbn@r%nef%b ahlsast abaut 3Qvby yalumgwbthe 3506 75%

companent , ande R tidBok hETgaBile STy it FoifhrRiock BRI which. | |

preferred3OThbo¢béleaxab\oatslzsapeter of the zeolite catal yst particles are in
the range of from about t132 inch to about 1]4 inch, preferably from about
1120 inch to about Tbﬁ@rmdrca%smmmtbeamhlﬁm%wm

Known 10 be @l Clonicfh i o BEREIARS of 0 Hhll BT skt e .

fluted cyllnders ahules a
-8-
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20 non-spherical shapes, the effective dianeter can be taken as the

_.diameter of a representative cross section of the chtalyst particles. The
zeolite catalyst partiecles will further have a surface ér‘k‘ﬁ‘eigp%e range of

-from abouiygpddhggrabout 500 n2/gram The first | ayer catal ypCTiomgsasss9 .

i nclude catal yst particles different fromthe first zeolite-containing
catal yst particles, and |likew se the second | ayer catal yst. Catal yst 25

particles suit #ypugliogt. Howevesi e hydroetaeking peacgssiwithathe layeredatalist systanpisous

| i Thes: ' d with
The zool i Lo cobpRuishl ERicABPbpoi R i B itkeadE npcinfEto B, SREC ¢
conbi nati on of paffon@meé of the la)icbed syhtemp Rildtive te corpventiottal SatalyteysBmE AhPrsves

catal yst particles may be a conventional hydrotreating catal yst of the type
used to carry esithet¢miperatung profile inarcases. Femperatugoprofiles of greater than AQCF,an

reactions havi ng,sub tiall cracking activity, that is they are

non- zeol i t i tgg/lgé’f ?bﬁ{?r e‘éﬁ%ﬁ}gﬂfz s“’l‘ﬁk@&g“f FPICPT PIRCESs- phléleégﬁ CMRCHHE z e

t hat h cat i i d
at such cata iéo;ﬁgég% BEaftebt¥d BlrSudtolihd Hiqu'ehéﬂ dtdlst %t&‘xﬁ%&% g%&gté%ﬂ <\>/1fm

a nmetal from -~ 21 June 20027 WD 99/ 3258 CTJ I
pl aced on a | owoeldiydragey tathie dayesadodatalyst system, and/or by theradditioaof ol ailato dhec

t terial. h ts, h b ded
dosl red Lo af FyFed bt SFEh. the erperaae PRI ARG POy prarL & b froatsrit
catal ysts are Vlidh the ?é’X@tii.l%"oitl BRitSthE syseaf will @EncPAB B igherthan theiefierdiide at

5,593,570, the entire disclosure of Which isS 5 incorporated herein by
reference 10r #hd logationostese thelreacting pilentersthesystamy be taken to indicate the

absence of a crystaié%ggﬁgé%é&agféggﬁgg@gg&%gﬁgaI. ﬁtq&%ﬁ%?%gsuﬁ%
may al so be taken t _ _ e >
than about 0. 1 dhedH5 relchiB tintSers b b Hirlyctd ' ARBIRRINSAEALBHY Shich

particles are in the range o about 32 1nch to about 1
preferably froroatbhinsthelpresent laybred catalystdystéing The reactibn zénecmayphdditiordally er

CompL 5119, DU e e S TRRIR SRR BBt s S
anor phous, 46t akuabyiRgEibEhaRuARIIRAR 1RhANLIAN L0sead aldbPlyepyater abl ¥

bet ween about 25175 50I"S0. The first and the Second
cat al yst | ayer hydeptreatingcatalystsfpr eemedng metals; sulfursepogent etc] fromethe petreleurnn

th f d | t al yst t he f tal yst | i dj t
the Second | aydrisieRk RPHACOPESBNG e ersaadrrp b et TS Retiledly al y ot
syst em cont act f&é&@tg_Ek,@ﬁﬁt{i/&ﬁéﬁ’é&d‘(ﬂéﬁf, coxg.?éy.i%lﬁlfﬁrﬁ‘w}ér Ehgyki & Bydreahativst

| ayer and contact direct e second cat ayer. ThoSe skilled in the
art wll recogreoaditiohsinchdiinga &indt reaation tegtpetatyer Buring hydro¢racking everthafirst

nbodi t ted b hani cal . devj 0
Crays queRln Keahst (e, Bedtmpdatroais ieutentl 5T e ubiht dphlaets
essentially i ngeherhly frdfeabdfiieitd thel dxdiiiinR naf@6f the Feab@difdidc@tting of@eal vt

| ayers in addition to the layered catal yst systemmay al so be included.
Such addi t i onalcatalyst vithithy effect|tbatdhdwedetionrtempératyre-generally incgeases indhe digection

e rol oum t obad agta AN bt f Treiblatysf e 1R BEEB b RoREE, e st eaciop
catal yst layer gfpdth@ediis thémbhdusdd @&?k&&ﬂé ofSthé B3 fitsPcohtitt Wi/ the frst catalyst

embodi ment) the entire first effluent streamis contacted at hydrocracking
condi t i ons2®i t Hayer,gwdhanieasural temipetatiyre of the catalystwhicl fisst contacts fhielcildn the first
stream According,to,the _inventi at | ea a.,portion of the secqnd

ef fluent strearft s&é‘b’ﬁ‘i‘a{t’ T cgn &W"‘%&’Fféfﬁf’flgﬂg?‘?%%e@B&Sﬁ%ﬁ’fgﬂﬁhﬁ’f"&dl e
distillate proddlyst EHonS@RRM, SleirstGBictioh iRRIEraie if sifitab§TanGNBiag fenipetdtire’
boiling fractions,” such as gaseous hydrocarbons, naphtha and heavi er
fractions, i nclafdhepetrobeunnbiedstiock enterinigithe fipst catalyst layep2 WO 991 32582 -

PCT/ US98/ 25598 The effluent fromthe catal ytic reaction zone containing the
| ayered catal yst sydhahe iveritions therofftmdnt fomotherfirst estalysttiayee asitactsn e sevondal | y

gaseous p:ﬁgﬁuct and | east .one nornally | irg‘ui d hydrocrackate

t whi ch
cont ai ns di &atptyst FWF‘a?fé‘hﬁr‘BYﬁi\‘}Pg- B¢ firsh gatalyes Jayer By be sepsrated, fomdhe
about 700F at afERRIARGL, SRR
effluent is predom ngﬁrarlb)?o&%%?%g%ﬁfa%taﬁggﬁmégmun?f;ﬁo cgg&énl‘?ﬁcé%rts,
i ncl udi ng hydrogen sul fide and ammoni a. The gaseous conponents) nay be
separated fromthe |iquid conponents) follow.ng reaction, and treated, such
as by an aqueous and/or al kaline solution wash, to renove ammoni a and
hydr ogen sul fide. The purified hydrogen stream nmay then be recycled to the
catal ytic reaction zone. The 10 hydrocrackate is generally processed
further, such as by a second stage of hydrocracking, or by fractionation
for recovery of desired streans, or by both. Unreacted or partially reacted

Y " . - r Y .




25 Bonnot extruder. The extrudates were dried at 320F for one hour and
.heated in 2 cubic feet per mnute dry air at 950F |n)one hour and hel d at
950F for an additional hour before being cool ed. The cadladyna 2002 ticles of
Exanpl e 1WR8258bel ed Catalyst A Exanple 2 A zeolite. - coRGVVIRGSVBt-al yst
useful for this invention was prepared using a 30 procedure simlar to

Sune 2002 w0 oUSSesf ot Billy it SR 5B ncty Betrivier erSu AR BiedBs i
rati o of appr owmnw Welﬁkﬁow{{ hsmﬁt«:athmtm@eaud intlade sippordaypireoflcatktyst other
| abel ed Catal yst B. Exa hydrotreati ng catal yst useful for this

i nvention was e fhelaer S isgnventiong mﬁﬂre(‘ﬂﬁqut’ée &Ethetﬂigﬁeﬁ

Kat al co' s GAP- d S

acidified m thxrggrﬁim%{gﬁt{éﬁ neu &"i (}e& ﬂp %Sé&hferép %tr?is% %%% m%%d

ext rudat es &\erﬂo\dthadctéxeuhckwmbewm ﬁﬁﬁfthrb@ghﬁmlhybfvdrc‘atahfst% and for
one hour at 1500F. The extrudates were inpregnated with a solution

containing 9.7 grarm!eaﬁlaﬁ)omcﬂ\?otomqr rdBly et eAncht FbnPthd fRsEcatalyst
phosphorous. 10 After standing for m nut es, the inpregnated extrudat es

were dried at RpGroftactstivasecomd catalpsidayenl As with the figh Byerf, the aibpassiag througls. A
commercial ly ayail abl.e riphous cat al yst S|mlar to fhat of |e 3 and
contai ning 3% éf’mﬂcaﬁ%'d e&ﬁ&“@% ‘?ﬁ/dg tqruprrgture ‘%ﬁtt%pﬁ?s‘lx% rrr@

Pet rol eum Feedw o%k'Bhf RRk Ih@dﬁti&se&xh‘ihér@fol‘@%dﬂﬁs&é&ﬂe”'eS
was prepared abl e | avity, A PlIZ20.9N trogen, ppn2404Sulfur, w

9. 787Si miAQt extationttemperaiuos) v(lﬁl:limsﬁhl) tcmppraau'c ofl ﬁmmxi?ﬁlmgﬂle second laycr or
pressur el BP443E10% F309%%99F50%60F 70% 820F 90%,860F 90 t | yst
Byt ot vor o PUEALEEly 16e BERiTR messused pemE o B sovpsadayessalyst, Wil Be
PCTNS98/ 25598 pdrataftly ¥y mxs‘bfﬁﬁ?fe[)ﬁ?f’lfea&tmnsteﬁl ¥1‘§ﬂfré Hﬂh@ﬁ?st%fs@% o Ac-EBﬁlmg[ o

first l|ayer vvas a un|1“3rm50 v/v) blend of high unit céll Size zeoll
catal yst (Cat atoythe 1n‘B¢ntmmd itihysl beetnr seeprisingly dised vestd t(\ﬂa.hahd&ﬁanta@ of tHegresentond
| ayer was a un bl end. of .| ow upit cell

f | 50 1N
catal yst (Cata 1 or é{ﬂéyéf%‘ %‘ttF’é’ést ofrgtalytica ’t“@taﬁfi%‘ )ﬁ?so‘lg& | ayer 5
conpri sed ﬁ)OUiele'_va/i’t?X }SHN/\'! vett?%gﬁb?]\ Bﬁ'al Sutalyss st@ﬁﬁ%ﬂ%t&%ﬁe&ﬁﬁ@l yst

System Il was a uniform SO Iowunlt cell size zeolite
cat al yst (Cat aplpﬁte, 3. thmthﬁppthtm‘erdﬁ&remg hcmmlnybd: sec@ad relagtian ©npeBourp andithiev e
Cat al yst Systeg was a uniform 50/S0O (v/v) blend of high unit cell size
zeolite catal y8B ?&E%?@Pelﬂf‘m&ﬁﬂ“ﬁ@s&? otreating catalyst (Catalyst C. In

the follow ng exaﬁp’rﬁélagg ?ﬁ?@%ﬁéﬁé&toﬁﬂéﬁx‘%@u WReRGOBRRIREs AQBast Bho f UE!

selectivity and for cat ulrng rate. Exanple N Each catal yst system
was tested forcgtalystdayesc tEaﬁh bﬁthe@wbwhgatyst Byss eomtains ah hetivechydidcracking catadyst

contacted j turn vmthth etroleumfe toc of Tahl e essure of
appr oxi matef y $SHt :bcra ggnp%ﬂegt,éxpc ‘Bg Fll F@Q‘t%tr‘?ﬂdéﬁ\ygi‘&ﬂaé‘ %Gas
rate of 5400 Ilgnydnelfn an'BadS§il ghlﬁ{dt&ylof the catal yst for nmaking jet
fuel was eval uated by determ ni he vo ume percent of the product which

boiled in the jet fThdfirshlager c(a%ﬁfcemﬁﬂﬁ)a zeakitedaving atunitreel fsize @f grdaten than

conver si on bel with the Qgen in th 0, being control|ed

to a constant Mﬁgﬁéé‘ﬁﬁ%m%tp&’%bl %@%‘{Q %8‘5 ADESYAIRS €€ E&Er

the full rangemgsmvmlmsxu%wféyw&meg bresdlitifi tHoGalysgh uni t cel |
25 compositions may suitably be determined using ASTM-D-3492, the zeolite being

(

present in its NH,* form. One of the zeolites which is considered to be a good starting
material for the manufacture of hydrocracking catalysts is the well-known synthetic
zeolite Y as described in U.S. Patent No. 3,130,007, issued April 21, 1964. A number
of modifications to this material have been reported, one of which is ultrastable Y

30  2eolite as described in U.S. Patent No. 3,536,605, issued Oct. 27, 1970. To further
enhance the utility of synthetic Y zeolite, additional components can be added. For
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20 si ze zeolite catalyst, had the poorest selectivity for jet fuel.

Catal yst SystemIl, with the low unit cell size zeO)I Ite catal yst, had

hi gher selectivity for..preparing the niddle distillate #ld F“eé@wﬁrkabl Y,

-l ayered opsdsy System |, with SO% of a high unit cell si ;ﬁ 94 )
catal yst l'ayer and 50% of a low unit cell size zeolite catalyst l'ayer, had
effectively the sane selectivity as Catalyst SystemIl. This suggests that
the |ayered 2%xanplefU)s. PAEhENSI )88 5027, isudd @reSupt. 0D 1914 of Whie el alyéscHbes ed
high unit cell size zeolite catalyst was equal in perfqrmance to the nore

costly Cat al ys$thydiosracking|catalyst epptaining at I%%onea@amhe% agtop(Pidea | ow uai t
|1 I { ; I
STeo toatod y st ALKGL aluftichte end riabndtioh cBfbohent sicABS rbin wd " ©

system was corGroap ¥l aid Group VHDmetalsgnd tisis sulfided ahd dieiradxidesn e pmfmeﬂﬁhs&n
to quickly_age the catalysts. The results are lllustrat?d gr%phl al |

Figure 2. Bevdf-hipereolite firther hasa bulk S10:/ARQs wethinthe sangs Hf abot 340 mboyty

| st or modtapbly ip i rangeor i £Beolt1sp ol el el e Ya e%ﬁ@%ﬁyt?t o
The | ow unit abbiit 8 whereirethleiSi©,/ALOS liy/sdsed 6iah bulksdlersraleamnlysiy of thelsditoatand he
hi ghest rate) as |nd| cat t?x by the slope of the line for Catal yst System |
in Figure 2. Rah3MBymmin FIE“"I‘é?ered cat al yst systeml foul ed at the sane
rate as the high u I { Ml SARLTS t he
| ayered cat al yst, \'}mmhsg@dé‘% cé?an 9%#85%“?% | et ﬁaglcnt-glmvllﬁltly ofSTZt%he ‘Isg%nit
cel | size1Peolabbut MOanmpnIsala-efei’a)l)f mihe rapge eﬁMs.ﬂMééScﬁn@hmml Ohe ufithe

cell size zeolite catalyst. -l 21 June 2002 V\Oai)%l 582 TABLE ltJ

PCT/ US98/ 2559%celitenwiich 1%9@5@%&@&@5?9!99‘* sigrting paterial for the manufacture of the

T 2 RO o RIS SN0 5 s e

%20. 728. 930. 41ﬁiscﬁ%ﬁre836wﬁﬂﬂh s mBypbfated herein by reference for all purposes. The
Voi 9%49. 430. 833. 619. G20, 232. 841 . 6Jet ~Napht ha rati 04, 03. 33. 03. 53
Exanpl e VI Théw%wev@auw%ymm@kamm RreppERddting-Rogysational

I 1lustrat f s d e
Lenpor aturg propt (Sl i ddeliilin s RbSIAAESUNGE DR OFF, et eﬁ‘s’k’E
t enper at ur e pridbib et ahaonh Apedl 5S¢ 1992, andinew dbdridened) thee disdlosmemofi wkichot t om and

the top of the catal yst system bein sted. In_each_te etrol euym
f eedst ock of TAEAMROTR emgregh%@&r@;w&mt albpuradses. c hhepryferre atsecfng $rivee Zpqlic

feed rate and 0, S Pdnd F‘é&g}e%g as
defi ned above, fal\t/\me%glgg ?u%lb ;Aq’s%’ﬁ@?&%lrr con |t|ons jfr i cartéra@?ﬁ?gﬂdm

t enper at ur e prisf wherimthe SfO1/a1,01 @Fbased on 8 bulkl eddngenital phalgdis oDmsilicbabknd the
operationﬁ Results are shown in Table Il. According to this test, a high

j et/ napht Q r Aypinumag 5 | ow amount of C~-C4 light gas is indicative of
high |iquid and J etwifid i A8y cABITRE WRidN Bniiiithd SeofifeShavimpsed
on the two catal yst syésﬁgtr}gydt e&lleS ImQ)}Foved performaﬁce of the catval ysts
of this i nventmmrceﬂ/a&ergeemkhdﬂ abouﬂh@&gﬁomnaﬂihescnohédayat cat:dmt,twhlctlo
one having a 110F,profile resuylted.in i ncr ease 1.8/0.9
= 2.0) in gas qontatr "%éﬁ augit “Fe ° %h?ghfl‘gk‘g‘“ﬂs%% Phcr ease
(3.911.0 = 3. %nblﬁﬂ%‘?,mﬁ%?o L offidr b ¥ extdnit R tHe! deschiftdRPEUnEbsitidh afld WA S

al so

25 method of preparation as disclosed herein apply equally to both, unless stated
otherwise.

In addition to the zeolitic cracking component, the first layer catalyst and the
second layer catalyst may also include an amorphous cracking component. The
preferred amorphous cracking component is silica-alumina, containing typically

30  between 10 and 90 weight percent silica, preferably between 15 and 65 weight percent
silica, and more preferably between about 20 and 60 weight percent silica, the

remainder being alumina. A cracking component containing in the range from about
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twice as high for Catalyst System| conpared to Catalyst System || when
.operating with 20 110F. t'enperature profile on these)cat al ysts. -19 WO
99132582 What is claimed is: - 21 June 2002 PCT/ US98| 245%i%e2002

" hydr ocr adk@a%3358bcess conprising contacting a petrol eum f eBEEUSII2550% -
hydrogen at hydrocracking conditions with a first catalyst |ayer which

i 7e of gt eat WPeio Biosh Bt voRbRS the §ype ol opm 260N o)A Habaii e
ef fluent fr Onas,{ @ﬁgﬁé Jﬁﬁvﬁ]@gﬁ%xﬁ a4 c@t%r{/ﬂé?f %Cﬂréf_él‘:}:dlgsﬁw%'ké ﬁ@ﬁ?re&'ii{}‘ a

second cataly yer cont al ns tat st particles conprising a Y-type
zeol i t e havi nerackingedmpomieht congniof in degangedom iabent 13% BYweighttorabost 50% The

hydr ocr acki n rocess. acgording.to Claiml further co i sing,recovering 10 .
2 mi ddl e di st¥ WEHERt qhthe;¥etype seolii, ¢ cpmaisiler being e ARBAQUS CERKIG g o
Clai m i Wher eiginidagnC 218 %5 lcaldd kirk) &fiotpRotd olitds He. CbfHoY Rhvih @ rise
a Y-type zeol it ¥ ng%é)éulrﬁa{?@%;élrf’lgﬁ%? PR The rsgnig’e of From %b%?ﬂgé;?40 :
Angstrons to sifEsuoo Srdalb®d bendpsectatiby standafhe-riyecimiquask canchepuitalily appledasdi ng
to Caim1 wherei,n the catal yst particles 15 in the second catal yst |ayer
conprise a Y-?‘?‘S%“&Wﬁwn‘ﬁavi ng a unit cell size in the range of from

about 24.20 Angst r—mgsl&gd? gmﬁb ; g
process according to a?%n%)t%aqtgﬁny%}‘gcrac f%%m%%ﬁaé?lﬁlaﬁﬂl{sgﬁ%:@ngﬂoam
reacti on tenpthose elemertnkndven toaprgeidefcatalytinhybmgenRiod@cti vitya bt icass00metal
pressures  up to about 300 har and, spage.velocities.firomabout, 0.1 to 20

P bout 10 16" rEotuptgent sefepien o the oy VIBATUPS N GiRign) “fehent ahajos fiom the
hydr ocr acki nggRy; Siid) g WoTeRN | eNdISIRd ) Nt L84 HeNQ
catal yst parti cluggﬂi n tﬁgq?%tg%)cegcta@%% ayer E%%%%‘Fi%@?yélgﬁgﬂggﬁl%%to
about 10% by chromium,ofhol@bdenpm\dnd tungster. Gronp MHHrelensents include xbmcobaleo t o

of 8. 25 o1 oL KHHKE] COHSBINGh PO, BRI B o AR 16 FHOURLY
e 00T SRS HREIEAI 0l 1 ST SRR oy
Y-type zeld it 0% byiweight ofl Gréue VI metat eompompné(a) and frdr abait G4 to2xboB625% by
Pyl ocr acki nGVBIEBESCONS N P ForPoB I S ELARE I PR SUR Ao SOSATH W g
oL oo Bl e B Sk I RIS S0 S o
about 25% catalyst before sulfiding. The hydrogenation components in the catalyst may be in the
oxidic and/or the sulphidic form. If a combination of at least a Group VI and a Group
20  VII metal component is present as (mixed) oxides, it will be subjected to a sulfiding
treatment prior to proper use in hydrocracking. Suitably, the catalyst comprises one or
more components of nickel and/or cobalt and one or more components of molybdenum
and/or tungsten or one or more components of platinum and/or palladium. The more
preferred zeolite-containing catalyst particles comprise from about 3%-10% by weight
25  of nickel oxide and from about 5%-20% by weight molybdemim oxide. Most
preferably, the zeolite-containing catalyst particles comprises from about 4%-8% by
weight of nickel oxide and from about 8%-15% by weight molybdenum oxide,
calculated as 1 part by weight of metal oxides per 100 parts by weight of total catalyst.
The catalyst particles of this invention are suitably prepared by blending, or
30  co-mulling, active sources of hydrogenation metals with a binder. Examples of suitable
binders include silica, alumina, clays, zirconia, titania, magnesia and silica-alumina.

Preference is given to the use of alumina as binder. Other components, such as
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by wei ght of Group VI netal conponent(s), from 20-75% by weight of a 5
.cracking conponent, and, sufficient binder to nmake dp t%(!rl‘PO% 32 The
hydr ocr acki ng process -according to Claim38 wherein the ung; 29 conmponent

- conpri seswd vmapssoout 15% by wei ght to about 50% by wei ght mdT/U$982%598y pe
zeolite having a unit cell size of |ess than about 24.30 Angstrons. 10. The
hydr ocracki ng process according to Caimi wherein the first catalyst |ayer

10 further cophosphoseusamay bhaddedcasdesiped tofailarithe eatalystipartisias feredesiedinet ri c

rati o of zeolte-containi catal yst partij.cles. t [ tal.ys
particles is %Pé’ﬁ o %ﬁ%ﬁ?f@“ﬁ?\'ﬁm 9 .enfﬁgpe?h%gﬁﬁpgg’?‘g%%qﬁa‘xﬁ%ss
accordi ng to &licihed at Geripi@ariied uph8 1Y FTRIADPC.) kPproBudef the Balshédctflpdtai ni ng
catal yst particles to anorphous catal yst particles is 15 between about

25/ 75 and 75I pasticlas? Alrmativedequatix skitable medods of prepasingithejamerplipug satalyshher ei n
th tal.yst. | f ur.t her. i h t al partijcles,
wher of o1 te. vigieR inp B4 bropditg S%igt BiFREr aeial SRR EY b Ep SoBad ' £
amor phous cat elldisihg FRNbwed By d&%‘osﬁﬁ{g"tﬁ‘@m btiGdlsithe 8%iA€ partieled disinkne

hydrocracking process according to Caim12 wherein the volunetric ratio of
zeol i t e- cont amethods stich as jrapreguationc The catalystpariitles, containingythe hydrogdnatiors | s

bet bout 25/ 75 and 75/ 25, .14. A hyd Ki i Si
cont act ng.a BERSRE P BBE siek 4o CHEIGAPOGER USF Th ) LYGRFRCRRREHPRYC L] on
condi tions, incl udrmoyedlite dabdlyst padicied Eui&_%l;t SRS kbt abdY 20%275% b welghy er

catal yst conprising a Y-type zeolite having a unit cell size of greater
t han about0 240f3h&cragking componeatdnd snffigisnt bigden tomakempo $00%; wherein théie

ffluent f the first | t i th hyd t h i
Ceact s on condPrriges Bt b sl drthe ekl telitih SoaRs o M A SFEOET o oo
layer cat al ysgxigOdme] P}aaaa%a{exeaﬁ%ggm ¢i8s Eoiprires ﬁo%%uﬁ%%-?@%@y Wwéighess

i
t han -21 -~ 21 June 2002 991 3 PCT/ US98/ 25598 about. 24.
Angst roms, whefith¢ eracking cemponent,@ad froomaboutpé%oatStt by ivsight of kiader, with fromi0F

hi gher than the first teaction t rature. 15 The hydroc ' racess
according to 3{ #’;ﬂps\)ﬁ ¥ereht Hgégéﬂ%ﬁf”?%"é’fﬁ’ B?IJ]FBW‘&%PBE {}?/g'%bg‘qéft)w‘i“gﬁtst
about 60HH ghEdindeh BBink Particula?ly préRaEd.ON tenperature. 5 16. A hydrocracking
process conprising contacting a sul fur and nitrogen containing pctrol eum

f eedst ock wit h hydFhegeffective Hiametarofithei 2¢glitc sawlyst pasticles arelin thermange of ot i on

tenperature in t ange of fr about - 250C.t 0 ahbo 00 re res up to
about 300 bargl’é)ﬁgﬁggé'b 98&8‘(‘:% ]?{né“é’gf ?rsng’%bﬁfm@.%ﬁum(g%&o %"ﬁ?ﬁi?abvgr a
first zeoliti %&@m@( hrticfeé haydRive hhy siape Rndwi & bez@ehil fer atlicothiteast i cl es
10 which contain a Y-type zeol'ite having a unit cell size of greater than

about 24. 35 Amgludingrspheras; aylinders dlutedeylinders,mprills egranules andithe Hken Bati d fi r st
zeolitic talyst.layer.wth,h en.at hydrocracking conditigns over a
second ze€olith 'ﬁ?gfﬁfy";ﬂ’aﬂeﬁ ?g&%‘%&ﬁ {&é%cécr}éagggg%gn%g\eiﬁaén%gtcg? st

particles whi re@&ﬂitaierbrass\ée&mﬁof&ﬁ@adlgst?a«icw The Rédlit€ EdthlystipagticRds Wit s
t han about 24.30 Angstrons. 15 17. The rocr acki ng@g;ocess According to

Cl ai m 16 wher Birther haye psurfacearn fm@dmn¥&9m@pn%5%m w500 eramo ppm
nitrogen and great h 0.15 wt % sulfur. 18. drocr i n roge
conprising cont actﬁegh’if?{}é'{”r?ﬁ%%“faé’ t‘B%!R&%%&/]\%%?%‘ég"ﬁ%%’" @ﬁ’&ﬁ'ﬁiiﬁng
condi tions W gdplife-doitAhing callydt Yaticley, ahe Mkéwide #esesbnd layer catalyst. Catalyst

25  patticles suitable for inclusion in the catalyst layers include amorphous catalyst

particles. These amorphous catalyst particles may be blended with the
zeolite-containing catalyst particles in a randomly intermixed combination of at least
two discrete particle catalysts. The amorphous catalyst particles may be a conventional
hydrotreating catalyst of the type used to carry out hydrodenitrification and/or

30  hydrodesulfurization reactions having substantially no cracking activity, that is they are
non-zeolitic low activity catalysts. Those familiar with the art recognize that such

catalysts generally are constituted by a metal from Group VI and a metal from Group
-13-



20 within a catalytic reaction zone, the feedstock containing greater than
about 100 ppm ni trogen and greater than about 0.15 wt)% sul fur, the layered -
catal yst system conprising a first catalyst |ayer whi cR1ckme 2002 cat al yst
“particl esWOdaPR383ing a Y-type zeolite having a unit cell sPEEUSPSZASERt-er

t han about 24.35 Angstroms and a second catal yst |ayer which contains

o Tes' Ran' aFBGPadd EATBH BT fode RSN Yh ol b Rlicfbbor 7

according to %ﬂbx@ll@ﬂﬁﬁeﬁlﬁp@cﬁﬁ, sith a€ phosphbrons, hiyebdaided hedesited eslBiloe theat
hydrocracking conditions wth the first catal éSt | ayer to roduce a first

ef fl uent st r e&atalyspparticles for ardesiresbapplicatiomy §2-‘5 an axsoweld iy the art.

w th e Seconordt BRyate U scParkih. Stshe B BUA SRIANCHGiERE 00" )

separati ng5at ih&pdrated hefeird Bﬁrdﬁéreﬁd&efoﬁﬂcpm@os&f Wmaabyshfoqam fhal)bedales 8
m ddl e distillate product.

- AA
AR A Aly. A Andicateithe @smeni aAa'sm[llmeA@omeAn themorphous catalyst partigles inmay A
0| &'yl ~7
{}xsni d_zU] ca] cg] ca‘f%é‘]‘f%é‘] a] cﬁ?%ffe(?g ¢a s@‘a(]ecat]aczaefgtae] %“a°f‘caf°ssfh"é‘] ca]’ca]l ca] ca]
ca] c”a] ca] ca] oapk " Phectidctiad Hiaalder af dit Kous catalfft particles are in the range of
eZ7[\ | wgl gb\W ] ca a] c a] cal] ca] cal ca ca] cal ca] ca] cal.ca] ca] ca] cal] cal ca]

ca] ca] ca] ca] caTU¥Rp ]:lt{.g] abape (l,gtharef fpm about 1/20 inch to about 1/8

| cal caj cal fa] A a'?v’eél‘%@*f‘%ﬁ%f@%ﬁg Apiciorie il e el <2

*EEURFH] 4+, - | sgitably Yordain ﬂdlﬂm&ﬁ-.alrﬁhozéﬂmheadomhﬁ éailtyé% Fhatideabaaloggtons a]
a] ca] ca] ca] ca] cal ca] cal;l] caU] cal ca] ca) cal ca])ca] ca]_ ca) cal calcalcal/>111C2
2273333335556 t partieles between about 90/10 and 10/90, prete ybctwecna out 25/75 and

j =======>>{v U] ca] calU] caU] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]calc
a] cal ca] ca] caascaU}ﬂ( ?ca ta] ca] ca] ca] ca] ca] ca] ca! >M??A\ ABCNDDDDDEEECFFFGGGG
GGG HH' | ul | $IWJJ SKfherirgtdndthd Seebadtftatystddyer hiagbe 41 & singltlresdiercddif sdpusdtd ca] C
a] ca] ca] calca] ca] ca] calca]ca] ca ca] calcalca]c ca] ca! SKLCLLM/Nt NNOuOOQ6Q
QQOOQR\ Sstpuu p praferyer lgpond eataly Mf@a]tba}!@af@dy@tdwﬂmwwrca] c

k\

o el cal o cobaphancal L LE AN S e A 6
caj ca] ca] ca]j C&]rﬁtﬁdafaa}swdyeﬁbﬁs’s]tﬁ@hgﬁlm:eﬁddlﬂﬁﬂlayad anldontbcditetly thd ssabmd] ca!

gfffffffhjhhi
?l i <kkl |1 nimtlrﬁmlﬂswa%rp%Mﬂ@anﬁmw%ww&%%e%%@ea] #sdfical ¢

e o Lo YHE DI o théit] 8 B8 Lepatah by RbchaRh At fedd GRth cRillysl " " 99°

SuUNUVW xXxxGyyJz

{"{al|!}tEZP~ntrmyskfuzhN tdyspdicdibeibliic] eaiscad negaridlbsowhich bieasssdntially ieetath aled ca
] ca] ca] ca] ca] ca] ca ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! n~6537} 0dy6zupkfa\V] U] c
a] ca] ca] ca] ca]resstiag fhids MB?@Q?%‘]%U] ca] calU] ca] ca] ca]ca]ca] ca]ca]ca]ca]c
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The purified hydrogen stream may then be recycled to the catalytic reaction zone. The

10  hydrocrackate is generally processed further, such as by a second stage of
hydrocracking, or by fractionation for recovery of desired streams, or by both.
Unreacted or partially reacted portions of the hydrocrackate may be recycled with the
feed to the reaction zone for additional hydroconversion over the present layered
catalyst system. Such processes are well known in the refining arts, and do not require

15 additional description.

EXAMPLES
Example |
A zeolite-containing catalyst of the invention was prepared as follows:

20 321 grams silica-alumina powder (30/70 SiO; -Al,O; purchased from Condea), and 151
grams CBV-760 zeolite (unit cell size = 24.2 Angstroms, a SiO2/Al;0; bulk ratio of
approximately 35, purchased from Condea), an acidified solution containing 41.4 grams
of nickel, a solution containing 78.5 grams molybdenum and sufficient catapal alumina
to make shaped particles were combined in a Baker Perkins mixer and extruded using a

25  Bonnot extruder. The extrudates were dried at 320°F for one hour and heated in 2 cubic
feet per minute dry air at 950°F in one hour and held at 950°F for an additional hour
before being cooled. The catalyst particles of Example 1 were labeled Catalyst A.

Example 2

A zeolite-containing catalyst useful for this invention was prepared using a

30  procedure similar to Example 1. The zeolite used had a characteristic unit cell size of
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and for one hour at 1500°F. The extrudates were impregnated with a solution

containing 9.7 grams nickel, 42.0 grams molybdenum and 11.5 grams phosphorous.

10  After standing for 20 minutes, the impregnated extrudates were dried at 200°F for four
hours and calcined at 950°F for several hours. A commercially available amorphous
catalyst, similar to that of Example 3 and containing 3% NiO, 21% MoQOj; and 3% P,0s,
was labeled Catalyst C.

15 Petroleum Feedstock
A petroleum feedstock having the following properties was prepared:

Table I
Gravity, API 20.9
Nitrogen, ppm 2404
Sulfur, wt % 0.787

Simulated Distillation (D1160),
corrected to 760 mm pressure

IBP 443°F
10% 622°F
30% 699°F
50% 760°F
70% 820°F
90% 860°F
End 901°F

Catalyst systems were prepared as follows:
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Comparative Catalyst System II was a uniform 50/50 (v/v) blend of low unit cell
size zeolite catalyst (Catalyst A) and hydrotreating catalyst (Catalyst C). Comparative
Catalyst System III was a uniform 50/50 (v/v) blend of high unit cell size zeolite
catalyst (Catalyst B) and hydrotreating catalyst (Catalyst C). In the following examples
10 the catalyst systems were compared for jet fuel selectivity and for catalyst fouling rate.
Example [V
Each catalyst system was tested for jet selectivity. Catalyst Systems I, IT and I
were each contacted in turn with the petroleum feedstock of Table I at a pressure of
approximately 2275 psig, a feed rate of 1.5 hr'! LHSV and a recycle gas rate of 5400
15  SCF/bbl. The selectivity of the catalyst for making jet fuel was evaluated by
determining the volume percent of the product which boiled in the jet fuel range (280°F
- 525°F), as a function of reaction conversion below 525°F., with the nitrogen in the
product being controlled to a constant 1 ppm. Results are displayed graphically in
Figure 1. Over the full range of conversions, Catalyst System IIl, with the high unit cell
20  size zeolite catalyst, had the poorest selectivity for jet fuel. Catalyst System II, with the
low unit cell size zeolite catalyst, had higher selectivity for preparing the middie
distillate fuel. Remarkably, layered Catalyst System I, with 50% of a high unit cell size
zeolite catalyst layer and 50% of a low unit cell size zeolite catalyst layer, had
effectively the same selectivity as Catalyst System II. This suggests that the layered
25  system, containing a significant amount of the lower priced high unit cell size zeolite
catalyst was equal in performance to the more costly Catalyst System II having
effectively double the amount of low unit cell size zeolite catalyst.
Example V
Catalyst systems I, Il and Il were also tested in an accelerated aging test. In this
30  test each catalyst system was contacted with a vacuum gas oil feedstock at conditions
chosen to quickly age the catalysts. The results are illustrated graphically in Figure 2.
Several features in Figure 2 are worth noting. The activity of the layered Catalyst
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of the low unit cell size zeolite catalyst, has the fouling resistance of the high unit cell
size zeolite catalyst.
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Yields
C;-C4 Gases, Wt%| 0.9 1.5 1.8 1.0 1.2 22 3.9
Naphtha, Vol% 5.2 8.8 10.2 5.6 6.2 13.7 193
Jet, Vol % 20.7 28.9 304 19.6 21.8 266 29.6
Conversion, Vol% | 19.4 30.8 33.6 19.6 20.2 328 416
Jet/Naphtha ratio 4.0 33 3.0 3.5 3.5 1.9 1.5

Example VI
The improved performance of the layered catalyst system is illustrated further in

S  atest to determine what effect an increasing temperature profile had on the performance
of the catalyst, where the temperature profile was the temperature difference between
the bottom and the top of the catalyst system being tested. In each test the petroleum
feedstock of Table I was passed over the test catalyst at 1.0 hr'' LHSV feed rate and at
2300 psig total pressure.

10 Catalyst Systems I and 11, as defined above, were tested at isothermal conditions
and at increasing temperature profiles of up to 110°F., to simulate typical commercial
operations. Results are shown in Table II. According to this test, a high jet/naphtha
ratio, and a low amount of C;-C, light gas is indicative of high liquid and jet
selectivities. When a temperature profile was imposed on the two catalyst systems, the

15  improved performance of the catalysts of this invention was remarkable. Changing
from an isothermal reactor to one having a 110°F profile resulted in roughly a two-fold
increase (1.8/0.9 = 2.0) in gas ratio for Catalyst System I, and roughly a four-fold
increase (3.9/1.0 = 3.9) in gas make for Catalyst System II. Jet/naphtha ratio was also
twice as high for Catalyst System I compared to Catalyst System Il-when operating with

20  110°F. temperature profile on these catalysts.
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' Tz#10983& () -sdr V‘fﬁhx%&‘mt 243%Anpstfotnd and contacting the entire efftuent from the first

catalyst layer at hydrocracking conditions with a second catalyst layer which

contains catalyst particles comprising a Y-type zeolite having a unit cell size of

less than about 24.30 Angstroms.
2. The hydrocracking process according to Claim 1 further comprising recovering
10 a middle distillate product.
3. The hydrocracking process according to Claim 1 wherein the catalyst particles

in the first catalyst layer comprise a Y-type zeolite having a unit cell size in the

range of from about 24.40 Angstroms to about 24.60 Angstroms.

4. The hydrocracking process according to Claim 1 wherein the catalyst particles
15 in the second catalyst layer comprise a Y-type zeolite having a unit cell size in

_ the range of from about 24.20 Angstroms to about 24.30 Angstroms.

S. The hydrocracking process according to Claim 1 at hydrocracking conditions,
including a reaction temperature in the range of from about 250°C to about
500°C, pressures up to about 300 bar and space velocities from about 0.1 to

20 about 10 kg feed per liter of catalyst per hour (kg/l h).

6. The hydrocracking process according to Claim 1 wherein the zeolite-containing
catalyst particles in the first catalyst layer comprise from about 0.5% to about
10% by weight of Group VIII metal component(s), from about 5% to about 25%
by weight of Group VI metal component(s), from 20-75% by weight of a
25 cracking component, and sufficient binder to make up to 100%.

7. The hydrocracking process according to Claim 6 wherein the cracking
component comprises from about 15% by weight to about 50% by weight of the
Y-type zeolite having a unit cell size of greater than about 24.35 Angstroms.
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8. The hydrocracking process according to Claim | wherein the zeolite-containing

catalyst particles in the second catalyst layer comprise from about 0.5% to about
10% by weight of Group VIII metal component(s), from about 5% to about 25%
by weight of Group VI metal component(s), from 20-75% by weight of a

5 cracking component, and sufficient binder to make up to 100%.

9. The hydrocracking process according to Claim 8 wherein the cracking
component comprises from about 15% by weight to about 50% by weight of the
Y-type zeolite having a unit cell size of less than about 24.30 Angstroms.

10.  The hydrocracking process according to Claim 1 wherein the first catalyst layer
10 further comprises amorphous catalyst particles, wherein the volumetric ratio of
zeolite-containing catalyst particles to amorphous catalyst particles is between
about 90/10 and 10/90.

11.  The hydrocracking process according to Claim 10 wherein the volumetric ratio
of zeolite-containing catalyst particles to amorphous catalyst particles is
15 between about 25/75 and 75/25.

12.  The hydrocracking process according to Claim 1 wherein the second catalyst
layer further comprises amorphous catalyst particles, wherein the volumetric
ratio of zeolite-containing catalyst particles to amorphous catalyst particles is
between about 90/10 and 10/90.

20 13.  The hydrocracking process according to Claim 12 wherein the volumetric ratio
of zeolite-containing catalyst particles to amorphous catalyst particles is
between about 25/75 and 75/25.

14. A hydrocracking process comprising contacting a petroleum feedstock with
hydrogen at hydrocracking reaction conditions, including a first reaction
25 temperature, over a first layer catalyst comprising a Y-type zeolite having a unit
cell size of greater than about 24.35 Angstroms, and contacting at least a portion
of the effluent from the first layer catalyst with hydrogen at hydrocracking
reaction conditions, including a second reaction temperature, over a second

layer catalyst comprising a Y-type zeolite having a unit cell size of less than
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18. A hydrocracking process comprising contacting a petroleum feedstock and

hydrogen at hydrocracking conditions with a layered catalyst system contained

20 within a catalytic reaction zone, the feedstock containing greater than about 100
ppm nitrogen and greater than about 0.15 wt% sulfur, the layered catalyst
system comprising a first catalyst layer which contains catalyst particles
comprising a Y-type zeolite having a unit cell size of greater than about 24.35
Angstroms and a second catalyst layer which contains catalyst particles

25 comprising a Y-type zeolite having a unit cell size of less than about 24.30

Angstroms.
19.  The hydrocracking process according to Claim 18 comprising:

a) contacting the petroleum feedstock at hydrocracking conditions with the

first catalyst layer to produce a first effluent stream;
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